NOVEL TRI CYCLI C CH RAL COVPOUNDS AND THEI R USE I N ASYMVETRI C CATALYSI S
CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This application nmakes
ref erencewoosnmd7askai ns t he benefit of priority of an applriscatiomnofior
“"Novel Tricyclic Chiral Ligands" filed on Septenber 03, 2008 with the

United States Patent and Tradenark OFfice, and there duly assigned seri al
nunmber 61/ UQA(EG@BICM@-IG&HIBMQMPQHNP%MQEHEIR)HSF-NNe&;SYMM Rl@nber 03,

2008 is incorporated herein by refesfRcgsisor all purposes, including an
i ncorporation of any el enent or part of the description, clains or draw ngs
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invention relates to novel tricyclic chiral conpounds and their use in
asymet r i c[0981hTHisiappliqationt makssrafereppe tapnd elaoa i baasfi of priority of an
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b ganoc T8 etec,PheAtaPiret et St B PR o s TR AR D dher ¢
appr oachgrrdre oo alli RirPosts, MMENdiIh® I ingévpbbatioR T dfCAed eaEp® Widsart dhehe
devel opnment of new privileged chiral |igands and catal ysts_that exhibit

hi gh r e8€8¢MptieY. Eamsepradranigs| nattoentaingd; kerginyanpsrefertathiq BARWIRL0Hakal our

f ofp an quegla@itncp&m iRul@%‘i@bﬂf\éH@ﬁ‘. art chiral ligands- generally cone

fromthe profound understandi ng of catalytic process, the creativity of

organi ¢ chem sts and sonetines, a degree of serendipity. The nopst inportant
feature of privileged chiral FIELDROFSTHE INVEMEON ghly rigid structures, with
mul ti pl e oxygen-, nitrogen-, or phosphorous-containing functional groups to

bi nd strongoyaf §hk pRcdehY Aviftion! reafiditE MovéIgriGelic’ AR cdhpSintR GRS use

in asymmetric catalysis. The tricyclic chiral compounds have a hexahydropyrrolo[2,3-b]-

indole skeleton.

15 BACKGROUND

[0003] Driven by the ever-increasing demand for chiral chemicals, the development of
new and efficient methods to provide enantioenriched products is of great interest to both
academia and industry. Catalytic asymmetric reactions using organocatalysts provide one
of the most powerful and economical synthetic approaches to a variety of enantiomerically

20 enriched compounds. The development of new privileged chiral ligands and catalysts that
exhibit high reactivity and enantioselectivity is always a challenging endeavour for an
organic chemist. State-of-the-art chiral ligands- generally come from the profound
understanding of catalytic process, the creativity of organic chemists and sometimes, a
degree of serendipity. The most important feature of privileged chiral catalysts is the

25 highly rigid structures, with multiple oxygen-, nitrogen-, or phosphorous-containing
functional groups to bind strongly to reactive metal centers [e.g. Yoon, TP, & Jacobsen,
EN, Science (2003) 299, 1691-1693 or Pfaltz, A, & Drury Ill, WJ, PNAS (2004) 101, 5723-
5726]. Another important point is that it should b:a easily prepared and modified, thus fit
well to a combinatorial approach for finding the most suitable ligand for a particular

30  catalytic asymmetric transformation. A compound that has been ascribed as a “universal

catalyst” due to its widespread application in organocatalysis is proline, However, it is



EN, Science (2003) 299, 1691-1693 or Pfaltz, A & Dairy I, W, PNAS
(2004) 101, 5723- 5726]. Another inportant point is that it should be

easi |y prepapsd2aizd nodi fied, thus fit well to a conbi naCosiGabvap@ach for
finding the nost suitable ligand for @ particular catalytic asymmetric
transformati on. A conpound that has been ascribed as a "universal catalyst”
due to | W l.cat| i r : LSt S | d ver,
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hydr ogen_bopd acceptors such as nitroal kenes. [0004] Unfortunately, with
nost or §4RBEEPSE ysts for asymetric catalysis the use of high catalytic

| oadi ng (> | %99, the need to use anhydrqus_organi.c s d the
nar r ow sut;ég?‘g?"é“fg/%'b’i?ég%i ‘Pﬁ?q M9 PFgaQBB"Iﬂ?%gtBﬁPW vak! oetlé' mp AKS?%W%e@%‘{QP
syt heshigh datdljtides a0 d(> 10 Mol 96 ) Seatsridab yig€ dnfydneds argahic salvents ogaind the
bi onol ecul es in water remains a chall enge. OOOS%gTheref‘or,ea:P}‘gere remai ns

a need Pamrowsykstraty srors datdnsikarplicahility i gomplexmolseuls syRtess- eAPuUl to

provi de é,%%@paqﬁe le¥isdtioMAliz6f; i &SRl watérYeRRirs a\&iahengg)d or gani ¢
sol vent g@%% RY GB{MH@?WVE%%%%%%?&TM ianvereltion rel atr(‘a%)é]to a novel

cl ass of S[’;/)bb@]tﬂ'[é?éft)bé théte Getnairs Y8 hbéd fdH Ackel 6RIARBEHIAIFStDAR @bl also be
hexahydr opyrrol o[ 2, 3-6] i ndol'e skel eton which can be synthesized froma

L-t r ypt optigwadye usefat fovrroyide ap\asganasptalystwhich; eaanvark digehpie ket gvatesrandcanyl e
as,.an efficie iral ligand in the enantiosel ective borane reduction of
pr1(9chi rgfga%ect%ﬁ]vgg&fo afford the correspondi ng al cohols in excellent yield
and high enantioselectivities, or in enatiosel ective carbon-carbon bond
formation. [0007] In a fir SUMNMARYtOF THE INVENTION provi des a
hexahydropyrrol o[ 2, 3-b] indole conmpound of Formula (XX): In Fornula (XX) R
i s one of [0QUEFBe IMeCBIR3¢lateR40HE, novR) GRS, of RiraciNRIRGIgId Reexolc chiral

T o s R SIS 8 BRI AT 20

from a L-tryptophan derivative in five steps. The ligands can be used for example as an

15 efficient chiral ligand in the enantioselective borane reduction of prochiral ketones to
afford the corresponding alcohols in excellent yield and high enantioselectivities, or in

enatioselective carbon-carbon bond formation.

[0007] In a first aspect the invention provides a hexahydropyrrolo[2,3-b] indole

compound of Formula (XX):

H
::- R30

20 N H RY (XX)

In Formula (XX) R is one of -COOR?, -R*COOR?, -R‘CHO, -R‘COR?, -R‘CONR°R’,
-R'COX, -R'OP(=O)(OH),, -R‘P(=0)(OH),), R*C(O)C(R*CR’R®, -R*‘CO,COR® and
(R*C0),0. R* is one of hydrogen, -COOR?, -R*COOR?, -R*CHO, -R*COR?, -R‘CONRR®,
-R'COX, -R*OP(=0)(OH),, -R*P(=0)OH),), -R*C(O)C(R*CR’R®, -R*CO.COR® and
25 (R®C0),0. R®, R® and R® are independent from one another one of hydrogen, an aliphatic

group with a main chain having 1 to about 20 carbon atoms, an alicyclic group, an



-RACOX, -RAOP(=0)(OH)2,, -RAP(=0)(OH)2), -RAC(O C(R3) CR5R6, -R4CO2COR3 and
(R3CO 20 R3, R5 and R6 are independent from one anot her one of hydrogen,
an al i phavpeogyaos4wi th a main chain having 1 to about POTS&ROROGBIDNE, an
alicyclic group, anaromatic group, an3arylaliphatic group and an
arylalicyclic group, conprising O to about 3 heteroatons. The heteroat ons

21 | phat FOTAC Y S| SRR ofd aanofE giup, SppRfe oapans

al i cycl ihetdsoatdms, Ttmhetemamrms:arlerm@@mndamtlyaaeieeéed fovratN, ©.15.i Skyenchfid R is

arylalicyclic br 3h t er oat ons
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i ndependent from one angt her one of hydro en an al.ipha ou

maith ch&PMPAgIY dgtoaboyt hsirrogtemeal g e*&f ns Are QP?@’MGP y 'Sﬁgd

aromat i Gy @ &!ixe & XlighaIode, 'Fﬁrtgérolhﬁ:cﬁfﬁﬂlaa(ﬂ()@)'l:??" Bldne )t LC(OI-@D)'RORf)and -

conprising 'O Lo abou 3 heteroatoms. The heteroatons are independently
sel ect e€O@BH R!, RS arg, R¥a@re indesendent ffom] onerangthas opa®f hygregen temea'mh@témt | on

For mul & QA 1R § S ehefl Aae o pfHR R, CaBRg A o SIBE gifieaire

- RACOX, ardR4&IR( grokip, Gir) arglaliphaRé Bcup) 4r@H-Bre hrylalisle @y@(pRsofRaﬂlag o-tm@mtlcms and
%ﬁal merowaso?%ﬁ?ma%mfgé'rqs}fﬁaﬁ%':‘/ :%P%Fl%g‘ k‘ybasﬁ °an §‘k apzl al kyl .
oycl oal ken(pooBL (LR Setaod Sepert the Hoyéhlion PraEiRY) e he@@?‘%ﬂy"ﬁli? IR e of

hydr ogeronmpelndof@rmalk Wil): al kenyl , al kynyl, cycloalkyl cycl oal kenyl

cycl oal kyl al kyl, aryl, alkylaryl, and aryIaIkyI R6 is one of hydrogen,

(G -C 20)-al kyl, alkenyl, alkynyl, cycloalkﬁ cycl oal kenyl,

cycl oal kyl al kyl, aryl, alkylaryl, and aryl arkyl . S halogen. In some
enbodi nents R3 to R6 are independent fromo her one of hydrogen,
(G-C10 alkyl, (C3-C8) cycloglkyl, (G -C 3l kylaryl, arylal kyl, where
the al kyl radicals, nay be subsiitut b e substituents.for
exanple, -OH, -O (G -C 10)-al kyl’o A p , -0- C 1- C10)-al kyl ,
-0-COaryl, -C-( O C5 I O(Clr C)-alkyl, -CO0-aryl, and aryl.

(Vi)

In Formula (VII) R is one of -COOR®, -R*COOR?, -R*CHO, -R*COR®, -R‘CONR°R’,
15 -R‘COX, -R*‘OP(=0)(OH),, -R*P(=0)(OH),), -R*C(0)C(R*)CR°R®, -R'CO,COR® and -
(R3C0O),0. R%is one of hydrogen, (C4-Cyp)-alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
cycloalkylalkyl, aryl, alkylaryl, and arylalkyl. R* is one of hydrogen, (C1-Cy)-alkyl, alkenyl,
alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl, aryl, alkylaryl, and arylalkyl. R®is one of
hydrogen, (C4-Cyg)-alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl, aryl,
20 alkylaryl, and arylalkyl. R® is one of hydrogen, (C4-Cyq)-alkyl, alkenyl, alkynyl, cycloalkyl,
cycloalkenyl, cycloalkylalkyl, aryl, alkylaryl, and arylalkyl. X is halogen. In some
embodiments R® to R® are independent from one another one of hydrogen, (C4-C,¢) alkyl,
(C5-Cg) cycloalkyl, (C4-C3) alkylaryl, arylalkyl, where the alkyl radicals, may be substituted
by one or more substituents,for example, -OH, -O-(C;-Cyo)-alkyl, -O-phenyl, -O-CO-(C4-
25 Cyg)-alkyl, -O-CO-aryl, -CO-( C4-Cs)-alkyl, -CO-O-(C4-Cg)-alkyl, -CO-O-aryl, and aryl.
Further, in Formula (VIl) R' is independently selected from hydrogen, (C;-Cx)-alkyl, aryl,



Further, in Formula (M 1) Rl is independently selected from hydrogen, (CC
20)-a\ky\, aryl, al kenyl, al kynyl, cycloal kyl, cycl oal kenyl,

cycl oal kywel2kwlo27skkyl aryl , and aryl al kyl heteroaryl. APKYISG2aiolersyt or

al kynyl can be straight chained or brdnched, and may be substituted by one
or nore substituents. R2 in Formula (VI1) is independently selected from

hydr ogenikeh a|[€yr%/P)cyéwbiﬂk3ln cy%ldé'lk,en |K)€HIB€IK IaﬂlUﬂé’llWla ICHRd 8B heteroaryl.
cycl oal ken ylaryl, aryla , and heteroa%l Al kyl ,
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be i ndepen rom one anot her one dr oge ) - al k (C3 C8)
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For mul a (OPERF S b hoBEREAT o QR A ROk o iceer ‘?aﬁtﬁ%ﬁgéﬁ‘@s”@gy”d !

conf or maydloalkyl | (C,F2y) mikykny \aryla)kyharyk oa hmst@rylség%oﬂéd alkybradidats, grayhe

conS|st|n €1 n | n CiH_H des.
Furt hor PAPER PGPt 8 BiEor foffFitstueh oP BRAHER QR ERY
R3100R4, aRIICCDIRABSY, RRCOXNC, R 6R(I0)-OEp-atyl - REP(EEF4)aHhyl, 2£0-0-(C4-Cs)-alkyl,
R3C( O) C( 9§R5R6, - RACORZCOR3 and (R3CO 20 R3 is one of hydrogen, (d-C
20) - al kyt; Q@nyl al kynyl, cycl oal kyl, cycloalkenyl cycloalkylalkyl,

aryl, al kylar or arylalkyl. R4 is one of 0 (?1 l%% dy‘

al kenyl , 0?9 'F‘ aclpird o%ﬁPI@(} thecWeB%\‘P’ké’ﬁ?/‘f'desc?ch@% e, V'I(&P Pl jndole
aIkyIar$5m g? ﬁﬂ¥ﬁﬁh%MV"UR5 I's one of hydrogen, (d-C 20)-al kyl, alkenyl,
al kynyl , , cycl oal kenyl, cycl oal kyl al kyl , aryl, alkylaryl, or
aryIaIkyI R6 is one of hydrogen, (C -C 20)-al kyl, al kenyl, alkynyl,
cycloal kyl, cycloal kenyl, cycloal kyl al kyl, aryl, aIkyIaryI, and aryl al kyl .
X i's halogen. Fupther\ in Fornmuja (VI11) & is independently selected from
hydr ogen, (G -C/20)-alR ) NG 7 al kynyl, cycl oal kyl,
cycl oal kenyl , cggl oal k amt aryl al kyl heteroaryl. Al kyl,
al kenyl or al ky ' i ngd or branched, and nay be
substituted byone™o 8 X in Formula (VII1) is
i ndependent |y sel ect ed (Vi

15 The compound of Formula (VIII) has a bowl-shaped conformation. In Formula (VIlIl) M is a
metal selected from the group consisting of Group 1 to Group 14 metals, lanthanides and
actinides. Further, in Formula (VIIl) the moiety R is one of COOR?, R*COOR?, R*CHO,
R3COR?, R’CONR'R®, R’COX, R’OP(=0)(OH),, R®P(=0)(OH),), R’C(O)C(R*)CR°R®, -
R*CO,COR?® and (R3C0O),0. R® is one of hydrogen, (Ci-Cy)-alkyl, alkenyl, alkynyl,

20 cycloalkyl, cycloalkenyl, cycloalkylalkyl, aryl, alkylaryl, or arylalky!. R* is one of hydrogen,
(C+-Cyo)-alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl, aryl, alkylaryl, and
arylalkyl. R®is one of hydrogen, (C;-Cy)-alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
cycloalkylalkyl, aryl, alkylaryl, or arylalkyl. R® is one of hydrogen, (C;-Cx)-alkyl, alkenyl,
alkynyl, cycloalkyl, cycloalkenyl, cycloalkytalkyl, aryl, alkylaryl, and arylalkyl. X is halogen.

25 Further, in Formula (VII1) R' is independently selected from hydrogen, (C;-Cx)-alkyl, aryl,
alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl, alkylaryl, and arylalkyl heteroaryl.
Alkyl, alkenyl or alkynyl can be straight chained or branched, and may be substituted by



(Cr C20)-al kyl, aryl, alkenyl, alkynyl, cycloal kyl, cycl oal kenyl,

cycl oal kyl al kyl , al kylaryl, arylal kyl, and heteroaryl. Al kyl, al kenyl or

al kynyl oa02b®/@r33ai ght chai ned or branched, and may bePsulss2imwEsd2 by one
or nore substituents. [0010] In a foubth aspect the invention provides a
hexahydropyrrolo[2 3-b] indole compound of Fornula (IX): The conmpound of
Formul a (1% sﬂﬂst&éﬁ?ﬂﬂn%&ghn@’ﬂg}@ mde?eﬁ%dwls'%le@{e)&)fré\ﬁﬂrﬁld%g%t al

sel ect ed ron1t e group consisting of ou met al's

| ant hani{@e€oialitylacrylniatkesyl, R!kymwerCYCbalkFlorQ’YQ'IOalk@WK) CFD'@%MM&Y'O?"@@(RB

oy B ke R o Al i SRy IR Peldilondng P LrAER) 2)

( Cr CMJ- ahéylay bl dubstitutedalyloneydr mary slisstitents. cycl oal kenyl , cycl oaI kyl al kyl ,
aryl, alkylaryl, or arylalkyl. R4 is one of hydrogen, (O’ -C 20)- al kyl,

al leenyl , goByolyih, a cyaitto alspedt, the yinverdibh eprylidess yac hexdhysitoplykgib[2,3xb)y indole

al kyl aryl and | al kyl,. R5 is one of hydrogen, (Cr C20)-al kyl, alkenyl,
al kynyl co'(",‘%‘l’’IS’aqE’aflfy "“”é)d?f)oal kenyl, cycloal kyl al kyl, aryl, alkylaryl, or
arylalkyl. R6 is one of hydrogen, (G -C 20):-al kyl, alkenyl, alkynyl,

cycl oal kyl, cycl g8 0 cycl oal kyl al kyl R1aryl al kylaryl, and aryl al kyl .
X is hal ogen. S ndependent ly selected from
hydr ogen, (G - IRynyl, cycl oal kyl

cycl oal kenyl and arylalkyl heteroaryl. Al kyl,
al kenyl or alkyny & ' ai or branched, and may be
substituted by one or %\%ubst | tuxm R2 in Formula (I X) is

i ndependent |y sel ected fr@gm hydrogen, (O C 20) -@kxyl, aryl, alkenyl,

al kynyl, cycloal kyl, cycl dal kenyl, cycl oal kyl al kyl, aIkyIaryI aryIaIkyI
and heteroaryl. A kyl, alRenyl or al kynyl can be stralght chai ned’ or
branched, and may be substltuted by one or nore substituents. [0011] In a

fifth a s%n{daﬁna %Y%Fmeaa (D(I__)OrYdsdﬁSasH& é@%ﬁfoﬁﬂwdrp“@[F%rrﬁulb](lx ak &
conpound of Forrmula (VI ormul a R is one of COOR3, 4, R3CHO,

R3CCR4 N ERRIRE, frmm@@rngmpeamtm Group RpGEeyR thnetyls, F'@ttb@)'@(mdc%%

Cox AR AP 6l BApe ond QPR oGaR “Kiato, stom!
R*CONR‘R?, R3COX R3OP( O)(OH), R*P(= 0)(0H)2) R30(O)C(R4)CR5R6 -R*CO,COR?

and (R’CO),0. R® is one of hydrogen, (C:-Cx)-alkyl, alkenyl, alkynyl, cycloalkyl,
cycloalkenyl, cycloalkylalkyl, aryl, alkylaryl, or arylalkyl. R* is one of hydrogen, (C;-Cx)-

alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl, aryl, alkylaryl, and arylalkyl.

15 R® is one of hydrogen, (C;i-Cx)-alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
cycloalkylalkyl, aryl, alkylaryl, or arylalkyl. R® is one of hydrogen, (C;-Cy)-alkyl, alkenyl,
alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl, aryl, alkylaryl, and arylalkyl. X is halogen.
Further, in Formula (1X) R' is independently selected from hydrogen, (C-Cx)-alkyl, aryl,
alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl, alkylaryl, and arylalkyl heteroaryl.

20 Alkyl, alkenyl or alkynyl can be straight chained or branched, and may be substituted by
one or more substituents. R? in Formula (IX) is independently selected from hydrogen,
(C1-Cyo)-alkyl, aryl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl, alkylaryl,
arylalkyl, and heteroaryl. Alkyl, alkenyl or alkynyl can be straight chained or branched,

and may be substituted by one or more substituents.

25 [0011] In a fifth aspect the invention provides a hexahydropyrrolo[2,3-b] indole

compound of Formula (V1):



aryl, alkylaryl, or arylalkyl. R4 is one of hydrogen, (Cl-C20)-alkyl,

al kenyl , al kynyl, cycloal kyl, cycloal kenyl, cycl oal kyl al kyl, aryl,

al kyl arylwoanoy/ear3stal kyl . R5 is one of hydrogen, (Cl-C20yrT/Sehkéoplopoat kenyl ,
al kynyl , cycl oal kyl, cycl oal kenyl, cy®6l oal kyl al kyl, aryl, alkylaryl, or
arylalkyl. R6 is one of hydrogen, (G -C 20)-alkyl, alkenyl, alkynyl,
cycl oal kyl, cycl oal kenyl , Hycloalkylalk (0]2) , alkylaryl, and aryl al kyl
X is halogen. RO in For mul égVW) . [0012] In a sixth aspect the
invention provides a jiexahydfpp rrolo 2,3-b] indole conpound of Fornula

(I'V): I'n Fornul a R opel of COOR3, R3COOR4, R3CHO R3COR4, R3CONR4RS,
R3COX, mGKQ(o‘ , RE NHR3C(O C(R 4 CR5R6, -R4ACO2COR3 and
(R3CO 20 R3 is ope of hyq CrC 20)-al kyl,,  al kenyl, al kynyl,

cycl oal kyl, cyclo 4 IaIkyI aryl( glkylaryl, or aryl al kyl .

R4 is one of hydrogse al kyl% al kenyl al kynyl, cycl oal kyl,

cycl oal kenyl, cycl oal kyl al kyl ,| aryl, H al kyl aryl , and arylalkyl. R5 is one of
hydr ogen, (Cl-C20)- al kyl, al IR)nyI al kynyl, cycl oal kyl, cycl oal kenyl

cycl oal kyl al kyl, aryl, al kyI aryl, or aryl al k |. R6 is gne of hydrogen, (d-C
20) - al kil Formuite Vi) R sl dogngfi CO@BBI BaCFCRQ l%’%%aﬂﬁ@ﬁd RP’CPNRR KFIGPXy | |,

ﬁlr%”roger‘?k%bg %&?Hﬁnﬂaﬁ{)—i@a@@ &93 5(?':?V) %sézéni yFM[ g%?ﬁ‘l?n ;%seventh

aspect bhe of hy@ngemr(qmaawaﬂ% aikdmkaiﬁsydylopymmaﬂmb[@cmmpnylndmltmiwmw of

o ) o AL 518 B, A S on o

- R4C02C€R30ﬂmi1y(, Iagla@mlkﬂsanys amymry)fari‘Wahytag@h quane:bemdmgdfylm é:hokenyl

| kynyl k | k | k | k
Syl al i e iSRRI Bt e R kbt pofAkvaih o ek ©
cycl oal Ryl is el ol kedrsgen, cxcl ca)sikyil kkbnylaratkynyil ydiaatiy,, @mdalaewlal kyl .

(E)E;c: 3af)gg%%'kv?%€sé|%ﬂr %'§§'%WI(3?P§ %)fjﬁ)\‘yllsélsk'ﬂﬂ l ken&f @rékg‘?%’(w&}ggﬁ:ﬂga: is<y|one of
yd@lr ggfﬂyléﬁﬁl In %ﬁpﬁﬁ ﬁ? n¥"‘/eﬁﬁ?f é’f%)l'l dﬁskéfhg’%h?’% Rérf%%ljégfblw Iaﬁ'eFor nul a

(IVA) |§o,apaur{d(§fg%ﬁng|raq;\gctl ng group. R10 in Fornula (I1VA) is a protecting
group that may be renovabl e by

(IV)

In Formula (IV) R is one of COOR®, R:COOR?, R®*CHO, R®*COR*, R’CONR'R’, R’°COX,
R30P(=0)(OH), R*P(=0)(OH).) R®C(O)C(R*CR®R?, -R*CO,COR?® and (R’*CO),0. R*is

15 one of hydrogen, (Ci-Cx)-alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
aryl, alkylaryl, or arylalkyl. R* is one of hydrogen, (Cs-Cy)-alkyl, alkenyl, alkynyl, cycloalkyl,
cycloalkenyl, cycloalkylalkyl, aryl, alkylaryl, and arylalkyl. R%is one of hydrogen, (C-Cx)-
alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl, aryl, alkylaryl, or arylalkyl.
R® is one of hydrogen, (C:-Cx)-alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,

20 cycloalkylalkyl, aryl, alkylaryl, and arylalkyl. X is halogen. Y in Formula (IV) is a nitrogen
protecting group. R® in Formula (1V) is alkyl.

[0013] In a seventh aspect the invention provides a hexahydropyrrolof2,3-b] indole



hydr ogenol ysis, e.g. aryl-nmethylenyl. [0014] In an eigth aspect the

i nvention provides a hexahydropyrrol o] 2, 3-b] indol e conmpound of Fornula
(MIA): | nwbanmuha3¢VI A) R is one of COOR3, R3COOR4, R3CHOI/SBI(orRde312
R3CONR4R5, R3COX, R3OP(=0 (OH)2 , R3P¢=0 (OH) 2) R3C(O C(R4) CR5RG,
-RACO2COR3 and (R3CO) 20. R3 is one of hydrogen, (Cr C20)-al kyl, al kenyl,
al kynyl . _cycl oal kyl . cy al kenyl , cycl oal kyl al kyl, aryl, alkylaryl, or
arylalk§?m¥ 4%§¢%H8m8ﬁﬁ} drogen, (CrC 20)-al kyl, al kenyl, al kynyl,
cycloal kyl, cycloal kenyl, cycloal kylalkyl, aryl,q alkylaryl, and arylalkyl.
R5 is one of hydrogen, (Cr§g 20)- alkyl, ¢V al kynyl, cycl oal kyl ,
cycl oal kenyl cycloalkylalk¢£ ~3 or arylalkyl.R6 is one of
hydr ogen, (Cl C20) - al , cycloal kyl, cycl oal kenyl ,

cycl oal kyl al kyl , y and |aryl al kyl. X is hal ogen. [0015] In a
ni net h aspect the f i (des_¢ net hod of preparing a conpound of
Formula (VI) accofjding t R~ asmqt (supr@/)A) The net hod i ncl udes
provi di ng a conpoyd of accordi ng to t'he sixth aspect (supra).

3 « ZVl) is generally cleavable via
hydr ogenol ysis. The n®t hod i ncjudes posi ng the conpound of Formula (IV)
to hin the presence of a Pd/ Ccatal yst. Thereby the nethod includes
al | owi ng deprotection of the group of compound (1V). [0016] In a tenth

aspect i f aRs & PYONRIRY, RY rmul a
(VA aj:dggrﬂgiwn%?pﬁg g%‘ °f%§§§‘*q;§32§§’% R%ﬁt_?_ I(3drjr§:|tahod i nc ude'g C&?)gw di ng

a corrpoﬁﬂ@PG#O)F@H)mRéP(ﬁQmth&ﬁ(@) e -BE&HRAPR @k (R°QQPr B is As

b | t t t h f
Iszg:'sdrru?a()\é?e\%\?‘gﬁ?rga% ea\}(;é%; au?? allﬂaehg ﬁ&ﬁgl y%llég_?kﬁh%yc;% '%ogl' {léri% ﬂg Mc?udes
expo|5| ngryl, kyepyipertarglatil. Ré)i‘smﬂea:f(hwmpen qmzzb)ralkyhallmn&lﬁetkywl,cﬁycpawvfC )
catal ys ere d.owi ng, depr ot ecti an, of the
e gr ou B AR K. Srvhakvond r Ry T a Share PFedP T (Gr s
al | owi ngthaikeh@axresyl odycloakyE TyEballesHys] dyeloamylalkyl Biy, akylmrrpaumhlkwA)
[0017] In an eleventh aspect the invention praovides a nethod of Ere arlng a
conpoun® ofs FiemAfa hypggn.adeokeiativt oa“‘ﬁ@)"seﬂﬁﬂ‘ﬂ' aSydealkyls fyFigplke
mefghod LNGh4iklfsikyI SAGL biRGraR, and arylalkyl. X is halogen. Y in Formula (IVA) is a mtrogen

protecting group. R in Formula (IVA) is a protecting group that may be removable by
hydrogenolysis, e.g. aryl-methylenyl.
[0014] In an eigth aspect the invention provides a hexahydropyrrolo[2,3-b] indole

compound of Formula (VIA):

15 (VIA)

In Formula (VIA) R is one of COOR?, R’COOR?, R’CHO, R’*COR*, R’CONR‘R®, R’*COX,
R*0OP(=0)(OH), . R*P(=0)(OH),) R3C(0)C(R4)CRgR6, -R*CO,COR® and (R®*C0),0. R¥is
one of hydrogen, (Ci-Cx)-alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,
aryl, alkylaryl, or arylalkyl. R* is one of hydrogen, (C4-Cy)-alkyl, alkenyl, alkynyl, cycloalkyl,
20 cycloalkenyl, cycloalkylalkyl, aryl, alkylaryl, and arylalkyl. R%is one of hydrogen, (C;-Cx)-
alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl, aryl, alkylaryl, or arylalkyl.



compound of Formula (M) according to the fifth aspect (supra) with a
compound RIMgX, R2ZMyX or a m xture of RIMyX and RZMgX. Rl Jn-RIMgX is

i ndependewl291082r33¢t ed from hydrogen, (d-C 20)-al kyl, argir/SGaddesnysi?

al kynyl, cycl oal kyl, cycl oal kenyl, cyd@l oal kyl al kyl, al kyl aryl, and

aryl al kyl heteroaryl. R2 in RRMgX i s independently selected from hydrogen,

(Cl-C20 ’ allg%bl 092?"{{ aél ;j({gmdm) aﬁmyaménwcm Rl &loalks) Cdyerbhalkeny! cyclo-

cycl oal aryl a and eteroaryl [0018] In a twelfth
aspect atkglalkmweryﬂ 'adjwlqmylowdje'ylaﬂ(ymlﬁbalogen preparing a conpound of Fornul a
(I'V) according to the sixth aspect (supra). The nmethod includes cont act| ng
a hexahydr[0py3lrlolaojizetB-aspedt trroinwerdiompoemidesst Mmethoghef arepering a(CPNPPW“i Af an

acyl halide

i r ogohopiyt dob) A<l fO 8 o Beets PRFa). s BEeunblites plodid e
the i Syeﬂﬂhpﬁlﬁhd)roO\Hdﬂmﬂlaa(IWtdmdrduﬁg mapars'uxtg aspeotmisupna. dﬂolét(vr}f?ulnaﬂ(el VA)
accorailn t t

nexanydFABIPIS GFErBoR ) TRBr b RYRbIeof PR el g et g "
hal i de RE3Sirgthk REmpbESEBCRorRful( P88, innhépresthde dfid FY/C\tatalyst. Thidretngen

protecting group, and R10 is ar rreth | enyl 20] In fourteenth aspect
t he i nvé&imethogingludes sllewingdepep 'OBPE N%goaéegw%mw 2{“ JFormul a (V11 IIO)

according to the third as t Th th I
compound 8t g @NAAPPEE IMETHE PisI 2B ohBiRRR P CAEOHRT 8

cofgpoung ﬁﬁulgc(g? ) LEmaihd %o Q{@H%trpggﬁécﬁgé O frhéRétRod: idcdudes Pevidifig et al s,

| ant hanl es and actI ni des. teenth aspect the invention
provi desompaenchoti Fofmya ébém agccmdln@rtpdhm@emnﬂlr@smtdsmrx) Az sdidRYet o t he

fourth asg hyhébw R hece-gggnl rtng%g/quﬁ l ﬁ%’ﬁéfgﬁ&%t f%rﬁ‘ugoqpp‘g %d‘:leé"dgfg ! a

(Vi) adEdy € seco conpouhd Sel ected from
t he growpa mmgeablyag 'Dh’ie @ethod firthey i@laes ekposing Hescompmunt f Fdesulatiy A)

acti ni des
t he CON}SQ)M?E!‘Q'O e presence S0I X Sg}g cataﬁygte." cl'the;['ert])?/ Q Vn%-{ﬁoé) i s'ﬂr (?Xélngoee% élﬂ‘t?\mﬂ;s e of
15 deprotection of the No. group of compound (IV A). The method thereby secondly also

includes allowing the cleavage of the ester bond to moiety R of compound IVA).

[0017] In an eleventh aspect the invention provides a method of preparing a compound

of Formula (V1) according to the second aspect (supra). The method includes reacting a

compound of Formula (V1) according to the fifth aspect (supra) with a compound R'MgX,

20 R2MgX or a mixture of R'MgX and R?MgX. R" in-R'"MgX is independently selected from

hydrogen, (Ci-Cx)-alkyl, aryl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,

alkylaryl, and arylalkyl heteroaryl. R? in R®MgX is independently selected from hydrogen,

(C1-Cxo)-alkyl, aryl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl, alkylaryl,
arylalkyl, and heteroaryl.

25 [0018] In a twelfth aspect the invention provides a method of preparing a compound
of Formula (1V) according to the sixth aspect (supra). The method includes contacting a

hexahydropyrrolo[2,3-b] indole compound of Formula (lil)
COOR?

()




Formulas (MI1)1 (M11), (I1X), (IV) and (VM) according to the second to the
sixth aspects as a ligand for asymretric catalysis. [0023] In a seventeenth
aspect thwoi2owenrizen provi des the use of the conpound ofPCESGaUIAREVE A)
according to the nineth aspect (supraP as a ligand for asymmetric

catal ysis. BRI EF DESCRI PTI ON OF THE DRAW NGS [0024] The invention wll be
bet ter WfedrLaahalitd 'REGK 5 A Brdsintd1er Aokl & FRRGR! M Pl Whdflogen
considered 1nh conjunction with e non-limting exanpl es and

t heaccomppatestinggromaand & is 4I0025] Figure 1 conpares the structures of two
exenpl ary conpounds of the invention, a conmpound of Fornmula VIl and a
conpound of00#8Y imukathindenth aspectothes inventien wrevides @dmatBodyiafhpreparing a

hexahydr.opyrrol o 3-bl i e ) FL gur i6is

schemat i°8'§1¥PS’/n4 WEZES%{WPI%Q%B O%C%é'%ii:n %(;drﬁéti%%% gr}:tgr %1%1%5{3((%#%0 @ieaﬂﬁt'?%’ froma

comgrer Cirdiddes @vataktiiy £héiahpd@ppedle@,-bltinggié oprinpour(dlgf. For@0B A1 Aji gure 3

depicts schematically the synthesis of a conpound of Fornula (VIA),

starting froma com‘rercL:laI |y avai |l abl edarort ected L-tryptophan (1).

[ 0028] Figure 4A depictS,an i I ve exanple of a conpound of Formul a
RRtA ts X-ray structure. Figure 4B depicts an

schematic of i 0029] Figure 5 illustrates the use of a

conpound of Fofrula ( i n Yhe asymetri c redgitA)on of a ketone. [0030]
Figure 6 depicfs the f [ i Yoners of metal conpl exes exenplified
by a conpound 0O 1) e,th RL = R2 = ph, and a conpound of
Formula (I X) toge i vdel thereof. [0031] Figure 7 illustrates

the potential of design of |!$tructurally rigid chiral |igands based on the
general structure of a conpound of Forrmula (VII1). [0032] Figure 8A
illustrates the use of a conpound of Formula (VIA) in a catalytic

asymmet mith a1 st dialidgl RAoin thiet presencensfch hase. de Fapmela BEANY i annitre@eyr oup.

Figure %'r%otecting group, and R is aryl-methylenyl.
[0020] In a fourteenth aspect the invention provides a method of preparing a compound
10 of Formula (VIII) according to the third aspect (supra). The method includes reacting a
compound of Formula (VII) according to the second aspect with a metal compound
selected from the group consisting of Group 1 to Group 14 metals, lanthanides and

actinides.

[0021] In a fifteenth aspect the invention provides a method of preparing a compound
15  of Formula (IX) according to the fourth aspect (supra). The method includes reacting a
compound of Formula (VII) according to the second aspect with a metal compound selected

from the group consisting of Group 1 to Group 14 metals, lanthanides and actinides.

[0022] In a sixteenth aspect the invention provides the use of the compound of
Formulas (VII), (Vill), (1X), (1V) and (VI) according to the second to the sixth aspects as a

20 ligand for asymmetric catalysis.

[0023] In a seventeenth aspect the invention provides the use of the compound of

Formula (VIA) according to the nineth aspect (supra) as a ligand for asymmetric catalysis.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The invention will be better understood with reference to the detailed

25 description when considered in conjunction with the non-limiting examples and the



Il lustrates the use of a conpound of Fornmula (M A) in a catalytic
asymmetric Mchael addition with the M chael acceptor being a carbonyl
group. Fiwore10@C733kl ustrates the use of a conmpound of FECESIGREWN3AY in a
catalytic asymmretric M chael addition1®ith the M chael acceptor being a
nitro group. Figure 8D depicts the use of a conpound of Fornula (VIA) in a

catal yti, Ec&ﬁyémﬁérdrhl%Ehael addition with the Mchael acceptor being a

sul f onyl group igure”8E and Figure 8F illustrate experinental exanples on
the use Of[gg 5‘]0#‘39#31%&% 5185 Y strucivrdd of inllo BxdiApialyohfpoasdd Beihd inderdvophael
addition (CAN'i n ) Frepresents eerie ammoniumnnitrate (NH4 20e(NC3)6)

. Figure WMchstQrmlq:)Nélanﬁ Asgoynpossdiaf Rermule &4 Aer ankat apmexeaiwik t hat
may | nd| ua a"ﬂgﬁﬁ&gﬁ%‘ip rFJI T3tgjﬁdg@%?élgt ndpplicability of the catalytic

asynmret |p| cco ding e invention or that may be

di fg i cul t @82@815?}/1 deo ?tdep Bsgwh%n% Q@th’ts?ntﬁ %Pfé cgéﬁgpllé aef&rnﬁﬁ"f’m”pds for

whictch prel care therr

accept ostarfir@0Bdh alogumerciaily a\gilalble No-pretavbest L-g'ylatbblaart:(dm ormati on of the
enanmi ne internediate, a syn conformation, by DFT cal cul ation. Figure 9B
depi cts th[aozw\éigureaﬂelegi;ctstschamiatid:aﬂm theet sur\éhe(sm cdropoundicf Fogmdai(¥iA)by DFT

CSooc * slatnafbud Spmmersai, & ﬁa@giﬁ@oﬁpr A PO F gur & 04 doptcts
1HNMR spec

10B depi ct@o?ﬂsl\ﬁﬂugepeé ng'g oM IJIIRJS{T% s?xagﬁql%t]og) 0%891 % ?%@% 9}: g?(rare

((]I DRO) . mlfvé%twmd rrédtic fchemmlstrsaurret Etduwge depicis ae dlustrativeadample3 2

ays. ure epicts t th bi, | f I

(105 7 DA AR Of sgioyie <WV§@S{?\%€W§§@§°§%Q S B hange. octar r ed

The cat tafiwgslaé‘%m%wf’ue?r%@aaﬁéjFJ%?W% 7 cRpaleo! T o EF R "

with 0. 5edi®bn ki RétBne.0. 6 mMmol borane, 10% of the respective ligand in 2 nL
THF at reflux tenperature. a Isolated yield by colum chromat ography. b ee

get erm Egi obsorﬁbﬁglﬂa@gmtsahelM@guﬁareaftisambascamnﬁahmlmmads@aémmed[mﬁeﬂ
Il gure Is a tabl e depict exezrrp ar t
5 compound of Formula (VIIl) with % ph, g/nd 2 cf‘:im(rgtr)]uncj3 OIJ ngr }a (? Stogf-:thzep ©

with a 3D model thereof.

[0031] Figure 7 illustrates the potential of design of structurally rigid chiral ligands

based on the general structure of a compound of Formula (VIII).

[0032] Figure 8A illustrates the use of a compound of Formula (VIA) in a catalytic

20 asymmetric Michael addition with the Michael acceptor being a nitro group. Figure 8B
illustrates the use of a compound of Formula (VI A) in a catalytic asymmetric Michael
addition with the Michael acceptor being a carbonyl group. Figure 8C illustrates the use

of a compound of Formula (VI A) in a catalytic asymmetric Michael addition with the
Michael acceptor being a nitro group. Figure 8D depicts the use of a compound of

25 Formula (VIA) in a catalytic asymmetric Michael addition with the Michael acceptor being
a sulfonyl group. Figure 8E and Figure 8F illustrate experimental examples on the use of

a compound of Formula (VIA) in a catalytic asymmetric Michael addition (CAN in Fig. 8F
represents ceric ammonium nitrate (NH,),Ce(NO53)s). Figure 8G depicts the preliminary

result of an experimental example that may indicate an exception from the general

30 applicability of the catalytic asymmetric Michael addition according to the invention or that
may be difficult to carry out. Figure 8H depicts further examples of compounds for which

preliminary data indicate their suitability as Michael acceptors.



enanti osel ecti ve borane reduction of Acetonaphthone according to a use of
the present invention. Reactions were perforned with 0.5 mol

acet onaphwban®/02@336 mmol borane, 10% of the respective PCysedodwo@31ei of
solvent at reflux tenperature. a |Isoltted yield by colum chronmatography. b
ee determ ned by HPLC analysis using a Daicel Chiralcel ASH colum. c

Cat al yst r ; ' ] i '
ot R a QOFERAguRYaR1oaER e BRAEI oo O e e 1 O

condi t i eyn @noforraationt ibgnDET calshiatian.cbigure 98 depictsitherlewesi engegy Hrarsitiared

. Li | ed_ t.wi j | ] ; :
195 depF s (RRANT TR Threbh oy BT, SaRGIEUE o RS o5 Pt o Wffpreical " ©
enant i oapéragtivevttanznioAREate OOUXB)ithat dved nohibvelbs ameater poletuds. and ee.. [ 0037]

Figure 13A depicts exenplary catalysts used in the asymetric M chael
reacti on qbop4JoFigard 10A depictoAHNMRSpeltia shawing rthe balt farinatien of (F0)cande 13B.

Fi 13C | taple depigtj n th i i
M chaol DR {63:08) FlaugeoB e SR eclia s BodBa inpcer e S aHPT o ' ©
al dehydg, wateP @i0). Rb pliak CASHLLAR SerfiBANBhife P8 IdetaTed e ldicaritl Safys. Of

catalyst wwth 1:1 catal yst: P. a Isolated yield. n/anti) was

b Dr

det er mi Figurpyl0ghderigts HNYIR eqojral showingep statily Qhwégstr(ééiﬁw ipkates n

| SOmer itg%))\.’\ﬁf)%e?m:ﬁz{rﬁe%ﬂ Pémicd) Skt chift &%uﬁ?@mérﬁéﬁétﬂ"dagﬁary phase.
p S a furt e (10)

Fi gure depi'c er asymmetric M-chael reaction, t

cafepl ySEde@gg%].t Il’igﬂréjfﬂ'i§0avf’::lb‘?t=,r Abpetng 8xéRpihy HhtaSer RO BStalyHO IR mhieiiy € 14
Is a tabl epi cCing exenplary data on the catalytic asymretric M chael
addiht i onechictiomobiciténesd Reactiong aese perfodmeadowitik@AesmoRetens, Ofsmmel BogdAduct ed
wth 2 i v, of al dehyd 1.equj v 0 ' om r re, or 4
equi v 0582‘1 8% de Rf ‘r’%q@é“i’f'g? \lgnu"l f&b‘@ a%@@%ggﬁ?gﬁ‘ﬁg'ﬂ eléa%-alﬁ%ly l|§lyn t he
pr esenceoldmnCeiramtdyraphy. P de deteahiaby by HINMPandBesieusing p [Mai! @iiralcel AS-
nitroal kene, 0.4 mmol al dehyde were used at roomtenperature and 0.2 mmol
ni t roal Ke$RYMB. 8 nmol  al dehyde at 60 OC. a Isolated yield. b Dr was

G A S T R TR e
st at i onapyntiidaretivedorafe Pstiuckiord ofTRaatBnapHthaHeegbording to a use of the present
invention. Reactions were performed with 0.5 mmol acetonaphthone, 0.6 mmol borane,
10% of the respective ligand in 2 mL of solvent at reflux temperature. 2 Isolated yield by
column chromatography. P ee determined by HPLC analysis using a Daicel Chiralcel AS-
20 H column. © Catalysf prepared by 0.1 eq ligand with 0.12 eq B(OMe)3 at RT and reduction
at RT. d Catalyst prepared by 0.1 eq ligand with 0.12 eq B(OMe); at reflux condition and
reduction at refulx condition. € Ligand was was recycled once. f Ligand was recycled twice
g Ligand was recycled third time. Figure 12B depicts further examples of compounds that

were tested in the enantioselective borane reduction and the observed yields and ee..

25 [0037] Figure 13A depicts exemplary catalysts used in the asymmetric Michael
reaction of propanal to nitroalkenes depicted in the scheme of Figure 13B. Figure 13C is
a table depicting exemplary data on the catalytic asymmetric Michael addition of Figure
13B. Reactions were conducted with 2 equiv of aldehyde, 1 equiv of nitrostyene at room
temperature in the presence of catalyst with 1:1 catalyst:DMAP. 2@ Isolated yield. b Dr
30 (syn/anti) was determined by chiral HPLC analysis. ¢ Reported values refer to the syn
isomer and were determined by chiral HPLC on a chiral stationary phase. Figure 13D
depicts a further asymmetric Michael reaction, the (10) catalysed addition of isovaler-

aldehyde to vinyl sulphone.



[ 0039] Figure 15 depicts schematically the preparation and characterization
of exenplary chiral ligands of Formula VII, starting froma comercially
avai | abl ewBbaproanessted L-tryptophan (1) (cf. also Fig. 2PpCT[SGQd@Jood31zure 16
shows graphically the results of X-Raj2crystal data analysis of a

ni t roal kane product obtained in a M chael -addition using a conpound of the

I nvention - t i 17 sh
gr aphi cal l[‘y)ﬁ?ﬁeﬁég@ahﬁisOe?E%Eﬁﬁggégﬁgq\s/{ag@@gtﬂ)ad%ﬁaﬁgiQ%l%pygcgg%gﬁ%ﬁ ofS 1(:)\(1\/2
Ib n?/en'; i Michakl aetitenadf uRoTodifilee a(ddhydeéxﬂb.NitnbaiberiéISgReMOHSIwetmeor@U&tepIVé@
el ow). [ 0042 j qgure 18 shows,_ graphically. th ul t
dat a angleﬁ}‘éﬂ"s‘]f 5@ gy‘?:%r?‘p"t’ﬂ&'hdo d?trc%tl‘ge% Ir?\ig‘?ﬂ")(}) gqétgr;énergl '(\)'?Srfmgrb\éh?‘iﬁl%
al so Figo %(ﬁamct)mkyealaéayaﬁsem atriew) 12- ﬂmp46]th5| ;g‘esawcie%ﬂeaiatytss withi nal HPLC

anal ysis of racenm c_1-phenyl et hangl on I QD col
r effer en&atalye¥DMAPg G92‘953"Y P&)HE’]‘O'F]' ”go B §€gth%a Verspse g%arllég’g‘i gso?

(R-1-p gﬁﬁ}@{r}m oQbﬁrﬂbﬂﬁﬁoéiﬁériégo% rﬁﬁabﬁénaaﬁydefateener al|shigtelyledd.O\Mbd ) on a

Daci cel QD col umm Figure 2 icts chiral HPLC anal ysi s

?{/ | ()S) walrtbmmlnthmngh"‘@! Hﬁ’h@l anﬂbm ated nygflmoa dgﬁnﬂr&ygtvablesgei%ﬁ%theFor mul a
) on

21y [OURSPIEI G w9 58ehed B ERKHRLG b2 i SiRRRAARRE: EFir Endy O

(f’?)-l 64n&"rtsmyﬁbmb§yl) et hanol obt ai ned using a catal yst of general Formula

(VIl) on a Dacicel Chiralcel OB-H colum (Fig. 22B corresponding to Fig.

221 and Fi[Q0392Figacy rﬁspepidtsngcmelméticgw ) prepaydtior] aihdgainaractBrizition cofs

chiral HPLC I is. of (RL-1-(2- h | _ob
of ' gone PXPTRBIGHER (GRNSS o FErsiA V1 Sainenf R A orine il Rle N o ut
Fi gure 2ftéed cligpobham{1) Bl asefy. gsi s of (R)-1-(2-(6-nmethoxy) - Napht hyl) -

et hanol obtained using a catalyst of general Formula (VI1) on a Dacicel
Chiral cel [0bu@IOFigare 16 shows graphically the results of X-Ray crystal data analysis of a

nitroalkane product obtained in a Michael addition using a compound of the invention (see
15 Examples for the X-Ray crystal data).

[0041] Figure 17 shoWs graphically the results of X-Ray crystal data analysis of a
compound of the invention of general Formula (V1) (cf. also Fig. 4A and the Examples
below).

[0042] Figure 18 shows graphically the results of X-Ray crystal data analysis of a

20 compound of the invention of general Formula (VII) (cf. also Fig. 4A and the Examples

below).

[0043] Figure 19 depicts chiral HPLC analysis of racemic 1-phenylethanol on a

Dacicel Chiralcel OD column as a reference (cf. Fig. 20).

[0044] Figure 20 depicts chiral HPLC analysis of (R)-1-phenylethanol obtained using

25 a catalyst of general Formula (VII) on a Dacicel Chiralcel OD column.

[0045] Figure 21 depicts chiral HPLC analysis of (S)-2-Bromo-1-phenylethanol
obtained using a catalyst of general Formula (Vi) on a Dacicel Chiralcel OD column (Fig.

21C corresponding to Fig. 21A).
[0046] Figure 22 depicts chiral HPLC analysis of (R)-1-(4-Bromophenyl)-ethanol

30 obtained using a catalyst of general Formula (VIl) on a Dacicel Chiralcel OB-H column

(Fig. 22B corresponding to Fig. 22A and Fig. 22D corresponding to Fig. 22C).

[0047] Figure 23 depicts chiral HPLC analysis of (R)-1-(2-Naphthyl)-ethanol obtained



[ 0049] Figure 25 depicts chiral HPLC analysis of racemc

1-(4- N trophenyl)-ethanol on a Chiralcel OB-H colum as a reference. [0050]
Fi gure 26wdepioaisssehi ral HPLC anal ysis of (f?)-1-(4-N troplsenyioosstinanol
obtai ned using a catal yst of general f®rmula (VII) on a Chiralcel OB-H
colum. [0051] Figure 27 depicts chiral HPLC anal ysis of

E@?:)l b0 SRt BY Sdssrat2BR R o P bE DetRp I B GE A B R 2, P ™! 2
n SIS d - ri u j
5 ol B A TS,

29 depi ethanehbistainetiRlsiigns adaysyst dbfgenar Foemila((3AIVronf & Recioek ChirbioblcOP ) -

et hanol obtained using a catalyst of general Forrmula (VII) on a Chiral cel
OBH col G#™s a reference (cf. Fig. 30). [0054] Fi gure 30 depicts chiral

HPLC anal ysis of (R 3-Trifl th bt lned using a
catbal yst dfo0 ’&Hr@ﬂﬁ!’e) ?5%’%?B|°55 %'\i@rﬂpgﬁe F{@.%e gg\?t a]l())'ﬁg'?[‘ f:i ggre
31 depi ghs Ehitdil oBRY CoRm! a5 efétbndel) - 1- (4 net hyl sul fonyl phenyl ) et hanol
obt ai ned using a catal yst of general Formula (VIlI) on a Chiralcel OBH

col um. b50] Figlre ©2634eprRR ¢hiFalCPPLE ahRly§is aBhl (R34 Nitrophenyl)-ethanol
(ft)-1- 3 d|f| uoro phenyl) et hanol obtained using a catalyst of general

For mul aoptame)d usingza @?'VﬁI%QP"MWFWIW)OT adHhinaloe! 9Brid cd4MAepi ct s chir al
HPLC anal ysis of (/7?)-3,5-bistrifluoronethyl phenzl eth nol obt ed u3| ng a
catal yst oi005HFigure i27; depists( ehira HALG enalysis ) (RS rgﬁmenylﬁ-ggijig Fi gur e
34 fepi obi ifeld! JsfHg JE’&@ g?ﬁ ral p&rm@f MI%E% chifdidel OBU9RBBAN ) et hanol

obtai ned using a cata gener al orrm a (VIl) on a Chiralcel OB-H

col um. [ (G@a8d FPEI& %a3§e§i&9'c¢ﬁr§| ﬂPi_@f bh&ysid fb?O(mhL(QatrlfMomrhMr%nyl)-

conf ormation of e enamne internediate, .a len conformation that was
conpar eethanoDibtaiced usingiaicetalyst of ganeeal Ecemiia €4limn ahhiralpgdsbiolymgur e 36
depicts a further theoretically possible conformation of the enanine

i nt er nedi al0853]Figyre 29 depietsehird MRLIGaanalysis ofdapripied -Cnirifiveromatiydphanybn (cf .
the Exa@ma?\gl obtained using a catalyst of general Formula (VII) on a Chiralcel OBH column as

15 a reference (cf. Fig. 30).
[0054] Figure 30 depicts chiral HPLC analysis of (R)-1-(3-Trifluoromethylphenyl)-

ethanol obtained using a catalyst of general Formula (VII) on a Chiralcel OBH column.

[0055] Figure 31 depicts chiral HPLC analysis of (R)-1-(4-methylsuifonylphenyl)

ethanol obtained using a catalyst of general Formula (VI!) on a Chiralcel OBH column.

20 [0056] Figure 32 depicts chiral HPLC analysis of (R)-1-(3,5-difluorophenyl) ethanol

obtained using a catalyst of general Formula (VII) on a Chiralcel OB-H column.

[0057] Figure 33 depicts chiral HPLC analysis of (R)-3,5-bistrifluoromethylphenyl

ethanol obtained using a catalyst of general Formula (VII) on a Chiralcel OB-H column.

[0058] Figure 34 depicts chiral HPLC analysis of (R)-1-(3,4-difluorophenyl) ethanol

25 obtained using a catalyst of general Formula (VII) on a Chiralcel OB-H column.

[0059] Figure 35 depicts a further theoretically possible conformation of the enamine
intermediate, a syn conformation that was compared in DFT calculation (cf. the Examples
below).

[0060] Figure 36 depicts a further theoretically possible conformation of the enamine

30 intermediate, a syn conformation that was compared in DFT calculation (cf. the Examples

below).



bel ow). [ 0061] Figure 37 depicts a further theoretically possible
conformati on of the enam ne internediate, an anti conformation that was
conpar ed wo 2b2eskcul ati on (cf. the Exanpl es bel ow). [ @OBRG2669¢00322 38
depicts a further theoretically possibte conformati on of the enam ne

I nternmedi ate, an anti conformation that was conpared in DFT cal cul ation

(ct. the F@gaﬂ ﬁ?Hpeeh?%pic{s@@ﬁ}\eﬁhgweﬁcﬁ@ ﬂ%@ib@t&nﬁ)rﬁ'@iﬁﬂ{ 8f the @&nlabhiissi bl e

conf or mat e transition state that "was conpared DFT cal cul ation
(cf. thénténmdibtes abeantivconforTatidnEhabR8aR| emparedoin | RVENAI@iation064] thene
presenp# nveE}hPP Belates to the design and synthesis of a series of a new
cl ass of *8PPEECTM 1y rigid tricyclic chiral iigands based on the

h hyd l ol 2. 3200, i . i .
Lt Ty ot oprheRLfefes 38 bt FrRErlyEblicy des bR eoo UL BE e Rpphi 2
i n\@nt i eiefnfediAs,cdnoantt lvenfodtaatiant ittet was aimpaned tin yRED pledeuldtimse (tf. the

hexahydropyrrol o[ 2, 3-/b]i ndol e skeleton as a rigid backbone that is capable
for useE8MPIR§REPYhirality. Two possible isomers, endo or exo isomer coul d

Tet P anear oiGopubEaire; 30 Rats’3 Hisprial fEesili Snbrrafioh i dhe iihsfiof k% T
(1991) 10A37ab@8Rpafed if DFTRalckidBon ¢¢f e ExAmphsstbeldddem Res. (2007) 40, 151 -

161). These two isomers upon conplexes with netal will result in rigid
conformations: Bow shaped conformation of Fornmula VIIlI or S shaped

conf ormation of Formul aDEi‘Aﬂ..ﬁéiPWEsbmﬁ@N 6F INVENGFON! n one general aspect

the invention relates to a hexahydropyrrol o[ 2,3-b] indole conpound of

general Formula_ (XX): In this general Formula ( R may, be -
- RAcooR3,  [0R8HOEREPrepg on ?%‘eﬂé,’ thecggan @@%&S's-%m%? rie¥1 cox,

- RAGP( =Q46 s gtrutﬁﬂgﬁy:%m%%lic' ShiFaR3iganté Gk & &3 kdRI8Rahydrdy e[ £3) O,
aryl or aryl-nethylenyl. R3 ma%/ be hydrogen, -COOR3, -RACOOR3, -R4COSRS,
R4 COSe R¥)indatel Gkeletonwiiieh cambpewpthesized from an L-tryptophan derivative in four and

five steps, respectively.

[0065] The invention is based on the identification of the tryptophan-based

15 hexahydropyrrolo[2,3-bJindole skeleton as a rigid backbone that is capable for use to
induce chirality. Two possible isomers, endo or exo isomer could be generated in the ring

closure of tryptophan (Taniguchi, M, & Hino, T, Tetrahedron (1981) 37, 1487-1494;
Bourne, GT, et al., Perkin Trans. [ (1991) 1693-1699; Crich, D, & Banerjee, A, Acc. Chem.

Res. (2007) 40, 151 - 161). These two isomers upon complexes with metal will result in

20 rigid conformations: Bowl shaped conformation of Formula VIIl or S shaped conformation

of Formula IX (shown in Fig. 6).

[0066] In one general aspect the invention relates to a hexahydropyrrolo[2,3-b] indole

compound of general Formula (XX):

(XX)

25 In this general Formula (XX) R may be -COOR?®, -R*COOR?, -R‘COSR?, R‘COSeR®,
-RCHO, -COR?, -R'COR?, -R‘CONR’R®, -RCOX, -R*OP(=0)(OH),, -R*P(=O)(OH).),



- RACONR3R5, -R4COX, -RAOP(=0 (OH) 2, -RAP(=O)(OH) 2), -S2R3, -RAC(O C(R
3)CR5R6 or -RACRC(R3JO i.e R3, R5 and R6 are independently from one

anot her hyonogenysser an aliphatic, an alicyclic, an aromwetrisG2008/00312
arylaliphatic, or an arylalicyclic gregip that includes Qto about 3
het er oat ons i ndependently selected fromthe group consisting of N, O S, Se

and Si. sl.phati i an alic dge, onatlc
bri dge, gﬁZQr’yr @L%ﬁa)éﬁ%h 'g %85(55 ar alqrcﬁEyYﬁ](?lt@rI%%dl R n%rl sing o
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rom R5_an noi et
(i ncl udl'ﬁgf:(aNR p‘?\zﬁ@& &paw)(oﬁﬁeﬁﬂp@xgﬁ %,(har&ﬂi Gat hasy
one to about 20 carbon atons,Qi ncl @i ng about 2 to about 20 carbon at ons,
about 1 to about 15 car$on at ns, out 2 to about 15 carbon atorrgs about 2
to aboutor 1F©“C<Qu6b%r)0aten b@welies e porryamethyleny. Rs Ry

hal ogen or a pseudohal ogen. [00 In sonme enbodinents R and/or R3 1 is/are
a fitroged Fpropeodemdgnﬂ)uﬁomoﬁnq/vﬁn@thernt]mmﬁrs ofran Riphatic.t ¥ akeystic. 30 | | ed

in the | I
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t he n|tr
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nz ne enz 0 Z
Bh@nyl f indspendantly fefas ffigr'@t 'Hypy ep%@ﬂﬁ' w@ﬁ{ﬁ R ﬁe éPg/Btha?chﬁM
car bobengy A% néi ng(}nclularn@' dv QI\'&&M@BH&@Q)%E%WF?@@!N %Vé)gﬂﬁbm chain that has

benzi soxazol yl met hoxy carb In sone e iments Ris a nitro
pr ot ect iong tgrabapt 2haarbps agqrasbu@cludmg ﬁéOlﬁir?elﬂaﬁ'?,@tcﬂo ¢gpbornatogise ahﬂ‘%‘bbp of

such ni tyogens pLobeeidnig B6UP% ab ta1\5at': atoﬁ'?s %b Ui)ltd3 93ut'1|0| drtive
HER Yo Bho e

exanpl es may serve net hyl reny oxyrret

2, 4-di nlatcrmq)dxeert;duﬂmmlbd\tb)w;chdmylla,toms nestw)@ngwrmat psreuqmemgan

benzenesulfenyl benzoyl, 4-tol uenesul fonyl (Tosyl, Ts), nethoxycarbonyl,
et tioxycar biga§T] InSofeembodjinasts iR andlgrRY ixsargla (iFagem) protecting group, of which

numerous are known to those skilled in the art. In some embodiments R and R* are
identical. In some embodiments R and R®' are different from each other. In some
embodiments R*' is a nitrogen protecting group that is removable, i.e. cleavable from the
nitrogen atom, in the presence of hydrogen (H). Examples of nitrogen protecting groups
20 that are removed upon treatment with H, include, but are not limited to, formyl, benzyl, p-
methylbénzyl, p-ethylbenzyl, p-trifluoromethylbenzyl, p-methyibenzyl, 4-methoxybenzyl, 9-
phenylfluorenyl, diphenylmethyl, triphenylmethyl, phenylethoxycarbonyl, carbobenzyloxy
(Cbz), p-dihydroxyboryl)benzyloxy carbonyl, benzisoxazolylmethoxy carbonyl. In some
embodiments R is a nitrogen protecting group that is stable in the presence of H,. A lage
25 number of such nitrogen protecting groups are availble. As a couple of illustrative
examples may serve methyl, tert-butyl, allyl, prenyl, methoxymethyl, 2,4-dinitrophenyl, p-
methoxyphenyl, o-methoxyphenyl, fluorenyl, benzenesulfenyl, benzoyl, 4-toluenesulfonyl
(Tosyl, Ts), methoxycarbonyl, ethoxycarbonyl, 9-fluorenylmethyloxycarbonyl (FMOC), 2,6-
di-t-butyl-9-fluorenylmethyloxycarbonyl, 2,7-bis(trimethylsilyl)fluorenylmethyloxycarbonyl,
30 2,2,2-trichloroethoxycarbonyl, trimethylsilylethoxycarbonyl, 1,1-dimethyl-2,2-dibromoethoxy-
carbonyl, 2-(N,N-dicyclohexylcarboxamidoethoxycarbonyl, tert-butyloxycarbonyl (BOC), p-
methoxybenzyl carbonyl (Moz or MeOZ), 1-(3,5-dt-tert—buty|pheny|)-1-methylethoxycarbo-

nyl, triisopropylsiloxycarbonyl, vinyloxycarbonyl, prenyloxycarbonyl, p-methoxybenzyl-



di -t-butyl -9-fl uorenyl net hyl oxycar bonyl ,

2, 7-bis(trinmethylsilyl)fluorenyl nmet hyl oxycar bonyl ,

2, 2, 2-triwbl2orooerisexycar bonyl, trimethyl silyl et hoxycar b@aylSG2009/000312

1, 1-di net hyl - 2, 2- di br onoet hoxycar bonyli

2- (N, N-di cycl ohexyl car boxam doet hoxycar bonyl terf-butyl oxycarbonyl (BOC),

pnet hox . -
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-Si6 RlGIRidlklalﬂaBdémeaBeleﬂteQJframl the grouplicoosistiriacof Bn arnSe iand Sin Rat mayl behat i ¢
or an arylalic ic gr Iatalncl u t
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aI L ulrt heyr anl éiryléhdfyﬁh? gmulplthatslﬁdlﬁd&rrbddlahsaut 3 hetmaoﬁsomqaeammzlselméu may be
al kyl or aryl - net enyl . 5 e.an a hati c I

ar omat i dromyhe; 9iqup Fﬂ'l‘%ﬁt'I"SR% gﬁl g'yﬁﬁl "I"?f{/é) !ﬂf&'e{ IEIl]LI'F?'% | ﬁgegor'l’be to
about 3 éﬁ%o%fr@éﬁt@meIé‘ﬂ@HE@tﬁDRI“YRy%Q&bSQIIIyI emaltyh 9. FohFiagtdengn of N,

O S Se and Si. R16 , R17 and R18 are independently from one another

hytfr ogerliplaticaan alicysktanaromatica B @pdaliphaticer af @NI&‘I'?X?"C greugrthatdnelydest9c, or
an aryl g& FBX&['% ﬁetgfé?alt'&né (b peitehty'eSieOek Qro?rpmét rgu@%ﬁsrlélﬁ'nbm |(51d§p§éndent ly
sel ected from group CORBT 'St I nNg of N S, Se and . I'n sone

enbodi mamtiﬁnna1 Bfaréemﬁepermemly ImrB onemtheRmﬁdrogmm an@liphatieian

I s/ are, as cabl | den , R13,
R14, R16 31 o8 e Retee, & RlipRg) Br & alyRIBRIE oM TEh3es o anfics
heteroatoms independently selected from the group conS|st|ng of N, 0O, S, Se and Si. In
20 some embodimentsone or more of R", R, R™ R' R'" R" and/or R" is/are, as
applicable, identical to R. In some embodiments R", R™?, R™?, R, R"®, R"" and/or R is/are

different from from R.

[0069] In some embodiments where R* is -COOR™, -COSR', -COSeR™ or
-CON(R™)R'", R™, R and R"" are independently hydrogen or a protecting group that can

25 be removed in the presence of the moiety R. Hence in some embodiments the bond
between R and the corresponding nitrogen of the hexahydropyrrolo[2,3-b] indole sceleton

is at least essentially stable under conditions where R', R and/or R, as may be
applicable, are removable, including where these moieties are (/this moity is), removed, In

some embodiments R¥ is identical to R*'. In soine embodiments R, R and R’ are

30 different from R®'. In some embodiments where R*is -COOR', -COSR'®, -COSeR'® or -
CON(R™)R", R™ R and R"" are independently hydrogen or a protecting group that can

be removed under conditions where R*' can be removed. Accordingly in some

embodiments it is possible to simultaneously remove both R, R and R", as applicable,



[0069] In sone enbodi nents where R30 is -COOR14 , -COSR16 , -COSeR 16 or
-CON(R 16) R17, R14, R16 and R17 are independently hydrogen or a protecting
group thavocar/hessnenoved in the presence of the npietyPRI/SEOIOMIIN2 SOME
enbodi nents the bond between R and t h&7 correspondi ng nitrogen of the
hexahydropyrrol o[ 2, 3-b] indole sceleton is at |east essentially stable
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R17 are different fromR3 1. In sone enbodi nents where R30 is -COCR14,
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a conpound of general structure ere Ris a noiety that includes one
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R3 1 is removabl e upon contact W

h H, i1.e. . hyd |
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tr| fl uoroacetyl, benzyl and glrl phenyl met hyl (Trit [0071] The term

" al i phaunsaturateshanduinclde kbetareptamse (seetabave)a Al r%sg%*[até‘i’ iphatin eprur
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poly "t urat ed an oatoms see above). " An unsat urated
aI I phat ibearghesi pf dtmhyadrumrbore chainnoay irgtude! lmeanghains tam\pd?lbab@nd@fféraati@nyl or

| kynyl h
o Iy It ks TR AATERER o o ASofUCRBY DRD TPl e

al i phat 'omémllsétsl/atéd nsd uﬂaﬁyglehgnhdgﬁal ,cofmjh ammhmsemﬂmamm Jyabaly tmae of
any | engt contain any nmber of branches,

i cal I
(mai n) yoraPRE (@aes oHaie GTkssa tg about B, fgrabos 10 4B 2R3 15, a8 Sboulor e bon
saboufabéﬁt R o B AHBALE0 EEHbERBRMY, @xan%ues%f@mawﬁaet«,a@laf@ @Mélgﬁtﬂél'iaﬁ'ﬁbﬁ ar e

stralght chain or branched hydrocarbon radicals which contain one or nore
doubl e Ibeangbed Aydreparbon radlicald which contain one or more double bonds. Alkenyl radicals

normally contain about two to about twenty carbon atoms and one or more, for instance
two, double bonds, such as about two to about ten carbon atoms, and one double bond.
Alkynyl radicals normally contain about two to about twenty carbon atoms and one or
20 more, for example two, triple bonds, such as two t; ten carbon atoms, and one triple bond.
Examples of alkynyl radicals are straight-chain or branched hydrocarbon radicals which
contain one or more triple bonds. Examples of alkyl groups are methyl, ethyl, propyl, butyl,
pentyl, hexyl, heptyl, octyl, nonyl, decyl, the n isomers of these radicals, isopropyl,
isobutyl, isopentyl, neopentyl, sec.-butyl, tert.-butyl, neopentyl and 3,3-dimethylbutyl. Both
25 the main chain as well as the branches may furthermore contain heteroatoms as for

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

[0072] 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
may be saturated or mono-or poly-unsaturated. The cyclic hydrocarbon moiety may also

30 include fused cyclic ring systems such as decalin,and may also be substituted with non-
aromatic cyclic as well as chain elements. The main chain of the cyclic hydrocarbon
moiety may, unless otherwise stated, be of any length and contain any number of non-

aromatic cyclic and chain elements. Typically, the hydrocarbon (main) chain includes 3, 4,



normal Iy contain about two to about twenty carbon atons and one or nore,
for instance two, double bonds, such as about two to about ten carbon
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about eight ring carbon atons, for exanple five or six ring carbon atons.

/& oal kerytlopentadiany, mwﬁyba.\lapshahaavle [40 awery%bﬁ& 1.8-cyrledgcappriaenyld: ring
P R O L R A s
(1,2-benzophenanthrene). An example of an alkylaryl moiety is benzyl. The main chain of
the cyclic hydrocarbon moiety may, unless otherwise stated, be of any length and contain
any number of heteroatoms, as for instance N, O and S. Such a heteroaromatic moietie
20 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 person skilled in the art) in(;Iude, but are not limited to, furanyl-,
thiophenyl-, naphtyl-, naphthofuranyl-, anthrathiophenyl-, pyridinyl-, pyrrolyl-, quinolinyl,
naphthoquinolinyl-, quinoxalinyl-, indolyl-, benzindolyl-, imidazolyl-, oxazolyl-, oxoninyl-,
25 oxepinyl-, benzoxepinyl-, azepinyl-, thiepinyl-, selenepinyl-, thioninyl-, azecinyl-,
~ (azacyclodecapentaenyl-), diazecinyl-, azacyclododeca-1,3,5,7, 9,11-hexaene-5,9-diyl-,
azozinyl-, diazocinyl-, benzazocinyl-, azecinyl-, azaundecinyl-, thia[11]Jannulenyl-,

oxacyclotrideca-2,4,6,8, 10,12-hexaenyl- or triazaanthracenyl-moieties.

[0074] By the term "arylaliphatic" is meant a hydrocarbon moiety, in which one or

30 more aromatic moieties are substituted with one or more aliphatic groups. Thus the term
"arylaliphatic" also includes hydrocarbon moieties, in which two or more aryl groups are
connected via one or more aliphatic chain or.chains of any length, for instance a
methylene group. In this regard, the term “aryl-methylenyl” includes the moieties -CHoar,

-CHar, and -Carg, with ‘ar’ representing an aromatic moiety. The two aromatic moieties in



noi ety of conjugated double bonds, which may be a single ring or include
mul tiple condensed (fused) or covalently linked rings, for exanple, 2, 3 or
4 fused rwogs10/0Em34t erm aromati ¢ al so i ncl udes al kyl ar ylPCT/BGRowabég? t he
hydr ocarbon (nmain) chain includes 5, 8 7 or 8 main chain atons in one
cycle. Exanples of such noieties include, but are not limted to,

cycl ope n I -
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sulfonyl-, bromobenzenesulfonyl-, nitrobenzenesulfonyl-, or a methane-sulfonyl), silyl-,
20 silano- or a siloxy-group.
[0076] In some embodiments where R* is COOR', a compound of general Formula

(XX) can be represented by Formula (XXI)

—
-
-
-
-

(XX1)

In Formula (XXI) R and R®' are as defined above. R* is one of hydrogen, alkyl and a
25 protecting group that is removable in the presence of of the moiety R. An example of such
a protecting group is arylmethylenyl. As already explained above, in some embodiments

R¥ is identical to R, while in other embodiments R* is different from from R. In some



about 6 main chain atons, including nethyl, ethyl, propyl, isopryl, n-butyl
or isobutyl. Typically, the hydrocarbon (main) chain of an arylaliphatic
conmpound wocbhuwdes3ss, 6, 7 or 8 main chain atons in eachPCirsg2ai/0063a2
aromatic noiety. Exanples of arylalipB&tic noieties include, but are not
limted, to 1-ethyl-naphthal ene, 1,1 -nethylenebis-benzene,
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protectlng group that can be renoved in the presence of the nmoiety R Thus

n1%one staienshemisiy san Aecosdingly bp dravasdtem die RIBEAiNG Wedge EeReRSAAtI%Yr oup can
be cl eaved under conditions where the bond between R and the mtrgﬁﬁan of

the hexahyt#08Bl Theypisrecshemistryiohdn eespe@ivercomAosnd @ray B analysrd 3cortiig al | y
intact. b ngoBheIIGRWERL heRA® &th as for instance 2D-NMR based on homo- or

heteronuclear J-coupling values (Riccio, R., et al., Pure Appl. Chem. (2003) 75, 2-3, 295-

308), electron ionisation mass spectrometry, polarimetry, circular dichroism spectroscopy
20 (e.g. using the split Cotton-effect based on the Davydov splitting, see e.g. Allemark, S.G.,

Nat. Prod. Rep. (2000) 17, 145-155), enantioselective chromatography, derivatization 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 solid state NMR (see e.g. Harper, J.K,, et al., J. Org. Chem. (2003) 68,
25  4609-4614). )

[0079] In embodiments where R3' is hydrogen, a respective compound may also be

represented by Formula (XXI A)

—
-
-
-
-




identical to R3 1. In sone enbodinents R35 is different fromfromR3 1. In
sone enbodi nents R35 is a protecting group that can be renoved under

condi ti orsOwhave7:83 1 can be renpved. Accordingly in someTSGhadionesizs it is
possi ble to sinultaneously renove botpq R35 and R3 1 froma conmpound of
general structure (XX). [0077] In the Formul as depicting

hexahydr rr go e_¢c oun s used herein, the well
est?_bl | P% ﬁ%@%@afgﬁj@% ta?tr? 8oy e&sceé% ‘0 define the stereochem cal

confi gur at t tricy T fines
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rel ati veepgresentéd BOFSHUltcQOUB) (see e. g. Pine, Hendrickson, Cram Hanmond:
Organic Chem stry, MGawHill, 4th edition, 1981, pages 97 - 99 & 115 -
119). By defining nonsuperinposable mrror imges the absol ute

stereochem stry can_agcordingly be derived fromthe respective wedge
representation. [[B678 Rem s Q'O@‘Riiﬁhe respective conpound may
be anal ysed accq '-thod v In the art, such as for instance
2D- NMR based on r J-coupling values (Riccio, R, et
al ., Pure Appl. ¥ g 295- 308), electron ionisation nass
spectronetry, pol ar~di chroi smsp rQscopy (e.g. using the
split Cotton-effect based g t he Dav\wdov splitti ,'Bgee e.g. Alemark,
S.G, Nat. Prod. Rep. (2000) 17H 145- 155), enanti osel ective chromatography,
derivatization in conmbi natiRn wth standard anal ytical techniques such as

NVR, including any suitable 2DNVR techni que, for exanple based on the
nucl ear Overhauser effect, as well as X-ray crystallography or solid state
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al so be represente For nul a I'n Formula (XXI” A Rand R35 are
as defi mdmalesvef. a] 90@0l mogemumqbwng grayphiscludeb odt @esntnot él"ttfédp'@um of

Formul a £ XXt ANeS, +B0hE S8 MY bB¥zyT, Ok Bh8thbkyllenB), N-2,4-dimethoxybenzyl,

N-2-hydroxybenzyl, N-prenyl, N-cinnamyl, N-2-phenylallyl, N-propargyl, methoxymethyl,

10 N-([2-(Trimethylsilyl)ethoxy]methyl, N-3-Acetoxypropyl, N-cyanomethyl, an N-2-Azanor-
borne, N-2,4-dinitrophenyl, N-p-methoxyphenyl, N-o-methoxyphenyl, N-lfluorenyl, N-9-
phenylfluorenyl, an amide or an aminocarbonyl group of a general underlying structure
that corresponds to urea (cf. also above for further examples). lllustrative examples of
carbamates are methyl-carbamate, ethylcarbamate, t-butyl carbamate, t-amyl carbamate,

16 vinylcarbamate, allyl carbamate, triisopropylsiloxy ‘carbamate, 4-nitrocinnamyl carbamate,
9-Fluorenylmethyl carbamate (Fmoc), 2,6-dibutyl-9-Fluorenylmethyl carbamate (Dtb-
Fmoc), 2,7-bis(trimethylsilyl)fluorenylmethyl carbamate (Bts-Fmoc), 17-tetrabenzola,c,g,il-
fluorenylmethyl carbamate, 9-(2-sulfo)fluorenylmethyl carbamate, 2-chloro-3-indenyl-
methyl carbamate (Climoc), benz[flinden-3-ylmethyl carbamate (Bimoc), 9-(2,7-dibromo)-

20 fluorenylmethyl carbamate, 1,1-dioxobenzyo[b]thiophene-2-yimethyl carbamate (Bsmoc),
2-methylsulfonyl-3-phenyl-1-prop-2-enyloxy carbamate (Mspoc), 2,7-di-t-butyl[9-(10,10-di-
oxo-10,10,10,10-tetrahydrothioxanthyl)lmethyl carbamate (DBD-Tmoc), 2,2,2-trichloroethyl
carbamate (Troc), 2-trimethylsilyl carbamate (Teoc), (2-phenyl-2-trimethylsilyl)ethyl carb-
amate (Psoc), 2-phenylethyl carbamate, 2-chloroethyl carbamate, 1,1-dimethyl-2,2-dibro-

25 moethyl carbamate, 1,1-dimethyl-2,2,2-trichloroethyl carbamate, 2-(2-pyridyl)ethyl carb-
amate, 2-(4'-pyridyl)ethyl carbamate, 2,2-bis(4’-r{itrophenyl)ethyl carbamate, 2-[(2-nitro-
phenyl)dithio]-1-phenylethyl carbamate, 2-(N,N’-dicyclohexylcarboxamido)ethyl carbama-



In Formula (XXI B) R and R35 are as defined above. Y is a nitrogen
protecting group. In some enbodiments Y is rempvable upon contact with H2,
i.e. by hyonogenwmiysis. Exanples of a suitable nitrogenPpmSGeewING1Yroup
include, but are not limted to, a ca@amate, nethyl, t-butyl, Nallyl,
benzyl, N-4-net hoxybenzyl N- 2, 4- di met hoxybenzyl , N-2-hydroxybenzyl,

N- preny] , N-C|nn 1. 1 ;
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pheny! dthehN' @r@@ylgmt@ocq;bgné igrqupbng{gwphenylammocarbonyl g¥03p and the
20 3-hydroxytryptaminocarbonyl group. Further suitable examples of a nitrogen protecting

group include, but are not limited to, sulfonyl groups such as methanesulfonyl, trifluoro-
methanesulfonyl, t-butylmethanesulfonyl, benzylsulfonyl, 2-(trimthylsilyl)ethanesulfonyl, p-
toluenesulfonyl, o-anisylsulfonyl, dinitrobenzenesulfonyl or naphtalenesulphonyl. Yet
further suitable examples of a nitrogen protecting group include, but are not limited to, silyl
25 groups such as t-butyldiphenylsilyl, sulfenyl groups such as benzenesulfenyl, 2,4-dinitro-
benzenesulfenyl, pentachlorobenzenesulfenyl, triphenylmethylsulfenyl or 3-nitro-2-pyridi-

nesulfenyl.

[0081] In some embodiments R%* in general Formula (XX) is -C(R")(R?)OH. Typically,
in such embodiments Y in general Formula (XXf is hydrogen. In some embodiments a
30 respective hexahydropyrrolo[2,3-b] indole compound can be represented by Formula

(VII):



car bamat e, p-nethoxybenzyl carbamate, p-nitrobenzyl carbamate, a hal obenzyl

carbamat e, 2-naphtyl net hyl carbamate, di phenyl nethyl carbamate,
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1, 1-di net hyl - 2-cyanoet hyl carbamate, 2-(4-Ritrqphenyl)ethyl carbamate,

m ni trophenyl carbamate, 3, 5-di net hoxybenz

phenyl (o- ni trophenyl ) net hyl qqrbanate and 4 -thoxyphenacyl car banat e.
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2-([t-butyl di phenyl gl | oxy] ‘}Ho-hydroxy-dﬁ@ns-cinnanide,

4- chl or obut anam de, '

2- met hyl - 2- (0- phenyl a2Qg pNopanéj de. |1l ustrative exanpl es of

sui t abl e am nocar bonyl groups of Ja general underlying structure that

corresponds to urea are the phenéghiazinyI-(lO)-carbonyI group, the
-p-tuloenesulfonylaninocarbony group, the N phenylaninothiocarbonyl
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about 20 carbon atoms, such as 1 to about 15, 1 to about 12, or 1 to about 10 carbon

atoms, including about 2 to about 20 carbon atoms, about 2 to about 15 carbon atoms,
1about 2 to about 12 or about 2 to about 10 carbon atoms. Accordingly, in some
15 embodiments a corresponding aliphatic group is (C4-Cy) alkyl. As indicated above, the
aliphatic group may in addition have up to three heteroatoms. As explained above,
aliphatic groups may be alkyl radicals, which may be substituted by one or more
substituents, such as by -OH, -O-(C4-Cyo)-alkyl, -O-phenyl, -0-CO-(C4-Co)-alkyl, -O-CO-
aryl, -CO-(C;-Cs)-alkyl, -CO-O-(C;-Cs)-alkyl, -CO-O-aryl, or aryl. Likewise, an alicyclic
20 group, an aromatic group, an arylaliphatic group and an arylalicyclic group may be
substituted by one or more identical or different substituents. These may for instance be
selected from from the group of halogen, (Cs-Cs)-alkyl or phenyl, -OH, -O-(C,-Cs)-alkyl,
(C-C,)-alkylenedioxy, -NO,, -CO-(C;-Cs)-alkyl, -CF3, -CN, -CONR’R®, -COOH, -CO-O-
(C4-Cs)-alkyl, -(C4-Cs)-alkyl, where R’ and R® are independent from one another one of
25 hydrogen, an aliphatic group, an alicyclic group, an aromatic group, an arylaliphatic group
and an arylalicyclic group, that includes 0 to about 3 heteroatoms, such as one, two or

three heteroatoms. In some embodiments an alicyclic, an aromatic, an arylaliphatic or an



- RACONRSR6, -R4COX, -RAOP(=0)(OH)2,, -R4P(=0)(OH)2) , -R4C(O C(R3) CR5R6 and
-RACRC(R3) O R3, R5 and R6 are independent from one another one of

hydr ogen,warroeli2pdsat i c group, an alicyclic group, an ar ®CRISGR0Yr00s?2 an
aryl aliphatic group and an arylalicyck4c group, that includes O to about 3
het er oat ons, such as one, two or three heteroatons. Exanples of suitable

het er oa %@cy@gegéo@ @ﬁaucgﬁé Leespdctils ‘Bﬁb&?{reﬁféfseﬁtﬂ@ SHitEof RUIRARE dpatRY | m ted

I
to, N, n I's one of an | phatic bridge, an alicyclic
bri dge, naay likewisathave Brmaigehaiarthatrhasdl topthaut 20,isuckhige 1dadbaut Hr. il talabeytl i ¢

bridge, ,that, jinclu 0,to_about het er o nd Si,
In a cortpodlndiosPor f[ﬁfﬁrgo? Ofys: gﬁ%glquar%&’?%%g& ooﬁjgﬁﬁi%ﬁ%%ﬂgr orﬂ%’f?ogﬁeb atic
bri ﬁge) abyRi Iﬁigérhoﬂﬂaﬁorﬁs, naibbutch & abddtat2 braabdlit Lotosdbmut 10 Gadmmbatomat bms,

such as 1 to about 15, 1 to about 12, or 1 to, about 10 rbon ato

G U SBMRIRSAROOM RS FLSHTE R BSHCs KR iSaTe) SYTeREoEn 78 4 Hon
atoms, labidred d fveaReibertd, 25ixaREHberéd HOse¥BRIMeribere@ bPaM ejtiPembered
Accordingly, 1n sone enmbodi nents a correspond] []Fg al.iphatic group is (Cl-Cl0

) al kyl aligysli¢ ring.clat ssnesowediments sempinatallcofdRodp. RayAdnRad RESRMHAVE up t o
three n ' a9 A a Fib ek | kyl
Fach cal SoPRECHI gy R TElsty RELIEE S 2 RS, ST Tho e A2

one or nore substituents, such as by
-OH, -0 t A Q%M A
-COMCr CsJ d@ﬁﬁ%ll% gé@% ?rgr% - akﬂtyv&]-c%é' %@t@? ég(g‘l?m%(; ao_ﬁcﬁf?(fg%mens, ee:n an
al1cycl iatiprgtiouppumnarapticytic @rowm gy asmaticygrabp.phatargakphatip gierup and an
arylalicyclic grou e substituted i ticcal_.ar .
G 71 or cAPRIGHRIE PR TS BRSSP aTerat S S TRkl o8 aiBlctsy ¢ e
g; oulpkoran@%fﬁgﬁﬂ an{a(BN;(il)gli;ﬁn)aEi:%bt(%h ag}l;lﬂahfligﬁroup, g:ig a@lci]é\ls @sB! ahdk R, In(sonme

- al kyl ened] oxy, _: - CC 1 - -al kyl, - = - R/ - '

“co0 eabogent R pnd R asedderyical »%frereamP@emmaﬂ%l"ﬁ@tsaf@?wﬁ%ﬁaﬁFﬂ from
one anoigrsueh &entodieitaveand | 27é ibbliabiye A Abfed abval bRY GhdyCbphefyl, an
aromatic group, an arylaliphatic group and an aryl ali ca/cl i c group, that

i ntd udesaphthy, atsoallylaryh efoe rexatmpies, tolvlicyids obreteropyl. offl 1o WRICh eT'Y Rt ors.
In some Eohn é&nagtoﬁe ap ?f'ﬂmlré Fﬂég{iéaﬁ\' or aiﬂel%hpg{?&s'tiﬁjegérbg?écyéoaﬁérﬁ A3 theQYroup
I'C Inclu ri dge)

anaryl al'rcyc roup Ing a respective representing one of
R3, R4, hemgand CRE:altyll drlpbenyg e-Othwv-©-(C re)-alkyh 4€ nCh)Falitylengdioky .t DQebde@- 20,

such as 1 £ GROULELS.cN LONKR! -COOH, -CO-0-(Ci-Cs)-alkyl, -(C:-Cs)-alkyl. R7 and
R® are independent from one another one of hydrogen, an aliphatic group with a main
20 chain having 1 to about 20 carbon atoms, an alicyclic group, an aromatic group, an
arylaliphatic group and an arylalicyclic group, comprising 0 to about 3 heteroatoms
independently selected from the group consisting of N, O, S, Se and Si. As also explained
above, aliphatic groups may be alkyl radicals, which may be substituted by one or more
substituents, such as by -OH, -O-(C;-Cyg)-alkyl, -O-phenyl, -O-CO-(C;-C1o)-alkyl, -Q-CO-

25 aryl, -CO-(C;-Cs)-alkyl, -CO-0-(C,-Cs)-alkyl, -CO-O-aryl, or aryl.

[0084] In some embodiments a respective a hexahydropyrrolo[2,3-b] indole

compound is provided in form of a compound of Formula (VIlI)
R1
R2

\.. .~ (VIIN)



12, or 1 to about 10 carbon atons, including about 2 to about 20 carbon
atons, about 2 to about 15 carbon atons, labout 2 to about 12 or about 2 to
about 10 werbovm2aidens. | n some enbodi ments a correspondiPOl/S&2000¥0631Z gr oup
is (C3-C8) cycloal kyl, such as a four2®nbered, a five-nenbered, a

si x-menbered a seven-nenbered or an eigth-menbered alicyclic ring. In sone
enbodi mAstcansentaken franl chfnul@SQVlIMtheR&nWWnamaseasb@mlaned t:@nfarnmajionebpondi ng

o063] " Eerie (VTR 57 el chedyd sBRERH e ol Tondictle Horclb tie oo
an al i pleaoup 14 moetpls cﬁrthalpeaymbnablgrod')mtpg cbema;abelameots @courdingadn the new
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al i phati analcc an ar
arydl al i ptmimpbuod cfira metdl @f Grymi 18, suabugs aetiosam appbowy, tlrmllNingaﬂd omanq n some

enbodi nent s and R2ar ' ' are
differe Pranler?ogwgugfjc g’ ? % C%ﬁépﬂf ﬁé@@n%?g%@ﬁnﬁuuﬁgfb@h@@ ﬂ&;bove,
aryl naynbadlmlnewlhpoundphmmjdln,g an u’&ﬁduyloagaﬂic; cbmpomghml@gal[@hﬁompqahﬁ or
het er oat ai | t { r
di 1 er ol “‘Sm?s? 9?"8 °r53“'?§é['g’§ Eﬁ‘!r'jgf'n E,tgmg,q. Q*E%ﬁﬁpﬂhaﬁg*& 'hg?'%é %g) al kyl
or pheny,bmpelmfl, of-a0méth 6]‘GDouaI1I8y$uch(a$rZD1Q¢orab¢WideMmymbomnt&ma d- C
5)al k I kyl .
RAGnd B oSt AT o SiouB e Skt Feh Eilpbyrt WELdHs emtiniertd 12, €Y
group windy e aaiompolad of Iaam'etag Oﬂ.Glf@JFabZILﬁUCBCBSCaI‘Zﬁ'@nCmmd i aadrnvym ic
group, an_aro di l4i
group, (?SWB? rsB??lAggﬁg‘% ﬁ[é gsrlﬁ ni?ée))ro ?Ebﬁpgurgié&eéa@gﬁﬁkyé@ékgétgd férsgm t he
group carppern orgp afveNpom)ouﬂd Besamel egibodingents Momay pe @i eastbosbd vk a ragtebhat i ¢
roups :
dubst: t SLrep & sbth ak 8yt coliofik B4 R ERRbOUIE h SUMEBRRBAERLS
0)t5al kyIM may- B ycbmpom@t etl-aOmgjal af Kgitoup- £GEh(ds @ Ef}anwnkypmpom 9‘ &yl, or
aryl. [ b]
o koo S ARG 18 oA Aot
(M11) Aasctaxnharmm akeariui. dys Ftawnillistrative ExImplepeMdoapiBLaamenersbediments- t%?naped
conf or MLl ff-Bi4, B,Hs, BsHa, BroHhe, AICl, ZnCly, Zn(OTf,, ZNEty, SnCly, TiCls, Ti(Oi-Pr)s,
Cp.TiCl,, ZrCly, CpoZrCly, InCls, In(OTf)s, Cu(OA(:,)g_ (IrCp*Cl,),, (I(COD)CI),, LnCl;, and

20 LnCp,Cl,. R, R" and R? are as defined above.

[0085] In some embodiments a respective hexahydropyrrolo[2,3-b] indole compound

has an S-shaped conformation and can be represented by Formula (I1X)

(1X)

25 In Formula (IX) moieties M, R, R' and R? are as defined above.

[0086] In some embodiments R30 in general Formula (XX) is -COORS® or -COOR10. In
some of these embodiments a respective hexahydropyrrolo[2,3-b] indole compound can

be represented by Formula (V1)



Formula (VII1) Mis a netal conmpound selected fromthe group consisting of
Goup 1 to Goup 14 netals of the periodic table of the chemcal elenents
(accor di nyotzo1dzessnew | UPAC systen), | ant hani des and acPCmiSGeens/obes1sone
enbodi nents M may for instance be a cpgpound of a netal of Goup 13, such
as a boron conpound, including an organo borane conpound, an al um nium
conmpound, including an al um ni um organi c conpound, an indium conpound,

i ncl udi ng an i ndi um or gani cd_c]onpoun or acggbRUM conmpound, including a
gal I i um or gani c conpound. ts may for instance be a
conpound of a netal of G oup f'a) Zi nc conmpound. In some enbodi ments
M may be a conpound 0 t al , such as tin conpound. In sone
of Group 12, such as a zinc
conmpound or a cadm yum conp . odi ments M may be a conpound of
a netal of Goup 11 silver compound. In sone

enbodi nents M may b /,;ret al of Goup 4VIl)such as an indium
conmpound or a rhodi um | n some enbodi nents M may be a conpound of
a netal of Group 4, such as a t| t ani um conpound or a zirconi um conpound. In
sone enbodi nents M may be a conﬂ%und of a | anthani de such as | ant hanum or

i, " B2 FoRnye (VB TSR n B SnO SN IO o SPRRREN, (48 & I3 4. -
TICI( 20) X Prchlalﬁ thémrifa'trcgézsa tLozdbGI l311420 Qﬁsdl'BZﬁ @io?ns bﬂ@l é?s sudh(dSTf Do%boﬁtl@ﬁ)ﬂt:t)é) éhou( I r Cp

* , r n an as ae

above. [1%08g]?qf:’)r? Yha0 éﬁ&?&l ?F@’ﬁ‘f‘sk? g elﬂ ?%e ﬁé’ﬁ’gﬁwrﬁ)ﬁr?o&%ﬁ%ndf%]

in®l e chpRaicngtolins @)-GyshlkpeAs mmfawmabmm tiendliphatic Igmupepayeseadmﬂomy

Formula (I X) I n For noi et i and f| n above.

[ 0086] '\%V%HH@ HU Jﬁé‘i‘?ﬁ%’“%’dﬁ Spie ?8“?5?6” p’é’gq

10 . In :ﬁﬁﬂf@pgf ntuneﬁes@mmtémmtyl @:tnmmmaaethylelmmeysmmpymem a[{chR?J]

i ndol e CO%E can be represented by Fornula (M)In Fornula (VM) RO is an

al i phat i3 [§PE8F  whi ch may in sonme embodi ments have a main chain that

| hol udes 1o ¥bmé br tRER BrBbERnts® Y TR futiTe Hax@Ry dfody o2 8lb] ol * ©
10 compound can be represented by Formula (1V)

(V)

In Formula (IV) Y is a nitrogen protecting group (cf. above). Y may in some embodiments
be sensitive to H,, i.e. removable by hydrogenolysis. In one embodiment, the nitrogen
15 protecting group is selected from the group consisiting of alkoxycarbonyl, benzyhdryl,
trifluoroacetyl group, t-butoxycarbonyl group, carbamates including methyl, ethyl and
substituted ethyl carbamates, amides, cyclic imide derivatives, N-Alkyl and N-Aryl amines,

imine derivatives, and enamine derivatives. R and R® are as defined above.

[0088] In further embodiments a respective hexahydropyrrolo[2,3-b] indole compound

20 can be represented by Formula (IVA)



12, or 1 to about 10 carbon atons. Acordingly, in sonme enbodi nents a
correspondi ng aliphatic group is (Cl1-Cl10) alkyl. As indicated above, the

al i phati cwgrowp2nsy i n additi on have up to three heter o2CO$620090063022
enbodi ments, RO is one of nethyl, ethd, n-propyl, /so-propyl, -butyl,
/so-butyl, terf-butyl or trifluororaethyl. In sone enbodinents R and RO are
identical. [0087] In sone of these enbodi nents _a respective

hexahydropyrrol o[ 2, 3-b] ipdol e conpound wol;éorepresent ed by Formula (1V)
In Formula (I'V) Yis a mt&,ogen v ng group (cf. above). Y may in sone
i .e. [renovabl e by hydrogenol ysis. In one .
enbodi nent, the ni : i droup is selected fromthe group
conS|S|t|ng of e benzyq'ryl, trifluoroacetyl group,

t - but oxycar bonyl [ ding nethyl, ethyl and substituted
et hyl carbanmates cycli "4mde erivatives, NWA)kyl and N-Aryl

am nes, imne dery d eném ne derivatives. R and RO are as defined
above. [0088] In fuN enbd)i mantﬂ a respective hexahydropyrrol of 2, 3-b]

i ndol e conpound can be represkented by Formula (IVA)In Formula (I VA) R10 is
a protecting group that is reRovable in the presence of of the noiety R An

exanpl e of such a protecting groupis aryl neth l es o i tabl e
aryl - metmpemsnia (Wg b s 15 Rcprgtesting groupy teatyistre trP“éd" e PEERISA ¢ 8t of the

di phenyh{a?ét@w An@xa%@/mm pro?ecﬂngfgﬁonbﬁ@bmm&ﬁylaw Eiérnhbl@sﬂ@bﬁﬂtéble,

o- ni trobenzyl, p-nitrobenzyl, 4- sultfobenz th?)(l met hyl

and 1, 2anyl-methyianyhy@rpyrs - 'ﬁ&'ﬁﬂ? hyqut age a’i‘qteiiﬁi‘i}e‘ex& agﬁé@""a

er’dgod| ”E?BEﬁng@nQer‘yﬁ 2 A BhREyiRez ng ?Bro’hb@énz@ﬁnolﬂnﬂrdb@ﬁme@ rhlmottdilﬁylprfﬁsence
0

of the noiety R “Thus in some e

ment s e t ween, R10 and
the car BYioPENBodPicoh Baaphibyimeiny s 1020:512"‘?‘(%13(5 ‘Wg ghtgﬁ oAlEFY: veen R
and t heegiihih€daPow, it B xlormienty RIS 8 [plotdctiy grﬂd@lr%t %Qﬂbetrémovaj ineft at
| east essentially or entirely_ intact {Tbtg ts Rlb%ls a
pr ot ect thegPTgERARGS ‘?fhtﬁ? reQigty 2 T'&?d()e??"lﬁwﬁ'@gm%‘ﬁa &eSterhand bpesy Be
r emdved and\HelESHbO Yroup cafre Qedvediuresk Goriditions mpesestﬂel marfdaaawmﬂ Raamgous| y

renove both Y and roma co ener r c
10 the nitrogen of the hexahydropyrro%)[glé% mdolg scele on is Ief!fJ Feast gssenzlally or

entirely intact. In some embodiments R'"is a protecting group that can be removed under
conditions where Y can be removed. Accordingly in some embodiments it is possible to
simultaneously remove both Y and R'™ from a compound of general structure (IVA). An
example of conditions where this is achievable is an embodiment where R is
15 arylmethylenyl and its removal is carried out via t;ydrogenolysis. R and Y are as defined

above.ln some embodiments Y may be removable by hydrogenolysis.

[0089] In further embodiments a respective hexahydropyrrolo[2,3-b] indole compound

can be represented by Formula (VIA)

(VIA)

20 In Formula (VIA) R is as defined above.



exanple of conditions where this is achievable is an enbodi nent where R10
is arylnmethylenyl and its renoval is carried out via hydrogenolysis. R and
Y are as woRimad7mbove. I n some enbodi ments Y may be rempealsiGeodoynoo312

hydr ogenol ysis. [0089] In further enb28li nents a respective

hexahydr opyrrol o[ 2, 3-b] indol e conpound can be represented by Fornmula (VIA)
| n For nmul a[0099]ATomRpoundssacderdinged thehinventjondgdhe Bomaindh cap @@ro@tawgectaﬁ t he

t F
st ar 11 nghpfiy it P, T8, S A0 in Samfier b D RASIE NIRRT Ththopan 1.
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fol | owe C I r
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stable 4EaNs,ep %%Eirunpfca@8gag%lgd étlaé{) r&@ﬁtld}pttﬁé Rk gnérnﬁalwe&%b%t pahE

di ast er eoi Soner reverte rting rmteria tral attenmpts to

di rect (@omgnaf domdolind (Y) was @biwpgd.l ﬁdd @haﬂps% §1fab|eFd|@Ste'2P'Sﬂ@|eéf evelegbagk ngl y,

t | ffect
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strat egy rov success series o iral |igan a-h were
obt ai no@ffbr, goodltsmalies apiogeh 1635, 19loped] byTAGeVIna cther roisting raTewi |6¥
provi deg IB@E%?%QPQ&%F?@?@?E{?@ a@ﬂﬁM@r Vbvad ﬁjc(:ééslfl)l aly ars%ﬁﬁé bhg a

corrpoun |gnar reagent R2MgX or a

m & ur e cbiralfiigangs Zant weravpiXainRd imgepdrgelds (Rige! Sy i gnar d reagent and in

Formula (Vl) are as defined above. R in Formula QVIIF; anqug g cﬁ t))(in
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Formula (VII)

(VI

20

(V1)




contact with H2, i.e. by hydrogenolysis. [0092] The present invention
further provides a nethod of form ng a conpound of Forrmula (XXIA) in which
R and R35wanre1oz7isef i ned above. R3 1 of Fornula (XXI) i #Chpdray®ni3diThe

met hod i ncl udes providing a conpound 29 Formula (XXI B) In Formula (XXI B)
R and R35 are as defined above. Y is a nitrogen protecting group (supra),
whi ch i wityen®rigndry reazent/BMgX LRIV ont awikture ofR'MYX iand RZMgXhRYaog BAH vsi s.

The net hod f.urther_incl " f. ke ) with
2 n o R griuideedd¥ SHETT FERRMETED 3 by SefPRUNG. Rup ERERRE (W) VLt
Typi cal (éyamgdl¥dn EbrnaulhdVB rarg efseoas defirtedl gtaiveaGeneraanéys cemeMapist ugan g.
Raney nickel) .. Adam s,_cat St al | adi um bl ack or a carrier based catal st
such as cgntﬁagv&:(h N /€, byl_\jﬁy/o@%ernolgsgi ndl ar catal yst, Palladium Bl ack, or Raney
ni ckel . Thereby cl eavage of the bond between npiety Y and the correspondi ng
ni t& ogen ai0882bbThe peesent ipyention wEheopieNides amethadaof( firining)a icgmaplwweg to
occur. %P'R{"?iﬂﬂ‘d%’ deprotection of the Na group of the conpound of Fornmul a
(XXIB) is a (vae . Where R35 is aryl nethylenyl such as benzyl a cl eavage of
the ester bond to noiety R35 is in the sane process effected. Thus
deprotection @ oup of the-tgicyclic conpound of Formula
(XXI B) is al RYénts. [0093] Deprotection of the
Na group of a (XXI B) may be allowed to occur in any
desird sol veR (aprotic), dipolar protic or dipolar
aprotic. Typi O} Lc sqjvent is used. Exanples of non-polar

sol vents i ncl ude, ar e n(’?g lingted to, hex@X¥|Ahept ane, cycl ohexane,
benzene, toluene, pyri dfhe, Ai chl &t omret hane, 1, 2-di chl or oet hane,

chl orof orm carbon tet rifhl oride, carbon disulfide, tetrahydrofuran,

di oxane, diethyl ether di i sopropyl et her. Exanples of dipolar aprotic

| iquids are nethyl ethyl ketone, chloroform tetrahydrofuran, dioxane,

et hyl endn ghicbd? andRSbareyds dafined abpye.iRf & Fommutia (XXI) isoydredenk dhe methegt et one,
cycl ohexan e L t J hspbutyrate, ethylene glycol

di acet at"g:,h?d(}lgr%ﬁéﬁ# Sr%rsrg'k?%& °"£°3?’§H¢‘?d.' ?g N, N- di mret hyl acetam de,

ni tromet hane, acetonitrile, N nethylpyrrolidone, nethanol, ethanol,

propanol , isopr |, H

COOR3®
= XXIB
10 N v Y ( )

In Formula (XXIB) R and R*® are as defined above. Y is a nitrogen protecting group
(supra), which is generally removable upon contact with Hy, i.e. by hydrogenolysis. The
method further includes contacting the compound of Formula (XXI B) with H; in the
presence of a suitable catalyst such as a heterogeneous catalyst. Typical examples of a
16 heterogeneous catalyst are a Raney catalyst (e.g. Raney nickel), Adam's catalyst,
Palladium black or a carrier based catalst such as a Pd/C, Ni/C, Rh/C or a Lindlar catalyst,
Palladium Black, or Raney nickel. Thereby cleavage of the bond between moiety Y and
the corresponding nitrogen atom of the tricyclic compound of Formula (XXIB) is allowed
to occur. Accordingly, deprotection of the Na group of the compound of Formula (XXIB) is
20 allowed. Where R*® is arylmethylenyl such as benzyl a cleavage of the ester bond to
moiety R¥® is in the same process effected. Thus deprotection of the carboxyl group of the

tricyclic compound of Formula (XXIB) is allowed to occur in such embodiments.



but anol, N, N-dii sopropyl et hyl am ne, and di net hyl sul foxi de. I n sone

enbodi nents all ow ng deprotection of the Na group of the conpound of

Formul a (Ww&il208)02233d t hus of the formation of a conpoundPofi/SEasaseb@s1t XXI A)
is carried out in a polar protic sol vegnt. Exanples of polar protic solvents
i nclude, but are not limted to nethanol, ethanol, butyl alcohol, formc
aci d, di mypby3 %@ﬂrﬂle@tl&f?bﬂﬂ{e( 365 f B8 LompbidlbNMEMmlia (RXNEingg, be

N, N- di i sopr yI et hyl am ne, chl orophenol . [0094] In sonme enbodinments the
net hod ghowesf qwuwn@@bfﬂ@&rﬂjs‘?ﬂeﬂtdﬂ?ﬂﬂl‘% NORRPIAY (aPEotie). iRakasPrelc oratipRlaly a
conpoung :%fnc':FV hﬁaﬁ}?%rﬁ&w\/&ﬂ ROudeR. EQ&nBI@§%‘FHBanBM?BBIV@rﬂsGrﬁfﬁ.ﬁjeaBQtVe) The
nmet hod 1| cI ude rovi g a conpound of Formul a (It\é&f@as def i ned above

(1V) [ 0098 ncrthlemm tPo dekane; theptangc FYriRhexarm t Ranzeng ne.opysisingd dighlotey mul a
(1Y) W Hhine 4 %&@hl@fo@ﬁ%ﬂ@ecl’%rofbn'ﬁdég}bﬁﬁtt@tlré/c‘ﬁiondé Hbrb&'l Qjﬁatuﬁidlésfetraﬁy-Rh/ C

catal yst or another suitable catalyst as illustrated above. Thereby

cl eavagédrafifirap rdioxaneddistyletbar orsliserronyiether- ?PiémEl?lsroégtﬁ’SF?ﬂ?ﬁEj’t'ﬁ|"9‘|"6§é'i? atom
of the ty, ok&ne IR diytoPfoH6b , the
met hod in étrﬁf}'glhgpké'}?{@%lﬂ%f&% @(aﬁ?ﬁgﬁfu(&n}/}j{ en conp ound(”‘(ngo For rruul a tgq\/) to be
depr ot eeyeding, r’m@hﬂ' %@gh@@néfa ne. éﬁﬁl%e}éﬂonq @@yéFC?tﬁtes!ﬁ?B”Wh'BB tent s
provi di P% |‘li‘;l§ %&dd QéetﬁerHHeﬂwbﬁﬂam.ael HEREIPIO W, NiditgethylCayeranias, of

Formul a or mul is alkyl as defined above In so
entodi rremometme» gce(tmtrdm 5ne YIPny°|'C§3G§th§‘aﬁ@'t Ripanole propanol piseppPanyy

butyl . ¥uiahoP NN-UQPRIbyRARIGGhE NEhdHiRERyREIFGId. ¥ S6He 8RBYEIMeNE ARRing
enbodi nent, the nitrogéen protecting group is selected from al koxycarbonyl,

benz hydldybrotetohen tqf ithe N coroun wf the campound: of -Aanmylay CaklfHngnd dhrusupfl the
car bamay e gk U915 RELT or pEEIL o0 RIBSHEDUARtn S B SbREEB R, a0

am de, ri va rve, am ne, an
i m ne d&xamales\d polangratic sehentsniecidde, |bwuare/eot I‘fhléact:tonpethlndoloethﬁmln’gutal (rer)

L1 s BEERRG) Hairflc Bt “nelRldr iR (L BRSO GARN AN hmay LbRidHRRLE Dose

e’ norgani c y "has an met al ,
N,N-diisopropylethylamine, or chlorophenol.

[0094] In some embodiments the method of forming a compound of Formula (XXIA)

is a method of forming a compound of Formula (VI) according to the present invention

(see above)

20




al kali earth netal, or other netallic cation, and an ani on such as

hydr oxi de, carbonate or bicarbonate. Exanples of a suitable inorganic base
i ncl ude, wot2oswe73set |imted to, sodium carbonate, sodi BETISGA0OPErs12

car bonat e, potassium carbonate, potas8fum hydrogen carbonate sodi um

hydr oxi de, potassium hydroxi de and cal ci um carbonate. |n Formul a RCOX

noi ety X i[©085) Beremethedfudherfncl@les @ntasting thercqrapaund b FofragadBowth ipo97]
Cont act i I I t BCEN be
carr i od e PRsEREPGUFAR, cTBRL ENVE!calaif 3 FRIC 2aieelB) SIS o
ext ent tchtalyst he lluskabédahoéac'fh&fﬁb)cQﬁapﬁgﬁc@fetﬂ'e W@ol?'-’d‘fvﬁ%ﬂ {noiety i aad the an

or gani c | of
Formil & O PYERAmp RN alor of FETHERACLMBELTS I FRIAGR (V) 1 ARyERTR U 01 i o
soIS/ent Hexarthé ewetiodd idd:lpdnémllow'rgjlhecblosgdoupm thei conipodied obEermada(IMpto be i t ed

s o wREA AL B L1 L S
e BT P e PR, DRI BT e

ni t r ometphaviding accempuundmﬂl@,rmular(ﬁt)hyl pyrrolidone, mnet hanol et hanol ,

propanol , isopropanol, butanol, N, N-diisopropylethylamne, and

di met hyl sul f oxi de. [0098] In related enmbgdpeyg®s of form ng a conpound of
Formula (XXI A) (supra) acébyding<to tp# invention a conpound of Fornula
(MA), as defined above IS | Z¢ In Formula (VIA) Ris as defined
above. [0099] The rg ' or enbodinment with regard to formng a
conpound of For mul )
(1'VA) as defined ak her i ncludes contacting the conpound
of Formula (IVA) W [ esence of a Pqnst catal yst. Thereby

of the tricyclic conpd nd of Fprmuia (I'V) is allowed to occur. Hence, the
met hod includes allowing the Ng group of the conpound of Formula (1V) to be
deprotected in the presence of Pd/C catalyst. Further the cleavage of the
ester bond bet ween ety RLO and the correspondi ng car

o 1Gwed 1t Goruea i Fidpejh 3 demedeahsug: Rorie SPEOTHEns. Fne (roLalYiof
For mul a o(ky)s h%fl‘@!ﬂ@l propyl, or butyl. Y is a nitrogen protecting group as explained above.
In one embodiment, the nitrogen protecting group is selected from alkoxycarbonyl,
benzhydryl, the trifluoroacetyl group, the t-butoxycarbonyl group, a carbamate including
methyl-, ethyl- and substituted ethyl carbamates, an amide, a cyclic imide derivative, an
15 N-Alkyl amine, an N-Aryl amine, an imine derivative, and an enamine derivative. The
compound of Formula (lll) is contacted with an acyl halide RCOX in the presence of an
inorganic base such as an alkali base. The inorganic base typically has an alkali metal,
alkali earth metal, or other metallic cation, and an anion such as hydroxide, carbonate or
bicarbonate. Examples of a suitable inorganic base include, but are not limited to, sodium
20 carbonate, sodium hydrogen carbonate, potassium carbonate, potassium hydrogen
carbonate sodium hydroxide, potassium hydroxide and calcium carbonate. In Formula
RCOX moiety X is halogen such as F, Cl, Bror I. R is as defined above.

[0097] Contacting the compound of Formula (lll) with an acyl halide RCOX may be

carried out in any desired solvent in which the acyl halide is stable to n extent that the

25 desired reaction can proceed. Accordingly, typically an organic solvent is used. In some
embodiments contacting the compound of Formula (Ill) with an acyl halide RCOX is

carried out in a dipolar protic solvent. Examples of dipolar aprotic solvents include, but are

not limited to, methyl ethyl ketone, chloroform, tetrahydrofuran, dioxane, ethylene glycol



provi di ng a conpound of Fornula (I1HA) as defined aboveThe conpound of
Formula (HIA) is contacted with an acyl halide RCOX in the presence of an

i nor gani cwbasw/eumsh as an al kali base. Exanpl es of a suiPCalsiGeodormosgani c
base include, but are not limted to, 38odi um carbonate, potassium

carbonat e, sodi um hydroxi de, potassi um hydroxi de and cal ci um carbonate. In
For mul a mmxutybe@ay pxrigige, Haefbgleﬁow lketese Facetne. pyclefiexanone; gthyRacetatgs

defi ned t u r a (HA
det | ned g&g isdduOARHE® RGN TRRLP RIS a.%éﬁmnﬁmg ehitfie! TN

l'ar protic sol vent
(supra) dlrpethmllqlceéamdnpoﬁmme@fansoan@lpaltrqemI)l %hﬂéﬂtﬂé@%ﬂbﬁféaﬂ@ gthemoli n a

further Aﬁ%ﬂ. BFogfaqblnguttaﬂ tm\j E{)b‘réﬁu%%?hyla F}ﬁﬁule{ gsun&&@d is a

met hod orrh n oun efl ned above [0102] The

metdod | ”Ctdﬁgﬁflrpféi‘é&ééi'éﬂ%oalrﬁm%w?&nﬂ% Eoédﬁﬂo@nﬁ\df)Foranfa poatgnsspray
form ng the sane as defined above, or by obtainin sanme i n _another way.

The comgseerdingfto theriryansion gicpmpgting ef 'i%rﬁyade A 9% r@dééﬁb%&w%vnﬁtm&ﬁd R2My X
or a mxture of RIMgX and R2RMgX. Rl and R2 are as defined above and X is
hal ogen (supra). As noted apove, in some gOOOH ments Rl and R2 are
identical, in which case onl¥ one/sc d RIMJX or R2ZMgX needs to be
contacted with the conpound oP Formul af (V). In sonme enbodi nents contacting
the conpound of Form h a cofrpound R1IMyX, RZNQX or a mxture
thereof is carried [ [
a nmet hod of form ng
The nmet hod i ncl udeq

ilng a orﬁpound of Fornwim) (I11) as defined above
The conpound of For : T~ coffpacted with an acyl halide RCOX (supra)
in the presence of an imorganic|base s defined above' . In some enbodi nents
contacting the conpound of Forniil a (Il'l) wth an acyl haI ide RCOX is
carried out in a dipolar protic solvent (supra).

In Formula (VIA) R is as defined above.

[0099] The respective method (or embodiment with regard to forming a compound of

10 Formula (XXIA)) includes providing a compound of Formula (IV A)as defined above

(IVA)

The method further includes contacting the compound of Formula (IV A) with H; in the
presence of a Pd/C catalyst. Thereby cleavage of the bond between moiety Y and the
corresponding nitrogen atom of the tricyclic compound of Formula (IV) is allowed to occur.
15 Hence, the method includes allowing the Na group of the compound of Formula (iV) to be
deprotected in the presence of Pd/C catalyst. Further the cleavage of the ester bond

between moiety R'® and the corresponding carbonyl group is allowed to occur.

[0100] In some embodiments providing the compound of Formula (IV) includes

providing a compound of Formula (Il A) as defined above



[0104] In a related nethod the invention provides a nethod of formng a
conpound of Fornula (1VA) as defined aboveThe nethod includes providing a
conpound wb 2bovarzd3a (1 HA) as defined above The conpoundPefi/Seaeanebes1t H  A)
is contacted with an acyl halide RCOX38supra) in the presence of an

i norgani c base as defined above. In sogﬁ)@gﬁjodl ments contacting the
conpound of Formula (H AHw th,an ac de RCOX is carried out in a

di polar protic solvent (supray. [OY5] The present invention also provides
‘ prmula (VI11) as defined above The

met hod i ncl udes ¢gFOvi dinge Qmpoungd of Formula (VII) as defined above, for
i nstance by fornmi qed above, or by obtaining the sane in
anot her way. Thg_conpo | a ((VII)l S corg,%t ed with a netal
conmpound sel ect ed ' sQnsi sting of oup 1 to G oup 14 netal s,

| ant hani des and act . nbodi ment of the invention, the netal
conpound Mis selected frompghe group consisting of BH3, B2H6, BS5H9,
B10H14, AICI 3, ZnCl 2, Zn(OIf) 2, ZnEt2, SnCl2, TiC4, Ti(O-Pr) 4,

Cp2Ti Cl The oM un@%rﬂu%(llmﬁb 3ontb6lé@'ﬁflt}\%n éay( Kaidp REDOX @pthe Gregenice of
(Ir(COD Cl) 2, Ln 2Cl 2 8106] TheI " nventl an,al so ﬁlrow des a
met hod GP RRTERAF PA @ea“%%%ﬁﬂia e(%‘*i)a%i’éa I8 NaRS B8 MY et hod
i ncl Ude%upr@?’lﬁtﬂﬂmébdcwmoéarﬁ?ﬁdml got(g%.um a&bdsﬁtened@:abohgdrﬁkde, _
i nst ance ormn ane as define oV obt gi.ning the sanme in
anot her s'”’?‘h’@’dé‘gﬁ‘ifo?ﬂfg FluR rﬁ?ﬁﬁlﬁF?rTLﬁﬁ ﬁ?‘{@?&ﬁq&&'ﬁha@??'ﬁsﬁc t al
FOWD(;UHQSSH €L tBrdorf loéﬁdd Relsgéﬁluéflg@ﬂ&bsﬁé nig Qfmﬁemlmdikne_irm @bmaptlrigﬁlthmt al s,
ant hani des tini e abo in one
o oF b 070 T 2o Fotod BERBL o Rl B BN Snk s
of BH3, sbBRblet (s@®bly, BiOH14 , AICI3, ZnCl 2, Zn(OTf) 2, ZnEt2 SnCl 2, TiCl4,

Ti(O-Pr) 4, Cp2TiCl2, zrCl4, Cp2Zrd2, InCl3, In(OTf) 3, Qu(OAc) 2, (IrCp
*Cl 2) 2, (1pgegD)@ompdund mEiFsrmaladMnapadiiriad aloviesis rused dn ten futrther eretipeslind  of

FO{ dm | aa(:tlzgl%ing to the invention. The respective method is a method of forming a compound of

Formula (VII) as defined above

(Vi)

[0102] The method includes providing a compound of Formula (VI), for instance by
16 forming the same as defined above, or by obtaining the same in another way. The

compound of Formula (VI)

(V1)




is often not stable under acidic conditions. However, using a radical
reagent such as Nphenyl sel enophtalimde in an aprotic nonpolar solvent in
t he presenoeowiozmsei di ni um pt ol uenesul fonate such diffi egrSiGearvagsibe

avoi ded (cf. e.g Depew, KM et al., J34 Am Chem Soc. (1999) 1221, 11953-1
1963). [0108] The present invention also relates to the use of the
conpounitscoptadiet with & coimpoarsd Bfiigé) RIMg¥ada fraxturesyfrRIdgX andcRiMgXY.R'sand

ti | to th i. i k t es-fh
P pect Roardan i -DaveBR XiSnAgstEis Py Ae iibOABRe LT SArpe SpbaRLTY
conver t R' and ®2hire lentiexicih aviticht casa anly orsd conpalndtR'MgdCor B2MgX ne¢dspodebuct  has
t i that it i - it ] [ . y t t th
"ot ont GotaeRe B e chDP BRI, By PRERAZ A S kats aEibhRieris REGelg PR, [0
syt em ebmptuendiek Eoproulanii) wittn-a f@mpedrid RUMGX, S&MpXtama pniatureldseractisi r al

pocket that difect tlhe St er oecrtlgm' st,ry of reactions catal ysed by a
respect F@ré'eE(?H{)'&?n POIgIRRUC SR ISHPIE)) * rpi ety has a mirror inmage, which

woul d proxéf'roql@;gtt hehid %Lath%nrq?'?a’ %388%88&?&%?@@'3.0' e &\@ffn'égiafﬁﬁ{)é jscal

physi cal operties’'in non-chiral “environnen ustrate e.g. Fig.
5 or Fi grovigledhe invention thereby provides a variety of nethods of

stereosel ective synthesis. [0109] The use of these chiral |igands for
asynmetric catalysis is for exanple illustrated i the asynmetric reduction
of ketones as shown in the exahpl es bel ow (EOQRSo Figures 11 and 12).-
Such a use includes the format i”gn of erapM onerically enriched, including
at least essentially enaptionerieglly pufe, secondary al cohols. The term
"at | east essentially epanthoner8ally plre” refers to an enantioneric

excess (e.e.) of at as_Nn excess (e.e.) of at |least 96 %
at least 97 % at legst 98 %jlor at |)ast 9y % including an e.e. of nore
t 99.5 % As an il e exrrp‘@, a sanple w {(¥)98.5 % of R isoner
and 1.5 % of S isomer he enanli one? c excess of 97 % Accordingly, such
a mxture can also be taken as a |n'xtur of 97 % pure R isoner with 3 % of
a racemc mxture. In the exenplaR schene on top of Fig. 11, R23 and R33
are independently fromone another an aliphatic, an alicyclic, an aromatic,
an arylaliphatic, or an arylalicyclic

The method includes providing a compound of Formula (ll) as defined above

COORY

()

The compound of Formula (Ill) is contacted with an acyl halide RCOX (supra) in the
presence of an inorganic base as defined above. In some embodiments contacting the
15 compound of Formula (Ill) with an acyl halide RCOX is carried out in a dipolar protic

solvent (supra).

[0104] In a related method the invention provides a method of forming a compound of

Formula (IVA) as defined above



group that includes O to about 3 heteroatons independently selected from
the group consisting of N, O S, Se and Si. Any reduci ng agent such as a
borane, awei2beme733ar a hydri de such as tetrahydri dobor alP€T(8G2009/000312
tetrahydri doal um nate may be used, w 8% which aconmpound of Fornula (VII)
may be enpl oyed as a ligand. [0110] The asgggetric M chael reaction is
recogni zed as a highly iWportant ena d3@Rect i ve carbon-carbon
bond-formi ng reaction. AceordifQg

Fig. 13 and Fig. uitability of the catalysts to be used
in a variety of 5. one_dNbodi nents a basic cocatal yst is used
together with the conp grnul}ayl n sone enbodi nents the basic

co pouﬁg such as an amd%?)for exanpl e an am ne
such as et hyl am ne I et hyNami né&, n- but yl ami ne,” di’- nbut yl am ne,
pi peri di ne, isopropylam ne, |di nmet hyl am ne, cycl ohexyl am ne,
di cycl ohexyl am ne pyridi ne, gret hyl pyridi ne, di nethyl pyridine or
4- (N, N-di et hyl am no) pyri dine. [0111] The M chael reaction can in typical
enbodi nents be represented by the follow ng two equations: In the conpounds
depi ct etthi MdthebiRcladsdpriodiamgitsthpaimd P Fbridida (1HA) asdefried abdvéi n t he second
equation) are an electron withdrawi ng group such as one one of NO2, CN,
C(R40 O, COOR4A0, CONRAOR4 1 and SO2R40 wherein R40 and R4 1 are
i ndependent from one another one of hydrpge@ORY¥h al i phatic group, an

arylalicyclic group, , hbout 3 heteroatons independently
selected fromthe pconsisXing of [N, O S, Se and Si. R38 and R39 are

i ndependently fro gn, fluorine or one of an aliphatic,
an alicyclic, an @ a1 p ic, or an arylalicyclic group that
i ncludes 0 to abo 5 G ndep ndently(gﬁﬂected fromthe group
consi sting of N, Of : $l. R3, is a further electron w thdraw ng
group as exenplified dbove or |t is F&drogen or flourine or one of an

al i phatic group, an alicyclic |group, an aromatic group, an arylaliphatic
group and an arylalicyclic group, conprising O to about 3 heteroatons

i ndepen%gtéo}(np%ﬁhg%tf %rrﬁﬁlgrﬂltk)eis contacted with an acyl halide RCOX (supra) in the
5 presence of an inorganic base as defined above. in some embodiments contacting the
compound of Formula (Il A) with an acyl halide RCOX is carried out in a dipolar protic

solvent (supra).

[0105] The present invention also provides a method of forming a compound of

Formula (VHIl) as defined above

10 (Vi)

N
|
R

The method includes providing a compound of Formula (VIl) as defined above, for
instance by forming the same as defined above, or by obtaining the same in another way.

The compound of Formula (VII)



group consisting of NN O S, Se and Si. Accordingly, the Mchael donor in
the M chael addition is for instance in sone enbodi nents a carbonyl group
such as awmoabuahyide, a ketone or carboxyl group. The M ebasiGaoOeEdIDr in
the M chael addition is in sone enboddérents a nitro group, a carbonyl
group, a carboxyl group or a sul phonyl group. An exanple of vinyl sul phones
as the M chael acceptor is depicted in Fig.R13D. In the conjugate addition
of isoval eral dehyde to 1, 1-bi s(phenyl sul fonyl)eig#/| ene, the desired product
could be obtained in 89%yield and 79% ee wlt h6éut optim zation (Fig. 13D).
In contrast thereto, proline ddve |ow yiel | ow ee for this
reaction.[0112] It is noted théz, Cr €90 Z2 an@HzZ3 are the cyano group
poor yields wth productse<in undeyfrni nahpl e anounts have been found. The
respective reaction cepefti ra\ need 1o be further analysed. It may
neverthel ess be advi 4able to |carry Qui—+Ne M chael ré¥dkion depicted in the
second equation with|the proyi so thgt,_ not th Z2 and Z3 are CN. [0113]

Wt hout the intend of\Qeei ng _beupnd by fﬂ,)eory it is speculated that upon

22" 4- (N, \Ndi neffy! anmi no) pyri di ne (DMAP), an

aci d- base interaction between thelcar boxylic acid and the am no groups
should lead to the formation of aR ammonium salt, which renders the base as
t he stereocontrollin ule. [0114] The. M chael reaction y~for .exanple
be car r {SetPiRte H"'lb %P&R‘? ccoﬂ?pé%’f’érsele&e\%fﬁ?rpCtp%rgr?tfPs?%'?‘f‘és 'ngg?a "odR o F)c

sol vent Gsow 1asmétalanmitharidespand hetinideasp o @as odmbdulihantodf, theeihbentioh, the

terf-butanqgl, isobytanol, te/f-a al cohol , .cycl anol, o h L. In
parti cuf‘b?rtavﬁ?é'?@uagﬁﬁ’ (’sel’egﬁegt fé?rbns/"i"eigsro% 88’:‘3'%:%@ %gci’%ehéfﬁgafé;%l%’e
cam i ed A@@H, ZACIANZMHOTOUBNEQ| SECls,. TiThe TOGReg| CpAiCl,i ZnCleSp.AicH b6lscarri eS

out L ol DR R VR RIE o, Ltk ofuren. “dioxane,
(01151 EnahpelTie phats |G Al SIXHSE, ild b mgabog £G0LS BrCeP’

r eact i offomattle (X)) bb defiregrabobér al conpounds. The product of an asymetric
M chael reaction may however have

(1X)

10 The method includes providing a compound of Formula (VIl) as defined above, for
instance by forming the same as defined above, or by obtaining the same in another way.

The compound of Formula (VIl)

H,
Z
z
2,
”,

Vi)



nore than one stereogenic center (see e.g. Fig. 8), In such a conpound each
center generally has a pair of enantioners (unless a neso formexists) and
t he obt aiweadopradiset has di astereoners. Di astereoners mry¢Tise2amfonesazl as
stereoi soners that are not enantioner® D astereoners do not nerely differ
in structure purely in the left and right handedness of their orientations
and accisr dirmgitqd edth rmtneﬁia:omdodamtsieteatedpfrmpehe igesup ddmsistihgod Grotip dr tont |

nd tihg\a L,
"oy DRGETH Bl B A D ol AlRR] o, ool PLTH 2 eact VLY
mai n Cha' gp%g%{ SRHGRbY dholB! fCUhe é,#@&d.rné\a e HiesIcQSHRpSurki'n BRI -day dr ogen

substi t ue SUGr eol geni ¢ cent ers sane side of the
pI ane deélected fton ﬁfhﬁegrmlpncm’is&llm of figHs, ledmﬁsHeaBmHea. (Péﬂ:lb ednClgyén(OTfhe ot her
ner, Vi lenge ti i 0 it e e pl ane
8 neaZhEt RRCATTICE TRGHPRRTRpEHER LR, ATICORER! B SHEPTADACRS P
f requen(lf@p*@&@d(lﬁ@ﬂ@)ﬁl)z bnEHdansklnGh.Eht kisctmied that 8 comepurkhef Fatmela (dh i s

Bt o el R i oo B R PSR Y PSR fighi o8 1 Mg

st r uct upbénysetenophtalimidevio aroapotindonpdlan selvéntvr the ereseacs Qhﬁyrmhmlumap-
pr oduct ?ollmntegulrber%@qég&g}]ﬁ%@ieg[r%a%"bg] é\%?&loﬁgc?kglgebeﬂew Tk@' et al., J Am.

hexahydropyrro e appears to ey structural conponent of
mel®y | n@bem. Sbkd199DI284n11968111§63). di ver se range of biological activities
(Tani guchi, M & Hino, T, Tetrahedron ;1981) 37, 1487; Bourne et al 1991
. supra; (0108 Themrasentdwentapaiso selates Yo therise qf the gamioyndsia Feraya Mist em
has a S'éé‘mhﬁ'apﬁﬁ\éndsk@pﬁé}nﬁt%}ifl@rdﬁ%ﬁ)}s%n parfitlifly ol te syt CleBudtioneshod of

preparlngaco mpound of "Fornmula VI'lT, starting froma connerci al | @vallable

Na- pr ot &etoaes. o theppusen te reémymaomewndaﬁw%ﬁ By called-‘arctivecptaiisth By,
star ti Ngngt P BoRUARARAPARIrEN rddifart aB®a Lcrﬁréwa?maﬁnsmoumﬁu prédudttisas N the
formati on a conpound of Fornula VIA as shown i 011 ased o
tHE tri esunmetry.iigithat ddampaisHPePosRBIRRY dF SHYPY 'matspz‘/\%hpj‘t]th{% 'é‘]%‘ E’@! B on and
ELS?UFAB(G\J}?Pﬁﬁ ko ¥ is BelfeRbd Uathe HidyRIViGHAMY Sistebhof He hdadpdtdp@tolgener al
[2,3-b]indole skeleton provides a chiral pocket that directs the stereochemistry of
reactions catalysed by a respective compound. Hence, the chiral moiety has a mirror
image, which would provide the chiral chromatography stationary phase with identical
20 physical properties in non-chiral environments. As illustrated in e.g. Fig. 5 or Fig. 8 the

invention thereby provides a variety of methods of stereoselective synthesis.

[0109] The use of these chiral ligands for asymmetric catalysis is for example
illustrated in the asymmetric reduction of ketones as shown in the examples below (see
also Figures 11 and 12). Such a use includes the formation of enantiomerically enriched,

25 including at least essentially enantiomerically pure, secondary alcohols. The term “at least
essentially enantiomerically pure” refers to an enantiomeric excess (e.e.) of at least 95 %,
such as an excess (e.e.) of at least 96 %, at least 97 %, at least 98 % or at least 99 %,
including an e.e. of more than 99.5 %. As an illustrative example, a sample with 98.5 % of
R isomer and 1.5 % of S isomer has an enantiomeric excess of 97 %. Accordingly, such a

30 mixture can also be taken as a mixture of 97 % pure R isomer with 3 % of a racemic
mixture. In the exemplay scheme on top of Fig. 11, R® and R® are independently from
one another an aliphatic, an alicyclic, an aromatic, an arylaliphatic, or an arylalicyclic
group that includes 0 to about 3 heteroatoms independently selected from the group
consisting of N, O, S, Se and Si. Any reducing agent such as a borane, a silane, or a

35 hydride such as tetrahydridoborate or tetrahydridoaluminate may be used, with which a



was designed as illustraetd in Fig. 7. This diversified ligand scaffold

of fers remarkably high tunability in both steric and el ectronic properties
by judi ciwo0mal2esstti on of the substituted R group at thecasiGaesNo@siom and
Rl and R2 groups at the tertiary al coB®l. Furthernore, two nore stereogenic
centers were incorporated as structural analogues in addition to the

pr ol i ne chmaoundef Faspelai (V) ey hewnpieyedeastaligendi n | i gands desi gn. [0120] The
chiral ligands of Fornmula (VI]) can be used for nretric cat al%)SI S

i |1 ustrat @110 Thee asyymatic  Michaeuqacien off R%’P@ﬂ'é%gl s /@ gy \ERpriant and
Fig. 12 eQQﬂidéEIeemrﬁ%-eérbéﬁmohé%ﬁrﬁ’rﬁ'& réa'&tlér’f“ﬁccbﬁﬁb‘?dhd thé\%ultéblﬁty aF tsd udy

was conducted using chiral M|ar€and 7a wth B(Owe) 3 to_generate a borane
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[0121] %Woclﬁeﬁdlhg lsopropyamird, Qflm)éﬂ@laﬂﬁnéinélycﬁl@R%hﬂﬁﬁl Qﬁéycldhbkﬁs are

obt ai ned iral ketones containi ng el ectron-with ? d%
pyridine.
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such anaanlg-tworeqqaﬁnrQr ant agonl st (Naud, F, et al., Og. Process Res.
Dev. (2007) 11, 519- 523; Pollard, D., et al., Tetrahedron: A ymetry
(2006) 17, 1554 559), can be obtained in99%yield and 93% eRe” (Fig. 11,

entry 10)Z IRphati c ks one, m)dgarat e [VhAht i oselb_ztt i vi Ey was_#gbt ai ned
(Fig. 11, en 12). Not ' | i gard—Fa—ean WZ\A th 90%
yield and reusgd for 3t|rres WlthOUt | oss of aCtIVI'ﬁfj

enantiosel ectRvity for the asymmetric reduction of acet d?\apht hone (see in
Speci fic Exanpl es below). For the exanpl es depicted | n_Fi 11 reactions
wer e pei trareemppunidsGlepiotarbin these eguatipng W@llesbbﬂothr?e &n@na@%ﬂllg@{h@e in 2

m. THF %Eccfrﬁ]f Laaﬁfatfoﬁm?é YUl ctréh withdrawing group such as one one of NO,, CN,
15 C(R¥)0, COOR™®, CONR*R*! and SO,R* wherein R* and R* are independent from one
another one of hydrogen, an aliphatic group, an alicyclic group, an aromatic group, an
arylaliphatic group and an arylalicyclic group, comprising 0 to about 3 heteroatoms
independently selected from the group consisting of N, O, S, Se and Si. R*® and R* are
independently from one another hydrogen, fluorine or one of an aliphatic, an alicyclic, an

20 aromatic, an arylaliphatic, or an arylalicyclic group that includes O to about 3 heteroatoms
independently selected from the group consisting of N, O, S, Se and Si. R¥is a further
electron withdrawing group as exemplified above or it is hydrogen or flourine or one of an
aliphatic group, an alicyclic group, an aromatic group, an arylaliphatic group and an
arylalicyclic group, comprising 0 to about 3 heteroatoms independently selected from the

25 group consisting of N, O, S, Se and Si. Accordingly, the Michael donor in the Michael
addition is for instance in some embodiments a carbonyl group such as an aldehyde, a

ketone or carboxyl group. The Michael acceptor in the Michael addition is in some
embodiments a nitro group, a carbonyl group, a carboxyl group or a sulphonyl group. An
example of vinyl sulphones as the Michael acceptor is depicted in Fig. 13D. In the

30 conjugate addition of isovaleraldehyde to 1,1-bis(phenylsulfonyl)ethylene, the desired
product could be obtained in 89% vyield and 79% ee without optimization (Fig. 13D). In

contrast thereto, proline gave low yield and low ee for this reaction.



| sol ated yield by colum chromat ography. ee determ ned by HPLC anal ysi s
using Daicel Chiralcel AS-H colum. For the exanples depicted in Fig. 12
react i onswaenw/@essiormed with 0.5 mmol acet onapht hone 0PETsGRO0YMOIAnEe, 10%
ligand in 2 nL of solvent at reflux tgsgperature. a Isolated yield by colum
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nud eoplird CN. addi tion to a vinylog carbon-carbon double bond, typically a
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[0115] Enantiomers have identical physical and chemical properties except for the

rotation of the plane of polarized light and a potential different reaction rate with other
chiral compounds. The product of an asymmetric Michael reaction may however have
20 more than one stereogenic center (see e.g. Fig. 8), In such a compound each center
generally has a pair of enantiomers (unless a meso form exists) and the obtained product
has diastereomers. Diastereomers may be defined as stereoisomers that are not
enantiomers. Diastereomers do not merely differ in structure purely in the left and right
handedness of their orientations and accordingly do not share identical properties. They
25 have different, although similar, melting points, boiling points, solubilities, reactivity, and
all other physical, chemical, and spectral properties. Relative to the main chain of a
respective molecule that has diastereomers two non-hydrogen substituents at two
stereoigenic centers may be on the same side of the plane defined by the main chain.
This isomer can be called “syn”. The other isomer, having two non-hydrogen substituents
30 on opposite sides of the plane defined by the main chain, can be called “anti”. This

nomenclature is frequently used herein to address diastereomers.

[0116] The invention is further illustrated by the following exemplary embodiments

and non limiting Examples.



group, an arylaiiphatic group or an arylalicyclic group. R22 in Fig. 8E has
t he sanme neani ng as above. [0124] Fig. 10A conpares the 1H NWVR spectra of
pure DVARVORop/qp233el ), thei sol ated conmpound of Formul a YCTAGROWmWes31panel ),
and a m xture of both conpounds (centgy panel). Note the significant
changes in chem cal shift: protonation of DVAP causes signals to be noved
to lower field, wherBXEMBLARYIEMBODIMENTSIOHR YHE INVENTONd t o hi gher field,
which indicate the salt formation. As can be taken fromFig. 10B and Fig
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(2007) sogoeva, em (200 For “sone
represenysiemmastdéebQ\@l)ShwséCONOFf@Qtloal J. Am Chem Soc (20069 128,
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Furthermore, two more s ereogenlc centers were incorporated as structural analogues in

addition to the proline features, openlng up new perspectives in ligands design.

[0120] The chiral ligands of Formula (VIl) can be used for asymmetric catalysis, as
20 illustrated in the asymmetric reduction of ketones in Fig. 5. Fig. 11 and Fig. 12 depict
examples of applica‘tions in this regard. An initial study was conducted using chiral ligand
7a with B(OMe); to generate a borane complex in situ for the asymmetric reduction of 2-
acetonaphthone at room temperature. Unfortunately, the desired product was obtained in
only 37% e.e. Direct reflux with borane resulted in higher enantioselectivity (89% e.e.).
25 Screening the different substituting groups showed ethyl carbamate protected ligand 7a to
be a particularly suitable ligand for this reaction. Under the optimized reaction conditions,
ligand 7a was applied to the asymmetric borane reduction of a variety of aromatic ketones

(Fig. 11). |

[0121] As summarized in Fig. 11, high yields and enantioselectivities are obtained for

30 prochiral ketones containing electron-withdrawing or electron-donating groups. Especially
noteworthy is that (R)-3,5-Bistrifluoromethyl ppenyl ethanol (BTMP), which is an
interesting chiral building block for a number of pharmaceutically interesting targets such

as an NK-1 receptor antagonist (Naud, F, et al., Org. Process Res. Dev. (2007) 11, 519-

523: Pollard, D., et al., Tetrahedron: Asymmetry (2006) 17, 554-559), can be obtained in



the need for tedious chem cal structural nodification. This is inline with
the concept of the self-assenbly of organocatal ysts proposed recently
[ O ar ke, WDh,208/@®0m3at es, JA, Angew. Chem Int. Ed. (2007pCZ#6G2080p03vandal T,
& Zhao, CG Angew. Chem Int. Ed. (2088B) 47, 7714-7717; Schnuck, C, &
Wenand, W J. Am Chem Soc. (2003) 125, 452; Gac, SL, et al., Tetrahedron
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12-14 of Fig. 14). In view of the high efficiency and high cataly
actd vity si9d2R] Bigt B illustrategdrg usesef casmosinds af femata YiA i aymreettia e
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tenperature
step. Accordlngly, such a reaction is a suitable model to illustrate the chiral capabilites of

20 a compound. The reaction may for example be carried out by adding a carbonyl
compound to an a,B-unsaturated nitro compound (Fig. 8A), by adding a carbonyl
compound to an a,B-unsaturated carbonyl compound (Fig. 8B), by adding a nitro
compound to an a,B-unsaturaetd nitro compound (Fig. 8C), or by adding a carbonyl

compound to an a,f-unsaturaetd sulfonyl compound (Fig. 8D).

25 [0123] Accordingly, in Fig. 8A, Fig. 8B, Fig. 8C and Fig. 8D R?0, R?3, R?” and R?8
may independently from each other be hydrogen, -ORZ6, -SiR?6, -SR%6, -SeR?6, an
aliphatic group, an alicyclic group, an aromatic group, an arylaliphatic group or an
arylalicyclic group. R21, R22, R?4, R25, R42 and R*3 may independently from each other
be hydrogen, -COOR26, -COSR26, -COSeR26, -CONR26R34, -CN, -COX, -OR?6, -SO,R?6

30 -SiR26, -.SR26, .SeR26, an aliphatic group, an alicyclic group, an aromatic group, an
arylaliphatic group or an arylalicyclic group. X is halogen. R26 and R34 are independent
from one another one of hydrogen, an aliphatic group, an alicyclic group, an aromatic
group, an arylaliphatic group or an arylalicyclic group. R22 in Fig. 8E has the same

meaning as above.

35 [0124] Fig. 10A compares the 'H-NMR spectra of pure DMAP (top panel), the



[0127] To probe the nmechanismof this reaction, different possible
confornmers of the enam ne internediate were subjected to DFT calculation to
det er m newOheldwsgt energy confornmation (see the ExanplPes/Sicedmwodaz
details). As expected, the ethyl carb&mte group control the geonetry of

t he enam ne to adopt the syn enam ne conformation (Figure 2). Fromthis
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activation ni'trostyrene the car oxyfl ¢ acid the scheme’ of Fig.
1315) : ( Dherhéntr édc(ep%) 4ﬁa§9§4:l)dh nifrasitenes wagselscied %ﬂhvémtms GEPHNESSITHESO and

DMVF V\’h' ﬁnroa%hégéret\}%%atlﬁzsgnwiﬁﬁ oug%télfd in the reaction through

hydr ogen-bo I nteraction e role of DVAP is not clear at

this monenjpq2é hﬁ\@'ﬁ&)r&ﬁ fod\Bs cuti s B&aln@ﬁrlﬂVSB% hiel§ Andbob %t & eOfn tHee

cat al yst and coul al so tunction as 5) ase transfer catal yst
presence of 10 mol % catalyst (10) using 2 equiv propanal at room temperature in MeOH

(entry 1 of Fig. 13). In contrast, catalysts 11, 12 and 13 gave much less desirable results
20 in MeOH (Fig. 13, entries 2-4). Without being bound by theory, these results demonstrate
that it is proline’s skeleton and not the hydrogen bonding interaction which account for its
failure in this reaction. It was further shown that when a base such as DMAP is added, an
acid-base interaction between the carboxylic acid and the amine groups leads to an
ammonium salt which renders the base as the stereocontrolling module, hence alleviating
25 the need for tedious chemical structural modification. This is inline with the concept of the
self-assembly of organocatalysts proposed recently [Clarke, ML, & Fuentes, JA, Angew.
Chem. Int. Ed. (2007) 46, 930; Mandal T, & Zhao, CG, Angew. Chem. Int. Ed. (2008) 47,
7714-7717; Schmuck, C, & Wienand, W, J. Am. Chem. Soc. (2003) 125, 452; Gac, SL, et
al., Tetrahedron (2007) 63, 10721]. More than 99% e.e. was achieved when DMAP was
30 added and the catalyst loading could be decreased to as low as 2 mol % (entries 4 & 5 of
Fig. 13). 'H NMR revealed that the salt was formed rapidly and quantitatively with
significant chemical shift of all the protons (see Fig. 10). Both (10) and (10)/DMAP are
soluble in water and are stable as shown by 1H NMR. More importantly, the (10)/DMAP
catalyst could also catalyze the reaction in water (entry 7 of Fig. 13). Very low yield was

35 obtained when using brine as solvent (entry 8 of Fig. 13). However, no reaction was



when the reaction was carried out in water. Wthout being bound by theory,
this structurally rigid tricyclic skeleton provides a well-organized

envi ronmew0 2bovo2assymret ri ¢ i nduction as well as a hydr ophdisiGeoqmaedser t o
enable this reaction to proceed snoot43y in water. As for catalysts 11, 12
and 13 (cf. Fig 13A), they could not satisfy the above criteria. EXAMPLES

Gener al o%érl?&f’ﬁsihgseﬁﬁér (PPOMARE T B/ DNIXO oY:(M/[WAP,t o glof)iﬁlgélf)rn Bire vaasi tive

|
corrppnents_were P (?I’ med’ i n oven_—drl ed gl asswar e under a p03|t|ve.pr essure
of nitr &Rpdiesu8ii?gof Figshl13). Mext i varieds sebsisates warergxamined agH e ©artitht s and

reagent %xmlﬁﬁ% Bad %ﬂﬁgé‘%ﬂ&y fWitht R28hed?Ub IHokiF #id Rithakl Beddpforf sld el éhor.

excepti ons: chl or thane was distilled fromcal cium hydride. THF was

]gi sti | | dHeqddusisswelieupbtaingd He ratmpsterriically Piaalioem (89%yeelaard #Mit gaadesyn
rgctional L&t g e Rresh s”ﬁ;nlﬂ L I hased

f rg)?n Al Q%S{ceﬁe&é ir%'tc():{r'r\{a{{y| gh?(%t one &Eﬁr@% C as}efhefy%% r%\?é;ﬁ%ﬁ Sgr§0t¥)}lfez%me§i f fom

Gr i gnar df theayedudts éaddi helom and Figy 1163 s @rateatierandealicbatig aldplyas, atresnd

fol | one rg. i | i ;. t K | d

ner e dr PUS B MR Bobdaie ey B Hedfed poaudl in Adf ‘%%Efd/lﬁs‘%éy"??‘?af

th: n | apeantiokelecthvitiegriaptis (T Figs! 4prdranere dulkyiisapukysaldrhysierabichpyasc oat ed
silica ALG ° b0 4i '

i sual 1 Spelie R Aot PudfBopriE i R bec cb BSREI Mol P aBAbAY LA E 25
nmo Fur (Heyashii ¥ et alzaArigew. @enp dsfs EHI @0BY) 44, 4212k gerd ohtainedi withs 82-96¥on of
pot assi um per man r |+ €] | ULt Al . .1 Fl ash
Chr omat 55, A EHE ATy fineg il e Aot bBnaREY b2ANRY KPlERT2 LOJERS Tl 2
di sti | | ad). doliewrdf the ldgh efficenoyeard bighicetalytip aptivit stows bethun oygamisdsolvents

ilib d,wit. h i ' J.Q:
i ar odnd g it bW Bt ind B BRLCVRIAP Bid G b 05 m BHAE)
0i | samehzsneleMeskofahe eadieuraperts fi@atuch ardactonsweraBBid ¢itgh 0RESof evéron Mass
( I—@VS) ?oowee(% err%pé/\rg ure \(R/Rtt\ ) %‘aﬂiv%?de’h%@. rL].mr%,.arﬁtalyst (10), only 2 equiv of aldehydes

was employed and excellent ee could be obtained at room temperature.

[0127] To probe the mechanism of this reaction, different possible conformers of the
enamine intermediate were subjected to DFT calculation to determine the lowest energy
conformation (see the Examples below for details). As expected, the ethyl carbamate

20 group control the geometry of the enamine to adopt the syn enamine conform‘ation
(Figure 2). From this conformer, it can be seen that at the Si face of the enamine, there
are several highly electronegative atoms such as O and N whichcould function as
hydrogen bond acceptors. Therefore when the enamine is immersed into protic solvents
such as methanol and water, the Si face is expected to develop strong hydrogen-bond

25 networks which eventually block the attack of nitrostyrene from this side (Wang, J, et al.,
Chem. Eur. J. (2006) 12, 4321; Chen, X-H, et al., Chem. Eur. J. (2007) 13, 689). On this
basis, nitrostyrene will attack the enamine from the less hindered Re face via transition
state (XXXA), where a water molecule is probably involved by forming hydrogen bonds
with the CO,H group and NO; which will lead to the desired (S, R) product (Fig. 9A)

30 (Seebach, D, & Golinski, J, Helv. Chim. Acta (1981) 64, 1413; Seebach, D, et al., Helv.
Chim. Acta (1985) 68, 162). The activation energy of transition state (XXXA) is 64.61
kJ/mol lower than that of transition state (XXXB) without the water molecule as hydrogen-
bond bridge. The whole system is stabilized by hydrogen bonds. The transition state
(XXXC), which is consistent with Seebach’s model, is also calculated and the energy of

35 (XXXC) is 7.91 kJ/mol higher than that of the transition state (XXXA) (see the Examplés



MATO5XP GO HRMS (Thernmo El ectron Corporation). [0134] Proton nuclear
magneti ¢ resonance spectra (1H NVMR) were recorded on a Bruker Avance DPX
300 and BwvOkero/0akss4400 spectrophotonmeter (CDCl3 as sol venr)SG2@ienisa2l
shifts for 1H NVR spectra are reportesh as d in units of parts per million
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structurally rigid tricyclic skeleton provides a well-organized environment for asymmetric
induction as well as a hydrophobic pocket to enable this reaction to proceed smoothly in
water. As for catalysts 11, 12 and 13 (cf. Fig 13A), they could not satisfy the above criteria.

EXAMPLES
15 General Methods

[0128] Experiments involving moisture and/or air sensitive components were
performed in oven-dried glassware under a positive pressure of nitrogen using freshly
distilled solvents. Commercial grade solvents and reagents were used without further
purification with the following exceptions: Dichloromethane was distilled from calcium

20 hydride. THF was distilled from sodium and benzrophenone. Hexane, ethyl acetate were
fractionally distilled.

[0129] Borane-methyl sulfide complex was purchased from Aldrich. Aromatic ketone
were purchased from Aldrich or prepared from Grignard reagents addition to
corresponding aromatic aldehyde, then followed by standard IBX oxidation reaction. All

25 the ketone and ligands were dried two times with anhydrous THF prior to use.

[0130] Analytical thin layer chromatography (TLC) was performed using Merck 60



determ ned by HPLC using chiral AS-H, AD-H or OD-H columms unl ess ot herw se
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chiral ligand 7a (0.07 mml, 0.10 equiv). The ligand was azeotropically

dri ed w254 areavpdiedusilicatgel plate ¢0.2anmithicRhess).i Bubsequerido didion; platesf wares nlL of

THF. The, y / ' t

{erper ay Qa2 d o UY; SB K254 ofin]"Bh oot RRISE ERFeAadbifr 088 ey, OO

ket one EFOrthermvisbijlizationlr wad HpossbI& by )stainingadiibd basiopswlytorbyofs pelasgiempunp

over a gﬁg 'aor@a%tﬁ]or QBIQFC rOﬁ]ftll)H)éf E&gﬂ"ﬁ@?fg&gtg Then the reaction mxture was
ed by |

cool ed gtrenc ropw se a on of nethanol (5 nlL). After

cogcentr at[bgw%aér%r%%vogg&?%éé beHorm{ddCusiid Mrék ¥ifica BEI 60 Wil fRashfol um

chronat ogra on silica g hexane-ethyl acetate 5:1) to afford the
cor r espdistiledgseleenindaemascwers typically easkad aseslyrey and cquilipeaied vitr Hiened by
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schene o e preparation and characterization of a tryptophan derivative
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11. 8 MMIATISAP GCHRME (THertbERArondarporation)as sl owl y added to the mixture

and then it was allowed to warmto roomtenperature and stirred overnight.
After tw de134]Rrowini oucleardmagratiorrasoramce tspectra ¢ iHi DdVR)awersurdcorded &y af | ash
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7'1255- . ?jgwr(ﬁﬁgld f9r|o_|r)n SiMe, (6 0.0) and relative to the signal of chloroform-d (5 7.2600, singlet).
Multiplicities were given as: s (singlet); d (doublet); t (triplet); q (quartet); dd (doublets of
doublet); ddd (doubleté of doublets of doublet); dddd (doublets of doublets of doublets of
doublet); dt (doublets of triplet); or m (multiplets).” The number of protons (n) for a given
resonance is indicated by nH. Coupling constants are reported as a J value in Hz. Carbon

20 nuclear magnetic resonance spectra (*C NMR) are reported as & in units of parts per
million (ppm) downfield from SiMe, (5 0.0) and relative to the signal of chloroform-d (5

77.0, triplet). The proportion of diastereomers and geometric isomers was determined
from the integration of '"H NMR and *C NMR spectra.

[0135] Enantioselectivities were determined HPLC analysis employing a Daicel

25 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 / 100mL) whereas the solvent. Absolute
configuration of the products was determined by comparison with known compounds. X-

ray crystallogphy analysis was performed on Bruker X8 APEX X-Ray diffractometer.

30 General procedure for the Catalytic asymmetric Michael addition of aldeydes to

nitrostyrene

[0136] To a 4 mL sample vial equipped with a magnetic stirring bar, the mixture of
catalyst (2.7 mg, 0.01 mmol), DMAP (1.2 mg, 0.01 mmol), nitroalkene (0.2 mmol)



6.81 (s, 1H), 5.84 (d, J = 8.7 Hz, 1H), 4.98 (d, J = 3.2 Hz, 2H), 4.68 (q,
J=7.3H,1H, 3.25 (s, 3H), 3.21 (m 2H): 13C NMR (75 Mz, CDCI3) :
5172. 2, N§6.2010/0243B4. 8, 136.8, 134.9, 128.6, 127.8, 126. ¢cThd3ond00d332. 3,
120.0, 118.4, 112.1 , 109.4, 67.0, 6%, 55.1; FTIR (KBr, neat): v 1707,
1508, 1456, 1436, 1215, 742 cm1l ; HRVS (El) calcd. for C20H2004N2

352. 1418|dehypdenq0UMminap verd 4atided followed by MeOH or water (05 mL) at room
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30
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(EA/ Hexane, 1:7- 1:4) to give the product as colorless 0|I (0 8 g, 60%
whi ch rapidly darkened on standing in air. Mjor isoner; 0. 32
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temperature and the mixture was stirred at 80°C for 3 h. A solution of ketone (0.7 mmol) in
dry THF (0.5 mL) was added dropwise by syringe pump over a period of 1 h at reflux
temperature. Then the reaction mixture was cooled and quenched by dropwise addition of
15 methanol (5 mL). After concentration by rotatory evaporation, the product was purified by
column chromatography on silica gel (hexane-ethyl acetate 5:1) to afford the
corresponding secondary alcohol. The enantiomeric excess was determined by chiral

HPLC analysis employing a Daicel Chiracel column.

[0138] A general scheme of the preparation and characterization of a tryptophan
20 derivative is shown in Fig. 2. Fig. 15 depicts further examples, showing the synthesis of

chiral ligands 7a-h.

Synthesis of (S)-N-benzyloxycarbonyl-L-tryptophan methyl ester (2a)

H

+=COOCHS3

\HN O
N T

H o

2

25 [0139] To a stirred suspension of (S)-N-benzyloxycarbonyl-L-tryptophan 1a (2.45 g,
7.2 mmol) in 10 ml anhydrous CH,Cl,, was added DMAP (0.1 g, 0.82 mmol) and



(2S, 3aR, 8aS) - 1- benzy! - 8- et hyl - 2- net hyl - 3, 3a- di hydropyrrol o[ 2

3-b]indole-1,2,8(2H, 8aH) - tricarboxylate ( 4a ) [0141]

(2S) - 1- bewoybrozmsuhyl - 3, 3a, 8, 8a-t et rahydropyrrol of 2, 3- brirsdadm@A10312( 2H) -

di carboxylate 3a (0.8 g, 2.27 mol) whé dissolved in 5 mM THF, then Na2CO3

(0.36 g, 3.40 mol) and 5 mM H20 was added. At 0 0C, ethyl chI or of or mat e

(0. 22 nimetizarpb (o8 . 148 Mol At A& LLCE dn %Cbcﬂou{tlpemaénﬂ%lmdﬂee Q& ni ght
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The conbl ned organi ¢ phases were washed Wwth brine and dried with

an hydr obwice/fjsatiomaad pmndratm thiet iesidue wias porifiech by flasnealyyp spramategiapk ane, 1

:4-1 22 ) . Rf

o a3 R e Irahd SRRSO YSGieSe PRSP 2afis g bl s o0 ),

1HS 7.8898%10 (m 7H), 6. 99 (t J = 7 4 Hz, 1H), 6.49 (d, J = 6.5 Hz, 1H),

5.19 (sg 2 J , 4.33-4.17 (br, 1H), 4.00 (t, J =
7.1 He, ngqeée@ﬁgﬁgﬁ) 13)65243(m 2H),1.35-1 .23 (br, 3H);-1gc NMVR (75
MHz, CDC]-I:»MR(:!DD]MIHZ CDER):678.95 fr9H)L 22920, 135, oz, 1840), 825§2933(2n 9H8. 0,

514, 4B Cuth b 8aor a ke 2 oS 07 My 20 40 Iy il Yags o

2-28:"?\/23(23& 31), Gd?ﬂ (erIZHﬁZ3H24%N2 424.1629, found [M +424 1619;
ar,
>3103a- test%r%l 975 ¥cﬁ%‘F'2)' %5?%3155% P13 d368. 1308l B3 1248 1888) [0142]

(2S, 3aR’1§§§)1é2 Befvy 1380 Y} 1 21054, lvlo, %53485§'1hydr opyrrol o[ 2, 3-b] i ndol e-
1,2,8(2H -fricar gate a (0. 82mm|1) was di ssolved in 5m

CH3OH arfJ'ﬁﬂ@@PdP@ﬁ(Oq 93509, 1]5’@%nb43ﬁ 135 44468t 0 the sol ution and stirred
over ni gfﬁngﬂ ?gdtférltgﬂ%oaﬂz WmWBefbuFHM%mdzshe full depletion of the

starting mat the suspension was filtered on celite and the sol vent
was evaporated , the residue was purified with flash col unmm chromat ography
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[0140] N-benzyloxycarbonyl-L-tryptophan methyl ester (S)-2 (1.34 g, 3.8 mmol) was

20 dissolved in 5 ml TFA and stirred for two days, then the solution was added dropwise to a

vigorously stirred two phase system consisting of saturated 100 ml Na,CO3 and 100 ml

CH,Cl, at 0°C. The two phase was separated and the aqueous solution was extracted

with CH,Cl; (30 ml x 3). The combined organic phases were washed with brine and dried

with anhydrous MgSO, and purified with flash column chromatography (EA/Hexane, 1:7-
25 1:4) to give the product as colorless oil (0.8 g, 60%) which rapidly darkened on standing in

air.

Major isomer:

R¢ = 0.32 (EA:Hexane = 1:4),

'H NMR (400 MHz, CDCl,): §7.42-7.24 (m, 5H), 7.05-6.99 (m, 2H), 6.68 (q, J = 8.9 Hz,



90 %9. Major isoner: Rf .62 (EA Hexane = 1:2); 1H NWMR (300 MHz, CDCl 3)

d 7.86 (d, J = 7.5 Hz, 7.47-7.27 (m 0.5H), 7.24 (d, J = 7.4 Hz,
2H) 1 7. 05W0t2010022334. 5 , 5.80 (d, J = 6.8 Hzl1l 1H) pC#/SE3000003i2= 6.6
Hz, 2H), 3.99 (d, J = 2H)3414szs 3H), 273264(m1H)249(dJ
= 11.2 Hz1 1H), 1.50 (t, 6.0 Hz, 3H); 13C NVR (75 MHz, CDCI3) :

174.1, 182, 6560 (L<28/’—7761*227 1$l) 5.58 (11 J =168 Hz, 141,26.80-5094mg 2H)&3.92 (% ‘96%7 8,
50. 7, 43, 74H 1 T ) 2 712, 1602, 1487 crt 1 ;
e (el e e B e B B Y L Do0. 1200

(2S, 3aR“&as)wm(1qn MHz, CDCl,): & 172.0, 154.6, 150.1, 1362 129.0, 128.6, 128.4, 127.6,

ool e 2k eh ) ied: 1187 18T A B Sar 5 A5 0.3 i on o

(2% 3aRFIHS|KBr, @ehtyl v 27322t1y2,-1802 cih'3a- t et r ahydr opyrrol of
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solution and stirred for half an hour, then guenched by 5m water. The two
phase was separated and the aqueous soI ution was extracted with EA (5 m x
3). The @@G@R%ﬁd) HIAR1B-ARNAIRWGE-8 3RRTHYE FbpYirbIB[23-bledorend, 208 218 Bawi)L h
anhydrous and ﬁurlfled with flash col um chromat ogr aphy (EA/hexane
1:10) tH‘@FWY'?F?e(‘b’r duct as colorless solid (205 ng, 30%. Rf 0. 85

( By Hexane 1:6); 1H NWR (400 MHz, CDCI3) : d 7.56 (d, J :7.6 Hz, 2H),
7.44 (d, J 7.4 Hz, 2H), 7.32-7.14 (m 7H) 7.03 (d, J =7.2 Hz, 1H), 6.94
(t, J = 9.3 Hz1 1H), 5.65 (br, 1H H4. 47 OGH;66Hz 1H), 4.26 (br,
2H), 4.04 (br, 1H), 3.74 (q, J AT. 2 2.04 (br, 1H), 1.84-1 .76 (m

1H), 1.43-1.32 (m 1H), 1.27- @ i
N
H o
A 5)
4 - _
[0141] (2S)-1-benzyl-2-methyl-3,3a,8,8a-tetrahydropyrrolo[2,3-blindole-1,2(2H)-
dicarboxylate 3a (0.8 g, 2.27 mmol) was dissolved in 5 ml THF, then Na,CO; (0.36 g, 3.40

mmol) and 5 ml H,O was added. At 0 °C, ethyl chloroformate (0.22 ml, 2.26mmol) was

15 slowly added to the solution and stirred overnight. 10ml water was added and the

0. |'|)
Hz 1H)
7. Hz

aqueous solution was extracted with EA (5 ml x 53). The combined organic phases were
washed with brine and dried with anhydrous MgSO, and purified with flash column
chromatography (EA/Hexane, 1:4-1:2) to afford the desired product as colorless oil (0.77 g,
80% ).
20 R; = 0.43 (EA:Hexane = 1:2);
'H NMR (300 MHz, CDCl;): 57.66 (d, J = 7.5 Hz, 1H), 7.38-7.10 (m, 7H), 6.99 (t, /= 7.4
Hz, 1H), 6.49 (d, J = 6.5 Hz, 1H), 5.19 (s, 2H), 4.67 (d, J = 8.5 Hz, 1H), 4.33-4.17 (br, 1H),
4.00 (t, J=7.1 Hz,1H), 3.13 (s, 3H), 2.65-2.43 (m, 2H),1.35-1.23 (br, 3H);
*C NMR (75 MHz, CDCl,): 6 171.1, 153.6, 152.9, 142.2, 135.9, 130.8, 128.2, 128.0,
25 127.9, 127.7, 127.5, 127.5, 123.5, 122.9, 116.2, 77.1, 66.7, 61.3, 58.9, 51.4, 44.5, 33.2,
13.9;
FTIR (KBr, neat): v 1728, 1712, 1697, 1604, 1483 cm™;
HRMS (El) calcd. for Cy3H2406N, 424.1629, found [M]* 424.1619;



13C-NWVR (100 MHz, CDCI3) : d 154.0, 147.2, 144.6, 128.4, 128.0, 127.9,
126.9, 126.6, 125.7, 125.3, 124.6, 124.2, 122.9, 114.9, 75.7, 63.8, 44.1,
32.8, 22.w020t/2733FTI R (KBr, neat): v 1699, 1487, 1381, pC36G2e1%020312 HRVS
(El') calcd. for C26H26(BN2 414.1938, 4%und [M + 414.1915; Synthesis of
(SJ-benzyl 2-(benzyl oxycar bonyl am no) - 3- (1Hi ndol - 3-yl ) propanoate (2) 1
[0144] To a stirred suspension of (S)-(1) (2.45¢9g, 7.2 mol) in 10 m
anhydr o -ages el al cohol
(1.28 t}2%11 Sgém%?ml le%ﬁ’%ﬁ@trﬂdrd&y%&o[ﬁ@n} ndﬁ](%%g 2 was slowy
added télcﬁmxmtﬁt(ﬁﬂb at OC and the mixture was stirred overnight with slow
warmto RT. The white precipitate was fllteggﬂ hen renove the solvent to
afford the product as colourless o /F.H:Ea]D 20 = 50 (¢ = 1.0,
CHCl 3, 365nm). Rf = 0.29 (EA BPeXg : 1H NVR (400 MHz, CDCI3) : d
8.26 (br, 1H), 756(d J =8 N 41733(m OH), 7.26-7.20 (m
3H), 7.12 (t, J = 8.0 Hz, 1H), -20Hle) 5.47 (d, J = 8.0 Hz,
1H1 5.18-5.10 (m 4H), 4.82 (q;, J 8 Hz, 1H) 3.34 (d, J = 5.1 Hz, 2H);
13C NMR (100 MHz, CDCI3) : d 17193%155 8, 136. 1 , 136.0, 135.1, 128.5,
128.4, 128.3, 128.0, 127.5, 127. 4, 129.9, 122.9, 122.0, 119.5, 118.5,
111.2, 109.4, 67.1 , 66.8, 54.6, 27.8] FTIR (neat): v 3395, 3343, 1742,
1458, 1377, 721 cm1l; HRVS (ESI) calc for C20H2004N2 429. 1814 [ M+H] +,
found 429.1821 [ MtH] +. Synt hesi s of {28 3aR, 8aR) - d\ benzy\

3, 34, 8, 8a- tetrahydropyrrol o[ 2, 3- b]|ndol 61 2 (2H) di car boxyl ate (3) [0145]

/ V- benzyl oxycar bon -trpt ophan benz e 2), (1.1 . nmol ) was
di $sol ved [ P%“@rﬁzs%ﬁ 8av)-1shgnayielretnyl-2; i’é 5@%&%{9@@6&3{\ AR was added
dr opwi s¢ 2t#2R,8aH)-tricarboxylate 4a (0.77g, 1.82mmol) was dissolved in 5ml CH;OH and 10%

Pd/C (0.19g, 0.18mmol) was added to the solution and stirred overnight under H; balloon

at RT. When TLC showed the full depletion of the starting material, the suspension was
filtered on celite and the solvent was evaporated , the residue was purified with flash
10 column chromatography (EA/hexane,1:4-1:2) to give the produqt as colorless oil (0.48 g,
90 %).
Major isomer:
R = 0.62 (EA:Hexane = 1:2),
'H NMR (300 MHz, CDCls): 6 7.86 (d, J = 7.5 Hz, 0.5H), 7.47-7.27 (m, 0.5H), 7.24 (d, J =
15 7.4 Hz, 2H), 7.05 (t, J = 7.5 Hz, 1H), 5.80 (d, J = 6.8 Hz, 1H), 4.45 (q, J = 6.6 Hz, 2H),
3.99 (d, J = 7.6 Hz, 2H), 3.41 (s, 3H), 2.73-2.64 (m, 1H), 2.49 (d, J = 11.2 Hz, 1H), 1.50 (t,
J =6.0 Hz, 3H);
*C NMR (75 MHz, CDCl;): 6 174.1, 152.5, 128.7, 127.8, 126.1, 124.5, 122.8, 114.3, 78.4,
60.9, 57.8, 50.7, 43.7, 34.8, 15.1;
20 FTIR (KBr, neat): v 1732, 1712, 1602, 1487 cm™.
HRMS (El) calcd. for CysH1504N; 290.1261, found [M]* 290.1249;

(2S,3aR,8aS)-ethyl 2-(hydroxydiphenylmethyl)-1,2,3,3a-tetrahydropyrrolo[2,3-b]-
indole-8(8aH)-carboxylate ( 7a)



vigorously stirred two-phase system consisting of 100 nml _ saturated Na2CO3
and 100 nL CH2Cl 2, The two phase was separated and the aqueous sol ution was
extract edwei20t0/CHB€Cl 2 (30 nL x 3). The conbi ned or gani c Pphgseandwessa2 washed
with brine and dried with anhydrous MyBEO4 and purified with colum

chromat ogr aphy (ethyl acetate /hexane=1:7- 1:4 ) to give the poduct as
colorless oil ( 1.04 g, 88%) which rapi @ty darkened on standing in air.

Maj or isoner: Rf = 0.34 (EA Hexane = 1:2); PhnvR (400 MHz, CDCI3) : d
7.40-7.19 (m 8H 7.13-1.12 (m 1H4 /A oH(m 1H), 7.02-6.97 (m

2H),6.67 (t, J = 8.0 Hz, 1H), 5649 = 8.0 Hz, 1H), 5.60 (d, J = 8.0
Hz, 1H), 5.24 (s, 1H), 5.04 ([f N2 Hz, 1H) 4.73 (d, J = 12 Hz, 1H),
4.56 (dd, J = 7.6, 2.3 Hz, 1M1 413249, H= 12.3 Hz, 1H), 3.90 (q, J = 6.5

Hz, 1H), 2.66-2.53 (m 2H); 13AWRN16b Mz, coa3) : d 171.3, 154.7,
149.9, 135.5, 128.6, 128.4, 128. 28.0,128.0, 128.0, 127.9, 127.9, 127.8,
124.0, 118.7, 109.1, 77.4, 67.1,%66.Jp 59.1, 45.0, 34.4;[s]D 20 = 52.9 (c =
1.8, CHCI 3, 365nm); FTIR (neat): 3032, 2953, 1751, 1701, 1610, 1416, 73lcrt
1; HRMS (ESI) calcd. for CZOH2004N2{4\29. 1814 [ M+H] +, found 429. 1818

[ MiH] +. Synt hesi s of (2S, 3aR, 8aS) -1, 2-di benzyl 8-et hyl

3, 3a-di hydropyrrol o[ 2, 3-b]indole- 1,278(2H,8aH)-tricarboxylate (4) 3 4
[0146] (S)-(3) (0.1 1 g, 0.26 mmol) was djssolved in 6 nL THF, then Na2CCO3
( 1.06 g, (943 0)°C, o Ga BblutiBPOongss BAREAS) BLéthyl-2chbbiyiof 036 etrafydd- Nl

To i waVERoRebbielen? SRy papsalained (4B phe8 Binelbies sl ghFavatadi” O
aqueous drdpwidd 2M prpyiembgrssiudel cilokile EA1 (M8, #12 mmol) in THF solution and stirred
5 for half an hour, then quenched by 5ml water. The two phase was separated and the
aqueous solution was extracted with EA (5 ml x 3). The combined organic phases were
washed with brine and dried with anhydrous MgSQ, and purified with flash column
chromatography (EA/hexane, 1:10) to give the product as colorless solid (205 mg, 30%).
R¢= 0.85 (EA:Hexane = 1:6);

10 "H-NMR (400 MHz, CDCls): 6 7.56 (d, J = 7.6 Hz, 2H), 7.44 (d, J = 7.4 Hz, 2H), 7.32-7.14
(m, 7H), 7.03 (d, J = 7.2 Hz, 1H), 6.94 (t, J = 9.3 Hz, 1H), 5.65 (br, 1H), 4.47 (t, J = 6.6 Hz,
1H), 4.26 (br, 2H), 4.04 (br, 1H), 3.74 (q, J = 7.2 Hz, 1H), 2.04 (br, 1H), 1.84-1.76 (m, 1H),
1.43-1.32 (m, 1H), 1.27-1.11 (m, 3H);
3C-NMR (100 MHz, CDCl;): 6 154.0, 147.2, 144.6, 128.4, 128.0, 127.9, 126.9, 126.6,

15 125.7, 125.3, 124.6, 124.2, 122.9, 114.9, 75.7, 63.8, 44.1, 32.8, 22.7, 14.1;

FTIR (KBr, neat): v 1699, 1487, 1381, 1307 cm™,
HRMS (El) calcd. for CxsH2603N; 414.1938, found [M]* 414.1915;

Synthesis of (S)-benzyl 2-(benzyloxycarbonylamino)-3-(1H-indol-3-yl)propanoate (2)
H H
Qj/\?(COZH DCC, BnOH Qj/\i/coan
N | NHCbz CH,Cl, 0°C-RT,2h N | NHCbz
H 98% yield H
1 2

20

[0144] To a stirred suspension of (S)-(1) (2'.45 g, 7.2 mmol) in 10 mi anhydrous
CH,Cl,, was added DMAP (88 mg, 0.72 mmol) and benzyl alcohol (1.28 g, 11.8 mmol).
DCC (1.48 g, 7.2 mmol) in 5 mL CH,Cl, was slowly added to the mixture at 0°C and the

mixture was stirred overnight with slow warm to RT. The white precipitate was filtered,



x 3). The conbi ned organi c phases were washed with brine and dried with
anhydrous MgSO4 and purified with col um chromat ography (ethyl acetate

/ hexane=Iwp2ei/02233% to gi ve the product as col orl ess oi lpc/sG2do9bogs1286 % ).
Rf = 0.24 (EA Hexane = 1:2); 1H NWR (800 MHz, CDCI3) : 6 7.53 (br, 1H),
7.27-7.23 (m 8H), 7.14 (t, J =8.3 Hz, 1H), 7.09-7.04 (m 4H), 6.94 (t, J
= 7.5 Hmenkbbhovéttelsdivbnt th affded ﬂné‘ﬁrodlldﬂ)as cbloliridss( 6l (31, 98%4). MDZOQHD(C—
472468m2§§436(d J =12.6 Hz, 1H),3.96 (t, J = 6.8 Hz, 1H),

. 64-2. 49, CHCl2RF5M). 26-1. 20 (m 3H): 13C NMR (75 MHz, CDCI3) : d 170.9,
154. 1 , %5%2@(5%%% )4 135 3, 131 2, 128.8, 128.6, 128.5, 128 4,

128. 1, 124.0 116. 67.4, 66.8 61.9, 59. 45, 0

33. 9, 14"!§|MFE£‘]Q9 MUz,CDGh): 8(%6 @f,11'1')47 5@141@%- 89ddn ). 13%1153(3}{%195") / 3018,
2987, 1356.7.2608, 34832 (7 485810 Hz, thiME76 kbl = 0.8l Al1H], 814702 HBNZ, 2026
[ MtH] +, f ound gﬁ %)4 [( ;ﬂr?t es:é‘s? of éZS a{? 8a7§ad| benzyl HR-

8- et hoxPd&rbHh(M. 41")24§2:§%t & 84 %ﬁ&ﬂyﬂ?ﬁﬁlﬂm dHz228)h] i ndol e- 2" - car boxyl i ¢

aci d_( 18{@me (160 W&bc‘ls)(&m slfbmmlsb 1Wa56 dlmi vied 5,284, kg 3met hanol ,
and Pd/CélOGrTg was added on, After_stirring

over ni gh28.Qi h187l4218@c | 570, 128D, 669§| ﬁ%5rﬂ1>3t%1r199\ﬂ)a§7f11 68-8r%Bwi t h

celite gpg.the sol vent evaporat ed to give the product as colorless oil. Then

CH2Cl 2 was added, the white solid precipitated and a further filtration
gade thETtMmat)t vaggmsﬂ% Y2 a4§821$67dp 18009 . Rf = 0.59 (CH2CI 2: CH3OH =

7 4) 2 7 7+ +2 . 2 +720 2 ,
] O S S Gt e i i 20 (7, 2
(m 1H), 4.02 (t, J‘7.6H21H), 5 88.

Synthesis of (2S,3aR,8aR)-dibenzyl 3,3a,8,8a-tetrahydropyrrolo[2,3-b]indol-1,2 (2H)-
dicarboxylate (3)

H H
Qj/\:rcozsn TFA Co,B
n
NHCbz 2 days N 2

N
H 88% yield H ébz

2 : 3

N

Iz

15

[0145] N-benzyloxycarbonyl-L-trptophan benzyl ester (2) (1.18 g, 2.75 mmol) was

dissolved in 5ml TFA and stirred for two days, then the solution was added dropwise to a
vigorously stirred two-phase system consisting of 100 mL saturated Na,CO; and 100 mL
CH.Cl,, The two phase was sepérated and the aqueous solution was extracted with

20 CH,CI; (30 mL x 3). The combined organic phases were washed with brine and dried with
anhydrous MgSO, and purified with column chromatography (ethyl acetate /hexane=1:7-
1:4 ) to give the poduct as colorless oil (1.04 g, 88% ) which rapidly darkened on standing
in air.
Major isomer:

25 R¢ = 0.34 (EA:Hexane = 1:2),
'"H NMR (400 MHz, CDCl,): 6 7.40-7.19 (m, 8H), 7.13-1.12 (m, 1H), 7.07-7.04 (m, 1H),
7.02-6.97 (m, 2H),6.67 (t, J = 8.0 Hz, 1H), 6.49 (d, J = 8.0 Hz, 1H), 5.60 (d, J = 8.0 Hz,
1H), 5.24 (s, 1H), 5.04 (d, J = 43,12 Hz, 1H), 4.73 (d, J = 12 Hz, 1H), 4.56 (dd, /= 7.6, 2.3
Hz, 1H), 4.32 (d, J = 12.3 Hz, 1H), 3.90 (q, J = 6.5 Hz, 1H), 2.66-2.53 (m, 2H);

30 3C NMR (100 MHz, CDCL): 6 171.3, 154.7, 1499 135.5, 128.6, 128.4, 128.3,
128.0,128.0, 128.0, 127.9, 127.9, 127.8, 124.0, 1187 109.1,77.4,67.1,66.7, 59.1, 45.0,
34.4;



2.80 (m 1H), 2.31-2.27 (m 1H), 1.41 (t, J = 6.7 Hz, 3H): 13C NMR (I QO
WHZ, CD30D): <J 172.5, 152.1 , 140.9, 131.5, 128.1 , 124.2, 123.0, 113.6,
77.9, 62.W02600,/0273344.0, 35.1, 13.4; [a]D 20 = -15.9 (c 2CO/SEG200CHBOHY

365nm; FTIR (neat): v 3177, 2725, 1724, 1629, 1570, 1462, 1377, 760, 721cm
1, HRVB (]ESI calcd. for Cl4HI7OAN2 277.1 188 [ M+H] +, found [|\/]+ 277. 1188
[ MeH +. [qlg5=529 (c= M8t BYICL4365nM)%- 3- phenyl but anal [0148] The title conpound
was prer#%iﬁg,éai)omaé@@%@aﬁbahyﬁm a84o (fahs( Z31cmt rovi nyl ) benzene according

to the gene ;)r ocedure.’ Both enanti oneri Cc excess and diastereoneric ratio
were de (RS) BYICAHRICCank 10 hin4 255! 81 4l litn feund 228 1818 (W Hbropanol hexane =
10:90), 1.0 nmm n; mjor enantionmer tmajor = 22.06 mn, mnor enantioner

tmnor = 30.05 mn. [a]D 20 = -28.8 (¢c = 2.2, CHC3). Rf = 0.18 (EA Hexane

54 il ﬁ?z%g‘iﬁf“ P gibefi v?anfﬁt*f‘sgésg ot buddp
7.22-7. 1R2,8(@H,82H)-tricar®dxylaBs5(4)m 2H), 3.87-3.77 (m 1H), 2.87-2.72 (m 1H),

1.21 (d, J = 7.3 Hz, 0.5H) (anti isomer), 1.01 (d, J = 7.3 Hz, 2.5H) (syn
i somer); 13C AMR (75 MHz, CDCI3) : d 202.3, 136 1ﬁ9 1, 128. 1, 78. 1,

48.4, 44.0, . HR (thin fi 030 07 2931, 1724, 1603,
1552, 1454, <%r ~ %ﬁﬁsf’?ﬁ’r&f& ‘

208

G

dés®: 208.0974
[M+H]+ F d 09
oun nyl ) - 2- n‘eq ET overm%lbt

(2S, 3R) - 3- (4- Br gymph OH49Q] _The title conpound
was prepared from prebZonal dehyd ﬁﬂ&E’E) 1- Fo?a“%él (2%]bn| trovi nyl ) benzene
according to the dgeneral procedure. Both enantioneric4excess and

di astereoneric ratio were determ ned by HPLC with an AD-H cal urm at 230 nm

(2- pr oparl9Af@hd&ne3)05195)0.26 Moy was dissabgdon Gemknthfoteen Nady@{ 1068, 59
mn, tmM§Ghmal LiA-6/ i H,0 was added. Ethyl chloroformate (0.25 mL, 2.6 mmol) was slowly

10 added to the solution at 0'c. After stirring overnight, 10 ml water was added and the

obtained two phases were separated. The aqueous solution was extracted with EA (5 mL
x 3). The combined organic phases were washed with brine and dried with anhydrous
MgSO, and purified with column chromatography (ethyl acetate /hexane=1,5-1:2 ) to give
the product as colorless oil (0.11 g, 86 % ).

15 R = 0.24 (EA:Hexane = 1:2);
'H NMR (300 MHz, CDCls): 6 7.53 (br, 1H), 7.27-7.23 (m, 8H), 7.14 (t, J= 8.3 Hz, 1H),
7.09-7.04 (m, 4H), 6.94 (t, J = 7.5 Hz, 1H), 6.47 (d, J = 6.2 Hz, 1H), 5.14 (q, J = 15 Hz,
2H), 4.72-4.68 (m, 2H), 4.36 (d, J = 12.6 Hz, 1H),3.96 (t, J = 6.8 Hz,1H), 2.64-2.49 (m,
2H), 1.26-1.20 (m, 3H),

20 3C NMR (75 MHz, CDCl3): § 170.9, 154.1, 153.5,‘\142.7, 136.4, 135.3, 131.2, 128.8,
128.6, 128.5, 128.4, 128.1, 127.9, 127.6, 124.0, 123.5, 116.9, 67.4, 66.8, 61.9, 59.6, 45.0,
33.9, 14.5;
[a]o®® = -10.8 (c = 1.04, CHCl;, 365nm);
FTIR (neat): v 3018, 2957, 1717, 1605, 1483, 748cm™",

25 HRMS (ESI) calcd. for CyoHzg0N; 501.2026 [M+H]", found 501.2018 [M+H]".

Synthesis of (2S,3aR,8aS-dibenzyl 8-ethoxycarbonyl 1,2,3,3a,8,8a-hexahydro-
pyrrolo[2,3-blindole-2 —carboxylic acid (10)



mn. [s]D 20 = -24.6 (c = 2.1, CHCI3). Rf = 0.18 (EA: Hexane = 1:4); 1H NWR
(300 MHz, CDCI3) d 9.69 (d, J =1.5 Hz, 0.8H (syn isomer), 9.52 (d, J =
1.5 Hz, OwlMpioemis4 i soner), 7.50-7.46 (m 2H), 7.12-7.®@ET(SGRO@HP(312
4.82-4.56 (m 2H), 3.84-3.74 (m 1H),532.83-2.70 (m 1H), 1.21 (d, J =7.3
Hz, 0.6H) (anti isomer), 1.00 (d, J = 7.3 Hz, 2.4H) (syn isoner); 13C NR
(75 MHz, CDCI d 201.8, 135.7, 132.3, 129.8, 122.1, 77.8, 48.2, 43.5,
12.2; IR (t ' vicm 1. 2976, 2935, 2879, |:l553 1489, 1377,

Sl - Cal R/C, Hy C11H13 86. 0079 [ MtH +,
Found: 286. 0081 BO@ C [MeH

. O,H
(2S, 3/?)-3-(4- % phenyl ) - 2- MeGH(R'I?HZhrobut anNTOINO] The title
conpound \@-Ismzé)pa €Wz om pr opi peeyFKFe a@:‘;H@yé nhdt ﬁoxy 4-
(2-nitrovinyl)benzene according to the general procedure Bot h enanti oneric
excess and diasteregpneric ratio were determ ned by HP{g with an AS-H col um
at 230 nm (2- propanohhexane = 5:95), 1.0 nL/mn; nmgjor enantioner t o =
42.10 m' N, [0047]0F (5 altt ook iwasrdissolved irb20 ML methandladrid IztﬂYC:(m&nr@ (lanmol). 3,

Ol ATt St o s 1 Sl e
(7.27- 7wﬁ§ fltere With &elifs? ahd &Fe (svlveRteyapbra@d4to6givé nthe Xbducd. 48 cédlorlessH) |
S b o Sk o by » G AR R
d 202. Sprotidet & wHitsolid (22%.63.100%3. 4, 78.3, 55.2, 48.6, 43.3, 12.0; IR (thin
(o) VEELOhg R BRL A0, 1720, 1012, 1057, 1514, 1a70, 1253, 1182
Found: 338IMROBA00[MHE] CB,OD): 6 7.7, 7.52 (br, 1H), 7.26-7.20 (m, 2H), 7.04 (t, J = 7.6 Hz),
5.86 (d, J = 8.6 Hz, 1H), 4.38 (br, 2H), 4.14-4.09 (m, 1H), 4.02 (t, J = 7;6 Hz, 1H), 2.88-
10 2.80 (m, 1H), 2.31-2.27 (m, 1H), 1.41 (t, J = 6.7 HZ, 3H);
3C NMR (100 MHz, CD;0D): § 172.5, 152.1, 140.9, 131.5, 128.1, 124.2, 123.0, 113.6,
77.9, 62.0, 60.0, 44.0, 35.1, 13.4;
[a]o® = -15.9 (c = 0.4, CH30H, 365nm);
FTIR (neat): v 3177, 2725, 1721, 1629, 1570, 1462, 1377, 760, 72,1cm'1;
15 HRMS (ESI) calcd. for C14H,704N, 277.1188 [M+|'!]+, found [M]" 277.1188 [M+H]".

(2S,3R)-2-Methyl-4-nitro-3-phenylbutanal

[0148] The title compound was prepared from propionaldehyde and (E)-(2-
20 nitrovinyl)benzene according to the general procedure. Both enantiomeric excess and
diastereomeric ratio were determined by HPLC with an OD-H column at 210 nm (2-
propanol:hexane = 10:90), 1.0 mL/min; major enantiomer tnsor = 22.06 min, minor
enantiomer tminor = 30.05 min. [o]p®® = -28.8 (¢ = 2.2, CHCI,).
R; = 0.18 (EA:Hexane = 1:4);
25 'H NMR (300 MHz, CDCls): 8 9.72 (d, J = 1.5 Hz, 0.85H) (syn isomer), 9.72 (d, J = 1.5 Hz,

-



(2S,3S)-3-(Furan-2-yl)-2-nethyl-4-nitrobutanal [0151] The title conpound

was prepared from propi onal dehyde and (E)-2-(2-nitrovinyl) furan according

to the gewenalo/qarisgedure. Both enantioneric excess and @CasGeomonesizc ratio

were determ ned by HPLC vvlth a n AD H4ol urm at 220 nm (2 pr opanohhexane =

0.8:99.2), 1.0 m _/mn; or enantioner tma

enant i oﬁdﬁﬁ)rﬁamfosome%??@ mh(m[ D743 7:162I0 ?6)4@665(@%@1@)3&7&770 17

( EA: Hex NIYR), ( = m L SyB Hgoner) ,

9. 62 (s e Fllé%éli27é|d'nl g@mf?‘p(dv'jz 7 3@5F|) ganYIQSc(rﬁeréo‘r %‘7@1 e e ]
3.22 FazBH)imnlsamer),-4 67 (m 2H), 4 13 4 05 (m 1H), 2.87-2. 76 (m 1H),

1. 22 (dasgly R7(i/§1\nlll¥1cdb%ob4)zoé%m136 bSO, )1128]1 951(@84344:0712311 Hz, 2.52H)

(syn isomner 1.6, 110. 4, 108.7,

7558, 4R fhingimbyicm; 31330; 2y (8 ﬁﬁﬁ”ﬂ%ﬁﬁ%ﬂ%&14§151237’931528570%974 2038,

2880, 1 Y 1 M TOF)

cal cu. TS URSTRE Rl 50 Gy 200 M S e

(2S, 3/ ?)-2-Ethyl -4-nitro-3-phenyl butanal [0152] The title corrpound was

prepared from butyral dehyde and (E)-(2-nitrovinyl)- benzene according to

t he gené?%BR)JMQ&QW@PM%Y'HHM‘F‘UM'@W&FP%)‘ was deternined by HPLC with an

OD-H colum_at 220 nm (2- propanol : hexane 5:95), 1.0 n1 _/mn; najor

enanti orfer tng| 40.§1 m n, m nor enanti omer tmor = 51.74 min. The

di ast ergoneric fcess s det er ni ned by 1H NVR [a] D 20 =-99.5 (¢ = 1.1,

CHCI3). |[Rf =0 (EA: Hgxane = 1:4); 1H NWR (300 MHz, CDCI3) d 9.71 (d, J =

2.5 Hz, 0.91 yn isqmer), 9.47 (d, J = 2.5 Hz, 0.09H) (anti isoner),

7.36-7.237 ( ~ 7.2047.17 (m 2H), 4.80-4.59 (m 2H), 3.84-3.75 (m 1H),

2.72-2.44 (MkSS 1.43 (m 2H), 1.21 (t, J = 7.5 Hz, 0.33H) (syn

i somer), H

10 [0149] The title compound was prepared from propionaldehyde and (E)-1-bromo-4-(2-
nitrovinyl)benzene according to the general procedure. Both enantiomeric excess and
diastereomeric ratio were determined by HPLC with an AD-H column at 230 nm (2-
propanol:hexane = 5:95), 1.0 mL/min; major enantiomer tmaor = 18.59 min, tyinor = 13.77
min. [a]p?® = -24.6 (¢ = 2.1, CHCI,).

15 R = 0.18 (EA:Hexane = 1:4),
'H NMR (300 MHz, CDCls) 5 9.69 (d, J = 1.5 Hz, 0.8H) (syn isomer), 9.52 (d, J = 1.5 Hz,
0.2H) (anti isomer), 7.50-7.46 (m, 2H), 7.12-7.05 (m, 2H), 4.82-4.56 (m, 2H), 3.84-3.74 (m,
1H), 2.83-2.70 (m, 1H), 1.21 (d, J = 7.3 Hz, 0.6H) (anti isomer), 1.00 (d, J = 7.3 Hz, 2.4H)
(syn isomer);

20 3C NMR (75 MHz, CDCl;) 6 201.8, 135.7, 132.3, 129.8, 122.1, 77.8, 48.2, 43.5, 12.2;
IR (thin film) v/icm™"; 2976, 2935, 2879, 1726, 1553, 1489, 1377, 1010, 779,717;
HRMS (ESI-TOF) Calcd. for Cy;1H;sNO;Br: 286.0079 [M+H]", Found: 286.0081 [M+H]".

(2S,3R)-3-(4-Methoxyphenyl)-2-methyl-4-nitrobutanal



0.82 (t, J =7.5 Hz, 2.67H) (anti isonmer); 13C NWR (75 Mz, CDCI3) d 203. 2,
136.8, 129.1 , 128.0, 78.5, 42.6, 20.3, 10.6; IR (thin film v/icm1l: 2967,
2936, 287480 2010427331553, 1456, 1379, 1244, 758, 702; HRMBCCEKSheod@B)31£al cd.
for CL2HL6NC3: 222.1 130 [ MtH +, Foumsp 222.1 129 [ M+H] +
(2S,3/7?)-2- rrethyl 3- (naphthal en-1-yl)-4- nltrobutanal[0153] The title
’ but yr al dehyde and (E)-1-(2-

ording to the general procedure. Both
astereoneric ratio were determ ned by HPLOmM t h an
propanohhexane = 0.8:99.2), 1.0 nL/mn; najor
n, mnor enantionmer or = 37.6 mn. [a]D 20 = -21
0.33 (EA Hexane = 1:4); 1H NWR (100 MHz, CDCI 3) d
(syn isoner), 9.62 (d, J = 1.6 Hz, 0.15H) (anti
, 7.88 (d, J =8.0 Hz, 1H), 7.80 (d, J = 8.2 Hz,
35 (d, J =7.1 Hz, 1H), 4.94-4.76 (m 3H),
) ) @, J = 7.3 Hz, 0.45H) (anti isomer), 0.97 (d, J =
7.3 Hz, 2 55H) (syn |sorrer) 13C NWMR (100 MHz, CDCI3) d 202.5, 134.1,
é~;>343 1133_)[0950] Iﬂ'ﬂzhtﬂle db?rﬁ)f ond W&6. ;ﬁepa]:&gfrﬁm ﬁagggaldétggg%nf%(%14rie7tgzxﬂ4 54512 2,

thin fi r ;
1377, 1 %'tm‘#@ié enzene mvsdfe%& Fh?d%"eélpﬁ‘?fe%\"’&r B&ﬁ‘sﬁﬂ%N&ﬁ‘e”%gécess an
(1%%0?} [\)/&Hl;téredﬁ%ﬂ&dralha%ré d&&nﬁl%d-ilbyll—ti)PLC Wlfh an AS-H ccﬁlumn at 230 nm (2-

opyl - eny ut anal .[0154] The e .compound was
pr @par eérolp?B‘Ph?\ %’P\% ﬁ-‘a KzQiemg}] E)ajc(rzenzm {DFB?\M%V? ) béz é“ac Ping to
t he geng,r,gr{tlog{eg mgrly@) 7§|'|qf,°n (e _qma(rd=c1 8XxcAes).was determ ned by HPLC with
an AD-H columm a 2- propanol : hexane = 1:99), 1.0 ml _/nin; mgjor
enant i OFREFOtWB(]Eé\’Hﬁ@De& h, minor enantiomer tminOr = 17.9 nin, the

di-ast er GRRAR (30 faH, E’B%ls‘i'%té?‘iﬂd‘,%d: DY 110N (s9n kBmer), 9.53 (d, J = 1.4 Hz,
0.4H) (anti isomer), (7.27-7.07 (m, 2H), 6.87-6.67 (m, 2H), 4.78-4.60 (m, 2H), 3.78 (s, 3H),
10 3.78-3.73 (m, 1H), 2.81-2.69 (m, 1H), 1.21 (d, J = 7.2 Hz, 1.11H) (anti isomer), 0.99 (d, J
= 7.2 Hz, 1.89H) (syn isomer); ) ‘
BC NMR (75 MHz, CDCl;) & 202.5, 129.2, 129.1, 128.3, 114.4, 78.3, 55.2, 48.6, 43.3,
12.0;
IR (thin film) viem™: 2078, 2937, 2839, 1726, 1612, 1557, 1514, 1379, 1253, 1182, 1033,

15 833,725,
HRMS (ESI-TOF) Calcd. for C1,H1gNOy: 238.1079k[M+H]+, Found: 238.1081 [M+H]".

(2S,3S)-3-(Furan-2-yl)-2-methyl-4-nitrobutanal

20 [0151] The title compound was prepared from propionaldehyde and (E)-2-(2-nitro-
vinyl)furan according to the general procedure. Both enantiomeric excess and
diastereomeric ratio were determined by HPLC with an AD-H column at 220 nm (2-

propanol:hexane = 0.8:99.2), 1.0 mL/min; major enantiomer tmnzor = 30.44 min, minor

enantiomer tminor = 26.29 min. [o)o?® = -20 (c = 2.0, CHCly).



20 = -6.5 (c = 2.3, CHC3).Rf = 0.38 (EA Hexane = 1:4); 1H NWVR (300 Mz,
CDCI3) d =9.90 (d, J = 2.4 Hz, 0.95H) (syn isomer), 9.48 (d, J = 2.4 Hz,
0. O5H) {awoi2oicsmamesn), 7.36-7.28 (m 3H), 7.27-7.18 (m 2PHX/SG200000eB153 (m
2H), 3.94- 3.86 (m 1H), 2.80-2.74 (6 1H), 1.73-1.66 (m 1H) 1.08 (d, J =
6.9 Hz, 2.1H) (syn isoner), 1.01 (d, J = 6.9 Hz, O. 9H) (anti I somer), 0.92
(d, J —RB—QHZ(EPO'i@%aﬁe(—aHﬂ) i soner), 0.87 (d, J =

. , 2.1H) (syn
RYLE LYo w;sm%w(ﬁ%@a@n#%&# eggg%ﬁie%y,i%@ar ! 1557
%gg&lzé@%s (s 8118), 6/50%.23 0, 181 & 1HRIVE £ BIR-HEHMH)Ca. Tm4.67 ¢, CH), 34 SNO5:

: [ M
(9)- 2 2l W R, 561 BRI A DEC1AE: OASHRGntitRamen. 105 (bl lifd Hias
pr gpar ed. 5Qr-|g>(gy(,h‘§gnﬁé%) ni trovi nyl ) benzene and i sobutyr al dehyde according to
the gengra rocedure. The enantioneric ratio were determned by HPLC with

Chi r al paf H18Q Mitzn CRCI) D201 R, 1499y dpahol tObXARd . £5.85485)37.6.1Mf:gnin, t =
19.7 m 13 0.14
(En” Hox RSP ™ p P e 5nd, B9 2B Ry e A4sb 1977 190038 (o
3H), 7.814.741F0pm 2H), 4.85 (dd, J = 12.9 Hz, 11.2 Hz, 1H), 4.68 (dd, J =

12.9 Hz 4. v 3H)

1.01 (sl-I §H;( Tgﬁ)l&?l%gél\%gdm&l 3%1676’)6 %4‘412 F%f?h)% 19@-@17% 1, F1|!L28 7, 128 2,
7606, 48.5, 48.2, 21.7, 18.9; IR (thin film v/cm1: 2922, 1728, 1556,
1454, 1379, 704; HRMS (ESI-TO: Cal cd. for C12HI6NG3: 222.1 130 [ M+tH +,
Found: (28:3R)-2-Ethyly+pifros3-phenylbutanal

(S)-3-(4-bronophenyl) -2, 2-di met hyl - 4-ni trobutanal [0156] The title conpound

was pregared frog trans-y}-bronmo-4-(2-nitrovinyl) benzene and
I sobut yral dehcordi g to general procedure. The enantioneric excess was

0 =
HJJ\/\/NOZ

~

[0152] The title compound was prepared from butyraldehyde and (E)-(2-nitrovinyl)-
benzene according to the general procedure.The enantiomeric ratio was determined by
15 HPLC with an OD-H column at 220 nm (2-propanol:hexane = 5:95), 1.0 mL/min; méjor
enantiomer tm,or = 40.61 min, minor enantiomer tminor = 51.74 min. The diastereomeric
excess was determined by 'H NMR. [o]p®® = -99.5 (¢ = 1.1, CHCl,).
R; = 0.27 (EA:Hexane = 1:4);
'H NMR (300 MHz, CDCl) 6 9.71 (d, J = 2.5 Hz, 0.91H) (syn isomer), 9.47 (d, J = 2.5 Hz,
20 0.09H) (anti isomer), 7.36-7.27 (m, 3H), 7.20-7.17 (m, 2H), 4.80-4.59 (m, 2H), 3.84-3.75
(m, 1H), 2.72-2.64 (m, 1H), 1.55-1.43 (m, 2H), 1.21 (t, J = 7.5 Hz, 0.33H) (syn isomer),
0.82 (t, J= 7.5 Hz, 2.67H) (anti isomer);
3C NMR (75 MHz, CDCl;) 6 203.2, 136.8, 129.1, 128.0, 78.5, 42.6, 20.3, 10.6;
IR (thin film) v/cm™: 2967, 2936, 2878, 1720, 1553-, 1456, 1379, 1244, 758, 702;
25 HRMS (ESI-TOF) Calcd. for C;;H:sNO3: 222.1130 [M+H]’, Found: 222.1129 [M+H]".

(2S,3R)-2-methyl-3-(naphthalen-1-yl)-4-nitrobutanal



determ ned by HPLC with Chiral pak AD-H colum at 210 nm ( 2- propanol : hexane
= 10:90), 1 nm/mn; tmpjor = 11.5 mn, tmnor = 9.3 mn, [ |]D20 =-2.4 (c
= 2.9, CHEb32P10/RF33¢ 0. 24 (EA Hexane = 1:4); 1H NVR (400PRFHAG2GDOI®)2 & 9. 49
(s, 1H), 7.46 (d, J = 8.2 Hz, 2H), 7.5)78 (d, J = 8.2 Hz, 2H), 4.80 (t, J =
12.9, 1H), 4.67 (dd, J = 13.2, 4.2 1H), 3.75 (dd, J = 11.4 , 4.0 Hz,
1H) 1. 00 Xs, 3H); 13C NI\/R(lOO MHz, CDCl 3) & 203.8, 134. 5,

5 6. , 48.1, 47.9, 21.7, 18.9; IR (thin film v/cpTl:
' , 543, 1009, 880, 849, 721; HRVS (ESI-TOF) Cal cd.
for Cl2HL5BERY 309 023

[ MtH +, Found: 300. 0212 [ MtH] +.
(S - 3- (furm]&@ di et hyl - 4-ni trobut anal [0157] The title conpound
was prepgged>¥fo
according to general pr o

-(2-nitrovinyl) furan, and isobutyral dehyde
HPLC wi t

edure. The enantioneric excess was determ ned by
col um at 210 nm ( 2- propanol : hexane = 20: 80) 1

m./mn, tnmg O = 12.5 m n, tm'nOr = 8. 3 mn, [s]D 20 = +1-5 (c =

CHCI 3); Rf Hexane = 40 (s,

0% Togal 1 W BRI 96 bbbt g OB aei R o m%%

1H), 4. ﬁ&o(/ldyl)nabhmaﬂle%ccdﬂdlr@ to ltel gdridral ptoEdBiu(ed(BotNenarmBn@rlbtexc&sgaridz lH),

(100 hrbesEramcgadf e ddigmned by HPLG i, 3 Ayt Sayirhoar o vl S

2152, 1PropandlRekale = 10.8:99.2)/ t.h th/rﬂB?B)ajdﬂéﬁantlibBﬁa? tmwmﬁ 3438, miBar7,
1148, 885, 818, 741; HRlVB (E | C1OHL4ANO4: 212.0923 [ MtH| +,
Found: 2ASNQEEE tynFi-§4.6 mily { Flga %rf%ﬁ?%'a)z 2-di net hyl - 4- ni t r obut anal

[0158] Rhe otdd (e }qg{gﬁgm-p4¥)\/as pr epared fromtrans-
- met hoxY 4-(2-nitrovinyl enzene
H NMR (100 MHz, CDCI3) 89.75 (d, J = 1.6 Hz, 0.85H) (syn isomer), 9.62 (d, J = 1.6 Hz,
0.15H) (anti isomer), 8.14-8.10 (m, 1H), 7.88 (d, J = 8.0 Hz, 1H), 7.80 (d, J = 8.2 Hz, 1H),
10 7.61-7.41 (m, 3H), 7.35 (d, J = 7.1 Hz, 1H), 4.94-4.76 (m, 3H), 3.01-2.96 (m, 1H), 1.21 (d,
J =7.3 Hz, 0.45H) (anti isomer), 0.97 (d, J = 7.3 Hz, 2.55H) (syn isomer),
*C NMR (100 MHz, CDCl;) § 202.5, 134.1, 133.3, 131.9, 129.2, 128.6, 126.9, 126.0,
125.3,123.9, 122.4,77.9, 49.2, 37.4, 12.5;
IR (thin film) v/cm™: 3049, 2978, 2936, 1730, 1715, 1552, 1377, 1246, 799, 779,

15 HRMS (ESI-TOF) Calcd. for C;sH1gNO3: 258.1130.[M+H]", Found: 258.1138 [M+H]".

(2S,3R)-2-isopropyl-4-nitro-3-phenylbutanal

[0154] The title compound was prepared from isovaleraldehyde and (E)-(2-

20 nitrovinyl)benzene according to the general procedure. The enantiomeric excess was

determined by HPLC with an AD-H column at 210 nm (2-propanol:hexane = 1:99), 1.0

mL/min; major enantiomer ty. o= 21.8 min, minor enantiomer tynr = 17.9 min, the
diastereomeric ratio was determined by 'H NMR. [a]o® = -6.5 (c = 2.3, CHCI,).



and i sobutyral dehyde according to general nmethod. The enantiomeric excess
was determ ned by HPLC with Chiral pak AS-H colum at 210 nm

(2- propameD:2hmxeans4= 20: 80), 1 nmn; trraj O = 12.7 m npPCT/SG200Q0063115. 8
mn, [a]D 20 = +9.1 (c = 1.2, CHCI3) ; S8Rf 0. 24 (EA: Hexane = 1:4); 1H NWR
(400M—|z CDCl 3) & 9.52 (s, 1H) 7.1 l(d J =8.6 H, 2H), 6.85 (d, J =
87HzRf2=H})384560'|€(>@de-J14=) 12.8, 11.6 Hz, 4.66 (dd, J = 12.8, 4.2 Hz,

1,
13?%@ %M%éﬁg%g%’-%é 99 6&1J 42, zﬂH% dﬂ%H%w{n ué'orﬁe%) (9841181§4)/,- ;_1400 (s,

55 2, 4Hz40.08H) Gntidsomes), 7186-:28/(R. GH) ﬁ2717|1§(m/2;'m 11702‘9@’2 (mg 2y, 3%09
1549, 1 Y4 1 . I/ I f
245 onill gL, T RO 1038 B8, 1B, ﬁé*‘% VSlo.5, ZRPtayn! of
2, 8- Di misomer), 3.0( r(éphﬂﬁaﬂ’ &- 0-9¢) Yardi. Immerdb%& }6%’9!"21%8”1 {antidsqegfhound
was pr eggg%i JL @@I_QTE)Z—ﬁ_y ils[.,,lhgt?l nyl ) napht hal ene and i sobut yral dehyde

accor di ng t0 Genera ure he enantioneric excess was_ determ ned by

HPLC wi e NMR (a?lspuleAQQIFIﬂcﬂ 20h3ai 3%22.01289.( 12803 oD 7oy H-&R9%), 1

rrL/mn ggaﬁ :162mn tmnOr:180mn [s]D20+17(c:18 CHCI 3)
Hexane = 1:4); 1H NWR VHz, )7 & 9. 57 1H),

7 83- 7 Bl)(r(qat)m 29170628%33r2§22.m§24 557@1§?9 1J>93 8116‘0 BD. 708, £48; 7 32 (dd, J =

1. . 36! +M]* HRounbHb36. 428BMHl:. J = 13. 2,
210 PR Eiron) caled i Chine S Do e Itk Pourdrbao A208MAtl, = 3%
13C NVR (100 MHz, CDCI3) & 204.3, 133.1 , 132.9, 128.5, 128.4, 127.9,
127.8, 127.6, 126.6, 126.5, 126.4, 76.4, 48.6, 48.4, 21.8, 19.1 : IR
(neat ) : (S22 dimethyl-4-pityo-3-phenylbutagn) 1159 754, 721 cm 1: HRVE (ESI - TOF)
Cal cd. for CLG6HL8NCB: 272.1287 [MrH\ Found: 272.1273.

(2S, 3S) {2- net h@- (ni tr@net hyl) - 5- phenyl pent anal
O >

H%NOZ

[0155] The title compound was prepared from (E)-(2—nitrovinyi)benzene and

15 isobutyraldehyde according to the general procedure. The enantiomeric ratio were
determined by HPLC with Chiralpak OD-H column at 210 nm (2-propanol:hexane =
15:85),. 1 mL/Min, tmajor = 19.7 Min, tminer = 13.9 min, [a]o® = -4.3 (¢ = 1.6, CHCl).

R¢ = 0.14 (EA:Hexane = 1:10);
'H NMR (300 MHz, CDCl) &: 9.53 (s, 1H), 7.36-7.26 (m, 3H), 7.21-7.18 (m, 2H), 4.85 (dd,

20 J =129 Hz, 11.2 Hz, 1H), 4.68 (dd, J = 12.9 Hz, 4.2 Hz, 1H), 3.78 (dd, J = 11.2 Hz, 4.2
Hz, 1H), 1.14 (s, 3H), 1.01 (s, 3H),
3C NMR (75 MHz, CDCI;) &: 204.2, 135.4, 129.1, 128.7, 128.2, 76.6, 48.5, 48.2, 21.7,
18.9;

IR (thin film) viem™: 2922, 1728, 1556, 1454, 1379, 704;
25 HRMS (ESI-TOF) Calcd. for C12H1gNOs: 222.1130 [M+H]", Found: 222.1123 [M+H]".

(S)-3-(4-bromophenyl)-2,2-dimethyl-4-nitrobutanal



[0160] The title conmpound was prepared from (EH4-ni trobut-3-enyl)benzene
and propi onal dehyde according to general procedure. The enantionmeric excess
was det erwonenh/ys33kPLC wi t h Chiral pak AD-H col um at 21@cm®G2009/000312
(2-propanol : hexane = 2:98), 1 nL/mn,sgdmajO = 15.4 min, tmnor = 14.4 mn
t he dlastereonerlc ratio was deternined by 1H NVR. [s]D 20 = -2.2 (c = 2.7,

CHCI 3) ; AtHexane = 1:4); 1H NMR (400 Mz, CDCI3) : 9.64 (d, J =
13.9 Hz, 043H) er), 9.61 (d, J = 13.9 Hz, 0.57 H) (syn isomer),
7.32-7.14 (m : 451 (m 1H), 4.79-4.42 (m 1H), 2.81- 2.57 (m
4H), 1 J =17.2 Hz, 1.71H) (syn isoner), 0.95 (d, J =
17.2 Hz, pr); 13C NWR (100 MHz, CDCI3) : "5202.7, 140.5,
128. 7, 4 47 @ 36.8, 33.2, 30.3, 9.1 ; IR (thin film v/cnVl:

: 880 17 53, 1454, 700; HRVMS (ESI-TOF) Calcd. for
Cl3H18 0: 3 MY +, Found: 236.1287 [ M+H]
+. (2S, 3%) - 3-cyc ohexyl 2-fret hyl - 4-ni trobutanal [0161] The title conpound

was prep trovi nyl ) cycl ohexane and propi onal dehyde
according to general procedure. The enantioneric excess was determ ned by
HPLC wi th r@@%@@eﬂ%ﬁ&%m ;ﬁépa%éa’ {18 &znso{ emh (DRiR0RYT benSNe 1
m./ mn, |astereorrer|c rati o was
det er ni aedj nmbumalmde[ gwr@os fo- gernezal( eroeequrg Th@lmas)tlonﬁflc —exgesas) was

(EA: Hexagtggmln%d é% ’H{’}S& \Mﬁ%‘\?gg MX%M %ﬁ@t 21@nﬁ18(2(;§ropa]r{a hé)@&'ﬁ%" ’1(59@3'Er +

syn i soner 8,

1HP, 2. 6mlImBY tim= PHP min,. t&ami%?sm(nn{a] 1(@562 %%A-Eil()m 1H), 1. 27 o. 90

(m8|—|;:)|_2§§/n0|jzs%g?(;ﬂ]anej1'g)' , 1.2H) (antl isoner), 1.20 (d, J = 7.0 Hz,
'H NMR (400 MHz, CDCl;) & 9.49 (s, 1H), 7.46 (d, J = 8.2 Hz, 2H), 7.08 (d, J = 8.2 Hz,
2H), 4.80 (t, J = 12.9, 1H), 4.67 (dd, J = 13.2, 4.2 Hz, 1H), 3.75(dd, J = 11.4, 4.0 Hz, 1H),
1.12 (s, 3H), 1.00 (s, 3H);

10 3C NMR (100 MHz, CDCl;) & 203.8, 134.5, 131.9, 130.7, 122.2, 76.0, 48.1, 47.9, 21.7,

18.9;
IR (thin film) vicm™: 2922, 2725, 1722, 1560, 1543, 1009, 880, 849, 721;

HRMS (ESI-TOF) Calcd. for C12H:sNO3Br: 300.0235 [M+H]", Found: 300.0212 [M+H]".

15 (S)-3-(furan-3-yl)-2,2-dimethyl-4-nitrobutanal

[0157] The title compound was prepared from trans-2-(2-nitrovinyl) furan, and
isobutyraldehyde according to general procec]ure. The enantiomeric excess was
determined by HPLC with Chiralpak OD-H column at 210 nm (2-propanol:hexane = 20:80),

20 1 mLU/min, tmajor = 12.5 Min, tminer = 8.3 min, [0]02°= +1.5 (c = 2.8, CHCl,);
R; = 0.33 (EA:Hexane = 1:4);
'H NMR (400 MHz, CDCl;) & 9.52 (s, 1H,), 7.37 (s, 1H), 6.31 (dd, J = 1.9, 1.2 Hz, 1H),
6.21 (d, J = 3.2 Hz, 1H), 4.75 (dd, J = 12.9, 11.0 Hz, 1H), 4.58 (dd, J = 12.9 Hz, 3.9 Hz,



13C NWR (125 MHz, CDCI3) : 203.0, 75.2, 46.2, 43.5, 38.0, 31.6, 29.9, 26.3,
26.3, 26.1, 9.9; IR (neat): v/icm1 : 2971, 2930, 2855, 1717, 1557, 1380,
1161, 11280 2000027816, 735. HRVS (ESI-TOF): Calcd. for CpctigQddonnozdisd. 1443
[ MPkH \ Found: 214.1446 [ M+H +. 60

(2S, 3R) - 2-1i sopropyl - 3- (napht hal en-1-yl )-4-nitrobutanal [0162] The title
corrpoundH\)fy&gz)(rdepatetd 0 Hnra.9 B2; 1H), 2-17i(sr3H), mpr)sdtht hal ene and

20 Ry RSB BB SRS 005, AR OB oo

(2-propagq!: hexane = 10:90),1 m_/mn tmajor =13.7 min, tmnO = 16.8 mn,
t he di astereoneric ratio was dete ]D20:-178(c =
0.23, CIRSthin fiimpRy/cm™ (2972, 1 €28, F{éién@m 1143@) 137_L7i-+1|1|ﬂ/$25{5§ 8184 coci3) ¢ 10.0
(dg J -H&M’sg?& fbl‘%ﬁtﬂlc&%frc gﬁ&ﬂ@f)mz&)gé@ [¥H H]Z*JFoun%i 41502 Y. (anti
|sorrer) (brs, = 24.0 2H), 7:64-7.40 (m
3H), 7.34 (d, J:75Hz 4.89-4.79 (m 2H), 309(brs 1H, 1.79 (s,

1H), 114 d J = 9 Hz, 3H); 13C NVR (75 Mz,
CDCl 3) %MeﬁwxysheHz')E%Q'weth\gf’g'gf%éa%? 128.6, 126.9, 126.1 , 125.4,
124.1 122 3: IR (ne 2063, 2739, 1715, 1557, 1512, 1464,
799. 779, 758: HRVB

for G 7H20NG3: 286. 1443 [ MtH \ Found:
286. 1441 [ MrH +. (2

enyl ) -2-isopropyl - 4-ni trobut anal
[0163] The title co d from
()-1-brono-4-(2-nit d i soval eral dehyde according to
general procedure. ]| xcess was determ ned by HPLC with
Chiral pak AD-H colu opanol : hexane = 10:90), 1 mUJmin, tmor
= 7.6 mn, tmnO = tereonmeric ratio was determ ned by 1H
NMR. [s]D 20 = -30. ;

[0158] The title compound was prepared from trans-1-methoxy-4-(2-nitrovinyl) ben-
10 zene and isobutyraldehyde according to general method. The enantiomeric excess was
determined by HPLC with Chiralpak AS-H column at 210 nm (2-propanol:hexane = 20:80),
1 ML/MIN; trajor = 12.7 MiN, tminer = 15.8 min, [a]p?® = +9.1 (¢ = 1.2, CHCl);
Rf = 0.24 (EA:Hexane = 1:4);
'H NMR (400 MHz, CDCl;) & 9.52 (s, 1H), 7.11 (d, J = 8.6 Hz, 2H), 6.85 (d, J = 8.7 Hz,
15 2H), 4.80 (dd, J = 12.8, 11.6 Hz, 1H), 4.66 (dd, J = 12.8, 4.2 Hz, 1H), 3.78 (s, 3H), 3.72
(dd, J = 11.4, 4.2 Hz, 1H), 1.12 (s, 3H), 1.00 (s, 3H),
*C NMR (100 MHz, CDCl,) & 204.5, 159.3, 130.1, 127.1, 114.1, 76.5, 55.2, 48.4, 47.9,
21.6, 18.9;
IR (thin film) v/iem™: 2922, 1719, 1609, 1549, 1514f, 1462, 1377, 1250, 1028, 839, 723,
20 HRMS (ESI-TOF) Calcd. for C13H:gNO,4: 252.1236 [M+H]", Found: 252.1239.

(S)- 2,2-Dimethyl-3-(naphthalen-2-yl)-4-nitrobutanal




Rf = 0.50 (EA: Hexane = 1:4); 1H NWR (400 MHz, CDCI3) 9.91 (d, J = 2.0 Hz,
0. 98H) (syn isoner), 9.50 (d, J = 2.0 Hz, 0.02H) (anti isonmer), 7.48 (d, J
= 8.4 Hz,wdHpro08784 (d, J = 8.4 Hz, 2H) 4.67 (dd, J = 12CT/SH2009%h0@B1tz, 1H),
4.54 (dd, J:127Hz 4.3 Hz, IH, F$188 (dt, J = 10.5 Hz, 4.3 Hz, 1H),
2.75 (ddd, J 6.0 Hz, 3.8 Hz, 2.1 Hz, 1H), 1.73-1 .68 (m 1H, 1.12 (d, J

7.2 Hz, 81‘69] TheBfitld domd)oﬂhd? wasHzrepandl; frdrﬁqmlfﬁ:(ZGrinBéMMI-)naplﬁhﬂbﬁé 32ﬂ3. 9,

136.2, 132.4 9.6, 122.1, 78,7 17. 0. X
V2 Sy obilyipletuds ackati 181 CosAl Flogodre: TG pepaftlericr Gufess, ety 7 )
OhSlel\lﬂanT]mleB)tl)tmE \&:N%el_nraiipaldz.@smdd col@ﬁ#aﬂzwnw\(ﬂ#ﬂjrﬂparﬁhmmba1h0:90)|, on of
chira ol obta usin reduc [ c tot

i nvent i gﬁﬁ? lephet§$81'%j’ﬁ'@?_ %8%'[19[575"@%]& 2‘:(% nkg g%{;girggraﬁedrgn Lett.
(189[2)1331-§421741(E)M{Iékbﬁé]— (:E)'igb 1éHzant2ry 1% col)ozlless oua, 98% yi/el d 81 %
ee, [a = - c = 1,0, ' = 0, = © 1H
NVR (405)" MMR (499-MElz, &D&'s’i %857 (3 H) #1835?1-&0 (M, 399). (751‘5%’&)%?27?&& g)' ., 3.23
(br, 1HygH, %ﬁl (H32 (ddﬁﬁfﬁ;i’, 14§H)z 1ﬁ)3@d§'YEd(}993Wz 190G43)1H), 4 78 4&, Z/,

128. 2, 127. enanti oneri c excess was determ ned by

;Ehl r al leﬁ@ éria‘ﬂ%ssﬂlfﬁ-ﬁ@ﬁfﬂda)/l-n@ 2 ‘Dhb'?cb'ﬂ) Eri9r (s ) 1@§(§03"Drm (Hexane :
propan 6 —1
(m nor). € g@%(@ow@ng&c{pﬂ %eztohahgﬁ§(1B§gg\?gl1gﬁgl %ﬁé a g q)legg'r ahédr on:

Asipnmret 1136 6200829, 128.4, 16.2544.6,148%, 4108,88]1; (Fig. 11, entry 2): colorless oil,

98% yi el nedf 8755, 2679, 7782 858, PRv6> 1159, 759; 721 cm™;

HRMS (ESI-TOF) Calcd. for CigH1gNO;: 272.1287 [M+H]’, Found: 272.1273.

(2S,3S)-2-methyl-3-(nitromethyl)-5-phenylpentanal

O CH,CH,Ph
~_NO,

H

15 [0160] The title compound was prepared fr;:)m (E)-(4-nitrobut-3-enyl)benzene and
propionaldehyde according to general procedure. The enantiomeric excess was
determined by HPLC with Chiralpak AD-H column at 210 nm (2-propanol:hexane = 2:98),
1 mL/min, tmaor = 15.4 mMin, tminer = 14.4 min, the diastereomeric ratio was determined by
'H NMR. [a]p®® = -2.2 (c = 2.7, CHCI5);

20 R; = 0.31 (EA:Hexane = 1:4),

'H NMR (400 MHz, CDCl): 59.64 (d, J = 13.9 Hz, 0.43H) (anti isomer), 9.61 (d, J=13.9
Hz, 0.57 H) (syn isomer), 7.32-7.14 (m, 5H), 4.56-4.51 (m, 1H), 4.79-4.42 (m, 1H), 2.81-
2.57 (m, 4H), 1.87 (m, 2H), 1.17 (d, J = 17.2 Hz, 1.71H) (syn isomer), 0.95 (d, J = 17.2
Hz, 1.29H) (anti isomer);

25 3C NMR (100 MHz, CDCl,): §202.7, 140.5, 128.7, 128.2, 126.4, 47.0, 36.8, 33.2, 30.3,
9.1; ’

IR (thin film) v/cm™: 3026, 2968, 2880, 1724, 1553, 1454, 700;
HRMS (ESI-TOF) Calcd. for C3H:gNO3: 236.1287 [M+H]*, Found: 236.1287 [M+H]".



CH2Cl 2); Rf = 0.50 (EA/ Hexane = 1/4); 1H NWR (300 MHz, CDCI3) : 57.38-7.32
(m 5H), 4.92 (d, J =8.6 Hz, 1H), 3.65-3.51 (m 2H), 2.70 (br, 1H);13C NWR
(100 MHz,wQD@I03R7334140. 3, 128.7, 128.4, 125.9, 73.8, 40PET/SGher9®nen2i oneric
excess was determ ned by chi raI HPLC @dal ysi s, enploying a Daci cel

Chiral cel OD colum (Hexane : g_oanol 5, 0.5mM_/mn): ti = 23.30
mn (mafd%$S)-3-gyelohexylP- WFN('?‘?I"H oputanal > 1 (A B & C) depicts the data
of HPLC analysis. (fl)-1-(4-Bronmophenyl)-ethanol (Du, DM, et al.; Og.
Lett. (4006) 8, A4327-133§) [0166] (not depicted in Fig. 11): colorless oil,
98% vyi el|d, 76°oee, [a]D 5 = + 18.0 (c = 3.0, CHC 2); Rf = 0.33 (EA/ Hexane
= 1/4); |1H N (4 I\/Hz cbCl3) @ 7.47 (d, J =8.3 Hz1 2H), 7.25 (d, J =
7.6 Hz, |12HO 4. 3.7 Hz, 1H), 1.47 (d, J = 6.4 Hz, 3HJ; 13C NWR
(100 MHz, %ﬁgqs 131.6, 127.1, 121.2, 69.8, 25.2; The
enantior”eH ce %{nmined by chiral HPLC anal ysi s, enploying chiral
HPLC andl ysi s,z errpl oyi ngja Dacicel Chiralcel OB-H colum (Hexane :

/ - propar /mn): ti =7.57 mn (mnor), t2 =8.38 mn
(major). Fig. 22 (A-D) depicts the data of HPLC anal ysis.

(1) ol ORI b S Y oo SO
[ a] D 25 propion2ldehfde cacedrding Qb2 Ge@gral Rirocec[mr€8 ThEAehatiomeeric Bxdgss WasNVR
(4%0 M_%étfrrﬂl?eg%w yJLﬁzgntr? gﬁ%ﬂ{;%Aﬂm co 2163m§ f%g%%ﬁﬁiﬁ%%gﬂ .9b) (-:Dg g)
. d 1431 IU/Ii338 .t a0, = 13D, Min, 1:28.7019.127in8 thdﬁﬁs@remlcgathw\és @etermlned by
"H NMR. [a]p®®=-17.2 (c = 1.1, CHC},),
R = 0.40 (EA:Hexane = 1:4);
'H NMR (500 MHz, CDCl;): 6 9.68 (s, 1H) (anti isomer + syn isomer), 4.59 (dd, J = 5.3,
10 13.4 Hz,1H), 4.38 (dd, J = 6.8, 13.4 Hz, 1H), 2.61-2.54 (m, 2H), 1.81-1.56 (m, 5H), 1.50-
1.41 (m, 1H), 1.27-0.90 (m, 5H), 1.11 (d, J = 7.0 Hz, 1.2H) (anti isomer), 1.20 (d, J = 7.0
Hz, 1.8H) (syn isomer); ]
3C NMR (125 MHz, CDCl;): 6§ 203.0, 75.2, 46.2, 43.5, 38.0, 31.6, 29.9, 26.3, 26.3, 26.1,
9.9;
15 IR (neat): v/icm™: 2971, 2930, 2855, 1717, 1557, 1380, 1161, 1128, 950, 816, 735.
HRMS (ESI-TOF): Calcd. for Cy1HzNOs: 214.1443 [M+H]", Found: 214.1446 [M+H]".

(2S,3R)-2-isopropyl-3-(naphthalen-1-yl)-4-nitrobutanal

20 [0162] The title compound was prepared from (E)-1-(2-nitrovinyl)naphthalene and
isovaleraldehyde according to general procedure The enantiomeric excess was
determined by HPLC with Chiralpak AD-H column at 254 nm (2-propanol:hexane = 10:90),



123.7, 123.6, 70.1 , 24.9; The enantioneric excess was determ ned by chiral
HPLC anal ysis, enploying a Dacicel Chiralcel AS-H columm (Hexane :

/ - propanow0210/0233341 niL/nin), retention tinmes (nmn): = pérBé&2009modzaj or)
X2 = 16.47 min (mnor). Fig. 23 (A-De3zlepicts the data of HPLC anal ysis.
(/?)-1-(2-(2-(6-net hoxy) - Napht hyl ) - et hanol (Bouzem , N, et al.

Tet r ahedmamiriy e t18yr @R, 4 16.878iR; 8’@&|a$t6|hﬁ8]en(:rlamo d/apldeteemned byl g.

11): cokorl | 8% % D25 =+ 26.7 (c = 1.8,

CH2Cl 2) ; "?f-’é"ﬁﬁ@%%zl (E@j ‘Qﬁgﬁbﬂuqh) H N[I\/Ia?](BOO |sz cDal g)c . d 7. 68 7.65
(H;nlBH) szm(dexaﬁe&ﬁq-lz 1H), 7.13- 7 08 (rn 2H), 4.93 (g, J =

MHz, H)CDdl' QJV'RE%PGM 2500%&) féwﬁé%%'?f a(}%' 'S%'Q‘?f%? 7‘&@1%1% %%NR (rs
11g 8, é&ig‘)‘?g r7tpls§r;ng|"_)5 8212? gb"}501H)T*7%5ecaa“tJ'—02@0'er PERES mtﬁemm(my _

chiral Daci cel Chiral cel

/ - pr opaib). 79'81 (d, 5! 1.5z, /ﬁ"r'i)n‘)sg'4 795y @Hki H09 kRraoth), 1t7§ (s 12"2) E]?J(“rﬁdannaJ or).

Fi g. 24 e(pgg h? f HPLC anal ysis.

(f?)-1- ;c uoro hen -ethanol (Xu, Ylet al., J. Og. Chem
(2005) NS ¢75 MMBK}IPOI&B%ZQFBgBiQ 1308 §34U7.: 129344,oﬂ2&§,s12ﬁ9 12819
yleld % %25:+227(c =3.1, CH2Cl2); Kf 028(EA hexane =
1:4); 1ef‘hbd coai3) - "7 .61 (s, 1H, 7.50 (s. 2H), 7.43 (q, J

=10. 4 H!R(an)) v/él‘n8304$1r2963,|-273921816 (1657, 151, 14644499,d,79)758;6. 3 Hz, 3H); 13C

a5 BRWE eSO caled 16 CiionBy: 2de%haad A1 L Sl bee 1851 8. 7. 125.5,

124.

(2S,3R)-3-(4-bromophenyl)-2-isopropyl-4-nitrobutanal

15 [0163] The title compound was prepared from (E)-1-bromo-4-(2-nitrovinyl)benzene
and isovaleraldehyde according to general procedure. The enantiomeric excess was
determined by HPLC with Chiralpak AD-H column at 254 nm (2-propanol:hexane = 10:90),
1 mL/min, tmajor = 7.6 min, tminer = 7.2 min, the diastereomeric ratio was determined by H
NMR. [a]o® = -30.2 (c = 0.27, CHCl,);

20 R¢ = 0.50 (EA:Hexane = 1:4);

'H NMR (400 MHz, CDCl;) 59.91 (d, J = 2.0 Hz, 0.98H) (syn isomer), 9.50 (d, J = 2.0 Hz,
0.02H) (anti isomer), 7.48 (d, J = 8.4 Hz, 2H), 7.07 (d, J = 8.4 Hz, 2H) 4.67 (dd, J = 12.7
Hz, 4.3 Hz, 1H), 4.54 (dd, J = 12.7 Hz, 4.3 Hz, 1H), 3.88 (dt, J = 10.5 Hz, 4.3 Hz, 1H),
2.75 (ddd, J = 6.0 Hz, 3.8 Hz, 2.1 Hz, 1H), 1.73-1.68 (m, 1H), 1.12 (d, J = 7.2 Hz, 3H),
25  0.86(d,J=7.2Hz 3H);,

13C NMR (100 MHz, CHCIl;) §203.9, 136.2, 132.4, 129.6, 122.1, 78.7, 58.5, 41.4, 28.0,
21.6, 17.0;

IR (neat): v = 2725, 1712 1566, 1338,1261, 821, 719 cm™;



J =3.7Hz ), 122.1 (q, J = 3.7 Hz), 69.7, 25.2. The enantiomeric excess
determ ned by HPLC anal ysis (Daicel Chiralcel OBH colum, hexane:
2- propanovo=208i273841. 0 nL/ mn). Retention tinme: tmnor PcHsé&Zomdndodizaj O =
7.79 mn. Fig. 29 (A B) and Fig. 30 ¢/A, B) depict the data of HPLC
analysis. (fl)-1-(4-Ntrophenyl)-ethanol (Du, DM, et al., Og. Lett.
(2006) 3IRM§@SII@Q)Ce{I&ﬂ?&]C&HthOQ,Erl31¢OB$3/[I\5+)H] dmuodimsoamuww % vyi el d.
92 %ee, [a]D 25 =+ 26.7 (c = 1.6, CHZCIZ) . Rf 0. 33 (EA/hexane = 1/ 4);
1H NVR (300 MHz, CDCI3):8.17(d,J 8.7 Hz, 2H) 7.53 (d, J 8.7 Hz,
2H), 5.01 (g, J = 6.5 Hz, 1H), 1.51 (d, J = 6.5 Hz, 3H); 13C NNR(75 MHz,
CDCl 3) : 5153.2, 147.2, 126.1,-123.6, 69.4, 25.4; The enantioneric excess
determ C@lﬁré&eﬂﬂi@nadfaélﬁﬁl aldohal 6Btainéd 1Singad rddirctiof ProdEss Acoording to
2-propanol = 95 5, 1 nl/mn). Retention time: Unor = 20.71 and tmajor= 2
1.48 mi theimvgntiom (A B) and Fig. 26 (A B) depict the data of HPLC
angl ysis. (R)-1-(3, 4-di fl uorophenyl) ethanol (Burk, M, et al., Og. Lett.
(2000) 2, 4173-4176; Dale, JA, et al. J. Og. Chem (1969) 34, 2543-2549)
[0171] (F|g 11O ntryy 7): colorless solid, 99 %yield. 95 %ee, [a]D 25
+ 27.4 (lc = 2.07°CH2CIR); Rf = 0.26 (EA: hexane = 1:4); 1H NWR (300 MHz,

; ) 3H), 4.83-4.80 (m J = 6.5 Hz, 1H), 2.53 (s, 1H),
; 13C NWR (75 MHz, CDCI3) : 151 .5 (dd, J = 12.4,
= 12.4, 62.6 Hz), 142.8 (dd, J = 4.9, 1.0 Hz), 121.2
(d, J =17.0 Hz), 114.3 (d, J = 17.0 Hz), 69.2,
25.2; The enantioneric excess determ ned by HPLC anal ysis (Daicel Chiralcel
OB- H cO{RyLPhenylethanol (Coroley, EJ, & Link, JO, Tetrahedron Lett. (1992) 33, 4141)

[0164] (Fig. 11, entry 1): colorless oil, 98% yield, 81 % ee, [o]o®® = - 14.9 (c = 1.0,
CH,Cl,);
10 Rf = 0.41 (EA/Hexane = 1/5);
'H NMR (400 MHz, CDCl;): 6 7.28-7.17 (m, 5H), 4.72 (q, J = 6.5 Hz, 1H), 3.23 (br, 1H),
1.37 (d, J = 6.5 Hz, 3H),
3C NMR (100 MHz, CDCI,): 6 145.7, 128.2, 127.1, 125.3, 70.0, 24.9;
The enantiomeric excess was determined by chiral HPLC analysis, employing a Dacicel
15 Chiralcel OD column (Hexane : i-propanol 95 :-5, 1 mL/min): t, = 8.66 min (major), t;

=10.33 min (minor).

(S)-2-Bromo-1-phenylethanol (Basavaiah, D, et al., Tetrahedron: Asymmetry (2002) 13,
20 1125-1128)

[0165] (Fig. 11, entry 2): colorless oil, 98% yield, 92% ee, [0]p®® = + 55.3 (c = 0.5,
CH.Cly);
R; = 0.50 (EA/Hexane = 1/4),
'H NMR (300 MHz, CDCl,): 6 7.38-7.32 (m, 5H), 4.92 (d, J = 8.6 Hz, 1H), 3.65-3.51 (m,
25 2H), 2.70 (br, 1H);



hexane: 2-propanol = 97: 3 1.0 nL/mn). Retention time: tmnor = 7.73 and
tmajor= 8.50 mn. Fig. 34 (A-D) depicts the data of HPLC anal ysis. 15

(R) - 1- (3, wodbfdmessephenyl ) et hanol (Josyula V., et al., pEetscanesoei2 (2002)
58, 1069-1074) [0172] (Fig. 11, entrywsd): colorless oil, 99 %yield. 93%
ee, [a]D 25 =+ 34.8 (¢ = 1.3, CHC2) ; K 0.39 (EA: hexane = 1:4); 1H
NVR (400cIMR ($88MBiz, cn@:n}} @34(&338@8(7n12§lzi)12§96773@@@(m 1H), 4.92-4.84
(m 1H), 1.90 (d, J = 3. 1H), 8 (d .5 Hz, 3H); 13C NWR (100
MHz, CDOhgpnantieerig e(xaessawas sc!etevmnzsi bymfa!sHE’lalC ayah{Slfzemphzmg a Bgcigel(t, J =
5 3 HZ)Cglmgq‘J’bZ[Sgcile%ngﬁéx% JorogdiBl 954, b L if): b 2330 i (haor)h, =25- 5

nantlo ric excess determned by C anal ysi s

(Dal cel 23 min pinoQEFigt 2b(Aifh& Q) dgrpists: thvzdeﬁadﬁal*?&C @asiyﬁis 3 1.0 M _/min).
Retention time: tmnG =6.50 and tmaj Or 9.37 nmin. Fig. 32 (A-D) depicts
the data of HPLC analysis.(/?)-l-(4-TrifIuoronethylphenyl)-ethanol (Mat hre
DJ., et (al. : ) em (1993) 58, 2880-2888) [0173] (Fig. 11, entry 9):
[ 9% yfeld. 97 %ee, [a]D 25 =+ 38.6 (c = 1.0, CH2Cl2) ; Rf

c 4); 1H NMR (300 MHz, CDCI3) : 7.53 (d, J =8.1
8.2 Hz, 2H), 4.84-4.76 (m 1H), 4.00 (d, J = 3.6 Hz,
, 3H);. 13C NWR (75 MHz, CDCI3) : d 149.1, 129.4 (q,
25.2 (q, J = 3.8 Hz), 122.4, 69.5, 25.0; The
enanti onmeri c excess determ ned by HPLC anal ysis (Daicel Chiralcel Q

col UM, oy 1-(4-Bromophenyl)-ethanol (Du, D-M., et al.; Org. Lett. (2006) 8, 1327-1330)

[0166] (not depicted in Fig. 11): colorless oil, 98% yield, 76% ee, [o]o®® =+ 18.0 (c =
3.0, CH,Cly);
10 R = 0.33 (EA/Hexane = 1/4);
'H NMR (400 MHz, CDCls): 57.47 (d, J = 8.3 Hz, 2H), 7.25 (d, J = 7.6 Hz, 2H), 4.87 (q, J
= 3.7 Hz, 1H), 1.47 (d, J = 6.4 Hz, 3H); )
3C NMR (100 MHz, CDCL): 5144.8, 131.6, 127.1, 121.2, 69.8, 25.2;

The enantiomeric excess determined by chiral HPLC analysis, employing chiral HPLC

15 analysis, employing a Dacicel Chiralcel OB-H column (Hexane : i-propanol 95 : 5, 0.5
mL/min): t; = 7.57 min (minor), t, = 8.38 min (major). Fig. 22 (A-D) depicts the data of
HPLC analysis.

20

(R)-1-(2-Naphthyl)-ethanol (Josyula V, et al., Tetrahedron (2002) 58, 1069-1074)

[0167] (Fig. 11, entry 3): colorless oil, 99% yield, 89% ee, [o]p?® = + 21.9 (c =2.2,
CH,Cl,);
25 R¢ = 0.38 (EA/Hexane = 1/4),
'H NMR (400 MHz, CDCl,): §7.77-7.71 (m, 4H), 7.44-7.41 (m, 3H), 4.95 (q, J = 6.4 Hz,
1H), 2.42 (brs, 1H), 1.50 (d, J = 6.5 Hz, 3H),



hexane: 2-propanol = 99.8: 0.2, 1.0 mM _/mn). Retention tine: t or = 36.92
and tmnO = 47.81 mn. Fig. 28 (A-D) depicts the data of HPLC anal yS| S.
(/?) -3, 5-wosbroidhkiser onet hyl phenyl et hanol (Pollard, D, etTaic2eobesziahedron:
Asymmetry (2006) 17, 554-559) [0174] ééig. 11, entry 10): colorless solid,
99 %yield. 93 %ee, [a]D 25 =+ 15.0 (c = 1.4, CHC2); R = 0.48 (EA
hexane *dlnNfR (idtb WE (GHEI_)M#M@GI@M 1138 ﬁ412§ 07712m, 13%)5, 1250212580 (m
1H), 4.92-4.84 = H), 1.52 (d, J = 6.5 Hz1 3H);

130 NNR1@§GO1 4:% 148 2, 131.7 (q, 'J =330 Hz), 150.0 (t, J = 8.3
25h8 e41gntlo]mer czeﬁggg%as ligfbrr?nnea%g c@uraﬁﬁPﬁC a%giyésﬂéﬁwp%ﬁ"& h OR[cer
excess eterm ned anal ysis (Daicel Chiralcél OB-H columm, hexane:

2- pr opafdiiralecbRSHi CQ)U'BH (Hexang!:/iprepanoREY e i1 dﬁl-/t’ﬂ'ﬁ)e‘et%’f'ioﬁé'f"es (gUim)7ti ghd
t O = 3 g h [
(g;ag 1- ?11‘1914u§]r a’°§|)t2et ﬁé‘ﬁ\g p%rl]_gﬁ]mog Fid 23 @RID?) &gpéd%?k%bﬁﬁu@nﬁﬁ(l-g%&)
2070- zoam9Iy§|9175] (Fig. 11, entry 11): coI orI ess oil, 99 %yield. 90 % ee,
[a]D 25 = + 17.8 (¢ = 0.9, CHRC2) ; RF = 0.45 (EA/hexane = 1/4); 1H NWR
(300 MHz, CDCI3) : 7.27-7.20 (m 1H), 7.05-7.00 (m 2H), 6.93-6.87 (m 1H),
4.76 (g, J = 6.5 Hz, 3H), 3.4 (br, 1H), 1.38 (d, J = 6.5 Hz, 3H) 13C NWR
(75 MHz, : . .2, 148.5 (d, J = 6.6 Hz), 129.8 (d, J = 8.3
Hz), 120{9 (d, J =2.8 Hz) I%l .9 (d, J =22. 1 Hz), 112.2 (d, J =22. 1 Hz),
e
cane:

69. 4, 25|0. The enantione cess determ ned by HPLC anal ysis (Daicel
Chiralce| OB-H ¢ 2-propanol = 99: 1, 1 nL/mn). Retention
time: tnnor = mn. (R)-1-(4-nethylsul fonyl phenyl) ethanol
(Tagat, JR et m (2001) 44,

H3CO

10
(R)-1-(2-(2-(6-methoxy)-Naphthyl)-ethanol (Bouzemi, N, et al.,, Tetrahedron:
Asymmetry (2006) 17, 797-800)

[0168] (not depicted in Fig. 11): colorless solid, 98% yield, 70 % ee, [a]p®® = + 26.7 (¢

= 1.6, CH,Cly);

15 Rs = 0.32 (EA/hexane = 1/4),
'H NMR (300 MHz, CDCl,): § 7.68-7.65 (m, 3H), 7.42 (d, J = 6.3 Hz, 1H), 7.13-7.08 (m,
2H), 4.93 (q, J = 4.4 Hz,1H), 3.87 (s, 3H), 2.34 (br, 1H), 1.51 (d, J = 4.8 Hz, 3H);
3C NMR (75 MHz, CDCl3): § 157.5, 140.9, 133.9, 129.3, 128.6, 127.0, 124.3, 123.7,
118.8, 105.6, 70.3, 55.2, 25.0; .

20 The enantiomeric excess determined by chiral HPLC analysis, employing a Dacicel
Chiralcel OD column (Hexane : i-propanol 95 : 5, 1 mL/min): t; = 15.76 min (minor), t, =
22.53 min (major). Fig. 24 (A-D) depicts the data of HPLC analysis.

25
(R)-1-(3-Trifluoromethylphenyl)-ethanol (Xu, Y et al., J. Org. Chem. (2005) 70, 8079

- 8087)



3343-3346) [0176] (not depicted in Fig. 11): colorless solid, 99 %yield.
97 %ee, [a]D 25 =+ 17.6 (c = 0.6, CH2CI2); Rf = 0.04 (EA. hexane = 1:4);
1H NVR (490 2bideo276B80CI 3) @ d 7.84 (d, J = 8.3 Hz, 2H), 7p65/scdeovdoss18. 3 Hz,
2H), 4.98 (g, J = 6.5 Hz, 1H), 3.03 (7 3H), 1.49 (d, J = 6.5 Hz, 3H);13C
NVMR (100 MHz, CDCI3) : 152.4, 138.8, 127.3, 126.2, 69.2, 44.4, 25.3; The
enant i oner[os6INERS I 10ehtey #): melbribys biPLI3 #nyikds B8 % [Be| fgh” Ght 122l 7cel =30RH

col um, heéﬁr;lr:: 2-propanol =99: 1 1.0 niL/mn). Retention tine: tmnOr
=60. 93 ShCkhaj O = 63.01 nin. Fig. 3 1 (A-D) depicts the data of HPLC
anal ysi g, =%:283FAC hixdnel= tta;a of 6a and 7a Crystal Structure of 6a The
structure is ?raphl call¥ r'e resented | m cal forpul a noiety

n
015 H18 HNMR (490-MHzof 781 é%ri‘\"tb1755¢4i%%m 3 Ehe/m €415% AP 88 (REi ght
onbi ¢ symretry_space_group_nane_H M
?’1 )2?1%1%3%‘“&3 S?m};%ﬁl ljength b 11 .7992(3) cell length c
15 7954FC)NMR (100 MH= (}Dmk)a69@6(7013@17I(g_alngBtgbtzt)mm 02@8deR5.antR4el @anma
90. 00 o511 Yo Ty 4 (3 B4 Oy 5d T a_uni 12 4
The enantiomeric excess determined by HPLC analysis (Daicel Chiralcel OBH column,

hexane: 2-propancl = 99: 1 1.0 mL/min). Retention time: tminor = 5.47 and tmajo= 7.79 min.
10 Fig. 29 (A, B) and Fig. 30 (A, B) depict the data of HPLC analysis.

15 (R)-1-(4-Nitrophenyl)-ethanol (Du, D-M., et al., Org. Lett. (2006) 8, 1327-1330)

[0170] (Fig. 11, entry 6): coloriess oil, 96 % y}eld. 92 % ee, [a]p® =+ 26.7 (c = 1.6,
CH.Cly),
R:= 0.33 (EA/hexane = 1/4);
'H NMR (300 MHz, CDCl;): 68.17 (d, J = 8.7 Hz, 2H), 7.53 (d, J = 8.7 Hz, 2H), 5.01 (q, J
20 = 6.5 Hz, 1H), 1.51 (d, J=6.5 Hz, 3H);
3C NMR (75 MHz, CDCl;): 5153.2, 147.2, 126.1,-123.6, 69.4, 25.4;
The enantiomeric excess determined by HPLC analysis (Daicel Chiralcel OB-H column,
hexane: 2-propanol = 95: 5, 1 mL/min). Retention time: tminor = 20.71 and tmajo= 21.48 min.
Fig. 25 (A, B) and Fig. 26 (A, B) depict the data of HPLC analysis..
25




cel | _measurenent _tenperature 296(2) cell _neasurenent_reflns__used 8324
cell neasurenent _theta_ mn 2.58 cell neasurenent theta_ max 23.72
expt | _crwsoabiodesssai ption fragnent exptl _crystal col our pcolsguidomsssi2
exptl _crystal _size max 0.20 exptl _crysgal _size md 0.18

exptl _crystal _size_mn 0.15 exptl crystal density neas O

exptl _crystal _density diffm 1.303expt|l _crystal density nethod 'not

measured' exptl crystal E 000 616 I sorpt_coeffigjent :
oxpt | o preaufaeehemirsenali . BBk ML Rber aBelrh ChEl g o o
0. 981 2parpA., absioy. mrgcChemct1ioe) 34, 2643058958 expt | _absorpt _process_details
sadabs Crystal Structure of 7a The structure is graphically represented in
Fig. 18.' [61¥Hi(#lg. datentq): clariess solid f 8T Vongeldnd5 Y%ose, Tdlp ™ IFdedT uf(tsa.0,0n code
7a _Enpir] cgl formula C26 H26 N2 O3 Fornul a wei ght 414.49 Tenperature 173(2)
Vavel en&f"h k71073 A Crystal system Monoclinic

R; = 0.26 (EA: hexane = 1:4);

'H NMR (300 MHz, CDCls): 6 7.20-7.01 (m, 3H), 4.83-4.80 (m, J = 6.5 Hz, 1H), 2.53 (s,

1H), 1.43 (d, J=6.5 Hz, 3H);

3C NMR (75 MHz, CDClLs): 6 151.5 (dd, J = 12.4, 62.6 Hz), 148.2 (dd, J = 12.4, 62.6 Hz),
10 142.8 (dd, J= 4.9, 1.0 Hz), 121.2 (q, J = 3.9 Hz), 117.0 (d,J=17.0Hz), 1143 (d, J=17.0

Hz), 69.2, 25.2;
The enantiomeric excess determined by HPLC analysis (Daicel Chiralcel OB-H column,

hexane: 2-propanol = 97: 3 1.0 mL/min). Retention time: tminor = 7.73 and tyajo= 8.50 min.
Fig. 34 (A-D) depicts the data of HPLC analysis.
15

(R)-1-(3,5-difluorophenyl) ethanol (Josyula V., et al., Tetrahedron (2002) 58, 1069-1074)

[0172] (Fig. 11, entry 8): colorless oil, 99 % yield. 93% ee, [a]p® = + 34.8 (c = 1.3,

20 CH,Cl,);

R¢ = 0.39 (EA: hexane = 1:4);

'H NMR (400 MHz, CDCl,): 6 6.93-6.86 (m, 2H), 6.67-6.66 (m, 1H), 4.92-4.84 (m, 1H),

1.90 (d, J=3.6 Hz, 1H), 1.48 (d, J = 6.5 Hz, 3H);

13C NMR (100 MHz, CDCl;): 5 164.8 (d, J = 12.7 Hz), 161.5 (d, J = 12.7 Hz), 150.0 (t, J =
25 8.3 Hz), 108.1 (d, J =25.5 Hz), 108.2 (d, J = 8.9 Hz), 102.6 (d, J =25.5 Hz), 69.5, 25.2;

The enantiomeric excess determined by HPLC analysis (Daicel Chiralcel OB-H column,

hexane: 2-propanol = 97: 3, 1.0 mL/min). Retention time: tminor =6.50 and tmaor = 9.37 min.

Fig. 32 (A-D) depicts the data of HPLC analysis.

30



Space group P2(1) Unit cell dinmensions a = 11.7241 (6) A = 90. b =
5.6398(3) A D= 100.171(3) C= 16.4582(9) A D = 90. Volune 1071.14(10 A3 Z 2
Density (welxwmymd) 1.285 My/ m 3 Absorption coefficienc@séddoomndsid F( OO0
440 Crystal size 0.25 x 0.08 x 0.04 np® Theta range for data collection
1.76 to 27.99. Index ranges -15<=h<=15, -7<=k<=6, -21<=|<=21 Reflections
col | ectq dent reflections 4937 [R(int) = 0.0399] Conpl et eness
to thetgd = 27.99 1 % Absorption correction Sem -enpirical from

equi val gnt sMax. and mfin. transm ssion 0.9966 and 0.9792 Refi nenment nethod
Ful | - matfri x res on F Data / restraints / paraneters 4937 / 1/
381 Good F 1.022 Final Rindices [I>2sigma(l)] R 1 = 0.0486,
wR2 = 0. (all data) R1 = 0.0829, wrR2 = 0.1271 Absolute
structur .4(14) Largest diff. peak and hole 0.199 and -0. 302
e.A 3 X- ta of

(2S, 3R) (R)-1{-4-Frifluowmstiyiphanyiy-eptianwy | (Kiathiré Dot ahal. Giige Cbmu (19983585

gr aphi c%éa/ Q&Bresent ed in Fig. 16." chemcal _f ormula noiety 1ClIl H12 Br N
03' -2

[0173] (Fig. 11, entry 9): colorless oil, 99 % yield. 97 % ee, [o]o®® = + 38.6 (c = 1.0,
5 CH,Cl,);
R¢= 0.39 (EA/hexane = 1/4);
'H NMR (300 MHz, CDCl,): 67.53 (d, J = 8.1 Hz, 2H), 7.36 (d, J = 8.2 Hz, 2H), 4.84-4.76
(m, 1H), 4.00 (d, J = 3.6 Hz, 1H), 1.39 (d, J = 6.5Hz, 3H); ’
*C NMR (75 MHz, CDCl,): § 149.1, 129.4 (q, J = 32.0 Hz), 125.6, 125.2 (q, J = 3.8 Hz),
10 122.4, 69.5, 25.0;

The enantiomeric excess determined by HPLC analysis (Daicel Chiralcel OJ column,
hexane: 2-propanol = 99.8: 0.2, 1.0 mL/min). Retention time: tnyor = 36.92 and tminor =
47 .81min. Fig. 28 (A-D) depicts the data of HPLC analysis.

15
(R)-3,5-bistrifluoromethylphenyl ethanol (Pollard, D, et al., Tetrahedron: Asymmetry
(2006) 17, 554-559) '

20 [0174] (Fig. 11, entry 10): colorless solid, 99 % yield. 93 % ee, [a]o®® = + 15.0 (c = 1.4,

CH.Cl,);
R; = 0.48 (EA: hexane = 1:4);
'H NMR (400 MHz, CDCl,): § 7.84-7.77 (m, 3H), 5.02-5.00 (m, 1H), 4.92-4.84 (m, 1H),
2.70 (d, J=3.6 Hz, 1H), 1.52 (d, J = 6.5 Hz, 3H);

25 3C NMR (100 MHz, CDCls): 5 148.2, 131.7 (q, J-= 33.0 Hz), 150.0 (t, J = 8.3 Hz), 125.6
(d, J=2.5 Hz), 124.7, 122.0, 69.3, 25.4,



chemcal _f ornmula_sum 1CI| H12 Br N 03" chem cal _fornul a_wei ght 286. 13
symmetry _cell _setting Monoclinic symetry_space_group_nanme_H M P2(1)

cell | engvb 2010103783835 (6) cell length_b 8.7762 (5) cell peengbtnmodsiz 7768(7)
cell angl e_al pha 90.00 cell _angl e_betg 97.709(4) cell _angl e_ganma 90. 00

cell _volume 1187.13(12) cell fornula_units Z 4

cell rTEEﬁﬁélbﬁﬁﬁf&n&tk%ﬂ@éﬁﬁﬂété&nﬂé@b?)HPl@bhalmasﬁﬂaieele@hlrmm‘l OB¥B_cohedn, 5754

g>e<:o|tl e %”én% ﬁé@%ﬂﬁ\t@? ?gh Bga? i? 'BleB}'”?nE‘Pgeé‘ '%{HTF ‘% Waﬁz ggj =10.34

expt | CWrstFeg{ 331 (AD)awpichs e dardfiHRUY shalysisi ze_nid 0. 38

exptl _crystal _size mn 0.04 . exptl _crystal _density dif frn 1.601

expt| _crystal F 000 576 exptl| absorpt _coef ficient _nmu 3.454

gxggg_absor pt _correction_type nulti-scan exptl _absorpt_correction_T mn
: 7

(R)-1-(3-fluorophenyl)-ethanol  (Liu, PN, et al., Chem. Commun. (2004) 2070-2071)

[0175] (Fig. 11, entry 11): colorless oil, 99 % yield. 90 % ee, [o]p*® = + 17.8 (¢ = 0.9,

10 CH.Cly);

R¢= 0.45 (EA/hexane = 1/4);

'H NMR (300 MHz, CDCl,): 6 7.27-7.20 (m, 1H), 7.05-7.00 (m, 2H), 6.93-6.87 (m, 1H),

4.76 (q, J = 6.5 Hz, 3H), 3.4 (br, 1H), 1.38 (d, J=6.5 Hz, 3H)

3C NMR (75 MHz, CDCl;): 6 164.4, 161.2, 148.5 (d, J = 6.6 Hz), 129.8 (d, J = 8.3 Hz),
15 120.9 (d, J =2.8 Hz), 113.9 (d, J =22.1 Hz), 112.2 (d, J =22.1 Hz), 69.4, 25.0.

The enantiomeric excess determined by HPLC analysis (Daicel Chiralcel OB-H column,

hexane: 2-propanol = 99: 1, 1 mL/min). Retention time: tminor = 17.58 and tmajo= 27.14 min.

20 (R)-1-(4-methylsulfonylphenyl) ethanol  (Tagat, JR, et al., J. Med. Chem. (2001) 44,
3343-3346)

[0176] (not depicted in Fig. 11): colorless solid, 99 % yield. 97 % ee, [a]p® =+ 176 (¢
= 0.6, CH,Cly);
R; = 0.04 (EA: hexane = 1:4);
25 '"H NMR (400 MHz, CDCl,): 67.84 (d, J = 8.3 Hz, 2H), 7.55 (d, J = 8.3 Hz, 2H), 4.98 (q, J
= 6.5 Hz, 1H), 3.03 (s, 3H), 1.49 (d, J = 6.5 Hz, 3H);



expt| _absorpt _correction_T max 0.8742 dif frn_anbient_tenperature 173(2)
dif frn_radiation_wavel ength 0.7107-3 diffrn radi ation type MK\ adi f
frn_radi avoan10g3zd3de ' fine-focus seal ed tube' dif PCT/SG2009/000312
frn_radi ati on_nonochromator graphite i f frn_measurenent device_type ' CCD
area detector 1 dif frn_ref Ins_nunber 23631 dif frn_ref Ins

av_R eqﬁﬁcvnMRr‘(tmom@zSZibcls)f 5f152n4r19:£88n1sz7aa/ 12690692{1@4# 2};@645 dif frn_ref
Insllmthmn-14d|ffrnreflns limt 5dif frn

| ns_| i mThe|enantiproaric excess ﬂﬁ@@mepr@'"HPthan@Tm(Dﬂcea qh'fP&Cﬁ"Péf" column,

Ins_li Whéxalnemszro&&o@':fgé rn_{. @me/r'ﬂﬁl).' RBichtidn Iws: mo,wsb g9 &nd €f,0= 63.01
Instheta mn 1. dif frnref |Ins theta max 30. refl ns_nunber total 6685

ref | ns_ Ainfdg. fﬁt(Aﬂ)Z@H"‘é?r ihedataneleddPlet anaXgs-essi on >25| gnae (1) Conputati onal
Detsai |'s [0177] DFT cal cul ations were carried out with the Gaussian 03
package (Frisch, M), et al., Gaussian 03, Revision D. 01, Gaussian, Inc.:
Wal | i ngford, CT, 2004). The structures are fully optim zed by the B3LYP
(Becke, ADJ, Chem Phys. (1993) 98, 1372; Becke, ADJ, Chem Phys. (1993)
98, 5648; Lee C, et al, Phys. Rev. B (1988) 37, 785) met hod using 6-31
G(d) baXrrayssystatdlataipf6aadd ™R et al., J. Chem Phys. (1971) 54, 724) and
have

10 Crystal Structure of 6a

The structure is graphically represented in Fig. 17.

chemical_formula_moiety C15H18 N2 O4

chemical_formula_sum C15H18 N2 O4
15 chemical_formula_weight 290.31

symmetry_cell_setting Orthorhombic

symmetry_space_group_name_H-M P2(1)2(1)2(1)

cell_length_a 7.9402(2)

cell_length_b 11.7992(3)
20 cell_length_c 15.7954(4)

cell_angle_alpha 90.00

cell_angle_beta 90.00

celi_angle_gamma 90.00

cell_volume 1479.84(6)
25 cell_formula_units_Z 4

cell_measurement_temperature  296(2)
cell_measurement_reflns_used 8324
cell_measurement_theta_min 2.58

cell_measurement_theta_max 23.72

30 exptl_crystal_description fragment
exptl_crystal_colour colourless
exptl_crystal_size_max 0.20
exptl_crystal_size_mid 0.18
exptl_crystal_size_min 0.15

35 exptl_crystal_density_meas 0
exptl_crystal_density_diffrn  1.303



been confirmed to be a local mnima by the harnonic frequencies

cal cul ations at the sanme |evel of theory. Conputational Results and

Di scussi owe 2p1088334Di f f erent conforners of the enan ne ipotrscrEdicasa2 have
been cal culated to determne the | owegt energy conformation in the gas
phase. The | owest energy conformation syn enamne 2 is displayed in Figure
9A. I'n kkits ceenl dersity methddherrotineeayi@dogen bond bet ween OH group and the
ni t rogen om a bond djstance for NH is 2.057 A The hydrogen

bondi ngefﬁ{—éWQ@F-iq:ehBl@an enhg ce the stability of this conformer, as its
ener gy kefptl absorpt) toatliciéravau t D@95t hat of the second | owest conformation syn
enamne 1. Fromthis conforner, we can see that,' at the S/ surface of
enami negxqth@ﬁ@raﬁor&c@gp{j{ypqﬂ GHY7SeA%ect r onegat i ve at oms such as O and N
whisch cexudtd absorpt térection Ty driageregiand acceptors. Therefore when the enamni ne
is imrersed jnto proti.c | vent ch as nethanol and water, the Si face is
expect eSXRtbahwgtl—g?)"%‘it'PBH 'ﬂ%r%&%# bond networks whi ch eventual |y bl ock
the att agitl absdipt pasbsy dekils r aadati s side. On this basis, nitrostyrenew ||
attack the enamne fromthe less hindered Re face via transition state TSl
, Where a water nolecule is probably involved by form ng hydrogen bonds
with the CO2H group and NO2 which will lead to the desired (S, R) product

(Eigure 9B). Jhe actiyvation energy of this TS nodel is 64.61 kJ/ nol |ower
t Hn thgfy%?' M"tﬂ% the water nol ecul e as hydrogenbond bridge. The

whol e systemis stabiljzed by hydrogen bonds. This proposal is supported by
t he fol I){-B@\P?ﬁ'éc"éfﬁﬂ%g'iaﬁﬁﬁ?'& rePé"és&heg:"%]?'ﬂ) l‘i)ﬁ(gret hyl ester derivative or phenyl
ester derivative could not catalyze the reaction with or wthout acid
additive in MeOH or H2O, which indicate the possible activation of
ni trost%@dﬂgﬁ Q’}ﬁ’est%‘éﬁub%ﬁ'ln?@e%fpﬂ.?'( 2) the reaction was much slower in
?El’otl cmEfa[w@P%n gwgﬁh rI?IV(I?O and bDIVdemWa'n ![rrpl i ;a; tha'EI_hHZtO nmay ?_e i nv?l ;/ed in
e reaction rough hydrogen-bondin n. e transition state
TI3 pr EpYUiEg! fPBPYUIG) i | ar reacti on (qs—é%g'agéﬁ%ré):gel ), (12. (a) Seebach, D.;
Go!inski:omqmamlgm Chim Acta 1981, 6#4.49413. (Seebach, D, et al., Helv.
Chim Acta (1985), 68, 162) is found 77 ?z’l)'li(\]/rml hi gher than the energy of
TS1 by DEMPERMWE| ati on. 173

Wavelength 0.71073 A
Crystal system Monoclinic
20 Space group P2(1)
Unit cell dimensions a=11.7241(6) A O=90°.
b =5.6398(3) A 0=100.171(3)".
c = 16.4582(9) A 0 =90°.
Volume 1071.14(10) A3
25 V4 2
Density (calculated) 1.285 Mg/m3
Absorption coefficient 0.084 mm-1
F(000) 440
Crystal size 0.25 x 0.08 x 0.04 mm3
30 Theta range for data collection 1.76 to 27.99°.
Index ranges -16<=h<=15, -7<=k<=6, -21<=I<=21
Reflections collected 9241
independent reflections 4937 [R(int) = 0.0399]
Completeness to theta = 27.99° 100.0 %

35 Absorption correction Semi-empirical from equivalents



syn enamne 1 (depicted in Fig. 35A) C 2.317253 0.425596 -0.079496 C
27482760 -0.782657 -0.774622 C 0.177617 -0.103916 -1.002930 C 1. 130027
-1.315289W0nER231 H - 0. 005180 0. 436744 -1.937684 H 1. PTTBS009M0T2D655
-2.174576 N 0.952011 0.802790 -0. 089580 C 0. 568993 - 2. 333302 -0. 131202 H
0. 764459 -3.371314 -0.411303 ' H 1.028580 -2.149221 0. 844347 C -0. 943794
-(2).0281B@x.-éhd}ﬁ&6frénémis§j01510268 - 2. 6019966 argl XATID7 N - 1. 061177 - 0. 643278
-0. 497498 C 0. 492883 2.001811 0.406920 O 1.126763 2.751728 1.127752 O

- 0. 7688Befinemenigthady. 017319 C - 1. 37?4%“%‘?%%2?6%‘@@4%%% H - 0. 759845
4. 3090268 /2834P6ris Hoarkni®er@87 3. 35755@37./633836 C - 1. 473021 - 2. 241356
1.350543 O -1.329398 - 1. 486065 2.280887 O -2. 099755 - 3. 441925 1. 458277H
- 2. 3645000diRsS257i68n F2394146 C 3. 74450022 1. 337503 - 0. 938972 H 3.86761 1

- 25272731 o & ARQQ3R Kighatifj2057 1. 0866040, thEBIIR2 = 0.1034

R indices (all data) R1 =0.0829, wR2 = 0.1271

Absolute structure parameter

Largest diff. peak and hole

-1.4(14)

0.199 and -0.302 e.A-3

10
X-Ray crystal data of (2S,3R)-3-(4-bromophenyl)-2-isopropyl-4-nitrobutanal
The structure is graphically represented in Fig. 16.
chemical formula moiety 'Cl1l H12 Br N 03!

15 chemical formula_sum 'C1ll H12 Br N 03'
chemical formula weight 286.13
symmetry cell setting Monoclinic
symmetry space_group_ name H-M P2 (1)
cell length a 10.6835(6)

20 cell length b 8.7762(5)
cell length _c 12.7768(7)
cell angle_alpha 80.00
cell angle_beta 97.709(4)
cell angle_gamma 90.00

25 cell volume 1187.13(12)
cell formula units_Z 4
cell measurement_ temperature 173(2).
cell measurement reflns_used 5754
cell measurement_theta _min 3.01

30 cell measurement theta max 25.95
exptl crystal_description plate
exptl_crystal colour ‘colourless
exptl crystal_size_ max 0.40
exptl crystal size mid 0.38

35 exptl crystal size _min 0.04 .
exptl crystal density diffrn 1.601
exptl crystal F 000 576
exptl absorpt coefficient_mu 3.454
exptl absorpt_correction_type multi-scan

40 exptl absorpt_correction_T_min  0.3387
exptl absorpt_correction_T_ max 0.8742
diffrn ambient temperature 173(2)
diffrn radiation_wavelength 0.71073
diffrn radiation_type MoK\a



5 H 3.276556 2.010448 1.024591 C 4.677937 0.515894 0.304791 H 5.541540

1. 022499 0.727633 C 4.854477 -0.676578 -0.399507 H 5. 849422 -1.093776

- 0. 525535y 0Q010/02233481415 3. 546591 -0. 007206 H - 3. 371593 p2TRG360H0B1262492 H
-3.272529 4.433767 0.407373 H -2. 773236 3.640422 -1.098532 C - 2. 293367
-0.175218 -0.956346 15 H -2.225026 0.783705 - 1.459146 C - 3. 485367 -0. 778505
- 0. 816625t Hn 32670382 sdud@2802 - 0. 282755 focud. e64046tutk 198970 - 1. 355784 H
- 4. 586882 £ Br Y 33558 ioh. 8dddAoROdt - 59248442 - 0. 877181 -2. 072387 H -5. 49661
1-0. Olaﬁzgmneéwie%%n@@eﬁ%r [ Yps - 10202248698k tger 0- poi nt correct i on

(ZPE) = %}ﬁg gnam ne 2 (d tgted in Fig 9A) C 2.314188 0.417552
-0 761 lf%j? % Iél 0, 79833 n 7%9 C 0. 153576 -0.119009 -0.938252 C
0157 rééf v -R17827°30 W0 ggill 0.405778 -1.872800 H 1.030547
T 72978800 f§§k%s3ra" =idnal/ndes
diffrn refins limit_h _min -14
diffrn reflns_limit_h max 15
diffrn reflns limit _k min -11
10 diffrn reflns_limit_k max 12
diffrn reflns limit 1 min -18
diffrn reflns limit_l max 18
diffrn reflns_theta min 1.61
diffrn reflns theta_max 30.70
15 reflns number total 6685
reflns_number gt 4423
reflns threshold_expression >2sigma(I)
20 Computational Details

[0177] DFT calculations were carried out with the Gaussian 03 package (Frisch, MJ,
et al., Gaussian 03, Revision D.01, Gaussian, Inc.: Wallingford, CT, 2004). The structures
are fully optimized by the B3LYP (Becke, ADJ, Chem. Phys. (1993) 98, 1372; Becke,
ADJ, Chem. Phys. (1993) 98, 5648; Lee, C, et al, Phys. Rev. B (1988) 37, 785) method

25 using 6-31G(d) basis set (Ditchfield, R, et al., J. Chem. Phys. (1971) 54, 724) and have
been confirmed to be a local minima by the harmonic frequencies calculations at the

same level of theory.

Computational Results and Discussions

[0178] Different conformers of the enamine intermediate have been calculated to

30 determine the lowest energy conformation in the gas phase. The lowest energy
conformation syn enamine 2 is displayed in Figure 9A. In this conformation, there is
hydrogen bond between OH group and the nitrogen atom and the bond distance for N-—-H

is 2.057 A. The hydrogen bonding interaction can enhance the stability of this conformer,

as its energy is 2.63 kJ/mol lower than that of the second lowest conformation syn

35 enamine 1. From this conformer, we can see that; at the Si surface of enamine, there are
several highly electronegative atoms such as O and N which could function as hydrogen

bond acceptors. Therefore when the enamine is immersed into protic solvents such as
methanol and water, the Si face is expected to develop strong hydrogen-bond networks

which eventually block the attack of nitrostyrene from this side. On this basis, nitrostyrene



N 0.943816 0. 796928 -0. 059363 C 0.558558 -2.359161 -0.093222 H 0. 770182
-3.394906 -0.366770 35 H 1.012133 -2.171863 0.885775 C -0.954832 -2.080867
- 0. 046814wbl 201/02883241 - 2. 688373 -0. 789359N - 1. 080124 - 0r648GAc19/00033562338 C
0. 509739 2.031141 0.374963 O 1.176165782. 826071 1.011664 O -0. 779136
2.248363 0.012659 5 C -1.337184 3.502765 0.476468 H -0.728275 4. 323493

0. 08603 ill-httatk 4ifd. éhamise FatB the lbso bivdeedRe ﬂacES&@ﬁnsiﬁbrﬂé’.t&&SlSﬂ, @gnen2 O

-1.598476 - 1.
T 3e1aMBtergrlassiens apUBboRYIYRY B g 1o pOREe it elCa Srotpnd 1

g- gg?%g&dflvﬁn&ﬂ%ﬂ?&ad&o@ﬁé&é&reﬂ.(SQRpﬁﬁdﬂﬁ (Figdretit)2IRe @cﬁ&ﬂéﬁ.énﬁg?ﬁﬂt&% H
> SS9 SO0 BRSPS e s B s 01,
0. 37800Bohd -b%idg@82He wWhdie W8fenD.iS4ldfiled by hydrogen bonds. This proposal is
supported by the following experimental results: (1) methyl ester derivative or phenyl ester
derivative could not catalyze the reaction with or without acid additive in MeOH or H,0,
which indicate the possible activation of nitrostyrene by the carboxylic acid. (2) the
reaction was much slower in aprotic solvent such DMSO and DMF which implies that H,O
10 may be involved in the reaction through hydrogen-bonding interaction. The transition state
TS3, proposed for similar reaction (Seebach’ model), (12. (a) Seebach, D.; Golinski, J.
Helv. Chim. Acta 1981, 64, 1413. (Seebach, D, et al., Helv. Chim. Acta (1985), 68, 162) is

found 7.91 kJ/mol higher than the energy of TS1 by DFT calculation.
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syn enamine 1 (depicted in Fig. 35A)
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C
C
C
H
H
N
Cc
H
H
C
H
N
C
o
o
C
H
H

C
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0]

2.317253
2.482760
0.177617
1.130027
-0.005180
1.077889
0.952011
0.568993
0.764459
1.028580
-0.943794
-1.510268
-1.061177
0.492883
1.126763
-0.768850
-1.371410

0.425596
-0.782657
-0.103916
-1.315288
0.436744
-1.720655

0.802790
-2.333302
-3.371314
-2.149221
-2.028180
-2.681807
-0.643278

2.001811

2.751728

2.252880
3.442707

-0.079496
-0.774622
-1.002930
-1.159221
-1.937684
-2.174576
-0.089580
-0.131202
-0.411303
0.844347
-0.068650
-0.747207
-0.497498
0.406920
1.127752
-0.017319
0.542389

-0.759845 4.309026 0.271967

-1.363987

-1.473021 -2.241356

-1.329398
-2.099755

3.357552

-1.486065
-3.441925

1.633156
1.350543
2.280887
1.458277



H -2.821538 3.562785 -1.

101860 C -2. 313514 -0.209307 -0.894727 H -2. 254930

0.776286 -1.343283 2 5 C -3.482968 -0.862080 -0.841158 H -3. 556274
-1. 83443 Av0Q0BaR733 C -4. 758869 -0.303071 -1.406641 H - pCciB43619/00631967501
-2.170529 H -5.526364 -0.186513 -0. 628869 30 H -4.599300 0.677541 -1.869123

H -1.349079 -0.591069 1.
= 0.354653 3 2.36¢H0LNaMR6E623 2.484146ted in Fig

correction (ZPE)
2. 300297 0.288398 -0.03
-0.086417 -1.020038 C 1

-1.961749 H 0.975885 -1.

1070. 27180798 Zer o- poi nt
36) C

Qo211 SR 113, 1089802005144 0. 450874

H607703.807619702.87273 614809859 0. 759896 - 0. 078041 C

676648 SCF Energy = -

0. 353663 - 2.343823 - 0. 148450 H3(h1é551745508§60’3;90@37’|9999 441624 H 0. 819397

-2.233664 0.835879 C -1.
-0.5760876 N -1.150164 -
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131260 - -0. 097375 10 H -1.740537 -2. 536746
&l 512483 27&56‘2176??0@% 824283 2. 018675 0. 344100

C
H

Cc

H
C
H
H
H

C
H
C
H
C
H
H
H

4.677937 0.515894 0.304791

5.541540
4.854477
5.849422

-2.781415
-3.371593
-3.272529

-2.773236

-2.293367
-2.225026
-3.485367
-3.570382

-4.764046
-4.586872
-5.248447
-5.496611

1.022499
-0.676578
-1.093776
3.546591
2.665501
4.433767
3.640422
-0.175218
0.783705
-0.778505
-1.722802
-0.198970
0.752558
-0.877181
-0.012878

0.727633
-0.399507
-0.525535
-0.007206
0.262492
0.407373
-1.0985632
-0.956346
-1.459146
-0.816625
-0.282755
-1.355784
-1.870444
-2.072387
-0.557742

SCF Energy = -1070.27086981

Zero-point correction (ZPE) = 0.354393

T oI T OoO=zITITOOOO

2.314188
2.461103
0.153576
1.101578
0.068211
1.030547
0.943816

~ 0.558558

0.770182
1.012133
-0.954832
-1.488241

0.417552
-0.798361
-0.119009
-1.332159
0.405778
-1.729786
0.796928
-2.359161
-3.394906
-2.171863
-2.080867
-2.688373

syn enamine 2 (depictéd in Fig 9A)

-0.076147
-0.759337
-0.938252
-1.117841
-1.872800
-2.135253
-0.059363
-0.093222
-0.366770

0.885775
-0.046814
-0.789359



O 1.269563 2. 767495 1.016607 O -0. 669927 2.312187 -0.075577 15 C -1.183163
3.592616 0.367894 H -0.478483 4.375683 0. 074063 H -1.236492 3.585907

1. 461123 W0-20108088B878 - 2. 079856 1.332984 O -1.731399 - 0. 2¢0BEB0R00653809 20 O
-1.966201 -3.157081 1.791685 C 3.6193%6 -1.579355 -0. 835379 H 3. 691854
-2.524443 -1.367927 C 3.419342 0.872284 0.562637 H 3.335497 1.808772

1. 095755 25 C 4. 645033 ON20886838012482634919% -6.362388 0. 653123 0.881931 C

4. 755394 -0.997957 -0.268330 H, 977392@20314.41486%93,9630 350355 C - 2. 548020
3.781913 -0.266272 30 H -3.224658 2.966060 0.00597/3 H -2.984415 4. 725542
0.078413 H -2. 472583 3. 829138 1.176968122607h_ 3-P4#S6¢ 0. 012286 - 1. 217888 H
-2.016719 0.890112 -1.793670 3F776138. 5H206ES - 0.0326H68 - 1. 222482 H - 1. 485272

-0.214161 1.429112 C -4. 353595 1 5 H -3 770589 -2 096036
0. $21348H -5. 127895 -0. 956542 033%1%6%%%27& 03764t
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-0.728275
-1.2714585
-1.536977
-1.598476
-1.861314
3.717684
3.828119
3.418881
3.297971
4.679292
5.651783
4838195
5.828863
-2.772487
-3.362318
-3.228270
-2.821538
-2.313514
-2.254930
-3.482968
-3.556274
-4.758869
-5.184869
-5.526364
-4.599300
-1.349079

4323493
3.530887
-2.428331
-1.391404
-3.550191
-1.361845
-2.304081
1.081371
2.014504
0.502411
1.010060
-0.699692
-1.123634
3.576740
2.739511
4.509480
3.562785
-0.209307
0.776286
-0.862080
-1.834437
-0.303071
-0.967501
-0.186513
0.677541
-0.591069

0.086031
1.568266
1.330912
2.187609
1.636378
-0.936138
-1.467230
0.458293
0.990036
0.270335
0.672683
-0.421452
-0.557245
-0.007864
0.378002
0.341388
-1.101860
-0.894727
-1.343283
-0.841158
-0.358753
-1.406641
-2.170529
-0.629469
-1.869123
1.676648

SCF Energy = - 1070.27180798

Zero-point correction (ZPE) = 0.354653

C
C

2.300297
2.397101

0.288398
-0.931742

syn enamine 3 (depicted in Fig. 36)

-0.031250
-0.716751



H - 4.882749 -2.060146 -1.244411 H -4.188039 0.280060 -1.856861 SCF Energy =
- 1070. 26482028 Zero-point correction (ZPE) = 0.354984 anti enam ne 4

(depi ct edwDrR0f/g73337) C -2.192429 0.634856 0.193907 C - PCHE620B/00@1550648
0.628111 10 C -0.200796 -0.385911 0.988100 C -1.307128 -1.455009 0.869396 H
-0.047688 -0.032639 2.022214 H -1.343349 -2.074668 1.770913 N -0. 775431

0. 755817 0.192507 15 C -0. 826@0152490 20X86417 0192300381 H - 1. 162823 - 3. 323097
-0.321463 H -1.212541 -1 8402520 451273123% 51 047%33¢746 -2.188344 -0.306259 H
1. 155860 -3. 089029 0.144592 20 N 1.003117 -1. 007748 0.519215 C -0. 107826
1.829889 -0.346729 O - o.63438@%23%694459@7.48019%74@ 1.239361 1.626537
-0.346674 C 2.028756 2. 7R1119 (. d¥58881944 685701 -2.184642 3. 573232 - 0. 202802 H
_1063212363 (2)1(7)5233411011 846990 C 333693 75389 170038 - 1. 721235 O 1. 697837
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0.353663
0.454455
0.819397
-1.131260
-1.740537
-1.150164
0.585706
1.269563
-0.669927
-1.183163
-0.478483
-1.236492
-1.668578
-1.731399
-1.966201
3.619346
3.691854
3.419342
3.335497
4.645033
5.529103
4.755394
5.720262
-2.548020
-3.224658
-2.984415
-2.472583
-2.279621
-2.016719
-3.572006
-1.485272
-4.353595
-3.770589

-2.343823
-3.390831
-2.233664
-1.914370
-2.536746
-0.512483
2.018675
2767495
2312187
3.502616
4.375683
3.585907
-2.079856
-0.940046
-3.157081
-1.579355
-2.524443
0.872284
1.808772
0.208865
0.653123
-0.997957
-1.488391
3.781913
2.966060
4.725542
3.819138
0.012286
0.890112
-0.356068
-0.214161
-1.431432
-2.096036

-0.148450
-0.441624
0.835879
-0.097375
-0.760876
-0.547027
0.344100
1.016607
-0.075577
0.367894
0.074063
1.461123
1.332984
2.043809
1.791685
-0.835379
-1.367927
0.562637
1.095755
0.432632
0.881931
-0.260330
-0.350355
-0.266272
0.005973
0.078413
-1.358140
-1.217888
-1.797670
-1.222482
1.429112
-0.515466
0.121348



O 1.396508 -3.020224 -2.461975 30 C -3.891801 -1.010680 0.728280 H
-4.169284 -2.006060 1.066268 C -3.160663 1.575608 -0. 156605 H -2. 875230

2.562026 w0.2403R63B4C - 4. 504464 1. 196741 -0. 052622 35 H PETRG200980031919257

-0.316301 C -4.875628 -0.074769 0. 387394 H -5.926169 -0.339171 0.465586C
-1.014868 H 3.524106 1.3911 17 -1.713312 H 4.087870

. 458615 2. 231752

. 991195 0. 862317

NORFRFPFWW

2. 2810'5

5742
103‘.}‘

= 0.35

347 anti

3 .80 2.
BRTA0; 2 ot 79l
. 754584 2.698619 H 3. 708503 -61380391(0-280080.9318568@1 452518 - 1. 013832
.630948 H 1.568531 - 0. 2214%Er gned

Zer 0- poi nt correction (ZPE)

. 043234 -1.396258 H 3. 864399-9.12(88950D.976582 7230 7361C 2. 199818 -0. 966385
. 255071 H 2.839494 -1.8

022303 2.1 17328 H
971 10 H 4.536735

82p79T64B08Ig0y = - 1070. 26865670 15
I enamine 5 (depicted in Fig. 38)

C 2 099727 -0. 654681 - 0. 03233Rirkcare869@¢PE)=2728d 0. 510388
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-2.192429
-2.565215
-0.200796
-1.307128
-0.047688
-1.343349
-0.775431
-0.826000

-1.162823

-1.212541
0.721476
1.155860
1.003117

-0.107826

-0.634388

1.239361
2.028756
1.944242
1.603754
1.314693
1.697837
1.396508

-3.891801

-4.169284

-3.160663

-2.875230

-4.504464

-5.272123

-4.875628

-5.926169

0.634856
-0.650648
-0.385911
-1.455009
-0.032639
-2.074668

0.755817
-2.285030
-3.323097
-1.840252
-2.188344
-3.089029
-1.007748

1.829889

2.826654

1.626537

2.721119

3.573232

3.017231
-2.070038
-0.831436
-3.020224
-1.010680
-2.006060

1.575608

2.562026

1.196741

1.919257
-0.074769
-0.339171

anti enamine 4 (depicted in Fig. 37)

0.193907
0.628111
0.998100
0.869396
2.022214
1.770913
0.192507
-0.351221
-0.321463
-1.273244
-0.306259
0.144592
0519215
-0.346729
-0.804940
-0.346674
-0.884944
-0.202802
-1.846990
-1.721235
-2.082401
-2.461975
0.728280
1.066268
-0.156605
-0.493561
-0.052622
-0.316301
0.387364
0.465586



20 C 0.217604 0. 327665 1.059606 C 1.337820 1.379948 0.927510 H 0. 163737
-0.124317 2.051434 H 1.467452 1.918284 1.871637 N 0.682665 -0. 739427

0. 088894 Wb 2010027383414 2. 319047 -0.170947 H 1.149920 3. pd156092009006397433 H
1. 049140 1.935623 -1.158154 C -0.76308b 2. 264341 0. 024634 H -1.110842
3.126713 0.606019 30 N -1.008378 1.013932 0.760883 C -0.060293 -1.692560
-0.566730 O 0.397929 -2.6289293.438618405531@062 1-1301886® - 1. 447472 -0. 462813 C

-2.257529 -2.433267 -1. 9351(33%118-8%2%%]@451%279%%- 97 -0.570422 H

-1.920470 -2.575327 -2.129009

. 324989 O -1.940489

1. 134032 -1.788148 O - 1.6325574.883786(104323939489652%8 3. 888302 0. 888320
0.535840 5 H 4.223936 1.,§394233 Q50446 Podaod? 0dd2s0 1. 82133 - 0. 525553 H
2.663019 -2.523019 -0.931697 C 4.365783 -1.249017 -0.495522 H 5. 086665

-15961677 -0.887021 10 € 4. 8119399818 o38%65850.10235604
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2.839494
2.602395
1.991195
3.888307
4.536735
3.709503
4.452518
1.568531

-1.825742
-0.022303

0.862317
-0.111123

0.754584
-0.133010
-1.013832
-0.221477

1.059436
2117328
2.281091
2.890971
2.698619
3.974931
2.630948
-1.321825

SCF Energy = - 1070.26865670

Zero-point correction (ZPE) = 0.354347
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anti enamine 5 (depicted in Fig. 38)

2.099727
2.536948
0.217604
1.337820
0.163737
1.467452
0.682665
0.773414
1.149920
1.049140
-0.763025
-1.110842
-1.008378
-0.060293
0.397929
-1.398290
-2.257529
-2.137742
-1.920470

-0.654681
0.573297
0.327665
1.379948

-0.124317
1.918284

-0.739427
2.319047
3.341109
1.935623
2.264341
3.126713
1.013932

-1.692560

-2.628929
-1.447472
-2.433267

-3.383797

-2.575327

-0.012732
0.510388
1.059606
0.927510
2.051434
1.871637
0.088894

-0.170947

-0.097433

-1.158154
0.024634
0.606019
0.760883

-0.566730
-1.194055
-0.462813
-1.099351
-0.570422
-2.129009



H 5.872592 0. 194359 0. 046962 C -3.680108 -1.911440 -1.027012 H -3. 782342
-0.971336 -1.578379 H -4.359108 -2.645699 -1.473933 15 H -3. 986265

-1. 740310w0.2000205%834C - 2. 150239 0. 949516 1. 578062 H - 2. 7084/562d00886¢594 5

1. 451437 C -2.585663 0.013850 2.4394081 H -1. 754232 0.432382 -1.123987 20 C
-2.015105 -1.323252 2.832901 H -1.335532 -1.738616 2.086280 H -1.478520
-1.275759 3.791725 H -2.8262921.428888 78816899 705324989 - 3. 508681 0. 285531

2.947598 25 SCF Energy 107 20 0-.P5d correction (ZPE) =
0. 354781 30 Mbdel TS1 (V\Pth m?gg?&%degfﬁ%gg i %gﬁ%a 9B) C -3.530557
-0. 930491 -0.024005 C - 30641582.68250636 31848606 8958828 - 1. 389808 - 0. 662939

-0.992193 35 C -2. 36062290 335§%§ 0% 68 38820H g 635844 807 - 1. 280570 - 1. 669984
H -2.508445 0. 065921 -2. /36258 238684 -1. 513092 - 0. 156987C -1.687472

1. P17208 -1.565429 H - 1.'@415254£.2%3§89B839A2§3db%42‘6¢9 2.416888 2.528429

-1.509077
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3.006241
2.663019
4.365783
5.086665
4.811094
5.872592
-3.680108
-3.782342
-4.359108
-3.986265
-2.150239
-2.769410
-2.585663
-1.754232
-2.015105
-1.335532
-1.478520
-2.826292
-3.508681

-1.582133
-2.523019
-1.249017
-1.961677
-0.035060
0.194359
-1.911440
-0.971336
-2.645699
-1.740310
0.949516
1.834945
0.013850
0.432382
-1.323252
-1.738616
-1.275759
-2.048788
0.285531

-0.525553
-0.931697
-0.495522
-0.887021
0.030004
0.046962
-1.027012
-1.678379
-1.473933
0.009558
1.578062
1.451437
2.439405
-1.123987
2.832901
2.086280
3.791725
2.970584
2.947598

SCF Energy = - 1070.26332004

Zero-point correction (ZPE) = 0.354781

Model TS1 (with water) (depicted in Fig. 9B)

Z I T OO OO0

-3.56305657
-3.641584
-1.389808
-2.360622
-0.801807
-2.508445
-2.238684

-0.930491
0.156346
-0.662939
0.335682
-1.280570
0.065921
-1.513092

-0.024005
-0.895862
-0.992193
-1.683965
-1.669984
-2.736258
-0.156987



-0.822607 1.634052 -0.294196 5 H 0.090224 2.228630 -0.413776 N -0.463419
. 213481 -0.220329 C -1.930398 -2.798911 0.231840 O -2.668076 -3.533808
. 856475 W0-20100808315 - 3. 148961 -0. 181575 10 C -0. 285801 pc4/S6080480302 159050
-1.085203 -5.184832 -0.143601 H -0.982872 -4.572170 1.246617 C -1.549641
. 093889 0.994999 O -1.780605 3.402070 1.058134 15 O -1.886718 1. 320536
.862375 C -4.821568 0. 886771-1.68R138035714208 . 91565879 1. 733397 -1.631871 C
- 4 580800 -1.313851 0.805441 0 1 .473349 20 C -5.762710
-0.569401 0. 735063 H - 6q§9534|;l 0@%56%@2?3%7? 4é§83 -5.889651 0.518552
-0.131410 H -6.816800 1./830222.4158883(5%28429 . 05PN B - 4. 797742 -0.558316 25
H 1.807903 -4.102733 -0. @585020 5b36034 52634052 Bbh4ss - 0. 315142 H 0. 889102
-4.730644 -1.643850 C 0. 537454 0 253984 0.512965 H 0. 646166 -1. 335506
0. 97175 90224 2.228630 -0.413776
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-0.463419
-1.930398
-2.668076
-0.680215
-0.285801
-1.085203
-0.182872
-1.549641
-1.780605
-1.886718
-4.821568
-4.915180
-4.580800
-4.480326
-56.762710
-6.595342
-5.889651
-6.816800
1.017213
1.807903
1.345257
0.889102
0.537454
0.646166
1.518182
1.220533
2.163903
3.0561597
1.468067
2.469149
2.8856227
2.238174
3.489245

0.213481
-2.798911
-3.533808
-3.148961
-4.503943
-5.184832
-4.572170
2.093889
3.402070
1.320536
0.886771
1.733397
-1.313851
2157782
-0.569401
-0.846162
0.518552
1.083022
-4.797742
-4.102733
-5.814149
-4.730644
-0.253984
-1.335506
0.539617
1.574015
-0.055524
0.522448
-0.022111
-1.095772
0.848207
0.935718
2.101645

-0.220329
0.231840
0.856475

-0.181575
0.159050

-0.143601
1.246617
0.994999
1.068134
1.862375

-0.956035

-1.631871
0.805441
1.473349
0.735063
1.375604

-0.131410

-0.163068

-0.558316

-0.258502

-0.315142

-1.643850
0.512965
0.497175
1.166082
1.311516
2.404304
2.682642
3.250258
2.251856

-0.160240

-1.029391
0.164858



30 C 1.518182 0.539617 1.166082 H 1.220533 1.574015 1.311516 C 2. 163903

-0. 055524 2.404304 H 3.051597 0.522448 2.682642 H 1.468067 -0.022111

3. 250258 806 2bl024£539149 -1. 095772 2. 251856 C 2. 885227 0. 8482RG2009®0d389240 H
2.238174 0.935718 -1.029391 C 3.489243 2. 101645 0. 164858H 4. 374794 2. 235015
0.767251 C 3.753975 -0.368785 -0.219716 C 3.433794 -1.388637 -1.130061 C
4.894515 -0.534987 0. 582380 C 4.32870843.23038242%7231 242426 H 2. 563272

-1.272013 -1.772384 C 5,.683078 5.177239 0. 236734
B osy S Gl

1.291285 C 5. 352420 - 2. 584423 3.298448 -1.968482 H
6.562548 -1.785124 1.1071320 H $43879456!1.388687 27463008 519625 N 2. 873390

3.269415 -0. 174775 O 3. 354701 g &agocbwggaa@:gg@,go 772499 3.208719
-0,859789 O -0.268968 4.891668 -0 537413 H 0. 633234 4. 479429 -0.626073 H
-05503244 5.189833 -1. 457690 4224143 32429

H 2.563272 -1.272013 -1.772384
5.683078 -1.680698 0.477741
5.177239 0.236734 1.291285
5.352420 -2.684423 -0.434033
3.964948 -3.298448 -1.968482
6.562548 -1.785124 1.107320
5.972056 -3.572760 -0.519625
2.873390 3.269415 -0.174775
3.354701 4.371800 0.152653
1.772499 3.208719 -0.859789

-0.268968 4.891668 -0.537413
0.633234 4.479429 -0.626073

-0.503244 5.189833 -1.427690

-1.266161 3.939127 0.380667
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20
SCF Energy = -1660.83606625

Zero-point correction (ZPE) = 0.519253

Model TS2 (without water) (depicted in Fig. 9C)
25

3.570125 0.580467 0.115314
3.681044 -0.424125 -0.849212
1.496426 0.533271 -1.008117
2.459555 -0.429894 -1.744904
0.970982 1.240604 -1.648872
2.713502 -0.031351 -2.734641
2.321355 1.252589 -0.042544
1.695279 -1.760828 -1.893377
1.187042 -1.795276 -2.862123
2.367678 -2.620326 -1.842561
0.640990 -1.791756 -0.765430
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H -1.266161 3.939127 0.380667 SCF Ener gy
= 0.519253 Model

correction (ZPE)

-1660. 83606625 Zer o- poi nt
TS2 (without water) (depicted in Fig. 90

C 3. 5701250QotAR4534 0. 115314 C 3. 681044 -0.424125 -0. 84921RG200b/0463024 26
0. 533271 -1.008117 C 2.459555 -0.42984 -1.744904 H 0.970982 1.240604

-1.648872 H 2. 713502 -0.031351 -2. 734641 N 2.321355 1.252589 -0.042544 C
1.695279 -1.760828 -1. 893377 H).322B84042148365992186262. 862123 H 2. 367678

-2.620326 -1.842561 C 0.

-1.130262 N 0. 492416 -0.%573527

4099

0

748022 G

-0. 322884 -2.148365
2.531676 0.409623 O

2.809032 3.173597 1.128160 5 Q.0/®71118463260B309499628 051143 C 0. 529791

4.335791 0.353309 H 1.3

C 1.085914 -2.673895 0.4
-25392229 1.095526 C 4. 821270 0.§711845@P8369990p1143

10

15

20

25

30

35

Cc

OO0 I OITIOIITIITOIOIOIIIOIOIOIOIOOOODOTITITIIT

054
2958

R s ]

0.529791
1.384054
0.356645
1.085914
0.356366
2.058222
4.821270
4917043
4576225
4.476846
5.717509
6.517158
5.844966
6.739692
-0.704072
-1.545789
-0.998575
-0.504024
-0.438579
-0.435481
-1.456003
-1.199419
-2.028676
-2.930009
-1.310616
-2.293939
-2.866891
-2.262131
-3.577766
-4.486472
-3.629035
-3.266986
-4.702101

4.335791
4.985939
4.340770
-2.673895
-3.767348
-2.392229

-1.213809

-1.997150
0.820048
1.605135
0.014184
0.177828

-0.991869

-1.606753
4.748302
4.076466
5.761534
4.749673
0.068928
1145512

-0.727920

-1.781877

-0.212623

-0.777926

-0.345501
0.848442

-0.911554

-1.062334

-2.097652

-2.119511
0.377046
1337197
0.671022

0.353309
0.148803
1.434108
0.432958
0.644511
1.095526
0.905171
1.652940
1.046419
1.783274
0.981613
1.698502
0.021323
-0.004974
-0.425404
-0.229677
-0.131430
-1.502035
0.462330
0.613078
1.057093
1.100733
2.366564
2.626593
3.183598
2.312795
-0.201495
-1.092560
0.170540
0.752556
-0.260872
-1.219040
0.595404

1BgP5356645 4.340770 1.434108
. (67348 0.644511 O 2. 058222



H 4.917043 -1. 997150 - 1.652940 C 4.576225 0.820048 1.046419 15 H 4. 476846
1.605. 135 1.783274 C 5. 717509 0. 014184 0. 981613 H 6.517158 0. 177828

1. 698502 020 BAA956 - 0. 991869 0. 021323 H 6. 739692 - 1. 60GECHBC2MoD0EITE 20 C
20.704072 4. 748302 -0. 425404 H - 1. SA5#89 4. 076466 - 0. 229677 H - 0. 998575
5.761534 -0. 131430 H - 0. 504024 4. 749673 - 1. 502035 C - 0. 438579 0. 068928

0. 462330 25 H -0. 435481 Q. 14554953016 1 2046778 - 1.3256803 - 0. 727920 1. 057093 H
©1.100419 -1.781.877 1. 100733 £, r-2,028675 .m0 ».366564 H - 2. 930009
(5. 779928 2 6oa0a 50 1M1 i HnaP AR % 000 0070 aasaa2
2312795 C -2. 866891 - 0.0115545.3873101 40882072 2 050471 - 1. 062334 - 1. 092560 C
-3.577766 -2. 097652 0. 170540 35oH214. 486533 - 3.54b65LL 0. 752556 C - 3. 629035
0. 377046 -0. 260872 C - 3. 266986 1. 337197 1. 219040 C - 4. 702101 0. 671022
0. §95404C - 3. 953019 2.548778 -501p46g2.825292 -0.464525
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-3.664984
-6.217089
-5.555876
-3.036080
-3.600601
-1.914866
-0.499792

3.265392
2.085400
3.764898
-3.329301
-4.361274
-3.401182
-3.780981

-2.088440
1.166502
-0.546089
-0.052002
0.353277
-0.708667
0.116326

SCF Energy = - 1584.39884194

Zero-point correction (ZPE) = 0.494339

Model TS3 (with water) (depicted in Fig. 39)
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-3.728275
-3.604276
-1.752290
-2.477901
-1.387288
-2.880350
-2.716098

© -1.398138
-0.852501
-1.807269
-0.417977

0.598813
-0.574749
-2.774575
-3.640699
-1.722587
-1.734205
-2.658419
-1.744210
-0.654695

0.185967
-1.030849
0.350125
-0.947405
0.961473
-0.848539
1.081181
-2.036392
-2.056952
-3.031428
-1.593893
-1.823659
-0.134342
2.450515
3.057493
3.046290
4.495008
4.845136
4.825528
-2.296632

-0.411241
0.269226
0.859136
1.279668
1.683537
2.294921
0.038131
1.240288
2.187197
1.049810
0.127997
0.424702
0.083194

-0.096539

-0.694833
0.529212
0.499644
0.968901

-0.543191

-1.217698



H-2.447346 1.122727 -1.901840 C -5.387315 1.882072 0.495047 H -5.011214
-0. 050303 1. 345021 C -5.016516 2.825292 -0.464525 H -3.664984 3. 265392

- 2. 088440wb 2010/02136089 2. 085400 1.166502 H -5.555876 3. 7®¢8882009/00656989 N
- 3. 036080 -3.329301 -0.052002 O -3. 608601 -4.361274 0.353277 O -1.914866
-3.401182 -0.708667 H -0.499792 -3. 780981 0.116326 SCF Energy = -

1584. 39884194 Zer o- poi ot correct0.23v74ZPER)574381 49438930Vbdel
3. 728275

S ey

290 0. 35

(depicted in Fig. 39)
. 030849 0.269226 C -

L 5

TS3 (with water)

3. C -3.604276 - 1
$77901 - 0. 947405

1.279668 H - 1. 387288 00961473 1-668380 12.07238808%0016Y. 848539 2. 294921 N

-2.716098 1.081181 0.0
-2.056952 2.187197 H -

R Ul

807269 -

03142

0498§

0. 527997 H 0. 598813 - 1C823659 0-451PpG4 0394853 -1.365868
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H

-4.807692
-5.594868
-6.374922
-5.482575
-6.172177
-0.502600
0.415074
-0.489849
-0.499258
0.350245
0.089127
1.589642
1.711008
2.071713
3.098342
1.442017
2.038044
2.976097
2.722679
2.710309
3.135568
4.261610
5.056924
4.724492
6.286928
4711734
5.949410
4.119539
6.737077
6.891516
6.290022
7.692519
1.728532

1.344211
-0.664371
-0.528602
-1.885719
-2.693616

4.974669

4.632318

6.069708

4.609880

0.715349

1.757492

0.435761
-0.575654

1.520822

1.338561

1.558874

2.510931

0.323514

1.273683
-0.805756
-1.783407

0.328371

1.484994
-0.801437

1.508865

2.367731
-0.776010
-1.703782

0.378362
2.411516
-1.658751

0.395973
-0.770772

-1.876093
-1.628275
-2.372272
-0.960378
-1.186853
1.243405
0.753541
1.263738
2.275212
-0.343141
-0.176622
-0.963567
-1.346411
-1.916412
-2.239853
-2.814053
-1.444557
0.553391

1.014120

1.367179

1.193793
-0.197335
-0.196827
-0.893618
-0.854320

0.335718
-1.556408
-0.924068
-1.637157
-0.833542
-2.090603
-2.054089

2.310672

%2&41%40

288 H -0.852501
417977 -1.593893



N -0.574749 -0.134342 0.083194 C -2. 774575 2.450515 -0. 096539 O -3. 640699
3.057493 -0.694833 O -1.722587 3.046290 0.529212 C -1.734205 4. 495008

0. 499644 WO0-28100883819 4. 845136 0. 968901 H -1. 744210 4. 828628G20098483191 C

- 0. 654695 -2.296632 -1.2176980 -0. 237§A5 -3.574331 -1.198530 O -
-1. 781509 -2.187566 C -4.482490 -2.072360 0.000167 H -4.394923 -3.019763

1. 153707

0. 526417 C -4.719584 00394853 - 11.358868-1:87/349602@8A7M. 34421 1 -1.876093 C

-5.594868 -0.664371 -1,628275 H 9 372272 C -5.482575
-1.885719 -0.960378 H - 6 172177 fg“eééges%?wg?g%g%@ée%z 0. 502600 4. 974669
1.243405 H 0. 415074 4.©32318 0. 7638154 H3.9764493498612%69708 1. 263738 H

- 0. 499258 4. 609880 2.2{5212 C 0.355246 & Fbbad9 17963663141 H 0. 089127

1. 757492 -0.176622 C 1.589642 0.435761 -0.963567 H 1 /71 1008 -0.575654 -

386411 C 2.071713 1.5H0822 - 1. h¥Eps1 -4.826567 1.547569
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H 0.263541 -3.776861 -0.364382

SCF Energy = -1660.83004325

Zero-point correction (ZPE) = 0.518898

Water
O -0.024248 0.000000 -0.017137
H 0.025062 0.000000 0.950263

H 0.904123 0.000000 -0.293580

SCF Energy = - 76.4089533236

Zero-point correction (ZPE) = 0.021168

[0179] In summary, a new class of structurally rigid tricyclic amphibian chiral catalysts
based on the hexahydropyrrolo[2,3-bJindole skeleton has been developed. The special
features of this catalyst include: (1) easily prepared in large scale; (2) 10/DMAP catalyst
has been shown to afford the desired products in high yields and excellent
enantioselectivities in the Michael addition of aldehydes to nitroalkenes both in organic
solvents and in water; (3) only slight excess of aldehyde is used in this system; (4) low
catalyst loading and broad substrate scope. Efficient enamine control has been shown
and withoutr being bound by theory evidence points to the involvement of a chiral pocket.
Further, Ligand 7a has been used for the asymmetric reduction of ketones to afford the
desired product in excellent yield and high enantioselectivities. These advantages render
these chiral catalyste particularly suitable for practical use and will certainly find
application in asymmetric synthesis. The success of this novel catalyst design will open
up new perspectives in chiral.catalyst or ligand design. Further applications to other
asymmetric reactions using this new catalyst or using this skeleton as chiral ligand as well
as mechanistic insight are ongoing in our group. These advantages further render the
chiral 10/DMAP catalyst more competitive than Proline and more suitable for practical

use, thus it will certainly find wide application in organocatalysis. Finally, the success of

1



H 3.098342 1.338561 -2.239853 H 1.442017 1.558874 -2.814053 H 2. 038044

2.510931 -1.444557 C 2.976097 0.323514 0.553391 H 2. 722679 1.273683

1. 014120 wWo20101033839 - 0. 805756 1.367179 H 3. 135568 -1. 7884®/8G200d»B03IB C

4.261610 0.328371 -0.197335 C 5.0569288 1. 484994 -0.196827 C 4.724492

-0.801437 -0.893618 C 6.286928 1.508865 -0.854320 H 4.711734 2.367731

(6). ;g??l&i£n5ve949{h1ﬁbt -design tdldriies th&5i6 40 Biefficient 853 Mhe- donlidBdee to Prd2eB68 C
. 077

"1 gae 78kt 58801 e Tyissn Fengnalacidh Wl i APl e flt,

2. 31067 gédrihydfbgeabond aBaepAdts t@sé18O 49 4lectrdptild6103 0. 309098 2. 600668 O
1. 315154 -3.976145 1.085126 H 1.387040 -3.285225 1.796565 H 1. 303581

- 4. 826567 Jﬂ[ﬁg@‘?"%&ba 6324Len %BZ&@%? %ﬁh@?@&@%@%ﬂﬁﬂ%w Each of the

- 1660. 830 ro-point correctiron
5 narrower species and subgeneric groupings falling within the generic disclosure also form

part of the invention. This includes the generic description of the invention with a proviso
or negative limitation removing any subject matter from the genus, regardless of whether
or not the excised material is specifically recited hgrein. Other embodiments are within the
following claims. In addition, where features or aépects of the invention are described in
10 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.

[0181] 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

15 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, methods,
procedures, treatments, molecules and specific compounds described herein are
presently representative of preferred embodiments are exemplary and are not intended as

20 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 previously published
document in this specification should not necessarily be taken as an acknowledgement

that the document is part of the state of the art or is common general knowledge.

25 [0182] 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. The word "comprise” or variations such as
"comprises” or "comprising” will accordingly be understood to imply the inclusion of a

30 stated integer or groups of integers but not the exclusion of any other integer or group of
integers. Additionally, the terms and expressions 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 recognized that various modifications are possible within the

35 scope of the invention claimed. Thus, it should be understood that although the present



Water O -0.024248 0. 000000 -0.017137 H 0.025062 0. 000000 0.950263 H

0. 904123 0. 000000 -0.293580 SCF Energy = - 76.4089533236 Zer o-poi nt

correcti ono(28A273340. 021 168 [0179] In summary, a new clragscaboombeact ural ly

rigid tricyclic anphi bian chiral cataggsts based on the

hexahydr opyrrol o[ 2, 3-b] i ndol e skel eton has been devel oped. The speci al
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and br o8 %‘E@Fﬁﬁ’t@%&%&'@ tthsFP%‘?% 'Sé'?l"a?mwg control has been shown and
Wi tshout r bei ng bound by theory evi dence points to the involvenent of a
chiral pocket. Further, Ligand 7a has been used for the asymetric
reduction of ketones to afford the desired product in excellent yield and
hi gh enanti osel ectivities. These advantages render these chiral catalyste
particularly suitable for practical use and will certainly find application
in asymmetric synthesis. The success of this novel catalyst design wll
open up new perspectives in chiral catalyst or |igand design. Further
applications to other asynmetric reactions using this new catalyst or using
this skeleton as chiral ligand as well as nechanistic insight are ongoing
in our group. These advantages further render the chiral 10/ DMAP cat al yst
nore conpetitive than proline and nore suitable for practical use, thus it
will certainly find wide application in organocatalysis. Finally, the
success ofthis novel catalyst design clarifies that it is inefficient
enam ne control due to proline's skeleton and not the hydrogen bonding
i ntereaction which is responsible for the failure of poor hydrogen bond
acceptors to serve as electrophiles. [0180] The invention has been
descri bed broadly and generically herein. Each of the
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herein are prese i preferred enbodi nents are exenplary

and are not intenddd as Ilnttat ons the scope of the invention. Changes

\ those skilled in the art which are
engpnpassed within the spi ry ofAhe Igyﬁnti on are dgkxped by the scope of
the claims. The listing or djscuds$ion 0f a previously published document in
this specification should nog necessarily be taken as an acknow edgenent
that the docunent is part of the state of the art or is commobn general

know edge. [v%]e%%l The invention illustratively described herein may

suitably be ‘practiced in the absence of any elenment or elenments, limtation
or limtatigsge &%t ofpeﬂdRacaH“QfO@RBC' Ra@qohehe(b@Rs T%Om@RSexR%g t he
terms "conprising”, "inc din containing", etc. 'shal]l be rea

expansi vel y -BRAPHQ)(@HR., 1R*R( =IQ)(G)U)1) -RP@(QA@(@F)CBWI‘#%@ CoLCOR’i ﬁ'ﬂd Bis such
"l ust on oft S PLVERKERY; SA0R, IR CoBR e R I R i on
of1tany ot her-RfOPEGH(OHE,, -@’B(,F@)(@H)z) R C(O)C(R3)CR5g R® and -R*CO,C(R%)0,
wherein R®, R® and R® are independent from one another one of hydrogen, an
aliphatic group with a main chain having 1 to about 20 carbon atoms, an
alicyclic group, an aromatic group, an arylaliphatic group and an arylalicyclic
group, comprising 0 to about 3 heteroatoms independently selected from the
15 group consisting of N, O, S, Se and Si,
R* is one of an aliphatic bridge with a main chain having 1 to about 20 carbon
atoms, an alicyclic bridge, an aromatic bridge, an arylaliphatic bridge and an
arylalicyclic bridge, comprising 0 to about 3 heteroatoms independently selected

from the group consisting of N, O, S, Se and Si,
20 X is halogen, and

R¥ is one of -C(OH)R'R? and -COOR", wherein R', R? and R'* are independent
from one another one of hydrogen, an aliphatic group with a main chain having 1 to
about 20 carbon atoms, an alicyclic group, an aromatic group, an arylaliphatic
group and an arylalicyclic group, comprising 0 to about 3 heteroatoms

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

2. The compound of claim 1, wherein R* is -COOR™, R'*being alkyl or a protecting

group that is removable in the presence of R by hydrogenolysisl.



integers. Additionally, the terns and expressi ons enpl oyed herein have been
used as terns of description and not of |imtation, and there is no

i nt enti onwonotdne7isse of such terns and expressi ons of excirsdizo/oassy?

equi val ents of the features shown andgdescri bed or portions thereof, but it
is recogni zed that various nodifications are possible within the scope of
the invention clainmed. Thus, it should be understood that although the

pr esent BNV en! hexBnRSpyrRA[2 SRR fdoleCedrhpouid oF Fesada byilexenpl ary enbodi nent s
and optional features, nodification and variation of the inventions

enbodi ed therein herein disclosed my hejresorted to by those skilled in
the art, and that such nodifications an{l vaLisati ons are considered to be
wi thin the scope of this invention.C aifys Wtat is clained is: 1. A
hexahydr opyrr ol o[ 2, 3-b] ir|1pol e conmpoundggt Formula (XX) wherein Ris one of
- COOR3, -R4COOR3, -R4CHO 2R4ACORS~_ BONRSRG, - RACOX, - R4AOP(=0 (OH) 2, ,
-RAP(=0 (OH) 2) , F , and R3 1 is one of

hydr ogen, - COOR3, RACOR3, - RACONRS5R6, - R4COX,

1O C(R3 CR5R6 and - RACO2C(R3) O
wherein R3, R5 apd R6 arl¢ indepesrdent \{y om one anot her one of hydrogen, an
al i phatic group M i n ch#l i, having 1 to about 20 carbon atoms, an
alicyclic group, tTeNr oufz,,an aryl al i phati cp@noup and an
arylalicyclic group, “conprisihg O tla about 3 heteroatons independently
selected fromthe group consigting of N, O S, Se and Si, R4 is one of an
aliphatic bridge with a main chain having 1 to about 20 carbon atons, an
alicyclic bridge, an aromatic bridge, an arylaliphatic bridge and an
arylalicyclic bridge, conprising Qo about 3 heteroatons independently

sel ect ed frwpetaie group consisting of N, O, S, Se and Si, X is hal ogen, and

R30 is one of - RIRZ and - COOR14 | erein, Rl, . R2 and ar
i ndependent R is %(ng_bof -COORr!*, -R COOR%, -Ry\gHo, -R*COR?, -R“CONR%:ILR’%, -R‘?COX,

-R*OP(=0)(OH),, -R*P(=0)OH),), -R*C(O)C(R’)CR°R® and -R*CO.C(R%0,

wherein R%, R® and R® are independent from one another one of hydrogen, an

aliphatic group with a main chain having 1 to about 20 carbon atoms, an alicyclic
group, an aromatic group, an arylaliphatic group and an arylalicyclic group,
10 comprising 0 to about 3 heteroatoms independently selected from the group
consisting of N, O, S, Se and Si, R* is one of an aliphatic bridge with a main chain
having 1 to about 20 carbon atoms, an alicyclic bridge, an aromatic bridge, an
arylaliphatic bridge and an arylalicyclic bridge, comprising 0 to about 3 heteroatoms
independently selected from the group consisting of N, O, S, Se and Si, X is

15 halogen, and

R' and R? are independent from one another one of hydrogen, an aliphatic group

with a main chain having 1 to about 20 carbon atoms, an alicyclic group, an

aromatic group, an arylaliphatic group and an arylalicyclic group, comprising 0 to

about 3 heteroatoms independently selected from the group consisting of N, O, S,
20 Se and Si.

4. The compound of claim 3 wherein R' and R? are identical.

5. A compound of Formula (VIIl)
25



from one anot her one of hydrogen, an aliphatic group with a main chain
having 1 to about 20 carbon atons, an alicyclic group, an aromatic group,
an aryl alwphatowe7ggroup and an arylalicyclic group, conpPCIiSGgo@ov@s1about 3
het er oat ons i ndependently selected fr@nthe group consisting of N, O S, Se
and Si. 2. The conpound of claim1, wherein R30 is -COCR14 , R14 being
al kyl or a prg ing group that is renogdble in the presence of R by
hydr ogenol ysi Q hexahy( 3-b] indol e conpound of Fornula
(V1) wherei ~ (R3p2 RACHO, - RACOR3, - RACONRSRS,
- RACOX, - RAGR -RAC( O C(R3JCR5R6 and

: ¢ No_andN R6 ar egi ndependent from one anot her one of
hydr ogen, an alTphaN glp vvith\a nef n chain having 1 to about 20 carbon
atons, an alicyclic grg¥, an ar omaM ¢ group(vien aryl aliphatic group and an
arylalicyclic group, cqgnprising O to about 3 heteroatons independently
selected fromthe groug consisting of NN, O S, Se and Si, R4 is one of an
al i phatic bridge with @main chain having 1 to about 20 carbon atons, an

alicyclic bridge, an aromatic hridge, an arylaliphatic bridge and an

aryl alicycl itee gqma%}@d nayiRg & %“ﬂﬁhﬁg?%cor{g?f '3het er oat ons i ndependent | 'y

sel ected fr QiRefdlf MiOH IndiaINseisdted) Goml thll.grélip &ans‘ﬁﬁinﬁﬂﬂ Group X tosGivapogen, and
R1 and R2 are independent from one another one of hydrogen, an aliphatic

grdup with dngtalsraehanidenand AgindeSo about 20 carbon atoms, an alicyclic
group, an angERlih R i§oREBf -CHOR?, YRECOORA! RECADOLR'CORP, SRFCONRT®] RFCOXG

group, conprising O to abqut 3 heteroatons i,nd sel ected fromthe

dent |
group consi st(_h@F&)(_Qhﬂ)z,o,R =030} '%|Q(04C(Rlame505§nr?ﬁgtrhf@y%?(%ﬁ)gi wheeither ei n
Rl and R2 arpe 'Rd%hg' ReLre TdeperddiP #off oRé aﬁ@fh@'loﬁe(c}(lﬂfd}égéﬁ, %ﬁrmigHmz havi ng

a bow - shaped’ co rmation, erein Mis a netal selected fromthe group
consi sting @foupr witlpaimaip clipipyaving 1 to about 20 carbon atoms, an alicyclic group, an

10 aromatic group, an arylaliphatic group and_an arylalicyclic group, comprising 0 to

about 3 heteroatoms independently selected from the group consisting of N, O, S,
Se and Si, R* is one of an aliphatic bridge with a main chain having 1 to about 20
carbon atoms, an alicyclic bridge, an aromatic bridge, an arylaliphatic bridge and an
arylalicyclic bridge, comprising 0 to about 3 heteroatoms independently selected
15 from the group consisting of N, O, S, Se and Si, X is halogen, and
R' and R? are independent from one another one of hydrogen, an aliphatic group
with a main chain having 1 to about 20 carbon atoms, an alicyclic group, an
aromatic group, an arylaliphatic group and an arylalicyclic group, comprising 0 to
about 3 heteroatoms independently selected from the group consisting of N, O, S,

20 Se and Si.

6. A compound of Formula (IX)

T (IX)



metal s, | anthani des and actinides, wherein Ris one of -COOR3, -R4COOR3,
-RACHO, -RACOR3, -RACONRSR6, -RACOX, -R4OP(=0 (OH)2,, -R4P(=0 (H)2),

- RAC( O C(WBe2crRaRr333and RACORC(R3) O, wherein R3, R5 and RecCase200deqsendent
from one anot her one of hydrogen, an @3iphatic group with a main chain
having 1 to about 20 carbon atons, an alicyclic group, an aromatic group,
an aryl al i piiae camppundhasing asrS-ahgpes dopfarinationyr oup, conprising 0 to about 3
het er oat ons | ent r 10 kSt G S, Se
and S Ra (RSB RREE chefaP SRS it 1 drly BEANAREUT b Picorch 4 2
about 20 camhatalsdbothenidemand actinideésc bri dge, an aromatic bridge, an

aryl aliphatig .bridoe & 0 ays b Y BHAGADI 3 C( INdsRE C bout 3
het er oat ons F?ﬁ%é)lsgn%en yﬁs'elqie?'tb? frgnq:'tqﬁ’e 5%%5 ’C(;ﬁ:%psl\ﬁ ﬁga %’b‘&)@q S, Se
and Si, X i R'POR(TOKOH)arY AROHAI)R-RICLOIGIBOPRITEand fR'GA-6’)anuherein one of
hydr ogen, - arksaigs R RE ol HdRpthdeit frolfPblle GBI, RAK! &qqa,larcsé%na!aﬂtgnpﬁ&i&ar bon
atons, an alityclTc group, ah aromatic group, an arylaliphatic gfoup and an
aryl al i cycl igroupr witipa reainshaisihaying  to atiouti20 Zaibonateoms Arsalicvdisgradaan vy

selected fr p LS i p nd of
Formula (I x%%%}f% ﬁ@g@’oﬁg%ﬂ?\%éhg@?ﬂghgnﬁng%mgggi&é%gﬁér rPétclg(r)nrﬁfﬁs '\f\'ﬁ(raﬁr) g#n Mis
a nmetal sel @bved3 hetematores indeppndantly isslecied feom treoaneup coosisinaugf N.4On8t al s,
I hani des @an Al L S I Y = o ;tBAHCOR3,
- RACONRSRS, éR%I%Q R '%ﬁ@%{’%‘ ?‘&j‘l@??"%ﬂﬁfﬂiéT&@é@“! i.i?"lgl}dé? %;%fét CR5R6
and - RACO2C(cRA)00,atetherasi JiciRdic bREgewrah Rematieblidate oo madalrhatiopby &@tot her
one of hydr a0flicy8ft. BlddRNEbhbrighe ePio"bBdlt 3 RBIERSESIAL ThddBLhdihtl) defbcflout 20
carbon atons,” an”al’i cyclic gfoup, an aromatic group, an arylaliphatic group
and an aryl dtoncieldreurgeansisting ohidr @s$.rigp @dt Si, Xl balogemeéndr oat ons
i ndependent Iy a6l R4 edNHEURILRERSH R dridtheh Shk Hbrdden Gin Sliphatic group
15 with a main chain having 1 to about 20 carbon atoms, an alicyclic group, an
aromatic group, an arylaliphatic group and an arylalicyclic group, comprising 0 to
about 3 heteroatoms independently selecteg from the group consisting of N, O, S,

Se and Si.

7. The compound of claims 5 or 6, wherein the metal M is selected from the group
20 consisting of Boron, Aluminum, Zinc, Tin, Titanium, Zirconium, Indium, Copper,

Iridium, and Lanthanum.

8. A compound of Formula (VI)

H

7
A
Z,
7,
%
.

(V1)

‘e
>
Z
/e

25 R

wherein R is one of -COOR?, -R*COOR?, -R*CHO, -R*COR?, -R‘CONR°R?, -R*COX,
-R*OP(=0)(OH),, -R*P(=0)(OH),), -R*C(O)C(R*)CR°R® and -R*CO,C(R%0O, wherein
R3, R% and R® are independent from one another one of hydrogen, an aliphatic

group with a main chain having 1 to about 20 carbon atoms, an alicyclic group, an



Se and Si, R4 is one of an aliphatic bridge with a main chain having 1 to
about 20 carbon atons, an alicyclic bridge, an aromatic bridge, an

aryl al i prhaiDi20e100mi33ge and an aryl alicyclic bridge, conpriPsitsg2090003about 3
het er oat ons i ndependently selected fr84nthe group consisting of N, O S, Se
and Si, X is halogen, and Rl and R2 are i ndependent from one anot her one of
hydrogen, amrahalthgroup, gn aogalipghatic grovgi andcaraiaryldiigydlio graup, coatpssingtcar bon
atons, an aI| [ ' rgug and an
arylal i cycr 1OUE hEteRfiRs EoBR EFRy sEicBlent o ik Bl TohRTIY 1 91018 5

sel ected fr@&u arlrdaSgrR‘)‘lmon@néamallmtlofbrlnge @ithsy mgin chaih Baving’ 1 tqlabogtodhound
of clains 5 r I A feQdpsi sting
of Boron, AIc(éIr:rtl)og]uartné‘m |aﬁ{cé]lcgfg% H@p? an%Hr?qﬁ]a ?Pﬁo%eegn r;ﬁgﬂghgﬁc 9{%&

| ri&di um andarylalrwds;nbnrdgeB compo@n@cﬂjmamutﬁbhmr@tqm )ndnlnend;enﬁlyFsal@teme of

- COCR3, , anyRAOP(=0) (OH) 2, ,

- RAP( O)(OH) eﬁi@?"%l—%&:&é&a@ ?%&'ﬁ&%g%@?e. n R3, R5 and R6
are indepengge qga&ﬂon1one "anot her one of hydrogen, an aliphatic group with
a main chain having 1 to about 20 carbon atonms, an alicyclic group,
anaromati c group, an arylaliphatic group and an arylalicyclic group,
conpri sOng A ¢tampdumdtof Bomadla(IdYat ons | ndependent |y sel ected fromthe group
consisting of N, O S, Se and Si, R4 is one of an aliphatic bridge with a
main chain having 1 to about 20 carbon atons, an alicyclic bridge, an
aromatic bridge, an arylaliphatic bridg gan arylalicyclic bridge,
conprising O to about 3 hbtero i e ently selected fromthe group
consisting of N, O S, Se'%nd i, s halogen, and RO is alkyl. 9. A
conpound of Formul g ein R ils one of -COOR3, -R4COOR3, -R4CHO

- RACOR3, - RACONREL RMH O(O)2, -RAP(=0 (OH)2),

- RAC( O C( R3) CR5I ,

% (IV)
H

10
wherein R is one of -COOR?, -R*COOR?, -R'CHO, -R*COR?, -R*‘CONR°R?, -R*COX,
-R*OP(=0)(OH),, -R*P(=0)(OH),), -R*C(0)C(R*)CR°R® and -R*CO,C(R?)0O, wherein
R3 R® and R® are independent from one another one of hydrogen, an aliphatic
group with a main chain having 1 to about 20 carbon atoms, an alicyclic group, an

15 aromatic group, an arylaliphatic group and an arylalicyclic group, comprising 0 to
about 3 heteroatoms independently selected from the group consisting of N, O, S,
Se and Si, R* is one of an aliphatic bridge with a main chain having 1 to about 20
carbon atoms, an alicyclic bridge, an aromatic bridge, an arylaliphatic bridge and an
arylalicyclic bridge, comprising 0 to about 3 heteroatoms independently selected

20 from the group consisting of N, O, S, Se and Si, X is halogen,
Y is a nitrogen protecting group, and

R® is alkyl.
10. The compound of claim 9, wherein Y is removable by hydrogenolysis.
11. The compound of any one of claims 3 to 10, wherein R? is (C4-C1o) alkyl.

25 12. A compound of Formula (IVA)



R3, R5 and R6 are independent from one another one of hydrogen, an
aliphatic group with a main chain having 1 to about 20 carbon atons, an

al i cycl i cwgrowm27sa aromati c group, an aryl aliphatic gregp/sanehoancsi2
arylalicyclic group, conprising O to gfout 3 heteroatons independently
selected fromthe group consisting of NNh, O S, Se and Si, R4 is one of an
aliphatic bridge with a main chain having 1 to about 20 carbon atons, an
alicyclic bridge, an ar plmati c bridge, @D@Rﬂloal i phatic bridge and an
arylalicyclic bridge, cogprising 0 (g about 3 heteroatons independently

sel ected fromthe group 06;95' tingJof N, O S, Se and Si, X is halogen, Y
is a nitrogen pro i ng gr and RO is alkyl. 10. The conpound of claim
rogenol ysis. 11. The conpound of any one of

clainms 3 to 10, wherei i Ci 0 ) alkyl. 12. A conpound of Fornul a
(I'VA)wherein H i 3, -R4 , -R4ACHO - RACOR3, - RACONR5RG,

- RACOX, - RAOP( = P(=@(OH) 2), -R4AC(O) (R3) CR5R6 and

-RACO2C(R3) O, wh ¥h R3, and are i ndepenc(é ) rom one another one of

hydrogen, an aliphatic group with a main chain having 1 to about 20 carbon
atons, an alicyclic group, Rn aromatic group, an arylaliphatic group and an
arylalicyclic group, conprising O to about 3 heteroatons independently

selected fromthe.grpup consi sti of S an hp3 R of an
ali phatic bri Wb%re\')(]g AR o gelelali g JuHﬁ)g&f' R'GghTRigbry RRicon R an
alicyclic bri ®f€oxan aRMDBEQ)(@H),dgeR*BFECHQH)),i phRICO)GRIGR’RINd and

aryl alicyclic J saonprising O to about 3 heteroatons i ndependently
se?éect ed from'l?#éggf%&g’ consisting of N, O S, Se and Si, X is halogen, Y

is a nitrogen piwreintRnE’ gnd RS araivdefartiens frampmetarothengngrod hpdropen, ans
removable in thaeiipRarltlecSSPo%% vc\)/ifth '3 %inhxrqgiﬁ) %%Oﬂby? itg'about 20 carbon atoms, an
alicyclic group, an aromatic group, an_arylaliphatic group and an arylalicyclic

group, comprising 0 to about 3 heteroatoms independently selected from the

10 group consisting of N, O, S, Se and Si, R* is one of an aliphatic bridge with a

' main chain having 1 to about 20 carbon atoms, an alicyclic bridge, an aromatic
bridge, an arylaliphatic bridge and an arylalicyclic bridge, comprising 0 to about

3 heteroatoms independently selected from the group consisting of N, O, S, Se

and Si, X is halogen,
15 Y is a nitrogen protecting group, and

R is a protecting group that is removable in the presence of R by hydrogenolysis.
13. The compound of claim 12, wherein Y is removable by hydrogenolysis.
14. The compound of claims 12 or 13, wherein R is aryl-methylenyil.

15. The compound of any one of claims 9 - 14, wherein the nitrogen protecting group Y
20 is one of alkoxycarbonyl, benzhydryl, trifluoroacetyl, t-butoxycarbonyl, a carbamate,
an amide, a cyclic imide, an N-Alkyl amine, an N-Aryl amine, an imine, and an

enamine.

16. A compound of Formula (VIA)



13. The conmpound of claim 12, wherein Y is renovabl e by hydrogenol ysis. 14.
The conpound of clains 12 or 13, wherein Ris aryl-nethylenyl. 15. The
conpound wb 2any2e33e of clains 9 - 14, wherein the nitrogemspraio®odiing group
Y is one of al koxycarbonyl, benzhydryge trifluoroacetyl, f-butoxycarbonyl,
a carbamate, an amde, a cyclic imde, an N-A kyl amne, an N-Aryl am ne,
an imne, and an enam ne. 16. A conpound of For (VI Awherein Ris one
of - COOR3, - R4ACOOR3, - RACHO, -R4‘d}:R3 - RACONRPRG- i|Q4cox -RAOP(=0) (OH) 2, ,
-RAP(=O0 (OH) 2) , -R4C(O)C(R3)CR5R6/¢and - R3) O, wherein R3, R5 and R6
are independent from one -2 2 of hydrogen, an aliphatic group with
anbon atloms, an alicyclic group, an

NI arylalicyclic group,
conprising O to about 3] heterog i pggpendent |y sel ggA&¢ from the group
s (ﬁa;e of an aliphatic bridge with a
mai n chai n havi ng 1 to u- n at , an alicyclic bridge, an
aromatic bridge, an aryI al i phatic brlidge and an arylalicyclic bridge,

conpri sing 0 t o about het er oat ons R ndependent |y sel ected fromthe group

Comt 1115 S B SO ok AOREE bR h et
- gjg(g s gg)@msp (=OROBORREFB(=0) RADE) - Rm@mﬁémhg)aad -RUGRAR(RYP( @hipr2)jn -
- & reln r i en
from one ancf{;R wﬁﬁeﬂofr%ﬁ%’ﬁe}nﬁrﬁm F’ pﬁgf)?%r g‘frngu&q\%df% ! %n é]‘aﬁ ggiqn
haa ngI 1I to Wltrfgumag tﬁgmnehaamg 1 tnabmlut Iega:brb@ngﬂmng araallc:yclmrmbum ag“:) (lﬂjpé
al i pha )
Pt or oat ome T BESCHAR: 7o BeBRle SrhEe & ShBBruE IR XeBbath) PRV S

and Si, R4 iaboon® heferaatoras iir}deaemc_beriﬂy|sd@etmdtfrormﬂ_magnmuptmnslstimnfrfg Q, 8o about
20, Garbon L0 1 Fld SXE 98 ol DR B ARG Bl a0t

bridge and a an het er oat ons
i ndependent |carzel atorhe,darf aliopelictueidge canparomatic biidgey aofaryialipOatic bridge and an

10 arylalicyclic bridge, comprising 0 to about 3 heteroatoms independently selected

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

17. A method of preparing a compound of Formula (VI)

(V)

15 wherein R is one of -COOR? -R*COOR?, -R‘CHO, -R‘COR®, -R*‘CONR’R?,
-R'COX, -R'OP(=0)(OH),, -R*P(=0)(OH);), -R*C(O)C(R})CR°R® and
-R*CO,C(R®0, wherein R?, R® and R® are independent from one another one of
hydrogen, an aliphatic group with a main chain having 1 to about 20 carbon
atoms, an alicyclic group, an aromatic"group, an arylaliphatic group and an
20 arylalicyclic group, comprising 0 to about 3 heteroatoms independently selected

from the group consisting of N, O, S, Se and Si, R* is one of an aliphatic bridge



S, Se and Si, X is halogen, and R9 is alkyl; the nmethod conprising

provi ding a conpound of Formula (1V) wherein in Formula (1V) Ris one of

- COOR3, -WAGQMOR37334RACHO, - RACOR3, - RACONRSRG, - RACOX, PCRACR(GOEGD) 2 |
-RAP(=0) (OH) 2) , -RAC( O C(R3) CR5R6 angly - RACO2C(R3JO, wherein R3, R5 and R6
are independent from one another one of hydrogen, an aliphatic group with a
mai n ;:hal N hayithG %atrpflt’ﬁli@lhﬁviag 1 bbdilﬂ&(léb@rboﬁ@t@h?,camblicycm otighge, aam
aromatic group, an arylaliphatic grqup and an arylaljcyclic aroup
conprising O g@%‘ﬁﬂ%g‘e' 2y P'afﬁas%rﬁggﬁ@ﬂ@émrp/%"gygllgi?{'%e-fcgm%"?'ng Or oup
consi sting of tabdut 3 hetersatame irfdepeideritly seleetedffroam thel grotmtomsidingadgdl, @, th a
mai N chai n hayi ng 1 E§'|? b?‘g 20 c%rbon atons, an alicyclic bridge, an
aromatic bri dgeS¢2Rd ’Qﬁa‘al t?ﬁﬁ't"i"lf‘ bri dge and an arylalicyclic bridge,
conprising O h@, a%?l.ll_t 3 heteroatons independently selected fromthe group
comsi sting of "\NS&Y's Se and Si, X is halogen, Y is a nitrogen protecting
group that is renovable by hydrogenolysis, and RO is alkyl; and exposing

t he conpoundhemethodpamprisingpravidinga campand,efdosmula (Bf) a Pd/ C cat al yst,
thereby allowi ng the deprotection of the Na group of conpound (1V). 18. The
met hod of claim 17, whegein providing ound of Fornula (1V)
conprises: contacting a gonpoynd _of Mrmula (111)with an acyl halide RCOX
in the presence of an al k’&J,i
protecting group % I s régovabl e |by hydrogenolysis, and RO is al kyl. 19.
A met hod of fopi#

wherein in Formula (1V)

10 R is one of -COOR?, -R*COOR?, -R*CHO, -R’COR®, -R*CONR°R®, -R*COX, -
R‘OP(=0)(OH),, -R*P(=0)(OH),), -R*C(O)C(R})CR°R® and -R*‘CO.C(R%O,
wherein R®, R® and R® are independent from one another one of hydrogen, an
aliphatic group with a main chain having 1 to about 20 carbon atoms, an alicyclic
group, an aromatic group, an arylaliphatic group and an arylalicyclic group,

15 comprising 0 to about 3 heteroatoms independently selected from the group
consisting of N, O, S, Se and Si, R* is one of an aliphatic bridge with a main
chain having 1 to about 20 carbon atoms, an alicyclic bridge, an aromatic bridge,
an arylaliphatic bridge and an arylalicyclic bridge, comprising 0 to about 3
heteroatoms independently selected from the group consisting of N, O, S, Se and

20 Si, X is halogen,

Y is a nitrogen protecting group that is removable by hydrogenolysis, and

R%is alkyl; and

exposing the compound of Formula (IV) to H, in the presence of a Pd/C catalyst,

thereby allowing the deprotection of the Na. group of compound (IV).

25 18. The method of claim 17, wherein providing the compound of Formula (IV)
comprises:

contacting a compound of Formula (lIl)



wherein Ris one of -COOR3, -R4COOR3, -R4CHO -R4ACOR3, -RACONRSR6, - R4ACOX,
-RACP(=0 (OH)2 , -RAP(=0 (OH)2), -R4C(0)C( R3 CR5R6 and - RACO2C(R3) O
wher ei n R80 2R/@ms34R6 ar e i ndependent from one anot her eoe/schodydeagen, an
aliphatic group with a nmain chain havggig 1 to about 20 carbon atons, an
alicyclic group, an aromatic group, an arylaliphatic group and an
arylalicyclic group, conprising Oto about 3 heteroatons independently
sel ected fromthe group c¢onsisting of MOOR®, Se and Si, R4 is one of an
aliphatic bridge with a mdjn chaipn hag# ng 1 to about 20 carbon atons, an
alicyclic bridge, an aromal¥y i dgg, an arylaliphatic bridge and an
arylalicyclic brigde 0 about 3 heteroatons independently
) f N, O S, Se and Si, and X is hal ogen,
t he met hod conprli sing und of Feyyul a (1 VA)wherein in

i NS%CRS -R4%—Ig,u - RACOR3, - RACONR5SRG,
o 2), -RAC(O C(R 3JCR5R6 and
- RACO2C(R3) O, where™ R3, R5jand are i ndependent from one another one of
hydrogen, an aliphatic groupHwith a main chain having 1 to about 20 carbon
atons, an alicyclic group, an aromatic group, an arylaliphatic group and an
arylalicyclic group, conprising O to about 3 heteroatons independently
sel ect ed f r ofithtancagyt kalige R&G3X it thapresense of@n akaldeasgnd Si, R4 is one of an
aliphatic bridge with a main chain having 1 to. about 20 carbon ato an
alicyclic brgein imFarmuaiily bris dyBitroge™ RFQrpeingerqLp ﬁh‘ﬁr 'Pdﬁa‘%{%‘ae}?
arylalicycli gyfob&eslysi:@rgri sing 0O to about 3 heteroatons independently
selected fromthe group consisting of NN, O S, Se and Si, X is halogen, Y
is&s nitrogerR®malkgcting group that is renpvabl e by hydrogenol ysis, and R10
is a protecting group that is renovable in the presence of R by
hydrogqul yspi

s; .and
methog of forming a compound of Formula (VIA)

(VIA)

wherein R is one of -COOR?, -R‘COOR?, -R'CHO, -R‘COR®, -R‘CONRR®,
-R'COX, -R'OP(=O)(OH),, -R*P(=0)(OH);), -R*C(O)C(R’)}CR°R® and
10 -R*CO,C(R®)0O, wherein R®, R® and R® are independent from one another one of
hydrogen, an aliphatic group with a main chain having 1 to about 20 carbon atoms,
an alicyclic group, an aromatic group, an arylaliphatic group and an arylalicyclic
group, comprising O to about 3 heteroatoms independently selected from the
group consisting of N, O, S, Se and Si, R* is one of an aliphatic bridge with a main
15 chain having 1 to about 20 carbon atoms, an alicyclic bridge, an aromatic bridge,
an arylaliphatic bridge and an arylalicyclic bridge, comprising 0 to about 3
heteroatoms independently selected from the group consisting of N, O, S, Se and

Si, and X is halogen,

the method comprising providing a compound of Formula (IVA)



exposi ng the conpound of Formula (IVA) to H2 in the presence of a suitable
catalyst, thereby (i) allowing the deprotection of the Na group of conpound
(1 VA) andwoi20jo/abizawi ng the cl eavage of the ester bond toTmo2emy0d3id of
conmpound (IVA) 20. The nethod of claigg19, wherein RLO is aryl-nethylenyl.
21. The nethod of clains 19 or 20, wherein providing the conmpound of

Formul a (I VA) conprises contacting a conpound of Formula (MA)wWth an acyl

hal i de RCOX in the presen of an al kal i 10wherein in Formula (111) Y
is a nitrogen protecting up tAh i enovabl e by hydrogenol ysis, and R10
is a protecting group that (4; rel e in the presence of Rin a conpound

of Formula (IVA) b A net hod of preparing a conpound of
Formula (VI1) whefet , -R4COOR3, -RACHO, -R4CORS3,
- RACONRSR6, - RACHX, “RAP(=0 (OH) 2) , -R4C(O C(R3) CR5R6 and
: | areYi ndependent from one anot her one of
hydr ogen, an al i pRti ¢ ¢ 'th % main chai re\)}svi ng 1 to about 20 carbon
atons, an alicycli romaﬁ.| c group, ‘an’arylaliphatic group and an
aryl aI icyclic group, corrpri Si rlg O o about 3 het eroat ons i ndependently
selected fromthe group consi®Ring of NN O S, Se and Si, R4 is one of an
aliphatic bridge with a main chain having 1 to about 20 carbon atons, an

alrl I(:ylcl ic Ibrl q%gpec,ira,ﬂ @;r,gmt(w;g bri S?e gn aryl al i phati ![ c bridge and a{ll

el cct ed 1 ronft 5e0%h S CORS St GO NF CHO SR GoRn AR GONBS “RAGKeY  and
Rl sand R2 ar e pigsigRen dfl‘—f)%] f—R‘fF‘(hQRQI-%)OUFéC(@)m}QR@)CHqRW@lﬂﬁan“aﬂ)zetRal)Ibﬁt' c
group with a main cha aving 1 to about 20 carbon atons, %n alicyclic
group, an ar oWherEn &o‘ﬁp?"‘éﬁ( é’?l"&epﬁh%ﬁ’]tém& 80 280tenA"e &‘Prio@%l’?’b

group, conpri gjighati€ ng?Jpa\Mﬂ\Ué n?a.maiaﬁﬁ ﬁ@hﬁm td BEQRSNRRIrYateMseai akkytliom t he

group consi sting of N, S Se and Si
group, an aromatlc group, an arylaliphatic group and an arylalicyclic group,

comprising 0 to about 3 heteroatoms independently selected from the group
10 consisting of N, O, S, Se and Si, R* is one of an aliphatic bridge with a main
chain having 1 to about 20 carbon atoms, an alicyclic bridge, an aromatic bridge,
an arylaliphatic bridge and an arylalicyclic bridge, comprising 0 to about 3
heteroatoms independently selected from the group consisting of N, O, S, Se and
Si, X is halogen,
15 Y is a nitrogen protecting group that is removable by hydrogenolysis, and
R' is a protecting group that is removable in the presence of R by hydrogenolysis;

and

exposing the compound of Formula (IVA) to H, in the presence of a suitable
catalyst, thereby (i) allowing the deprotection of the Na group of compound (IVA)

20 and (i) allowing the cleavage of the ester bond to moiety R'® of compound (IVA)

20. The method of claim 19, wherein R’ is aryl-methylenyl.

21. The method of claims 19 or 20, wherein providing the compound of Formula (IVA)

comprises contacting a compound of Formula (l11A)



the nethod conprising reacting a conpound of Fornmula (M) with a conpound
RIMX, R2ZMgX or a m xture of RLMgX and R2ZMgX, wherein Rl and R2 are

i ndependewd 2bromnzvssae anot her one of hydrogen, an al i phatice/sgnamossiizh a
mai n chain having 1 to about 20 carbaonoatons, an alicyclic group, an
aromatic group, an arylaliphatic group and an arylalicyclic group,
conprising O to about 3 heteroatons i ndependently selected fromthe group
consisting of N, O S, Se and Si; wherg{Api0 Formula VI, Ris one of
-COOR3, -R4COOR3, -R4CHD, - RACOR 5R6, -R4COX, -RAOP(=0)(OH) 2 ,
-RAP(=0 (OH) 2), -R4C(O) orand - RACO2C(R3) O, wherein R3, R5 and R6
dqne of hydrogen, an aliphatic group with a
bon atons, an alicyclic group, an

\oup and an arylalicyclic group,

R4 is one of an aliphatic bridge with a
y 20 €hrbon atons, an Q“A)cycl ic bridge, an
aromatic bridge, an aryl al gphatic bridge and an arylalicyclic bridge,
conprising O to about 3 heteroatons independently selected fromthe group
consisting of Nj, O S, Se and Si, X is halogen, and RO is al kyl.23. The
net hod of clwathranatyl hdlide RCOXRIn taecpbrézéneeefardemau lde, 24. A method of
preparing a conpound of Formula (1V) whereéin Ris one of -COOR3, -R4COQR3,
- RACHO, - RA@HEBsin -IRFCONEGEROI) YR$CDXitredehORots0figigroun thakip(re@pya Dy |
-R4C(O)C(R33WCR}5RQ nsclls Iﬁ CR2C(R3JO, wherein R3, R5 and R6 are |ndependent
from one an ﬂé’rg e B ydrogen, an aliphatic group with a main chain

hay ng 1 to gabqul S%Qe&ﬂg%‘?&fﬁ'@frﬁ refdvAbIE GY Hel Sre8difedRf R AL8MPblitd 8f oup,

an arylaliphatic grou
Formula (IVA) by hydrogenolysis.

22. A method of preparing a compound of Formula (V)

R2
H
%, OH
N\
=, H
%, (VIl)
|
R
wherein R is one of -COOR?®, -R‘COOR?, -R*CHO, -R*COR?, -R‘CONR°R®,
10 R‘COX, -R'OP(=O)OH),, -R'P(=0)(OH);), -R‘C(O)C(R}CR°R® and

-R*CO,C(R?)0, wherein R?, R® and R°® are independent from one another one of
hydrogen, an aliphatic group with a main chain having 1 to about 20 carbon
atoms, an alicyclic group, an aromatic group, an arylaliphatic group and an
arylalicyclic group, comprising 0 to about 3 heteroatoms independently selected
15 from the group consisting of N, O, S, Se and Si, R* is one of an aliphatic bridge
with a main chain having 1 to about 2(5 carbon atoms, an alicyclic bridge, an

aromatic bridge, an arylaliphatic bridge and an arylalicyclic bridge, comprising 0



arylalicyclic group, conprising O to about 3 heteroatons independently
selected fromthe group consisting of Ny, O S, Se and Si, R4 is one of an
al i phati cwbroohge73sist h a main chain having 1 to about 20pcasiGamoabesis, an
alicyclic bridge, an aromatic bridge,qpan aryl aliphatic bridge and an
arylalicyclic bridge, conprising O to about 3 heteroatons independently

selected fromthe up._cqnsi st | N, , n ' d n, Y
is anit rogemop? Oc}ugé,?}eﬁe o%%ﬁngde@%aﬁ%glyisg%g}eéﬁo??{t%eéjr ﬁgé ﬁ%@ig'éé@ﬂ%?lhg%g
contacting a spspadadiofisfatogehgard 1) with an acyl halide RCOX in the
presence of an. al kal,i base, wherein in Forml a élll Y is a.nitrogen
protecting gr Bugnd Bnarepderender fromne angihergee 8t *ﬂ)’%ﬁf%‘ ?H@"é}‘aé'ﬁ Ythd of
Formul a (I VA) wAhe Rigth Bhaif HVRgO! to @BEI320 cBHeRAtéms; B4 Gt clic Fidé¥dR3an

- RACONR5R6, - RACOX, - RAOP(=0) (OH) .2 , - R4P( =% - @)e -R4%?O%C&|R3%CR5R6
and® - RACORC( RaICMatigigEeyn, AnReylaliRbatic grors and &an @OE_)‘Qé‘ﬁ SouPy K9 her
one of hydr 0gghout3helroRds! ifddpieRtientlyi dehected Fdr tHdgrolp Bandistingof Ny Calsput 20
carbon atons, _an alicyclic group, an aromatic group, an arylaliphatic group
and an aryl al PB@AIS group, conprising O to about 3 heteroatons

i ndependent|ly selected fromthe group consisting of NN O S, Se and Si, R4
i s one of afheMmepiedicomprsinggeadiing @ cempernd ehEgrAUiaiMhg 1 to about 20 carbon
atons, an alicyclic bridge, an aromatic bridge, an arylaliphatic bridge and
an arylalicyclic bridggq conprising COORDUt 3 het er oat ons I ndependent |y
sel ected fromthe group £onsi gty N, O S, Se and Si, X is halogen, Y
IS a nitrogen protecting ’g;{ R10 is a protecting group that is

renovable in th enc R by hydrogenol ysi s;
NH
7 (V)
%
| H
R
10 with a compound R'MgX, R®*MgX or a mixture of R'MgX and R?MgX, wherein R’

and R? are independent from one another one of hydrogen, an aliphatic group with
a main chain having 1 to about 20 carbon atoms, an alicyclic group, an aromatic
group, an arylaliphatic group and an arylalicyclic group, comprising 0 to about 3
heteroatoms independently selected from the group consisting of N, O, S, Se and
15 Si; i
wherein in Formula VI,
R is one of -COOR?, -R*COOR?®, -R*CHO, -R‘COR?, -R'CONR°R?, -R*COX,
-R*OP(=0)(OH),, -R*P(=0)(OH),), -R*C(O)C(R®)CR’R® and -R*CO,C(R’O,
wherein R®, R® and R® are independent from one another one of hydrogen, an
20 aliphatic group with a main chain having 1 to about 20 carbon atoms, an alicyclic
group, an aromatic group, an arylaliphatic group and an arylalicyclic group,
comprising 0 to about 3 heteroatoms independently selected from the group
consisting of N, O, S, Se and Si, R* is one of an aliphatic bridge with a main
chain having 1 to about 20 carbon atoms, an alicyclic bridge, an aromatic bridge,
25 an arylaliphatic bridge and an arylalicyclic bridge, comprising 0 to about 3
heteroatoms independently selected from.the group consisting of N, O, S, Se and
Si, X is halogen, and
R? is alkyl.



t he nethod conprising contacting a conpound of Fornula (MA) with an acyl
hal i de RCOX in the presence of an al kali base,wherein in Fornmula (IMA) Y
IS a nitregenioproid@cti ng group that is renovabl e by hydPogseGiogsnes12 and R10
is a protecting group that is renovallb2 in the presence of R by

hydrogenol ysis. 26. The nethod of claim23, wherein R10 is aryl-nethylenyl
27. The28et Abe nthathgf adimc22aiwhereipR{ and R’ aweridertical-t he ni t rogen protecting
group Y is one of al koxycar bonyl , benzhydryl, trifluoroacetyl,

f - but oxygar hon a.car banmat 1 lic imde, an N- Al kyl am ne,
an N Ar é? a% hbgr?f PifPAE" 3%%’“@%”%%’3@33& The nethod of any of clains
24 to 27, wherein the alkali base is sodium carbonate. 29. The nethod of
any one of the clainms 18y 21, 24 and 2 o@rei’ei n the compound of Fornmula
(I'11) or the conmpound of IS prepared by a process t hat

ester. 30. The
al kyl ester is g

erein the Na pr ot ect ed trypt ophan
tryptophan al kyl ester. 31. A nethod of

preparing a congound of||For nul 3~V wherein y\/ s a netal selected from
t he group consi "Jt,,o G oup 14 net % | ant hani des and
actinides, Ris ORg -RBCO0R3, - RACHO, - RACOR3, - RACONRSRG,

- RACOX, - RAOP(=0) ( O - ( =0 (IBH) 2), - R4C( O C( R3JCR5R6 and
-RAC2C(R3) O, wherein R3, R5_.and R6 are independent from one another one of
hydrogen, an aliphatic gr oupR\Mth a main chain having 1 to about 20 carbon

atons, an alicyclic group, an aromatic oy aryl I| ati,c up and an
aryl al i cycl i cwhersilp R do®pei afi ePORE.o- Pa@%lﬂ 'époaR?FP@ I nt?eﬁg%ﬂ% P

sel ected from WOUF’R@@IBF@Q]@E of d“b—@a)&éiﬂ)zﬁe aﬁéb@ C(Fﬁﬂckﬁaeonearﬂi an

al i phatic bri c ge wth a havi hg bout carbon atons, an
alicyclic bridy€0:6(RAPowherein Br,lﬁfg@d %nafﬁr'WQﬂeﬂﬁfPr&tfio@ BPe agethaneneaf

afelyleg{ 'egyfclr ! Ch rb&&fbauncgmgﬁg;é 'ng[R?eroMtﬂ aﬁﬁ%‘ﬁ cRai hqra%rr@ar @Tabbld e aRsH | Y

10 atoms, an alicyclic group, an aromatic group, an arylaliphatic group and an
arylalicyclic group, comprising 0 to about 3 heteroatoms independently selected
from the group consisting of N, O, S, Se-and Si, R* is one of an aliphatic bridge
with a main chain having 1 to about 20 carbon atoms, an alicyclic bridge, an
aromatic bridge, an arylaliphatic bridge and an arylalicyclic bridge, comprising 0

15 to about 3 heteroatoms independently selected from the group consisting of N, O,
S, Se and Si, X is halogen,
Y is a nitrogen protecting group, and
R is alkyl;

the method comprising contacting a compound of Formula (lil)

COOR®

20 ()

with an acyl halide RCOX in the presence of an alkali base,
wherein in Formula (lll) Y is a nitrogen protecting group, and
R? is alkyl.



and Si, X is halogen, and Rl and R2 are i ndependent from one anot her one of
hydr ogen, an aliphatic group with a nain chain having 1 to about 20 carbon
at ons, anwel2myiebiza group, an aromatic group, an aryl al ipphaiGmegoesup and an
arylalicyclic group, conprising O to{gBgout 3 heteroatons independently
selected fromthe group consisting of NNh, O S, Se and Si; the method
conpri si2eg remethod f Brepaningd @8mpbutdsidraula\(IVA) wi th a metal conpound
sel ected fromthe group consisting of Goup 1 to Goup 14 netals,
| ant hani des and actinides, wherein in FQrpulsp VIl R is one of -COORB,
- RACOOR3, - RACHO, -R4COR31 - RACONR5R6 AIDX, - RAOP(=0) (OH) 2, ,
-RAP(=O) (OH) 2) , -R4C(O)C(4?\3)5 Md - RACOR2C(R3) O, wherein R3, R5 and R6
are i ndependent fraqm ¢ of hydrogen, an aliphatic group with a
mai n chai n havi pon atons, an alicyclic group, an
aromatic group, qhﬂand an arylalicyclic group,

A i Wependently sel ected fromthe group
consi sting of NS Je._and SIM-R4 is one of &WAdliphatic bridge with a
mai n. chai n havi ng =6 aboutN20 ¢ Zbon atons, an alicyclic bridge, an
aromatic bridge, an arylallphatlc bridge and an arylalicyclic bridge,
conprising O to about 3 heteRoatons independently selected fromthe group
consisting of N, O S, Se and Si, X is halogen, andRl and R2 are
| ndependent 1 (AMHNER @@%B%f Qf@oﬁﬁ oy -rRAOHE), '-R"@@R@ GRQONRIRCh a

mai n chain having 1 to_about carbo atons, an ali

ardmatic groufR"C&ar yRa@PGI@(Q'd)zgr oﬁph@(%ﬁ)zbryl BI‘P@@('?ngr%up and

conpri sing 0O tF@“c’é)@Hfz?’)é nﬁéf%irpﬂt mdm@%n Meﬁt&#&ﬁbﬁé ahb®gr bhe ogr oup
consi sting of N, o) Se and Si'. . A metho pre?arlng a_conpound of
Fornmula (1X) hydrogen, an aliphatic group W|th a main chain havmg to about 20 carbon

atoms, an alicyclic group, an aromatic group, an arylaliphatic group and an
arylalicyclic group, comprising 0 to about 3 heteroatoms independently selected

10 from the group consisting of N, O, S, Se and Si, R* is one of an aliphatic bridge
with a main chain having 1 to about 20 carbon atoms, an alicyclic bridge, an
aromatic bridge, an arylaliphatic bridge and an arylalicyclic bridge, comprising 0
to about 3 heteroatoms independently selected from the group consisting of N, O,
S, Se and Si, X is halogen,

15 Y is a nitrogen protecting group, and

R'® is a protecting group that is removable in the presence of R by

hydrogenolysis;

the method comprising contacting a compound of Formula (lMA)

COOR10

(A)

20 with an acyl halide RCOX in the presence of an alkali base,



wherein Mis a netal selected fromthe group consisting of Goup 1 to G oup
14 netal s, | anthani des and actinides, Ris one of -COOR3, -R4COOR3, -R4CHQ
- RACOR3, wB20NRZ36, - RACOX, -RAOP(=0) (0OH)2,, -R4P(=0 ( @dr’)52009/000312
-RAC(O C(R3JCR5R6 and -RACO2C(R3) O, whgrein R3, R5 and R6 are independent
from one anot her one of hydrogen, an aliphatic group with a main chain

havi ngl 1I to mﬂhbﬁéﬂ ir?.%ﬁﬁlmbgnm)t vmsl,a lamrogéT Qy6tbétingggroup , thatnis areowsable tl}/[) oup,
an arylaliphatic group and an arylalicyclic group, conprising O to about 3
het er oat ons hVW&@B'g‘?Wé‘Etaf‘g selected fromthe group consisting of N, O S, Se
and Si, R4 i=so ' ' j W j [ ' id to
about 20 car oﬁgﬁrgikgﬁﬁbaﬂjogﬁﬁiﬁeg{ dﬁ??ﬁé@%?ﬁ&zﬁﬁgﬁg{ FE@ b@?@gbagﬂé

aryl aliphatic bridge and an arylalicyclic bridge, conprising O to about 3
het er oaes TheGeRRsWETIdiy 23 WbetertdRIrioami-hetlglenyp consisting of N, O S, Se
and Si, X is halogen, and Rl and R2 are i ndependent from one anot her one of
hydrogen, an aliphatic group with a main chain having 1 to about 20 carbon
at &ns, &A. alTheyuéthed gf sayp of elaime 32nia 24, wheraly, thamiteagenreterting erogpolif and an

™, an al o . .
el cctear 1 r 5he M rsaRIRLL, Bty ol iRt PEUEIRIRT aaRRARAZEY ¥

conprising e armyclis imiser 80 Aty FroineaAraN{Awyliamine lendming, and ap epaine-
selected fromthe group consisting of Goup 1 to Goup 14 netals,

| RCOORED: - NGRS AR IO Wherelti, sk ftisp Sy caizonat.
-RAP(=O(OH) 2) , -RAC(O C(R 3)CR5R6 and - RACO2C(R3JO wherein R3, R5 and

R6 i nd dent T t her d . g] i phat i
Wih o R BRATned ol Ay 2% 6 BBGAMS] B et cemindiindhe BBpEROLD
ar@mati ¢ gr @amuldn(1IBrof dki sohaddund dsfoRgmuld (18R) as Yrépdrey Byl & pPocsp, that

comprises an acid catalyzed cyclization of an No.-protected-tryptophan alkyl ester.

30. The method of claim 29, wherein the Na-protected-tryptophan alkyl ester is an Not-
alkoxycarbonyl-tryptophan alky! ester.

31. A method of preparing a compound of Formula (Vill)

15 y \M/ (Vi)

R

wherein M is a metal selected from the group consisting of Group 1 to Group 14
metals, Iénthanides and actinides,
R is one of -COOR? -R*COOR?®, -R‘CHO, -R‘COR’, -R‘CONR°R®, -R*COX,
-R*OP(=0)(OH),,, -R*P(=0)(OH),), -R*C(0)C(R*)CR°R® and -R*CO.C(R%)0,
20 wherein R?, R® and R® are independent from one another one of hydrogen, an
aliphatic group with a main chain having 1 to about 20 carbon atoms, an
alicyclic group, an aromatic group, an arylaliphatic group and an arylalicyclic

group, comprising O to. about 3 heteroatoms independently selected from the



conprising O to about 3 heteroatons independently selected fromthe group
consisting of Ny, O S, Se and Si, R4 is one of an aliphatic bridge with a
mai n chaiwohawiogsd to about 20 carbon atons, an alicyclpice/soricgessian
aromatic bridge, an arylaliphatic briidge and an arylalicyclic bridge,
conprising O to about 3 heteroatons i ndependently selected fromthe group
consi sting of

i ndependent fro%o%gorﬁsgﬁﬁe? one dé%grﬁlggg%gﬂggﬁ 'E% ccg%r%g q”thtah
mai n chai n hawmgmjchtam tedvingt 1 Caboat Zﬁ)uarabmammaaanaillcwycbnd;geglaomnqmatm

t fi d | |
comri g 0 ¢ EBe e aSlAUPRRts gk Rl AEUA R Bab e BB BRe Y oup
consisting of N h@ero‘étorﬁ@maaplerfaentlﬁeme&aefrmtth@grcm'p ahsistirgy & N, S, By

wherein the netal, coppound Mis selected fromthe group consisting of BH3,
B2K6, B5HO, Blo'fﬁ@zg ?&l'?d‘%OgeZhéP% Zn(OTf) 2, ZnEt2, SnCl2, TiCl4, Ti(O-Pr)

(ir(am &)z, L A8 Rt Priogb Tl Sno oIt sk iRl |

of clains 1 twitd,a Eimobaintaxingal Ité ghodt 20 catbopnatemsi an @licydlig greuB N The

use of claim 34 er =1 Al as a

| i gand for as %&(ﬁ’?lgﬁrpégu%ﬁlglf?mﬁyg%kétsagﬁe%% I?ﬁ hlé mﬁp’ %n%frgfnr%]%tf

wher ei n t he calua@ritbtérsatonsdngependertly selegiau fidn trmgraubpgmmb(ﬂff\tmes
1ym*retrl c fopmati,qn of a covalent bond in a Mchael addition. 37. The use

%1 ai m 36, GAPA S conprising the use of a basic cocatal yst. 38. The use

of clains 36 or 37, wherein the M chael @(gdh%q{on |é/garried out in an

al cohol sol Vmmethod |‘ﬁm&’ﬁ's'§§u%§f19§96r?8§@°“ ¢ any one of clains 36

- 38, wherein the Mchael donor in th§1M chael addition is an al dehyde. 40.

The use of any one of clainms 36 - 39, V\/nerlfin the M chael acceptor in the

M chael

Vi)

with a metal compound selected from the group consisting of Group 1 to Group 14
metals, lanthanides and actinides,

15 wherein in Formula VII

R is one of -COOR?, -R*COOR?, -R'CHO, -R*COR® -R*CONR°R®, -R*COX,
-R*OP(=0)(OH),, -R*P(=0)(OH),), -R*C(0)C(R*)CR®R® and -R*CO.C(R*0,

wherein R3, R® and R® are independent from one another one of hydrogen, an
aliphatic group with a main chain ha'ving 1 to about 20 carbon atoms, an

20 alicyclic group, an aromatic group, an arylaliphatic group and an arylalicyclic
group, comprising 0 to about 3 heteroatoms independently selected from the
group consisting of N, O, S, Se and Si, R* is one of an aliphatic bridge with a
main chain having 1 to about 20 carbon atoms, an alicyclic bridge, an aromatic
bridge, an arylaliphatic bridge and an arylalicyclic bridge, comprising 0 to about

25 3 heteroatoms independently selected from the group consisting of N, O, S, Se
and Si, X is halogen, and
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R' and R? are independent from one another one of hydrogen, an aliphatic group
with a main chain having 1 to about 20 carbon atoms, an alicyclic group, an
aromatic group, an arylaliphatic group and an arylalicyclic group, comprising 0 to
about 3 heteroatoms independently selected from the group consisting of N, O, S,
Se and Si.

A method of preparing a compound of Formula (IX)

wherein M is a metal selected from the group consisting of Group 1 to Group 14

metals, lanthanides and actinides,

R is one of -COOR? -R'COOR? -R*CHO, -R‘COR®, -R‘CONR°R®, -R*COX,

-R*OP(=0)(OH),, -R*P(=0)(OH),), -R*C(0)C(R*)CR°R® and -R*CO,C(R®)0,
wherein R?, R® and R® are independent from one another one of hydrogen, an
aliphatic group with a main chain having 1 to about 20 carbon atoms, an
alicyclic group, an aromatic group, an arylaliphatic group and an arylalicyclic
group, comprising 0 to about 3 heteroatoms independently selected from the
group consisting of N, O, S, Se and Si, R* is one of an aliphatic bridge with a
main chain having 1 to about 20 carbon atoms, an alicyclic bridge, an aromatic
bridge, an arylaliphatic bridge and an arylalicyclic bridge, comprising 0 to about
3 heteroatoms independently selected from the group consisting of N, O, S, Se

and Si, X is halogen, and

R' and R? are independent from one another one of hydrogen, an aliphatic group
with a main ghain having 1 to about 20 carbon atoms, an alicyclic group, an
aromatic group, an arylaliphatic group and an arylalicyclic group, comprising 0 to
about 3 heteroatoms independently selected from the group consisting of N, O, S,
Se and Sj;

the method comprising reacting a compound of Formula (VII)
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33.

34.

(Vi)

with a metal compound selected from the group consisting of Group 1 to Group 14

metals, lanthanides and actinides,

wherein in Formula VII
R is one of -COOR?, -R*COOR?, -R*CHO, -R*COR? -R‘CONR°R®, -R*COX,
-R‘OP(=0)(OH),, -R*P(=0)(OH),), -R*C(O)C(R?*)CR°R® and -R*‘CO.C(R%O,
wherein R®, R® and R® are independent from one another one of hydrogen, an
aliphatic group with a main chain having 1 to about 20 carbon atoms, an alicyclic
group, an aromatic group, an arylaliphatic group and an arylalicyclic group,
comprising 0 to about 3 heteroatoms independently selected from the group
consisting of N, O, S, Se and Sij, R* is one of an aliphatic bridge with a main
chain having 1 to about 20 carbon atoms, an alicyclic bridge, an aromatic bridge,
an arylaliphatic bridge and an arylalicy;clic bridge, comprising 0 to about 3
heteroatoms independently selected from the group consisting of N, O, S, Se and
Si, X is halogen, and
R' and R? are independent from one another one of hydrogen, an aliphatic group
with a main chain having 1 to about 20 carbon atoms, an alicyclic group, an
aromatic group, an arylaliphatic group and an arylalicyclic group, comprising 0 to
about 3 heteroatoms independently selected from the group consisting of N, O, S,
Se and Si.

The method of claims 31 or 32, wherein the metal compound M is selected from the
group consisting of BHs, BoHs, BsHg, BigH14, AICl3, ZnClz, Zn(OTf),, ZnEty, SnCl,,
TiCls, Ti(Oi-Pr)s, Cp2TiCly, ZrCls, Cp2ZrClz, InCls, In(OTf)3, Cu(OAc),, (IrCp*Cly),,
(Ir(COD)Cl),, LnCl;, and LnCp,Cl,.

The use of the compound of any one of claims 1 to 9, 15 and 16 as a ligand for

asymmetric catalysis.
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36.

37.

38.

39.

40.
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The use of claim 34, wherein the compound is one of claims 3 to 9 or 12, as a

ligand for asymmetric reduction of a ketone.

The use of claim 34, wherein the compound is a compound of claim 13, as a ligand

for the asymmetric formation of a covalent bond in a Michael addition.
The use of claim 36, further comprising the use of a basic cocatalyst.

The use of claims 36 or 37, wherein the Michael addition is carried out in an alcohol

solvent or in an aqueous phase.

The use of any one of claims 36 - 38, wherein the Michael donor in the Michael

addition is an aldehyde.

The use of any one of claims 36 - 39, wherein the Michael acceptor in the Michael

addition is a nitro group or a sulphonyl group.



