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[ 0001] This application nakes reference to and clains the benefit of
priority wo2aiope2psi onal application for the "Design, Sgmseesionodssi gn,
Synthesis and Optical Resolution of New Bifunctional Ligand:

|, r-Di nmet hyl -octahydro-8,8' -Biquinolinei7,7'- diol" filed on May 15, 2009
wth the United States Patent and Trademark O fice, and there duly assigned
serial nunber 61/178, 79CTAHY DROtBAQUENOEENE COMBQENILN filed on May 15,
2009 is incorporated herein by reference for all purposes, including an
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not contained herein and referred to in Rule 20.5(a) of the PCT, pursuant
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invention relates to an octahydro biquinoline conpound. Provided is also a
met hod of pexwéomat iapglicdtion ofirathed FRetignyuSyhésire Restgpo Nyathesiso amh Opticeher s.
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FIELD OF THE INVENTION

[0002] The present invention relates to an octahydro biquinoline compound.
Provided is also a method of separating the octahydro biquinoline compound into

15 enantiomers.

BACKGROUND OF THE INVENTION

[0003] Development of new effective chiral auxiliaries, catalysts and ligands

continues to be an important endeavour in the field of organic chemistry because novel

20 classes of chiral auxiliaries, catalysts and ligands not only offer additional synthetic
opportunities but also provide new insights into fundamental chemical processes and

new applications. Enantiomerically pure 1,1'-binaphthyl-2,2'-diol (BINOL) has been
extensively utilized as a chiral auxiliary and ligand for both stoichiometric and catalytic
asymmetric synthesis due to its axial dissymmetry and molecular flexibility. Of all the

25 widely employed chiral ligands, the axially chiral 1,1"-binaphthyl-2,2'-diol (BINOL) has
emerged as one of the most powerful ligands in asymmetric catalysis. The biaryl motif

of this compound is considered to be a privileged structure in asymmetric catalysis.

[0004] Furthermore, BINOL-based synthons have become attractive molecular
modules for applications in many fields such as chiral supramolecular recognition,
30 crystal engineering and electronic materials. In this context a modification of the

BINOL backbone would be highly valuable.
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15 SUMMARY OF THE INVENTION

[0007] In a first aspect the invention provides an octahydro biquinoline compound

of the general formula (V):

N OR?

R1\ 3
N OR®

In this formula R! may be H, a protective group or an aliphatic group that has a main
20 chain of a length of 1 to about 10 carbon atoms. The main chain of such an aliphatic
group includes 0 - 6 heteroatoms (ie. atoms that differ from carbon). A respective
heteroatom may be N, O, S, Se or Si. R? and R3 in Formula (V) may independent from
one another be H. R2 and R3 may independent from one another also bean aliphatic, an
alicyclic, an aromatic, an arylaliphatic, and an arylalicyclic group with a main chain of a
25 length of 1 to about 30 carbon atoms. The main chain of such an aliphatic, alicyclic,

aromatic, arylaliphatic or arylalicyclic group may include O to about 6 heteroatoms (i.e.



one another be H R2 and R3 may i ndependent from one another al so bean
aliphatic, an alicyclic, an aromatic, an arylaliphatic, and an
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bi qui nol y| compound of general formula (V) ) ) ) i
from one another an aliphatic, an alicyclic, an aromatic, an arylaliphatic or an arylali-

cyclic group with a main chain of a length of 1 to about 30 carbon atoms. The main
chain of such an aliphatic, alicyclic, aromatic, arylaliphatic or aryl alicyclic group may

include 0 to about 6 heteroatoms. A respective heteroatom may be N, O, S, Se and Si.

20 [0008] In a second aspect the inventions provides a method of forming an octahydro
biquinoline compound according to the first aspect. The method includes providing a

biquinolyl compound of general formula (VI)

1
5 _AN
R N OR?
RA N OR?%*
99

In this formula R4 and RS are independent from one another H, an aliphatic, an alicyclic,
an aromatic, an arylaliphatic or an arylalicyclic group. The main chain of such an
25 aliphatic, alicyclic, aromatic, arylaliphatic or arylalicyclic group may have a main chain

of 1 to about 30 carbon atoms. Further, the main chain of such an aliphatic, alicyclic,



In this formula R4 and R5 are independent fromone another H, an aliphatic,
an alicyclic, an aromatic, an arylaliphatic or an arylalicyclic group. The
mai n chaiwoabigsedroan al i phatic, alicyclic, aromatic, argirsiGzplanissor
arylalicyclic group may have a main chain of 1 to about 30 carbon atons.
Further, the main chain of such an aliphatic, alicyclic,aromatic,
arylallphatlc or arylalicyclic group may include O to about 6 heteroatons
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presence suthansliphath, alicydial y@'frnatiI,hﬁithﬂmhat1c or arylalicyclic group includes 1 to
about 30, such as 1 to about 20 carbon atoms. In some embodiments one of R2! and R22
defines an aliphatic, aromatic or arylaliphatic bridge that is linked to the respective other
20 moiety of R2! and R22. Accordingly, R2 and R3 may in some embodiments define one
common cyclic structure. The method further includes exposing the biquinolyl compound
of general formula (VI) to hydrogenation in the presence of a suitable catalyst. Thereby

the method includes allowing the formation of an octahydro biquinoline compound of

general formula (XV)
RSN OR?!
4__N OR?
R H

25 XV).

[0009] In a third aspect the invention provides a method of separating a mixture of
enantiomers of the octahydro biquinoline compound according to the first aspect into

individual enantiomers of general formula (Va) and general formula (Vb)



t he met hod includes allow ng the formati on of an octahydro bi qui noline
compound of general fornula (XV) [0009] In a third aspect the invention
provi des worzetdncen2ef separating a m xture of enanti oner Cofsczbuw/voeBahydr o
bi qui nol i ne conpound according to the first aspect into individual
enantiomers of general formula (Va) andsgeneral formula (Vb)RL to R5 in
formulas (Va) and (Vb) are as defined above. The nethod incl udes providing
a mxture of enantiomers of the octahydro bi quipoling conpound of fornula

(V) (supra). Therfre e t her i ncl udes congAdct W M xt ure of
enantionmers of dio bi qui nol i ne conpound, of general formula
(va) and gerﬁ with an eR§ 2Rt hyl _chl or of or mat e.
Ther eby t he ng the f \ er eomeri c
nononent hyl onat e of For rrul a (M11) Fur t he {net hod i ncl udes
separating thngl ast er eq vgf|a) and (\.R,L afourth aspect
the inventi oMNe N AR5T an octpl Q s npound
according t th ‘ in asyrmetn c F . BRI EF DESCRI PTI ON OF
THE DRAW NGS [ 0Of ention will be belter Rde 00 ith reference
to the detail ed tesef i Peifn wWi¥@)consi dered i ™NeBnj Rt i on h the

non-limting exanples and t he acconpanyi ng draw ngs. [0012] Figure | A shows
a schene on the general synthesis strategy to a compound of the invention.
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formation of a diastereomeric monomenthyl carbonate of Formula (VIII)

OR3
O (VIII).

Further, the method includes separating the diastereomers (VIila) and (VIIIb)

o)
R1/ O /Q R R1/ N O’U\O
)
R =N R4R >N OR?
(VIIa) O (VIIIb)

[0010] In a fourth aspect the invention provides the use of an octahydro biquinoline

compound according to the first aspect in asymmetric synthesis.



to the invention, wherein | can be taken to define an aza anal ogue of BI NCL
if R4 is H [0016] Figure 3 illustrates the failure of oxidative coupling.

[ 0017] FiworelomB2atepi cts the synthesis of the bifuncti omralr/schimaboiss gand
1,1 - dinmethyl-octahydro-8,8 -biquinoline-7,7 -diol (7). [0018] Figure 4B
depicts the synthesis of chiral ionic Ig§gand 70. [0019] Figure 5A depicts
the X-ray crystal structure of conpound 7. [0020] Figure 5B depicts the

X-ray crystal struct urBRIEF DESCRIRTION QIOUVHE DRAJVMINGS depicts the
resol ution of the obtained chiral |igands and their configuration

determ nat i 22] Fi.gure. depicts the synthesis of trifiate .17 from
|, 1" -dimet hﬁh-léiﬁgﬁy V%‘lt%g‘, §"ﬂz ﬁqugtﬁ%l Frgfters?oq%/vsa of© frﬁl?e fﬂeﬁif’r‘{le??lﬂjfle may
provi de ajeSérgition@hePicBhside@éd i RoMMALIRS kithothe dioRl1RsPIE "kahipli@nshd?the [ 0023]
Figure 7B depicts the crystal structure of trifiate 17. [0024] Figure 8
depi ct s taseompanyang duawdigst he bi functional catal yst 10. [0025] Figure 9
depicts the X-ray crystal structure of the bifunctional catalyst 10. [0026]
Fi gube 10 d&}12] FigepieNpRshomys asrdiems OxnEe gajerasprtheds sifategnisou ARMENUNEQ027]
Figure 11 @in%%ﬁio%g NVMR (A) and 13C NMR (B) spectra of conpound 6.[0028]
Fi gure 12 eprcrs NMR (A) and 13CNWR (B) spectra of conpound 7. [0029]

Fi 13 depi&t s 3 . 8a. 40030
Foure 14 obi3] Bighen il B0e of S Wiohilon® B gl AT BUBAR, o D 100)
1H NMR ( AJINOI adBBieNbRe¢BhdBpees eralofuecompound 10. DETAI LED DESCRI PTI ON OF

THE | NVENTI ON [ 0032] The present invention provides an octahydro
bi qui nol i ne[dAbFimuoreolCt Himsganerthht toemuf R*(¥)d R’natehiteritaiymidrge RbLnay be

mai 0chaesgindter efgeds B 1 OB GlitiaShe Bdont e SreoBall BetBed Hoour
depicted in the center of the Fig. 1 is racemizing rapidly. Only if sterically large

moieties R* and R are used, can racemisation be avoided.

[0015] Figure 2 depicts schematically the design of a bifunctional ligand according
to the invention, wherein I can be taken to define an aza analogue of BINOL if R* is H.

15 [0016] Figure 3 illustrates the failure of oxidative coupling.
[0017] Figure 4A depicts the synthesis of the bifunctional chiral ligand 1,1'-
dimethyl-octahydro-8,8'-biquinoline-7,7'-diol (7).
[0018] Figure 4B depicts the synthesis of chiral ionic ligand 70.
[0019] Figure 5A depicts the X-ray crystal structure of compound 7.
20 [0020] Figure 5B depicts the X-ray crystal structure of compound 8a.

[0021] Figure 6 depicts the resolution of the obtained chiral ligands and their

configuration determination.

[0022] Figure 7A depicts the synthesis of triflate 17 from 1,1'-dimethyl-octahydro-
8,8-biquinoline-7,7-diol (7). The triflate may provide a starting point for the synthesis
25 of diphosphine ligand 27.

[0023] Figure 7B depicts the crystal structure of triflate 17.

[0024] Figure 8 depicts the formation of the bifunctional catalyst 10.

[0025] Figure 9 depicts the X-ray crystal structure of the bifunctional catalyst 10.

[0026] Figure 10 depicts "H NMR (A) and BCNMR (B) spectra of compound 5.
30 [0027] Figure 11 depicts 'H NMR (A) and >C NMR (B) spectra of compound 6.



10 carbon atons, about 2 to about 10 carbon atons, 1 to about 8 carbon
atons or about 2 to about 8 carbon atons, such as 1, 2, 3, 4, 5 6, 7, 8, 9
or 10 carwornoswisams I n addition, the aliphatic group infofi/SB2010/0n0188
particular a main chain of the aliphatic group in/of Rl may include O to
about 6, such as 0 to about 4 or O to about 3, e.qg. 3, 4, 5or 6
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2,2,2trichloroethyl car bamat e, 2-trinet hyI silyl et hyl carbanmate, benzyl

car bamat e, pmet hoxy car banat e,

2- phenyl et hyl car ba;rbg?ggl%@ Bgllg?elﬁ?ﬁo} ghrdﬁgr ono E)l[qgkwi\lcar bamat e,

1, 1-di net hyl - 2-trichloro ethyl carbamate, 9-f|uor enyI met hyl car bamat e,
9- (2- sul f o) fW é%%%eﬁ MVERiom pravides 2nstaddros bigymespe retmgtnd: af Bt e,
benz[/]in M carbamate, 2-(2'-ryridyl)ethyl carbanate,

2-[(2-nit pﬁe ﬂga? io]-I- phenyl et hyl carbamate, cinnanyl carbanate,
hexadi enyl oxy carbamate, propa | ox ar bamat e, but - 2-ynyl bi soxycar bamat e,
8- qui nolyl carbamate, N hydrg i Py | carbamat e,

4- et hyl sul fi nyl benzyl carba | uor obenzyl carbamate, carbamate,
an al kyl dithi o car bamat eR"p= BA Jdenzyl carbanate,

2-methyl thi o ethyl carbanat R et hyl carbamate, 2-(4-
nitrophenylsulfonyl)ethoxy C

Rej)amate 2- Dansyl et hyl
arbamate [2-(],3-dithipf ate, 2-(4-nitrophenyl) ethyl
car banat e, mnitrophenyl car mtroben(z] carbamate. [0034] R2
and R3 are in sone enbodi nen{s dif fromeach other. In sone

enbodi ments R2 and R3 are ide ¢ formula (V) R2 and/or R3 are in

sone
10 In this formula R! may be hydrogen or a protective group. R! may also be an aliphatic

group that has a main chain of a length of 1 to about 12 carbon atoms, such as 1 to about
10 carbon atoms, about 2 to about 10 carbon atoms, 1 to about 8 carbon atoms or about
2 to about 8 carbon atoms, suchas 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 carbon atoms. In addition,
the aliphatic group in/of R!, in particular a main chain of the aliphatic group in/of R1
15 may include O to about 6, such as 0 to about 4 or 0 to about 3, e.g.,1,2, 3,4, 50r 6
heteroatoms. Respective heteroatoms may for instance be N, O, S, Se or Si. As a few
examples, R! may be methyl, ethyl, n-propyl, isopropyl, allyl, n-butyl, sec-butyl, isobutyl,
tert-butyl, 2-butenyl, 3-butenyl, n-pentyl, isopentyl, neopentyl, 3-methyl-butyl, 2-
‘ pentenyl, 3-pentenyl, 3-methyl-2-butenyl or tert-pentyl.

20 [0033] A further example of a respective protective group is a carbamate. Examples
of a carbamate include, but are not limited to, methyl carbamate, ethyl carbamate, t-
butyl carbamate, allyl carbamate, isopropyl allyl carbamate, 2-chloroethyl carbamate,
2,2,2-trichloroethyl carbamate, 2-trimethylsilylethyl carbamate, benzyl carbamate, p-
methoxybenzyl carbamate, 3,5-di-t-butylbenzyl carbamate, 2-phenylethyl carbamate,

25 1,1-dimethyl-2,2-dibromoethyl carbamate, 1,1-dimethyl-2,2,2-trichloroethyl carbamate,
9-fluorenylmethyl carbamate, 9-(2-sulfo)fluorenylmethyl carbamate, 2-chloro-3-in-

denylmethyl carbamate, benz[f]inden-3-ylmethyl carbamate, 2-(2’-pyridyl)ethyl carba-



enbodi nents a proton, i.e. hydrogen. In some enbodi nent R2 and R3 are
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about 1 to about 15 carbon atoms, about 2 to about 15 carbon atoms, about 1 to about 10

carbon atoms, about 2 to about 10 carbon atoms or about 1 to about 10 carbon atoms,
suchas1,2,3,4,5,6,7,8,9,10,11,12, 13, 14, 15, 16, 17, 18, 19 or 20 carbon atoms.

20 [0035] A respective aliphatic, alicyclic, aromatic, arylaliphatic, and arylalicyclic
group may include 0 to about 6, such as 0 to about 4, including 1, 2, 3, 4, 5or 6
heteroatoms. In some embodiments the main chain of the aliphatic, alicyclic, aromatic,
arylaliphatic, and an arylalicyclic group includes O to about 6, eg. 1, 2, 3, 4, 501r 6
heteroatoms. Such a heteroatom may be selected from N, O, S, Se and Si. In some

25 embodiments one or both of R2 and R3 are a protective group. Examples of a suitable
protective group include, but are not limited to, an ether, a silyl ether, an ester, a
carbonate, an aryl carbamate, a phosphinate and a sulfonate. Illustrative examples of a
suitable ether are a methyl-, a t-butyl-, an isopropyl-, a methoxymethyl-, a benzyl-, a
2,4-dimethylbenzyl-, a 4-methoxybenzyl-, an o-nitrobenzyl-, a p-nitrobenzyl-, a 2,6-

30 dichlorobenzyl-, a 3,4-dichlorobenzyl-, a 4-(dimethylamino)carbonylbenzyl-, a methyl-
sulfinylbenzyl-, a benzyloxymethyl-, a methoxyethoxymethyl-, a (2-trimethylsilyl)-
ethoxymethyl-, a methylthiomethyl-, a phenylthiomethyl-, an azidomethyl-, a cyano-
methyl-, a 2,2-dichloro-1,1-difluoroethyl-, a 2-chloroethyl-, a 2-bromoethyl-, a t-butyl-
diphenylsilylethyl-, a tetrahydropyranyl-, a 1-ethoxyethyl-, a phenacyl-, a 4-bromo-



4-pyridyl ether. Illustrative exanples of a suitable silyl ether are a
trimethylsilyl-, a tbutyldinmethylsilyl-, a t-butyldiphenylsilyl- and a
triisopropgl2gioagko2et her. 11l ustrative exanpl es of a sui rabisSe2ewtoerisare a
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exanpl es of a suitable carbonate are a nethyl, a t-butyl-, a vinyl-, a
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branched thyul rcmdbanmmydmgbﬁ:afkﬁ unsaturated aliphatic group contains one or more double
and/or triple bonds (alkenyl or alkinyl moieties). The branches of the hydrocarbon chain
may include linear chains as well as non-aromatic cyclic elements. The hydrocarbon
chain, which may, unless otherwise stated, be of any length, and contain any number of
20 branches. Typically, the hydrocarbon (main) chain includes 1 to 5, to 10, to 15 or to 20
carbon atoms. Examples of alkenyl radicals are straight-chain or branched hydrocarbon
radicals which contain one or more double bonds. Alkenyl radicals generally contain
about two to about twenty carbon atoms and one or more, for instance two, double
bonds, such as about two to about ten carbon atoms, and one double bond. Alkynyl
25 radicals normally contain about two to about twenty carbon atoms and one or more, for
example two, triple bonds, preferably such as two to ten carbon atoms, and one triple
bond. Examples of alkynyl radicals are straight-chain or branched hydrocarbon radicals
which contain one or more triple bonds. Examples of alkyl groups are methyl, ethyl,
propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, the n isomers of these radicals,
30 isopropyl, isobutyl, isopentyl, sec-butyl, tert-butyl, neopentyl, 3,3 dimethylbutyl. Both
the main chain as well as the branches may furthermore contain heteroatoms as for

instance N, O, S, Se or Si or carbon atoms may be replaced by these heteroatoms.

[0037] The term "alicyclic” may also be referred to as “cycloaliphatic” and means,

unless stated otherwise, a non-aromatic cyclic moiety (e.g. hydrocarbon moiety), which



whi ch contain one or nore triple bonds. Exanples of al kyl groups are
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[0038] The term "aromatic" means, unless otherwise stated, an at least essentially

planar cyclic hydrocarbon moiety of conjugated double bonds, which may be a single
ring or include multiple condensed (fused) or covalently linked rings, for example, 2, 3
or 4 fused rings. The term aromatic also includes alkylaryl. Typically, the hydrocarbon
20 (main) chain includes 5, 6, 7 or 8 main chain atoms in one cycle. Examples of such
moieties include, but are not limited to, cyclopentadienyl, phenyl, napthalenyl-,
[10]annulenyl-(1,3,5,7,9-cyclodecapentaenyl-), [12]annulenyl-, [8]annulenyl-, phenale-
ne (perinaphthene), 1,9-dihydropyrene, chrysene (1,2-benzophenanthrene). An example
of an alkylaryl moiety is benzyl. The main chain of the cyclic hydrocarbon moiety may,
25 unless otherwise stated, be of any length and contain any number of heteroatoms, as for
instance N, O and S. Such a heteroaromatic moietie may for example be a 5- to 7-
membered unsaturated heterocycle which has one or more heteroatoms from the series
O, N, S. Examples of such heteroaromatic moieties (which are known to the persén
skilled in the art) include, but are not limited to, furanyl-, thiophenyl-, naphtyl-, naphtho-
30 furanyl-, anthrathiophenyl-, pyridinyl-, pyrrolyl-, quinolinyl, naphthoquinolinyl-, quin-
oxalinyl-, indolyl-, benzindolyl-, imidazolyl-, oxazolyl-, oxoninyl-, oxepinyl-, benzoxe-
pinyl-, azepinyl-, thiepinyl-, selenepinyl-, thioninyl-, azecinyl-, (azacyclodecapentaenyl-),
diazecinyl-, azacyclododeca-1,3,5,7, 9,11-hexaene-5,9-diyl-, azozinyl-, diazocinyl-,
benzazocinyl-, azecinyl-, azaundecinyl-, thia[lllannulenyl-, oxacyclotrideca-2,4,6,8,

35 10,12-hexaenyl- or triazaanthracenyl-moieties.



(rmain) chain includes 5, 6, 7 or 8 main chain atons in one cycle. Exanples

of such noieties include, but are not limted to, cyclopentadienyl, phenyl,
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groups. Thethylehebid-BéiPene, 9-isopropylanthracene, 1,2,3-trimethyl-benzene, 4-phenyl-2-
buten-1-0l, 7-chloro-3-(1-methylethyl)-quinoline, 3-heptyl-furan, 6-[2-(2,5-diethyl-
phenyl)ethyl]-4-ethyl-quinazoline or, 7,8-dibutyl-5,6-diethyl-isoquinoline.

[0041] Each of the terms "aliphatic", "alicyclic”, "aromatic” and "arylaliphatic" as

20 used herein is meant to include both substituted and unsubstituted forms of the
respective moiety. Substituents my be any functional group, as for example, but not
limited to, amino, amido, azido, carbonyl, carboxyl, cyano, isocyano, dithiane, halogen,
hydroxyl, nitro, organometal, organoboron, seleno, silyl, silano, sulfonyl, thio, thio-

cyano, trifluoromethyl sulfonyl, p-toluenesulfonyl, bromobenzenesulfonyl, nitroben-

25 zenesulfonyl, and methanesulfonyl.

[0042] A heteroatom is any atom that differs from carbon. Examples include, but
are not limited to N, O, P, S, and Se. Were several heteroatoms are present within the

one or more rings of the aromatic moiety, they are independently selected.

[0043] In some embodiment R2 and R3 are one of an ester group [-O]-C(0)-R11, a

30 carbonate group [-O]-C(0)-O-R!ll, a carbamoyl group [-O]-C(O)-N(R!1)-R12 and a
phosphate ester [-O]-P(O)(OR!)-OR'2 In these groups R!! and R!2 are independent

from one another H or one of an aliphatic, an alicyclic, an aromatic, an arylaliphatic,

and an arylalicyclic group. The aliphatic, alicyclic, aromatic, arylaliphatic, and arylali-

cyclic groups of Rl and R12 may have a main chain of about 1 to about 30 carbon
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[0045] R? and RS may be H. R4 and RS may also be independent from one another
an aliphatic, an alicyclic, an aromatic, an arylaliphatic or an arylalicyclic group. The
main chain of such an aliphatic, alicyclic, aromatic, arylaliphatic or arylalicyclic group
may have a main chain of about 1 to about 30 carbon atoms, such as 2 to about 30

20 carbon atoms or 2 to about 25 carbon atoms, including about 1 to about 20 carbon
atoms, about 2 to about 20 carbon atoms, about 3 to about 20 carbon atoms, about 1 to
about 15 carbon atoms, about 2 to about 15 carbon atoms, about 1 to about 10 carbon
atoms, about 2 to about 10 carbon atoms or about 1 to about 10 carbon atoms, such as 1,
2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20 carbon atoms. The main

25 chains of a respective aliphatic, alicyclic, aromatic, arylaliphatic or arylalicyclic moiety
of R!, R? or R® may may include O to about 6 heteroatoms. A respective heteroatom may
beN, O, S, Se and Si. R* and RS are in some embodiments different from each other. In
some embodiments R* and RS are identical. In some embodiments R4 and RS are
coupled to each other, thereby defining a common cyclic structure bridging the two

30 tetrahydroquinolin moieties. In such embodiments one of R4 and R5 may be taken to
define an aliphatic, aromatic or arylaliphatic bridge that is linked to the respective other
moiety of RS and R4.

[0046] For the compound BINOL, the positions 8 and 8’ are thought to be important

in terms of configurational stability. Direct modification of this special moiety would



carbon atons, about 1 to about 15 carbon atons, about 2 to about 15 carbon
atons, about 1 to about 10 carbon atons, about 2 to about 10 carbon atons
or about wote1cziseezy 10 carbon atons, such as 1, 2, 3, 4pPC%/SG8)100p0188 9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19 or 20 carbon atons. The main chains of a
respective aliphatic, alicyclic, aromatii, arylaliphatic or arylalicyclic
noi ety of RL, R2 or R3 may have 0 to about 5 heteroatons, such as 0 to
about 4 othg providbeatimportantcstraegytp ¢hang: itsl scaffold. Hataﬁddia’aﬁpm]me cliral eppect i ve

het er oat o e t . elected o d S 0044
Br acket s F%H@%i&ﬁﬂmggggéﬂﬁggﬁﬁﬁggﬂPﬁ a%?% e%HﬁPﬂrﬁ% @ﬁiﬁﬁgﬁpﬁés read£
i ndi cat edof Sl:efd)mfbnin&tl()h/) TheThehfstitel difadh Ginconalizaionsr tha3 Wo@ﬂtﬁﬁnsbfé%o

i ndi cat ed, f.or gof clarity. Accordjngly, the ester %{ in the
cont ext oPeléeVQ 9 BRveuntaresine mRliGRHeRs HSEnetricndRetios. lthOW ng Wlfaind XVI)

al so e r CRSHUR t he
car banoyl gg?%ﬁg’ngf@m cbﬁ(d@ﬁn@i B tltéé.'gﬁdﬁ(%’ he ptﬁgggﬁgggcag?teelgﬁs%fq F%O) ( CR
)-OR12 . [0045] R4 and R5 nay be H R4 and R5 nay al so be i ndependent from
one another an aliphatic, an alicyclic, an arops , an arylaliphatic or an
arylalicyclic grou mai fHchain of such a yhatic, alicyclic,
aromatic, arylali p%a@ka—lfm@talc gr oug

have a nmai n chai n of
about 1 to about 30 c S suph as 2

R3omstabon at ons or 2

to about 25 carbon at ogse¢fiel-utig about 1 : arbon atons, about
2 to about 20 carbonga .3 o abou about 1 to
about 15 carbon g g bout 2 to a@Ht 15 ca out 1 to about
10 carbon at orng 2 to about 10 carbon atom; to about 10

carbon atons h as 1, 2, 3, 45, 6, 7, 8, 9,
17, 18, 19 ok~20 carbon atons. The main chains of ypeetf ve allphatlc

alicyclic, aromatic, arylaliphatic or arylalicyclicmiety of Rl, R2 or R3
may may include O to about 6 heteroatons. A respective heteroatom nmay be N,

O S, Se RhghdR? iRhe sttt oarthe rphSRPFRs&TRAGBtNERAL Sinetidia8 b af 1M fACh

other. In
the 8’ position of BINOL. In contrast thereto, biquinolyl compounds, carrying an N

, 14, 15, 16,

atom at the 8 and the 8’ position, have unfortunately been found to be generally
10 configurationally unstable (see Fig. 1B, Fig. 1C). The present inventors have surprisingly
found that an octahydro biquinoline compound of formula (V) is, however,
configurationally stable. Accordingly, the octahydro biquinoline compound of formula

(V) ofthe invention can be provided in different configurations.

[0047] In some embodiments the octahydro biquinoline compound of the general

15 formula (V) is provided in a configuration, which can be represented by formula (Va):
5
R 2
ri—N OR
1
R— 3
R4 N OR

In this formula R, R2, R3, R4, and RS are as defined above. In embodiments where both
R* and R5 are hydrogen, this configuration of the octahydro biquinoline compound of

the general formula (V) can be represented as



sonme enbodi nents R4 and RS are identical. In sonme enbodi nents R4 and R5 are
coupled to each other, thereby defining a common cyclic structure bridging
t he two twoOratwyideagui nolin noieties. In such enbodi ment cose2ai/obisand R5
may be taken to define an aliphatic, aromatic or arylaliphatic bridge that
is linked to the respective other noietly of RS and R4 . [0046] For the
conmpound BINOL, the positions 8 and 8 are thought to be inportant in terns
of configurational stability. i fication of this special noiety

0 change its scaffold. In
addition, the chiral core defijned b wo napht hyl rings provides an

i deal chiral environnment for eni-r an S ereoi nformati on. The

excl usi ve direct functionalﬂiaf' n of he 8,8 -positions is also believed

i i i nnetr|c3|nduct|on W t hout bei ng
bound by theory the chiral y OR’8, 8" -positions of BINOL can
be illustrated as R and R' i re on the right represent a
potential functional group at {the 8 e 8 position of BINOL. In
contrast thereto, biquinolyl ) S arrying an N atomat the 8 and the
8' position, have unfortunately been found to be general ly

configurati unstabl.e.(se I.B,, F The { inventors
have surpri E‘ﬂﬁéi #F%ﬂﬁ&n{bﬂgﬁnéﬁs g‘f %%Wflﬁo b?ﬁlﬁ}oﬁ Flcﬁglp8§1?‘f§8g% 8F"Fdr nul a
(V) is, howaviev) aabiiged itd @ndlnatishakhieh cACbOfBiasantyd by fanttd @hy)dr o
bqu|noI|ne conmpound of formula ( of the invention can be provided in

one enbodi nents the octahydro

bi qui nol i ne conpound of t He geng brnmula (V) is provided in a
configuration, which d by formula (Va): In this fornula
Rl, R2, R3, R4, and e Aed @ﬂQ@e. I n enbodi nents where both R4
and R5 are hydrogen, thi conflgur-tion of the octahydro bi quinoline
conmpound of the general t@mnula ( can be3represented as[ 0048] In sone
enbodi ments the octah Q N und of the general formula (V)
can be represented by fornula (Vb):

, and R5 are as defined above. In

Again, in this formula R1,Q R2,
enbodi nent s

5 Again, in this formula R1, R2, R3, R4, and RS are as defined above. In embodiments
where both R* and R5 are hydrogen, this configuration of the octahydro biquinoline

compound of the general formula (V) can be represented as

R1/N ORZ
4
R—N OR?

In some embodiments the octahydro biquinoline compound is a mixture of the two

10 enantiomers of Formulas (Va) and (Vb).

[0049] In the above structure representations a graphical indication is used to define
the stereochemical configuration of the bicyclic moieties. For compound (V) two
perpendicular planes can be drawn, neither of which can be bisected by a plane of
symmetry. Therefore, two enantiomers (Va) and (Vb) can be distinguished. The

15 indication of the stereochemical configuration used above is based on the wedge

representation, which defines one orientation of a substituent relative to another



where both R4 and R5 are hydrogen, this configuration of the octahydro

bi qui nol i ne conpound of the general formula (V) can be represented as In
sone enboapreS22be oct ahydro bi qui nol i ne conpound i s &CEiSGRem@®o@Bst he two
enantiomers of Formulas (Va) and (Vb). [0049] In the above structure
representations a graphical indicationiss used to define the stereochem cal
configuration of the bicyclic noieties. For conmpound (V) two perpendicul ar
pl anes casutsBtudntzamd, relabie toer ring stnivturs (seae. g @ite] Hendradtsdyy Caap) Hawmohd:

symmetry. Therefore,  t anti. s {Va Vb a j Sti.ngui_shed.
T nal cQreie bReisaye PRl i edita%%i@gﬂaéﬁgs% 9@52%9b &bl 14 ded on
the wedgedéfeineaeiupérimposabd intiftorl Bhdges shedilBoRd RErbedheistRf cad adtdiginktyuent
rel ative to_anothersubstituent and relative to a ring structure (see e.g.

Pi ne, Henb¥ feRednhecalwr Ingaldntysles spstgaiReS Otemat Romenciatya Gekfin pontresh
N tion . b SR, . o
(;1 Ir £ '05r3 ni n%igg%e% Eglgegj%rsog) iafel % %}Ipéé@%n a biral ta¥is g@édrgé(g?lﬁg B&f fIhaRab! ©

. . ut ocheni'stry can acc e derived. The
Cahn- | ngo(\d-s8nae] thig systemambaRd Snsthe tankjngf osobetiioems, e He®rN<Q or & Hx st

t her et eo, t Opt4 atel v be applie n neral .basis t unds of

gencr al STt SCrG) Cor e da Se5oBubnrr 8 el b Sk ERicher 2gOETRIS!

ﬁ/l u tést i "[VE ehxﬁa‘sc‘:]ial(@,s pdé‘é%%%%_ﬂs 9. Aﬁﬁno%o;m@%ﬂtw | the SIQIB geiphida$ erlikion ae a'?-OVSGSTSE;L
- rch, J., Sixt ition, 7, ey- Interscience, pages - :

A conmpoun®’vi Wﬁdg%éepgs%tﬁwgsﬁﬁ e 1%_%9%@.’[@&%@1&56\9@65 &R _énaéag%ﬁ'er

r eprggsent ghbQithehts (§)) aipénamgwmhémlmﬁe 215 @t BBt RHIAL Bn BkdifSle,

enbodi nents (S), depending on the nature of the rel evant "substituents(s).

As an exatfsPelingtocthe Giaherlageld-Reelam bystam g6 nadmpraitete & goynpanndfmajoinesosieat ure a

conmpound i ' S 4 h = i S i ments
the (R R Ttodfehl Rafli o, TR ol i Rpale Embotiitbius 08, (R AECEERAS
speci f i ¢ dapondingentthe Aeledtad sdatiiuentsarf 4 specfendmippdimento Anbydichtion ey tieem has

s Do ARS8 O SHB B DNEbEARRbIRL b PR R 0050
15 sake of clarity.

[0050] An established standard step in the synthesis of BINOL is an oxidative
coupling. This step has, however, by the present inventors been found unsuited for the
synthesis of an octahydro biquinoline compound of formula (V) (see the example of
Fig. 3). According to the present invention the octahydro biquinoline compound of the

20 general formula (V) can be formed in a process that uses a biquinolyl compound of

general formula (VI):

JC

5 _AN

RN OR?

RA N OR*
T

In this formula R* and RS are as defined above. R2! and R22 in formula (VI) are
selected independently from each other. In some embodiments R2! and/or R?2 are a
25  proton. In some embodiment R2! and R?2 are independent from one another one of an
aliphatic, alicyclic, aromatic, arylaliphatic, and an arylalicyclic group. The aliphatic,
alicyclic, aromatic, arylaliphatic, and arylalicyclic groups of R? and R3 may have a

main chain of about 1 to about 30 carbon atoms, such as 2 to about 30 carbon atoms or 2



coupling. This step has, however, by the present inventors been found
unsuited for the synthesis of an octahydro bi qui noline conpound of fornula
(V) (see wbeomxaapbe of Fig. 3). According to the presemrCTiSGeeniovasst he

oct ahydr o bi qui noli ne conpound of the general formula (V) can be fornmed in
a process that uses a biquinolyl conmpoumd of general formula (VI): In this
formula R4 and R5 are as defined above. R2 1 and R22 in fornula (VI) are
sel ect ed thelepéRdeabby atonmsninglidingoatioat 1 to abab A8 cerboudianenboR?2 th ahodl or R22

are a protgn. .l n ne i ment 1. and R22 are.i.nd nt. from one
anot her o%@ Cgpon o rﬁﬁogu? i(gg?rgif)}ltc FRTROT OB R0 ?la{? )?ggﬁl Grhon gﬁ’??& an
aryl al i cyebout 236 abgut 15kerbsh ey kboutdltb G¥Eti10.caffoRMBIths; ab&iity) Blab&Raty ¢, and
arylalicyclic groups of R2 and R3 nay have a main chain of about 1 to about

30 car bonc#boratomsibagt bta ghoah dQicadonaigmsisugh ans, ar3, 2 § bdW 9250,car bon
ato in j { beyt 0 420
car g?n at girfsuﬁz’g%bﬁ{gol ’tlé’ ggolﬁt ?gé)rtzzzgr onolﬁa %%ﬁ@%%??@éqt%%{)eﬁ&g? car bon
atoms, aband R? atohpdrogdn, bRutraiiiotonascun® ofaleaerh]l forind]aabAY tthak Gnpebdasedat ons,
about 2 to about 10 carbon atons or about 1 to about 10 carbon atons, such
as 1, 2, %%n%feB{eS%}te '$ 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20
carbon atons. |In enbodi re both R4 and R5 are hydrogen, biquinolyl
conpound of general forfh hat nmay be used can be represented as
[ 0051] A respective alifphati cyclic, aromatic, arylaliphatic, and
‘ é%m of about 1 to about 30 carbon

ns or 2 to about 25 carbon atons,
i ncl uding about 1 to abo 22ns, about 2 to about 20 carbon
atons, about 3 to about At , about 1 to about 15 carbon atons,
about 2 to about 15 canbon a about 1 to about 10 carbon atons, about 2
to about 10 carbon at ors 1 to about 10 carbon atons, such as 1, 2,
3, 4, 5 6, 7, 8 9, 10, 711, 12, 13, 14, 15, 16, 17, 18, 19 or 20 carbon
atons. The aliphatic, alicyclic, aromatic, arylaliphatic, and arylalicyclic

groups of R}&Dﬁ?% Bés%ec@v)é aliphatic, alicyclic, aromatic, arylaliphatic, and arylalicyclic

10 group may have a main chain of about 1 to about 30 carbon atoms, such as 2 to about 30

atons, such as 2 to about™30 c

carbon atoms or 2 to about 25 carbon atoms, including about 1 to about 20 carbon
atoms, about 2 to about 20 carbon atoms, about 3 to about 20 carbon atoms, about 1 to
about 15 carbon atoms, about 2 to about 15 carbon atoms, about 1 to about 10 carbon
atoms, about 2 to about 10 carbon atoms or about 1 to about 10 carbon atoms, such as 1,
15 2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20 carbon atoms. The
aliphatic, alicyclic, aromatic, arylaliphatic, and arylalicyclic groups of RI! and R12 may
may have have a main chain that includes 0 to about 6 heteroatoms, such as 0 to about 4
or 0 to about 3, e.g. 0, 1, 2, 3, 4, 5 or 6 heteroatoms. A respective heteroatom may be
independently selected one of N, O, S, Se and Si. In some embodiments one or both of
20 R21 and R22 are a protective group (supra). In some embodiments R2! and R22 are
identical to the moieties R? and R3 of formula (V) (cf. above). In such an embodiment

the biquinolyl compound can be represented by the formula

“1
5 NN
R N OR?
RAN OR®
¢



may have have a main chain that includes O to about 6 heteroatons, such as
O to about 4 or 0 to about 3, e.g. 0, 1, 2, 3, 4, 5 or 6 heteroatons. A
respect i weohetoero@bom nay be i ndependently sel ect ed onePafi/sE201@00888 Se and

Si. In sone enbodi nents one or both of R2 1 and R22 are a protective group
(supra). In sone enbodinents R2 1 and RZ2 are identical to the noieties R2
and R3 of formula (V) above I n. such an enbodi nent the bi quinolyl

conpound wmnt@mbpépmm@e\nh@dbbﬂlﬁ ad BT melhydregen hy Siefoohwient s where both R4
and R5 are hydrogen by the fornula [0052] A biquinolyl conpound of formula
(V) (supra), in mhlc,,f AR R22 are H can be fornmed as described by

Bl akenore et al. (J. © (2006) 71, 21, 8212- 8218). As disclosed in
t he sane publication, e\nan zation of a respective biquinolyl conpound
occurs, which render s aNy’ se-.'athnRBf configurations of such a conpound
neaningless. The present inventors haye identified an octaliydro

bi qui nol i ne conpound o s OROrnula (V) (supra) as a suitable
alternative. [0053] The noi $f R4 and R5 may be introduced as descri bed
by Bl akenore (2007, s of ganol i thium reagent Li-R4 and/or Li-R5
is/are reacted with a gt a bi qui nol yl -di oxy conpound or a
correspondi ng carbamate thereof The respective synthesis is particularly

useful in e re R4 r nt i i C se |y one
organol it hi Eﬁ%&i}g‘é m"@ia%ml’% dﬁf‘?’é‘ﬂ‘%ﬁﬁg&)n ua é’?g’thilw “E\]%? ﬁ?
prodgct ngadse foemaeagaésrcméd% tBlakerh@SREGILI eoegt@ﬁenﬂeﬁzotﬁs)rﬂemmbezbe of
the formula In this formula 5 may be an hatic icyclic, aromati c,
aryl al i ph&a?tl &, Adndiselpgadalin ctie| sangy rm@bcatwnr ef‘é’é{l‘il‘liﬁer\maflﬁn a‘hf r GEREFEYeN| um
reagent LBl I}Sﬂ 8b:50 Rl o RAR TR N BRAdO b §9\é\é tfoﬁ%*doﬁﬁgﬁaﬁ&ﬁ%f slieB a

hydr oxyl g oups may then be further convert to any d red derivative
such as asomgonad meanigglesy. Thsipmepest nmeriots hage trdﬂnQﬁe@ amveliahydsb diquinaline art .
[D00a] p GEREAL LY BeSA AR (8 S I TR FalieuRhnde Tor M @ AS def i ned

above, e an aronat aryl ali phatic, and
aryhgl i CyC| 1[6059] ye- m&eﬁé’saﬁu'é?ﬂ Rﬁtrﬂaya@e%ﬂé&ibeh'éshﬂéée?lﬁ&iagﬁr!ﬁlakém&ey ields

for exanpl e
(2007, supra). An organolithium reagent Li-R# and/or Li-R5 is/are reacted with a diester

of a biquinolyl-dioxy compound or a corresponding carbamate thereof. The respective
synthesis is particularly useful in embodiments where R* and R? are identical, in which
case only one organolithium reagent needs to be used and no separation of different

15 product needs to be carried out. A respective ester may for example be of the formula

= O R25

\N 0)\0
N 0. 0

e

X ‘ \Rr%

In this formula R25 may be an aliphatic, alicyclic, aromatic, arylaliphatic, and

arylalicyclic group. A reaction with an organolithium reagent Li-R* yields for example

20 the following reaction product.

=
NS
N
R4N
™

W
O~



the follow ng reaction product. in which the hydroxyl groups of the

obt ai ned the bi qui nolyl conpound are already protected, which may be useful
i f protecwoanios2atesi red. [0055] According to the preserCTiSGeend@ss a

bi qui nol yl compound of formula (VI) can be converted to a corresponding
oct ahydr o biquinoline conpound by neans1®f hydrogenation using one of

hydr azi ne, }ydronapht hal ene, ydr oant hr acene, isopropanol, formc acid
or a salt Flfh‘?é’r derxy! groups P@é’tﬂﬂe&tbe\/@ﬂﬁﬁ qongerteqd o Any dlesizedsierivaiife fughms enaci d

LS 2ot Wi O Bk a0V ROBRAILONABIEATEL . Ut 11 Lhe presence of 2

sui tabl e catal yst, as a mef t he perl odic table of the

el enent s. Th I e.catalyst are Lindlar'
catal yst, (%ga]nhfsﬂie%ﬁ&é[éé&ﬂ?ﬁ%m ﬁ%dtoogeﬁ)aef ?Fb‘g%f&’t“ ydro bi qui nol i ne
conpound of general fornmula (XV) is hasnedipeups R2 and R22 may then in
sonme enbodi nents be convert he gor Lespondi ng noieties R2 and R3 as

i i : hesi Nt echni ques available in the art.
e poslitions of Rl of formula (V) may then

eTh c he art. The secondary am ne of the

cyclic octahydro biquinolfhe st uctu e mQ be converted to a tertiary amne
by a reaction with an al kN hal de én Q@yl cyanide or with a diazo
conmpound. [0057] I n songrenbed re R2 1 and R22 differ from
hydr ogen, they may be h ther by converting themto hydrogen.
O her groups than H (prs xt epoNt ons of R2 and R3 of fornula (V)
may tfien be introduced by ‘standard_t chn inthe art. A hydroxyl group
that includes R2 and R3 of fornul aRg\/) may be converted to an ether by a
reaction with an al kyl haI i de, a diazo conmpound or transetherification
usi ng an AshisfingdmahouadR2 maypbarmnesligatiny abicyobiac biommtiej ttylaliphatioxyd i c

id, d t f t t
compound. THe¥leBRbA MRS i o RS bt Lo e B RRe of ¢ ne
two respeikifvlowingugstibh produstri ne VSs.

be i ntroduced by standars

25 25
~
SOWN
4 AN
R* N 0.0
’d
S
N
R25/ \R25

10 in which the hydroxyl groups of the obtained the biquinolyl compound are already

protected, which may be useful if protection is desired.

[0055] According to the present invention, a biquinolyl compound of formula (VD)
can be converted to a corresponding octahydro biquinoline compound by means of
hydrogenation using ome of hydrazine, dihydronaphthalene, dihydroanthracene,

15 isopropanol, formic acid or a salt thereof. An illustrative salt of a suitable salt of formic
acid is ammonium formate. The hydrogenation is carried out in the presence of a
suitable catalyst, such as a metal of group 10 of the periodic table of the elements. Three

illustrative examples of a suitable catalyst are Lindlar’s catalyst, Pt/C and Pd/C.

[0056] By hydrogenation an octahydro biquinoline compound of general formula
20 (XV) is formed



hydr oxyl group) that may require the use of protective groups for the
synthesis of certain conbinations of R, R2, R3, Rand R. [0058] Simlar

t o Bl NOL,wOheloicse@bydr o bi qui nol i ne conmpound (V) is axi CIrgGebmoroad18s
Accordingly, the two enantioners (Va) and (Vb), illustrated above, exist.
Compound (V) can thus exist in racemcli®ormor in enriched or pure
enantioners. The stereochem stry of Ahe regpective conpound may be anal ysed
according to any nmethod known in th as for instance 2D NVR based
on hono- or heteronucl ear J-coupl] ng va (Riccio, R, et al., Pure Appl.
Chem (2003) 75, 2-3, 295-308@ < 3l [ @] nass spectronetry,
polarimetry, circular dichroism spe(Nr using the split
Cottoneffect based on the Davydov splitti see e.g. Allemark, S. G, Nat.
Prod. Rep. (2000) 17, 145-155h4 enajio sé iOR 22hr ot ogr aphy,
derivatisation in conbination W H and ghal yti cal (xvweghni ques such as
NVR, including any suitable 2D-NMR techni qu for exanple based on the

nucl ear Over hauser effect, as wel rystal |l ography orsolid state
NMVR (see e.g. Har per, J. K. et al. j. Chem (2003) 68, 4609-4614).
The ter meand RIS k22 hiag (AT Sk %Inbsammé&v@ﬁéﬂosth@ Qofedfokitipe of
enant i orrers nant 1 omer present In excess when conpared to

t he ot herm@ﬂ’aasst]k%)and R%dm@lﬁncxhybcbﬁe umngeﬂanéarﬂlsyn@mm exheiduenatadnbie iof

enantiorre ess. [0 59] nant rs have i tical propertigs in a
symet r i c,t ﬁ%fe’b ? %Z?rf’toﬂlb]éf 8t ?’glgpﬁﬁfm‘ﬁ‘?}%f@g ti“ﬁ b
unsymet rﬂl&@duc@dl“’dyr SRNBAY- tERMighddl & E&aﬁﬁn The Sic0GhRIrP Hahé QTethe Ofycgi@npound
of formula (V), i."e. (Va) or (Vb), simlar to BINOL may, by prOV|d|ng an

unsynmet rd dr@rhlq&@@ﬂmawtmcémm @sspmvr@tﬂt@ 4 teeHiaey pwiie bphreaeligiowitl of
formul a (V) lkyﬁhah g{k%,l R&Y, t1de c{l#v%{ﬁé/dﬂ% %(lnﬂldasymret ric synthesis, e.g.

st er eosel €t Ve s@hfel%em sAnE”? €astn €nanti oners, having
dent I b f
Furher ch R/ sPOgE: %@%@tsﬁ% Fa R o By L3020

typi cal | yhydtodyded, ﬂlbﬁ:bpl‘@ii@ﬂﬂﬁg lfientrey Rydrbgen. @then:gmupd thawe Bt (%p‘rotohbmeﬂ‘]er :

di ast ereoners ar rovi whi ch_have_si [ ar,. but. not al .
10 positions o and R. o? formula (V) may then be introduced by stan au«ia teciu%ques n

the art. A hydroxyl group that includes R? and R3 of formula (V) may be converted to
an ether by a reaction with an alkyl halide, a diazo compound or transetherification
using an ether compound, or to an ester by a reaction with a carboxylic acid, a
carboxylic acid halide or transesterification using an ester compound. Those skilled in

15 the art will be aware of the reactivities of the two respective groups (i.e. amine vs.
hydroxyl group) that may require the use of protective groups for the synthesis of
certain combinations of R1, R2, R3, R4 and R5.

[0058] Similar to BINOL, the octahydro biquinoline compound (V) is axially chiral.
Accordingly, the two enantiomers (Va) and (Vb), illustrated above, exist. Compound

20 (V) can thus exist in racemic form or in enriched or pure enantiomers. The stereochemistry
of the respective compound may be analysed according to any method known in the art,

such as for instance 2D-NMR based on homo- or heteronuclear J-coupling values
(Riccio, R., et al., Pure Appl. Chem. (2003) 75, 2-3, 295-308), electron ionisation mass
spectrometry, polarimetry, circular dichroism speétroscopy (e.g. using the split Cotton-

25 effect based on the Davydov splitting, see e.g. Allemark, S.G., Nat. Prod. Rep. (2000)
17, 145-155), enantioselective chromatography, derivatisation in combination with
standard analytical techniques such as NMR, including any suitable 2D-NMR technique,

for example based on the nuclear Overhauser effect, as well as X-ray crystallography or



physi cal characteristics. The present inventors have identified a
correspondi ng nethod of separating a m xture of enantioners of formnulae
(Va) and wolp1o/iBe2zs, the present invention provides enripchsd2aw/ooelsd as at
| east essentially pure enantiomers of conpound (V). Each of the enantioners
may be provided in an enantioneric excegs of at |east 60%ee, at |east 70%
ee, at least 80%ee, at |east 85%ee, at |east 90%ee, at |east 94% ee, at
| east 96%sekq state NeRs(se®d. 2 Barpegt). L.edsd., D8ige€hernt (2003568, 980S%6bH), The | east
99% ee, at | east. 99.5. % ee or at Jeast 99.9%ee. [0060] The separati on of
enant i orreﬁgmbfeqmﬁﬁ%l gle%h(e\féﬁnteﬁd)f(e\%‘}tmé’%eé%rr#)?ﬁgmt%%@&%Pgﬁ?ﬁgm%m i on,
i.e. of tRei@hafd eRdBioter ii$ pbRbht BleReds Wierd e8mbhred th e (RRR AUAAStidferf OF MUl &
(V), which may typically be provided as a m xture of conpounds (Va) and
(Vb), wit Whigh mawbe caveniently pMamesspd inctethooe fenentiemneric Ptosseby a

di ast ereoneri ¢ nononent hyl carbonate of Forrmula (VII11) is formedAs an

i 11 ustrati vel08x¥UnEnastiomies kavaridénsival properkies ithg Isymimetricl ennindrenentyalbet

(IR)-(-)- chlorof.ermate. In this case.the diastereoneric .

nononent h)t/]ﬁé%glgljraé%rﬁlg% @agfdlgérr %?%u?wlfmﬁmfa(si B PRac d‘oﬁsﬂ{l S RESU 8SRES, each
of conpousskmtioiR} 08B6MHMEN 6Sfoe@BMEW)ERE. i(WaPof(VH), kRSRe 16 IBINOY] ﬁla%,ecsseorrer :
The present inventors have surprisingly found that none of the other tested
di ast er eoRENVAING P WasyEENSHFicH eeﬁv@lanergm?ﬁ@%hwnwmw ifustion dde campprngd

conpound I e:s d.J hndi viedu L Ast o] . Hoyever,

t he obt ai (ﬁgélfogglgn%og\n/&m( \%ﬁ%%a gaﬁ%ﬂ%‘@?fﬂ)?]g‘l)m&goﬂ o% ng ?‘élgcgﬁgﬁes\lﬂ’t 1°Ment hyl
chl ot®f or stetcoseledive cynthesis.eFidll thebmneegpasoat @dntidiners, hiving iidettiagcghykival

obt ai ned conmpounds (Villa) an V]| t hat e of. the for ascoul d be
conveni enP’ng’%ﬁ% %, I_’et Wé’?’@ﬁ‘% é’g%%ﬁtggl‘? Wy ?ﬁﬂ%‘frr %H‘Taié‘&‘ﬁetbetsh erq ©8F%t i on
may for exafnl gibef amhtiemes disdtNGplAlp R adiRAtdents 6 PR BREnUneRggd oNn
differential solubility. The latter nay be used in a separation by

f ract i onaFentely pweyery siastarcomnsrpi asa | nroviflers | whiich dhave ovigpdlas | hut st  identical

physical characteristics. The present inventors have identified a corresponding method

15 of separating a mixture of enantiomers of formulae (Va) and (Vb). Thus, the present
invention provides enriched as well as at least essentially pure enantiomers of
compound (V). Each of the enantiomers may be provided in an enantiomeric excess of
at least 60% ee, at least 70% ee, at least 80% ee, at least 85% ee, at least 90% ee, at least
94% ee, at least 96% ee, at least 97% ee, at least 98% ee, at least 98.5% ee, at least 99%

20 ee, at least 99.5 % ee or at least 99.9% ee.

[0060] The separation of enantiomers of formulae (Va) and (Vb) according to the

present invention, i.e. of the enantiomers,

is carried out by reacting the compound of formula (V), which may typically be
25 provided as a mixture of compounds (Va) and (Vb), with an enantiomer of Menthyl
chloroformate. Thereby a diastereomeric monomenthyl carbonate of Formula (VIII) is

formed



[0061] The invention illustratively described herein may suitably be

practiced in the absence of any elenent or elenents, limtation or
limtati owe,2omot32@peci fically disclosed herein. Thus, fecTscamploe)isshe
terms "conprising”, "including,"” containing", etc. shall be read

expansively and without limtation. Additionally, the terns and expressions
enpl oyed herein have been used as terns of descriptijon and not of
limtation, and there is no i p¥FENJ o\ the use of Jisuch terns and
expressi ons of excludi ng any |equi vH 4 of Qe feg s shown and
described or portions th?§50f : g At vari ous
nodi fi cations are possib L prrent i on cl ai ned.
Addi ti onal objects, advanta§%§f g i nvention will becone
apparent to those skilled iﬂgthe art jupon exgm nat Ler of the follow ng
exanpl es thereof, which g P e limting. Thus, it should be
under st ood that although*t heTprese ention is specificallyﬁq§ scl osed by
exenpl ary enbodi nents and opti onal res, nodification ané vari ation of
the inventions enbodi ed t her et _hkerenp~di scl osed may be resorted to by
those skilled in the art, and that such nodifications and variations are
consi der edsta@ igstiive ieﬂ?ariéﬂ@, H0PANASmé b IMERUGNEHIN forkdO Ry 1R (@RYLEN- t hat
the invention may be readily understood and put into practical effect,
parti cul aMe@ﬁya)dil?é@ﬁ%m@ﬁel In ribiy pasedids ctipdeobgricagonsimentiey! f caromatengf
nonIinitipg%ﬁﬁgp@hgqsg?ﬁﬂﬂﬂ&ﬁ§ﬂ§5neraI Met hods [ 0063] Experinents involving
noi sture and/or “air sensitive conponents were perfornmed in oven-dried

gl assware under a positive pressure of nitrogen using freshly distilled

sol vents. Commerci al grade solv¥ems - dRg\reagents werg _used without further
' thin | ayer
precoated silica ge
were visualized

-

chromat ography (TLC) was
plate (0.2 mmthickness)." Subses
usi ng WV radi ation (254 nmRoA~

(VIIT)

Accordingly, each of compounds (Va) and (Vb) is converted into a corresponding
diastereomer. The present inventors have surprisingly found that none of the other
tested diastereomers, obtained with chiral compounds that were reacted with compound
(V), could be separated into individual diastereomers. However, the obtained
10 compounds (VIIla) and (VIIIb), following reaction with Menthyl chloroformate, can

conveniently be separated:

R® O )?\ R® O J(J)\
R'— N O R\— N (6 Mo
” R-y OR® R4 R>n OR®
O (V1IIa) O (VIIIb)

- Thus, for instance the obtained compounds (VIIIa) and (VIIIb) that were of the formulas



Spectroline Mbdel ENF-24061/F 254 nm Further visualization was possible by
staining with basic solution of potassium permanganate or acidic solution
of eeri e wolyhdiztes [ 0064] Fl ash chromat ography was per Pomrssdowsoegs Mer ck
silica gel 60 with freshly distilled solvents. Columms were typically
packed as slurry and equilibrated wi th22he appropriate sol vent system prior
to use. [0065] Infrared spectra were recorded on a Bio-Rad FTS 165 FTIR
spectroneter. The oil sanples were_exan ned under neat conditons. Hi gh
Resol uti on Mas spectra wer & obtai ned ysing _Rni gan MAT95XP GC/ HRVG

fromSi Me4 (@ 0.0) and relatjve tgo
singlet). MM citNes @R given as:ég
(triplet); dd (doubl ets of
ets of doublets of doubl et); dt

(doubl ets of t or m(nultiplets). : f protons (n) for a
gi ven resonance is indicated by nH Coupling constants are reported as a J

val ue in I | ea netic re anc ectr 13 are

apor t ed S0 FO R R N e RRBR M AP R R e PP B
0.0) and feleabmpk bo athieved wind chfonedtd@hptioneshilquéd of babed bhidiffedehtialThe
proportion, of diastereoners and_ geonetric isopers was determ ned fromthe
i nt egr at | BHbEEY1 Thadoren gy PsarrRisp seraration hyoliactiops]grystaldigatian tXpi¢allys wer e
det esm nqﬁcllﬁ%gr@&%tM§ga§ioﬁ[Tp| oying a Daicel Chiracel colum at 25 C
Optical rotation was neasured using a JASCO P-1 030 Pol ari neter equi pped
w th a sodi : : i | t q d was
cal cul at ed LVeSF AL iR THIRERIMY (RRE G Rl O T RS B

Absol ut ecbsdricgwfany eleneht vh elementdulimgativasod@ngativingcubt speci fiogdhrdisdosedi t h

known CO'H%?e%‘.d%hus, for example, the terms “comprising”, “including,” containing”, etc. shall

doubl et s of doubl ets

be read expansively and without limitation. Additionally, the terms and expressions
10 employed herein have been used as terms of description and not of limitation, and there
is no intention in the use of such terms and expressions of excluding any equivalents of
the features shown and described or portions thereof, but it is recognised that various
modifications are possible within the scope of the invention claimed. Additional objects,
advantages, and features of this invention will become apparent to those skilled in the
15 art upon examination of the following examples thereof, which are not intended to be
limiting. Thus, it should be understood that although the present invention is
specifically disclosed by exemplary embodiments and optional features, modification
and variation of the inventions embodied therein herein disclosed may be resorted to by
those skilled in the art, and that such modifications and variations are considered to be

20 within the scope of this invention.

[0062] In order that the invention may be readily understood and put into practical
effect, particular embodiments will now be described by way of the following non-

limiting examples.

25



X-ray crystall ogphy anal ysis was perfornmed on Bruker X8 APEX X- Ray
diffractoneter. The synthesis of conpound 2, 3, 4 see Bl akenore, PR
Ki | ner, Gyvokbiocenzoc, SD, J. Org. Chem (2005) 70, 373) PCr3GA&i0/0Bv8si ous
attenpts of introducing a heteroatominto 8, 8 -positions by a
sp2- hybri di zed N-atom were di scouragi n2%since it was observed that the
resulting bifunctional 7,7"- dihydrox§-8,8'-biquinolyl | was not
configurationally stable to serve i#n| |igand (cf. Fig. 1 and Fig.
2; Blakenore, PR, et al., Og. Chem (2005) 70, 373; Blakenore, PR, et al.,
J. Org. Chem (2006) 71, 8212; BlGé&mrdrMetltlds et al., J. O g. Chem (2007)
72, 9368). Furthernore, its high polarity and insolubility in conmon
organi c sol ve ltmted its application in,asymmetric catalysis. The
i nvention r es@lto\gré]st%%qrgnwsoﬁ?véﬁ?ﬁﬁ% e T OEt%IS@lSFtFVGaﬁWHP%/}?e“%niW@ﬁe can
serve as perfdtinied!inldveniigicll Qlasaemermted & gé&iﬂb@ fdssurk BEnRAFkeAlusing freshly

on a route _to conmpoun showed t hat al kyl ati on of the

Experj nment al,_dat ) |1 /

sp2- hgybr i éﬁSElé?ﬁa aﬁ&%% ~emmsrridlgady solyenty and reaggnis ease sseds wWildprt Bistheni r al
resol uti o?m@ﬁ i it WRGh | 3 hg(gﬁ hch is
configurati oncglhpﬁwgtﬁlgglgg&t 0 s%re)\g%lpgéﬁ%%%%\% %ﬁ%’@gﬂ lta%gr;ban ?[gg& ggszl o

cat al ysi sway\petfomedusing Mewhd0bl234hprcyated tsilics dobiplate €62t iat thitleess)t ahydr o
ot ol o tuniRGler® ol VB GREe AU AR Rofl SV SeBh (ATRB T
T). [ 0069%pdctrotineMoalel ENPt2406 VFQSAtine Shuzihet Vieudlabigat widpesibleby bthinglg | V

cf., Fig. by varj.ous_.direct oxidative coupl.ing reactions of
7°t ok oy BB RN R STHGH S EhothSfin PeyPiapeancen CLATYAF DRMITTOP G708 rayedate

ful i g ' t ' t-h Lested
are as 1ol I odt00d Eth, SGRARRRBR, SR, G RS TR BHRY S50y
35, 7983) fresbiyCHlitiildHD ey Kobinins ere egpiadlly, padkedAsgslurBham eduZfiidfed 6hth 1359)
Fed 3: (ghggpaﬂlg?ﬁ%tgs%.ﬁ?wTetrahedron (1996) 52, 1005); (NH4)2Ce(NX®) 6:

(Ji ang, YSEBRAM © P$o01) 31, 131).
[0065] Infrared spectra were recorded on a Bio-Rad FTS 165 FTIR spectrometer.
15 The oil samples were examined under neat conditons. High Resolution Mass (HRMS)
spectra were obtained using Finnigan MAT95XP GC/HRMS (Thermo Electron
Corporation).

[0066] Proton nuclear magnetic resonance spectra (‘"H NMR) were recorded on a

Bruker Avance DPX 300 and Bruker AMX 400 spectrophotometer (CDCl; as solvent).

20 Chemical shifts for "H NMR spectra are reported as 8 in units of parts per million (ppm)
downfield from SiMe4 (§ 0.0) and relative to the signal of chloroform-d (§ 7.2600,
singlet). Multiplicities were given as: s (singlet); d (doublet); t (triplet); q (quartet); dd
(doublets of doublet); ddd (doublets of doublets of doublet); dddd (doublets of doublets

of doublets of doublet); dt (doublets of triplet); or m (multiplets). The number of

25 ‘protons (n) for a given resonance is indicated by nH. Coupling constants are reported as
aJ value in Hz. Carbon nuclear magnetic resonance spectra (°C NMR) are reported as

d in units of parts per million (ppm) downfield from SiMes (5 0.0) and relative to the

signal of chloroform-d (8 77.0, triplet). The proportion of diastereomers and geometric

~ isomers was determined from the integration of "H NMR and *C NMR spectra.

30 [0067] Enantioselectivities were determined HPLC analysis employing a Daicel
* Chiracel column at 25 °C. Optical rotation was measured using a JASCO P-1030
Polarimeter equipped with a sodium vapor lamp at 589 nm. Concentration is denoted as

¢ and was calculated as grams per deciliters (g / 100 mL) whereas the solvent. Absolute



[0070] Wthout being bound by theory, failure of the coupling reactions is
believed to arise fromthe poisoning of the netal by the basic nitrogen
atom Acowodprgizgozbhe est abli shed U | mann coupl i ng straremggceaw/osaisect ed as
an alternative way to construct the biaryl system Wen Ml was used to
conduct nethylation of 4, only trace of4nono nethyl ati on product was
observed. Under m crowave conditions, the nessy conpl Ex was forned., This

condi t i oncanfigtuatibe of tine preduep tas deteamingdl Dyt GomgPaF s VL B0l i ne,

under theg protectjon aof dj hyl ani n yl .C Lexiko APNR CaRlghate 2
in 90% yielrdyy ﬂyrstailpg@}yt h%%%l ggglo o¥ cgr lg)élrrg}tklgikg was carried ou?
wi t hLDA i difffddforater. 7Bhed §mtladsiseof whinpbural 2pButd sse Blakieowre ePR.nKitpgr, Was added

to the resulting netalate at -78_0 af ford 8-iodoquinoline 3 in 40 %
yi el d. U Magsiice Skt Gig: 6?’67?’0@0@@) g)ntzfn%)h copper catalyst proceeded in 60 %

yield to pro biaryl 4. Th EROl feb eplitivgl ¥y heduced
to gids\/e bi quﬂ”@@l Bevéclfgnattﬁe g'?sl @gfl@%idha?%%alﬁt%@étﬁ?eﬂg§ 82%@&%13%@% o%r’ r?ate and
Pd/ C. Met §ihgbiiene®N-atven anroedistosiupig simcagt patsassemvedchab diraresuliiigbase,
and finally cul minating at basjc methanol ysis of the car r s of 5
to af f or doifugetiongl g’ ﬁ‘gﬁygﬁq}‘ly?’éi ']?lﬂu’Q‘Bg'g?ﬁ %)t W%u?ﬁfﬁhapgg%ﬁe t%os(rg}p{’{%und 7
was obser yed fi0:,198.h@%SE PR, aradd"@B. 2; BRRemEXNPR| tedl., gorpd Chenu#005) §0, n a

wi de range o? comon organi ¢ solvents such as CH%S ﬁ CHCO 3 d Tll-iFvahl ch
evaded t h&7% BlakinareyPRy eibtlerh 5e. €oemar @089hY 1-c#lPo .1al<ﬁﬁloféar1§§ et al, J.

crystal | ogr aphi j ' ) '-ﬁ._g;eaﬂar' wifitvt iR@o/ilidomct ur e
and #@vea&%@‘%ﬁ z@r7¥2%s%$f§?i§%g%%%§’%?s%% gdr)}hlvlm' th tlﬁgﬂ%néﬁy; bgt en the
tWo ar onmbiganicisolyepisdiveisedbies aplit@doroin, asymmstipertalysin, ThhBVEREINS RV Reen t he
two quinolyl ri | anes. of r .C Ll &S i1 ' I | $or104. 5,
and racenif®s BTON%%"i BI}‘?IVVO% F%ﬁ%mﬁgatnfl a%‘?’o\”hlciﬁn&%lﬁhgﬁgg ??}ggig(g%%g?re

bet ween napiimdthic kimBesH ARead bBI. Ekpéiimeital data dh ir@ite tmeeropowhidH alvesd f or

o i 950 00l 15 84 800, A LR Bl

bi s(§ net hyil.§atRan@iebf ¢Bd new bifunctional ligand IV was then developed, which is
configurationally stable to serve as a new chiral ligand for asymmetric catalysis.
Without being bound by theory, it is believed that the octahydro biquinolyl part of IV
induces considerably electronic perturbation and steric tuning as an aza analogue of
1,1’-binaphtyl-2,2’-diol (BINOL, Fig. 2).

20 [0069] Initial attempts to synthesize the target molecule III or IV (cf. Fig. 2) by
various direct oxidative coupling reactions of 7-tetrahydroquinolinol or 1-methyl-7-
tetrahydroquinolinol were unsuccessful (Fig. 3). The common single-electron oxidants
methods tested are as follows: CuCl(OH)TMEDA (Noji, M, et al., Tetrahedron Lett.
(1994) 35, 7983); CuCLBnNH, (Vyskocil, S, et al, J. Org. Chem. (2001) 66, 1359)

25 FeCls: (Ding, K, et al., Tetrahedron (1996) 52, 1005); (NH4)2Ce(NOs)s: (Jiang, P, & Lu,
S, Synth. Commun. (2001) 31, 131).

[0070] Without being bound by theory, failure of the coupling reactions is
believed to arise from the poisoning of the metal by the basic nitrogen atom.
Accordingly the established Ullmann coupling strategy was selected as an alternative

30 way to construct the biaryl system. When Mel was used to conduct methylation of 4,
only trace of mono methylation product was observed. Under microwave conditions, the
messy complex was formed. This condition is to be further optimized. Starting from the
7-hydoxyquinoline, under the protection of dimethylaminocarbonyl chloride to give

carbamate 2 in 90% yield. Direct ortho metalation of carbamate 2 was carried out with



[0072] To an oven dried round-bottom flask was added 4 (2.0 g, 4.65 mmol),
Pd/C (0.25 g, 2.33 nmol ), HCO2NH4 (14.64 g, 232.4 mmol) and MeCH (50 ml).
The m xt uwe 2oss13b@at ed at 80 C under N2 for 2 h with stipcmiscgom@mndoias | owed
to cool to roomtenperature. After filtration with celite, the filtrate was
concentrated in vacuo and CH 02 was adefed, washed by saturated NaHCO3
solution and brine, and dried over anhydrous magnesiumsulfate, filtered

and concedDAtiBdIHR a) 228 5C, Ther mhishdusolntion fofriodiee i UFHLF i veah lded ab the

e o pal o aiibhe, el EChert7 " O GRS R Guihorhle, %in] 5\ Siels Pldin o] 5
d 6.90 (2Hpu1dmgbfqo&d& 3Hgith cOppbd chtahyst ﬂr,oceéeéiéd ?Hso %b&l@ggﬁroﬁab&mgﬁql 4.
i ﬁ‘;’ > 08 mH{* ?%@f ‘FZ\IWFQS e%ctm%yr?eémdéy gayeﬁ%n@olygis@tltatmfnm ﬂi@?s 5,

118. 15 llgr%enc“é()@f dmntbhin Sfnafd ,an§4P(PC Meﬂ%tlat%ﬁl 8t tI%TBBerKQ{ deﬁe?stxﬂg
721, 1377, 1458, 2853, 2924, 2953, (ESI') calc

CZ4H30 N40DPaasaipp carbongtsp as D, anduﬁaalmgummamgpatebametmetha@ﬂysw of the
1" -d 7.7 -diyl
bi s di et Ry LAzl grasorsilo diyd e AEANAGE: Pafeol SRS T Y 6
mol ) was addﬁJIbnptcbmuuawowanob@ereé’d Eb Be 1cks P01HRA T an@%mlﬁftéti@%w

Then CH3l (4 ni, 40 mmol) was added dropw se to the solution over
The mi xt updubidity &3 videgange qiremmamergnric go lwentp dech aCHGL,CCHCL Bhé THR  was

quenpd1€d Whidh y\%@e@ﬂ% %%1@%855% ﬁ?ﬁt\%@%&ﬁf&tﬁ t%g g\l}ah’ dcrggt%érépgﬁ.’ . X

3). The conbi organi c racts wer ried
over anhyaradyss eEpeeyidechdstinftiare epxocff olftﬂﬁ'r gdichumel and raveated atpeefe:rred ttamsoui The

e one! rex iR w B W e SRR oFo 5o R Bhets b et bt
comparison, the angle between the two quinolyl ring planes of racemic II as its
dimethanol solvate is 104.5°, and racemic BINOL is only slightly transoid in the solid

15 state (angle between naphthyl ring planes is 91.4°). In 7, N----H-O contact distances for
intramolecular hydrogen bonds are 1.84 and 0.9 A.

Preparation of 1.1'42.'2'.3..3'.4..4'-octa_gydro-&,8'-biquinoline—7,7'-divl
bis(dimethylcarbamate) (5)

NMe> MeOH, reflux,2h H=N

O.__NMe,
98% O he
o

20 [0072] To an oven dried round-bottom flask was added 4 (2.0 g, 4.65 mmol),
Pd/C (0.25 g, 2.33 mmol), HCO,NH, (14.64 g, 232.4 mmol) and MeOH (50 mL). The

mixture was heated at 80 °C under N, for 2 h with stirring and allowed to cool to room

0
o

/”\NMez PdIC, HCONH, O o/U\

bl

o

- temperature. After filtration with celite, the filtrate was concentrated in vacuo and
CH,Cl, was added, washed by saturated NaHCO; solution and brine, and dried over
25 anhydrous magnesium sulfate, filtered and concentrated in vacuo. The residue was
further purified by column chromatography (eluting with EtOAc/Hexane = 1:1) to yield

5 (1.99 g, 98%) as a pale yellow solid.



Rf 0.33 (EA Hexane = 1:4); 1H NMR (300 MHz, CDd 3) d 6.83 (2H, d, J =8.6
Hz), 6.57 (2H, d, J = 8.6 Hz), 2.98- 2.92 (2H, m, 2.87 (8H s), 2.79 (5H,
s), 2.76 WeHp132028. 63-2.57 (10H, nm), 2.33 (6H, s), 1.80ct/is63010Ab)1ss) ppm
13C NMR (75 MHz, CDCl3) d 154.1, 148.4, 146.8, 127.4, 124.0, 118.9, 112.5,
52.2, 4 1.2, 36.2, 31.1, 28.3, 20.8 pprd6 FTIR (KBr, neat): v 721, 1377,
1458, 2853, 2924, 2953 cm 1; HRVMS (ESI) cal cd. for C26H34NAOA[ Ml f :

467. 2658, RfcuAd746A:Heses =Hréparation of iq -dinethvli-1.1\12.2 >3.3>. 4.4

>- oct ahvdi i S iRer 4 o diol 121 {807 luti .0 g,
4.29 mol )&Inim‘ﬁbbv@@)ﬁn%ﬁ%g@ gg'%ﬁﬁ()%} ﬁig)l L S IR L P 96 8
h. The reg2it)ng.253.08 (43]) nyg.7a+2. BIMELDH, an); 082 (01, sPONDH1-ersaenet u)e1.3nd
concentrated in vacuo. The residue was dissolved in H2O and t he pH adj ust ed
to a val ué’8f(2%, B‘)§ careful addition of 1 Maq. HC. The aqueous phase was
sat urat ed 1w ﬂa@smg j t t ( )1 { ned
organfiﬁc exs';@!r gjg\{[s wer e m%ﬁgﬁﬁ%‘\gf ilgéi %é’dﬁgg\'/g}ll)aghﬁylc}roﬁgorgfgggggi um

sul f at e, B85.17),8ddy 2d10d2t.8ncentrated i n vacuo. The residue was further

Pleid 7 (PRARIT nean DB VA Mt ok T i ods A iene = 1.4)) 11 VR
(300 Mz, gEDGSIESY) é@c@ﬁ&;@jﬁ}%ﬁz@o@@%ﬁg&‘k%ﬁfggfoﬁn&489.'1%28. 6.76 (2H d J =

8.3 Hz), 3.27 (2H, td, (2H, dt, J = 13.2, 3.7 Hz),
2.86-2.83 (4H, nm), 2.52 (6H, s), 2.03-1.90 (2H, n), 1.85-1.75 (2H, m; 13C

42.2, 27.6, 17.2.; F r, nea , : , : : ,
2953(0 3420, 3445 cm 1 ; HRMVB bis@imethyilearbamate) GDH2AN2C2 [ Mkl ] +: 325. 19186,

found 325. 1902.
NMe, CHyl _ —N l (o)

LI b
=N O\H/NMez K,CO3/DMF,RT, 4h N O\n/NMez
[+)

3 SR

[0073] A portion of solid K,CO3 (1.8 g, 13.6 mmol) was added into solution of 5
(2.0 g, 4.56 mmol) in anhydrous DMF. Then CHsl (4 mL, 40 mmol) was added
dropwise to the solution over 5 min. The mixture was stitred at room temperature under
15 N, for 6 h. Then it was quenched with H,O and the aqueous layer was extracted with
EtOAc (50 mL x 3). The combined organic extracts were washed with H,O and brine,
dried over anhydrous magnesium sulfate, filtered and concentrated in vacuo. The
residue was further purified by column chromatography (eluting with EtOAc/Hexane =

2:1) to yield 6 (1.91 g, 90%) as a pale yellow solid.

20 R¢ =0.33 (EA:Hexane = 1:4);

"H NMR (300 MHz, CDCL) 6 6.83 (2H, d, J = 8.6 Hz), 6.57 (2H, d, J = 8.6 Hz), 2.98-

2.92 (2H, m), 2.87 (8H, s), 2.79 (5H, s), 2.76 (5H, s), 2.63-2.57 (10H, m), 2.33 (6H, s),

1.80-1.63 (4H, m) ppm;

BC NMR (75 MHz, CDCl) 6 154.1, 148.4, 146.8, 127.4, 124.0, 118.9, 112.5, 52.2,
25 41.2,36.2, 31.1, 28.3, 20.8 ppm;

FTIR (KBr, neat): v 721, 1377, 1458, 2853, 2924, 2953 cm’™;



[0075] Wth an efficient synthesis of 7 established, its resolution was

next explored. W found that the general nethod by fractional

crystal | iwetzoon3ef29di ast ereoneri ¢ m xtures of salts or eomsGex®®0§iss med

wi th various chiral conplexation reagents such as N benzyl ci nchoni di ni um

chloride and trans- 1, 2- dianinocyclohe&ﬂne was unsuccessful (Wang, Y, et

al ., Tetrahedron iﬁ (227 56, 4447; Schapz, , et al., Tetrahedron:

Asynmet r y HRIMSIESIucalal? §3) CoskliNaQu M d] h@%%ﬁﬁﬁdfmlyldt%ééﬁﬁ this initial

failure inplied that lower acidity of phenol groups rendered hydrogen

bondlngfornatlon wth chlral reagents mor e difficult as the piperidine unit
paxation of 4, b ob 12 ded'roctairyrise-8Sibiguinpline-7,7'-diol

chr omat ographl c resol utions tactl CSs f the resol uti on of BI NCL- | i ke

nol ecul es, the chromat ographi c separatiron of diastereoneric bisnenthyl

carbonate derivatives has proven to be particularly useful (for resolution

of BI NOL t hrough 8 ion of the bis[(-)-nmenfho pbonyl ] derivatives,

see: Fabbri, D, e g. Chem (1995) 60, When excess of

(+)-nmenthyl chl or o I OWH,iéH?EdI-‘F pre 5 '\Ekrei et hyl am ne at

roon1tenperaturep\ Sﬁw eﬂa%es—aﬂdrﬁenegz re obtained

Meai rethxefyerpiaht, ¢ e report (Fabbri

si mul taneously. [ <
bigment hyl ceaodonate cp resol ved by

et al., 1995, supra)
fractional recrystaflizati on or colum chronmat ography>However, the present
inventors found that thg nononenfhyl carbonate 8 coukd be separated by

col um chromat ography (Fig. 7). Significant chemcal shift differences were

b d t H 997 d
b, the C 1 doorAn LR O D g 20 Sinal 191G BT R G gp ) "
si gni fi cawas diiffiéde aie neftnxa fora2@ du e treadit i @olﬁﬁom@msaﬂdmﬂ:d&;'& fhto room
respecti ned _ b X- ray

The | Lar di ast 8
Cryotal | oGPRBMIEE anS )RRl b Facs) Thiciite Hos fneict Bt oo gad dhe A
("-confi gaa'médom 4 ehREigTY by cax@ﬁnfa@dﬁ@ﬁfdfgluwaqomcmfﬂﬁé acﬁJeaﬁs pRisd)wagent hyl

noi ety. The di hedral angel 1s
saturated with NaCl ‘and extracted with EtOAc (50 mL x 6). The combined organic

10 extracts were washed with brine, dried over anhydrous magnesium sulfate, filtered and,
concentrated in vacuo. The residue was further purified by column chromatography
(eluting with EtOAc/Hexane = 4:1) to yield 7 (1.09 g, 76%) as a white solid.

Rf =0.36 (EA:Hexane = 1:4);

'"H NMR (300 MHz, CDCL) § 10.3 (2H, s), 7.02 (2H, d, J = 8.2 Hz), 6.76 (2H, d, J =
15 8.3 Hz),3.27 (2H, td, J = 13.2, 2.3 Hz), 3.10 (2H, dt, J = 13.2, 3.7 Hz), 2.86-2.83 (4H,
m), 2.52 (6H, s), 2.03-1.90 (2H, m), 1.85-1.75 (2H, m);

BC NMR (75 MHz, CDCL) 6 154.5, 144.2, 130.4, 120.9, 120.0, 115.4, 51.8, 42.2,
27.6,17.2,;

FTIR (KBr, neat): v 721, 1377, 1456, 1634, 2853, 2922, 2953, 3420, 3445 cm™;

20 HRMS (ESI) caled. for CaoHasN,0, [M+177: 325.1916, found 325.1902.

[0075] With an efficient synthesis of 7 established, its resolution was next
explored. We found that the general method by fractional crystallization of
diastereomeric mixtures of salts or complexes formed with various chiral complexation
reagents such as N-benzylcinchonidinium chloride and trans-1,2-diaminocyclohexane

25 was unsuccessful (Wang, Y, et al,, Tetrahedron (2000) 56, 4447; Schanz, HJ, et al.,
Tetrahedron: Asymmetry (2003) 14, 2763). Without being bound by theory, this initial
failure implied that lower acidity of phenol groups rendered hydrogen bonding



120. 16, N---H O contact distances for intranol ecul ar hydrogen bonds are
1.95 and 0.84 A. Cean rempval of chiral auxiliary groups from8a and 8b
was achi evecdowvisko2pyrrol i dine in THF at room t enper at ur @CT(SGROTDAO@ESSE]
(2?)-7b was obtained in good yield respectively. To determne the

ePaPt [ Oﬁl‘i C excesz, reinstall ati on of 28ent hyl carbonate units onto sanpl es
0 res prepared enantioenriched, -7a or (2?2)-7b gave, the .

corres po_n}élirﬁlgtl%wd'ih @prah seageRfy IneoTg f")élF é%i"}é"oﬂlé?n 1ge e‘&‘lldetfﬂﬁtm%% e.e.
was obt ai %ﬁ{eeq%% ghantiomer. This issue was further confirned by
chiral HPLC (Chira paﬁl col um, hexane/ 2-propanol 95:5, 1 niL/mn) to

afford a singloe7ejeakindry @Re Rheoasgodraphi¢ Spsolations {adfdgs Tor thet hesobtient ofon
times of 17.7 and 20,7 mn_respectively. Each,eng?tlomar has heen atored at

r oom t enpBIPLrliker mplesulparthe GHNTPHSSIPIIRSEPATRHRN aF GiSteReqRpIClSAER B  ur it y.

[0079] V\hgﬂb&ﬁﬁe HELOWhAL had ?év(fﬁ t\’i’a&Ggﬁﬂgﬂﬁﬂg%&é‘ﬁﬂ fr| RESIRHAX 6L BENOL

i odoret hane, the Tonic Internmediate was obtained in noderate yield
wi t hout ofitroughzseparation #ftha bisge)tenthokycairomet alerivatgy esoseiec FaubgiaRe e das i n

hand after. depr ot ecton, [ rQyi de [ Ltal 4 I QU
candi dat ebf%r %Wur@bgﬁvgﬁ,{]ltﬁg? foﬁ)sﬁ,ego%xsclgs g?llfﬂ +§flﬁ%{t@- gc%l?%ﬂgff}ren&(dé?gs#z %t Il on of
g :1 Ie L er alt iOgﬂrr]@lg?ré(?ﬂi) 61? gﬁ%g&;gf tletiBddrhifie iah rasy beadearatores isateptiys cgrboptesd B) .

-1
(>| gi i net h?’llld-mPFQ%,IbZ’n?‘@.‘@@r?@bé’]negé!%‘i"}%?%‘ls@f'8 t bi qui nolin- 7-yl
, 2S5, 5R) - 2- r | - 5- hyl c (o} .car t .
di ast'er eoi .son@??@aq?%‘fﬁﬁ’ E%G%Ht %@Ilélnt gif%%ev rouﬁ@ég%ﬁh&iﬁ§ r%?%’?sglglr(a)’
gqg |2 ppefi) me'aﬁ}'l;%e%mglg&drbcnﬁé icci:aﬂi"l: g tesolvadaby dhdtional acenystallizbiigmnd cFlufr®00 ny,
. nmol ), and Et N (0.17 nL,. 1. ). Th -
chl or of or ﬁ%rpgla_m.r@ Yy ,O%Vf‘.’ef’ thgdrgse VW@J"W@%@%}‘P& F%ﬁthsg %ﬁ%@.{"m’: ng.
The react gaRu¥ ¥& YeRuee vyt édhidl dhymdlo Eraphya (Figq Uy rSipeidicintt chewtidabshifiThe

aqueous |ayer was extracted with DCM (3 5 nl), and the conbi ned organic
| ayers wefiforenspewersabsemed iethe{d MYIR Gigd 18ki ed over anhydrous Na2S0

15 [0078] For the menthyl moiety in 8a and 8b, the C-1 proton appears as a triplet at
§ 4.37 ppm and 4.28 ppm significant difference as a doublet at 5 0.70 ppm and 0.83
ppm respectively. The less polar diastereoisomer 8a was determined by X-ray
crystallographic analysis (Figure 6). It was assigned to possess an (S)-configuration
relating it to the configuration of (1R,2S,5R)-menthyl moiety. The dihedral angel is

20 120.16°, N---H-O contact distances for intramolecular hydrogen bonds are 1.95 and
0.84 A. Clean removal of chiral auxiliary groups from 8a and 8b was achieved with
pyrrolidine in THF at room temperature. ($)-7a and (R)-7b was obtained in good yield
respectively. To determine the enantiomeric excess, reinstallation of menthyl carbonate
units onto samples of freshly prepared enantioenriched (S)-7a or (R)-7b gave the

25 corresponding 8a or 8b as single diastereoisomer to reveal that 29% e.e. was obtained
for each enantiomer. This issue was further confirmed by chiral HPLC (Chiralpak OD-
H column, hexane/2-propanol 95:5, 1 mL/min) to afford a single peak in each case for
(S)-7a or (R)-7b with retention times of 17.7 and 20.7 min respectively. Each
enantiomer has been stored at room temperature for several months without any drop in

30 its enantiopurity.

[0079] When the methylation of 5 was conducted using large excess of
jodomethane, the ionic intermediate 60 was obtained in moderate yield without
optimization. As a result, the interesting ionic ligand 70 was in hand after deprotection,

which provided a unique chiral ionic liquid candidate for future investigations,



filtered and concentrated in. vacuo. The residue was purified via colum
chromat ography (eluting with Et OAc/ Hexane = 5:1) to afford 8a as col orl ess
solid inwexwsBkaasand 8b as colorless oil in 38 %yiel @CTRG261000@%S

(EA: Toluene = 1:10); [G@]D20 -97.4 (c = 1.4, CH2A 2); 1H NWR (400 MHz,

CDdl 3) d918(IH s), 707(|H d, J284Hz) 6.84 (2H, dd, J =11.2, 8.1
Hz), 6.41 (IH, d, =8.1 Hz), Ith 11.0 Hz) 322310{3H
2.98- 2. 91cquedering | the g@g@nmemaﬁ% 0 20@931( BRic slﬂuldz gud (gyral pplts 2n33 (3H,

s), 2.01- as&n%{égtétﬁhsgﬁ:%g@l 79 (2H, n), 1.63-1.60 (4H, m, 1.31-1.25(1H,

m, 1.05-0 8 ('3H, d, J—66Hz) 0.83 (3H, d, J = 7.0 Hz),
0.63 (3H, d, J = 6.9 Hz); 13C NWR (100 MHz, CDO 3) d 154.5, 153.1, 147.8,
147.3, 144, ?re%gtu?n of 9. ﬂ,hga@gg 114

51.6, 47.1, .0, 31.

21.3, 21.0, i | BP-i )

2922, 2953, 34205 3445 cm4 ; HRI\/IS (ESI) cal cd for C3 1HA2N2O4 [I\/Hf

507. 3223, found 507.3222.( )-7'-hvdroxy-I.l >-dinmethyl-ia\2,2 -

3,3 .4.4'-oct ahvdro-8. 8' - bi auinoliii-? yl :

(IR 28, 5RV; opropvl - Bkt ¢l ohexvl carbonat g 8bynbye @l ar

di ast ereoi $ @ Rf éﬂ?’%&é}:&x Tol.Y = r%pljng) @ :,Ul-\47‘@ 0.9,
CH2Cl 2): 1HNIVRY( 400H dﬁ.ﬁ@f&_@,%%? 0g, 9

6.84 (2H, QH2, EGQN,ICHOIS 6. 455e(plaHt|od J =& QH28 (JF =
11.0 Hz) 3. )9 (3|—RTrE)m|rQ 97-2.92 #,/H 2| 88- b (2H, m, 2. 70
(3H s), 2.6 (2H, mMagge2. 33 (3H, 2.04-1. 3 m, 186178(2H,

m, 1.63-1. 60 (4H m, 1.57 (IH s), 1.32-1.24 (;3& pmrdIQSQZecflgﬂ'ler(%a
Hz), 0.70 (3H, d, J =7.2 Hz);
[0080] To an oven dried round-bottom 10 mL flask equipped with a magnetic

stirring bar was added racemate ligand 7 (300 mg, 0.92 mol), CH,Cl, (5 ml) and Et;N
(0.17 mL, 1.1 mmol). Then (-)-menthyl chloroformate (0.24 mL, 1.1 mmol) was added
to the solution with stirring. The reaction mixture was stirred for 0.5 h and quenched

10 with water. The aqueous layer was extracted with DCM (3 x 5 mL), and the combined
organic layers were washed with brine (10 mL) and dried over anhydrous Na;SOa,
fitered and concentrated in. vacuo. The residue was purified via column
chromatography (eluting with EtOAc/Hexane = 5:1) to afford 8a as colorless solid in
38% yield and 8b as colorless oil in 38 % vyield.

15 Rs =0.31 (EA:Toluene = 1:10);
[0dp? = -97.4 (c = 1.4, CH,CL);

'H NMR (400 MHz, CDCE) 5 9.18 (1H, s), 7.07 (1H, d, J =8.4 Hz), 6.84 (2H, dd, J
=11.2, 8.1 Hz), 6.41 (1H, d, J =8.1 Hz), 4.37 (1H, td, J = 11.0 Hz), 3.22-3.10 (3H, m),
2.98-2.91 (1H, m), 2.89-2.84 (2H, m), 2.69 (3H, s), 2.64 (21, m), 2.33 (3H, s), 2.01-

20 1.90 3H, m), 1.81-1.79 (2H, m), 1.63-1.60 (4H, m), 1.31-1.25(1H, m), 1.05-0.95 (3H,
m), 0.88 (3H, d, J = 6.6 Hz), 0.83 (3H, d, /= 7.0 Hz), 0.63 (3H, d, J = 6.9 Hz);

3C NMR (100 MHz, CDCL) 6 154.5, 153.1, 147.8, 147.3, 144.9, 129.7, 129.4, 126.8,
126.0, 120.1, 117.1, 112.0, 108.7, 52.6, 51.6, 47.1, 41.6, 41.4, 40.6, 34.0, 31.4, 28.7,
27.5,25.5,23.0,22.0, 21.3, 21.0, 16.9, 16.0;

25 FTIR (KBr, neat): v 721, 1377, 1456, 1634, 2853, 2922, 2953, 3420, 3445 cm™;

HRMS (ESI) caled. for C31HypN,O4 [M+117: 507.3223, found 507.3222.



13C NWR (100 MHz, CDO 3) d 154.5, 153.1, 147.8, 147.3, 144.9, 129.7, 129.4,
126.8, 126.0, 120.1, 117.1, 112.0, 108.7, 52.6, 51.6, 47.1, 41.6, 41.4,
40. 6, 34.WQ28M0/120298. 7, 27.5, 25.5, 23.0, 22.0, 21.3, 2PC0/)SG26L0H001%6. 0 ppm
FTIR (KBr, neat): v 721, 1377, 1456, 1634, 2853, 2922, 2953, 3420, 3445 cm
1; HRVMB (ESI) calcd. for C3 H42N2O4 [Md0 ]+ :507. 3223, found 507 3222
Prepar ati on ] tr ¢l A1 " 44 QRN .
R gzgnggr&#%rﬁ”f 1.1'.2.3,33' 4.4'-octahydro-8,8'-bi 8790 4 .
0.1 mol ) was di ssqlilRES.IR)-2isopropif-Samdthivilarldhetyldarbaigte8bdi ne was added,
then the m xture was stirred at roomtenperature for 2 h, then the sol vent
was evaporated and the residue was purified via colum chromat ogr aphy
(eluting with Et OAc/Hexane = 5:1) to afford(S) 7a as colorless solid in
d * ;

= 6.3, CH2d 2 =14 1H
0 gRﬁ@Hﬁel{tﬁ = ) )

hiskofddmate ﬁ!@éf“é"agﬁ] (2 6.76 (2H, d,

13.2, 3.7
%H5|(6|'he;ﬁ)’atlc&031( oh, 1.84.1.75 (2H m;

% de4. 2. 130(2. . 15.4, 51.8,
FTI , neat) v 721, 56, 1634, 2853, 2922

2953 3420, 34215'E:m1 8 (ESI) calcd. for COOH24N2CR [MH 1]+ 325.1916,
f ound 325&%9%23 hé)&%%lﬁrﬁﬁsﬁgﬁ)y signifi can'i“°ber6ﬂ? ediastareoisamst Shade in the

devel opnen iral acid catal ysis using Bl NOL-derived phosphoric

aci ds fory gnant e rgani c transformations (for |eading
refe?senceo8 seeﬂup]fgcjgugﬁi &ﬁb&)g Terada, M J. Am Chem Soc. (2004) 126,

5356 AKi yARAVR (408 MY, cHRISY 0. BN, ), Moy (-4, 2O9Ph536.84 (21, dd, 7 =
11.2, 8.1 Hz), 6.45 (1H, d, J=8.1 Hz), 4.28 (1H, td, J = 11.0 Hz), 3.25-3.00 (3H, m),
2.97-2.92 (1H, m), 2.88-2.85 (2H, m), 2.70 (3H, s), 2.69-2.59 (2H, m), 2.33 (3, s),
2.04-1.89 (3H, m), 1.86-1.78 (2H, m), 1.63-1.60 (4H, m), 1.57 (1H, s), 1.32-1.24 (3K,

10 m), 0.87 (6H, d, J=7.2 Hz), 0.70 (3H, d, J=7.2 Hiz);

13C NMR (100 MHz, CDCL) 5 154.5, 153.1, 147.8, 147.3, 144.9, 129.7, 129.4, 126.8,
126.0, 120.1, 117.1, 112.0, 108.7, 52.6, 51.6, 47.1, 41.6, 41.4, 40.6, 34.0, 31.4, 287,
27.5,25.5,23.0, 22.0, 21,3, 21.0, 16.9, 16.0 ppm;

FTIR (KBr, neat): v 721, 1377, 1456, 1634, 2853, 2922, 2953, 3420, 3445 cm™;

15 HRMS (ESI) caled. for C3;HuN,O4 [M+1]*:507.3223, found 507.3222

Preparation of (S)-1,1'-dimethyl-1.1'.2.2'.3.3'.4.4'-octahydro-8.8'-biquinoline-7,7'-
diol

>N O o N
~N OH
O THF, RT, 2 h
90%

(S)-7a
[0081] 8a (32.4 mg, 0.1 mmol) was dissolved in 2 mL THF and then 0.1 mL

20 pyrrolidine was added, then the mixture was stirred at room temperature for 2 h, then

the solvent was evaporated and the residue was purified via column chromatography
(eluting with EtOAc/Hexane = 5:1) to afford (S)-7a as colorless solid in 90% yield.



1566; for recent reviews, see: Akiyama, T, Chem Rev. (2007) 107, 5744;
Doyl e, AG & Jacobsen, EN, Chem Rev. (2007) 107, 5713; Akiyama, T, et al,
Adv. Syntwo 2@ai3ke29( 2006) 348, 999; Connon, SJ, Angew. EGQEMG2010t000188l.
(2006) 45, 3909; Terada, M Chem Commun. (2008) 4097). [0083]

Bi nol -derived chiral phosphoric acid cailal yzed asymmetric reactions al ways
require the godification of the 3, 3" position with bulky group to provide
steric enl®ormmed®9 ot 68n&HeChhneric control as the phosphoric acid
generally could only interact with one of the substrate. The inventors
envisagedRﬁﬁdl3@f3®%ﬁﬂﬁmﬁaﬂﬁﬁataIyst 9 could interact with the two
substrat e$ concurrent |y, providing an intriguing scaffold for a well

defined t rHMNMR ¢00sVdz GRE) 6§ 118.302H,8) 7.020@H, ty / =t 9276 (21 d, be=

W th phosBnongh o 6Pk 48 h bar o 10 il By Harst S Brbdoase.
bi f urs:t i ong) 2.52(elLys!2.8341MONDHENY, 1ebsl1 (i, B); 1ts crystal structure has
been determ ned which reveals that it exists as zwitterion 10 (Fig. 9). The

di hydral &SgNaiReEs4MIRE @Dl el srefduyd, ooy poalgrash.onass.ar shegemal to
the ring Elane due to the strong steric repulsion. This interesting
bi functi oRab, EaZal yst 9 has great potential application in asymetric

catal ysis. Preparation of .
(~-1 .1 - dFFERKIKBY, npat):7r 7251y 1377, 1466,d163 4r 2858, 2922)283hBH208445 em™'; di ol (R) - 7b
[0084] 8b (32.4 , 0.1 mml%I was dissolved in 2 nL THF and then 0.1 niL
pyrrol i di JE§ d. {37l Gh [at e 3Rs1%6; foued 336.1P6m t enperat ure for

2 b S e i b B BT 7,
8,538 O|( Cé,& | IB—bﬁ;;%gl é;dii l:dgta?ﬁ% ¥Rk BINCERerd o pH&@nri€ Gofis s enSitibiRtivedl =
organic transformations (for leading references, see: Uraguchi, D, & Terada, M, J. Am.
Chem. Soc. (2004) 126, 5356; Akiyama, T, et al., Angew. Chem., Int. Ed. (2004) 43,
1566; for recent reviews, see: Akiyama, T, Chem. Rev. (2007) 107, 5744; Doyle, AG, &
15 Jacobsen, EN, Chem. Rev. (2007) 107, 5713; Akiyama, T, et al., Adv. Synth. Catal.
(2006) 348, 999; Connon, SJ, Angew. Chem. Int. Ed. (2006) 45, 3909; Terada, M,

Chem. Commun. (2008) 4097).

[0083] Binol-derived chiral phosphoric acid catalyzed asymmetric reactions

always require the modification of the 3, 3’ position with bulky group to provide steric

20 environment for enantionmeric control as the phosphoric acid generally could only
interact with one of the substrate. The inventors envisaged that bifunctional catalyst 9

could interact with the two substrates concurrently, providing an intriguing scaffold for

a well defined transition state with its bifunctionality, thus avoiding the chemical
complexity of modification of 3,3 -position. So treatment of 7 with phosphoryl chloride

25 in pyridine followed by hydrolysis provided bifunctional catalyst 9 in high yield (Fig.
8). Its crystal structure has been determined which reveals that it exists as zwitterion 10

(Fig. 9). The dihydral angle was 45.96° and the N-methyl group almost was orthogonal

to the ring plane due to the strong steric repulsion. This interesting bifunctional catalyst

9 has great potential application in asymmetric catalysis.

30 Preparation of (R)-1.1'-dimethyl-1,1',2,2',3,3'.4.4'-octahydro-8.8'-biquinoline-7.7'-

diol




1H NWR (300 MHz, CDCI3) d 10.3 (2H, s), 7.02 (2H, d, J = 8.2 Hz), 6.76 (2H,
d, J =8.3 H), 3.27 (2H, td, J = 13.2, 2.3 Hz), 3.10 (2H, dt, J = 13.2,
3.7 Hz), WO2610238R9(4H, m), 2.52 (6H, s), 2.03-1.90 (2HpCHISG2d108601%8 75 ( 2H,
m; 13C NWR (75 MHz, CDC1 3) d 154.5, 144.2, 130.4, 120.9, 120.0, 115. 4,
51.8, 42.2, 27.6, 17.2.: FTIR (KBr, neald: v 721, 1377, 1456, 1634, 2853,
2922, 2953, 3420, 3445 cm; HRVS (ESI) c . for C20H24AN2C2 [ Ml ] +:
325.1916, found 325 7 9.10 [0085] LUigand 7 (B67~¢ 0.2 nmol ) was

di ssolved into 1 nij of i di je u N2 afnosphefe. he resulting

sol uti on was added pRe vy or . O°NEQ Okt room
tenperature and the_geacti op,m Xt urje \/vaﬁ_| d ~eN. 12 h oHhen 1nL of

wat er was added an@’the”rg U|Htl ng-suspensi on vvas i for additional 30

mn. The nixture wd concentr at ed i n%Qacuo aky er purified by
col utm chr omat ogr aphy. e title conpound 10 was |s&kﬁ ed as white solid i
quantitative yield Rf —052(C|—|2CIZ IVEO—|—41) 1 (300M—|z CD30D)

7.47 (2H, d, J = 8 2)730(2H = 8.4, 12HZ§-H %348(4H
M), 3.05 (4H, [§084) £ G214 mey 0.1 hgrol) évasailﬁ%h/eélm? ol 15 and) thep Gglymly o1
2H, , 1

g 3 5rr) 1 2%)%/& l}q{%(‘%ag %%d _}ﬁ@?@?néﬁt%ggvag stn;léég a?zro&ﬁ%rﬁper&t%?b ﬁyr 2 B”zth@n

HRMVS (ESI )th@adlmnt Wasrevaﬁcﬁ&mmth[erll]ewammfdea belmid @mﬁaﬁﬂ%PhEFTl R
(KBr, .neat

To 1 ot SRE R S DI AR TR AR el s AN of 75
th Tf 20 upee ff d fl 81 (F 7B). Furth

¥Mr ansf or my?Jl onr_g?ggi %éﬁfo%s%h?neolr?gahgl 82azzgul d i(nI g prel)i m ﬁ; ye;t udy

not yet b%fic&bgk’ﬁﬁ:ffeﬁa&J%,

IH NMR (300 MHz, CDCL) § 10.3 (21, s), 7.02 (2H, d, J = 8.2 Hz), 6.76 (2H, d, J =
8.3 Hz), 3.27 (2H, td, J = 13.2, 2.3 Hz), 3.10 (2H, dt, J = 13.2, 3.7 Hz), 2.86-2.83 (4H,
10 m), 2.52 (6H, s), 2.03-1.90 (2H, m), 1.85-1.75 (2H, m);

(@R ]

3C NMR (75 MHz, CDC13) § 154.5, 144.2, 130.4, 120.9, 120.0, 115.4, 51.8, 42.2,
27.6,17.2.;

FTIR (KBr, neat): v 721, 1377, 1456, 1634, 2853, 2922, 2953, 3420, 3445 em’;

HRMS (ESI) caled. for CaoHaN,0, [M+17: 325.1916, found 325.1902.

O 1) POC, O . O
>N OH Pyridine >N 0.0 __ SN o R

P

P T
N OH 2) H,0 N O \OH N O o o
15 g g

7 9 10
[0085] Ligand 7 (67 mg, 0.2 mmol) was dissolved into 1 ml of pyridine under N

atmosphere. To the resulting solution was added phosphorus oxychloride (1.5-2.0
equiv.) at room temperature and the reaction mixture was stirred for 12 h. Then 1 mL of
water was added and the resulting suspension was stirred for additional 30 min. The
20 mixture was were concentrated in vacuo and further purified by column
chromatography. The title compound 10 was isolated as white solid in quantitative

yield.
Rs = 0.52 (CH2CL:MeOH = 4:1);



[0087] In summary, a new bifunctional ligand |,|"-dinmethyl-octahydro-8, 8" -
bi qui noline-7,7" -di ol has been devel oped as an aza anal ogue of BINOL. The
enant i omewe 20f0/132029di net hyl - oct ahydr o- 8, 8' - bi qui nol i ne- PCT/SGdowloowwss e

obt ai ned by chromatographic resolution. The application of the novel Iigand
in asymmetric catalysis is highly antlc?’-’pat ed. This new nenber of the aza

matori ai i B N @PESREERGBROS Rl rCint A Bl 2Rt 2B, B 1 o e

crystal ermz)n%ms’rkg; (r4ﬁ1%3><3 B§§4H[ y St-ak. 1dahan @k (3 6Bazand, QQ%ZH m), 2.07-
f-di methyl -1, octahydro-'8, 8" - bi qui nol i ne- I2di ol (7)
[0088] For2%2l @Hapiﬁl cal representation of the structure of conpound 7 see

Fig. stal data and structure refinenent for conpound 7.
I dent [ f | ca C NMRBATE MBizpCrOD) Ebh. B, 117, 1380l 38.%1138.6:4202.8212027,F | a

“nﬁhgg n a2 R 600 & B S G RRsi ons a = 20, 4836(1 1) A 4= 0.
Aaa Donsi MR e orChis D RSP fén s 7o 0. 06 nm 1
FIOO) B3FTIR (KBr, neaty: v 756, 1107, 1470, 1599,1673, 2349, 2951, 3019 e’

[0086] To further explore the application of this new skeleton, treatment of 75
with Tf0 under base conditions affored triflate 81 (Fig. 7B). Further transformation of

10 81 to diphosphine ligand 82 could in a preliminary study not yet be achieved (Fig. 7A).
[0087] In summary, a new bifunctional ligand 1,1'-dimethyl-octahydro-8,8'-
biquinoline-7,7'-diol has been developed as an aza analogue of BINOL. The
enantiomers of 1,1'-dimethyl-octahydro-8,8'-biquinoline-7,7'-diol were obtained by
chromatographic resolution. The application of the novel ligand in asymmetric catalysis
15 is highly anticipated. This new member of the aza BINOL family will open up new
catalyst design and provide synthetic material in many fields such as chiral

supramolecular recognition and crystal engineering.

The X-Ray crystal data of 7, 8a and 10
1,1'-dimethyl-1,1',2,2',3,3',4,4'-0ctahydro-8,8'-biquinoline-7,7'-diol (7)

20 [0088] For a graphical representation of the structure of compound 7 see Fig. 5.

Crystal data and structure refinement for compound 7.

Identification code compound 7
Empirical formula C18 H20 N2 O2
Formula weight 296.36
25 Temperature 1732) K
Wavelength 0.71073 A
Crystal system Monoclinic
Space group C2/c
Unit cell dimensions a=20.4836(11) A o= 90°.
30 b=4.6090(2) A B=97.350(2)°.
¢ =15.6300(9) A ¥ = 90°.

Volume

1463.49(13) A3



Crystal size 0.30 x 0.25 x 0.20 nmmB Theta range for data collection 2.00 to

30.55. I ndex ranges -28<=h<=28,

- 6<=k<=6, -22<=1<=22 Reflections collected

12938 | nawpenderstowef | ections 2234 [R(int) = 0.0322] ComplrsGenessons® t het a
30.55 99.6 % Absorption correction Sem - enpirical from equival ents Mx.
and mn. transm ssion 0.9825 and 0. 97334Refi nenent net hod Ful | -matri x

| east-squares on F2 Data / restraints / paranmeters 2234 / 62 / 129
Goodness-éf-fit on F 1.073 Final R indidces [1>2sigma(l1)] R = 0.0470, wR2

0.1313 R Dagngg(g@al&]ﬁgtledpat a) R1 = 0.053%45Wf/m3 0. 1442 Largest diff. peak

and hol e .and

J177 e . A 3

(S)-7' - hngél?%V-lqn,W—eﬁ%Fhw 0

2,0, 8088 mmzh _ oy ahydr o- 8, 8' - bi qui nol i n-7

-yl (IR 2R]06®) - 2- i sopropyl - 5- net hyl cycleebexyl carbonate 8a [0089] For a

gr aphi cal ~representati on of the struct
@ g’f 5ﬁ;ﬁaestructure refinement

Crystal

%3?) ’géﬁgm’g’%ﬁ?gei??f IFICg.tI gn code

conpound BletErpie faralataf awileeficee C31 H42 R0 3PdHSAul a wei ght 506. 67
Tenper at uﬂrn)g‘E g K Wavel ength 0. 71073, Gryst alk systemxtboshonbi ¢ Space
) 2 2

roup P2
g P (Reﬂections collected

Independent reflections
10 Completeness to theta = 30.55°
Absorption correction
Mazx. and min. transmission
Refinement method
Data / restraints / parameters
15 Goodness-of-fit on F2
Final R indices [I>2sigma(I)]
R indices (all data)
Largest diff. peak and hole

12938

2234 [R(int) = 0.0322]

99.6 %

Semi-empirical from equivalents
0.9825 and 0.9739

Full-matrix least-squares on F2
2234/62/129

1.073

R1=0.0470, wR2 = 0.1313
R1 =0.0554, wR2 = 0.1442
0.425 and -0.177 e.A-3

20 (S)-7'-hydroxy-1,1'-dimethyl-1,1',2,2',3,3',4,4'-octahydro-8,8'-biquinolin-7-yl

(1R,28,5R)-2-isopropyl-5-methylcyclohexyl carbonate 8a

[0089] For a graphical representation of the structure of compound 8a see Fig. 6.

Crystal data and structure refinement for compound 8a

Identification code
25 Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
30 Space group
Unit cell dimensions

Volume

35 Z
Density (calculated)
Absorption coefficient

compound 8a

C31 H42 N2 04

506.67

173(2) K

0.71073 A

Orthorhombic

P2(1)2(1)2(1)

a=12.3403(4) A o= 90°.
b=14.6166(4) A B=90°.
c=15.2085(5) A ¥ =90°.
2743.21(15) A3

4

1.227 Mg/m3

0.080 mm-!



Unit cell dinensions a 12.3403(4) A a= 90. b = 14.6166(4) A b= 90. ¢ =
15.2085(5) A g = 90. Volune 2743.21(15) A3 Z 4 Density (calculated) 1.227
My/ m 3 Abworptoem2eoef ficient 0.080 mm 1F(OC00) 1096 Cry®CalSGImMo@sS0 X
0.30 x 0.24 nmmB Theta range for data collection 1.93 to 29.25. Index ranges
- 16<=h<=16, -14<=k<=20, -2(K=K=l 9 Refl3¥ctions collected 33944 | ndependent
reflections 4 149 [R(int) = 0.041 8] Conpleteness to theta = 29.25 100.0 %
Absorpt i oF(Q98} r ect i on Seni - enpi ri cal 1108k equi val ents Max. and mn.

transm ssgentddsB809 and 0. 9763 Refi nengnio xotspad). faldm3mat ri x | east - squar es
on F2 Data,/, restraints / paraneters 41&5& 11 1 359 Goodness-of-fit on F2

1. 184 Fi nketRIFNES; %@atﬂ@}?éﬁlﬁgﬂrm(n] R bogh” wr2 = 0.1068 R indi ces
(al'l dat aJndek rangBs 0596, WR2 0. 1319 Absoll et=€h<silpudiusle<H), apii=e¢+=1910( 10)
Largest dpif. . peak .and .hole 0.303 and - 5 e. A 3 Bifunctional catalyst 10
[ 009 Fo?e%ecgg%ﬁ?lgeggedrepresent ation c#gg%e structure of conpound 10 see
Fig. 9. _bidepindant efectiona noi ety ' C20 H339RR(iBY =P.0418]

Completeness to theta = 29.25° 100.0 %
Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.9809 and 0.9763

10 Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 4149/7/359
Goodness-of-fit on F2 1.184

Final R indices [I>2sigma(l)]
R indices (all data)
15 Absolute structure parameter

R1 = 0.0421, wR2 = 0.1068
R1 = 0.0596, wR2 = 0.1319
~10(10)

Largest diff. peak and hole  0.303 and -0.325 e.A-3

Bifunctional catalyst 10

[0090] For a graphical representation of the structure of compound 10 see Fig. 9.

_chemical formula moiety 'C20 H33 N2 Q9 P!
20 _chemical formula weight 476.45
_symmetry cell setting Orthorhombic

_symmetry space group name H-M Pbca loop

_Symmetry equiv_pos_as_Xyz

cell length a 11.7507(3)
25 cell length b 17.9535(4)
cell length c 22.0258(5)
cell angle alpha 90.00
cell angle beta 90.00
cell angle gamma 90.00
30 cell_volume 4646.70(19)
cell formula units Z 8
cell_measurement_temperature 173(2)
cell_measurement_reflns used 9390
cell measurement theta min 2.27
35 cell_measurement_theta max 30.34
exptl crystal description block
exptl crystal colour colourless



_chem cal _formul a_wei ght 476.45 symetry_cell _setting Othorhonbic
_symetry_space_group_name_H M Pbca | oop_ _symetry_equi v_po S_as_Xyz

cel | _| engvb 2a10118206507(3) cell length_b 17.9535(4) cell _lPem@Ghow/28Rs®258(5)
cel |l _angl e_al pha 90.00 cell _angl e_beta 90.00 cell _angl e_ganma 90. 00

cell _volune 4646.70(19) cell _formula undés Z 8 cell neasurenent _tenperature
173(2) cell asurenent reflns_used 989 cell neasurenent _theta mn 2.27
ceII_neasd?@ﬂgﬁff@h@F%fWWax 30. 34 expPPYcrystal _ description bl ock
exptl_cry&k@ﬂigg@M9§zq@mﬂourlessexptlggoystal__sizeangé 0. 30

exptl _crys | md Q.30 exptl _cry _Size_mn
ethI:cr§§%§k§%g%§¥?§zﬁgﬁs ? exptl _cr al _density diffrn 1.362

expt| __ cryesplcryalsdangityrahéasd ' not nefasured' exptl _crystal _F 000 2032
exptl 5abs upli &l ddkhy HiedAY O- 171 1362

exptl crystal density method 'not measured'
exptl _crystal F 000 2032
exptl_absorpt_coefficient mu 0.171
exptl_absorpt_correction type multi-scan

10 exptl_absorpt_correction T min 0.9505
exptl absorpt correction T max 0.9585

exptl absorpt process details sadabs
diffrn_ambient temperature 173(2)
diffrn_radiation wavelength 0.71073
15 diffrn_radiation type MoK\a
diffrn_radiation source 'fine-focus sealed tube'
diffrn_radiation_monochromator graphite
diffrn_measurement device type 'CCD area detector’
diffrn_measurement_method 'phi and omega scans'
20 [0091] One skilled in the art would readily appreciate that the present invention is

well adapted to carry out the objects and obtain the ends and advantages mentioned, as
well as those inherent therein. Further, it will be readily apparent to one skilled in the art
that varying substitutions and modifications may be made to the invention disclosed
herein without departing from the scope and spirit of the invention. The compositions,
25 methods, procedures, treatments, molecules and specific compounds described herein
are presently representative of preferred embodiments are exemplary and are not
mtended as limitations on the scope of the invention. Changes therein and other uses
will occur to those skilled in the art which are encompassed within the spirit of the
invention are defined by the scope of the claims. The listing or discussion of a
30 previously published document in this specification should not necessarily be taken as
an acknowledgement that the document is part of the state of the art or is common

general knowledge.

[0092] The inventions illustratively described herein may suitably be practiced in
the absence of any element or elements, limitation or limitations, not specifically
35 disclosed herein. Thus, for example, the terms “comprising”, “including,” containing”,

etc. shall be read expansively and without limitation. Additionally, the terms and



exptl ___absorpt_correction_type multi-scan exptl _absorpt_correction_T_mn

0. 9505 expt| _absorpt _correction_T nmax 0.9585 expt| absorpt _pro cess _details
sadabs diwornicaskizent ternperature 173(2) dif rn_radi at iPom/Seavieloengs h
0.71073 diffrn_radiation_type MKl a diffrn_radiation_source 'fine-focus
seal ed tube' difrrn_radiati on_nono chr@mator graphite

di ffrn_neasur enment _devi ce_type ' CCD ar eag(get ector' diffrn .rreaererIeé]éj

met hod ' perpressidns riseployedafisrety dave [beemdisedias) togms (pf AescPHonGRf (" ey | v
appr eci at g, thaly (A MRS §ho! RYERbh R YR! bf 3g@Pt&@ehs! shdC Bkréssiitls e

obj ects and obtain the ends and advant ages nentioned, as_well as_thgse
i nherent  ttuwudihgmanyFequivadents ofthedf¢aturbeshommcindylesghed on portions teregdi butdy i n

the art that varyi substi t ut.ions and _nodi.fi I he

i nvent i onlsoﬁe%‘tgnbéggﬂﬂe‘fa@f’ﬂs Wotdﬁg OB ?éﬁéle%?i %ﬂﬁﬁ?@%g@?c‘%%@ tg%gﬁlg%t?.}nltt of

t he igventifred. Titls,CoROSIH theomaderdtBdch €iths althowpbeitis rssent inentiemtss bewl ecul es
and specific conpounds descri bed hegrg)iqg, are pr sentr}gi éag resenftﬁ%ti ve of

pr ef er r edspasifisallyndiclosed &Y ssxemplasy ymbedimengs gyt optigna deaiirgs PPeaTons on

the s COpePlfJ variiioh B?ﬂ{étih%\mio% BRY6Sicl BREGH ReRRAIIGEIDRI HHEBe YésbitedROBYF T O
e t whic

t hose ski I'n the ar are enconpassed within the spirit of the

i nvent i onthese skiBéd metdhe layt, e that speh wpdifinations sndyarigtiens|are copgdeed i R ussi on
of a previousl ubl i shed. docunment in this specification should not
necessari W)}tﬁﬁle%?gﬁ%’ﬁ_ozg“%ﬁwggﬁ%&r%w edgenent that the docurment is part of the
statfy of the @bgse]ofhé glv&%ﬁq{hs%eﬁﬁ@dcri_tswﬂ&dg%nd[g%a&%alwhmmv@abh ofs

illustrativel scribed herein may sui tabIIy be practiced, idj
the narrower species and subgeneric groupings falling within the generic isclosure also

form part of the invention. This includes the generic description of the invention with a
proviso or negative limitation removing any subject matter from the genus, regardless of
whether or not the excised material is specifically recited herein.

15 [0094] Other embodiments are within the following claims. In addition, where
features or aspects of the invention are described in terms of Markush groups, those
skilled in the art will recognize that the invention is also thereby described in terms of

any individual member or subgroup of members of the Markush group.



t he absence of any elenent or elenents, limtation or limtations, not
specifically disclosed herein. Thus, for exanple, the ternms "conprising",
"i ncl udi yp200132@P NI Ng", etc. shall be read expansi vel yCarsd20u0tonass
limtation. Additionally, the terns andexpressions enpl oyed herein have
been used as terms of description and né8 of limitation, and there is no
intentioncgg # use of such ternms and expressions of excluding any
equi val ent '% he features shown and descri bed or portions thereof, but it
i s recogni zed that various nodifications are possible within the scope of
the i nventy . i .. Thus, it should be understood that although the
pr esent i§¥%ﬁ€$%%h%§gmbeen specifically disclosed by exenplary enbodi nents
and optional features, nodification and variation of the inventions
enbodi ed t her Anpciabydiorbigiiselinzsmtipoayd bEthegsoertefirhoalalfy)t hose skilled in
the act, and that such nodifications and variations are considered to be
within the scope of this ifaVenNe PD093] The invention has been descri bed
broadly and generically hsg bf the narrower species and subgeneric
groupings falling wt Ry -iscI%sure al so formpart of the
invention. This inclu esgxﬂel\gen deQ@R“ption of the invention with a
provi so or negative limtation renpving any subject matter fromthe genus,
regardl ess of whet her orrﬂgl t he exci sed n%teKNal is specifically recited
herein. [0094] O her ¢shodime e WADRY the followng claims. In
addi tion, where features d the invention are described in terns
of Markush groups, those g e art wll recognize that the
invention is al so thereby deset n terms of any individual nenber or
subgr oup of negbers of the Markush group. CLAIMS What is clainmed is: 1. An
oct ahydr o bi qif¥1/6¥% ne conpound of the general fornula (V) wherein: Rl is
one of hydr og@his gheRFE ' ' | 0 ein the
aIinFtic group_has a %ﬁ?%ﬁﬁﬁgﬁﬂgggwéﬁpg%%?%QEFEQ?%Egggﬁ%U@Bm%greon at ons,
1 aliphatic group has a main chain of a length of 1 to about 10 carbon atoms,

comprising 0 to about 6 heteroatoms selected from the group consisting of N, O,
S, Se and Si, and
R2 and R3 are independent from one another selected from the group consisting of
(1) H, (ii) one of an aliphatic, an alicyclic, an aromatic, an arylaliphatic, and an
15 arylalicyclic group with a main chain of a length of 1 to about 30 carbon atoms
comprising 0 to about 6 heteroatoms selected from the group consisting of N, O,
S, Se and 8i, (iii) an ester group -O-C(O)-R11, (iv) a carbonate group -O-C(0)-O-
R, (v) a carbamoyl group -O-C(O)-N(R11)-R12 and (vi) a phosphate ester -O-
P(O)(OR™M)-OR", wherein R1! and R12 are independent from one another H or
20 one of an aliphatic, a alicyclic, an aromatic, an arylaliphatic, and an arylalicyclic
group with a main chain of a length of 1 to about 20 carbon atoms, comprising 0
to about 6 heteroatoms selected from the group consisting of N, O, S, Se and Si,
and
R# and RS are independent from one another H or one of an aliphatic, an alicyclic,
25 an aromatic, an arylaliphatic and an arylalicyclic group with a main chain of a
length of 1 to about 30 carbon atoms comprising 0 to about 6 heteroatoms selected

from the group consisting of N, O, S, Se and Si.

2. The octahydro biquinoline compound of claim 1, the compound being enriched in

30 one of the enantiomers of general formula (Va) and general formula (Vb)



conprising O to about 6 heteroatons selected fromthe group consisting ofN,
O S Se and Si, and R2 and R3 are independent from one another sel ected
from t he woaow/sensi sting of (i) H, (ii) one of an ali pratrisco@mmoaiss cyclic,
an aromatic, an arylaliphatic, and an gﬁgl alicyclic group with a main chain
of a length of 1 to about 30 carbon at conprising O to about 6

het er oat ons sel ect ed fromthe group consisting of NN O S, Se and Si, (iii)

an ester group -0/ (iv) a carbonate group~:0- -OR1 1, (v) a
car banoyl group §0-C(O R)11 R12 and (vi) a pHhosphal pr -OP( O (OR
1')-0R 12, wherefn R12 are independept _ anpt her H or one

of an ali pha ; , aromatic, 2an
arylalicyclic gR!rcrp ith fa mai hain of a len ﬁEZO car bon
atons, conprisipg Oto about 6 heteroatons selegted fro

consi sting of 4I\R‘ONS Se\and @R3 and R4 and ﬁR'arN i ndefendegyr®rom one
anot her H orRRomeydf a iPNatTc, an alicycR e oL 7~ an
aryl aliphatic angl an afylal [flcyclic(®oup with almin ( f alé¥Bth of 1
to about 30 car bOR_aleRy pri sing o about 6 et eLoy » sel ected from
the group consisting of N O S, Se and Si. 2. The ®ctahydro bi qui noline
conpound of claim1, the conpound being enriched in one of the enantioners
of general fornula (Va) and general formula (Vb)3. The octahydro

bi qui nolin ﬁgound of cI ai m 2, being defined by one said enantioners in
an at |ea ahyidrg bigpinglingeqrpopn 'Pfﬁélaéi’étzah‘)lﬂg detineghynasieisaisl conmpound of
any one of C|éﬁaﬁﬁoéers ﬁm%ﬁés@b&eﬁ@&pﬁfr Rinls selected fromthe group
consi sting of nethyl, ethyl, n-propy i sopropyl, nbutyl, sec-butyl,

i sobut yl butyl, n-pentyl, isopentyl, sec- pentyl neo- pentyl and

tert- penty# Ehe ogiahvgeq Binpip Bngeaimavgdiof any erpol deimsfl shyvhsiein efchofai ms 1 -

4, wherein thelisselected from the group consisting of methyl, ethyl, n-propyl, isopropyl, o-
butyl, sec-butyl, isobutyl, t-butyl, n-pentyl, isopentyl, sec-pentyl, neo-pentyl and
10 tert-pentyl.

S. The octahydro biquinoline compound of any one of claims 1 - 4, wherein the

compound is

Me—N

I

MG\N O (o)

15 6. A method of forming an octahydro biquinoline compound according to any one of

claims 1 - 5, the method comprising:

- providing a biquinolyl compound of general formula (VI)

1
SN
N OR?
22
N OR* (1)
NN



compound is 6. A nethod of form ng an octahydro bi qui noline conpound
according to any one of clains 1 - 5, the nethod conprising: - providing
abi qui nolwb 20ompBeazad of general forrmula (V1) (VI)wherei RCREGAOND/ORDISET €

i ndependent from one another H or one of an aliphatic, an alicyclic, an
aromatic, an arylaliphatic and-an aryIéDicycIic group with a mai n chain of

a length of 1 to abou arbo I’ISI to ab t er oat ons
sel ect ed from‘f"l*n‘*emﬁ’r}fs‘¥ gregrl; "11? G@O@E gncaogpo ﬁlﬂsﬁﬁl and R22

are 'ndependenénéﬁ aigng a?d}ﬁétﬁeﬁnﬁl%leﬁ’@hﬁ% A0 dr PRI Gy Diezrognwitish inhn of (i)
H (ii) one of atic, an alicyclic, an arorratlcg%gq %Iallphatlc

and an aryl al |d}ﬁ@1®f:a gﬂé‘ihwfddmﬁbmﬂl3@@@@@“&%‘%&@@% sel ected

fromthe grou i i i gr oup
LTG0 R, Rl BRchl ont ineBrouFo iR oL B B e Py

group - 0- C(O) R@letl'R@z'd?eﬂldepéﬁdeﬁteﬁcﬁnRﬁéamﬁbﬁéﬁc&ﬂé‘rdmd&@m@nt from one
anot her H or one of an_aliphatic, alc cgln aromatlc

aryl al i phati c, C(Hﬁﬁtla&oﬁﬁllﬁaﬁ})@yéloifén @FH%’LE}B Hia AR SRR ?ﬂ‘ a length of

1 to about 20 &3 Ta%BRatf %a&&%ﬂic?éﬁ%%r@uﬁ QraResitg 6tch@$<ﬁit6a1te&f®tcﬁﬁs ect ed
fromthe group Istrn S, Se_and Si, sing the

bi qui nol yI conjstestrdl Hemg gﬁoap CPW%EéZfNVQ S §e ﬁ%ﬁbéé‘gé{?‘ﬁ RUR he
f | 1
et ahydr o bi qu ISR can A onplelS 0 ORI bt (‘f’)??“m??é‘wne“ o

clailts 6, wher @ﬁ(@h@(l&ébalk SWhEITRE @ﬂRﬂa/a@ et i T @R of
clainms 6 or O%%roqltag ﬁg&g@ﬁ]?ﬁ%ﬂ%%@&h% aﬁg&ﬁa Haflg dhBgnbi qui nol yl

conmpound of general one o di hydr onapht hal ene,
di hydr o ant hr asghédicyéliqpoupanibla maindhdippfi éermh of bto @0@&2‘@ Cﬁtl‘h@‘r gems
comprising 0 to about 6 heteroatoms selected from the group consisting of N, O,
S, Se and Si, and
15 - exposing the biquinolyl compound of general formula (VI) to hydrogenation in
the presence of a suitable catalyst, thereby allowing the formation of an

octahydro biquinoline compound of general formula (XV)
R5 (o) R21

(XV).

Iz 2ZT

R4

20

7. The method of claims 6, wherein the catalyst is one of Pd/C and Pt/C.

8. The method of claims 6 or 7, wherein hydrogenation comprises contacting the
biquinolyl compound of general formula (VI) with one of hydrazine, dihydro-
naphthalene, dihydroanthracene, isopropanol, and formic acid or a salt thereof.

25 9. The method of any one of claims 6 - 8, further comprising contacting the

octahydro biquinoline compound of general formula (XV) with a compound of the

formula R1X,



9. The nethod of any one of clains 6 - 8, further conprising contacting the
oct ahydr o bi qui noli ne conpound of general formula (XV) with a conpound of

t he formwe 2RX32d2erein RL is an aliphatic group w th apomiSc2etoanenssf a

|l ength of 1 to about 10 carbon atons, conprising 0 to about 6 heteroatons
selected fromthe group consisting of N4lO, S, Se and Si, and X is one of

Chl orine, Bronj - ldi - t hereby.al.l owm the formation of an
oct ahydr o bi q%ﬁ%??r%qéggn%%ﬂdgcgoyewgﬁg %?W%P%;@?gﬁlﬁt% toAREULAS hod of
any one of cl adan@n&tem@icomﬁshigm %b&ut&lﬁtd%@bﬁ?]hgl@&%&%&nﬂ@g%pand R3,
respectively, of .gener 0, a . ,11. A nmethod of separating a m xture
of enanti onerscog?lg%og\é’téhé/géoangi%ﬂnﬂol i ne conmpound of claim1l into

i ndi vi dual enaxty ERITCHri@S Besdne| Rdldlagd (MR) and general formula (Vb)
wherei n: R is one of hydrogen, a protective group and an aliphatic group,
wher eiPn t he althgrlt allowingths thewatiomed an octrydrodfiquine matdmpmiund of genetydut 10
carbon atons, ﬁﬁﬁmggﬁ{/@g 0 to about 6 heteroatons selected fromthe group
consisting of NN O S, S and Si, R2 and R3 are i ndependent from one anot her
selected fromthe group consisting q i) K. _(ii) one of an aliphatic, an
alicyclic; an aromatic, an arylaliphatiy ™h an arylalicyclic group with a
mai n chain of about 1 to about sconprising 0 to about 6

het er oat ons sel ected fromthe Broup ponof By O S, Se and Si, (iii)
an ester group -0-C(O-R 1, (iv)RE site gfRp -0 O-ORLL, (v) a
carbamoyl group -0-C(O-N(R 1 -Rl2,and (vi) a phosphate ester -0-P(O(OR 1
OR12, wherein R11 and R12 are idﬁpernjent rom zanoth\r,)H or one of an
aliphatic, a alicyclic, an ardrete, ahnvg Sﬂgtic, ndI'

10. The method of any one of claims 6 - 9, wherein R2! and R22 are identical to R2
10 and R3, respectively, of general Formula (V).

11. A method of separating a mixture of enantiomers of the octahydro biquinoline

compound of claim 1 into individual enantiomers of general formula (Va) and

general formula (Vb)
R® R® O
RN OR? rR—N OR?
1 1
(Va) (Vb)
15 wherein:

Rl is one of hydrogen, a protective group and an aliphatic group, wherein the
aliphatic group has a main chain of a length of 1 to about 10 carbon atoms,
comprising 0 to about 6 heteroatoms selected from the group consisting of N,
O, S, Se and Si,

20 R? and R3 are independent from one another selected from the group consisting
of (i) H, (ii) one of an aliphatic, an alicyclic, an aromatic, an arylaliphatic, and

an arylalicyclic group with a main chain of about 1 to about 30 carbon atoms



an arylalicyclic group with a main chain of a length of 1 to about 20
carbon atons, conprising o about 6 heteroatons selected fromthe group
consi sti nyoahiy/138R9S, Se and Si, and R and R are indeperd&sG20monisse
another H or one of an aliphatic, an alicyclic, an aromatic, an
arylaliphatic and an arylalicyclic grouﬂ)zwith a main chain of a length of 1
to about 30 carbon atom; 0 to a er oat ons. eIe ed from
t he group consi s‘ffi“FRj %Bu@h%gm%?&jsfp eﬁ@’%ﬁ"ﬁcﬁ %W1 tovi di ng
?V)rri xture of enaof$ memd Sif(nﬁ)]tm 3te groyupr-0- @(@I)LIRHQhIVDECmUMHEfbupf-Of- ormul a

, contacting t of .enanti oner ro.Dbi i ne
conpound with an&&ﬁa t lln{é’Sa L%fPuE (ﬁﬁ(@ﬁ(ﬁa%ﬁ@%&(ggf Lﬂ}‘hg t he
formation of a disagtermO)RIRYE)- mk%m&faiéﬁyklba{mﬂa&@um‘e «ﬁﬂ'éﬂwrcﬁn()i{él ) and
separating the diastereoners (V'II % and (VI11b)12. The nmet hod of claim11,
wher e? n separ at | #gthen 8 afions pEadinbadc, @@licydic, andromatic, agarylaliphstic; &d out by
means of chromat gﬂﬁ&'ychg:gr y\ﬁltl'i@tnﬁ@gc&fm &t a”“leﬂ%céljfﬂf 195 abdut 20NGEsIn t he
enanti omer of Ment chl o te1s chl orof ormate, and
wher ei n the met hdgmasepiprisies Oatplabwtrﬁghtheatpmsrsd@ct@daﬁ'@mtéaecgir@mc@m@m| c

nononent hyl car bgagt fseh l.gq(VI11) 14. The use of an octahydro
bi qui nol i ne corrpoun’dG’%z tﬁg&gﬁ%ﬁgral formula (V). wherein: RL is one of H a

pr ot ective grou r , i o has a
RS 30 b ESLAURYR coVELD 108 ke LB

main chain of a out 10 carbon atoms, conprising O to about
6 hel@roatons sellisyelind an aoomative agrodginbetie ped amgrdlicycly eoupSEithnda | R

d R3 d af t
g? () are(: I”) eocﬁlgﬂlgp% lé%gﬁelt "%6‘%5‘1% :Eélg'ég{nea‘?orﬁé Q:H}nltp r(?‘t'cP aB&E’cSBS I ng

aryl al i phatic, ahe@braatomsy¢1a¢te¢fromthegroowomtmgadfmm, s;rs@.andcsﬁ about 1t o
about 30 carbon atoms
the method comprising providing a mixture of enantiomers of the octahydro

biquinoline compound of formula (V),

15 contacting the mixture of enantiomers of the octahydro biquinoline compound

with an enantiomer of Menthyl chloroformate, thereby allowing the formation of a

diastereomeric monomenthyl carbonate of Formula (VIII)

(VIID)

20

(VIIIb)




conprising O to about 6 heteroatons selected fromthe group consisting of
N, O S, Se and Si, (iii) an ester group -0-C(O-R 11, (iv) a carbonate
group -0-wO»toA3R221, (v) a carbanmoyl group -0-C(O - N Rre1/SB2@10a0n@s§ Vi) a
phosphate ester -QP(O(ORlL )-0R 12 , V\A/&grei n R11 and R12 are

I ndependent from one another H or one of™an aliphatic, an alicyclic, an
aromatic, an arylaliphatic, and an arylalicyclic group with a main chain of
about 1 to about 20 carbon atons conprising O to about 6 hetero atons
selected fromthe group consisting of NN O S, Se and Si, and R4 and R5 are
i ndependeng. f Themett®wdafaidier] lHwhereonsepefatiag tlad dipstatcomersaiVIHR) ando(MIED) an
aromatic, an arylaljphatic and.an arylaljcyclic group with a nmain chain of
about 1 to ab&%n\‘f&dg‘ésﬁgheaﬁ%@% #io8 ¥ig 0 to about 6 heteroatons
selected fromthe group consisting of N, 'O S, Se and Si, asymetric

synt hesi s13. The method of claims 11 or 12, wherein the enantiomer of Menthyl chloroformate

5 is (1R)-(-)-Menthyl chloroformate, and wherein the method comprises allowing

the formation of a diastereomeric monomenthyl carbonate of Formula (VIII)

1
5
R r—N o~ Yo"
1
R4 R<N OR3
(VIID).

14. The use of an octahydro biquinoline compound of the general formula (V).

N‘ORZ

3

OR
ol

R! is one of H, a protective group and an aliphatic group, wherein the aliphatic

R5
R—
RI—

4 N

10 R

wherein:

group has a main chain of a length of 1 to about 10 carbon atoms, comprising 0

to about 6 heteroatoms selected from the group consisting of N, O, S, Se and Si,

15 R2 and R3 are independent from one another selected from the group consisting
of (i) H, (ii) one of an aliphatic, an alicyclic, an aromatic, an arylaliphatic, and
an arylalicyclic group with a main chain of about 1 to about 30 carbon atoms
comprising 0 to about 6 heteroatoms selected from the group consisting of N, O,
S, Se and S, (iii) an ester group -O-C(0)-R11, (iv) a carbonate group

20 -0-C(0)-0-R11, (v) a carbamoyl group -O-C(O)-N(R11)-R12 and (vi) a
phosphate ester -O-P(O)(OR'")-OR'?, wherein R1! and R12 are independent
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from one another H or one of an aliphatic, an alicyclic, an aromatic, an
arylaliphatic, and an arylalicyclic group with a main chain of about 1 to about 20
carbon atoms comprising 0 to about 6 heteroatoms selected from the group

consisting of N, O, S, Se and Si, and

R4 and RS are independent from one another H or one of an aliphatic, an
alicyclic, an aromatic, an arylaliphatic and an arylalicyclic group with a main
chain of about 1 to about 30 carbon atoms comprising O to about 6 heteroatoms

selected from the group consisting of N, O, S, Se and Si,

in asymmetric synthesis.



