WO 03/ 022785 PCT/ US02/ 29372 SYNTHESI S OF ENANTI OVERI CALLY PURE AM NO-
SUBSTI TUTED FUSED BI CYCLI C RINGS [0001] This application clains benefit of
priority wo dox7sProvi si onal Patent Application 60/ 323, 2@TT/GS0b/es72

Sept enber 12, 2001, which is hereby incorporated by 5 reference as if
fully set forth. Technical Field [0002] This invention describes various
processes for synthesis and resolution of racem c am no-substituted fused
bicyclic ring systens, in particular, am no- substituted
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racemic mixture to produce the (R)- and (S)- forms of amino-substituted fused

bicyclic ring systems, such as amino-substituted 5,6,7,8-tetrahydroquinoline or

15 5,6,7,8-tetrahydroisoquinoline. Another aspect of the invention describes a process to
racemize the enantiomerically enriched (R)- and (S)- forms of amino-substituted
fused bicyclic ring systems. Further provided by this invention is an asymmetric
synthesis of an amino-substituted fused bicyclic ring to produce the desired

enantiomer.

20 Background of the Invention

[0003] It is desired by those of skill in the art to produce enantiomeric forms of
pharmaceutical compounds, since such enantiomers often have increased activity for
selected diseases when compared with the racemic form of the same compound. For
example, 8-amino-5,6,7,8-tetrahydroquinolines are utilized as intermediates in the
25 preparation of novel heterocyclic compounds that bind to chemokine receptors and
demonstrate protective effects against infection of target cells by human
immunodeficiency virus (HIV). See WO 00/56729.
[0004] Approximately 40 human chemokines have been described, that function,

at least in part, by modulating a complex and overlapping set of biological activities
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inportant for the novenent of |ynphoid cells and extravasati on and tissue
infiltration of |eukocytes in response to inciting agents (See, for
exanpl e: Wo oBoezsH, Exp. Opin. Invest. Drugs, 7:1-18, 1998J/usSirese2
chenotactic cytokines, or chenokines, constitute a famly of proteins,
approximately 8-10 kDa in size. Chenokines appear to share a 5 conmon
structural notif, that consists of 4 conserved cysteines involved in
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recept ors ofoftleideeytes inetigedinaety inciting haes (ScedfobaxamplerpBrParhath, énpridkinne t hat

constitutes the receptor' al 1jgand... Re tors of the (3-c¢ ki nes
are desi gnatltgae“'é%ﬂg?’_ les’eldl?)ﬁgggheé? C)i%"qqﬁcetlcaqygcf(ﬁ%k?rrfzgmg ’éesdé%rfsgﬁ‘g? ed
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initiation and maintenance of inflammtion. Mre specifically, chenokines
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cyclic polyamn ntiviral agent ribed in f.h ve, _[rentioned patents
have the ef fpégﬁgéq?wélhﬁléggﬁwr?g glr‘% %r%ﬁ%%tlr?no@%n iaflélog?n%glg ag% ‘%“sa as well as
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[0006] For example, U.S. Pat. No. 5,583,131, U.S. Pat. No. 5,698,546 and U.S.
Pat. No. 5,817,807 disclose cyclic compounds that are active against HIV-1 and HIV-

20 2. These compounds exhibit anti-HIV activity by binding to the chemokine receptor
CXCR4 expressed on the surface of certain cells of the immune system. This
competitive binding thereby protects these target cells from infection by HIV which
utilizes the CXCR-4 receptor for entry. In addition, these compounds antagonize the
binding, signaling and chemotactic effects of the natural CXC-chemokine for CXCR-

25 4, stromal céll-derived factor 1 o (SDF-1).
[0007] Additionally cyclic polyamine antiviral agents described in the above-
mentioned patents have the effect of enhancing production of white blood cells as
well as exhibiting antiviral properties. See US 6,365,583. Thus, these agents are
useful for controlling the side-effects of chemotherapy, enhancing the success of bone

30 marrow transplantation, enhancing wound healing and burn treatment, as well as

combating bacterial infections in leukemia.



WO 03/ 022785 PCT/ US02/ 29372 [0008] Therefore, a skilled artisan wuld be
interested in nore effective and efficient processes for producing

r acemat esward/oezvamnt i oners of various ring systens. This ipQTarsn2/e9s7pr ovi des
such processes. Summary of the Invention 5 [0009] The invention provides a
process for synthesizing a racem c am no- substituted
5,6,7,8-tetrahydroquinoline or a racemc anino-substituted 5,6, 7, 8-
tetrahydr oi g0008jnol rrﬂ@feﬁ@mrgkﬂle@gmls{aﬁmd B9 inf?akdd MAn&e ARt Sbsti tut ed
qui nol i ne of the formula | or an am no- substituted isoquinoline of the
fornula || wfﬁﬂeratrprmm:f@rrmp@mmm@cgn@ieﬁommn@ommerspﬁvamptamr@rsgaﬁme

sol vent to oduce an tected substltuted qui nol i ne or

i soqui nol i npfhl?-'{mﬁéf?m{on %n%ﬂl?ﬁguﬁﬁif TOGRPSES: [ 0011] b) hydrogenating the

am ne-protected, substituted qU|noI|ne or 15 isoquinoline in a strongly
aci di ¢ sol veummiryad tied Javaitge t enperature to formthe
5,6,7,8-tetrahydroqui noline or 5,6,7, 8-tetrahydroi soquinoline; and [0012]
c) hydrsl yzijogodihe and nﬁreﬂtﬁ&i Relideda ProeesR fhPsyRERELER 4 RAeeARSTiRSL raceni ¢
am no-substituted 5,6, 7, 8-tetrahydroqui noline or racem c am no-substituted
5,6,7,8- tetsﬂbﬁydﬁCd|55ﬁ@71&tﬁtﬁhb’ﬁf@qumh{mm%f]%?m{@ra@ilnoNﬂlﬁtlilged 6di%ed at any
p05|t|on on n I the quinoline or isoquinoline, Rl is

| ocat ed at éﬁgﬁl?ﬁn§%ﬂg€ﬁ§%é%8€05|%lon on the quinoline or isoquinoline
ring; mis (oé10jandayeadtiignanRinihs-selsstiané®guihslina dfiike o I @@namsid-ng of

nitro, cyano carboxylic acid, alkyl alkoxy, cycl oal kyl, a rotectgd
hydr oxyl | pittuted wqmpbne ofthg fostla Bavind nrningpyatect g, GEeMR FOROUN

car box i c group.
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process forlsymmhém52|ng a racem c am no- substituted
5,6, 7,8-tetrahydroqui noline or a racem c am no-substituted 5,6,7,8
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[0011] b) hydrogenating the amine-protected, substituted quinoline or

15 1soquinoline in a strongly acidic solvent at an elevated temperature to form the
5,6,7,8-tetrahydroquinoline or 5,6,7,8-tetrahydroisoquinoline; and
[0012] ¢) hydrolyzing the amine-protecting group to produce the desired racemic
amino-substituted 5,6,7,8-tetrahydroquinoline or racemic amino-substituted 5,6,7,8-
tetrahydroisoquinoline;

20 [0013] wherein NH; is located at any position on the benzene portion of the
quinoline or isoquinoline, R' is located at any other hydrogen position on the
quinoline or isoquinoline ring; m is 0-4; and wherein R' is selected from the group
consisting of nitro, cyano, carboxylic acid, alkyl, alkoxy, cycloalkyl, a protected
hydroxyl, a protected thiol, a protected amino, acyl, carboxylate, carboxamide,

25 sulfonamide, an aromatic group and a heterocyclic group.



t et rahydr oi soqui nol i ne conprising: [0015] a) reacting either a substituted
5,6,7,8-tetrahydroqui noline of the formula 5 Il or a substituted

5, 6, 7, 8- tworahyds®i soqui noline of the fornula IV R2m R2m PCTA(Sp22N72 11 |V
with at |east 2 equivalents of an al kyllithiumbase, or a lithium sodium
or potassium am de base, and then with a nitrosating agent to forn1an
oxime; and [0016] b) reducing the oxine to produce the racemc

am no- substifpifd S1fe v8ntiéh 4165 pRAUAE QpHicRSY ﬂof‘@yr@lﬁesi 4 PHeBRlcCamino-

am no-substituted 5,6, 7, 8-tetrahydroi soqui noline; | 01 ] wherein the am no
is |ocated aaubsthetes5@%8-tt¢tmhydqumhq@omtapﬁélcmmlnhéuESIltlpocé51617981 on the

|squ|noI|n ed at any other hydrogen position on the
qui nol i ne or! 5%8&?%&““&"$F%@Pnﬂ¥$s 0-4; and wherein R2 is selected from

the group coOBs|Sti APreattindadiMer DbubsHiutyRHJ,8- tatrmyatr&gﬁmm@@m@whm;aam d,
al kyl , al kenyl, cycloal kyl, 15 a protected hydroxyl rotected thiol, a

protect®d a Irmasazbytntuteéés%ﬁﬁtaqlwdrm@apmkawﬂée @mwla) Yari de, an aromatic
group and a heterocyclic group. [0018] Further provided is a process for
syntheS|2|ng a keto-su . 6,7,8- tetrahy or a

0019] a)
reacting either a su stituted 5, 1 et r ahydr|pqui nol formul a
20 11l or a substitufled 5, t etlr ahydr oi soq i of thejfofnula IV
RmR2m NIV -4 W J 2 equival ents
of an al kyllithium base;  or a lithium sodium or potassium am de base; and
then with a nitrosating agdiit to forman oxine; and [Q020] b) hydrolyzing
the oxime to produce the correspondi ng ketone; [0021] wherein the keto is
| ocated at the 8-position on the quinoline or the 55 position on the

i soqui nol i ne; R2 with htdeast 8kquivalgnts ofehelkyHithinogease, s silithigm, sedivheor

qui nol I ne Or ISO lﬁi)erl]rg#c?r a%élgxﬁgwuhamgr?sggltr%%gen%lt (i:(; &d f(;x(?r';lne,dat?l% group

conS|st|ng card rcacrd, al kyl ,
al kenyl, cyqbopé]kyl b) ﬁbdﬁélﬁg‘ﬂfd@dme to produce the racemic ammo -substituted 5,6,7,8-

10 tetrahydroquinoline or the racemic amino-substituted 5,6,7,8-tetrahydroisoquinoline;
[0017] wherein the amino is located at the 8-position on the quinoline or the 5-
position on the isoquinoline; R? is located at any other hydrogen position on the
quinoline or isoquinoline ring; m is 0-4; and wherein R? is selected from the group
consisting of halo, nitro, cyano, a protected carboxylic acid, alkyl, alkenyl, cycloalkyl,

15 a protected hydroxyl, a protected thiol, a protected amino, acyl, carboxylate,
carboxamide, sulfonamide, an aromatic group and a heterocyclic group.

[0018] Further provided is a process for synthesizing a keto-substituted 5,6,7,8-

tetrahydroquinoline or a keto-substituted 5,6,7,8-tetrahydroisoquinoline comprising:

[0019] a) reacting either a substituted 5,6,7,8 tetrahydroquinoline of the formula
20 III or a substituted 5,6,7,8-tetrahydroisoquinoline of the formula IV




hydroxyl, a protected thiol, a protected am no, acyl, carboxyl ate,

car boxam de, sul fonam de, an aromatic group, and a heterocyclic group. 10

[ 0022] Alwo,03toki785i nventi on provides a process for resol virag/usaz/ess’z am no-
substituted 5,6,7,8-tetrahydroqui noline of the formula V or racemc

am no-substituted 5,6,7,8-tetrahydroisoquinoline of the formula VI to
produce the two enantioners, 22 mRm2 | NH2 I NV VI conprising: 15

[0023] a) enanti ofgh gClksy 8leyuiRah@ior A8 a1 FRLRASIRY, Grtal IBiukd) €odi@aEsH C am no-
substituted 5,6,7,8-tetrahydroqui noline or the racem ¢ am no-substituted

5,6, 7, 8- t ethoispuinpimidy bast Rptthen avithg zitfosating rBed 40 &yt aneoxsmeiand as a

5767 -t et ORY O oqin PR BREMETH BAgldS g FPRk S BolimR BRI o e 1 s

enantioner, [ORIN t hevhersanihe KaRY ik tocdfed athdes-pusitivly daghiB geémslhs b theibed
5,6,7,8-tetrahydroqui noline or 5,6,7,8- tetrahydroisoquinoline; and [0025]
c) cl ea¥i ng RasEIoRMANdRe ispawnelng it & IgeaehattadyotisT Ay drogaePesiiin BRant i oner

of the ami no_lﬁﬁ@ﬁlteiog %ﬁ&?@ll?%&gd-ﬁt ;{nﬁrﬁaqg Eﬂﬁgt%&s)fr%)ﬁqhQ grgﬁggogs’is%‘n of .

t et r ahydr oi sbqui nol'I ne wher el n ocat t any position on
t he sat ur at ddilqmittd, eparnf, atphaectedicarbdxyhie aowd, alkplaikenyl] eyeloaldyli ssprbecetied at

any ot her hydrogen positi .on the -5 WD 03/022785 PCT/ US02/ 29372
qui nol i ne pth%Wﬁi%Pieﬁ@g:&i”ﬂg?pF‘?fe‘ftgds't‘)mH’f”%ﬁ¥ Cﬁﬂ’_"i"é’&%%@?’é‘ﬁ“’ fom t he
group consi s&ifdamRiE, HPdr8mafié bfolp, SMaNRterbdRO®Ydupt aci d, al kyl, al kenyl,

cycl oal kyl, hydroxyl, thio, a  protected arino, acyl, carboxylate,
car boxafi de, [0822]f onadscd &his mventianprovidesya piopessdor resolhimgaadsoye knmogr oup. 5

[0027] Anot hep, 1068557 EScRSUIARTofiRL of GE WkhIV SIS M5 Bkt Ut e

5,6,7,8-tetrahydroisoquinoline of the formula VI to produce the two enantiomers,

R? R
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comprising:

15 [0023] a) enantioselectively acylating or carbamoylating the racemic amino-
substituted 5,6,7,8-tetrahydroquinoline or the racemic amino-substituted 5,6,7,8-
tetrahydroisoquinoline using an enantioselective enzyme as a catalyst; and
[0024] b) separating the unreacted amino-substituted 5,6,7,8-tetrahydroquinoline
or 5,6,7,8-tetrahydroisoquinoline as the first enantiomer, from the enantiomeric

20 amide-or carbamate-substituted 5,6,7,8-tetrahydroquinoline or 5,6,7,8-
tetrahydroisoquinoline; and
[0025] ¢) cleaving the amide or carbamate group to isolate the second enantiomer
of the amino-substituted 5,6,7,8-tetrahydroquinoline or 5,6,7,8-
tetrahydroisoquinoline;

25 [0026] wherein NHj is located at any position on the saturated portion of the

quinoline or isoquinoline; R? is located at any other hydrogen position on the



5,6,7,8-tetrahydroqui noline of the fornmula V or am no-substituted 5,6, 7, 8-
t et rahydr oi soqui noline of the formula VI to produce one of the enantioners,
2 2 Rmwoobkt7siNH2 NH2 | | N NV VI conprising: 10 [ @@28]Soa)9372
enanti osel ectively acyl ating or carbanoylating the racem c am no-
substituted 5,6, 7,8-tetrahydroqui noline or the racem c am no-substituted
5,6, 7,8- tetrahydroi soqui noline using an enanti osel ective enzyne as a
catal yst to QLfSiHeDr doqlinslite Bn®fm R4 CAITESIP E18d BB rUMItBASIAF camifigi N t he
first enantionmeric formand the reacted anm de or carbamate I n the second
enant i oner i coffatanitemndyar®, fabolictarid; slsyhelkaaylt excldalpydthydrenyl.ithioer of the
am no-substituted,5 6,7, 8- tetrahydroguinoljn r . .
56, 7. 5ot raRra P Radisen (RO ARIE A ARRIST o Rimide. myargratic grovmapd
position on 4h&evaydlicai@sh. portion of the quinoline or isoquinoline; R2 is
| ocat ed at any ot her hydrogen position on the quinoline or_isoquinoline
ring; if is BD27] andnrther prosessde proyided don respdvige srpsmioaainetsuhgiteigdof hal o,
nitro, cyano g i i Y] oL, /droxyl, thiol,
a protectedigﬁgﬂggéé%§@?gﬁg?%égyFé#g?a%g&@&%&ﬁ? gﬁﬁgﬁﬁggﬁéﬁyde, an
aromati ¢ gr opaladebisajuieiiae of thel fornda ¥lipo plod0&ldneofphicoeraatomearspr ovi ded f or
resol ving racem c am no-substituted 5,6,7,8- tetrahydroquinoline or racemc
am no-substituted 5,6,7,8-tetrahydroi soquinoline to 25 produce the two
enanti onmers, conprising; -6 WO 03/1#22785 PCT/ US02/29372 0&3@] a) reacting
racem c am de-or car -suBstitut’ed 5,6, 7, te dnzﬁﬁinoline of the
___NH2

formula VII or raceni cal banmat e- sub

5,6, 7, 8-tetrahydroi $ormul a
N
\V4 \% !
comprising:
10 [0028] a) enantioselectively acylating or carbamoylating the racemic amino-

substituted 5,6,7,8-tetrahydroquinoline or the racemic amino-substituted 5,6,7,8-
tetrahydroisoquinoline using an enantioselective enzyme as a catalyst to produce a
mixture of the corresponding unreacted amine in the first enantiomeric form and the
reacted amide or carbamate in the second enantiomeric form; and
15 [0029] b) isolating the first enantiomer of the amino-substituted 5,6,7,8-
tetrahydroquinoline or 5,6,7,8-tetrahydroisoquinoline;
[0030] wherein NH; is located at any position on the saturated portion of the
quinoline or isoquinoline; R? is located at any other hydrogen position on the
quinoline or isoquinoline ring; m is 0-4; and R? is selected from the group consisting
20 of halo, nitro, cyano, carboxylic acid, alkyl, alkenyl, cycloalkyl, hydroxyl, thiol, a
protected amino, acyl, carboxylate, carboxamide, sulfonamide, an aromatic group and
a heterocyclic group.
[0031] A process is provided for resolving racemic amino-substituted 5,6,7,8-
tetrahydroquinoline or racemic amino-substituted 5,6,7,8-tetrahydroisoquinoline to

25 produce the two enantiomers, comprising:



RmMRMNRINRI NHNH VII VIII [0033] with water, an al cohol, or a
primary or secondary ami ne using an 5 enanti osel ective enzyne as a catal yst
to producwoasmexsure of the corresponding amne in the fiPCIIUSSZY29372 ONeri C
form and the unreacted am de or carbamate in the second enantioneric
form [0034] b) separating the first enantionmer of the am no-substituted
5,6, 7,8- tetrahydroqui noline or am no-substituted

5,6,7, 8-tetr@byyr oi apauttig racednic binide-sih@rbabthteiBuitedaiteids amgde or car banat e;
and [0035] c) cleaving the am de qr carbamate group to produce t he second

enant i oner dftrahdregwineding gbteifermue VAL ¢ racqnic afidmyicrapiaiePybsttued
am no- subst '§5't7%dtetr%1ﬁ %sc%]u'uﬁﬁ}gg'opme'fﬂﬁnuﬁ%ﬁm wherein the am de or

carbamate graoup’is position on the 15 saturated portion of
t he qui noline or isoquinoline; R2 is |gpated at any other hydrogen

position on the quinoline or |soq1}|noll ering; mis 0-4;, R2 i 2se|ete
o, nitfo, cyano, c C|% allky
i oL+ rotect@d amn acyl

fromthe group con

al kenyl , cycl oal kyl

carboxylate, car boxfgni de, pul f onapie, an Bromatifc
het er ocycl i c group; i i [
20 optionally substit n atom [0037] Addit all ys~this invention
provi des a process for resolving racem ¢ am no-substituted

5,6, 7,8-tetrahydroqui noline or radém c am no-substituted 5,6, 7v&d

t et r ahydr oi §0088]nol Wit WwaepEPsiveiRvI e Bimiher eaantirg ARt ukta@i i sing: -7 WO
03/ 022785 PCT/ US02/ 29372 [0038] ai reacting racem c_am de-or

car bana? e- s Bantigsglegtvesenzymeas acatalyshipdrodise danixiae of the garrespepding vi | or

raceni ¢ am desiaf i EHERRTENGRURALIHIN SR 1R Grudackid ShiEBY AL OAAAGH BQ! T ne of

second enantiomeric form;

[0034] b) separating the first enantiomer of the amino-substituted 5,6,7,8-
tetrahydroquinoline or amino-substituted 5,6,7,8-tetrahydroisoquinoline, from the

10 unreacted amide or carbamate; and
[0035] ¢) cleaving the amide or carbamate group to produce the second
enantiomer of the amino-substituted 5,6,7,8-tetrahydroquinoline or amino-substituted
5,6,7,8-isoquinoline;
[0036] wherein the amide or carbamate group is located at any position on the

15 saturated portion of the quinoline or isoquinoline; R? is located at any other hydrogen
position on the quinoline or isoquinoline ring; m is 0-4; R? is selected from the group
consisting of halo, nitro, cyano, carboxylic acid, alkyl, alkenyl, cycloalkyl, hydroxyl,
thiol, a protected amino, acyl, carboxylate, carboxamide, sulfonamide, an aromatic
group and a heterocyclic group; and R’ is an optionally substituted carbon atom or an

20 optionally substituted oxygen atom.
[0037] Additionally, this invention provides a process for resolving racemic
amino-substituted 5,6,7,8-tetrahydroquinoline or racemic amino-substituted 5,6,7,8-

tetrahydroisoquinoline to produce one of the enantiomers, comprising:



NNNWVII VIIl 5 wth water, an alcohol, or a primary or secondary am ne
using an enantiosel ective enzyne as a catalyst to produce a m xture of the
correspon@iong/o2emsne in the first enantioneric form and trlog/usoz/essct ed

am de or carbamate in the second enantioneri.c form and 10 [0039] b)
isolating the first enantioner of the am no-substituted 5,6, 7, 8-

t et rahydr oqui noline or 5,6,7, 8-tetrahydroi soqui noline; [0040] wherein the
am de or carbanmate is |ocated at any position on the saturated portion of
the quinoline or isoquinoline; R2 is |located at any other hydrogen position
on the qui ndPO3B or a) sedinignadentie amidegor darbamatsubstitRed 556,48 ect ed fromt he

group 15 consi sti.ng of ..hal itr ano, carboxylic .aci I al kenyl ,
cycl oal kyl , qﬁ'{/%'ryg u}mh{]%?%lh,e ?%"’Bﬁ%%’i%?réaé Lht A a%gﬁa,ba(r:nfr%%@ﬁﬁékeg, Y
car boxani de,s ¢ ulsteRaifidessoqathofin® bBiheForngfl@wpiiand a heterocyclic group; and
R3 is an optionally substituted carbon atomor an optionally substituted
oxygen atom [0041] A process is racem zing an 0
enantionerically enric i
8-t et rahydr oqui nol
8-tetrahydroi soquin
racem c m xture: -8
NR7R8 N XIII XIV compyr+#si nos

enri ched ani no-substit tYed 5 6, 7, 8 5 tetrahydroquinoline or

am no-substituted 5, 6, 7, 8-tetr droi soqui nol ine neat or in y@p organic
solvent_in the presence or absence of an additive; and

5
with water, an alcohol, or a primary or secondary amine using an
enantioselective enzyme as a catalyst to produce a mixture of the corresponding
amine in the first enantiomeric form, and the unreacted amide or carbamate in the
second enantiomeric form; and
10 [0039] b) isolating the first enantiomer of the amino-substituted 5,6,7,8-

tetrahydroquinoline or 5,6,7,8-tetrahydroisoquinoline;
[0040] wherein the amide or carbamate is located at any position on the saturated
portion of the quinoline or isoquinoline; R? is located at any other hydrogen position
on the quinoline or isoquinoline ring; m is 0-4; R? is selected from the group
15 consisting of halo, nitro, cyano, carboxylic acid, alkyl, alkenyl, cycloalkyl, hydroxyl,
thiol, a protected amino, acyl, carboxylate, carboxamide, sulfonamide, an aromatic
group and a heterocyclic group; and R? is an optionally substituted carbon atom or an
optionally substituted oxygen atom.
[0041] A process is provided for racemizing an enantiomerically enriched amino-
20 substituted 5, 6, 7, 8-tetrahydroquinoline of the formula XIII or amino-substituted 5,
6, 7, 8-tetrahydroisoquinoline of the formula XIV to produce the corresponding

racemic mixture:



[0043] b) when either R7 or R8 is not hydrogen, cleaving the R7 or R8 group
under conditions to formthe correspondi ng am no; [0044] wherein NR7/R8 is
| ocat ed awoamyp2pesiti on on the saturated portion of the POTOsozed37Tne or
i soquinoline; R2 is |ocated at any ot her hydrogen position on the
quinoline or isoquinoline ring; mis 0-4; [0045] R2 is selected fromthe
group consisting of halo, nitro, cyano, carboxylic acid, alkyl, alkenyl,
cycl oal kyl, hydroxyl, thio, a prg%ected am no, acyl, ca@poxylate,

;7o

car boxam de, sul fona a ofyclic group; and
15 [0046] R7 and E

hydr ogen, al kyl, het ero NRREt erl|par yl ralky+—ﬂﬂkk§noyl,
al kyl sul fonyl, a cdrbony or sulffonyl- g i
het erocyclic ring, yl, al koxyc onyl> yl car banmoyl ,

al kyl car banoyl, arylthlo bonyl, al kylthiocarbogy, and carbanoyl. 20
[0047] A process is provided for synthesizing an enantioner of a primary
am no- substituted fused bicyclic ring of fornula I X conprising: Crn ,)C
B NF12 P |%oh%ﬁw5@93/022785 PCT/ US02/ 29372 [0048] a) formi ng the Schiff
base of a keto group |located on ring B of the fused bicyclic ring by
reacting it [@043 anakhesingdheenaptpinyrigallyenpehadeanyingshbsitetpd b4, 7adxi | i ary
R*NH2 of the faormula.X,. R5 R6. R*- NH2= .00 : ce the
cor t espond nGraNAMaBREP SafyesuPaed 5ot b Vs R otbe PSP HEG,
[0050] b) dizasdredmossti @t in the lpyest@@usiabgntef aaditived apd oduce t he

corresponding ) . g ) ; e
[0043] b) when either R’ or R” is not hydrogen, cleaving the R’ or R" group

under conditions to form the corresponding amino;
[0044] wherein NR'R? is located at any position on the saturated portion of the

10 quinoline or isoquinoline; R’ is located at any other hydrogen position on the
quinoline or isoquinoline ring; m is 0-4;
[0045] R? is selected from the group consisting of halo, nitro, cyano, carboxylic
acid, alkyl, alkenyl, cycloalkyl, hydroxyl, thio, a protected amino, acyl, carboxylate,
carboxamide, sulfonamide, an aromatic group, and a heterocyclic group; and

15 [0046] R’ and R® are each selected from the group consisting of hydrogen, alkyl,
aryl, heteroalkyl, heteroaryl, aralkyl, alkanoyl, alkylsulfonyl, a carbonyl- or sulfonyl-
group substituted by an aromatic or heterocyclic ring, aryloxycarbonyl,
alkoxycarbonyl, arylcarbamoyl, alkylcarbamoyl, arylthiocarbonyl, alkylthiocarbonyl,
and carbamoyl.

20 [0047] A process is provided for synthesizing an enantiomer of a primary amino-

substituted fused bicyclic ring of formula IX comprising:



enantiomerical |l y-pure secondary am ne on the fused bicyclic ring; and
[0051] c¢) renpbving the chiral auxiliary R* to formthe enantionmer of the
primary WO me2718s substituted fused bicyclic ring; [0052] paltarse2/mo3rzng A i s
a heteroaromatic 5- or 6-nenbered ring, Pis a nitrogen atom sulfur atom
or oxygen atom ring Bis a 5- or 6-nenbered cycl oal kyl or

het er ocycl oal kyl ; [0053] wherein NH2 is |ocated at a position on ring B
and R2 is |0[©@J|zﬁd ah) f@)?ﬂ‘nng]{ﬁe Semfbabefslwﬁ&agm?u&éa@éa SHiddB of uarlsdd cyclic
ring; [0054] wherein mis 0-4; R2 is select romthe group consi sting of
hal o, nitr o,bicxyjiamng bwaﬁmglltl witman ehantipgticallyten primaryamnisgaickiyal,  hydr oxyl ,
thiol, a protected r boxyl ate, carboxam de, sul fonam de, an
aromat i ¢ gro ﬁ Rgﬁmgt£15ﬂ§%??%sggroup and 20 [0055] R4, R5, and R6 are
each different and sel ected %ron1hbe group consisting of hydrogen, alkyl,

al kenyl , cycl oal kyl, cycl oal*’keny and a 5- or 6-nenbered aromatic ring;
and at | east one of RR4- or is a 5- or 6-nenbered aromatic ring.
Det ai | ed Description of the I tion [0056] Many organi c conmpounds exi st
in optically active fornms, R? e , Nhlgy have 25 the ability to rotate the

pl ane of plane-polarized Ilght I'n describing an optically active
conpound, the prefixes R and Sxére used to denote the absol ute
configuration of the nolecule about its chiral center(s). The prefixes "d"
and "1"Sor ([094%nd (oproelu@ the Co¥SpOBin eTRE OPEN L AlSEIe 9BINE oféwdﬁsgded to
desi gnate tqg SH%S rotation of plane-polarized |ight by the conpound,
wth (-) or ing that the conpound is "levorotatory" and with (+) or
"d"  neani ngobselt t Bpdiasieieosdlettively rdducingaheiminery prodibethe cofrespondingr el at i on
bet ween the nonenclature for the absolute stereochem stry and for the
rotation of enan@eraeHGaMPure wcmarhalgmm the Bispd BIcyeliqing ahd, t hese

d d
i ror i magaQUef ond) EREFRAAELfica B RaAETI] £Fn CEERTmE ol BRRLS 1

as an ‘lenantdnoifesstibsinted fused bicyeliofinguch i somers is often called an

"enantioneric”"_or "racemc" xture. See e. treitw.esse
Heat hcock, dO0§2] W(‘Na‘l*@ IeRRERR)REC %T—E\EW“W% il f‘B‘r'imgéﬂapt er

7 (MacM 11| anatg'rg %Ddfﬁlr LM % FRen atdRf ring Bibla- 5-lop 6%%9&@&@@0@1%%&0&“ on, the

desi gnation (
heterocycloalkyl

[0053] wherein NH; is located at a position on ring B; and R? is located at any

15 other hydrogen position on the fused bicyclic ring;
[0054] wherein m is 0-4; R? is selected from the group consisting of halo, nitro,
cyano, carboxylic acid, alkyl, alkenyl, cycloalkyl, hydroxyl, thiol, a protected amino,
acyl, carboxylate, carboxamide, sulfonamide, an aromatic group and a heterocyclic
group; and

20 [0055] R* R®, and R® are each different and selected from the group consisting of
hydrogen, alkyl, alkenyl, cycloalkyl, cycloalkenyl, and a 5- or 6-membered aromatic

ring; and at least one of R* R or R®is a 5- or 6-membered aromatic ring.

Detailed Description of the Invention

[0056] Many organic compounds exist in optically active forms, i.e., they have
25 the ability to rotate the plane of plane-polarized light. In describing an optically
active compound, the prefixes R and S are used to denote the absolute configuration

of the molecule about its chiral center(s). The prefixes “d” and “1” or (+) and (-) are
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represents the racemc mxture of the R- and S- enantioners and the

I ndi vidual enantioners also can be designated as, for exanple, (8R)-
and/ or (88p-03ari?m@®-5, 6, 7, 8- tetrahydroqui noline. 100571 " Eeanisopewsrz cal |y
pure” or " enantionerically enriched" or "optically 15 pure” or
"substantially optically pure"” or "enantiopure" as used herein neans that
the enantioner or isonmer is substantially free of the alternative

enant i omer QbmbiSORRE s BRSE Bl GOTBRS] blaRBphriaks haRBy 1AUcune! ont. of

the desired Iso 0% by t or less ernate I'somer. In a
nore preferreih ebrbn‘dr mrmam,ngttha tlhearmnpouném“lembtatdn mmimxﬂs(*t)lomﬁd’fs at | east

99% by wei ght of t esired %,by..20 wei 0 ss of .the
al toer native PEBHRE! Btrt EAAHPP (gatﬁ Y éeg‘éé?ogf’ lﬁégrége wWaebthet he

total amount,ffeneRRRE idhé Ebs"onﬁ‘e &%%wtﬂnan({ P aRrothliBn bEAMEna8NGMEL. OB i C
excess" or "ee" is related to the term"optical purity” in that both are

measur e§ of Kdve sivenechshmessdsiewsure, thhse cpaipgunds, caliediisteredmeneers’ n@nm@frntmalom 0

to 100, O beij n\%gﬂl]aaé?lrén and 100 bei ng ure % ﬁna}ntlomar

conpound t hat™ Prda e ‘é“"%%/’ %908 hley % PE! %1?161368158%‘§rc?*1‘1bed as 98%
ee. See, e.@fearcliié 6an enaiDMNCERY SRt Co GUEM sORY is BRAEEA1HSn

MECHANI SM5 AND STRUCTURES, 3rd Edition, Chapter 4 (John Wl e?; & Sons, USA,

1985). The p@ﬂ@éwmewt 08 SHACHIICT (X TUEY- SECHH LePraibipiser is Sabratheaskes: Hper cent
tical
opt i cal U | ROBUPHION FOQRARNIEIHENISHE o2 pbah, ditvl9 (HESNES

angl e of rota arize t and’ e maxi mim
rotati o posEubﬂlhlangCoe USA msnptmtth@mesmappumhdn like ddzsmnauaﬁ(ﬁ,@) an -11 WO

03/ 022785 PCT/ U802lé9372 enant i one aI | y_ pure. sanpl e%. As urg’ nlﬁ t hat
there is a |TRESEY Fé?‘ieﬁﬁ%m”ﬁ“{?é{ ‘%/ﬁ H“‘(‘,‘B th?t’P%W Ughen the
optical puri érMnﬁ&méiQ'dﬁb chR bt B&si BREGIERT fo‘?éﬁﬁﬁﬁleogSR‘?%d/& 8O LRS-5 8Veg- t he

other: optical purity = enantioneric excess L] xlOO %R ¥S.
[R] + [S] [ Oesgtydidemimlinst i t uent groups defi ned bel ow can be optionally

Z:J?gt g;g;rerg a@g%ﬂer et. gnaritlo];n%g'lcgﬁ(y &Pre’ebr enearrlltlz)r?lenca y ennaﬂxedy opstlcahI lized, it

15 pure” or “substantially optically pure” or “enantiopure” as used herein means that the
enantiomer or isomer is substantially free of the alternative enantiomer or isomer,
wherein the composition is at least 90% by weight of the desired isomer and 10% by
weight or less of the alternate isomer. In a more preferred embodiment, the terms
mean that the composition is at least 99% by weight of the desired isomer and 1% by

20 weight or less of the alternative isomer or enantiomer. These percentages are based
upon the total amount of compound in the composition.

[0058] The term “enantiomeric excess” or “ee” is related to the term “optical
purity” in that both are measures of the same phenomenon. The value of ee will be a
number from 0 to 100, 0 being racemic and 100 being pure, single enantiomer. A

25 compound that is referred to as 98% optically pure can be described as 98% ee. See,
e.g., March J., ADVANCED ORGANIC CHEMISTRY: REACTIONS,
MECHANISMS AND STRUCTURES, 3rd Edition, Chapter 4 (John Wiley & Sons,
USA, 1985). The percent optical purity for a given sample is defined as:

Percent optical purity = [a] obs x 100
30 [o] max

Where [at] obs is the observed angle of rotation of plan-polarized light and [a] max is

the maximum rotation possible (i.e., the rotation that would be observed for an
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substituted al kyls. 10 [00601 General structures are defined as follows:
wherein, ring Aor ring Cis an optionally substituted heteroaromatic 5-
or 6- nemwermd2178hig, and P is an optionally substituted eamhmsoadsem an
optionally substituted nitrogen atom sulfur or oxygen atom Ring B or
ring Dis an optionally substituted saturated or partially saturated
carbon 5-to 6-nenbered cycl oal kyl or heterocycl oal kyl. 15 [00611 Exanpl es

of the opti ofahfiymsesitaslyiputt &ehpde). NssBiniBTRATRSe [s heAr RlationMp GetvRlR

pyridine, pyrimdine, pyrazine, pyridazine, triazine, imdazole, pyrazole,
triazole, oxdzoldeontdntatonhdherShg opiedbenety is equps taathe ppreefitenxcesd of one ri ng A
or ring C, particularl pyridine. [00621 Exanples of the optionally
substi t ut ed eﬂaﬂﬁorBer&VC}/fhr‘?d% Tare cycl ohexane, 20 piperidine, piperazine,

hexahydr opyri dazi %i,caltﬁ;r{tghﬂgmdgﬁ%,exgggsr(@g)ydr ot hi ophene,
tetrahydropyran, and tetrahydrothiapyran, with the preferred conbination of

rings AS and B, or C aiid-0OS]kdiOfg BRE, %S8-t et r ahydr oqui nol i ne and 5,6, 7, 8
t et rahydr oi soqui nol i nefR] {[®)631 I n the above exanpl es, the "optional

substituents”" in Rings A B, C, and be nitro, cyano, carboxylic
acid, an opt[iogﬁﬂl I yqgﬁE@Pﬁ“ﬁ‘ffﬂ’é&m:’alp%%%“@a%W‘@&ﬁ%@ﬁpnﬁ?ﬂ!p%‘g“ﬁwegbt i on)altl ly
substitut ed RYAFRXYibr SFle, vAENARE teRAEhIKY TS RETiZddUft @foleftRhpas8isoup, an

optional ly substituted am no or acyl grolp, an opfionally substituted
car boxyl at e, substitbtsdaikiyle or sul f onam de group, an optionally substituted

ti | | .30 0064 les .of . th ' | |
Subst tfi e OPRUF § SePeral BB ot done S RS RaBiryte K of R €501
etc. and exaspionslpéubistigitedtict@babmytis 86 d-thérastréd/ 6hg ah& Plis g ptishalliy ncl ude

C3_10 cycl oal kyl such as cycl opropyl, cyclobutyl, cyclopentyl, cyclohexyl,
-12 WO 03/ o26211»ggutnévﬁtbsezﬁozwnzopney%ﬂyowgmtyled ngirqgen ptom, sBur rpxygen C 1. 6

oyl 0 YAk B LA S Pl o0 e
for exanpl e, capiten$loBtmyhbérbeé rezyloplkybbreeedrbyyicloaiikyli di nyl net hyl, _
GG N CRCE RO T TRCE A
substi t ut ed 4 BUREKL, FRRhilitteOdyr iRk PSriliAshe! @azine, imidazole, pyrazole, triazole,
oxazole, thiazole. Six-membered rings are preferred for ring A or ring C, particularly
pyridine.
[0062] Examples of the optionally substituted ring B or ring D are cyclohexane,
20 piperidine, piperazine, hexahydropyridazine, tetrahydrofuran, tetrahydrothiophene,
tetrahydropyran, and tetrahydrothiapyran, with the preferred combination of rings A
and B, or C and D, being 5,6,7,8-tetrahydroquinoline and 5,6,7,8-
tetrahydroisoquinoline.
[0063] In the above examples, the “optional substituents” in Rings A, B, C, and D
25 may be nitro, cyano, carboxylic acid, an optionally substituted alkyl or cycloalkyl
groups, an optionally substituted hydroxyl group, an optionally substituted thiol
group, an optionally substituted amino or acyl group, an optionally substituted
carboxylate, carboxamide or sulfonamide group, an optionally substituted aromatic or
heterocyclic group.
30 [0064] Examples of the optionally substituted alkyl include C;.1; alkyl, including
methyl, ethyl, propyl etc. and examples of the optionally substituted cycloalkyl groups
include Cs.1o cycloalkyl such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,

-12-



an optionally substituted alkyl (e. g. C1.1 o alkyl) such as nethyl,
ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl
etc., prewermbbyrsf Cl_6) al kyl; an optionally substitutedpcyaisoabdsyr (e.g.
C3_7 cycloal kyl, etc. such as cyclopropyl, 10 cycl obutyl, cyclopentyl,
cycl ohexyl, cycl oheptyl, etc.); an optionally substituted aralkyl (e.g.
phenyl - C1-4 al kyl, e.g. benzyl, phenethyl, etc.). Were there are two

adj acent hy h i ' ATBrréE ected
via an al kyfjcryeg)\rﬁ(%%gr g%clﬁggscet&%s CP‘%QI‘k?l aﬂdagﬁgﬁif ﬁﬂper en yirhgiplf%{xhgrrpl es
Y

i ncl ude rretstuyisteuemnmy;alsoehempl@Medalbxgubetntuted@xalbbdie ef phelnybCeataH gr oups

axamp o5 of TAEOSRL BrEP TS BhET PEPe R AL )P O AT by

optionally Wﬁtﬂﬂ&hmt&fh}é hé‘t'ei‘o%P@le groBp thaydeatsylor 6%@@b@8€yhng bdﬂtéﬁfmﬁ'g,
i sobutyryl, etc.), ©Cl-4 alkylsulfonyl (e.g. nethanesul fonyl,

et hanesdl fon&ri4 het@m:atqm%nd an opt| onal | y substituted aromatic and

Moo e, JoBEIen ExpBbRY e (BpHEhN PEIRNE ny@B UG RBPERLEARILAE! ©,

[ 0067] The su i t uent'sPsh { Bp i0 aP y su QO may

to each ot %roﬁt@nilwmbﬁltﬁgedlallql&ngm lgmyp s(mh@mﬁhylt ah§} pmpiylsr ed cycl i c
am no, etc. . such as tetrah drop rrol e, lgeram ne, pi_perid

pyrrolidine, IS%PI@HthﬂeISOb‘!W 8%f0 ‘-ﬁM]@qu‘l@lty PRIyl e, P‘i?fed%lkﬂl(% 6)élké’1 AN Sai d
Shbst it uont rioHRy TRYIQBYS o TRy PR Cul bTbalk AEL SRR ERIGoB®, 1 e,
etc.),1bit r(ﬁycmbaty?;,cyblplgemxlycg:lmqalldftyclnlohepgy(lwp); ?m:miongbomb:t;]tumdr boi(KI I
roup, an opti al ogenat e a . g. .trifluorone me
oty et oo Jarnte st pBP Y Ao gentrge ehatcivdsts ) (UbE B RSN ot hoxy.
trifluor Orfetda?a&xm K&fdkéﬂg}'&r BR]1 @%%Yltue%scth)e he%t&hkﬁﬂ%le chfnc@teddeLinAlkyl

propi onyl, etc. | sul fonyl (e.g. met hanesul f onyl
et hanesul f org}’bup sitch.ap Q(ﬁHz)ﬁGrﬂljérS(Gﬂz)pS éWb?rﬁ agl-S3bemnlesdnelvdare 1 to 3. -13

/
once or tw CBUCYSRIPH, SndEaeafigRy. QR Rt R- 0 RaBR APUMBRBR S ch os

an optienal Iaﬁdssunsﬁdstayeﬁgba{d@mpas@ﬂoup including C1_10 al kyl (e.g. nethyl,
et hyl propyl etc.) or an optionally substituted écloalkyl group such as

cycl opropyl , (0894I obﬁPS}her eggmplsp ehthgloptiegallysmbstipted ydipxy ey ipcludgpp. |
these ?ases’op%%ngl)aédﬁwltu%a%z435ﬁ4a88§/l%¥. g. ?Je%rl,%r@&%ﬁx}l‘?ﬂ'utyghﬁs@dﬂtﬁ?l, etc.),

C1.4 alkylsulfonyl (e.g. methanesulfonyl, ethanesulfonyl, etc.) and an optionally
substituted aromatic and heterocyclic carbonyl group including benzoyl,

20 pyridinecarbonyl etc.
[0067] The substituents on the optionally substituted amino group may bind to
each other to form a cyclic amino group (e.g. 5- to 6-membered cyclic amino, etc.
such as tetrahydropyrrole, piperazine, piperidine, pyrrolidine, morpholine,
thiomorpholine, pyrrole, imidazole, etc.). Said cyclic amino group may have a

25 substituent, and examples of the substituents include halogen (e.g. fluorine, chlorine,
bromine, iodine, etc.), nitro, cyano, hydroxy group, thiol group, amino group,
carboxyl group, an optionally halogenated C,4 alkyl (e.g. trifluoromethyl, methyl,
ethyl, etc.), an optionally halogenated C,4 alkoxy (e.g. methoxy, ethoxy,
trifluoromethoxy, trifluoroethoxy, etc.), C;.4 alkanoyl (e.g. acetyl, propionyl, etc.), C;.

30 4 alkylsulfony! (e.g. methanesulfonyl, ethanesulfonyl, etc.) the number of preferred

substituents are 1 to 3.
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group may al so be optionally substituted with an aromatic or heterocyclic
group, aralkyl (e.g. phenyl Cl-4 alkyl) or heteroal kyl for exanple,
phenyl , pwoidiorsss phenyl net hyl (benzyl), phenethyl, pyri dcmyuSozbdsyt,
pyridinylethyl etc. The heterocyclic group may be a 5- or 6- nenbered ring
containing 1-4 heteroatoms. The 10 optional substituents of the "optionally
substitut ed am no groups" are the sane as defined above for the

“optionally pgbsiti ttl‘h@ﬁmﬁ’iﬁ%rbﬁp amg%oq,re@u@smutw@&%lormﬁ;eqw fofm@r oup may be
substituted with an optionally substituted C2-4 al kanoyl e.g. acetyl,

propi onyl , bsgcgndaty ortewsiatit yrmipk) with a group wucltas an eptkgpaby FibsHited eékx;l

met hanesul fon a ul f a cap ) | .or

substi t ut ed %?é Mfg@ g @ ﬁ%ﬂ:r% gl?))l e%)(lrg’mpy %qubea‘ﬁfgﬁglléall}yg hsi tuted
benzoyl , pyréydicagsikioapxhch andékd}@ﬁ@&a@BMb’l epaopeﬂnﬁ mmremycl es are as
defined above. The optional substituents on the am ne substituents

descri béd abd¢lohsptyl, eiseisthgte ersess 5+ akkyl Ayelopliyl angprefemed. Ths amine
substituted

substituted é)é?/‘# }nﬁyﬁﬁb% ob ﬁﬁh@lyu%ggﬁggé@ onk&ﬁﬁ&f rtﬂ%?er&éfsch%gﬁ) hb C, and D
i ncl ude a cazrbkkw(le ggphmyl Q4 aalkyl)lof betyﬂoamybﬂp ekamplieyghehwpt, pmdine;gen an

optionally substijt d alk a such et hyl,
propyl, i soptlspyim M£%MY5%H?£V1 lﬁlﬂte% -‘/E‘ﬁ]i‘ﬁe ptﬂ?t
i sopentyl, tf}SWchE groulﬁ%é/}l be $PEYE- 1mé?1%e¥éd nﬁ?&‘)ﬂtamH@QYA het%ﬁtomspTﬁ‘é erably

| ower (Cl.6) |, etc.; dn optionally substituted cycloa kyl (e.g. C3_-,
cycl oall@yl , cmtronal sshgitueads ciythb Sortomylly substimyed aplinno groups’y are dieesatmel as

cycl ohexyl, ty, C.): an Jonally substituted 5- to 6-nenbered
monocyol ¢ afedinat Aesvg e e Bedonafi sRRLAB kel B oy % 00711 Exanpl s of
the opti onal jopesjubstrhe uﬁm) {1 m@ylb@ts@bs@metpw(tﬁah% n@ﬁ@%&bsutme@wge an
optional Iy substituted alky Cl 10 al kyl such as nethyl, ethyl,

b

propyl , | i sopkawyl e-gagewyl, prm@mdt lg/utyry’ée@bbwyhetc t@rqcmﬁllyylsulfi?@ﬁlt(ylg ,
i t |
by oferabl y 1B Hron finepitRoudE ol or Sttt AMony (b eFhmatic, oy 4

(e.g. €8_7 cyrdemmddeylic nﬁgclag defifenasulfoyigl, bpzoply byridinesudfoutly | | cycl opent yl,
cycl ohexyl, cycloheptyl, etc. an optional | substltuted arx
phenyl , - 14 RydrgcabodstedEhe s@mozglsweaﬁéﬁﬁw habove i Theyoptiges e&bsamaeunw for

craml ¢, Dot RSN s ey T AT o 5L 1o
car boxam de ‘apdosallyfsobhstitutde cyclic amino group.”
[0070] Examples of the optionally substituted acyl group as the substituents on
20 the rings A, B, C, and D include a carbonyl group or a sulfonyl group binding to
hydrogen; an optionally substituted alkyl (e.g. Cy.10 alkyl such as methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, neopentyl,
hexyl, heptyl, octyl, nonyl, decyl, etc., preferably lower (C,.¢) alkyl, etc.; an
optionally substituted cycloalkyl (e.g. C;3.7 cycloalkyl, etc., such as cyclopropyl,
25 cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, etc.); an optionally substituted 5- to
6-membered monocyclic aromatic group (e.g. phenyl, pyridyl, etc.).
[0071] Examples of the optionally substituted carboxylate group (ester groups)
include an optionally substituted alkyl (e.g. C,.,o alkyl such as methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, neopentyl, hexyl,
30 heptyl, octyl, nonyl, decyl, etc., preferably lower (C,.¢) alkyl, etc.); an optionally
substituted cycloalkyl (e.g. Cs.7 cycloalkyl, etc. such as cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, etc.); an optionally substituted aryl (e.g. phenyl,
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groups are identical in terns of the amne definition as the "optionally
substituted 5 am no group" defined above. (00731 Exanples of the

opti onal | wosishst7ss ut ed aromati c or heterocyclic groups as pcIvsstiesaents for
Rings A, B, C, and D are phenyl, naphthyl, or a 5- or 6-nenbered
heterocyclic ring containing 1-4 heteroatons. The optional substituents are
essentially identical to those |listed above for Rings A, B, C and D. 10

[00741 In thgp@mg B eraea 1?&&u{ﬁgwba{2y§t¢h§ﬁaﬁmw @r&g)s@laga% A B G

and D may be e’ subst’ituent’s on the optionally
substituted rgethwmncahyﬂ methex galty ess, drdalso podonmpmbkied. substl tuted groups

descri bed ab Preferred bstltu nt s are hal ogen hl ori ne
etc.), nltro[%@ano%x?f%]tew h!’ﬁtoBH‘iﬁ“a ltyﬁfﬂ?)ﬁt‘ P 6! o’g"rﬁ“ﬂ ‘S {?Barh r boxyl
group, car boxylatfe MRt uﬂéhﬁé)@%@ a&ﬁ%ﬁnﬁwn‘ca@ @ﬁé‘q‘dii)@ioﬁa[l bstitfted

car boxam de group, an optionally hal ogenated Cl_4 al koxy (e.qg.

trifl uof onetdnorg groupt’ definedGbode.al kanoyl (e.g. acetyl pr opi onyl , etc ) or

aroyl, a Cl1 kyl sul f o th sul f on n lfon tc.),

an opti onal ﬂ@ozi{lbst f‘ﬁﬁ“@@ggfé‘le ﬁ?%ﬂg‘?é}l@é@ i ?O"én&?f) Wﬁ%y @ psoafS

substi t uent ssuB&ithdifts ﬁﬁlKin%r&mec ah@ [PireipBe@)] naphthiyd o8 a S[ 80 adembreedor ef er r ed
substituent for rings A C, and Dis an am no group 20 substituted with

an opt i onal | Betesegystic ring eentaiping Lt hgisenptonas. I he gpBeral substiBisnismyg essensitallyy | |

i sobutyryl I ( hanesul f onyl ,

et hanesul fonﬁgmica{)tro tﬁosg%tea agé%%%kiﬁ%%A ]%il(fgony ‘substituted aromatic or
het er o¢gcl i Cj0074]0; IDtie apo&f edaaiples th6n1&ﬂbera>¢'eﬁbsht®utssiniRingsaA Bm:mndgb oup.
100761 For the am de s?bstl t uen exanpl es i cI ude ﬁ t.ion

subst i t ut ed Bk 1-4pprefesal]y 1 T Gs‘él?slk‘%en&ﬂflﬁ & gptRnaHy substifyl groé‘?so‘ﬁﬁl
i sopropyl, hyt X%me sstﬂpuf,eréna11§%ﬁbéﬁwt¥& ?rouf)éaﬂéscﬁyéd/alboquj?éﬁél‘red biRARRHY! .

neopentyl, hexy ep y , hony decyl, etc preferably Iomer
(C1.6) al kylare bslogen (zﬂmonpe |0bhminby:tos)l,|b31t0|, cmecmyal,wx)ogbkglthlpég@up ,GBnifo

cycl oal kyl, etc. as cyclopr.opyl, cycl.obutyl. cygl opentyl cyclohexyl
cycl ohept yl STRYR, Cfr Oé LR Sﬁr:!i’f’? @@5@‘{3 %{"ﬂjllf%ﬁy%gmf‘% éffﬂ%%b'g? érd’hﬂbnocycl ic
aromat | 30 GHKBmI® g}ou]pt&ﬁ%hend?wrﬂaﬂ%'ena@d C1.) alkdRe (0D i MbmSMbLY,i t uent s
may al so be an optionally substifuted aralkyl (e.g henyl Cl.4 al kyl) or

het er oal kyl dto), (@xafipineyl (pmewmmrhyﬂonqu plen 2y pyoyl, m{élrneqllf-bghsu fonyl (e.g.
D07 TE b DA A G0 O DL D B VO
het er oat ons. gr@;i.l"llhl&aﬂurrﬁﬁbﬁ Jubbtétiérgs alh # said groups are preferably 1 to 3.
[0075] The preferred substituent for rings A, B, C, and D is an amino group
20 substituted with an optionally substituted C,.4 alkanoyl e.g. acetyl, propionyl, butyryl,
'isobutyryl etc., or a C;4 alkylsulfonyl (e.g. methanesulfonyl, ethanesulfonyl, etc.) or a
carbonyl or sulfonyl substituted aromatic or heterocyclic ring; most preferable is an
acetyl-substituted amino group.
[0076] For the amide substituent, examples include an optionally substituted alkyl
25 (e.g. C1.10 alkyl such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl,
tert-butyl, pentyl, isopentyl, neopentyl, hexyl, heptyl, octyl, nonyl, decyl, etc.,
preferably lower (C,.¢) alkyl, etc.; an optionally substituted cycloalkyl (e.g. C3.7
cycloalkyl, etc., such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, etc.); an optionally substituted 5- to 6-membered monocyclic aromatic
30 group (e.g. phenyl, pyridyl, etc.). The optional substituents may also be an optionally
substituted aralkyl (e.g. phenyl C,_4 alkyl) or heteroalkyl for example, phenylmethyl

(benzyl), phenethyl, pyridinylmethyl, pyridinylethyl etc. The heterocyclic group may
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i ncl ude hal ogens (fluorine, chlorine, bromne, etc.) and optionally
substituted heteroatons such as oxygen, sulfur, nitrogen, etc. [0077] Am ne
groups cawobs/opz7es ected fromreactivity during a particul @acTpesor2e2a 5
process by groups such as acyls, carbanmates, enam nes, or sulfonam des, and
the Iike. Hydroxyls can be protected via ketones, esters or ethers;
carboxylic acids and thiols can be protected by esters or ethers. [0078]

The bresent doi el lcohARfddlRREScokBiif 3-4TRhOOASL OOpRKRINESLRIAR AQF
resol ving the enantioneric forns of am no-su StItut e rcyclic tused ring
systens as it€ludesadogdne dflinaineychlGehes btdmviee,yd)y agleopdipnaily fbstcted [ 0079] Thi s
i nvention provides for the selecti.ve g%dro%enation of a fused bicyclic

ring systemheﬁﬁ@t%?§§%f8ﬁﬁ§?%é‘§ﬁ5nni Bt | y- substituted 5- or
6-menbered 96y A OANAKTRE Loupd S BeUiBcied fdMh RALHVRAIMEIYPAsiduladpad oFa OF

6- menbered 15 heteroaronmatic or aromatic ring, whéreinthe fused bicyclic
ri ng syst empabess by gryups susd aaac i cathagratagperamingsy opodfionamides, érd dhst likgt t he

| ocati on of et eroatom o t .the | ocation a ri.ng fusi.on. The

ot or oar ot TTFYIG S e yit Fioned, s Prtbprh S B B0 BB - e
triazine, irdaf®zQtRect@®YbyReddsor bthe®zol e, oxazol e, and thiazole.

Si x-menbered rings are preferred for both rings, and quinolines and

i soqui nol i nd90%8le 2@hepssensimfeatiprdescapes aiopgmethods foy sypthesizingand st em
0080] A pra | J . i Z 1] 1. N0- [t uted

5. 6. 7, 6 ot HaRy APB T Eeiq Rim? SPANRD' £bARuRI BRGEI, fraftlipgiuipal i @

t et r ahy@lr oi sdegetibedlbelosv.conpri si ng: [0081] a) reacting an am no-substituted

quinoline of the formula | or_an am no- 25 substituted isoquinoline of the
formula |1l ﬁﬁﬂ%@éﬁihﬁgﬁﬁﬂﬁﬁﬁﬁ38$§ﬁg group conpound in an organic solvent
} |0 pr g_’guce F0079] Ne TRIsQhRtiBH providR3 bt HE 8le Qe MbidgEndtionNafusel bibychié: N |
ring system. The system comprises an optionally-substituted 5- or 6-membered
heteroaromatic ring fused to an optionally-substituted 5- or 6-membered |
15 heteroaromatic or aromatic ring, wherein the fused bicyclic ring system also
comprises an amino group at any position, except at the location of a heteroatom or at
the location of a ring fusion. The heteroaromatic ring includes: pyridine, pyrimidine,
pyrazine, pyridazine, triazine, imidazole, pyrazole, triazole, oxazole, and thiazole.
Six-membered rings are preferred for both rings, and quinolines and isoquinolines are
20 most preferred for the fused bicyclic ring system.
[0080] A process is provided for synthesizing a racemic amino-substituted
5,6,7,8-tetrahydroquinoline or a racemic amino-substituted 5,6,7,8-
tetrahydroisoquinoline comprising:
[0081] a) reacting an amino-substituted quinoline of the formula I or an amino-

25 substituted isoquinoline of the formula II with an amine-protecting group compound

in an organic solvent to produce an amine-protected, substituted quinoline or

R',, ~ R
——NH, — 1 NH,

N, P N A A
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WD 03/ 022785 PCT/ US02/ 29372 isoquinoline: [00821 b) hydrogenating the

am ne-protected, substituted quinoline or isoquinoline in a strongly
aci di ¢ sowoast2zss an el evated tenperature to formthe 5 PCT/US02/29372

5,6, 7, 8-tetrahydroqui noline or 5,6,7,8-tetrahydroi soqui noline; and [00831
c) hydrolyzing the am ne-protecting group to produce the desired racemc
am no-substituted 5,6, 7,8-tetrahydroqui noline or racem c am no-substituted
56,7, 8- teg&ﬁmmgﬁﬁ%squ|nollne [00841 wherein NH2 is |ocated at any
position on t enzene portion of the 10 quinoline or isoquinoline, R is
| ocat ed at any ot her hydrogen position on the quinoline or isoquinoline

ring; inis 0-4: an rein is sel ec fr 1h r. O conS|st|ng of
nitro, cyanolgoézdr bogwlr‘@"%e@f“a“g the ggyine-gio é: “3’&% ubegil CEWOLHOS °br ot ect ed
hydroxyl, @dq&hﬁ%@% h E't'r&igly Aidic @bREAEH aRBlcdSed aieratGrRItd o ke,
carboxanlde sul fonami de, an aromatic group and a heterocyclic group. 15

[00851 For examSHetrakydmaquinating @r pooGELesrahpiroisneuinglingiend s of racenic
8-am no- 5, G[g@]sg t etgl‘i"yW%H? gglﬂ{%éinlllrljl p%'o%ﬂﬁl\g é& Gt :p;fgddlgﬁ{e?%%ﬂgé 1:@0mlcS

descri bed. ocol “invo

8- am noqui nCdrmlﬁ@sﬁbstl\tvhb(Dﬂ ,6]758-ctralipdrodquithdlyne avaaaehabhmmoasws@meeﬂw @rigng it to
formthe correspondi ng acetam de derivative 2: N
(qui nol i ne- geyahydeisagdoliBe; usi ng acetic anhydride in an organic sol vent.

Subsequent aflogifdr o9nat A, A okiey ACRYAELYEy R o ShraRdlovidetdhe sol vent

at an el evat'ed t'enperature “formns 8-tetr qU|no ine 3, and
then th@ ac eqtmnlme or ssoqhiealme] RV iiploaatediat dmyehthﬂrhydmgbmpcpmtmiumethe he desired

racem c m xture or 8-am.no-5, 6 t et r.ahydroqui I 4. Ac20
DVAP, Et3N [9UEl g?"@% st Risd- B SRR 6 ‘ﬁl’lﬁo TOURHAC 549%
NHAC 1 2 6 Nobhting & dittd, cyBddcarbex MiPactd, aﬁ@l‘,edl'l&)x%, cycloalkyl, a protected
hydroxyl, a protected thiol, a protected amino, acyl, carboxylate, carboxamide,
sulfonamide, an aromatic group and a heterocyclic group.
15 [0085] For example, a preferred process for the synthesis of racemic 8-amino-
5,6,7,8-tetrahydroquinoline using selective hydrogenation is described. (Scheme 1).
The protocol involves starting with 8-aminoquinoline 1, which is commercially
available, and acetylating it to form the corresponding acetamide derivative 2: N-
(quinoline-8-yl)-acetamide, using acetic anhydride in an organic solvent. Subsequent
20 hydrogenation of the acetamide in a strongly acidic solvent at an elevated temperature
forms the 5,6,7,8-tetrahydroquinoline 3, and then the acetamide is cleaved via acid

hydrolysis to produce the desired racemic mixture or (R,S)-8-amino-5,6,7,8-

tetrahydroquinolines 4.
| X Ac,0, DMAP, Et;N X H,. PtO, (1%) A 3
NG CH,CI, NG TFA, ?O°C N"
NH, quant. NHAC 54% NHAC
1 2 N ' 6 N HCI, reflux
| 91%
N
25 NH,
4
Scheme 1

-17 -



-17 WD 03/022785 PCT/ US02/ 29372 [0086] An am no-substituted quinoline or
isoquinoline is reacted with an amne protecting group in an organic

sol vent twopsedwe® an am ne-protected quinoline or isoquiPealiSo®293The
protecting group is utilized to prevent hydrogenolysis of the 5 desired
am ne during the hydrogenation. Therefore, any am ne protecting group can
be used, such as, an acyl, carbamate, or sulfonam de, and the |ike. The
preferred am ne protecti ng group is an acetyl. The am no substituted

compound i s heAG! ed SeNEAFes AR KeaRarl ATk Efaer of

the organic’'s ent r|e |"'or omet e wth

4- di net hy| arprotepyig gibm;elr(dﬂ\d%gamamlaerﬁm pioylad:e arﬂzﬁmh@%&]act&'dhemlhyhhﬂgenat ion
is carried qut in_a strongly acidic solve such as trlfluoE acetic acid,

hydr of | uori dsogerrwlmﬁyah%erﬂte&rlpa SERUPAS u d%PeNf:@ hydragenQlysif aci d,
phosphogi c t a
1 C_akited %narnsn P’? éfﬁ/ﬁrc%@hagron %ieGorBCnd-anfihe ecgﬁggrdrgat B ot s

thereof. The pre erre i's trifluoroacetrc aC|
for the hydrhchsmhtsudnascama¢yﬂmadmba1at¢gloa3mlfmmbdeaakd tlpllfher Hmnrpmferr% car bon

(0.5-209%, platinumaon alum.na (0, | at i nu I Iatrnum
(N “oxi e’ hiinas Broroatap Btoubar ar iyl Tarpinif s Qe kool readetiitbonnas
or coordi n%Ebt%‘a&@ﬁﬁﬁ@%%nﬁﬁh&ic@fahﬁ%h&%ﬁn th€efkahe sbRRnORMedt lhﬁa[heOf an
active plati num ( cat aﬁzst under the reaction conditions. e preferred

f:at al ysts i fEt:Ddén élchl;qrm arfel with ddirgethglacningpandmedRMAYkas a @é?d)éﬁtyst
di t [ %
p?gf Iep I > E[pg#.)ja BfB%h?deg%]]amr% Slca%? %@{b QStW ‘Ijm‘f gﬁé@fﬁt’lﬁe reaction

t enper at ur esriflasrobdwichyid| Bgﬁ‘ﬁﬂﬁ(brﬂf‘acﬁ@a@ﬂto@l‘iﬂoﬁb acﬁiymcrreﬂ»ﬂomlc slig\saifetlc W th
t he terrperature range from about 50 to.about 150C with the pref erred
t enper at ur e a6}, RBoPheR¢ aBdUnchiaraageticsis, aseie 251 OhyBLtoTRateB;thyeethe nost

preferred. '@@%%’r@%rre& Q&&QM?%@%%]BQ%&E&QJ%CU on can be conducted from about

20 to 25 50 esired. e reaction concentration is from about
0. 01M t 0 abdae8EM wiChtalystsefor the dfydrogenhtoamer nichalei platifium ilaakoplatirnPdh t o

bout 5M d f t. 0.1 t. bout 100
e s phbr o5 CatheniDar"s pRbRvB PR d S0 apetivi (RO Rk BlbRuReact | on
tinmes are frW)@Q@é‘B 3 %e TARMh @catdlysBP AN otReANS 0RO aRBt EdtBpdingS 6F 1 ed

reaction tinme 1s from about 2 to about 18 hours. [0091] Preferably, t he
hydr ogenat i eeoidingtionfcompisateswf platmanthat lesd bsﬁlcgﬁeerampﬁrmn active platinum

(0) catalyst under the reaction conditions. The preferred catalysts include platinum

(IV) oxide and Adam’s catalyst. Catalyst loading is typically from 0.1% to 50% by
20 weight, with the most preferred catalyst loading being 1 to 3% by weight.

[0089] The reaction temperatures for the hydrogenation reaction are typically

elevated, with the temperature range from about 50 to about 150°C with the preferred

temperature being from about 50 to about 70°C and about 60°C being the most

preferred. However, the hydrogenation reaction can be conducted from about 20 to
25 50°C if desired.

[0090] The reaction concentration is from about 0.01M to about 5M with the

preferred concentration from about 0.2M to about 0.5M; whereas, the hydrogen

pressure is from about 0.1 to about 100 atmospheres, with the preferred pressure at

about 1 atmosphere. Reaction times are from about 30 minutes to about 2 days and
30 the preferred reaction time is from about 2 to about 18 hours.

[0091] Preferably, the hydrogenation is performed with 0.3M of substrate in TFA
using 5 mol% of PtO, at 60°C under 1 atmosphere of hydrogen. Also preferred is
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using 5 nol % of Pt02 at 60C under 1 atnosphere of hydrogen. Also preferred
is -18 WD 03/022785 PCT/ US02/ 29372 when the amno group is |ocated at the
8- positiwomfh2i78® quinoline, inis 0 or 1, and R is netlagiusor29set hoxy.

[ 00921 Hydrolysis of the am de group to provide the corresponding amne is
acconpl i shed by standard net hods, including, but not limted to, heating
with 5 aqueous acid ( for exanple, refluxing in 6N aqueous hydrochloric
acid), heati f i us
o Um Dy dr oI A B0 ARG SRE 8 BT (A 0 P B e
of hydrazi nean:tlﬁylosateﬂmnyPr ocess [00931 This invention also provides for

t he regiosel rosati of .fused 10 hi.c I|c ri st.ens wherein
the process ll%ﬁ%| ve yfiﬁgy%‘?fgp? idsrErapp tofprowde é:toggsp()ﬁlgmglyag}.}n%*s the

bi cyclic ringcd¥hbh f’sh@d%?rsf&ﬂgarﬁmhocfsoink@dﬁ%,wrfof AR % %@ﬁlrgge\m&tant ani on
with an appropriate nitrosating agent to give the corresponding nitrosyl

conpoungl. Smﬂrut:arsea@mb( fonexaammie, ergﬂ\mngne@inaameﬁ’emrociﬂomacsd) hcaémmuﬂat e
provi des the oxi :Ps rivati ! Vi ﬁ redgcgd tdo ﬁ581 tthe

cor r espondi MY SHHES950% o ux&‘?g% pEe \}Sdsfog JHes! 5} ke
correspondi nig ak@bprapriatd I6IvERSH the Rresenet bEhydrikinesy St em conpri ses an
optionally-substituted 5- or 6-nenbered heteroaromatic ring fused to an

optionally-substituted 5- or 6- nenbered partially or fully saturated
cycl oal kyl oNitlesatondEgeasyal kyl , such as, for exanple, a 5,6,7, 8-
tetrahydroqui noline or 5,6,7, 8-tet rahydr oi soqui nol i ne. The heteroaromatic
ring 20 | ncI[@ﬂ%?d ;Fhlsdnwéltlowlspmrwéré fopthe segipsslechye nigrasativa of fusedzi ne,

i m daz 50y rm syétgﬂlga'%areeln %%%c?c!egs @ioglvgﬂh%%%tﬁla dl-gg%f il %ﬁ&g&j ri ng

|nclud cyc exan azine azi ne,

tetr ahydr of Ugortion b&xhé ai&yelﬁcnﬁﬂig Withal’s&ong badel foligded py tappiap dhe resultant
tetrahydrothi apyran. [00941 A process is described for synthesi ZI ng a
racem c ani n%u%fh‘ﬂ% AR Bﬁlgﬁpnaé?)ngméat?“%a&e@ttP&hWP%&W?ﬁBPP‘Hég 8HrogYl aceni ¢

am no- subst i anll:’ %pgmﬁqeoﬁ dﬁg&@%f&;gta? %%ﬁ%:h‘xéﬁ? of’ﬁ’imme?ﬁl@?ate k)?&géé]s a)

reacting eit asu titute tetra roqui nolirne o formul a
1l or a s ubthe okmteadbrivative/ , Thetaxdtima mayrbeirsdigad toformehe€ortdsporidmgrarhmel V. R2m
Rem 15 derivative or may be hydrolyzed to provide the corresponding ketone. The fused
bicyclic ring system comprises an optionally-substituted 5- or 6-membered
heteroaromatic ring fused to an optionally-substituted 5- or 6- membered partially or
fully saturated cycloalkyl or heterocycloalkyl, such as, for example, a 5,6,7,8-
tetrahydroquinoline or 5,6,7,8-tetrahydroisoquinoline. The heteroaromatic ring
20 includes: pyridine, pyrimidine, pyrazine, pyridazine, triazine, imidazole, pyrazole,
triazole, oxazole and thiazole. The saturated ring includes cyclohexane, piperidine,
piperazine, hexahydropyridazine, tetrahydrofuran, tetrahydrothiophene,
tetrahydropyran and tetrahydrothiapyran.
[0094] A process is described for synthesizing a racemic amino-substituted
25 5,6,7,8-tetrahydroquinoline or a racemic amino-substituted 5,6,7,8-
tetrahydroisoquinoline comprising:
[0095] a) reacting either a substituted 5,6,7,8-tetrahydroquinoline of the formula
III or a substituted 5,6,7,8-tetrahydroisoquinoline of the formula IV

X X
R’ l — R,
/ N
N /



N N _19- IV W 03/022785 PCT/US02/ 29372 wth at |east 2 equivalents of an
al kyll'ithium base, or a lithium sodium or potassium am de base, and then
wi th a niwoasabi7?eg agent to form an oxinme; and [0096] b) pcadisoz/eep7t he
oxime to produce the racem ¢ am no-substituted 5,6,7,8- 5

t et rahydroqui noline or the racem c am no-substituted

5,6, 7, 8-tetrahydroi soqui noline; [0097] wherein the amno is |ocated at the
8-position on the quinoline or the 5- position on the isoquinoline; R2 is

| ocated at any other hydrogen position on the quinoline or isoquinoline
ring; in is 0-4; witldatibast diequiRaleits of eh elkylithiimdyase.los aditiium, sasbwmi @t i ng of

hal o, nitro, ano, a ot ect car.boxvy|ic..acid | kyl , al kenyl
cycl oal kyl , Séluﬂlrﬂ?lggﬁ’?ﬁf’ ﬁ?ﬁﬁ&%’;{g}‘il&l #h?%f'%?%@t?ﬁ%fn,anam%rp%’%/aé’gt ed ami no,
acyl, carboxpbedie, brrRuRGKSAMAKImS td Hoaacs tHe racemiQaniBLsubstBiteds,cangL a

het erocyclic group. [0098] Further provided is a gr ocess for synthesizing a
ket o- subst i ttetrehyd®qeinplige of Berateyprie aginnvibstiatedrs, a7 Retemahydpisaquinodige;

5,6,7,8-tetr r oi inaline c LSING . o r 1 i.ther a
Subst tut o BORFY O SARUT R hind TR RShe §-pOAFG of ine FRENHPr Gie's)

subst it ut ed gosfiioR o8-theisoquineling; ROGlocantd manglotidnaydropenpaition dRe R2m N | 1 |
IV with at |least 2 equivalents of  an al kyllithi

! ym base, or lithium
sodium or PERAASSOnFPaWPARIGERS M il HETRFERA Ra lﬁ?ql‘?%%daﬁ?‘ﬁg’%ém to form
an oxi e, a'k%féi&Wham nhycggga@@, awot&{i@d wfbcg@likaciar RYC QIR %Q'[Jaﬁ?yﬁ,ond' ng

ket one; 20 [ erern t eto'Is located at the 8-position on the
qui nol idie ora protectsd hydmixyl, apratacted thidls @ gotertdd ameinoRRyl, satbogdated at any

ot her hydrogen position.on the quinoline or .isoquinoline; inis 0-4; and
R2 is sel e'ct‘i?gl’ofx?@h“fet F\‘ﬂf - 8B A Cl%o'“l?fandt‘?;?e ,ro?ﬁchlfgd"@yano, a
protected caphegyy! i FukdrProRliédis.a Rble8NIr syiEsiAng k kbto-sabRitAeE SIETIS-

hydroxyl, a protected thiol, a protected am no, acyl, carboxylate,
car boxani de, te@shydrdquineding dea kete-sabsitated 8,09, Stgrahad@isquisp BRoRopepnistngyr oup.

[0102] Thi's iGNt T Sk diNShePL AWfIER RhSl SLARAALIRINELEHE let T ©

route for - 8- ahydrogui nol’r ne*"usi ng ni Ion.
(Schenmgs 2) . 19 & alsuBstituted 5,6,7,8-tetrahydroisoquinoline of the formula IV

X X
| R } —R%,
Yz N A
N
Jii| v

with at least 2 equivalents of an alkyllithium base, or a lithium, sodium, or

potassium amide base; and then with a nitrosating agent to form an oxime; and
[0100} b) hydrolyzing the oxime to produce the corresponding ketone;

20 [0101] wherein the keto is located at the 8-position on the quinoline or the 5-
position on the isoquinoline; R? is located at any other hydrogen position on the
quinoline or isoquinoline; m is 0-4; and R’ is selected from the group consisting of
halo, nitro, cyano, a protected carboxylic acid, alkyl, alkenyl, cycloalkyl, a protected
hydroxyl, a protected thiol, a protected amino, acyl, carboxylate, carboxamide,

25 sulfonamide, an aromatic group, and a heterocyclic group.

[0102] This invention further provides a preferred alternative synthetic route for

(R,S)-8-amino-5,6,7,8-tetrahydroquinoline using nitrosation. (Scheme 2). 5,6,7,8-
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-20 WO 03/022785 PCT/ US02/ 29372 Tetrahydroquinoline 5, which is
comercially available, is utilized as the starting material and is
react ed wwoln3m2xs8s5 ong base in an organic ether to depr ot oratrasnires372

t et rahydroqui nol i ne and then the tetrahydroquinoline is reacted with an
alkyl nitrite to produce the oxine derivative 6:

6, 7- di hydr o- 5H qui nol i n-8-one oxine. Subsequent 5 reduction of the oxine to
the amne r eﬁé&a%?dﬂoaultnbﬁner SGANEEisROAMMGEially aldRaBle; Bu@NLEPas the starting
5,6,7,8-tetrahydroquinoline. Alternatively, the oxi me can be hydrolyzed to
pr oduce 6, nnduehylchnd-@feacfad mathi artro8g base il anjoygancthvI@Beprogoae\the2, pd ( \

1) 1soanyl

Ha | acet ondStmdigincligrondtn dhe e B i paded b GTiifs o
reaction is ;ﬁaaﬁdeaﬂe Sklinel deriatHiRl 6/ §M-diBkdieOTHRRoliR3-8He oxlifle.SOIBRREHt Such
as ethereal solvents (diethyl ether, diisopropyl ether, dibutyl ether,

net hyl 6ert _edesfion@f ther oxiniE fretheyaming results indhe ragemic predusyf: EPet-aminaret hoxy
et her, di I t enyl
cther . di beror ety Sifine AR HATES. flekBhe S0l FICISE préhiEl"
aromatic sol@énMgMﬁbéHZﬁnmﬂnmaiuﬁﬂk ethylbenzene o- xyl ene, m xyl ene,

p- xyl ene, nesityl ene, chlorobenzene o 15 dichlorobenzene

p- di chl or obenzene, -tri h n Nag Ie , rid furan,
or thiophene), dlp0|a ﬁﬁggggﬁégnéggz bon EELE@&L
di met hyl f or mam de, \ gt -c y lii) sodrhybRitridle, - 24vpoH ol i

al kane sol vents (petroleun1ether75%n1neral sp|r| s penaatne, hexane

hept ane, octane, isooctane, nonane, decane, N
p HOY ¢
6 N HCl,
acetone, reflux
81%

Scheme 2
[0103] The nitrosation reaction is carried out in a solvent or combination of

10 solvents, such as ethereal solvents (diethyl ether, diisopropyl ether, dibutyl ether,
methyl tert-butyl ether, dipentyl ether, tert-amyl methyl ether, dimethoxy ether, 2-
methoxyethyl ether, diethylene glycol dimethyl ether, diphenyl ether, dibenzy! ether,
tetrahydrofuran, 1,4-dioxane, or morpholine), aromatic solvents (benzene, toluene,
ethylbenzene, o-xylene, m-xylene, p-xylene, mesitylene, chlorobenzene, o-

15 dichlorobenzene, p-dichlorobenzene, 1,2,4-trichlorobenzene, naphthalene, pyridine,
furan , or thiophene), dipolar aprotic solvents (carbon disulfide, dimethylformamide,
dimethyl sulfoxide, or 1-methyl-2-pyrrolidinone), alkane solvents (petroleum ether,
mineral spirits, pentane, hexane, heptane, octane, isooctane, nonane, decane,
hexadecane, 2-methylbutane, cyclopentane, or cyclohexane), and alkene solvents (1-

20 pentene, 1-hexene, cyclopentene, or cyclohexene). The most preferred solvents are
the ethereal solvents, in particular, diethyl ether, methyl tert-butyl ether,
tetrahydrofuran (THF), dimethoxyethane, 2-methoxyethyl ether, and 1,4-dioxane.
Preferred additives (activating cosolvents) include tetramethylethylenediamine,
pentamethyldiethylenetriamine, dimethylpropyleneurea, or hexamethyl phosphoric

25 triamide, or any combination thereof.
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hexadecane, 2-nethyl butane, cycl opentane, or cycl ohexane), and al kene
solvents (1- 20 pentene, 1-hexene, cyclopentene, or cycl ohexene). The nbst
preferredwsalBwerrss are the ethereal solvents, in parti culpam/usde/edsny|
ether, methyl tert-butyl ether, tetrahydrofuran (THF), di nmethoxyethane,

2- met hoxyet hyl ether, and 1, 4-di oxane. Preferred additives (activating
cosol vents) include tetranethylethyl enedi am ne,

pent anet hyl dj yl e PEMTN I ,
phosphoric qgg‘ut]r a%@& tiI,Oi’:}or ar{?/mggﬁ%ell&ng? ?gﬁ%tfﬁdg?g%&ﬁls-lg%u%%w 022785

PCT/ US02/ 293ib2rs, pI&dhly Reac abhomn 1 § mimsted wrabbhiel hcatraWhaeas:the aeraetltbn bmeabout 5
mnutes to out 4 hours,. prefer bI fromabo 15 m bou

hour; wher eg.gr '{]l"ﬁé“tf‘és%?ri ’5nfrq%? %ﬁ’é’utg Thpies t%‘i‘btolubgbﬂlrﬁrprf’ ﬁf“ {35
mnutes to gh@ktesfo YL S holfsef erably from about 15 m nut es to about 2

hours. 5 [0105] For the nitrosation, at |east 2 equivalents of base are
required, pr[@l%r]abl Yor the oifro@atian, 3t leeﬁlﬂmuwﬁtegts af base ase sequirad, preferably

eqU|vaIents ition t ffICI tIy n-.n c philic
so as not tdf gg?qvﬁq‘(‘warteﬂgh@g %Séﬁéﬁ etq}lbvgtéetn I“&%‘iﬂf’“ theI'ﬁaesree o eg bases
utilized areugfidistitly doRiniid1RPEIES s¢ BEhGMD Irwchwumherkewétemldmrcsdatmgmg@t
butyllithium tert- but I1ithium isobutyllithiu henyl | it hium

et hyl | i t hi urhherefarg, h@@P‘Ilhﬁeﬁla[ﬁﬁlkﬂﬂltm%éhaﬁﬁﬁimleihb’ 1y, nrhutiithiymsodi um  or

pot assi um al _ sodi um’
POt 2551 U 2l 5B S A RIS BRI L LI S, 2001

am de, 160odi Wexgititiden, m&q&spydmhwm)jhthmmt $udium, drgoeasstinydlkbxsdd Bsede, sodi um
hexanet hyl di si | azi de t assi um hexanet (ﬁ di sil azi

d |.ithi )
di i sopropyl 4% ‘émm"?tb?ﬁ‘ spfiumfhoxidg ot s l‘frﬁleﬁrﬁ‘m’ﬁg@i %‘Hléthﬂ}‘;“gg]?@ém 8F 15

l'i thium 2, 2 %eﬁsﬁuﬁ{ %%%Qé@s@'hﬂﬁ&h%ﬂ@é sQiuf WniBPRIoRRE AL AnfdeNMRhi@t | on
t her eof . erred bases are n-butyll'ithium tert-butyll ithium lithium

di i sopropyl dlwam;athy]dnmllazldm sodsychaxametyidisitheide] patidsivm hexamethyldlsllamde
2,2,6,6-tetr th LTMP, nd assi,um | di sil azi de,
with LTVP ag%ﬂ‘g‘%&b{gg SIe ‘éﬂb’%‘]&lélthgla?léqw%gfhﬂrﬂpécyf’ )ﬂe%mﬁ%t?osatl on
reactipn is rfthim @b%tetrml@ﬁa yipRpeids) or 8y Sffopridteésntibationtresen about
-30C and about OC. I 107] The concentration for the nitrosation reaction is

from about ®refemed ba%@mn bqtuNAthlpmeieéHawg}lthlmnh@mfhlmzoméara@sut 0.5M

Ni trosating It ut yl

nitrite, terlﬁglgml &chqgl?el’l(gfamlé% Isf o]Jb §16tt§??{],&h?l§cﬁa&nl§{y AIL?I’I t'e, db
potassium hexamethyldisilazide, w1th LTMP as more preferred.

[0106] The temperature for the nitrosation reaction is from about -100°C to about

20 60°C, preferably between about -30°C and about 0°C.
[0107] The concentration for the nitrosation reaction is from about 0.01M to about
10M, preferably from about 0.2 to about 0.5M. Nitrosating agents include: alkyl
nitrites (n-butyl nitrite, s-butyl nitrite, tert-butyl nitrite, isobutyl nitrite, isoamyl nitrite,
n-amyl nitrite, ethyl nitrite, isopropyl nitrite, or n-propyl nitrite) and alkyl dinitrites (

25 1.3-propane dinitrite, 1,4-butane dinitrite, or 1,5-pentane dinitrite). Preferably the
nitrosating agents are tert-butyl nitrite and isoamyl nitrite. The equivalents of
nitrosating agent utilized are from about 0.5 to about 10 equivalents with about 2 to
about 3 equivalents preferred.
[0108] Preferably, nitrosation of 5,6,7,8-tetrahydroquinoline is carried out in

30 THEF, at a temperature from about -40°C to about -78°C, with a concentration of about

0.2M and about 2.5 equivalents of LTMP. Also preferred are wherein the amino

-22 .



n-anyl nitrite, ethyl nitrite, isopropyl nitrite, or n-propyl nitrite) and
alkyl dinitrites 25 1.3-propane dinitrite, 1,4-butane dinitrite, or

1, 5-pent awe diom78site). Preferably the nitrosating agent ecareor/essrz butyl
nitrite and isoanyl nitrite. The equivalents of nitrosating agent utilized
are fromabout 0.5 to about 10 equivalents with about 2 to about 3

equi valents preferred. [0108] Preferably, nitrosation of

5,6,7,8-tetr i i gy rature from

about - 400 1EOUBSIRAGEKIE bR B BHEE s 8 1dbeRPurtlnehe & SRS "L bon | 575

equi val ent s mkitiohMPthe/d,6,8,3perbigidr disbquirlinbernés 0 ot h;eanarﬁzn@meth&z WO 03/ 022785

PCT/ US02/ 29372 group .i s, Io%at ed. at .the 8- Iggﬁ%i E)I on of

5,6,7,8-tet rlgﬁ%roqﬁﬁﬁ‘éﬂ iRt Hie ofime freacsomplidied; &ﬁtaeéarflmeethods for

5,6,7,8-tetr |
&Qﬁgi amgemﬁlemz.ﬁol b ?1@679’895‘2%13”@ rrét%% gg%nh}ﬂethahglj?gl%

Reductlon of ne I'$ acconplishe for exanple,
hydr ogeh, nﬂiahmymickebmmchﬁ)&alpahydrdchlmoamdammm mﬁyhimdgﬂnoromlhamdl Iand 5

Ra kel t [ d | ori

P11 uor oacderadgrect it waygHe bt abhies t opufulbesiaicr rdpiore
utilize a chinii Jﬂ&&l’i@&ﬁ@&!dx@ag‘eﬂi@lé{ﬁ% &e produdiibh aF the dmelédér@ﬂndrﬁéium ng
agent to enrich the production of the desired enantionmer. [0110]

Al ternativellP118lhe &ltematieely the okl esinypediydrodyzsd m/pmmeﬁbe k‘é@l@m‘éaw a
standard met han%af rg%tflods ucthhe t}yesl?se%ff I;la UGESER hg'uro é%nhcg hla etgﬁe ﬁinder

acet one unde} tions or'in aqueous rochlori¢c aci d under

reflux l@OndlrEﬂﬁbHSOndltEﬁﬁ)él’f&i zlcﬁeriQﬁ(iN uym@ahll?n@eﬁa sm[i&iaﬂdx dduiditionevent i on
provi des for the use of enzymatic nmethods to resolve racem c m xtures of

am no-substituted fused bicyclic ring systens, wherein the enzynme either
sel ectively %@ﬂ%&g—&l‘&!}%&ﬁﬁl ates the racemic amne or nediates 15 the
hydr ol ysi s, al coholysis, or am nolysis of racem c am des or carbanmates.
Each et hod® bﬂdw d%blsan\rﬁn%@mp@veﬁ%tfwhawg capyntticonethods ©Agsalia h t he

opposite e r}g i E}E&tu?és otflaﬁu ﬁ%tlf?ﬁe(f; Shic 3% 18k qphe?{mttllﬂee

enanti oners sequent eavage o e am caﬂbana € provides
bot h enanti oameyme eitlee stlesteat]paciates ar carbang yhyssttharac anjer dnsias Oﬁﬂledlates

optionally-s tuted 5 6- nmepbered heteroaro tic Orln |ng O
fused t® an tﬁﬁﬁﬁ%ﬂb{msya %@S&st@ o FEmeTystrofgecerin b aob%a«rg@%?tﬁ, e o y

saturated cy6liRad fXvidet a RRLREOSHMAL ARt enahtidiét adng W the opposite
enantiomer of the amide or carbamate. Separation of the enantiomers and subsequent
cleavage of the amide or carbamate provides both enantiomers. The fused bicyclic
ring system comprises an optionally-substituted 5- or 6- membered heteroaromatic
20 ring (ring C) fused to an optionally-substituted 5- or 6- membered partiatly or fully
saturated cycloalkyl or heterocycloalkyl (ring D).

N )

XI

25 [0112] The heteroaromatic ring includes: pyridine, pyrimidine, pyrazine,
pyridazine, triazine, imidazole, pyrazole, triazole, oxazole and thiazole. The saturated
ring includes cyclohexane, piperidine, piperazine, hexahydropyridazine,

tetrahydrofuran, tetrahydrothiophene, tetrahydropyran and tetrahydrothiapyran.
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00 XI 25 [0112] The heteroaromatic ring includes: pyridine, pyrimdine,
pyrazine, pyridazine, triazine, imdazole, pyrazole, triazole, oxazole and
t hi azol e.wohs/oszssir ated ring i ncludes cycl ohexane, pi per ipdiTvieso2/pe3per azi ne,
hexahydr opyri dazi ne, tetrahydrofuran, tetrahydrothi ophene, tetrahydropyran
and tetrahydrothiapyran. -23 WO 03/022785 PCT/ US02/ 29372 [0113] This

i nvention-provides a process for resolving racem c am no-substituted

5, 6, 7, 8-t et riafwyy]r 00thRGhIBoRprovitRs hrdBebAfoV rQblviRcaRmicafin®sshfkdd ut ed
5,6,7,8- tetrahydroisoquinoline of the fornula VI to produce the two

enant i oner s:5,62:8rtBiral@nequinotine Nf theoviula ¥ ergagemis amgno-ubstityjedz)6,7,8-

[ | ively. | at.i | at i h ] i no-
unst i tut ea B9t rPhg B AT TR RoIRE et ARRIRALRTCU0c i ¢ ut ea

5,6,7,8- tetrahydroi soqui noline using an enantiosel ective enzyne as a
catal yst; and [0115] b) separatinggthe unreacted am no-subst jeuted
5,6, 7, 8-tetrahydroqui 976,7,8-tetr i ubrolTne as the
first enantioner, fr ric amde ’/11

nd [0116]

of the am no-substitut , 6, <t et r ahydr oqui no , 7,8 15

t et rahydr oi soqui noline; [0117] wherein NI12 is | ocated at any position on
the saturated portion of th¥ quinoline or isoquinoliM; R2 is |located at
any ot her hydrogen position on the quinoline or isoquinoline ring; inis
0-4; and R2 is selected fromthe group consisting of halo, nitro, cyano,
carboxylic acid,‘?PE??F%alkenyl, cycl oal kyl, hydroxyl, thio, a 20 protected
ani no, acyl ,[0£rf]box¥) éaftioseRicheetatylfingSt chebanidytiging &t at@M@lahtngr oup and

substituted 5,6,7,8-tetrahydroquinoline or the racemic amino-substituted 5,6,7,8-
tetrahydroisoquinoline using an enantioselective enzyme as a catalyst; and
[0115] b) separating the unreacted amino-substituted 5,6,7,8-tetrahydroquinoline
10 or 5,6,7,8-tetrahydroisoquinoline as the first enantiomer, from the enantiomeric
amide-or carbamate-substituted 5,6,7,8-tetrahydroquinoline or 5,6,7,8-
tetrahydroisoquinoline; and ‘
[0116] ¢) cleaving the amide or carbamate group to isolate the second enantiomer
of the amino-substituted 5,6,7,8-tetrahydroquinoline or 5,6,7,8-
15 tetrahydroisoquinoline;
[0117] wherein NH; is located at any position on the saturated portion of the
quinoline or isoquinoline; R? is located at any other hydrogen position on the
quinoline or isoquinoline ring; m is 0-4; and R? is selected from the group consisting
of halo, nitro, cyano, carboxylic acid, alkyl, alkenyl, cycloalkyl, hydroxyl, thio, a
20 protected amino, acyl, carboxylate, carboxamide, sulfonamide, an aromatic group and
a heterocyclic group.
[0118] A preferred method also is described for using an enzyme to resolve the
enantiomers of 8-amino-5,6,7,8-tetrahydroquinoline (Scheme 3). An enzyme may be
used to catalyze the process in which a single enantiomer of a racemic mixture of 8-
25 amino-5,6,7,8-tetrahydroquinoline reacts with a suitable ester, carboxylic acid or

carbonate to give a mixture of either the corresponding amide or carbamate,

-24 -



a heterocyclic group. [0118] A preferred nethod also is described for using
an enzyne to resolve the enantioners of

8- am no- 5w®,08/08278#t r ahydr oqui nol i ne (Schene 3). An enzyne poayudoe293used to
catal yze the process in which a single enantioner of a racemc m xture of 8
25 am no-5,6,7,8-tetrahydroqui noline reacts with a suitable ester,
carboxylic acid or carbonate to give a mxture of either the correspondi ng
anmi de or canbeuBiRly, andhWRrOQA2AR5 PRSI mkgquﬁleﬁpe%uvqu YThisand t he
unreacted amne in enantlopure form (equations 1 2). This nethod may
be used to pn@b@dmaébphead térpaqptarecm@rer @ianaomﬁmf&ﬁanmw 8.7,8-

t et rahydr ogqui ngl i.ne b Iatlo resol ved

cl eavage of L{f’tﬁ%‘ d%?r?luglé)lh e(‘:tg?%b 3“%}}% hg;esg?’%% WSV r% (f?égvg%:t ec

material . EngMa®or calSantdtdNgrouPlimtie r&S6nd, ﬁ&td&t@ mietifR~ 411 O 5 ()CJ + |
(2) ONN 4 NH2 RO 0~0,R~0 NH2 HNUO. Ri o 0O Schenme 3 [0119] For the
esters, R7 is selected fromthe group conS|st| ng of H, Iovver al kyl 10 (C

t hrough C1 Ranyl , #HWEYRYI, aryl, péreroayyl, su d aryI
substi t ut ed ¢ oaryl, cycloalKyT, clcla -nyk* C bo (1)
het erocycl i cN benzyl, vinié@i agd allyl NR8&is selectedd fr n1the group
consi sting of J—| NH ower g7 through CRR), vinyl, R” all yl,

trifluoroethyl”, alkenyl, aIkynyI aryl, heteroaryl, substit §t ed aryl,
substituted heteroaryl, cycloalkyl, cycloalkenyl, carbocyclﬁk, and
heteroc@clic. For 15 the carbamates, RO and R10 are the sane or different
and are selected fromthe group consisting of |ower alkyl (O through
C12), vinyl, allyl, benzyl, trifluoroethyl, alkenyl, alkynyl, aryl,

het eroaryl, substituted aryl, substituted heteroaryl, cycloalkyl,

SN Enzyme
» - 0 -
N O Y
NH, R O)l\ o N _ HN._ _O.
4 b

0}

R10

Scheme 3

[0119] For the esters, R7 is selected from the group consisting of H, lower alkyl
10 (C1 through C12), alkenyl, alkynyl, aryl, heteroaryl, substituted aryl, substituted
heteroaryl, cycloalkyl, cycloalkenyl, carbocyclic, heterocyclic, benzyl, vinyl, and
allyl; R8 is selected from the group consisting of H, lower alkyl (C1 through C12),
vinyl, benzyl, allyl, trifluoroethyl, alkenyl, alkynyl, aryl, heteroaryl, substituted aryl,
substituted heteroaryl, cycloalkyl, cycloalkenyl, carbocyclic, and heterocyclic. For
15 the carbamates, R9 and R10 are the same or different and are selected from the group
consisting of lower alkyl (C1 through C12), vinyl, allyl, benzyl, trifluoroethyl,
alkenyl, alkynyl, aryl, heteroaryl, substituted aryl, substituted heteroaryl, cycloalkyl,
cycloalkenyl, carbocyclic, and heterocyclic.
[0120] Another process is provided for resolving racemic amino-substituted
20 5,6,7,8-tetrahydroquinoline or racemic amino-substituted 5,6,7,8-

tetrahydroisoquinoline to produce the two enantiomers, comprising:
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cycl oal kenyl , carbocyclic, and heterocyclic. [0120] Another process is
provi ded for resolving racem c am no-substituted 20

5, 6, 7, 8- tworhyrs®qui nol i ne or racem ¢ am no-substituted PCG/UR0E29372

t et rahydr oi soqui noline to produce the two enantionmers, conprising: -25 WD
03/ 022785 PCT/ US02/29372 [0121] a) reacting racem c am de-or

car bamat e-substituted 5,6, 7,8- tetrahydroquinoline of the formula VII or
racem c am de-or carbanate-substituted 5,6,7,8-tetrahydroi soquinoline of
the formula VIIIl z 00 RmRaMNRINRI HH NNVI VIII 5 wth
wat er, an allobHdl , eyreactingiragamic emideeernathampateasnbstuipsi 1g 7 8n

enantl osel egt i ve .enz Gat al [

corr espondi %tra ﬂ{oﬁg}%ﬁnﬁn?ﬁfﬁf ul%ﬁfélnérﬁgcﬁeenﬁgg&foer%@agﬁagﬁ a?%glfbﬁ{rll{r&geélct ed

am de or Carmmttetrahydtdiﬁ)unQBdfﬂllaéfﬂlﬁliuﬂmilC form 10 [0122] b)
separating the first enantiomer of the am no-substituted 5,6,7, 8-

t etrahydroqui nol i ne or am no-substjt ut

fromthe unreacted apide or nat e; and [0123] he a i de or
carbamate group to nant i oner ubst j
5,6, 7, 8-tetrahydrogli nolin RBut ed i

[01,241 wherein the 1 carbarjeHe group is |g any ppgition on
the saturated porti t f’nol i ne or isoquinmelipey R is7|located at

any ot her hydrogen po%‘{ tion on the quinoline or isoqui nol i e ri ng; mis
0-4; R2 is selected fromthe grou\g consisting of halo, nitro, ano,
carboxylic acid, alkyl, alkenyl I%cl oal kyl , hydroxyl, 20 thiol’,

protected am no, acyl, car box¥ll ate, car boxanmi de, sulfona,m de, an aronatic
with water, an alcohol, or a primary or secondary amine using an

enantioselective enzyme as a catalyst to produce a mixture of the corresponding
amino in the first enantiomeric form, and the unreacted amide or carbamate in the
second enantiomeric form;

10 [0122] b) separating the first enantiomer of the amino-substituted 5,6,7,8-
tetrahydroquinoline or amino-substituted 5,6,7,8-tetrahydroisoquinoline, from the
unreacted amide or carbamate; and
[0123] ¢) cleaving the amide or carbamate group to produce the second
enantiomer of the amino-substituted 5,6,7,8-tetrahydroquinoline or amino-substituted

15 5,6,7,8-isoquinoline;

[0124] wherein the amide or carbamate group is located at any position on the

saturated portion of the quinoline or isoquinoline; R? is located at any other hydrogen
position on the quinoline or isoquinoline ring; m is 0-4; R? is selected from the group
consisting of halo, nitro, cyano, carboxylic acid, alkyl, alkenyl, cycloalkyl, hydroxyl,

20 thiol, a protected amino, acyl, carboxylate, carboxamide, sulfonamide, an aromatic
group and a heterocyclic group; and R? is an optionally substituted carbon atom or an
optionally substituted oxygen atom.

[0125] Alternatively, an enzyme may be used to catalyze the process in which a
racemic mixture of a suitable amide or carbamate derived from 8-amino-5,6,7,8-

25 tetrahydroquinoline undergoes enantioselective hydrolysis to give a single enantiomer
of 8-amino-5,6,7,8-tetrahydroquinoline and the parent amide or carbamate in

enantiopure form (equations 3 and 4). This method may be used to prepare either
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group and a heterocyclic group; and R3 is an optionally substituted carbon
atomor an optionally substituted oxygen atom [0125] Alternatively, an
enzynme mawobBs/esesl t o catal yze the process in which a raeemwsomeosraure of a
sui tabl e am de or carbamate derived from 8-am no-5,6,7,8 25

t et rahydroqui nol i ne under goes enanti osel ecti ve hydrolysis to give a single
enantiomer of 8-amno-5,6, 7, 8-tetrahydroquinoline and the parent am de or
carbanmate i r e used
(o propare oFRap SRR a0 B BRSSP sl

8- am no-5, 6 lﬂyd&}lmﬂraahydodwclnmmgnef theiatrider orlparbagwitegioop irothetrésolveds ol ved
hydr ol yzed am n | eavage of the am de or carbamate group in the
resol ved, @E&E’d‘t%éferl al. Enzynme + (3) | N H2O, buffer I N N HNU R7
NH2 HNU R7 OIO Enzyme + (4) H2O, buffer NI N (N) HWO R o NH2 HNyO
Rlo OO 5[0126) Suitable enzynes for the above processes include (but

are not i D) théeP¥MPowi ng; Li ga Candi daganyarqgti ca (@ and B)
10 Candi da tuga (al soHC@I I gg Candi dalc dr acetl) P&ey pnasfl u Pescens
(al so called“Ps-'donDnas cepaC|a samne BurkholderlaN -‘aC|9)
Pseudononas aer B5a Al caligenes s I| e HN

'd"ginﬂ g P p \g/

SN Enzyme
| > (4)
N/ H20, buffer
HN.__O«
~p10
R T
O @)

zlh

[0126] Suitable enzymes for the above processes include (but are not limited to)
the following:

Lipases:
Candida antarctica (A and B)

10 Candida rugosa (also called Candida cylindracea)
Pseudomonas fluorescens (also called Pseudomonas cepacia; same as Burkholderia
cepacia)

Pseudomonas aeruginosa
Alcaligenes sp. lipase

15 Burkholderia plantarii (Pseudomonas plantarii)
Pseudomonas sp. lipase -
Chromobacterium viscosum lipase (Burkholderia glumae)
Porcine pancreatic lipase
Mucor sp. (Mucor miehei lipase)

20 Rhizopus delemar lipase
Rhizomucor miehei lipase
Rhizopus niveus and
Humicola lanuginosa;

25 Proteases:
Substilin Carlsberg and
Substilin BPN’; and

Penicillin acylase from Alcaligenes faecalis.
30
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15 Burkhol deria plantarii (Pseudononas plantarii) Pseudononas sp. |ipase

Chr onobact eri um vi scosum | i pase (Burkhol deri a gl unae)

Por ci ne pancreatic

| i pase Mmworo3mp278g Mucor m ehei |ipase) 20 Rhizopus del eneCThipase72
Rhi zomucor m ehei |ipase Rhizopus niveus and Hum col a | anugi nosa; 25
Proteases: Substilin Carlsberg and Substilin BPN ; and Penicillin acyl ase

from Al cal i genesfaecalis. 30 -27 WO 03/022785 PCT/US02/29372 [0127] The

use of cert
sel ectively

2 ANZY The ugé)ofc%ﬁginve%z%bset%tr@&we%%eq rBEENE AR (6%
ydrol yze racem c amdes) Is described. See: 1. Reetz, MT.;

Dri esbach, Cselef::hve‘ryhydrbw,rawmlc 5rmtes)25 desgribed.aSge: L. E.; Sanchez, V.M;
Rebol | edo, F.; Golt or

Takayanma, S Lee
1999, 2, 127- 5 4.
51996, 10, 335
6. CarreaG R VA&
vanRant w j k F.

Tech.

Eﬁf ”g MAS m-Tjj"‘yﬁTg%? 8, 2675 3.
§ndt Igl-qS‘as En nc z, oll 59 %’Eﬁhe@”ﬁf echnol .

Hpymmeyel 19 KGMS Wong C.H Nature, 2001, 409, 232

S. Takguama,Ghkee, Bt Hmg, SEQ@WOQ@@ -H.3Ghenp Spgemun.,
Hacki niP9M A.IR7J)., Shel don R A. Mnat. Chem 2000, 131,

549; 8. Hacki ng M.A. P. Slni,dt,\ﬂ.l;lRBhéNviA};lFiﬁler, PShdhadod, RDABiatechabl. Wetiecul ar

Cat al ysi s B: Enzymati c.199@000, 385; 201; 9. Gotor V. Biocat. Biotrans. 2000,

18, 8730
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Koeller K.M., Wong C.H. Nature, 2001, 409, 232;

Carrea G., Riva S. Angew. Chem. Int. Ed. Engl. 2000, 39, 2226;
vanRantwijk F., Hacking M.A.P.J., Sheldon R.A. Monat. Chem. 2000,
131, 549;

Hacking M.A.P.J., vanRantwijk F., Sheldon R.A. J. of Molecular
Catalysis B:Enzymatic. 2000, 9, 201;

Gotor V. Biocat. Biotrans. 2000, 18, 87;

Morgan B., Zaks A., Dodds D.R., Liu J.C., Jain R., Megati S., Njoroge
F.G., Ginjavallabhan V.M. J. Org. Chem. 2000, 65, 5451,
Kazlauskas, R. J.; Weissfloch, A. N.E.; J. of Molecular Catalysis
B:Enzymatic 1997, 3, 65-72;

Sanchez, V. M.; Rebolledo, F. ; Gotor, V. Tet. Asym. 1997, 8, 37-40.
Wagegg, T.; Enzelberger, M. M.; Bornscheuer, U. T.; Schmid, R. D.
Journal of Biotechnology, 1998, 61, 75-78;

Messina, F.; Botta, M.; Corelli, F.; Schneider, M. P.; Fazio, F. J. Org.
Chem. 1999, 64, 3767-3769;

Soledad de Castro, M.; Dominguez, P.; Sinisterra, J. V. Tetrahedron
2000, 56, 1387-1391 ;

Maestro, A.; Astrorga, C.; Gotor, V. Tet. Asym. 1997, 8, 3153-3159;
Balkenhohl, F.; Ditrich, K.; Hauer, B.; Ladner, W. J. Prakt. Chem.
1997, 339, 381-384;

Luna, A.; Astorga, C.; Fulop, F.; Gotor, V. Tet. Asym. 1998, 9, 4483-
4487,

Van Langen, L. M.; Oosthoek, N. H. P.; Guranda, D. T.; Van
Rantwijk, F.; Svedas, V.K.; Sheldon, R.A. Tet. Asym. 2000, 11, 4593-
4600; and

Ami, E.; Horui, H. Biosci. Biotechnol. Biochem. 1999, 63, 2150-2156.

[0128] The enzymatic processes are preferably conducted utilizing a lipase or

protease as the enantioselective enzyme and are more preferably selected from the

group consisting of Candida antarctica A and B, Candida rugosa, Pseudomonas

fluorescens, Substilin Carlsberg, Substilin BPN’, and Alcaligenes faecalis penicillin.

[0129] The acylating agent is either an optionally substituted acid, an optionally

substituted ester or an optionally substituted primary, secondary, or tertiary amide.

The carbamoylating agent is an optionally substituted carbonate. Preferably, the
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10. Morgan B., Zaks A, Dodds D.R, Liu J.C, Jain R, Megati S., N oroge
F.G, Grijavallabhan V.M J. Og. Chem 2000, 65, 5451; 11. Kazl auskas, R
J.; Weisswibach?22785 N.E.; J. of Ml ecular Catalysis 20 B: Baaysate74997, 3,
65-72; 12. Sanchez, V. M; Rebolledo, F. ; Gotor, V. Tet. Asym 1997, 8,
37-40. 13. Wagegg, T.; Enzel berger, M M, Bornscheuer, U. T. ; Schm d, R
D. Journal of Biotechnol ogy, 1998, 61, 75-78; 14. Messina, F.; Botta, M;

Corelli, F.;ac Falfiﬂglagﬁf is &thylRcetaledhld he Earbatnoyitthg a|§315t 1%%2}1%91%0nﬁ40r
3767- 3769 15. So d de Castro, M ; Dom nguez, Sinisterra, J. V.

Tet r ahedr on a@@l.k@lcgbonalf%? 1391 ; 16. Maestro, A ; Astrorga C.; Gotor, V.

Ladner W JOT8 et TREREE sespbion K nETA cxmloroph! {ffne B J2YCT

C.; Fulop, Fcomlﬁ@dtfblh of‘s’olv&]ﬁh suc@ﬁ@émbthéraﬂﬁ)lvé?us (élgBBret}@'ﬂgfﬁﬁr Hdsopvepyl leairgen, L.
M ; Qosthoek, N. Van F.; Svedas, V.K ;

Shel donS R Alibgtyt ethﬁxsW{hyémobutxlleth%@acntzlsethm@rt amd meshylgther, £ Hor ui ,

H. Bi osci. | mati c
processes arBdeﬁltSr e? 2 gzglgln t%%le]d?ﬁ%%hl Fl%zl?tﬁ fefe %137§asdém(%€l}?§irl%rt(e§1ﬁﬂgé t he
enanti osel ecdmlwemﬂaethmﬂlbanzyl ather, mrahyprwtﬁxan,ahh-ydm@heamc&ﬂhdlmmtb he group
consi sting of Candl Pseudononas 40

tica A and B ndldaru osa,
f | uor escens, areRgUs 9 Yfﬁ‘t&rg B4eg°: teygag et hyﬁ’a C, %ﬁ?j R FRRSKHERS i s

penicillin. X}[lngeg%esTt@’?en@CM{réﬁérﬂ&leagﬁlBFOb'eﬁze%bt(h@fchﬁ)?o%ﬁ&érﬁ gl |y substituted
acid, an optionally Substituted ester or an optionally substituted

primary0 s ecfbddart)}ben@ne,tleE fHtaehjlombenysne, mhktheland pyvging: 1-mythadmarolé,s an
o0t 01 HBA LS S LSRR TAR I G LR BB . o
agent is di hmmwforﬁlaaiaﬁmée@h@@ triehkcditkEne aich odipslar afrOdS&divehite(eanzymat i ¢
resolution is preferably carried out in a solvent or
carbon disulfide, dimethylformamide, dimethyl sulfoxide, 1-methyl-2-pyrrolidinone,
acetonitrile, nitromethane, nitroethane, etc.), alkane solvents (e.g. petroleum ether,
15 mineral spirits (ligroin), pentane, hexane, hexanes, heptane, octane, isooctane,
nonane, decane, hexadecane, 2-methylbutane, cyclopentane, cyclohexane, etc.),
alkene solvents (e.g. 1-pentene, 1-hexene, cyclopentene, cyclohexene, etc.), ketone
solvents (e.g. acetone, butanone, 2-pentanone, 3-pentanone, methyl isobutyl ketone,
cyclopentanone, cyclohexanone, cycloheptanone, etc.), water. The enzymatic
20 acylation or carbamoylation is preferably carried out in either diisopropyl ether or
methyl tert-butyl ether, although in these cases the acylating agent or the
carbamoylating agent may also be used as solvent. The preferred acylating agent in
this case is ethyl acetate, while the preferred carbamoylating agents are dibenzyl
carbonate and diallyl carbonate. The preferred solvent for the enzymatic hydrolysis,

25 alcoholysis and aminolysis is water, although in these cases the alcohol or amine

nucleophile may also be used as solvent.
[0131] The reaction temperature is between about 0°C to about 120°C with the

preferred temperature from about 50 to about 60°C.

[0132] The concentration for the enzymatic resolution is from about 0.01M to
30 about 10M with respect to the starting substrate, with the preferred concentration

being from about 0.3 to about 0.6M, whereas the number of equivalent enzyme to

substrate is about 0.01 to about 10 by weight, with the preferred equivalent being
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conbi nati on of solvents such as: etheral solvents (e.g. diethyl ether,

di i sopropyl ether, 5 dibutyl ether, nethyl tert-butyl ether, dipentyl

et her, tewon-mypi7ssret hyl et her, dinmethoxy ethane, 2-net hoxyetriydoz/edsner ,

di et hyl ene gl ycol dinethyl ether (diglyne), diphenyl ether, dibenzyl

et her, tetrahydrofuran, 1,4-dioxane, norpholine, etc.), aromatic solvents
(e.g. benzene, toluene, ethylbenzene, o-xylene, mxylene, p-xylene,

xyl enes, mesfrémla806:0.9td SRRENZRABIvalhisVyaRagRE TS pica flitkdtachanaene, p 10
di chl orobenzene, 1,2, 4-trichlorobenzene, naphthal ene, pyridine,

1- met hyl pyr risp@ abopt F0aninutestopaaty 48 hewrs, prefesably fropaabett 2heys tsdlopeht s (e. g.
net hyl ene cq%)r'de, chl orof orm dichl oroethane, trichloroethylene, etc.),
di pol ar aprotic 'solvents (e.g. carbon disulfide, dinethylformm de,

di met hyl sul foessjde, TheaBiide/dr-cArtyiatodubsiitisdeompatedsainé hydroBzedmudingnet hane,
ni t r oet hane, etc.g, al kane solvents (e.g. .petroleumether, 15 m neral

spi ritsd (i gitandsyd cppdiionsesucih aschyisochiencarid in acgiong yeder sefluneondjtions e ane,
nonane, decqﬁgh SRORS Aret J I e,
etc.), alkene %‘{)H(fventg e_egr:]%ﬂﬁp%ﬁ?x@%%?%ﬁ%ﬁ%@?@%&%%% t%}}ée)é,&?é&aa@

cycl ohexene, thetBepositiokeif arsed, 7,8 attvahytimg@motine acattbag-poitibmndas,6,728-pent anone,
3- pent anone, net hyl. i sobytyl ket one, cl opent anone, cycl ohexanone,

cycl ohept anotﬁg?hy%%‘?‘?qu‘wg\’ﬂ%rm ‘sl'hQr gﬁ@%ﬂ? E'f‘l’g@&'acyl ation or carbanoyl ation
i s preferablyacalizdtod PRsdesd N ei ther diisopropyl ether or nmethyl tert-butyl
ether, although Tn these cases the acylating agent or the carbanoyl ating
agent M@y al so be used as solvent. The preferred acylating agent in this
case is ethyl acetate, while the preferred carQﬁnDyIating agents are

di benzyl carbonate and diallyl carbonate hg preferred solvent for the
enzymati c hydrolysis, 25 al cohol ysys any Qleysi s is water, although in

t hese cases the al cohol or am ne ‘ ¢ may al so be used as sol vent.
[0131] The reaction tenperature is Wetxewn about 0OC to about 120C with the
preferred tenperature from about 50 to agbout 60C. [0132] The concentration
for the enzymatic resolution is from abdllt 0.01Mto 30 about 10Mwith
respect to the starting substrate, with the preferred concentration being
fromabout 0.3 to about 0.6M whereas the nunber of equival ent enzyne to
substrat e is[0dB4ut Thislinventiahpuevide dpyrogesiurgto raseintite thheingleednentigiers of

i | bei -2 3/ 022785 . P S02/ 29372. f 0.3 b
60 ear v ey aibstet b s SRbId RO bRt Ting SRR wiiersha! © aPOUC

15 treatment of the enantiomerically pure or enantiomerically enriched amine, either as

the primary, secondary or tertiary amine, or as an amine derivative, under the
proscribed experimental conditions converts it to the racemate. In cases where the
amine is substituted as an amine derivative (such as an amide, carbamate, or urea),
hydrolysis of this functional group under acidic or basic conditions subsequent to the

20 racemization procedure affords the corresponding racemic amine. The fused bicyclic
ring system comprises an optionally-substituted 5- or 6- membered heteroaromatic
ring (ring C) fused to an optionally-substituted 5- or 6- membered partially or fully
saturated cycloalkyl or heterocycloalkyl (ring D). The heteroaromatic ring includes:
pyridine, pyrimidine, pyrazine, pyridazine, triazine, imidazole, pyrazole, triazole,

25 oxazole and thiazole. The saturated ring includes cyclohexane, piperidine, piperazine,
hexahydropyridazine, tetrahydrofuran, tetrahydrothiophene, tetrahydropyran and
tetrahydrothiapyran. The optional substituents on the amino group (R’ and R® above)
include: hydrogen, optionally substituted alkyl, aryl, heteroalkyl, heteroaryl, aralkyl,

alkanoyl, alkylsulfonyl, a carbonyl or group substituted by an aromatic or heterocyclic
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fromabout 30 m nutes to about 48 hours, preferably fromabout 2 hours to
about 6 hours. 101331 The am de or carbamate substituted conpounds are
hydr ol yzedousionzysd st andard conditions, such as hydrochl omca/@Esor/eo3rn
acetone under reflux conditions or hydrochloric acid under reflux
conditions. Preferably, the amno group is located at the 8-position of a
5,6, 7,8-tetrahydroqui noline or at the 5-position of a 5,6,7, 8-

tetrahydr0| | 1832h4 &AgAM zation Process
10 R7 wa%om&*ﬁgpb()ﬁg §]ka%rﬁBR¥gﬁﬁdgﬁbgfo oymﬁ%iéagbpr ocedure to

raceni ze thearsltlmgxt@b@w&rﬂlk)dﬁmoarh@ﬁyl ond tashathoyl. substi t ut ed

am no-substituted fused bicyclic ring systens Xll, wherein 15 treatnent of
the enantionerically pure or enantionerically enriched am ne, either as

the primary, [0$8%jonddiys ioventientpraigesarproeess for ranazing mismglakeantianenad, under
t he proscrlbed experi t n ions converts it.t acemate. In
cases where HEO-SY t‘r’i‘étn$§ su%g t’lragﬁ‘ﬁrgﬂmaglc%%oéh‘? ?Pémb‘@')?{};ﬂ fMBPch as an
ami de, gar bagBkfutedrs,d!7 8adtrahydiiidRuidlife 6f the ForfnulAIREV k@ pRldue @ep under
acidic or basic conditions subsequent to the 20 raceni zation procedure

af fords the eworespandorgicegicagiaiite ani ne. The fused bicyclic ring system
conpri ses an optionally-substituted 5- or 6- nenbered heteroaromatic ring
(ring © fused to an optionally-substituted 5- or 6- nenbered partially or
fully saturated cycloal kyl or hgtzr ocycl oal kyl (ring D) r?The

het eroaromatic ring ; ri'di ne, py Nie p zl ne, pyridazine,
triazine, imdazole trjazole, 29| oxazolle and ﬁ’ui azol e. The
saturated ring incllldes cy¢l ohexane R?)erilji ne, i YRR

hexahydr opyri dazi ne , tetrahydropyran
and tetrahydrothiapy {ional subst] the am no group (RY
and R8 above) include: hxﬁf ogen, optionally subskrtuted al kyl, aryl,

het er oal kyl , heteroaryl, aral kyl, al kanoyl, alkylsulfonyl, a carbonyl or
group substituted by an aromatic or heterocyclic -30

10 comprising:
[0136] a) heating an enantiomerically enriched amino-substituted 5,6,7,8-
tetrahydroquinoline or an enantiomerically enriched amino-substituted 5,6,7,8-
tetrahydroisoquinoline neat or in an organic solvent in the presence or absence of an
additive; and

15 [0137] b) when either R or R® is not hydrogen, cleaving the R’ or R® groups
under conditions (e.g. acid-promoted hydrolysis in the case of amides and
carbamates) to afford the corresponding racemic amine,
[0138] wherein NR'R® is located at any position on the saturated portion of the
quinoline or isoquinoline; R? is located at any other hydrogen position on the

20 quinoline or isoquinoline ring; m is 0-4; and R? is selected from the group consisting
of halo, nitro, cyano, carboxylic acid, alkyl, alkenyl, cycloalkyl, hydroxyl, thio, a
protected amino, acyl, carboxylate, carboxamide, sulfonamide, an aromatic group and
a heterocyclic group.
[0139] A preferred method also is described for racemization of enantioenriched

25 (R)- or (S)-8-amino-5,6,7,8-tetrahydroquinoline or enantioenriched (R)- or (S)-N-
(5,6,7,8-tetrahydro-quinolin-8-yl)-amides and carbamates (Scheme 4). This method
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WO 03/ 022785 PCT/ US02/ 29372 ring, aryloxycarbonyl, al koxycarbonyl,
aryl car banoyl , al kyl carbanoyl, arylthiocarbonyl, alkylthiocarbonyl, and
car banoyl wo[Bb35B5 Thi s i nvention provides a process for ra@camsoe/mg7’a single
enanti omer of am no-substituted 5,6, 7, 8-tetrahydroquinoline of the fornula
XI'll or of amno 5 substituted 5,6, 7, 8-tetrahydroi soqui noline of the
formula XIV to produce the corresponding racemc mxture: RZm)2m NR7R3
NR7Rg N Xl IthaybusediQo eREMIAcither erfaliicifdr 8- 4i8RbLINE 7 Bte@NBAtIRNBRILE 8 | Y
enri ched ani no-substituted 5,6, 7, 8- tetrahydroquinoline or an

enant i orrerl it qoyreepmdunzeedmém W@amb”@tqst uted 5,6,7,8- tet rahydr oi soqui nol i ne

neat or n solv i,n.the r ab enc an a itive;
and 15 [013 tﬁsgﬁﬁ Ethe e?s carb %ﬁg lq"?yaélfloar ﬁ%rgvps dlﬁe R7 or
R8 groups uwhéleked W%rﬁltﬁﬂ’@od@@p@duﬁgcdrﬁimw nfraﬂedcéudmelrmhﬁc hrﬂmtelﬁﬁlsCase of
am des and carbamates) to afford the corresponding racem c am ne, [0138]
wher ei n NR7 Rbtaiged @é&bwsabmawg t%&ﬁnwabﬁR@mutm pagsedessobed hovef t he
gui nol i ne or '%9&91') gag R2 is | ocated at any ot her hydrogen position on
t he 20 quin 'ne or qumollne ring; mis 0-4; and R2 is selected from

t he group consi f hal o, N CY 3N RuioSar boxyl i al kyl,

al kenyl , cycl oamdroxyl a wieameelpe ani , car boxyl at e,
car boxani de, sul an arg C group and a hetiey® ic group.
[0139] A preferred hog al so i s (gscepi bed for racem zatig oé

enanti oenri ched 25'??3 OR'('S) - 8- arfio~B'6, 7, 8- t et r ahydr oquigriota'he or
enanti oenriched (R)- o (S) N (5,6, 0 8- tetrahydro qui nal i n-g-yl)-am des
and carbamates (Schenme 4). This nethod -31 WO 03/022785 Obseer/ US02/ 29372 may
be used to racem ze either enantioner of

8-am no-5, 6, 7, 8- Ie roqui ngl NReE i thnd(ﬁﬁh’si espondi es or
car bamat es. z o z : | _
N

N bt N
Hﬁ\n,R9 HN\n/Rg HN. _R®
0] 0] 0%ee O
6 N HCI
reﬂux
\ condition
| _ —
N —_
‘NH,
0%
ee
Scheme 4

[0140] For the amides, R is selected from the group consisting of H, C; - Ci2

10 alkyl, alkenyl, alkynyl, aryl, heteroaryl, substituted aryl, substituted heteroaryl,
cycloalkyl, cycloalkenyl, carbocyclic, heterocyclic, benzyl, vinyl, and allyl. For the
carbamates, R'? is selected from the group consisting of C, - Cy; alkyl, vinyl, allyl,
benzyl, trifluoroethyl, alkenyl, alkynyl, aryl, heteroaryl, substituted aryl, substituted
heteroaryl, cycloalkyl, cycloalkenyl, carbocyclic, and heterocyclic.

15 [0141] The racemization reaction is preferably carried out neat or in a solvent, or
combination of solvents such as: etheral solvents (e.g. diethyl ether, diisopropy! ether,
dibutyl ether, methyl tert-butyl ether, dipentyl ether, tert-amyl methyl ether,
dimethoxy ethane, 2-methoxyethyl ether, diethylene glycol dimethyl ether (diglyme),
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In the case of the am des and carbamates, the am de and carbanmate groups
may be cleaved to afford the corresponding amne. In either case, the
racem c awions/kirss 5 obtained may be resubmitted to the PBaayusabe372

Resol uti on Process descri bed above and thereby recycled. \ \ conditions

or wom i i NNHWO Ro HWO RoHWO Ro OO0 O0%e O (~N conditions I
N N HNyR9 H\WRO HNyRO9 O 0 0%e O O6NHCI reflux condition CI N\ N NH

NH2 NH2 0% digten$r&peedibeh Al 40kr, karahl i fighh,des dioRand, sncﬁﬁlcﬂﬁ]%eacj romthe
group consi Stl ng of H Cl - Cl12 10 al kyl, alkenyl, alkynyl yl

heteroaryl , xemaiq salyeats (g8 benzenndeluens; elylbenensan-yylene, éwvisa%wylene
cycl oal kenyl e%%E t}%s){t&igclg nd!?@e%&é%ﬁ%br%be&%ﬂéyd dlctﬂogéggeg%e?lgfjj_p-?‘l lyl. For the

car bamat es, RoPse roup consi s C12 al kyl,
vinyl, all yldlchl&abér)dene,tlrﬂ ﬂ-ltmlﬂﬂﬁlebén&lene ah;klﬁhg/llsne alyKging) 1-mathylpyriodd, er oar yl |

substi t ut ed aryI substituted  het aryl, cycl oal cl oal kenyl,
carbocyelic, fuggnethieRheng, F}élonﬁ@}eféliﬁllﬁowﬂ%s E&e 5‘2’%&“?6% loridection is

preferably C(Qﬂcfrbﬁgmf)&'xrchl'aﬁﬁﬁrtha{%, tith BrosHyY&HR! etc §' dipolar aprotic solvents (e.g.
carbon disulfide, dimethylformamide, dimethyl sulfoxide, 1-methyl-2-pyrrolidinone,
acetonitrile, nitromethane, nitroethane, etc.), alkane solvents (e.g. petroleum ether,
mineral spirits (ligroin), pentane, hexane, hexanes, heptane, octane, isooctane,

10 nonane, decane, hexadecane, 2-methy1butane, cyclopentane, cyclohexane, etc.),
alkene solvents (e.g. 1-pentene, 1-hexene, cyclopentene, cyclohexene, etc.), ketone
solvents (e.g. acetone, butanone, 2-pentanone, 3-pentanone, methyl 1sobutyl ketone,
cyclopentanone, cyclohexanone, cycloheptanone, etc.), or water. The racemization of
the unsubstituted primary amine or the corresponding amide or carbamate is most

15 preferably carried out neat (in the absence of solvent).

[0142] The reaction temperature is between about 0 °C to about 300°C with the
preferred temperature from about 120°C to about 150°C.

[0143] For the cases where a solvent is employed, the concentration for the
racemization is from about 0.01M to about 10M with respect to the starting substrate,

20 with the preferred concentration being from about 0.3 to about 0.6M.

[0144] The racemization reaction optionally may be carried out in the presence of
either a catalytic or stoichiometric amount of an appropriate additive or combination
of additives, such as a base, a Lewis acid, an aldehyde or a ketone. Suitable bases
include: lithium, sodium, potassium or cesium hydroxide bases (KOH, NaOH, LiOH,

25 CsOH), lithium, sodium, potassium or cesium alkoxide bases (sodium methoxide,
sodium ethoxide, sodium isopropoxide, sodium tert-butoxide, potassium tert-
butoxide, lithium methoxide), lithium, sodium, potassium hydride bases (LiH, NaH,
KH), alkyllithium bases (methyllithium, n-butyllithium, s-butyllithium, tert-
butyllithium, isobutyllithium, phenyllithium, ethyllithium, n-hexyllithium, or

30 isopropyllithium), or lithium, sodium, or potassium amide bases (lithium amide,
sodium amide, potassium amide, lithium hexamethyldisilazide, sodium

hexamethyldisilazide, potassium hexamethyldisilazide, lithium diisopropylamide,
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conbi nati on of solvents such as: etheral solvents (e.g. diethyl ether,

di i sopropyl ether, dibutyl ether, nethyl tert-butyl ether, dipentyl ether,
tert-anylwoshyi7set her, di net hoxy ethane, 2-nethoxyethyl petrhesoz2a7et hyl ene
gl ycol dinmethyl ether (diglyme), -32 WO 03/022785 PCT/ US02/ 29372 di phenyl
et her, di benzyl ether, tetrahydrofuran, 1,4-dioxane, norpholine, etc.),
aromati c solvents (e.g. benzene, toluene, ethyl benzene, o-xylene, mxylene,
p- xyl ene, MMhﬁﬂﬁ&lcthlyBﬁrilﬂey,lleln&m di&)tcﬂd)bﬁylzmﬂ‘r&;, ochithomobengzéne,

o-di chl orobenzene, p- dich| or obenzene, trlchlorogenzene napht hal ene,
pyri di ne, tﬁtéqwhwymeaﬂléie)srwraaamppﬁﬁe&smtwgﬂtﬂﬁof H}teh?ﬁaw&cmww

sol vent s (e el ug@tntpéﬁlesg? @@@3, F9@13 cf‘dﬂt PR rC'HCldh@zl,, ¥HA6TAR

trlchloroethy ene, etc aproti ¢ solvents (é.g. car on dISU|fIde
di met hyl f or fBEQi@EPr, dTi@ Phy), osgahémxuaﬂa spémee(ttﬂmyxbthglapymmom di none,

acetonifrile n|t net han hane, etc n Lvent e.g.

pet r ol e%m etdigeth 51 ‘H‘é‘r“ﬁ\ %g?}?cl'e 128 ?’Pfoé’rSBFﬂfs (}%Fénﬁmeshéﬁéﬁém %é’itﬁlﬁlgs
hept ane, octAng désslsa@raa@nsﬁnzaﬁem@am%netWa%amlaﬁy&d C@me 2- met hyl but ane,
cycl opent ane, cyclohexane etc.), kene sol vent's ? pent ene,

1- hexene, cydtidpohtanabiechyda; h@ﬂﬁ@d@n’ée @dcfm)malﬂ@wdnesllléabl Q/b@i@@sqwl’gﬂe acet one,
but anone, ent anone ne, eto

oyc! opent andhEonEyer GRasheRe RERROE 2orEing R ey S8 e mreferiede

racem zat i oran@unt bhthe UaGitIvS i 'tdﬂn@dfﬂfeirﬂ&l’b)ér amquevamesnti aRlidwy toesldach, kg anm de
or carbamate is nost 15 Er ef er ab carried out neat (in the absence of

sol venty . [ otbanO-Fhio 3honel? th@ éﬁ‘lﬁtttl}?’ g @%&%@#ﬂéb@gg frgmeaboyt Ghout
300C with thg ab & uf@a n'isg%@él e rﬁ%légﬁ}goﬂg@&s{l&tmgb?&lw [0143]

For the cases ere errp 0 concentration

racem zat i omannsfe br ’dnmcahrea;iond’m@hMlda)oraiamalnaJtd]VIpmfbﬂablya&péﬂomm thke starting
substrat e, 0 vmt g referred concentration being fromabout 0.3 to
about 0.6M 6?‘1‘?3]0 4‘& %em zation reaction optionally may be carried out

in the presgp¢gsiof T%ffcl&'l%? tht &Q&tﬁ;’n%irhélsqforﬁhmxﬁhb%ﬂﬁﬁt%kfb AP h&frs,an
appropriate add| tive or conbination of additives, such as a base, a Lews

acid, &n al duhfydélyofrom dbetitohbkour By abau Rdiobesses | ncI ude I ithium sodium

pot assi um or dr oxi.de bases 8@}9 i thium
Sod um - pot d0EFIm o W GERTIAPR B BE BAL R Bl S RSESRAST BB urn
et hoxi de, S%U@Heﬁé)ﬂ{d@i)&éfe@ﬁﬂ%/ ffdHr diain@dsphérd o dhydiitro et sk tert -
but oxi de, 1ithium nethoxi de) i thium sodium potassium hydride bases
(Li H NaH, [0147] The racemic amide or carbamate substituted compounds afe hydrolyzed

using standard conditions, such as hydrochloric acid in acetone under reflux

20 conditions or hydrochloric acid under reflux conditions. Preferably, the amino group
1s located at the 8-position of a 5,6,7,8-tetrahydroquinoline or at the 5-position of a
5,6,7,8-tetrahydroisoquinoline, m is 0 or 1, R’ is methyl, and R"Yis methyl, allyl, or

benzyl.

Asymmetric Synthesis Process

25 [0148] The invention also describes a process for the formation of a stereodefined
amino group by forming an imine between an enantiomerically pure primary amine
chiral auxiliary group and a ketone substrate followed by diastereoselective reduction
of the resulting imine to provide a secondary amine, and then removal of the chiral
auxiliary to produce an enantiomer of the primary amino group on the substrate.

30 Either enantiomeric form of the primary amine can be prepared. Alternatively, in a
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KH), alkyllithiumbases (nmethyllithium n-butyllithium s-butyllithium
tert- butyllithium isobutyllithium phenyllithium ethyllithium

n- hexyl | iwioiodmp2765 30 i sopropyllithium, or lithium sodi ®POT/EE2/pPBrASSi um
am de bases (lithiumam de, sodium am de, potassiumamde, |ithium
hexanet hyl di si | azi de, sodi um hexanet hyl di sil azi de, potassi um

hexanmet hyl di sil azide, |ithiumdiisopropylamde, -33 WO 03/022785

PCT/ US02/ 29 ptestep, itlditetimeds &drmel] diyiosedizihg b ledmrespdndiyg hpdrexyll groupgendeor 1 t hi um
2,2,6, 6- tetrarret hyl 8] peridide) or any appropriate conbination thereof.
Suitabl e Levitandged @aditiopd| ude:  netal salts (A Cl3, FeCl3, CrCl2, HgCl2,
CuCl, Tid4, Yb(Orf3), InOrf, Tid20Pr2, Ti(OPr)4), organorretal lic
species (trinethylalumnum 5 dinethylalum num chlori de) and boron speci es
(BF3, B(Ow3), B(O Pr)3). Suitahl ald des include: benzal deh

4- met hoxy ber®3#%Yehy deProgess g prayid <$8}r ﬁ‘i F10% A BRANDQMSE 3 YBRATAY, I’HHH‘

f or mal dehydegubg%geg%s%dls p@ﬁn%_gf:fo%g}a XSt RMfyg: acet ophenone, but anone,
2- pent anone and cycl ohexanone he preferred anDunt of the additive, in
terms of the nunber of equivalents additive to substrate, is 10 about 0.01
to about 10 by weight, with the preferred equivalent being fromabout 0.1
to about 1 equival ent The racem zation of the unsubstituted
primary amne or t \ng am de or carbanate is preferably
carried out in the oB itive. [0145] Typically, the reaction
time is from about s to/about 48 hours, 15 preferably from about
1 hour to about 2 hoursP [014 The racem zation is preferably carried out
in the presence of an inerfy atnosphere, nost preferably under an
atmosphere of dry nitrogen or argon. [0147] The racem c ami de or carbamate
substituted conpounds are hydrolyzed using standard conditions, such as
hydr ochl ori d0&50]d i r) focmingtbe Goldéibasedf alketd @rasiprodatédoorsring Btvfdreoﬁumd)ri c
acid under refl d|t| Pref er abl t.h m _no .qgrou is,lgcated at

t he 8- p05| t i BRYE EY3eF lggfte‘f%ﬁ?ﬁqaélﬂémﬂfzﬁwg%?pﬁf% %méleﬁgg? ion of a
5,6,7,8-tet I‘ﬁB}MQWR$NWIqu{eIfHﬁnulbIXIS Oor 1, ROis nethyl, and R10 is

nmet hyI allyl, or" benzyl. Asymmetric Synt heS| s Process 25 [0148] The

i nvention al so describes a process for the formati on of a stereodefined

10 RS RE

R*—NH,= ><

RrR* NH,
X

15
[0151] to produce the corresponding enantiomerically-pure imine of the fused
bicyclic ring;
[0152] b) diastereoselectively reducing the imine to produce the corresponding
enantiomerically-pure secondary amine on the fused bicyclic ring; and

20 [0153] c¢) removing the chiral auxiliary R* to form the enantiomer of the primary
amino-substituted fused bicyclic ring;
[0154] wherein ring A is a heteroaromatic 5- or 6-membered ring, P is a nitrogen
atom, sulfur atom or oxygen atom; ring B is a 5- or 6-membered partially or fully
saturated cycloalkyl or heterocycloalkyl;

25 [0155] wherein NH; is located at a position on ring B; and R? is located at any
other hydrogen position on the fused bicyclic ring;
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am no group by formng an imne between an enantionerically pure primary
amne chiral auxiliary group and a ketone substrate foll owed by

di ast er eoweleori’s® reduction of the resulting imne to preriuse23gecondary
am ne, and then renoval of the chiral auxiliary to produce an enanti oner
of the primary am no group on the substrate. 30 Either enantioneric form of
the primary am ne can be prepared. Alternatively, in a -34 WO 03/022785
PCT/ US02/ 2930256]pr esihegzin infie ke RInesdl&tddofiore theogtomx talisisting ofihaloy wigspondi ng
hydr oxyl group under standard cqonditions. [0149] rocess is provided for
synt hesi zi ng*YaRO-SAERRKY bnsid: ik, %kq%rcyclaﬁwleh@esﬁ B’t‘?}t RATAErEAney ¢l i ¢

ring of f or T ok KoSARRY bR Mo Mo i dfouPal P RGkoBJcior m g

the Schiff base o to group l'ocated on ring Blo t'he fused Icyclic
ring by reacgromg antl RYj RY) andR& amrenatio digferad hhd sqhectel fyomrthe grompicomsistinig odl

ili R*NH2 of t f | 0.R5 R6, R*- - R4 NH2, X, 15 151] t
e T he Drea IR BB Cafkah caclorliemy s a3 i bahephged Amgic
bi cyclic ri %;]g;[aﬁéﬁt%asbbndbmiwe&qﬁi@ﬁtsw%.yneh%wdJiemrah@ofm‘ ne to produce

the corresponding enantioneri cal I y-pure secondary am ne on the fused
bi cyclic ri rigteraargmatc figg.53] c) renoving the chiral auxiliary R* to form

the enanti O%ESﬂf t Reprgfeirrrégli)}[ocesasr?op %e%%t%%si,ig gf éan%nIigr%grqcal?line%%L}ile% g’_i ng;
amino-5,6,7,8-tetrahydroquinoline using a chiral auxiliary is described (Scheme 5).
10 The protocol involves formation of the Schiff base of 6,7-dihydro-5H-quinolin-8-one
10 with an appropriate enantiomerically pure primary benzylic amine (R*-NH;) to
give the imine 11. Subsequent reduction of 11 with a suitable hydride reagent (e.g.
sodium borohydride) followed by reductive cleavage of the chiral auxiliary provides
the title conipound 8 in enantiomerically pure (or enantiomerically enriched) form.
15 This synthetic route may be adapted to prepare either enantiomer of 8 depending on

the choice of chiral auxiliary.

R*-NH, (enantiomerically pure

| X MnO, | AN primary benzylic amine) | S
>
N CH.Cl; N7 MeOH NG I
OH 82% 0 / N
‘R*
9 10 1
NaBH
H,, Pd/IC 4
| N i N EtOH, 0°C
P
N/ MeOH/HOAc N
NH, HN‘R*
8 12
Scheme §
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[0154] wherein ring Ais a heteroaromatic 5- or 6-nenbered ring, Pis a
nitrogen atom sulfur atom or oxygen atom ring Bis a 5- or 6-nenbered
parti al | yworosfomd78y saturated cycl oal kyl or heterocycl oal giTjusB29430455]
wherein NH2 is |ocated at a position on ring B; and R2 is |ocated at any
ot her hydrogen position on the fused bjcyclic ring; -35 WO 03/022785
PCT/ US02/ 29372 [0156] wherein mis 0-4; R2 is selected fromthe group

consi sting qpi1%gyl o, SHitdbiOchira® Y@ Raridsab BOXydd i6 tmeb@hueaéwb of gdrieeny|
cycl oal kyl , hydroxyl, thiol, a protected am no, &t trcarbo>gylate
ag

car boxani de, fogunla dnantdich RinRasofdR jae @ﬁrb%ﬂ)ll‘éalu@taAﬁ @i R BY¥shp; and
R4, R5, and ' .
5 hydroggﬂ ﬁ@ﬁaﬁg“%$§£%§+ﬁéﬁggr%a E%Fﬁﬁkﬁg* g?% Qﬁbgﬁ&yﬁaS?Q§ls 'ng o

6- nenber ed aubsttied heteioagyl); attbraise) RaRE mpeeoﬁmﬁésedﬂlﬁ)m e IR6sliosvia 5- or

6- menbered aromatic or heteroaromatic ring. [0157] A preferred process for
the synthesis of enantionerically enriched 8-

am no-5, 6, 7, 8-tetrahydroqui nol i ne usingga chig@l auxiliary is described
(Schene 5). 10 The protocol involves fo on of the Schiff base of

6, 7- di hydr o- 5H qui nol i n- 8- one I&*wﬁﬁh=&nt§§§}oprlate enantionerically pure
primary benzylic amne (R*-NH2) to give/thesimne 11. Subsequent reduction
of 11 with a suitable hydride reagent (®.g. '§%ﬁiun1borohydride) fol | oned
by reductive cl eavage of the chiral auxiligry provides the title conpound
8 in en ntlggfrlcally pure (or enantioneriCally enriched) form 15 This
synt het v may be adapted to prepare either enantioner of 8 depending

on the choijgesgf cWieadinRIYRY, and R® afd'thdbiind G feteai®id fakélyct@ifrém\thd/hC02 |
\ primary benzylic anine \19%8@ Q CH2CI2 N MeOH N N OH 82%0 / N, 9 10 "'
a

11 R, ~NQ&PUp (sisting 1 tigesh Guoorlkedcalkygyl, aryl, heteroaryl,
substituted aryl, substituted heteroaryl, cycloalkyl, cycloalkenyl, carbocyclic,

heterocyclic, carboxylate, amide, carboxylic acid, and benzyl.
10 [0160] Examples of suitable chiral auxiliaries include (but are not limited to) the
following:
(R) or (S)-1-phenylethylamine,
(R) or (S)-1-(1-naphthyl)ethylamine,
(R) or (S)-1-(2-naphthyl)ethylamine,
15 (R) or (S)-2-phenylglycinol,
(R) or (S)-1-(4-bromophenyl)ethylamine,
(R) or (S)-alpha-methyl-4-nitrobenzylamine,
(1S,2R) or (1R,2S)-2-amino-1,2-diphenylethanol,
(R) or (S)-1-phenylpropylamine,
20 (R) or (S)-1-(P-tolyl)ethylamine,
(1S,2R) or (1R,2S)-cis-1-amino-2-indanol,
(R) or (S)-1-aminoindan,
(R) or (S)-1-phenyl-2-(p-tolyl)ethylamine,
(R) or (S)-1-aminotetralin,
25 (R) or (S)-3-bromo-alpha-methylbenzylamine,
(R) or (S)-4-chloro-alpha-methylbenzylamine,
(R) or (S)-3-methoxy-alpha-methylbenzylamine,
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NH2 HN,R* 8 12 Schenme 5 -36 WO 03/022785 PCT/ US02/ 29372

[01

chiral auxiliaries to be used in this sequence are of general
i n which wé,038%78nd R6 are non-equivalent. At |east one @CTRGIR3IMUSt be
an aromatic group (either a 5- or 6-nenbered aryl, heteroaryl,
aryl, or substituted heteroaryl); otherw se, R4-R6 may be conposed from

the list shown R5 R6 R*-NH2= R4 NH2 X 5 bel ow. [01591 Werein R4, R5, and
R6 are the same o(|R)d>ir’(S)ezﬂrethoalydﬂ;ﬁmensthykbenadarﬁmemthe group consisting of

H, alkyl (Cl thro 2 Iken , heteroaryl,
aryl, substitute @Fg) ‘LWF oxé(fiﬂllﬂa‘}’?twl%ew&f’% Fkenyl , car bocycl iC,

het erocycli c, car@wk@t@amﬁ{g _SSheiAPRPINIILG, &% d, and benzyl .

Exanpl es of suit
the foll ovvi ng: () cokSX Bpminopheheriyd2hmethokysthangR) or

or (92 Eﬁ}&?ﬁl e bR R ephonndts s GaRE Ra T b ApH:

(S)-al pha ”ﬁid@ﬁih}lﬁﬂ@lﬁﬂl%%ﬁeﬁ%’?mﬂ@amlﬁé o?an;’éﬂo henylethylamme more

(1R, 2S)-2-am no- 1, 2-di phenyl et hanol -1-phenyl p

I'e chiral auxiliaries include (but are not |

581 Suitable
formul a X,

substi t ut ed

substi t ut ed

10 [ 01601
imted to)

I amne, 15 (R
Snine, (R) or

(R or (S)- mprefrably (R & iphraisthelamiries +)drplqe11|y<1p2@)yl=§n@54 FordE)-
(R or (S)-1- Qtﬂ'o%h@gﬁ?ethﬁﬁhm%r (S)-1-phenyl -2-(p-tolyl)ethylam ne,

[0162] Suitable solvents for the formation of the imine and/or reduction of the

| am ne,
frord A4+ ndanol

10 imine to the amine include, alone or in combination,: ethereal solvents (diethyl ether,

diisopropyl ether, dibutyl ether, methyl tert-butyl ether, dipentyl ether, tert-amyl

methyl ether, dimethoxy ethane, 2-methoxyethyl ether, diethylene glycol dimethyl

ether, diphenyl ether, dibenzyl ether, tetrahydrofuran, 1,4-dioxane, or morpholine),

aromatic solvents (benzene, toluene, ethylbenzene, o-xylene, m-xylene, p-xylene,

15 mesitylene, nitrobenzene, chlorobenzene, o-dichlorobenzene, p-dichlorobenzene,

1,2,4-trichloroenzene, naphthalene, pyridine, 1-methylpyrrole, furan, or thiophene),

chlorinated alkyl solvents (methylene chloride, chloroform, dichloroethane,

thrichloroethane), alkane solvents (petroleum ether, mineral spirits, pentane, hexane,

heptane, octane, isooctane, nonane, decane, hexadecane, 2-methylbutane,

20 cyclopentane, or cylohexane), and alcohol solvents (methanol, ethanol, propanol,

isopropanol, n-butanol, isobutanol, s-butanol, pentanol, isoamyl alcohol, or

cyclohexanol). Preferred solvents are chlorinated alkyl solvents, such as methylene

chloride, and alcohol solvents, such as methanol and ethanol.

[0163] Reducing agents include: boron-based hydride reducing agents (sodium

25 borohydride, lithium borohydride, potassium borohydride, sodium cyanoborohydride,

sodium triacetoxyborohydride, lithium tri-sec-butylborohydride, lithium

triethylborohydride, lithium trisiamylborohydride, catechol borane, 9-BBN, disiamyl

borane, thexyl borane, or borane), aluminum-based hydride reagents

(diisobutylaluminum hydride, lithium aluminum hydride, or sodium bis(2-

30 methoxyethoxy)aluminum hydride), and hydrogen gas in combination with an

appropriate metal catalyst ( palladium on carbon, platinum oxide, Raney-nickel,

rhodium on carbon, or ruthenium on carbon).
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(R or (S)-1l-amnotetralin, 25 (R) or (S)-3-brono-al pha-nethyl benzyl am ne,
(R) or (S)-4-chloro-al pha-nethyl benzyl am ne, (R) or

(S) - 3- retwoprateha- met hyl benzyl am ne, -37 WO 03/ 022785 P@UTUR02LP9B872 (R)
or (S)-2-nmethoxy-al pha-net hyl benzyl am ne, (R) or

(S) - 4- et hoxy- al pha- net hyl benzyl am ne, (R) or (S)-3-am no-3-phenyl
propan-l-ol, and (R) or (S)-1-am no- | -phenyl-2-nmethoxyethane. 5 [0161]
The chiral H0x64]i ar The anmbenst dqsivplefsaf adluginghgoiniebétweamatut 0.2 and

napht hyl et hyl am ne, phenyl pr.opyl am ne, or net hox§éhen yl eth I am ne, nore

pr ef er abl y (aRpu (hge%\éﬁ%wt%t“ﬁw pEpferAbly abopt { 19 abous R eayivalentsy i QPﬂ ne, or
(S)-(-)- &ﬁﬁemﬁhk}m&% yb ﬁttg%&m 1081 t?{g%]f%t%“tﬁeas%rﬁng b\éﬁ'Qtteswftf?r the

formati on of e 1mne an uction o I'mne the anin
i ncl ude, al gefeaubly ﬁomoabbumz it@about eﬁhewd&keasaiha/tempsra(tde ef mylrea&tths
di i sopropyl ether, dibutyl ether, nethyl tert-but et her ntyl ether,

e
tert-anyl r&QIﬁyflbO‘ét- hef to %!’PH%IQ%QW@%tWé‘?f@abb’ﬁﬁ@? g&l}}eﬁ@lvﬂl ab@?h%r C.di et hyl ene

o ookt ks o U5 BeDY b ine S BRB e LSt 8 Rt

et hyl benzena:onqmwamum Bl t6ABeut - X Wit 1 béfagpestedryd. ene, nitrobenzene,
chl or obenzene, o-di chl orobenzene, p-dlchlorobenzene

1,2, 4-tri chIIBi%nzeB@moﬁalp?ftth%ﬁ}éﬁéau’ﬁWWﬁ aréomphﬁinap gondasd methods.an, or
t hi ophene) , or m
di chl or oet hasrlllgﬁ]Iaé){‘%dr}?éﬁqg%é{%ﬁa%gko\b% ane s \k}gﬁ%%&%gﬁlg ?g S%hclg%hggt
m ner all0 spi rortagid-pedibdeleabageane, hept ane oct ane, isooctane, nonane,
decane, hexade ane yl byt a C. ent ane, ane) and
al cohol sol VIQF\ n@fﬂw’m@#}‘ﬁiﬂa‘cwgﬂi g/ nam‘PQéb‘P%‘é‘& % but anol ,
| sobut anol , téfrgﬁfd%lgl nolﬂ@@} 3130/ 8-tétéﬁ?ﬂ%lso LR, m R orqy&h@ﬁe?&%h))l

r kyl

Preferred solv e chlorinated a sol vents, such as nethyl ene
chl ori de, ar(@l&i]cohdllscsm‘pv@nd by thesimiventsonare havﬂillntamlmbdmtmmmlbqunp@a_ﬁs]

por oy s a2 R e el RS bise At PBREsy, (o M 7°
cyanobes ohydoi 6%, q‘h@'fél[ﬂw‘qﬁ% @%ﬁp}w@@mmﬁu@mus{rh& hbud At to limit, the

tri-sec-butyl borohydride hi um
invention.

Examples

Preparation of (R.S)-8-Amino-5.6,7.8-tetrahydroquinoline by Selective

20 Hydrogenation of N-(Quinolin-8-yl)-acetamide
| NS Ac,0, DMAP, Et3N‘ | AN H,, PtO, (1%)‘ X
N7 CH,Cl, N” TFA, 60°C N
0,
NH, quant. NHAC 54% NHAC
SN ‘ 6 N HCI, reflux
| 91%
o
N
NH
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triethyl borohydride, lithiumtrisianyl borohydride, catechol borane, 9-BBN,
di si anyl borane, thexyl borane, or borane), alum num based hydride
reagent s wodisiosmssit yl al um num hydride, |ithium al um num hydmig®?/29872 sodi um
bi s(2 30 net hoxyet hoxy) al um num hydri de), and hydrogen gas in conbination
with an appropriate nmetal catalyst ( palladiumon carbon, platinum oxide,
Raney-ni ckel , rhodium on carbon, or rutheniumon carbon). -38 WO 03/022785
PCT/ US02/ 29372 [0164] The nunber of equival ents of reducing agent is

bet ween about 0. 2p@pdati HOFN-(ABnSERLSUA]-Sdtt smidi th preferably about 1 to
about 2 equival ents. The concentration 1s about 0.01Mto about 10Mw th
respect to the starting substrate, with preferably fromabout 0.2 to about
0. 6M whereas the tenperature of the Iren is 5 fromabout -100 to about
100C, nost preferably from about -30%grabgut 25C. [0165] The stoichonetry
bet ween the starting bicyclic ring and the chiral auxiliary conpound is
about 1:0.5 to about 1:5, wth 1:1 being cf@ferred. [0166] Renobval of the
chiral auxi [0478] | s Tacctmsd selhben of SraminoqgmotingE33rbias 0.23d uael).43MAP (4-

fvd Ci : . . o |
cata et Y RABRERRL T Fo B0 YE oD g Bt Bl EEHRG 1 i FRbS
bi cyclic ri ngol) $n @H,@Ri(Mmethslehs thibHieX 235 mMLj v atiédd &bicatgudride (A&©)or

5,6,7,8-tetrahydroi soquinoline, mis 0 or 1, and R2 is nmethyl. [0168] Al so
provi ded by @&Pdnbehk meh- After AR havrsthq ispchon mixEre ¥ipBetHEd Q2 shown in

the exanpl e d Iﬂg?e LEdh Eﬁ-&ﬁ%ﬁth% hhGs whpe [ 0169] The
fol |l ow ng e%gtrrp g(ga@%gnﬁ]t@go ?ﬂ% I ?ﬁs{i&?atlg, But ot tgg’ F|§r5nt t he
i nvention. ESeparptedsind Brecquaea@tsipbaseokas extracted with ether (3 x 150 mL). The

N (i R 1 S p Be e s ASARE R B 6ot 3 TrA, 60C
CN (N (N) O coblbbht@uant vadldA6 provitficas §4 g 01099131 N-(Rfihdlih-8-yl)-acetamide as a
beige solid. This material was used without further purification in subsequent steps.
'H NMR (CDCls) 8 2.35 (s, 3H), 7.42-7.56 (m, 3H), 8.15 (dd, 1H, J = 1.5, 8.4 Hz),
8.76 (dd, 1H, J=1.8, 7.2 Hz), 8.79 (dd, 1H, J = 1.5, 4.2 Hz), 9.78 (br s, 1H); °C
15 NMR (CDCl5) 6 25.5, 116.8, 121.8, 122.0, 127.8, 128.3, 134.9, 136.8, 138.6, 148.5,
169.2. ES-MS m/z 187 (M+H).

Preparation of (R,S)-N-(5.6.7.8-Tetrahvdroquinolin-8-yl)-acetamide
X

~

N

NHAC
20 [0171] N-(Quinolin-8-yl)-acetamide (173.27 g, 0.930 mol) was dissolved in

trifluoroacetic acid (TFA) (2.7 L) in a 10 L three-neck round bottom flask equipped
with Teflon tubing for gas addition, temperature control probe and an overhead
mechanical stirrer. The vigorously stirred solution was warmed to 60 °C and
degassed for 20 minutes with nitrogen gas. Platinum oxide (PtO;) (2.11 g, 9.3 mmol)
25 was added as a solid. Hydrogen gas (H;) was then slowly bubbled from the tank
through the solution. The reaction was complete after 5.5 h as determined by GC (gas
chromatography) analysis of an aliquot of the reaction mixture. The reaction mixture
was then degassed with nitrogen and cooled to 30 °C. It was filtered though a glass

frit to remove the catalyst and the solvent was removed in vacuo. The resulting
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91% N NH2 -39 WO 03/022785 PCT/ US02/ 29372 Preparation of
N-(Quinolin-8-yl)-acetamde )NN NHAc [0170] To a stirred sol ution of

8- am noquwioaisionzrsg 33. 37 g, 0.231 nol), DVAP (4- 5 di et hylramusopyysrzi ne)
(1.40 g, 0.011 nol) and triethylamne (Et3N) (37 nlL, 0.265 nol) in CH2Cl 2
(methyl ene chloride) (275 nL) was added acetic anhydride (Ac20) (26.5 ni,
0.281 nol). After 20 hours the reaction m xture was poured into a

saturat ed agueetsl w4 ttdatedwidl saNerbie@3q (s NaDID(sediubPiaireyide) Soritibhasgs wer e
separated and t he aqueous phase was extracted with ether (3 x 150 nlL). The

10 conbi ned B¢ selntien prehsdPH RS o Thig sadetiqupiassastracted sdth izl (&% 690 mb)) t er ed

and concentﬁ.iaegj N i . o, -
N- (qui nol i n- 8- yﬁﬂa}%lg g?@%ﬂgg&gg%ﬂ%gﬁtgéﬁs%?iCgl.]ééll&gts@irlrﬂj%cruloalTh\?vggudﬁ sed
wi t hout f ur ttheterigluwasfpucidied by flash selbseghmniatsgrepis, on dhtd\DR(£1GEXGEIS)th 8%2. 35

, 3 7.42-7,.56 4, .8.15 (d = 1.5 8.4 . 8.7 d,. 1H,
Si 1, g? 57. 241)%257),11 @é@n(’gg?‘ quﬁ,z, tj’(‘?&%‘i’? @1!301[1_] Qn‘iléan,(’l)g‘.nfé%) tQ mef%e;(%'-”sc 15
15 S5 A e b By e Y iy 120
fxp R S)-N I( 5, élééo?x)vqm aHy’%mf%“é ?H&'Mo%gg @ma?ﬂﬁe.91qu3Hml7HA§s,gM)[ 0171]
r1 1] Uor oacdk 3 (his (GRAR (SDETR 728, 232078 9t M ST oo 5 S8R Hathom 11 ask
equi pped wi n i f Q& J tenperature control probe
and an over hlteia%ép’q?rgghgér\%aligggf fﬁ“rgrl\g?%/%g%i ng?bum y stirred sol ution was
war nedl6o 60 C and degassed for 20 mnutes with nitrogen gas. Platinum
oxide (Pt02) (2. lPreparatfbnofi{RE))S-Amine s, calldlecrahgddgaidblile Hydrogen gas (H2)

was then slowy bubbled fromthe tank \h ugh the solution. The reaction
was conplete after 5.5 h as determ n% (gas chronat ography) anal ysis

of an aliquot of the reaction m xturexy eaction m xture
NH,
[0172] 8-Acetamido-5,6,7,8-tetrahydroquinoline (41.94 g, 0.220 mol) was

dissolved in 6 N HCI (hydrochloric acid) (550 mL) and was heated to reflux. After 17

15 hours the reaction mixture was cooled to room temperature and was treated with
saturated aqueous NaOH solution until it reached pH 14. The mixture was then
extracted with CH,Cl, (4 x 500 mL), and the combined organic extracts were dried
(MgSO0,), filtered and concentrated in vacuo. The resulting crude material was
purified by Kugelrohr distillation to provide 29.62 g (91%) of (R, S)-8 amino-5,6,7,8-

20 tetrahydroquinoline as a colorless oil. '"H NMR (CDCl;) & 1.52-1.62 (m, 2H), 1.78-
1.85 (m, 1H), 1.91 (br s, 2H), 2.02-2.06 (m, 1H), 2.60-2.65 (m, 2H), 3.83-3.87 (m,
2H), 6.91 (dd, 1H, J =8, 5 Hz), 7.21 (dd, 1H, J =8, 1 Hz), 8.26 (d, 1H, J=5 Hz); °C
NMR (CDCl;) & 19.6, 28.7, 31.7, 51.0, 121.3, 131.2, 136.4, 146.7, 159.2. ES-MS m/z
149 (M+H). '

25 [0173] Additional examples of the selective hydrogenation are provided in the

table below and in equation 6.

4 5
R —_—— R + R (5)
o > (1)
PN TRABDC Sy N
1 H
1a-m 3a-m

2a-m
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was then degassed with nitrogen and cooled to 30 C. It was filtered though
a glass frit to renove the catalyst and the sol vent was renoved in vacuo.
The resulwiong/022¢8s WO 03/ 022785 PCT/ US02/ 29372 material waesTiuseztesd2 wi t h
sat urat ed agueous NaOH (sodi um hydroxi de) solution until the solution
reached pH 14. The solution was extracted with CH2C12 (8 x 500 nL), dried
magnesi um sul fate (MgSO4), filtered and concentrated in vacuo. The crude

material was purifie fla olum_.chr .anh .y Lh (elution
Wth 1565 MeO (et naO) RS SR B oy A A e PR A i o Bty o
(pr Ovi) de 5(95. SEntryd ( wAfpousd R Reaction Time (h)  Yieldof 2 (%)  Yield of 3 (%)

R S) - N- ( 5 -6+—F-8-t-etrahyd ot-am ‘ an :
1.80-2.00 (m 14H), 2.1%9-2. 85 § H>, 3.91 (s, SIQ), 7.95
(s, I H, 8.23 (s, 1H); 13C FMMRACCDCL13) b 2P.8, 23.1, 628.9, 30.0, 33.1,
52.5,123.7,13% .5, 1R8.0, k4@, 2.462.6, 16/ 5. ES-M5 mhz 192 (M+H) o 10
Preparation of (R S)-8-Am no-5,6 7,8-tetrah‘}/droqui noline CN NH2 [0Q172]

8- Acet ami do- 5,%6, 7, 8- t'&t rahydra'ai]i'iAﬁol i ne (41.'534 g, O. 22¢ nol ) was df§sol ved
in 6 N HC (hydrochl orei c aci dp-Ng#50 nl) andswas heated4po refl ux. Akger 17
15 hours the reactiongm xture wgs.cooled to;goomtenpenature and wag,
treated with saturat ecI aqueous NaOH solution until it reached pH 14. The
mxture was tHen ext¥acted wBtWACH2C12 (4 %5500 nl), ahd the conbi hdd
organi c extragts werendriedsNiMg3OUy, filtened and concentrated in vacuo.
The resulting,crude npterial vwag.,purified hy Kugel rohr,distillatiop to
provide 29.62 g (91% of (R \g?\-ﬁ% am no-5,6,7,8 20 tetrahydroqui noline as a
colorless oil 10'H NVRi(CDC13) &Pk 52-1.62 (f 2H), 1.78% 1.85 (m 1M, 1.91
(br s, 2H), 2102-2.06x(m 1H)2.cGo®-2.65 (m4 2H), 3.83+s3.87 (m 2Hpo 6.91
(dd, 1 H J =8 5 Hz), 7'213(42(;0 1H J=28 1H), 8.7§6 (d, 1 H J=5
Hz); 13C NWR{CDC13) '8 19.6, h? 31.7, 51.0, 121.3, 131.2, 136.4, 146.7,
159.2. ES-MS Mz 149m MrH). 8094 73] Addi i onal exanpPes of the sé?ective
hydr ogenati onjare proy ded i rgd¢d@ve t abl e belhbow and in eguation 6. Z4g3 H PtO

*Unless otherwise noted, all reactions were performed with 0.3 M substrate in TFA using 5
mol% PtO, at 60°C under 1 atm hydrogen. The progress of each reaction was monitored by GC and/or
TLC. Yields are for isolated, purified product.

5 ®Yields are approximate as the reaction was performed on a small scale (30 mg 1f) with 20%

PtO,.

¢ Trace amounts (~2%) of hydrogenolyzed products were detected (quinoline, 1,2,3,4-THQ,
5,6,7,8-THQ).

16% of the starting material remained unreacted.

4 5 NHAc , NHAC NHAC
P4 PO, ~ K A
| — R | ©
2 N / /7 TFA N / HN /
1 8 60 °C
10 1-NHAc 20 59% 30 11%
10 1p 5-NHAc 2p 45% 3p 20%

Preparation of 5.6,7.8-tetrahydroquinoline-3-carboxvlic acid methyl ester
MeO,C

X

~

N

[0174] Representative procedure for small scale hydrogenation reactions. To a 2
or 3-neck, 100 ml round bottom flask containing a stir bar was added methyl

15 quinoline-3-carboxylate (170 mg, 0.908 mmol) and platinum(IV) oxide (10.3 mg, 5
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3\V\V6RZ 2C3-R\I R5 +(1) () z N/ 7 TFA60CNNS8 H | a-m2a-m
3a-m -41 WD 03/022785 PCT/ US02/ 29372 Table 1: Hydrogenation of
substi t utwd ogwezres i nes 1 a-m (Equation 5)a Entry Conpound PRTResagbe3cn Ti e
(h) Yield of 2 (% Yield of 3 (% 1la 2-NHAc 18 69 0 2 Ib 3-NHAc 3.5 63
1 31c 4-NHAc, 2-Me 20 78 0 4 1d 5-NHAc 4.5 45 27 5 1e 6-NHAc 5 49 28 6
if 7-NHAc 18 25 20 7 Ig 8-NHAc 2.5 52 15 8 I h 8-NHAc, 2-Me 3 57 15 9 ii

3-MeO 4 65 Gholod)) Theiflagk Ras BquiPpetiOvith tvoldut Rt 3aIvE wWAtbribB& septd add 3- COOME 5
70 11 13 I'm 6-CC 530 39 14 in 8-COOw 2 36 28d 'Unl ess otherw se
noted, all reatiningdefier doprocksr halduarpaastio agd(p-Qupk), whicd was ppeged kithg 5

I 02 S BRI o SO S50 S RSB ETR Sh R AEARD 12,
bYi el ds ar e ajdpr axitmabshedsof tigogeacllieatirred seqotion ovixmet was fushethdnd theal e (30
L) B A i o Tl oy Y BESENE SRRt YT
material reng@hfigduidts eekd 6on stopcocks were closed and the reaction mixture was
warmed to 60°C and stirred for 5 hours. The progress of the reaction was monitored
by GC and TLC. The reaction mixture was cooled to room temperature and aqueous
saturated sodium bicarbonate solution was added until the mixture was neutral. The
10 mixture was then extracted with CH,Cl, (3 x 30 mL), dried (MgSOQ,), and the solvent
was removed in vacuo. The crude material thus obtained was separated by flash
chromatography (silica gel, 10% EtOAc in hexanes). The title compound was
obtained as a yellowish liquid (121 mg, 70%) which displayed: 'H NMR (CDCls, 300
MHz): 6 1.80-2.00 (m, 4H), 2.79-2.85 (m, 2H), 2.90-3.00 (m, 2H), 3.91 (s, 3H), 7.95
15 (s, 1H), 8.93 (s, 1H); >C NMR (CDCl,): 8 22.8, 23.1, 28.9, 30.0, 33.1, 52.5, 123.7,
132.5, 138.0, 148.2, 162.6, 166.5; MS m/z: 192 (M+H"). 1,2,3,4-
Tetrahydroquinoline-3-carboxylic acid methyl ester also was isolated (19 mg, 11%).
[0175] Using the representative procedure for small scale reactions: N-(quinol-2-
yl)acetamide (164 mg, 0.881 mmol) provided N-(5,6,7,8-tetrahydroquinolin-2-
20 yl)acetamide (114 mg, 69%); N-(quinol-3-yl)acetamide (138 mg, 0.741 mmol)
provided N-(5,6,7,8-tetrahydroquinolin-3-yl)acetamide (89 mg, 63%); N-(quinol-5-
yl)acetamide (158 mg, 0.849 mmol) provided N-(5,6,7,8-tetrahydroquinolin-5-
yl)acetamide (72 mg, 45%) and N-(1,2,3,4-tetrahydroquinolin-5-yl)acetamide (44 mg,
27%); N-(quinol-6-yl)acetamide (143 mg, 0.768 mmol) provided N-(5,6,7,8-
25 tetrahydroquinolin-6-yl)acetamide (71 mg, 49%) and N-(1,2,3,4-tetrahydroquinolin-6-
ylacetamide (40 mg, 28%), N-(quinol-8-yl)acetamide (186.1 mg, 0.999 mmol)
provided N-(5,6,7,8-tetrahydroquinolin-8-yl)acetamide (118.3 mg, 62%)) and N-
(1,2,3,4-tetrahydroquinolin-8-yl) acetamide (26.7 mg, 14%), 2-phenylquinoline (162
mg, 0.781 mmol) provided 2-phenyl-5,6,7,8-tetrahydroquinoline (111 mg, 68%) and
30 2-phenyl-1,2,3,4-tetrahydroquinoline (20 mg, 10%). Reaction of quinoline-2-
carboxylic acid methyl ester (160 mg, 0.855 mmol) provided 5,6,7,8-
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4 5 NHAC H2 NHAc NHAc | 1| + 1 (6) z NTFA N/ HN 1 8 60c |Io 1-NHAc 20
59% 30 11% 10 1p 5-NHAc 2p 45% 3p 20% Preparation of
5, 6, 7, 8- tworealyxdsogui nol i ne- 3-car boxylic acid nethyl estePCTMS02037N [ 01741
Representative procedure for small scal e hydrogenation reactions. To a 2
or 3-neck, 100 ml round bottomflask containing a stir bar was added net hyl
15 qui nol i ne-3-carboxylate (170 ng, 0.908 nmol) and plati nun(lV) oxide
(10.3 ng, 5 tetrddiWQuihdlide-27GodREII¢ bSO 2N é-ter (B3118Q,.5 1W)antll a5k 4was equi pped
with two outlets sealed with rubber septa and contalining Teflon stopcocks.
Tri f 1 uor oacdfirdhydeqayineding2rgayboxyhs a¢id wedhy ¢stgeP e 0% gon gas to renove
oxygen, was added via a plastic syringe into the reaction flask under an
at nrosphere of nitrogen. The stirred reaction m xture was flushed and the 5
flask fill e®PrepdritidvafiddRMaind-5v0.2 8actnandi@uimodim4ydatdtanmet hr ough one of
t he septa- sealed outlets. The Teflon stc/)iiocks were cl osed and the

i

reaction mxture was warnmed to 60C and sffirred for 5 hours. The progress
of the reaction was nonitored by GC apd C. The reaction m xture was
cooled to roomtenperature and aqueous Jsaturated sodi um bi carbonate

sol ution was added until the mxture v@as> ral. The 10 m xture was then
extracted wwth CH2C12 (3 x 30 ), driled. Wbdd4), and the solvent was
renovedSin vacuo. The crude material thls obtained was separated by fl ash

chromat ogra Sili I % 4 . j [ d was
obt ai nedgas P[gi’zl(gl I oﬁggﬁ%ﬁ’ﬁi"éé"% @Q‘%ﬁlﬁlwtyg‘g@mj\%ﬁ%ﬁld}ﬁgﬁ g@éﬁ'? 99&‘;}}9

(CDC13i 300 ushigzhe gnetal pPo2d(@ fonsmalHjcaleshydfog2n@tonk iiwoikkip with NAOH.i00 (m

2H), 3.91 (s,, 3H), 7.95 .. 1H), S - 13C 13):. .8 22.8,
2? 1, 28. 9,( Péﬁﬁeg?f safyrajed égﬁé,&)ﬁ‘g?"??‘? N?é?%St,hyl%g%z7®§1‘teif&g¥h$?‘$‘%!‘8%'yi)66. 5: M5
nmz: 192 (M : ; rahyf 201 HR e 3 l4 i hyl
ester al sc() \/\i@égt)‘fné%el (g'?gg&( Zg%tr)rg 11(%?9‘18[301122?11&1:}%3%)& 3?%?‘323%?3% ze
procedud e f @.46012143 (agalh, 2.84L187qns 2H)-7.t81(b16] tR), 7.82 (br s, 1H); °C NMR &

22.7,22.8,23.5,24.6,25.3,33.1,112.3,117.3, 143.7, 156.4, 157.3, 169.0; MS m/z:
205 (M+H").

Preparation of N-(5,6,7.8-tetrahydroquinolin-7-yl) acetamide
CIL S
Sy \ L

[0177] Reaction of N-(quinol-7-yl)acetamide (33 mg, 0.177 mmol) using the

15

general procedure for small scale hydrogenations (workup with NaOH in place of
saturated NaHCO3 ) provided N-(5,6,7,8-tetrahydroquinolin-7-yl)acetamide (8.3 mg,
25%): ITHNMR [0 1.72-1.83 (m, 1H), 1.99 (s, 3H), 2.04-2.20 (m, 2H), 2.72-2.95 (m,

20 3H), 3.25 (dd, 1H, J =5, 17 Hz), 4.29-4.40 (m, 1H), 5.72 (br s, 1H), 7.05 (dd, 1H, J =
4,8 Hz), 7.38 (d, 1H, ] =8 Hz), 8.35 (d, 1H, J =4 Hz); 13C NMR O 23.9, 26.5, 28.7,
39.0,45.6,121.9, 131.4,137.0, 147.7, 154.8, 170.1; MS m/z: 213 (M+Na+). N-
(1,2,3,4-tetrahydroquinolin-7-yl)acetamide also was isolated (6.5 mg, 20%): 1H
NMR O 1.24-1.28 (s, 1H), 1.87-1.95 (m, 2H), 2.70 (dd, 2H, J = 6, 6 Hz), 3.28 (dd,

25 2H,J=5,5Hz),6.46(d, IH,J=8 Hz), 6.84 (d, 1H, J = 8 Hz), 6.93 (s, 1H), 7.03 (br
s, 1H); 13C NMRO 22.1,24.7, 26.6,37.9, 105.6, 108.3, 117.6, 129.6, 136.5, 145.1,
168.1; MS m/z: 213 (M+Na+).

- 44 -



yl )acetam de (164 ng, 0.881 nmmol) provided N (5, 6,7, 8-tetrahydroquinolin-2
20 yl)acetam de (114 ng, 699%; N-(quinol-3-yl)acetamde (138 ng, 0.741
mrol ) prweidec7s (5, 6, 7, 8-t et rahydr oqui nol i n- 3-yl ) acet anmipda/($8229892 63% ;
N- (qui nol -5- yl)acetam de (158 ng, 0.849 mmol ) provided

N (5,6, 7,8-tetrahydroqui nolin-5- yl)acetamde (72 ng, 45% and

N-(1,2,3,4-tetrahydroqui nolin-5-yl)acetam de (44 ng, 279%;

N- (qui nol -6-yl)acetam de (143 ng, 0.768 mml) provided N-(5,6,7,8 25
tetrahydroqw nol i n-6-yl)acetam de_( i
N-(1234t [21Met 145.6 ] 3] d,e

N- (qui nol - 8- yl)acetam de (186. 1 ng 0 I) pI’OVI ded

N-(5, 6,7, 8-tetrahydroqui nolin-8-yl)a (118.3 ny, 629%) and N
1, 2, 3, 4-tetrahydroqui nolin-8-yl) ace (26.7 ng, 149,

(
2- phenyl qui noline (162 ng, 0.781 mol pr
2- phenyl -5, 6, 7, 8-t et rahydr oqui nol i ne (111 68% and 30

2- phenyl -1, 2, 3, 4-t etrahydr oqui nol i ne (20 ng()1096 Reaction of quinoline-2-
carboxylic aC|d met hyl ester (160 ng, 0.855 mmol) provided 5,6,7,8 -43 WO

03/ 022785 PQGoi1$302/ Reackidn of at amythiyDgutholo8 -y eeeRargide P05 0. 293 ﬁinﬂiﬂi)t hyl

ester (83 ng, 519% and 1, 2,3, 4- tetrahydroqui noline-2-carboxylic acid

met hyl st erusmh%en%qgocefbpéﬁ% smalhsealgrhydrogenations (workup with NaOH 1n

N- ( 2- Met hyl : I t | [0176]
Reacti on of I’?\EC?ZOZCrSr%tlI a? ‘f%ikﬁygg ?ﬁ‘bmef‘w Qze%ﬁgérlﬁygg% ﬁg%g&hy@oqmwgﬁmml ) using
t he general }p}aoeteﬁlmdeq%m&smbl HSNMR%SH)/S(TI’-D@&(}&III@))S 7(7V\D8&(1p 2H), B.ORAEOH i n
pl ace of satura

R (e ot byt e 940 G0, A r STt s 2655 2y78 (o, 2R AT 4% (o 7789 -+ 1

NVR S 1. 83- S 3 (m
2H), 2. 84- 2]58%1 %ZZ@H}H % %&i%) 723% ]]!‘igfug%%)(br ﬁ%lglé’?gé’ '8 22.7,
22.8, P3.5, 2%, @1 538, 1334, 113111123932 16550, 357.2481202; MS@:/A 22I5M+Na )1.@9— 0; M
mz: 205 (I\/HrH+) Preparation of N (5 6 7 8- tetrahydroqw gl i n- 1y )
acet ami de d2- Mleqlq k23,4 tetrahydroquinolin-8-yl)acetamide also 'was 1solated (25 mg, 15%)

as a tautomeric mixture of acyclic and cyclized isomers in an approximately 1:2 ratio

which exhibited the following data: 'H NMR & 1.21-1.25 (m), 1.45-1.61 (m), 1.90.

(s), 1.90-1.95 (m), 2.20 (s), 2.71-2.91 (m), 3.32-3.43 (m), 4.00 (br s), 6.56 (dd, J =38,

15 8 Hz), 6.63 (dd, J=8, 8 Hz), 6.66 (br s), 6.83 (d, J= 8 Hz), 6.87 (d, /= 8 Hz), 6.94

(d, J= 8 Hz), 7.02 (d, J = 8 Hz), 7.06 (br 5); MS m/z: 205 (M+H").

Preparation of 3-methoxy-5.,6,7.8-tetrahydroguinoline
MeO

X

~

N
20 [0179] Reaction of 3-methoxyquinoline (181 mg, 1.16 mmol) using the general
procedure for small scale hydrogenations provided 3-methoxy-5,6,7,8-
tetrahydroquinoline (127 mg, 65%): 'H NMR § 1.74-1.93 (m, 4H), 2.75 (dd, 2H, J =
6, 6 Hz), 2.85 (dd, 2H, J=6, 6 Hz), 3.82 (s, 3H), 6.88 (d, 1H, /=3 Hz), 8.06 (d, 1H,
J=3Hz); "CNMR 5 23.0, 23.7, 29.4, 32.0, 55.9, 121.5, 132.9, 134.9, 149.8, 154.1;
25 MS m/z: 164.1 (M+H"). A mixture (5 mg) of hydrogenolyzed products (quinoline,
1,2,3,4-tetrahydroquinoline and 5,6,7,8-tetrahydroquinoline as determined by GC

analysis by comparison with commercial samples) also was obtained.
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[0177] Reaction of N-(quinol-7-yl)acetamde (33 ng, 0.177 mmol) using the
general procedure for small scal e hydrogenations (workup with NaOH i n pl ace
of sat urwbDed/odaBiCO3 ) provi ded PCT/US02/29372
N-(5,6,7,8-tetrahydroquinolin-7-yl)acetamde (8.3 ng, 25%: 1H NWMR "
1.72-1.83 (m 1H), 1.99 (s, 3H), 2.04-2.20 (m 2H), 2.72-2.95 (m 20 3H),
3.25 (dd, 1H, J =5, 17 Hz), 4.29-4.40 (m 1H), 5.72 (br s, 1H), 7.05 (dd,
1H J = 4, 8 Hz), 7.38 (d, 1H, J =8 Hz), 8.35 (d, 1H, J = 4 Hz); 13C NWR
N 23.9, 26.5P 28.7, : .9 : , 154.8, 170. 1;
M5 i z: 213 {IRRARHON OIN.D. /.91y G AFSERASH AHCASGIN &2, ani de al so was
isolated (6.5 ng, 20%9: 1H NWR " 1.24-1.2% (s, 111), 1.87-1.95 (m 2H)
2.70 (dd, 2H, J =6, 6 Hz), 3.28 (d 25 2 J =5, 5Hz), 6.46 (d, 1 H J
= 8 Hz), 6.84 (d, 1 H J =28 Hz), 6. 10H), 7.03 (br s, 1H); 13C NW*
22.1, 24.7, 26.6, 37.9, 105.6, 108\3~- ' 6, 129.6, 136.5, 145.1, 168.1;
M5 nmlz: 213 (MtNa+). -44 WO 03/0227@% PCT/ US02/ 29372 Preparation of
N-(2-Methyl -5,6, 7, 8-tetrahydroquinolin-8-yl) acetamde H\y O [0178]
Reaction of N-(2-nethyl-quinol-8-yl)acetam de (159 ng, 0.795 nmmol) 5 using
t he general [p180jeduReadtion of qainbliss élcerboy glicoged atettyh sstémd 7@ o, 0008 NaCH in
pl ace of satura}ed. CO3) provi dec

N- ( 2- met hyl -BMg)psipgiths gens Pwagve{gﬁ?rrﬁn@-ﬂ sprip ydrogrnaiiong geovidgd 56748+ 1 NWVR
S 1.57-1. 66 - 14- AV , B
2.43-2.57 (&gwwqﬁmé’y%%ﬁ’?’#mz?ﬁw}’ft@%e%‘gfn n%?‘l%)l-/ﬁ) gﬂ\%ﬁ(%?bﬂs, 1 H),

6.92 (d, 1 B.09(m B)H2R5-23424n, (18]), 2.78:2.8% (m, 8 HHiz3.90-3.13Gm\NR) 3. 24 (s63HR5. 4,
25.8, 10 29.6, 31.0, 53.0, 123.4 131.4, 139.2, 155 9, 157.2,,1/72.2; N5
mz: 227 (MANEOAd, REL {2 4B Hi) .39 6, 3HaJ E&tHadn a7 ddulithol T A )y 1§ MMR i de
al so vgs 1 5ol 89 3579 6 9% 157 Pad AYBORIAL6 6L 95 OF MRGYE! 414 and
cyclized isoners in an’ approxi'mately 1’2 ratio i ch exhibited the
fol | owi ng daivasNa'H NYR,4&TéatraydiogRfmoling-6-chrbbaylic 6did mithyl Bstedalsd ehs 1. 90- 1. 95
(M, 2.20 (s), 2.71-2.91 (m, 3.32-3.43 (n), 4.00 (br s), 6.56 (dd, J= 8,
15 8 Hz), 6. ateélé‘?lﬁfal&%",‘%)a Hz), 6.66 (br s), 6.83 (d, J= 8 Hz), 6.87 (d,
J= 8 Hz), 6.94 (d, J= 8 Hz), 7.02 (d, J= 8 Hz), 7.06 (br s): Ms mz: 205
(MtH+) . Preparation of 3-nethoxy-5,6,7,8-tetrahydroqui noline MO
Preparation of 5,6,7.8-tetrahydroquinoline-8-carboxylic acid methyl ester

15

[0181] Reaction of quinoline-8-carboxylic acid methyl ester (156 mg, 0.833
mmol) using the general procedure for small scale hydrogenations provided 5,6,7,8-

20 tetrahydroquinoline-8-carboxylic acid methyl ester (58 mg, 36%). 1,2,3,4-
Tetrahydroquinoline-8-carboxylic acid methyl ester also was isolated (45mg, 28%):
'H NMR & 1.87-1.96 (m, 2H), 2.76-2.81 (m, 2H), 3.40-3.45 (m, 2H), 3.83 (s, 3H),
6.43 (dd, 1H,J=17,8 Hz), 7.03 (d, 1H, /=7 Hz), 7.69 (d, 1H, J= 8 Hz), 7.76 (br s,
1H); PC NMR §21.2,28.2, 41.6, 51.7, 108.8, 113.9, 122.4, 129.8, 134.1, 148.8,

25 169.6; MS m/z: 192 (M+H").
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20 [0179] Reaction of 3-nethoxyquinoline (181 ng, 1.16 mml) using the
general procedure for small scal e hydrogenati ons provided

3- met hoxyw®,08/022785 t et rahydroqui noli ne- (127 ng, 65%: 'H MdRS042942 1. 93
(m 4H), 2.75 (dd, 2H, J= 6, 6 Hz), 2.85 (dd, 2H, J=6, 6 Hz), 3.82 (s,
3H), 6.88 (d, 1H, J= 3 Hz), 8.06 (d, 1H, J= 3 Hz); ' 3C NWR S 23.0, 23.7,
29.4, 32.0, 55.9, 121.5, 132.9, 134.9,149.8,154.1; 25 M5 mz: 164.1 (MH+).

A m xture (SPrepdratidn dfydy HGStenaledirpisoguadls-[-glacutdrmide,

1,2, 3, 4-tetrahydroqui noline and 5,6, 7, 8 t et rahydroqui nol i ne as determ ned
by GC anal ysi s by conparison with copf® al sanpl es) al so was obt ai ned.
-45 WD 03/ 022785 PCT/ US02/ 29372 Preparation of

5,6, 7, 8-tetrahydroqui nol i ne-6-carboxyliic acid nmethyl ester O O N [01801
Reacti on of quinoline-6-carboxylic acitty thyl ester (170 ng, 0.908 nmol)
usi ng the general procedure for small sc@l e hydrogenati ons provided

5,6, 7,8- tetrahydroqui noline-6-carboxylic acid nethyl ester (49 ng, 309%:
1H NVR 6 1. 90182]. 05 Rengtiohtdf N-As®Rpird]-34ylfacptariife (139 Tk, 2.854 n{mol) Gi$ihg the

2.90-3.11 4 3.74 , 3H), .06 (dd, | H .J= 4 , 1.3 d, I H,
1=8 te), o epoipropedire i syiailzpate fugkoghatians it wilg 00 ipifec g
52.3, 121. 6 sah?hte® Nali® 0,3 prdAdedn- (5-567 @tetrliﬁyrdrzlso&@n@ﬁril -yBadetarhie k6+) -

1,2,3,4- Tetrahydroqw nol i ne- 6- carboxylic acid methyl ester also was
i sol at ed (6@9@9%@%%@&7&1 Hn(rof4H), 2.16-2.19 (m, 3H), 2.60-2.70 (m, 2H),

React | on of B AGRUL 28 afbish T d —oda: Ao Lk s HeAsee ARG Hah rmol )

usi ng the gepegals 803%9?%91 2, 1848l b%ﬁ%b% 1405, 098 A MPR%: PI PWIERE).
5,6,7,8- 20 tetrahydrogui noliné-8-carbdoxyiic aci’d nethyl ester (58 g,

360/<) 1, 2, 3, M-(T,@3hteyrdhydroisoquinein- B-ybacdtonide iatsoardsdsatateh (16 ragt d6)al 'Ho was

i sol at

3. 40- 3?&5 ng(%ﬁ%%&( ﬁé)%dﬁf(g]flwﬁ}li 772%(§ Eé)}m‘?%@ (d, 1

H J =7 HZ)7.337-7@% (113, ThHa-9.45 R, hZI), 8.277 (@ 16PY =% Hz); '>C NMR § 272, 28.7,
29.7,39.3,127.3,127.5, 128.0, 132.6, 137.9, 162.8, 188.0; MS m/z: 191 (M+H").

Preparation of N-(5,6,7.8-tetrahydroisoquinolin-5-yl)acetamide
(@)

HNJ\

I\
N~

15
Reaction of N-(isoquinol-5-yl)acetamide (171 mg, 0.918 mmol) using the general

procedure for small scale hydrogenations (workup with NaOH in place of saturated
NaHCO; ) provided N-(5,6,7,8-tetrahydroisoquinolin-5-yl)acetamide (79 mg, 45%):
'H NMR § 1.60-1.70 (m, 1H), 1.70-1.09 (m, 2H), 1.98 (s, 3H), 1.98-2.08 (m, 1H),

20 2.65-2.68 (m, 2H), 5.03-5.11(m, 1H), 6.63 (br d, 1H), 7.08 (d, 1H, J=5 Hz), 8.17 (s,
1H), 8.20 (d, 1H, J=5 Hz); >C NMR & 20.7, 23.7,26.4,30.1, 47.1, 122.9, 133.3,
146.3, 147.5, 150.7, 170.1; MS m/z: 191 (M+H"). N-(1,2,3,4-tetrahydroisoquinolin-5-
yl)acetamide also was isolated (35 mg, 20%).

25
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1H); 13C NWR S 21.2, 28.2, 41.6, 51.7, 108.8, 113.9, 122.4, 129.8, 134.1,
148.8, 25 169.6; M5 miz: 192 (MtH+). -46 WO 03/ 022785 PCT/ US02/ 29372

Pr epar at i wio 3fo248% 5, 6, 7, 8-t et rahydr oi soqui nol i n-1 -yl ) acetram®2/29302 N
HN,,tr O [01821 Reaction of N-(isoquinol-lI -yl)acetam de (159 ng, 0.854
mol ) using the general procedure for small scal e hydrogenati ons (workup
with NaOH in place of 5 saturated NaHCOB) provided

N-(5,6,7,8-tetr afmd;bzﬁhﬁﬁmﬂ (RGB)i- $3A i -5 ACHE8-aetiahedfof Binotimg bybM¥asatidh MVR S
1.74-1.76 (m 4H), 2.16- .19(m3H) 2.60-2.70 (m 2H), 2.70-2.76 (m
oH), 6.86 (d, 1 H, J =6&78Tettahvdreauinoline iy 5 = 5 Hy): 13 C NMVR 8 22. 3,
22.8, 23.8, 25.1, 29 6, 122.9, 144.4 (2C), 149.5, 150.2, 170.6; Ms mz: 213

(MtNa+) . N-(1 , 4= tetr%\ Yar Lol inzl - )acetam'de al so s isolated
0, ', "
(16 rrg, 119 : a_timmm .

1 P95y 3. 61 (m
2H), 7.20 (d, Hz ) isoamhyi3@Fité. 38 (M

2 ; 7.%éoH. 49 , 8.27
(d, 1H J =28 ;'3CNI\/R8752/72 287N27 3Quadt. 127.'3, 227.5,

128.0, 132.6, 137.9, 162.8, 188.0; M5 mz: pi (MrH+) . Prepar abifen of
N-(5, 6,7, 8-tetrahydroi soqui nolin-5-yl acetamde O H\Nt~ 151 \ N ~|
Reaction of N-(isoquinol-5-yl)aceta&hdel,(171{ng, 0.918 usi ng the
general procedure for small scal e’dﬁ?‘ﬂﬁ%g@H;L-@n-s—&vw h NaCOH in
pl ace of saturated NaHCOB) provided 81% N
N-(5, 6, 7, 8-tetrahydroi soqui nolin-5-yl)acetam de (79 rrg, : 1H NMR 8
1.60-1.70 (m 1H), 170109(m 2H), 1.98 (s, 3H) 1.98-2.08 (m 1H), 20
2.65-2.68 (m 2H), 5.03-5. 1 : d, , 7.08 (d, 1H J=5
Hz), 8.17 (s, 1 agat ‘ : .‘?‘-'“' .7, 23.7, 26.4,
30.1, 47.1, 122.9, 133 3 146.3, 147. 0.7, 170.1; I\/S mz: 191 (MtH+).
N (1, 2, 3, 4-tetrahydroi soqui nol i n-5- m de al so was isolated (35 nmg,
209 . 25

[0183] A solution of 5,6,7,8-tetrahydroquinoline (10.83 g, 81.3 mmol) and lithium
diisopropylamide (LDA) (22.80 mL, 163 mmol) in dry MTBE (tert-butyl methyl

10 ether) (100 mL was stirred for 10 min while dry N, (nitrogen) was purged through the
system. The solution was then cooled in an acetone-dry ice bath to between -30 °C
and -20 °C. A 2.5 M solution of "BuLi (n-butyllithium) in hexanes (101.0 mL, 253
mmol) was then added over a period of 5 min. The temperature of the cooling bath
was maintained below -20 °C throughout the addition. The thus obtained orange/red

15 mixture was then transferred via cannula to a pre-cooled solution of isoamy]l nitrite
(38.40 mL, 285 mmol) in dry MTBE (100 mL) at -30 °C; the transfer took about 10
min. The resulting mixture was stirred at -30 “C for 40 min at which time water (4.80
mL) was added in one portion. The quenched mixture was slowly warmed to ambient
temperature. A brown solid precipitated from the crude mixture and was collected via

20 filtration. The solid isolate was redissolved in CH,Cl, (300 mL) and then filtered to
remove any insoluble material. The solvent was removed in vacuo and the residue
was recrystallized from 1:1 MTBE-hexanes to provide 10.05 g (75%) of the title
compound as a beige solid. '"H NMR (CDCls) & 1.87-1.96 (m, 2H), 2.81 (t, 2H, J=6
Hz),2.93 (t, 2H, J=8 Hz), 7.18 (dd, 1H, J=9, 6 Hz), 7.48 (dd, 1H, J=9, 1 Hz), 8.52
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-47 WD 03/ 022785 PCT/ US02/ 29372 Preparation of

(R S)-8-Am no-5,6,7,8-tetrahydroqui noline by Ntrosation of 5,6,7,8

- Tet r ahydwoquioezyss i ne i) LDA, MIBE, -30C H2, Pd/C 31. - NMdnysoz/swsaryl
nitrite NMOH 1 N 75% 1 quant. HON NH2 6 N HCI, acetone, reflux 81% ("N O
5 Preparation of 6,7-D hydro-5H quinolin-8-one Oxinrer CN HO N [01831 A
solution of 5,6,7,8-tetrahydroquinoline (10.83 g, 81.3 mmol) and lithium

di i sopropy!| a@ide, (L£)691H229853(5Ls 1}@;3‘3 (aDCYS DT B2 8,989, hot ¢ net hyl
10 ether) (100 nmL was stirred for 10 mn while dry N2 (nitrogen) was purged
t hrough the 13%y5t36a7, Wé&ﬁ@ti%ﬂ/\ﬁg M ez é%(MHIYIPn an acetone-dry ice
bath to between B4 . Mispkution of "BuLi
(n-butyllithium ) was then added over a
period of 5 mn. The terrperature of i ng bath was naintai ned bel ow
-20 C throughout the addition. The t s/ 2i ned orange/red 15 m xture was
then transferred via cannula to a pre-&‘ool pd sol ution of isoanyl nitrite
(38.40 nm, 285 mmmol) in dry MIBE (100 nL) @t -30 C, the transfer took about

10 nins Theon&4ul t Mog stiroet volativmss & idiliyeldo-8H-quikblz-§-one 4Line (Q2@ingwhi ch
time water (4 80 nL) was added _in one porti The _quenched m xture was

sl oWy war meld3 @@%x%@tm@ enperampsadded %Nd&ﬁ‘ @dl mdy)-pl Be resilting BHX RO m t he
crude mi xt urg, andiWas r?ﬁ%&l BF] ﬂ t}{é ded 4 rB&ﬁttérgﬁbrat-'u_h? ﬁ%‘ﬂeé?ctfoﬁ%i‘ﬁﬁe was

redi ssol ved in CH2C12 hen l'ter renove any 1 nsol uble
mat eri al . Theassehdezed ba/saswnlmmanhunm amaunte {3 NabdH, tesi aorctedasth

recrystalli Z&qzél; ((-)‘ﬁ;( %0 jthI\{I,Tz?n%tlﬂg )égrggmectl or agn%velx rgctg' QvelgeSdrged((Kflr’g@OSfﬁl err]eed title
10 and concentrated in vacuo. Flash chromatography of the crude material thus obtained
(silica gel, 20:2:1 CH,Cl,-MeOH-NH4OH) afforded 161 mg (81%) of the title
compound as a pale yellow solid. 'H NMR (CDCl;) & 2.17-2.25 (m, 2H), 2.82 (t, 2H,
J=17Hz), 3.04 (t,2H, J=6 Hz), 7.37 (dd, 1H, J=9, 6 Hz), 7.66 (dd, 1H,J=9, 1
Hz), 8.71 (dd, 1H, J=6, 1 Hz); *C NMR (CDCl3) § 22.2, 28.6, 39.2, 126.6, 137.3,
15 140.5, 147.6, 148.6, 196.5. ES-MS m/z 148 (M+H).

Preparation of (R,S)-8-Amino-5,6.7.8-tetrahydroquinoline
AN

| ~

N

NH

[0185] A hydrogenation flask was charged vf'ith 6,7-dihydro-5H-quinolin-8-one
20 oxime (266 mg, 1.64 mmol) and MeOH (2.5 mL). The flask was flushed with

nitrogen for 5 min, then 10% palladium on carbon (Pd/C) (26 mg) was added in a

single portion. The resulting mixture was shaken in a Parr hydrogenator under 45 psi

hydrogen for 18 h. The residual material was filtered through a cake of celite eluting

with CH,Cl; (20 mL), and then the solvent was removed in vacuo. This procedure
25 afforded 243 mg (100%) of the title compound as a pale yellow oil. This material

displayed spectra identical to those reported above.
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conmpound as a beige solid. 1H NWR (CDC13) b 1.87-1.96 (m 2H), 2.81 (t, 2H
J=6 Hz), 2.93 (t, 2H, J =8 Hz), 7.18 (dd, Ill, J =9, 6 Hz), 7.48 (dd,
11, J= 9wOl3kz)7858. 52 - 48 WO 03/ 022785 PCT/ US02/ 29372 ( aet;T/UsoR/29872= 6, 1
Hz), 9.63 (br s, 1 H); '3C NWR (CDC13) 8 20.8, 23.8, 28.9, 123.4, 134.5,
136.7, 148.2, 148.9, 152.7. ES-M5 mz 163 (MtH). Preparation of

6, 7- D hydro-5H quinolin-8-onet CN OV5 [0184] To a stirred sol ution of

6, 7- di hydr o- 5H quPrepdrationBofqRES) BxAmind-2 80 . $vetrah{drdGuinviide) i n acet one (5.0
m.) was added 6 N HC (2.0 mL). The resulting m xture was heated to refl ux
for 16 h, then cooled to roomtenperature. The reaction m xture was
rendere((j basi c vm";h a (Tmh apount AfnBoy NaOH,_ then extracted with
CH2C12 (3 x 30 L), and the ed a) Sy EXtT ay ere dried (MgSO4),
filtered 10 and concentrated a '\%g' i crraphy of the crude
materi al thus obtained (silTcallgel, 205°CL CH2CINY- EOH NHAOH) af forded 161
ng (81% of the title conpo ¥s a pale yell ow soli®H,1H NMR (CDC13) 8

2.17-2.25 (m 2H), 2.82 (t, , J =7 Hz), 3.04 (t, 2H, J =6 Hz), 7.37
(dd, 1 H J @186 6 |T|6)a1m1?(t1§§of erdlﬂyd‘b SJJ ciun%hnlS oh‘ébxm&e ?@ k%d5154 hbl)id= 6, 1
Hz); 13C NWR ( 13) 22. 2, , 147.6,

148.6, 496. 5NHE@H|@43nkg) wasr (2\7|9|49g) ami é@)érl‘éqqum?okg) was added acetic acid (40

sk was e gdhe P REHbRRERMELAR S Tibmiblie XS Sl (XBREIENT ! o
1.64 mol) mmm £idc Bust{)a4 kgwezm a6k Wiadiddinhebonisls maintaingen for 5

mn, then 10% pal | adi um on carbon ﬁ\ Pd/ C). (26 ng). was added in a single
portion. TheDAWEWM ieRperaure of 80 asAfpnfishing the addition, hereaspnmd¥isnder 45
psi hydrog déppd oY cake
of celite e%ﬁf%ta&ag f&hlocwlé&g%zo r(ﬁ_;ﬁ?én% cﬁé?ﬁ agi)g{f@g}\e{dhévas removed in
vacuo. 10Thi s the oo:repiletlm aﬁthaféaondtedTm&aagan(rﬁﬁm“Qﬁadjueted it REQ‘,chhmd‘dar(Ell as a

Pglpgr %/g ldl gb 0(3 8& kg)?{eg‘nldstof’rgrtlg H28|kg) gvlersepald?igc? dAﬁgre zgzgtitraf1 ng gorrit I Ct%e mlxture v?lgse

filtered on a Celite pad and rinsed forward with toluene (2 times 90 kg). The layers
were separated and the organic layer was set aside. To the aqueous layer, NaCl (45
kg) and toluene (720 kg) were added and the reaction mixture was filtered once more
15 on a Celite pad. After layer separation, the organic layer was set aside. The organic
layers were combined and concentrated under vacuum, then dissolved in
dichloromethane. The resulting solution was washed with 2.5% NaOH solution (45
kg) and NH4OH (270 kg). The organic layer was set aside, and the aqueous layer was
extracted with dichloromethane (297 kg). After phase separation, the organic layers
20 were combined and concentrated to dryness to yield 69 kg (84% yield) of the title

compound.
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WO 03/ 022785 PCT/ US02/ 29372 Preparation of
(R S)-8-Am no-5, 6,7, 8-tetrahydroqui noline Zn, NHAOH NaOH AcOH N I 500C
HON NH2 wol861278® a m xture of 6, 7-di hydr o- 5H qui nol i n- 8pomajsoxeese2 (96 kg,
554 nol) in 5 NHAOH (243 kg), water (279 kg) and 50% NaCH (72 kg), was
added acetic acid (40 kg). The line was rinsed with water (18 kg). The
m xture was adjusted to 50 C (ca. 5 Chr), then zinc dust (144 kg, 2216
nmol ) was added in 10 portions nmaintaining a maximumtenperature of 65 C
After finishing the addl [ ted for 10-16
hours at 50 C, t hekYmat ' 2 d M ¥ he
conpletion of the reactlon The reaction mxture was adj usted to 22 C, then
NaCl (108 o‘, ; L Ol Gxptiga brt2dtidadipasser € \e--o After ag g for 1 hr,
asS

the m xture tm |nsedfr ith toluene
(2 times 90 kg’ | Sper €M gesge. & parats 1id t he orgalmc ayer was set
asi de. To the aquewys |ayer, Nad (45 ko) arnj-;tol uene (720Nkg) were added
and the reaction mxture was filtered once moré 15 on a Celite pad Af ter
| ayer separation, the organic |ayer was 4&tC#28vf€) The 48/‘9‘3?1%83 | ayers were

conbi ned and concentrated under vacuum then dissolved in ﬁhcpggmet hane.

The resulting solution was washed with 2. 5% MaQ ol ution (

NH40H (270 kg). The organic |ayer was set agli de d eous | ayer was
extracted with dichloronethane (297 kg). Aft N Se separation, the
organic layers 20 were conbined and concentratedpniQ dryness to yleld 69 kg
(84%vyield) of the title conpound. -50 WO 03( Q(;%@S PCT/ US02/ 29372
Enzymat$c Resol ution of (R'S)- 8- Am no-5, 6, 7, 8- tetrahydroqw nol i ne Candi da
antarctica |ipase N (T11111111J Ndéand'(_g) NH2

NHAC  48% (> 99% atian, old A7 S fFetrahydroguinolin-8-yl)-acetami
(+)-8- ino-5,6.7, etrahydrogu
A | A
IN/ 7 :
NHAc NH,

10 [0187] A mixture of (R,S)-8-amino-5,6,7,8-tetrahydroquinoline (1.00 g, 6.75
mmol), Candida antarctica lipase (Novozyme 435, 300 mg), and EtOAc (ethyl
acetate) (2.64 mL, 27.0 mmol) in dry i-Pr,O ( diisopropyl ether) (15 mL) was heated
to 60 °C and stirred vigorously for 3 h. At this time, the reaction mixture was filtered
through a sintered glass funnel and concentrated. Flash chromatography of the crude

15 material (silica gel, 10:1 CH,Cl,-MeOH then 20:2:1 CH,Cl,-MeOH-NH,OH
(ammonium hydroxide)) afforded 0.62 g (R)-(-)-N-(5,6,7,8-tetrahydroquinolin-8-yl)-
acetamide (48%) in 97% ee (separated by chiral GC, J&W CycloSil B column,
isothermal 150 °C, (S)-(+)-enantiomern = 84.25 min, (R)-(-)-enantiomer, = 86.16
min). [o]p =-177.5 (¢ 1.00, CHCl;); '"H NMR (CDCl3) & 1.57-1.63 (m, 1H), 1.74-

20 1.79 (m, 2H), 1.93 (s, 3H), 2.30-2.36 (m, 1H), 2.66-2.71 (m, 2H), 4.78 (dd, 1H, J=
14, 6 Hz), 6.97 (dd, 1H, J=8, 5 Hz), 7.13 (br s, 1H), 7.29 (d, 1H, /=8 Hz), 8.19 (d,
1H, J =5 Hz); °C NMR (CDCl;) 8 19.5, 23.1, 28.0, 29.3, 49.9, 50.6, 122.1, 132.9,
136.9, 146.4, 154.9, 170.3. ES-MS m/z 191 (M+H). Anal. Calcd. for
CiHisN;0:0.3H,0: C, 67.53; H, 7.52; N, 14.32. Found: C, 67.60; H, 7.20; N, 14.12.
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80% N NH2 (96%ee) 5 Preparation of (R

-(-)-N-(5,6,7, 8- Tetrahydroqui nolin-8-yl)-acetam de and (S)- + -8-

Am no- 5, 6W0,8/rE8F ahydroquinoline N N M C = NHAc NH2 POT(IGRBZM7TA

m xture of (R, S)-8-am no-5, 6,7, 8-tetrahydroquinoline (1.00 g, 6.75 mmol),
Candi da antarctica |ipase (Novozynme 435, 300 ng), and Et OAc (et hyl
acetate) (2.64 nL, 27.0 mol) in dry i-Pr20 ( diisopropyl ether) (15 nlL)
was heated [0088]0 Cadgddssihicdmed O\zisgg)(mergl(s)-mr&anhlo $6,718hi s tinme, the
reaction mxture was filtered through a _sintered ? ass funnel and
concent r at edetraydEquinelisenin 3174 5a (septrated dychirakGe s &t erslabil Bsolyns gel |

10: 1 CHeC12- CCH:§

af f orded O. ég(ﬁ%w%%t'%ghﬁoéo 9@1 %%w%&ﬁ%q@% -g%g}g%g%%e
(48% in 97%Géingsepartant (y(+geharaion(se, =12\ Gyi| (5i(})-dantbmen = 13 ls‘bt her mal
150 éS) (+)-enantionerrt = 84 25 m, ) nantionerrt = 86

) (D iy hils < 25 s, O CH ), THIVOUR (S T80 o 283, (B4 21y
1.74 20 1.7 2 m 2
478 (ad, " 1y S5ttt 100 8 4 2 a2, #2409 o3idhs oty Ny S 0 | 21
7.29 (d, | HHYJ6.93 (JHZ)IHEI ms(ldz) 7JZIH(dd],=1P5JH28,,1 HWNW(I@OB} }&)1‘%@5
23.1, 28.0, 29.3, 49 154. 9, 170. 3.

ES- M5 M z 1%%013)&1&?6 %%Yc?d 7 f56t0 t%llﬁllzﬁmz"gléﬁ §%7 ¢59@7 ESsMSip/z7 5-
N, 14.32. Fo%,%,[ 8%67 60 H, 7.20; N, 14.12. -51 WD 03/ 022785
3

PCT/ US02/ 29 '88] Al'so isolated was 0.48 g (48%
(S)-(+)68-am no-5,6,7,8- tetrahydroquinoline in >99% ee (separated by
chiral GC, J&W CyrrtsuationtofqR)-(I8- Amiity-5 6, 8-tetmahgdrafuinélinel 60 C, initi al

time: O mn, rate: 1 Cmn, final te atdre: 130
»
N

NH,
[0189] A stirred solution of (R)-(-)-N-(5,6,7,8-tetrahydroquinolin-8-yl)-acetamide
(230 mg, 1.21 mmol, 97% ee) in 6 N aqueous HCI (4.0 mL) was heated to 130 °C for

15 2 h. At this time, the reaction mixture was cooled to room temperature and cautiously
rendered basic with a minimum amount of saturated aqueous NaOH, then diluted with
CH,Cl, (10 mL). The phases were separated and the aqueous phase was washed with
CH,Cl; (5 x 20 mL), then the combined organic phases were dried (MgSO,) and
concentrated. Flash chromatography through a plug of silica gel (elution with 20:2:1

20 CH,Cl1,-MeOH-NH,4OH) afforded 143 mg (80%) of (R)-(-)-8-amino-5,6,7,8-
tetrahydroquinoline in 96% ee (separated by chiral GC, J&W CycloSil B column,
initial temperature: 160 °C, initial time: O min, rate: 1 °C/min, final temperature: 130
°C, final time: 0 min, (S)-(+)-enantiomer,; = 12.43 min, (R)-(-)-enantiomer, = 13.13
min). [o]p=-125.7 (c 0.56, CHCl3); '"H NMR (CDCls) & 1.52-1.62 (m, 2H), 1.78-

25 1.85 (m, 1H), 1.91 (br s, 2H), 2.02-2.06 (m, 1H), 2.60-2.65 (m, 2H), 3.83-3.87 (m,
2H), 6.91 (dd, 1H, J= 8, 5 Hz), 7.21 (dd, 1H, J= 8, 1 Hz), 8.26 (d, 1H, /= 5 Hz); °*C
NMR (CDCl3) & 19.6, 28.7, 31.7, 51.0, 121.3, 131.2, 136.4, 146.7, 159.2. ES-MS m/z
149 (M+H).
[0190] Further examples of enzymatic resolution are provided in the table below.

30
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C, final time: O mn, (S)-(+)-enantiomerr, = 12.43 mn,

(R -(-)-enantionmerrt = 13.13 5 mn). [a]D = +124.1 (c 0.99, CHC13); 'H NWR
(CDC13) SwWo.BR2862 (m 2H), 1.78- 1.85 (m 1H), 1.91 (br per/t&AeR/29322 02-2. 06
(m 1H), 2.60-2.65 (m 2H), 3.83-3.87 (m 2H), 6.91 (dd, 1 H J =28, 5
Hz), 7.21 (dd, 1 H J =8, 1 Hz), 8.26 (d, 1 H J =5 Hz); 13C NWR (CDC13)
8 19.6, 28.7, 31.7, 51.0, 121.3, 131.2, 136.4, 146.7, 159.2. ES-M5s nlz 149
(MtH). 10 Preparati on ofet{ RR- - )cARARIOM- SH8,,RB-t et r@h\y‘gRoqui noline OCN':
NH2 [0189] A stirred sol ut,\gpn of—— NV

(R -(-)-N-(5, 6, 7, 8-t et rahydroqui nol i n- 8-yl ) - acet ami de %30 ng, 1.21 mmol,
97%ee) in 6 N aqueous HC 1(4.0 nL) was heat@ggqto 130 (R.por 15 2 h. At
this time, the reaction m xture was cooled to roomtenperature and
cautiously rendered basic with a m ni rum anmount of saturated aqueous NaOH,

then diluted with aspartart e.gl @ndpt he
_ BFned

aqueous phasewas?NashelFAG TGS L Y
organi ¢ phases wer®SES ed TRYEDY) a5988ncent r &t &8  Fl asH YA KRKEBYr aphy
through a plug of silica gel (elutionsith 2092: 1 28)-TH2CI9:-Me OHRFUOH)
afforded 143 ng (& of (R)-A-)-8-amsho-5, 6,>28- t &8rahydrdqui nokd ne in
96% ee (separated hiral GC, J&W Cycl oSil B colum, initial

tenperature: 160 C, iMitial time: 0 min, rate: 1 C/nmin, final tenperature:
130 C, final ting'yOymn, (9-(+)-enahtiomer?? = 12843 ni A® 48

(R -(-)-enantiomertf = 13.13 min). [a]D =-125.7 (c 0.56, CHC13); 'H NWR
(CDC13) 6 1.52-1.62 (M 2H), 1.78 25 J5 85 (m%g%H), 39.491 (br3s, 2H}’1,
2.02-2.06 (m 1H).\ 0-2.65‘A(m 2H) , X 83-3. (m 7"2H) .91 (dd, 1 H J
=8, 5Hz), 7.21 (dd,f, 1 H J =8, 1 H), 826 (d, 1 H J =5Hz); " 3C NWR
(CDC13) 8 19.6, 28.7,.31.7, .0, 121.3, 131. 136.¢¢, 146,4, 159,2. ES-MS
mz 149 (MH). [(1'(1N Furtth:- exanpl gg of enggymati cggresol lﬁ?i on azr”g
provided in the tabl ewbel ow. 30 -52 WD 03/022785 PCT/ US02/ 29372 HetyR

CALB, Et OAc Hetl - -(ﬁ+ Het R NH2 NH2 spHAc 99 98 43 47
N/
NH,
S A 51 91 88 38 48
N/
NH,
S B 55 99 79 42 55
W
NH,
S A 58 61 45 41 55
N/
HN
a A 55 94 79 39 53
o0
NH,
S NH, A 56 43 46 N/d N/d
NG
5 @ All reactions were performed at 60 °C. Reaction times varied from 2 h to 24 h. Condition A: reaction carried

out in isopropyl ether with 4-5 equiv EtOAc; Condition B: reaction carried out in neat EtOAc. b percent
conversion determined by '"H NMR. . ° Enantiomeric excess determined by chiral GC.

General procedure for resolution reaction

[0191] A mixture of the amine (1 equiv; ~0.2 M), Candida antarctica lipase B
10 (Novozyme 435) (30 wt%) and ethyl acetate (4-5 equiv) in dry isopropyl ether
(Condition A) or neat ethyl acetate (Condition B) were heated to 60 °C and stirred
vigorously. Anhydrous solvents (99.9%) purchased from Aldrich were used. The
progress of the reaction was monitored by GC using a chiral J&W CycloSil B
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1 (S-1 (R-2 Table 2: Enzymatic resolution of am nes using Candi da
antarctica |lipase substrate conditions conversion' ee = (% isolated yield
(%9 (% WM -2 (S)-1 (R-2 A 50 >99 98 48 48 NH2 'PCAIS02289% 98 48
48 NH2 A 51 99 94 43 51 NH2 " B 50 99 98 45 47 CN, NH2 B 50 99 98 43 47
NH2 A 51 91 88 38 48 NH2 QB 55 99 79 42 55 N NH2 i A 58 61 45 41 55 N
H2ZN in A 55 94 79 39 53 0 NH2 NH2 A 56 43 46 Nd Nd N5 All reactions
wer e per f or nethmat. BPoriCcorslatdn afithe remesory@ypiealyf 2-04rhduk) the nZidtulie wiondi ti on
A. reaction carrjed ut in jso yl ether with 4-5 equiv Et OAc; ,Condition
B: reaction ff,l%ﬁr?c} @150%_3@ 3@?8:%@&@5@%&&& vigs pashadyth EMeruPhaEeEd m ned by
HNVR . FRARHQRERNH GabXC 88R WHRkEledlaRfse M BELERmMFEw S AGhAledy P CedUr

for resolution reaction
chromatography on silica gel. The enantiomeric excess of the amine and the

5 acetamide were determined by chiral GC by comparison of the retention times with
independently prepared racemic samples. Optical rotations were measured using a

P3001 Kruss polarimeter.

Preparation of (R)-N-(5,6,7.8-tetrahydroquinolin-5-yl)acetamide and (5)-5,6,7.8-

10 tetrahydroguinolin-5-ylamine

| N\ N
% =
NHAc NH,

[0192] Following the general procedure, 5,6,7,8-tetrahydroquinolin-5-ylamine
(213.2 mg, 1.44 mmol), CALB (64 mg), EtOAc (0.56 mL) and iPr,O (4.8 mL) were
stirred for 6 hours. The conversion determined from "H NMR by integration of the

15 peaks at 5.07 ppm (CHNHACc) and 3.91 ppm (CHNH;) was 50%. Flash
chromatography of the material on silica gel using 1:10 MeOH:CH,Cl, then 20:2:1
CH,C1,-MeOH-NH4OH furnished (R)-N-(5,6,7,8-tetrahydroquinolin-5-yl)acetamide
((132 mg, 48%) in 98% ee (chiral GC method: isothermal at 85 °C for 220 minutes
ramp 5 °C/min to 210 °C, hold 5 min, (§)-enantiomer, = 248.2 min, (R)-enantiomery

20 = 248.5 min); [a]p = +110° (¢ 1.32, CHCl;); 'H NMR (CDCl;, 300 MHz) & 1.69-1.81
(m, 1H), 1.84-2.00 (m, 2H), 2.04 (s, 3H), 2.01-2.18 (m, 1H), 2.86-2.99 (m, 2H), 5.19-
5.27 (m, 1H), 5.78 (brs, 1H), 7.10 (dd, 1H, J=17.8, 4.8 Hz), 7.58 (d, 1H, /= 7.8 Hz),
8.41 (d, 1H, J = 4.8 Hz); >C NMR (CDCl;) § 20.2, 23.8, 30.1, 32.6, 47.4, 121.9,
133.0, 136.9, 148.7, 157.7, 170.0; MS m/z: 191 (M+H"). The unreacted (S)-5,6,7,8-

25 tetrahydroquinolin-5-ylamine (was isolated in 48% yield (103 mg) and 99% ee (chiral
GC: (S)-enantiomery = 236.0 min, (R)-enantiomer, = 236.6 min); [a]p = +39° (c 1.03,
CHCl;); 'H NMR (CDCl3, 300 MHz) & 1.50-1.70 (m, 3H), 1.74-1.85 (m 1H), 1.86-
2.09 (m, 2H), 2.76-2.99 (m, 2H), 3.94 (m, 1H), 7.07 (dd, 1H, J="7.8, 4.5 Hz), 7.70 (d,
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[01911 A m xture of the amne (1 equiv; -0.2 M, Candida antarctica |ipase
B 10 (Novozyne 435) (30 wt% and ethyl acetate (4-5 equiv) in dry

i sopropylwetdzme278§ Condi ti on A) or neat ethyl acetate (CondcriwsB)37ner e
heated to 60 C and stirred vigorously. Anhydrous solvents (99.9%
purchased from Al drich were used. The progress of the reaction was

noni tored by GC using a chiral J&W CycloSil B -53 WO 03/022785

PCT/ US02/ 29312, J €DI3H®), 8.8 (ddl, CHpP et §,an5 BE); t' fe NMR ¢CDO) Gt19S, 62| 4.0~ 24
hours) the mxture was filtered thro a glass sintered funnel, was
washed with 4:@A4213r 136t Héﬁ@l, 1444 153@@2‘4%("/7&1@8 (MAH/3cuo. The unreacted

am ne and the acetam de were separated by chronmatography on silica gel.
The enantioneric excess of the amne and the 5 acetam de were determ ned by
chiral GC byPreparméon &fqR)-OF(5t612 8+tettahytliaisoquinmkia-Sail deetantidieprin@p 616, A8-pr epar ed
racem c_sanpl es. Cptical rotatlons were neasured using a P3001 Kruss

pol ari n¥t er .t U -ylamine

(R-N(5,6,7, 8- tetrahydroqw nol 5 | )acet a and (S)-5,6,7,8- 10
tetrahydroquinolin-5-"lam N NHJACY [019 Wi ng the general
procedure, 5,6,7,8-tetrahydroq 5- yIa 213.2 ng, 1.44 mol),
CALB (64 ny), EtOAc (0.56 nmL) and i 20(4 8 mL):were stirred for 6 hours.
The conversi on determ ned from'H NV i nt egrefflzon of the 15 peaks at

5. 07 ppm( d.3.91 H2 chro toQ hy of the
mater | al T Wé@%ﬁé&g RIS o S e

CH2C12- lvem(aw%g yrgni mmed, CALB (80 m%) EtOAc (0.71 mL) and iPr,0 (6.0 mL) were
(R -N-(5, 6, 7, 8-tettrahydroqui nol i n-5 acetam de, 132 ng, 48% in 98% ee

(chiral GC retirieddor 23hsurer coayexs@n@efe@mmédrw i waanﬁsg@thxa pithet o 210

m) s 1% o e s ARG Aoy ind SBobel ety PR PERNE 071 %81 (i

1H), 1.84- 2. dorhag@phy ofthOmafeial 3ir|);1,hc2gajusﬁlgll84 Maome?ﬁzczz tB6r 2199 (m 2H),
5.19- 5.27 (m. | J=.7.8, 4.8 Hz), 7.58
(d, 1H, J= ﬁ%z@lzjk\zeo%l\ﬁi@%fur&Fhﬁ(htheiRkNFﬁéaﬁ7 &%&WO@B}B@&@S-B 20.2, 23.8,

ity 220, Bl Py md 3B g3 S ch o k1o A€ Bk 197
i sol ated in 4% a/slisltd 2003 Aylpldadt 08 9@ofee2( Skt r(@'b-enantlomern = 38.3 min, (R)-
15 enantiomery, = 39.1 min); [a]p = +95° (¢ 1.81, CHCl;); 'H NMR (CDCls, 300 MHz) &
1.58-1.69 (m, 1H), 1.70-1.92 (m, 2H), 1.96 (s, 3H), 1.94 (2.04 (m, 1H), 2.61-2.68 (m,
2H), 5.00-5.10 (m, 1H), 6.82 (br d, 1H, J= 8.7 Hz), 7.05 (d, 1H, J= 5.4 Hz), 8.13 (s,
1H), 8.17 (d, 1H, J = 5.4Hz); '*C NMR (CDCl;) 6 18.6, 21.6, 24.4, 28.1, 45.1, 120.9,
131.4, 144.6, 145.4, 148.6, 168.4; MS m/z: 191 (M+H"), 132 (M-NHAc). The
20 unreacted (S)-5,6,7,8-tetrahydroisoquinolin-5-ylamine (was isolated in 43% yield
(114 mg) and 99% ee (chiral GC: (S)-enantiomer,; = 15.9 min, (R)-enantiomery = 16.2
min); [a]p = +63° (¢ 1.14, CHCl;). 'H NMR (CDCls, 300 MHz) & 1.26-1.69 (m, 3H),
1.70-1.85 (m, 1H), 1.86-2.11 (m, 2H), 2.67-2.79 (m, 2H), 3.91 (t, 1H, J= 5.4 Hz),
7.32(d, 1H, J= 4.3 Hz), 8.32 (s, 1H), 8.37 (d, 1H, J = 4.3 Hz); °C NMR (CDCl;) &
25 20.1,26.7,33.7,49.3, 122.5, 132.6, 147.6, 149.9, 150.8; MS m/z: 149 (M+H"), 132
(M-NHp).
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GC. (S)-enantionmerrt = 236.0 min, (R -enantionerrt = 236.6 mn); [all) =
+39 (c 1.03, CHC13);'H NMR (CDC13i 300 MHz) 8 1.50-1.70 (m 3H), 1.74-1.85
(m1H), Iwee3/o289 (m 2H), 2.76-2.99 (m 2H), 3.94 (m | pdrjusey/®s7{dd, 1
H J=7.8, 4.5 Hz), 7.70 (d, -54 WO 03/022785 PCT/ US02/29372 1H, J= 7.8
Hz), 8.35 (dd, 1H, J= 4.5, 1.5 Hz); 13C NMR (CDC13) 6 19-8,32.9,34.0,

49.6, 121.7, 136.2, 136.6, 148.1, 157.3; M5 nmlz: 149 (M+H+). Preparation of
(R -N-(5,6,7,8-tetrahydroi soqui nolin-5-yl)acetam de and (S)-5,6,7,8- 5
t et r ahydr oi soqui nol i n- 5- I ne ) i
gener al **"“- fR p NS o} geetamide and () .7’ng, 1.81
nmol ) , CALBté@%g@gui_@:{%‘?—S(ﬂmﬁ eM) and i Pr20 (6.0 nL) were stirred for
23 hours. The conversion determned from'H NVR by integration of the 10
peaks at 5.16 ppm (CHNHAc) and §.N sRM ( was 51 % Flash

chromat ography of the material [pn $ 1: 4 McOH: CH2C12 then
4:1:1 CH2C12- McOH NHACH f ur ni shed 6, 7, 8-t etrahydroqui nol i n-5-
yl)acetam de ((181 nmg, 51% in 94% qg4chiral Gigethod: 160 C for 20 mn,
ramp rate 5 C/min to 200 C, hold at 200 C for 20 min, (S)-enantionerrt =
38.3 m#, ( engpfibwineihd ger Bi, 5,6, iT afid-5-Himhd) ;. ' H
NVR (CDSC]:13, Rgé%ﬁw?agé‘pifgSS-%@gg‘?F#c 1H), 1?]78(':)2??1#9)?5%4&62&2&%51. 96 (s, 3H),
1.94 (2.04 (@63 mg) 1.76 ngmol), GALPBr(¢S npdipnd Et@Ac 67.Q ;Ipnyerg stifyed for 8hogisr d, 1

S vy C15c RieohuRioh deietmiieq trog B R by iftoddybRgeent Bhaste 104ty 1 7
144.6, 145. 4CHINIBAG) mihﬁﬁoﬁp%rNSSP_ﬂ!M{Z) 24 509¢+ Htash chiom4td&RBIACHL thd Fiatezial

unreacted (S)-5,6,7,8-tetra ol soqui nol i n-5-yl am nFe)'x_fvvas isolated in 43%
‘MeOFEE®IAG n,

yield (114 frylicaes! vg9s &d MeRiBIOAxtollowrd Brdi: B

R) - enant | .t = 16, i A)e = = ~13) o GDC13,
Son wad" O Tetlidned sk v-G1.0)is- R dfotitulafins- e (g 1 57 B hiRC
2.67-2.79 (r88%ES (chaPGC(thethdd:H30JIE f6r BROHRn, (S)7endatimier, HH,835mih, BR¥Z) , 8. 32

., 1H), 8.37 (d, 1H J= 4.3 Hz); 13C NMR (CDC13).8 25 20.1,. 26.7 3.7,
bo 3 Loo" b enatisorats A3d MEDIHp ~138° @1 ARG HAOMRICDE: 388 Miga i)

-55 5 1.62-1.75 (m, 1H), 1.85-2.04 (m, 2H), 2.06 (s, 3H), 2.48-2.57 (m, 1H), 2.90-3.13
(m, 2H), 4.96-5.03 (m, 1H), 6.34 (br s, 1H), 8.35 (d, 1H, J = 2.4 Hz), 8.39 (d, 1H, J =
15 2.4Hz); "C NMR (CDCL) 5 19.9, 23.6, 29.7, 31.8, 50.6, 142.1, 143.3, 152.0, 154.0,
170.7; MS m/z: 214 (M+Na"). The unreacted (S)-5,6,7,8-tetrahydroquinoxalin-5-

ylamine (was isolated in 45% yield (118 mg) and 99% ee ((S)-enantiomery = 25.9
min, (R)-enantiomerrt =29.0 min); [a]p = +61° (c 0.71, CHCl;); '"H NMR (CDCls,
300 MHz): 6 1.62-1.79 (m, 1H), 1.80-2.18 (m, 4H), 2.18-2.30 (m, 1H), 2.91-3.01 (m,
20 2H), 4.07 (dd, 1H, J = 8.4, 5.4 Hz), 8.32-8.38 (m, 2H); °C NMR (CDCl;): § 19.7,
31.7,32.2,51.5,142.0, 142.5, 152.6, 155.4; MS m/z: 150 (M+H"), 133 (M-NH,).

Preparation of (R)-N-(3.,4-dihydro-2H-pyrano[3,2-b]pyridin-4-yl)acetamide and (S)-

3.4-dihydro-2H-pyrano[3.2-b]pyridin-4-ylamine
0 O

I ~ l ~

N N~
NHAc NH,

25
[0195] Following the general procedure, 3,4-dihydro-2 H-pyrano[3,2-b]pyridin-4-
ylamine (243 mg, 1.62 mmol), CALB (73 mg) and EtOAc (6.0 mL) were stirred for 2
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WO 03/ 022785 PCT/ US02/ 29372 Preparation of

(R -N(5,6,7,8-tetrahydroqui noxal i n-5-yl)acetam de and (S)-5, 6, 7, 8-

t et rahydrew@uisnexdas i n-5-yl amne cc CND N NHAc NH2 5 [ 0194pcraldoneesny t he
general procedure, 5,6,7,8-tetrahydroqui noxalin-5-ylamne (263 ng, 1.76
mmol ), CALB (45 ng) and EtOAc (7.0 nL) were stirred for 2 hours. The
conversion determned from'H NVMR by integration of the peaks at 4.94 ppm

(CHNHAC) - anchohrd) 1T}&mash(zéﬁsltﬁﬂ21)eteﬁame6@&ﬁn W MRcblyrimﬂngaﬁgﬂi apdhy pedkstane.opgat eri al
on silica gel using 1:4 MO E ?Ac f ol | owed bé OH: MeOH: Et OAc 10
furni shed t P pyd &0 8re Wasp e (CHN pad ((EH Fﬁlrgnslswe;%%tda%nae Flath7 ny,

183 5 min (HpomiGets F?%‘%ﬁ??ﬁ”@%g&“%ﬁ‘% ol Ring 200 ML CH.CRIBMNAIRL T
NMVR ( CDCL3i  BOQOME)OH:MeDB2CH, 5 fimishdd-he (B)-8H3 2-dillydr2 2 pyrand306 (S, 3H),
D.48-2.57 1H), 2.90-3. 2H), 4. 96-5.0 6 L1 H,
8.35 (d- |($B]PXQIE‘44Y&?£)3W§%@ {%mgf%%) ‘339%5/5 e ERSEW&'%%@%% (’ezr&'is) 8H)
19.9, 23.6, i, radrp Prte §9C§‘n3n3t§36épcjifb¥d§t16b5’% for séﬁﬁn({p-eﬂamo er M M Z:

214 (M#Na+) . e “unreact ed 6, 7, 8-t et rahydroqui noxal i n-5-"y am ne (was

isolated in 4@5%1,3; Q‘RyienﬁaithmﬁgQ a0 riay[ &ﬁ){:é@"{eﬂaﬂst CHOt)I'HNMIS. 9 nin,
(R -enantionerrt = 29.0 mn) } (]D = +61 %ﬁ 71, CHC13); 1H NWR CDC13
300 MHz): S (1311913,130994%)814%)1 Q0 @@»121)189( 3y 24728 (o, 38D (41 8-4

S epesa) T 7ot B8 o P 1y B S LR TR QYT Y 12

150 (MtoH), ABBiz; I\’/P(I:\IM\)[R (CBpar ation of (R
N- (3, 4-di hydr o- 2H- rano%S 2- bl yr|d| n-4-y 1délacetam de and (8)- 3
, 4- di hydr o- 2-8D9s%nd 472, 4491.!)% i 1344 Y ha M AO2.Q 17059; Mm/wﬁ25[0195]

FoI | owi ng t
yl am ne (242!(?\/l n%$ EP? de %?‘?9&@ ‘?’?LA%Q I‘%/ﬁg&raa% W%ﬁ)ﬂ%’gﬁgj Y?M% QQ&{'I rred
for 2 -56 ViEdblak3d 022385 iRET10450g) 2 30% eehQSI SnanTbmeﬁQﬂveV sip(RYet er m ned
from'H NVR by integration of the peaks at .
enantiomery = 15.6 min); [a]p =-13° (¢ 0.72, CHC13) H NMR (CDCl;, 300 MHz):
15 0 1.84 (br s, 2H), 1.90-2.01 (m, 1H), 2.24-2.34 (m, 1H), 4.12 (dd, 1H,J=5.7, 6.9
Hz), 4.18-4.26 (m, 1H), 4.28-4.36 (m, 1H), 7.06-7.13 (m, 2H), 8.15 (dd, 1H, J = 1.8,
3.6 Hz); ’C NMR (CDCl;) 8 31.5, 47.8, 64.2, 123.8, 124.5, 142.1, 147.0, 151.1; MS
m/z: 151.0 (M+H+), 134.0 (M-NH3); Anal. Calc. for CsH,oN>O 0.1H,0: C, 63.22; H,
6.76; N, 18.43. Found: C, 62.99; H, 6.81; N, 18.22.
20

Preparation of (R)-N-(2-methvyl-5.6,7.8-tetrahydroquinolin-8-yl)acetamide and (S)-2-

methyl-5.6.7.8-tetrahydroquinolin-8-ylamine

N A

/ ~

N N Y
NHAc NH,

[0196] Following the general procedure, 2-methyl-5,6,7,8-tetrahydroquinolin-8-
25 ylamine (412.7 mg, 2.78 mmol), CALB (128 mg), EtOAc (0.63 mL) and iPr,0 (7

mL) were stirred for 9 hours. The conversion determined from 'H NMR by

integration of the peaks at 4.73 ppm (CHNHACc) and 4.00 ppm (CHNH,) was 51%.

Flash chromatography of the material on silica gel using 1:10 MeOH:CH,Cl, then

10:1:1 CH,Cl,-MeOH-NH,OH furnished (R)-N-(2-methyl-5,6,7,8-tetrahydroquinolin-
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ppm and 8.16 ppm was 50% (CHNH2 and CHNHAc signals were not distinct).

Fl ash chromat ography of the material on silica gel using 1:10 McOH CH2C12

fol | owed Wy 030247840 NHAOH: MeCH: CH2C12 furni shed the PCT/US02/29372

(R -N-(3,4-di hydro-2H pyrano[ 3,2 5 b] pyridin-4-yl)acetam de ((145 ng, 47%

in 98%ee (chiral GC nethod: 140 C for 16 mn, ranp rate 5 Cmn to 160 C
hold at 160 C for 50 mn, (S)-enantioner,Y = 41.5 mn, (R -enantioner,Y =

40.9 nmin); [&)Dacetanfife ((Qélmfgwmwral@% eahthﬁMGc(nﬁmd& mlaaDteM;izaanﬁe 14@1- 2. 00
(mlH),197 s, 3H), 2.47-2.57 (m 1 4.18-4 2H), 4.85-4.92 (m
1|—|), 6. 97 (mMC, gial tm@ﬂZ (Ibtputgs, rgmpHpate 7 °G/mniy, glglqum)erqu{e 190 ,Qnal timee 3. 9

152 013%75@0(% m gme Mg%%)mmm-eaﬁrﬁgé%etr%%%’l% mm%'4[oﬁp =]:462 %b 141.7,
(S)-3,4-di hyﬂv;&gbggnﬁw{& LRy Hitlz e YI5BIN, S (rd. 125, 1B§ql¢1tca¢ 2, 43%

yield (104 ng % ee enantiomern = (R - "enantionerrt =
15.6 mfn) [2208 §s, 3H),2351( G, 26HY2 61(L‘Hlt[ﬂ,3H J=HICNMF5 ((SI:CHI%) 2360\, =46 8 1.84

6.0 ho) 4 B9 475 (e o6t B 1y oA Bt s 7609, 5l 18 g

(1 23' 1,1H14; _oﬁz)?glc 1311\& h}é%%’) §2WRzi 53%123)28@ §é 6551 §712§ 4 @,ﬁo inlaal]#@ Cgl C12]f10:§

C8H, ON20 ' Dp4141265.7C17068. MS,m/HZOSQWGi)N%:(M MHAd;o[]‘hdum@acteQ(SQZ- H 6.81;
N, 18.22. 20 Pre 0

(RN (2 moCHNYE 6, - BeRcramyn o HotPn (has gaied i A sl apeland

met hyl 6, 7918, OpHI -yl atibiaelNER |4 owi n
t he ge}lgra 9&’6%@5&‘ V@C e eﬂ%tid?néé’r 7, 1grgtﬁeltﬁlr g%i é(}llr oqul %J(;II |2nd g % (Eﬁlgam ne ]
(412.7 ny, 2+658 (MV)CHCN)BHNR/B{(@)Clsj':”.(IDMHzQBGBSZFer anmmpnmzm(m)
were stirred for he conversion determ ned f

i ntegration 31 ?Hé Zp%%(& lzﬂ) 2-49 85, 35hh - €Ri3A(M. gﬁd 3994 Oﬁﬁm’@@lﬁ-&g’(%s 51

Lo, SPB FBAN 28l e A B CR CoR1G8 2081 291032,

(R) - N- (2- met31ys,-131 6, 7286t B7t6h 510 OLp9.0) IS mr/z: 563 \(KA+85).022785 PCT/ US02/ 29372
8-yl )acetam de ((167 nmg, 47% in 88%ee (chiral GC nethod: initial
tenperé?ure 140

Preparation of (R)-N-(6.,7-dihydro-5H-[1]pyrindin-7-yl)acetamide and (S)-6,7-

dihydro-5H-[1]pyrindin-7-ylamine

AN X

B »
NHAc NH,
[0197] Following the general procedure, 6,7-dihydro-5H-[1]pyrindin-7-

20 ylamine(271 mg, 2.02 mmol), CALB (81 mg) and EtOAc (6.5 mL) were stirred for 7
hours. The conversion determined from "H NMR by integration of the peaks at 5.17
ppm (CHNHAC) and 4.21 ppm (CHNH;) was 55%. Flash chromatography of the
material on silica gel using 1:10 MeOH:CH,Cl, followed by 1:1:4
NH,;OH:MeOH:CH,Cl, furnished (R)-N-(6,7-dihydro-5H-[1]pyrindin-7-yl)acetamide

25 ((194 mg, 41%). The two enantiomers of the acetamide could not be resolved by GC
nor HPLC, and hence the %ee had to be determined indirectly. A small sample of the
acetamide was treated with 1N HCl to convert it to the amine, and the resulting amine
was resolved by chiral GC (chiral GC method: 85 °C for 120 min, ramp rate 5 °C/min

to 210 °C, final time 5 min, (S)-enantiomery = 124.3 min, (R)-enantiomery = 126.1
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C, initial time 22 mnutes, ranp rate 1 Cmn, final tenperature 150 C
final time 70 mn, (S)-enantionerrt = 89.4 mn, (R -enantionerrt = 91.6
mn); [a]Wo030iD8s (c 1.67, CHCL3); 1H NWVR (CDCl3, 300 MHPcTAISD2/24374.66 (m
1H, 1.82-1.91 (m 2H), 5 2.08 (s, 3H), 2.51 (s, 3H), 2.61 (ddd, 1H, J=
13.2, 5.1, 5.1 Hz), 2.76 (t, 1H, J=6.6 Hz), 4.72-4.79 (m 1 H), 6.61 (br
sl|—|),698(d 1H J=7.8H), 7.31 (d, 1HJ:78 Hz); 13C NWR
(CDC 3) 6 20mih) to?§1v8%624>f29%2&x]2) 2!9°6c159 (SHCMZ HlNMBOC]DCh;Ls(iO MHz)E54 4,
155.7, 170.8; &é? IT)I é f,vé The unreacted (S)

met hyl - 5, 6, 71- éi-tle%Pr(@hQ/H? (ot }12810572 %{rﬁe”(l 4933 gheld) ﬁ3§éb/55y| el d (107

T06 mny; PR mAS RV R, PR TR (i BRSO

1.62-1.82 (nyCRMR (CD&%5). 1506, (2813, 33!9!)552 IJZB(2123)3(TG72,|-11)48 2214894(13’)2 73H)

2.61-2.82 2 93- 1H, J=
1H J= 9. 8( @7)1 0H)T§ts Wcmﬁ@xé? ctah;%o $H- bldpmndzrgPMaWe 6was qu)a@d 1112%%7

05 15 S B 0 L O Al o,

di hydr o- 5H [=1}mzt nmin) mxdﬂép@ayedkmtﬂhlldﬁﬁcawbiﬂme dtlidPing fr&kﬁtﬁ] H:NMRM ng the
ener al rocedure rindin-7 20 (27 2.02
o 2 LB PO MEER DB iy, Rh e .ok 25536 (o 18, T¥e

conver si on r N, @frhh t 7  ppm
( CHNHAC) ancaj@ggzl? i(%:l-lq;w?%z}l_b %%4%;&1:?25% Z‘%r o%aI# gfggm&g;m—% é

materi &0 on 48 Hz¢37 f'gead UH| hg 718 HO), BRIOHI CHR,CN-2 4f8dH2)oVikhet dbyk daldrof the

NHAOH: MeOH: CH2C12  f ur ni shed R di hydr o- 5H . .

] pyri ndi n- 7-30ing alerppndic (y‘)f@hm*grﬁhmﬁ?t‘a aPhﬂPée‘f%e{f%‘éﬁm%ﬂsPé)fB? t he
acet am de cqyidalnBstatibs resol ved by GC nor HPLC, and hence the %e had to
be determined indirectly. A small sanple of the acetam de was treated with
IN HO to convert it to t he am ne, and the resulting amine was resolved by
chiral GC (chi . - 85

final tinme uBin i F -

-58 W0 93/ 02@785’ méticdﬁ@&/om&?clolﬁedtﬁ[bIDer@inv@»vPéﬁﬁn@f 79% [a]D = -41 (c
1.49, CHC13) ; "H NWMR (CDC13, 300 MHz) 6

CQCO

NHAc H,

[0198] Following the general procedure, 6,7,8,9-tetrahydro-5H-
cyclohepta[b]pyridin-9-ylamine (195 mg, 1.20 mmol), CALB (59 mg), EtOAc (0.48
mL) and iPr,O (4.6 mL) were stirred for 24 hours. The conversion determined from
20 'H NMR by integration of the peaks at 5.05 ppm (CHNHAc) and 4.34 ppm (CHNH,)
was 58%. Flash chromatography of the material on silica gel using 1:10
MeOH:CH,Cl; followed by 1:1:4 NH;OH:MeOH:CH,C], furnished the (R)-N-
(6,7,8,9-tetrahydro-5H-cyclohepta[ b]pyridin-9-yl)acetamide ((134 mg, 55%) in 45%
ee (chiral GC method: 180 °C for 15 min, ramp rate of 10 °C/min to 210 °C, hold 10
25 min, (S)-(-)-enantiomer,, = 17.4 min, (R)-(+)-enantiomer, = 17.1 min); [a]p =-10° (c
1.34, CHCls); '"H NMR (CDCl3, 300 MHz) 81.09-1.31 (m, 2H), 1.80-2.03 (m, 3H),
2.06 (s, 3H), 2.24 (d, 1H, J = 13.5 Hz), 2.65-2.71 (m, 1H), 2.75-2.85 (m, 1H), 4.96-
5.01 (m, 1H), 7.06 (dd, 1H, J= 7.0, 4.8 Hz), 7.38 (d, 1H, J= 7.0 Hz), 8.11 (brs, 1H),
8.28 (d, 1H, J= 4.8 Hz); °C NMR (CDCl;3) § 24.0, 27.3, 30.1, 34.5, 34.8, 53.8, 122.8,
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1.75-1.89 (m 1H, 2.07 (s, 3H, 2.80-2.98 (m 3H), 5.19-5.27 (m 1H), 6.32
(br s, I H, 7.14 (dd, I H J=7.5, 5.0 Hz), 7.55 (d, I H J= 7.5 Hz), 8.39
(d, I H vweodnzxnsk);, 13C NVR (CDC13) 8 23.6, 28.3, 33.9, P6I/R02/1932 0,
133.3, 137.2, 148.2, 148.4, 162.7, 5 171.0. The unreacted

(S)-6, 7-di hydro-5H-[ 1] pyrindin-7-ylam ne (was isolated in 42% yield (113
ng) and 99% ee (chiral GC, (S)-enantionerrt = 124.3 mn, (R)-enantionerrt

= 126.1 m n)13dr(l;llBWSp1£6y5ed59r2em9ra Mﬁepmlml(Mw‘d{Dh@hsnmeaua@(W"es pal: 'H
NI\/R (CDC13, 300 MHz) 8 1 68-1,88 ( 75-2.86 (m
1H), 2.92 (teigrhydro-f cyclowta[b qué-yéawy (W%é ig af@édn %wlelé & bmg) 7.8
Hz), 7. 08 ( lio L 8.40 (d,
1 H J=4 gﬁﬁz%l Teh(e%mreﬁrcﬁcco géanglf) h@% Zg‘%lwgd(a j;leglr‘ﬁ'lt;l)olljﬂrlel—rtl 062(%(1%%1“ b¥ col um
chr omat ogr afghyp =pr+ee(acm &3 CieCh);nmind aESptuyed)ﬁpactrs idenptalcatherstdrihg material:
Preparation of (R etra

N - 5H
o o MR G0 o S 53 Gny e, 636- 1650000 Ao IS, Afey

| oh b

gencral - procsifs s AV 28 TR Ak o ML P T PR T BR8P e
(195 ny, 1.2, erI%ﬁOGQ@BSGB%m)H)Et OQAc (0.48 nl) and iPr20 (4.6 nL) were
stirred for 24 hours. The conversion determ ned from20 1H NVR by

integration of the peaks at 5.05 ppm (CHNHAc) and 4. 34 ppm (CHNH2) was
58% Flash GHomRAIRRIN-Qls 6.08cERhAldehs dtias 7R ARl ddBdG)-J.s 18-

MeOH: CH2Cl 2 TolTowed by 17174 NH4 H VECH: CHZCLZ furnished the (R - N

(6,7,8]1®-tette rabebidfenani’o b] pyridi n-9-yl)acetam de ((134 ng, 55%
in 45% ee (chiral GC nethod: 180 C for 15 m'n, ranp rate of 10 Cmn to
210 C, hold 10 25 nmin, (S)-(-)-e r, 4 mn,
(R-(+)-enantionerrt = 17.1 mn) 8 1.34, CHC13); 'H NWR

(CDC13, 300 MHz) 81.09-1.31 (m 2% 1. 80- 2903 {m 3H), 2.06 (s, 3H), 2.24
(d, 1H, J= 13.5 Hz), 265271(m1N)-IAc2752N3‘5(m1H) 4.96- 5.01 (m 1
H, 7.06 (dd, 1 H J =7.0, 4.8 Hz), 7.38 (d, 1 H J = 7.0 Hz), 8.11 (br s,
1 H), 8.28 [0#99]1H, Fgtowing the-gencrmdoroaraure, d;mg)te@almir@enmﬁl@n -Bplaming4. 5,

4.0, 55,0 130, 9 CALBTITR T A BB D ecd S
tetr ahydr 0- ESHn@wfanlW&mu?s[ b]Th%Wohdé:r@roﬁ-dﬂe&ﬁid&& ﬁ(owakH NOVIR dlyankejatidd 86 theel d (81
") 15 peaks at 5.09 ppm (CHNHACc) and 3.95 ppm (CHNH;) was 55%. Flash
chromatography of the material on silica gel using 1:20 MeOH:CH;Cl, followed by
1:1:4 NH4OH:MeOH:CH,Cl, furnished (R)-N-(4,5,6,7-tetrahydrobenzofuran-7-
yhacetamide ((104 mg, 53%) in 79% ee (chiral GC method: 120 °C for 15 min, ramp
rate of 2 °C/min to 160 °C, hold 20 min at 160 °C, (S)-(-)-enantiomer,; = 43.6 min,
20 (R)-(+)-enantiomer,, = 45.8 min); [a]p = +58° (¢ 1.04, CHCl3); '"H NMR (CDCl;, 300
MHz) 8 1.65-1.86 (m, 3H), 1.90-1.2.04 (m, 1H), 1.94 (s, 3H), 2.30-2.50 (m, 2H), 5.09
(br s, 1H), 6.16 (s, 1H), 7.24 (s, 1H); '>’C NMR (CDCl;) & 20.6, 22.4, 23.6, 31.0, 43.6,
110.7, 120.9, 142.2, 148.8, 170.1; MS m/z: 180 (M+H"). The unreacted (5)-4,5,6,7-
tetrahydrobenzofuran-7-ylamine (was isolated in 39% yield (59 mg) and 94% ee
25 (chiral GC, (S)-enantiomer,, = 12.6 min, (R)-enantiomery = 13.5 min); [a]p =-18° (¢
0.59, CHCl3); '"H NMR (CDCls, 300 MHz): § 1.50-1.75 (m, 4H), 1.76-1.90 (m, 1H),
2.01-2.20 (m, 1H), 2.30-2.50 (m, 2H), 3.94 (t, 1H, J=5.7 Hz), 6.17 (d, 1H, J=1.5
Hz), 7.26 (d, 1H, J= 1.5 Hz); >’C NMR (CDCl): § 21.1, 22.6, 34.0, 45.5, 110.5,
117.9, 141.3, 153.6; MS m/z: 160 (M+Na").
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and 61%ee (chiral GC, (S)-enantionerrt = 5.81 mn, (R -enantionerrt = 6.00
mn); [a]D = +2 (c 1.13, CHC13); and displayed spectra identical to the
starting wateneass 'H 5 NVR (CDC13, 300 MHz) S 1.20-1.35 (am/usb)/29312 36-1. 53
(m 1H), 1.75-2.01 (m 4H), 2.15 (br s, 2H), 2.69-2.77 (m 2H), 4.16 (d, 1
H J=8.7 H), 6.95-7.06 (m | H), 7.32 (d, 1H, J= 6.0 Hz), 8.34 (br s,
1H). Preparation of (R -N-(4,5,6,7-tetrahydrobenzofuran-7-yl)acetam de and
(S)-4,5, 6, 7-pra&rzttﬁmroeﬂquls@zaftetrmd%quinaﬁmeylﬁcaaﬁﬁde £dr(0)-5 8178 NH2

[0199] Fol | owi ng .t he, gener procedure,
4,5,6,7- tetrWMQMylam ne (150 ng, 1.09 mmol), CALB (45 ng),
EtOAc (0.43 nm) and |Pr20(4 0 ) 2d NM, 17 hours. The
conversion determned from' mter&t of ‘the 15 peaks at 5.09
ppm (CHNHAc) and 3.95 ppm ( CHR 3 chromat ography of the
material on silica gel using 1: 0|VtO—|CHZ 2fo||owed by 1:1:4

NHAOH: MeCH: 2 fp&lmv@lhgﬂle(g%he% A)cédu@e 54 maa*m%%q%mfnm Famine _
yl)acetam de ((104 ny, (chiral’ GC méthod: 120 C for 15 nin,
ranp rate d25p4 GlgwﬂﬁotranBLCQLBl‘(GB (mQOEH@Ap @:601180) @d P80 (4§ ménavers onmer rt

= 43.6 mn, ionert =.45 8 )a C13) ;
TH e ( onciaret By 25 R 3t afiormsric Goths B 306, 7.3 Bngassaiinblin biylmieg 012
3H), 2. 30- 2.558 M-[9,6,2 B)tetrfhydBoquindlinSs- yl}i‘&)etanﬁdé-ﬁl z(ﬁaactidﬂ)mxx?ur@‘&tﬂﬁspolﬂ) 13C
NVR (CDC13) 6 20.6, 22.4, 23.6, 31.0, 43.6, 110.7, 120.9, 142.2, 148.8,
170.1; NS mvwas lﬁe@ar(d\M%)espwé/eMcbmlt% n(eg)ad41§O EC'fOY 10 minutes, ramp 1

t et r ahydr ob f d. % d. (5 94%
e 25 {cnir o o3 “CrbellisBimin 5254355 e, Cord lart PO 1525

mn); {@&] D Tminl )(19‘ QOES%m rzﬁlml\d%ﬁt@@a%d 73 MJ@)\L@eréa@&dl 75 (m
4H), 1.76-1.90° 1H, ~ 2.01-2.207(m 1 H), 2.30-2,50 (m 2H), 3.94 (t, 1
H J = 5.7 Hny thesrea_alo@dmxmlrﬂwas stirrad for Sikpyrs. The@nanfionteriq exgess of (9- Hz) ; " C

A (DL s &3 Sl et e i liided® o 10 112

(R) - N (5, 6, #ilfcét@midRhiN tieagiidd@hétionimiktyra sl asvmciaaw feSHedtivblyfartit the
t et rahydr oqui nol i n- 6-yl am ne
reaction was stopped.

15
Racemization of (R)- N-(5.6,7.8-Tetrahydroquinolin-8-yl)-acetamide and (R)-(5,6.7.8-
tetrahydroquinolin-8-yl)-amine
X 150 oC
| _— |
N neat, N"
NHA sealed tube, Ar
¢ quant. NHAc
98%ee 0%ee
X 150 °C x
® R
N neat, N7
NH sealed tube, Ar
2 87% ks
989
toee ’ 0%ee
[0201] (R)-5,6,7,8-N-(Tetrahydroisoquinolin-8-yl)acetamide (200 mg ; 98% ee
20 determined by chiral GC) was placed in a sealed pressure tube flushed with argon.

The reaction tube was placed in a hot (150 °C) oil bath until the starting material

melted and heating was continued for 40 minutes. The material at this point had the
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cTilllITirNHAC NH2 I O (1O N N [02001 Foll owi ng the general procedure,

5,6, 7,8-tetrahydroqui nolin-6-ylamne 5 (251.4 ng, 1.70 mol),

Et OAc (0.wO0 ogio)27ahd |1 Pr20 (4.8 nmL) were stirred for 23 heamausoybes72
enanti onmeri c excess of 5,6,7,8-tetrahydroquinolin-6-ylamnmne and

N-(5,6,7,8-tetrahydroqui nolin-6-yl)acetamde in a reaction mxture at this
point was 15% and 62% respectively (chiral GC nethod: 160 C for 10

m nut es, ranmaitiorfénid exctss of Boe€,anth dts

82.2 mn)

Et OAc and 75°

for 5 hours.

[03 en?ﬁ}-(%}’ﬁ@t&reﬁ?&ﬁﬁﬁﬁm@im@l) -amine (38 g; 98% ee determined by

5,6, 7, 8-t et rahydroqui’nof i'n-6-yl am ne and
(R) - N- (5, 6, Thiralt 6 atay Heaverliionldl0i °h-16 2 rgundadmdtoanflak usmgtdlecatingidentie@act i on

m Xt ur e_was

Raceni zati on %?{%l?%?raéq%g{%%lesp‘%gé)l i g%@ lo(agfﬂ%?r C%{I@Fe)s aﬁ‘ig} éﬂg&gﬁgané

(R-(5 6,7, &unfegtdhmwébmum@kdaeu&r Ydssel s k60168 % Rfom feMperadgatl Ku

tube, Ar NHAc quant. 98%e 0%e 150 oC N neat, ('N-- N112 sealed tub
NH2 98% e Shstildien of {hgxoatgrial provided the amine in 87% yield (33 g).
(R)-5,6,7,8-N(Tetrahydroi soqui nolin-8-yl)acetam de (200 ng ; 98% ee

det er mi ned by chiral

argon. The rlemmhmmh Vb ERWVRS, 7(8- Nq Edtrahydfoisuafuinolin-W)acetamibbat h until th
starti n mat eri a

15

20

25

(R)-5 6 7,8-N-(Tetrahydroisoquinolin-5-yl)acetamide (60 mg ; 94% ee determined by
chiral GC) was placed in a sealed pressure tube flushed with argon. The reaction tube
was placed in a hot (150 °C) oil bath until the starting material melted and heating was
continued for 2 hours. The material at this point had the enantiomeric excess of 0%ee
and its "H NMR was unchanged in comparison with the ee% of the starting material.

The yield of the racemized product was 60 mg (100%).

Asymmetric Synthesis of (R)-(-)-8-Amino-5.,6,7.8-tetrahydroquinoline

A MnO, N (R)-(+)-a-methylbenzylamine A
— -

N/ CH4Cl, N/ MeOH N/ |
oH 8% 95% N
H2 Pd/C NaBHyg,
EtOH, 0°C
MeOH/HOAC

93%
59%

98% ee 98% ee

[0203] Note: Depending on which chiral auxiliary is employed (i.e. either (R)-(+)-
or (§)-(-)-a-methylbenzylamine, both of which are commercially available), this
method can be used to generate either (R)-(-)-8-amino-5,6,7,8-tetrahydroquinoline or
(8)-(+)-8-amino-5,6,7,8-tetrahydroquinoline in enantiomerically pure form. The
intermediate 8-hydroxy-5,6,7,8-tetrahydroquinoline was prepared according to the

procedure described in Bridger et. al. PCT International application
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mel ted and heating was continued for 40 m nutes. The material at this point
had the -61 WD 03/022785 PCT/ US02/ 29372 enantioneric excess of 0%e and
its 'H NWRowss2amsshanged in conparison with the ee% of tPeTaISARLIFTY
material. The yield of the racem zed product was 200 ng (100% . [0202]

(R -(5,6,7,8-tetrahydroqui nolin-8-yl)-amne (38 g; 98% ee determ ned by
chiral GC) was heated to 150 Cin a round bottom flask using a heating
mantle. 5 Cor@l/€A0w@EI3eN Fat the puidsesaliskusvation,ahe syalthesis)of aR)-€)-8-3thind-nut es
and the material turned dark in color. The reaction vessel was cooled to
r oom t enper ab-by’ S-teRalpudro@npolingiisdsscribid on of the material provided the
amne in 87%yi el . X 1 ZAlkion 0f 1.9

(R)-5, 6,7,8-|\L(Telqe &H"ffﬁﬁ Al sHOhiRblin-8one, |

(R -5,6,7,8-N(Tetrahydroi soqui nolin- etam de (60 ng ; 94% ee
determned by chiral GC) was placed \n-a _seal ed pressure tube flushed with
argon. The reaction tube was placed i N a hot (150 © oil bath until the
starting material melted and heating was @ontinued for 2 hours. The
materiab at this point had the enantioneric excess of 0%e and its "H NWR
was unchange0204] comparstig@d svlutibn bH&hedr¥x 9f5,6, Ne-tekahytiogginstihe (1386 g, 15 The
yield of the racem zed product was 6 009 Asymretric Synthesi s of

0 1 .
(R (- 6 ARG 57 g B PAE solg2 FHGon activated §5%% MnG;

1A “elPHERE Y BRUBT 6 i R tok sy Bghbipial °

Dependi ng orstinded dB he hi whilch ook theanix turs wasrfiltened dhroiglea cakictdfeelite®pd (+) - or

(o s dae o AR SR ol SSRIER Sth bRl 8 )
(s arﬂ:rﬂﬁdé 1927 ’3&82%? 'bﬁﬂﬂédiftl@q;ldhﬁghﬁdl@s Ppale yellow solid, which was used in
(S)-(+)-8-amno-5,6,7,8-tetrahydroquinoline in enantionerically pure form

The i nt er nestbsgqueis-rpgation withow fartiger purifigaticar Shigimasérial displeyepspesta ed
accordi ng to gqlec ft%t rs%cr%giour[eg gescri bed in Bridger et. al. PCT
I nt er nat i onaf B8] PR RPOT B 2505 03/ 022785 PCT/ US02/ 29372

Preparation of (R)-(-)-(6,7-Dihydro-5H-quinolin-8-ylidene)-(1-phenylethvyl)-

15 amine

[0205] To a stirred solution of 6,7-dihydro-5H-quinolin-8-one (3.02 g, 20.5
mmol) in dry MeOH (100 mL) was added (R)-(+)-a-methylbenzylamine (2.61 mL,
20.5 mmol) via syringe. The resulting mixture was stirred 24 h, at which point

20 additional (R)-(+)-a-methylbenzylamine (0.26 mL, 2.0 mmol) was added and the
reaction was stirred for an additional 24 h. The solvent was removed in vacuo and
dried for 3 days at room temperature under reduced pressure (0.1 Torr) to afford 5.38
g (95%) of the title compound as a red/brown solid. [a]p =-126.0 (c 1.04, CHCl);
'H NMR (CDCls) 8 1.55 (d, 3H, J = 6.9 Hz), 2.17-2.29 (m, 2H), 7.35 (t, 2H, J= 7.8

25 Hz), 4.39 (q, 1H, J=6.6 Hz), 4.72 (t, 1H, J= 4.7 Hz), 5.50 (br s, 1H), 7.07 (dd, 1H, J
=17.5,5.1 Hz) 7.20-7.47 (m, 6H), 8.37 (d, 1H, J = 2.4 Hz); ">*C NMR (CDCl5) & 21.99,
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PCT/ CA00O/ 00321. For the purposes of illustration, the synthesis of
(R-(-)-8-amno- 5,6,7,8-tetrahydroqui noline is described. Preparation of
6, 7- Di hydwo-0Bl42zyss nol i n-8-one (N) O 5 [0204] To a stir red/msobedsron of
8- hydr oxy-5, 6,7, 8-tetrahydroquinoline (13.96 g, 93.6 mmol) in dry CH2Cl12
(400 m.) was added solid < 5 mcron activated 85% M02 (nmanganese |V
oxide) (82.22 g, 804 mmol). The resulting black suspension was stirred 18
h, at which 2;50683128t2|9e53r79gt98rle M?aZs43‘i1I2668;etI27t(m 02§ 02 a1 32ade 185.04,6Bpue, and 10
washed with CH2C12 he cqmbi ned washi ngs were concentrated to

provi de 11. 2HA6g3% ééﬁg/é‘s)c(ﬂfzstl\ﬂ%”t/if ﬁle(l‘é“dﬁbound as a pale yellow solid, which
was used in 5,0 » ; tgllr R kﬂanTHISS

mat eri al di ayed ed above. Preparation
of (R -(-)-(%, vdr o- 5H qui nol i n- 8-yl i dene) - (1- phenyl et hyl )- 15 am ne
CN- N [0205] To a stirred solutiof o - di hydr o- 5H qui nol i n-8-one (3.02
g, 2005 mol) in dry MeCH (100 niL (R)-(+)-a-net hyl benzyl am ne
(2.61 nL, 20.5 mvl) via syringe. The g mxture was stirred 24 h,
at which point 20 additional (R)-(+)-aH nzylamne (0.26 nL, 2.0
mmol ) was added and the reaction was stifjred for an additional 24 h. The
sol vent® was renmoved in vacuo and dried for 3 days at roomtenperature

Compound. as 02005 bilB oLt 4, et SeRlioR 6f B s, Bamdidaquinctip e
(CDC13) 8 1. 9)5@ ehé- (1§‘Jﬁen)Jlethgl)9anHﬁé (500- x%%“z?o(%%n{oym%w echnoﬁE(GH) @bimph= 7.8

25 Hz), . 5.50 (br s,
H, 7.07 (dd~a51adld|¢d SolidNaBH, (sadmmtgroﬂydzrdemm nfgno. Qﬂ-ll)lmoa 1375n¢ portionH, J =

2.4 HZ "C 1 8 21.9 / 5 PCT/ US02/ 29372 25. 68
28. 29, g5 7 eg‘éé“(f\@%ﬁ’ﬁ“&?é’f“fgge%%?‘ oy 5o Ben singrlg siarmediopigom 307
139. 47, 14ﬁeﬁ§eraﬂu5@ afiBstirfed-aMbrthédrzl 820 1S driatdd-aqueous NaHCO; (40 mL) was

added and the phases were separated. The aqueous layer was extracted with CH,Cl,

(3 x 50 mL) and the combined organic extracts were dried (MgSQO,) and concentrated.
Flash chromatography (silica gel, 20:2:1 CHCl3;-MeOH-NH,4OH) of the crude

15 material afforded 470 mg (93%) of the title compound in 98% de (separated by chiral
GC, J&W CycloSil B column, isothermal 180 °C, (R,R)-diastereomer; = 46.10 min,
(S,R)-diastereomer, = 46.92 min). [c]p =-31.0 (c 0.65, CHCl;); '"H NMR (CDCl;) &
1.48 (d, 3H, J =7 Hz), 1.55-1.64 (m, 2H), 2.65-2.79 (m, 3H), 3.86 (t, 1H, /=6 Hz),
4.10 (q, 1H, /=7 Hz), 7.05 (dd, 1H, J= 8, 4 Hz), 7.14-7.46 (m, 6H), 8.42 (d, 1H,J=4

20 Hz); *C NMR (CDCl3) 8 19.9, 24.7, 30.1, 31.1, 58.3, 58.8, 77.1, 77.5, 77.9, 122.4,
127.3,127.5, 128.7, 137.4, 147.2. ES-MS m/z 253 (M+H).

Preparation of (R)-(-)-8-Amino-5,6,7.8-tetrahydroquinoline
AN

~

N

NH
[0207] A solution of (-)-(1 -(R)-l-phenyleth;l)-(S-(R)-S,6,7,8-tetrahydroquinolin-
25 8-yl)-amine (140 mg, 0.55 mmol) and acetic acid (127 pL, 2.20 mmol) in dry MeOH
(3 mL) was flushed with nitrogen, then 10% palladium on carbon (32 mg) was added,
the mixture was hydrogenated (50 psi) on a Parr Shaker for 18 h. The crude material
was filtered through a cake of celite and washed with MeOH (3 x 10 mL) then the
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Preparation of (-)-(1-(R)-1-Phen 1~Y) (8-(R)-5,6,7,8-tetrahydroqui nolin-8-
1 -amne (NN HN 102061 To a cold (0 C), stirred solution of

(R - (-) - (wom3aeirgslr o- 5SH- qui nol i n-8- vyl idene)-(1-phenyl et hylOr/zsoe/ees7¢ 500 ny,
2.00 mmol) in dry ethanol (EtOH) (40 nL) was added solid NaBH4 (sodi um
bor ohydride) (227 ng, 6.00 nmol) in one portion. 10 The resulting m xture
was stirred 3 h at 0 C, then slowy warned to roomtenperature and stirred
a further 1&ombifaitwishings “&wﬁﬁmsmmmash%rdfhétogﬁ@hy ailttadennd:2t h€Hphases
wer e separated. The aqueous |ayer was extr @HE wth CHCL2 (3 x 50 nl)

and the comGreMeOEyNF:OHRof theqrade waterighy e(dl\?bQS@ﬁf”aﬁhOfctBﬁE@ﬁtrat ed.

Fl ash chro o JG§:I—£§2. . crude 15
mat eri al a;r?égr ggﬁg%é% %g%&%%gpb?%g ?llt corrpound1 I'n 98@&% ?lgepar at ed
by chiral Genpd@MEMEDEE] nitil ¢imderi Gmyinj natt't h&Crrain, figdl t€nperature: 130 °C,

YT o (570! il Bt Byin - (Qretioetssmy ~d 24 iy (B Cspponyiomst gy 51 1 hijek . 4
2H), 2. =7 7 Hz),

(7, 5 B 0l et B g e o

13C NWR (CDG&&)rtcﬂab@vé) 24.7, 30.1, 31.1, 58.3, 58.8, 77.1, 77.5, 77.9,

122. 4, 127 137. 4, 147 2 P t

of (R) sL%A %%élt@nelewawwwﬁﬁérﬁ@l}%@%wﬂzgﬂ{l&eﬁ% ol at fon

of (-) (1 (I@uxilhappgwj)\%lggjo),v (8 (R -5,6,7,8-tetrahydroquinolin- 25

8-yl)-amne (140 g, 0.55 mml) and acetlc acid (127 L, 2.20 mmol ) in dry

MeCH (3 nmL) was _{ | ushed) &{(H- 1mrtenyi|gepylarmutmen 0% pal | adl um on carbon (32 ny)
was added; thg n re \N&@thdrogenat(} n a Parr Shaker for 18
h. The crude all was filtered through elite and vi@shed
with MeOH (3 x [) tH&RBHmdMeBY wo 03/ 022 5 /29372 conbi ned
washi ngs were conceftrated. Fl 8% chromat ogr aphfN{si a gel, 20:2:1 CH
20 2- MeOH NHAOH) ,gf the crude material afford 49 (59% of the title
corrpou%i in 98% ee (separated by chiral GC, J&W Cyc oSiI B colum, initial

Asymmetric Synthesis of (5)-(-)-8-Amino-5.6.7.8-tetrahydroquinoline using

(5)-(-)-1-(4- Methoxyphenyl)ethylamine as Chiral Auxiliary

N i) (8)-(-)-1-(4-methoxyphenyl)ethylamine X

= > | z OMe
N ii) NaBH(OAC),, CH,Cl, N Y
O 75% HN
| AN . TFA, 82%

=

N

NH,
93% ee
15

20
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tenperature: 160 C, initial time: O mn, rate: 1 Cmn, final tenperature
130 C, 5 final time: O mn, (S)-(+)-enantionmerrt = 12.43 m n,

(R -(-)-ewanioormss, .t = 13.13 min). [alD = -124.3 (c 0. 42CcTaKC139372 The
spectra of this material were identical to those reported above. [0208] An
addi ti onal exanple using (R)-(+)-1-phenyl propylam ne as a chiral auxiliary
Is shown below. i) (R)-(+)-1-phenyl propylamne, MOH Nii) NaBH4, MOH O
81% HN 10 11 10prépaandt of (¢-(Synihegéthodphenylethyl)-(8-(S)-5,6.7.8-
(S)-(-)-8-Amno-5,6,7,8-tetrahydroquinoline using (S)-(-)-1-(4-

Met hoxyphenyleiraitydioauinolia-&xchi ramingyxi | | ary i)

(S)-(-)-1-(4-nmet hox hnyl)ethyl amine O N ii) NaBH(OAc)31 CH2CI2 N 75% 0
HN TFA, 82% |, N 6 ee 15 20 -65 WD 03/022785 PCT/ US02/ 29372
Preparation of (1-

4- gphenyl )ethyl)-(8-(SS)-5,6, 7, 8-
%E)- e N/ OV HNJ[0209] To a stirred solution of
6, 7- di hydr o- 5H- qui nol (630 my, 4.28

t et rahydr oqui nol i n-'3

[0209] To a stirred solution of 6,7-dihydro-5H-quinolin-8-one (630 mg, 4.28
5 mmol) and (§)-(-)-1-(4-methoxyphenyl)ethylamine (647 mg, 4.28 mmol) in dry

CH,Cl, (15 mL) was added solid sodium triacetoxyborohydride (1.44 g, 6.42 mmol)
in one portion. The resulting mixture was stirred for 16 h. At this time, 1N aqueous
NaOH (10 mL) was added to quench the reaction. The layers were separated and the
aqueous phase was extracted with CH;Cl, (2 x 10 mL). The combined organic

10 fractions were dried (MgSQ;) and then concentrated in vacuo. Flash chromatography
(silica gel, ethyl acetate) of the residue thus obtained provided 905 mg (75%) of the
title compound as a yellowish oil. 'H NMR (300 MHz, CDCls) & 8.49 (m, 1H), 7.37-
7.30 (m, 3 H), 7.04 (m, 1H), 6.84 (dd, /= 3.3, 1.0 Hz, 1 H), 4.03 (dd, /= 6.6, 6.6 Hz),
3.85-3.78 (m, 4 H), 2.73-2.65 (m, 3 H), 1.82-1.71 (m, 2 H), 1.57-1.43 (m, 4 H).

15 Preparation of (S)-(+)-8-Amino-5,6,7.8-tetrahydroquinoline

[0210] A round-bottom flask was charged with (1-(S)-1-(4-methoxyphenyl)ethyl)-
(8-(5)-5,6,7,8-tetrahydroquinolin-8-yl)-amine (341 mg, 1.2 mmol) and trifluoroacetic
acid (5 mL). The resulting solution was stirred at 60°C for 4 h. At this time, most of
20 the trifluoroacetic acid was removed in vacuo and the residue was taken up in CH,Cl,
(20 mL) and 5 N aqueous NaOH (10 mL) was added. The layers were separated and
the aqueous phase was extracted with CH,Cl, (3 x 20 mL). The combined organic
layers were dried (MgSQ,) and concentrated in vacuo to give 146 mg (82%) of the
title compound as a yellow oil in 93% ee (separated by chiral GC, J&W CycloSil B
25 column, initial temperature: 160 °C, initial time: O min, rate: 1 °C/min, final

temperature: 130 °C, final time: 0 min, (S)-(+)-enantiomer, = 12.43 min, (R)-(-)-
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5 mol) and (S)-(-)-1-(4-nethoxyphenyl)ethylamne (647 ng, 4.28 mmol) in
dry CH2C12 (15 nL) was added solid sodiumtriacetoxyborohydride (1.44 g,

6. 42 molWwo a3n2zee portion. The resulting m xture was sti mroadishoesits h. At
this time, IN aqueous NaOH (10 nL) was added to quench the reaction. The

| ayers were separated and the aqueous phase was extracted with CH2A Z (2 x
10 nmL). The conbined organic 10 fractions were dried (MgSO4) and then
concent r at ederiahtidia&r] e 1371 Bmkh. CIHcARBR0SARE Ynatérddl MeEdideftical &) t¥de repatat e) of
t he resi due thus obtained provided 905 rrg (75% of the title corrpound as a
yel | owi sh 0i3bov&H NVR (300 MHz, CDC13) S 8.49 (m 1H), 7.37- 7.30 (m 3 H),

? 58 (el el e gty ol i b s bR
N S RO HER e S

1

(S) - 1- (4- et hoxyphe®y1 ) et hyl ) -

(S)-5,6,7,8-tetr quinolin-8-yl)-amne (341 ng, 1.2 nmol) and

i fluoroacetic acid (5 nm). The resulting solution was stirred at 60C for
4 h. At this tine, g0 20 the trifluoroacetic acid was renoved in vacuo
and the resi due waslt ale pinCHRdAZ (20 nm) and 5 N agueous NaCH (10
m.) wassadded. Thé | dYers were separated and the aqueous phase was

extracted WI ined organic |ayers were dried
(MySO4) and rtrlnt(:ilc::izn‘t%?ﬁ% refydo il 7; @%ﬁe@%n"@ mg (82% of the title

conmpound as a yell in®M3% ee (separated by chiral GC, J&W CycloSi|l B
25 columm, initial t,dlr\e: 160 C, initial time: 0O mn, rate: 1 C mn,
final terrperature CNfinal time: 0 min, (S)-(+)-enantioner,. = 12.43
mn, (R-(-)- -66 03/ 022785 PCT/ US02/ 29372 enantioner,, = 13.13 mn.
The spect ra W{(5 61, & tdiahdroqhiny®i-8-yl dgdetantiad t o those reported above.

[ 02111 O her conpounds were prepared based upon the above processes and
are: N (2-Methyl-5,6, 7,8-tetrahydro-quinolin-4-yl)-acetamide O HNIk 5 N

[O
(1-
(8
tr

\

Pz
N

HNY

10 o
(R,S)-N-(2-Methyl-5,6,7,8-tetrahydro-quinolin-8-yl)-acetamide

1,2,3,4-Tetrahydro-quinoline-8-carboxylic acid methyl ester

N
H

15 MeO 0]

(R,S)-N-(2-Methyl-1,2,3 4-tetrahydro-quinolin-8-yl)-acetamide
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N-(1, 2, 3,4-Tetrahydro-quinolin-7-yl)-acetamde N N HH N (5,6,
7,8-tetrahydroqui nolin-8-yl)-acetamde GP H\y 10 O

(R S) - N- (woMBloy8s 5, 6, 7, 8-tetrahydro-quinolin-8-yl)-acet aardeso2/kiNy2 O

1, 2, 3, 4- Tet rahydr o- qui nol i ne-8-carboxylic acid nethyl ester N HM5 MO O
(R S)-N-(2-Methyl -1, 2,3, 4-tetrahydro-qui nolin-8-yl)-acetamde -67 W

03/ 022785 PCT/ US02/ 29372 N HHNy O 3-Methoxy-5,6,7,

8-t etrahydro- qui nol i pe

, 7, 8-tetrahydroqui noline N NH2
8~4E&t rahydro-qui nolin-8-yl)-acetamde NHNy O 10
,|§N7, 8-tetrahydroquinoline N

(R - N (2-Met hyl -5, 6,
(S) - 8- Ami no- 2- net hyl

o)

3-Methoxy-5,6,7,8-tetrahydro-quinoline

MeO X

I ~

N
(R,S)-8-Amino-2-methyl-5,6,7,8-tetrahydroquinoline
R
P
N
NH,

(R)-N-(2-Methyl-5,6,7,8-tetrahydro-quinolin-8-yl)-acetamide
A

|

o
N
HN
g
O

10
(5)-8-Amino-2-methyl-5,6,7,8-tetrahydroquinoline

15 2

(R)-N-(5,6,7,8-tetrahydro-quinolin-5-yl)-acetamide

_98_



NH2 (S)-5 -Amno-5, 6, 7, 8-tetrahydroquinoline N 15 NH2 (R -N-(5,6,7,
8-tetrahydro-quinolin-5-yl)-acetam de -68 WO 03/022785 PCT/ US02/29372 HNy
0 (S)-6-woimetsd, 7, 8-tetrahydroquinoline N NH2 5 (R)PET(502/69377,
8-tetrahydro-quinolin-6-yl)-ac etamide NN H (R S)-5-Amno-5,6, 7,

8-tetrahydroi soquinoline N~ | , 10 NH2
(S)-5-Am no-5,6,7,8-tetrahydroi soquinoline N~ 1 , NH2 15
(R -N-(5,6,7, &4tetrahydro-isoquinolin-5-yl)-acetamide N~1 , HWy O
(S)-6, 7- Di hyfro- 1 ]pyrindin-7-ylamine N
=
HN\H/
O

(8)-6-Amino-5,6,7,8-tetrahydroquinoline

N
| ~
7 “NH,
5
(R)-N-(5,6,7,8-tetrahydro-quinolin-6-yl)-acetamide
& i
= N)J\
H
(R,S)-5-Amino-5,6,7,8-tetrahydroisoquinoline
N
I =
10 NH,

(S)-5-Amino-5,6,7,8-tetrahydroisoquinoline
NTX

15 (R)-N-(5,6,7,8-tetrahydro-isoquinolin-5-yl)-acetamide
N~
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NH2 -69 WO 03/022785 PCT/ US02/ 29372 (R -N-(6,7-Di hydro-5H[ 1
]pyrindin-7-yl)-acetamde NOH4 5

(S)-6, 7, 8wa-0Bper7ahiydr o- 5H-cycl ohept a[ b] pyri di n-9-yl am ne PChAGR29472

(R -N(6,7,8,9-Tetrahydro-5H cycl ohept a[ b] pyri di n-9-yl)-acetam de ~x7 HN\r
O(S)-5,6,7, 8-tetrahydroqui noxalin-5-ylamne cc 10 NH2 (R)-N- (5, 6,

7, 8-tetrahydroqui noxalin-5-yl)acetamde (N: NH\Ny O

(S)-3,4-di hydro-2H pyrano [3,2-b]pyridin-4-ylamne ONNH 15

(R -N-(3,4-di hydro-2Hp ano{B 2-b] pyridin-4-yl)acetamde -70 WD 03/022785
PCT/ US02/ 293732-1‘] -9, {pih )‘4%;19 581-[1(pyringlins 7-8)-acetanaifle ahy dr obenzof ur an- 7- yl ami ne

C/ In |
:N: ;

O
K

5 (5)-6,7,8,9-Tetrahydro-5H-cyclohepta[ b]pyridin-9-ylamine

X

~

N H
H,N
(R)-N-(6,7,8,9-Tetrahydro-5H-cyclohepta[ b]pyridin-9-yl)-acetamide
X

~

N
HN

7¢O

(5)-5,6,7,8-tetrahydroquinoxalin-5-ylamine
N
N
[
N™
NH

(R)-N-(5,6,7,8-tetrahydroquinoxalin-5-yl)acetamide

N
»e
HN

o)

10

(8)-3,4-dihydro-2H-pyrano[3,2-b]pyridin-4-ylamine

15 (R)-N-(3,4-dihydro-2H-pyrano[3,2-b]pyridin-4-yl)acetamide
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ONH2 5 (R -N(4,5,6,7-tetrahydrobenzofuran-7-yl)acetamde -~~~ H\Ny O
(1- (R -1-Phenyl propyl)-(8-(R) -5, 6, 7, 8-tetrahydroqui nolin-8-yl)-amne CN)
HN 10 [ OwD2aB/ok1785s under st ood that the exanpl es and enbodicrarsng2eescri bed

herein are for illustrative purposes only and that various nodifications
or changes in light thereof will be suggested to persons of skill in the
art and are to be incorporated wthin the spirit and purview of this

\\thﬁ scope of the clainms. Al publications, patents, and
ns|cited herein are hereby incorporated by 15 reference.

he above docunents is not intended as an adm ssion that

fng is pertinent prior art, nor does it constitute any

adm ssion as to contents or date of these docunents. -71 WD 03/022785

PCT/ US02/ 29372 W glaim 1. A process for synthesizing a racemc

am no-substituted 5,6,7,8- tetrahydroquinoline or a racemc

am no-substituted 5,6, 7,8-tetrahydroi soqui noline conprising: 5 a) reacting

an am no-subsfituted quinoline of the fornula |I or an am no-substituted

i soqui nol i ne(séﬁfh%é-t?t@?wawoaemofmlﬁ-ﬁﬂn% ne- protecting group conpound in

an organic solveit to produce an am ne-protected, substituted quinoline or

O

application a
pat ent appl i
[0213] G tati
any of the fore

i soqui nol i ne:¢ 2 1 NH2 NI |

NH,

5 (R)-N-(4,5,6,7-tetrahydrobenzofuran-7-yl)acetamide

(@Q

HN
g
O

(1-(R)-1-Phenylpropyl)-(8-(R)-5,6,7,8-tetrahydroquinolin-8-yl)-amine
X

~

N
HN

10 [0212] It is understood that the examples and embodiments described herein are
for illustrative purposes only and that various modifications or changes in light
thereof will be suggested to persons of skill in the art and are to be incorporated
within the spirit and purview of this application and the scope of the claims. All
publications, patents, and patent applications cited herein are hereby incorporated by

15 reference.

[0213] Citation of the above documents is not intended as an admission that any
of the foregoing is pertinent prior art, nor does it constitute any admission as to the

contents or date of these documents.
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10 b) hydrogenating the am ne-protected, substituted quinoline or
isoquinoline in a strongly acidic solvent at an el evated tenperature to
formthe Wo6302885t et r ahydr oqui nol i ne or 5,6, 7, 8-tetrahydraTacsy)22esot i ne;
and c) hydrolyzing the am ne-protecting group to produce the desired
racem ¢ am no- 15 substituted 5,6, 7, 8-tetrahydroquinoline or racemc

am no-substituted 5,6, 7,8- tetrahydroi soquinoline; wherein NH2 is | ocated
at any posi tyyQn£f.the benzene portion of the quinoline or isoquinoline,
R is located at any other hydrogen position on the quinoline or 20

i soqui nol i nel.r Ampgocess fos syntidgsizargia rieemisi amipd- Sulsstlﬁét(bégé@i fromthe group
consi sting ano ar boxyl i c cycl oal kyl, a
pr ot ect ed hﬁﬂ?ﬂ%@ﬁwaK&%F8EQ5Fg@“i @P?ugqﬁﬁﬁqgé %*%ﬁ%ﬁ§'¥€8V¥qnw

car boxyl at e, copgyrRgam de, sul fonam de, an aromatic group and a

het erocyclic group. 25 2. The process of Claim1l wherein the

am ne-p¥otecting group is an acyl, carbamate, or sulfonanide -72 WO

03/ 022785 PCI/ USQ2/ 29 ' e

arm ne- pr ot ecUTS ¢ 80 g o Sl featRRRZ oBlne U ForfiEffiod ffiomed,
strongly aciigbdquisstiné@iithel forslh emﬁld aft mmet;hetecﬁnggmup ccmpcmrﬁltm ag of
trifluoroacetic acid, hydrofluoric acid drochloric agid, . hydrgbrom c
aci d, sul f urqr8anie pelVers O RINBEG 2 apping: prqt?qte% Shlshisued quineling ordeeduinolig: d, and
any conbi nation thereof. 5. The process of Claim4 wherein the strongly
acidic solvent is trifluoroacetic acid 10 (TFA). 6. The process of Caim1l
wherein the elevated te er@kure is fromabout 50 to abRbt 70C. 15 7. The
process of C ai \ihe el evated te [ bout 60C. 8. The

N
process of C catal yst is t hé hydrogenation and is
ongT¥Heng of pl affi num bllack, plaﬁﬂgun1on car bon

selected fro
(0.5-20%, p oxi de (Pt02), and
pl ati num (IV) oXi ydrate. 9. The proc aim1 wherein the
hydr ogenation is perfornmed with 0.3M of substraHf in TFA using 5 nol % of

Pt02 at 60C under 1 At nosphere of hydrogen.

10 b) hydrogenating the amine-protected, substituted quinoline or isoquinoline in a
strongly acidic solvent at an elevated temperature to form the 5,6,7,8-

tetrahydroquinoline or 5,6,7,8-tetrahydroisoquinoline; and

¢) hydrolyzing the amine-protecting group to produce the desired racemic amino-
15 substituted 5,6,7,8-tetrahydroquinoline or racemic amino-substituted 5,6,7,8-

tetrahydroisoquinoline;

wherein NHj is located at any position on the benzene portion of the quinoline or
isoquinoline, R is located at any other hydrogen position on the quinoline or

20 isoquinoline ring; m is 0-4; and wherein R! is selected from the group consisting of
nitro, cyano, carboxylic acid, alkyl, alkoxy, cycloalkyl, a protected hydroxyl, a
protected thiol, a protected amino, acyl, carboxylate, carboxamide, sulfonamide, an

aromatic group and a heterocyclic group.

25 2. The process of Claim 1 wherein the amine-protecting group is an acyl, carbamate,

or sulfonamide.
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25 10. The process of Caim1l wherein the am ne-protecting group is

hydr ol yzed by heating with aqueous acid, heating with aqueous base, or
heati ng iwoa3met?sent in the presence of hydrazine. 11. ThreTrsogess?2 of
Claim1 wherein the amno group is |ocated at the 8-position of 30 the
quinoline; inis 0 or 1; and R is nethyl or nethoxy. -73 WD 03/022785
PCT/ US02/ 29372 12. A process for synthesizing a racem ¢ am no-substituted
5,6,7,8- tetrahydroquinoline or a racen ¢ am no-substituted

5,6, 7, 8-tetrahydroi soquinoline conprising: 5 a) reacting either a

substi t ut ed %, BhemrBecsedf @i 2orhereio thermnioé-prdtectingrgredmislatétylor a
substituted 5,6, 7,8-tetrahydroi soqui noline of the fornula IV RemR2Zm N IV
with at |east 2 equivalents of an al kyllithiumbase, or a lithium sodium
or potassi um, PEH6cRaseClafd Wehn Wd dirogR dcldds 1V iP@RRtedtfRonk Blem an

oxi me; and 10 b) reducing the oxine to produce the racemc

am no- suibst i grompechnsistng oRrifluetoagdticiculy bydroflperec arid,thydrachlosiviagid,

am no-substituted 5,6, 7, 8-tetrahydroi soquinel.i.ne: erei ' is

| ocat ed at t}ﬁ'ér rorgicideidy ol Ctat%&:ﬁh?s g?riqcn%m@?rm?@grqg-%%&%c 433%?%#%@%&1

i soqui nol i neinyR3mbalieg elefdfat any ot her hydrogen position on the quinoline
or 15 isoquinoline ring; inis 0-4; and wherein R2 is selected fromthe
group consisting of halo, nitro, cyano, a protected carboxylic acid,

al kyl, al kenyl+, ¢ : . ] i, a
prot ect ed a% nTo},le %géﬁg?ué%ira%a y"%a?éelﬁ %ﬁ?’é’é’g%@? Losln?}t g%%?nﬁg%?geé%mggo matic
group amd a (MeWgrocyclic group. 20 13. The process of Caim 12 wherein the
base is selected fromthe group consisting of n-butyllithium
tert-butyllithium ||ithiumdiisopropylamde, l[ithium dicyclohexylanm de,
Lithium 2, 2,6, frd 5biRUBE QKRR H elPRkRBRinpBan?e Xtth ybdisdith agdde, and
any conbi nation thereof. 25 14. The process of Caim 12 wherein the
nitrosating WJEnt is selected fromthe group consisting of alkyl nitrites
and alkyl dinitrites. -74

15 7. The process of Claim 6 wherein the elevated temperature is about 60°C.

8. The process of Claim 1 wherein a catalyst is used for the hydrogenation and 1s

selected from the group consisting of platinum black, platinum on carbon (0.5-20%),

platinum on alumina (0.5-20%), platinum (IV) oxide (PtO,), and platinum (IV) oxide
20 hydrate.

9. The process of Claim 1 wherein the hydrogenation is performed with 0.3M of
substrate in TFA using 5 mol% of PtO, at 60°C under 1 atmosphere of hydrogen.

25 10. The process of Claim 1 wherein the amine-protecting group is hydrolyzed by
heating with aqueous acid, heating with aqueous base, or heating in a solvent in the

presence of hydrazine.

11. The process of Claim 1 wherein the amino group is located at the 8-position of

30 the quinoline; m is 0 or 1; and R' is methyl or methoxy.
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WD 03/ 022785 PCT/ US02/ 29372 15. The process of Caim 14 wherein the
nitrosating agent is tert-butyl nitrite or isoanyl nitrite. 16. The
process oWwodWsaermsd2 wherein fromabout 2 to about 3 equi va@caniss2/d37base are
5 utilized. 17. The process of Claim 12 wherein the oxine is reduced using
zinc netal in aqueous hydrochloric acid; zinc nmetal in trifluoroacetic

aci d; hydrogen in nethanol wth palladiumon carbon as a catal yst; or
hydrogen in et AapRksifol ByrdRRRngt @kéhicasind-Butktiaatds ygts- 18. The process
of Claim12 whereininis O or I, R2Zis nmethyl; and the amno is_ | ocated
at the 8- postetriloranindiiae qui rasenieaming-substitufed o dc b 8-detrabydroisaamaeling ng a

ket o- subst i tcutn%ad.Sl5ri 6, 7, 8-tetrahydroquinoline or a keto-substituted
5,6,7,8-tet r%ypd]rmgmqui noline conprising: a) reacting either a substituted
5,6,7,8 tetrahydroquinoline of the fornula Il or a substituted

5,6, 7, 8-tetrahydroi soqui noline of the fornula_IV,Rang Il R2mN NIII IV
20 withSat |¥48icting erharasubsittated p,oahs-Mtiabydrogwnglingeithe fasmula I eng ym

sodi um or p, i i : - i jtrosating agent to form
an oxi ne; aﬁ%kﬁﬁﬁkggk%ﬁgggﬁgggﬁgmggﬁﬁgﬁ{gﬂ%g%éué@a?%e correspondi ng ket one;
25 wherein the ke is | ted at the 8-posijfr@n on e quinoline or the

5-position on tgdfe e; R is loc hydr ogen
position on thg{quinolj ne or - 752W0 03/ 022185 PCT|[ US02 2 isoquinoline;
inis 0-4; and i | ect ed] frofhthe grqyp con i f Walo, nitro,

cyano, a protect ro |L+C€ acid, alkyl, I C oal kyl, a protected
hydr oxyl , a protéﬁted thiol, a protected am no, acyl, carboxylate,
car boxam de, sul fonamme, an aromatic group, andya heterocyclic group.

with at least 2 equivalents of an alkyllithium base, or a lithium, sodium, or potassium

amide base, and then with a nitrosating agent to form an oxime; and

10 b) reducing the oxime to produce the racemic amino-substituted 5,6,7,8-

tetrahydroquinoline or the racemic amino-substituted 5,6,7,8-tetrahydroisoquinoline;

wherein the amino is located at the 8-position on the quinoline or the 5-position on the
isoquinoline; R? is located at any other hydrogen position on the quinoline or

15 isoquinoline ring; m is 0-4; and wherein R? is selected from the group consisting of
halo, nitro, cyano, a protected carboxylic acid, alkyl, alkenyl, cycloalkyl, a protected
hydroxyl, a protected thiol, a protected amino, acyl, carboxylate, carboxamide,

sulfonamide, an aromatic group and a heterocyclic group.

20 13. The process of Claim 12 wherein the base is selected from the group consisting of
n-butyllithium, tert-butyllithium, lithium diisopropylamide, lithium
dicyclohexylamide, lithium 2,2,6,6-tetramethylpiperidide, potassium

hexamethyldisilazide, and any combination thereof.

25 14. The process of Claim 12 wherein the nitrosating agent is selected from the group

consisting of alkyl nitrites and alkyl dinitrites.
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5 20. The process of Caim19 wherein the oxine is hydrol yzed usi ng aqueous
hydrochloric acid in acetone under reflux conditions, or using aqueous

hydr ochl owiom3/oarissl under reflux conditions. 21. A process PCaruSogssyi ng
racem ¢ am no-substituted 5,6,7,8-tetrahydroquinoline of 10 the fornmula V
or racem ¢ am no-substituted 5,6,7,8-tetrahydroi soquinoline of the fornula
VI to produce the two enantionmers, RRmRZm NH ~ 2 2 NV VI conprising:
a) enanti ose LG

) St 0SS Oh ks 1 A RIS Bl B 36Tt o

am no- subst iikasned nfirife, 7, 8- tetrahydroi soqui noli ne using an enanti osel ective
enzyne as a catal yst; and b) separating the unreacted am no-substituted
5,6,7,8-tetrahydroqui noline or 5,6,7,8- tetrahydroisoquinoline as the first
enant i omer . g Ol SOANEIATES WhoRll HBmOibodl KA HBRS bf bisedre
5,6,7,8-tetrahydroqui noline or 5,6,7,8-tetrahydroi soquinoline; and c)
cIeaV|n@ t heitdmedle or carbamate group to isolate the second enantioner of
the am no-substituted 5,6, 7, 8-tetrahydroqui noline or

5,6, 7, 8-tetrahydroi soqui noline; 25 wherein NH2 is |ocated at any position
on the saturgt egheRR6desO6F Chirh 12 wiieieiOtHedRiME is reGRAWusiak iziiR mdtal ihs | ocat ed
at any ot her hydrogen position on the quinoline or -76 WO 03/022785

PCT/ US02/ 293mgeoqs§wqtﬂc loric aeid; zing mefal i trifluproagpfic epd;ihydeagen it mgthapedm t he
group consi sti.n h n I nyl ,
cycl oal kyl , SvE/1 >’t/h alf?id Ir?{)rgtar%lji 59a c%tg%?égr W%%X He a?ISfC\gg]%%)z(iﬁQa?lgl?él Iﬁg
carboxamideacwmiwnanlde an aronatlc group and a heterocyclic group. 5

18. The process of Claim 12 wherein mis O or 1; R? is methyl; and the amino is

located at the 8-position on the quinoline.

15 19. A process for synthesizing a keto-substituted 5,6,7,8-tetrahydroquinoline or a

keto-substituted 5,6,7,8-tetrahydroisoquinoline comprising:

a) reacting either a substituted 5,6,7,8 tetrahydroquinoline of the formula III or a
substituted 5,6,7,8-tetrahydroisoquinoline of the formula IV

2
R%, | R%,
S N A
N
m v

20

with at least 2 equivalents of an alkyllithium base, or a lithium, sodium, or potassium

amide base; and then with a nitrosating agent to form an oxime; and

b) hydrolyzing the oxime to produce the corresponding ketone;
25

wherein the keto is located at the 8-position on the quinoline or the 5-position on the

isoquinoline; R? is located at any other hydrogen position on the quinoline or
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22. The process of Claim?2l1 wherein the enzynme is a |lipase or a protease.
23. The process of Claim22 wherein the enzyne is selected fromthe group
consi sti ngoaB/oeemsli da antarctica A and B, Candi da rugosa, peIAlSdoRIBIAS
fluorescens, 10 Substilin Carlsberg, Substilin BPN, and Al caligenes
faecalis penicillin acylase. 24. The process of Caim21 wherein the
acylating agent is an acid, ester, or amde; and the carbanoyl ating agent
is a car boné}&&e{ uinb?in€’n Jb'% B{@Kéﬁ%eﬁﬁte@f@hmhgﬁrdﬂﬂ%ﬁél.&ﬂé@fh%fd’lnﬁ?d ng agent
is ethyl acetate and the car banmoyl ating agent di benzyl carbonate or a
di al kyl car yned,e.praécted babprdicessl, amymaaqenylzquméksé; znpltom@dwdmlyém of

th ubst it 6,7, 8:tetrahyd |
G5 7.5t et AERTHED PP R L Lor oot As By e BB o AR D 2~

equi val ent s pymiwd glah aaaah'g{égod%pggﬁ,a of Claim 26 wherein the equivalents
are fromabout 0.3 to about O.4 I‘I)'he process of Claim 21 wherein the

ami de of carbamate is cleaved using 25 hydrochloric acid in acetone under

refl ux condi u r i fl ux

condi ti one. Bo Thripslert S CRGHY S Ak BihirqrBRedstiliBhed S
8-position nydtd@ﬁlcmwaam inReetoy uridee rdhpashditions, of udiheadqueoqshydrbémieic mis 0
or 1; and R2 is nethyl. 30 -77 WO 03/022785 PCT/ US02/ 29372 30. A process
for resolvi ﬁ§1¢‘§@éﬁf€é]“éﬁP%11%%stl tuted 5, 6,7, 8-tetrahydroquinoline of the
formula V 0r21arn be suhst }e&%@g Eeﬁng a@nﬁoeélfbgtmﬂ%@ §@g%ﬂ?£ﬂ d uitolih86f
formula Vi dlce one © e enanti omers, NV VI
conpri $0 ng: tBe ﬁ))mmlva‘vitormehmx:a:mmelrsybsmyﬂeéﬁ;6n’g8wrah§1dlb$nqyllnahmm@f thére racem c
am no- substltl d 5678§1trah roqui noline or the racemc

ami no- subst ifPIRYA Vg tg Predgee Stt‘P’Sﬁé Oqui nol i ne using an enanti osel ecti ve
enzynme as a catalyst to produce a

AT N A
| I A
= N A
N
A% VI

comprising:

a) enantioselectively acylating or carbamoylating the racemic amino-substituted
15 5,6,7,8-tetrahydroquinoline or the racemic amino-substituted 5,6,7,8-

tetrahydroisoquinoline using an enantioselective enzyme as a catalyst; and

b) separating the unreacted amino-substituted 5,6,7,8-tetrahydroquinoline or 5,6,7,8-
tetrahydroisoquinoline as the first enantiomer, from the enantiomeric amide-or
20 carbamate-substituted 5,6,7,8-tetrahydroquinoline or 5,6,7,8-tetrahydroisoquinoline;

and

¢) cleaving the amide or carbamate group to isolate the second enantiomer of the

amino-substituted 5,6,7,8-tetrahydroquinoline or 5,6,7,8-tetrahydroisoquinoline;
25

wherein NH; is located at any position on the saturated portion of the quinoline or

isoquinoline; R is located at any other hydrogen position on the quinoline or
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m xture of the correspondi ng unreacted amne in the first enantioneric form
and the reacted am de or carbamate in the second enantioneric form and 10
b) i sol atwogstokerssi rst enanti oner of the am no-substitut ed®CT/US02/29372

5,6,7,8-tetrahydroquinoline or 5,6,7,8-tetrahydroisoquinoline; wherein NH2
is located at any position on the saturated portion of the quinoline or 15
isoquinoline; R2 is |located at any other hydrogen position on the quinoline

or isoqui nqkdqrg orh'negm Jrﬂ i¢ 6-49add RARAefRtel ?ro%?ﬂh@%hﬁﬁ‘) Johﬁ%ﬁé'@flﬁ[cpﬂﬁro
consi sting of cyano, carboxylic acid, alkyl, alkenyl,

cycl oal kyl , dygub, @xgbbxyltducm, ,alka/l mﬂkmghwdoaih}’lnbydrma)dyﬂhlo @axrm?fl anmo,
31, bfixS?“oﬂEsagsf?8@%@5‘6%&5%%%&@%’%&%@ By B0 fig oy Sl GoeilitP 20

5,6,7,8-tetr Iroqui noline or racem c am no-substituted
5,6,7, 8- tetrahydr0| soqui noline to produce the two enantioners, conprising:
-78 V\D-’03/ 022785 PCT/ US02/ 29372 a) reacting racem c¢c am de-or

car banﬁt €-S tUt ed 50&1;1’1’1’? i%& Cge{]ﬁ/g‘l %g%y@é)g atrl agé ﬂlt g‘? OtJaQé. mula Vi1 or

racem c am e Pahat e-ou stl ol soqui noline of
theforrruIaVIII aOO Rm\ RZMN R3 | N R3 HNH NVII VIIl 5 wth
wat er, an al cohol, a primar secondary am ne using

enant i osel ed3 vidie' pé‘?Fff/ (élémézzéﬁhﬂ%EheteBZW%H‘le'éCtéd rﬁokri meegrqyfp t he
correspondi nﬁgﬁr%e of Ca EI&% aMaEf&%a ARRNBI @mﬁdacru%%anl’seﬁﬁgmBﬁ‘ﬁ HRf&aGked

am de or carbanat e second enantioneric orm separating the
first Ehant iSubstilinn€Cartldberga SibsoHmBRN T, and Atbaﬁg@e?f@calestpemwkﬂm@qylaml i ne

24. The process of Claim 21 wherein the acylating agent is an acid, ester, or amide;

and the carbamoylating agent is a carbonate.

15 25. The process of Claim 24 wherein the acylating agent is ethyl acetate and the

carbamoylating agent is dibenzyl carbonate or a dialkyl carbonate.

26. The process of Claim 21 wherein the equivalent of enzyme with respect to amino-
substituted 5,6,7,8-tetrahydroquinoline or 5,6,7,8-tetrahydroisoquinoline is from about
20 0.01 to about 10.0 equivalents by weight.

27. The process of Claim 26 wherein the equivalents are from about 0.3 to about 0.4.
28. The process of Claim 21 wherein the amide or carbamate is cleaved using

25 hydrochloric acid in acetone under reflux conditions, or using aqueous hydrochloric
acid under reflux conditions.
29. The process of Claim 21 wherein NH; is located at the 8-position of the quinoline

or the 5-position of the isoquinoline; m is 0 or 1; and R? is methyl.

30
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or am no-substituted 5,6, 7, 8-tetrahydroi soqui noline, fromthe unreacted
am de or carbamate; and c) cleaving the am de or carbanmate group to
produce twe s@ermmsl enanti omer of the 15 am no-substitut ed®CT/US02/29372

5,6, 7, 8-tetrahydroqui noline or am no-substituted 5,6, 7,8- isoquinoline;
wherein the am de or carbamate group is |located at any position on the
saturated portion of the quinoline or isoquinoline; R2 is |located at any

other hydroggn RARICLB: reBblvfiE héniBhiiR)-Lbetitiied £094.R0kIYAR Gl Rine BY 1 S

0-4; R2 is selec romthe group consisting o nitro, cyano,

car boxyl i c abe tﬂommllakYIo,r aglikeesupistitutedcy, @&Jwytlrah)ddy(dsmumolmepﬁtwfomaﬂp?s’dwt ect ed
am no, acyl, car Iatﬁ car t%oxam de, sul fonam de, an aromatic group and
a het er ocyclP®r ne ghthe RAAUOMIEES: oht j onal |y substituted carbon atom or an

optionally substltuted oxygen aton1 25 -79 WD 03/022785 PCT/U802/29372 32.
A process for resolvin i c_aR’po- substituted
5,6, 7,8-tetrahydroquj r // cem c am no-su
5,6, 7, 8-tetrahydroi g§pqui nolj ne tdabroduce one of
conprising: 5 a) regfting rlacem ¢ pm'de- or carba
5,6,7,8-tetrahydroq formula VIl b
car bamat e- substi tuted SNG, 7, 8-tet rahydr oi soqui nolin formula VII
R0 RROmMmM3HRI NH NVII VIIl 10 with water, a@n al cohol, or a
primary or secondary am ne Using an enantiosel ective enzyne as a catalyst
to produce LMXPHEe of the corresponding anmine in the first enantioneric
form and thg HALRAEKEEH AMGMtRE of B4BANE ﬁuﬁg\thtensceﬁﬁ@ aRthoeRBatthRAEr i C

form and 15°b) isolating the first enantioner he am no-substituted

5, 6, 7, 8-t et ra3hydr-styahyiodquieoline or the racemic amino- substltuted 5,6,7,8-

tetrahydroisoquinoline using an enantioselective enzyme as a catalyst to produce a

he en ntlonersNH
te-sulstitut dh iz

mixture of the corresponding unreacted amine in the first enantiomeric form and the
reacted amide or carbamate in the second enantiomeric form; and

10
b) isolating the first enantiomer of the amino-substituted 5,6,7,8-tetrahydroquinoline

or 5,6,7,8-tetrahydroisoquinoline;

wherein NHj is located at any position on the saturated portion of the quinoline or

15 isoquinoline; R? is located at any other hydrogen position on the quinoline or
isoquinoline ring; m is 0-4; and R? is selected from the group consisting of halo, nitro,
cyano, carboxylic acid, alkyl, alkenyl, cycloalkyl, hydroxyl, thiol, a protected amino,
acyl, carboxylate, carboxamide, sulfonamide, an aromatic group and a heterocyclic
group.

20
31. A process for resolving racemic amino-substituted 5,6,7,8-tetrahydroquinoline or
racemic amino-substituted 5,6,7,8-tetrahydroisoquinoline to produce the two

enantiomers, comprising:
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or 5,6,7,8-tetrahydroi soqui noline; wherein the am de or carbamate is

| ocated at any position on the saturated portion of the quinoline or

i soqui nol woa3/0R2s85s | ocated at any ot her hydrogen positi orcarusoless2d

quinoline or isoquinoline ring; inis 0-4; R2 is selected fromthe group

consisting of halo, nitro, cyano, carboxylic acid, alkyl, alkenyl,

cycl oal kyl, hydroxyl, thiol, a protected am no, acyl, carboxyl ate,

car boxam de, %éucpﬁgmxgﬁ; arfile B CABL i QO EN Y 6 ARhal BV ACKEhbfdsane: and

R3 is an optrona substituted carbon atomor an optiohall'y substituted

oxygen at omfo&hula 841 WRaBSH 0215 oRGTHAIB0SsASBTRed 38,7, 8Ateprabydrsisoquonoline

synt hesi zi ng nang i r of a primary am no-substituted fused bicyclic

ring of forrﬁfﬁ]ge%%nﬁtﬁr?gﬁfsi ng: R M )C 5CABNHER IX a) formng the

Schi ff base of a keto group located on ring B of the fused bicyclic ring

by reacting it wth an enantionerignlly-pure primary am ne chiral, auxiliary

R*NH2 of 10 the fqrnul a F%Rﬁ@e/gL;:HZ: R4A NH2 X to pro%yce t
[

correspondi ng e

di astereosel ectj|vely reducing|th Noe; t o prfpduce e corrgspa g 15
enanti omeri cal | ondayyNani ne Bn the |fused bj cycl+eNng; ank’ c)

renmovi ng the ch
am no- substitutedNused bi'cyclic ring; 20 wher is a
het eroaromatic 5- or 6-nenbered ring, Pis a nitrogen atom sulfur atom or
oxygen atony ring Bis a 5- ofll6-nenbered cycl oal kyl or VIl

5 with water, an alcohol, or a primary or secondary amine using an enantioselective
enzyme as a catalyst to produce a mixture of the corresponding amine in the first
enantiomeric form, and the unreacted amide or carbamate in the second enantiomeric

form,;

10 b) separating the first enantiomer of the amino-substituted 5,6,7,8-tetrahydroquinoline
or amino-substituted 5,6,7,8-tetrahydroisoquinoline, from the unreacted amide or

carbamate; and

¢) cleaving the amide or carbamate group to produce the second enantiomer of the
15 amino-substituted 5,6,7,8-tetrahydroquinoline or amino-substituted 5,6,7,8-

isoquinoline;

wherein the amide or carbamate group is located at any position on the saturated
portion of the quinoline or isoquinoline; R? is located at any other hydrogen position
20 on the quinoline or isoquinoline ring; m is 0-4; R? is selected from the group
consisting of halo, nitro, cyano, carboxylic acid, alkyl, alkenyl, cycloalkyl, hydroxyl,
thiol, a protected amino, acyl, carboxylate, carboxamide, sulfonamide, an aromatic
group and a heterocyclic group; and R’ is an optionally substituted carbon atom or an

optionally substituted oxygen atom.
25
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het erocycl oal kyl ; wherein NH2 is |ocated at a position on ring B, and R2 is
| ocated at any other 25 hydrogen position on the fused bicyclic ring;
wherei n nwios3®22r3s R2 is sel ected fromthe group consistingcaiudeabes2nitro,
cyano, carboxylic acid, alkyl, alkenyl, cycloal kyl, hydroxyl, thiol, a
protected am no, acyl, -81 WO 03/022785 PCT/US02/29372 carboxyl at e,

car boxam de, sul fonam de, an aromatic group and a heterocyclic group; and
R4, R5, and 36 QL& eaBr fisdif Rz Menfl dmBe)- Qs O tddr 081y BhersHypRuaRnaE 8F | ng of
hydrogen, al kyl, al kenyl, cycloal kyl, cycl oal kenyl’,” and a 5-" or 6-nmenbered
aromati c ri rggensincmano-swbstiiest S,oRS-tefratRdiroiRBuIlinRE> producetonew tg: nenber ed
aromatic or heteroaromatic.ring. 34. The process of Claim 33 wherein the
keto group i CPLIRES PERIEi 2ing a correspondi ng hydroxyl group | ocated
on ring B of the fused bicyclic ring. 10 35. The process of C aim 33
wherein the enantionerically-pure primary amne chiral auxiliary is

sel ect el fr chhredsting rasamicERSESF Cagapte éﬁ}ﬂl@ﬁ Ay, Afrteteahydroquinoline of the

napht hyl et hy, i hen r aym I X ) ] . 36. The
process of | CPUTRgT SRECHNR FRY-BrLR G RS ORI KPR B o R IR, 2
15 auxi | i ar yofithe fodnu{afyHphenyl et hyl am ne, (R)-(+) 1-phenyl propyl am ne, or
(S)-(-)-1-(4- nethoxyphenyl)ethylamne. 37. The process of O aim 33 wherein
the imne is reduced by a boron-based hydride reducing agent, an

al um num based hydride agent, oryhydrogen with a nmetal catalysg. 20 38.
The process of laim33 whgtein|fhe chiral auxiliary R* R% rengved by
hydr ogenati o r i g<frepd at'ed eavage. 39 df d@im33
wherein the i i a3quinol S ijsoguineline, Nj12
is located a on t heRqui nol fjne and |at theB5Npositidh on the
i soqui nol i ne 2 @and R2 is nmet hyl, ﬁQ/ ss for racem zing
an enantioneri ¥Ched am no-substitute , 6,

8-tetrahydroqui noline of the fornula XIIl or am no-substituted 5 6, 7, 8
30 tetrahydroi soquinolineVit the fornula XIV to produce VH& correspondi ng
racemc m xture:

10 with water, an alcohol, or a primary or secondary amine using an enantioselective
enzyme as a catalyst to produce a mixture of the corresponding amine in the first
enantiomeric form, and the unreacted amide or carbamate in the second enantiomeric

form; and

15 b) isolating the first enantiomer of the amino-substituted 5,6,7,8-tetrahydroquinoline

or 5,6,7,8-tetrahydroisoquinoline;

wherein the amide or carbamate is located at any position on the saturated portion of
the quinoline or isoquinoline; R? is located at any other hydrogen position on the

20 quinoline or isoquinoline ring; m is 0-4; R? is selected from the group consisting of
halo, nitro, cyano, carboxylic acid, alkyl, alkenyl, cycloalkyl, hydroxyl, thiol, a
protected amino, acyl, carboxylate, carboxamide, sulfonamide, an aromatic group and
a heterocyclic group; and R? is an optionally substituted carbon atom or an optionally

substituted oxygen atom.

25
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-82 WD 03/022785 PCT/ US02/ 29372 RRmZm NR7R8 7R8 / N/ N XIII XIV
conprising: a) heating the enantionerically enriched am no-substituted 5,
6, 7, 8- wetmsabkyrés oqui noline or am no-substituted 5, 6, 7PCT/US02/29372
8-tetrahydroi soquinoline neat or in 5 an organic solvent in the presence
or absence of an additive; and b) when either R7 or R8 is not hydrogen,
cleaving the R7 or R8 group under conditions to formthe correspondi ng
ani no group; 33 hRjcBssNRY itHeSiztRCat @dn@dmedf aRRishdry amisubifutatiugat ed
portion of the quinoline or isoquinoline;, R2is |ocated at any other

hydr ogen podhieyabia rigg of lermuiplgeemptisings or i soquinoline ring; inis 0-4; R2
is selected fromthe group consi,sting of halo, nitro, cyano, carboxylic
acid, alkyl, alken | Kykh, hydroxyl, thio, a protected am no, acyl,
car boxyl ate, carbhbxam fonam de, an aromatic group, and a
heterocgclic gr oup; re each selected fromthe group

consi st?ng of hyd 15 &ryl, heteroal kyl, heteroaryl, aralkyl,
al kanoyl , al kyl sul fo®yl, a Carbonyl- or sulfonyl- group substituted by an
aromatic or heterocyclig(ring, aryl oxycar bonyl, al koxycarbonyl ,

aryl carbanmoyl , al kyl carbanoyl, arylthiocarbonyl, alkylthiocarbonyl, and

carbanoyl . 2Q 41. The process of claim40 wherein heating i s from about
120C to abowd) fameeg thefghif h@eﬁ?aés_gosgravp lﬂ%ﬁfﬂ@%ﬁ?@ﬁ%ﬁ?g PEYEidERy|
and R8 i s hylrQa&hhe if MR SnlionRECAR-p@E pRhabPafitRAGeuxAndy RENS of

aryl oxycar bonyl or “al koxycarbonyl, formng a "carbamate. 25 43. The process

of cl alfn 42 thbéreiula Xhe ani de or carbamate is cleaved by hydrolysis. -83

R® RS

e X

R* NH,
X

to produce the corresponding enantiomerically-pure imine of the fused bicyclic ring;

b) diastereoselectively reducing the imine to produce the corresponding

15 enantiomerically-pure secondary amine on the fused bicyclic ring; and

c¢) removing the chiral auxiliary R* to form the enantiomer of the primary amino-

substituted fused bicyclic ring;

20 wherein ring A is a heteroaromatic 5- or 6-membered ring, P is a nitrogen atom,
sulfur atom or oxygen atom; ring B is a 5- or 6-membered cycloalkyl or

heterocycloalkyl;

wherein NHj is located at a position on ring B; and R? is located at any other

25 hydrogen position on the fused bicyclic ring;

wherein m is 0-4; R? is selected from the group consisting of halo, nitro, cyano,

carboxylic acid, alkyl, alkenyl, cycloalkyl, hydroxyl, thiol, a protected amino, acyl,
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WO 03/ 022785 PCT/ US02/ 29372 44.

N-(2-Methyl -5,6, 7, 8-tetrahydro-quinolin-4-yl)-acetamde or N (1, 2,3, 4-

Tet r ahydrwoquioezygs n- 7- yl ) - acet am de or N-(5, 6, 7, 8-t et r ahydcagqusonedsrn- 8-yl ) -
acetam de or (R S)-N(2-Methyl-5,6,7,8-tetrahydro-quinolin-8-yl)-acetam de
or 1,2,3,4-Tetrahydro-quinoline-8-carboxylic acid nmethyl ester or
(RS)-N(2-Methyl 5 1,2, 3,4-tetrahydro-quinolin-8-yl)-acetam de or

3- Met hoxy- 5, c@rgoxgglrteﬁtc{:l‘%BYQﬂi‘ae SoRahideSanOfromatic group and a heterocyclic group;
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36. The process of Claim 35 wherein the enantiomerically-pure primary amine chiral

15 auxiliary is (R)-(+)-phenylethylamine, (R)-(+) 1-phenylpropylamine, or (S)-(-)-1-(4-
methoxyphenyl)ethylamine.

37. The process of Claim 33 wherein the imine is reduced by a boron-based hydride

reducing agent, an aluminum-based hydride agent, or hydrogen with a metal catalyst.
20

38. The process of Claim 33 wherein the chiral auxiliary R* is removed by

hydrogenation or acid-mediated cleavage.

39. The process of Claim 33 wherein the fused bicyclic ring is a quinoline or an
25 isoquinoline, NH, is located at the 8-position on the quinoline and at the 5-position on

the isoquinoline; m is O or 1; and R? is methyl.

40. A process for racemizing an enantiomerically enriched amino-substituted 5, 6, 7,
8-tetrahydroquinoline of the formula XIII or amino-substituted 5, 6, 7, 8-
30 tetrahydroisoquinoline of the formula XIV to produce the corresponding racemic

mixture:
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R%,, N /Rzm
\ /—lNR7R8 | lNR7R8
F AN
N
XHI XIV
comprising:

a) heating the enantiomerically enriched amino-substituted 5, 6, 7, 8-
tetrahydroquinoline or amino-substituted 5, 6, 7, 8-tetrahydroisoquinoline neat or in
an organic solvent in the presence or absence of an additive; and

b) when either R’ or R® is not hydrogen, cleaving the R or R® group under
conditions to form the corresponding amino group;

wherein NR7R® is located at any position on the saturated portion of the
quinoline or isoquinoline; R? is located at any other hydrogen position on the
quinoline or isoquinoline ring; m is 0-4;

R? is selected from the group consisting of halo, nitro, cyano, carboxylic acid,
alkyl, alkenyl, cycloalkyl, hydroxyl, thio, a protected amino, acyl, carboxylate,
carboxamide, sulfonamide, an aromatic group, and a heterocyclic group; and

R’ and R® are each selected from the group consisting of hydrogen, alkyl,
aryl, heteroalkyl, heteroaryl, aralkyl, alkanoyl, alkylsulfonyl, a carbonyl- or sulfonyl-
group substituted by an aromatic or heterocyclic ring, aryloxycarbonyl,
alkoxycarbonyl, arylcarbamoyl, alkylcarbamoyl, arylthiocarbonyl, alkylthiocarbonyl,

and carbamoyl.

41. The process of claim 40 wherein heating is from about 120°C to about 150°C.
42. The process of claim 40 wherein R’ is alkanoyl, and R® is hydrogen, forming an
amide; or R is hydrogen, and R® is aryloxycarbonyl or alkoxycarbonyl, forming a
carbamate.

43, The process of claim 42 wherein the amide or carbamate is cleaved by

hydrolysis.
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44.  N-(2-Methyl-5,6,7,8-tetrahydro-quinolin-4-yl)-acetamide or N-(1,2,3,4-
Tetrahydro-quinolin-7-yl)-acetamide or N-(5,6,7,8-tetrahydroquinolin-8-yl)-
acetamide or (R,S)-N-(2-Methyl-5,6,7,8-tetrahydro-quinolin-8-yl)-acetamide or
1,2,3,4-Tetrahydro-quinoline-8-carboxylic acid methyl ester or (R,S)-N-(2-Methyl-
1,2,3,4-tetrahydro-quinolin-8-yl)-acetamide or 3-Methoxy-5,6,7,8-tetrahydro-
quinoline or (R,S)-8-Amino-2-methyl-5,6,7,8-tetrahydroquinoline or (R)-N-(2-
Methyl-5,6,7,8-tetrahydro-quinolin-8-yl)-acetamide or (S)-8-Amino-2-methyl-
5,6,7,8-tetrahydroquinoline or (S)-5-Amino-5,6,7,8-tetrahydroquinoline or (R)-N-
(5,6,7,8-tetrahydro-quinolin-5-yl)-acetamide or (S)-6-Amino-5,6,7,8-
tetrahydroquinoline or

(R)-N-(5,6,7,8-tetrahydro-quinolin-6-yl)-acetamide or (R,S)-5-Amino-5,6,7,8-
tetrahydroisoquinoline or (S)-5-Amino-5,6,7,8-tetrahydroisoquinoline or (R)-N-
(5,6,7,8-tetrahydro-isoquinolin-5-yl)-acetamide or (S)-6,7-Dihydro-5H-[1]pyrindin-7-
ylamine or (R)-N-(6,7-Dihydro-5H-[1]pyrindin-7-yl)-acetamide or (5)-6,7,8,9-
Tetrahydro-5H-cyclohepta[b]pyridin-9-ylamine or (R)-N-(6,7,8,9-Tetrahydro-5H-
cyclohepta[b]pyridin-9-yl)-acetamide or (S)-5,6,7,8-tetrahydroquinoxalin-5-ylamine
or (R)-N-(5,6,7,8-tetrahydroquinoxalin-5-yl)acetamide or (S)-3,4-dihydro-2H-
pyrano[3,2-b]pyridin-4-ylamine or (R)-N-(3,4-dihydro-2 H-pyrano[3,2-b]pyridin-4-
yDacetamide or (5)-4,5,6,7-tetrahydrobenzofuran-7-ylamine or (R)-N-(4,5,6,7-
tetrahydrobenzofuran-7-yl)acetamide or (1-(R)-1-Phenylpropyl)-(8-(R)-5,6,7,8-

tetrahydroquinolin-8-yl)-amine.
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