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PURE AM NO- SUBSTI TUTED .FUSED BI CYCLI C RI NGS 100011 This appli ¢&MH&hZ40060s
benefit of,priority to U S. Provisional Patent Applicatj 3, 201,
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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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process fo . rmelcendesas if by ehfthi onerically enriched (R - and (S)- forns of
am no-substituted fused bicyclic ring systens. Further provided by this
invention is @onASYRRRLric synthesis of an am no-substituted fused
bicyclic ring to produce the desired enantioner. 20. Background of the
I nvention [0GE&:2; !t 1% iHGliéEeksEbet PRRRSs Plocskds! tbr dyhthtdi€ardirésohoRbpduce
enantionmeric forims of pharmaceutical conpounds, since such enantioners
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racem c for myehsibA& SRIBdEQIRAMELor tkiPthydr8%adihdlines. One process utilizes _
8-am no-5,6,7,8-tetrahydroqui nolines are utilized as internmediates in the
25 prepd? at i Ghlegive hydrepenptianaf ge yeinocsubdiped et Meyslic BR& A PleBRERDKI ne
receptors and,,4d ok At RePlc U bubSiteld BEESbiRGHE Mok sstheghi on of target
cell's by hung’r_rmo %mdefj‘é’?e‘:ncy virus (H V). S V\OESOS/_ 56729. [ 00041
Appr oxi mat el yitGatinandmadditonotke pescnhmyentioa descHbesdhs geymatigelvtignef on,  at
| east in part, | 0L, 8K (IR RV & h ARPEBR SR fRda DI ol ogi cal
activities - T Ceg{coﬂ%g#%%%%%t%@thgmpa &} !

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 (8)- forms of amino-substituted
fused bicyclic ring systems. Further provided by this invention is an asymretric
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 skil! 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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antiviral properties. See US 6, 365, 58 these agents are useful for
controlling tingnumpdiicishéyevitus (BV)c henot her apy, enhanm ng the success of bone

30 marr ow tmﬂédﬁlj]a”tﬁotr'e%npl .n.?ﬁ{ . %W%lhﬁk&ggé.%ﬁB%%fék@”t’ as

wel | as gbacterla ctions i'n ¥
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
CXCRA4 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 cell—derived factor 1 o (S§DF-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.
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artisan woul d be interested in nore effective and efficient pl:' W@
pr oduci ng cemat es and enantioners of various ring systens. This

i nvention ProVi’é8® such processes. Summary of the InventPCJfPSBZ’Pé'GOQ] The

i nvention provides a process for synthesizing a racem c am no- substituted
5,6, 7,8-tetrahydroqui noline or a racemc am no substituted 5,6, 7, 8-

tetrahydroi s ihol ipne conpr 001 tln am no substltuted
qui nol iyne of O[ﬁ esnf or rrufe(E i ?‘ﬁigﬁgﬁﬁ#%‘”o” 'c‘wtS é’blmgrseoeg{‘f?‘h‘@lap‘he of the

formula 11 widffician paesse- fprrmbmmgng:egnammmmﬁmmwrwls of Maridud riAg s@fte@ani C

sol vent to pr. duce an an ne- rot ected, substituted quinoline or

i soqui nol i ne: & IMKFREBProYfes sHch Rigpessep- ) hydrogenating the ani ne-protected,
substituted quinoline or 15 isoquinoline in a strongly acidic solvent at an
el evat ed t enenmtany ef tholnvertiont he 5, 6, 7, 8-t et rahydr oqui nol i ne or

5,6, 7, 8-tetrahydroi soqui noline; and .[0012] c) hydrol yzing the

ani ne- prt ect{00g] gr dinp itventmqulerdéestahpeocdedor ydthesidsg maar&imiamc‘hosubsti tuted

5,6,7,8-tetra 1. C amno subst i

t et r ahydr oi sog%u'?\“?%n%%é% af’b%ﬂ@'i”ﬁﬂ%? t ORI 3me- ﬁ“ff)séi'{t%qjégr? 8any posi tion
on the benzenarappdrbisagnireling &enprigisignol i ne or i soqui nol i ne, is |located at
any ot her n position on.the ui pol.i ollnerlng mis
0-4; and. vvhei@ﬁﬁf ?Eea%tg’lgél&a@bmﬁ”gsrﬂ%f ngq‘ﬁ’i‘ gﬂBOILt@B?Egé‘laqr?@arb‘l‘mWP‘t ro, cyano,
car boxyl ic a@utﬁtinﬁddlésdqulnailrkw%e ﬁuﬁll@ﬂlukmlan a&ur&tﬂbteat@%mdp)édﬁ@émhkl a

pr ot ect %i t hi.ol, rotected am no, e/ arb @/I at e, .car boxam de,
nanorga ic solvent to produce an amin protected substituted quinoline or

isoquinoline:

[0011] b) hydrogenating the amine-protected, substituted quinoline or

15 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

- [0012] c) 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; s 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.




25 sul fonam de, an aronmatic group and a heterocyclic group. R

2006 WD 03102278-5 PCT/ US02/ 29372 [0014] The invention al so er€W%§gthﬁB
process for hesi zing a racem ¢ am no- substituted
5,6,7,8-te9¥§ﬁ9%?§&uinoIine or a racemc anino-substitutggwg?%?%vé-

t et rahydr oi soqui noli ne conprising: [0015] a) reacting either a substituted
5,6,7,8-tetrahydroquinoline of the formula 5 IIl or a substituted.

5,6,7,8-tetra oI S ' ' f th I b ' at | east
2 equi val ent sm(?g'*gn gﬂ%/nlg%dtoﬁie“hsgn%otgls%,sLg{og%lsﬁrtsﬁtﬁénﬁm%%ﬁ% ;({)Hrlﬁqg“pot assium
am de base, amtstitaed 54,7, $rtedrahydroquaamiinagr ;aageaniic sinbenbstiameddxé.7®: and [0016]
b) reducing th@_ﬁﬁfne to produce the racem c am no-substituted 5,6,7,8 10

t et r ahydr oqui FOPITHEEHUREG LR 8 ani no- subst i t ut ed

5,6,7,8-tetralpodspi Sapghdiakicitiesr a sh3Ohived SvhiE8-edtrahidieguirlineof tBe foag@hed at t he
8- positiaon on_the quinoli or the 5- pasition_.on the isoquinoline; R2 is

| ocated at aml/ﬁ 8t havbstiuigd g'ggrg"ﬁgglyfifoéﬁ‘?&ﬁﬂoq%é’?thﬁ&?‘ﬂﬁ’l‘?ﬁIIHZ or isoquinoline

ring; mis 0-4; and wherein R2 is selected fromthe grou consi sting of

hal o, nitro, cyano, a Cte rboxylic aci I enyl ,

cycloal kyl, 15 a protgcted Hydroxyl|, g protectpd thi ot ected am no,
acyl, carboxylate, cg@rboxarn de, Rpani de, tic gnodm and a .

het erocyclic group. [ provi ded i N synt hesi zing a
ket o-substituted 5,6, 7, 8N tetralydroqui noline or ubstituted

5,6, 7, 8-tetrahydroi soqui nol igpe conprising: [0019] a%vreacting either a

substituted 5,6,7,8 tetrahydroquinoline of the formula 20 Il or a

substituted 5,6,7,8-tetrahydroi soquinoline of the formula NRZ mU 1V
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
[0016] b) reducing the oxime to produce the racemic amino-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 isequinoline ring; m is 0-4; and wherein R? is selected from the group
comsisting of halo, nitro, cyano, a protected carboxylic acid, alkyl, alkenyl, cycloatkyl,
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-
tetr’éhydroquino!ine 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 11T or a substituted 5,6,7,8-tetrahydroisoquinoline of the formula IV

\ \
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an alkyllithiumbase, or a lithium sodium or potassiumamd X &
then with i ting agent to forman oxinme; and 10 b) hydrol yzi ng
t he oxime 8“%&%@%€e the correspondi ng ketone; [00211 mﬁéﬁéﬁﬁlpﬁé keto is

| ocated at the 8-position on the quinoline or the 5- 5 position on the
isoquinoline; R2 is |located at any other hydrogen position on the

qui nol i ne or i soquiMal iRz il Sefts & and1iHiuinSaSe . m.t he group
consi sting of halé, nktrof&%yaﬁofoémpr téc?e}acébﬁﬁ@ﬁﬁfég%@%ﬁf“alkyI,

al kenyl , cyclrotdsikyh amalebasst et tbeh witlyainitesdting agent ot feon edoxime;ghd a prot ect ed
am no, acyl, oxyl m de, nam.de. .. a romati ¢ group, and
a heterocycl”gégﬁouggﬁ&ﬁbvggég%ﬁﬁFg%Eppﬁ$§4$%3%ﬁ?ﬁ%ﬁ"'%8%T%es a process for
resol ving radeedl¢ awhiersin ths kiystis bertaicht he@-pbsBioh eh tlehythotiggirnied 3-ne of t he
formul a or racen c.,am no-substituted, 5,6 -t et rahydr oi soqui nol i ne of
the Torntl a WPOTG B G GRR TR he® iR rand o NP PeiRP dfng. 15 [ 00231
a) enant i oselgairblinedrysogoiyiblate; mgs 044; aririydsmydcatdi frogh th @rolf é&¥isGngdf NO-

substituted , 7. 8-t etrahydr oqui nol i ne qr e racem  no-substituted
567 Bt et PRy et B FAGEeRE ADPRRarR b b EEF e dRh Az s o

catal yst; anty{lQRA4dprofectee padiad pro@eted 8mindl K t&Box/MHid) @arbsthishide, Ut ed
5,6,7,8-tetrahydroquinoline, or 5,6, 7, 8-tetr.ag‘ydroi soqui noline as the first
enanti omer, PPEIRAMIE. W AINPHISEYP: 2057 BERoRelisy 80U bamat e- subst i t ut ed

5, 6, 7, 816 et r abozdy oquitatHidiaveétioD pwileSa profdss ARYSbRINEsHsHOiIAG, and [ 0025]
c) cleaving the am de or carbamate group to isqlate the second enanti oner
of the ami noSHHEIGI b EErtesraBydroguRoling %@a@&ama%% TARENH} aming-sgosgtuted

t et rahydr oi sagi Sedhm@roidauin8RRalf ivveraln VNG rb&uck @ a6 ShaatioddY, POSi tion on
the saturated portion of the quinoline or isoquinoline; R2 is |ocated at

any ot her hydrogen position on thg2>5 R

N /jm

l ——NH, ' — NH;
= N A
N
\V V1
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-
tgtrghydrqisbquinqline using an enantioselective enzyme as a cétalyst; and
[0024]  b) separating the unreacted amino-substituted 5,6,7,8-tetrahydroquinoline
or 5,6,7,8—tefrahydroisoquinoline as the first enantiomer, from the enantiomenc

20 amide-or carbamate-substituted 5,6,7,8-tetrahydroquinoline or 5,6,7,8-
tetrahydroisoquinoline; and
[0025) c) 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 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



10 March 2006 WO 03/022785 PCT/ US02/ 29372 qui noline or isoqui i ne. ring;
mis 0-4;, and R2 is selected fromthe group consisting of hal I!:@Mﬁrphéﬂ%
cyano, car i cid, alkyl, alkenyl, cycloal kyl, hydroxyl, thio, a

pr ot ect ed S’Qnéé%‘?ﬁ??w , carboxyl ate, carboxanide, sul fonaﬁFé’é’?“’ézﬁi""ér omatic
group and a heterocyclic group. 5 100271 Anot her process is provided for
resol ving racem ¢ am no-substituted 5,6,7,8-tetrahydroquinoline of the

formia v or A RhiMIbETnE: fid fraoh AN LR0E polt a0t he

formula VI to oduce one enantioners,

[0028] a) enanfhdseitectyaelcparbagylicaicidngikglr alkerybayelydliat iygroxhethigaem ¢ am no-
substituted 5 6,t7 g-tetrah dr%gui qo Iibne or, thﬁ' racerni ¢ am no-substituted
5,6,7,8- tetr ARG RTEa RGP REX NP FLR Y%A T RRE e 1 FRMAE AT B 5

catal yst to paaeu@eydic grout ure of the corresponding unreacted amne in the
first engntioperic formand the reacted anm de or carbamate in the second
enant i omaasr| ic i@?kﬂl agﬂ%g F[f%é?g‘ipf?)"‘aqeé ré‘fslgh'é“gtrﬁff“?? peposibsHYrer of the
am no- subst i t 86eR-RirkhydicduinbBid AMEFORRIUL N a@hodubstituted 5,6,7,8-

5,6, 7, 8-tetrahydroi soqui noline; 100301 wherein NH2 is |ocated at any
position on t FEEisesrBainsatthedpmyia Ve prefiich grg Hfdhasmantamssi nol i nel R2 is
| ocated at any other hydrogen position on the quinoline or isoquinoline
ring; mis 0-4;, and R2 is selected,fromthe group consi stil{yg 20 of hal o,
nitro, cyano, carboxyli \gi d l, al kenyl, 0 Rydroxyl, thiol,

a protected am no, rbo yT\]ate, car bo sul Fonam de, an
aromati c group and f p. 100811 A processiMHprovi ded for

resol ving racem c amlpo-s 5,6,7,8- Netr jphol i ne or racemc
am no-substituted 5,6, dr oi soqui nolin produce the two
nant i r rising: -
enanti onmers, conprising 6V VI
comprising:
10 [0028] a) enantioselectively acylating or carbamoylating the racemic amino-

substituted 5,6,7,8-tetrahydroquineline 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 armine 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 §,6,7,8-tetrahydroisoquinoline;
{06030] 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—substituied 5,6,7,8-tetrahydroisoquinoline to

25 produce the two enantiomers, comprising:




10 March 2006 WO 03/022785 PCT/ US02/ 29372 10032] a) reacting rﬂ?m};
am de-or carbamate-substituted 5,6,7,8- tetrahydroqui noline of "PBrzrﬂS’Pa
VIl or racgg de-or carbamat e- substi t ut ed

56,7, 8-te§’§§ @%r%gl soqui noline of the formula VIII H VI IpqlfSPZIZS’(’BOBBl wth
wat er, an al cohol, or a primary or secondary am ne using an 5

-enanti osel ective enzyne as a catalyst to produce a mxture of the

corr espondi NqoozNT N&) kddchp@adeiri SimiBRBPEArRAMRRd-Subbiiel 5@n7dk.t he unreact ed
amide or carbamate in the second enantioneric form (0034] b) separati ng
the first endfftanydrequipgling gethe farmyls- Gl psrasanie amids-op carbgnate-sthstiviedr oqui nol i ne
or ami no- substaim&&gh@rgsoau&or.@émmammgww noline, fromthe 10 unreacted
ani de or carbanmate: and 35] c¢) cleaving the am de or carbanate group to
produce the second enantl orrer of .t he Gam no-substituted
5,6, 7, 8-tetrahydroqui i
100361 wherein the 1

any ot her hydrogen
0-4; R2 is selected up consisting O ; cyano,
carboxylic acid, alkyl; al kenyl, cycloal kyl, hydroxyl, thiol, a protected
amno, acyl, carboxylate, carboxgji de sulfonam de, an ar omg}, ﬂg group and
a heter ocycl #0391 OURyithahek: B3 llc%h@ln Ly t cgrbon atomor an
20 optionall ;[/ su{)stl tlut ed roxf!gen at é?ch gia{t%na]%ﬂjf this invention
provi des® a pFerddssslecaye anzyed as amytahét:*@mr@ucammmursaﬁgm|com¢sgmdmg

5. 6. 7, 8 L et! aRA0MImelhiioRbrd ARETHE il TRA:RN Bl bHLEf b InS
tetrahydr0| soqui noltne to pro uce one e enantromers, conprising: m\ /
mll 3 3 R 2s@oRpergntfori@icNemmsh 2006

[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] c) 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*isan optionally substituted carbon atom or an
20 optionally substituted oxygen atom. o
[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:
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car bamat e-substituted 5,6, 7, 8- tetrahydroqui noline of the fornﬁyla\ﬁh Z(S)r06
racemc a arbanate subst it ut ed 5,6,7, 8- tetrahyd |noI|ne of
t he fornur]vg@ﬁ(?‘[n "RRORRr"~) mR3 5 VII \_f1m~ ngg‘ﬁ%%h wat er,
an al cohol, or a primary or secondary am ne using an enantloselectlve
enzyne as a catalyst to produce a m xture of the corresponding amne in
the first enantioneric form and the unreacted am de or carbamate in the
second enantioneric form and 10 [00391 b) isolating the first enantioner
of the am no-HOBSt i taptraﬁbtiﬁg xﬁ¢&ui8mni®tm&hxjvdma1quilmmutadé @T,8-

5,6,7,8-tetrah |so noI|n he ani de, or b rnate is

| ocated at anVy%B@FFP fpﬁgbgégﬁﬁgfrrcmﬂgr PR SFOE 3wdﬁ?%§ fﬁe or

i soqui nol i ne; i&ZﬁusuM@dﬁkaﬂu@ﬂmaBymemhﬁmkhwmmogen p03|t|on on the

qui noline or isoquinoline ring; inis 0s4; R2 is selected fromthe group 15
consisting of halo, nitro, cyano, aarbo yllc acid, alkyl, alkeayl,
cycl oal kyl , hydroxyl, Tect d am no, C at e,

car boxami de, sul fonafi de, up andijla hete ocyéf%h and
stituied

R3 is an optiOnaIIy
oxygen atom [00411
enantionerically enrich 20 substituted 5,
8-tetrahydroquinoline of the fornula X Il or am no- substltuted 6, 7,
8-tetrahydroi soqui noline of the f¥fmula XIV to produce the cowm@spondlng
racem c Aixture: 10 March 2006

with water, an alcohol, or a primary or secondary aming 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 enantiomernc form; and

10 [0039] b) isolating the first enantiorﬁer 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 hydtogen 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 oxXygen atom, )
[0041] A process is provided for racemizing an enantiomerically enriched amino-

20 substituted 5, 6, 7, 8-tetrahydroquinoline of the formula XTI or amino-substituted 5,
6, 7, 8-tetrahydroisoquinoline of the formula XIV to produce the corresponding

racemic mixture:




WD 03/022785 R2 m Xl Il PCT/US02/ 29372 R2 Xlv conprising: [004 ng
the enantionerically enriched am no-substituted 5, 6, 7, 8 5 ’?&MQ cp‘%de
tetrahydrogHiQﬁJlne or am no-substituted 5, 6, 7, 8- tetrah dr oi soqui nol i ne
neat or in 4t 'gani ¢ sol vent in the presence or absencRCHYS03933di ti ve;
and [00431 b) when either R7 or R8 is not hydrogen, cleaving the R7 or R8
group under conditions to formthe correspondi ng am no; [00441 wherein
NR7R8 is | ocated at any p05|t|on on the saturated portlpn of the 10

qui nol i ne or isoquinol e/§R%pcated at yﬂrogen posi tion on
I]ng, mis

the quinoline or i 4 is selected from
the group consistin gyan xylic_ ppigh al kyl,
al kenyl , cycl oal kyl in, a pnotect acyl carboxylate

car boxam de, sul fonam a omatic grou erocycllc group; and
15 [00461 R7 and R8 are %aﬁh sel ected fromthe gfpup consisting of
hydr ogen, al kyl, aryl, heteroal kyl, heteroaryl, aral kyl, alkanoyl,
al kyl sul fonyl, a carbonyl- or sul fonyl- group substi t ut ed by an aromatic or
heterocycliccpmmg$n@ryloxycarbonyl alkoxycarbonyl aryl car banoyl ,

al kyl car bano ryithi car alk t hi r bon carb nDyI 20
[0047] A pro gSS?IS é?ﬁ%ﬁ tmnw ¢ sﬁ?qhgzﬁﬁ"%ﬁﬁﬁTt gé‘?g ga pri mary

an no- subst |t¢twhgd}od]um1deb:tahy|ﬁdnmbsmumg 506, 7, enendhgdioXoQuatliaE 664065 inl X -9 10
March 2006 VI)03/022a85tP /[ US02/ 293 21%004§ngé for ng the Schiff base of
a keto group T SEETEA°EH" 1 HgPBSBF° P 30 9@4?‘ ring by reacting it

with an enantf0@spri oxlwhen pittiee RP b Rbis Yoetiyifoges; idading the R or R® group

under conditions to form the coneéponding 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 [0040] 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;



auxiliary R*NH2 of the formula X X 5 [0049] to produce the cor ﬂﬂﬂ)
enantionerically-pure imne of the fused bicyclic ring; [0050J]i B(farc 6
di astereose] ectively reducing the imne to produce the correspondi ng

enant i oneri‘@(glﬂ?/g/n}?ure secondary am ne on the fused bicycl F@W&ﬁ’@”zand

[ 0051] c¢) renoving the chiral auxiliary R* to formthe enantioner of the
primary 10 am no-substituted fused bicyclic ring; [0052] wherein ring Ais
a heteroaronma n Pis a |tr sul fur atom
or oxygen at omogpfng %fof'gmﬁr%esrcg& ?Tgf St °‘é‘§,c G @ PR iR

het er ocycl oal kiekélicHi@ D3 tedotigy ieivith Nﬂznanaothﬂeduratpnalagomme ciirabn ring B;
and R2 is located a y 5.0t her_ hydrogen position on the fused bicyclic
ring; [0054] W]H%Y%r ﬁP{ gf% eprmP8 % 5" sel ected fromthe group consisting of
hal o, nitro, cyan, carboxyljs acg al kyl, al kenyl, cycloal kyl, hydroxyl,
thiol, a protected am no, ar boxyl ate, carboxam de, sul fonam de, an
aromatic group and aRMetnai,eeycP{c group; and 20 [0055] R4, R5, and R6 are
each different and sel ected fromthe group consi sting of hydrogen, alkyl,
al kenyl , cycl oal kyl, cycl oaIR<enyI NHand a 5- or 6-nmenbered aromatic ri ng;
and at |east one of R4, R5, or JR6 is a 5- or 6- menbered aromatic ring.
Detail ed Descripti on of the I nvention [0056] Many organi c conpounds exi st
inoptically ate the
pl ane of aSIpI angﬁ’%l ari hﬁ%m?hg&?e{scr Pr’n’éé‘é’%\mg%t Pygﬁétﬂ%gﬁ‘%g&e conpound,
t he prefixes Rcmidr@g;are used to denote the absolute configuration of the

) Care’- 10 1R cr oo RPN BB LY St uElitebona (2L, G e
t he sign of rcrtaahomncalﬂy—plraa@omalr)aammedn tiedimed bicytlveingoapbound, with (-) or

"1" meaning tfak,the Cr‘é’;%g%%{é‘ﬂ@ia laﬁﬁ’;Px%rggtgﬁg%nfﬁé‘&a}%&mer(o%e '

meani ng t hat e lconPdtH troro efe I's no correlation
bet ween tthe mnmanclbsatutﬁdefusfedrbid.yhlmmm ute stereochem stry and for the

rotation of aﬂ)ﬂ?ﬂant Berem-nng 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 cycloalkyi or
heterocycloalkyi;
[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, carboxytic 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 RS is a 5- or 6-membered aromatic nng.

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 “I” or (+) and (-} are

-10-



5 For a given chemical structure, these conpounds, called "ste | SO
are identical except that they are mrror imges of one anot hi(fmq&‘:n‘.%%ﬁ
specific stereoi soner can be referred to as an "enantioner” and a m xture
of such i sYRHPLIE often called an "enantiomeric" or "P&TEIIE23HI xt ure.
See e.g., Streitwi esser, A & Heathcock, C. H., | NTRODUCTION TO ORGANI C
CHEM STRY, 2nd Edition, Chapter 7 (MacMIlan 10 Publishing Co., USA, 1981).
In the present application, the designation (R 'S) represents the racemc
m xture of t H&Pleyed prlesignain s sico rbrosatian f plare-pakerized Hend by thewamppower s al so

can be desi gngid &Sr’rﬁaﬁm%mmle%om&éﬁhas @M&%&B%wﬁmeﬂef%vﬁ, 7, 8-
tetrahydroqui noli'ne. [00571 "Enantionerically pure™ or" enantionerically
enriched" or mM&pnE gl thy caBpend e dextroretalont adhéraliy ne copelater bopwesnrtlee' or

"enanti opur e"nc)%?réclé':ﬁ!g% f&%@iﬂ}olﬂﬁ%&%&%‘éﬁis $hd f@lﬁg;c}tﬂi%ﬁ%f MH eniaétp I s

substantial ly , the alternative endntioner or |soner, erein the
conposi t f on iFor agiveredwmiQbysusipradicghtompourdsecatfed ' starebisopmrraraiddnti@o by

wei ght or le i rpate | . re-preferred enpodi ment, the
terms mean tSe E(ée Itg' h@ﬁ?ggﬁ%ﬁg[?ﬁqﬁrgﬁéeggﬁﬁe alnle)tgg? ‘ag%lg'g vavreef"gsﬂrperd:]a“ fie desired

i somer and 1%fbyed20 asvan (ghentomel emd aghixtubeofahthararadrs seftbiscatied ator  enant i oner .
These percentage e..hased .upon, the.total,anount of .c ound jn the
conposition. %@ﬁénlchgr trg?enql"“ ehan r?'o%eéerel‘ : Setrf{:%ﬁser’%r&'lg!émmlog" rde ated to
the term " optINERODUSIIHONYTO DRGANIC CHEMISTRY , Ted Edities, Chaplch B (NMaiellan

phenonenon. .val e N e a nunber.fromO0.to.10Q, .0 being
racem c?(gnd P&@‘%@ﬁ%”%ﬁéﬁgﬁ)nb’l@egﬁéﬂ? F‘Er}ﬁé?h.onﬂgﬁgesb%‘ﬁ%% Yhat is
referred to asprl8%s tptriceald iixpui¢ €f thaR- o Hesativhed aad thd &waual See, e.g.,
March J., ADVANCED NI EM STRY: . REACT | SNS AND
STRUCTURES, 3P4 'EBF‘Piagﬂ?”&Fggf'é?a“ifﬁﬁ@ﬁﬁxwl'%‘§%%IEF’§ (BS)yguno-pdgh-  The
percent opti calh@équinolii@r a given sanple is defined as: Percent optical
purity = Fal x 100 30 [a] max,Wiere [a] o i s. the observed angl e of
ot at L on of ML pol GRMSHCHRURPIARE (S IBETEaD ThEag PG at i on
possi bl &5 (i . gure” bit@ubstnéihliyosptitAIBipureUbit - chatiopger asaded 1RFei@feant thal heMar ch

B D O e e iSO A Al LB B, o0 9

wherein the composition is at least 0% 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% ce. See,
e.g., March J., ADVANCED ORGANIC CHEMISTRY: REACTIONS,
'MECHANISMS AND STRUCTURES, 3rd Edition, Chapter 4 (John Wiley & Sons,
VUSA, 1985). The percent optical purity for a given sample is defined as:

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

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

the maximum rotation possible (i.e., the rotation that would be observed for an

-11 -




[a] and concentration, then the optical purity is equal to the
excess of one enanti oner over the other: optical purity = ena &ﬁﬂ?@ﬁ 2(906
excess (eelv = |R - L1x 100=9%R-%. [R] + [S] 100591 The substituent

groups def MHBHEW can be optional |y substituted; theFeVBi29¥ by

exanple, when the term"alkyl"™ is utilized, it also enconpasses
substituted al kyl s. 10 [0060] Ceneral structures are defined as follows:
wherein, ring A or C i S _an pti ona{h hsubstl t ut ed heteroaromatic 5-
or 6- nenber eﬂ‘af’ﬁ‘?f@mc %e?@péﬂ g‘rﬁ*ﬁ"i“B?l% F%}l‘ IS SN e e BHOS PSSR om  an

optional 'y subgtdddubmentditionOEekhabiPal Sty i4leq@] tOKY P&Eent 8ieorBh1g B or
ring Dis an optionally substituted saturateg or partially saturated

carbon 5-to 6¢BiRIRY EUCTAYTPBI kyl or heterocycl oal kyl _ 15 [00611 Exanpl es

of the optionally 3ybsbitiytabRionfhic BxeiRer ed ring Aor ring C are
pyridine, pyrimdine, pyrazine, pyridazine, triazine, imdazole, pyrazole,

triazoleS oxazole, thi X 18R e ed rings are preferred for ring A
or ring C, particul arl yRIpiAli di ne. 100621 Exanpl es of the optionally

SubSti LUt o0 T 1081B Ofyd byt B SXEkADEKAREcog 20y PUBAI LikfAGreaP! PET a2 e,

hexahydr opyridaZi'ne, tetra , I ophe

t et r ahydr opyrtherefonan dorteaemplhyvedren i taqy Tally]” iaiutihzedhie alpe efcempwdesconbl nati on of
rings A and Bt é:alﬁﬂg D, being 5,6,7,8-tetrahydroqui noline and 5,6,7,8
tetrahydroi soqw nor . [0063] In the above exanples, the "optional

substi t Uént s" 0060 Ri n@eneth,l stjcti@ss amndefDed 25fottays: Ivéherzitt, riog Aoy aing C ic a boxyl iC
acid, an opti onal I

S ubsi ituted h dr I(’)%é%’lsu ?ﬁltﬁe&heéeﬁgaégl %%lnaf)f y s%"lrljl%t%dfryuntge% 103? ogtborns{l:ypl opalty
optionally s Lﬁussutmtad mlbcﬁmmm anropa@yally grbeuqnwdanrqgm atomadull fyir ow:b@gent ut ed
car b ate. oL R 5P L BSOS R EBLL AR L 1
substituted aiaﬂaph j-nad-melb&id tPcladliy oy hiterotyethalkgl. met hyl , et hyl, propyl
oL Ot 0 P MRSl B S SBE
-12 10 March aZQ@ﬁuime pyrimidine, pyrazine, pyridazine, triazine, imidazole, pyrazole, triazole,
- oxazole, thiazole. Six-membered rings are preferred for ring A or ﬁng 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-
. tetrahydrotsoquinoline.
[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,.; alkyl, including
methyl, ethyl, propyl etc. and examples of the optionally substituted cycloalkyl groups
include Cs.10 cycloalkyl such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,

-12-



WD 03/ 022785 PCT/ US02/ 29372 cycl oheptyl, etc. In these cases, '&b['\@é' Q?HOB
and cycl oal kyl are preferred The opti onal substi.tuent may aI

optional ly_substituted aral kyl (e.g. phenyl CI-4 alkyl) or heteroalkyl for
exanpl e, pheh{*fEhyl (benzyl), phenethyl, pyridinyl met ATUSOEBIAI nyl et hyl
etc. The heterocyclic group may be a 5- or 6-nenbered ring containing 5
1-4 heteroatons. 100651 Exanples of the optionally substituted hydroxyl and

thi ol groups includ a pti onal stjtuted alkyl (e.g. Cl.1o al kyl)
such as net h)ﬁ}'c‘%g?ﬂ‘réi ete. E’r‘ g‘ﬁiﬂcases ébﬁp’?'ﬁ’g JCYB'at‘grl arg %’G%U"F‘Sl/q‘he senplut v |
tert-butyl, pﬁﬂitiﬁenﬁﬁtﬁy alsﬁﬁlﬂpﬂ&{ﬂly@@snt@kd%}dﬂw {e. @'ﬂher@'pthc%n%)l)l&
substltuted C cloalk¥ cloalkﬁ etc. such as cycl opropyl, 10
cycl obut yl , O;PFXE“H&/% PBﬁ’é’W‘F‘ yl brapdhepengihyl, emd*rylmalhy!optr onal |y
subst i t ut ed @hﬁinméthy( &c. The BE&@I‘&}:{JJc'I]@grcﬂJp%tag%L:a 5Co1ds- m@ﬁ;B@rX(!l nn%)

etc.). V\herethere are two adj acent’ hydroxyl or th sub |tuents the

het er oat ons nfad hserodtBRhect ed via an al kyl  group such as O(CH2),,0 end
S(CH2) "' S (whqpessh=1-FampfeX 8k Sﬁldneﬁ*eﬂe;mte@tyw& rt%tth%y ﬁk%&fged' oxy

etc. Oxides of thio-ether grou as sul foxi es 15 ones are
al so encomaﬁ@ﬁtloqaﬁﬂeé’it'tmﬁ ?Mt(ﬁ@xﬁmola'éfsl) gchiap metipt, |eﬂimhbt0yyisubst| tut ed

hydroxyl  gr oyg,nidasl, H{}?l 2 utﬁpée'c%ﬂ,?{l/ i ﬁﬁ*gﬁﬁé@tﬁﬁ %GFAR' ‘lr(gﬂﬁtl y (e g-

acetyl, proplonyl I sobu
met hanesul f owynona@v h@m@@t@ﬁ Fengdlky! é-g Gs.7 ayadoadityl,opt swhab ty;clopmpplst ituted

aromati ¢; and C I d benzo

pyri di ng%ar bozéafﬂﬁft)t(fl %%B%%ga&?ﬁ)ﬂ&sylg: ?‘Hl?epejri'ft M%‘H}O“Q? %Lsnnﬁef y substituted
ami no group rﬁm}k)&b(m phayl-Gactikydidw berayl, pheneihgl, el gl Woerathencergrmaup (€. g. 5-

b por 1 di ne. SR b ol BedBick BIobR IS eBR AL B B B REVEZ, O e
etc.). Said @mbisechensﬂti,GngQa@i W;h&mh@eﬁtﬂ S)JBMmItlwemctludeand, exanpl es of

the substitu I chl ori.ne, __brom ne,

i odi ne, etc. ?rmlﬁl "ngwgthggne%ﬁﬁgr 5% Ogldre %%Hﬁoteﬂm FORrssUE asa?H]iﬂﬁ‘(')‘%@r oup,

car boxyi3s gr oapd s%nnptaﬁsmedanm;buateﬂgenat ed Cl4 al kyl (e.g. trifluoromethyl,
methyl, eth 40’6 % herexaonf ?sﬁr}%el u il%t?bngwgﬂ)hydr@ylal kox (eag met hoxy,

et hoxy, trifluo oxY, uor (e.qg.
acetyl, pr opbmrqnlal,ly abetithted Ch. alBBiod (algkgpb@ubfapmﬁyl betygl, mmttp@neﬁ;gl fonyl ,

et hanesul f O”&',;; alﬁtlgl.ﬂ}onglr}e.g.n%cgtpa?nresr.ﬁ}onyr eetLe?I{egqunylsgtb ¢ Idt alilzeorplygtc?n r el to 3'

substituted aromatic and heterocyclic carbonyl group mcludmg benzoyl,

20 pyridinecarbonyi etc. e
[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 alky! (e.g. trifluoromethyl, methyl,
ethyl, etc.), an optionally halogenated C, 4 alkoxy (e.g. methoxy, ethoxy,
triﬂuorometh.oxy, trifluoroethoxy, etc.), Cz4 alkanoyl (e.g. acetyl, propionyl, etc.), C).

30 a alkylsulfonyl (e.g. methanesulfonyl, ethanesulfonyl, etc.) the number of preferred

substituents are 1 to 3.
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-13 10 March 2006 WO 03/022785 PCT/ US02/ 29372 [0068[ The am no{? up m
al so be substituted once or twice (to forma secondary or ter! Qﬁy 9 i 8)
with a gro%P such as an optionally substituted al kyl i ncluding G _Eo
al kyl (e. gWhB{®/PFS ethyl propyl etc.) or an optionally gﬁﬁggﬁﬁﬁ?éd

cycl oal kyl group such as cycl opropyl, cyclobutyl cycl opentyl, cycl ohexyl,
5 cycl oheptyl, etc. In these cases, CI- aIkyI and cycIoaIkyI are

preferred. Th rau ituted with an
aromatic or @pgﬁocy?ﬁﬁg@@{’)gﬁ?ﬂg maaragf’ E?F'ﬂ’p OB‘he(Hj EJt(mﬁ‘)""ef’al kyl) or

hﬁt er Oﬁl Ikyl f&ecé;@s@rml |t@tﬁarpﬁﬁhﬁ§éb watﬁ)ﬁrgl'dilb@&ch asﬁheﬁt%_ct]ﬂﬁﬂﬁ ﬂmlsm(nlaellzlyl! ),

phenet hy pyri di nyl net ridi e heteroc i C group nay
be a 5- or 6-f ﬁié?rt?élr“@&gﬁy -G ]8% FI#WS %prrﬂ@f? O Sﬁﬁpnoﬁﬁ@y %‘gSIB‘HF‘? onal

substituents afcrctam?]gramgu@mad é)&é]dﬁkﬂ%ﬁt brdrmﬁd/lammper@ﬂmw@he@re the same as
defi ned above for t he ptionally substituted cyclic am no_group.” (0069[

The ami nd gr oths q&avy'b@céaﬁseﬁ ffaa%Se@r -k aaﬁcmﬂlaharrpgﬁf%rWSsﬁetam% cz

al kanoyl e.g. gr@&@ltnw/ alsd)ﬁé)cqitlgﬂéﬂy’supéﬁfn}{&y\lv:th hSABMLYY o heREdeyelicHord, C
al kyl sul fonyl "(e.g.” nethanesul fong{ﬁg5 et hanesul fonyl, etc.) or a car bonyl
CT .

or sul fonyl s%fb’#t/lr (¢t Rbend Coaralkyly or haterpaliyl deresxamplel phenyli migiding, g
benzenesul f on%Ireg Iglgﬁgp(% QYISrLeqétHﬂStiSIrfdﬂI}thethﬁYﬁMH}%@ﬁ peN¥ e et c. The

het erocycl es ove tional” substi'tuents on the am ne
substituents m@wpmom@bb%ﬁl & arife F@alﬂ?@fﬁégngi edritzieigg diddweterdatamst Hee

"optiongyly Sﬂﬁahrlfsﬁﬁs Qleaxgmg“ oIy Ruted ngl ge‘ llhggarr%f sthe

optionally su strtute acyl group as the substitu the rings A
B, C, and D idrdfinetiboze fomhzdnytiongtp sypsiatnted cyakicfanind grgepolip bi nding to

hydrogen; an G3kdionapok PG 5 Al SilanShidiPLitYbuglten, as met hyl,

et hyl, I'sopropy , sec-b tert ut pentyl,

i sopentyl, nedigenylydg. acdndxybpioégiuniryl, t;glutyyryl #iongta, Cud@ﬂiylsulfcawb(c,g pr ef erably
| ower (CI-6) | I g C.7
cycl oal Kyl | @Ltﬁ%esur%hﬁaethﬁl’és 190%&I Q:Q%I%ga?ﬁ‘&gf 6#3“{1’51&1 Gatl; Q%Ljié%)%n fc‘?

cycl ohexyl , codesheptlylringet.g b)enzeacrsutfpul,dna:tdyy pynrthstsutfunyad 5- to 6-nenbered

I I f
{Tﬁgog%fl Io(r:]a?:’é)yns Lnlscatr nelrtjgc (T%e% tet%c?/cqgs are gsy({ehn%/ abovt (i"hg 8%&011% sulLstIEiéraltnp €s o

ed carb group (este e an
optional |y sudbsihé mumeehtﬁhthyrlts (i@cgbed@be\ae(hraihkyimswxl@ﬁasi avetdipl theet hyl ,

sopent yi - neSBEly S SIS I g octy1 . nonyl . deeyl . etc .
preferably | opero]( ClEampidsloythe opticna)ly subistimptliaoyiarduy 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. Ci.10 alkyl such as methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, sec-butyl, teri-butyl, pentyl, isopentyl, neopentyl,
hexyl, heptyl, cctyl, nonyl, decyl, etc., preferably lower (Cy.6) alkyl, etc.; an
optionally substituted cycloalkyl (e.g. Cs.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, pynidyl, etc.).
[0071}] Examples of the optionally substituted carboxylate group (ester groups)
include an optionally substituted alkyl (e.g. Ci.10 alkyl such as methyl, ethyl, bropyl,
isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, neopentyl, hexyl,
30 heptyl, octyl, nonyl, decyl, etc., preferably lower {C,) alky), etc.); an optionally
substituted cycloalkyl (e.g. Cs.7 cycloalkyl, etc. such as cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, etc.); an optionally substituted aryi (e.g. phenyl,
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substituted cycloal kyl (e.g. C3.7 cycloal kyl, etc. such as cchm)Mmg% 06
cycl obutyl, cyclopentyl, cyclohexyl, cycloheptyl, etc.); an o I%p
substituted a e.g. phenyl, -14 10 March 2006 - WO 03/ 022785

PCT/ US02/ 2‘9’?7’%%%5é)ht hyl, etc.) and Cl4 aryl for exanpl e PCBAKOYI9372phenet hyl
etc. Goups such as nethoxynethyl, nethoxyethyl etc., are also
enconpassed. 100721 Exanples of the optionally substituted carboxam de and
sul fonam de groups are identical in terns of the am ne definition as the
"optional |y Sapdeyliaekand Gapy fos expmnlphberduk phisathyisiy Eroupg@rB Bs Exanpl es of

the optional lnyeustdSbd{iufes gﬁ;g‘gbc RhLsHEIEhRs¥E] 1 € groups as substituents
for Rings A B‘3 ?1% & a??ep ntyfal nz;p ht hyl, or a 5- or 6-nenbered

heterocyclic qub’ ccﬁw@pm ﬁfghqoiltwh@bfesﬂlb%lﬂmﬂscarbph@‘ndptiillctmléibmwubs;t| tuents are

essenti al | and D. 10
To0741 i g ﬁﬁ%%”sg%&%%g“‘%ﬁ’émﬁuﬁ%ﬁ? (%8 p0lhe TR s@osﬁbsﬁf“%ds A B G

and D nmy beminogroyp’defredisbgvel- 2. The subst i tuents on the optionally
substituted S a bsti t.ut ed groups
. gd(ﬁg}o %?& lgpc?f th Wmﬁ‘aﬁgnpﬁsn&%d tlc or%qfripf)d%f, grr?gp 3hl or i ne

descri bed ab ed su are ogen
etc.), nitr osuhsytamas fdnjkdrgsAyBngmp D arhpbdnygmphmyl i foor @m&uﬁnred:ar boxyl

Oar boxan de. SHE s SRR B Shine P HeGr b o Rl St i Bigedtany

tri f: uor ogahﬁmy«;al toﬁh@eﬁstr&ﬂm&eﬁr%ﬁgﬁt)ﬁl B( €, igldIacetyI hpr opi oPyI et Ct) ;)r

ar oy fo €. g. nes n anes 0 etc.

an opt | onal I @L’@; g%"vﬁgﬁng%?s tﬂe?lg? SEE}% L 't'}/eﬁfsd’ﬂé{mgfh%%nGnﬂér

sugstl Euen: s;naplbé lne ,s-afeehbgmmp&eamumeﬁf; efi &hlo}éhéuaﬂ?s&sutgfoé@}ﬁ% s;m? Fr Sf er { ﬁd
substituen or u substituted w
o opt | onal 1 IGame e PRy S0 a Byt dey oL SePr P B eSOt 1 y1

i sobutyryl etre halogern (@u&sinedcidrisilesil) ﬁx&ﬂ,&dyalﬁce hgdroﬂegrbﬂﬂ 4!l gfaBydmino

et hanesul f on rbon | or stituted aromatic or

het er ocycl i CE'PF% ﬂ%‘étgmﬂpe‘i‘a élSlF"é WP H%‘“e@é% {d5EE¥Pani no group.
100761 Bor t &Eboa(ﬁindi% gswpﬁaﬂ spiendlly harasmtea <, i, Akbi@. @ﬁh fl@Bﬁoh@ﬂh@H y
substituted aI é 5‘6‘6‘&’? . Cl-10 al kyl such as neth eth?/ propyl,
i sopropyl, IRas {78 acehdl. RORINY): oG A Igyfyayiyra a%ghgl;qny Ge§opent yl,
neopentyl , hﬁ%ﬂhhnes&lﬁﬁ%{ lathatﬁ:@ﬁl‘;ﬂnfﬂ , BN tloptistRAY bubsBluted ary! Blr ilessbly | over
(C-,) al kyI et¢c., an optional substi tuted cycl oal Ky (3e g. C3_7
group. The number of substltuents on the said groups aré preferably 1 to
[0075] The preferred substituent for nngs 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 amine group.
{0076} For the amide substituent, examples include an optionally substituted alkyl
25 (e-g- Cy.0 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. Ca.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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cycloal kyl, etc., such as cycl opropyl, cyclobutyl, cycl opentyl cl ohexyl ,
cycl oheptyl, etc.); an optionally substituted 5- to 6-nenbered1“§%ﬂg&QQdé
aromatic 3Q. qgrou Qe.g. phenyl, pyridyl, etc.). The optional substituents
may al so be at’&Ptional Iy substituted aralkyl (e.g. phelgruspz®sal kyl) or
het er oal kyl for exanple, phenylnmethyl (benzyl), phenethyl,

pyridinyl methyl, pyridinylethyl etc. The heterocyclic group may -15 10
March 2006 WO, 03/022785 PCT/ US02/ 29372 be a 5- or 6- nenbered ring
cont ai ni ng 1- 3° Aét Wb Aicaivered ope Fesaining ifheferoptons Qutional shbstivgate akal ogens

(fluorine, chiffiddBalof¥ne AudEine, Bhibrihe, BRAROEIONAk b | het er oat ons
such as oxygen, sul?a%y,h mtrgzen,ne?’c. 1l0077c? Aml)%‘é"?'g@’g%“'ﬁgs‘“@% be protected

from reacti vi B§teragpimp guch apaxtgee sty papgenotica 5 process by groups such as
acyls, carba , € ] i i ke. dr oxyl s can
TRI9%, SRS ups Qi 6 bRERT RS eaOy @“P‘?'é apSficulal 1%

be protected via ketones, esters or ethers; carb iols
can be priot ecPeeeshyY evpysicloes asylicqathambs, 284mifles opsubbemidesnueithé ke,

descri bes var oS i1e L Zl resol vi.ng.1he enantioneric
forms of ami no-9su“t(J)§t|Mt;ll(t}7%§’gI t%lrtecd;‘}c{ %%g%&gegg%ro?%%egy%sbeoﬁrgfma%'c}sfﬁd g‘é‘g%ri bed
bel ow. Sel ect tarde Hydectagehyasienror Phesess 100791 This invention provides for

the sel ective rog i.on .of fysed hicyclic, r,i system The system
conpri ses an @g?ﬂona?@rgsﬁgtsl{l }'?nﬁi?régesggbegf 2 wg%§9 Sﬂ%‘feé'rz’é’ﬁraﬁ‘ilmti c ring
fused to an omsilonglibegnsuibsieiit finas ofamios-sibstirrdd®igtliclfasdaeingkpadmymt i ¢ or
aromati g ingy.. \ %ﬁ%@lgwt he fused bicyclic ring systemalso conprises an
am no group at any position, except at the |ocation of a heteroatom or at

t he | ocati on Sdlective Hpdrofensii@Proddae het eroaromati c ring includes: pyridine,
pyri m di ne, zi . ridazi ne riazipe, im.dazol.e, pyrazole, :triazole,
oxazol e, and @ﬁ?ﬁzoln@.hs %F@f{oﬁi’méq’céémrﬂ?eﬁﬁgc Yedydogenatioel  Bredbinmlic i ngs,
and qui nol i nedngaysieins Bhelby3Rin doafpriddsen 20t oG Y-s@isafbidrsedr -alembled f used

bicyclic rin stem.. 100801 A process, i s, provjided for synthesizing a
racgrri c ani ngleZ%%é?T‘itiﬁtrE’é %ﬁié",%%’l‘f”é"j’#{a’?ﬁ ‘r“HEng I?BPT"FFé“tE%IEda racem g

-ani no- subst i theteechrdmdic br Sronfatit Fingd) WileirSne BisBObicfilic GANRYsteni 415 100811 a)
reacting an %@mggéess%r?%}nln}ougtrc?u% aCEI lélrllynl?ols{tigg, e?;]::e];[t gte thc]:, %I;:zg{}}l)n%f !1 hgtgrogtgm%TaP .
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 fonﬁula 1 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

Rl

A N
) _1NH2
NP
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25 substituted isoquinoline of the formula Il with an am ne-pr ti
group conpound in an organic solvent to produce an ani ne-protg‘iﬁgﬂ?ng‘zoos
substituted quinoline or R\ ~I m \ f (TT 1 2 NlI12 Il -16 10 March 2006
WO 03/ 022789 134838t nol i ne: PCT/ US02/ 29372 10082] b) hydregrtsatise t he

am ne-protected, substituted quinoline or isoquinoline in a strongly
acidic solvent at an elevated tenperature to formthe 5

5,6, 7, 8-tetrahydroquinoline or 5,6,7,8-tetrahydroisoquinoline;, and 10083]

c) hydrol yzi népaueliagri ne- protecting group to produce the desired racemc
am no-substituted 5,6, 7, 8-tetrahydroquinoline or racem c am no-substituted
5,6,7,8- tetrahydroisoquino line; 10084] wherein NH2 is |ocated at any

posi tion on tlAe82henzehedrpganpiingthefiminherotdledgsnbstihied guiosliiesoqui nol i ne, R is
| ocated at a 210 A h ui nol i ne or isoquinoline
ring; mis 0? %qggggﬁemiﬂég{é?%%ﬁ@f%‘gSoshéeﬁgz(':tt% 53&’%’ ﬁ%drﬁggﬁeera!élfeoﬁgomc%ﬁsi sting of
nitro, cyano,s.akarayiydrequarcilids ot &8 tetadhkdoispquinedinganiyl , a protect ed

hydr oxyl, a cted, thiol. prot ect ed. am no, acyl, carboxyl at e,

car boxani de, %@%ff oncglrlﬁmrlcélymg%%ﬁWfﬁr%tcgwgﬁﬁougr]i?ip%’%ﬁc&uger ‘5)‘3637 PEYF oup. 15

[ 0085] For exaripl-eibstautpd £6518-edalpydngesslifear richnicapithapisuel sfeacen c

8-am no- 5, 6, 7%%- et rahr}/aﬁr oqui nol i ne using sel ective hydrogenation is
described. (& ORGP protocol involves starting with

8- am noqui nol[00sd] 1, wheteNHs isdeuargarCord] poitiomyiddhk 8Bil-ene nsbrasFeey| ating it to

formthe correspondi ng acetan de derivative 2. N .
(qui nol ??‘fe- SqVTgﬁ ec%t‘%ﬂ%"a%‘,me:]@i ipeaee ey aé‘yz?ﬁﬁf/m?fén PRSP BriBani ¢ sol vent.
Subsequent 2Quiayhicgeddghintline@ing! Mes A pinamidein R 8 satdidnedny tdgrdihc Sol vent
at an. el evat ed te.nge{ ature L

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.

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-aminoguinoline 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 S H,. P10, (1%) | X 3
- bt L il A
N CH,Cl, N TFA, 60°C NG
[}
NH, quant. NHAC S4% NHAC
1 2 N ' 6 N HCI, reflux
| 91%
N
25 NH,
4

Scheme 1
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forms the 5,6,7, 8-tetrahydroquinoline 3, and then the acetam dfz hf L
via, acid hydrol ysis to produce the desired racemc mxture o 0 Marc

(R, S)-8-am no-5, 6, 7,8- tetrahydroquinolines 4. Ac20, DVAP, Et3N H' Pt O7
(199 NH2 WOBAGBT 2 quant. NHAc 2 Schene 1 -17 TFA, 60C/USM2edE NHAC 6 N
HCl, reflux 91% 10 March 2006 WO 03/022785 PCT/ US02/ 29372 [ 0086] An

am no-substituted quinoline or isoquinoline is reacted with an am ne
protecting group in an organi c solvent to produce an am ne-protected

qgui noline or isoquinoline. The protecting group is utilized to prevent

hydr ogenol ysi B#084] t han smuesibstithtedquilide pi infgquiménhiy;dfra@gémaimiaommin‘Eher ef ore,
any am ne pro th rou a a rbarrate or

sul f onam de, ﬁrg Ctﬂ%% PKe- ccfrlgramc SCﬁ een?r?epdoalg%gnn%mm et%:ct?éan "mé’fou is an
acetyl. The amqlmloﬁubsTHetpmwxdmg(grqnpmdxluzsd uo@wbmdlymoghmolgascseif tle anhydride to

formthe_acet rein the mc oIv IS Lri ethlamne Et3N) in
1 chl o oo helreh PSSP RS RERG TS mhs L Eo R R pert 10

[ 0087] The hyhbnmgﬁn%m@mmaeylp@rtrmcé amulfbnmnadeshﬁcbmglhye aThedrefers@l vent, such
as trifluoroacetic acid, hydrofl u c aci dFHb8'¥ 8ch| ori¢.acid, hydr obr om ¢

aci d, sul furi T PGRPEISBYRHO AT E""’Q’ he e e spmpeundiisfeactedatif aci d,

or any conbi natticomhidRkeOform the acetamlde wherein the organic solvent is triethylamine
(Et;N) in dichloromethane with 4-dimethylaminopyridine (DMAP) as a catalyst.

10 [0087] The hydrogenation is carried out in a strongly acidic solvent, such as
trifluoroacetic acid, hydrofluoric acid, hydrochloric acid, hydrobromic acid, sulfuric
acid, phosphonic acid, trichloroacetic actd, acetic acid, or any combination thereof.
The preferred solvent is trifluoroacetic acid.

[0088] Catalysts for the hydrogenation can include: platinum black, platinum on

15 carbon (0.5-20%), platinum on alumina (0.5-20%), platinum (IV) oxide, platinum
(IV) oxide hydrate (Adam’s catalyst), any other salts or covalent compounds or
coordination complexes of platinum that lead to the generation of an active platinum
()] 6atalyst under the reaction conditions. The preferred catalysts include platinum
(IV) oxide and Adam’s catalyst. Catalyst loading is typically from 0.1% tojg%.py

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.

[6090] 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 étmospheres, 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

- 18 -




The preferred solvent is trifluoroacetic acid. [0088] Catalyst r
hydr ogenati on can include: platinum black, platinumon 15 Car’gQ)March%OB
(0.5-20%, .pl ati on alumna (0.5-20%, platinum (IV) oxide, platinum
(1V) oxi de“ﬁ)yog’ﬁo%a)?%y? Adam s catal yst), any other salts oftd8P& A1 conmpounds
or coordination conplexes of platinumthat | ead to the generation of an
active platinum (0) catalyst under the reaction conditions. The preferred

catal ysts include plati num. (I oxi de and Ad s catal yst, Catalyst

ondi ng s ¢y B ortea S T Bition S gr Gaine. R hot handby
preferred catiahysl! draagiong being 1 to 3% by wei ght. [0089] The reaction
tenperatures for the hydrogenation reaction are typically elevated, with
the tenperatUf @9%1 and® IR A BAmigpeerr EBtideBpeareipanding gainsrief er r ed

t enper at ur e heidhplihamyalandtd Rthbes, AR RMng AAEn@NEhiRrl W he G WIAI NY t he nDst
preferred. However, the hydrogenation reaction can be conducted from about
20 to 25 50'3a8ugops trad fopekamplip dinxme én §Nb aquepeshvEsrilens rad)i rsatingswith om about
0. 01M t 0 abouyh,kt Wist r i Lad:d S1IRY:] 2M to
about 0.5M v_\kgler eas, thr ﬁi&ﬁ?ggbﬁgﬁ{lﬁggeﬁ%%ggéfdr“g%ﬁa&b’gﬂ%)’ %@llﬁe?tgngabout 100
at nospher es, "W #PPFIREALS selyaY retfic preasiseipihydiazingbout | at nosphere. Reaction
times are fromabout 30 mnutes to about 2 days and 30 the preferred
reaction ti mNiirgsafisiorpe@lout 2 to about 18 hours. [0091] Preferably, the
hydrogenation is perfornmed with 0.3M of substrate in TFA wusing 5 nol % of
Pt 02 at 60C yowe| | TalsiReRiGH Ssdfrol A8 regibbet ibE BlBiAieflof fsed 18 10 March
2006 WO, 03/ 022785 PCT/ US02/ 29372 when the am no group is |ocated at the 8-
posi ti ohY of DIECHMESYSIFRS Whare'a thy Rspcess invphys the metaflagipn plthe ssturpted hoxy .
[0092] Hydr olpysios ofthe bidGcldfin @imra%@n%&sarf&ww@eb&*ﬁ% SRE e PR Ng ami ne is
acconpli shed by standard nethods, _i ncluding, but no? |Tmted to, heating
wi th 5 aqueod®CR&itH ap agpsePrigicaptpsating At i g the somegpertliranigosil dr ochl or i ¢
acid), heati ggmpéunll SFALEEHS iRAFRILHBY reSXABBhER ofﬁrslih%én%iaieﬂn Nagaueous
sodi um hydroxi de), and heating in an appropriate solvent 1 n the presence
of hydrazi ne'hexpimedesivetiys. Bhoedss mayho sjdudedite farmibaedrsepoalingapimevi des f or

the regipsel aghiaMfe HrtdydSaldrBRzeH topHA& 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
fuily 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, hexahydropyﬁdézine, tetrahydrofuran, tetrahydrothiophene,
tetrahydropyran and tetrahydrothiapyran.
[0094] A process 1s 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




10 bicyclic ring systens wherein the process involves the netaiigf
the saturated portion of the bicyclic ring with a strong base arg Oﬁy
trapping the resultant anion with an appropriate nitrosatin ent to give
the correspbh®#g3ni trosyl conpound. Spont aneous |ntranﬁ¢€H§P@g”2
rearrangenent of this internediate provides the oxine derivative. The

oxi me may be reduced to formthe correspondi ng am ne 15 derivative or may
be hydrolyzed to provide the correspondi ng ketone. The fused bicyclic ring
system conprises an optionally-substituted 5- or 6-nenbered heteroaromatic

ring fused to an opii m@ejsdyeqﬁﬁm:%htstdﬂme@kkﬁmhmm Base,oeaDEfiaf, spa@ail ad |y or
fully saturated cycl oal kyl het erocycl oal kyl , such as, for exanpl e, a

5,6,7,8- tetrBAYERBLATIAD @ﬁ@n@ﬁhes vgthA raﬁttﬁ@%&%%ﬁ%r%&apﬁmw@ The

het er oar omat i gooNg BPrekiRédHHE8ximRYS br@Bﬁb@ﬁheﬂ){cfe'rﬂR ghins-sutk¥iuesgi 7, 8-
pyridazine, triazine, imdazole, pyrazole, triazole, oxazole and thiazole.

The sat ursat edtetmebygraauinelivrer thexarespie Rmme-subilibesd 6 A8-tetrahydaseginphine;
hexahydropyrlgmﬁyne,w%gg&qﬂygﬁ Q%HQQKﬂ%?&E%H%QGQﬁ&&@B 8R6line ok §lefsahydr opyr an
and tetrahydrothiapyran. [0094 process is described for synthesizing a
racemi ¢ am nop&iiipstonthe isehuinpiing 1% Is7logatedentt vt iR dtjdrio sl Homdiomen ter acemi ¢

am no-substit r SULRQL e m% 951 a)
reacting eithg%ﬁgngug ?ﬁﬁﬂ%ghéggxg(gaﬁgtraﬂggroqﬁgh Pne 2? P% formul a
111 or a s ubsténsigtiezb Ha®, Mirs, ¢yenq, apydecsidsadoxyivlacidealiofl, alkroyk oychalkyl,l V H N
111 V1 [ 5 9 ' t least 2

equi vaI ent s o?pllz}aé?]ec%?llg%%)f‘ %rg% tgéé]?oq Egéty?%ﬁéﬁﬁa%g%ﬁﬁnﬁglagef pot-assi um
am de base, acmlbd}clamrdemﬂfhnmlde,tan@B:atanngroagema haterbayche gmupxi me; and [00961
b) reducing t Xi e th 1 nor Subst i 6,7,85
tetrahydrqu|RﬁP@nenE?%FﬁEOFg%%ﬁf n§ﬁ$ﬁgpgkﬁ%$nb€?k%g9a)h&%%%q?ﬁs
5,6,7,8-tet rah;tdrydrcs;omu]muﬁnarleto supb 9D S,ﬁﬁértenrarhydﬂosoqumcnme renproont ed at the
8- position on qU|noI . I SO line;, R2is
ovaed ar an0afind otel B ofer s SfefiyicR 3R 4 B Do RGBT 1
ring; miss O-H4] oﬂ‘m‘ibwnﬁédafﬁ7f82telrﬂlyﬂ&[seqﬁlﬁﬂmébf)thibﬁ'dtﬁml}l‘lb'up consi sting of
hal o, nitro, cyan, a protected carboxylic acid, alkyl, alkenyl, cycloalkyl,

AN X
l R? l — R,
= N A
N
Im | : 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 1s 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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10 a protected hydroxyl, a protected thiol, a protected am no, |,
carboxyl ate, carboxani de, sul fonami de, an aromatic group and y?ﬁarch 2006
het er ocycl iyg, g4 [ 00981 Further provided is a process_for synthesizing a
ket o- subst i t ut é@y@% 7, 8- tetrahydroquinoline or a keto-% ‘éﬁo?’ﬁr’/?}f”ed

5,6, 7, 8-tetrahydroi soqui noline conprising: [0099] a) reacting either a
substituted 5,6,7,8 tetrahydroquinoline of the formula 15 1l or a
substituted S5yfudnBolShdiab¥d;Rl ' L the formyla,lV Rz 111 1V wth
at least 2 equi va_fyeﬁés o?‘ ah @F‘?ﬁ%ﬁﬁ"ﬂ%ﬁ‘ ﬁgég?QbIFLgﬁﬁg?taﬁtlhﬁﬁﬂmg@di um or
pot assi um ani @eétehalsed isgratedivath astrbhg basaint amas ganionghea gedepratanafeahen an oxi ne;
and [01001 b j.ng the oxine t r.oduce the correspondi ng ketone;
20 101011 V\he)reg?})rlﬁfﬁtej%@é?%nfi@] ef‘oceatfté%'ygrto !flPI(gI -lsprgzécl??di%lﬁl W&ol i ne or
the 5- positiprdos theheimsdvatel d: 68;dilRArd-SHiqunmalied-oat odiny. Shtejuehydr ogen

positionon t uipoline or isoquinoline: mis 0-4' an i s selected
fromthe 5gr ou'%ﬁ%%lﬁrsl iofsl‘t%le %nggo theamgre rﬁﬁ“itf i the, tagemic p‘[fﬁb?tgt &CSE%&’E?H’PDOXW ic
acid, alkyl, &bReénytahydipqlineinky Alteaipredt, @elorne day B Bydtblyzed 1P pRLESGL €d thi ol ,
a protected a 'r&a_ﬁ acyl, .ca}rb x(%/l t e, carboxam de, 25 sul fonam de, an

- avaclisgFadne

aromati c group, \ "group 101021 This invention further
provides a preferred alternative synthetic route for _
(R S)-8-anino-5,6, 78 aty P otfiPhotihe wsi i t Ho®ac o Schene 2).
5,6,7,8 -20 10 MarQ Q06 V) O3 nfiRf85 PCTAU 9 et ranydrogui nol i ne

5, which is comerci®dl 1y avall abjg, is util ized[as the startNngx materi al
and is reacted with a strong base in an organi gNether to deprotBHate the
t et r ahydr oqui nol i ne antl then the tetrahydrogfPndline is reacted with an
alkyl nitrite to produce the oxine d&ftih&ative 6: %
6, 7- di hydr o- 5H qui nol i n- 8- one oxi ne. UYEeGlEnt bt
the amine results in the racem c product'®: (R S)-8-annG-
5,6,7,8-tetrahydroquinoline. Alternatively, the oxine can lge hydrolyzed to
produce 6, 7-di hydro-5H qui noline-8-one 7. 5 6 N HC, 7
Scheme 2
{0103] The nitrosation reaction is carried out in a solvent or combination of

f the oxime to

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

15 dichlorobenzene, p-dich]orqbcnzene, 1,2,4-trichlorobenzene, naphthalene, pyridine,
furan , or thio_phéh_e), dipolar aprotic solvehfé (éarbon disﬁlﬁdé, 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-butyi 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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acet one,

[01031 The nitrosation reaction is carried out in a solvent or
such as ethereal solvents (diethyl ether, diisopropyl

of 10 solvents

et her,
met hyl
di met hy
1,4-dio
et hyl be

di chl or obenzegfiys,

pyridin
di sul fi

pent ane,

2- et hyl But an@10gycl E%ém nitfesatiors ablpest dlaauiwrhes of base a5 teavieedspeleaablys (1- 20

pent ene,
sol vent
tert-bu
et her,

di baYQPBRW2r . methyl tert-butyl ether, dipentyl PEVHER2%er ¢t - anyl
dlnethoxy et her, 2- rnethoxyethyl ether, diethylene glycol

et her,

| ether

Xane,
nzene,

di

phenyl ether, dibenzyl ether, tetrahydrofuran,

nDrphollne& Setrﬁonatlc solvenhgg(genze ne, tol uene,
é“‘%yl efeactioy GPriapthe mejalipgpeare taFEnutEHiogPednzene, o

e, furan
de, dlf?éf“ﬁwtfqﬁ?tmnﬁ @ ab@yt FemiRyies @b fihgws, Rspfereblyeiay pbout 15

- 2-pyrrolidi ngifles t@hdsaneng@d vents (petrol eumether, mneral spirits,
hept ane, octane, isooctane, nonane, decane, hexadecane,

hexane,

1- he

S are

e eth r

Prefirst ﬂaﬁlasm 8B hinthesdo 4bdui i ﬁMrOﬁ/ﬁ&@d%&l@él‘éacuBﬁlﬂmchm ene,

or t hene), dipolar aprotic solvents (carbon

vents, I n partic

G105 F[qtess%mlqiﬁ%hﬂbﬁéﬁﬁa%ad&q{?ﬁ-ﬂ emgﬁfe%ﬁ{]ﬁé red hy!

tyl et wéﬁcwrtﬂefmp&hytdmhlhuc an ag MK reafd m@tﬂkﬂm&ceteﬂa amesatmg rmdqoxyet hyl

and 1,

notutie et r A YO CrRy ARad SrA RAIBE bk AR iR 2

di met hyl pr opybmylbllmma terebulhleﬂmmtltuphtyﬂhmszphmmﬂhthﬁ.&n tethyHitmingen- or any'

conbi na
March 2

BBOI’I t

15

20

25

30

R Hal

mm I()r 1s|61:|:))r'?‘)pylMl;1 1Ti1), ht%?u% Qlu;hsc%E{lemn? Ialtk{)aluhg base5% -21 10

(sodium methoxide, sodium ethoxide, or sodium ert-butoxide), or lithium, sodium, or

potassium amide bases ( lithinm amide, sodium amide, potassium amide, lithium

hexamethyldisilazide, sodium hexamethyldisilazide, potassium hexamethyldisilazide,

lithium diisopropylamide, lithium diethylamide, lithium dicyclohexylamide, or

lithium 2,2,6,6-tetramethyipiperidide) or any appropriate combination thereof.

Preferred bases are n-butyllithium, tert-butyllithium, lithium diisopropylamide,

lithium dicyclohexylamide, lithium 2,2,6,6-tetramethylpiperidide (LTMP), and

potassium hexamethyldisilazide, with LTMP as more preferred.

10106]

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

60°C, preferably between about -30°C and about 0°C.

{0167]
10M, preferably from about 0.2 to about 0.5M. Nitrosating agents include: alkyl

The concentration for the nitrosation reaction is from about 0.0IM to about

nitrites (n-butyl nitrite, s-butyl nitrite, tert-butyl nitrite, isobutyl nitrite, isoamyl nitrite,

n-amyl nitn'te, ethyl nitrite, isopropyl nitrite, or n-propy! nitrite} and alkyl dinitrites (

1.3-propane dinitrite, 1,4-butane dinitrite, or 1,5-pentane dimtrite). Preferably the

nitrosating agents are tert-butyl nitrite and 1soamyl 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]

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

Preferably, nitrosation of 5,6,7,8-tetrahydroquinoline is carried out in

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

-922-
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WO 03/ 022785 PCT/ US02/ 29372 [0104] Reaction tinmes for the net aiéﬁﬂl 623%
from about 5 m nutes to about 4 hours, preferably from about 14096
about | aﬁ gas the reaction time for the nitrosation is from about
5 ni nut es to a %? 4 hours, preferably from about 15 miHd{€¥228%apout 2
hours 5 10105] For the nitrosation, at |east 2 equivalents of base are
required, preferably from2 to 3 equi val ents, but less than 10

equi valents. |n ad iti e base |C|ently non- nucl eophilic

so as not to ?8':%‘? a“t[?'le'ce’P %'Sl’té’é‘toé ﬂgéeé‘isaﬁ ORRANe Of At thsref or e, bases

utilized are mskish bfihbsummﬁﬂ@dﬁoﬁ@am&ﬁﬂetmmr NaRURY Ikl um - s-
butyllithium tert- bu%iy/l lithium ., isobutyllithi ut (ﬁhenyl l'ithium
it

ethyl 1ithi umli®9%0 Hasayronohthgxingsis pecsppbished by sipndard methedshfoum  sodi um  or
pot assi um al kguinge, rb,a&%sn n(eaﬁ%luamdm%%wb@lﬁm ﬁ@%&mh@aﬁagéi 91%1h€9c{| di um

ert-butoxide), or |ithi sodi um or ~ potassium am de bases ium

am de, sodi urfRagy H'ékelﬁ@tca%%alMﬁmc@@ﬂqwﬁmrmﬂcmrés%an@ﬂhynomeyp RAd | hhe sodi um

hexanet hyl di sleha@zh @ BXAREL

di i sopropyl am de Iﬁ%{lmggtm gﬁgyﬁgﬁaam de, mﬂ’%h@&&@ébgiogrna{?bﬁ E}tH% or

l'ithium 2,2, @hsaliwpﬁﬁ@&qumg;ﬁemtm ersich e paorpcagut ol desirel mmomaatu on

thereof. Pr o ed A t hium |ithium

di i sopropyl aglﬁgleo’j Q um d| cyc X]lPrH%é%?y h%lhlgg}l [ft%tp?lm}?&{:J Mé Léténe vid

2,2,6,6-tetr é??étlﬁwf}ﬁﬂpés puthdethe uTavH)agueonsl 6N ppdragdonicachicin avsdrayindiirsi | azi de,

with LTMP as r for the nitrosation
W, o5 riflixeo &'ﬁ&% gldz&uéo%gg}la@a%g@%@{ Bt ci“dmﬂgi’ ween about

reaction is from about pre era

-30' C and about OC. |010_7] The concentration for the nitrosation reaction
is from aboutE L ut cE preferably fromabout 0.2 to about O W
Ni t rosating a&snts i_nclude: alkyl nitrites (n-butyl nitrite, s-butyl
nitrite, terdQddlyl Thistpyjeption araveesor thpsedf przymptiomaibdsto rosplve,  n- amy!

nitrite, ethylcemidmixh@os of 2RAMHAMNLitdd f{lketd%wygl'ic iRk, wmelieﬁﬂ é‘lg) and al kyl

dinitrites 25 1.3-propane dinitrite, 1,4-batane dinitrite, 1, 5- pent ane
dinitrite). PF%‘FT@rc&B‘FTWIF%@elYﬁFIl?té%@tCﬁngalg‘étﬁ% the aacemtcammftmtwddlarcﬁSt rite and
i soanylqitr kﬁe@rydlrgi}%meﬁwhgﬂrklg%F §m9folysﬁ'o‘f[)a(3§:ﬂxtc H}%e@g?%ﬁ l | gggl are from
about 0.5 to about equi val'ents w't eqw val ent s

preferred. [ OEH8Y PF’%’V(SEM abityre ofthe podwtepaiopkr o, WltEBﬂlbepwoahg/dr oquinoline is
carried out phnAlmdtdFthednide &%%E‘éﬁ&ug ; aglglgbﬂggéi'}an idhers hifdy ARQUL 78C W th

a concentration of about . abo equl va ent s O TVE™ Al s
preferred ar élegifses ef the arhide g_:rﬁarhgmate 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 partially or fully
saturated cycloalkyl or heterocycloalkyl (ring D).

NH2

XI

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

tetrahydrofuran, tetrahydrothiophene, tetrahydropyran and tetrahydrothiapyran.
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-22 10 March 2006 WD 03/ 022785 PCT/ US02/ 29372 group is |located at the
8-position of the 5,6,7,8-tetrahydroquinoline or at -the 5 pos?QWEﬁcbﬁqpﬁe
5,6,7,8-tetrahydroi soquinoline; rnis O or 1; and R2 is nethyl. 10109]
Reducti on 8O PMB2ZEXi me i s acconplished by standard nmet ho8ST/U$@R372xanpl e,
hydr ogen, nethanol, and 10% pal | adi um on car bon; hydrogen, nethanol and 5
Raney nickel; zinc nmetal in hydrochloric acid; or zinc netal in
trifluoroacetic acid. In certain instances, it would be preferable to
utilize a chi0al3lnhy dFegEwstion Rravides p process forgesobipg rasenyjc appersrgityiedduci ng
agent to enrigg 7izhe  HAdHGHINR oPihe thRIuHES bf RBerB AR B ituted H83R)
Al'ternatively, the oxime can be hydrol yzed to provide the ket'one via

st andard net hisdshydmiseaunelinegbthg damyfa 9@6@§”€£Pﬁ?ﬂﬁ@@#ﬂ@¥$c acid in
acetone under 10 reflux conditions or in aqueous 6N hydrochl oric acid under
reflux conditions. Enzymatic RESOI%iion Process 101111 Thiﬁginvention

provi des for the use o hods to r a € m xtures of
nzyme either
ates 15 the

sel ectively acyl ates
hydrol ysi s, al cohol ysks, og~am nolysis of racénic i car bamat es.
Each nethod provides a Wi xture-of the am ne ena ong with the
opposite enantioner of the Qﬁide or carbarnate. Sepabition of the

enanti omers and subsequent ‘cleavage of the am de or "Carbanmate provides
bot h enanti omers. The fused bicyclic ring system conprises an

optional by-substi tcoinpdsie: or 6- nenbered heteroaromatic 20 ring (ring Q)

fused to an optjonally-substituted 5-. or 6- ne re artially or fully

ot ur at od oy ABbdT kol DEPBT B E R oS P YA RIS REFRPm Gt 121 The

het er oar omat i sbgtitrgd §,00)8ue@mydmyiihsling@r the yYidefichniige-subsfimtd 365, 7,8-pyr | dazi ne,

triazine, imdazole, @érazole, triazole, oxazole and tpiazole. The
@vﬂfefsa R Y,

saturated riff 55 e bR TRRIOSEP Y BiE BPME 2 BiCpeR S, He,
hexahydr opyr i [@8@E] ne, b) skRtdtial hdnafdditanamine ishssiytdos, )7 e phengdrod Bhdl@by dr opyr an
and tet rlg hydrocl)'tS ,héi,%g}/ertrggjdrc;igo%ui}]g]iw a\rs (t:lPe 1rgt0egantiomer, from the enantiomeric
amide-or carbamate-substituted 5,6,7,S-tetrahydroquinoline or 5,6,7,8-
tetrahydroisociuinolinc; and
[0116] c) cleaving the amide or carbamate group to isolate the second enantic;mer
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 |
ciuinoline 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 aiso 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-




WO 03/ 022785 PCT/ US02/ 29372 [0113] This invention provides a process for
resol ving racemi ¢ amino-substituted 5,86, 7,8-tetrahydroqui nol i #&March2006
formula V W(\}{sﬁgﬁm c am no-substituted 5,6,7,8- tetrahydroi soqui noline of
the fornul a 0 produce the two enantiomers: R2 m N VRSB Ny | | |
2 VI 5 conprising: [0114] a) enantiosel ectively acylating or carbanoyl ati ng
the racem c am no- substituted 5,6, 7,8-tetrahydroqui noline or the racemc

nzyme as o cabaryer: “aF yhBER Wl SARLRR, LR ARl T hhesel et ve

am no- subst i tneatled rigyteis@l tb ptapaie o guamiomiens 8-dfines,6,7,8-

5 6,7,8-tetr roi sogui noline as,the first enantioner, fromthe

enant i oner i cqgéﬁ?’%gq%’?oq%‘%regg{ﬁrgo e‘s-oéagll%to Hhﬁtreesaﬁg‘?%?‘?? 8t ?yectl?aiWcﬂfg’lfui nol i ne or
5,6, 7, 8- t et naiidediroarbaqate poup inke reasided, pbidledeyatdlakavi ng the am de or
carbamate group to isolate the second enantioner of the am no-substituted

5,6, 7, 8-tetrahydroqui nol 'nrl;emeor 5,6,7,8 15 tetrahydroisoqui noline;, [0117]
t&d_ai_@y_m'ruo e sat ur rtion f the
squt nol i ne;oR2 is | ocate@g's any*oth . ogen 6 sition on

wher ei n NH2 's\
qui nol i ne or> |8 i

the quinoline of, isoqui inggring; mis-H-4; and i A selected fromthe
group consi sti Ag Hayf halﬁg, M tro, cyano, c@?i’boxyl iC aci'ﬂ‘,'\rra'Fkyl , al kenyl,
cycl oal kyl, hydroxyl, thio, a 20 protected amino, acyl, ca boxylate,
car boxany de, sul fonam de, an aronmatic group and '

")

2 Enzyme L S
| i + @
N g /IOL 10 N Z N
NH, ARN -R NH, HN.__O.
4 O O \n/ R“’
O
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, rally‘l, trifluoroethyl, alkenyl, alkyx_ly], aryl, heteroaryl, substituted aryl,
subs;ituted 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:

-25.




a heterocyclic group. [0118] A preferred nethod also i s descri for usin
an enzyne to resolve the enantioners of ’ti)oﬂnarch 2006
8- am no-5, 6, 7, 8- tetrahydrqu|noI|ne (Schene 3) _ An enzyne used to
catal yze tﬁeoﬁ%%éﬁés in which a single enantioner of a r§€yH§@Qﬁﬁkture 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
am de or carbamate, -24 10 March 2006 WO 03f 022785 PCT/ US02/ 29372
respectively, and the unreacted am ne in enantiopure form (equations 1 and

2). This mgh]myaﬁ}eacUﬁgﬁcér@caﬁmremehmmysu&ﬂ&mdl:mre,s of
8-am no-5,6,7,8- tetrah droqglnollne ei t her by i sol ation of the resolved

ani ne or by cﬁcgéﬂw&&@“kﬁ‘f’ ek thefpmpda YT o S3oRirrHde-gf SHgmalF-Lhitted ol ved,

protect ed Mt st izl iy R oGl B MG EChere 3 HWYX. Rio O (1) [01191
For the esters, R7 is selected fromthe group consisting of H |ower -al kyl
10 (A through C12), al keny], alkypyl, taryl, heteroaryl, substﬂtut aryl,

I

substituted heteroaryl m Cy Ioalkenyl

het er ocycl i c, benzyl al | R8 is s he up
consisting of H lo (C—thxough GE2), [ benzyl@t1yl ~gr3
trifluoroethyl, alkeayl, alyl , heteroany stitut dHaryI,
substituted heteroary ; yl, cycloalkenyl, i and

het erocyclic. For 15 the carbamates, RO and RIO are the sanme or different
and are selected fromthe group @@nsisting of lower alkyl (Gmg through C
12), vingl, allyl, benzyl, trifluoroethyl, alkenyl, alkynyl, aryl,
heteroaryl, subst it eslesiydlcohslybsi bﬁmﬁ@d»r bebmiappdnyine udyghoal kyl |
cycloal kenyl, en(t:n?tliobsgl% tgzlelegzym%nag argaetgg'gtqg %roduce a mixture of the corresponding

amino in the first enantiomeric form, and the unreacted amide or carbamate in the

second enantiomeric form;

10 10122] 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 5,6,7,8-1soquinoline;

[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, cycloatkyl, hydroxyl,

20 thiol, a protected amino, acyl, carboxylate, carboxamide, sulfonamide, an aromatic
group and a heterocyclic group; and R*isan 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-tetrahydroguinoline 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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[0120] Another process is provided for resolving racenm c am no:substituted
20 5,6, 7,8-tetrahydroqui noline or racem c am no-substituted 5,%9 ,Qﬂﬂl2006
tetrahydroiso%uinojine to produce the two enantioners, coqyrising: -25 10
Mar ch 2006 ™\R9°0377822785 PCT/ US02/ 29372 101211 a) reacti UAB& ani de- or
car bamat e- substituted 5,6, 7, 8- tetrahydroquinoline of the fornmula VIl or
racem c am de-or carbamate-substituted 5,6,7,8-tetrahydroisoquinoline of
the formula VIII R2 NR30O02 I NR3WVII VIII with water, an al cohol,
or a prinmary TFwEEsAhrYNamhes trhyiregtinodng ST d¥ivkipy af Baxjeehs a
catalyst to Fl’ff\@ﬂﬁ%‘z@d aniik 5t b Qefhgd dTRhCAMIBESRAMEAG ordipiA theirbsolvag first
enantioneric form and the unreacted am de or carbamate in the 'second
enant i oner i c FeEHed mgeiad122] b) separating the first enantionmer of the

am no-substituted 5,6,7,8- tetrahydroquinoline or am no-substituted
5,6, 7, 8-tetrahydroi soqui poline, fromthe unreacted am de or carbamate; and

[01231 ¢) clgav t he am“d& or cgr banfaty ghoup to g oytlcy the second
enant i oner of M No | tahy dr od i ne ol

e A HooIRSkd t uted 556, et rahydr adui ol i ne "or
ani no- subst i t Ot ed 15 5,%?7,8-isoquino“?nei [01241 wHer el n the am de or
carbamat e group HNsyd"ocated at any positionNdn the satu@%ﬁﬁﬁ portion of the
qui nol i ne or isoqupnoline; R2 is |ocated at any other hydrpgen position on
the quinoline or isoquinoline ring; mis 0-4; R2 is selected fromthe group
consi sting of halo, nitro, cyano, carboxylic acid, alkyl, alkenyl,

cycl oal kyl , hydraoxyl, 20Ethiol, a protected am no, acyl, carboxylate,
carboxanide,ls- anidefmﬁﬂearonglicl = | = )
+
N" H,0, buffer NT N
O. N .
Her R10 NH; Heri)Rw

0 _ 0

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

Lipases: .
Candida antarctica (A and B)

10 Candida rugosa (also calted Candida cvlindracea)
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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group and a heterocyclic group; and R3 is an optionally substituted carbaon
atomor an optionally substituted oxygen atom [0125] Alter nald Mﬁr(}'," 2006
enzyme may be used to catal yze the process in which a racemic nixture of a
sui t abl e anVV@&38R27%ar banat e deri ved from 8- am no-5, 6, 7, 8 PE5/US02/29372
t et rahydroqui nol i ne undergoes enanti osel ective hydrolysis to give a single
enanti oner of 8-am no-5,6,7,8-tetrahydroquinoline and the parent am de or
carbamate in enantiopure form (equations 3 and 4). This method nmay be used
to prepare ei tifE7] - 26 he gsaidicetiaip gampEoggsob 2 a7igge USEIUES BT 20 enant i oner
of 8-am no-5, @el@ctﬁé&%&ﬁ;@'}%gFa%&Hic@?Ji&e@ﬁs dedchiber Ry isolation of the resol ved
hydr ol yzed am ne or "by cl'eavage of the am de or carbamate group in the
resol ved, protectéd nmeRestd, M.T.; DBpsbErx fnehippe 1990#BeT70HN "0, R1 O 5 NH2
HN'O Rio ~O [ 0126} Suilgkbiks Lanz§amekezf ¥iM.t Rebodiodry &.; frotse¥ sbyaketbrude ( but
are not IpPmted to) thé&yhokiaiiIngs, 2¢7pases: Candida antarctica (A and B)
10 Candi da rugosa Bal solzkayaneSChpdiSda; By Hdc adeap, Rddudenmobasmitk.uor escens
(al so cal |l ed Pseudonona®98ehaet;a; sane as Burkhol deria cepacia)
Pseudononas aer ugi dosa Snhidc &l.; ljgnre s\ Sfishet, Ppasbmilb RBUBidtedidelr Fachpl anl ari i
(Pseudononas pl antarii)1996, 10, 335;
10 5. Koeller K.M., Wong C.H. Nature, 2001, 409, 232;
6. Carrea G., Riva 8. Angew. Chem. Int. Ed. Engl. 2000, 39, 2226;
7. vanRantwijk F., Hacking M.A P.J., Sheldon R.A. Monat. Chem. 2000,
131, 549,
g. Hacking M.A.P.J., vanRantwijk F., Sheldon R.A. J. of Molecular
15 ' Catalysis B:Enzymatic. 2000, 9, 201;
9. Gotor V. Biocat. Biotrans. 2000, 18, 87,
10. Morgan B., Zaks A., Dodds D.R., Liu J.C,, Jain R., Megati S., Njoroge
F.G., Girijavallabhan V.M. J. Org. Chem. 2000, 65, 5451,
11. Kazlauskas, R. I.; Weissfloch, A. N.E.; J. of Molecular Catalysis
20 B:Enzymatic 1997, 3, 65-72;
12, Sanchez, V. M.; Rebolledo, F. ; Gotor, V. Tet. Asym. 1997, 8, 37-40.
i3. Wagegg, T.; Enzelberger, M. M.; Bormnscheuer, U. T.; Schmid, R. D.
Journal of Biotechnology, 1998, 61, 75-78;
14.  Messina, F.; Botta, M.; Corelli, F.; Schneider, M. P.; Fazio, F. J. Org.
25 Chem. 1999, 64, 3767-3769;
15. Soledad de Castro, M.; Dominguez, P.; Stnisterra, J. V. Tetrahedron
2000, 56, 1387-1391 ;
16.  Maestro, A.; Astrorga, C.; Gotor, V. Tet. Asym. 1997, 8, 3153-3159;
17. Balkenhohl, F_; Ditrich, K.; Hauer, B.; Ladner, W. J Prakt. Chem.
30 1997, 339, 381-384;
18. Luna, A_; Astorga, C.; Fulop, F.; Gotor, V. Ter. Asym. 1998, 9, 4483-
4487, :
19, Van Langen, L. M.; Oosthoek, N. H. P.; Guranda, D. T.; Van
Rantwijk, F.; Svedas, V.K.; Sheldon, R.A. Tet. Asym. 2000, 117, 4593-
35 4600; and
20. Ami, E.; Horui, H. Biosci. Biotechnel. 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

40 Sfluorescens, 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 tértiary amide.
The carbamoylating agent is an optionally substituted carbonate. Preferably, the
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Pseudononas sp. |ipase Chronpbacterium viscosum lipase (Burkholderia

gl umae) Porcine pancreatic |ipase Micor sp. (Micor RFT ehei | P’]g%arcbéi()%
Rhi zopus d ipase Rhizonucor mehei |ipase I zopys ni veus an

Humi col a | g‘ln(ﬁg??%%é'a; 25 Proteases: Substilin Carlsberg ]quusogﬁ%é’u lin
BPN ; and 30 Penicillin acylase from Al caligenesfaecalis. -27 10 March 2006
WO 03/ 022785 PCT/ US02/ 29372 101271 The use of certain enzynes to resolve

| ect ed Gyt BT - ' r €. L¢c anmdes) is
dosor | bed. - SenyRUREMAESS bRl d0neah B b ph iR S BEAN AR 50
| gl esi as, L. daRgkmathopate.V. M ; Rebol | edo, F.; Gotor, V. Tetrahedron: 5

G IR e b8l Haag%yc [BORAT R gritypnb Bicolinp Mo, ;M"Y
Schni d, R D. ®uodiretbmol splvﬁ:'mfi buch as: k886! 20l0ent38’%; di&lﬁyl&iheKQiﬁbdpﬁdipyKetIN%rE V\légg
Engl . 2000, 380 85987 el Pk ettty S (BR8] on
Monat. Chem di@e@oexy éiihe, Bﬂ&ho&e?ﬂylﬁﬂkérﬂ@eﬂ@]én@lﬂcol divieHyBethaw(fiklyme), Shel don
5 ocat . B ot rbiet Blisn et B gl B meaariclsciSho R Ly
J. C., Jain Raorhtgablivers (c.ZNp@iza@Ltoluene, ethylbenzene, o-xylene, m-xylene, p-xylene,
| xylenes, mesitylene, nitrobenzene, chlorobenzene, o-dichlorobenzene, P-
10 dichlorobenzene, 1,2,4-trichlorobenzene, naphthalene, pyridine, 1-methylpyrrole,
furan, thiophene, etc.}, chlorinated alkyl solvents (e.g. methylene chloride, |
chloroform, dichloroethane, trichloroethylene, etc.), dipolar aprotic solvents (e. g
carbon disulfide, dimethylformamide, dimethy! sulfoxide, 1-methyl-2-pyrrolidinone,
acetonitrile, nitromethane, nitroethane, e'tc‘),' 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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F.G, Grijavallabhan V.M J. Og. Chem_ 2000, 65, 5451; 11. Kazlauskas, R
J.; Weissfloch, A NE; J. of Mdlecular Catalysis 20 B: Enzyn?a‘”"lf1 bé-’ﬁ 63,
65-72; 12. Sanchez, V. M; Rebolledo, F. ; Gotor, V. Tet. Asym 1997, 8,
37-40. 13VWOaHEdys T.; Enzel berger, M M; Bor nscheuer,PCJ!‘fUSQZ{wBéhm' d, R
D. Journal of Biotechnol ogy, 1998, 61, 75-78; 14. Messina, F.; Botta, M;
Corelli, F.; Schneider, M P.; Fazio F. J. Og. 25 Chem 1999, 64,

3767- 3769 15. Sol edad. de Castro .; Sinisterra, J. V.
Tetrahedron JQtRD 05‘603‘P§89“‘9§99E”“’a'f6ts bK/&’«SEEgPJypb?a”y’ﬁﬁﬁe?ﬁ“@%lt‘"%‘s Gotor, V.
Tel . Asym  199%6nBab3dOdmindds to abdut 45@5&@3}@@'@ab1yﬁmm dBolitd £dtrs tKabodt"auer B-;
Ladner, W J. Prakt. Chem 30 1997, 33 381-384; 18. Luna, A.; Astorga,
C; Ful op, F. ho@étor V. Tet. Asym 1998, 9, 4483- 4487; 19. van Langen L.
M Costhoek, |6‘i33i" '%he aﬁ&E@P%‘ban%e sﬂbstltM@&cong%ﬂhwaké%yd'%lyze@éﬁﬁ%s
Shel don, R A Tel Hor UI ,

H BiosciS Bi @qaed;errm@:}ndltxansa@m:ém h&c@@@wlor@:atcrdzlls@wzlwader reftyx zenditims ognzymati c
PrOCESSES ar &y, Q&r‘ééh%?cbic% u%gé}‘?&ﬁfxec%n&mb;'.s ?& @ | th l‘ﬁogf u WlB&a‘?ﬁ%‘? as the
enanti osel ect | enz are nore er ab 3/’ sel ect 8 Pr om t group
consi sting of tf@aﬁmﬂSdmnaﬁa é.ﬁﬂtSrtciaahé(d@HdlnEme@andhd&ppsjtjﬂms@f a JsBBdonmonas 40

fl uorescens, i |.i kd {N, and Al caligenes faecalis
penicillin. %@gg{&%@%y 78 Fﬁar gg‘%ﬁ? I srﬂeet her an optionally substituted
acid, an opti Baednliyatiog Blisesst ut ed ester or an optionally substituted
primary,,secondary, or tertiary am de. The carbanoylating agent is an

opt i onal1y substituted carbonate. Preferably, the -28 10 March 2006 WD

03/ 022785 PCT/ US02/ 29372 acyl ati ng agent i's eRhyI acetate and the

car banoyl ati og agent is dibenzyl carb a di al kyl carbonate. X01301 -
The enzymatic resolution is preferfa %f out in a solvent or

[0134] This invention provides a procedure to racemize the single enantiomers of

optionally substituted amino-substituted fused bicyclic ring systems XII, wherein

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 s 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 corrésponding racemic amine. The fused bicyclic
ring system comprises an optionally-substituted 5- or 6- membéred 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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conbi nati on of solvents such as: etheral solvents (e.g. diethyl ether,
dii'sopropyl ether, 5 dibutyl ether, nmethyl tert-butyl ether, 4§ plarci2006
ether, tert-anyl nmethyl ether, dinmethoxy ethane, 2-nethoxyethyl ether,

di et hyl eneY§l $¥¥&78%4i met hyl ether (diglyne), di phenyl CHES22BIenzy]

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

xyl enes, mesitylene, nitrobenzene, chlorobenzene, o-dichl orobenzene, p 10
41 chl or obenz it arylogycaropyle kst ey icaammyh alkulsarbamoyli di ne,

L- et hyl Dy 1 olrauniochitiofl, alfnRRIBARY, i Gubamt] O natt ed alkyl sol vents (e, g.
net hyl ene chloride, ¢ ioroforn1 i chl oroet hane, trichloroethylene, etc.),
di pol ar aprotic solvents (e.g. carbon disulfide, dinethylfornmm de,

di mret hyl sul fjoxdsje, This iweérnivh pRvidys & Ploteds RO AR emizaRel pld dnbhiRmenbt I OMet hane,
ni t r oet hane, etc.g, alkgﬁe solvents (e.g. petroleumether, 15 m neral
spirits (1igrBPRYSubsEHEd A&7 hishandroae hefgprun 11 grafamane-i sooct ane,
nonane, decanabstifbs6,¢ NerahddoRbdWhdNAE aNKe foeyiGlh MIONS BRRGuccGNE! Ohexane,
etc.), alkene solvents (e.g. 1-pentene, 1-hexene, cycl opentene,

cycl ohexene, QUESPPRARgiagilc MiyPFent s (e. g. acetone, butanone, 2-pentanone,
3- pent anone, nethyl isobutyl ketone, cyclopentanone, cycl ohexanone,

cycl ohept anone, etc.), water. The enzymatic 20 acyl ation or carbanoyl ati on
is preferably carried out in gitR&r diisoprg 8f. nethyl tert-butyl
et her, although in [ qy/ he earbanoyl ati ng
agent may al so be ugled as ol ventl. . Thes prgf erred acylati pgpagent in  this
case is ethyl acetafle, whije the |preferre yl atijog agents are

di benzyl carbonate % ed solvent for the
enzymati c hydrolysis, 25 gﬁfoholysis and aminol ysis is water, although in.
t hese cases the al cohol of""am ne nucleophile may al so be used as sol vent.
[0131) The reaction tenperature is between about OC to about 120°'C with the
preferregd tenpera%gﬁgﬁﬂ{on1about 50 to about 60C. [0132) The concentration
for the enzymaticr SOl Gtion is fromabout 0.01Mto 30 about | OMwith
respect to tHhél3¢} ar ta) hgtisgios¢matiomerinbltyrentitied pmirfoetubetutedfESBL r at i on  bei ng
from about O, 0, about. 0, 6M ereas .t he. nunber of equival ent enzyne to
Subst rate i s bR n RS Ry e e STt ¢ e

equi val ent beitmabydr@Soqhibio e iedat 200 fn MERHSEDRRATIB DheRTIeehiBA2 LRBRAD S an

additive; and

15 {0137] b) when either R” or R® is not hydrogen, cleaving the R’ or R® EroUps
under conditions (e.g. acid-promoted hydrolysis in the case of amides and
carbamates}) to afford the corresponding racemic amine,

[0138]  wherein NR7RS_ 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 1s described for racemization of enantioenriched
25 (R)- or (5)-8-amino-5,6,7,8-tetrahydroquinoline or enantioenriched (R)- or (5)-N-
(5,6,7,8-tetrahydro-quinolin-8-yl)-amides and carbamates (Scheme 4). This method
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fromabout 0.3 to about 0.4. equivalents by weight. Typically, ﬂ‘ |on
time is fromabout 30 mnutes to about 48 hours, preferably 14 a&ﬁ'&

hours to about 6 hours 101331 The ani de or carbamate substit uted corrpounds
are hydrol y?Y8#3&7¥g 5 standard conditions, such as hydr ERUSPY¥3Rcid in
acetone under reflux conditions or hydrochlorlc aci d under refl ux
conditions. Preferably, the amno group is |ocated at the 8- position of a
5,6,7,8-tetrah droqu oline or _at the 5- ition_of a

t et r ahydr oi sodﬁ?yntﬁ’l‘is 0 ragemize Githr e‘la““&’ﬁﬁ‘p “3IUNQrR OHA- ‘e‘rﬁé’é@ﬂi“i‘%]ﬂ‘]edﬁ Process

10 XI'l 101341 1{Er¢bﬁesbmrgtdnﬁ@es@,rr@yfbg@§esa pr ocedure to racem ze the si ngl e
enantioners of opt| onal ly substituted am no-substituted fused bicyclic

ring systens X he capret ghemidss ppdearbagiptes ghe pRide aphearbasiats §Teus IMpYSer e or

enant i oneri calchdv&ng LgRathadhBSHon@hs Beine 2 eithBealy, tm&aem.éﬁmmlag y or
tertlary amine, or as an amine derivative, under the proscri bed

experi nment al cbkencd menge rsvRraifedojthe Ergympée Resobiiar Brocess desssled ahpiver e the
am ne is substf gy A3yaky am ne derivative (such as an anmide, carbamate,
or urea), hydronS|s o¥ this functional group under acidic or basic

condi tions subseq the 2 1 zathdAkodR! OCedur exaffer ds t he
correspondi ng rackem_ 'ne. The d Breyer™® ring s @ conpri ses an
optional |l y-substit®ted5- or 6- Mrenpered heteroaronatie ng (ring O

fused to an opti onal Il-jﬂﬁu mtut edH @r 0- menbered parwuwnal Jog qr fully
saturated cycl oal kyl het'er ocycl oaI (ring D. The heté¢ oaFomatic ri ng
i ncludes: pyridine, pyrimdine, pyr ZI ne pyri dazi ne, ok&d a2i ne, inidazole,
pyrazole, triazole, 25 oxazole and thiazole. The saturated ring includes

cycl ohexane, pi pe pi per hexggaygggppyrl daz e, ~{etrahydrofuran,
t et r ahydr ot hi ophene, _ ahydr —FE!'I'*y‘d ia n. The optional
substituents on theNam=ho group nd R8 above) |nc hydr ogen,
optional |y substitutednal Jo?l , aryl Hnetrr oal kyl, heteroaryl, afalkyl,
al kanoyl , al kyl sul fonyl, carbonyl off group substituted byJan aromatic or

heterocyclic -30 10 Mar c‘H 2006 WO 03/ 622785 PCT/ US02/ 29%%2 1A ng, -
aryl oxycar bonyl , al koxycarbonyl, aryl carbanoyl, al kyl car biagny,b,

reflux
| \ condmon§ , 2
N N/

0%
ee

zlfn

NH,

Scheme 4
© [0140] ©  Forthe 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, - C,;, alkyl, vinyl, allyl,
benzyl, trifluorcethyl, 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 giyéol dimethyl ether (diglyme),
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aryl t hi ocarbonyl, al kyl thiocarbonyl, and carbanoy]. 101351 Thi s vent ﬁg
provi des a process for- racem zing a single enantioner of am nd: &hi200Pcq

5678te U|noline of the fornmula X1l or of arg stituted
202%7' ﬁ%sﬁyﬁ%

5,6,7,8-tetr roi soquinoline of the fornula XIV to produ
corresponding racemc mxture: RR mMmNR7R8 5~ N XIIl z Rm / 7 $ R -NR
XI'V 10 conprising: 101361 a) heating an enantionerically enriched

am no- subst i tdifieh1Rugr, E,b%nzys ShE ARV ARMERR! 1| G0 Pine BRorBRGARE AT i cal 1y
enri ched anino-substituted 5,6, 7, 8- tetrahydroi soqui noline n€at or in an

organi ¢ sol verrmatis splMentpieds benzencotolushes stz reprena @-xyiragi mitylene, andlens, 101371
b) when eit h%(gleﬁgs Qxes@‘ﬁ:nk p&tenﬂ%grggﬁd%enz% @%leaﬂorB 25E£ R8 groups

under conditi aC| pronot’e drolysis int e of am des and
car bamat es) tdcﬁhm‘rtﬁlmncbnt HeZ, émqhéscpimnmmglaplﬁbfémecpmrmel -fedyB@doleher ei n NR7R8

s 'OCatfd atfur@%ﬁo&%ﬁé fel g;dcl%héat%%a Lébﬁ@eh&g g%&hg%&%ﬁl&ﬁg qui nol i ne or

I soqui nol i ne; ocCat at any o gen Ion’on the 20
qui nol i ne or chieorom dichlesethang trigklareetifdehe, eamj d%lalrsprem weetd(é.g.om t he group

const 4179 BhaBEh B e ARRE SRR ool S bt

car boxam de, asejdnf:mﬂm nit@eethan:, aiteetities etgh),calkanasndvenss (het eirokyt Ieiher,gr oup.
mineral spirits (ligroin), pentane, hexane, hexanes, heptane, octane, isooctane,

10 nonane, decane, hexadecane, 2-methyibutane, cyc]opentane, cyclohexane, etc.),
alkene solvents (e.g. I-pentene, 1-hexene, éyclopentene, cyclohexene, etc.), ketone
solvents (e.g. acetone, butanone, 2-pentanone, 3-pentanone, methyl isobutyl 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, scdium, 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, phenyilithium, ethyllithium, n-hexylithium, or

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

hexamethyldisilazide, potassium hexamethyldisilazide, lithium diisopropylamide,
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[01391 A preferred nmethod also is described for racem zation of
enantioenriched 25 (R)- or (S)-8-anino-5,86,7,8-tetrahydroqui nt Magchz006

enanti oenri - or (S)-N (5,6,7,8-tetrahydro-quinolin-8-yl)-am des
and car banav?{ggsq?zggﬁerre 4). This nethod -31 10 March ZOOGPQ@U%??G@ 3785
PCT/ US02/ 29372 may be used to raceni ze either enantioner of

8-am no-5, 6,7, 8-tetrahydroquinoline or its corresponding am des or

carbamates. | ﬂthm‘?dlﬁﬁgﬁm% liRRnPRE Afhe ANSL R RAIRLES,2 4 Sle am de and
carbamate groups may be cleaved to afford the correspondi ng amine. In

ei ther case, tehemethglpipendiderionenyt dppropriste sombinaedt thergoth Suitablalaviis acdds to t he
iy, R0 0 onciy e TR TRER O PREK CUORTF R SR TOL RN " ovee
NH2 0% ee ScHigiz® B, TABL) Foganpmetabicispessss (Rndhyldwhisemed from the group
consisting of gH 1 CliimGA chloride), and boron species (BF3, B(OMes), B(O'Pr);). Suitable
aldehydes include: benzaldehyde, 4-methoxybenzaldehyde, 2, 6-
dichlorobenzaldehyde, acetaldehyde, and formaldehyde. Suitable ketones include:
acetone, acetophenone, butanone, 2-pentanone and cyclohexanone. The preferred
amount of the additive, in terms of the number of equivalents additive to substrate, is
10 about 0.01 to about 10 by weight, with the preferred equivalent being from about 0.1
to about 1 equivailents by weight. The racemization of the unsubstituted primary
amine or the corresponding amide or carbamate is preferably carried out in the
absence of an additive.
[0145] Typically, the reaction time is from about 30 minutes to about 48 hours,
15 preferably from about 1 hour to about 2 hours.
{0140] The racemization is preferably carried out in the presence of an inert
atmosphere, most preferably under an atmosphere of dry nitrogen or argon.
[6147] The racemic amide or carbamate substituted compounds are hydrolyzed
using standard conditions, such as hydrochloric acid in acetone under reflux
20 conditions or hydrochloric acid under reflux conditions. Preferably, the amino group
15 ]dcated at the 8-position of a 5,6,7,8-tetrahydroquinoline or at the 5-position of a
,5,6,7,8¢tetrahydr0isoquinoiine, misOorl, R’ is methyl, and R'is methyl, allyl, or

- benzyl.

Asvmmetric Synthesis Process

25 j0148] The invention aiso 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, ina
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10 al kyl, al kenyl, al kynyl, aryl, heteroaryl, substituted aryl, substituted
heteroaryl, cycloal kyl, cycloal kenyl, carbocyclic, het erocycl1Q:',Vl"’lﬁﬁ'ﬂggfl'p,6
vinyl, and ally!. For the carbamates, Rl is selected 1?ﬁhbggjgroup

consi sti W G024 - C12 al kyl, vinyl, allyl, benzyl, t{q- uoroéthyl,

al kenyl, al kynyl, aryl, heteroaryl, substituted aryl, substituted

het eroaryl, cycl oal kyl, cycl oal kenyl, carbocyclic, and heterocyclic. 15
[01411 The racem zati on. reachi0Qyilisidl-abrtpbhdinERrdidgtigout umeat or in a
sol vent, orme%ﬁﬁgF%%%ﬁgﬁfﬁﬁ]so?vgntgﬁghch as: etheral solvents (e.g_

di et hyl et hatindafli dosdperspyl ether, dibutyl ether, nethyl tert-butyl ether,
di pentyl ether, tert-anyl nethyl ether, dinethoxy ethane, 2-nethoxyethyl
et her, diethylene glycol dinethyl ether (diglynme), -32 10 March 2006 WO

03/ 022785 PCT/ US02/ 29372 di pheny| ether. . dib [ @Ry dr of uran
1, 4- di oxane[0148r ph&Irresess ‘%?@?";?‘Hoéfﬁﬂﬁlimggsa% I%r/%‘ﬁ%’“s?gl("g?‘é’“ gnzene, " tol uene,

ethylbenzengﬁm@%FMhggpmcﬂmgﬁhgaemnﬁmxyxemanmhmylenes, mesi tyl ene,

ni t robenzene, chl orobenzene, o-di chl orobenzene, p- dichl orobenzene,
1,2,4-trichl orobenzene, naphthal ene, pyridine, 1-nethylpyrrole, 5 furan,

t hi ophene, etc.), chlorinated agkyl solvents (e.g. nethylene chloride,

chl orof orm dichl or n f chl oroet hyl ene, etc.), dipolar aprotic
solvents (e.g. car I I de, dinethyl formam de, dinmethyl sulfoxide,

1- net hyl - 2- pyrrol i MHrile, nitronethane, nitroethane, etc.),
al kane solvents (e.g~p€tr ether, mneral spirits (ligroin), pentane,
hexane, hexanes, heptane, octane, isooctane, 10 nonane, decane, hexadecane;
2- met hyl but ane, cyclopenpéne, cycl ohexane, etc.), alkene solvents (e.g.

1- pent ehe, 1-hexene, cyclopentene, cyclohexene, etc.), ketone solvents
(e.g. acetopgspput ar@ﬁﬁngammenﬂmmef,a ipmonpdaeated onrmna iy pf the Biset yI ket one,
cycl opent anone, cycl ohexanone, , cycl ohept 1 : r. The

racem zat i omiyslic ALY arasnst |wftB%@aﬁg?ﬁ%ﬁgﬁgﬁﬁarﬁghgﬁaﬁgﬁzﬁgs pondi ng ani de
or carbamat §,}i§.RSNH] 5f e efipuRIX y carried out neat (in the absence of
solvent). [01421 " The reaction tenperature is between about 0 C to about
300Cwith the preferred tenperature from about 120C to about [50C [01431
For th& cases where a sol went i B°enpl oyed, the concentration for the

racem zation is from about Mto about 10Mw th respect to the starting
substrate, 20 witKT pref ed concentration being fromabout 0.3 to
about 0.6M R NH,

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] ¢) removing the chiral auxiliary R* to form the enantiomer of the primary
amino-substituted fused bicyclic nng;
[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 2 position on ring B; and R? is located at any

other hydrogen position on the fused bicyclic ring;
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101441 The racem zation reaction optionally nmay be carried out in the
presence of either a catalytic or stoichionmetric anount of anma'ﬁ"}?i"%braogﬁe
additive or conbination -of additives, such as a base, par/hqwhssaci d, an.
al dehyde wo os0z&8fone. Suitabl e bases include: lithium sodium potassium
or cesium hydroxi de bases (KOH, NaOH, LiOH 25 CsOH), lithium sodium
pot assi um or cesi um al koxi de bases (sodi um net hoxi de, sodi um et hoxi de,
sodi um i sopropoxi de, sodiumtegi.- 4 En (HR QoS Thikmting bl haldhuitoxi de,
i t hi um net HBX36de) ,WherHnd '4§%d]|58ér1ngé?pot ass; ?m ﬁ dr.i de b?steg LiH NaH,
1(H), al kyl |dghbi embbasesid axyhyienttivaiepike, BOrE gk BRCECBANAL i ¢ hi um
tert- butylITthium isobutyllithi ny Liotdahé gy hetdrédyiliom _
n- hexyl | i t hiagh C%P""S@‘%%%‘%‘B %t § Wé%laﬁ’ﬁ)gg or it hlglﬂghp sodi um . or potassi um
am de bases E(TM% b iR, &A@ RS ars eakibutiifaentded soirsted SSTLRT SHAMBESSPIMT 'um hex
amet hyl di si l'azi'de, sodi um hexanethyl di 5i.l.azj d8.s. Bos-gefibkied aromatic :
hexaret by! diteidregen.ayl plemil gk ds rcg"é‘;ﬁﬁe‘llﬁi de. -33 10 March 2006 WO
03/ 022785 Pg:fégu 1293 6Re bi RO REor ° @t ayloa frinenbered MARE AT cycl ohexyl ani de,
or lithium2,276,6- tetranethyl piperidide) or any appropriate comnbination
t hereof . Suihadsbaomdimeaci ds include: netal salts (AICI3, Fed3, CCl2,
HgCl 2, CuCll ”0'{5 | 4, A§pe(f%;gd%ﬂ-gce!ﬁ;rf|€frt}1€ swﬂi@bﬂ&r@n@méﬁcﬁ% pyiphed 8- o o
organonetal It C species (trinethylalumnym. 5 di At ehl ori de),
and boron spmineé,%Bﬁg}faB(d@%‘W,‘“%‘(S@gﬂc;ﬂg’}l.augtﬂif{@%fjéeé al gsehy_des i ncl ude:
benzal d hydeThgl%rg%;mMPgemawa% ZhifBbaselofothT-dihglreriZandetipdfeone

a

acet al yde, ormal dehyde. Suitabl e ketones i.nc R+ 18§ 8t@ne,
acet ophenone0 hnir.hammpeqpnzwrﬁéﬁ't“&ﬁ’éﬁ%a"drﬁ’ﬂre%a%ee%ﬂ%ngéﬂg%e przgferred -
anmount of the. ag%iit L& E;gbsk Bre@fctibier Nuamikies suithble ypdrideiregent (B@di tive to
substrate, i&Vi¢0™about 0°01 to about 10 by wei ght, with the Breferred

equi val ent bebdign boohydaide)foll@ver byrgdughyit alva%ecfgitveéi eht’s by \X)/Zl ght. The
racem zation ,of .t he ‘un LA MESHeRail iRy (or@idntiemenically enuded)dePondi ng am de
or car bamat e Hed! rcg?%?uzlgllgﬁ/a%%#ri ed oujtmi[n the absence ofi apsadditive.
101451 fypi cahlssynthhie reganiay bhadapied 19 REPATHH bIBEIST S AUBes to about 48
hours, 15 preferabl Vchﬁrrfa%kﬁ@BPt 1 hour to about 2 hours. 101461 The

raceni zat i on BECPBIFEPETAD y carried out in the presence of an inert

at nrosphere, nost preferably under an atnosphere of dry nitrogen or argon.
R*-NH, {enantiomerically pure

= MnOs3 l S primary benzylic amine) - l =3
L 7 MeOH N
N CH,Cly N '\!
OH 10 8] -
9

82%

NaBHs,
B Hs, pPdiC I \ E10H. 0°C
B —
| MeOH/HOAG N
" HN
NH2 ‘Rt
8 12
Scheme 5
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[01471 The racem ¢ am de or carbamate substituted conpounds are hydrolyzed
usi ng standard conditions, such as hydrochloric acid in acetont Ué’d@h 006
reflux 20 conditions or hydrochloric acid under reflux conditions.

Pr ef er abl ywotope22386 no group 1is |located at the 8-positi derafSonz9372
5,6,7,8-tetrahydroquinoline or at the 5-position of a

.5,6,7,8-tetrahydroi soquinoline, mis-0 or 1, RO is nethyl, and R10 is
methyl, allyl, or benzyl. Asymetric Synthesis Process 25 10148] The

i nventi on al 481585 cSuidde ehifgl Bedingies lorbe pppd ip Brinepatese ¥F ohgert eodef i ned
amino group By @5 g1ingnaR RIRNEn fch- 2% BRANT AGBRE RAIRY.RPUE Ry | BTy
amne chiral auxiliary group and a ketone substrate foll owed by

di ast er eosel euwioprtic gup (ditber a ofor ptmembered latyil.igteronryiesubgtityedayder a secondary
am ne, and t : . | hak,es L [ n enanti oner
of the pri marg g&gﬁﬁ%ﬁg‘\é%lr@gﬁ@ ’ é{ﬂ;@rtvﬁiﬂ, {éu—gs{n ?g?%k&%&éé ?%lgrﬂ%ceiﬁgﬁ'to ?Srreri c form of
the primary am ne can be prepared. Alternatively, in a -34 10 March 2006 WO
03/022785 5 10 PCT/ US02/ 29372 prestep, o4 he ketone is formed by oxidizing a
correspondi ng hydroxyl group under stardapd conditions. [01491 A process
is provided for synthesizing aR*eridii=o of a primary am no substituted
fused bicyclic ring of formula I X conprising; 1X 101501 a) form ng the
Schiff base of a keto group located ofring’B2f the fused bicyclic ring
by reacting it with an enantionerically-pgre prinmary amne chiral

auxiliary R*NHEwof the formula X X 15 [0151] to produce the corresponding

enanti oneri cal | g pure imne Qf the fused bicyclic ring; 101521 b)
di ast er eosel E86Pel YWheetduRi, g anH&R " jars thesams o ddErns apdyase padicted digomibie ng

enant i oner i caly ekl SEALNHRN Yo AMLAA QD 4Gy T, YRS DI Rld:Sardil n: and

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 (5)-1-phenylethylamine,
(R) or (S)-1-(1-naphthyl)ethylamine,
(R) or (§)-1-(2-naphthyl)ethylamine,
15 (R) or (8)-2-phenylglycinol,
(R) or (S)-1-(4-bromophenyl)ethylamine,
(R) or {S)-alpha-methyl-4-nitrobenzylamine,
{15,2R) or. (1R,2S)-2-amino-1,2-diphenylethanol,
(R) or (5)-1-phenylpropylamine,
20 (R) or (S)-1-(P-tolyl)ethylamine,
(1S,2R) or (1R,2S)-cis-1-amino-2-indanol,
{R} or (8)-1-aminoindan,
(R) or (S)-1-phenyl-2-(p-tolyljethylamine,
(R) or (§)-1-aminotetralin,
25 (R) or (8)-3-bromo-alpha-methylbenzylamine,
(R) or (S)-4-chloro-alpha-methylbenzylamine,
(R) or (S)-3-methoxy-alpha-methylbenzylamine,
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20 101531 c) renoving the chiral auxiliary R* to formthe enantiomer of the
primary am no-substituted fused bicyclic ring; 101541 wher ei ril® Magcih 20§65
het ercaromatic 5- or 6-nenbered ring, Pis a nitrogen atom sulfur atom or
oxygen at oMYOP¥NBY3B is a 5- or 6-nenbered partially or f8CTASN2Q3%7ar at ed
cycl oal kyl or heterocycl oal kyl; 25 [01551 wherein NH2 is |located at a
position on ring B; and R2 is Iocat ed at any other hydrogen position on
the fused bicyclic, ring, 5 qg 03/ 022785 10 0 (0156] wherein
mis 0-4, R is se@éé’f&d" frF'%Pr?xtyﬁa gr%ﬁ%yc%]rzlglgﬂ}ehg of halo, nitro, cyano,
car boxylic acid, adRBy‘af(S)&Lﬂ{ﬂ]‘i}ﬂy,alW%ﬂWlkWylaﬁyﬂ[ oxyl, thiol, a protected

am no, aryl, car b@ﬁyl&éﬁ Car Ion m de, an aromatlc group and
a heterocyclic BT CP"FQHO‘ H@p% dré"tach different and sel ected

fromthe group con(sa)st(s)g @{.mﬁllwafqugeﬁmhca{ly&yhne al kenyl cycl oal kyl ,
cycl oal kenyl , or. 6-nmenbered aromatic afa at | east one of
R4, R5, o Ralqlélla 5Th%?hl@1 HETIEE CmPap T PTaCcTahly PR ISRt | o r i ng.

10157] A pr ef gipha1epyRe88S phdyipkds 128y, B.eﬁlb@owphefwﬁmﬂﬁé sk |y enriched
8- ami no-5, 6,7, 8-tetrahydroqui noii ne usmﬂh chiral UX|I|ary i s described
(Schene 5).  Hisferabdy @r)éfb%wlﬂh%w&(&)ﬁ Phe RBePH NG OR(PIade of

6, 7-di hydr o- Ske@ekRatiyheByRRgmel0 W th an appropriate enantiomerically pure
primary benzylic am neha&’Rx NH2) to rfgl ve the imne 11. Subsequent reduction
14

of 11 with a Hiptiabl Sui b’rSP]dém? fos therformyagiop of the ring Andderredigen efdhe f ol | owed
by reducfy ve gligaNagearihe h@ﬁa& hidh@br R nbirdfidn pétﬁe\%aﬁi&ﬁvenisfmeihlyf étﬁercormound

8 in enantiomerically pure (or enantiomerically enriched) form
synt hetic roudl@omyyft@@eaddvptsééth@r@rrq@ﬂiébtaﬁ@ueﬁl ether, d@ﬁ'&ih‘tqthﬁﬁéﬁﬁ-@hYB depend| ng

on the choi cgel &b dhed dilaBE Yo-m&n G eMIPener It nSATEMNRnethyl

cther, 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 atkyl 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, isoamy! alcohol, or
cyclohexanol). Preferred solvents are chlorinated alkyl solvents, such as methylene
-chleride, and alcohol solvents, such as methanol and ethanol.

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

25 borohydride, lithium borohydride, potassium borohydride, sodium cyanoborohydride,
sodium triacetoxyborohydride, lithium tri-sec-butylborohydride, lithium
tricthylborohydride, lithium trisiamylborohydride, catechol borane, 9-BBN, disiamyl
borane, thexyl borane, or borane), aluminum-based hydride réagénts
(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*-NH2 (enantionerically pure primary benzylic amne) H2, Pd/C MOH HOAc
PCTI US02/ 29372 11 N.R* 1'f NaBH4, EtOH, OC HN.R 12 Sche el GMeocivi2066
2006 WO 03/ 022785 PCT/ US02/ 29372 101581 Suitable chiral auxiliaries to be
used in th'® %¥H{iEnce are of general formula X, in whi difTRFIZEB872 and Re
are non-equi valent. At |east one of R4-R6 nmust be an aromatic group
(either a 5- or 6-nenbered aryl, heteroaryl, substituted aryl, or

substituted hefe Fgr%fumﬁémr%u%emggnmc@gé%&?.&%ﬁg%ﬁ%uﬁ59m3he i st

shown X 5 bel ow erei e sane or different
and are sel ecbed 1DEeguValénds, “ghqycqﬁer@ldmsbtsiﬂmahnﬁt}bqumalwts &t through C12),

al kenyl, al k)énX ehtr &A'.s ablg (f (R?Lcyabb i-xtrel:ég?cgtoql:xé/ﬂaq:SUb strt%:Jévuq]

heteroaryl cyc eny car ocy e ocyc
car boxyl at e, paaﬁ:rdlsy ﬁma:ratbomﬂ io aamtd) 6Mnfdlebieﬁlﬂ'gtltemp'bﬁatlﬁreﬂiﬁm]a rdaxw@dil es of
suitable chiral auxiliaries includ but are not limted to

fol | owi my: ﬁ)ofrb%bOES)‘OO fo abﬁ‘f{éHQ/Fem?ﬁlPé?FFfﬁB'}’f(OR)ab&Pt ) 2!130(“1?25n<z§1pht hyl) ethyl

amne, (R qd1esP) th(e%rr&ﬁ&h&t e}@éhm'x@dﬂarﬁ e bi the chi !
(S)- 2- phenyl g|yc.fsno (R o M 24 br onophen |)ﬁ’%’f‘{Qir ¢ futal auxitiary
compound i is about 1: 0 5 Io about 1:5, with 1:1 bemg prefen'ed

[0166] Removal of the chiral auxiliary is accomplished via standard methdds,

such as hydrogenation in an appropriate solvent or in the presence of a metal catalyst,
10 or acid-mediated cleavage.

[0167] Preferably, the fused bicyclic ring is an amino-substituted 5,6,7,8-

tetrahydroquinocline or 5,6,7,8-tetrahydroisoquinoline, m is 0 or 1, and R%is methyl.

[0168] Also provided by this invention are novel intermediate compounds as

shown in the examples. Most preferred are those that are enantiomeric.

15 [0169] The following examples are intended to illustrate, but not to limit, the
invention. '
Examples

Preparation of (R.5)-8-Amino-3,6.7.8-tetrahydroguinoline by Selective

20 Hydrogenation of N-(Quinolin-8-yl)-acetamide
| R Ac,0,DMAP, Et;N | X H,. PtO, (1%) - =
' . - e ——————
N CH,C, NZ TFA, 60°C N
NH, quant. NHAc 4% NHAC
N ’ 6 N HCI, reflux
- 91%
N
NH,
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(R or (S)-al pha-nethyl-4-nitrobenzylamne, (I1S,2R) or.

(1R, 2S) - 2- ami no- 1, 2-di phenyl et hanol, (R) or (S)-1-phenyl propyltianeh 2066
(R or (9)- 1%P—to|y|)ethy|amne (182R) or

(1R, 2S)-ci SYPIHIRHS- 2-i ndanol, (R) or (S)-1-ani noi ndan, PCR)USGR129372
(S)-1-phenyl -2-(p-tolyl)ethylamne, (R or (S)-1-am notetralln 25 (R) or
(S) - 3- brono- al pha- net hyl benzylam ne, (R) or

(

S) - 4- chl or o- al pha- net hyl benzyl am ne, (R) or
(S) - 3-net hoxy- al phg nmet hyl henzyl am ne, -37 10 March 2006 WD 03/ 022785
PCT/ US02/ 29372 (R)Jéw—glg—ééﬁﬁ@@a%ﬁﬁ@%%w benzyl amine, (R) or
(S) - 4- met 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 [ = nyl - 2- met hoxyet hane. 5 0} 161]
The chiral auxiliary conpound is preter phenyl et hyl am ne,
napht hyl et hyl ani ne, ~ phenyl pr opy! ani ne,™ or Tnet hoxyphenyl et hyl ani ne, nore
preferably (R %@% - phenyl et hyl am ne, (R) '(“1’)0 | - phenyl propyl am ne, or
(S)-(-)- 1-(4l01E@k hoXy plarsd sopgemgf 8- armnn@umqme»ﬁBmﬂt?ébh@l)sal\whms for the
formati on of g I

AR ANhG1( 16 9450 13019 nd B it n@'(?ﬁNL@h ynp-?

i ncl ude, alone or “i n conbi nation
di i sopropyl eiRBin CH&@m(F&ﬂfh)éQﬂhehlond@t(Mﬂ mewasaddttMcemmwnctél(pejﬂ)yl et her,

tert-anyl nmephw £t , et hyl, .et her, diethyl ene
gl ycol di net h§/| ¥ e?hd;rﬁr] mﬁpheﬁ??efe?ﬁgep{%@%% ll"Hi;clht} Wése? "¥?dePtiQé"hydr of ur an,
1, 4- di oxane, sturgtod mxgdnusrsel)xtion c&frW@;c(scsihkmbmhrﬁor@dﬁ@ni‘ﬁmﬁlaséso&aﬂene

et hyl benzene, 8 I)é% %E gus rlllz%e \Pas& CT'Iclte% Wlé‘l elhe iﬁlu : ¥§(?mﬁ) ﬂ'l LT obenzene,

chlorobenzene oro enz or'openzse
1, 2, 4-t rli0chl momérmzeémeganm@pmmbrerdepd By 5Qi)fdium sumte)]yiltpgeﬂmle furan, or

L oPrene) o EALAEIRLEL 2L o ) ML R I BRSO S8l ol o
m ner al spi riltege sphdt Briemathexd ane used without further purification in subsequent steps.
'H NMR (CDCl) 6 2.35 (s, 3H), 7.42-7.56 (m, 3H), 8.15 (dd, 1H, J = 1.5, 8.4 Hz),
8.76 (ad, 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 (CDCl3) 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-Tetrahydroguinolin-8-vl)-acetamide
RS

o

N

NHAc
20 {0171] N- (Qumolm 8-yl)-acetamide (173.27 g, 0.930 mol) was dissolved in

triflucroacetic 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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hept ane, octane, isooctane, nonane, decane, hexadecane, 2-net hy{(ﬁ@t ane., &8
cycl opent ane, or cyl ohexane), and al cohol solvents (nethanol, e AT 0
propanol, isopropanol, n-butanol, isobutanol, s:butanol, pentanol, isoanyl
al cohol , oWO @g2¥7gshexanol ). Preferred sol vents are chl orriaraisesioatky|
solvents, such as nethylene chloride, and al cohol solvents, such as

nmet hanol and et hanol. [0163] Reducing agents include: boron-based hydride
reduci ng agents (sodium 25 borohydride, |ithium borohydride, potassium

bor ohydri de, "8¥efalNREYERHITGHoRpERedRaueas ANaki (Sedivme ydryidosoagelr wrde, |t hi um
tri-sec-butylhos Leiend o 1A -] e bl § 4N

trisianyl bor ohyéﬂ] bc?gl:ﬂ,!acat éJI(]:4 h%)‘il? ]g?rsghgéﬁ%%é%?&%%ﬁggcb Lgo%gjr?gﬁi )f hexyl

bor ane, or bdkigthepgnesingrivHaa(MaSed. fijeed aid consanfeattdsin (vdiuoi Foberugd  al uni num
hydride, lithj et j r ' ' 30 : o

~ et hoxyet hox%g{ﬁtﬁ]{vgﬁh}a lﬁ%?? gge%h,%glrr{g’ c@%&@ﬁ%%& gllhga %ecl)ﬁ%'fnr?at“fltcl)]nl i th an
appropriate M¥eQH (rmethaol) sn CHpElk. | thai YrMsRFc@rctanol) pl GGk prvide9s.37

Raney- ni ckel , i e Qn on.. of rutheni um on carhgn). - 0 March
2006 WD 03/ ofﬁ%%&#%%%@%ﬁ‘“’f’ﬁ‘i‘%’ﬂf“’ﬁﬂ‘g'@u {ap ‘g%ﬁ%é‘ﬁﬁﬁﬁ% Bof
reduci ng agent80is0(oet, Wep 2. 78LDER (nf) 28),a0h-3 ab o 12H) 3100 3R] 208 &, 19, t h
preferably a t 1. tQ, ivalents. The concentration is about
0.01M to aboggbgfﬁ v t@%@f&%@%gg’%t%&%ﬁﬂ& $ubstral®, - Wdh preferably
from about 0.128.0048k0142 )164%. RIRKEAS 19@sipper at ure of the reaction is 5
fromabput -100 to about 100C, nost preferably from about -30 to about

25" C. 91651 The_st oi chonetry between the starting bicyclic ring and the
chiral auxiliary DEpEinRlR.S)-3ud 09 Stefrahvglrpguinolingg. with 1:1 being
preferred. [0166] Renoval of the chi iliary is acconplished via
standard net hods, such as hydr ogenm an appropriate solvent or in
the presence of a netal catalyst, 10Nor Yaci d-nedi ated cl eavage. [01671
Preferably, the fused bicyclic ring is afHam no-substituted 5,6, 7, 8-

t et rahydr oqui01G2) nesQicelamiio?s,878atkaRydaahsneyd N ¢ DS20MSwl o 1, and R2
is methyl. L.Oglqi8% Al Eﬁi‘ﬁr ovided by this invention are novel internediate
conpounds as‘® $ I hgdrachlaricacid) of mly) and pagkpated do reflps eAfterdy ar e

enant i orser i Choukbthk Qh6ibh rlird Vhd RVieA® R¥ATRhSSatMGnd MeRded i@ i | | ustrate,

but not to limt, the _ . .
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
(MgS0,), filtered and concentrated in vacuo. The resulting crude material was
purified by Kugelrohr distillation to provide 29.62 g (91%) of (R,$)-8 amino-5,6,7,8-

20 tetrahydroquinoline as é colorless oil. '"H NMR (CDCl3) 8 1.52-1.62 (m, 2H), I.?é-
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, § Hz), 7.21 (dd, 1H,J=8, 1 Hz), 8.26 (d, 1H, /=5 Hz); °C
NMR (CDCl) 8 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)
. 1)
2N 27 TFA, 60°C 7 Ny e}

-~
1
1a-m 2a-m 3a-m
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i nvention. Exanples Preparation of (R S)-8-Am no-5,6,7, 8- tetra@?hﬂﬁu %%I'ne
by Selective 20 Hydrogenation of N (Quinolin-8-yl)- acetanlde H P
TFA, 60C N NH2 NHAc NHAc 6 N HClI, reflux 91% NH2 1 O March 2006 WD

03/ 022785 POY3WSHY 29372 Preparation of N (Quinolin-8-ylycuuswarnrde NHAC
[0170] To a stirred solution of 8-am noquinoline (33.37 g, 0.231 nol), DVAP
(4 5 di nmethylam nopyridine) (1.40 g, 0.011 nol) and triethylam ne (Et3N)
(37 mL, 0.265 nol) in CH2Cl12 (nethylene chloride) (275 nL) was added
acetic anhydride (ACZIB)alc 1 H@dﬁgéﬂa;m@o@s‘&&stmbc) quf!hmesrlaZGn (Eqwnsﬂ Bjﬁe reaction
m xture was pouwed l.nioc—a H-at-ed—agHeous ! .

bi car bonat e) . F¥fe pﬁﬁ@@@”mere Eeparat‘ﬁ“&ﬁa“FH% aﬁﬁggﬁéébhégﬁh
extracted withilether (8 x 1502idac The 10 adnbi ned or éani ¢ phasesowere
dried (Na2SO4) y(sodi ugysul fat egatiltered and concengyated in vagua to
provi de 43. 56 (1009, of N—( ol in-8-yl)-aeetam de,as a beige_ solid.
This materi al %as used®wi t hd Jﬁﬂv Fiher pur%?lcatlon |ﬁ?subsequent st eps.

'H NMR (CDC13) 45 2.351§s, 3H)-NMA42-7.56 (f 3H), 8.1% (dd, 1H, J¥ 1.5, 8.4
Hz), 8.76 (dds 111, J& 1.8, dnAaHz), 8.793%dd, 1H, J» 1.5, 4.2 Hw, 9.78
(br s, 1H; ' 3C 15 N (CDCl%hHQ 25.5, 1168, 121.8,,422.0, 127.§4, 128.3,
134.9, 136.8,138.6,148-5, 169.2. ES-Ms nilz_ 187 (NHH) Preparati on of

(R S)-N-(5, 6, 7,/8-Tetr &h ydrogéi“‘ﬁéh n-8-yl) “acet ani de M HAc 20 101%1]
N,-(Quiriolin-8-yl)-agetam d&HAt.2ZMQ27 g, 0.3930 nol) waks di ssol vedls n
trifluoroaceti@ acid (i7FA) (2.384dg) in a 104L three-negk round botgom fl ask
equi pped

10 1j 2-Ph 5 68 10
11 1k 2-COOMe 4 51 20
12 11 3-COOMe 5 70 11
13 1m 6-COOMe 5 30 39
14 In 8-COOMe 2 36 28d
*Unless otherwise noted, all reactions were performed with 0.3 M substrate in TFA using 5
mol% PtQ; 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 hydrogenoclyzed products were detected (quinoline, 1,2,3,4-THQ,
516»7)8'THQ)'
4 16% of the starting material remained unreacted.
« s NHAC NHAc NHAC
3N Fio2 //
I
. N N TFA
1 ] )
X 10 1-NHAC 20 59% 30 1%
10 1p 5-NHAC 2p 45% 3p 20%

Preparation of 5.6,7.8-tetrahydroguinoline-3-carboxylic acid methyl ester
MeO,C

=

I

e

N

{0174] Representative procedure for small scale hydrogenation reactions. To a 2
or 3-neck, 100 m! round bottom flask contaihing a stir bar was added methy!

15 Quino]ine-B-carboxylate (170 mg, 0.908 mmol) and platinum(IV) oxide (10.3 mg, 5
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with Teflon tubing for gas addition, tenperature control probe
overhead nechanical stirrer. The vigorously stirred solution e\gg‘jﬁgﬁﬁggsto

60 C and d assed for 20 minutes with nitrogen gas. Platinum oxide (Pt02)
(2.11 g, PAMBEPS 25 was added as a solid. Hydrogen gasPEHP802#832 t hen

sl ow y bubbl ed fromthe tank through the solution. The reaction was
conplete after 5.5 h as determ ned by GC (gas chromatography) anal ysis of

an aliquot of t 8 tiion m xture.. The reacti was .t hen degassed
St it ogen™Sla- A58 Pl s B btea i g b iR PR g eentigrds ettt o
renove the cataiaisihg Befibntstpcanl VEifluovRSetic@Bi\(80 nilr), Whiekidas pitged il ting - 40

10 March 2006 WO 03/ 022785 PCT/ USOZ(Béa?:?Z tel’l al was treated with
sat ur at ed aquiEREERETIICLOU G- K8 AU 4@)2 RIgsHE EYTEIse HYiR the reaptin Bask ut i on

reached pH l4undbhséh £0bdphére0f MBsz@X trhairRd rictibn GHRGE ¥af Bushe PR L),  dri ed
nmagnesi um sul filtered and concentrated in vacuo. The crude

materi al ° ﬁ#lﬁfﬂfg‘éﬁ“hﬁy‘*’f’%ﬁ%‘ﬂlﬁw dierfrosma PalpongHguehong pf the senifel (el uti on

wWith 1 % 5 Mesgéieﬁ ﬁﬁlelftar’l@lle)l“eﬂéh {6k wetd\@8bed MBOHALTRIIRIARA Jad N CH2C12) to
provi de 95. 37 549

(R S)-N-(5, 6, "73"81 e ﬁy’G‘? gfaesdrien 5 pugs yihy pragessaph thereadtignNVRIOEDEES) s
1.80-2.00 , 7 .
(soak ooty Pl ang gyl Fuledh nffep son 806ict  bodsfteppblyurdanidghions 350
52.5, 123. 7 shB@ated Sodrllaﬂ:rl@rbom% s@lntidrowastiddddoBitibthe BEx VS wdszaedi&z ThetH) . 10

o bt arldo- Srhe Jbs S RilGedul BLERLS U AL URULIR) M el BHRL, (oot ved
in ﬁ N HC{ h( hyairrembtedin ezcaci The (586 maicnabthas ovbﬂtsnddaeﬁseebat?edrlﬁ/fﬂasz V\ther 17
15 e X& ur &9 L00 eratur.e an S
trea?gcrjsvm th crh?(?'tqu%ﬁ?aeu&yémﬁca&%!s%éﬁsofnq} KIS hn hﬁﬁrpowgﬁ‘i{ﬁéﬁspH 14. The

m xture was tdiainedext ydhxuesjl Iwutdﬁlﬂ-ﬁ@l?%)&lxelﬁﬁ@lzybc) Ham:u(aecctpm C:gua
e eout 11 R A B e s o b D ar R B G BT on o
provi de 189. 62(5911{)9&9@(9,0{1{)( RcS)Mﬁ(@UCQP 55226‘&, Zs 8, 1%03 B@brﬁhiygi eahnol i ne as a
colorless oil. 1H I\/R% 78- 185(mIH) 1.91

(br s, “5ry ' Si35. 53 g, 163, 165.% MU iém T PHMAEY. 13,883 87 (i
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-

“yDhacetamide (72 mg, 45%)-and N-(1,2,3,4-tetrahydroquinolin-5-yl)acetamide (44 mg,
27%); N-(quinol-6-ylyacetamide (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-
yDacetamide (40 mg, 28%), N-(quinol-8-yl)acetamide (186.1 mg, 0.999 mmol)
provided N=(5,6,7,8-tetrahydroquinolin-8-yl)acetamide (11 8.3 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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2H), 6.91 (dd, 1H, J =8, 5 Hz), 7.21 (dd, IH J=8, 1 Hz), 8. yﬁg IOE%
J=5 Hz); 13C NWR (CDC13) S 19.6, 28.7, 31.7, 51.0, 121.3, 13172 EE@, ,
146.7, 159.2. ESMS nlz 149 (MtH). 25 [0173] Additional exanples of the

sel ective hydpagersati on are provided in the table bel owrandsizizosguati on 6.
H2, Pt2 R N TFA, 60C 2a-m 3a-m-41 10 March 2006 WD 03/ 022785

PCT/ US02/ 29372 Tabl e 1: Hydrogenation of substituted quinolines 1 a-nn
(Equation 5)a EntryConpoundRReactjon Time (h)Yield of 2 é@@YieId of 3 (N

11 a2~ NFiAC 1 8660y RIaNES L5esex e 2gid gty £RCr (33 e 78074 d5-NHAC 4. 54527

51 €6- NHAC5492& G fafs et 82 228028 NHeR1 20233 Bk JWB)NHAC, 2- Me35715
9i 13- Me465Cc 101" j 2- Ph56810 111" k2- COOMe45120 12I113- 57011

. 13| nb- COOVE53039 141 n8- COOVe23628d ' Unl ess ot herwi se noted, all reactions

wer e perfor rreqirgﬁ% ,%horpef%_?g_ﬁfemgr.g 858 efanlEAURbMG4 I1) LRubt O2 at  60C under
1 at m hydrogen. progress each reaction was nonitored by GC and/ or
TLC. Yields are for isolated, purified pripduct.

HN

=

-

- N

§0176] Reaction of N-(2-methyl-quinolin-4-yl}acetamide (136 mg, 0.67% mmol)
using the general procedure for small scale hydrogenations (workup with NaOH in
‘place of saturated NaHCQ,) provided N-(2-methyl-5,6,7,8-tetrahydroquinolin-4-yl}
acetamide (109 mg, 78%): 'H NMR & 1.83-1.90 (m, 4H), 2.21 (s, 3H), 2.47 (s, 3H),
10 2.46-2.2.53 (m, 2H), 2.84-2.87 (m, 2H), 7.18 (br s, 1H), 7.82 (br s, 1H); *C NMR &
22.7,22.8,23.5,24.6,253,33.1,112.3,117.3, 143.7, 156.4, 157.3, 169.0; MS m/z:
205 (M+H").

Preparation of N-(5,6,7 8-tetrahydroquinolin-7-yl} acetarmde

15
[0177] Reaction of N-(quinol-7-yl)acetamide (33 mg, 0.177 mmol) using the

general procedure for small scale hydrogenations (workup with NaOH in place of
saturated NaHCOQ3 ) provided N—(5,6,7,8-tetrahydroquinolin-?—yl)acetamidé (8.3 mg,
25%): 1H NMR 00 1.72-1.83 (m, 1H), 1.99 (s, 3H), 2.04-2.20 (n, 2H), 2.72-2.95 (m,

20 3H), 3.25(dd, 1H, J =5, 17 Hz), 4.29-4.40 (m, 1H), 5.72 (brs, 1H), 7.05 (dd, 1H, } =
4,8Hz),7.38(d, 1H,J =8 Hz), 8.35 (4, 1H, J =4 Hz); 13CNMR 0O 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, 1H,I=8 Hz), 6.84 (d, IH, J=8 Hz), 6.93 (s, 1H), 7.03 (br
s, 1H); 13C NMRD 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+).
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5 bYields are approxi mate as the reaction was perfornmed on a s @G’ ﬁ%@ﬁ
(30 mg If) with 20% Pt02. "Trace anmounts (-.2% of hydrogenolﬂ@ ﬁ Bt s
wer e detec pnholine, L,2,3,4-THQ 5,6, 7 8-THQ . d 16% of the starting
éﬁﬁnﬁgﬁwhnreacted 10 1o 1-NHAt 1p 5-NHAc Med3¢US0¥Patation of
5,6, 7, 8-tetrahydrogui nol i ne-3-carboxylic acid nethyl ester 20 59%
30 11% 3p 20% N 101741 Representative procedure for small scale
hydr ogenati on reactions. To a 2 or 3-neck, 100 m round bottom fl

mat eri al

containing a
0. 908 mmol )

03/ 022785 PCTI C] 502129375 ol % _ The flas 4

sealed with

acid (3.0 nL), which was purged w th~
via a plastic syringe into the reaction f

nitrogen. Th

was nDn|§ore
tenperature

stlr bar was added nethyl 15 qU|noI|ne 3-car boxyl ate

rubber septa and contalp
gas to renove oxygen

2p 45%
ask
(170 nyg,

elin-4/@ethmidch 2006 WO
was equi pped with two outlets
fl on stopcocks. Trifluoroacetic

was added

ask under an atnosphere of

e stirred reaction nmixture Wasyf1ushed and the 5 flask filled
wi th hydrogen gas via a needle froma ball gon through one of the septa-

seal ed outlets. The Teflon stopcocks were closed and the reaction
was warmed AQBbcC diractiomiof Vldmedfyl-guingh$-gDaceimids (et @es0-B¥ mmel) r eact i on

GhsinP Yhe @en@ NG rokldare E?@mfﬂ??&le‘ HrogbstibaS g%@lh\?&%ﬁ f room .

and aqueous saturated sodi um.bicarbonate

m xture

ol uti on was added

until the ni Plage ef saasatpbleG0:) promdetgV-@-soehiyes. 088 -tetdudegtinglot®d Wit h
?@r%"%mdﬂ{?ﬁﬁanﬁwﬁﬁﬁmﬁ%q 5t7hle6§®]a‘i 4 ]7""?§6 [,,?%%j @ vacuo.

CH2Cl 2 (3 X
The crude ma

10

15

20

25

taln Wwas separa
3H), 2.44 (s, 3H), 2.43-2.57 (m, 1H), 2.68-2.73 (m, 2H), 4.67-4.74 (m, 1H), 6.79 (br

s, 1H), 6.92 (d, IH, J=8Hz), 7.24 (d, 1H, J =8 Hz); "C NMR 5 21.6, 25.4, 25.8,

29.6,31.0,53.0,123.4,131.4,139.2, 155.9, 157.2, 172.2; MS m/z: 227 (M+Na®). N-
(2-Methyl-1,2,3,4-tetrahydroquinolin-8-yl)acetamide also was isolated {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 8 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 5), 6.56 (dd, J = 8,

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

Preparation of 3-methoxy-5.6.7.8-tetrahvdroguinoline
MeQ

i \:

N
[0179] Reaction of 3-methoxyquinoline (181 mg, 1.16 mmol} using the general
procedure for small scale hydrogenations provided 3-methoxy-3,6,7,8-
tetrahydroquinoline (127 mg, 65%): 'H NMR & 1.74-1.93 (m, 41),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=3Hz); PCNMR 5 23.0, 23.7, 29.4, 32.0, 55.9, 121.5, 132.9,'134.9, 149.8, 154.1;
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 sampleg) also was obtained.
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chromat ography (silica gel, 10% EtOAc in hexanes). The title c un
obt ai ned as a yell ow sh | |qU| d (121 ng, 70% which displ ayed: owﬁZ%a

(cbA 3i 300 MHz): S 1.80-2.00 (m 4H), 2.79-2.85 (m 2H), 2.90-3.00 (m
2H), 3.91 (WQ63¢p7857. 95 15 (s IH), 8.93 (s, 1H); 13C NVRCI@BE&/Bk22 S 22. 8,
23.1, 28.9, 30.0, 33.1, 52.5, 123.7, 132.5, 138.0, 148.2, 162.6, 166.5; M
mz: 192 (MrH+). 1, 2, 3, 4- Tetrahydroqui noli ne-3-carboxylic acid nethyl

ester also was isolated (19 ng, 11%. [0175] Using the representative
procedure for small scale reactions: N (quinol-2- yl)acetam de (164 ny,

0. 881 mmol) ppegéhr@lwh&fgcﬁ,’z,ﬁxez@&d@lﬁmm%%moﬂgtddardznagmékt}nacet am de (114
ng, 69%; N-(quinol-3-yl)acetamde (138 ng, O. nmo provi ded
N-(5, 6, 7, 8-tetrahydroqui nolin-3-yl)acetam e (89 ng, 63%; N-(quinol-5-
yl )acetarnide (158 ng, 0.849 mmol) :
N-(5, 6,7, 8-tetrahydroqui nolin-5- yI[ ar ni de (72 mg, 45% and
N-(1,2,3,4-tetrahydroqui nolin-5-yl)dtetanm de (44 ny, - 27%;
N (qui nol - 6- yl)acetan de (143 ng, 0.768 mmol ) provided N-(5,6,7,8 25
t et rahydroqui nol i n-6-yl)acetam de (71 ng, 49% and

1, 2, 354- tetmaﬁiydr Rqammod)ﬁqmrﬁ)hnyls)oaﬂ;ekﬁmadﬁi r(;étﬁ)ylr&ger Q8@/§ng,0908

1
N- ( |
N- | t d
N éqg' D et PR B ecashoral s Qs e ko netions Bigvidsd S &
(2 1, ﬁ 3, I4 tetrlehmgrdm;mnaﬂwmcaﬁbwyhca&@hemytﬂ@st&r £9 rhg %)L AINMR & 1.91-
phenyl qui nol i ne

2- phenyl -5, 6, %Oéif?’elﬁ)a%%g? 8ﬁﬁmn’<ﬂ)r %@4(213f1mrrbﬁ) @81%3 . 48). 3.74 (s, 3H),
2- phenyl - 1, 2, 304 ctdem%m{@ sqwl ‘F‘%tcﬂ?H(ﬂQSq&’) 8199/%1 uReﬁﬁaggﬁ %%ﬁ;usm' | ne- 2-

car boxylic aci d ne h est er provid 8 -43 10
Mar ch 2006 V\@@Bﬁ@@;BB 39@11502/1 29@)025 tlé'i' 2@1&49(!55 bpud, A83.V;MdS vz Atboxyl i ¢
acid nethyl e 8
t et r ahydr oqui %ﬁ?ane };,2 gtaar%egil&@ dlrgdaglg %agﬁ%ﬂr@oxyhecsacgrme( l?é o alsﬁ 6%2)5 5
Prepar ati on ofsolned (66vee,139%0).5, 6, 7, 8-t et r ahydr ogui nol i n- 4- yI) acetanmide 0 HN
-[0176] Reaction of N (2-nethyl - qui nol i n-4-yl)acetam de (136 ng, 0.679 mmol)
using the general procedure for smal | scal e hydrogenations (workup with
NaCH i n epiratog 8 )R inphmes8-datox vlic acid methyl ester
N-(2- met byl -5, 6,7, 8- tetrahydroqw nol i n- 4- yI) acetam de (109 ng, 78%: 'H
NVR S 1. 3190(m 4H), 2.21 (s, 3H), 2.47 (s, 3H),

- =

L

N
~

o 0

{0181} Reaction of quinoline-8-carboxylic acid methy! 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 5 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, /=8 Hz), 7.76 {br s,
1H); PC NMR 8 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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10 2.46-2.2.53 (m 2H), 2.84-2.87 (m 2H), 7.18 (br s,

1Hj; 13C NMR 5 22.7, 22.8, 23.5, 24.6, 25.3, 33.1, 112. 3 11718(!3“’f 2'32906
156. 4, 157.3, 169.0; M5 niz: 205 (MtH+). Preparation of N 5 6 7

8-t etrahydwgusiopadsi n-7 i acetam de 15 H [01771 Reacti orraafusez/29372
N-(quinol -7-yl)acetam de (33 ng, 0.177 mmol) using the general procedure
for small scal e hydrogenations (workup with NaOH in place of saturated
NaHCGO3 ) provi ded N-(5 6,7, 8 tetrahydroqw nol in-7-yl)acetam de (8.3 ngy,

25% : 1H NMR Rrepar f 5 in- ace 22.20 (m 2H),

2.72-2.95 (m 20 311), 3.25 (dd lH = 17 HZ) 4.29-4.40 (m 1H), 5.72
(br s, 1H), 7.05 (dd, 1H, J = 4, 8-Hz), 38 (d, 1H, J = 8 Hz), 8.35 (d,
1H, J = 4 Hz); 13C NW\R ~ 23.9, 26.5, Nag” 7 39.0, 45.6, 121.9, 131.4,

137.0, 147.7, 154.8, 170.1; M5 nil z: M-Na+) . N

(1, 2, 3, 4-tetrahydroqui nolin-7-yl)acetantde al so was isolated (6.5 Ny, 209 :
IH NWVR ~ 1.24-1.28 (s, 1H), 1.87-1.95 {m 2H), 2.70 (dd, 2H, J = 6, 6 Hz),
3.28 (dd, 25 [BH:]J =Re5cndi dﬁw)(,lsoﬁu.ﬂ& I(ﬂ)acataﬂ’i'lde:@l@ g, 02954 n@ncﬁﬂus(r%thel H J =28
Hz), 6.93 (s, g) (br 3C NVRO 22.1, 243, 26.6, 37.9,

105. 6, 108. 3, 8"&"1 P6°°e‘:{*§9f‘6 Smﬁéﬂ@ hﬂ%ﬁ%tmnﬁ(ﬁs@v%Wmﬂ@eeMNaﬂ -44
10 Marchs ZOOQaM\Qt&aﬁmg%rm WG, f@-@?rahﬁ'iﬁ%ﬁﬁatahﬁm-y acetamlde (96

of N- (2- Met hyl - tetrahgdro uinolin-8 yl) acetam HN 0 [0178]
Reacti on of N-”G&Wré*@ hyF NMR §15174-8.79 (0p ot &Mﬂé%(t%@mré 50@ W@,ﬁﬁbl) 5 using
t he gener al I h | (¢ h NaCH in
pl ace of saturat em%&[@ {Hﬁﬁz) ¥ ?@?ﬁa} %rﬁz) %MS%E

N- ( 2- et hyl - 226, 73.8-26dt 226,1dR O AdR TN 1 89.5 VISP ac ErtedriMiem o2 3ny+MNa7Rg © ' H NVR

> 152 57 cm e doitagdihelitly fleparfaOgsd us inslalka (1B 34 ) ¢

6.92 (di10 1H, mukaazaz()n,sﬂ) 2496(3(21)1 (WZH;],%SS}EI)(JH 2Q)NM®(8 ﬁ-ﬂJ&Qﬁz)‘l 25, 8 10
29.6, 31.0, 8h(z 131, 4 . MBS mlz: 227
(M:Na+) . N (2“’31\75{ v 1@2”% 7449{‘&95%?3&7661#5&|$1H8LyIC)WBt5a3ﬁ?d8334 SO was

i sol ated (25209,3915%7.3a973, mzui PBE6,1187.9] W, 8806, ME W 161 @?&iﬁyC! i zed
i soners in an approximately 1:2 ratio which exhi’'bited the oW ng dat a:

"HNVR S 1.21-1.25 (n), 1.45-1.61 (n), 1.90-
Preparation of N-(5.6.7.8-tetrahydroisoquinolin-5-yl)acetamide
Q

HNJ.K

7

15 N. =
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, ZH), 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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(s), 1.90-1.95 (m, 2.20 (s), 2.71-2.91 (m, 3.32-3.43 (m, 4. ggyépr %b
6.56 (dd, J= 8, 15 8 Hz), 6.63 (dd, J= 8, 8 Hz), 6.66 (br s), B6 g
Hz), 6.87 (d, J= 8 Hz), 6.94 (d, J= 8 Hz), 7.02 (d, J= 8 Hz), 7. 06 (br s);
M5 m z: 205 dkRips Preparation of 3-nethoxy-5, 6, 7, 8-t et pa@hysizagpat nol i ne
MeO N 20 101791 Reaction of 3-nethoxyquinoline (181 ng, 1.16 mmol) using
the general procedure for small scal e hydrogenati ons provided

3- et hoxy-5, 6, 7, 8- tetrahydrooU|noI|ne ) %9 'H NNR 8 1.74-1.93
(m 4H), 2.75 (dd,Ere g8-A .0 -teggfivde linepy Mytragationof 8o (s,

3H), 6.88 (d, 1H, J= Shhﬁ&q@ﬁgﬁm&gum$m% J= 3 FE) 13C NNR S 23. 0 23. 7,
29.4, 32.0, 55.9, 121. .8, 154.1; 25 Ms nlz: 164.1

(MtH ). A mixture (5 ng) of hydrogenolyzed products {qU|noI|ne

1, 2, 3, 4-t et r ahydr.ogyit n)e-Da\nPdTQJE 63073 8- dr aguﬂ’tmol | et er m ned
by GC anal ysi s g Cl. Q, obt ai ned.
-45 10 March 2006 NA 3/02 785, CT/U802/2§37 Prep Eﬁglon uf 6 7 8-tetrah
dro uinoline-6-carbox lic acid neth I esteii -ND 5 101801 React Nop of
qgui nol i ne- 6- carboxylic acid nmethyl ester 9 0.908  mmol) using the

general procedure for small scale hvﬁm@genatlons prov 5,6,7, 8-
t et r ahydr oqui nol i ne- 6- car boxyl i ¢ ad@rgionseEix 30%: "H NMR S
1.91- 2.05 (m 1H), 2.25-2.34 (m 1F03”@ 74 2.84 (n] N .90-3.1 1 (m

4H) 374(s, 3H), 7.06 (dd, | H J =4, 8 H), 7.39 (do1H J = 8 Hz),
8. 37 dng J =4 H); "13C NVR S 10 26.1, 312, 317 39.6, 52.3, 121.6,

130.5, 137.2, 147.
1, 2, 3, 4-Tetrahydr ]ﬁezéé‘nng %ﬁh “)M§ x%%g%%%e(& y ester al so was
|solated (66 mg, 39% . Preparation of N
'5,6,7,8-tetrahydroquinoline-8-carboxlli- d nmethyl ester 15 (01811
Reacti on of quinoline-8-carboxylic aci gt hyl ester (156 ng, 0.833 mmol)
using the general procedure for snall egpNe hydrogenatlons provided 5,6,7,8
9

iO 2t gt L?hy dr O[%lljgﬁri oli Resolgtrgr? cr> ?(%(,y,lié—ltec%r roqulnotlmg (1 OeS%tg?g 1. orir)gandc? 6h/?lm

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. A25M 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 isoamyi 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 ﬁl.tered 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 (CDCl3) 6 1.87-1.96 (m, 2H), 2.81 (t, 2H,J=6
Hz), 2.93 {t, 2H, J=8 Hz), 7.18 (dd, 1H, /=9, 6 Hz), 7.48 (dd, 1H, /=9, 1 Hz), 8.52
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Tet r ahydr oqui nol i ne-8-carboxylic acid nmethyl ester also was i sol at ed 5ng,
28%: 'HNVRS 1.87-1.96 (m 2H), 2.76-2.81 (m 2H), 3.40-3.4%

3.83 (s, 3H, 6.43 (dd, I H J =7, 8 Hz), 7.03 (d, I H, J:7Hz) 769
(d, 1H, J=w®op)27857. 76 (br s, 1H); 13C NWR S 21. 2, 28. 2CTtAKkofz93hl. 7,

108.8, 113.9, 122.4, 129.8, 134.1, 148.8, 25 169.6; M5 mz: 192 (MH+). -46
10 March 2006 WD 03/ 022785 Preparat i on ofN—(5 6, 7, 8-t etrahydroi soqui nolin-1
_yl)acetam de PCT/US02/ 29372 N HN, %E(E821 React i on

of N- (i soqui nfd:illyy y&c £HzhP §é (RTEBU{}TQCW Dk 520852 1% 28fel23fener al
procedure f0r13§'§ai3|675‘?@é231%@“‘399”%‘5'1\9@%/X¥&WM@1Wth NaOH in place of 5
sat ur at ed NaHCOB) pI’OVI ed N (5 6 7, 8 tetrahydr0| soqui nolin-1-yl)acetam de
(96 ng, 59%: 'HE Bonof'y ih: f-quigglin-orkG- 2. 19 (m 3H), 2.60-2.70 (m

2H) . 2.70-2.76 (m 2H). 6.6(d, | HxJ=5 Hz), 8.03 (d, 1 H J =5 H);
' 3C NMR 8 22.3, 22.8, 23.8, 25.1, (9.6, 122.9, 144.4 (2C), 149.5, 150.2,
170.6; MS miz: 213 (MrNa+). N

N-(I, 2 3, 4-tetrahydroi soqui nolin-1-yl)ace&t an de al so was i sol at ed (16 ng,
11%: 'H 10 I}Mﬁcﬂs 21%& S(lffhd s%lrd)mnaf% =cthyQo- § Mquidblin- s%nééxn%e@izo 2H), 7.20
(d, 1 H J =38 ny%o H()i744749$r% (d, lHJ—
8 Hz): "C NMR8 1%’“@%“"76(50 ypvas:agied 6 A1 6.0 he‘fi‘éﬂf@mlrslzea 137. 9,
162. 8, 188. OwalMieadd/td refﬂdglbr(lw'ﬁﬁh):n cdI QIR k&t thperature. The reaction mixture

of N-(5, 6, 7, 8- tetrahydr0| sogw nol i n- 5- yl)acet am de O HNK 15 Reaction

of N- (i soqui ndfes srgersdbas iy agour 053 B Naih) thepseiactedheitiyener al

procedure forpoBkd x 368l ahqueﬁaﬁea &éw%&mw&&d%ﬁ@bb | fuddpce of
sat ur at ed NaHCCB)k XrOV| Z’ed N-e 5, Ql%t elt raha dr(;al soqui nol i n- 5ty%(§iacet am de

(79 ny, 14599 and G%Weéfmvasml 70 bfrwmlquaphxo e grudompteyialZhgs obtpingd (s, 3H),

1.98-2.08 e afBr Ve (G163 (hr d, 1
T o ey, 1|(_|an 11;'5% L @@22 éi-%c% l\ﬁéblﬁm,@ﬁg £18 c@§1§1 &%Qé‘ilo/ﬂdﬂh tf@l 13C( NR/R A H) ,

20.7, 23.7, Qtenppung@s :g_palqy;ellgw sglzdg gl NM&{C@CI;) 5 2 17-—2 25 (m ZH) 2.82 (t, 2H,
J=7Hz),3.04 (t, 2H, /=6 Hz), 7.37 (dd, I1H, J=9, 6 Hz), 7.66 (dd, 1H, /=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 (£,5)-8-Amino-5,6,7.8-tetrahydroguinoline
—

J E

N

NH

[0185] A hydrogenation flask was charged \:«'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 materia}

displayed spectra identical to those reported above.
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146. 3, 147.5, 150.7, 170.1; M5 nmlz: 191 (MrH+).
N-(1,2,3,4- tetrahydr0|squ|noI|n 5- yl)acetam de al so was |SOIER@H"FB@OQB
209% . 25 -47 10 March 2006 WO 03/022785 PCT/ US02/ 29372 Preparation of R S
- 8- Ami no- 5 VO B/@21B&t rah dro uinoline by N trosation of PCT/US02/29372
5,6,7,8-Tetrahydroquino line i) LDA, MIBE, -30Ci i tr ii) isoanyl nte N
75% HO:N 6 N HCl, acetone, reftux 81%5 Pre aration of 6,7-D ihdro-5H
ui nol i n-8-one xi 8- t et rahydr oqui nol i ne
(10.83 g, 81.3 at it Haft ¢ PA) (22.80 ni, 163
mmol) in dry MIBE (tert but yl nethyl 10 ether) (100 nL was stirred for 10
mn while dry N2 (nitrogen) was purged t hrough the system The solution
was then cool ed in an acet gfiex cénPEH t o -30 C and -20 C. A
2.5 Msolution of "BuLi (n- th Many- ”Fﬂ”he an 01.0 nL, 253 nmmol)
was then added over a period¥of 15 mi n- sthe tenpé&¥atyre of the cooling bath
was mai nt ai ned bel ow -20 C t hredghout the addition.NFhe thus obtai ned
orange/red 15 m xture was tﬁg% transferred via cannula to a pre-cool ed

sol ution of ipAsgsy! M hkittlre of 6,7-dihydro-5H-quinolin-8-one oxime (96 kg, 554 mol) in

5 NH4OH (243 kg), water (279 kg) and 50% NaOH (72 kg), was added acetic acid (40
kg). The line was rinsed with water (18 kg). The mixture was adjusted to 50 °C {ca. 5

°C/hr), then zinc dust (144 kg, 2216 mol) was added in 10 portions maintaining a
maximum temperature of 65 °C. After fimshing the addition, the reaction mixture
was agttated for 10-16 hours at 50 °C, then in-process TLC as performed to confirm
10 . the completion of the reection. The reaction mixture was adjusted to 22 °C, then NaCl
{108 kg) and toluene (720 kg) were added. ‘After agitating for 1 hr, the mixture was
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 NH4,OH (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 .concent;ated to-dryness to yield 69 kg (84% vield) of the title

compound.
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.(38.40 m., 285 mmol) in dry MIBE (100 nL) at -30 C, the transfer took
about 10 nmin. The resulting mixture was stirred at -30 C for 1®Margh:006
which tinme water (4.80 nl) was added in one portion. The quenched m xture
was sl owl y Weexawsi o anbi ent tenperature. A brown sol i dequnesop/pistat ed from
the crude m xture and was collected via 20 filtration. The solid isolate
was redissolved in CH2ClI 2 (300 nL) and then filtered to renove any
i nsoluble material. The solvent was renoved in vacuo and the residue was
recrystallized from1:1 MIBE- hexanes to prow de 10.05 g (75% of the title
conpound as a bei g&zGRid Mnokdd » 2.81 (t, 2H,
J=6 Hz), 2.93 (t, 2H J =8 Hz ), 7.48 (dd, |

8
H J 9, 1 Hz 8-52 A;%dggml\;grcppagg% /022785 PCT/ US02/ 29372 (dd, 1
H J=6 1 oo antaetig loabe” o N 13) 23.8, 28. 9,
123. 4, 134.5,>§436.7, T4 hyiawslegf0"e52~=ES- M5 nfz B M+H). Preparation
of 6, 7 D hydro-5H-gyinolin-8-one 0 5 [0184];”_1- To a stlrrgmsol ution of
6, 7- di hydr o- 5H qui nol i n. - 8-one oxime (220 ny, 21.36 nmmol ) in Acet one (5.0
m.) was added 6 N HCl (2.0 nlL). The rest¥fa{RgLmeixt ur et8%N8&% bwat ed to refl ux
for 16 h, then cooled to roomtenperature. The reaction nmixture was
rendered basic with a m ni nrum anount of 3 : t hen ex Gr'\é'flagk;r&ﬂ%th
CH2C12 (3 x 30 ni), and the conbined organilc _gxtrjac e dried (MySO4),
filtered 10 and concentrated in vacuo. Flas
material thus obtained (silica gel, 20:2:1 CH2,2- MeOH NHAOH) afforded 161
mg (81% of the title conpound as a pal e yebdwssysolid. ' H NMR (CDC13) S
2.17-2.25 (m 2H), 2.82 (t, 2H, J=7 Hz), 3.04 (t, 2H, J=6 Hz), 7.37 (dd,
1H, J=9, 6 Hz), ?rg%@atﬁcﬂit R infoh ide Hz); 13C
"NMR (CDC13) $+28. 2, 28. Bmitd- 196. 5.
ES-M5 nfz 148 (M+H). Preparatlon of
(R, S)-8-Arnino-5, 6,7, 8tetrahydrocnui noli ne [ 01851 A hydrogenati on
fl ask was charged vvlth 6, 7- di Hyd? qui none 20 oxime (266 ng, 1.64
mmol) and MeCH (2.5 nlL). The f with nitrogen for 5 mn,
then 10% pal | adi um on carbon (Pd/ C), (26 nD) vvas,i"@zdded in a

10 _ [0187] A mixture of (R,5)-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 ( dirsopropyl 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, (8)-(+)-enantiomery = 84.25 min, (R)-(-)-enantiomer, = 86.16
min). [a]p=-177.5 (¢ 1.00, CHCl;); "H NMR (CDCl;) § 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 5, 1H), 7.29 (4, 1H, J =8 Hz), 8.19 (d,
1H, J= 5 Hz); °C NMR (CDCl3) § 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
CnHiuuN0-0.3H,0: C, 67.53; H, 7.52; N, 14.32. Found: C, 67.60; H, 7.20; N, 14.12.
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single portion. The resulting m xture was shaken in a Parr hyd ﬂﬁﬁahﬁ&W@
under 45 psi  hydrogen for. 18 h. The residual nmaterial was fil ¢ gh
a cake of celite eluting with CH2Cl2 (20 nL), and then the sol vent was
renoved i nWEB®A278Thi s procedure 25 afforded 243 ng (1008GT/gsh2ehe title
compound as a pale yellow oil. This material displayed spectra identical
to those reported above. -49 10 March 2006 WD 03/ 022785 Preparation of (R
S)-8-Amino -5,6,7,8-tetrah ¥ roqui nol i ne %?, HAOH NaOH, AcOH 50 C NH2

PCT/ US02/ 293701881 ghisyisolgiedinas 08 2dfis%) ¢ '&T)%ﬂt’laf’érﬁa ‘ot nol i n- 8- one oxi.ne
(96 kg, 554 n@tr&hﬂdthuéol”&“t@bﬁi"zéé(skl%}atcd/@@ﬁral(@@ I &g )cyeRdil BA¥NaOH (72 ko),
was added acetic acid The line was rinsed with water (18 kg). The
m xture was a’@}*@kteé‘ﬂe"?'ﬁr%é)ﬁ(gq dnjtialgimec) pyiny, rate:lnspmiy, fgal gmperapurer43Rg, 2216

mol) was addeg 'matt%aoatﬁm qsnsu?@ ntlehal 00233 RN R ATBREALYRG 30T 65 C.
After finishing the addition he reaction m xture was agi tated for 10-16

hours at 550 Quinj-hkso Fridpt- b9, FHC 1A HodMRACHd) ©d - Foh$a mri2HL.0 - 18he

Com e on of b BRCLIN 105 ZERCHL00 SLU Sl A ELEG 6 22 O Lher

the m xture v@i;) 6.01 (dderled/ 08, 56HLeT.21 @dpldl Jang 1Ha)sBZb (iiorﬁvafr=d5 Hi)x: fPQ ol uene

aei de. o tna T PAFer2s et SR8 o Ray Pl ool Tehe 920 kS o addea

and the reacti4ogm¥myt ure was filtered once nore 15 on a Celite pad. After
| ayer separation, the organic |ayer was set aside. The organic layers were
conbi ned“and concentrated under.vacuunt then dlssolved in dichl oronethane.
The resul ting sol PaRUGHA (Relj-aAmin IR TACUNG B¢ on (45 kg) and
NH4OH (270 kg). The organic |ayer wa side, and the aqueous |ayer was
extracted with dichl oromet hane (297 ter phase separation, the
organic | ayers 20 were; conbi ned. and concehtrated to dryness to yield 69 kg
(84%vyield) of the title conpound. WO 03#h22785

[0189] A stirred solution of (R)-(-}-N-(5,6,7,8-tetrahydroquinolin-8-yl)-acetamide

(230 mg, 1.21 mmol, 97% e¢) in 6 N aqueous HCI (4.0 mL) was heated to 130 °C for

15 2h. 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,Cl1; (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 (MgSQ,) and
concentrated. Flash chromatography through a plug of silica gel (elution with 20:2:1

20 CH,Cl,-MeOH-NH,OH) 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)-(+)-enantiomery = 12.43 min, (R)-(-)}-enantiomer, = 13.13
min). [o]p=-125.7 (c 0.56, CHCl;); '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 (CDCls) 8 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.
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Enzymatl ¢ Resolution of (R S)-8-Am no-5, 6,7, 8-tetrahydroqui nol
antarctica |lipase +Pr20 ethyl acetate, 60C NH2 NH2 48% (> 9@@?@?“?%&2

(96% ee) 5 NHAC 48% (97% ee) 6 N NCI, reflux 80% Preparation of (R)-

-)-N- (5,6, Waeslietsahydr ogui nol i n-8-yl ) -acetam de and (S)pcBusez/29372

Am no- 5, 6.7, 8-tetrahydrogui noline N HAc 10 [01871 A m xture of

(RA-8-am no-5, 6, 7,8-tetrahydroquinoline (1.00 g, 6.75 rnnol), Candida
antarctica |ipase (Novo me 435, 300 ng), and EtOCAc (ethyl acetate) (2.64
m., 27.0 mmol) in dry i r\%?( cmLBsEIQA@pWP‘\et%er) Ha ) was heated to 60
C and stirred vi gorously 3 h. At this tfjae, the r %tion m xture was
filtered through a si nt er ed gl ass funnel and concentrated. Flash

chromat ogr aphy of the crudd 15 material. (s ca gel {R20:1 CH2C127MeCH t hen
20:2:1 CH2CJ2- MeOH NHAOH (ammoni um hydroxi de)) afforded 0.62 g (R -(-)
N-(5,6,7,8-tetrahydroquinolin-8-yl)- acetam de (48% in 97% ee (separated
by chiral GC_ J&WaBcl: cEﬁz)hnaEcmblunmofansm&shemgﬂandzﬂﬁaﬁarc(zﬁbh;{agé enanti onerd
= 84.25 nmin, (R)-(supstanant fopdiwns’1=c@Bersld” ni n)ee*Paj 0 = -idoladd el @4y L. 00,
CHC13); 'H NMR (CDC13) 8 1.57-1.63 (nw 1H), (3174 2021. 79sam 2@z 1. 93 (s,
3H), 2.30-2.36 (m 2.66-2.71 (o ZH), =49 78 (ekd, T Bk J= LS 6 Hz),

6.97 (dd, 1 H J ='8' Hz), 7.13 (br s, 1 H), 7.29 (d, | H J =8 Hz),
8.19 (d, 1H, J—5Hz')" 33C NWR (CDCI3) 8 19.5, 23.1, 28.0, 29.3, 49.9,
50.6, 122.1, 132.9§ 6.9, 146.4, 198.9, 17893. E% MS nf% 191 4@M+H) Anal .
Cal cd. for C>>HL4NPOY]. 3H2O C, 67.53; H, 7.52; N, 14.32. Found: C, 67.60;
H 7.20; N, 14.12. ,@ A 51 99 94 43 51

[": ’ B ‘50 99 98 45 47

NHJ ‘
@ B 50 99 98 43 47
v
NH,
m A 51 91 38 38 48
P

M“?
7 B 55 99 79 42 55
N .
NH,
S A 58 6l 45 41 55
[t ‘
H,N .
(/]:‘) A 55 94 79 39 53
NH,

mw A 56 43 46 N/d N/d
N~

5 “ All reactions were performed at 60 °C. Reaction times varied from 2 h to 24 h. Condition A: reaction carried
out in isoprapyl cther with 4-5 equiv EtOAc; Condition B: reaction carried out in neat EtOAc. * Percent
conversion determined by 'H NMR. . © Enantiomeric excess determined by chiral GC.

General procedure for resolution reaction

[0191] A mixture of the aminc (1 equiv; ~0.2 M), Candida antarctica Yipase B
10 (Novozyme 435) (30 wt%) and ethyl acetate (4-5 equiv) in dry isopropyl ether
(Condition A) or neat ethy! 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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N -51 WD 031022785 PCT/ US02/29372 101881 Al so isol ated was O. 4? 3@%46;?006
(S')-(+)-8-amno-5,6,7, 8- tetrahydroquinoline in >99% ee (sepa 91

chiral GC, J&W CycloSil B colum, initial tenperature: 160 C initial
time: O .m nwoomerss! C/mn, fi naI tenperature: 130 C, fraws@ieEg2 0 mn,

(S)-(+)-enantionmer” = 12.43 mn, (R-(- )-enantiorrern:13.135m'n). [a]p =
+124.1 (c 0.99, CHC13) "HNWMR (CDCI3) 8 1.52-1.62 (m 2H) 1.78- 1.85 (m
1H), 1.91 (br s, 202206 ¥ 383387(m

2H), 6.91 (dd°°1‘11|n|“ porgeomplqtipy of &eﬁcthwrcaﬁwg%‘bogﬂt&}e Rpyturegvasg (4, 1H, J
S Hz); ' 3C shlvg4 %h%)gia@s 811%8[@@1 figfel/ wasdwkashed Wwith 810 A2 rdethahdiland, 136. 4,

146 7, 159.2. ES=M5 z 149 . 10 Preparati on of

(R)-(-)- 8- Ani s Gt IBWtCé@rEWHF‘%?ﬁWﬁ@Meﬁéd thenegtamigs 8g5e sapaipted bed sol ution

of (R-(-)- Ngéoﬁatzﬁ%pﬁf&nrsﬁnxgép%@mnkleményéﬁceg%?h@rﬂm anfi 430 noy, 1.21

mmol, 97%ee) 1n 6 aqueous cﬁ; nm.) was heated to 130 C for 15 2 h.

At this t5ime, acehenidewere deaminedtbyrediraldeC By etrerarisen ofdbmicicatigrelimesyith and

cautiously re ous NaCH,
Chen di 1 uf ed i gieroegRie e B DALl SO LA AR G e
aqueous phaseP¥¥d Kmsshpetirimietth CH2CI2 (5 x 20 nL), then the conbi ned
organi ¢ phases were dried (MJSO4) and concentrated. Flash chromat ography
t hrough a plug of S|I|ca gel (el utlon vvlth 20: 2: 1 20 CHZCI2 I\/EC]—I-NH4C]-|)

af forded 143 Bmp4ré R 6 » ‘ )

96% ee ( epar@gd!b(}/ug:nglng_gl o, J&WQ/CIOSl B coI urm,  initial
tenperature: - : O mn, rate: C/mn final tenperature:

130 C, final tinme: O mn, (S)- en ntlo = 12.43 mn,
(R -(-)-enantiomert = 13.13 mh) 12 c 0.56, CHC13);'H NMR
(CDC13) 8 1.52-1.62 (m 2H), 1. 85 , 1.91 (br s, 2H),

2.02-2.06 (m 1H), 2.60-2.65 (m 2H)NHA3 83 3.878kM  2H), 6.91 (dd, | H, J=
8, 5 Hz), 7.21 (dd, | H J=8, 1 HZ), 8.26 (d, | H J=5 Hz); 13C NWR
(CDCI 3) S 19. @1928. 7FolBiing theger@ral p@teddre, 5317, S ictralniranuinbhie-S3antibe. 2. ES- MB

e vidad b1 Paa Tl my%m%x(%mg?sﬂ%c%@%am Lo PERPLEHO WL
stirred for 6 hours. The conversion determined from 'H NMR by integration of the
15 peaks at 5.07 ppm (CHNHAc) 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-CI1;-MeQH-NH4OH furnished (R)-N-(5,6,7,8-tetrahydroquinolin-5-ylacetamide
((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, (S)-enantiomer,, = 248.2 min, (R)-enantiomer,
20 =248.5 min); [at]p = +110° (c 1.32, CHCl5); 'H NMR (CDCls, 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, /= 7.8, 4.8 Hz), 7.58 (d, 1H, /= 7.8 Hz),
8.41 (d, 1H, J= 4.8 Hz); PC 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 (5)-5,6,7,8-
25 tetrahydroquinolin-5-ylamine (was 1solated in 48% yield (103 mg) and 99% ee (chiral
GC: (S)-enantiomer,, = 236.0 min, (R)-enantiomer, = 236.6 min); [a]p = +39° (¢ 1.03,
CHC3); 'H NMR {CDCls, 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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30 -52 Het YR NH2 1 R CALB, Et OAc HetvR Het'Y NH2 NHAc- (S)-@@B%—E@igle
2: 'Enzymatic resolution.of am nes using Candida antarctica lip G te
NHr N Y1 H, N NH= NH, =.conditions' conversionee (%isolated yield (%

(99 (S) - 1( Rm(®r278{ R) - 2 A50>99984848 A50>99984848 A5199%43dsh/BR909984547
B5099984347 A5191883848 B5599794255 A5861454155 A5594793953 A564346N dN d
Al reactions were perfornmed at 60 C. Reaction tines varied from2 h to 24
h. Condition A: reaction carried out in isppropyl ether with 4-5 equiv

Et OAc; Condi titbe /-8 Hen88P i, EHrf T 44 batzin (MR @gAe).5 19.8982.86¥410,
conver si on de&%,ﬂﬂ?{%?%, 135 ¢\ _1,_1\5ﬁﬁﬁﬁbin9£q%ﬁ\4$ﬁﬂ?ss determ ned by chiral
0

GC. General procedure r resol ut’ion reaction

Preparation of (R)-N-(5,6,7.8-tetrahydroisoquinolin-S-yNacetamide and {$)-5.6.7.8-

5 tetrahydroisoquinolin-5-ylamine
NI =% N~
= >

NHAC NH,

[0193] Following the general procedure, 5,6,7,8-tetrahydroisoquinolin-5-ylamine
(268.3 mg, 1.81 mmol), CALB (80 mg), EtOAc (0.71 mL) and iPr;0 (6.0 mL) were
stirred for 23 hours. The conversion determined from 'H NMR by integration of the
10 peaks at 5.16 ppm (CHNHACc¢) and 3.90 ppm (CHNH;) was 51%. Flash
chromatography of the material on silica gel-using 1:4 MeOH:CH,Cl, then 4:1:1
CH,Cl,-MeOH-NH,OH furnished the (R)-N-(S,6,7,8-tetrahydroquinolin-5-
yhacetamide ((181 mg, 51%) in 94% ee (chiral GC method: 160 °C for 20 min, ramp
rate 5 °C/min to 200 °C, hold at 200 °C for 20 min , (S)-enantiomer, = 38.3 min, (R)-
15 enantiomer,, = 39.1 min); [a]p = +95° (¢ 1.81, CHCL); 'H NMR (CDCl3, 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 (S5)-5,6,7,8-tetrahydroisoquinolin-5-ylamine (was isolated in 43% yield
{1 14 mg) and 99% ee (chiral GC: ($)-enantiomer, = 15.9 min, (R)-enantiomer, = 16.2
min); [e]p = +63° (c 1.14, CHCl3). '"H NMR (CDCl;, 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-NH,).
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[01911 A m xture of the amne (i equiv; -0.2 M, Candida antargtica |i e
B 10 (Novozyne 435) (30 wt% and ethyl acetate (4-5 equiv) in%@MFrCL éb%%

i sopropyl ether (Condition. A) or neat ethyl acetate (Condition B) were
heated to 600 G/meewsstirred vigorously. Anhydrous sol ventsT({9&298%4
purchased from Al drich were used. The progress of the reaction was
nonitored by GC using a chiral J&WV CycloSil B -53 10 March 2006 WO

03/ 022785 PC 1US02/29372 colum. Upon conpletion of the reaction (typically
2-24 hours) the mxture was filtered through a glass sintered funnel, was

washed wi th Ephc.@f, %ﬁkﬂﬁﬁ?,k,?%ﬂ, fétmlg_@%gﬁaﬂaf@,mesdmaaetxamgnd {$)8 g4ng.eact ed

am ne and the acetam de Were separated by Cchronmatography on siTica gel.

The enant i onefelrehvslveguiexaln-3-plaminei ne and the 5 acetani de were determ ned by
chiral GC by conparison of the rgf ion tings with independently prepared
racem c sanples. Optical rotati e ne su‘r sing a P3001 Kruss
polarimeter. Preparation of (R 5,8, 7, 8- droqui nolin-5

,yl)acetam de and (S)-5,6,7,8- 1 F;‘rAahydroqw nﬂl i n-5-ylam ne NHAc NH2
[0192] Fol Il owi ng the general procedure,

5,6,7,8-tsetra oqu . (64 my),
Et QAc (0. ’56 nEM g&a]nd F‘EF!?JEJ lg%éeg%%gﬁé’?‘{égég G%r%mﬂyg? Zh%’mr%ﬁlrnés %ﬁ’e

conver si on de(zéi3 mzn &d6 fom), CALRMRS ) it B a7 §mlofwerhgirredorddmiass. at 5. 07
m ( CHNHAc 'T?cﬁ]E pm;{ f the

rrgt eﬁi al on) sili cogiveggelf"pgés{%t{r?ﬁﬁ : W@Qéﬁlﬁgﬁ&gﬁg%{ ) )
CH2Cl 2- MeOH NIGEOHIACranid 4198 @ppm (CHNH;) was 50%. F]ash chromatography of the material

R -N- (5,6, 7, % in 98%
(ohi ral - oc met i ELUHRAIRH Bt ara AT £ it ol TR 11 207500
C, hold 15 m nfuriiBed éraR)-NdHd( 7 8- tetx’alib&rfﬁlumlpmlm(ﬂ%}/l)@ntamldcdfﬂéﬁ mtg, #B0Fn248. 5
mn a o = 300 69-1. 81
A ) [ 1 ~ % 8 8g¥al%(§ﬁfthoq§c%§)°¢(? gor'igb:%ﬁ g%agﬁ%erz mW,Zlk Ebmj( 21 8

(m 2H) 5. 19ena5u(ﬁﬂer,(=m183 7hi)m) F:]38 -(85r(c $.40) CTTL); "H NME (CDCL, 380 MEz)7. 8, 4. 8
Hz), 7.58 (d,_1 H.  J = 13C NVR (CDC13) 6
20. 2, 23 8, 30142195 (@, “2971:?5 21%(“92‘41) %%(@3&’76489251% H.28%333 170.0; M5
nmz: 191 (M+-Hn, 2lh&. 9838 6064, 99D 34 for 6, 11)88.35 (d, 1H, J=2.4 Hz), 8.39 (d, 1H, J =

15 2.4 Hz); "C NMR (CDCl3) 6 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)-enantiomer, = 25.9
min, (R)-enantiomern =29.0 min); [a]p = +61° (c 0.71, CHCl3); 'H NMR {CDCl,,

300 MHz): & 1.62-1.79 (m, 1H), 1.80-2.18 (m, 4H), 2.18-2.30 (m, 1H), 2.91-3.01 (m,

20 ZH), 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-vl)acetamide and (5)-
3.4-dihvdro-2H-pyrano[3.2-b idin-4-ylamine

25 NHAc NH,

{0195]  Following the general procedure, 3,4-dihydro-2H-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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25 tetrahydroqui nolin-5-ylamne (was isolated in 48%yield (10%0% ﬁ%o%g%
ee'(chiral GC (S)-enantioner,, = 236.0 mn, (R)-enantionern

[a]0 = +39 (c 1.03, CHO 3); 1HN|\/R(CDCI3 300 MHz) 8150170(m 3H),
1.74-1.85 ("fﬁ‘PFl}mSl 86- 2.09 (m 2H), 2.76-2.99 (m 2H), PGUUsRe2z1 H)),

7.07 (dd, I H J =7.8, 4.5 Hz), 7.70 (d, -54 10 March 2006 WD 03/022785
PCT/ US02/ 29372 5 1H, J= 7.8 Hz), 8.35 (dd, 1H, J= 4.5, 1.5 Hz); 13C NWR

EHCECI :2198 ( i'/l?_Fh_ﬂurssa‘hﬁp%rggx;sgwidg%?%?}éd Eiom '17{ N]\;Iﬁ%y 11’1teg];i"§t16on of th]éAi)%aks at?7 137 3 M

(R - N;] (g 6, 7, @ntaidlrammmw' SO0 (CHNH; dyCHIH AL allghﬂe\l.vlalﬂﬂo(cﬁﬁtnﬁn)GFﬁs}S- |

t et r ahydr oi soqui nol i owi ng.the genera
procedur e, %‘W@?@V&ﬁ%%t%h?ﬂ%?aﬁz?gs“ﬁ EM8H {8 Infoligvedbyg 1 ol ) |
CALB (80 rrg) 1: B ©ORe1, 08 MéOHiOJHﬁ]']?ﬁJhEEh%@t}(eQRPNF(B)d dBfdfo-2BlphFangd ot or 23
hours. The caonversion determ ned fr integration of the 10
peaks at 5. 16°IPBIT Coilies ’%‘&1@%45@1‘”(@%% “%T%lﬂ 144§ °C for

chr omat ogr aphy rQiE i85 efindh 116050, h&id aORIo-dStoNEh rhirtk( s')/%ﬂ%{u&%ﬂ-? then 4:1
i CH2Cl 2- MeOH NHAOH furni shed the (R)-N-(5, 6, 7, 8- tefrahy roqui nol i n-5-

yl ) acet ami de 41¢(518ih, t)-enBtdiner T SUYebe; [odhi red° (GOASETHg); FLEBIRC for 20 nmin,

te 5 =
565 - CoEealdyrha o 2 igf 137 A 2008 e AT R 0T 1
NI\/R ( CDClB( Ze(apzwz)ssa 92(xh 8HY,- 62397 6((51721{)1, 7&)2%)“13, EH%, (3)1.9227.15(05r(1(dd,2!|ﬁ1, J :;4-.9,2 3(3 Z b
3 -5. , 6. T
d 1 H, %§' H%l;n 6%505&?% J E]5 4 Hz), 8.13 (s, rn1H) 8.17 (d, 1H,
J= 5. 4Hz); %QNV&(JGEQ 3);481214& 624211463 1?44741522@ 1309812 229. 9, 13 1.4,
144.6, 145.4, 148.6, 168.4: M5 m z: 191 132 (M NHAC). The 20

unreact ed ( SIMENG)7 The neerciad/(§)- Sk biydrn 1pﬂt850f912abim@n(-6\ﬂéamlgecﬂ“a§ ed in 43%

ld (114 enant 9
3(/:?5 enaEm omc:ri?%"ﬂ‘tt@igg49@’2/‘q é}@(mm?%d%f&e@c 1 14m&mréﬁ§)m‘n&ﬁhwn} ¢bal 3, 300

MHz) 8 1. 26- En@uiomngy: =346 min); [#is 1185 (( K2, ﬂﬂ;Cls);l_ BEMR (CDCIm302MHz)2. 67- 2. 79
(m 2"') )15 (g% 1(§4|_(|b11§‘2§r}§ gazf)‘of'@é%%?@%g% rg,)]uQ 412 @t g 8532 (s, 1

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 (CDCls) & 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-NH,); Anal. Calec. for CgH;oN,0 *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-methyl-5.6.7.8-tetrahydroquinolin-8-yl)acetamide and (5)-2-

methyl-5,6.7,8-tetrahydroquinolin-8-ylamine

P P

N NT Y
NHAc NH,

7 [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,O (7
mL}) were stitred for 9 hours. The conversion determined from 'H NMR by
integration of the peaks at 4.73 ppm (CHNHAC) and 4.00 ppm (CHNH,} was 51%.
Flash chromatography of the material on silica gel using 1:10 MeOH:CH2CI2 then
10:1:1 CH2Cl-MeOH-NH,4OH furnished (R)-N-(2-methyl-5,6,7,8-tetrahydroguinolin-
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25 20.1, 26.7, 33.7, 493, 122.5, 132.6, 147.6, 149.9, 150.8; N@IMZ: %%
(MtH+), 132 (M NH2). -55 10 March 2006 WD 03/022785 tetrahydr 2“'89 8.5
-yl am ne PCT/ US02/ 29372 Preparation of (R -N-(5 6 7 8-tetrah dro

ui noxal i n- 3¥0 43/032%8% ani de and -5 6 7 8 N NHAc NH2 5 [ 0194FCFYF2¢%% g t he
general procedure, 5,6,7,8-tetrahydroqui noxalin-5-ylamne (263 ng, 1.76
mml ), CALB (45 ng) and EtOAc (7.0 nl) were stirred for 2 hours. The

conversion determned. fro n t f the peaks at

(CHNHAC) and 'y TehpHe @ﬁf&% 4\17;%5 r‘5%0/%‘3 '“’Ii?giéeﬁ d&ﬁ‘i’“ﬁtﬁ&q d’QP%{ﬁﬂg}P%ﬁm‘Fch’ mat erl aI
on silica gel °tishing tl%lészzl\‘ﬁz%eﬁréaﬁs:raieoﬂ tOuad fay t&néerﬁuﬂ&h@&tl\{ﬁmrﬁémc 10
furni shed the (R) N- (5,6, 7, 8-tetrahydroqui noxal i n- yléacetam de ((157 ny,

47% in 98% Eem{rcHf) el @maret KB d min.d6)-chantemarg §-96rmin $yloend @RS Grrer, , =

o Ccna s, | Shait SRR (DO pd M1 46386 Gn g f, L2 offbn ST 2L B
2. 48- 26531|(4m 2.084s, 31), 9?435 lg) 26m (ddi 11, J 4.198; 51,031 Un), %.’E’HXt,, 18, 846 Ebi Z’ 119H)
.30 (4, 1M 5 2o B, Bt ok irs. 0, Sad e Bl s g b R MR PSR 81

(MiNa) . The unﬁ)e&ctmR((ébc@)ﬁ,z@’,laz:iaetzaahzm Q94 sxabpa; Bo.yyhangne (was
isolated in 45%vyield (7118 and 99‘V é((l\éy enantionern = 25.9 m n,
(R) - enant i onek#41397.0 7RENS "[/é]:f@sﬂwiﬁ EJ?%C)C"H"@‘S)TeathdI(W (CDC13,

.3.00 M . y/ roduidolin e¥&ad Mla b ndl
L 0 M %mé tiaylﬁﬁsis:&m@@a J;'H)u 18§Qm§r J(& &(f%l éh*gnssii/ %@r gagﬂggm d H)H)

13C NVR IOCDc:l%I)% e@(clmal 7GC (®1en¢nt3)2nem 519 snnmi% qrmah@n%z 28.6158); MDMS m z:
| %‘E&? N (.0 i Tt Bl encill REMAL (D 00 M & 1162182 (m. 21D, 1 89389 (.
3, 4- di hvdr o- 23-]1-1)p2_.r1 820P3IM2HDH R BY (S, BHD 12-64-X/$ 0, 281),0.9%54.00 (m, 1H), 6.91 (d,
1H, J = 7.8 Hz), 7.25 (d, 1H, J = 7.8 Hz); *C NMR (CDCl3) & 20.4, 24.6, 29.1, 32.6,
51.8,121.7, 128.6, 137.6, 155.9, 159.0; MS m/z: 163 (M+H").
15
Preparation of (R)-N-(6,7-dihydro-5FH-[1]pyrindin-7-vi)acetamide and (5)-6.7-

dihydro-5H-[11pyrindin-7-ylamine

S ~
- I =

NHAG NH,

‘ {0197] Following the general procedure, 6,7-dihydro-5H-[1]pyrindin-7-

20 S(]amine(,’!’/l 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
NH40H:MeOH:CH2Clz furnished (R)-N-(6,7-dihydro-3H-[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 1IN HCI to convert it to the amine, and the resulting amine
was resolved by chiral GC (chiral GC method: 85 °C for 120 min, ramop rate 5 °C/min

to 210 °C, final time 5 min; (S)-enantiomer; = 124.3 min, {R)-enantiomer, = 126.1
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N HAc NH2 (0195] Followi ng the general procedure,
3, 4- di hydr o- 2H pyrano[ 3, 2-b] pyri di n-4- yl amine (243 ng, 1.62 nﬁ%Naf‘:E&"Qs

(73 mg) and Et OAc (6.0 nlL) were stirred for 2 -56 10 March 2006 WO

03/ 022785 VWCMAHBGS 29372 hours. The conversi on det er m nekCTfusomystd NVR by
integration of the peaks at 7.93 .ppmand 8.16 ppmwas 50% ( CHNH2 and
CHNHAc signals were not distinct). FI ash chromat ography of the material on

silica gel usi n 1.1 | 2 d - 1 OH. MeOH: CH2C12
fur ni shed thé“‘(’ Qée%?é‘?%%’&% AL S-‘/Sgﬁo‘fgéb) ;éHEN%&( s AN BEL ¢ ami de
((145 nyg, 47%)75Lnss9§r%1ﬂ$ thhrm),%mgm%mlﬁ% S2h ok, 1ﬁﬁ6@t(brsr arfp rate 5
Cmnto 160 hoId antioner, = m n,

(R) - enanti omslm Aﬂ@d’QlWﬁ)?S [5((&1]1%3 155 6’916&17@5{1)@—@ @ 11 H=NMS2HZ€ CDC13,
300 WHz) 6 1. , v 7 18-4. 22
o 2H)? e 85%1111‘1%[2}9%&1‘]]{6]%'3% 2§—393§9(§5 713_4')5)30 ?3343 §7§ 14{3@ |_£6]8"9 %Gé?; o5 (ad.
| H J= 1.8, 171.0. Thounparted (D6, NMRY@@E@&H)]P)@IHQ@ 73yla128189wa9413’012¢d o228 124. 3,

(1é)4 :7% 413|1h38}0 él—gpfﬂ-anod[aé %57(811119311“ dl(‘s?eﬁam%é'r%hr“rlz(ew(hml\%)sm ?HJ ef'a"[{ggjaecﬁlegﬂ%

yi el d (104 ng)12aridni@paideésplayS) spectearitienticaito thestaftihg matérial: "ARMRenant i omer 1=

Cor s ory gD, iR o it 336t el 530 2 Rode T 032 © 776

Hz), 4. 18 4. PEid( TeL, Jdrb324bf2804{z3641:mdd,11+ﬂ)J =/7.96-&12)37 68ad2td, s 878> (dd, 1H,

o 2 S, RN LR b el i g2 142

C8H, ON20 ' Oarhidd2®er furifibatior By célumn @hréfiatdNrapAPprédentddUeteminGtioodi89; H, 6. 81;
N, 18.22. 20 Pre{aaratl on of

(R) - N_( 2- met RRHPRLERFOR 8-t et r ahydr ogui nol i n- 8-yl ) acet ami de and (S) - 2-
nethyl-5,6,7,,8 -tetrah dro uinolin-8 famne NHAc 101961 Fol | ow ng the
gener al procedure 2-methyl -5,6,7, 8-tetrah drqu| nol i n- 8- 25 | am ne
(412.7 ny, o Preparation fR n 7.8 Folatr ";..A‘_q eycdoheptafhipyadin-GexNacetamidy 3 n) were
stirredd or aswlaso;ug%ﬂh@@@%&%h&&r%h@d@%:ﬁé om ' H NWMR by integration
of the peaks at 4.73 ppm (CHNHAc) and 4. 00 ppm (CHNH2) was 51 %

= =

E ~

N NN
NHAG NH

2
[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 determmed from
20 lH NMR by mtegratlon of the peaks at 5.05 ppm (CHNHAc) and 4.34 ppm (CHNH;)
B ‘was 58%. Flash chromatography of the material on silica gel using 1:10
MeOH:CH,Cl; followed by 1:1:4 NH4OH:MeOH:CH,Cl; 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 nin, ($)-(-)-enantiomery = 17.4 min, (R)-(+)-enantiomer, = 17.1 min); [a]p =-10° (¢
1.34, CHCl3); '"H NMR (CDCl;, 300 MHz) §1.09-1.31 (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, lH); 2.75-2.85 (m, 1H), 4.96-
5.01 (m, 1H),7.06 (d4d, 1H,.J="7.0, 4.8 Hz), 7.38 (d, 1H, J= 7.0 Hz), 8.11 (bf s, 1H},
8.28 (d, 1H, /= 4.8 Hz); >C NMR (CDCl;) 6 24.0, 27.3, 30.1, 34.5, 34.8, 53.8, 122.8,
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Fl ash chromat ography of the material on silica gel using 1:10 X

then 10:1:1 CH2C12- MeOH NH40H f urni shed %ﬂ%r%ﬁzﬂo%
(R -N(2-nethyl-5,6,7,8-tetrahydroquinolin -57 10 March 2006 WO 03/ 022785
PCT/ US02/ 2980 93/82385) acet ani de ((167 ng, 47% in 88% ee (EATAVESZ2EI2net hod:
initial tenperature 140 C, initial tine 22 mnutes, ranp rate 1 C/ mn,
final tenperature 150 C, final tine 70 mn , (S)- enantiorrer = 89.4 mn,

R) - enant i 102 7. CHOL 3 coal 3,
Sob o) 51 seraas sy Hhgavs res phesp! Tkl té(ds“‘)%» B 50T (s,
?1H)72 i gé Edd@b{raﬁ&dro&ﬁm&aol&ptaﬁb ﬁyncﬁn-gl-yﬂér)me @uag &o(atcd ih Hl%%ﬂﬂl(ﬁ(S@ mQ;lZ)31 d
1H J= 7.8 me‘)‘d g‘\)"/éee ! %@?ﬁafg?"?@fﬂl § %g"'g‘ @A“"“ﬁ““%f@“ 6% nEn) 51 5,
122.4, 130.1, [dREBr (c 115340@@!55@?1 dlspPry&d spV&raWﬁe?nncaQ@tt{eM'aHfr)gmawrfm (i NHAc) .

The unreact ed (S)-2- hyl -5, 6, 7, 8-t étrahydr 6qui nol i n- 8-yl 'am ne (was
i solated 3 n 38@61}!(@])@13,(3110?‘41@)5 13961 1D(ng 11 36 [-eh(maH)GEC75-2.8) (rerdht i oner rI

= 19.9 mn, g} ) ; x] = 0 CHC 3)
NVR (CDCL3. 3 dsg}ﬁ%i@ ?E%Z%It’é‘z?'?p‘*qg% 15 f%&@oé?g%ﬁg’&)‘]ﬂ)zyﬁ 2.20
IH), 2.49 (s, (BHY,J266MHA, 8 Oy, 1), 3. 93- 4 00 (m 1H), 6.91 (d, 1 H, J =
.8 Hz), 7.25 (d, 1 H J = 7.8 Hz): 13C NVR (CDCL3) 8 20.4, 24.6, 29.1,
32.6, 51.8,121.7,128.6,137.6,155.9,159.0; Ms mz: 163 (M-H+). 15

Pr epar ati on oPrepihtidt (TORZNAH. G Frterdydrobénzbfuyani hid)avetdmyde)and 65)ai 612- and

(SS)-6 dih g I i.ndin-7-ylamne NHAc NH2 [0197] Fol I ow ng the
gener al Wroceéfmgﬁmu] pyrindin-7 20 yl am ne(271 ng, 2.02
mmol ), CALB (81 ng) and Et OAc (6. wer e-.S red for 7 hours. The
conversion determ ned from 1H NMR K te of the peaks at 5.17 ppm
(CHNHAc) and 4.21 ppm (CHNHZ) waso FI ash f omat ogr aphy of the

material on silica gel using 1:10 M @HZCIZrTszIowed by 1:1:4

NHAOH: MeOH: CH2Cl 2 furnished (R)-N- (6, 7-di hydro-5H[ |
] pyri ndi n- 7- y[0188jet aﬁoléb&m?@hé caedl pycediifie, KP,6, THegaliydoobemaiirae frytasnind  t he

acetam de could,not  be resoled BY - Bi0AC (0.43 mL) and iPrO (4.0 mL) were

stirred for 17 hours. The conversion determined from '"H NMR by integration of the

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 MeQH:CH,Cl; followed by
1:1:4 NH;OH:MeOH:CH,Cl; furnished (R)-N-(4,5,6,7-tetrahydrobenzofuran-7-
yl)acetamide ((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, (5)-(-)-enantiomer, = 43.6 min,

20 (R)-(+)-enantiomer, = 45.8 min); [o}p = +58° (c 1.04, CHCLy); 'H NMR (CDCls, 300
‘MHz) & 1.65a1.36 (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); 3C NMR (CDCl3) & 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 (5% mg) and 94% ee

25 (chiral GC, (S)-enantiomery = 12.6. min, (R)-enantiomery = 13.5 min); {o]p = -18° (¢
0.59, CHCl3); "H NMR (CDCl, 300 MHz): 6 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, /= 5.7 Hz), 6.17 (d, 1H,J= 1.5
Hz), 7.26 (d, 1H, J = 1.5 Hz); *C NMR (CDCly): 3 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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nor HPLC, and hence the % e had to be determned indirectly. lzmal hi@ |l e
of 'the acetam de was treated with IN HCl to convert it to the HE

the resulting am ne was resolved by chiral GC (chiral GC nmethod: 85 C for
120 mn, rEEe3#2a188 5 C/min to 210 C final tinme 5 m n; PCEUSeas2i onerr| =
124.3 mn, (R)-enantiomerr = 126.1 -58 10 March 2006 WD 03/022785

PCTI US02/ 29372 min) to give %e of 79% [aJo = -41 (c 1.49, CHO 3) ; 1H
NMR (CDCL3, 300 M—Iz)f8 175189([}1 1H), (2, 28082 98 (m 3H),

5.19-5. 27 (mrepuplionept g4y dpgelagice & 088¢7), 7.55 (d,
IH, J= 7.5 Htrah@lrosRinbHn-6l m,gg 4.5 Hz) 13C NMR (CDC13) 8 23.6, 28.3,
33.9, 55.7, 123. .2, 148.2, 148.4, 162.7, 5 171.0. The

unr eact ed (S) 6, 7- di hydro 5H PR A 2 e (vvas isolated in 42%
yield (113 ng) and 99%ee (chir . (S).- el iomern = 124.3 mn,

(R -enantiomer" = 126.1 nin) Mnd~displ ay¥d sSpectra identical to the

(- 3ty 2 78Ry paobE e St modtlind B Gyl Ry Byngtihy ) =202 ©F
(dd, 1HS5 J =(2518,mg7 180 Hm)ql), CAIB (7dch ). BDASL0.80 SiL) 26d PrH Mzs)mww&a (d, 1H,
ur 11 cat | on B0y BrALBy bl Bre b el aPn
optical rot aaidow(5,67 eparaaydrod;mﬂdlméd?}ladﬂet@ﬁidé iff 2 Seatedir rahyde at-thkipeint cpt af

ohept al bl py Ml e S e NS GRS (oA G TRaer Gt b
procedure, 6e@mh B-156°C Y OmpE 589}',104 Wﬁﬁﬁi@[(kh}yklsdmnﬁ) )(&)al;];w@o.(zl% Ny,
1.20 mol ), CALB (59 ), EtOAc 48 nl) and iPr20 were stirred
for 24 Wour sminpAR-1gon V@5 slimnFerhes 2 finted EfQAnarmd 5 me M\ﬁ(—zﬂawetera@égir ation of

the peaks at ,na fioreRifith bidNAcas sahdh f%r§ﬁo&9nh(e<3flw&nen\e@§ce§s80ﬁsfl ash
chromat ography of the material on silica using 1:1 McOH: "CH2C12

foll owed by 3.6.7:84ctrgydyognpadin-Criaaime @é{ﬁfgﬁéé 7t8h'étf{ﬂ1¥}iwﬁll‘m0hﬂ-6-

(6,7,8,9-tet [ 0054 , 95%
' 5% ce (Chvar e e R CHANA R Vi rPad ARERLATL AR, e T 70
210 C, hol d reect28 Wa stopred) - (- ) -enantionmern = 17.4 mn, (R)-(+)-enantioneril
= 17.1 @ n); [a](c) = -10 (c

5,6,7.8-Tetrahydroquinolin-8-yl)-acetamide and (R

Racemization of (R)- N- 5,6.7.8-

tetrahydroquinohn-8-yl}-amine

| = 150 oC N
~ —— I
N neat, N
NHAG sealed tube, Ar
quant. NHAC
98%ee 0%ee
| = 150 °C N
z — ||
N neat, NP
NH, sealed tube, Ar .
98%ee 87% ?
° (%ee

[0201] (R)-5,6,7,8-N-(Tetrahydroisoquinolin-8-yl)acetamide (200 mg ; 98% ce
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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1.34, CHC13); 1H NMR (CDA 3, 300 MHz) 51.09-1.31 (m 2H), 1.80; &Nf ﬂ%oe
3H), 2.06 (s, 3H), 2.24 (d, | H J = 13.5 Hz), 265271(m1 arc
2.75-2.85 (m 1H), 4.96- 5. 01 (m 1H, 7.06 (dd, 1 H J =70 4.8 H),
7.3 8 (d, WQP3N32857 0 Hz), 8.11 (br s, 1 H), 8.28 (d, FﬂTfU§°2/23378 Hz); '3C
NMVR (CDC13) 8 24.0, 27.3, 30.1, 34.5, 34.8, 53.8, 122.8, -59 10 March 2006
WD 03/ 022785 PCT/ US02/29372 137.0, 137.5, 145.5, 159.2, .169.6; M5 miz: 205
(MtH+) . The u cte

tetrahydro-5 Jcaﬁfé‘ %ﬁmegé{sﬁ?mz cfi%d 't§H am ne tjmhangle aq[mé:@nson wﬁ}b/ﬂi/e’l eld (81
ng) and 61% es%(af:the staftin@@ate(iS) -Thagietd anmfacmxﬁecaﬂrodncnwas(m -eEn0ednern =

6.00 mn); CHCO 3. ddIS ectrald tical to
the starting %p@rl af‘q)((glél’%ﬁbﬁtr t@f‘)@ﬂg')"b%g_yhl—iaz"} 9%6% f §getfmn%lr—lﬁy
1.36-1.53 (mcHn‘d) GC}WZﬁheBteﬂlo (30 °C41rlx roud bbttdrb flagk, usitig)a, heat.nfg911221t137 (m 2H),
4.16 (d Hz), 8.34
(br s, é?‘@ﬁlﬁﬁﬁéi‘ﬁegb“ﬁ%?“ yos ?@e%é‘g(]c%‘%céﬁﬁﬁréod}]%‘éﬁ% ﬁ? ‘é{‘ﬁ‘e'?a‘

aclelt am de aﬂdtun(eéaaz&iu?col&oﬁgﬁerr@btycdf@b%n&@s‘@bwﬂﬂro,ohﬂmnpa?tuwﬂ/m;gem%ﬂl& [0199]
Fol | owi ng the genera rocedure, 4,5 J/ tetrg zof uran-7-yl am ne
(150 ng, 1.09 lﬁ%'{j'*l“)mféﬁmaieﬂﬁwde R} B & f%ﬁ‘}* %@ i Pr20 (4.0 i) were
stirred for 17 hours. The conversion deternmined from'H NVR by integration
of the 15 peaks at 5. 09 ppm CI I NHAC and 3 95, pm(CHNH2) was 55% Fl ash
]E:hlrlc)nat ag[)aph(;la HRE , —Q%ff 1Spquing ALEIMIAGE OH: CH2Cl 2

ol 1 oweq by 7@5"12”4@6’& 1 Jb'eﬁsﬁﬁd% 60 94% det d by

(R -N(4;5,6, (7) etrahydr(;%%nzz)ﬁl?jan 7-“?/I acet a(m (I:Ineg ((106213 r?germm%% in 79%
ee (chiral GCehielGEHvasplaredit pyealed pressyre agushecwith afeop. Thy 1spgiiop dibe60 C,
hold 20 min a&vas&ﬁ&e@mz&(@t(@)@?&%ﬁ ﬁ)rﬂﬁ'il{bstarﬁlsglﬁat@?lﬂme%@d and heating was

(R -(+)-enantiormer,, = n); [al]O = +58 (c 1.04, CHC13); oNNR
(CDC13, 300 ¢adipueg far. ?6‘5311&5 %emﬁensH)t thl%@m@dzhmar(tmmrmxceis oH%es, 3H),
2.30-2.50 (m 8 (3ith Wdassclord 3C NWVR
(CDC13) 8 20. an%HDzSzH4 >3 a%sg’q‘:hgm%mw"g’a‘]’g’“ ) ee/.",}%f{ia?m 1%%%18, 170. 1;
M5 m z: 1880 (Weldwﬁ@e raseiged erddl(CS)Va%Osmg(lﬁO%)
tetrahydrobenzofuran-7-ylamne (was isolated in 39%yield. (59 ng) and 94%
ee 25 (chiral GC, AShnRBRMhMERE HF (R)-£380HIn0.5.4 RE1QRBMbQIRNIE = 13.5 nin);

[a]o = -18 (cC
MnOz {R}-(+)a-methylbenzylamine 1 Ry
CH20|2 MeCH N/
82% d

95%

< Ha PAC NaBHa, '
EtOH, 0°C
MeOH/HOAC

93%
59%

98% ee 98% ee

20 [6203] . Note: Depending on which chiral auxiliary is employed (i.e. either (R)-(+)-
or (S)—(-)-a-methy]benzylaminc, both of which are commercially available), this
method can be used to generate either (R)-(-)-8-amino-5,6,7,8-tetrahydroquinoline or
(S)-(+)-8~amino-5,6,7,8-tetrahydroquinoline in enantiomerically pure form. The
intermediate 8-hydroxy-5,6,7,8-tetrahydroquinoline was prépared according to the

25 procedure described in Bridger et. al. PCT International application
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- 0.59, CHC13); 1H NMR (CDC13, 300 MHz): 8 1.50-1.75 (m 4H), 1;@@3{&9 6%
1H), 2.01-2.20 (m 1H) 2.30-2.50 (m 2H), 3.94 (t, 1H, J= 5. , @

(d, IH J=1.5 Hz), 7.26 (d, 1H J= 1.5 Hz); !3C NMR (CDC13): S 21.1,
22.6, 34.0WO480R78710 5  117.9, 141.3, 153.6; N5 miz: WSO/YSAMER). -60 VO
031022785 PCTI US02/ 29372 Preparati on of

(R -N-(5,6,7,8--tetrahydroquinolin-_6- yl)acetam' de and (S)-5, 6, 778-

tetrah dr ogui n 0200 n ener. cedur e,
5.6 7.8 totr a‘{g’l&%&@f)% éhéi"gﬁ‘? %"fo {"(sg‘wi 1 ) W‘gewfm&“é)a@ms (75 ny),
Et OA\C (0.60 rﬂ,@'?&-mdrahﬂfra@n(dlm&smbécn‘hafe stirred for 23 hours. The
enanti oneri c excess of 5,6, 7 dr aquij noI i n-6-ylam ne and
N-(5, 6,7, 8-tetrahyt ' ' AU e a reaction mixture at this
point was 15% and 62% respectively GC net hod: 160 C for 10
mnutes, ranp 1 C mn to 150 C, hol ¢ n: (S)-2jil=81.7 mn, (R-2j,1=
82.2 mn); (S-1jt =10.2 10 mn, (R)Nlj = 10.5 mn). Further 2.0 m of
Et OAc and 75 ng of CAL were added, and the reaction mxture was stirred
for 5 hobirs. The enantioneric excess of (S)-
5, 6, 7, 8-t et r d$30d} oqUioreaitiirad &lytioa il Bdiydmauy-5,6,7,8-tetrahydroquinoline (13.96 g,
R -N-(5,6,7 I reacti on
O U5, 2. b PPl BGSHAF 953 IR 438 0
Racem zati on (mﬁngaﬁe)se IWe(uEs)G[SZ?ng,'B@H mainqmrfﬂwesmmngrb{aﬂk yds)ae:amatvaam de and
0,

'Ellﬁ)e( S, A? 7qﬁ§tr1]1%ree @bat \8110@”'1[&%68%15 ?urg uxtere th}q%%a\c ﬂ f%fﬁlt/g?ndneat seal ed

10 washed with CH,Cl; (3 x 50 mL). The combined washings were concentrated to

provide 11.27 g (82%) of the title compound as a pale yellow solid, which was used in
subsequent reactions without further purification. This material displayed spectra

identical to those reported above.

Preparation of {R)-{-}-(6,7-Dihydro-5 H-quinolin-8-ylidene)-(1 -phenylethyl)-

15 = amne

[0205] To a stitred 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 (¢ 1.04, CHCl;);
'H NMR (CDCl3) & 1.55 (d, 3H, J = 6.9 Hz), 2.17-2.29 (m, 2H),7.35(t,2H,J=78

25 Hz), 4.39 (q, 1H, /= 6.6 Hz), 4.72 (t, 1H, J= 4.7 Hz), 5.50 (br s, I H), 7.07 (dd, 1H, J
= 7.5, 5.1 Hz) 7.20-7.47 (m, 6H), 8.37 (d, 1H, /= 2.4 Hz); ’C NMR (CDCls) 5 21.99,

-63 -



0%e 87% NH2 0% e [0201]

(R -5,6,7,8-N (Tetrahydroi soqui nolin-8-yl)acetam de- (200 ng ; b%%aé"éh 2286
determned by chiral GC) was placed in a sealed pressure tube flushed wth
argon. TheWdH®218h tube was placed in a hot (150 C) oi | PEREVI2EN¥I 1 t he
starting material nelted and heating was continued for 40 m nutes. The
material at this point had the -61 10 March 2006 WD 03/ 022785

compari son wi DL RG22 Qa0 l natal 1 H FE érl?%?2 e et R

racem zed prodiscys, WSZQE M‘gn(/zmi()%/HH)( 02021.

(R -(5,6,7,8-tetrahyd ) - al i ] mned by
chiral G0) wasg, heat-e ‘ T bot fom asRiEt Fating
mantle. 5 Compr €racem zation was observed (Chl raI GC) after 30 m nut es
and the material turned dark in c he reaction vessel was cooled to
roomtenperature. Kugelrohr distilll of~the material provided the
amine in 87%yield (33 g). Racem zabthi on of

(R) -5, 6,7, 8-N- (Tet r ahydr oi soqui nol i n- &% ani de 10

(R -5,6, Z 8- N- (‘Tet rahydr oi soqui nol i n-5-yk)acetam de (60 ng ; 94% ee
determ ned by chiral GC) was placed in a sealed pressure tube flushed with

argon. The rgggddion tyibeiq W%rghﬁe@%mfbnefmt A E0aarishy-Rfdhnt | the

startlng rraterlal ne ieat 1 ng was |nue ours

mat eri al at tmndan)ﬁl-nhenmbﬂwbﬁ@l@{éﬁ@ ngrf¢ mmekde §y afangbEOHHHA mMlps ' H NWVR
was unc hange%dﬂd&%ﬁ&iﬂ %u(sé%ﬁllﬂ bBIb%ycﬁﬁfé? ngz'ﬁ?ggeﬁ%bﬂ{rﬁdlm o%@héﬁf]bﬁ' 15 The

yield of the racem ze ct was 60 As etric Synthesis of R -
- - 8- Anilfo- S'Bw?e@ltmetnrlafhredweswfrﬁo}hhteomgﬁn SlOWIH@ITl@@t@B%TQB% ee 20 (02031

or (§)- (o)~ - Ap s M el b SRk R, RUBE Ol R e L abi &)
this met hod added dnd thegphdses o egenpraitd 'E;etaheq:ous layer was extracted with CH;Cl,
(9-(+)- 6 amBa Rk SANEAM Rl RS Mt MesORam ey it ¢ form
The Flash chromatography {silica gel, 20:2:1 CHCl;-MeOH-NH,OH) 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)-diastereomery = 46.92 min). [o]p =-31.0 (¢ 0.65, CHCl); 'H NMR (CDCl3) &
1.48 (4, 3H, J= 7 Hz), 1.55-1.64 (m, 2H), 2.65-2.79 (m, 3H), 3.86 (1, 1H, J= 6 Hz),
_ 410 (g, 1H, /=7 Hz), 7.05 (dd, 1H, J = 8, 4 Hz), 7.14-7.46 (m, 6H), 8.42 (d, 1H, /=4
20 Hz); *C NMR (CDCl3) § 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
S

|

P

N

NH .
[0207] A solution of (-)-(1 -(R)-1-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 edded;
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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i nternedi ate 8- hydroxy-5, 6, 7, 8-tetrahydroqui noli ne was prepare corqj
to'the 25 procedure described in Bridger et. al. PCT Inter nati’g‘?lﬁfamh(%%
application -62 10 March 2006 WO 03/ 022785 PCT/ US02/ 29372 PCT/ CA0O0/ 00321.
For the puMsgs®@&78¥ il | ustration, the synthesis of (R)-(ROra8emI"B1I0-
5,6,7,8-tetrahydroquinoline is described. Preparation of 6,7-Di hydro-5Hq
uinolin-8 -one 5 102041 To a stirred sol ution of
8- hydr oxy-5, 6, 7, 8-t etrahydroqui noline (13.96 g, 93.6 mmol) in dry CH2Cl2
(400 mL) was oHYEY] gathings werp W%ﬁ"Bﬁc‘éc'tglPsg‘ég’é’&’W/BpIW@h“ Agar |V
oxi de) (82.22cg,.MEQH-NWIDIH) of thaRride salckibngfoRleaals panst|uas stirred 18
h, at which point the m xture was filtered throug)ﬁﬂa cake of celite and 10

washed with cRpepmd ip 38% esyeparyied bhehialiibi ied CaaloRil Forolum eiitidncent rated to
provide 11. 2%@pdRR% 160%Ct Mfial lihik: D AAMRRUNEACAS, FiPefip¥siutOse)) i d, which
was used in su%sequen_t reactions wthout further purification. This

mat er i al > di sginaytene: dpant Eh(t)egamwemen= ot tnBs&(gsomtiethentsolsel3 ingpar at i on

of (R -(-)-( -Di I ljnoky n- i - (1~ . 15 am ne
(02051 To a g?‘i‘)rrelgxgé‘io%%%g‘ é‘g5"%%%1%?@%&%’3%%??/dr?s%"{‘)%‘lﬁe‘h"(si. 02 g, 20.5
mol ) in dry rifedet @@ nl) was added (R)-(+)-a-nethyl benzylam ne (2.61 ni,
20.5 nmmol ) vi ringe...he.resultin Lxture was stirred 24 h, at which
poi nt 20 addP I Pbnarad oy SEHRL LI LRI PR B s A 5 ool ) e
added and t heuxiliegd¢dshonnbelswstirred for an additional 24 h. The sol vent was
removed in vacuo and drjed for 3 days at room tenperature under reduced
pressure (0.1 Tgo 0 'bﬁ' +p-a-pg€nglgrop)éa"('%o he title conpound as a
red/brown solidl [ = : : H NMR (CDd 3)(633 1.55 (d,
3H, J= 6.9 Hz), & I} 2.i3Rakm madl, 7. 35. '8 25 Hz):’4.39 (q,
IH, J= 6.6 Hz), 4.78 (t, 1H, Jge4.7 Hz), 5.50
= 7.5 5.1 Hz) 7.20-7.47 (m 6H), 8.37 (d, 1 H,
5 21.99, -63 10 M#rch 2006 WD 03/ 022785 i
10

1H), 7.07 (dd, 1H, J
2.4 Hz): 3C NMR (CDCL3)

Asvmmetﬁc Synthesis of (5}-(-)-8-Amino-5.6.7.8-tetrahydroguinoline using
(5)-(-)-1-(4- Methoxyphenyllethylamine ag Chiral Auxihia

s i) (S)-(-)-1-(4-methoxyphenylJethylamine =%

= - = OMe
N ii) NaBH(OAC),, CH,Cl, N
[ S l TFA, 82%

i

N

NH,
93% ee
15

20
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PCT/ US02129372 25.68, 28.29, 53.79, 98.12, 122.43, 126. 33, 1271_1?3&{ é%@ﬁ
132.63, 135.09, 139.47, 146.36, 150.48. ES-MS mz 251 ( M+H) Fat

of 1 -(R- 1 -Phen lethyl) -(8-(R)-5A7,8 -teirahdro uinolin-8- 1 -anine 5
102061 To aveoe¥@2ye® C), stirred solution of PCT/US02/29372
(R-(-)-(6, 7-di hydro-5H qui nol i n-8- ylidene)-(l-phenyl ethyl)-amne (500 nyg,
2.00 nml) in dry ethanol (EtOH) (40 nmL) was added solid NaBH4 (sodium
bor ohydri de) (227 ng, 6 00 rrm)l) in one port.j on. 10 The resulting m xture
was stirred 3 h atPrepamt Sl-AifMaiROX Mgy e frivkASeeBat ure and stirred

a further 18 tb[m%ﬁ!%gggg@ueo%,h@HC@ (40 m_) was added and the phases
wer e separ at ed. e aqueous Tayer was extracted wth CH2Cl2 (3 x 50 nlL)
and the conbi ned orgagirt~extracts were dried (MJSO) and concentr at ed.

Fl ash chr omat ograpi ca. gebme 20: 2: 1 CHC13- MeOH NH40H) of the crude 15

material afforded 4MM ng (¥3%] of the title conpound in 98% de (separated
by chiral GC, J&W CychiSif~B“col um, isothermal 180 C, (RR)-di astereoner”
= 46.10 min, (S, R -diastiereoner,, = 46.92 mn). [a]0 = -31.0 (c O.65,

CHCI3); "HNWR (CDC13) S 1.48 (d, 3H, J =7 Hz), 1.55-1.64 (m 2H),
2.65-2.79 (m {BBY], 3T863t@rte;d sblubipn gf 657-@ihjpiry- SH-QI;iﬂ_tﬂin(-ﬁqpnel(éB{)mg,:dnﬂ-lz), 7.05

(dd, 1 H.J =8 4-7.46 20HZ);_13C
NVR (CDCT3) b™ i’?')é‘“"%@ -Gy 1-kmptho Wyng@@n%é%%ﬁ%g?}iﬁ o ) 9, 122. 4,
127.3, 127.5, cmmmmmma addefiBoRd soﬂﬁxd\ﬂﬁamtm(yﬁ&ﬁhfdﬁﬂbm AP Sprmatblpn of
(R-(-)-8-Amno-5 78tetr dro U|nol H2 . [ 7 | ution of
(-)-(1-(R) - 1- %"é‘ﬁ??"é‘f"i‘ry?‘j“&%‘ ’é R wslifisq fo #\Iéﬁﬁé %&i%‘b‘f’? ﬁﬁfﬁ“%’-“%)-am ne
(140 ng, 0. 55Na0HI()0 l&D}iwﬁl{:aHﬁed:toaﬁlbrd:h@inEachon ﬁl%]amiv&relsépaﬁhte}d ae@d (3 n)
was flushed with ni di n.carbaon (32 was added;
the mxrure vELeRPartESRAPEECRY LS HE R, "The o ude
mat eri al10 \Aﬁsfrﬁdtibhﬁﬁﬁ‘ddhm(mm ake coficenrhied @ vatub. \lﬁa&heﬁkomto@ra MOH (3 X
10 mL) then the. - 10 Marc 03/ 02278 nbi ned
washi ngs wer e{;@ﬁﬁéén"t‘?&a‘é tglﬂﬁ?ﬁ%ﬁ%‘?’rﬁt" Ej‘}nﬁgﬁg}’v(‘éiy%)% Ziﬁz;) 058“32 1 CH
: title compound as a yellowish oil. 'H NMR (300 MHz, CDCl;) & 8.49 (m, 1H), 7.37-

7.30 (m, 3 H), 7.04 (m, 1H), 6.84 (dd, J=3.3, 1.0 Hz, 1 H), 4.03 (dd, J = 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 (5)-(+)}-8-Amino-5,6.7.8-tetrahydroquinoline

[0210] A round-bottom flask was charged with (1-(§)-1-{(4-methoxyphenyl)ethyl)-
(8-(8)-5,6,7,8-tetrahydroquinolin-8-yl}-amine (341 mg, 1.2 mmol) and trnfluoroacetic
acid (5 mL). The resulting sclution 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 (M’gSOﬂ 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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2C12- MeOH NHAOH) of the crude material afforded 49 ng (59% of tit
Ewa"FhiiPﬁ&

cofpound in 98% ee (separated by chiral GC, J&W CycloSil B col

tenperature: 160 C, initial tinme: O min, rate: | Cmn, final tenperature:
130 C, 5 WP ¥e, 0 nin, (S)-(+)-enantioner,t = 12. 4PGHGH02/29372
(R-(-)-enantionerrt = 13.13 mn). [a]D = -124.3 (c 0.42, CHCI3). The
spectra of this material were identical to those reported above. [02081 An
addi ti onal exar’ryl e usi R) - (%) - 1- phepyl propyl am ne as a chiral auxiliary
i s shown bel o™ 1 -#m%‘}a) Che spec %ﬂ%ﬁﬂ%@%%%ﬁ%?ﬂ* tVBEYa reroyteda BHY,
MeOH 81% (6)abdsyymmetric Synt hesis of

(SS)-(-)-8-Am no-5,6,7,8-tetrahydrogui noline using (S)-(-)-1-(4-

Met hoxyphenyl l?g't’ﬁm AP FreomePHgs Misernserecd Gasedapomiheiabgvapyocedses and are:
(S)-(-)-1-(4-net hoxy hen7yl ?et hylarnine 1i) NaBH(OAc)3, CH2Cl2 75% Owe |
TFA, 82% NH2 Né3dfediyl-36. Dpletrglhydipanpgitnf-vdeectanddes/ 022785 PCr 1US02129372
Preparation of (1-(S )-Q-(4-I\/Ethoxyphenyl ethyl)-(8-(S)-5,6,7,8- tetrah dro
uinolin-8 1 - am neHNJ\

=

-

5 N

N-(1,2,3,4-Tetrahydro-quinolin-7-yl)-acetamide

SOW

N
H H

N-(5,6,7,8-tetrahydroquinolin-8-yl)-acetamide

S

o
N

HN\n/

10 o
(R,5)}-N-(2-Methyl-5,6,7,8-tetrahydro-quinolin-8-yl)-acetamide

=

o

N
HN\n/
O
1,2,3,4-Tetrahydro-quinoline-8-carboxylic acid methyl ester

N
H

15 MeO (9]

(R,5)-N-(2-Methyl-1,2,3,4-tetrahydro-quinolin-8-yl)-acetamide
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Ove 10209] To a stirred solution of 6,7-di hydro SH qui nol i n- 8- 6
4.28 5 mml) and (S)-(-)-1-(4-nmethoxyphenyl)ethyl am ne (647 rrg&ﬁk‘(“z‘gml)

indry CH2Cl 2 (15 mL) was added solid sodiumtriacetoxyborohydride (1.44 g,
6. 42 mmol ) WQ 43/083785 portion. The resulting m xture was stPerushzRes2 16 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 CH2Cl 2 (2 X
10 mL). The conbined organic 10 fractions were dried (MJSO) and then
concentrated in vacye™~Frash chromat ography (silica gel, ethyl acetate) of
t he residue thus obtlai nied _provided 905 ny. (75% of the title conpound as a
yellowi sh oil. 'H KVRN(390 MHz, CDC13) 6 8.49 (m 1H), 7.37- 7.30 (m 3 H),
7.04 (m 1 H), 6.84 (ddHN 3.3, 1.0 Ft 1 FD 4.03 (dd, J = 6.6, 6.6 Hz),
3.85-3.78 (m 4 H, 2.73-2865 (m 3 H, 1.82-1.71 (m 2 H, 1.57-1.43 (m 4
. 15 Preparation of (SS)-()-8-Amno-5,6,7, 8- tetrahydroquinoline i1l NH2
[0210] A round-bottom fl ask was charged mnth (1-(S)-1-(4- met hoxyphenyl )
ethyl)- (8- (@M@th@xisﬁﬁ%rrﬁ?ﬂﬁr@ﬂwmel in-8-yl)-amne (341 ng, 1.2 mol)
and trifluoroacetinec.a @ The resulting solution was stirred at 60C

for 4 h. At this tlne of 20 the trifluoroacetic acid was renoved in
vacuo and the residue W ken up in CH2Cl2 (20 nmL) and 5 N agueous NaCH
(10 nmL.) was added. The | ayers were separated and the aqueous phase was
extracteddl with CH2Cl2 (3 x 20 nL). The conbined organic layers were dried
(MyS®™) and dBﬁ&@ﬁ@ﬁ@méhmﬂhﬂﬁﬁ%hﬁfﬂﬁmyﬁV@ﬂmﬁ@eng (82% of the title
conpound as a yelRow~0il in 93%ee (separated by chiral GC, 3&W Cycl oSil B
25 col um, |n|tial nperature: 160 C, initial tine: O min, rate: I C mn,
final tenpera urs’ 130 C, final time: O min, (S)-(t)-enantiomer” = 1143
mn, (R-(-) -66 10NMarch 2006 5 WO 03/022785 PCT/ US02/ 29372 enantionerr, =

13.13 mn. The spectra of this material were identical to those reported
above. [ 0211R)-N-(2-Methyl-5,6,7,8-tetrahydro-quinolin-8-yl)-acetamide

10
(5)-8-Amino-2-methyl-5,6,7,8-tetrahydroquinoline

15

(R)-N-(5,6,7,8-tetrahydro-quinolin-5-yl)-acetamide
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O her conpounds were prepared based upon the above pr ocesses a,%jma h2006
N-(2- Met hyl -5, 6, 7, 8-t et rahydr o- qui nol i n-4-yl)-acetam de arc
N(1,2,3,4 ro-quinolin-7-yl)-acetamde 0 10 N-(56
8- tetrahydr;v(l)_g /?1{0})%1 n-8-yl)-acetamide H\( 0 (R S)- I\I—(PfTWﬁW?"-zS, 6,
7,8-tetrahyd ro-quino 1 in-8-yl)-acetanmde H\y 0 15
1, 2, 3, 4-Tetrahydro-qui nol i n-8-carboxylic acid nethyl ester
(R,S)-N(2-M hyI 1,2,3,4-tetrahydro-quinolin-8-yl)-acetam de -67 10
March 20.06 W3 2785 0 5 MO 3- Met hoxy-5, 6, 7, 8-tetrahydro-quinolirie
(R'S) - 8- Ami no- 8t hyl -5, 6, 7, 8-t et rahydr oqui nol i ne NH2
(R -N(2-Methyl-5,8,7,8-tetrahydro-qui nolin-8-yl)-acetam de H\Wy O 10
(S)-8-Anm no- 2- net H’W ,6,7, 8-tetrahydroquino line N (S)-S -Anm no -5,
6, 7, 8-tetrahydroquingline 15 NH2 (R -N- (5,6, 7, ,
8-tetrahydro-quinolin-5-yl)-acetam de

(5)-6-Amino-5,6,7 8-tetrahydroquinoline

®

= “NH,
5
(R)-N-(5,6,7,8-tetrahydro-quinolin-6-yl)-acetamide
Ny o
| P J‘K
N
H

(R,S)-5-Amino-5,6,7,8-tetrahydroisoguinoline

N7 '

I,/

10 NH,

(5)-5-Amino-5,6,7,8-tetrahydroisoquinoline
N~ ™%
I o

NH,

15 (R)-N-(5,6,7,8-tetrahydro-isoquinolin-5-yl)-acetamide
N™ ™
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PCTI US02/ 29372 -68 10 March 2006 WO 03/022785 HN'/ 0 5 10 N 10 March 2
(S)-6-Amino-5,6,7,8-tetrahydroquinoline "-1 0 (R)-N-(5,6,7, 8 arch 2006
-tetrahydro-quinoli n-6-yl)-acetamd e A (R S)-5-Anm no-5, 6, 7,
8-tetrahydr¥P 88880l i ne NH 2 (S)-5-Am no-5, 6, 7, 8-t et r aRFdASPEYEGI nol i ne N
H2 15 (R -N-(5,6,7,8-tetrahydro-i soquinolin-5-yl)-acetamide H\y O
(S)-6,7-Di hydro-5H[ 1)pyrindin-7-ylam ne PCT/IUS02/29372 -69 10 March 2006
WO 03/022785 (R)-N-(6, 7-Di hydro-5H[ 1 ]Jpyrindin-7-yl)-acetam de 5
(S)-6,7,8,9-Tetrahydro-5H cycl ohept a[ b] pyri di n-9-yl am ne H2N
(R -N-(6, 7, 8, 9n)RIkalyidyde-SH-(¢ ysHedmant al-Mepiiiddi n-9-yl ) acetam de
(S)-5,6,7,8-tetrahy X i noxalin-5-ylamn e 10
(R-N-(5,6,7, 8-tetrjphy gui noxal i n-5-yl ) acet am de HNy

N o :

=

5 ($)-6,7,8,9-Tetrahydro-5H-cyclohepta[]pyridin-9-ylamine
R

Bt

N H
H,N
{R)-N-(6,7,8,9-Tetrahydro-5H-cycloheptaf b]pyridin-9-yl)-acetamide
2

P

N
HN

\FO

(5)-5,6,7,8-tetrahydroquinoxalin-5-ylamine
N
g
»
N- Y
NH,

(R)-N-(5,6,7,8-tetrahydroquinoxalin-5-yl)acetamnide

10

15 (R)-N-(3,4-dihydro-2H-pyrano[3,2-b]pyndin-4-yl)acetamide
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(S)-3, 4-di hydro-2Hpyrano [3, 2-b] pyridin-4-ylam ne 0 NH2 1
(R) N- (3, 4-di hydr o- 2H pyrano[ 3, 2- b] pyri di n- 4-yl )_acet am de PCTI &Mrﬁagﬁs

-70 10 March 2006 WD 03/022785 H\Ny 0 (S)-4,5, 6,

7-t et r ahydPOJEAR2G#Ur an- 7-yl anine NH2 5 PCT/US02/29372
()?)-N-(4,5,6, 7-tetrahydrobenzofuran-7-yl)acetam de cc HNY 0O PCT/ US02/ 29372
(1-(R- | -Phenyl propyl)-(8-(R-5,6,7,8-tetrahydroqui nolin-8-yl)-amne HN

10 [0212] It is understood that the exanpl es and enbodi nents descri bed
herein are f ¥ P trative purposes only and that various nodifications
or changes in J thereof will be suggested to persons of skill in the
art and are to %e ncorporated within the spirit and purview of this

application and tH& ope of the clainms. Al publications, patents, and

pat ent applications?ECted herein are hereby incorporated by 15 reference.

[02131 Citation of the above docunents is not intended as an adnission that

any of the foregoing i's pertinent prior art, nor does it constitute any

adm ssion as &P %%% nt.e r date of these documents. -71 10 March 2006
{5)-4,5.6,7-tetra

We claim ydro enzo ran-/-ylamine
GL)
O =

'NH,

5 (R)-N-(4,5,6,7-tetrahydrobenzofuran-7-yl)acetamide

{)1/‘)

HN
T
(@]

(1-(R)-1-Phenylpropyl)-(8-(R)-5.6,7,8-tetrahydroquinolin-8-yl)-amine
RN

B

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 intenided as an admission that any
of the foregoing 1s pertinent prior art, nor does it constitute any admission as to the

contents or date of these documents.
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1. A process for synthesizing a racem c am no-substituted 5,6
t et rahydr oqui noline or a racem ¢ am no-substituted

5,6, 7, 8-tetrahydroi soqui noline conprising: 5 a) reacting an
am no-substituted quinoline of the formula I or an am no- substituted

i soqui noline of the formula Il R 11 -1 -1 1 NH2 Il { NH2 with an

am ne-protecting group conpound in an organic solvent to produce an

am ne-protected,  substituted quinoline or isoquinoline: b) hydrogenating
the am ne- priof 8@Bd, substituted quinoline or isoquinoline in 10 a
strongly acidic solvent at an elevated tenperature to formthe 5,6, 7, 8-

t etrahydroqui noline or 5,6, 7, 8-tetrahydroi soquinoline; and c) hydroly2|ng
t he ani ne- prot ectli @p@p%ﬁoﬁwﬂma%@rﬂ?ﬁ@ll&é@il%ﬁlhﬁﬁ@&%@ ,

am no- subst i o stituted
5,6,7, 8- tegéﬂﬁ§%:§P§%§ﬁ$ﬁi %%H%%@ﬂ%%g@%fﬁﬁ éﬁﬁgggﬁéagkﬁﬁgﬁygp05|tlon
on the benzenmppengi on of the qui noI | ne i soqw nol i ne, is |located at
any ot hydr oge osition on t nollne 0 SO |noI|ne .ring; mis
0% ot whir of b e PR BB AR HOmitR ) o hEmaA 1 Bt po. Gyano,
carboxyllc agbditutdd ievhuindided ke o¥aLRAL Kyl . a protected hydroxyl, a
protected thiol, a protected am no, acyl, carboxyl ate, carboxam de,

sul fonam de, an 20 aromatic group and a heterocycl ic group. 2. The process
of Claiml wherein the am ne-protecting group is an acyl, carbamate, or

sul fonam de. 4 -72 10 March 2006 3. The process of Claim2 wherein the
am ne-protecting group is ggetyl. 4. The process of Clgiim1l wherein the

' ? 0 ﬁﬁarch 2006

strongly aci di sBl ected from sf'sting of
trifl uoroacet rof | uoric acid, aci d,
——NH, ———NH,

with an amine-protecting group compound in an organic solvent to produce an
amine-protected, substituted quinoline or isoquinoline:
b} hydrogenating the amine-protected, substituted quinoline or isoquinoline in

10 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-substituted 5,6,7,8-tetrahydroquinoline or racemic amino-substituted 5,6,7,8-
tetrahydroisoquinoline;

15 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, sulfonamide, an

20 aromatic group and a heterocyclic group.

2. The process of Claim 1 wherein the amine-protecting group is an acyl,

carbamate, or sulfonamide.

-7 -




hydrobrom ¢ acid, sulfuric acid, phosphoric acid, triflhoroacetj¢,aci
acetic acid, and 5 any conbination thereof. 5. The process ofabji%ﬁrﬁhgzoos
wherein the strongly acidic solvent is trifluoroacetic acid (TFA). 6. The
process of Claim|l wherein the elevated tenperature is fromabout 50 to
about 70C. 10 7. The process of Claim6 wherein the elevated tenperature is
about 60C. 8. The process of Caim1l wherein a catalyst is used for the
hydrogenation and is selected fromthe group consisting of platinum bl ack,
pl ati num on car bon {15 1secespoh Clapn givhsesin Si¢ amiperPrRicqtiog BT acqiylat i num (1 V)
oxide (Pt@), and platinum (l1V) oxide hydrate. 15 9. The process of Claim
| wherein the hydrogenation is perfornmed with 0.3M_ of substrate in TFA
using 5 nol % of ~Ft Enegro@evelifrigen | wherdin Srdeaglyrcidjaiobyanis selgctedii@npr ocess
of Claiml [ i Be- : | e]olem .dr - by heati ng
with aqueou\gﬂcgétl% HB Cﬁ%%@?g@%ﬁﬂ?%%g%%%gd’q{ Se, ugfic Hégt@r%&@gmacb%b vent in

t he presendgdofbréyidraai, mdforiGicili] phosphons aid sscldbroataicricili, adeeic acid, 4l am no
group is located at the 8- Ezosition of the quinoline; mis 0 or 1; and R
i's methyl oran??@t)’i’i‘gwmllﬁl.ereﬂ ‘process for synthesizing a racemnic

am no-substituted 5,6,7,8- tetrahydroquinoline or a racemc

am no-substituted 5,6, 7,8-tetrahydrqi soqui noline conprising: -73- 0 10
March 2006 a) react insgresesher Clamg dyeerqin thestogngly acikiq sodyeshisdr oqui nol i ne of
t he fornul atﬁhﬁorBEceti@aéiHQ‘{’th{Ut ed 5,6, 7,8-tetrahydroi soqui noline of the
formula WIIT TV wth at | east 2 equivalents of an al kyllithium base, or a
lithium sodium or potassium am de base, and then with a nitrosating agent
to form an oxine; [ j e h C

A no- subst |t ut of o116 oY oL R Gbhokit el AR h QS I APSH

am no- subst ity ub@d 75°@, 7, 8-t et r ahydr oi soqui nol i ne; wherein the amno is

| ocated at the 8-position on the quinoline or the 5- position on the

i soquinoline; R2 is located at any other hydrogen position on the

gﬁgnglr%oag or i SOqUiTH!r&&ss biNGlairbiwheRift ihetMshaGERp Rk & SbSRIBeted from

8. The process of Claim 1 wherein a catalyst is used for the hydrogenation
and is 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 hydrate.

15 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.

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.

20 11. The process of Claim 1 wherein the amino group is located at the 8-

position of the quinoline; m is 0 or 1; and R' is methyl or methoxy.

12. A process for synthesizing a racemic amino-substituted 5,6,7,8-
tetrahydroquinoline or a racemic amino-substituted 5,6,7,8-tetrahydroisoquinoline

comprising:

i
[



10 consisting of halo, nitro, cyan, a protected carboxylic aci | kyl
al kenyl, cycloal kyl, a protected hydroxyl, a protected thiol qg @?rﬁ%e%qoé"d
am no, acyl, carboxylate, carboxam de, sul fonam de, an aromatic group and
a heterocyclic group. 13. The process of Caim1l2 wherein the base is
selected fromthe group consisting of n-butyllithium tert-butyllithium
lithiumdiisopropylamde, lithium 15 dicycl ohexylam de, |ithium
2,2,6,6-tetramet hyl pi peri di de, potassi um hexanet hyl di sil azi de, and _any
conbi nati on ther F&"gﬁg elg‘ﬁéa5?1?%‘8%%‘556gs7é'?Fﬁhﬂ°W@1&eﬁ%ﬂﬁefoﬁW1ﬁégé’F ing
agent is seIa%baﬁutfea@,raj,@setmm;v@ﬂapsoﬁ%mé e f’gnnﬁt?kw nitrites and al kyl
dinitrites. 15. Th Clam 14 erein the nitrosating agent is
tert-butyl nitri soanyl nitrite. The cess of Caiml12
wherein froma i utilized. -74- 10
March 2006 17. aim 12 whgrein the oxine ipg reduced using
zinc netal in hydr oghl orfc aci d; ,zi [ ri ™l uoroacetic

aci d; hydrogen 1| Wi th palladiu a catal yst; or
hydrogen in nethandl with Raney nickel as a catalyst. 5 18. The process of
Claim12 wherein misil0 or 1, R2 is nethyl; and ffie amno is |ocated at
the 8-position oRy; i I AV e

am no- substi t ut eﬁv 1%?1‘%1%{8@9%%??3%%%{%%?%@ | nebg%r’ £ igﬁﬁll)l}&hnhrﬁgg{ ’%rin

am no- subst ipotasgummnadd b&se, areh thahwith cinstogaiimpagenetodbrm be okimayuhd VI to
produce. one of the epantioners, 6 NH2 m N.V VI 10 conprising: a)

enant i osel ecti vel®? ]In§ttﬁ‘?1ﬁxlﬁlr’3 t%BF“E&%%Fé*ﬁeﬁ’éc Fﬁ@ofsgég}wn@dérﬁ=ﬂg"-

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 isoquinoline ring; m is 0-4; and wherein R* is selected from the group

10 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.

13. The process of Claim 12 wherein the base is selected from the group
consisting of n-butyllithium, tert-butyllithium, lithium diisopropylamide, lithium
15 dicyclohexylamide, lithium 2,2,6,6-tetramethylpiperidide, potassium

hexamethyldisilazide, and any combination thereof.

14. The process of Claim 12 wherein the nitrosating agent is selected from the

group consisting of alkyl nitrites and alkyl dinitrites.

" 15. The process of Claim 14 wherein the nitrosating agent is tert-butyl nitrite

20 or isoamyl] nitrite.

16. The process of Claim 12 wherein from about 2 to about 3 equivalents of

base are utilized.




substituted 5,6,7,8-tetrahydroqui noline or the racem c am no-s ﬁéﬁi tH;focb
5,6, 7,8- tetrahydroi soqui noline using an enantio sel ective enzy e 6
catal yst to produce a mxture of the correspondi ng unreacted am ne in the
first enantionmeric formand the 15 reacted am de or carbarnate in the
second enantioneric form and b) isolating the first enantionmer of the

am no-substituted 5,6,7,8- tetrahydroqui noline or

5,6, 7, 8-tetrahydroi soqui noline; wherein NH2 is | ocated at ,any position on
the saturated porlt'i J%e@rw@?ﬁeof (damh bt Pheresy the e 18 srduqed usiee 7isc pgiakind at

any other h an.; - O 128 QL - i i [Mg; mis
0% “and R e EE e ek e R daDicale, RPN, Mo,
car boxyl i ¢ adikdpallatiioyl on edrbemad 3 cataledt palbydogeh ydmethyhgl willi Réneyanickel @t ect ed
am no, acyl, ca boxyl ate, carboxam de, sul fonam de, an aromatic group and
a het erocyclaicé‘aé:’FSgup. -75- 0 10 March 2006 20. A process for synthesizing
an enantioner of a primary am no-substituted fused bicyclic ring of

formula | X conprising: 5 ~ A J""BJ-NF12 P .1 X a) form the sSchiff base
of o keto group. 18catearsmy et iai b Mmeiradedor b RyEmays s G5 amusce | ng
it wth an q@@@&@e@gﬂhg@%stﬁfogghg}&lﬁgﬁﬁamé_ am ne chiral auxiliary R*NH2 of

the formula X R5 R6 R*- X to produce the correspondi ng
enantionerically-pure imne of the fused 10 bicyclic ring; b)

di ast ereosel ecti vigl y f,l%g&g ifﬁgfgdjgink mdag;d ﬁ@g%y&gu&@g’égﬂg_r espondi ng

enanti onerical |l y-pure secon y anine on used bicyclic ring; and c)
removi ng t heetoahydmiquineking ofthy f@nuloV fop amindambetimtadi Som @8- of the primary

ami no- subst Itét.!rje{hefrgrofis%%gglo e ot tlhle SormulV1 to produce one of the enantiomers,

R? R’
XN XN
‘ lNH2 lNH2

= N A

N

\Y% VI
10 comprising:

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

15 reacted amide or carbamate in the second enantiomeric form; and

b) isolating the first enantiomer of the amino-substituted 5,6,7,8-
tetrahydroquinoline or 5,6,7,8-tetrahydroisoquinoline;

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

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, thiol, a
protected amino, acyl, carboxylate, carboxamide, sulfonamide, an aromatic group and

a heterocyclic group.
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15 wherein ring Ais a heteroaromatic 5- or 6-nenbered ring, P,LS,&
nitrogen atom sulfur atom or oxygen atom ring Bis a 5- or %bﬁﬁﬂﬁﬁéﬁwﬁ
cycl oal kyl or heterocycloal kyl; wherein NH2 is |ocated at a position on
ring B, and R2 is |ocated at any other hydrogen position on the fused
bicyclic ring; 20 wherein mis 0-4; R2 is selected fromthe group
consisting of halo, nitro, cyano, carboxylic acid, alkyl, alkenyl,
cycl oal kyl, hydrqgxyl, thiol, a protected am no, _acyl, carpboxy]|ate,

car boxam de, sul %naﬁw?‘iﬂ’@?ssg?i‘% ging agepgppionsg oha H@?@FW@PTS&LS‘?@“@@W and
-76- 10 Marpfd?RQR1i8ing BPforait IRShfisgaeh different and selected fromthe
group consi sting of hy%rogen, al kyl,” al Kenyl, cycl oal kyl, cycl oal kenyl
and a 5- or 6-nenbered aromatic ring; and at |east one of R4, R5, or R6 is
a 5- or 6-nenbered aromatic or ;heteroaromatic ring. 5 21. The process of
Claim 20 wherein the odp- s formed by oxidizing a corresponding
hydr oxyl group | ofated ¥h rifiy B of the fused bicyclic ring. 22. The
process of O ai m{20 &henei B -v‘ﬁngntionerically-pure primary amne chira
auxiliary is sel ected o t he group consisting of phenyl et hyl am ne,

napht hyl et hyl ami ne, Bhenyl propyl anmi ne, and met hoxyphenyl et hyl ami ne. 10 23.
The pragcess of Caim 22ywherein the enantionerically-pure prinmary amne
chiral auxiliary is (R)-(+)-phenylethylamne, (R -(+) 1-phenyl propyl an ne,
or (5)-(-)-1-(4-nethoxyphenyl)ethylam ne. 24. The process of C aim 20

wherein the imne s re by a [ on- hydri de reduci gent, an
al um num based hé&??r%léngt%{ggg Pll?%brasﬁgg? gé&g%?o\jml%ﬁ Hcaéé/dr?%’t %?géfgﬂbeaﬁgef(@st . 25.
The process bidyclit ahgbOedohisg Riwith dheenahti sradricalltpuiciindRy airind éiyed by

hydr ogenati on or acid-nedi ated cl eavage. 26. The process of C aim 20

wher ei n t he #%idiaey Bz pfthe forwla X a quinoline or an isoquinoline, N142 is
| ocated at the 8-position on.the quinoline and at the 5-position 20 on the

i soquinoline; mis O Biééiiﬁnd R2 is methyl. 27. The process of any of the

above cIains,Rgoqqﬁyggt1 ¥zing a conpound selected fromthe group
consi sting of:
R* NH,

X
to produce the corresponding enantiomerically-pure imine of the fused

10 bicyclic ring;

b) diastereoselectively reducing the imine to produce the corresponding
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;

15 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 NH, is located at a position on ring B; and R? is located at any other
hydrogen position on the fused bicyclic ring;

20 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
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N-(2-Methyl-5,6, 7, 8-tetrahydro-quinolin-4-yl)-acetamde, N 2

, 4S Tetrahydro -quinolin-7-yl)-acetanide, 25 10 march 2006
N-(5, 6,7, 8-tetrahydroquinolin-8-yl)-acetamde, (R S)-N(2-Mthyl-5, 6, 7,
8-tetrahydro-quinolin-8-yl)-acetam de, -77- a 10 March 2006

1, 2, 3, 4- Tetrahydr o- qui nol i ne- 8- carboxylic acid nethyl ester,

(R S)-N(2-Methyl -1, 2, 3,4-tetrahydro-qui nolin-8-yl)-acetamde, 3

8[\/'?2[] ?);Kyg’r Ogi“?’n ﬁ ; g%g?@@g gacﬂ%t?e%ﬁt%ﬁﬂ selggég %ror% tﬁg] gr%%p %orrlrs‘iasttlfll‘lélof& 6.7,

(R) - N- ( 2- Mettidtogen Galiéyl Salk&yl, APYIBRIRYE) U141k ryB-anli h-R 626 drfleered ti
(S)-8-Am no-@rgeg??}yl jf5, G,ﬂ%? -?,%t%’ahydroqui noline, (9 _%_apr\%mﬁéga 6,
7, 8-t et r ahy dingg aihd)lpaseone of R, R°, or R’ is a 5- or 6-membered aromatic or

(R -N-(5, 6, - rahydro-quinolin-5-yl)-acetamde, (S)-6-Amno- 5, 6, 7,
8 -tet rahydrﬁiggeé%f’?&r’%g‘i’é/gn%e, 10 -
(R -N-(5,6,7,8-tetrahydro-qui nolin-6-yl)-acetam de,

E F etS 2 éﬁ%ﬁ‘:ﬂ oin gbﬁh%éiﬁ‘;‘iﬁ&?h ﬁ&f&%@?@uw!?&%ﬂ tﬁg keto(g'%g p_ ig- orrnrlle%%_yde?diZihg%

8-t etrahydr @ois inelh o & : e 1
] pyri ndi % 7-yl aﬁ?ﬁe, glgﬂzogyv%??%ﬁgh%lﬂ?g?rng%ﬁ?@{i@%&&é&@n@
] pyrindin-7-yl)-acetanm de, (S)-6,7,

8. 8- Tet ranydr o- Staeek ol el Y Re haLM Bt Bk bif

8, 9- Tet rahydr o- 5H-cycl ohept a[ b] pyri di n-9-yl) -acet am de, S)-5, 6y 7,8

- t et r ahydr oguiin®stdral ausgligy assetested Rym Kby Soap FomBisting of phopgletglimiaral i n- 5-yl )

acetam de, 2 =3, 4-.di hydrg- 2H-pyr ano 2-b ridip-4-ylamne, (R-N(3

i ydr o- SRS B RPN S ik fiien ey fiting ™ &

7-tetrahydrobenzofuran-7-ylamne, (R -N-(4,5,6,7-tetrahydrobenzofi

ran-7- acetam de, or . : . . .

(i R 1) Byl e by e Presers gt Glois 22 yhesin oG mHONS e PTes ne. - 78-
amine chiral auxiliary is (R)-(+)-phenylethylamine, (R)-(+) 1-phenylpropylamine, or

(S)-(-)-1-(4-methoxyphenyl)ethylamine.

24. The process of Claim 20 wherein the imine is reduced by a boron-based
hydride reducing agent, an aluminum-based hydride agent, or hydrogen with a metal

15 catalyst.

25 The process of Claim 20 wherein the chiral auxiliary R* is removed by

hydrogenation or acid-mediated cleavage.

26. The process of Claim 20 wherein the fused bicyclic ring is a quinoline or
an isoquinoline, NH; is located at the 8-position on the quinoline and at the 5-position

20 on the isoquinoline; m is 0 or 1; and R* is methyl.

27.  The process of any of the above claims, for synthesizing a compound
selected from the group consisting of:
N-(2-Methyl-5,6,7,8-tetrahydro-quinolin-4-yl)-acetamide,
N-(1,2,3,4-Tetrahydro-quinolin-7-yl)-acetamnide,
25 N-(5,6,7,8-tetrahydroquinolin-8-yl)-acetamide,
(R,5)-N-(2-Methyl-5,6,7,8-tetrahydro-quinolin-8-yl)-acetamide,

-77- o
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15

20

10 March 2006

1,2,3,4-Tetrahydro-quinoline-8-carboxylic acid methyl ester,
(R,S)-N-(2-Methyl-1,2,3 4-tetrahydro-quinolin-8-yl)-acetamide,
3-Methoxy-3,6,7,8-tetrahydro-quinoline,
(R.S)-8-Amino-2-methyl-5,6,7,8-tetrahydroquinoline,
(R)-N-(2-Methyl-5,6,7,8-tetrahydro-quinolin-8-yl)-acetamide,
(5)-8-Amino-2-methyl-5,6,7,8-tetrahydroquinoline,
(5)-5-Amino-5,6,7,8-tetrahydroquinoline,
(R)-N-(5,6,7,8-tetrahydro-quinolin-5-yl)-acetamide,
(5)-6-Amino-5,6,7,8-tetrahydroquinoline,
(R)-N-(5,6,7,8-tetrahydro-quinolin-6-yl)-acetamide,
(R,S)-5-Amino-5,6,7,8-tetrahydroisoquinoline,
(:5)-5-Amino-35,6,7,8-tetrahydroisoquinoline,
(R)—N-(5,6,7,8-tetrahydro-isoquinoﬁn-S—yl)-acetamide,
(5)-6,7-Dihydro-5H-[1 pyrindin-7-ylamine,
(8)-N-(6,7-Dihydro-5H-[1]pyrindin-7-yl)-acetamide,
(5)-6,7,8,9-Tetrahydro-5H-cyclohepta[ b]pyridin-9-ylamine,
(R)-N-(6,7,8,9-Tetrahydro-5H-cyclohepta| b]pyridin-9-yl)-acetamide,
(8)-5,6,7,8-tetrahydroquinoxalin-5-ylamine,
(R)-N-(5,6,7,8-tetrahydroquinoxalin-5-yl)acetamide,
(S)-3,4-dihydro-2H-pyrano[3,2-b]pyridin-4-ylamine,
(R)-N-(3,4-dihydro-2H-pyrano[3,2-b]pyridin-4-yl)acetamide,
(5)-4,5,6,7-tetrahydrobenzofuran-7-ylamine,
(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.




