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APPLI CATI ONS [0001] This application nmakes reference to and clains
the benefit of priority of a provisional application for the 'Design,
Synt hesi s Design, Synthesis and Optical 5 Resolution of New
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diol" filed on May 15, 2009 with the United States Patent and
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Chl ral auxiliary and |1 gand for both st0| Chl orret?ug and catal ytic
asymretri #@&ynthesis due to its axial dissymetry and nol ecul ar
flexibility. O all the 25 widely enployed chiral |igands, the
axially chiral 1,11-binaphthyl-2,2'-diol (BINOL) has energed as one
of the nost powerful |igandSIERDeOFTHEE INYVENIION/si s. The biaryl
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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 findamental 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
asymmefric 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 valiable.



[ 00051 Efforts to nodify the BINOL backbone |ead to derivatives with
different substituents at the CG3, G4, C6 and C7 positions (Chen,
Y, et al., Chem Rev. (2003) 103, 3155). Notably, the rotational
barrier of pen i CH bonds contributed significantly to the
configurational stabili ty of BINOL, hemce direct nodification of this
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carbon atons. The main chain of such an aliphatic, alicyclic,
arompgic, arylali phat| C OITAVIM ARV II'LEWENTII@N include 0 to about
6 heteroatom; (i.e. 3 atons that dlffer fromcarbon). A respective
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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 mdependent 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 0 to about 6 heteroatoms (i.e.
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nmoi ety of lmo AL ewerl fgrya (48) and R3 may in sone enbodi ments
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exposi ng the biquinolyl conpaousg of~general formula (VI) to

hydr ogenati on in the presende 3 t abl e catal yst. Thereby the

met hod i ncl udes al | ow ng % : ; of an octahydro biquinoline
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0O R22

In this formula R? 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,



[0009] In a third aspect the invention provides a nmethod of
separating a m xture of enantioners of the octahydro biquinoline
conpound according to the first aspect into individual enantioners of
general formula (Va) and general fornmula (Vb) 5 Rl to R5 in
fornmulas (Va) and (Vb) are as defined gbove. The nethod includes
providing a mxture of enantioners of the octahydro biquinoline

conmpound  adroshaticiatydaliphitic( srtgeyialicyclié group kg inéludd Bes abdik lGUstesoatoms. A
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selected from the group consisting of N, O, S, Se and Si. R2! and R22 in formula (VI)
may independent from one another further be an ester group [-0]-C(0)-R11, a carbonate

10  group [-O]-C(0)-O-R1! or a carbamoyl group [-O]-C(O)-N(R11)-R12, Brackets [] in
these formulas indicate that the oxygen atom is already indicated in formula (V). R11 in
the ester group, the carbonate group and the carbamoyl group, and R12 in the carbamoyl
group are independent from one another H or one of an aliphatic, an alicyclic, an
aromatic, an arylaliphatic, and an arylalicyclic group. A respective aliphatic, alicyclic,

15 aromatic, arylaliphatic or arylalicyclic group may have a main chain that includes 0 to
gbout 6 heteroatoms selected fiom N, O, S, Se and Si. The respective main chain of
such an aliphatic, alicyclic, aromatic, arylaliphatic or arylalicyclic group includes 1 to
about 30, such as 1 to about 20 carbon atoms. In some embodirments one of R21 and R22
defines an aliphatic, aromatic or arylaliphatic bridge that is linked to the respective other

20  moiety of R?) and R?2, Accordingly, R? and R3 may in some embodiments define one
common cyclic structure. The method further includes exposing the biquinolyl compound
of general formmla (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)
R { 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)



5[ 0012] Figure 1A shows a schene on the general synthesis strategy to

a conmpound of the invention. [0013] Figure 1B illustrates as a
conpari son the configurational stabilities of B1INOL and the
correspondi ng aza anal ogue. [0014] Figure 1C illustrates

that even if R4 and R5 are sterically large (cf. 10Bl akenore, PR, et
al., J Og Chem (2007) 9368), a 8,8 -biquinolyl conpound as depi cted
in the center of the Fig. 1 is racemzing rapidly. Only if sterically
| arge noi eties RN RBare used, can racerg-sanN oW, avoi ded-
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di net hyl - oct gy droNg, 8w gHOR! i ne- 7, B die QRO01g]

Fi gure 4B de%i esis of chiral ignic | 70. [0019]
crystal structukg of ound 20[ 0020)

Figure 51i depict wTay EV9htal structur™5f cufipound Ba.

[0021] Figure 6 depicts the resolution of the obtained chiral |igands
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catal yst 10. [0025) Figure 9 depicts the X-ray crystal structure of
Che b1 f uncamriver o Megby! phlorqiommsts Hicerhyethe0mawen csludes. Aiwipa)thand

13C NWR ( BprrsitRf bt #dRdte OBt RdnomentRl WBdatEd SbrRullviigp! cts | HNWR
(A) and 13C NMR (B) spectra of compound 6. 7 .

OR? |
‘ (VIID).

Further, the method inciudes separating the diastereomers (VIlla) and (VIIIb)

o) O
RS O M R® O N
ri—N 0" 0 R— N 0 0O
y v
O (VIII2) O (VIIb)

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

compound according to the first aspect in asymmetric synthesis.



[0028] Figure 12 depicts 1H NVR (A) and 13C NWR (B) spectra of
conmpound 7. [0029] Figure 13 depicts 1H NVR (A) and 13C NWR (B)
spectra of conpound 8a. [0030] Figure 14 depicts 1H NWR spectra of 8,
8a and 8b. [0031] Figure 15 depicts 111NVMR (A) and 13C NWR (B)
spectra of conpound 10. DETAI LED DESCREPTI ON OF THE | NVENTI ON

[ 0032] The present invention provides an octahydro biquinoline

conpound of the gener agRIF¥ DESERIPIION ORGHE DRASWHOGSUl @ Rl may be

hydrogen or a protective group. RL nay al so be an aliphatic group

t hat has a nnj ain of.,a | t f 1 to about .12 carbon 0 .Such
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[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 “C NMR (B) spectra of compound 5.
30 [0027] Figure 11 depicts 'H NMR (A) and C NMR (B) spectra of compound 6.



[0034] R2 and R3 are in sone enbodi nents different from each other.
In sone 10 enbodinents R2 and R3 are identical. In formula (V) R2
and/or R3 are in sone enbodinents a proton, i.e. hydrogen. In sone
enbodi mrent R2 and R3 are independent from one anot her one of an

al i phatic, acyclic, aronatlc arylaliphkatic, and an arylalicyclic

ryiaii cycl | HOBRDklsEe gt ﬁ%&&“@?@ﬁ% sbrigei GrORERA0- 1 1 o
about 25 car DORCRENRS iAo et "R o Bt B
Sbout 1 to algdh TREEIARha RV 4 B B0 TS Cor pon Zigﬁ
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10, 1%, 12, 13, 14, 15, 16, 17, 18, 19 or 20 carbon atons 20[ 0035] A

respective allphat'CDEMIEEﬁiDEsc @)F?H!ﬁ &, and
arylalicyclic group may i ncl ude 0to a out 6, suc as 0 to about 4,
including 1 het er oat ons odi nment s t

mi 1 chai n olPOPHaThs rsitaf iyCnuti GO BRRCR ot te BRniRle SEIRIPEE Y g
an aryl al igeyehli forngl®(W):i ncl udes 0 to about 6, e.g. 1, 3, 4, 5 or 6
het er oat ons. Such a heteroatom nay be selected fromN, 0 S, Se and
Si. In sone 25 enbodi nents qne a0, of R2 and R3 are a protective
group. Exanples of a suitabl- d ¢ group include, but are not

limted to, an ether, i5l ester, a carbonate, an aryl
carbamate, a phosphlnate nd1. Nt 4strative exanples of a
suitabl e ether are a nethylR=a t- an isopropyl-, a

met hoxynet hyl -, a benzyl - 12, 4- benzyl -, a 4-met hoxybenzyl -
an o-nitrobenzyl-, a p- kyr TN S q di chl orobenzyl -, a

3, 4-di chl orobenzyl -, a 4% o‘carbonyl zyl -, a

met hyl sul fi nyl benzyl -, a bengyl ox -, a net hoxyet hoxynet hyl -, a
(2-trinmethylsilyl)- ethoxyne q Dt hyl t hi onet hyl -, a
phenyl t hi onet hyl -, an azi donethyl -, a cyanonethyl-, a

2,2-dochl of ﬂnslfbimﬁlhf}ilbtﬁﬂ}oﬁé H})ﬂrogenébr% &b&{v@egtmﬂ R! e 2y s medihvhtio @
t - but yl di phenyl si t hyl tetrah dro yranyl - f et hoxyet h a
phenacy! - gmélpﬁ a%lwamg ﬂﬁ@%aéwth off te APIt B caHYR ﬁ@trﬁyqush aSahth%o

a prenyl -0 ea@w@h@ﬁﬁxaﬂom 2 tb ﬂ%ﬁt pdt@afbc%fﬁéh}s’l 1 ttslaboutes &&m&x& o abit
anthrylmethyl-, a 4-p hept af Mor o-p-tol yl - and

t et raf | uof &%2h9%t § aﬂy‘tﬂméttﬁ@ﬁ SuFlt Fsu]stzr 2% 0ds gxgr&ﬂréé) cgrbop a@atst badditieny y|

et her areqR diphsRE Shys i/ RY, iR phdldich? 8nd¥B] Bk bt Mﬂe ahpﬁatlc group in/of R1
t- bﬁbgldlphenyIS|l | -~ and a trllsopropyIS|I¥I et her. ustratlve 5

exanp? es BRY AncdiderBif abou Gepuchras Ofofabpwat ar O tasbensed, &tgel 2,8, 4, 5 0r 6
I evul i nat geteroftoRis VREPRL R he?e cﬂ%é)ﬁlta & for ﬁst%l(felﬂé%e@e ,aSPQf‘Si %tgea, fegnd

a xanthenecarbox ate group. Illustrative exangyes bf’ a’su
car bonat e®%iples, be mgthyl, Bﬁhﬁly ppropyl, jsopspipyl, adylehetyl SBC-WI isobutyl,

1- adamant t
4 ot nyl seT T aoaroRoy PURGDG e BSadl Mspenl ot >
|11 ustrat pm@r@kém@ybﬁ-@ﬂm&m¢@ Wwﬁmentmht e are a

di net hyl phos nyl-, a 10 dinethyl phosphi not hi oyl - and a
di phethy! p hoé&ﬁf'hét firtge exgmpleef alrespaeiverotodtive el i g catbamatsuFxamles

sul f onat e;gy %@@gﬂ?g&gﬁ&%@@% 1§t linfeli th| tbif gpﬁw:ggssa ate, & 2-

fornylbenzenesu enesul fonat e- nzylsul onaté
group.  byipo@elenmie allbt srbanitghisepropyl mﬁahsarb@mate,s%»cbbmthﬁ sarbgmaited,

T N
"hat er atmmhoaéen@éobaﬁmmam %dnbbumlbanzgtncadbamatc @-Idwayilbthyl habamtta,n
carbgn ory PvEEIgA™ 2 AibrASEh AEDa] 1ALy E5 SPGB 2D AE,

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-



10 may be saturated or nono-or poly-unsaturated. The cyclic

hydr ocarbon noi ety may al so i nclude fused cyclic ring systens such as
decalin and may al so be substituted with non-aromatic cyclic as well
as chain elenents. The nmain chain of the cyclic hydrocarbon noiety
may, unless otherw se stated, be of any |ength and contai n any nunber
of non- 5 aromatic cyclic and chain elements. Typically, the

hydr ocar bafaté, ml[m-m&bﬁieﬁylbdimi@d%e@yletﬂyl darbafhate/ cRbaBylINBirfenGiig| Hex&li0 s
in one cycle. | es of such noieties |nclude but are not |Iﬁltfd
to, cycl oﬁéﬁ‘%ﬂr CADyAGH SIAPREEVIORY | RSB  DUr-Ey iSE Rt  SravARY
cyclic hydadeamk0N-ARir6iypipstdinyl fcaﬂfaﬁﬁﬁﬁu nﬁﬂwlsﬁm&lb‘énﬁ}mdcz@lkhi\:hdﬂe 4-
substltuents nay furthernnre contai n hef eroat ons, for_instance N,
0, S, Se dwtlugrobegeyl cagbgmals, c&fb@ﬁ%@tﬁé‘ﬂﬁ@é}@&e@m@ ipy(ditpydrogyboryl)-
het er gat omenzyTE@b&ﬁJtmz.ﬁbﬂ@Mﬁbétﬁyl ca#b&saaﬂenmeé%uﬁu 1 %zlkcﬁfﬁélnaf@whl es

that are unsaturated clit hyd rocarbons eneral |y cont ai n

about thr @érqpberafb@lfensé oy rqaphamale Bdd ﬂmme %hé%é%ﬁoay )qth;@&marm X
ring carb 0 r a ond
1 Phe r ocamete M haniEh s e, 2L S Mikisb VPRl tajbait 8 2R pRED
substi t ut @ml)etméﬁn@mgteommmphenﬂu catbpwstejand pﬂmobemtl car?o@mnf@t | | m t ed

to cyclohexenyl 15cycl ooct enyl or cycl odecenyl. 100381 The term
"aromatic” ri08H8 R%umdeB3 ase e swhe embediments differant fremseacle stlsnt inagange

p! Pan3t CY ShubSaYA AR LRE RIR b qﬂ%ﬂ%&gggse d%% 80P W5 #NoGE

e a single ring or inc lI'e con used)

coval ent | ymbpdifoents raiprofey, feo lhy@oaﬂp IDE$01326 eleQﬂlrnﬂntfR?sm R3 argsndeiﬁt@enfer m
t k
eromaiTe, SheP cokier At 60 SEALY, LB ALOLIGREER0. 2 o

Exanpl es efylaligptticngroen.i B alinhiatic)eslicinlic, aromatng,t alma:hph@m, e arylalicyclic

|
?1/8\] gﬁﬁm g%;/ugp{f R2 B:Eﬁgy }ém% 90 t%?gﬁé%j& of ra]lb?m 1to aPET 30 carbon m, Aforos, such
[ 8] abhul ens/? ig abpma?{hctaebv@ e om&mnbhﬁrﬁé)carbbmtqmmmm@net 1 whabystene
(1, 2-benz 23 Qﬁﬂfiﬁp Etgf?g neﬁ)l)uif f‘@ch %%‘E@{J ‘Sar‘t?%] %rﬂrggl A‘b@{! o éboﬂ?h@ E%bfn:? pms,

benzyl e maln chain o on nol
unl ess otHunmﬂyeﬂsmbiéduhbeﬂmmsahmﬁﬁémghhﬁéﬁdmbommanﬁ,dmythmmﬂﬁuthﬁ

het ef 02t 0o Rofublio) A0 daBl e Gllodt 1S SEOPTOURLL Fatoms,

noi eti e nay or exa unsa
het er ocychushwhil,ch 3ha§ 6ng 8P, Hhi g, llﬂel?erléalfioﬁﬁ, ¥7 d%n 10tva 28 sarbess aidms.N,
S. Exanpl es of such heteroaronmatic npieties (which are known to the

per s&h ski | I[BRBS] A raspeckive )aliphaticy abcychet argmeatio otryleliphatied and arsialicgelia -

t hi ophenybroup r}ﬁ@hﬁlxﬂuae on@pmpvs 3&9 JsLU ?cﬂxﬂ)out @@ﬁémﬁguoah@nxl 501 6
pyridinyl -, pyrr03¥ , qui nol i Nyl apht hoqui nol i nyl - qui noxal i nyl -
i ndol y1- , hejeregtomadnyspme enypiodimests the maey@b@m 9f the aliphaticnalicyclico Reamatip) -

benzoxepi gyl ha%;%eﬁld‘é/ﬂ 1’@5(&9;' @5451 mgﬁﬁ%?@%'d%ﬁt‘ﬁ dPion BYlU- 5 or 6
nt aeny

azeci nyl (azacycl odeca I azeci nyl -
azacycl odb@@f@@tﬂ@s 3Swhr gﬂemtommﬁ@ wlegted; fom N,3@08i fgland Si. In some

di azggi nylembcidﬁﬁ&ﬁgs%bf‘wth of?@e%&i B8l are a%%&%ﬂ?ﬂ' 3% i) 29{ ?(les of o sultable

thi a[ 111annul enyl -, oxacycl otri deca- 2, aeny
t ri azaant PrOtRSEYFy Bronp ) inglpdss but are not [imueb o, A ethen, rigsilyl qthﬁr,smster a

embodi nen{:?bcﬁ%teagﬁj% ciBabas, ¥8hds Pﬂlﬁat@%ﬂ@ﬁ%%n%%nzlgﬁtl@@g lésrbf a

formula ( I s/are aromatic no such as Z0
benzhni dasiteble efher prer amethyls azdniy]-, plynsamoml— mymeth@ﬂm@hylf, @r@nzyl- a

th h
I ophen,  BeggaLbalyPULL G MOAKL Sl Srhigh oo ZHtRLATOL s
- i socf nol ﬂln’@prm@nzmhm B;%phlbmbemzyhea 4qdm&ﬂmd¢mme)caxuon91bem1— & metlpdd e,

i sot hi azo yrl

oxepi no. TRty EnpdCRRARRY 4 BB oSh i o AE R SBytsid-

phenant hr eih@yzretifyi- hlaapéthmlﬂuomemyh, dhihéxgﬂrh{ofrﬂethy}ema azidomethyl-, a cyano-
methyl-, a 2,2-dichloro-1,1-difluoroethyl-, a 2-chloroethyl-, a 2-bromoethyl-, a t-butyl-

diphenyisilylethyl-, a tetrahydropyranyl-, a 1-ethoxyethyl-, a phenacyl-, a 4-bromo-



[0041] Each of the terms "aliphatic'', "alicyclic", "aromatic" and
"arylaliphatic" as 20 used herein is neant to include both
substituted and unsubstituted fornms of the respective noiety.
Substituents my be any functional group, as for exanple, but not
limted to, amno, anmido, azido, carbonyl, carboxyl, cyano, isocyano,
di t| 3i ane, hal ogen, hydroxyl, nitro, organonetal, organoboron,

sel eno, si phenacyd, h&hhropi‘@ﬁyﬂlﬁéthjdr, ainhllgl-, d}b}bﬁ}@?a@yclélﬁdxfyi U@E@mieﬂ-mleml-
sul fonyl, p-tol uene ul fon tL}gm)benzenes I %%yl ni t r oben-

25zenesul f pm%@’ ﬁﬁtﬁ’é’%‘ﬁ? mf 4-picoly Gg[l@] POTRa- o a i tegaflinye-
at om t hat ghpifiéyl etter OMMugeat0e Bxana ®t £§uilable! silgBethdtUire ﬁrtﬁrﬂ&%]sh%rlmatted

to N O, P re several heteroatons are present "w

the one or %@n?tgﬁlégylof a ?‘ﬁEtY@WhéYhtﬁnét%/mlW&PYéﬁﬂé’l ietespldlpsteative y
sel ected. § off B sSiikR: @f@%'a@ﬂﬁa’c&a@%&a@ aaifa'?ulﬂi'ﬁf:é Qécplaﬂozﬁé-t £ben-

group [-0]- -R11, a 30 carbonate %&g ;]ib
car bar noyl 23§ ‘-’OLPpg fuersnesabpxpiptel and aan %@ﬁm I@gﬁh@hve examples

[-0]-P(0) (%ﬁtaﬂﬁ%bohﬁe%@ﬁle lépcsmﬁi;il a\n]gyl hz%e%fﬁl %5 an T Oﬁgh c

fromone anot her H or one of phat1¢é

an aryl al i pfrdimethylaent-3arl- aﬂﬂyﬁlbzi-; @y%np&ylgulﬁuﬁlbenzyb aidl PR, Prichloroethyl
| | |
alicyclic, caﬁfoﬂ%t Ilf&str&{v)é Q@{:f& uifB fﬁﬁ%ﬂhﬂ'{) 0 Ca{lﬁgﬂﬁsp%yﬁl&

and R12 rra have a nmal n c out
at onsll s giylphmhmgﬂmyls @1(1: aﬂm&xﬂnﬂpmhlmth@yi grcmpoi;ﬁusﬁ&mawdamples

atoms, | ncdfug'sﬂﬂa gHﬁ‘or%tet greagout %Lgsv.ﬁi%h an aah%roﬁ%ﬂﬂ'{eswilfotgﬁteabogt

20 carbon atons, carbon atomns 0 dbo t
15 car bon amr}henzmukfomtec o todusmesulfvgate sand rbendyibmwifpnatbgraupl t o about
10 carbon atoms about 2 to about 10 carbon atons or about 1 to about
5 10 car bonl04p6inEhe tsirafaliphatic” means, unjessmthegwisy staged, 9 straight qrbrauched

13, 14, 151ydlge@arbéﬂ chadif; wﬂn%h Q{a %@ SRR o PLBAR - r;HE» pﬁx@a&r&gﬁuaﬂfm&fud@

respective aliphatic, alicycl aromatic, ary
aryl afi cydﬁle'ieéoﬁtﬁﬂﬁ‘efrﬁle t-ﬂrmF%hetemtom” a3 (edregein seensGmtatora b ety aement other

het er oat oy, I)ﬁ g@ app 'dfuﬁl Qtred Qs a}%ﬁtl@%&‘ﬁ&) c%ntag:\g%ne g 1k nqu %bub%é

or 5 heteroatom; espect’ive be I'ndepen
sel ect ed @n&onfripi¢ bands GilkeBgl crradkigyl. mcme)t[e@DZl“&]z bﬁnehﬂs ef ﬂlel hydrdmerbabohem

f I
f or ml gs( I\‘?@’J L, ok &l 9 naﬁﬁ%’l?'”%r%%t% RS 31%%3& A o Peben,
sake of clcham,twhlcmma@'; dmlasglqtherwise seasddebe gﬁmypengﬂy ahd cdrivgin @O indtier of

| V., VI I I XV d I
e’ 20 e AL ATIORES theriofifion (B BD: Bty 'S & ofh B1keito Fhe
(0 (ORLILZOR E“@%%?E“f B%‘?ﬂc’ﬁd‘mm“ﬁﬁh@mﬁﬂf*ﬁdﬁ%ﬁmﬂ”“
- - . an e H a may al so
be i ndepeﬁ%lé“r?‘iﬂ‘f"%ﬂ]cg ?fl?t‘?fe’f“o?ndogg}% CAIEEW}éFql Q;Igp%eraﬂé/ncontam
aromati c, abdut awyltalab@ﬁtaﬁ\reﬁtwéax@dh @todtls nH Qe | dr GO R - ingt Ao @loN dGitad N

of sucha tic, allcycllc aromatic, arylallphatlco
aryl al i cyg?ﬁ? %Lﬁﬁ hayt ey to ahaph s eqa%nmatew aduanerdqubleabeng: Adigmy!

carbgm at masoals&iéﬁhﬁ%sc&téxﬂ aBR Wro ﬁpabo%Pt ARG Bd énd & RARE, UfBr 25

carbon atons, incl q@a bout 1 to about 2 car bon atoms, about 2
about 20 EXFEYHT¥.drgle hepdurefomblysseuns P toateh Garban ehns, abdate mpﬁeo

about 15 alﬁ%@’i‘

about 10 gg{dggﬁalg]%lgﬁf a u}ad a{lsgarggﬁéd%ht]cgafgg#%g% g% o a qltai to
about 10 whichonnairooms oxsxmre mlelbor@s BandplesSof Ayl rodys & rﬁdﬂ;tyl 1éthy1,12
13, 14, 1 of r.bon at The. ma

a respect vg} Pu%]hg ﬂ‘t%] h e@? N0ty BV ?‘%y’aﬁl’ﬂ?lnalﬁ?lﬁ?fﬁ f@leé‘?ragmgls
aryl3 i cyxsbpxopyiplse'bqtyloﬁsopéntyl, ie{chmyl 1y Boutply néﬁp}énﬂyn(ﬁ 3dEnéh§butgb Bdth 6
het er oat ogs. ect|v§: het e{)oat oin mw S, Se and Si. 1(4
hnd Fe- ar B it SFERGROBHT A8 At P Met T BRIdEs Chel R eropAIS gl
embodi Meninstaitd MO, Sl 2 of8or @Ml afiths mhybSRPRcAINBAERBRIS0akd s and RS

[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



13 thus provide an inportant strategy to change its scaffold. In
addition, the chiral core defined by the two naphthyl rings provides
an ideal chiral environnent for the transfer of stereoinformation.
The exclusive direct finctionalization of the 8,8 -positions is also
believed to have interesting inplicati §'S in asymetric induction.

W t hout being bound 5by theory the chiral core defined by the

8, 8' - posi tignse @turBedNotme@NoRIy-thdafifated, Tle apcli hydddarbon bict@ay also
structure on the r gh}, represent a potential functional group.at the
8 and t he 8¢ u?fo%ﬁ%fi il Fingpyegms suph apdacalinsgndimr dsgbe Hibgiipted Kjfh non-
conpounds, ar&@kticy ERtic 38 wWill s QbR eléhéntS TR ndik @haln oP ¥R &ycBB hﬁi&%‘éﬁboﬁ
unfortunately been found to be generally 10 configurationally

unst abl e (BYBtYANg, wpless gtheywisesjatedrhe oppyslengthiend eenttein any ayaber of non-
sur prigsin ; |PR=" , Welth | f: | a
) T o R Y B o e o
bi qui nol i rfe3c@npudrivaip thainatans in ¢ng cysk. Expmplened saghgnoietaes indudss butiaged

in differ i .gur.afyl n odi S..Lf2
oct ahydr Oeagl{ C}ﬁrlg{rzlet& tlghé;%cl%%g%bn?’cg)ogm}tcﬁbkgée?%ﬁg{l’ of.; or r?u%@ ?@; | é cyEfP@
provi ded ibydepcethom impdaty eido if pregent; ny ayclisend ehain sebstibgntsymdyoiurthéraore
(Va): I i : R ' e.
| embodi (SAFR B OO, B B osfinee (00, g A0 s 2tBp Anl iy e RILT
of t A8 octbaliele hetsiaptinmsoThetermdaiicuelic’ dfo inkludgereionlkefiyirmeikties(thgt acan
be repres %Hga%}at%ﬁ cyc;lh% hydrocarbons, which generally contain about three to about eight ring

carbon atomns, for example five or six ring carbon atoms. Cycloalkenyl radicals typically

have a double bond in the respective ring system. Cycloalkenyl radicals may in turn be
substituted. Examples of such moieties include, but are not limited to, cyclohexenyl,

15 cyclooctenyl or cyclodecenyl.

[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]anmulenyl-, 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 persbn

skilled in the att) 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[11lannulenyl-, oxacyclotrideca-2,4,6,8,

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



[0048] In sone enbodi nents the octahydro bi qui noline conpound of the
general formula (V) is provided in a configuration, which can be
represented by fornula (Vb): b5Again, inthis formula R, R2, R3, R4,
and R5 are as defined above. In enbodinents where both R4 and R5 are
hydrogen, this configuration of the ocjiahydro biquinoline conmpound of
the general formula (V) can be represe-&ed as In sone

embodi ment s fp)8o] Oﬁéc%i’diﬂg 19 19'391‘1'1%: Qﬁibb&lﬁneﬁ@@ﬁﬂ%r'l@ Weﬁtag'ff@ R/ ke %S,

t wo 10enant|oners of (Va) and (Wb [0049] In the above
structure S%bﬁleyéﬁeé'?mﬂg (X) @G/%YB W@é@mﬁ%ﬂ@a&t%owchsas (sazple.o inpidazple,

the ster eqehanidade ok u?ﬁhﬂﬁ? E,%ra&{ﬁ% ﬁﬁﬁ%ﬁﬁbcﬁﬂi}, ﬁhéﬁn, BeRbofuran,

conpound (V) two per e es cah be drawn, neither of I ch

can be b| Potiding bmmdlqﬂ @ddeo?rH@ymdeb;z;aphml@@e,@mﬁr@eanOeqnquemdmm,
V
((:hgin cal ((gm%]l gar a@ﬁ%n usde]%[gy lg@ga?no @gé@b?ﬂh%a&ﬂa%e %aéokpee@{hﬂzgg

repr esent d8- mpmvmdlbanQdem agpeney rlifeproainep nxerfine tblame,l thisphanthrene

| at
(et Ls, (eSS B SR S S TR e i ©
MG aw Hi lthof2,3ttffuerd) wacbfuro[328pyrplages 97 - 99 & 115 - 119). By
defi ni ng nonsuperi nposable mrror inmages the absolute stereochem stry

can accor di ng§P40] gy e tervetirylalinhaidlHn meagol biydrecarlg meistyein Wikclsone or
syst gg) of 3{695"3:335421{‘}5 H‘fo‘?eltﬁﬁ&e shﬁ%tlﬁﬂégxﬁi@ﬂs&nesstxﬂﬁ%% tlc ﬁu@l{.l?ﬁf(éﬁh?l y

be applie eneral basis to conpoun
si nce thi §ars£abp1@hml glsd dcdufien hydrhearbcammwge&aﬁnmmmemmgre aylygroups

H<C<N<O |
3OS wt b need Sl ane o Hphd R el A%l of it rsthRSD

conpound methylmhercwnﬁmcedbmhe&ydmabmaﬂmm) abata anhedes ¢ 6a 7vasdyygiain
represent gl o0y, W rlnd ¥AHE :H@Qtﬁ: @1;%1 dof %)yla?xgﬂ?ﬁc%%{l@sr
nature

10 enbodi nents ependi ng on e re

subsi$ t uemly(as) alk}d@fYém@@twﬁpn@udeaéubm ry liroitedndo Gaﬁhulhmg]@h@ielm diidg

syst em of &ﬁ% : %Eéﬁ he
(é, S) - ang{él Sgﬂr%%'iagﬁ%g% (r\?g%g rﬂ]&ée@ 3‘ ésteregﬂe g en H@l lﬁ
the sel echeten-dwhst7-chiore 3(lomethylshodiduinolinerh otthepsyltfurann 6152%(2;&-@16@1ylon

t he confi e ' om fornul as

(Va) and [UByOREP Ryl ik e R Babiye s eaiRnd A BhE ST |

standard st §po41) HaBe of RIBRS GilighatBt NelicychicBMaRhlafiat hae £ PRRHAAE" as

This_step has owever, %)tthe present inventors been found unsuited
0

for 2he sywdnkaris it mgantolor aRYde Pobik Gubsibitet angd orseRmintet fatesnel 49 V)
(see the gysmmle IIQ)fietf ' Qubsﬁt).lent@(iﬁp’ﬁéjhﬂjg fiRtibAR REES B BMERId Yt hbe

oct ahydr o_bi qui nol i ne conmpound
limited to, amino, amido, azido, carbony], 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, §, 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 [-0]-C(0)-R11, a

30  carbonate group [-0]-C(0)-O-R1}, a carbamoyl group [-OJ-C(0)-N(R1})-RI2 and a
phosphate ester [-O]-P(O)(OR*)-OR™. In these groups R1! and R12 are independent

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

. and an arylalicyclic group. The aliphatic, alicyclic, aromatic, arylalipbatic, and arylali-
cyclic groups of R11 and R12 may have a main chain of about 1 to about 30 carbon



20general formula (V) can be fornmed in a process that uses a

bi qui nol yl compound of general formula (VI): In this formula R4
and R5 are as defined above. R21 and R22 in fornula (VI) are selected
i ndependently from each other. In sonme enbodi nents R21 and/or R22 are
a 25 proton. In sone enbodi nent R21 ang,R22 are independent from one
anot her one of an aliphatic, alicyclic, aromatic, arylaliphatic, and
an aryl al i atymd,iseclgeopo hhe 30 ¢a|am1tat@ms a8l Day bbb, 2536200t 4t6ms, including

aryl al i ph an | al.i cyclic oups _of may have a nmjn

chai n of a%%'{l ip %8&3%&6{1’036 Oggrﬂg’ﬂ g?‘b‘ﬂ’é’m ﬁ@ﬂﬁ%ﬂma QB Sfe byt 20

carbon at agaFbo@ratdms, Wbohitol aastut 35 @l oA, ABBut 3 RChBeL N9 c@f%@ﬂtatolnst 0
ahout 2 to about 20 carbon atons, about 3t

about 20 c '%8]2 (ﬂ%
about 20 Bs10 caRonatoms, gbopb diie ahoyt 0 ciben AoBRET abgyhdto zb%
about 515 C1®rdaﬂi’cbna&cﬁﬁ§55udhth9l!t2]3 t4056éO<7UQ 91@o<3161r *I@rlzsaim% 1@@91118 2959
about 10 carbon atons or a out tO about car on at OITB SUC 1,
2, 3, 4, %0 Bar on afpmsg Thegmain f_hammf alseSpre 1adiphatiz, alipyclicg, arwt@;
20 b e

car bon 484 auwr&ymwcﬁemo%%ﬁk 1@%&@5 %ﬁa@e 5% o%tﬁ g{ecan

bi qui nol yI npound gneral formul’a (Vi e use

repr esent éﬂdhés 0 to Fbﬁl)l’éf]or,@ toeghest 8 w8 Qi|1b Qhé:t‘i er Séletecqatqms: A @b‘mﬁ?m'ﬂ c,

aryl aliph I n chain of

about 1 t?Eﬂg%ogﬂc{?ﬂ%g?%ﬁ?@%%&g%@ekgﬁghﬁggf a out O carbon atons
or 21ipo aboultooa?:ﬁ Eﬁ&l&@‘ﬂ%%@abdv@%ﬁ&ﬂﬂd@%@f@&@ttha% tﬁ&oﬁ%eﬂtato%@mcafew
atons, about t o about car bon at ons, about to about 20 carbon

at ons, abé‘tﬁlcaiedt@ fapmile (‘ib Thafwlb Amstionad sravpdis H@rftlb bedsoindicatsd &urshkm
atons, ab , Pcﬁiﬂ%; fg%gii

atons or gggﬁ% ) RC‘%‘@Eﬂélty 1&6%&5}%&] at omst hé‘s uc tggé.% %(‘})g(ag%lp%n
6, 7, 8, &g icamum VI YILIZV and, XVE), alspebe tepresaed 40-Q{0)-RA%,dhe bahonate

atonms. Th 111 GiyClay 11RkAas i

arylali cygrﬁg %bgo ?{e dm%%%% %aﬁﬁg@ Q\% aaﬁ(rirél n&oﬁ%hate

t hat 19 ncl @&t@saSGPKB(@B ltO .het eroatons, such as 0 to about 4 or 0 to
about 3, 4, 5 or 6 heteroatoms A respective

het er oat om @d&psem’@éh‘t Hy Ré and BY eupyoalee bsf indgpedenss fiodeormradotB:
I'n sone e&?%ﬂbm&t S G cRE, MOhBmBHfic, 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 abouf 20 carbon atoms, about 3 to about 20 carbon atoms, about 1 to

about 15 carbon atotns, 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,

3,4,5,6,7,8,9,10,11, 12, 13, 14, 15, 16, 17, 18, 19 or 20 catbon atoms. The main

25 chains of a respective aliphatic, alicyclic, aromatic, arylaliphatic or arylalicyelic moiety

of R!, R? or R® may may include 0 to about 6 heteroatoms. A respective heteroatom may

be N, O, S, Se and Si. R4 and RS are in some embodiments different from each other. In

some embodiments R4 and R3 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 RS may be taken to

define an aliphatic, aromatic or arylaliphatic bridge that is linked to the respective other
moiety of R 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



20 R21 and R22 are a protective group (supra). In sonme enbodi nents
R21 and R22 are identical to the noieties R2 and R3 of forrmula (V)
(cf. above). In such an enbodi nent the bi qui nolyl conpound can be
represented by the fornula 17 and in enbodi nents where both R4 and
R 5 are hydrogen by the formul a [00§££ A bi qui nol yl conpound of
formula (VI) (supra), in which R21 and 2 are H5 can be forned as

descri bed ibys Brovidnar ehpeitadisitblegOt@ chdabeMs sbaARIO)InHditdAh, 18%hial core
8218) . Aségl cégsed in the sape publication, enantionerization of a
respectiv ‘ﬁ’a ¥ it o TR fnes orarides apsideshcliah gryitonment fos e s isn
of confi gusfakdresififofthatRHCThePexeRERNE Uit TRARLAIE S of thE 3R"-856#Rns is also
i nventors have identified an octahydro biquinoline conpound of the

general f diehgyYe tomve igteptiyg impligations ingyameieindeetione Withoptdeaw| bownd
moi et ises R i@Bsky iR JHBY BR deRhEPEHEES PSodRaEdrRERORX 007,
supra). A;%or g(g—%ol i thium reagent” Li iéR ?Ognd or lmlilﬁl R5calﬁllsj?§§fgﬁétg%ést2ed
with a diester of a biquinolyl-dioxy conpound or, a correspondi ng
carbamate thereof. The respegtive synthesis is#p&ticularly useful in

enbodi nents where Ré4-~and R5 dfe identical,
or ganol i t hi um reage ¢ mesal

15product needs to be C3
be of the formula p

tion of different
'Tﬁ@]?a or exanple

alicyclic, aromatic / . A
reaction with ape rfitrﬂun1reada yi | e 20t he
fol |l ow ng reaproduct. 18 The hydroxyl be
further convdgeted to any desired derivative sucK or ester

usi ng standa‘r’fechniques available in the art. A Tespective

carbamate may for exanple be of the fornmula R25 Ré5
R’ and R” in the structure on the right represent a potential functional group at the 8 and
the 8’ position of BINOL. In contrast thereto, biquinolyl compounds, carrying an N
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 formuila (V) is, however,
configurationally stable. Accordingly, the octahydro biquinoline compound of formula

(V) of the 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):

1>N OR?

—N OR?®

In this formmla R1, R2, R3, R4, and R3 are as defined above. In embodiments where both
R* and R are hydrogen, this configuration of the octahydro biquinotine compound of

the general formula (V) can be represented as



\

../ N-1. 0 *N-O O-,Nr-0 | N ..-"D25 5R25" As defined above, R25

may be an aliphatic, alicyclic, aromatic, arylaliphatic, and
arylalicyclic group. A reaction with an organolithiumreagent Li-R4

yiel ds for exanple the followi ng reaction product. R25 R25 -,. ---
000.,,r,.2) I N/ "025 14

R1..—-'N ORZ

1

R—N OR®

[0048] In some embodiments the octahydro biquinoline compound of the general
fornmla (V) is provided in a configuration, which can be represented by formula (Vb):

A1
R OR?

R~N OR?

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

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

..

1
R—N LOR?

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

N



R251" 10i n which the hydroxyl groups of the obtained the biquinolyl
conpound are already protected, which may be useful if protection is
desired. [ 0055] According to the present invention, a biquinolyl
conmpound of forrmula (VI) can be converted to a correspondi ng

oct ahydr o bi qui noli ne conpound by neans: of hydrogenation usi ng one of
hydrazi ne, dihydronaphthal ene, dihydroanthracene, 15 isopropanol,

form c acigb@iiueit & felatifioating sictutd B&d &, gtymeeﬂé Adrick@n, ragy)| rﬂaﬁml&xd

salt of formc acid.is amponi um formate. 32 enation is carr

out in t héBrus &herisp. M@WW@%&@’&P%”S%H@QS -t [P -of! br%ﬂp
10 of the REhinGHossubaihFosRble hﬁﬁoﬁl‘rﬁﬁ&ﬂh@ abs-gﬁl"tt,eﬁerb(!;dhkz'ﬁkfr?tc c@%

of a suitable catal yst are Li cat al yst / C and” Pd/ C.

By hydr ogdaerive. Zhe Gélwaklg@lldé’rﬁpawsm R swnﬁ@fmemla@w.am CP@F%I a

20

oot et A pEE kot daproprinldh Wkbe Rt ool enElafbdiR o bibubdl cESBERrel fopmuil
defi ned al¥Yy sinceiisrysteman tased ogyzlm tapking of @@hhﬁuquw a\}hﬂ%(bon @Hy-re
att. Qher, G0 ZLE@P( e<a%o? %g 1@% A%r 2, B trogﬁmpﬁdﬁaﬁoioofrowk

(V) may th n be i Nt roduce |QUes 'n the art
secondar y Inieispiencsf pages 1854 5¥)c Acormphyait with rﬂmﬁamlgrarpémsl mdicationeasrabip v e

convert ed BP %e‘d%étrlfﬁééfengﬂloﬂg xéokﬁué i) SR equ ‘é‘fg&%é‘%aﬁ‘&#@ Hi':é) Jr{lSneN

al kyl cya |de or npound. odf ment s
wher d 0R21 eanbddiBRAtsd(BY, depenfiing om Iti;pdlamyeoﬁ the tﬂtyvantesybdbmmSﬁ@D dwmample,

her eb
the 10° poSbFEht P TR o LR et At Touh iR Qfholnd Ra0 4 Himd
by st andardbpéioienisqigesed thet ({Shrdand A :hmﬂaf @m}abd@emaghe }(atR)l-d:mt&rdraBerRz
and R3 of Lo (0 IR PRUSANUEL bP ShOANCAAIELY AR i AARRE O i ¢ 1

an al kyl razo conpoun er| catlon using an

et her conpowfigiration haotlmyst@n'ehastmusabaraaamnﬁtem it fonaulaa \Yaxadi ¢Vtadbd,
a carlgoxyl 0%39 alide or transesterification using an ester
conmpound. ose 'l'led in

[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 formmula (V) can be formed in a process that uses a biquinolyl compound of

1
o>
N OoRrR*
N OR%*
-
™ O (VI).

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 R%! and/or R?2 are a

general formula (VY):

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 R? may have a

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



15 the art will be aware of the reactivities of the two respective
groups (i.e. am ne vs. hydroxyl group) that may require the use of
protective groups for the synthesis of certain conbinations of Ri,

R2, R3, R4 and R5. [0058] Simlar to BINOL, the octahydro
bi qui nol i ne conpound (V) is axially chigal. Accordingly, the two
enantionmers (Va) and (Vb), illustrated above, exist. Conpound 20 (V)

can thus ewiabbuti?s daes @otus] MEMURE abSut€NG IaBAE OQRhrbBH HR BNt 9 PEktout
The stereaochenm stty of the respective conpound may be anal ysed

accor di ng 4%°HhAR 3eH%h GboUu HdMsbew 20 rarbap aionas, ahpup d te gpout ﬂét%@’é atPMISNIVR
based on hpgwr2 t%rabE‘xﬁtlgrc%Hﬁ lat%ﬁ{s éooﬁppm deQt I\Oaéafb%ﬁ afdBhsC Ghout Reo atdlt £ -

Pure Appl. Chem (2003) 75, 08), electron 10nisation nass
spect ronetqﬁsbonﬁmr@ﬁrfiirr@mﬂtyl t%ﬁhoubl%parmmﬂomﬁ,sﬂuﬂs peitl, Gs dohyo, (ed.d, 10,

0 R e P R P 11 £ b 20D o 3 M AR P L b RO

enant i oselaﬂd R5vaze dmﬂrogm oguap byt ood@onndaaﬁ geattab formnlac@Tp thattoap ibe wisédh
st andard ana&] ti caI chnl gues such as NWVR, including any suitable
2D- NVR t ecRf %E‘Fé’ ?%? ¥xanpl e based on the nucl ear Overhauser effect,

as well as X-ray crystal egr or 20 solid state NVMR (see e.g.
g. (2003) 68, 4609-4614). The term
ena

Harper, J.K, et al., J.

"enriched” in the cont Y of ioners refers to a m xture of
enantionmers in which oné e g \Aplgzm esent in excess when
conpared to the other enantiomer, may be conveniently expressed
in terns of enantionericN 5L0OR Enanti oners have identi cal
properties in a symmetrcal onment, albeit their properties nmay
differ in an unsymetri onnment. For this reason a single
enatitionmer of conpound™s orxla (V), 'i.e. (Va) or (VWb), simlar to
BI NOL may, by providing an unsymetrical environnent, convey
asynmetric induction. The conpound of fornmula (V) is therefore

parti cul ar | {008l fAilrespective yalipbatid, mﬁsyuiﬁ:hmmtic ealglahphhtml end egdiliegtliove
synt hesi s I r 0 t.Lo | de cal
o opiy i oy v LB AR (R 5 3R R0 ot B BEh et PP

moi et i es. cathen atomsr@' 1 banbaut (28 carledn ﬂmt moln&mg abﬁmsl jio tabgit Al ¢aybodiuie

to the pr enc n one chir

0P ast or Dofers: Sedt 2 FobToul 0 SuRPE by dout T Shot AT stpmensbp to

physi cal afa astcarbbﬁtato@s abioue 2116 abeuttl 5i dtpitarss, Abve 1i ﬂ&i&butflfﬁdaﬂ]gbn
enanti oners, o

correspondin 5 of s aratin m Xt u f

For mul ne. FORS SR T QPSSR GaBAR | fBE 10 S308 HoTB R B bhed
as wed | aa t4 |5, essem iial 1y wyune, enamst 19E, 99Ar KPR SokY) The
Each of tg eggr;ﬁll orrers may be provi ded in. an enanti omerg excess of

at | east axe me%gmatmwéaélphatec rehalafiewmlic groups of Bysanddtyorey,

at | east &Qg(h% ha9t a&ﬁ%&ha%ﬁﬁﬂﬁclu@és dt@%ﬁ&ut%@ﬁe@@atm% sh@asto tgzi%lﬁ@f
at | east 98% cc, at | east 98. 5% ee, at |east 999% 20eé, at | east 5

% ee or aff inatoubs, 9g&d, 2, 3, 4.60909 hqtﬁféa@é’ﬁaﬁd?ﬁpéﬁﬁflv@fhe@ﬁmmmﬁé’r@ of
fornul ae Y| %)gn@&ﬂly(smte@%ﬁooﬁ ng fso%y B & fisile elhnffb\ﬁﬁﬂﬁén?{'encf' or®otds

t he enantlo I's carried olt” eacting t
formf a (RF! andhReh areay propestive2rqupHEus). gnaomdeammgmrm R?hmei 3?2 are

conpounds;y(.Vay, %’hntg? é‘@;‘,&%s 31 s @R@nof%"%tlel w@f %‘f’%?‘l car an embodiment

chl or of or mat e. St ereoneri ¢
For mul a (4 bighitiodyl vompeuhd can be represented by the formula

C 1
.
N OR?
N OR?®
o
99



21 As an illustrative exanple, the enantiomer of Menthyl
chloroformate may be (1R)-(-)- Menthyl chloroformate. In this case

t he di astereoneric nononent hyl carbonate of Fornmula (VIII) is of the
formul a Accordi ngly, each of conmpounds (Va) and (Vb) is converted
into a correspondi ng di astereoner. The-present inventors have
surprisingly found that none of the other tested di astereoners,

obt ai ned whi i ghbddahertORRRE Bt Rl RiREEhydesth o thw imgenpound (V),
coul d be separated into individual diastereomers. However, the.
obt ai ned 10conpounds ad (MM, following reaction with

Ment hyl chl oro fornat ¢ \Weniently be separated: 22 coul d

be conveniently isol at separating them from each other.
| sol ati on may OR
oR’

[0052] A biquinolyl compound of formula (VI) (supra), in which R?! and R?2 are H

5 can be formed as described by Blakemore et al. (J. Org. Chem. (2006) 71, 21, 8212-

8218). As disclosed in the same publication, enantiomerization of a respective

biquinolyl compound occurs, which renders any separation of configurations of such a

compound meaningless. The present inventors have identified an octahydro biquinoline
compound of the general formula (V) (supra) as a suitable alternative,

10 [0053] The moieties R* and RS may be introduced as described by Blakemore
(2007, supra). An organolithium reagent Li-R# and/or Li-R3 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 O/ko
N 0. L

“

N O \'R/QE’

In this formula R?5 may be an aliphatic, alicyclic, aromatic, arylalipbatic, and

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

20 the following reaction product.

/
.
N
R4N
X

(L,
<8



for exanple be achi eved using chromat ographi c techni ques or based on
differential solubility. The latter nmay be used in a separation by
fractional crystallization, typically 5including recrystallisation.
[ 0061] The invention illustratively described herein may suitably be
practiced in the absence of any el enentjgor elements, limtation or
limtations, not specifically disclosed herein. Thus, for exanple,
the ternms Teehpiroxilegiups hianthandierfaritier comitepted tongiy, deglicd. defibatve steh 4s0ad

expansi vel i thout limtation. Additionally, the terns and

expr essi onéthgrg‘%e\éﬁ?wsd%ﬁ@?é@?ma‘@g%weﬂ% 82%s terms of
description t of l.imtation, apd there is,no_intention in the
use of such ﬁﬁﬁz%ﬁ?ﬁeébﬁer&%‘%ﬁ%m@f%&%%Fh@o g fozEiaval ents of the
features shown and described or port4zms Lpereof; but it is

ifigcqtio are'possi ble within the scope

o) ects, advantages, and

features of this invent 6n A gconme|apparent to those skilled in
the 15 art upon exam na ¥he (-5 W ng exanpl es thereof; which
are not intended to be linftting. ThuS, i¥ should be understood that

al though the present invepionks s

Af e
i nventions enbodi ed thefein herei
those skilled in the artSXarfdiRtbet s ~Dadi:f i cations and variations
are considered to be 20w thin the s2Bpe oR“hi s i nventi on. [ 0062]
In order that the invention may be readily understood and put into

practi cal I 6o epbaodi t.s wi.ll .now be descri.bed. by y
of the folﬁ\t}mg%edn%%? F’i % ti%lt;’laé/ gegx)éalgrrpa{fl]sfs}"fmc’ %Cﬁkﬁwﬂ‘%@“&e% Pﬁ%ét 188
[0063] Expeylalivynlic gionp.oh wéavtomwiith tan foeganoithinim pagers EMRH tyiolds o BRAAAT S
wer e perfqﬁ%ﬂoé& orve%dri gg t?l assware under a positive pressure of
nitrogen using rr sﬁffcyl BPI%eYi 11 ed sol vents. Conmmerci al gr ade

sol vents and reagents were used w thout fugsher, purification with the
foll ow ng exceptions: Analytical thipn | ayer chnromatography (TLC) was
performed using Merck 60 F25¢ pr siliyCa gel plate (0.2 mMm

t hi ckness). Subsequent to el 4 i ony| plales re visualized using W
radi ation (254 ma) on Sp More 061/ F 254 nut Furt her

vi sual i zati on was possi bl e by
pot assi um per nanganat e oR% i g.of @erie nol ybdat e.

[ 0064] Fl ash chr omat ogr aphy pd ﬁﬁng Merck silica gel 60
with freshly distilled solve S wqge typically packed as
slurry and equilibrated wth PrOopri gt \slgbgent systemoprior to
use. [0065] Infrared spectra were recornge®d on Bi o- Rad FTS 165 FTIR
spectroneter. 15 The oil sanples were exam ned under neat conditons.
H ghl®esoluwhizh thadydioRVBlovppet thiaobteined ol igoRdlylsbmgolidnat dakady

MATOSXP GE{O'FQME?, \(vi'Jriréﬁ rmr%' b%luggi{lf i?Bro ecgigr? gsa&eisi%] -

[0055] According to the present invention, a biquinolyl compound of formula (VI)

pgci fOcal |y -di scl osed by exenpl ary

| osed may be resorted to by

can be converted to a corresponding octahydro biquinoline compound by means of
hydrogenation using one 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



[ 0066] Proton nucl ear nagnetic resonance spectra (111 NVR) were
recorded on a Bruker Avance DPX 300 and Bruker AMX 400

spectrophot oneter (CDCb as solvent). 20 Chemical shifts for 111 NWR
spectra are reported as 5 in units of parts per mllion (ppm
downfield fromSi Me4 (8 0.0) and rel atjgve to the signal of
chloroformd (8 7.2600, singlet). | tipljcities were given as: s
(singlet); d (doublet); t (tripl ; eyfgtmktet); dd (doubl ets of
doubl et); ddd (doublets of doubl gts of|{doubliet); dddd (doublets of
doubl ets of doubl ets of doubleg). Houblkt s of1triplet); or m

(mul tiplets). The nunber of 5 proNons dDngﬂven resonance is
i ndicated by nil. Coupling constants are ffeported as a J value in Hz.
Car bon nucl ear nmagnetic resongdce NFR) are reported as 5
inunits of parts per nillionﬁ( 9 v 1 Trom SigdeA. (8 0.0) and
relative to the signal of chlorofijormd .0, triplet). The
proportion of diastereoners and d oners was determ ned from
the integration of 11- INVR and 13C R spectra. 30[ 0067]

Enant i 0selgglis {2 iaf§ ROE LRy BRh6h B tnbdliGeR Bt ¥oivert &I RY bdiebsporidisC €|
Chiracel colum at 25 C Eptlcal rotation was neasured using a_ JASCO

P- 1030 Polmpidtise Rérand &7 asplefingd ebove using stiandewdpomthesinirchriassgvaiiable in

Concent r aty _on. | d
A Ll e e
conf i §ur atiteduafl bhetgpdadutetimiqus icherar. 8w bpondump aminonf whe leydisown

conpounds. X-r cryst-al l.ogphy_apal ysi s '
APEX . Rae AR DR RN nd) B LR PkSY R 80 e h ot
Bl akenor e an BRy! Hélille)@n alk3] cidnideoe wiith ,a 8o cdmpg. Chem (2005) 70,

373). 5[0068] Previous attenpts of introducing a heteroatominto 8,
8' - posi t i ong0857] dn sepme hybodiniezte WhiteR2 mndBredifis fFomtadiogep, Siayarayi e

was obserye hat .the re ] i fi i L

di hydr oxy}/%gg%%f al,?lr b %?%%&u\}égmﬁlotto @(é‘}%%gﬁdr’%lg i %r Ra] tg/iaqsﬁa(tgfoéo%)oat gheer ve
as alehir absitiongafift? @ad R3 i Ghrmilladki)i niaiy ¢hendie iftkakeablyestari@iyd te¢chnigues in
Org. Che (20 70, .373; Bl ak r PR, et al . o Chem

(2006) 7r1n,‘he§‘§tl%sﬂ3@1r%ﬁé’é SR tﬁﬁﬁlﬁ‘%‘g X7 and 3 Offgmﬂlaggv)cﬂ%‘g?e FoRE35 10,
9368) . Fuuk henby e, reattiorhivgh apafiied itkide rddiass ebitiund toy transetigemifiontion
organic solvents Jimted ié; a Iicatia? in %é%nne ric catar sis. The
i nvent i onUiR% GPVIReTt FITEPQIELPRER B I YAR AEEEPROFER 1B GRPREYEG 2oithitch
can serve caﬁrﬁorgliﬁ hiiiadalidt @o fendeteriReyoMREnE Gn BY8E Basound. Bioea skinéd in
Experinmental data on a route to conmpound Il showed that al kylation of

the 4p2- hifsrartivible giasy of theateastivities oithe MERresPeokive \iRtRs & aRinG P
as 15 chiydbxyl1 2@t th@N Al rbdifren@W B¢ TfNBéteQRA grbingaRd the/ syWiBestshen
devel oped,” whi'ch i s confi gur tion !Ié&%t abl e to serve as a new chiral
| i gand fopewm&mat@n&afgﬁﬂ»&ﬂm t being bound by theory, it is
bel i eved that the octahydro biquinolyl part_ of IV in es )
consi der abl 058k Sirpidaite %ﬂ%&ﬁ%ﬁ%ﬁ%‘lg’f’@? EOIFnge}a’é axiglly shiral
anal ogue @fcoldihgly; Blen@RNEMntidmers {¢hPhnd W}usﬁ:&tlgd a’&%vle, 88§t006&bound

Initial attenptS'to synt hesi ze the target nol ecul e | or IV (cf Fig.
2) b$0var (\Guesn Hiue exist inxacgmia Hen erin priohgd peprre eusrtomgers. The stereochemistry

7-tetrah i 4 - 1= | !
insuccess e fpakivEQbmlurs 5 EDckallzed &b AMED Aol RowilEl o ar.
t est ed ar sachsasf folr | inskence CUTINMRI) baFddEDA. Howy-i qr hterenucidar J-chepkinghaelrem

Lett. (1994) .35, 7983); C12BnNH Ll t P

Chem (20 I}Cl%%" itfg'g%“?%%%l‘g?"n% é%@é%%ét 295%98?%‘?%#8%%%38%‘?%%)
52, 1005) spetininiet)s? GolaNRG,; cifchlagdiphrdim SpdetrosdBpy GyatusingEbersplin Cott2001)
31, %? - 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



[ 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 Accordingly the established U Il mann coupling
strategy was selected as an alternative 30 way to construct the

bi aryl system Wen Ml was used to cogguct met hyl ation of 4, only
trace of nono nethylation product was served. Under m crowave

condi t i onsgolidReuteRIMEY (O8R! Bip¥R s K Q BEG. O iChepOPd0) 641 46 ~4614EQ‘he
further optim zed. Starting fromthe 7-hydoxyquinoline, under the
prot ect i ontesn “gniighedy inn Hhercoataxh of phanginmeds| lgTs to ginvistuea ph aneatiomersin
90% yi el d. &} ' '

wth 25 LIgioh Sk ool Babl Qo 38 Bharea 8 o Sk Shhoblher
was added whichimay be sorvieiegtlyresatsatceinaérms p8e@ntiomafd excess.
8-iodoquinoline 3 in 40 %yield. Ul mnn coupling of iodide 3 with
coppers cat al Y3S9pEnantiothets have ddenvicslipedmrtics ip popmottxiah eytirosmed) elbeit
qui nol i ne pa f ectiv e . Q._givesbl gui nolyl 5
guantitati @gﬁ; roﬁ;r?m:é%‘e{’&% %Ir:fgers%n%:ne&% a%&%ﬁf%&f’#ﬁ% EO% wEee.a Single
Met hyl at i osagtfortdref@ninpermdnsfubatnla $V))d.epOlar s (Vbh, ciatilao raBENGE nlikgs by

and finally cyl mnating at. basi.c nethanol ysis of the carb te groups
of U5 1o ariartnp s dhsyadlivg PRutHER SHvGY Syt tRp R, 15 compbusd
[0071] Conrgfousnthula @y @bskirvRet tRriRRIHSS asdfel ai  AdyaimdtHc agdirul)i ki ed
good 1soI ubility in a w.de rangtg of common organi ¢ solvents _such as
CH2Cht 0 cHCtoseosRigctMarsyathesih Kaf 1o saras reapen swmiiomens; having fleatical physical

future ap@rbf@ﬁésp&membe%e?%eawm{ bR ais@BP et N &id$ hnddidfes, WRER Yifie d
definitive proof of the structure and revealed a preferred transoid
conf or mat i tB#: §paik of prantipigets exist teripaliyrduettoshepreseres ef morrthpt epgehiiral

bei ng 124. Qdier, |wa%?|é§?4ﬁﬂs§e9€bm&§‘%r@ﬁﬂ§vﬁe@,e¥vﬁﬁﬁ %a@@%ﬁ%%l% %‘tﬂ: 0o WentidaD9

pl anes of racemc as_its dirnethanol 'solvate Is and racem c
BI NOL i s dhysicad ichayhetesjstics. abfeaprdsenhinyergors diavelidedifies: @ cgresgonditganctbed

nr ool cCur b PHBRE ek ot eenidins ob ormyial GAARLAT, ThBL M Gl

1,1', 2, 2" iveBtiom] ptovidest amriched- & S'elli ed @t fedst ressentially druwe enantiomers of

0 (0o RO D BB T A0 Y, AR L

HCORNHA ( bttesot 66% @38 IdasT0%6 ey, aa tedlsthBOi-be( Stledst §5% Bhent Baxitodpeesaisleast

heated at 80 C unde for. .2 b th stirri and a d to.coql 1o
room t enpegrﬁé% T é{qefﬁ ?%]I/% P a\ttkfaﬁttr!?-)% E?Niaﬁ’?asct,g?t?"tge ’,Qﬂ'ﬁ’é! # @Wregtagl%g 9%
conceant r ategcht least\iacut caod atIERECL2 9%ps. added, washed by saturat ed
NaHCO3 sol ution and brine, and dried over 25 anhydrous nagnesi um

sul fate, fil[p86éldiendpaaiment erahdemen of devmlacTVa) ard (UbleacsadinkUn tther
purified by col.um.chro ra eluting with Et0OAc/Hexane = 1:1)
to yield @Yee?l?55’65%101’93%"%2@@%{12%@%@&%| | ow sol i d.

RI—N OR? RN OR’
1___ 1___
RA R~n OR3 R4 R—nN OR®
O Va) O (Vb),

is carried out by reacting the compound of formmla (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



26 Rf = 0.27 (EA Hexane = 1:4); 1H NMR (300 MHz, CDCI3) 5 6.90 (2H,
d, J= 8.1 Hz), 6.44 (2H, d, J= 8.1 Hz), 3.96 (2H, s), 3.25-3.08 (4H,
m, 2.77-2.71 (10H, m), 2.62 (4H, s), 1.97-1.84 (2H in), 1.82- 1.70

(2H, m; 513C NWR (75 MHz, CDC13) 5 154.9, 148.1, 144.1, 128.5,
118.1, 110.7, 109.1, 41.6, 35.7), 34.0p127.0,21.7; FTIR (KBr, neat):
v 721, 1377, 1458, 2853, 2924, 2953, 3422 cnil; HRMJ (ESI) calcd. for
C24H30N404[ MtL1r : 439. 2345, faound 4 2328. Hr epar ati on of

1,1 -dinmethvl-1, 11, 2,21, 3,31[4, 4" - droy$, 8 -BT Oy noline-7,7" -div
| 10bi s(di met hvl car bamat e)s ( 1 NVe2 K2CG3 /
DMF, RT, 4 h1190%0 O 0O 0o
R 3
R4 N OR
(VIID)

As an illustrative example, the enantiomer of Menthyl chloroformate may be (1R)-(-)-
Menthyl chloroformate. In this case the diastereomeric monomenthy! carbonate of
Formula (VIII) is of the formula

0
R—>n N
R'—
¢ "

OR?3

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 (VIIIa) and (VIIIb), following reaction with Menthyl chloroformate, can

conveniently be separated:

0 0
R® O PIg R® O
R1-"N 10 M o R"-’N O’U\O
1 1)
O (VIIla) Q (VIIb)

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



Oy NMe2 0 56 [0073] A portion of solid K2CO3 (1.8 g, 13.6 mmol)
was ~added into solution of 5 (2.0 g, 4.56 mml) in anhydrous DW.
Then CH3I (4 nL, 40 nmol) was added dropw se to the solution over 5
mn. The mxture was stirred at roomtenperature under 15 N2 for 6 h.
Then it was quenched with 1120 and theyaqueous |ayer was extracted
with Et0Ac (50 nL x 3). The conbi ned organic extracts were washed
with 1120 and brine, dried over anhydrous magnesiumsulfate, filtered
and concentrat eg. The residue was fu ther puri fied by cplum

chr omat ogr aph = Wlt EtO xane . : yield 6 ( g,
90% as a pal ¢ I|d . Hexp@ 1:1'&1

(300 Mz, R 6 - (A = .8 ),
2.98- 2.92 (EH,’ @81 s) 2.79 (Eﬂ-ljg) T, 119%s),
2.63-2.57 (1@ .80-1. 68 (4H, iln) ppm

13C NVR (7 > N.CDC 1 148. 4, orY, 118.9,
112.5, 52. 2, 31.1, 28.3, (KBr, neat): v

721, 1377, 14
C261- 134NA0A] MR L 28%7 PR
1,%i-dinetlivl-1, P, 2 2' 3 3' 4 4' - oetahydro-8,8' -biquirioline-7,7" -di
ol La could be convenlently isolated, thereby separating them from each other. Isolation may

ca! ed. for

for example be achieved using chromatographic techniques or based on differential
solubility. The latter may be used in a separation by fractional crystallization, typically

5 including recrystallisation,

{0061} The invention illustratively described herein may suitably be practiced in the
absence of any element or elements, limitation or limitations, not specifically disclosed
herein. Thus, for example, the terms “comprising”, “including,” containing”, etc. shall
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



67 5[0074] A solution of 6 (2.0 g, 4.29 nmmol) in 10 wt. % nmet hanolic
KOH (45 nmL) was stirred at reflux for 20 h. The resulting solution
was allowed to cool to roomtenperature and concentrated in vacuo.
The residue was dissolved in H20 and the pH adjusted to a value of 7
by careful addition of 1 Maq. HOl. Thgzaqueous phase was saturated
wi th NaCl and extracted with Et OAc (50 m_ X 6). The conbi ned organic
10 extracts were washed with brineEXdMPBUE®Ver anhydrous magnesi um
sulfate, filtered and, concentrated in vacuo. The residue was further
purified by columm chromat ogr aphyzdn@tdlMdifody t h Et 0Ac/ Hexane = 4:1)
toyield 7 (1.09 g, 7699 as a white solid. Kf 0. 36 (EA: Hexane =

1:4); 300 MHz, 13) .5 10.3,(211, 7.02 (2H, d, J=
8. 2) Hz), . 763[%"5??“1@3 WSFDC Eﬁ?{‘mf‘éfezaﬁd(c%ﬁ“ tSEflssztﬂfﬂ %’311@(1181?33’”@&)
3.10 (21- ]periﬁhned]m h@n<iried - _;Yasé'\@re uwBdB & p”osﬁﬁe &@E‘surglgf II\JA%ZO%gn (151}1% ﬁ%ﬁhly

2.03-1. 90 5 (211,
154. 5, Ai(lﬁﬁeéﬁefvaml PG @r@e Sg]rsnta ang Iea@entazveze used withop fg‘fher

FTIR (I 03r purifie@ich wivh tha ¥ollohddy e Aﬁﬁﬁlcaﬁﬁhﬁ? a@@%é‘%hgg(‘%g@)
3445 cnil; 20HUMS (ESI) cale for O0H24N202 I\/Hr found
325.1902. Was Pﬂ[rfsm@ﬂ qus Mergk épfﬁ?éﬁa?wcogsﬁﬁtsai@m&el a’fer (Q!%tlalﬂl thigkieess).
i ts resol ubhQu¥@s o &tioR X @ia%segferev\%s{lﬁﬁ@@ ﬁslﬂ% UV G880 § b?fmﬁngogn by

fractional crystallizati on of diastereoneric xtures of sa

conpl exes Sosetralige Wadel GNFi24061/E RS 4 am. Ferthsr sisnalization wasgossiblediyctriniag

N- b I ghna 25

has. UotuccPRlcSh LA bE Bk iitdeh e didto MBS R AaRH0ne

Sc_hanzb Hl, ef00s#] Fiaght sﬂmdimaibgaphy&wmpel f ffbma(d?ﬁﬁit@l ) Née#%khaifﬁls)gel B0t gt t
ei ng bou nitial failure i wer .-

ol d'ty ontSHk sreH et BobBive ot WPiselh b B s AT R ¢

chiral rea]@anpmpmmee;oﬂneﬁn‘wetaintprﬁstdﬂse p| peri di ne unit nade the

aromatic rings nore electron-rich. [0076] Among the
chr omat ogr aphl®965le duffased enestra wexe eeordasyon sBiorRago Tﬁ( 1OFBR wenmmsterk e

nol eqsl es fl‘hb e sﬁﬂlg&@&&é?a eRRith& ﬁﬁe@ﬁé& 'ceﬁhlfahs oty ?ﬁ RRESQTR! Mass (HMS)

bi snent hyl carbonate derivatives Er oven parti cul
usef ul (féPeCFrésB’P{?t cbteinse B0l mmg%mgmA maﬁcms {Rlgermo Blectron

bi s[ (-) - mepihexwanr bonyl ] derivatives, see: Fabbri, 1), et al., J.
Org. Chem (1995)° 60, 6599). Wen excess of (+)-nmenthyl chl oroformate
was enpl oyed [0@66lh @rqjomsm nagnétici rescnyhaespetragH NMR) terrecatied @ a

bi sment hy hl’lﬁé{' Q%e%ﬁ%ﬂo R g(fualcrep M %08 ﬁe%trg&o%‘omeet\er (‘Eﬂgﬂ géa & \(r)e%a! y-
20 Chemical shifts for 'H NMR spectra are reported as § in units of parts per million (ppm}
downfield from SiMe4 (3 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 triplef); 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
8 in units of parts per million (ppm) downfield from SiMes (8 0.0) and relative to the
signal of chloroform-d (§ 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



10[ 0077] However, different fromthe previous report (Fabbri et al.,
1995, supra), the bisnenthyl carbonate can't be resol ved by
fractional recrystallization or colum chromatography. However, the
present inventors found that the nonoment hyl carbonate 8 coul d be
separated by col um chronat ography (Fig 7). Significant chem cal
shift differences were observed in the Il NWR (Fig. 14). 15[0078]

For lthe RBA ANt dFide bi(‘jibdﬁﬁs sl d&bmﬁhé&?ﬁe&nmisbm P.rimmanxompomd&
triplet at 5 4.37 ppmand 4,28 ppmsignificant differggce Ay
doubl et atX-EYO.Wtﬁgw’]é)hdaf@%§ p‘gfh"u msEpEsd y.ﬂré}(ﬁre %gsélg%? af Ray
di ast er eoi SRUBLBRr WS SRR S soipoud )8, Of yed Bldkegorp HR; Kilnet,y€) s

(Figure 6). It was assignhed tg %ssess an (S)-configuration relating
it to the Miinevig$lat) org Serp1R09% BRI 3)ent hyl noiety. The di hedral

angel _is 20 N -HO0 C IS I Bt k& har
hydr ogen bondEﬂ%g?]é%f?vé%lsa#gm@%%ﬁ&g@cg%né ?é%%\%%’%pg’ft 6 ?hi%r I tgﬁlgi .iaary
groups f r - Bybridiéd SN-awas vaahidisconkaging sinwsrit ovisdpimenied teFthatroruidne

t enper at ur

e. (S-7a_a R) - 7pb,,was_.oht.ai ned i '

respect i v@@lpct%a]drg?éﬁgﬂyﬁﬁgxﬂﬁgg éﬁ%ﬁoﬁgﬁe‘??scmet%lgﬁd, at%/oéllghan% %%?Eégj)e%e of
ment hyl caghomhahEligind (6 B @ aarRid. @5 Bidkefnes RRy epale f2rgethem. ,
enant i oenri ched (é -75 orrg‘él?)-ébﬂ?ﬁ)é ve Eéb% f% EAL %ﬂf(@&g'eng 8 r 18b
as singl e JdpaBlakragesbReft tlo It %gﬁne{nh 45 b 5% % BEER %13' ﬁégt @Br'
each jgnantc@nehem. (DOGT) 173.59368)VFarthetmbiegits high bblarigrhndyinsohibility itHRguon
(Chi rlgl pakcb ,I-?ncl:-cgl urrr)l,_ exa)r,l\g.z- ro ansol 5%5: 5.4l an .iH 49 fRed a
singl e pedReans WARtsd Hya gﬁﬁﬁgﬁ ”g?sy(r%‘q B, SRR e@en%?nolnn?%s nes of
17.7 and 2f 7,:9818m 85 pReldingebivble Eraid #Vianhichnen seaee beerchisloligad dor
roomtenperature for_severa hs Wt t any drtop éo% %%&ﬁs owed
enant i opurdygmetric sw@wsfmwtﬁ@%%{}%*?% St 19 cotnpotad, B shoy
UE ing | Sr _gﬁat%ﬁﬁ%n@ftﬂe(é dﬂﬁﬂm&gdohemmmdsrdﬁfﬁmem sitntheis agvrsll as
obtai ned in noderate yield w thqut optim zation. a e
i nt erlést i rfgiralorrselution of ‘76‘3‘0061@ h‘?i%ﬁw&‘gﬁlf‘fte[y 8’8{)?%{%% vi%goﬁ%&’vﬁiiﬁc?ﬁ 5
provi ded ! i Istdbld @isrvk i f3Ud Ghe@actdiall digand dor fasgtrumnetric catalysis.
I nvesti gaﬁogﬁ%?%;gm{:onsi der isnrv.t.h :- | ng_expl,orat . |
i oni ¢ | quivBoutbgigrhopad by éhepgg iliytS §§€Wﬁ‘g%ﬁt ghec c?%y%ol %18'?'19?%1 §%§ﬁv
(Prs)ep?r aLi gﬂdd%fas ]?o%_slideéa_.bly tel_ectronic pegtmbatié}ln aélst:teri;: zuningt ashand aza znalg.gue of

-7' - hydr oxy- -dimetiorl-1,1',2 2" ,3,3",4,4coctahydro-8,8'-
bi qui nol i kY -8ingphiy2d ﬁiﬁﬁﬁQénég'éyl -5-met hyl cycl ohexyl carbonat e
ga GhR-L) é'i’@%%f%jtféi‘ét?én&];&%' BhfheGH GR1AGEL ASRAREITTE OHVELBHig. 2) by

CH2dC o
various direct oxidative coupling reactions of 7-tetrahydroquinolinol or 1-methyl-7-

tetrahydroquinolino]l were unsuccessful (Fig. 3). The common single-electron oxidants
methods tested are as follows: CuCI(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):Ce(NO;3)g: (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



90% | ess pol ar di astereoi somer On [ 0080] To an oven dried
round- bottom 10 nmlL fl ask equi pped with a magnetic stirring bar was
added racernate ligand 7 (300 ng, 0.92 nol), CH2C12 (5 m) and Et3N
(0.127 inL, 1.1 muol). Then (-)-nmenthyl chloroformate (0.24 niL, 1.1
mmol) was added to the solution with stisrring. The reaction mxture
was stirred for 0.5 h and quenched 10 wth water. The aqueous | ayer

was extracLbeé i THFDEM7E 3CX aberuhich ansbhithe SOBBInGaH THI &k Gdll@l/ & the
i ed, over anhydrous Na2$S

were washed with brine (1 and.d 1254
fi1tered aRfuition i, orgﬁ‘nmli8 &%@g@%’f{ Predqaauplne 3w 40 1ki ipldd Wimpne
col um chr epling bejelIde (3ol ith bhertdtiydipPfetddaiase %yfeml?o ]_St@d%fb%&ﬁ $a

as col orl eR,%ﬁ sqlid in 38%yield and 80 as colorless oil in 38 %

yi el d. 15Rfheqpinoline part ob s sffectiyely ggducpdforpvebiquinolyl § guastitptiyely in the
CH2C12) ;  prichdRcd 40 @mMidhiuntRrdte and PR (Méth%laﬁc)n of 7 arfithkh enhured ﬁ%né
Hz), 6.84 (2H,,dd, J =11.2, 8.1 Hﬁ%ﬁ 6.41 (111, d, J=8.1 Hz), 4.37
(1H, td, .Hctassyinycaibenates appase, pod (Elly guimimatigs. 2t §asiq methanglysis of the

2.89-2. 84 {2t - ' 2.01-
201. 90 (3Hé, m 13’991g-1'§%33?%75(9t§?gf?_|r1ﬁ)ﬂ#3 I%I%l %léi%lf{fl‘%?“? ﬁﬁ%@@%@ 1.25( 111,
) : 1. 05- 0. 95 [Q1) , Comporiad BB bbserhed 1 16, I6stfolar (Bard Bl bl dhished bood - O

, H..d. J=.6.9 Hz), 13C NVR.(100 Mz, 5 4.5,
153, 1, 147”.@‘,"“&?&%‘% BWIETHIgS Jffﬁ’é'?’l?,n %@@%%PRT% sgeh %@,hs ﬂ%ﬁa?ﬂdlﬁf 1,
275, 25 5. 23 022 0 Ly o e A ey g et

.5, : i : .. 21. 0, .9, . 0; r, neat); Vv
721, 1377, dni%%‘é Pf’_fé‘?zi’,ldeﬂéé?ﬁ% E’?Pfﬁéfgg ,S“@i% ahdy ’ZPXSJE‘?&P §’€ e?mé/éraeg%i )
Eg) 0(71. ];1 08006&)&3&14#201141 X @21_4 tﬁd\/ﬂﬂgleﬂiet?@a; aﬁztsmz . ir@mit@bfﬂg p&aaﬁgeingvgm.g/rb_ln _

- 7' -hydroxv-. ‘- dinet -1,1",2,2",3,3 ,4,4" -octahvdro-8, L oul
o1 e 7w SoTPRISE g B0l Dobicsi b S Ao e, Ene et Carbona i o i
= 0. 23 ( EAlifefhaen solvatd:id 004. 5r0 sl pRkalc BINGI & @0 SIIHEK tHBsoid 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',2;2'.3,3',4,4'-octahydro-S,8'—biguinoline—7,7 -diyl
bis(dimethylcarbamate) (5)

ool !
=
, PdIC, HCO,NH O
N 0~ "NMe, 2 4 H>N O/lLNMe;_)
_N OYNME'z MeOH, reflux,2h  H=N O.__NMe,
N 0 ou ¥
' 5

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

- temperature. After filtration with celite, the filtrate was concentrated in vacuo and
CH,CL, was added, washed by saturated NaHCOs 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.



5[Cepa +47.8 (c= 0.9, CH2C12); NMR (400 MHz, CDC13) 8 9.21 (111,
s), 7.07 (IH, d, J= 8.4 Hz), 6.84 (2H, dd, J= 11.2, 8.1 Hz), 6.45
(1H, d J=8.1 Hz), 4.28 (1H, td, J= 11.0 Hz), 3.25-3.09 (3H, m),
2.97-2.92 (1H, n), 2.88-2.85 (2H, in), 2.70 (3H s), 2.69-2.59 (211,
m, 2.33 (3H, s), 2.04-1.89 (3H, n), 1586-1.78 (2H, n), 1.63-1.60
(4H m, 1.57 (113, s), 1.32-1.24 (3H, 10m), 0.87 (6H d, J= 7.2 Hz),
0.70 (3H, Bf=):T7 BA#Exank3Q:4%VIR (100 MHz, CDCI3) 6 154.5, 153.1,

ié‘é? o5, 1l @céz?ﬁ%tuﬂﬁﬁ—%%zb6%%%@%1 )55

255, 23. 0pKRR),0.294 - ;
v 721, 137(7 1)4562 1%%54}2%32% 72?229’212(1@%9% e 54H " 414?[(&:%((51?54;@3@0

(ESI) cal ch70f3% m31H42N204 [ Me1] + : 507. 3223 f ound 507. 3222

Pr eparat i odcaivp
(S)-1,1 -di nethylor 1os PAY L1501 8 el dhyar 258, B0t hel P
- diol 1533)33430,[27@82178a (32.4 ng, 0.1 mmol) was dissolved in 2 raL

THF and t r the m xture was
stirred amﬁ%éﬁa\p#ﬂeqyﬁh%?@%ﬁgﬁ?{ge E{sgﬁé}zeﬂ{l Wwas evapor at ed
and the r ARME(EEL caled. iféri @ N2O LU 480 epifatfagd aphpsisel uting with
Et OAc/ Hexane 5:1) to afford (S)-7a as coI orless solid in 90%vyiel d.
31[a]D2:-889(c:63 CHZClZ) Rf 036(EA Hexane:1:4),

NMR (300 Fepar f 1 2.2

(211,50d, J= 8.3 Hz), 3.27 (2 H) | 310(211 dt,
J= 132, 3.7 Hz), 2.86-2.83 ( ethﬁa‘;l"%“?’te
LR LS
H>N /LL CHl _ >N O/U\NMez
H=N NMez K,COz/ DMF, RT,4h =N c:»m,r\uwe2
™ e Iy

[0073] A portion of solid K2CQO; (1.8 g, 13.6 mmol) was added into solution of 5
(2.0 g, 4.56 mmol) in anhydrous DMF. Then CHal (4 mL, 40 mmol) was added
dropwise to the solution over 5 min. The mixture was stirred 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 magnesiumn 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 Ry =0.33 (EA:Hexane = 1:4);

'H NMR (3060 MHz, CDCl;) 5 6.83 (2H, d, /= 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;

“C NMR (75 MHz, CDCL) § 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, 2053 cm™,;



5m), 2.52 (611, s), 2.03-1.90 (211, m), 1.85-1.75 (211, m; 13C NMR
(75 MHz, CDC13) 3 154.5, 144.2, 130.4, 120.9, 120.0, 115.4, 51.8,
42.2, 27.6, 17.2.; FTIR (1CBr, neat): v 721, 1377, 1456, 1634, 2853,
2922, 2953, 3420, 3445 cm4; HEMS (ESI) calcd. for C201124N202 [ M+1] +:
325.1916, found 325.1902. 10[0082] Recgptly, significant progress has
been made in the devel opment of chiral Bronsted acid catal ysis using
Bl NOL- der i RRV$ (ESTp baled. €oroCiHaNIG{Me TAN U668 85 €hind &6 D2eENI C
transformations (for |eading references, see: Uraguchi, D, & Terada,
M J. Am Chem Soc (2004) 126 5356 Ak| yama T et aI , Angew
Chem, 1), 1'4 YUY ! i8R -bipnoli i
Chem Rev. (2007) 107, 5744 Doyle A & 15 Jacobsen EN, Chem

Rev. (2007) 107, 5713; Akiyama, T, et*a&al., Adv. Synth. Catal. (2006)
348, 999; Conlon, SJ, Angew. Chem Int. Ed. (2006) 45, 3909; Terada,
M Chem Commun. 31 4097) . [ 0083] Bi nol - ed chiral
phosphoric acid catal @s agymetric reactions equire the
nodi fication of t gy~ NszPn woH) chybiK Yy g vide steric
20 envi ronment fOth:na ti qiMeiaG \_p horl c acid
general ly could o «fagt Wt hoone %8¢ - OFrhe

i nventors envi sage bi founcti onal 8¥fal yst interact with

the two substrates concCurrently, providing an in gtn ng scaffold for
a well defined transitién state with its bifunctionality, thus

avoi ding the chem cal conplexity of nodification of 3,3 -position. So
tr eat fent of [movu]t A sihasdahel 6/¢2. 414029 Sitho)Ab 10Nt mhehanelid KOS amby

hydronS|s bi f upct cat al.yst in hig ield (Fig. 8).

Yo oryet 8 P e B O i B do R s colted % 1! 5 oo

e>r<]| s}\l'_s as ;ﬂﬂpetﬂtﬁ’él@ﬂ cdfcehfrhigd iPyacud. hﬂldjﬂicbiﬁdé aﬂﬁs afsgclleedwiﬂsm@glﬁi&ha@m ]

t he nmet t_ was ona t he pl ane dye to the

strong sté‘%flgg‘ii gopglvaiu&? Gho garFﬁ@‘fag }E\gfaﬂn@iﬁgﬂ?aqﬁ?ﬁ“ﬁl &€ Yahas

?rRiat E(it gmna&ld xaﬂplz\lacntan@rexurabtaiswmmtom (6atmal, kS6)s The RbmbRed kg Of
|

h
4. 4 1ot aRUHED. er@-wa%?%‘wﬁaiwe drjedyover gplyydrous magnegipgn syffate, filtqreshang
8b (32.4 H@ceﬁralembécuwai‘ helirsidule Wed fufthe: Mdd%ﬁﬂﬂlufmh%r&nalo@’ephy

lidi hen t t d
{oyé;nr)gr Iat qug tfng g}d]%g)dA ?%g?ﬁee@g‘} %ﬁtfﬂgg 33%;‘%?1?@' t%rg‘fgldt he residue
was puri f Red_ d’ésa(E%’fI%%e fg)rrat ogr aphy

'H NMR (300 MHz, CDCL) 5 10.3 (2H, 5), 7.02 (2H, d, J = 8.2 Hz), 6.76 (21, d, J =
15 83 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, CDChL) § 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) calcd. for CagHaeNoO, [M+17: 325.1916, found 325.1902,

[0075] With an efficient synthesis of 7 established, iis resolntion 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



S(eluting with EtOAc/ Hexane = 5:1) to afford (R)-7b as colorless
solid in 90%yield. [aJon = +88.9 (c = 6.3, CH202); Rl1= 0.36

(EA: Hexane = 1:4); 1H NVR (300 MHz, CDC13) 6 10.3 (2H, s),
7.02 (21ff, 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= 13.23 3.7 Hz), 2.86-2.83 (4H,

10m), 2.52 (6H,s), 2.03-1.90 (2H, n), 1.85-1.75 (2H, m; 13C NMR (75
MHz, CDCl Sfbrrﬂatﬂaﬁéimﬂq cHirkd ré’hgeﬂts Guote dif@ultoss the piporiding Smit male the argmatic
27.6, 17.2.. ETIR (Jar .nea v 721, 1377, 1456, 1634, 2853, 2922,
2953, 3420 UB8AWE° ¢ trnFﬁl%NB (ESI) calcd. for C201124N202 [ M¥1] +:

325. 1916, foupgh73p o the chl%%]a@bgra hic [ROBHInsL t@Ead for (He7res@lutich 31
rnnol ) was di ssolved in of yr|d| ne under N2 at nosphere. ‘Il'l

the resul tBlﬁ@lskaJmOéWuW&sthadb&nW@R?%Fe@émHR%@ﬁIdéﬂsﬁea@n'(eilc isgicgthyl
equi v. hen a.&b%ﬁ{fb @HD&E\%E $a8 n 0 %e nﬁﬁ&hla?l‘?} Weith W@ restutiohl ¢ BINGIOT

12 h. wat er was added and the resulting suspension
stirred fchroagiseparstion oBthe r‘imsb(~) -meethgrycarbeyl} derivalveneyes: Eag’h’ée‘ﬂﬁtérg’d
i n vacuo bl ed r y I
conpound 10/t e c{1oP3f 60y oby ALY Hecsh! AELARGARY) chiblofeele fres
0.52 ( CH2Ghaldye6Hn ihe4prt$e;nce aBtripthylamir qtsgwanerm bismenthylicarhopates

Can, g monparbeny B8 ootk Snubageogalf?) % O - 28 0, G 2
m;  LIC NVR ([Go7hHzHow&RE DifféredidBord ,thelﬁhgvﬁus ApBst GFatbdBetl., 1995, Gupra),

132 127.7, 127 121.7,
12 05 the lb1s.n:1en’ch§511 ca5rbonate can’ 211)3 resoﬂir%g by fractlomﬁ recrystalhzat?’on or co?urmi

chromatography. However, the present inventors found that the monomenthyl carbonate
8 could be separated by column chromatography (Fig. 7). Significant chemical shift
differences were observed in the '"H NMR (Fig. 14).

15 [0078] For the menthyl moiety in 8a and 8b, the C-1 proton appears as a triplet at
5 4.37 ppm and 4.28 ppm significant difference as a doublet at & 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 (8)-7a or (R)-7b gave the

25 cotresponding 8a or 8b as single diastereoisomer to reveal that 299% 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.

[00797 When the methylation of 5 was conducted using large excess of
iodomethane, the ionic intermediate 60 was obtained in moderate yield without
optimization. As a result, the interesting fonic ligand 70 was in hand after deprotection,

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



HUVB (ES!') cal cd. for C20H24N204 P[ M+11+ :387.1474, found 387.1465.
FTIR (KBr, neat): v 756, 1107, 1470, 1599, 1673, 2349, 2951, 3019
cm1l. [0086] To further explore the application of this new skel eton,
treatment of 75 wi th Tf20 under base conditions affored triflate
81 (Fig. 7B). Further transformation ojg 1081 to di phosphine |igand 82
could in a prelimnary study not yet be achieved (Fig. 7A). [0087] In
summary, aonsderinigf thecbﬁ-gmag ¢xpipasatibnl of ' chitblmédnty | igoddsa byt rehirl, 8ikts in
bi qui noline-7, 7 :dio n devel oped as an aza anal ogue of MNCL.
The enant BPETigeat Yi’s?ﬁdg@hyl - oct ahydr o- 8, 8' - bi qui nol i ne-7, 7' - di ol
wer e obtai ned by chromat ographic resolution. The application of the
IERRIRER L S, T e T SR I LR KRR U
new nenber NOC a1 W I Open catar yst~ gesl gn
and provide smwhnﬂ_@‘tlﬂrz +-2>r1 -5-aabed l @boeredte 8a
supranol ecul ar recognition and crystal engineering. The X-Ray crystal
data of 7, 8a and 10
1,1 -dinethyl-1,1',2,2',3,3", 4,4 -o0etahydro-8, 8 -hi_quinholine-7,
| (7) 20[008 OFf] a gmagﬂp.) g@},thpppresent ation of [thea
conpound 7 %d G g Ehyrsiommatdat acidbda@bfaphicur 8 1.
conpound 7.71Tden |fFJ at-ten—codeoonpount—F—Erpt-rt C:
02 Formul a & @HSGEQ&T@M at ur §3FEREON K \W\Aye
D

Crystal syste dcl i ni BT Sf’é%'ua}'@e gr oupC248%
(]
less polar diastereoisomer 8a

[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,ClL (5 mi) and EtsN
(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 stitred 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;SOs,
filtered 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 % yield.

15 Rs =0.31 (EA:Toluene = 1:10);
[ofp? = -97.4 (¢ = 1.4, CH,Ch);

'H NMR (400 MHz, CDCE) 5 9.18 (1H, s), 7.07 (1H, d, J =8.4 Hz), 6.84 (2H, dd, J
=112, 8.1 Hz), 6.41 (1H, d, J=8.1 Hz), 437 (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 (2K, 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, 7= 6.6 Hz), 0.83 (3H, d, J= 7.0 Hz), 0.63 (3H, d, J= 6.9 Hz);

B3C NMR (100 MHz, CDCL) & 154.5, 153.1, 147.8, 147.3, 144.9, 120.7, 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, 2022, 2953, 3420, 3445 cm™;
HRMS (ESI) caled. for Cs;HyuN,O4 [M+111: 507.3223, found 507.3222.



Unit cell dinmensionsa = 20.4836(11) Aa= 90. 30b = 4.6090(2) Al3=
97.350(2). c = 15.6300(9) Ay = 90. Vol unel463.49(13) A3 Density
(cal cul ated) Absorption coefficient F(000) 5Crystal size Theta range
for data collection Index ranges Reflections collected | ndependent
reflections 10Conpl et eness to theta = §@ 55 Absorption correction
Max. and mn Dat ;

par anet ers 156t gHp eI

I ndices (all data) qu,m,@R)-phsbﬁiomps%tﬁmya%&v%rbonate 8b

O (1h|la)-(-)f-Menthy| O o)
chloroformate :

>N OH _ chromatographic >N OJLO"\

N OH Et;N, CH,Cl, separation ~N OH
Q RT,5min =~ 38% @

90%

more polar diastereoisomer 8b
Rs = 0.23 (EA:Tolvene = 1:10);

5 [a]p™® = +47.8 (¢ = 0.9, CHyCh):
"H NMR (400 MBz, CDCL) 5 9:21 (1H, s), 7.07 (1H, d, J = 8.4 Hz), 6.84 (2H, dd, J =
11.2, 8.1 Hz), 6.45 (18, d, J=8.1 Hz), 4.28 (1H, td, J = 11.0 Hz), 3.25-3.09 (3H, m),
2.97-2.92 (1H, m), 2.88-2.85 (2H, m), 2.70 (3H, s), 2.69-2.59 (2F, m), 2.33 (3H, 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 (3H,
10 m), 0.87 (6H, d, J=17.2 Hz), 0.70 (3H, d, /=7.2 Hz);
B¢ NMR (100 MBz, CDCly) 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 ppm;

FTIR (KBr, neat): v 721, 1377, 1456, 1634, 2853, 2922, 2953, 3420, 3445 cm™;
15  HRMS (ESI) caled. for C31HgN2O4 [M+1]*:507.3223, found 507.3222

Preparation of (8)-1.1'-dimethyl-1,1".2,2',3.3'.4.4'-0ctahvdro-8.8'-biquinoline-7.7'-
diol

N N
OH
THF, RT, 2 h
90%

(S)-?a
[00811 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.



4 1.345 Mg/ nB 0.088 mm 1 632 0.30 x 0.25 x 0.20 mB 2.00 to 30.55.
- 28<=h<=28, -6<=k<=6, -22<=1<=22 12938 2234 [R(int) = 0.0322] 99.6 %
Sem -enpirical from equivalents 0.9825 and 0.9739 Full-matrix
| east -squares on F2 2234 / 62 / 129 1.073 R1 = 0.0470, wkR2 = 0.1313
R = 0.0554, wR2 = 0.1442 0.425 and -03177 e. A-3
20(S)-7' -hydroxy-1,1'-ditnethyl-1,1"',2,2"',3,3",4,4'-octahydro-8, 8 -bi
qui nol i n- 7rogf® €188.2 & SRB; CHGK)pr opyl - 5- net hyl cycl ohexyl carbonate 8a
[ 0089] For a graphical representation of the structure of conpound 8a
see Fig. 6R:€DyPstBA:Himtiseabd);structure refinement for conpound 8a
I dentification codeconpound 8a 25Enpirical fornulaC31 H42 N2 04

'H NMR (300 MHz, CDCl) § 10.3 (2H, s), 7.02 (2H, d, J = 8.2 Hz), 6.76 2H, 4, 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,
5 m),2.52 (6H, s), 2.03-1.90 (2H, m), 1.85-1.75 (2H, m);

BC NMR (75 MHz, CDCL) § 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™;

HRMS (ESI) caled. for CaoHauNo0, [MH1T": 325.1916, found 325.1902.

10 [0082] Recently, significant progress has been made in the development of chiral
Brensted acid catalysis using BINOL-derived phosphoric acids for enantioselective
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; Common, 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 subsirate. The inventors envisaged that bifunctional catalyst 9
could interact with the two substrates concurrently, providing an intriguing scaffold for
a well defined fransition 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'-0ctahydre-8.8'-biguinoline-7.7'~

diol




Formul a wei ght 506. 67 Tenperaturel73(2) K Wavel engt hO. 71073 A Crystal
syst entr t hor honbi ¢ 30Space groupP2(1)2(1)20) Unit cell dinmensionsa =
12. 3403(4) Aa= 90. b = 14.6166(4) Ap= 90. c = 15.2085(5) A7 = 900.
Vol une2743. 21(15) A3 35Z4 Density (cal culated)1.227 Mg/ nB Absorption
coefficient0.080 mm1 F(000) Crystal spze Theta range for data

col l ection I ndex ranges 5Refl ectioss coII cted Independent
refl ections Conpl etees to theta =_29. 2
—N OH
THF,RT,2h N OH
O
(R)-7b

[0084] 8b (32.4 mg, 0.1 mmol) was dissolved in 2 mL THF and then 0.1 mL
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

5 (eluting with EtOAc/Hexane = 5:1) to afford (R)-7b as colorless solid in 90% yield.
[olp™ =+88.9 (¢ = 6.3, CH2Ch);
Ry =0.36 (EA:Hexane = 1:4);
TH NMR (300 MHz, CDCL) § 10.3 (2H, s), 7.02 (2H, 4, /= 8.2 Hz), 6.76 (2H, 4, 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, 5), 2.03-1.90 (2H, m), 1.85-1.75 (2H, m);

BC NMR (75 MHz, CDC]3) & 154.5, 144.2, 130.4, 120.9, 120.0, 115.4, 51.8, 42.2,
27.6,17.2,;

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

HRMS (ESI) calcd. for CaoHaaN202 [M+1]": 325.1916, found 325.1902.

: 1) POCIl; o O
>N OH_ pyridine pyridine /N‘H O\P//O
N OH 2) H,0 0 “OH N 0" “o°
: .
7

[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 (CH;Clz:xMeOH = 4:1);



Absorption correction

met hod Data / restraints / paraneters Goodness-of-fit on F2 Final
i ndices [I>2sigma(l)] R indices (al
paranmeter 35 1096 0.30 x 0.30 x 0.24 m®B 1.93 to 29. 25.

R

Max. and m n. transm ssion 10Refi nenent
data) 15Absol ute structure
- 16<=h<=16,

-14<=k<=20, -20<=1<=19 33944 4149 [12(i38t) = 0.0418] 100.0%
Seni-enpir;cal from equival ents 0.9809 and 0.9763 Full -matrix
| east - squar@NYR 90 MHg,/ ¢D38D) P 1424 (3, & /5 d41iz), WRD (B pdddea8e 12

00596, WRRLT: ol ar 890% 05 Ao TL 41 £, 090K 1), 53128 @R upMlor-

-0.325 e.
2.01 (2H, m);

B¢ NMR (75 MHz, CD;0D) § 149.8, 149.7, 138.6, 138.5, 132.6, 132.5, 127.7, 127.6,
5  121.7,121.6, 120.5, 120.4, 50.1, 43.6, 25.3, 15.0;

HRMS (EST) caled. for CaoHsN;05 PIMH1T":387.1474, found 387.1465.

FTIR (KBr, neat): v 756, 1107, 1470, 1599,1673, 2349, 2951, 3019 cm™.
[0086] To further explore the application of this new skeleton, treatment of 75

with TH0 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 asymumetric 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'-octahydro-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
Empirical formula
Formula weight
25 Temperature
Wavelength
Crystal system
Space group
Unit cell dimensions
30

Volume

compound 7

C18 H20 N2 02
296.36

173(2) K
0.71073 A
Monoclinic

C2/e
a=20.4836(11) A
b= 4.6090(2) A
c=15.630009) A
1463,49(13) A3

o= 90°.

¥ =90°.

B= 97.350(2)°.



Bi functional catalyst 10 [ 0090] For a graphical representation of
the structure of conpound 10 see Fig. 9. chem cal fornula noiety' C20
H33 N2 09 20chem cal fornula weight476.45 symetry cel
settingOrthorhonbic _synmetry space group name H M Pbca | oop_
_symretry equiv_pos_as_xyz cell Iength‘f11.7507(3) 25cel |l length
b17.9535(4) cell length c22.0258(5) ce? angl e al pha90. 00 cell _angl e
bet a90. 00 Z£el | angl e_gamma90. 00 30cel | 4vol une4646. 70(19) cell formula

units Z8 ! !;TE nt tenperaturel measur ement
reflns used%1 geﬂﬁgﬁgasurerrent t het afig'%ygg@j 35cel | measur enent
t het a rraXS”éJSQ@U@&pftqfﬁ@P%istal descri pt i &A% BEK’

F(000) 632
5 Crystal size 0.30 x 0.25 x 0.20 mm3

Theta range for data collection 2.00 to 30.55°,

Index ranges ~28<=h<=28, -6<=k<=6, -22<=]<=22

Reflections collected 12938

Independent reflections 2234 |R(int) = 0.0322]

10 Completeness to theta = 30.55° 99.6 %

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 0.9825 and 0.9739

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 22347627129

15  Goodness-of-fit on F2 1.073

Final R indices [I>2sigma(l}] R1=10.0470, wR2 =0.1313

R indices (all data) R1=0.0554, wR2 = 0.1442

Largest diff. peak and hole 0.425 and -0,177 .&-3

20 (8)-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-methylcyelohexyl earbonate 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 compound 8a
25 Empirical formula C31 H42 N2 04
Formula weight 506.67
Temperature 173(2) K
Wavelength 0.71073 A
Crystal system Orthorhombic
30 Space group P2(1)2(1)2(1)

Unit cell dimensions a=12.3403(4) A o= 90°,
b=14.6166(4) A B=90°,
¢ =15.2085(5) A ¥ =90°.

Volume 2743.21(15) A3

35 Z 4
Density (calculated) 1,227 Mg/m3
Absorption coefficient 0.080 mm-!



exptl crystal col ourcol ourl ess

crystal

size m dO0. 30 exptl

36 exptl crystal size nmax0.30 exptl

crystal size_mn0.25 exptl crystal density

meas 5expt| crystal density diffinl.362 exptl crystal density
nmet hodnot measured' exptl crystal F 0002032 exptl| absor pt

coefficient_nu0.171 exptl

absorpt corregtion typenulti-scan 10exptl

absorpt correction T_m n0.9505 exptl absorpt_correction T_nax0.9585
expt| absdf(P@0)pr ocess det ai | ssadabs di 18%n anbi ent t enper at urel73(2)

diffrn radigihogenvavel engt h0. 71073 15diihixto 43 a4 LE t ypeMl Ca

10

15

20

25

30

35

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 29.25°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l}]
R indices (all data)

Absolute structure parameter

1.93 to 29.25°,

-16<=h<=16, -14<=k<=20, -20<=I<=19
33944

4149 [R(int) = 0.0418]

100.0 %

Semi-empirical from equivalents
0.9809 and 0.9763

Full-matrix least-squares on F2
4149 /7/359

1.184

R1=10.0421, 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

[6090] For a graphical representation of the structure of compound 10 see Fig. 9.

_chemical formula moiety
_chemical formula weight

_symmetry cell setting

'C20H33 N2 O9 P
476,45
Orthorhombic

_symmetry space group_name H-M Pbcaloop

_symmetry equiv_pos_as_Xyz
cell length a

cell_length b

cell length ¢

cell_angle alpha

cell_angle beta

cell_angle gamma

cell volume

cell formula units Z
cell_measurement_temperature
cell_measurement_reflns used
cell measurement_theta min
cell_measurement theta max
exptl crystal description

expt] crystal colour

11.7507(3)
17.9535(4)
22.0258(5)
90.00
90.00
90.00
4646.70(19)
8
173(2)
9390
2.27
30.34
block
colourless



diffrn radiation source'fine-focus sealed tube' diflin radiation
nmonochr omat orgraphite di ffin measurenment device type' CCD area
detector' diffrn neasurenent nethod phi and onega scans' 20[ 00911 One
skilled in the art would readily appreciate that the present
invention is well adapted to carry out 4ghe objects and obtain the
ends and advantages nentioned, as well as those inherent therein.
Further, i €Xail ciysiebsizeaudd y apparent @3 one skilled in the art
that varyi eghtbuRshl tistiw@as and nodi figeyions may be made to the

i nvention di f‘l osed herein w thout d?)%grti ng fromthe scope and
spirit of F’FPi-FIWé‘ ¥4 The conposi ti“Bns, 25net hods, procedures,
t r eat nent sgxpbpbrystal densitpdmegseci fi ¢ cdnpounds descri bed herein are

‘presently L ' referre odi nents are exenplary and
are not int ndg%'ggfsaﬁsﬁ"ta]%ﬁfngns on tﬁg’%gtgope of the invention.

Changes t hefgisryaialdensiaimetBed wi| | Getwmeastesdt hose skilled in the art
whi ch are eptlogsassBdos thin the spirdggzof the i nvention are
defi ned by e..scope of. the clains. listing or discussion of a
30pr evi ous?’@ﬁp%bgﬁfp?shcgﬁéﬁﬁggﬁﬁ&nt in ?I speci fication shoul d not
necessari | §¥pbeahseaipbeomection_ypknow edyeltienan t hat t he document is part

of they st ag@tiofhsbPe BibctPh T SmsOMMOR ggger al know edge. [ 0092]
The inventions.illustrat] vely descrqugs herein may suitably be
practiced PRS0 HegoB: LMK el e Sor elenments, limtation or

limtati on@iptlmhsgw!;mmde'ssp_ééthﬂs 35di scdadabed herein. Thus, for exanple,

the terns JigBMAhbsh emperdidel udi ng, " aining", etc. shall be read
expansi velal.fﬁ%ﬁd Wi I%oﬂpelrédr%n&t ation. A{ﬁ?jt)i onally, the ternms and
itfrn_radiation_wavelength 0.71073

15 diffrn_radiation type MoK\a
diffin_radiation_source 'fine-focus sealed tube'
diffin_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
intended 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 att 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, mot specifically
35 disclosed herein. Thus, for example, the terms “comprising”, “including,” containing”,

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



37 expressions enpl oyed herein have been used as terns of description
and not of limtation, and there is no intention in the use of such
ternms and expressions of excluding any equivalents of the features
shown and described or portions thereof, but it is recognized that
various nodifications are possible wit¥yn the scope of the invention
5 clainmed. Thus, it should be understood that although the present

i nvent i on dxpressiesnemplopid heminl padti besnoswd &y tasse rafi desyrivticpodichaat of
and optional. featur madi fi.cati-on. i.at] t i i
embod cd HEIALE 1 S 3 5o BRLOT D U, S oE bt 0, (RHESERBE
in the artexcladilgbpequivaidntsaithé featirdschewman deacritet oo nertignethersat buit ed
to be within the scope of this.dnvention. .10[0 The. ] t:] -nas
been descr?¥ Beéagﬂ?%g&yva&ﬂﬂs 5’8&15’:%&% 1P %Oes?légnv?ﬁ%g]&e %? p% Eieiﬁfr%aﬂrlfég&e&?
speci s anghisepIEe) it Ghaile Wi wigisrstoali] thatcplthbtdh thetresegiemeeitipn has been

di scl osure al,

o formpart of t invention. This.inelu t he,. iC
descri pti oRE C@ﬁ@‘?“f‘ﬂ?@‘ﬁ’?cﬁ*e’ﬁp inqut%@f”gﬁ) agmi]o %‘Eﬁgf if??gler?sl’ nr;?o[%é i gﬁﬁ
renovi ng any vauRica G tKEhtétichd &ibddial thasincherdirediacloded asaydie redtetelido bpr
not the excised material is %Eec%Lic Lly. .reci ed.@grein. 15#9%8%4 o
Ot her enbdbestekilled & et AchibetEich IadifiGerionsand; VaHatiqns A eAnPiIgiee k% o
features QpiasBRGESHeVT thifRvimioant i on are described in terns of
Mar kush groups, those skilled in the art will recognize that the

i nvenoi on is §098] Themebtiondws bednedesirived brondlyomd-aeperioatly pwival Eash e er
or subgrouyp_ of menber I F&lﬂg e & S
clainmed i ;{ e’i?“"&f?ré%et"geﬁ;%“r %J%%F%%{cr% I ngg f:f%}r%%ﬂ“ﬁ ﬁglfl %@Igﬁgg}ﬁg@&aﬂI %0

formul a (\frm parehftheiimvention. This includes the generic description of the fvention 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.



Rl is one of hydrogen, a protective group, and an aliphatic group,
wherein the 10al i phatic group has a main chain of a length of 1 to
about 10 carbon atons, conprising O to about 6 heteroatons sel ected
fromthe group consisting of N, O, Se and Si, and It.2 and R3 are
mdependent from one anot her sel ect ea fromthe group consisting of
(1) H (icrLasms of an aliphatic, OA allcycllc an aromatic, an

aryl aliphatic, and an 15 arylalicyclic group with amain chal n of a

| engt h of t 0 aboyt 30 carbon atoms conprising O to about 6

het er oat 0 ats‘%f‘lé’ﬁagbs fromthe group consisting of N, 0, S, -Sc and Si,

L bl B S0 0 (0

(

-P(0)§OR11) _ CRIZ 20al i gh a.alicyclic, an aromatic, an

aryl al i phati c, and an aryl al i} C group with a main chal n of a
length of 1 to aboutRﬁ ar bg algs, gonprising O to about 6

het er oat ons sel ect ed f rgniNhe gwoup ORisisting of N, 0, 5, Se and Si,
and R 4 and R5 are independent from one a her H or one of an

al i phatic, an alicyclid® arotlc RN I aliphatic and an
arylalicyclic group Ri Pl |ﬁ of a 25l ength of 1 to about 30

c
carbon atons conprising |0 to 6 heteroatons selected fromthe
group consisting of N, 0 S&.2fid Si, 2. The octahydro bi quinoline
conmpound of claim1, the conpound being enriched in one of the
enanti oners We’@’éneral formula (Va) and general formula (Vb) 39
3. The oct ahidisonbiotiuidrents, A grotestiysommh. B ag bz opeVIEEREF | ned by

one gpi d SengRii.RiEbs Haba Alin®haih 6FbnglFsTaNS bt 10 carboratbms, m

comprising 0 to about 6 heteroatoms selected from the group consisting of N, O,
S, Se and Si, and '
R2 and R? are independent from one another selected from the group consisting of
@) |, (ii) one of an aliphatic, an alicyclic, an arornatic, an arylaliphatic, and an

15 ' arylalicyclic group with & main chein of a length of 1 to about 30 carbon atoms’

' comprising 0 to about 6 hetezoatoms selected from the group consisting of N, O,
S, Se and Si, (jii) an ester group -C(0)-R11, (iv) a carbonate group -C({0)-0-R1!,
(v) a carbamoyl group -C(O)N(R!1)-R12 and (vi) a phosphate ester POYOR')-
OR'*?, wherein R!1 and R12 are independent from one znother H or one of an

20 allphahc, 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 gronp consisting of N, O, S, Se and Si, and
R# and RS are independent from one another H or ope of an aliphatic, an alicyclic,
an aromatic, an arylahphauc and an arylalicyclic group with a main chain of a

25 lenigth 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 biguinoline compound of claim 1, the compound being enriched in
one of the enantiomers of general formula (Va) and general formula (Vb)



4. The octahydro biqui noline conpound -of any one of claims 1 - 3,
wherein each of R 1 is selected fromthe group consisting of nethyl,
et hyl, n-propyl, isopropyl, it-butyi sec-butyl, i Sobutyl, t-butyl,

n- pentyl |sopentyl sec- pentyl, % pentyl and 10tert-pentyl. 5. The
octahydro b|qU|noI|ne conpound of any one of claims 1 -4, wherein the
compound is. 156, A nethod of foriing an oc .hydr- b|qU|noI|ne
conpound accor dj Nwone of ‘clains 1 -5 g{ metyod conprising:

- providing a b QUInt donmpound of gen
wherein R4 Ri-Rg &ent from dhe 2
aliphatic, an RM-CYcli omatic, an aRyT:
arylalicyclic gtou MAt a mai chaln of aphe
carbon ato % HET gout 6 hetge E_,
group consisting of T

(1) H (ii) one o an- X I phatic, an alicyclic, an aromatic, an
arylaliphatic, and an arylalicyclic group.conprising O to about 6
het er oat ons Se]ected fron1the group consisting of N, O, 5, Se and Si,

(iii) an est Glnd)of @aidy, bedpdefing@itotane sadif 0) - 0- R11
and (v) a car ann q%ghﬂh%$ %nFt 12, wherein Rl11 and R12
are |ﬁdependéﬁ?n? one of an allphatlc an-

alicyclic, an aromatic, an arylallph tic, al i c C group
R e i SheeRRaro P PO LB o AL ot sk o
{’ conpri sing omi@mmmmwaommwmbqhﬂmmwweiwbm
) (FOﬂSI sting Of,ut% seQ;;butyl, isobutyl, t-butyl, n-penty], isopentyl, sec-pentyl, neo-pentyl and

10 tert-pentyl.
5. The octahydro biquinoline mmpounﬁ of any one of claims 1 - 4, wherein the .

compound is

{ : 15 ' 6. A method of forming an octahydro biguinoline compound according to any one of
claims 1 - 5, the micthod comprising:
- providing a biquinolyl compound of general formula D




.S, Se and Si, and 15- exposi ng the bi duj nol yi compound of general

formula (VI) to hydrogenation in the presence of a suitable catalyst,
thereby allowing the formati on of - an oct ahydro bi qui noline conpound
of ‘general -fornula ()CV) 20 7. The jgethod of clainms 6, wherein the
catalyst is one of PcVC and Pt/C. S. The nethod of clains 6 or 7,
wher ei n hydr ogehatin 8A anbiiaré indepensiontifwon dng aoathes Higr s af et giphetinpound of -

general formul & &{¥oic¥nltalbndRg aﬂtuy e@auaamglanmn@grawmadﬁm

di hyd th , th f.
250 “The ot hotferotaTBERE Byevgy 37 fubed b B &?Ié. g

"~

cont acting thehm@@dmbﬁﬁmmmm%mwﬁﬂ: sfS §e a“f‘orrrul a poso

wth g corrpounlgnofdhhI : oﬁwﬁ“ﬁl“éﬁ“’%}"w 1 esgra@ aliphatic

group™with a main C out car bon at ons,

conprising 0 t@namatof@%éﬂbqn@apr@%éeﬁwdﬁ ghPRdiCAoup
consisting I'N, argahp‘iiatx@&lm afldlicydlis goteconiprifihy 0o dbeyt 6Brtemwetnws | odi ne

and -CN, 5ther n{%gouy%%; gﬂé@tﬁ Bni%feaﬁﬂsﬁﬁiﬂ)aai-])ég&%bq“' nol i ne

conmpound of gener hod of, any one of

claims 6 - 9, M@}B?h(lrzeiﬂhmfww S(Q-PRH t”r“éé? %%?I%("?Y’l dIts,
respagti vel y, g{OpNHeRI2 okenait R (2] R12re ddepedtdamtdronf ons epdrentiiong a
mixture of enaglypiRisnat iRl Al LAIRkISyaGEPOUnd of ol aim

]}Olr %Fal ?%;” arylahcychcgroup\mmamamch no?&l%!lgt{)o%lrmlagout&a/ca}bo% %mgeneral

comprising 0 to about 6 heteroatoms selected from the group consisting of N, O,
S Sc and Si, and
15 - exposing the biquinolyl compound of gcncral formula (VT) to hydrogenation in
" the presence of & siitable catalyst, thereby allowing the formation of an
octshydro biquinoline compound of general formula (XV)

20

7. The method of claims 6, wherein the catalyst is one of P4/C and PVC. -

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

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

octahydro biguinoline compound of general formula (XV) with 2 compound ofth_e
formula R1X,



15wherein: 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 atons, conprising O to about 6 heteroatons
selected fromthe group consisting gf N, 0, S, Se and Si, 20R2 and 10
are independent from one another selected fromthe group consisting
of (1) Fl., (ivhpretvR! iofn gliphaticigpivamil a main dipin of 3/lspgth Oafqyﬁh(iic, an
aryl al i phati Sﬁarb@rp 34) cathpidsfel 0% Slohs KEEQd Y skibctél fFem the gldap N of about
1 to about 30 carbon_ato q%é conprising O to about 6 heteroatons
sel ect ed fror?P‘Esﬁgn%?fdﬁr?’-o% --F’ﬁﬂ?of N, 0, s, Se and Si, (iii) an
ester group -3GeOde d¥Chlornk,\Bromine,dodigrmad eCNyr oup - C(0)- 0-R11, (v) a
car bapoyl. gr QuD..- . - i ] n& &t Rhera1l1 3( OXORI
) - 2, Meﬁ%ﬁy%%%%aﬁéfl n é%ﬁ%gﬁ?ﬁ%%&%%% anog'?{ller H 5or
one of an al ifgmei@&VDa alicyclic, an aromatic, an arylaliphatic, and
an arylalicyclic group with a nai hakh of a length of Ito about 20
carbon atons, conprising O to apout eroatons selected fromthe
group consisting of N, 0, S_5Se ‘ And R4 and RS are independent
from one another H or one OB?Q‘ 2N T

aromatic, an arylaliphatic and®an aryl @
chain of a.length of 1 to abouRl.3Q car
6 heteroatons sel ected fronmR{her gl Oug
Si, .the nmethod conprising provij
. octahydro biquinoline conpound ® y (V), I15contacting the
("“mxture of enantioners of the oetahydro biquinoline conpound with an

- enanti Qneio..ofrhé\/ﬁfe&lbx bt &1} 6 QF QRFRIE. 9, ShefeRIR2! ahd RW f¢idefiivel OIRFRL i ON
of a diastereoneyic m)n?rrept hgja”car‘lﬁo%te of Formula (M 11)
10 - and R#, respectively, of gen ormula {V).

11. A method of separating a mixture of cnantiomers of the octahydro biquinoline
compound of claim 1 into individual enantiomers of genéral formula (Va) and
general formula (Vb)

licyclic group wWith a main

. @B CQypfl sing O to about
aé@i ng of N, 0, S Sc and

15 wherein: .
R! 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 cnﬁsigﬁng of N,
O, 5, Se and 5j, .

20 ﬁz and R3 are independent from one another selected from the group consisting
of (i) H, (if) one of an aliphatic, an alicyclic, an aromatic, an arylaliphatic, and '
an arylalicyclic group with a mein chain of about 1 to about 30 carbon atoms



20and sepafating the diastereoners (Villa) and (V111lb) 43 12. The

met hod of claim 11, wherein separating the diastereoners (Villa) and
(V111lb) is carried out by neans of chromatography. 13. The net hod of
claims 11 or 12, wherein the enantioper of Menthyl chlorofornate is

"(IR)-(-')-'I\/EnthyI chl orof ormat e, and erei'n the nmethod conpri ses

El l OW: ng({/Ihﬁ ;Oéo‘iiﬁ;&isﬂ o@éawuwm&i@foe@waamnmmﬂmhsxmgbmate of
or mul a

4 d of
t he general for‘r‘?u?% (a%é}’(m ﬁmﬁo%p%?&yg :Péaﬁiﬁ#l gengk?gggjgf?\ljg °
group and an al OMIWEaWJIWEP&(ﬁ)'N%IIhR «¥id 3 GhesBRAtH T 2 mai n

chain of a | engipfoRo k”i-ORﬁ‘pﬂh&mﬂQIMﬂRmmammdemwdnem@eﬂHto about
6 heteroatons sel ect t S, Sc and

Si, gRZ and RITIPEC faﬁ’ ﬁ%gﬁﬁqﬁ ”&&&Bﬁb%%?ﬁag&'gct ed front the
group. consi st i ragyla¥icyglic snpep withi amaimehaigiof a emgth phhigrabeut 20 %N cyclic, an

aromatic, an arybms, wﬁ&&mot@Mummomsuaawﬁongmmmmgm n

chai n of -about 0 rbon atons conprising O to about 6
het er oat ons sel%fﬁg)d o%dghé&group consisting of ‘N, 0, S, Se and Si,

(iii) an ester wgf onPRS GcOhddpdntent(fior) ofe EftHep Hadreongrofp aliphatic, an
10 alicyclic, an aromatic, an arylaliphatic and an arylalicyclic grovp with a main
chain of a lcngth of 1 1o about 30 ca.rbon atoms comprising 0 to shout &

heteroatoms selected from the group cOnsxstmg of N, 0, S, Se and §j,

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 Menthy] chloroformate, thereby allowing the formation of a
diastercomeric monomenthyl carbonate of Formula (VIII)

20 and separating the diastereomers (VIlIa) angl (VIIIb)

o '
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20-C(0)-0-R11, (v) a carbeurioyl group -C(0)-N(R11)-R12 and (vi) a.
phosphate ester -P(0)(011..11)-0R12, wherein R11 and Rl12 are

I ndependent from one another 44 Hot one clan aliphatic, an
alicyclic, an aromatic, an -arylaliphatic, and an arylalicyclic group
wi'th a main chain of about | 'to about 20 carbon atons conprising O to
about 6 heteroatons selected fromthe group consisting of N, 0, S, Se
and Si, and 5R4 and R5 are independcnt from one another H or one of

an f" : P hatniz._c  The fnettloll G¥ ah&hp_n. Aherélfi gﬁ&hmigf tha%iamgo:nﬁ:i‘si (prgm famB%ng)a n
arylalicyclic_ group a of about Ito about car bon
atons conpr- SF %5"% °P%\6§a%%mtﬁ é%h%g%e% ons sel ected fromthe group
const .S tin ?3.0 fThl;Lmegfod §f clasneﬁ_s Elip gr l%l, {vhéréln %Se%nan Enl;lér%f_ ﬁymnﬁlg%ﬁio%forghgte :
-5 - is (IR)-(-)-Menthyl chloroformate, and wherein the method comprises allowing
the formation of a diastercomeric monomenthy! carbonate of Formula (VIII)

' 14, Theuseofan octshydro biguinoline compound of the general formula (V).

LI
R N OR?
‘ 4 OR?®
10 R O M

wherein:
R1 is one of H, a protective group and an aliphatic group, wherein the aliphatic

group has a main chain of 2 length of 1 to about 10 carbon atoms, comprising 0
.to gbout 6 heteroatoms selected from the group consisting of N, O, S, Se and Si,

is R2 and R3 are indcpendent from one another selected from the group consisting
of (i) H, (il) 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 -C(Q)-R11, (iv) a carbonate group

20 _ -C(0)-O-R11, (v) a carbamoyl group -C(0)-N(R!!)-R!2 and (vi) 4 phosphate
ester -P(ONOR')-OR'?, wherein R11 and R12 are independent from one another
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44
H-or one of an aliphatic, an alicyclic, an a_h)maﬁc, an arylaliphatic, and an
arylalicyclic group with a main chain of about 1 to about 20 carbon aton;s
comprising 0 to about 6 heterpatoms selected fom 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, an aromatic, an arylaliphatic and an arylalicyclic group with a main ’
¢hain of sbout 1 to about 30 carbon atorns comprising 0 to about 6 heteroatoms
selected from the group consisting of N, O, 3, S¢ and Si,

in a-symmetric synthesis,



