1 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
appl i cation nmakes reference to and clains the benefit of priority of

an 5 application for "Novel Tricyclic Chifal Ligands" filed on

Sept enber 03, 2008 with the United States Patent and T gci li“

Office, and the’!‘@vﬁhFﬁ'%%%#‘ﬁtﬁﬁ%rqupﬂyﬁlg@r“ﬁﬁﬁgﬁ B85 INARYMMETRIC
contents of said application filed oncagHiasper 03, 2008 is

i ncorporated herein by reference for all purposes, including an

i ncorporation of any el g®g r ims or
drawi ngs not cont ai ned here%%%ﬁe er?%trﬁl'gﬁlé%}* |Le'e§B'°¢§1(§é of

10t he PCT, pur e DG:TEIN\/

[ 0002] The prei@ﬁﬂ iTh\?e?ﬁﬁ"Bﬁor"emﬁg ore e(fe'ﬁ%vtgla"fjrclr Vélﬂln% ?f'rtalfzpnéwﬂ’\’lOfan
conpounds angdpglib&tion forsRovel THOMIIEhIrdl Cigaads Filgd ioa Septeenber 08,2008 evitls Hierrited

[0003] D i verelsp RN GO THdREIEk SIS ARV HA S0F I PASoA AW Eal & 0.

devgl oprent tw]f'e BEMerns df eé[alaepwat;omﬁeh@dss%pmmwaamgeocm;annmmaﬁed Iheekin by
proaducts Is O reat |nterest tO academ a an nausjiry.
Catal ytic asSﬂ%fg’t‘?el tor rAllaRYrpasRs: | l?‘ﬁ’d"go?@é'?i:ﬁé%"%fﬂ'/"s?# any 8(’7”(’%{5’5“ Sh&3gsof the

the nost pOV\@éschbnohndlaﬁ@ﬂﬂﬁﬂa@ﬁigs&)ﬂﬂb&:&bmm appiroash aferral ® MRl RY.50) of
enant i orrerl cal IrF}/ 20 enrich ? The devel opnent of new
o SilfpeT

d co
privil efed cWeFHT pegdaide HB‘E that exhibit high reactivity
and enantioselectivity is always a chall engi ng endeavour for an

organi c chem st. State-of-the-ar gy 6phrHe INGENFTONENeral |y cone from
the profound understandi ng of cat al yt| c process, the creat|V|ty of

?;rggp It gntc hfe 21 af tl!lfoeoagdrhﬁr | VI e g e%nt%ﬁ glfag goar?cg: Ft?{:fcﬂghlm ah ragtnﬁ\dg%ﬁ& their use

rigid structaresymmetrichcatalidis. (e tosycle nhiral nompmgdahave)la hexahydr0pyrr0|0[2 3-b]-
phosphor ous- cgq ql@g functional groups to bind strongly to reactive
netal center§9 % on, TP, & Jacobsen, EN, Science (2003) 299,

1691- 1693 or PfaHz A & Drury |11, W, PNAS (2004) 101, 57235726].
Anot herqs nport ant poi nt is that it sBagKGROUMNDRSI |y prepared and

nodi fied, thus fit well to a conbinatorial approach for finding the

most suitable léfﬂ)@];érlilé” byathg%(fér' |ﬁ%§§|ﬂ§%fﬁl ¥ dHiraPEHLRTIGRIS, kife development of

transformati on ound that has been ascr4 bed as a "uni versal
catal yst" dueew and efgcmmtdeetbwafe Pepyfsle enantieanricheddradisticischpipat gierast to both

proline, VEARbmid :-,deI iSdustry eS8k Ac é’@ﬁ'ﬁrﬁgtﬁ‘djreéﬁﬁ%s BLiRG bRfAnb&atalgdidblo¥ide one

not an eff|C| ent catalyst in ternms of yield and enantiosel ectivity :
for electr op:pf.th@gxoswea‘pIeaqg(ﬁgpnmlgal@g@themp@rog@e%sptp@r\@ngy@ﬁe@ltiomencatiy

ni troaljgenesgy, ﬂpréJm ngs. t%%e@lalﬁpm&‘httolf‘ n&?%ﬁwl@b&?@lﬂ%ﬁdﬁnﬁ§ bid fzﬁél sts that

asynmetric catalysis the use of high catalytic | oading (>10 no
% ., the needexhipitubigh aeaejiviboard @ﬁgﬁwﬁee%nwn@lyam Aaghaliengingnepdegypur for an

substrate. SC&?SmL' 5ﬂefrm§th%t£te%'?mé-&@t3hirélt }fgatn‘as CQIRlY BRhECHI® the profound

synt hesi s. thernore, the organocatal yzed functi onal i zation of
bi onol ecul esunidersianding efesrialylic Rroedsal therrieativity of orgarfiggheistsrasidesamatimes, a

there remaing, ﬁe%]%r?ge;eﬂﬁlpgﬂevﬁie Ab %ﬂérﬁlfg%ﬁa of bn\)ﬂg#dj chi a?c&a{%ﬂ(sts is the

particul arly anocat al yst can work
ni cel y 5n bobiphinatigid aamturem \@lﬂgami@lecﬂxvm.s NItSERMARY EFOSPhprous-containing

| NVENTI ON fuhgtpoggﬂ ‘FE:‘S %}W@&E%&!ﬁ a{ t%lrgéc? §e h‘%taﬁ cafg [8?. %ﬁn,ofP, & Jacobsen,

structurally i chi base
hexahydr opyr EN| 8@@7@{2@03)669 el 681683 o:erm é\h&dlmryli@, Wy tMes (2064) Tdobi23-

cxanpl & as. ant 2 igl Ry i Gorehy poEls i sngtiorod AT AfbcBRA A Hodthd s

borane. reduwti ¢&n aoéoranmn:tmm edppkm:b rfersflmdn'lgatﬂeomdstt figtabler hmpd‘ndiangarﬁcular
al cohol g in cellen h ,enant i .
enat i os% ect F %Eyt(‘,‘:a?srg eé?fr E?ﬂ? h‘g} Hogﬁ&%a?ﬁ%%ég% gﬁmb‘% fir S%!HIV&FSEI

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



group with a main chain having 1 to about 20 carbon atons, an
alicyclic group, an 3 aromatic group, an arylaliphatic group and an
arylalicyclic group, conprising O to about 3 heteroatons. The

het eroat onms are i ndependently selected frdmN, 0, S, Se and Si. R4 is
one of an aliphatic bridge with a main chain having 1 to about 20

carbon at omsy;@p, é’écbﬁt)é@th&t i%lir%g%, usUBIhA hBITB# ietfidnt dgelysBm terms of yield and
aryl al i phatlc bridge and an ary allc clic brldgwa 5 corrgrlm n@ao to

about 3 het eeranti Gt"l‘h’eﬁie@’é‘ﬁ@&f‘% héF & R9ehH ROREN \POSE | AACRRIGTS: PYUF as
N, O, S, SeRglﬂgalgénesX i s halogen, Further, in Fornula (XX) R3 is one
of -C(OHRL COOR14. R1, R2 and R14 are i ndependent from one

anot her one of yhy4 eBRFMunaBlyAlite hrsst GrQQﬁ&ﬂhIWtsI for axsprainetric atalysisamenge of
1 to about 20 carbon atons, an alicyclic group,  an aronatlcgrgg%m{lm
gjveris Qut the

aryl al i phat i bighcatahtialsadiag Cx0ymel|%)e (reneed & GeRnhY RS PRRg S

3 10het er oat QipRyy Jd%%tr&t@%ééﬁéamrfﬁe;ﬁémmdb%ﬁa RE@Plek Ynokrlie &Y etedis. Garthérmore,
0, S, Se and S n a second aspect the invention &rﬁw des

a hexahydro pWrQMQBPQatBW?SS’} fUF‘H'GB‘P'@a‘&S‘rﬂ; @W"??P'eﬁcﬂ Yretenremgins)a chafienge.
Formula (VI1) R is one of -COORS, S:HO A%

_ RACONRBRS, 15 towxeref%dwedf@aquvee fop oYl CEignofatalysis. It would also be
- RAC( 0) C( R3) A6&Rarly m&dé‘t@ﬁ mge{rBaﬁﬁwaQuhtRScarSwoﬂRmmﬁ!y inytro gater and
(C1- 021) al kyl, al kenyl al kynyl, cycl oal kyl, cycl oal kenyl ,

cycl oaly| al Rigenic plyents.al kyl aryl, and arylal kyl. R4 is One of

hydr ogen, (Cl-C20)-al kyl, aIkenyI al kynyl, cycloal kyl, cycl oal kenyl,
cycl oal kyl al kyl, aryl, al kyl ar )QUMMAHYOWTHEWVEN'RBN s one of

hydr ogen, (C1- C20) aIkyI al kenyl, al kynyl, cycl oal kyl, cycl oal kenyl
cycl oal kyl al kyl[poos] The @ﬁbrﬂibnkyblateyl fo anmbvat ylaas @Istmmlfalls rigirk tggyclic chiral

hyd Cl- C20) -.al k K | '
el ooh iyl SRS PE o AR ool Yo RGN i B Kbiices
sonme enbodi meoms Riyptopim Matwadreﬁmdem Thedigrodsecannst tred fglh@(a@'fple as an

hyd (CL.C |
a?f/y[ g?ﬁ | V\%fgplént% ﬂ’gra(tﬁ&ﬂd( in at | g% gt’l'o%e%@u{%y Loraé%t ?@%ﬁbg}ﬁogﬁlﬁl kretones to

mor e subst ity ghé aorespambhe alcolhs in @xc(emntcsmyi -aadkygh enmpmmmes or in
-0 CO (Cl- 25C C1- 05) - al kyl

- 00- 0- ( C1- 05?”%\"%‘?}?“"%66”’8"“8? P%X'J' d’°”‘gt}°§‘ Further, in Formula (V1)

Rl is independ OfRh drﬁﬁﬁ” (s G Obxiyibbyrr@is2lab] Hhdole
al kenyl , al kynﬁﬁéd-{)c()t/rzledogﬁky%?géyﬁe A ieny lDmclycl oal kg(/ﬁy ber { ]

al kyl aryl, anempeupdalf Kgdnulee(®6foaryl . Al kyl, al kenyl or al kynyl can be
strai ght chai ned or branched, and nay be substitut ed by one or nore
substituents. R2 in Formula (VIIl) is independently selected from

hydr ogen, (01-C20-al kyl, |, al kenyl, al kynyl, cycl oal kyl,
cycl oal kenyl, cycl oal kyfaFky 5 amAd%l kyl, and

het er oaryl . AIkyI al k¢nyl ey pe strai ght chai ned or
branched, and may be s{fstitu nore substituents. RlL and

R2 may in sone enbodi nEX from one anot her one of

hydr ogen, (01-C10-al kyl, ' (C1-C3) al kyl aryl,

aryl al k%j aryl, or heteroaryl. Adain ‘|:1the aleﬂyl radipeal s, may be
branched and substituted by one ot nore substituents, for exanpl e by
-OH, -0-(C1-C10)- 1 O alkyl, -o0- Fﬁhenyl -0-00- (C1-C10) - al kyl,
-00-0-(C1-05)-al kyl, -00-0- aryI OOOQJI.IEILn athird aspect th‘e -
i nvention pravicdesua (poxaRyisroopyofr-GOGRE, R Oﬁﬁ"*deR&kt@rrﬁbG@ﬁia,ofR CONR'R’,

conf or mat | on RGP or B A=DUPTRy 1R TR Al Feat eI R B eOR B e

consi sting ofREMmLE. A tsmn@coupjrdghnnmmaf, -mmmhmcana“mﬂ fR"@éh\iRﬁRs

e L L b, AL R SRR B

R3C( 0) Gt4R4) CReT5),0. K4 RORERS i AkepBIdEN) #0m dié dnstheneneodf Hygrbgen em, aliphatic

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



The conpound of Fornula (1X) has an S-shaped conformation. In Fornula

(IX) Mis a netal selected fromthe group consisting of Goup 1 to

G oup 14 nmetals, |anthanides and 10 actinides. Further, in Formula

(I'X) Ris one of -COOR3, R3COCR4, R3CHO R3COR4, R3CONRAR5, R3COX,

R30°(=0)(O—I)2 R3P( =0) (OH)2) R3C(0)C(R4) CR5R6 , -RACO2COR3 and

(R3Q0) 20. ¢ 80/ lcomplididid ¥lte about 3
a|'0?'n ﬁ]epnab{gwmsﬁbu qur;tllp%al ; arﬁérbsxﬁoly @l%s i lcompliding

cycl oal kyl cycl oa .-
aryl al kyl . R@etesoamms Jﬂwewm@ﬁﬁrns ar(eculde@goy%mlkyﬁlecfaqi Rrewv a$k%ﬁnw Si. R%is
cycloal kyl, gx& ﬁg%kﬁgxén ?ch%le |rﬁé}?3@hamq{a¥fng ﬁlt&)ébé’ﬁt)@o c@béh atoms, an
arylal kyl . 1 drogen - al kc?/ al kenyl

al kynyl | cychtaa:u@bndgeycammomemwbndg@yenmrlwhaww igeaangd an MF&‘?"?IW"’QB
or aryl al ky ( @,mél,.,

al kynyl , aé clco'%@%’/rl? quaﬁ%uélré{%#jgggrg%ﬁe ﬂ%&ha l'?@gre é@)l?F ﬂy sele?eg from
and aryl aI kyN OXSi Sehat 6gé<rls hﬁlugemém:theranF@rmtﬂa é?o()l 1qune|cg-CXOH)R R"and -
i ndependent | "] 1e

al kynyl, cyc CFE cycf‘ ‘ﬂ%r%y cycﬁ%?r&%ﬂ Fﬁ&'ﬁéﬁlor‘eﬁéﬁ oo é%?ri%d“phahc
aryl al kyl hegmupawryH a 1@6in dﬂakyhav.mg Retnyabogt 28| dashep| atoes, be %t:ydw @heup, an
chai ned or branc ed and ma u | 1t

subst i t uent s 292 ’crﬁﬁ%@rﬁﬁwxgﬂ B%t?gg&ypn gpazﬁa Xic?aﬁsﬁ{]ﬁ b ism?no to about 3
hydr ogety ( Chetefvatdris/[The aetprqatcah«myﬁdepemwmyweo@gctﬁ'mI\kﬂ , Se and Si.

cycl oal kenyl, cycl oal kyl al kyl, al kylaryl, arylal kyl, and het eroaryl .

Al kyl, al kenyl [8008]Ilkyngécopdrashectdbe ivghtionchrayiresiadiexahysiienyagiol3r! indole
may be substl re substituents. 25[0011] In a fifth
aspect the mveh‘%&ﬁ“ﬁ?@‘@f%&@ hexahydr opyrrol o[ 2, 3-b] indole

conmpound of Forrmula (VI): In Forrmula (VI) Ris pone of COOR3,

R3COCR4, R3CHO, R3COR4, R3CONR4ARG6, R300X, RSOD(RJO)(OEI) 2 R3R(=0) (0OH) 2)
R3C(0) C(R4) CR6R6, - RACO2COR3 and (R3C0)20. R3 i § opB“of hydrogen,

(C1- C20) - al kyl, al kenyl, al kynyl, cycloal kyl, cyefoal kenyl,

cycl oal kyl al kyl, 5 aryl, alkylaryls or s % S one of

hydr ogen, (Cl-CA-al kyl, al kenyl, all¥n Iéycl oal kenyl ,

cycl oal kyl al kyl , aryl, alk yl. R5 | s one of

hydr ogen, (Cl-C20)al kyl, @& Mcl oal kyl , jyoal kenyl ,

cycl oal kyl al kyl , aryl, al 3 kyT\ R6 is onéﬁg

hydr ogen, (Cl-C20)-al kyl, cya oal kyl, cycl oal kenyl ,
cycl oal kyl al kyl , aryl, aI Kk ) kyl Xis haI ogen. R9 in
Formula (V1) is alkyl. 10[001 ] I'n a gixth aspect the invention

provi des a hexahydropyrrol o] 2, 3-b] i n¢ol e conmpound of Formula (IV):

I n Formul a (IV) R is one of COCRB RBCOCR4 R3CHO, R3COR4, R3CONR4ARG,

(RsRsooc%) 2530% %g,g Q,,E,S,E(,s ggjg C@X@al Cﬁ‘iﬁ@ﬁa F%@(R@C%WRB
cycl oal 11, emﬂ@al H%‘@ﬂ Owﬁ)waR‘taiFé)(sz :fW(O %Rié&} aﬁ |- R“%@ngR and -

| al kyl . | o " ko
2;/%:/I gal Kyl ) (:Cl'bo)ctpkenyiJ i@@gdgfﬂ(%'%@mﬂ Elﬂbél v, QkWXJy | é!lqlﬂ)’@)éi alkenyl,

aryl al kyl . R§y¢Egallgqlﬁék)@)farﬁy@ ardnan gmat%lﬁkyq oneaquwgen épp(w-lalkyl alkenyl,
cycl oal kyl, R‘é}f&hﬁa&%ﬁ:ﬁ&bl cﬁﬁi%bIKM}cﬂ lalkyPEMA, 1atk'§vié%| akd brylaidyl. R%is one of

| al kyl . - “al ky
2;/%; gal kyl , @yéﬂ%agn M&ﬁzg)yébéy@mfé[f I&}'}Y&Y'kﬂcaioaﬁ?yiqCYCIQPEQX)%WC‘%&H%'W aryl,

aryl al kyd . Xallélaﬂfrl'é?ﬂ lal¥yli RE EQ:rn@tJfa; érbgé |(§1-@zd)1dl!{y€)@ﬁdénﬂr ok, @@oatkyl
group. R9|nForrrua(I s al kyl

t
i nvention pr &¥¢lerikenyl h W'F‘H?Hyrﬁ“ﬂl '9"33!1'1)31'%??\%%@[] E‘ﬁ%ﬁﬁ'& ﬁ'f some
Eggfluol a%%?mbg%mm§4g5£wmﬁ&§dé e¥dent RohSor@otier 6REREHy d RRAOERA:C1g) alkyl,
raC0) O iy CEEREs) SRR A ARG GO s e Bt ')H%P%gwwted
(C1-C20)-al k)b'yon@'d?@r'ibfé su@dtlméﬁwfor Spaiphal JOH, -0qE¢-Oaglaken yD-phenyl, -O-CO-(Cy-
cycloal kylalkyl . anY o.cBa4 260 e fhby? &8l Fleh 28l c¥lo-any, and anyt.

Further, in Formula (V) R' is independently selected from hydrogen, (C-Cy)-alkyl, aryi,




10 cycl oal kyl al kyl, aryl, alkylaryl, and arylalkyl. X is halogen. Yin
Formula (I'VA) is a nitrogen protecting group. RL in Forrmula (IVA) is
a protecting group that may be renovabl e by hydrogenol ysis, e.g.

aryl - met hyl enyl . [0014] In an eigth aspect the invention provides
a hexahydropyrrol of 2, 3-b] indole conpound of Formula (VIA): 15 (VIA)

recowRins - R %@ SysioARyy QW?@%C( g@m B3EERHbiyl heteroaryl.
- RACORCOR3  aftkyl REEE) 20 alkwyl Fan bﬁétrﬁshtwﬁﬁams@éh brapehedeany H!i'ly Wlsubstﬁuted by
al kenyl, “al kygyb, I'n‘b?'{ lfb%h fbhts. RY ﬁﬁf"n'ﬁ%n()()i]) |§M8é;§é%ﬁl$r)& adei@(:ied Wd’rﬁ( lhydrogen,

aIkyIaryI or ary I's one of hyd en %& g

al kenyl | al szo)@W @@ffkykenm@lmvbaqm'eﬂw cysjealesami Avdpaigylalkyly gikylarl,
al kyl ar 35' afl( Vla%Hkﬁéltero 'Aﬁ(ylo@lﬁ‘(eﬂ{'< | dhylyRgean K&h@@)c’hai&bcﬁ(ﬂ' ,branched
al kenyl , al ky cycl oal k cycl oal kenyl, cycl oal k)c/éal K R2 ar i

al kyl aryl , oﬂﬂérry%alq@yPUbSt'ét% biy soRsh @ ooty gHieRYLHENtS( | n some
al kenyl , al k¥|‘ﬂ%dlmﬁﬁt@.|b%@hd@{)bﬂdéh‘t’ﬁ'b9ﬁ&iﬂé%iher eu@bnwdkweal quLcmaawl (C3-Cg)
al kyl aryI and aryl al X) E @‘ knElaIa aé pect be
the | nvent i o desCa) AR TRt et HIPRAYE AGEn e RO FisHIsAR LS
(V') accordi B&n&ﬁécﬁm dubitlted@ 5P 864 of mu:@r@bstttcrdm rmtdxeﬁipiemyl HOH,SO-(C4-Cog)-

prOV|d|ng a npound f |.a cord t S| S

(supr a)10 woi @W *QP'PF”ty'me &i&)ﬁﬂ) "‘lyéyll \I%r P (bﬁ%%'%s)é%ﬁg'r'gﬁ'@’(&_Eg%"(yl‘
cl eavabl e vi acdwslaggenol ysis. The net hod i ncl udes exposing the

conmpound of Forrmula (IV) to H2 in the presence of a Pd/C catal yst.
Thereby the m?t{ Ium‘d HH@S aseb 0 e GvERIINO bRVIdES T BbxdHyErodarrge[@iBbjoihdole
conmpound (I1V). % In a tenth aspect the invention provides a

net hod of pr E@fﬁ?‘?‘#’?& FemmyrolYHy: 10 Fornmula (VI A) according to the
ei gt h aspect (supra). The net hod i ncludes providing a conpound of
Formula (1V A) according to the seventh aspect (supra). As said

above, generally (but setnnecessarily) noiety in the conpound of
Formula (1 VA) is cleg@vable\ia hygefy The net hod further

i ncl udes exposing t CvAR{o H2 in the presence
of a Pd/C catal yst. g i ncl udes al | owi ng
15deprot ection of the YWNa—¢t conpoynd 4TV A). The nethod thereby
secondly al so includes al | owhp#the cleaMge of t he(Mlt er bond to

noi ety R16 of conpound I VA). g( [0017] In an el eventh aspect the

i nvention provides a nethod of, preparing a conpound of Fornula (VII)
according to the second aspect (supra). The method includes reacting
a corrpound of Formula (VI) according to the fifth aspect (supra) with

a conpo

Rll\/g)rzpi nﬁﬁgﬁ%% FVREEI%&‘{P romahgy}) rogﬁa’ggéf@g !ﬁwﬁgé Vil Mis a
al kenyl , aI kyna:ydl seleyzedi &adnktyé grwpcbnméthgm?ﬁ;owyblodabkgﬁéh@als lanthamdes and
al kyl aryl : 'dﬁ%ﬂi”eﬁd@? 3

sel gct e)d/ froﬁ? W{#og 'E:%to @? é)llp tﬁg "H]e ﬁ'é%{/l al k bhy R'CHO.
cycl oal kyl , eycoOri! R@MR‘R?,)/E!F@@XKW@PM (O!ré)h IR?P(T@)(QH)&)( yRaﬁ}KqZ)sﬁl(R“)ﬁﬁdq
het er oar yl 0 t h,zaspect n |

het oroar ! BAANGhe by RO hedgPest o IR CIo bRy BREnE, sty
aspect fgupr aycloaTHw dyﬁbdﬂbd\yl egdleadiadalion rnd.calkytagylacr arylalkyl. R* is one of hydrogen,
hexahydr opyrr in W

W th )e/m a% ‘ﬁaﬁg E@?Wﬂ [kﬁ@ﬁ Igalﬁgecyglpa e%.s%rcﬁs M%"é hu aai" ?'F  and
th s ani th I O@R/MIKA. qﬁe@bhe@f gy@ugen FodCRPaks, alkyl,. alkynyl cyc{l@ﬂM]cyblnalhenyi
thirteenth aspect the invention pr v 0 repar

conpound of P&"Pﬁﬁyﬁf"@f \RRy @Eﬂﬂﬂd?’ﬁawaﬂ‘yﬁ k@ '§é’\'7’ér?? Hyddg f l?E’l‘( ?fﬁ% Ky, alkenyl,
The net hod 5Iar&9hwd§y§|o§mylt %@Ioblkgnﬁ dyewafhyglmpamlc atksa{a@; and alyldlyt of ie halogen.
conpound of Formul a

hal i d
t he predence Fyrthey Bégé’ém”'ﬁr( W Rrvifi 'B‘ge(pPPﬁ’g’ﬂ)’ eF’SQém }EVFEP%SIH @‘??‘S@ﬁyﬂﬁwl
group, and Rifehyl, Akt BRISEKYE BYdIoallAP2 BfcidalkyrlIkyR dikyiash tahd aseiol hétemaryl.

Alkyl, alkeny! or alkynyt can be straight chained or branched, and may be substituted by



10 of Fornmula (VIIIl) according to the third aspect (supra). The

met hod i ncludes reacting a conpound of Fornula (VII1) according to the
second aspect with a netal conpound selected fromthe group
consisting of Goup 1 to Goup 14 netal s, 51 ant hani des and acti ni des.
[0021] In a fifteenth aspect the invention provides a nmethod of

preparing a g %BQ} su%@tatﬁgntg ORI Ebria i) (vAS @ﬁgéﬁ%déﬂlyt%cfé@ﬁdrﬁ hydrogen

aspect (supra nmet h i ncl udes reactl ngf a conpound of For mul

(V1) accor d(mgczb)eafwheawbcaik@ybsqﬂewf vivelpallsy nﬁyt%ﬂa"@awpwﬁaa’w'%t éU}V’aW'
fromthe gro t AR bARShed,
and acti ni deg;@laﬁ@f‘%ﬁ HEF%?)%E %‘ﬁpglkép)ﬂ% éggl@ﬂﬂac;aﬂet{:%&féﬁ%tldr?\%gﬁi on

provi des t heansmaypbe shistitdeddimyong Qyﬁ‘n%ﬁiﬂmm&lsm(iw 1)y, (Vii), (I X)

(1'V) and (VI) according to the second to the sixth aspects as

201 i gand for adgemdbin |acf0el5b aispsetsthe inventierp grovides @e@wé@@wﬂo@ép@cwdde
the inventi Oé‘orﬁﬁo‘?ﬂ’lh%? M@)e of the compound of Formula (VIA)
according to the ni net aspect (supra) as a ligand for asymmetric

catal ysis. BRI EF DESCRI PTI ON OF THE DRAW NGS _%0 acconpanyi ng

dr awi ngs. [ 0025] FAgEife 1 CONPaREsS the s Buctures of two

exenpl ary corrpounds ) ound2of Formula VIl and a
conpound of Formul a products with
hexahydr opyrrol o[ 2, 3\ g 5[00 6] Figure 2 depicts

schematically the synthesi K orrpou?\ga Formula (VII), starting
froma comercially avail abl eNNa- pr ot ect L- tryptoB fn (1).

[0027] Figure 3 depicts schen‘étl cally the synthesis*of a conpound of
Formula (VIA), starting frompg conmercially avail abl e Na- protected
L-trypt ophan (1) [ 0028] Figure 4A depicts an illustrative

exanpl e of ?ﬁb f Oég“qﬁ?‘gur gmg%l @(e)( Vls)anlgtsﬂlgﬁdhgdfnf%tahorﬁ Iﬁ%mé '(9()90(! isa

its X-ray st picte an ustrative exanpl e
corrpound of MetalrsdlectéV/irbm theogeup epnsidtin oaGsmheintatGrgumM F@@'S(hfﬁﬂgﬂmdes and

struct OOZEL%H gur rﬁmé Lgﬁﬁ;{ Etgrﬁa %db?@ @ﬁcéoﬁanﬁ R§COR4

For mul a (VI | e r|c I I on o a Keto 0 %
Figure 6 depRUTGNRIRS, R%D)dlRam(e@i(OHﬁoRﬂ?(SONOHMR&(CBGFFbD@%@s CO COR?

O e PR S T T gl s,

[ 0031] Fi gur eyclbalkehyls tycittatiylatidyle apdt @kdngd] oodrvidiksi & inpne of bydreges (§-Cao)-

2 S kiS5 B, BRSBTSy SRR PSRRI

For mul aj5( VI AR® iu@ ane€ abfal hytiogen, 2QC&§w)FH&yIr i @ikEMyb halisynyhd dieipaliylwi avploglkenyl,

of & compoun e GPIREBIE A (Yey 7Bt &' F oFE ot bydtSgart EFp ek Bkeny.

addi tion wit Blkyriye cwlcﬁagelcyabelemmrcytieaihgalm (mylbaimrylgﬂwpryldﬁyb%rié hglggen.
| lustrate nd of F

:atsylrjr?ret ri csl\/{:ﬁ'ﬁ?él '"ﬁ&?ﬁ?gﬁg% 5?1 r{dﬁee’t{?fq'r‘w;%‘i%%%gcfééf‘ 3@5@ 'aﬁ%l anl.

group. Fi gur eikéhyi,caiynglt eyctdatkyll sy;:lqﬂkeaylcwqmelmalkwf alkﬂsrngn@rarygll(y{/hexyroaryl
| yt t M ch t
Lgi ﬁgc 02 u|yf gﬁw Ié% ISF Ia%yra(u?%r? E% Eﬁlaﬁtéhgf&Fémo@ra}lﬁ? dg‘?ﬁg?rgaly IR BRAOed by

exper i ment al oRxanpioRs solistitueatsLIRE quomom(mplsnddafenﬁenttymeéec(edl frm ihgrdragen,

O o Ly oSk St s Oh SOk Py, SEPERRL. sy
prelimnary ag&iKyl, 2 wrerezrplewwermm\ynemmg ¢dmalbe Btazygintrmhamﬁ@rmnched

exception fromthe general . 30 applicabili of the catal ytic
asymetric MPehEEY bEgHPiHHeF %@ﬁ%l%eﬁﬂbst" Bhvent i on or that may be

R ey T e

M chael accepémpsund of Formula [MP33] Figure 9A depicts the nost stable
conformati on of the enam ne internediate, a syn conformation, by DFT




10[ 0035] Figure 11 is a table depicting exenplary data on the

catal ytic asymmetric reduction of ketones. Reactions were perforned
with 0.5 nmmol ketone, 0.6 mmol borane, 10% of the respective |igand
in 2 n THF at reflux tenperature. a Isol@ted vyield by colum
chromat ography. b ee determ ned by HPLC anal ysis dsing a Dai cel
Chiral cel ASH col umm. 15[ 0036]HFi gure 12A i C@Q&%I e depicting
exenpl ary data on optim zati ons’;@f e )2 i

i nvention. Reactions p ES with|0.5 mmol acetonapht hone, 0.6
mmol borane, 10% of t [ ndiHn 2 nl of solvent at
reflux tenperature. al|lsol atgd vyield 4y colum chro, ography. b ee
determ ned by HPLC and g Deﬁ—cel Chiral cel ‘AS- 20 H
colum. c Catal yst prepargd by 0. W eq I"_pand with 0.12 eq B(Ow) 3 at
RT and reduction at RT. d Catal ysti prepared by 0.1 eq ligand with
0.12 eq B(OWe)3 at reflux conditidh and reduction at reful x

Fui ce L1 ganlt NGUPASDOR St doPRre e cligur B B, FPEERITR, recox

exanpl es of RUWOREONdS)] H#P(a@(@-lk)eﬁf@@)@( IOIRE*R%nBHt:@ﬁé‘RSe@ﬁ (RECBMuIT is

Gopt ot s exeniPon BN, KRR i Sy RPN Pl Gycloataley
of propanal 4m, akylawabkenyla&yuaf)lsaireebf hydrogem, §&Hemealiof, eyl alkyrg cycloalkyl,
Fi 13C

i gure i Sc%& gcgq@gfkg,gwgﬁ%g@g%éng%}ﬁawﬂ é%oﬁébﬁ%%‘ré N, (Cr-Cao)-

asymetric M eact’i ons were con

with 2 equi vali, @lkemhwdi@nyllcs@tq:alkvl QYCIQﬂlheﬂﬂsﬁm&y@ikY‘r Gb&h%“éﬁ‘ﬁi‘é‘r a& W@'ky'
in the presegegg OB a&al% }é‘ﬁtgc D)-SI taléﬂ&tn %Eynyﬁ Eﬁﬂﬂaﬂyﬁd cYdi&diibnyl,
b D 30 (syn/antr) g HpLC C anal ysis.

Reported val eysloaltkgiplkyl, an, ?l’ﬂ#a%ﬁ"ﬂ §b’¥3¢1}1¥| é‘n‘@l h‘a‘&@@%ﬂ BeferQWWl?dVB)}S dllr al
HPLC on a chiral stationary phase. ure 1313 % t|h[§3b dol
asymetlfi ¢ M cifR] Fbé‘c?'?“&nasﬂeﬁb"‘(elﬁb" rAoP L PrOYERE é’d 'f”ﬁ ¥fogyrrololZ,3-b] indole
i soval er al defydRuh@ oV FéhrulShphone. 12 [0038] Figure 14 is a

tabl e depicting exenplary data on the catal ytic asymretrl ¢ M chael

addi tion of unnodified al dehydgs to Nitroal ceooR® Reacti ons were
conducted with 2 equiv of al dehgde, # of nitrostyene at room
tenperature or 4 equiv of al dehyd;e at 60 C (for bul ky al dehydes in
entries 12-14), in the prese i X
cat al yst/ DVAP. Cener al ) troalhkene, 0.4 mmol al dehyde were
used at room t enper at ) Z Ni t rogl kene, 0.8 mol al dehyde
at 60 C. a Isolated yilg b ' dé&,erm ned by cti¥yral HPLC

anal ysis after purifi -,- C Repw ted %al ues refer to the syn i somer
and were determ ned by chiral HPLd on a chiral stationary phase. Cy

in entry 6 nmeans cyclohexyl. 10[0(R9] Figure 15 depicts scherrati cally
t he preparation and characterization of exerrpl ary chiral Li s, of,
Formula VII, Insffcamulan@j\/)flkasmm obBEORSi RIGGORY &'CHEI B°GEART & 6 R®, R'COX,

T L i

graphical ly crys data anal ysi's
ni t r oaleane pﬂla)dﬁjlmtdraz;_:,tg:tﬂa{Cﬁnef()j;_»n)-aikythl a{kmb@kymcnypioglhyluqulﬁlkgnﬂoﬁmﬂﬂla[kyf

f th
[0041] L[“g’ﬁpé&figlkglﬁﬁ? olgljmﬁf R R Sl of hoderrRy - @{D)\l@{;%aal%&%mynyi cycloalky,
anal ysi s of deﬂ‘lswlnwctﬁa"whﬁwlm ol mdgeialiel R ehe PAPRGer G+ Cook

also Fig. 4A ﬁﬂdalkaﬁ? | Ig%ﬁéyp‘éﬁ}cloalkenyl cyck{a(ﬂ@ﬁamyl Fa'r}gué!l?ylalrgl ShaMlkyl.

graphlcally stal data ySi s ‘of
20conpound oR°tise Onﬁveﬁth)@rpggfi- d@n@peérﬁfkldor@’risﬁréﬂ (%‘IKYT)Y' @ch’%ﬂ%o opplgalkenyl,

4A a. nd,qf he F‘éfc{gwy gg% Vgikylahryl ar} Qfﬁl%]kyl':b(%'hglo dfeiﬁ' Forfuivias a &grogen

| - PLC anal ys anol on a Dacicel Chiralcel
columm as a petestiengoupdt’.in EP@"U@@Y) is alkyl. [ 0044] Figure 20

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

]




using a catalyst of general Formula (VII) on a Dacicel Chiralcel AS-H
col um col um. [ 0048] Figure 24 depicts chiral HPLC analjsis of
(R)-1-(2-(6-nmet hoxy) - Napht hyl ) - et hanol obtained using a catal yst of
general Formula (VII) on a Dacicel Chiralgel OD columm. 5[0049]

Fi gure 25 depicts chiral HPLC anal ysis of racemc

1-(4- N|tropher%§) g F noI .Chiralcel OB-H colum as a reference.

[ 0050] Fi gur% i 8 c%rgm r HPLC anilysis of

(R -1-(4-Nitrophenyl)-ethanol obtained using a catﬁ»} yst of general
Formula (VI1) on a Chiralcel OBLH col umm. €0 [0051] Fi gure
27 depicts chiral HPLC analysis @f ' ;
10obt ai ned using a cat al y Fotmula (VI1) on a Chiral cel
OB- H col umm. [ 0052)-F1¢g epi cts|chiral HPLC anal ysi s of

(R -1-(4-Trifluoromet Bpt ai ned using a catal yst of
general Formula (VI1) jon a Chi (IVA) [0053] Figure
29 depicts chiral HPLG:=
1- (3-Trifl uoromnet hyl pheny |ﬁl ned using a catal yst of
general Formula (VII) on a Chiralc colwm as 15a reference (cf.
Fig. 30). [ 0054] Figure 30 depRcts chiral HPLC anal ysis of

R) - 1- (3-Tri fl uor onmet hyl phenyl) a obt ai,ned u a.catal,yst .of
éealeral( For rﬂull%orf@mﬂl(bVﬁ%tRpfé Oﬁglof Qp(‘s'-b';iq %‘PQB{ {RHO, Rgc?%OB%FOﬂRg% KGPX

depi cts chirgi .i;E’ almpg—mfém% Paa@d(owmadw &Wé@m@m*mayd#ooko R® is
ed usin

et hanol obtain géneral Formula (VI]) on
Chiral c8 OBeco MTDQGQO{CB%Q]G”M @he@y|8§[k5§b|°d9|§a'bﬂi ?moallqpmé %)ﬁ!i’la!}‘g’?g‘yl

of (R -1-(3, n%?,ﬁg%w BP Rershﬁe% Cgl% F@l ~h5)-AM1, %Ei&ﬂ}laélkﬁiyl , @fcloalkyl,

general For |ra cel ur e
33 depicts chbaIKBF&PL@Cf&ﬁkvlylgylsa'U'f akppoyg, aﬁd M%‘FH’WU&P%@E RArGASEn{F-Cao)

et hanol obt aétﬁ?dalmgfk?nﬁaéﬁlogﬁ&l e%d&%ﬁylaby&ﬁwl@: QM| dik iPor awlancy:

| r al ceI

Chiral cel ure 34 depicts
HPLC anal ysiB® of oM -df- (hydwgmf|(Go€mbﬁlbﬂay|9lkeéwhaﬂlbrn>'256m'%ﬂ"wéd C!@?%e"y'

a catal, éSt of cg)gmgﬂé@}/ Qf %}I’c}'lﬁrﬁ VhlanfMlk? Y38 Haftlge! Ym:dﬂ'n@ié' (WHR).is a nitrogen
[0059] 'Figur e urther thedreticall'y possib
conformatio nprofectifmegr@na Hén FareyadiAdisea PERtasing cQ@?H%ﬁhﬁhF‘?b RetREPVARR bY
conpared in Exanpl es bel ow) . [ 0060]

i IB’: %‘%lwurt er t tgrén?le

Figure 36 de i cally possible conformation of
the enam ne 30igyq a; iredh ast.%x a%pémhsqmeawmtpwmbr@memdmm[ea-bmndole
DFT calculatlon (ct. | es below). 14 [ 0061] Figure 37
depicts a fu%ﬁﬁéwn#ﬁéﬁW@Fﬁdgﬂgy possi bl e conformation of the enanine
i ntermedi ate, an anti confor ion that was ed in DFT
cal culation (cf. the Exanples Iomo Q?gg%g] Fi gure 38 depicts
a further theoretically pOSSIb|6'CO | on of the enam ne
5internedi ate, an anti as conpared in DFT
cal culation (cf. the Ekenpl e ﬁ063] Figure 39 depicts a

[ [ At i transition state that was
conpar in OFT calcul ation (¢f. o/ “Exanpl es bel ow). DRFA)LED
DESCRI PTI ON OF | NVE 06 he ﬂ;esent invention relates to

[ a serfes of 'p new cl ass of structurally
rigid tricyclic chiral |igands baJed on the hexahydr opyrrol o[ 2, 3-
1Ai ndol e skel eton which can be symhesized froman L-tryptophan

derivative ip four, alth)d Lol FROoRERPESbRY R¥EHO, RICORY, RICONR'R®, R°COX,
ROP(=0)(OH). , R’P(=0){(CH).) R3C(0)C(R4)CR5RS, -R*CO,COR?® and (R’C0O),0. R®is

one of hydrogen, (C,-Cx)-alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, cycloalkylalkyl,

aryl, alkylaryl, or arylalkyl. R* is one of hydrogen, (C-Cxo)-alkyl, alkenyl, alkynyl, cycloalkyl,

20 cycloalkenyl, cycloalkylalkyl, aryl, alkylaryl, and arylalkyl. R®is one of hydrogen, {C4-Caq)-

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




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

trypt ophan-based 15 hexahydropyrrol o[ 2, 3-6] i ndol e skel eton as a

ri gid backbone that is capable for use to induce chirality. Two
possi bl e i somers, endo or exo isonmer coul@ be generated in the ring

cl osure of tryptophan (Tani guchl, M & Hino, T, Tetrahedron (1981)

37, 1487- 14945 t K&IKeny! nyll cidéky), &/603kémd9¢yclo-
Crich, D & éaﬁ%?Hétrakﬁ " ogcﬁ (%h zo)dﬂg‘ -2&08%@ 20 {{151 - G}gl) Tﬁgsey
two i soners aﬂsﬂﬁlk!’!o@mﬂ- alikdarylanthapraiky| X\Aﬁ T“FIOQ%UI t in 20rigid
conformations: Bowl shaped conformation of Fornmula VIILI or .S 's

conformati on Of[Oq:[gx,] A @ gineth ﬁ?ﬁ%ﬁ*ﬁ |pﬁer|£|p[j prog)des ame qsldg@]'e n%ﬁgo}%pound of

general aspegpmine (Viy\RBEUPY toethatif é@ea: fsapanythe mettiodl infbliddés bloviding a
i ndol e conpound of general ormul a

- R4C( 0) & R3) GRap®Ind_ m@mmb , acgPKd ngoFO weyﬁ'x%e?ﬁgﬂ%rﬁwraw’i"%y" ga the
hydrogen, - O%&xund%f’ﬁgﬁﬁﬁa cﬁ‘é C&ise B3 h drBﬁ sis: GRRBethod includes
-RACOR3, -R4 R3R6, -RACOX, -R CP%U% Cg% -R4P( ‘ﬁgt E? %%%

- R4C( 0) O R3) ERBREY the exmrpuRg chFarmuladSHdn H‘Eﬂ’s‘?pf"rséﬁ?eo?f@ cRiglyst. Thereby
hydrogen, or yafmahddPhabé il@ﬂm@ldeﬁéb‘fédlgn oftfle RE@FBUp! of cordpound (IV).
arylaliphatic, or an arylalicyClic group that includes 0 to about 3

get g roat Sm; ' na@@ﬁ?(ﬁeﬂttérﬁh 8§peREheGhvehtdn ;srbﬁd@@uptmrwpsatpam@ @f;orhboumd of
e an |

4 f | i phat b
an aronttic Bﬁﬁ"&@%?W%ea‘&g%fFﬂgg |t%ﬁf:‘;ﬁ P'gtf;ggquét;(d ﬁw&) a%eafpﬁ éﬁﬁ: ,"}gi);lgﬁf @F&Idlng a

bridge, COWDEbrﬁbéw.doofthnaD@L{ﬁvﬁ) hedordifatd e selBRthh@spectoumal Amyaid above,
again be 10 i ndePendentI sel ected from N,
Y

R3, R4, Re agenssellyRbutpal ngresgpiivhapiely Yl E‘FW{'IPHE”Q?BE ﬁ%{”‘éﬂ% %Yxﬁﬁa“?‘i‘aé’ab‘e
bridge), t he¥|athw;lo§éfkclt9é|shwe n%tﬂm'fmr@ﬁﬁicﬂ:dbﬁlaipcbﬁ@ tlﬁmeorﬁ;muabaﬂForam.la (IVA)
carbon atons, inNnc i ng about 2 tg about 20 carhbon % TS &Pkl ail)
about 15 car oH2dm @?Pspfeaﬁ?fﬁt"fzﬂ Pe/Casrialyst Sherghy, R fifsify fnfudss @lowing
about 1) car 99&0@Emof0fhea@@ oupt & @psind Qrvesr hfﬁél naettmmmeaébyaseaondly also
halogen or a pseudohal ogen 5[ 0067] I'n sone enbodi e an

t
is/gre a nitingtees ?J‘W’lﬂdf’? ﬁBa‘gargﬁt?ﬁthecﬁStWP%wrm%W&s& S@pR

those skilled in the art nmbodi ment s,
identical. In 48%H] é’l’rﬁ'bﬁlieﬁ%'ﬂ? §5p|3°§ﬁ ‘"ﬁ%‘?“‘a%""!ﬁ% ethcidlc%f@:e an%gc?_lcompound
ot her. | n sogeF&HaRAMVMIEBED R td the 8edbrdraages (:pjpm)etme mgthgd ngudeh a¢adling a

hyr ogen ( HRFoTRSUER Bemna A PG dRa 0t Atreg Gupe) OBy BIRRPAGR R vox

r enovedxgupon RFWIQ)@TOHE Mhixtofd &F RIRgXN aht G3MgRUR' iarRiMaitis ridepereigntiyoselected from

N N TR I T B —

phenyl f1 uor eﬁﬂkylawﬂldﬁb%@%lﬁ&&hbb&l’oarﬂ r RpiheRTvigiXeis indlependently selected from hydrogen
phenyl et hoxycar bo car bopen 0 p- dlh dr oxybar yl

car bonyl , behcz'u'@@)(éﬁﬂ-l retligw i MBWF%A'M S¥les Iéeﬁ%féacyﬁgg'gﬁggﬁ a&g%wl
ni trogen probRfdiyNGngdhetdfodpat is stable in the presence of H2. A

| age 25 nunber of such nitrogen protecting groups are availble. As a
couple zd il ugootd]iive texithpispsct teeyinsatiue pneideyla metbod obprepéringad Egrnpound

| h hyl . 2,4-dini |
gr ﬁg%’hoxggth e%ﬂ F’X"'?Ht‘%é}’kﬂgﬁ"fd*@ﬁ'z*h%%@ﬂ\e%ﬁ% @%&ﬂ%&%@&ﬁéﬂ includes contacting a

4- toIuenesulMQﬂy@dk$9&MM2ﬁﬁgﬁmOw&bhmmymamﬁﬁmyhm(Hohoxycarbonyl
9-fl uor enyl met hyl oxycar bonyl (FMOC), 2, 6-

di -t-butyl-9-fluorenyl net hyl pxycar bonyl ,
2, 7-bis(trimethyl silyl)fl uoref oyl g car bonyl, 30
2,2,2-trichl oroet hoxycarbonyl, nmet hyl si | yl et hoxycar bonyl ,

Veg?) .



R12, R13, Rl14, R16, nl7 and/or R18 is/are different fromfromR
[0069] In sone enbodi nents where R3 is -000R14, -0CbR16, -COSeR16 or
-CON(R16) R17, nl14, R16 and 1217 are independently hydrogen or a
protecting group that can 25 be renpbved 8n the presence of the
noiety R Hence in sonme enbodi ments the bond between R and the
cor respondi n@ltﬂ'awéw?ﬁalﬂta ROGX X pebseRET 604 Bhge. In Fakmunadpl)er is a nitrogen
sceleton is at least essentially stable under conditions where Rl4,
R16 and/or Rorptechagd aeypaddbps #84dbl e, are removabl e, including where
these noieties are ﬁ this nmoity IS‘)d repoved, I n some enhodj nents R3

8 h,oc]a?)g preparing a

is identical tdo¢¥1ln & tB’BF?fE"' &R thentnyeron PRYReS fy
30di fferent E& Rd Lof l=8r braRgt © meg@eﬁa la@pecO@ﬁlBia@ The method
- COSR16, - 16 or - 17, R4, R16 and

ti are |5ndepé'ﬁl§éﬁ5t wtwwa ewruﬁroavrmm?@cq! mﬁia'egqﬂa\eaure%%{foeaw%'&!m
renoved under conditions where R31 can be renb ?d Accordingly in
sonme enbodi ments it is possiple to simul STO/ATS y renove both R14,
17 and R31 froma conpound o . i
noi ety that includes g 1 # of RI4, R16 and R17, as defined

above. [0070] In )31 is renovabl e upon cont act

wth H2, i.e. by hydrogen lﬂ'h%@accordi ngl 4 ;Qe a protecting
5e

group that is cleayable by sure to HZ. Il lustrative
exanpl es of respecti Les /R31%are benzyl car barmyl
trifluoroacetyl, ben2y nd trn bhenylbret hyl (Trityl). [0071] The
term"aliphatic" neans, unless I-?t herw se stated, a straight or

branched hydrocarbon chai n, which may be saturated, i.e. alkyl or

al kyl ene, or nono- or polyunsaturated and incl ude het eroatons (see
above). An uwmataura;yiemahdélm@{ ircthgrwesencd Of edrasad sFameladil Aoy és a nitrogen
doubl e and/or _tr e bonds (& kynyl noieties). The

branches of P %ﬁ%?’é’&%r%‘ F£ aﬁwﬁet@ﬁenﬁ

Clude linear chains as well

as non-aronat ' l!ﬁ % o%%‘t@éﬁﬁ'g&ect-r @m(rgrﬁfoﬂ)pr&ltb%b 8 n@thcﬂbfﬁfép@ﬁ@é Sompound

noi ety (i ncl ud| ng unl ess otherw se stated of any

| engt h, 10and obﬁmrmwa aﬂm angatsing tofthe thidcaspsct (Sypakd hpwetﬁ%mcludes reacting a
hydrocar bon C t With1® mdt &deptund
15, to about g%b&%nd &ag&"tj t gga%gérd{ng %%Ets%n%g?@%ﬁ at ons

Exanpl es of a¢lkaed fromathiecariosp spesiglingaofghitoue it Gpum i 4rfesiea lanthanides and
hydr ocar bon L | s which contain one or nore doubl e bonds. Al kenyl
radi cals nornally contain about two to about twenty carbon atons and

one or nore, fQqpeds '[Tslﬁ Q'ﬁﬁ@erﬁl‘\"@spe@%@||rﬂre%h(’fﬁov1§éb€é1m%modbﬂpﬂepﬁmé@ompound
about ten carbon a and one doubl e bond. Al k

| | .
mor mal 115 conphFemsK) eviordins e lowerProLEHbEN HedHandh epes gactng a

20 nore, for c@nﬁ?t;mld%f f:(\ﬁﬁiulat Wl c:%or}ai?@(ﬁ the%@@&hd@%péd&@ﬂi\ 8 rﬁéﬂ’l c&ab&lﬁﬂ selected
atons, and one tri

anpl es of alk r adi
strai ght - chaframdhe @‘Pﬁhéﬁ'&tﬁtiwafr@@&laﬂdﬂ qr%ﬂfi %‘a’[‘%‘aﬁh]?etﬁ a‘?ﬁ and pedes

nore triple bonds. npl es of alk gr ou are net

propyl, butyl, IB%%&IW 3 ﬁ'éy?ﬂ“h ?Fé’ﬁ?%he B’ ’P” RAO¥dAS, phée‘é%?l Othh? cmpound. of
i somer s of thsmlémuo;ql/m) (nm%wmwlwnlawhuwho thesperd tylthe sigihpepésts as a
sec.-butyl, tert. : enty and 3, 3-di net hyl butyl. Both 25

t he mai chai'@?rﬁ'@wm”&‘é"q SiSanches may furthernmore contain

het eroat ornS as_for .instan Qr..ca b

repl aced by t helggzﬂéf'@rfﬁé’%tﬁ%yh as"?%d%]“"ﬁt@” RIPYideS, {I g&gﬁ%ﬁﬁ@ CEW%O&% of
al so be ref eFpRRuIA QVIAPaccomiigas theriindth aspentupragas a ligariddersasy natedrit cata!yms
ot herwi se, a non-aromatic cyclic noiety (e.g. hydrocarbon noiety),

whi ch nmay be saturated or nono-or poly-unsaturated. The cyclic

hydrocar bon noi ety may al sopriF DESCRIETIONTFITE ORMWINGSy Syst ens

such as decalin. and may al so be substituted with non-aromatic cyclic

as well as chaigooheflRN SeniblCwiiPbl SORF NuRferdidlt GXR! leferBXE 6 3hEO8etailed

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



30 nore aromatic noieties are substituted with one or nore aliphatic
groups. Thus the term "arylaliphatic" also includes hydrocarbon

noi eties, in which two or nore aryl groups are connected via one or
nore aliphatic chain or .chains of any Ie‘mgth, for instance a

nmet hyl ene group. In this regard, the term’ aryl met hyl enyl " i ncl udes
the noieties, cgﬁ%?hy' ,% and -Car3, with "art representing an
aromati c noi et EEvvo aromatic noieties in 19 enbodi nent -CHar?2

and the three ﬁ?%@r@'e@ﬁb@és e SBQRs el exgﬁaraﬁal& poendsas Eie ifantion,
es

or different. erm"aryl -nethylenyl™ also inc |etrx
- CH(al kyl ) ar 2 ampaurd railform@fﬁ Mlcaid agompeyrd plFemula F\élr‘\s.;h?“daPW? e natural
chain of 1 t roﬁpak'gvnﬁﬂfxa%y&r%p?rﬁﬂ%?ggi]/lﬁﬂolésﬁe%t&bom 6 main chain

atons, including net ét hy i sopryl, n-butyl or isobutyl.

5 Typicgly, tg isgﬁ%ﬁarzbwpucﬁmmhaﬁ&my meﬁynms@roybaiombama 6f Formula (VI1),
conmpound i nclu

7 or mai_n chai ing of the
aromat i c i Seling FREyHEURMmercially 9‘[%[?*?'5%9%“%@’({73’8@"6 51 but are
not limted, to_l-ethyl- t ha n e
9-i sopr opyl ant HPA K “';’Lr}’zdpeg'cfsr?Cﬁﬁ?‘ﬁgﬁa"%@ﬁf’éﬂtgxs's BF Le5rbSNa B Pormute (viA),
4- phenyl - 2- byiaging fofila commbkcRNPadilatie Metgiyteeed v itlyptoghamdh.i ne,

3- heptyl -furan, %[ 2- (2, 5-di et hyl phenypet hy1] - 4- et hyl - qui nazOIl i ne or
7,8-dibutyl- 1 [@&a@%mém diesiolg Lam dlustraive exa»[nﬁié?@‘] a Asmpbumhdf Formula (Vi)
| ndi cat ed” abov

" ar omat 1% f‘?@efhﬁ? V?’b? |SB'P165?§E{'8 °?5€§‘d%>éa“ﬁg e| nng'rs? %eg%{&% %ﬁf"‘f{s‘{ahﬁe example
bot h substi t ut£ebnaptdind 65 Edriula (MIpgéthemsithod sthematiesfiitscf-iaystroctuest v .
Substituents may be any functional group such as -COOH (carboxy), -CH
(hydroxy), - SHI[0a29] Figure 5dllubirates dmeuse of Se¢emippané abEgrmulacidh) in the asymmetric

al dehyde onyl -5(02 sul f onyl sul f o-,
gul fi dg- , ): - Ore%t'on%?a&gﬁbgt ey()0803l(—|) )- NI(—|2u( am %og - uNO (n| tro),

-NS, - NSe, %b@ﬁ? '?:thHS ) d%ﬁtcfsaﬁe {U\t‘H Bt isdrheré th@tép&onﬁileer exemphf ied by a

(fluoro), ana an i mno-, ﬁm do-, an imdo-, an azid
di azo-,15 cyaeropqundef Fgmw%ﬁd") wit B F & yapiband g camppyd ot £ chpiEd A T togefner

sulfonyl (ewflh a 3B r{-.&defl Hapdgeet hyl  sul fonyl -, p-tol uenesul fonyl -
br omobenzenesul fon ni trobenzenesul fonyl -, or a methane- sulfonyl)

silyl-, 20sil ag@um@‘h@@d MYMrBEOtR . potentib O 7dsighnofsanitietuei oididvehitas ligands
where R3 is C0

ound of eneral can be
represent ed bysedanibe ae"(ef@tlsjmcmrelqﬁ FBF‘H’B‘I"E’F%)%;TU")’&?Q&I@ R31 are as

defined ab al kyl d ti I :
Gr oup a1 AR SRS B Mo BE ise 5 £ doriHal of el 19 catalyi
exanpl emf sugfinrdetht Micttil a@mgrnou.m tre Michaeteitapteryding Asutai greaplyFigure 88

| ai ned ab
ot her. anbodi NEHIPSS 76 G171 FRTBRS fior BV I, Saialflc Jpyihielr el

enbodi nents Badifich @trpmetmeﬁaengcwpmn ieinbat catbonybgrougnfiges: 80 ilusieates the use

presence of the noiet inments th

bet ween R35 %awweaﬁ&& P"@Hﬁ%&g' @aﬁ' ?)é’ngﬁ’g‘é\?é&mﬁ‘ﬁh’gwgﬁ% ?gﬁg with the

wher e the bogrscHast ﬁ\ﬁﬁﬂtoRb%ﬁh@ & hﬂrdlgfdﬂngmuﬁ B'Dh&eplcts the use of a compound of
eft at ntial

hexahydr opyr rol 3-b ndol e scel et on st .
ot act 25 s BREADAA leh sy wisher Gapiigr i B ERET AL Morbeing
enbodi ment s BIRidryHirblys Feg\relgECARds F.gme%uusltratesememeﬂnambxmpm oR3%e i of
a protecting group that_ can be renoved under 00{1 |onf c\{‘\:@ CKBSJ N gF
be renoved. ACEBWANHLPRFIMURIMEARBFaIARER AsYTIPet! “’{i sl g n rig.

si mul t aneous kapré LRV EriB UnkinSiham HtEHRS WNIA) BROHH MPidurs! 8G depitee thiad preliminary
structure (XX). [0077] In the Formulas depicti

hexahydr opyr FesUB[F, a1 BYParimestat exampisutial "}i’é’ 'ﬂ@@%e A exsplion, fromy, the gpreral
est abl i gned %H%@b Lt? f %%%aﬂﬁzb%@ydu%eﬂr‘@@ﬂcﬁa@t éﬂﬂﬁtioﬁ%cké}@mg teheasRatbread that

conflguratlono tricyclic noieties. The ge representatign
defi nes one @rayémcaffctdtrm@ﬁrraoghﬁmr? ggrﬁeppgfagthq@xglap 8t FR%?PO“"dS for which

preliminary data indicate their suitability as Michael acceptors.



5In Formula (XX1B) R and R35 are as defined above. Y is a nitrogen
protecting group. In sone enbodinents Y is renovabl e upon cont act

with H2, he. by hydrogenolysis. Exanples of a suitable nitrogen
protecting group include, but are not |inmted to, a carbamate,

methyl, t-butyl, N-allyl, benzyl, N-4-nmethoxybenzyl,

N-2, 4- di met hoﬁ@ﬁfﬂ |gur5]'9& J&Smsqm/%%ébte RSN o%&htﬁﬁ?ﬁﬁyintermed:ate a
N- pr opar gyl oxynet hyl , @[qz (Trimethyl sil ypet hoxy] net hyl ,

N- 3- Acet oxypstanOW&B?anWﬁwa'CU ony- Bigiges 8B depicrethe lowest energy’ transition
N-2,4-dinitr E?&XA t h h e8! depicts a_theoretical
N- 11 uor enyl &B%- I‘?Nbp tHF u'lc%rgeéﬁr{\jﬂ W)aanTa%lalewgﬁn ;Prilylg?h 2%cgﬁpbonyl

group of a geltmzmaiveltmdsmrwtﬁg (Wlﬁﬂdb%irc@eﬁ Rettinvebierasgehiglesdeur ea (cf .

al so above for further exanples). lllustrative exanpl es of carba t?and

are met Byl - car 0034 Eiguse HiPA deriidsrd HUMR spretro| shewing e salt fermation ©
car bamat e, ﬁrl\ @ﬂ@% Y DEgRieSt0BPAdpitts THNMRREBEGra showing the stability of catalyst (10)
0X

triisopropyl si arbamate, 4-nitrocinnanyl carbanate,

9- Fl uor eny| mistwater EaObA¥mpeak(chaegs andchemicah shift ehangel ersiEed, pyas: 3ftpr 32 days.
carbamt e (DREPPGoe depibts MR t«,ﬁ%a.?y nBirgdhd s&a&wyﬁ BRERU! (10ADMARTH Qater

(Bt s- Fnoc), tetrabe zo[ a, C, | uorenyl nmet h car bamat e,
9- (2- sul f o) f (6. mpmtmngmmmc@ shit efng gcairied @y Aiks 2R RYS-
carbamate (dinopc benzfflinden-3-ylmethyl carb

9-(2,7- W br Om))[oo Sl(lf:gqrao116ﬁyq1 rﬁ%qlemglppietg}gb%péary% on (lhe cata?yilc asymmetric

1, 1- di oxobenzyglRhtdiikeRned Redctdns ey berfdibaih @. dlBﬁfﬁDEétone 0 6 mmol borane,
2- et hyl sulf%{l 3-phenyl -1 E)grop 2-enyl car bamat e

2, 7-di-t-but mf(tme regex 9200 n@ m IUA%HF%W%“H ant*ﬁ%ﬁtﬁ' ¥iglg, by
y| car bamat e {|LBP{FRElog rgpl'% Rad Hé@mnﬁéd)ﬁﬁ hPLCCa@aéb§§f%§tﬁg @) Chiralcel AS-
2-timet hyl si fyl carbamat'e (Teoc), (2-phenyl-2-trinethylsilyl)ethyl

car bamat e ( PHgemm. phenyl et hyl car bamat e, 2- chI or oet hyl carbanat e,
1,1-dinmethyl-2,2-dibro- 25 noeth car.banmat e

1) 1- di it hy1- 2180381 Figurg) 1A mf%éﬁﬁgﬁatgeexéé“it'% 5 19y PREpiRgHons of the

carbamat e, 2gfshtiofaiédtidy lbpeinbybduzasanatetonaphthone according to a use of the present
2,2-bis(41-riitrophenypethyl car

2-[(2-nit ropWéWP)"dB??ﬁ"&]‘s eﬁihg "EF%Wth(pa? Bmtagetonaphthone 0.6 mmol borane,
2- (N, N -di CY¢d}%hﬁm€ AP OBATAHA)Ie LI of SoNamIat refld2 tehperaturada salated yield by

iaﬁgfl mael g' gol épg%g%aﬁ%r%{myge eg ggts Car%ﬁ‘?ﬁ%ﬁc analysis using a Daicel Chiralcel AS-

1-(3,5-# - t- hl&:ﬁrﬁhemé@%ipﬁpérﬁﬁ lbghydq IRARE aADEL2 &8 B(OMe!)ydt RT and reductlon
carbamate, NI - hﬁ,,d ir oxypi per | din gar ba

car b mate, an .a hi 0
(in particul &R q:]atglyitﬁreq?éqdnéy pﬂgt%y angtva% ‘E%%ql;%dog}b{);p atrefl I.Bﬁ,cc?ﬁl on and
t - but K' ) bphﬁiaﬁbﬁﬂntdilrﬁu&%bmt @LagSn@wd$ whs kﬂtycyiéd)myf L[gﬁdomahaajmtad twu:e
p- met hoxybenz

car banat e ni t ropenz a hal ob
car bamat e, i@ﬁﬂ@ PRRERGYGRd 96'5}?& @“"% %‘ﬁgﬁ@/&g@f‘ﬁ&ﬂ SxanAle pounds that
9-ant hryl mi‘t Wéte e REDHME @nartiosflBQRY bazak Geduchar AraiThé 6bse4veﬂ@ialﬂlimrdmpl..
carbamat e, 2-nethylthioethyl carbamate, 2- nethyl sul fonyl et hyl
car bamegsge, 2- (F[B@ﬂ]lﬁ!g\ﬁ%Uijmmﬁb):tst bxdm;ﬂa‘ybtmwysﬁs ug@d (in, i3 disyrhinetiig) Michael

2 (4 ni ¢ ropnER LTy PPE Bl Rt iRk R Fiqurs 498 Fiaure 13C s
3, 5-di net hoxyb@maxﬂbp@m@mw ﬁhterqnl tﬁecmatwtu@pbﬁnméthmimdei adtitoanetFégure
and 4- net hoxyghena car bamat e.

| Justrati exanpl es of ~suit.ab
ami des are fdPRaRERIONSWREHANHICte WT"?J?(?&H'& Xﬁ%daﬁy‘ﬁpheﬁl" Y51 B! 8!83’%&% gdoom
phenyl acet amdgherdurRNBNmk HréeabaBF gstalyPeRith 4~1eema|ydeJM/qm olsolatad yleld. © Dr
3-pyri %3} car boxacet am de, benzam de, d_S'<Fg)hen

o- (benz§ oxy kvniapt) wen aieraiaed BY i) di-4 Péﬂgs;%fcﬁﬁ%qﬁr@g \valyies refgy,{q fhe syn

15 di phenyl sidogey uRg WYL idBRA%AYA by%hfﬂé(tdﬂﬂ.@uhraaaﬁracstam;dﬁhase Figure 13D
4-chl or obut anam de, acet oacet ani de

2-met hy1- 2- (6exphtérﬁ/rtaﬁ1§pﬁam9ty'9%%ﬂ%ﬁ?%°"|’fh?&§9)r%ﬁi'ff’¥ﬁ8dé)98f‘r‘81‘é§ iggaler-

aldehyde to vinyl sulphone.



10 aliphatic group, an alicyclic group, an aromatic- group, an

aryl aliphatic group and an arylalicyclic group. The above said for an
al i phatic group and enbodi nents of an alicyclic, an aromatic, an
arylaliphatic or an arylalicyclic group, 1@ so applies to RL and R2.
In sone enbodi nents R1L and R2 are identical, whereas in other

gg‘?gd; ;rilnts thﬁ%q:@jjg di ffﬁr gpé l*tabl@ dg@g‘@ﬁg}gnﬁ{g}y%{gﬁ hﬁ% ?@Qifggsﬁ’irﬁemc

al kylaryl, f Mrcheedaﬂpihm ot mﬂn}dd,lf e)dyaldphydasrto Nitoatkeagsy Reaetlorls meremndhctﬁw'th

el aoted {1 oRPRABAL HESGPoL BT Jrepe f i SR b R S agpyce o

-0-(C1- C3) abk yL, (féeruIEBZ)a{dﬁhkdréseneéntuw 12-MQRin tl"@O;Jl@ser@@ ot'ab#(lylyst with 1:1

and Re e | FRRKARAAR Sakice nstnustkaie. O e Ghighyte feftosg Bl com

group wth ateﬁﬁiefaturaanehea mmbBMirgegkehef msmhtdaaymmomatadsmate@weld 5 Dr

alicyclic group, p nar | al i t|
arylalicycl |wa§P%}6f§mn§§gH§F€1lai %lrg’ig r@yéﬁ(ﬂj r gurﬁg? Poﬁ?%;rﬁggég VAlds Mer to the
i ndependent | yyrSedrfaitRd viare Aefehfingd By phied HPLSohrgehirl dibtiddaryGhase Gynid entry

Si. As also explained above al i phatic groups may be al kyl radicals,
whi ch may beb 81998% eXAh&®hy one or more substituents, such as b -O—|

y
i (()ZO( (Cél (1;% 2: %3’9] F[%P {%ffeegg) 3%2&73&0%0%_ éll% rat:on aq&} F@Q&téﬂzatlon of

[0084] In sogs&;nﬁﬂdvpdjhmnli@nas nﬁsﬂm@mav‘eu astheirg Hyody @pwmrobm[aﬂy Fwvhilable No-

i ndol e conmpoun proyi of a conpound of Formula (VII1)
RL R2 25 AsP 8%‘?{‘% KQR?fF% Cl% (VI 1), the conpound has a

cel ot od rom TEIOTFRE 6l ol FHbiibabs sl & B st aRE el of o
t he peri odi cnitredikaneqfroduvtolthioad e M@h@fﬁr@ddl@or( ‘éﬁt@(ﬁ! germrpung of the inveqtion (see
| UPAC syst e”E)Bampqntggﬂ'quﬁaﬂ%gst?%al@edes In sonme enbodi nents M nmay

for instiance a co tal of Group 13, such as a boron

conpound, i ncl T&Bzﬁg F%@rﬁmw@%wﬁcaﬁpm@%% amx@dawﬂrfytalraaeapa?ﬁwmf a

i ncludi ng an allum organi ¢ conpound, an indium conp

i ncl udi ng ancqmﬂnuumoért@earmiv@m@ﬁrﬁﬁ(ﬁ?ﬁ@a' Bermaiage) f%rﬁ'%ﬁ’ﬁo%d’"d the Examples
i ncluding a gg&M_um organi ¢ conpound. In sone enbodi nents M may for

i nstance be a conpound of a netal of Goup 13, such as Zinc conpound.

In some enbodi fpg2f Fidurevis &@u@%@pl’ﬁ@ﬂp@@@s@ﬂs af XaRagl crgdftal @atpndlykis of a
such as tin conpound. In sone e i

odi ment s e
netal 0 G otgmANd & ée @ge’ﬁ'oﬁm@eﬁ"d'ﬁ‘p%‘lfﬁﬁl\gomx(%aﬂ?ﬁ Eﬁ’rngg gutﬁ%l Ea?'ﬂples
sonme enbodi nggLey. M may be a conpound of a netal of G oup 11 such as
a copper or a si%ver conpound. In sone enbodirrients M may be a
conpound of a Bl FRjurtr TIRePictssehirBl BIFL@narialyisdi ofnracemjzo dptieylethanol on a
r hodi um conpound

netal of GroBBc'ﬂe'C:,hﬁ%[ﬁdﬁjQ&bmFgrﬁr?'%@Eeé‘ﬁ%E‘%fa?PPg ?I (r:ggﬁloﬂrr;d of @
cuch ae T ant nadiiaAb T i 0 Hebild AR A1, ¢ ERBOUTIER b By AR B ueing

sone erdmpodi neralybtofgeneraf FGiBla (FR)di6a D8Se# Chirded DD ¢dvmn.Al C13,
Znd 2, Zn(0OT02, ZnEt2, Snd 2, TiCl4, Ti(G-Pr)4, Cp2Tid2, ZrCl4,

Cp(Zer a2 | rc]jCI 70045) Fagur 321 GlgpRAC)Chiral( HP@*&@@IS of r(S&2r3rermyd-phepdethanol
and 20LnCp2 ODCoRPHE(Fi
enbodi nment s 3%?85%3&9\%&%#3%5 y%“g%‘ﬁ?% Jﬁeglllggg]\éq?ar?cf %ﬂ%g%]pound has( o
an S-shaped eoDktorespbnding bnfdg.cAm).be represented by Formula (I X) 25| n
Formula (I X) noieties M R Rl and R2 are as defined above.

In sone enbodi HB04E} Fitggei A2 gienistsarhirbHRHCa apadygis jof (W”E’JPC’PWﬂhE@a“O‘
In some,pf the ﬁleg rﬂgﬁ’\g'ﬂg{g staofrg%ggr%ﬁ:br\‘rﬁjlahﬁgﬁwdé PRY, EéIQirﬁ}Ie%eBOBJH column

i ndol e %orrpoun can repr sente by Fornmu I n Fornul a
(M) RO is a(Flg.IZZBth@mlngtthlgmkmdﬁg 22 w#ép@\ﬁ’ﬁ@dﬂ Fighe2Chave a

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



In Formula (IV) Y is a nitrogen protecting group (cf. above). Y may
in sone enbodi nents be sensitive to H2, i.e. renovabl e by

hydr ogenol ysis. In one enbodi nent, the nitrogen 15 protecting group
is selected fromthe group consisiting oft3al koxycarbonyl, benzyhdryl,
trifluoroacetyl group, t-butoxycarbonyl group, carbanmates including

met hyl, et hyhf\ﬁ&%? c§t'alf9§ttdftth@rgl rf‘&nhmka (ORY PR BAGSS! CAFAIERRS-18 6lLing colivpe

derivatives and™N- Aryl am nes, imne derivatives, and

enam ne deri vat Wﬁ? Fnd%ramit B8piats &hasl detc nediyeoye(R)-1 (2 (6-methoxy)—NaphthyI)-
[0088] In further enbodi nents a respective hexah ? ﬁc}/ $¥£¥Ph§ lcel OD
i ndol e conpogthand cbirneskusiag Acirsh ¢ Bneak ﬁ?ff"é"‘?[/ YJi)on ¢ piglce
(IVA) Rl is gyphRtecting group that is renovable in the presence of

of the moiety R An exanple of such a protecting group"is

aryl met gyl enyl .jodzopriupe zsfd@.uuf ahrlaeHaLalarmtsfeydfeagemugmqum;tmgmehymethanol

but are not Iimted to benz di rret hyl, 5 di benzysuberyl,
2,4, 6-trimet AYPIGHHale OBH M%{em nltrobenzyl p-ni t r obenzyl

1275, 4"t ot r an eSOl Eidhag 2 1SR, oEY cHEO e 8l (e Niropheyjgethanol
enbodi ment s 3btdihed Ssifg BlcataBel of@gngralcepmilagViicaa ChiralehOiad colombhe

presence of the noiety R Thus in sonme enbodi nents the ester .bond
bet ween R1 and [0081] Eigurex2? @pmtspchnaih HRL G |apalyeid ofn §R)1-Coftutirerihgny)-ethanol

wher e t e b On%ﬁ%? \{‘\%n%f cat% of ggné Flei:opﬁ&lgg‘gﬁ)q%nfg C{'n'peﬁcel OB-H column.

hexahyd opyr? e Sceleton i east essentially

or entirely i ntlg@_;& Ftdg’é ??F%ﬁg@%ﬁ@nhﬁu’mﬂda SR OF mep@Lmu%ﬁféﬂlylphéﬁyl)

can be renoved ere renoved Accordi ngly

in some errboelthamlpbtamedmsmp@g@fabfseoftgengrﬁhfnrmhe(&u}swya Caigel lgrefemn.
"land R1L froma conpound of general structure (1VA), a

condi ti ons whed@053hFigure 28 cgpists shirad HPLCanalRip St rate ef)é %"'ieg’y ppgnyl)-

aryl net hyl en¥fhaﬁ&i%blafr%d ﬁﬁfiﬂ\éaéatélﬁ,t %ﬁgéde%f FRHhuIY I(\all)fafdi CgiRdIEd! OB colitnn as
and Y are as defined above. I n sone enbodi nents Y nmay be renovabl e by

hydr ogelfol ysh seference cHEHEBPE0)}n furt her enbodl ments a respective

hexahydropyrrolo 2.3-b] indole co ere sent b La
(VA 28 qsfsﬁp%hﬁag'ctaéé 'd'iqﬂ'g RS f’foifg‘f&‘ﬁq'éff”%f’ﬁ% Iphe)
Formula (VI éthaﬁdl obﬁ:r@btuainged:aaﬂysshrcguaemnﬁﬁngla (8) orSh @htralog dBtOeolthe
commercially available Na-protected L-tryptophan 1, for exanple

Na- car bobenzy| qag55] Figurpt dphiepictsi dhital AIPLOC@nalgsipl mfng?)vm-Mhnetbylﬂéfnoylphenyl)
foll onwed by aci

hexahydr of 2, 9 BT%)%B{aﬁ{eﬁﬂgﬁg%:cg%cgg gghgralESh }éa'rugao(l‘?/n})@ﬁa Chiralce! QBH column.

PO i ATl b S NSS4 S o

Chem Soc., Betaikdudingasatalys{ digendraliEeBulagy) org beﬁiCQDOB&" pali@R; ce,
A, Acc. Chem Res. (2007) 40, 151 - 161 after sod
car bonat e- medi d00&T] Fiasrec33 sepicerrbirah BPhE dgnalisc &f I(@) %Fé’lﬂ"@“?ﬁoﬁﬁg‘yiphenyf

| soner of CO%QH&gbl%ingb g g?@ﬁsf‘%eﬁé}gl EdRul2q98) 84 3@hRalcel OB-H column.

di ast er eoi soner reverte to'starting material 1. Initial
attenpts to di rigeds) Fiduraasaaaicls Ehl@ﬂ HRL.Ceaanisnsk (R) M) (3(4edifluokapdeny?) ethanol

were, surprisi ngl y, unsuccessf ul reaction waEP ﬁ Iq It was
specul a@%d tnafameﬁfu§lneﬁﬁét?iysmf@?ﬁefsbl:%%?é&"b%i‘% Bir Pfgﬂ%y EPYM8ed
nature of the structure. r enov he ste eff ter t|ve
Ropr oach vt dDVEEs B sRIR CRbepa e Gosstit o reroT b slgine
by subsequentnidpreaiafy, 8 sghldbrtbdittiod hia$w§§ EGhefyd pY DR calcukstivagsif the Exachples

a series of 15chiral ligands 7a-h were obtained in good yields (Fig.
15). [ 009PEIoWhus t he present inventi on prOV| des a net hod of
preparing a co ou .of Far eact a.compoun f .
Formula (V1) t ure ‘gaﬁa""rfﬁjé %{Jéthé'e ¥<¥°, ﬁﬁ*’%ﬁ‘i&‘f%"“ X 8re gamine

of RIMpg andidMadiatdRb sghdoffrmatioh it Gas gdi’mpa}edi &algE'ﬁbalanak[onr(chtbuerﬁldamples

below).



in which R and R35 are as defined above. R3' of Fornula (XXl) is

hydr ogen. The nethod i ncl udes providing a conpound of Fornula (0(1 B)
In Formula (X0(1 B) R and R35 are as defined above. Y is a nitrogen
protecting group (supra), which is generdldy renovabl e upon contact
with H2, i.e. by hydrogenolysis. The nmethod further includes

contacting the (569 Fiditre 7 deRlcil furthePthedibtiony Boé‘dﬁaié Borffdirﬁtaﬁdilesﬁthéenﬁtﬁme
a suitable catalyst such as a heterogeneous cataly

exanpl es of itermediates rasyent cwsiaEmatan et yas &O'RBW&? Jeapéfyga?cuéaéaoa (cf. the
Raney ni ckel ggb‘/g Gt al yst, Palladiumblack or a carrier based
cat al st such as a C,"N/C Rh/Cor a Lindlar catalyst, Palladi um

Bl ack, or Raneyo#sziegure BaedeplRis §fu&ﬁ¥@tﬂ@or@fcdi%ﬁo§h€h@c&)ﬁ6m&m oﬂhetegﬁaﬁlf' ine
and t he correspondl ng nitrogen atom of the tri cg iC. C

For mul a & XXI inggrmediatel, | an@gt c onisemation Kat ovam semyared i QFEC‘EQEW%W (ehethe
Na group of ghengeapawpf of Formula (XXI B) is 20 allowed. Wiere R35

is aryl methyl enyl such as benzyl a cleavage of the ester bond to

noi ety R35 is i[0063)Figua8E39dcpiRss tlta‘otaemtycbosabueaodmpmmaimtremsmdmestate
carboxyl group of the tricyclic ngouzlr;gb E Forlrrué% ‘KJY X IS

al |l owed to oH@twas roreRargd M?%‘?ﬁ c xamplg§YPWhe pr ot ect| on of
the Na group of the conmpound of Fornula (XXI B) may be allowed to

occur in any desird sol vent mhethe di pol ar

protic or dipolar aprotic. @Egﬁﬂg’oﬂﬁﬁ c?%ﬁ%"l S used.

Exanpl es of non-pol ar sol vents |ncI ude, but are not limted to,

hexane, 1thept andp064} dihelpessantinvéndinz eskates tothe @agign pyd syiithrsis ofiacserigs ef a new

carbon i sui PPEe." (EraRay iR Roarell BRal 6h (R HoRiidfopyrrolof2.>-
di i sopropy! ebletole Shemigi welcbfcadlbpcﬂyatheamd)ﬁvm dnj lgrtryriephinadefigatiyp|in four and
et hyl ketone cl'{l oro\‘:t.jS egﬂvefyet rahydrof uran, dioxane, ethylene glycol
nonobut yl et ﬂ‘éer ‘f)sitrr I'he,” "imet hyl 1 sobut yI ket one, acetone,

cycl Ohexanonenﬁﬁﬁ&h@cﬂv@ﬁﬁn Iis QRidby | hsmgugdéhmcﬁtlorﬁt&ﬂt%n@rygioﬁﬁéﬂ based

di acetate f or mam acetonitrile N-di met hyl acetam ?I
10 ni t rgnet haﬁ@hYGr@QYrmﬁ[i |3rﬂlléd03N-Sh§§ﬂ‘?9Iﬂ§y? rrtSFCf E@fr‘ﬁé"”?rﬂ't%éfrtﬁ?i’ab'e or'use to

et hanol , pr OH%P?Q?(?[{? @pﬂ?@g&%kble QH%%%MONN%XQ'@OWE@@HU belghidramt ethe ring

and dlmethylsu ome enbodi nents al ovvlng deprot ection of
the Na groupclopurehef mmvandTewgw nMl & thort Te) Tedi eqrﬁrmg?%ﬁﬂme 14871404,

formation of Bﬂur?t%xn@?'"%igl Olf’erk:ﬂr'ff]%” sy (436D 1693 '1§993@n6h sl @Bﬁne‘n@e QA PRb.aChem.

protic solve protic sol vents include are
not limted msn@ﬂﬁ'é)n@ 5%t ﬁgh)@ThqueuWnst @gp,@pomplgrqﬁ t@dth@pal will result in

di met hylar si gg@ec?ﬁfoﬂnétﬂ)%m% rdonfowngf i STERMlia VT SRS sKped conformation

N, N- di i Sopro amne, or c ophenol [0094] In sone
enmbodi nent s pheormetai¥dshsiwrfinfFig Ay a conpound of Forrml a (XXl A is a

met hod of forming a conpound of Fornula (VI) accordi t he
i nvention (see [AB@RIdY one genssalAspeRd g ‘H\i‘?"&l g ElEHiA %I}"?r% &‘88 Hﬂ%g%ifndo’e

Formula (1V) .88 Stg{dd;%gn@gq%emmgtxx [ 0095] The net hod further
i ncl udes contac I ng the conmpound of Formul a (IV) with H2 in the

a NiHC catal yst,

/ C catal yst or

anot her suitabl e catal} X" Thereby cl eavage of

t he bond between nvi et Te—dor respgndi ng nitrogen atom of the
tricyclic conpound of s allpwed to occur. 5Hence, the

i ) Nt he conpound of Fornula (I1V)
to be deprotected in the pr esenge Of ..Pd/C,\c%tal yst. (XX) [0096] In
sone enbodi nents providing the c rrpoqqd ofRFormul a (1V) includes
provi di ng a conpound of Fornul a 1) 10Iln Fornmula (111) RO is alkyl
as defined above. In some enbodi nents, RO is (Cl1-Cl0) al kyl, such as
met hyl, ethyl, propyl, or butyl. Y is a nitrogen protecting group as
expl ai ngsl abaw ehis Iga,»n@rae Femod i ENR, mtah(benmm@aenRg?@DE?:t RMEOGRD ' CIOSerR?,

R'CHO, -COR?, -R'COR?, -R‘CONR'R®, -R'COX, -R'OP(=0)(OH),, -R*P(=0)(OH),),




25 desired reaction can proceed. Accordingly, typically an organic
solvent is used. In sone enbodi ments contacting the conpound of
Formula (111) with an acyl halide RCOX is carried out in a dipolar
protic solvent. Exanples of dipolar aprotige solvents include, but are
not limted to, nmethyl ethyl ketone, chloroform tetrahydrofuran,

di oxane, ethy di th I

i sobutyl ket o#FanR% gg‘%‘%@cﬂ%w gxr%(#fg?ﬁ ﬁhﬂﬁ rrl al rP‘%‘mtl SO KtRm may be

; iOPUt y{ atle hﬁar nema:tCGiFY’?OR“(ddngt F'eOSRY] rﬂécbﬁbﬂﬁrﬁm -COR3 -R*COR?,
etonitrile, acet,am de trQ '

N- et hyl pyrrﬁ%n@ﬂg‘ﬂgﬁoﬁ%g ‘l%)h% )Iz' g’g @:H%Z)r 2%‘%’@ ;%:Ed‘t(#)%(RS)CRSRB

bu]t a?olj Ebl\ladl | sopropy:c et hyl am n@, anCD d| met hyl suI foxide. 5[0098] In

rel ated enbodi mgnts o ornpn onpoynd of F

s o g oo EEDASEL G B o or ol ) hab B .

above, is synthegi zed Fornul a Ris_as d bgv

[0099] Phe r@%‘bgctqr?/g‘q%?#c?ﬂw Pme?ﬂ?o%?oﬁ@%thy\%ﬁgﬁgr%rgg? amﬁgt'goa?‘mgnr%c"ac' an

conpound of &Qﬁyhmdrearﬁémﬁhaﬁa Yor hnewmii@gmﬂpdmatgwmdesmamtdfheteroatoms

Formul a (I VA as def|{} ab?¥F he netho i&h 8%§ R* .

contacting t leste 9WHH%§T¥Q¢§"%§P%° t%g -dhc' °8F ohan

Pd/ C cat aljysmaphi?@bﬂ@e @hem:ﬁ?e beifigé, e br@ﬁﬂtldﬂahdmrannmylamhat{c aridget ard an

corresponding nitrogen atomof the tric | d.of F I

b Aot Sl b S C YO B A o o

gr oup ofg tpegﬁ/@mc i |g§|edﬁ§1{ ffuhﬁN(OVB 152 Hel Sewiedre RPe@*i R® thdior R® are an
resence o cata rther t a t

bet ween noi e§Phalc EH@“{%'LE@Q@E%WHBF%U'J@Q? IB'% typ@?@[‘%v?e% rﬁ%?&v@'ﬂ thaf has

gg(r:url (0 {/;Jéﬁ)@}ﬁ é%b@gmmg%mnﬁauwgoawﬂu Rgo tabeutcainEobordatofs, about 1to

mul a I ncl udes providin 0 F la, (1]

defi ned abovaboute EEwpAIRES G° Fto?Eﬁ.lg;gc’”?qgI°ﬂ5b°f‘%rt‘?fn1‘6j‘°f1ta§§?tegdtc\/\%q%§é% carbon

acyl halide HRg¥ drabéiie toeB&RMN0CaMbn atbrig)Niga hblogdrasen saectotatogan.

al kali base. Exanples of a suitable inorganic base include, but are

not |i m‘a ed to,[OMNilmmmemDMentsmmithmaae doitrage) protediingngroup, of which

X, SRRSO RS AL o SR AR A R e

above. In somentuahoei sonnd smﬂ:unnhmts Rganmaab@rm@ﬁfmrmffrdﬁnmm ather] In pyme
Lo SRR S 6l o BBl b0l o e
used in a funikbgen alinodhé Ressencedofifydtagen ifid,)i Fxapriésoof. nitidgen pedgtiog igualps
L R
Formula (V1) meirmbehﬂﬁt;ﬁéthﬁbé})tyllB#MGm@tmmtmnzﬁnmnWymhzyheﬁmawom@enml 9-
by obtaini ngpﬁgn%lﬂ%orenyl Blpﬁen)}lmet{'aytv@r}f:her-mnelet%qngggpyﬁjetlﬁ)gxyga%gﬂﬁ aca‘%'b)anzyloxy
(Cbz), p-dihydroxyboryl}benzyloxy carbonyl, benzisoxazolyimethoxy carbonyl. In some

embadiments 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 illusirative
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(trimethylsilylJfluorenylmethyloxycarbonyl,

30 2,2, 2-trichloroethoxycarbonyl, trimethylsilylethoxycarbonyl, 1,1-dimethyl-2,2-dibromoethoxy-

carbonyl, 2-(N,N-dicyciohexylcarboxamidoethoxycarbonyl, tert-butyloxycarbonyl (BOC), p-

methoxybenzyl carbony! (Moz or MeQ2Z), 1—(3.5~d'i-tert-butylphenyi)—1-methylethoxycarbo-

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



34 is contacted with a conpound RIMgX, R2MgX or a m xture of RLMyX
and R2MgX. Rl and R2 are as defined above and X is hal ogen (supra).
As noted above, in sonme enbodinents Rl and R2 are identical, in which
case only one conpound RitvlgX or RRMgX nteds to be contacted with

t he conpound of Fornmula (VI). In sone enbodinents contacting the

Scompound_of oG, fMin)istidyDisthyRATERP YoM NS toBEMEK ey Jathoxykdasbny, m-

thereof is carried out in polar protic solvent (supra). [0103]
Further, a nﬁﬂ@@hﬁ@bﬁ@@@?%%”é@ﬁﬁé@ﬁﬁd of Fornula (1V) as defined

above is provided s he nethod includ pr ovi nd

Formula (111) 48068MR’hep asesd F?Hﬁuﬁoﬁéﬂuﬁﬁyog %Qﬁﬁ?ﬁh ) C?%Rﬂ R¥R",
contacted w idysaR"'§RYR hdoR' REDS R‘SumH’% ct)a (RFESenCR @f-CHO. R may
i norgani c base as defined ahove enbodlnents cont ac

15conpound oPe Fisiragemn -@PPeR “wit- R1E§n Rac?}'la“tfﬁP’f‘?}@ Los el %’é?r}olf"%gc ?ﬁh"teary'a"'
in a dipolar;pg 6@3&%1’9(&8&01& Wpa%at inclublBd @4th dbbu 31 Iﬁitabﬁldnﬁah&ﬂﬂandently

t he |nvent|0ﬁ provi des "a neth form n% a conpoun
(3]

(1VA) as def beledledfiomdhe GTUoBORISTBISE Nrb o8 PHR BldBS 8;5'# i afen'ag%{)e“de"“y
cormpound of FGLmLa 35151&\1 hyflog@s, fﬁﬁf‘lhé‘egi F@b}@wsoﬂ}ﬁal@moﬂ:ﬂdhd%hd:@f Bidhrtic,

(11 A is contacte an ac hal i de sura In the
presence of am arnlahqjahq‘- cObh&deany "@@F"‘r rﬂé‘éi-'PaH@&ém’“l‘ s8nfe éﬁ%d? nigigrgatoms

cont act t I
2car 3 CfepRm il et 3 it it 10 0 s, Ky o

The
present i nvehvdrggﬁrahslgg@‘r o¥irieR 'R rpematphatic, ﬁﬂrﬁ‘ﬁ’)ﬁ’ﬁ" é‘“c%?fﬁ%ttﬁﬂan éfyia"phat'c
Formila (VI1}) 439 E:wg%rtﬁfboﬂ‘ﬁt mclua_é?seo Ehbag 3 Méﬁ%ﬁsnﬁ@ﬁeﬂdéﬂy&elecmd

conmpound of Fornmu as defined above, for instance orm ng
the sane as fremi w@dgrab@\penswimgbﬁ}f pralﬁl%aﬂﬁes'séﬁea|fﬁ‘ﬁ"§ﬁd'i/‘ﬁg?“%3}" some

The conpound of G Al ihered/RE) is CBBOR™, R™ may be alkyl or aryl-methylenyl. R' may be an
15 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. R™, R' and R™ are independently from one another hydrogen, or an aliphatic, an

alicyclic, an aromatic, an arylaliphatic, or an arylalicyéiic group that includes 0 to about 3

heteroatoms independently selected from the group consisting of N, O, S, Se and Si. In

20 some embadimentsone or more of R", R%, R®, RY R™ R" and/or R" is/are, as
applicable, identical to R. in some embodiments R™, R'2, R, R™, R", R" and/or R"isfare

different from from R.

[0069] In some embodiments where R* is -COOR™, -COSR'™, -COSeR"™ or
-CON(R'®RY, 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 comresponding nitrogen of the hexahydropyrrolo[2,3-b] indole sceleton

is at least essentially stable under conditions where R, R'® andfor 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 sofme 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,



is contacted with a netal conpound selected fromthe group consisting
of Goup 1 to Goup 14 netals, |anthanides and actinides. In one

enbodi nent of the invention, the netal conpound Mis selected from

the group consisting of BH3, B2F16, 135F1¥, B10OF114, 5AlI C13, Znd 2,
Zn(0Tf)2, zZnEt2, Snd 2, TiCl4, Ti(G-Pr)4, Cp2Tid 2, ZrC 4, Cp2zZrd 2,
INC13, 1 n(0Tf) Bpst Jo WA (%ﬁéf LnGdidsy thatGiafete

[ 0106] The prgggn?&"%\%rﬁ?é)dﬁﬁgrg r%\tﬂué}h{e a f}%%? Igf pr'etgarl ng a one
conmpound of &ananeld R(Y, Rjﬁmm&hsuemedtabaee( 1IR2 RN\ 70 NII\/(IX) | R
10The met hod i ncludes providing a corrpound of Formula (V1) as

defined above, [0050] imseme embhgimfenisnRTids raeoveblreiras caBrhH Sbdie by dwdro-
by obt ai ni ng angs ngf isFaesabR bWhleans of
37 is cont ac%"l;"rg> Et ??a aﬂ‘]%@ﬁ%’oun(? g@reegwg%omttsg roup ¥ ne e
consi st 5ng oéxp@sareptolH4 cwuaramp exampiss aif gesreglitehmpieties Ran@reak,enmucaé@mov*
(see above) 7] Qﬁﬂ” n one enbodi nent, the

net al corrpou?ﬁﬂmﬁ/{;7 gy’bbee% ect@h rom 9\4?” oup consi sting of BH3,
B21-18, BSF19, N{riEkd) Anerwiee Zidtbd k&, or branched
Tic4, Ti(a- PFWT%S#@ aii'pi"za’rzdl%‘l:h"?e ”52, 2 a3 ot Y.
Cu(0Ac) 2, (I hyBpdaartysha(r rftRDaY ) e, S@JH@F@ i gnalkyinemalteriene, of ff‘%mncﬂf agy-
that a Conpola%%tﬁgtegoér{wluﬁ:lﬁlew ébr%a %e&eﬁoébék?bhﬁ tHRARFatE¢F idllpRatic group
condi tions Wever, using a radica mgent such

Npheny|18el enogpiias jone der mnr&adold)dﬁ @nw@r ridnip dloads (%!bwér?f glgynylhoieties). The
presence of fdnGink tds8RelNBY nbie: ti
avoi ded (cf . Q%F\ér@ﬁe&fqmeWﬁo%ﬂ&?ﬂkétﬁ’fﬁ&ﬁnéiﬂ@@IlﬁiéJrd s s( gg%nlzgrfma ic
11953- 11963) cyclic e[eﬁm&} The émainkcleain of aw afintialin maialy (iPendipg Bridas) HaY. wbless
of the compounds,;o satrg d”lf:lé@ % e)} Ieﬁ?trl';-rcrgﬁtf Bonthih $AD hubiBer aisyrgﬁa{ers' ‘prlcally, the

catal ysis, particu tric reduction of ketones. In

t hese uses thseirmmtpmdmam chainpisludes Jde nbeutps tmakayt 4@ tp efoutsid fa,about 20, to
E?ESLX o s Suc%bort].i?ta o"tC%Y:?g ?l‘@lﬁas ﬁg%rﬁﬁn@é%f@f(erfygraalcﬁﬁ'alrré‘lstralght-cha:n or
non- super posarlahe‘wanirhyldtcwampn mdicaisrmlgd'l coftain @0e of Mere daubletbapss. fdemy! radicals
bound by thegr W/ i d BOmSHES R st
the hexahydr Opr}é}ap% Fﬁrﬁaln?bgﬁt tﬁg t#o tbP@n@ Ichd¥h laforhd Sdlodd nce

eton provi des a chiral pocket
that direct smmeoeuiebeudshemrsasra}bogf twoelaeabuien catban ynsts. Bpd gne double bond.

respective c | Swéntfichfteh dtdmdand
whi ch woul d g{j{g&lﬂ’?Qm?{?ﬂgﬁnallg%mﬁiﬂo&nﬁ:ﬁ%gﬁ’%ﬁéf@?atI otir?gry phase vmnt r?ne o
i denti 8l 20pioyes farabaippieer s bendsnewshasitwaito R \FRIERA PSS andgne friple bond.
i1lustrated pn rﬁ;ags o{ i né/?ra%fcal: s &e. sﬁ‘afgh?cﬂ BN 6MbraReheld ﬁ‘ﬁ)ﬁrb@ﬁ Qé(dlé’aﬁ‘sswﬁxch
variety of met ¥ reosel ective synt esi s. [ he use of
t hese chiral coritsiamds of moreaﬁsylm’mentﬂa Examplgs phalky! gsaupaareeaaawl @thyl propyl, butyl,
illustrated ip.th ti KBl ﬁ@&é’%dd&léh@o 1
exanpl es bel BEnt{’I 2'3 al s V%E‘gﬁ dQIcE}A BB fid %égaojse i ncl & des pmpy
f ormati on of isebatpif isopestyl dwobyntsémecchetdi tert2butyl peeRentyang 3, ﬁ@é{ﬁ?tw’b“w' “Both
essenti gl |y FatRblORBH| S8hiet, U8 1afARRTALY @hephab Sonhend Bt as for
| east sent antroneri cal 'y pur ers to an enantiomneric
excess (e.e. )nsm‘ncaN De8sBe &5Si%r csbcmafamsmmbwénlgc%%b)éhyswe’f%wafp@ﬁst
96 % at least 97 % at least 98 %or at least 99 % .including a
e.e. of nore t F[&Wﬂgl'hﬁ tetm Aglicugiic] maysalscabe velerr@pPE, Cyploaliphite’ Wd( feans,
98.5 % of R r tHy@RFREbEN SASEP)S which
of 97 % ACCgﬁlgl ng Y, stﬁerﬁl §8§r?|!r§ﬁ%’r%ec¢ceg§nn§[h€% tyaken ag a e
m xture of 9ma%mwfmraedmnwow phivansatyfated. The svdlie hydreearpen mojety Ry also
exenpl ay, sche r €105 RklE HitioRdN-
one ang%ner nﬁ'&??ﬁ?@tcy& @Hgsgfé%s %ﬁ%ﬁ agggc‘%aﬁﬁgér?g rﬁ%)} 5\9@8 "
aryl al i phat i arontaticasyclirr 3 aleilceyscd:ham gieoeptst Tae mmcloha@sofoth@ cyelisomdragarbon
het er oat ons | nd pendent | Ie te -
S, Se and Si ™M ”?’aé'dﬁ%[ # ot Ef@'ne Sg%tg'ﬁloé;gsaggwg%g#n agg%s%b%bnﬂ% @{mdagr oPron
aromatic cyclic and chain elements. Typically, the hydrocarbon (main) chain includes 3, 4,



conmpound of Forrmula (VII) may be enpl oyed as aligand. [0110] The
asymmetric Mchael reaction is recognized as a highly inportant
enanti osel ective carbon-carbon bond-form ng reaction. Accordingly,
the suitability of the conmpounds of Formu8a (VI A) of the invention
has been exam ned. The data summarized 5 in Fig. 13 and Fig. 14

Illustrate t 996 %%lr bqllﬂsl erTlf')ljiagn Qﬂcon{shl’? oﬁé‘Eﬁey ghSmbies Qﬁsu'dﬁ Afdidtids tholiA. | 1Rt ¥re not

of sol vents. basi ¢ cocatal yst is used tog{at her
with the commltﬁddomycléoemmll ayqiqhesﬂn@(cmﬁws aeprciooetie Betisthe aygliedydiogaibon
is an organi n a ' FhkiRrsreNcatai
et hyl am ne, &ngwa?h %g&iht %Lf%ygﬁ %’gd |8F‘n Q{;I?%rﬁns ﬁga@pu perrl di ncé "
i sopr opyl ani hﬁerodﬁorrst hg'ﬁramﬂencec@lcooﬁeﬁylcarﬁl.rw a garbyR kSR XYAY-Del (PRIFFeR by
pyridine, nefh i di L. t
2NN & ot POt R R ohE T B’ BRarbolydes; aucjoalkeny, moities that are
t ypi cal enboahsmmated bgclic egdesahbrs whichtdeoefaby towkingbovidheguateberfsight ring
S comPoungs, SERACLT debehk 18 b QS bAL) Bidlhy P achd iy
such as one pae Do boreNn the réXpedDe0ingGHeRA0 Cyconlke tadigats Do Ryturn be
wherein R4 an 41 are independent from one another one of hydrogen,
an al i phati c® Lg’ls@tl%d an alicyclic group, an aromatic group, an
aryl al | hatic " hi 1 [ (e %@éﬁ;
3 PeterBaroms PSR IAS A AAE: nidhhy oF HIQRPoccehlity chd il tyiRRibon
0, S, Se andmSiety stseoramtmgomleumdeqsewddnmav be @nsingle rmph@ncfude multeple
o omat ¢, arCaror e e aRor Youdth®) RS, o PhaE e s BbiRas. The tem
to about 3 habeuaoaalsmdudeepﬂ@taadﬂmosw élmmirﬁqadrrw(h@lrgma'p includes 5, 6, 7
consi sting of limited
Wt avi ng. g ol st g Ring evelg Ehahiedcf Wi i@ i ogt are ot imite
or one|1(51|‘ aﬂtoabthipahiadlegylopgnanyhmaalhﬁbyxd’r |[191@rm@pyl (é-r?r %? Bﬁ@’f’@?cg:%lﬁ?ﬁnyl J
an arylalip cpgrg t&h
about 3 het eﬁgjﬂ'g pen@%r}(ﬁ i/sh%{'a ect@gﬁ? ) 25 {é‘?gﬂﬁgﬁe fysene
Cﬁns:\/I st |h ngI o(1d2(;berﬁppi&nawrea1¢ai i exm@fmnrﬁyiﬂﬂwlmmwscbmﬂ ’Bﬁlgﬁ'”lfa'“ of
t he M chae it I ARy Lont
aroup such aQodHEraLRSaESh IRy BRRSuee 2R 3 %’j‘fﬁ"ﬁg tthael e
acceptor in adtyethﬂn@éheiadﬁﬁamsmswer tnstaecmPé. 12D b @ heterparpmatic moietie
group, car bon s
capi hof Iy sarpe pede Sy Ri¥p el dfedliraBaieI e kPR orlbr more
Fig. 13D. | nhéthmat&ﬁwscfmm ttt@S&rlead@lllﬂ,lS)rE@mples@MIJ@T b¢tﬁ@lﬂ§ﬁt§@3t¥>d“0'€"es (which
1, 1- bi s(phen Ifon )eth d olld f I-,
obtained in é )P Y andp%ﬂ@@?:sgllléé]t g’ﬁfhﬁgﬁcﬁﬁgayﬁﬁ&( Ié& “%d to lerly
contrast t heﬁ-ﬁiphen;m{ ohphigl- .gmp@tﬁoﬁmwl-eIadthaaihiorhhwwleepwldmylt hP!HFOEY'- quinolinyl,
reaction. 0112 a b a Ard I-,
the cyano gr B?P;S’"boc?g\m&/" el 8%"16%[“ ‘r%g%&'tfgf tsbezl'\%ﬁqjo dé%@?ﬂgﬁgb{%a?n% Onmy
Pavehb@m ffumanyﬁhebmmyl-veazefwm; othiepinyli t $edanepingly, nibisainylo @ecmyf-
urt her anal yse [,t _may, nevert -divi-
M chael reac ﬁZBWCE’SB?a@F % ﬁiﬁgggﬂnd& egﬁ d?)g%a\;ea %% ﬁﬁééwp Q%Ien& B-diy-
t hat not bot az&&ya,ndduﬁcﬁar-e mZazocmy[ Ola:&}:th hematundeeinyl- nt@mfﬂ dgnnulenyl-,

b b db | t ed t f b
stch s 4. ( NORHTHTE %ﬁ%ﬁ@f{ﬂo? @3? Y e

t t bet !
lead to the Tl ek Be EP celihale 'sgfﬁ% 5 SRR GRS p wRh Sre o
the st egteoconior@bloimtc moikies arelﬁ[b@ﬂmtep wittheorie ac s aliphedie Qmﬁlpﬁawuﬁdfﬂe term
exanpl e be carl e(lj'ng ﬁlsgsmal{lﬁ %\[cf: oc%'rt%% rﬁél‘aﬁegl Helicn b F} &%Le?%ﬁg?l?ﬁbs are

al cohol i c solﬁf‘élﬂli propano iso ropano )
met hanol , tebbnd@:ﬂtedn'ﬂé oriesorbmommcdhphatlemhammt caduo@mblanyclgeoil*bhéwalnsiaﬂce a

or phenol . hy é[nle%lgclnu%r In |esr l%ggrdb %I termy pa(%yqt altl¥y?eny| sfnc'ﬂ.?c%g the nﬁ:netles -CHoar,

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



EXEMPLARY EMBCDI MENTS OF THE | NVENTI ON [0117] Figure 1

structurally conpares two conpounds of the invention to sone natural
products w th hexahydropyrrol o[ 2, 3-b]i ndol e skel eton. The

hexahydr opyrrol o[ 2, 3- b]indol e appears tagbe a key structural

conmponent of many indol e al kal oi ds exhibiting a 5 diverse range of

bi ol ogi cal agtjv S i guc tiekei ahesHiRent( dnay be
37 1487 Bo%'%rjlrj]%d% ﬁt Cgl:,-éar 9%1? {Plb thMe §’r&Haﬂﬁ n&J oo & et -t%%é y
This tricyliidentiogl dr dlffagenSyEteemméswbmsmnlbmd bbwlnwﬁébe moiety -C (alkyl ar,
conformation, f bBIERAN it chﬁljta 1t
conpound of \'45'? ﬁlh{’e{e'w%emmgé CE% Dqg ﬁﬁt%ll@h&n@@:@dla abB{altval | a ertio
Na- pr ot ect edathol.it 6y piaimptieam amommma(ngf methyis ethyk | roeny!, iﬁopﬂlr g1batybgr isobutyl.

?ggnf)? S Is'Itqa{ g)i ; hﬁ%’r}%cﬁngaa% &{i%mnﬁ 5!1515 % %@ahptﬁtlk%ﬁgg\ﬁﬂ |98erqé9l5n@ 7or8

3. [ 0119] mBmsebdinoatoril éﬁdho'yngldf merargmdticsmafetyo Edamples of arylaliphatic moletles

nexaly 1 oPY 1 853y 8 LR 8436 G4 ReAMGET, AR MERORSh e, o>

desi gned as iﬁléﬂiﬁr&&@@; d 4, Brimethyl-Fenzée, - memglrzsbdte;eal-oi |7gdﬂnio-§d&{rﬁedjhdbthy[)

or oper 11 o5, beCFOERYSRERL ProlP-berEr e BB A BRE Bl Ao

anm ne Moat ons gofibtitd-issadinBhegr oups at the tertiary al cohol.
Furthernore, two nbre stereogenic centers were incorporated as

structural anal[6apsgssiatreatjdndicated stwveheachobtherferniss'atiphatie’, "afipuslie"n@rarpatic”
new perspectl Ves | ands d c bstituted
Formul a (VI (3 f@@lha . 3sfu8?§ ﬁsr%% |stL|$el%%pJo imﬁde Bdth %Lbétl'tl.g@cpgrﬁi Hsubstitute

illustrated forms b&hasgs‘m&lvelrmoletecﬁuhsistoent@fnakévecameﬁuﬂchoﬁ group sug g -COOH

il st A e ABE G b <TG et £ ol RRe syt s hEReE0 @anyde) -co-

gener at1g a b@ﬁmmoﬂtﬂzﬁxwlﬂnﬂ) tsuifd-osulﬁdhe -@s ;qmiatsmfaje (-88GaH). oNHa (arpino), -
acet onapht ho t r.o t
product was @g)tél H’el'dfw% K Mg%) rec Hégl @?Crﬁ@rg%?gﬁl‘:e(ﬂuom an

resul ted in Singberarcingid- meintdot |an| 1tz1;do(8@%3d@ p.diazp5 ESQYGG@ﬂIaﬁQSQCM@nO'

different supstituting.groups, showe C N Néhe-
7a to be a pg\'qcﬁriﬂ "aP 3) %wat Bg?e 1] Ssé‘ﬁw {e- h§?@égmgt@k %EW' b?ﬁe ©
optim zed reagfongn isromdbénzenssulfbriygamiroBenasassuiopyt, et @Gﬂ&thﬁle-sulfonyl) silyl-,
asymetric bﬂLaane reductl on of a variety of aromatic ketones (Fig.

11) . [@fZl] NOUAY PS8R Fig. 11, high yields and

enanti osel ecti \Li? Gﬁﬁn gt%rﬁe QRlbakiRefks vHere RO D COBR™ & cdifiRRE S general Formula
containing ele draw ng or el ectron-donat'ing groups.

Especial |y n()()e\mnbhyeprssetntmkby(ﬂwm@&ﬁ&)st ri fluoromethyl phenyl

et hanol (BTMP), which is an interesting chiral building block for a
number of pharnaceutically integgesting targets such as an NK-1

recept or antagoni st F, etz alNOg. R85 Res. Dev. (2007)
11, 519- 523; Pollard, D., pt-algl Tetrgw€lron: Asymetry (2006) 17,
554-559), can be ob i igld and 93% e.e. (Fig. 11,
entry 10). For aliphaj Noder dt e enantiosel ectivity was

obtained (Fig. 11, Y, \chi ral |igan@Xna can be
recovered with 90% yi el d and s forggBttimes w thout |oss of
activity and enantioselectivity for'the asymetric reduction of

2- acet onapht hone (see in SpeciRic 5 Exanples below). For the

exanpl es depicted in Fig. 11 reactions were performed with 0.5 mol
ketone, 0.6 ‘anh{?é ?)@S ﬁn%dlﬁ%dré Q@'Hé&”ned ébo@e”hafrb‘"ﬁnétof fh?(ﬁrbg% alkyl and a

t enperat ure. yi el d by colum chromato
det e nizfed byraaiay areaipyleatds regioneplekti the preepidecAl sty Bofi prampigpf such

the exanpl es 5 himethyleRACAL Ql?éad‘ﬁ)@x Ea&%ﬂfagbﬁ@% ¥érhd ebbdiments
acetonap&?ﬁﬂg n%g; %ﬁb % orz‘ingﬂ 10% 11 ga 2 s N 2 of sol vent at
R¥ is identical to R, while in other embodlments R is different from from R. In some



5the catalyst is stable in water over extended periods of tine.

[0125] Figure 13 and Figure 14 illustrate the catal ytic asymetric

M chael addition of propanal to nitroal kenes. Wth chiral catal yst

(10) in hand, the inventors proceeded to 2nvestigate itsapplication

for asymetric catalysis. To dermonstrate the efficiency of (10), the
enanti oset ec b; heEaRgRs &B&rd hase ér%‘é'o?‘fl'ﬁe e
see (a) Nasstgh\sgdlmeﬁ%qﬁ gj%t%&%a g&éupat Comgrun ! %3123 moiet
Vicario, JL, Refhadin so@yrm‘rb@éwn(szo@z;teem betwgenid ogra;bﬂﬁa caspxyl I{RUP can be
Og. Chem (2 7 | t é%ﬁr’éhe&‘ahd -
ot a0 AR RS oo g BREre, R HEAE Bl RoandiRe miloBn UEfe pehnro
Angew. Chem pj/rmlo[Z,Beh] ind2@0spletbn, is R ea(sggssvmt@ly lrwct dn seme err;&nglmﬁnts R™is

ot EdS (206’8{"‘2‘% Sodysongs el glF%q?d'{ngPtﬁ&Q\n e g%ﬁa'me"ts

Ed. (2006) 4&¥® &984)roﬁeotmg| troopl tkatnean \basrewvetmederasondﬂens edtera R’ can be

ground since nitr are versatile It

10126] The qEdreed Asraduey Lsers TeousrayEl Esbliesd SR Ak grpove bot

e.e. in the pfeneREeraoh a tBmpoinddf gaderhysuictueOXXYsi ng 2 equi v propanal

at roomtenperature in MeOH (entry 1 of Fig. -13). In contrast,

catal ysts 11, X20%idn @ Framelamdehiclingsikexdbgirepyple(4,2bLindgle comppuNdgkasHised

(Fig. S

deronst Tt o Pia 1S #on sllbikidh eloBHehiSaall 1t TRGAYo cLriEf bRRchdmical

bondi ng i nt ebmﬂguranorvditmhmarcmumetlebo%aw@gémnreﬁeetatlw tﬁ&ﬂngs pR@ eteniation of a

It was furt herbsﬂ[': V\{nre a‘% toV\Qr?th sla§§ﬁ e%'t'%Fd PSat @ga:ﬂ@%@re fdée e.g. Pine,

aci d- base i nCeract! on het ween t e carb oxylTc acid an

groups | eads Heodrigksam@oam, Uansabnd: Whigaric Eeerdetrs MdRsaw e 4teeditin, 1981 pages

stereocontrollin C fQ

chem cal str llajét gglngdﬂ f|1g§? %%adel}'ﬁ %@Qﬂaﬁ ii%Eesta\E\AIEt ﬁ'ﬁ%ﬂe[ %%:ggé 0&([)5§0Iute

t he selfs asseﬂetmbphaniustxyrcgaamdlaglybe denvedfosetie respertive ywedagp gng@entﬂt_on &

Fuentes, JA, Angew. Chem nt. Ed. $2007) 46, 930; Mandal T, & Zhao,

ca Angew ChertP078] Thester¢qubeistny i therreaperiiver corgeauid evay ke anglxged AeAerding
Am  Ch 2 2 app- ’Eetbagéhe@h% -

(2007) 63, 1%??%%4%%&%&9@'%%}52?”%% fop inctifioa)n- NMEE bl 30

added and t hbeternatigan/-tavatinagluasuRigcioeRd et ple S4621APR- ﬁ@emdap% 7? %6‘} 295-

% (entries ﬁo&a«%gatonﬁbﬂsatl%ﬁ)mas% l@'p%rﬁ&&eﬁél%éﬁﬂhﬂﬁ d%l'&lsrﬁ\@?ectroscopy

formed rapid quantitativel ni ficant chem cal shi
al | the2r ot (ms usingdha-sajit Cmtbqn—ef&ﬁ haqegoant & Bayydoy spiie. see e goflpnark, $G-
wat er and ar VEPSH r3:\%nva’uzaltlcm in
(10) / DVAP caﬁlaf ?&couréﬁmw?ﬁsﬂéﬁ?ﬁ@mg&%@éu Orr\&r?ﬁlb%%é{)hﬁ (entr
of Fig. 13). carebnyatiqwem sanflagbanabtiod tteghnisgesiieh ass¥YMG. Belkdieg 9§Y S.itable 20-
sol vent (ent r 0 ad X-ra
Using eit her %Erﬂlﬁlbg i 11% }%ﬁﬁé@ an m@ rﬁEl@Sn’:‘ bQé\'hi(fl\@s%r eﬁé&;te%%lég y
pure water ( erystathma@w”pz Soﬁd $thtg. NM@XSEEI‘@MHHFWN Bust alubys OratChiemé4403) 68,
exam n andlv%ﬁf ctl on exhibited broad applicability with respect
to both acceptor and the donor. Theadducts were obtai ned
in al most opti C[@H@] IrP@Fn%oélﬁfems(v%%/é £2) is@Hydrogbh, b @REELLFY BomPound may also be
di astereosel ectivity. The stereochem stry was confirnmed by X-ray
crystal strucensesentst byfermapla{¥é Ar oduct s (see bel ow and Fig. 16).
Both aromatic and aliphatic al dehyes, aryl- and al kyl -substituted
ni troal kenes gave the desired prl_iduct s in good yields and excel | ent
enanti osel ectivities fe A Egg nore bul ky
i sobut yral dehyde, whifch was ¥ w504 | eophile in only
68% ee using 20 nol o di ethgr catalyst 10 [Hayashi, Y,
et al., Angew. Chem . 44.f 4212], were obtained with
92-95% ee with vari ous\u d&s—iNh the respegdixg exenpl ary
catal yst (entries 12-14 of Fi gy H = In \Hew of the high efficiency

I

R




H) LNO2 (2) the reaction was nmuch slower in aprotic solvent such as
DMSO and DMF which inplies that H20 may be involved in the reaction
t hrough hydr ogen-bonding i nteraction. Although the role of DVAP is
not clear at this nonent, the DVAP salt was found to inprove the
solubility of the catalyst and could also function as phase transfer

catal yst 10 qum[_'%ﬁxkpg)c%%ﬁurﬁe Sé‘ﬂéflnggaﬂb% in water. Wthout being

bound by theor S stT tricyclic skel eton provides

a wel | - or gani z gomw EQEHEO! if BiheR SHEBBITen® AMKHfHoLAN oA FoMAlil OXX)jcan be
hydr ophobi c po t°to en e this reaction to proceed snoothly in

wat er. As f orepresentegddySomula (XXIBhd 13 (cf. Fig 13A), they could not
satisfy the above criteria. EXAMPLES 15Ceneral Methods [0128]
Experinments invol ving noisture and/or air sensitive conponents were
performed in oven-dried ...ssmaﬁé under a p051t|v§ pressure of

ni trogen using freshl [ ?al ~grade sol vents

fol l owi ng exceptions\\Di chl gronet
20hydri de. THF was di & A4 fromx Wn and benzophenone. Hexane,
ethyl acetate were fractiona efl S:t-l |1 8d. [0129] Bgxdr®- net hyl

sul fide conpl ex was purchased f omHI dri&h. Aronmatic ketone were
purchased from Al drich or prepased from Gignard reagents addition to
correspondi ng aromati c al dehyde, then followed by standard |BX

oxi dation reaction. Al 25the ketone and |ligands were dried two tines

wi th anigydr OlmSFdFHEiap(D(D@B) Rand K afe0ds384finAd abytd. Oals 2 titroganagretecting group. In

i ica gal praee opese Y dy naueyeol, pialfehfeel din B 5 o 1Ll

wer e visual i Egfinpied vf dNuitadd altriogen (pB:ﬂélctmg‘)gromp Switder dut mee Mbtlditnited to, a

R Al b B PO, N

ceric my ggﬂ‘%Vdg&@ﬂ&@f R-prahyic Ny rid@iny ey o bepat, wsalinggymethy.
il ) v
tont oartd, pandBrAelb i aRamEnt] s R MeyaiShel D a2 Azanor-

sol vent syst ecﬁm@r NOZ, 4-dmittephenyl, N-pH@dBatypherdy, aNedmeﬂnemmanyd.eNdﬂUOrenyi. N-9-

recorded on Rad FTS 165 FTLR spectr Qmet er S
exan ned und@? @H?re%ncﬁnt ?m'ae 056['(?1@3‘:] ¥1 %%po? ut ?gnerﬂa&%%W&m
spectra wer eth@bb@téb@dnwiongeﬁ(ﬂn agambb%T%Xﬁtr@ﬂebﬂvﬁeé)TmmsmNEI exemnplen of

et &1 ocor QLR BRSSPI PN E S0 AP B FU] CAR G0 r) Laamate

Spect r ogghot Oﬁﬁﬁlﬁr%)ér@@] ﬁlyaearﬁﬁhmemlbsoprﬁhﬁﬁbmbarbhhfnlbsMMOCthﬂﬂWRarbamate
spectra are reporte r i
downt | ol d {1 SERSrBAMGEY goarByma Thriept 2eTo %P“%TEB%QF&@?%"EQ"% (Dtb-

chl or of or m drfacy/ zaﬁlﬂﬂgrmﬁtﬁ@du?mf)uordm}iﬁdtw cabhmete (ﬁ@-ﬁngm}v thtedrsberzola,c,g,l-
(singlet)

toub) et); ;dgﬁﬁct(j’%%’m?&s copatTBlth) g%%éﬁg)fé‘guar@{%w af‘r?é%ﬁ'b Hjor83;indeny!-

doubl ets of gRUNI eirbafbtedCllbE} benzfilindedBAmethgl @frbatrmat@mm)ap) (9F Zmdlbromo)
ven,r

il cardsh by REEBHRY: Pt ik B PLE R Y] ArtheBle (Bsmoo)
Carbon 20 ng%&wlsmramarph@nmwz@eyl@@e@ﬁmm QQSM)ZaMBt-mLﬂmQF(u&,dO -di-

as 5 inunits of parts per ion (p fle (5

and rel ati ve®®19, ﬁ%’@r*@ﬂ%ﬁahb‘?m@i‘i’ﬁ?ﬁtéﬁ\f )E’Pn%‘l‘& %(SE{E??]?} N?é 21*H‘g"l°r2’ethyl
proportion Of:argérﬁ%e(ﬂ'ﬁﬁxg- g,a%mama@e (mapr(z»pmr -geimsthylsigtiethyl aarb-
the integration of 1H NWR and NVR sEect ra.

Enant i osel ecémate (Pegehgrberidatiay ﬁ'ﬁfr'i’éﬁ‘ah?’ @hﬁ’ﬁ%ﬁtv F%’ @Jﬁ‘ﬁieﬂlﬂrfﬁmﬁthﬂeﬁ Zdfpro-

25 Chirgeel GOlUAD cabafateC 1%5&%229&%!&&1%%%&% ezﬂ(zupyrmg; &hyl carb-
JASCO P-1030 Pol ari neter &gwp ped wi'th a sodium vapar

Concent r at i oaAmate, c?eHoP‘.étﬂlY hy carkamgde; datbs(d -@tt@ah%{yl)aghgngar%pate g[& nitro-
phenyl)dithiol-1-phenylethyl carbamate, 2-(N,N'-dicyclohexylcarboxamido)ethyl carbama-




46 al dehyde (0.4 mmol) were added foll owed by MeOH or water (0.5 ni)
at roomtenperature. The reaction m xture was stirred for the tinme
indicated in Fig. 141 and then it was directly purified by
preparative TLC (Hexane/ EA, 4/1) to afford the product as inseparable
i somers. Both enanti OITEI‘I c excess and diastereoneric ratio (syn/anti)

ver & Sdet er 1N LSRN0 1CH dBinafiSh o 8 o, KASHUITI iheny.

unl ess ot he fpar i son e l1terature reporte
val ues. Gene,n)athyﬂfammdamm (3;5 -ditrtmityipienyl)-dsedtedethyl cakemaive Bﬂerm)ttpar@ﬁmate

0137] T d 0
LO35T), 10 i ad el W SRV EhahaRlh RELAY iy S v
equi v) The metggndthy\lasOﬁaﬂ:pglz aqiropyp o abmty!) Ctrheeyidumlq parbamsgter 3.9 Tpp:tylbenzyl
e (8 T Rt Ot BB St Aot Rah ofbertd. o FiSR AR bER e

(0.087 room tenperature
and the m Xtyﬁ@ﬁfﬁr&eﬁw MrBﬁinab amﬁerﬁmetaylhcarmmatbu9+aoﬂnrwﬁeﬂhelt carbarpatey 4-

mmol) in dry THE ( dded . dr opwi_se by syri : )
period of 1 Weayta?eéQWuﬁa%arﬁﬁ rglt' b :ﬁygﬁ:a{ﬁ:ﬁ:@a?f ea% En el ﬁhlg&ﬁﬂ Qa\fgémgte 2
cool ed and qHeR@B@BRA¥thEr @ﬁhbbﬁlﬁteadzi(;ib@ﬂnéﬁuifd@l)mtjhaamhmé& rﬂZ)(] 3Mthlgny)«

concentration by rotator ya i on roduc

ol umm chr ore DY e e apheh aPabris 2 A BTPh G Fbamate
af f Oadmhe qgérﬁt&)%ﬁ&hﬂﬂjldaﬁaaﬁﬁféémﬂﬂrnahmh@izyi &'direalamghmpﬂmrum@hemmethyl
was determn ne chiral HPLC ana e a C

Corum, - CaaASATY A GEMEPRIO LSRR PR e S BEE amides
Ehar a(;|:_t5e(rjl Zaérb%}]{n@hu% b&ét@ﬁn@armraa%muattnmma@eagm phet;ylacgtanﬁde 3-phe-

[ epicts further exa showi n t hesis_ 0

i gands 7apwvlp$;%ﬁ"ﬁ€%qes PeAt- %an}{geogfpfl%agﬁ% Y {/}far 0>§a,cyt5%pehg%n4amlde p-
met hyl ester Hegﬁi:enzéﬁudEbt(Bé}ﬁkllo((ﬁnéiﬁyi)benial'm& reaidyoxyAtan®-Cinn®6Be] 2+([t-butyl-

CH2d 2 sol ut V\A dded to th t
O B e St B B, bRl act-

twice filtr agde%,@@@ngvgp@fr@m.mnphddgazégﬁ&hdw:mmapma flilestratiye Ekamples of
col um chr omat oqr aphy (n-hexane/ EA, 4. é afforded th
5 518 %@“

desired prociieble gminnsarhony GEiPs & | F‘@?Eerﬁ ﬁm ctiyg dhat c?ff’es'pogdslg vrea
(EA Hexane aré pﬂéﬂo%lrzl?'@@ M!‘Bonms)the ngﬂoér{usulfoﬂy{}amlrhcé&o@yj ,gralip,

1|_|) 4 98 (CHgLey-ghg\y’ganprot lgpi)rbglgy’l S@U thg f—@%@x&p@yiiﬁn%bggagyl é;goupﬁq}d the

3.21 (my 2H)3 hﬁ&éﬁ@yﬁi&/ﬁlrﬁﬁéb%ﬁ gr&ﬂxm&hheﬁéﬂﬁbfé exhbled, of 1t itrBgeril Bbtdfing
134. 9, 128 6, 127. 126.9, 123.4, 122. éwlzo 0, 1

67.0, 65:1, gguqmctnq:lg,@l(t@ notnlggtpsad to Slf grtiuﬁﬁgsuc Egéﬁd%ﬁé&hf%lognﬂﬁbm-
1‘51(22%;7&1 E%e@%ésuﬁ?h@q bélfygﬁetggrgdal?ﬁl?NBeﬁig%uMS 2-(fr€mthyds@%tﬁﬁﬂasmmﬁ'l p-
enz nme a etr ro !

(2H) - di car bok ?@’Pﬁ?*‘é"f?"ﬁa O)a“'ﬂV@T%]V?I\Q'B@H 8 ?7[ nﬁaft?%ﬂ?%"ﬁwgﬂﬁ Yet
net hyl est erg,(RrsLitdble Sfantblesei® Mtfddch ﬁﬁ&ﬁct@@ gﬂjl.fbsmimcmdbmtraréndiﬂllm'lﬁmo silyl

and stirred for two days, then th&hsol uti on was

Vi gor 081y sUPHPREOGS (XAPRSRE i TR STURG St esbarabRty 2B

Na2C®B and 100, 0hesGiaA, %é\?acﬁ@ob@h&rﬁﬂ@feﬂha&@hmn&ﬂﬁ&ﬁlﬁhﬂCbremdltrb#mpyndl-
aqueous solution was extracted with CH2A2 (30 m x 3). The conbi ned

organi ¢ phasessuliegie washed with brine and dried with anhydrous MySat

d fied th flash | h
£ gbve t he. pr 60 ImsoTes PRbPREEE - pet LR (s BRI Tovfbhiy,
dar kened on @tudidithodimentd Y |M@Ieﬁéral Bofls () is h(drdger( BAsbiar ndodiments a

1:4); 11-1 NMR (400 MHz 42-7
2|-|)) 6.388 (qresgéctwg fgxg&ydropyrrol)o[Z 3-b] indole compouné can l!u—g ’represente% 8y Fofhula

(VIIY:



48 1H), 6.60 (d, J = 7.6 Hz, 1H), 5.59 (t, J = 6.6 Hz, H), 5.30-5.09
(m 2H), 3.92 (g, = 6.5 Hz, 1H), 3.19 (s, 1H CHO 3.10 (s, 2H CHO
2.65-2.54(m 2H); 13C NMR (100 M4z, CDCI3): 5 172.0, 154.6, 150.1,

136.2, 129.0, 128.6, 128.4, 127.6, 2427.5, 127.4, 127.0, 124.0,
118.7, 109.1, 77.4, 67.0, 59.1, 51.9, 450, 34.0; SFTIR (KBr, neat):

v 1732, 1712, 1602 cm1: HRMS (El) calcd. for
found [Mt 352.1413;

(28, 3aR, 8aS) - 1- benzyl- 8- et hyl - 2- ngt hyl -
le-1,2,8(2H 8aH)- tricarboxyl ate ¢ 4a)
(2S)-1-benzyl-2-net hyl- 3, 3a, 8, 8a- té.t,r
H) - di carboxylate 3a (0.8 g~ .27 ---e was| di ssol ved in5mn THF

t hen Na2CO3 (0.36g. 3. 40[f was added. At 0 C, ethyl
chloroformate (0.22 i, was P57sl ony added topaipe sol ution
and stirred overnight. 1Qu was ad"d;d and the aqueous sol ution
was extracted with EA (5 3) . 3| conﬁqned organi c phases were
washed with brine and dried with anhjldrous l\/gSat and purified with
flash col um chromat ography (EA/ Hexape, 1:4-1:2) to afford the desired
product as colorless oil (0.77g. 80% . 20Rf = 0.43 (EA Hexane = 1:2);

1H NWR (300 Mﬁﬁoo? %brrmﬁg @@II)(R is bne df. & Jﬂnoaarim“doeaa 7-RIOHOM-R*COR?,
(t

2 01'%2004N2 352. 1418,

3, 3a-digydropyrrol o[ 2, 3-b] i ndo

7 6. 99 56
25)0, 4. 67 (ch“@ON Ri Q?i-l) ‘RP%BO&SWP- (tﬁS Mg” d‘?fo) RGRIR® and
Hz, 1H), 3. 13./sg0,Gi)0. 3236§5%n6318n&r93h'ﬂepbn@e§1t ﬂoﬂﬁorﬁd)énotﬂéd)onel&ﬁ'\ydk@en an
(75 MHz, CDClI 3 5171.1, 153.6, 152. 142. g 31 | % rou and an
128.0, 55127aliphaticygropp, g aligyclig group, afz%’f’%‘a 015?”9 a’h%yi‘p ‘?‘F f Benf
61.3, 58.9, ﬁiaﬁuycﬂtﬂ Rup3thalincillided D 6 THUBu( KBktersmerhs,: such 12826he, 1wWd 2y three

1697, 1604 El I f . .
f ggnd [ E/E 42qetg|g§§1ms E@m%l\t/ess c(af su?tab?éle hgtgroato%s tctg?élt_lozrrlllso glygreﬁtz flrlorr]f %gr%bn inciude,

(2S, 3aR, 8aS) 5 &-Ht Myt nrRtdelhw, OL.52,.53 Far SR ahyey opy wiphafie bAddd, ianddicyslic
-2,8(8aH) - dicarboxyl ate g6a

( 25 3aR, 8aS) brg%e@fz?rgn‘@h% vpﬁge 3N ﬁg[ahe)]ah% bg%qeoqqqfdlradﬂ?}cycc’hc&ngg% ttbﬁtlmc des
le- 1, 208( 2Hy &akbouk G'h@%ﬁr&@éffﬁé %h& Q@N( 0, £79e add 82 @ tymp@mddhif Esrmmeedm) an

in 5m CH3OH and 10% Pd/ C ( ed to th

and stirred @ipbatg @WE-’PL(W&@F"”H?%%HPPB% 'ﬁjtg) h%‘cﬁﬁéﬂasrﬁd“é‘ﬂo tthas 110
full depleti g @botddgbontabrhs, r!‘ﬂlcﬁ%beirtbadboui lra ﬁmmnsnmmrm&, ébdut em edrbon
on celite and the sol vent was evaporated

with flash 18easulfeluging aravio Rapiit F%Nﬁ@?aﬁé"“ls EE?L”‘%J‘% P Ja cBfhgh stoms,

product as ceinyt %Sﬁa abbut (2 4P@boR02 % . ab¥ej a0 daftswmestorxf Ascdrdibgly, in some
(EA Hexane = NMR (300 MHz,

5H), 16 47- meqtz l(nﬁptS@ 5qu|5eqund2rlg Qlﬂphatjc grol:a\n\)s gC Z{? P)ngy%_ﬁs myhca?'ﬁ‘zqmwj the
= 7.5 Hz, 1Hy h§tl§%r&§ may J 1n deambﬁ hail«él)up fb fhoed ﬁeteﬂoa%‘orﬁs Gﬁd-lkxplalh&d above,
3.99 (d, 3= s -2.64 (m 1K 2 49 J
= 11.2 Hz, 1p{)phaq_c gt_)m(pg mgy -be6a yh.&adlcgh) whlc may be subs ted by one oi‘ rhore
substituents, such as by -OH, -O-(C,-Cyo)-alkyl, -O-phenyl, -O—CO—(C1-C10)~aIkyI, -0-CO-
aryl, -CO-(C-Cs)-alkyl, -CO-0~(Cy-Cs)-alkyl, -CO-O-aryl, or aryl. Likewise, an alicyclic

20 group, an aromatic group, an arylaliphatic group and an arylalicyclic group may be

o

substituted by one or more identical or different substituents. These may for instance be
selected from from the group of halogen, {(C-Cs)-alkyl or phenyl, -OH, -O-(C,-Cs)-alkyl,
(C:-Cz)-alkylenedioxy, -NO2, -CO~(C-Cs)-alkyl, -CF3, -CN, -CONR'R®?, -COCH, -CO-O-
(Cy-Cs)-alkyl, -(C-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



13C NMR (75 MHz, CDCl 3): 5174.1, 152.5, 128.7027.8, 126.1, 124.5,

122.8, 114.3, 78.4, 60.9, 57.8, 50.7, 43.7, 34.8, 15.1; 20FTIR (KBr,
neat): v 1732, 1712, 1602, 1487 cm1l; HRVS (El) calcd. for C15H1804N2
290. 1261, found [M 290. 1249; (2S, 3aR, 8aS)24et hyl

2- (hydr oxydi phenyl net hyl ) -1, 2, 3, 3a-t etrahydropyrrol o[ 2, 3- 14-

| ndol e- 8( 8aH)5 LgL Gy o@b%n@lu&ﬁb a reSpecti@e bridded ¥pseftinoke of R®&*, R® and R’

| ut f
?gsusggnsg) Bap likgmiseohawstapainchaindhaihias dite ahgdr8psichasdl 2, apor 19 d dp about
2, 8(8aH) - di C?%%?)f% ghsut8o Qgrbéﬁg}om]s ﬁ@lu?’ﬁﬂ laboit' té a%ut%%a%ﬁ AL dbout 2 to

dr opw se 2M nagnesi um chl ori de : ) in THF

sol ution andalsnut riﬁer;trb@ étwns hebbuta? tchakaut 1?@@%%&1@’@9%90%&“&%&“@?3 In
The two phas LRk I SlofK Ir%ﬁ%g four-
w th EATS it By bERRiels e Repb o S E R ¥ C00) M5B B, e ed o four
bri ne and dr medhbefedha dvdrpembetsd\y mramerpcmﬁ iseyascmembered opam ezsm mﬁrﬁbered

h t h EA/L h | o |
go{ Io(rjra( gggaﬁﬁl}éy'gﬁ%nge@aggma%@%ﬁn&i@%gﬁa@ g?&” ﬁoﬁ%ﬁ? Afaggﬁesent in a
CDCl 3) : 67. S€ortespontding dontpddnd, apdjdentital XK(id a ha:io:gerratqam-@uct'gaQ)F Gt Broorj. 14

(m 7H) 7.03 (d, .1=7.2 Hz, 1H), 6.94 (t, J = 9.3 Hz, 1H), 5.65
(br, 4. 47 [0083] R'-aré. R? Bee, independantdeon| Igach gppthemsqjqct?cb{romlwdrogen an

i ng (101:92 (m al@%ﬂ royg;H%—E 1%0?0%(: (g?)%p %gopmﬁé (9400§6 a('lr‘%aryl(:@:t'»atlcg group and an

154. 0, 147. 2arylalieychs grogs. Vhe abpge spid fop an@liphatie 9mup Bpd egibogdigepts of an alicyclic,
125.3, 124.6 Adsd appliés & RZ&nd R |

14.1; FTIR (?éé%‘?"%’naé‘g‘t%’ggwgk'%rééé"lﬁ%%@{alﬁyésﬁég% godtscapphée & ) caledo
for C26H2603b@bddMeMO T antl dinte upmtm:awnmgs in other embodigigntsifbey aregffferent. In

S-b I
(2) ocer Doco bR eBRATREAE” e 3% bl MRt ato bR ana Eptony!
[0144] TBo a saphthiybdors atkylendi tn eBamps) t(nlxb >(ymu4g heteroapyl.nlh| of wmcww be
glnfg)cl)ﬂ:‘)lou? 102_% %Isgfuﬁfa\%q% cﬁﬁ%q:ﬁqno% %a%?of@ffer@nﬂ%b&“&%tﬁs ?é?éjztm lfrom tge group
was sl owy atiaie@brt ocmf}ammmnm Cﬂt-@r{@rpabafkﬁ[ xpuﬁe) @ib}ée@mow eHOz -CO-
ht t t. 7
217 el ol R MLRGEL Loy SRR SRS e abg s
., 98% . MD'REaBOinependgniOirorCiae Jinotesang of Rydregen, ag afighaticgrayewith a main

g

1 2) 7]@1 51%4% %a%1 Bg%% 2.96323363% g% JaH)alufgc é%r&lﬂ: a?u aroﬁra@c 'd?oup an
6 ;g( d, J = ZryGiliplmtit Hrours.ahd (ah adylaticglio grpup, 1qq)'npr|§|nggl 50 ﬁyovtr@ tzgtﬁroatoms
4, J =

L2280 3 =l nth (g g6 . 19EraR 6100 e
128. 0, 127. 5abdve7akbhali@ Grodps 2y .be alkyp padizals] gyg:cs me_m_lge ngsgty!pdzby Qrgoer4nore

67.1, 66.8, 5%s§tuents 8ich2l BN, c,Y-ahdP 20- pﬁgﬁﬁ -otébac, £y iy, -0-CO-

1377, 721 cnt
25 aryl -CO-(C;-Cs)-alkyl, -CO-0-(C4-Cs)-alkyl, -CO-O-aryl, or aryl.

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

compound is provided in form of a compound of Formula (ViI)

Ny, (Vi)



HRMS (ESI) cal cd. for C20E12004N2 429. 1814 [Mt1-1]t found 429.1821

[ MtHr . Synt hesi s of (2S, 3aR, 8aR) - di benzyl

3, 34, 8, 8a-tetrahydropyrrol o[ 2, 3-blindol-1,2 (2H)- dicarboxylate (3)
[0145] N-benzyl oxycarbonyl -L-trptophan beszyl ester (2) (1.18 g, 2.75
mmol ) was di ssolved in 5mlTFA and stirred for two days, then the

sol uti on wasAsdaete thkep\iogeFdrowba (iothewohmpogrid haseal bokashph%eoré@rmaém In

t t, t
bhase s seraTuLmud it Rdhais, RO Blfkadd Aol e Hieth Condiih diBraup 1 o
CH2d 2 (30 nGroup3)4 mtads oﬁ)ﬂnb.quugﬁmp&trphd@@scah@le@e\nﬁsm@wg ﬁo the new
brine and drw;ﬁtﬁnﬁnﬂx%?g% g&ln%@g IH‘éBhate'e‘ﬁ%o\%nﬁéN&M'rHéWfor |nstance be

chr omat ogr aphy acet a exane=1 gi ve th‘iﬂﬁ’ oduct

as col 0Bl essagpmppundodfea Meta.of GrRYR A3, r%‘ﬁh @F’yﬁ' B%fPRé’H@BOW & 9" pPganc

air. Mpjor i gﬁéc@rﬁﬁunﬂ Qnglﬁnﬁrﬁﬁnﬂﬁﬁﬁa&ﬁwd—mklua% ah%lmhﬁuﬁﬂ&@ah!biz:ompound
CDOI 3): cf 7. 40- oy

7.02-6.97 (ngn mﬂl)UﬂB ce'?'P?tf“d ?dudwgoawd'umérga@c%ﬂpawg ar 389"6 ﬂH‘bﬁ’U“d
5.60 (d, J —m&u@nb'é alildm ofganié o(aﬁwpoﬂ:lrdb In Soid efrtbodimentAR), hay Fr lnSIEH)Op be a

573 bty ot e s el Py oty o

(100 M~m CD6# 3 )com@lodntilof3 méBlof/Grolig 94 9such 35 1B, con@eusl. I gnel empodimegnts M

é§810 é§870 %'é%% 45&6&@2 03237"1%'?' Fﬂzéﬁo%p 1%2%3(91 él'%%lr?c’ célw%?{:u;ld of & hdmium

365nm) ; FTI Reqromeany: Ingode @mbodigipts M sy, bemmpoyaqef a mgtabof Graye H such as

HRMS (ESI N d 18d4.6f |
[l\/HrHr( SSiln'f ﬁgg‘?psero? 2 %Q%gégggé g %d%ﬁ%élhzlgﬁgmg?gpw cbripo ameta

3, 3a-di hydr Ogﬁrpgp 8[@cg_a5]an‘%1prg coTp@urgl(c—leq rg mtcplingélrlrlgom::éqe erFlgﬁdlments
02H5OC@@ gg SQBIpoAndCoRE, meweioniGIbig\M, 866k v el tERKIBORENpoUBIZOr a

e k2oLt et S iy 3y e

chloroforr naéelaﬁmaa&nmtpermrﬁ Asiew ihastraiteosamples, Mkineyjlnts@n‘tefﬂ'ﬂbodéments be
sol uti on at Cl n ver "
%ﬁgh&se"s 5\/\/e?"|| gé"p'éy "’{Eghiﬂﬁ] QZN'(ﬁ'd)Tf‘f"a ZﬁEtz"‘@ﬁCE‘dﬁéﬁl &1di-Pr),,

t he obt ai ned®? eous sol ut

extracted wi ChzTM (BChi CRraZ8§l2, "Fﬁ'e- |6E9ﬁ}3n§H(Qﬂ°@pa@ﬁQE’ Hrla i QC%}C@ vbé’@?eé“d
Wi th brjsne aﬁ%;%d .o W&H&W&Qé@éﬁe%@% and pur| fied with colum

chr omat ogr ap ethyl acetate /hexane= to give the product

AVR (300 M, E8E5h S%?%smﬁs?"@emal%gp@gé%%ﬁé‘ {6185 fnaple coltibound
8.3 Hz, 1H), his £9SEhared aonfofthbtionGar@4at be rebreseites tyiFomip (X3, 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%9 (m 2H), 1.26-1.20

(m 3H); 2013C NWR R 6" 170.9 54.1, 153.5, 142.7,
1 \] < -R2

36.4, 135.3, 131.7%,

N 0 .
e, (1X)
N M
R
25 In Formula (iX) moieties M, R, R' and R? are as defined above.

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

be represented by Formula (V1)



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],32 = -10.8 (c = 1.04, CHQ 3,
365nn); FTIR (neat): v 3018, 2957, 1717, 1605, 1483, 740cm1; 25HRVS
(ESI') calcd. for &231-12306N2 501.2026 [ MgH], found 501.2018 [ MtH|
Synt hesi s of (25, 3aR, 8a5-di benzyl 8-ethoxycarbonyl

1, 2, 3, 3a, 8, 8a- hexahydropyrrol o[ 2, 3-b]i ndol e-2 -carboxylic acid (10)
53 410 [0147] 4 (5 g, 10 ) was dissg 9n 20 nL net hanol
and Pd/C (106 ng, 1 mmmol) was a d t g #rution. After stirring

overnight with the H2 baIIoon the’f,o m xture was filtered with
celite and the solvent ev gi ve tlhe product as col orl ess
50i | . Then CH2CO 2 was added Wwhite\soli g precipitated and a
further filtration gave the pr -hi teygolid (2. 769 10099 . Rf

= 0.59 (CH2Cl12: CH3CH = O’Q. MHz, CD30D): 67 /77, 7.52
(br, 1H), 7.26-7.20 (m >R [ 1%7.6 H), 10 15MRvs (ESI)
calcd. for Cl4111704N2 277. 188 [ MtHir folind wir 277.1188 [ MtHr .
(2S, 3R) - 2- Met hyl - 4-ni tro- 3- phenyl butl—\anal [0148] The title conmpound
was prepared from propi onal dehyde and (E)-(2- 20 nitrovinyl)benzene
according toyf h&nwmﬁkg BrapCaphtie. chathmaamawﬂeusme embodiBenritive a main

di astereoneric.r et er ed by HPLC
210 nm ( 2- pF?ﬁﬁ%ﬁ@F ‘"ﬁl\é\ﬁ %ﬁarbcﬁlﬁow Sucw Sﬁuc e otrol_éeb(régin ﬁgtrabout
t- - rraj or 22, A61 aboumnoaarimnaatbmarmmrdmlmon sbme mogwemtma c[oer]asmmding

- 28 8 CDa ég' %‘8%03,}3 i l(%*'c_[r’“ga!&ﬁ A%ﬁg?ﬁ&éﬁ%@yﬁe I:Ittsu-é1 )‘allpl'%ﬁé'grdﬂyanéfﬂoaddltlon

1 5 He, 54 bavesiH) to(threeihefaseatems. In $or3¢emb2 imenis, BHp ong Omethvlleth@hﬂ -propyl,

2H), 4.83-4. 3; x4 |o1='f#)ﬂ,u Rty -If 2o lembolimehts?? and R®

(d. J =73 %zgpc"%ay' %”t’" 'Sug%f@orzr%r? i ot Sifuoro ki 8o iz 2 5H) (syn

i somer) ; are identi (75 VHz, CDC13) 6 202. 3 136 6, 129.1, 128.1,

157321:’ igog’ i‘gégosrli% EbmJB_B 9 thl gmg%érmantg' CF&peé&é%ex%%EPcpy%&%ﬂ?S -b] indole
1 10 1 compound can be represented by Formuia {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 RY are as defined above.

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

20 can be represented by Formula (IVA)



HRVB (ESI-TOF): Calcd. for Cl111-314NC3: 208.0974 [ M+1-1]t Found:

208. 0971 [ MrHr. (2S, 3R)-3-(4-Bronophenyl)-2-net hyl-4-nitrobutanal

10[ 0149] The title conpound was prepared from propi onal dehyde and
(E)-1-brono-4-(2- nitrovinyl)benzene acceyding to the general
procedure. Both enantioneric excess and diastereoneric ratio were
determ ned by HPLC with an AD-H colum at 230 nm (2- -ngjor

pr opanol : hexane 5:95), 1.0 mn; maj or @gqm‘i mer t18.59 mn,
to*. = 13.77 m'n. [c]020:-2,6(c . LMCHCI 3). 15Rf = 0.18

(EA: Hexane = 1:4); 1H NI\/R (300 M—Iz B) 5 9.69 (d, J = 1.5 Hz,
0.8H) (syn isoner), 9. d, J =% 0.211) (anti isoner),
7.50-7.46 (m 2H), 7(2~Z \ : 2-4.56 (m 2H), 3.84-3.74(m
1H), 2.83-2.70 (m 1 ~3 H&,., 0. 6H) (anti isoner), 1.00
(d, J= 7.3 Hz, 2.4H) 6:C NVR (75 Mz, cobY®) 5 201. 8,
135.7, 132.3, 129.8, 7~8 : 43.5, 12.2; IR (thin film
vicm1l: 2976, 2935, 287, 1726, %53, 1489, 1377, 1010, 779,717; HRMS
(ESI-TOF) Calcd. for C11F1131\10 . 286. 0079 [ WW6 Found: 286. 0081

[ MiHr . (25, 3R) - 3- (4- Met hoxypheny IR- 2- net hyl - 4- ni t r obut anal 55

[0150] The t, tl%?m?l% H)nﬁ"’\’}@% @Eﬁgﬂ ngroilﬁ?r{gt %\&QS\EQI’?W&eQMe of of the

(E)-1-net hoxy I'trovinyl’) benz according to the %enera
procedure. Booibtydhaint ¢>@nmia of suigh @psotgpfipgdiressyis laétb’ﬁétr"'Y'E“Sf' %agplgs of suitable

deter m ned by RGN NaBlpSEhe8! WIN b 230 il 210, SpERAANTpnGSKBRY.

= 5:95), or enanti oner t

enantl oﬁer tWeWWS’PWL 8d:Srtrimethylbepzy.o 1?1h‘!’"°ﬁ?e@zyfc°'“'tff’b§hzy8—|&|"§ fobepzy. 4
= 0. 13 ( EA Hexahhza, hﬁ&my:llztrﬁbﬁhﬁ&@ﬂxywm CRE4Rptr A dit01-tabhtidyl. =Ad . AAready

(H$ 2(7) ?Hé?( (%ﬁglalﬂsq)% ?,%711 §OTRY (emoglmtls 31°|§§1 %ggﬁwrg%ha{ %Q'g%; )e'moved in
3H), 103. 78-t8e padsencel bf) the 2n@aty R.6humin sbine einb2dimedis the eptep bppd bgtwggH)R

ﬁ/ﬁgt : C:Dé?g;a r%’idztgg %gr%gﬁ_yééméjp cf% é)gzclea%stgaggerQ?ﬁﬂtldn%%Q the bgnNMBmfeEﬁ R and
43. 3, 12.0; the nitrogen joRthet mmhydrppwro{g[%@-b} ingolg, scglggryl is igggt Iegs;tﬁsentlally or

égllg g 1f5gr7 éng\f]e‘}y interef. Ih some smbddifénts F08S a praBdihg Gedup thit\an beSbmdvadd) under

(2S,39)-3-( qu,ngl,%igg&o ;mrs%g?gﬁa pﬁlienzp\rﬁpﬁcagrlé{nng[,y %Ss%me er%bcldlvI+ e'e_ths 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 RY is
15 arylmethylenyl and its removal is carried out via hydrogenolysis. R and Y are as defined

above.In 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.



20[ 0151] The title conpound was prepared from propi onal dehyde and
(E)-2-(2-nitro- vinyl)furan according to the general procedure. Both
enantioneric excess and diastereoneric ratio were determ ned by
HPLC.with an AD-H colum at 220 nm (2- prazfpanol : hexane = 0.8:99. 2),

1.0 mMUmn; major enantiomer tmaim= 30.44 min, mnor inor enantionmer
tn26.29 min. td4PeSM-Congupgds accprding toih iByentios’sf the Farmula VIPEAn e ehiqined as

1:4); 1E1 NVR4APM diz1s. %g%frém%e? Qor(a&er&bu%lv&na@reyma-bmmt@ptéahan1
(s, 0.13H) (anti 1 sofer

= 3.22 Hz, 109y examiieNe- «@rbqh@nzwyLtny@i@hancamiﬂrﬁcqFO'H'HQH@*%WE%’\&'?%&?'HWQC’

&|zH) 5% ég (dby Jacid TcabdlyAda, rifg Adkbdurd am&wddcsmﬁmrl-)exaﬁydaﬁz Gdjpyirole Tnddle 3 as
syn | soner

142.7, £10. 48"3&@?0760%%@3’0]"&%%0“‘%’ agi?"b“-"ﬂ?”% ?@eFﬁq‘H"’f"rﬁ’cﬁ?e@ﬁﬁQ‘%‘m“'

3152, 3123, &HiAe, BIIFahaB&O(1987)3Y, 115'57494&58m31677;et 3}150(3!7&1@.18;:0 Perkin

L T onO R (T ababidh, oL et 4cd U Bel M0, 151 -
[0152] The ti61)e aﬁempmm casnpiespediated fpraastiont ywaihdmwearan@lly stable frans
(B)- (2- i t1 OWlel b ciGERARVAREOLMERAGY b tdGeailiaRERBRIMEPrelBfed back

enanti oneric ratl 0 é 15HPL col um  at
220 nm‘(02 pr tptang matesiab1.dnidalgdtempls to dﬁ‘éﬂ?ﬁ@i*@"ﬁ‘&ﬁ&‘ﬁ""@%&’rﬁqnﬂjﬁéf‘d {1V) (cf. Fig.

-maj or = 40. 6L, FeNsurBlidttiy, %ﬂﬁf&émmo FEa@ﬁfn wasdbséfveld] IBwad Beculated that this
di astereoneri ¢ excess was determ ned

1.1, CHC 3). effgct might e ceggdm)g%@ghly frogl)ded fﬂ“m[tT%ffBJcM% 1%(58@?3% the steric
69.71 (d, J eff@ot5air|zalteﬂ1a$¢é‘|)apbﬁbﬁ&1IvmrTﬁlehawecQ bienfalingJthe Rrofectily gPflp first,

0.09H) (anti _iso 2 (.20-7.17

(m 2H), 3. gpligw %63( ﬂfbszenzgng%gla%%@%Thlf rategy glg(/ga 5[%"%55&?} Eﬁé)a%eégs of
1.21 (t15 J =chirabliddnds Ga3Ckre Obipmed Sogmd)yields §R. (8}, J = 7.5 Hz, 2.67H)
(anti isoner); 13C NWR (75 MHz, CDCI3) 5 203.2, 136.8, 129.1, 128.0,
78.5, 42.6, 20.[80911Fhgs therp(esantrinyanting Piqvides @ gwihod @ sepasng @ cqmpglind of
1553, 1456, t3hla 4, 758, 702; 25HRMB (ESI-TOF) Calcd. for
Cl12H16NGC3: 222.113 IVHHr Found: 222,3129 [ MH| .

(25, 3R) - 2- et hy1- 3- (napht haI en-1-y1) -2, Hbut anal 57 [ 0153]

ni trovi nyOnapht hal ene acgprding to thggQeneral procedure. Both
enantioneric excess and dzast efesnE re determ ned by
HPLC. wth an AD-H 0 nm (2- Spropanol : hexane =
0.8:99.2), 1.0 F A C nant| dner t43.3 min, mnor enantioner
tmnor = 37.6 m ‘

% (VID)
-,
Z.

20

(Vi)




.33 (EA Hexane = 1:4); 1H NMR (100 MHz, CDCI3) 5 9.75 (d, J =
6 , 0.85H) (syn isoner), 9.62 (d, J = 1.6 Hz, 0.15H) (anti
i somer), 8.14-8.10 (m 1H), 7.88 (d, J = 8.0 Hz, 1H), 7.80 (d, J =
2 Hz, 1H), 107.61-7.41 (m 3H), 735(d29J:71Hz 1H) 494476
m 3H), 3.01-2.96 (m 1H), 1,21 (d, J = 7.3 Hz, 45H)
i somer), 0. Witk d Grignardreagent R'Ma%5RIM@% gre n@«tﬁfep; R’] MQISORW R*in
CDCl 3) 8 202 BAR. & in Fmlas (Vil) and
125.3, 123. 9th%1%@%rd19€?g’§% 32'8 "32'%5"3“"313@?3% aslgg}. (thin fi |$) v/ c?r?( yan
3049, 2978, DYBend Y7igdFormulagVi)jase zlsoqasgefi nié@éOVW@ﬂGfPﬂb 1%%3 e upon

(ESI - TOF) CalgflactiWith HzL<BNHRIro ly$i330. IMrHr, Found: 258.1138 [ MtH].
(2S, 3R) - 2-i sopropyl -4-nitro-3-phe yI but anal [0154] The title

conmpound. was pr, from sQual.er n
nitrovi %S/I )beni@‘ﬁ%5 jg'Soorr%FieHb rivgn eﬁ,&gﬁgyrr a d%r%éee?m( gﬁ?ﬁgmg a compound of
enant i omer i cFexadsCONAs determ ned by HPLC with an AD-H columm at 210
nm ( 2- propanol : hexane = 1:99), 1.0 nUm n; najor enantioner t -nmmjor=
21.8 min, mnor enantiqQmer t ;
_mnor = 17.9 mn,/3#he N E ' £ determi ned by 1H NWVR
[a]D'= -6.5 (Cc = 33— U. 38 (EA Hexane = 1:4); 1H NWR
(300 MHz, CDCI 3) .4 Hz, 0.95H) (syn isoner), 9.48
(d, J = 2.4 Hz, OH) (anti i 7.36-7.28 (m 3H), 7.27-7.18
(m 2H), 4.70-4.53 ﬁg.G(m 1H), Zx&Pap- 74 (m 1H),

]

1.73-1.66 (m 1H), 1.08 (d, , 2.1H) (syn 5isoner), 1.01 (d,

J = 6. 9 Hz, 0.9H) (anti |son|er) 0.92 (d, J =6.9 Hz, 0.9H (anti

i somer), 0.87 (d, J = 6.9 HR 2.1H) (syn isoner); 13C NWR (75 Mz,

CDCl 3) cl 204.3, 137.0, 129.0, 128.3, 127.9, 78.9, 58.6, 41.8, 27.8,
21.5, 16.8; nRviitteRtandWMeie28s7defindd aBove2 R¥20f Fbiiadia (1813 15 hytiBagen. Tigo®ethod
816, 750, 706,, 648. 10H I or Cl3Hi eN103: 236.1287

[ M-H], Foun dt blﬂg%s Qrg}?gln%%%nd 9: F)orrgﬁi!a?)%(l Bf)

(S)-2,2 di met hyl- 4-ni tro- 3- phenyl butanal [0155] The title
conmpound was prepar.ee ay| trow n |)b ene and

pvCedure. The

[EEY
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at 210 nm ( 2- propa : % \S: .1 mJmn, tmjor = 19 7 mn,
tmnor = 13.9 mn, N M. 6, CHCI3). Rf = 0.14 (EA:Hexane

= 1:10);, | \Y (XXIB)

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
15 heterogeneous catalyst are a Raney catalyst (e.g. Raney nickel), Adam's catalyst,
Palladium black or a carier based catalst such as a Pd/C, NifC, 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 oceur. 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.



1H NVR (300 MHz, CDCI3) 6:9.53 (s, 1H), 7.36-7.26 (m 3H), 7.21-7.18
(m 2H), 4.85 (dd, 203 = 12.9 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); NWR (75 M4z, CDCI3) 6: 204.32, 135.4, 129.1, 128.7,

128.2, 76.6, 48.5, 48.2, 21.7, 18.9; IR (thin filnm vice. 2922, 1728,
1556, 1454, 1376b93Y OéprotsuiibiViof (HeSNe tbyp Eadhe chonfpoundCh? FGINES (XX1 B) may be
222.1130 [ MtHr, Found: 222.1123 %}}Y&Eﬂt o). diol - or diofar
('S) - 3- ( 4- br oRHoWRE Ry PFeUD Inarty, desth3ANvert. ihetish [pRRRAT (aRsgfic). dipolraprelisior fipg
title C0rrpousss#omasyﬂ&ﬁwaarneﬁgérr@mwernarsa:s&d.bﬁmme@rc(fmmpbtaosolvgdts include, but

enant§ onor i cHEVRLI G LS PG RGH by Y ETe: ROt roPERYe e, fohire-

at 210 Bsm ( 2mpthapa - ﬁhebommﬁane.lmlmmnn.5darmurrielfachlq:n;jeaparborlglsglf fde¢.rfetrahy-

:m1n2; _la ﬁwﬂ %E%me da%gfgl?ngr or 40317?;393%&)!5)(35&[3% o?g%élaf Eﬁol’f?ﬂﬁﬁg& are

2H), 7.08 (dmetlhyi:etla/[ Retpize, chldjoform, M@hydrqfw'ag,zd@(angH;thylapegg}ycgtmonqputyl ether,
iSOg ’(34 2 %r,f%,%%gemg t(uﬂg kethng, é]c%toﬂe) cﬁbﬂe%oné"@tt&yf lacétgte( %él;lﬂh‘)lsobuty
130.7, 122. 2rateze§=ﬂwien48almoi %ce}ate2<1im?*hYE68m©m'qeR3(>?tﬂ'i"H"Ef- N ’?hd'r(‘%i fl poetamide,
2922, 2625, difdhethand Geetbrifrite, NSy IpGRSlidostd Fnetiiahbl, eHHaNB priofandl,GEgpropanol,

%l( (é ;ﬂ 3f (()][ u%ﬁlﬂéﬁ ﬁ)\l%&s%rﬁﬁ%tﬂ)%}'ﬁl’l% aﬁ“lﬂtd}r%%lcﬂ%ﬁ‘gpgg Qn sorr% E%Ig/h- & ﬁ:ﬁnts allowing

title conpouggh-¥estionr &Pdeerafdromp of mScamsézmaléfr asfmmd IX)(ELB)aahd tod of the
i sobut yral dehyde according to general procedure. nant i oner

excess was demestiennedda wpmpernd f FamaR PeigdKs (ﬂﬂ"ﬁdc%‘tdﬂf? B?EEEE?t'ﬁrﬁolve"t
(2- propanol : pexaés of plarGidtic sHidniElindiide, but arejridk limitddtoSmathanol { etharax, butyl

8.3 2=

111 %/%5( 58%)5%?* @fﬂ‘i‘%sﬁ""‘é d'ﬁ*eﬁgg(%""} fl—ﬁ [(C'fg??‘%{)ggﬁy ,"Q@ﬁ%éfh%d"g,)”aﬂ“de‘
=19 1.2 HQNé&proﬁy[gtﬁﬁlﬁﬁmejorchﬁ)rgpﬂéﬁol 1H), 4.75 (dd, J = 12.9,

11.0. Hz, 1H) 9 Hz. 3.9 Hz, 60 1H), 3.92 (dd. J=

11.0 Hz, 3.9 queghrl)n sdmd édodidikhts tle Mélhad asmrm.rmaﬁscml(nm@mmla (XXIA)

19. |13) a 2031553’ m%at %dsdf f&rﬁnzzngsa c%r%%oﬁlrid Jfor?’or%ma?&n) accélr%m% to4ﬁe %resgr]n iAvention

(see above)

20

(V)




IR (thin film v/crill: 2972, 1726, 1557, 1470, 1433, 1377, 1148,

885, 818, 741; 5HRVMS (ESI-TOF) Calcd. for ClOH14N04: 212.0923 [ MtHr,
Found: 212.0926 [ MtH| 1.

(S)-3-(4- Met hoxyphenyl) -2, 2-di net hyl - 4- nidtr obut anal [0158] The titIe
conpound was prepared fromtrans | - met hoxy-4-(2-nitroviny ben-

zene and i sobut{g0%#] dbkyuhartiuchetiindudes ogetnetrrmthm@mg@pndm&)ormula (IV) Wlth Hp
enanti omeri c; exgess; opgtﬂ@cgg@spﬁ M%Eat%‘lyéth a%/badapﬂ%t @%%tﬁé}l difbble

at 210 nm ( 2- propano exan 2

t _mnor = 1Eat8lystias |Ih[|si|]a§ggioabovg [hqreby—clga@ge gq@peg,yenq:\ipetwegl pipiety Y and the
(7 E,:?\:LH((e)C(I ang i %rre@)ondmgzmtrogelﬂkét&waf MQ&yMWcon%@%fzﬁn?mg%s\g% ﬂlghl)ad to occur.
12.8, 15 6 HkendeHhe m,eta@d (rngh;]des]altewm tge Ng groynyof the campoging gf égrmu@.QjV) to be

3.72 (dd, J 3H),. 1.00(s, 3 13C NWR
( éog W, gcog?ééf gt‘eﬂﬁh&gwefgéw"fP}jé%géé’yﬁtw 1, 114(1 o 5, 55.2,

1 % S%‘.ome embodsrnlaﬁis( Blidin lthE)ch;fbiIHd A Ratmulk7{19) includes
1609, 1549, 1514, 61462 1250, |§028 é839 723; 20HRMB (ESIm- TOF)
Cal cd. for cm@ME@ﬂmm%@d &fz%%mf"mlm Found: 252. 1239 (S)-
2, 2- Di net hy1- 3- (napht hal en- 2-y1) - 4- ni t r obut anal [ 0159] The
t|tIe conpound was prepared fremn (E)-2-(2-n4 QIR %yl)napht hal ene and
i sobutyral dehyde according to Gegergf “Frqefdure. The enanti onedc

(2- propanol : hexane = 10<90) - =16.2 mn, t -nml1101. =
18.0 mn, [a]D2 r- +1. :027(EAHexane—

1:4); 11 NVR (400 MHz : , 7.83-7.80 (m 3H),

7.67 (brs, 1H), 7.50 (\ ®) . 7.32 (dd, (”§ = 8.5 1.5 Hz,
1H), 4.99 (dd, J (dd, J = 13.2, 4.1 Hz,
1H), 3.96 (dd, J 11. 3, 4.1 Hz , 1. 19(s 3H), 1.05(s, 3H); 13C
NVR (100 MHz, CDClI3) a 204.3, 133.1, 132.9, 128.5, 128.4, 127.9,

127.8, 127.6, 10126.6, 126.5, 126.4, 76.4, 48.6, 48.4, 21.8, 19.1;
(neat ) :102725|n B@TEja AHRP is pigkas defiped 2bawn In saye empedigients, RFISR(IVSCW) a'kY*

(ESI - TOF) Calstﬁ'fﬁl asiR&thH 18dy lﬁlrgﬂ%r bg@? Y]@g?\m[o%rlf ﬂn%fectlﬁ@gkﬂdi aQZﬁaléﬂ&ﬁabove.

(2S, 39) - 2- i g Y 3
corrpou)nd vas "’pPé@a‘?’é‘gd’F‘P%}r{f (‘E) m{fagf'rﬂ tpqu%wﬁg ggtrg{t]@ :!3 bﬂ@%ﬂlg koxycargonyl

pr opi onal dehygena@oR il MfudrbaddBN Gidlip, eocRdinyearbdriye gmnhlcamamam including

EXCESS Was dﬁ@ﬁ‘gwe ”tﬁﬂz gé%?HuPbLs :tu#}qt %Pﬁh {b%lrrpa?es, 'zAa‘P' aﬁ! (im “é{?&ucaﬁn gelgernfmwe an

(2- propanol naj or
-mi nor 15 14. M-Aky,antihes abi NsArgr @oiner ac 1mlae|®rivmgedem6bﬁm&m@mlﬂwdqﬂamme

More -2. 2 ( Ccc?m&du?ﬁ o%l'n%fa (11} 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 oiher 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 |. R is as defined above.

{0097] Contacting the compound of Formula (1ll) 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 sclvent is used. In some
embodiments contacting the compound of Formula (1) with an acyl halide RCOX is

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

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



20Rf = 0.31 (EA Hexane = 1:4); 11-1 NWR (400 MHz, CDCI3): 59.64(d, J=

13.9 Hz, 0.43H) (anti isoner), 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 (d32J = 17.2 Hz, 1.71H) (syn

isoner), 0.95 (d, J = 17.2 Hz, 1.29H) (anti isoner); 2513C NVR (100

MHz, CDCI 3): ng@obutyl ethetopysidine2methy! isabgiypketares agetoas: ogciohsagonez gthyl acetate,

30.3, 9.1; v 2, amﬂd@5%cet$ﬂ15ﬁe N,N-

700: Fl RVB éﬁ’*“?h%""'&ﬁf% éfifiens’d Hﬁlsa%géatféwem’ym NiH] 4 nd:

236. 1287 [Mrmnneths@@ceizsu%)mt@ﬂ%nehé&%}ﬂlmtﬂlené%'ﬁ9tb¥'&¥ffﬁ'@?%d‘t‘%{P%ﬂO ethanol,
[0161}obR ﬁoitibéﬂrs £RITPOKAL, NAEdiIRBEBY{IEHYIEMMR) and dimethylsulfoxide.

(E) (2-nitrovinyl)cycl o%exane and pr opi ona derlyde accor di ng to

general r ocedl{nesa]Theelelearﬂmmments ek toeraing vaa sorbpeurdr ofi FarohulayCPIPAL (supra)

vvlthChlraIpakA a 1 |y s SRk ;

mL/mn, trnaj ag or&gﬁﬁﬁ H]ln%ntlob %p%ﬂd(o% FBFthRQRﬂA Igg)&@ﬁ%d abé\éerg.%):sygléfe?ﬂzed.

mn, the tiiastereoneric ratlo was determined by 1H NVR [a]t)2=

-17.2 (¢ = 1.1, CHO3), Rf = 0.0 (EA Hexang COOH) . 1H NWR (500 Mz,

CDClI 3): 59.68 (s, 1H) (anti |sorréf, + Aym~i.#oner), 4.59 (dd. J = 5.3,

10 13.4 Hz, 1H), 4.38 (dd, : 1H) 2.61-2.54(m 2H),

1.81-1.56 (m 514), 1. 5- 1.127-0.90 (m 5H), 1.11 (d,

J= 7.0 Hz, 1.2H) (anti Jﬂ47 0 Hz, 1.8H) (syn

i soner); 13C NWR (125 3.0, 75.2, 4 I%I 43.5, 38.0,

31.6, 29.9, 26.3, 26.3, 9, II—’(z/neat) vic 2971, 2930,

2855, 1717, 1557, 1380, 1 , .1 950,"H816, 735. HRMB (ESI-TOF):

Cal cd. for CL1H20NG3: 214.1443 [MtH], Found: 214.1446 [ MtHt

(23, 3R) - 2-i sopropyl - 3- (napht hal en-1*14) - 4-ni trobut anal 20[ 0162] The

title conpound was prepared from (E)-1-(2-nitrovinyl)naphthal ene and

i soval er al delfyA@naRqIA) RE dstiegfstbdtdhe pr ocedure. The enantioneric

excess was determ ned by HPLC with Chiral pak AD-H col um at 254 nm

(2- propanol : hexao89]The0eg@plive r6&had (doembodimentivih regafd3tofoming a campeynd of

= 16.8 MVRd 0=
“178 (o0, 5 POURNSRTRE: bl ARl 6f AR (yaRiapes st
CDCI 3): 510.0 (d, J = 2.4 Hz, 0.96H) (syn isgner)o9-76 (d, J = 2.4

Hz,

. \
O (VA)
%,
-
H

The method further includes contacting the compound of Formula (IVA) 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 Formuta (IV) is allowed to occur.
15 Hence, the method includes allowing the Ne. group of the compound of Formula (V) 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 (lilA) as defined above



5 0.04H) (anti isomer), 8.18 (brs, 1H), 7.85 (dd, J = 24.0 Hz, 7.5

" 2H), 7.64-7.40 (m 3H), 7.34 (d, J = 7.5 Hz, 1H), 4.89-4.79 (m
2H), 3.09 (bra, 1H, 1.79 (s, 1H, 1.14 (d, J = 6.9 Hz, 3H), 0.84 (d,
J =6.9 Hz, 31-1); 13C NWR (75 MHz, CDCI 33 5 204.8, 134.3, 133.4,
131.7, 129.4, 128.6, 126.9, 126.1, 125.4, &2@hR10 122.3; 101 R (neat)
vicm 1 3048, 2963, 2739, 17181 155 15 1464, 799, 779, 758; HRMS
(ESI-TOF) Calcd. for : . 1MtHr, Found: 286. 1441
[ MEH t. (2S, 3R) - 3- (4- oy - 2- ispropyl 4-ni t r obut anal

(E)-1-brono-4-(2-nitfovinyl 3 ioval er al dehyde according to
general procedure. T i yc was det gtidned by HPLC
with Chiral pak AD-H c0 . § nmTP- propanol : hexane = 10:90), 1
mmn, =7.6 mn, t i -m nor =
7.2 min, the diastereoneric ratild was determined by 1H NVMR [a], 320=

-302(C 0.27, CHCI 3); 20Rf = 0.50 (EA: ane = 1:4); N 400
MHz, CDCl3) Bbe gampqynd $EFermyla Il A)js 9%’#360‘?{%‘ ARBRL E‘?",d)eg‘?%‘g;‘ (”gt/ﬁe E‘Eesﬁ’.‘%? of
Hz, 0.02H) (aﬁ'idorga‘hﬂ;rﬁﬁ‘sé sudh ésgalﬁ dlkalﬂb&e8Eﬁariﬂi’lesé‘ﬂ-@smt%bﬁ'lnc(rgamdbaseﬁndude,
Hz. 2H) 4 67 dd

4.3 He, gl ea& imifed 1 “109%"'%2 "aii‘?%“a% p°ﬁi% ”‘(z%g'?"ﬂ%fﬁd%gﬁ'“mkﬁydé"x'de
Hz, 3. 85HZ ﬁotésdﬂrm hidipxidd aBedciGd o@rhonaﬂel) I,n PormalaREOY nweﬁyﬁm—lzalogﬁq)such
250.86 (d, J .-leg}h )

132. 4, 129.6% fzzﬁiw?é%w”%?g Mv?ﬁ '] ,éfﬁbé’%%ﬁ% cortisiig the
= 2725, 1712caBesind xgFermuls {1il Agith anqcyl bﬁ'\‘df RC‘M i$-FvEed Y mmiPO ar protic
Cal cd. for Cgé{,—gn? %r 314.0392 [Wir, Found: 314.0384 [ MtHr.
Characteri zati on of Chl ral al cohol obtained using a reduction process
according to t I]e1(i1mwecﬁm;mmn5 of (Fdymdia R sl ddfihat aboveCsriledyin aHirth& method

- nkcoi] oy thgé%{r] ng By-l?'ﬁvént(?g\l‘grﬁez 55 ggctw? ;r]%é%g[lgé%@{lﬁéf éf%maﬂgl S&%B(yund of

CHZC12) 10RFormtI]B(4fJJ g&défiiedaheve= 1/5); 1H NWR (400 MHz, CDCI 3)
57.28-7.17 (m 5H), 4.72 (q, J = 6.5 Hz, 1H),.8.23 (br, 1H), 1.37 (d,
J =6.5 Hz, 3H); 13C NWR (100 MHz, CDCI 3): 5145. 7,2 128.2, 127.1,
125.3, 70.0, 24.9; The enantionmeric exc § was det erm ned by
chiral HPLC analysis, enploying g Daci cel <(al cel CD colum
(Hexane : i-propanol 95 : -5, 1 dR (major), t2
=10.33 min (mnor).

[0102] The method includes providing a compound of Formula (VI1), for instance by
15 forming the same as defined above, or by obtaining the same in another way. The

compound of Formula (V)

(V1)




(S)-2-Brono- 1- phenyl et hanol (Basavaiah, D, et al., Tetrahedron:
Asymretry (2002) 13, 201125-1128) [0165] (Fig. 11, entry 2):

col orless oil, 98%yvyield, 92%ee, [a]D25 = + 55.3 (¢ = 0.5, CH202);

Rf 050(EA/Hexane:1/4); 1H NWVR (300 3¢Hz, CDCI3): 8 7 .38-7 .32
(m511)492(dJ 8.6 Hz, 1H), 365351m252|—p 2.70 br

1H; 65 "C INMBn(aJ:&GMHZEC@EbBUBc) R'B@ARBgXI R, Mixtute 8f B MMd&RzMga( &' and
40. 2; The engpti one Ce 8 P

enpl oying a El Koy e&ﬂ?cf:l‘? ce?I %ﬁcoﬁ%ﬁﬁ%ﬁgg% ns@pag%é* n?é‘é’rhb!&duﬁents
0.5 mUnin): Rlasd R3aBOdentisal{ imayhish) gase 2nlypneZomipaurchRideX or I\@X -zqedm be
B & C) depic f cting the
(R)- 1. (4- Br OE@nt J?gd ﬂ@hatpg coﬁrb%ﬁeﬁhﬁﬁtﬁa (5!) In some e'mbog![n%ents contalz g
1327- 13%0) [@qmqun@n@ft Fateplac vt withh aFr»fgnpomi RM%H? 8@5 8i P, m@@% theredf is
yield, 76%e ch(gvgnt uBra) CH202) ; 10Rf = O. 33

( EA/ Hexane _Shméfbﬁ%?afmﬁa;&“ Buf 13): 57.47 (d, J = 8.3 Hz,

2H), 7.25 (d, 0403{ FartRertHa mettdy, oféﬂor&?lg(a]corﬂpoana of Fetmulal ¢y) asldeiﬂeq dbove is
J= 6.4 Hz, 3I—p CNI\/R(lOOM—Iz CDCl 3): 8144.8, 131.6, 127.1,

121.2, 69. 8, p%‘d? The enantioneric excess determined by chiral HPLC
anal ysi s, enploying chiral HPLC 15 anal ysis, enploying a Dacicel

Chiral ceI OB-H colum (Hexane : i;propanol 95 | AyoR95 NMUmn): tl =
7.57 min (mnor), t2 = 8.38 m'n(}?g;or) i % ) depicts the
data of HPLC anal ysis. 20 (R) (2,- *)-ethanol (Josyula V. et
al ., Tetrahedron (2002) 58, 3 ‘ (Fig. 11, entry 3):
colorless oil, 99%yi el d, 25 = 4y21.9 (c =2.2, CHC12);
25Rf = 0. 38 (EA/ Hexane = O MHR, CDCI 3) 87.77-7.71

',

(M 4H), 7.44-7.41 (m 3H 3. J—".§34Hz (ﬂ,j(brs 1H),
1.50 (d9 J= 6.5 Hz, 3H); R 00 iz, CDCI3) 8 '143.1, 133.1
132.7, 128.0, 127.8, 127.5, 195.9, 12p. 5, H

R
The method includes providing a compound of Formula (1ll) as defined above

COORS®

(I

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 {lll) 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



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 colum
(Hexane : i-propanol 97: 3, 1 mdmnn), retention tines (mn). 1 =
514.04 min (major) , t2 = 16.47 min (mMmn®s. Fig. 23 (A-D) depicts
the data of HPLC analysis. 10 10
(R) - 1-(2-(2-(6-net hoxy) - Naphidhy! ) - et hanol GOWkMi , N, et al.,
Tetrahedron: Asymmetry (2006) ,,’L? 0 * [0168] (not depicted
% yi , 70%ee, [aJD25 = + 26.7(c =

in Fig. 11): colorless sglid,
1.6,. CH2d 2); 15Rf z 1/4); 1H NI\/R(300 MHz,
N6. 3 He, 1H), 13708(m

CDCl 3): 87. 68- 7. 65(
2H, 4.93 (g, J = 4. s, ?,‘rﬁar 2.34 (br, 1H), 1.51 (d, J

4.8 Hz, 3H); 13C ’/;3 : 157.5, 146/, 133.9, 129.3,
128 6, 127. 0, 124.3, 7, N8, 6 70.3, 55.2, 25.0; 20The
enantionmeri c excess determ ned dy chlral HPLC analy5|s enpl oying a
Daci cel Chiralcel OD colum (He¥ane : i-propanol 95 : 5, 1 nlL/mn):

tl =15.76 min (mnor), t2 = 22.53 rrin(rrajor) Fi g. 24(A-D) depicts
the data of HPLC analysis. 25 67 [0169] F % } %b
col orl ess oi| The ggthod ickidgs P@B'd‘ﬂﬂeaewrﬁ'pffluﬁﬁg Forpulg 4l "f\)PE e ef ab@L?ZCI 2):

Rf = 0.28 (EA" hexane = 1:4): 1H NVR (400 MHz,
CDCI 3): 57.61 (s, 1H), 7.50 (s, 2H), 7.43 (qcciggﬂa 1H), 4.88
(br, 51H), 2.84 (br, 1H), 1.44¢ = 6.3 13C NVR (100 Mz,

CDC13): 8146.7, 130.7(q, = e : g.9, 128.7, 125.5, 124.1 (q,
J=3.7H ), 122.1 (q, . : 69. 7, 25.2. The enantioneric
excess determ ned by ‘ - i Chiral cel OBH col um,

hexane: 2-propanol = § ' etention time: tfl,inor =

5.47 and 1major= 7.79 i , B)Yand Fi diliZ80 (A, B) depict
the data of HPLC anal Ni, t rophenyl) - et hanol (Du,

DM, et al., Og. Lett. £ 1330) [0170] (Fig. 11,

entry 6): colorless oil, 96 @6y|elﬁ 92 %ee, [CCO025 =+ 26.7 (c =
1.6, CH2C12): R1= 0.33 (EA/ hexane = 1/4) 1H NMR

(5382 ?/HZ Cngﬂg’éorg cﬁllznqﬂc(fq:orn]l?agﬂl??)"g ’cogﬁlted Zmlﬁ3ar(§cyl ﬂahd% ﬁCU?(( (sdptd) in the
CDC13) q’gs 153p@sence7ofan inorganic base ag’ deﬁ@echahozg [’g some embodaments contact:ng the

compound of Farmula (11 A) with an acyi 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 (VIIl} as defined above

10 (Vi)

N
l
R

The method includes providing a compound of Formula (Vi) 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)



The enantioneric excess determ ned by HPLC anal ysis (Daicel Chiralcel
OB-H col um, hexane: 2-propanol = 95: 5, 1 nmin). Retention tine:
t... -mnor = 20.71 and t malor— 21.48 mn. Fig. 25 (A B) and Fig.
26 (A, B) depict the data of HPLC anal ysi¥®. 25 68

(R -1-(3,4-di fluorophenyl) ethanol (Burk, MJ, et al., Og. Lett.
(2000) 2, 4173-4176; Dale, JA., et al. ,./. Ogl Chem (1969) 34,
2543- 2549) [0171] (Fig. 11, entry 7): colRfl ess solid , 99
%yield. 95 %ee, [a]J023 = + 27.4 2.0, 5CHpLT?2); Rf = 0.26 (EA
hexane = 1:4); 1H NWR (300 MHz, (m 3H), 4.83-4.80
(m J =6.5 Hz, 1H), 2.53 (s, g = 6.5 QH 3H);

13C NWR (75 MHz, CDCl 3): , 62.6 Hz), 148.2 (dd, J
= 12.4, 62.6 Hz), 10142.8 ‘ 121. 2(q, { 3 9 Hz),
117.0(d, J= 17.0 Hz), 114 3(d IH 17) 0 Wz 2, 25.2;

enantiomeri c excess deter ' HPLC To;al ysSi S ( Dai cel Chl ral cel
OB- H col um, hexane: 2-pro S '53 1@ nmJm n). Retention tine:

tmnor = 7.73 and troajor= 850 mn. {ig. 34 (A-D) depicts the data

of HPLC analysis. 15 (R)-1-(3,5-diflyorophenyl) ethanol (Josyula V.,
et al., Tetrahedron (2002) 58, 1069-1074) (0172) (Fig. 11,
entry 8): colsadonestedoiith a3fetdd gongodnd Qé‘l%tee frofrai@2Bosp sorBiktiBg (o€ Group 1 to

T 6 956, 86 PlePzI§ Mg e ghendi MG pginkistyty i BERAAR, M e d@?ﬁ%*hﬂ
= 3.6 Hz, 1H)1,etal cdt&()dJnd]M-lseseﬁiact@ fr@m)the §8CPNIwRsistraDolVBL; e o, ByoHia

3164.8(¢, 3 Ack2zht %ﬂl Bt Sobi i, il B804 10k, 2B inc

Hz), 69. 5 251((2Tf)3:rﬁ@( n%r@z)a.élr(&@a% H@@'e-r‘-r‘f‘ﬁﬁe% by HPLC anal yS| s

(Dai cel Chiral cel colu 1.

Retention tine: m(%ﬁﬁ? gnr%(ﬁ'{'] PHMB ﬁihﬁd Ozpéeﬂaﬁﬁg é A’%poﬂ?\d of
depicts the H@tranla)(ﬂx}ﬂu@famdames 1 69

(R -1-(4-Trifluoronethyl phenyl) - et hanol (Mathre DJ., et al., J. Og.
Chem (1993) 58, 2880-2888) [0173] (Fig. 11, §ry 9): colorless oil,
99 %vyield. 97 % ee, 5CH202) ;

R2

(IX)

10 The method includes providing a compound of Formula (VH) 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)

%
=

(Vi)



Rr= 0.39 (EA/ hexane = 1/4); 111 NWR (300 Mz, CDC13): 87.53 (d, ./ =
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); 13C NMR (75 Mz, CDCL3): 8
149.1, 129.4(q, J= 32.0 Hz), 125.6, 125.2(q, J = 3.8 Hz), 10122.4,

69.5, 25.0; The enantioneric excess determ ned by HPLC anal ysis
(Dai cel Chirisl etaced witl armﬁtalmmmoand 2elprted 4001 the @ourgcorpisting of Group 1 to

nmJm n). Ret eg&i (é:))nI é%ls ILmth %@’{II‘? E)ge%ga\;g)_nor = 47.81 mm Fig.

28 (A-D) depic ata o ana
(R) -3, 5-bi stri fih447§ AgeS )ékn%@eéﬁblve ehhaﬁE)'en(bB@iHeﬁf dhe Dnetﬂt céthpound M can be

Tet r ahedr on As met r 2006) 17, 554- 0] 4

10): col orl e%%ie%‘?ﬁ frﬂmy@QW?HpeFQi‘s'SW/ﬂega %;b ngZJ 510 54' %IS,EZrﬁgtirP(OTf)z,

?;25312)7577Rf (Zné}z 4§nCIEA'5|dTI,eX'H(MB-P')4.1 Cﬂ)T:CI;,HZNM? @ﬂgﬁﬂ?IM-II\Cigﬁ[D@m')‘)g. Cu(OAC),,

2

236 1. 1icoitlen (REODEg Loty antdcriors TR g ohope elglgplpurd 1

214518 Hg) 1?;4@;(&% ndt stabld JinBerHejdic ddr@itdng.tHowkver, 8589 lazipdical2Gagent duchyas N-
: : : 2.0

determ ned b qﬂb%éeg?%' a§§\‘d§e '(' %el %%r t":Cﬂl r afar%P@g@ ﬁ'r{ﬁé Ip%sgﬁ&féﬁpyndmmm P

2- pr opanol —toﬁﬁnésulfﬁnﬁe sgclﬁ) diffigwitie} . e beravpigad ($fme:g Dapevar KM, et 8, dndm.

t _mgj &'b‘ 10gﬁé}_r I@ggy %%3 {758 18@pi cts the data of HPLC anal ysis.

uor o heny ethanol (Liu, PN., et al., Chem Commun.

( 2004) 2070 207d108] P4 plesémtiiguentch alediglateslib)the asd ehthessmpsungs 88Bbrmula VIl
Yield. 90% ee,

( EA/ hexane :as_L F&')’a][E?@PP%[(ﬁQ ?sgdbneﬁt)it_& ca%ﬁgfagglﬁyilyzlf t}'nezasy(m%é%_breducnon of

(7505 7.00 ( nket@ids, INGhE&3-Ge8 the(mppetiig cotnpting gervés as 8 s6 chifed “3éfive catalyst” in
r d
(75 Mz, CDCII%'% %oﬂ%rﬁﬂ' %hl%r!fﬁral %@n{s tcz c? CHII‘EI 6or%duct Such 8 cha%ﬁ%&}!‘h@t has
Hz), 15520 %symm]ezryslnHza)t itig pgn-gppprpgsg@leloq-&s) msrrpggnaaedwnglgg ttle }qie)nt of bemg
69. 4, 25.0. (flf?n ﬂ&dﬁ?@é 'b@lte%é@%ﬁﬁ ﬂ?!aefri%ﬂﬁ‘ r@ft‘ﬂn sJéPénCoﬁﬂh%' ﬁé&éi@dropyrrolo-
(Daicel Chira col um, hexane: 2-propa 99: rTLf1 g
Ret enti on t,ﬁe‘}b]tndole skeleton provides a chlral pocket that directs the stereo emistry 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 85 %,
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, §, 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



.mnCr = 17.58 and -mgjor= 27.14 mn.

20(R) - 1- (4- met hyl sul f onyl phenyl ) et hanol (Tagat, JR et al., J. Med.
Chem (2001) 44, 3343-3346) [0176] (not depicted in Fig. 11):
colorless solid, 99%vyield. 97%ee, [a]D2g = + 17.6(0 = 0.6, CHd 2);

Rf = 0.04 (EA: hexane = 1:4); 251H NWR (400 MHz, CDCI3): 57.84 (d, J

= 8.3 Hz, 2Hrompgound of Hormlila~{\8l) Bxalibe eRigloyedla®8ligapd. J = 6.5 Hz, 1H),

3.03 (s, 3H), 1.49 (d, J = 6.5 Hz, 31-1); 7113CN|\/R(100|\/H2

CDCI 3): 8152. 4,[01198.T8e asymrgetriq Jdichael ggagtiong s gegugnized T @ highly important
enant i oner i Ceﬁ’éﬁ'ﬁlsﬁecﬁ*% %Er%bﬂ%grbgﬁ %&%ﬁ%'rﬁ&t@n(ﬁ@dﬁﬁgl@hé aliedliityCiiHhe

col um, hexane: 2- a Ret ent i
ri nor =60, uTEpRines ohEgo1ia (/s Abaf T inveic heg bepmetgmEpi P o Ry zed
of HPLCeanal ysfig, 1§a|¥d Fay 18nstatk tﬁl@tsata@n.tyﬁa tﬁ@datﬁ@ts&ﬁ@rbyés]mb in a variety of

Structure of 6a struct r.aphi ca ent
chenical for ﬁ?lYeé‘t?TE” %?’9?3?@'%5?@ %Ol%?pﬁzr?é’ﬁ?%&?t ﬁ?‘?’fﬁf’%ﬁt ifii %ﬁﬁ%@“é&und of
04 151<::hem caForfmunanl sonveeergbeRAentS theslyasivetacytatyst is ase:trgarmgcwm;bmnﬂcsnm 8s an
symmet ry_spac p_ha H M P2 2 I 4
cel liength bi'[""%g? "ﬁ%&nl ‘lané'ﬂgt%u% I %ééﬁ%% _H]' ang n% %@% o™
cell _angle bbmmlﬁ@ur@() m;wlnulnang:bgrogalﬁmmo dﬂmetwm!ﬂeopm@@wngM( @icyclohexyl-
25cel | rmu S I
ol | et oA Wi ity R U ERFB i R AL N e irthopygine

[0111] The Michael reaction can in typical embodiments be represented by the

following two equations:

1 37
Z R 2 [VIA] 1

zZ
R Z
RBB 3w

In the compounds depicted in these equations moieties both Z%, Z® and and Z* (in the

second equation) are an electron 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 anhd 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, fluoring or one of an aliphatic, an alicyclic, an
20 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. 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% yield and 78% ee without optimization (Fig. 13D}. In

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



cel | _measurenent theta nax23. 72 30exptcrystal descriptionfragnment
exptcrystal _col ourcol ourl ess exptl _crystal _size_nmax0. 20

exptl _crystal _size m d0.18 exptcrystal _size m n0. 15

35exptcrystal _density maaso expti_crystalzgdensity _diffrn 1.303 72
exptcrystal density_nethod ' not neasured' exptl _crystal _f 000616

expt absor pt COE[M‘iZ}IIte:Btnottmi haD@berexptta B3 anptZ’ cue the tyapn_grgynepoor yields with

multi-scan 5_e

expt Labsor pt PEOTe Lt paRRmiEk 55y ey hutlodih g espectye sty gonditons
sadabs 10Cr ystagl ne8tirtacheufusther arrdyseﬁeltsmampw@e%s deagtvisghle| p carry out the
represent ed Bl eaéi%n d Méﬁ% thddegorRNEhuslidrwhiing prévidoRamYE bbiIz? Gad Z°

| dentification code Enpi formul a Fornul a wei ght Tenperature
Wavel en@th CaresGM| system 7a C26 H26 N2 03 414.49 173(2) K 0.71073 A

Monocl | ni ic Spa

900. = 5. 23361% %%.ngllg #ﬁg)b%%blbounggpmegrr}sit 'g specu tguztﬂ%{ L?F)Oﬂ%%altlﬂn
of a base such as 4(N.N-dimethylamlno)pyndme (DMAP), an acid-base interaction
between the carboxylic acid and the amino groups should lead fo the formation of an

ammonium salt, which renders the base as the stereocontroliing module.

10 [0114] The Michael reaction may for example be carried out in a protic dipolar
solvent, for instance an alcoholic solvent such as ethanol, propanol, isopropanol, butanol,

{ methanol, tert-butanol, isobutanol, tert-amyl alcohol, cyclohexanol or phenol. In particular
where a basic cocatalyst is used, the reaction may also be carried out in an aqueous

solvent. The Michael reaction may also be carried out in an aprotic dipolar solvent such

15 as tetrahydrofuran, dioxane, pyridine, dimethylformamide or acetonitrile (see above for

mare examples).

[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 sterecisomers 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, bailing 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
sterecigenic 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.



c = 16.4582(9) A0 = 900. Vol une 1071.14(10) A3 Z 2 Density

(cal cul ated) 1.285 My/ nB8 Absorption coefficient 0.084 my F(000) 440
Crystal size 0.25 x 0.08 x 0.04 nmmB Theta range for data collection
1.76 to 27.99. Index ranges -15<=h<=15, -46<=k<=6, -21<=|<=21

Refl ections coll ected 9241 | ndependent reflections 4937 [Ql?é)l nt) =

0. 0399] Conpl et eness t 0o EXEMRLARY EMBODMENTSORISEINVENA
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Sem -enpirical fromequivalents Mx. and min. transm ssion
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R in

naturia SrsodLéLt; %vslti\%ré%I'!))dlopyrrolo[2,3-b]indole skeleton. The hexahydropyrrolo[2,3-
blindole appears to be a key structural component of many indole alkaloids exhibiting a
diverse range of biological activities (Taniguchi, M, & Hino, T, Tetrahedron (1981) 37,
1487; Bourne et al., 1991, supra; Crich & Banerjee, 2007, supra). This tricylic rigid ring

system has a stable bowl-shaped conformation.

[0118] Figure 2 depicts a method of preparing a compound of Formula Vi, starting
from a commercially available Na-protected L-trxptophan compound (cf. also below). A
related method, starting from comparable or the same L-tryptophan compeund, results in

the formation a compound of Formula VIA, as shown in Fig. 3.

[0119] Based on the tricyclic rigid scaffold of hexahydropyrrolo[2,3-bjindole skeleton
and promising generality, a series of a new class of chiral ligands of general Formula (V1I)
was designed as illustraetd in Fig. 7. This diversified ligand scaffold offers remarkably
high tunability in both steric and electronic properties by judicious selection of the
substituted R group at the amine N atom and R! and R2 groups at the tertiary alcohol.
Furthermore, two more stereogenic centers were incorporated as structural analogues in

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

[0120] The chiral ligands of Formula (VII) can be used for asymmetric catalysis, as
illustrated in the asymmetric reduction of ketones in Fig. 5. Fig. 11 and Fig. 12 depict
examples of applications 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.)
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
prochiral ketones containing electron-withdrawing or electron-donating groups. Especially
noteworthy is that (R)-3,5-Bistrifluoromethyl ppenyl ethancl (BTMP), which is an
interesting chiral building block for a number of pharmaceutically interesting targets such
as an NK-1 receptor antagonist (Naud, F, etal., Org. Process Res. Dev. (2007) 11, 519-
523; Pollard, D., et al., Tetrahedron: Asymmelry (2006) 17, 554-559), can be obtained in
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15 [0122] Flg 8 illustrates the use of compounds of Formula VIA in asymmetric Michael
reactions. On a general basis a Michael reaction |s a nucleophilic addition to a vinylog
carbon-carbon double bond, typically a 1,4-addition. The reaction can serve in inter alia
forming a cyclic compound or extending an aliphatic chain by several carbon atoms in one
step. Accordingly, 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 o,B-unsaturated nitro compound (Fig. 8A), by adding a carbonyl
compound to an e,B-unsaturated carbonyl compound (Fig. 8B), by adding a nitro
compound to an o,B-unsaturaetd nitro compound (Fig. 8C), or by adding a carbonyl

compound to an o,p-unsaturaetd sulfonyl compound (Fig. 8D).

25 [0123] Accordingly, in Fig. 8A, Fig. 8B, Fig. 8C and Fig. 8D R, R?3, R?7 and R?8
may independently from each other be hydrogen, -OR?%, -SiR?6, -SR?6, -SeR?6, an
aliphatic group, an alicyclic group, an aromatic group, an arylaliphatic group or an
arylalicyclic group. R2!, R%2, R24, R?5, R*2 and R*® may independently from each other
be hydrogen, -COOR?S, -COSR26, -COSeR25, -CONRZ6R34, -CN, -COX, -OR?8, -SO,R?®

30 -SiR28, _sR26, -3eR26, an aliphatic group, an alicyclic group, an aromatic group, an
arylaliphatic group or an arylalicyclic group. X is halogen. R?6 and R3 are independent
from one ancther one of hydrogen, an aliphatic group, an alicyclic group, an aromatic
group, an arylaliphatic group or an arylalicyclic group. R?2 in Fig. 8E has the same

meaning as above.

35 [0124] Fig. 10A compares the TH-NMR spectra of pure DMAP (top panel), the
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center pane%). Igfote the significant changes in- chemical shift: protonation of DMAP
causes signals to be moved to lower field, whereas signals of the catalyst are moved to
higher field, which indicate the sait formation. As can be taken from Fig. 10B and Fig 10C

the catalyst is stable in water over extended periods of time.

[0125] Figure 13 and Figure 14 illustrate the catalytic asymmetric Michael addition of
propanal to nitroalkenes. With chiral catalyst (10) in hand, the inventors proceeded to
investigate itsapplication for asymmetric catalysis: To demonstrate the efficiency of (10),
the enantioselective Michael addition of aldehydes (for recent reviews see (a) Mossé, S,
& Alexakis, A, Chem. Commun. (2007) 3123. (b) Vicario, JL, et al., Synthesis (2007) 2065.
(c) Tsogoeva, SB, Eur. J. Org. Chem. (2007) 1701. For some representatives, see: (e)
Mase, N, et al., J. Am. Chem. Soc. (20069 128, 4966. (f) Hayashi, Y, et al., Angew. Chern.
int. Ed. (2005) 44, 4212. (g) Wang, W, et al., Angew. Chem. Int. Ed. (2005) 44, 1369. (h)
Palomo, CE, et al., Angew. Chem. Int. Ed. (2006) 45, 5984, (i) Palomo, C, et al., Angew.
Chem. Int. Ed. (2006) 45, 5984) to nitroalkenes was selected as the testing ground since

nitroalkanes are versatile synthetic intermediates.

[0126] The desired product could be obtained in 86% yield and 96% e.e. in the
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
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
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, Man&al 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
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
obtained when using brine as solvent (entry 8 of Fig. 13). However, no reaction was
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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 Examples



1. 077889 -1.720655 -2.174576 0.952011 0.802790 -0.089580 0.568993
-2.333302 -0.131202 0.764459 -3.371314 -0.411303 251. 028580
-2.149221 0.844347 -0.943794 -2.028180 -0.068650 -1.510268
-2.681807 -0.747207 -1.061177 -0.643278440.497498 0.492883 2. 001811
0. 406920 3001. 126763 2.751728 1.127752 0-0. 768850 2.252880 -0.017319

C- 1. 371410 707.

3. 357552 1. g%%‘i{@s%@%i‘i’%%g i'%pg%ﬁ?gg% f?'.' °3“5i'%§1%99?1%3%2§§5"85 i f%%g}%gggter
2.280887 - 2danaiESa (8f. Figidror thephemyt esterderivativegegiggiol eatalyze g reaction with
2.394146 3. 744 & B RROR 3r H3OBGHhLimdRaid? Bi83possibled 80RaTon of
3. 412057 1.0 5@8’%“6.5@%@@ 53. 276556 5.%10448 f1'._02 ey ©
0. 515894 0. 3u4gsiyrene bythesarbpxyis 2giddefothe soleme af 4@3' -0.676578
-0.399507 5.849422 -1.093776 -0.525535 10C- 2. 781415 3. 546591
-0.007206 H 3.371593 2.665501 0.26 8. 272529 4. 433767 0. 407373
-2.773236 3.640422 -1.098532 -2. 29336/ =0 175218, - 0. 956346

15-2. 225026 0.783705 -1.459146 -3. 4853670 7 @68'% -0. 816625

-3.570382 -1.722802 -0.282755 -4.76404 g ¢ 198970 - % 35;784
5 o EtOZC _:h
(10 mol%) NO»
H + ph/\/NOZ : -
MeOH or H,0, : -
oracid, i, 48 h <5% vyield

(2) the reaction was much slower in aprotic solvent such as DMSO and DMF which
implies that H,O may be involved in the reaction through hydrogen-bonding interaction.
Although the role of DMAP is not clear at this moment, the DMAP sait was found to
improve the solubility of the catalyst and could also function as phase transfer catalyst
10 when the reaction was carried out in water. Without being bound by theory, this
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 benz'ophenone. 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 fto
corresponding aromatic aldehyde, then followed by standard 1BX 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
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[0131] Flash chromatography was performed using Merck silica gel 60 with freshly
distilled soivents. Columns were typically packed as slurry and equilibrated with the

appropriate solvent system prior to use.

[0132] Infrared spectra were recorded on a Bio-Rad FTS 165 FTIR spectrometer. The

oil samples were examined under neat conditons.

[0133] High Resolution Mass (HRMS) spectra were obtained using Finnigan
MATA5XP GC/HRMS (Thermo Electron Corporation).

[0134] Proton nuclear magnetic resonance spectra ("H NMR) were recorded on a
Bruker Avance DPX 300 and Bruker AMX 400 specirophotometer (CDCl; as solvent).
Chemical shifts for 'TH NMR spectra are reported as 8 in units of parts per million (ppm)
downfield from SiMe, (& 0.0) and relative fo the signal of chloreform-d (& 7.2600, singlet).
Multiplicities were given as: s (singlet); d (doublet); t (triplet); g (quartet); dd (doublets of
doublet); ddd (doubfets; of doublets of doublet); dddd (doublets of doublets of doublets of
doublet); dt (doublets of triplet); or m (muitiplets).” The number of protons (n) for a given
resonance is indicated by nH. Coupling constants are reported as a J value in Hz. Carbon
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 (&
77.0, triplet). The proportion of diastereomers and geometric isomers was determined
from the integration of 'H NMR and "*C NMR spectra.

[0135] Enanticselectivities were determined HPLC analysis employing a Daicel
Chiracel column at 25 °C. Optical rotation was measured using a JASCO P-1030
Polarimeter equipped with a sodium vapor lamp at 589 nm. Concentration is denoted as ¢
and was calculated as grams per deciliters (g / 100mL) whereas the soivent. 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.

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

{0136} To a 4 mL sample via! 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 mmot)
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aldehyde (0.4 mmol) were added followed by MeOH or water (0.5 mL) at room
témperature. The reaction mixture was stirred for the time indicated in Fig. 14, and then it
was directly purified by preparative TLC (Hexane/EA, 4/1) to afford the product as
inseparable isomers. Both enantiomeric excess and diastereomeric ratio {(syn/anti} were
determined by HPLC using chiral AS-H, AD-H or OD-H columns unless otherwise stated

in comparison with the literature reported values.

General Procedure for the Enantioselective Ketone Reduction

[0137] To an oven-dried 10 mL round-bottomflask equipped with a magnetic stirring
bar was added new chiral figand 7a (0.07 mmol, 0.10 equiv). The ligand was
azeotropically dried with anhydrous THF twice (2 mLx 2) prior to the addition of 1.5 mL of
THF. Then BH: Me,S (0.087 mmol, 10 mollL) was added under nitrogen at room
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
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

derivative is shown in Fig. 2. Fig. 15 depicts further examples, showing the synthesis of

chiral ligands 7a-h.

Synthesis of (8)-N-benzyloxycarbonyl-L-tryptophan methyl ester {2a)

H
= COOCH3

S HN._0
‘e
H 0

2

[0139] To a stirred suspension of (S)-N-benzyloxycarbonyl-L-tryptophan 1a (2.43 g,
7.2 mmol) in 10 ml anhydrous CH,Cl,, was added DMAP (0.1 g, 0.82 mmol) and
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methanol (0.28 g, 11.8 mmol). At 0°C, DCC in CH.Cl, solution was slowly added to the

mixture and then it was allowed to warm to room temperature and stirred overnight. After
twice filtration and evaporation, the residue was purified by flash column chromatography
(n-hexane/EA, 4:1 to 2:1) and afforded the desired product (S)-2a as a colourless oil (2.5
g, 98%).

Rf = 0.18 (EA:Hexane = 1:2) _

'H NMR (300 MHz, CDCly): 68.94 (br, 1H), 7.48(d, J = 7.7 Hz, 1H), 7.25-6.98 (m, 9H),
6.81 (s, 1H), 5.84 (d, J= 8.7 Hz, 1H), 4.98 (d, J = 3.2 Hz, 2H), 4.68 (g, /= 7.3 Hz,1H),
3.25 (s, 3H), 3.21 (m, 2H);

3C NMR (75 MHz, CDChL): §172.2, 155.9, 141.8, 136.8, 134.9, 128.6, 127.8, 126.9,
123.4, 122.3, 120.0, 118.4, 112.1, 109.4, 67.0, 65.1, 55.1;

FTIR (KBr, neat): v 1707, 1508, 1456, 1436, 1215, 742 cm™,

HRMS (El) calcd. for CagHzoO4N, 352.1418, found [M]* 352.1425;

(25)-1-benzyl-2-methyl-3,3a,8,8a-tetrahydropyrrolo[2,3-bJindole-1,2(2H)-dicarboxylate
(3a)

H COOCH;
NYO
N H §
H .
3

[0140] N-benzyloxycarbonyl-L-tryptophan methyl ester (S)-2 (1.34 g, 3.8 mmol) was
dissolved in 5 mi 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, (36 mi 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-
1:4) to give the product as colorless oit (0.8 g, 60%) which rapidly darkened on standing in
air.

Major isomer:
Ry = 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,



4.679292 0.502411 0.270335 5.551783 1. 010060 0.672683 4.838195
-0. 699692 -0.421452 5.828863 -1.123634 -0.557245 C -2.772487
3.576740 -0.007864 20 H -3.362318 2. 739511 0.378002 H -3.228270
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1H), 6.60 (d, J = 7.6 Hz, 1H), 5.59 (t, J = 6.6 Hz, -1H), 5.30-5.08 (m, 2H), 3.92 (g, /= 6.5
Hz, 1H), 3.18 (s, 1H, CHs), 3.10 (s, 2H, CH,), 2.65-2.54 (m, 2H);

¢ NMR (100 MHz, CDCly): 6 172.0, 154.6, 150.1, 136.2, 129.0, 128.6, 128.4, 127.6,
127.5, 127.4, 127.0, 124.0, 118.7, 109.1, 7.4, 67.0, 59.1, 51.9, 45.0, 34.0;

FTIR (KBr, neat): v 1732, 1712, 1602 cm",
HRMS (El) calcd. for CzHa004N, 352.1418, found [M]* 352.1413;

(28,3aR,8a$)-1-benzyl-8-ethyl-2-methyl-3,3a-dihydropyrrolo[2,3-b]indole-1 ,2,8(2H,8aH)-
tricarboxylate ( 4a )

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 mi, 2.26mmol) was
slowly added to the solution and stirred overnight. 10ml water was added and 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 flash column
chromatography (EA/Hexane,1:4-1:2) to afford the desired product as colorless oil (0.77 g,
80% ).

R; = 0.43 (EA:Hexane = 1:2);

T4 NMR (300 MHz, CDCLy): 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);

3¢ NMR (75 MHz, CDClL;): § 171.1, 153.6, 152.9, 142.2, 135.9, 130.8, 128.2, 128.0,
127.9, 127.7, 121.5, 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 CasHz40sN, 424.1629, found [M]* 424.1619;



4.509480 0.341388 H -2.821538 3.562785 -1.101860 C -2.313514
- 0. 209307 -0.894727 -2.254930 0.776286 -1.343283 25 -3.482968
-0. 862080 -0.841158 - 3. 556274 -1.834437 -0.358753 -4.758869

- 0. 303071
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(2S,3aR,8a8)-8-ethyl-2-methyl-1,2,3,3a-tetrahydropyrrolo{2,3-blindole-2,8(8aH)-
dicarboxylate (6a)
COOCH,

6

[0142) (2S,SaR.8aS)—1-benzy[-B-ethy!—2-methy§-3,3a-dihydropyrrolo[2,3-b]indo|e—
1,2,8(2H,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 solutiori 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
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, CDCL): & 7.86 (d, J = 7.5 Hz, 0.5H), 7.47-7.27 (m, 0.5H), 7.24(d, J =
7.4 Hz, 2H), 7.05 {t, J = 7.5 Hz, 1H), 5.80 (d, J = 6.8 Hz, 1H), 4.45 (g, J = 6.6 Hz, 2H),
3.98 (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),

3¢ NMR (75 MHz, CDCL,): 8 174.1, 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;

FTIR (KBr, neat): v 1732, 1712, 1602, 1487 cm’

HRMS (EI) calcd. for CisHz04Nz 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)



-1. 406641 -5.184869 -0.967501 -2.170529 -5.526364 -0.186513
-0.629469 30 -4.599300 0.677541 -1.869123 -1.349079 -0.591069
1.676648 SCF Energy =- 1070.27180798 Zero-point correction (ZPE)=
0. 354653 35syn enanine 3 (depicted in Fi @0 36) 2.300297 0.288398
-0.031250 2.397101 -0.931742 -0.716751

[0143] At 0 °C, to a solution of (28,3aR,BaHS)-B-ethy[-2-methyi-1,2,3,3a-tetrahydro-
pyrrolof2,3-blindole-2,8(8aH)-dicarboxylate 6 (0.48g, 1.65 mmol) in 5 mi THF was added
dropwise 2M phenyl magnesium chioride (2.1 ml, 4.2 mmol) in THF solution and stirred

5 for half an hour, then quenched by 5mi 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,4 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 TH-NMR (400 MHz, CDCl,): § 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, /= 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)

B3C.NMR (100 MHz, CDCly): & 154.0, 147.2, 144.6, 128.4, 128.0, 127.9, 126.9, 126.6,

156 125.7, 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 (EI) calcd. for CysH260:N; 414.1938, found [M]" 414.1815;

Synthesis of (S)-benzyl 2-(benzyloxycarbonylamino)-3-(1H-indol-3-yl)propancate (2)
H H
B 002H DCC, BnOH a T COZBH
| NHCbz CH,Cl, 0°C-RT,2h | NHCbz

N N
20 H 98% yield H
1 2

[0144] To a stirred suspension of (S)-(1) (2,-45 g, 7.2 mmol) in 10 ml 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,



78 0. 162490 -0.086417 -1.020038 1. 022151 -1.366444 -1.147072
0. 052144 0.459574 -1.961749 H 0.975885 -1.760770 -2.167013 5
0. 959859 0. 759896 -0.078041 0. 353663 -2. 343823
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then remove the solvent to afford the praduct as colourless oil (3 g, 98%). [a]p® = 50 (c =
1.0, CHCI;, 365nm).

R; = 0.29 (EA:Hexane = 1:2);

'H NMR (400 MHz, CDCL): 6 8.26 (br, 1H), 7.56 (d, J = 8.0 Hz, 1H), 7.41-7.33 (m, 9H),
7.26-7.20 (m, 3H), 7.12 (t, J = 8.0 Hz,1H), 6.76 (d, J = 2.0 Hz,1H), 5.47 (d, J = 8.0 Hz, 1H),
5.18-5.10 (m, 4H), 4.82 (q, J = 8.0 Hz, 1H), 3.34(d, J= 5.1 Hz, 2H);

3C NMR (100 MHz, CDCL,): 6 171.8, 156.8, 136.1, 136.0, 135.1, 128.5, 128.4, 128.3,
128.0, 127.5, 127.4, 126.9, 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 cm™,

HRMS (ESI) calcd. for CaoHapO4N; 428.1814 [M+H]", found 429.1821 [M+H]".

Synthesis of (25,3aR,8aR)-dibenzyl 3,3a,8,8a-tetrahydropyrrolo[2,3-blindol-1,2 (2H)-
dicarboxylate (3)

H
Qj/\l;(COZBn TFA
CO.B
N | NHCbz 2 days N 2=n
H 88% yield HHL,

2 . 3

=

[0145] N-benzyloxycarbonyl-L-trptophan benzyl ester (2) (1.18 g, 2.75 mmol) was
dissolved in 5mi 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
CH_Cl; (30 mL x 3). The combined organic phases were washed with brine and dried with
anhydrous MgSQ4 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:

R¢ = 0.34 (EA:Hexane = 1:2),

'H NMR (400 MHz, CDCl,): 4 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);

3¢ NMR (100 MHz, CDCl3): 6 171.3, 154.7, 149.9, 135.5, 128.6, 128.4, 1283,
128.0,128.0, 128.0, 127.9, 127.9, 127.8, 124.0, 11~8.7, 108.1, 77.4, 67.1, 66.7, 59.1, 45.0,
34.4;



-0.148450 H 0.454455 -3.390831 -0.441624 0. 819397 -2.233664
0.835879 C -1.131260 -1.914370 -0.097375 10 H -1. 740537 -2. 536746
-0.760876 N -1.150164 -0.512483 -0.547027 0. 585706 2.018675

0. 344100
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[a]p® = 52.9 (c = 1.8, CHCl3, 365nm);
FTIR (neat): v 3032, 2953, 1751, 1701, 1610, 1416, 731cm™,
HRMS (ESI) calcd. for CyoHa004N2 429.1814 [M+H]", found 429.1818 [M+H]".

Synthesis of (25,3aR,8a$)-1,2-dibenzyl 8-ethyl 3,3a-dihydropyrrolo[2,3-b]indole-
1,2,8(2H,8aH)-tricarboxylate (4)

H H
C,H50COCI, Na,CO, :
CO,;Bn - | COzBn

N3N 0 °C-RT, overnight NG N
HH ¢y, 86% yield C,H:0,¢ H Cbz
3 4

[0146] (S)-(3) (0.11 g, 0.26 mmol} was dissolved in 6 mL THF, then Na,COs( 1.06 g,
10 mmol ) in 6 ml H;O was added. Ethyl chloroformate (0.25 mL, 2.6 mmol) was slowly
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 % ).
R; = 0.24 (EA:Hexane = 1:2);
TH NMR (300 MHz, CDCY,): & 7.53 (br, 1H), 7.27-7.23 (m, 8H), 7.14 (t, /= 8.3 Hz, 1H),
7.09-7.04 (m, 4H), 6.94 (1, J = 7.5 Hz, 1H), 6.47 (d, J = 6.2 Hz, 1H), 5.14 (q, /= 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}),
3C NMR (75 MHz, CDCl,): & 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™,
HRMS {ESI) calcd. for CoHs0sN2 501.2026 [M+H]", found 501.2018 {M+H]".

Synthesis of (28,3aR,8aS-dibenzyl 8-ethoxycarbonyl 1,2,3,3a,8,8a-hexahydro-
pyrrolo[2,3-blindole-2 ~carboxylic acid (10)



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 C -1.668578 5-32. 079856 1.332984
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' Pd/C, H
CO,Bn 2 CO,H
NN MeOH,RT,12h NN
C:H;0,C "' Chz 100%yield C,Hs0,¢ H H
4 10

[0147] 4 (5 g, 10 mmol) was dissolved in 20 mL methanol, and Pd/C (106 mg, 1 mmol)
was added to the solution. After stirring overnight with the H, balloon, the obtained mixture
was filtered with celite and the solvent evaporated to give the product as colorless
oil. Then CH,Cl, was added, the white solid precipitated and a further filtration gave the
product as white solid (2.76 g, 100%).

Rf = 0.59 (CHzClzCH30H = 1:4);

H NMR (400 MHz, CD;0D): 6 7.77, 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 (, J = 7.6 Hz, 1H), 2.88-
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;

[o]o?® = -15.9 (c = 0.4, CH,CH, 365nm);

FTIR (neat): v 3177, 2725, 1721, 1629, 1570, 1462, 1377, 760, 721cm™.

HRMS (ESI) calcd. for Cq4H:70sN; 277.1188 [M+H]", found [M]" 277.1188 [M+H]".

(28,3R)-2-Methyl-4-nitro-3-phenylbutanal

[0148] The title compound was prepared from propionaldehyde and (E)-(2-
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-
propanclhexane = 10:90), 1.0 ml/min; major enantiomer tnsor = 22.06 min, minor
enantiomer toner = 30.05 min. [o]o® = -28.8 (¢ = 2.2, CHCly).

R; = 0.18 (EA:Hexane = 1:4);
"M NMR (300 MHz, CDCly): 8 9.72 (d, J = 1.5 Hz, 0.85H) (syn isomer), 9.72 (d, J= 1.5 Hz,



0 -1.731399 -0.940046 2.043809 20 0 -1.966201 -3.157081 1.791685
3.619346 -1.579355 -0. 835379 3.691854 -2.524443 -1.367927 C
3.419342 0.872284 0.562637 H 3.335497 1.808772 1.095755 25 C
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0.15H) (anti isomer), 7.37-7.29 (m, 3H), 7.22-7.16 (m, 2H), 4.83-4.65 (m, 2H), 3.87-3.77
(m, 1H), 2.87-2.72 (m, 1H), 1.21 (d, J = 7.3 Hz, 0.5H) (anti isormer), 1.01 (d, J = 7.3 Hz,
2.5H) (syn isomer);

3C NMR (75 MHz, CDCl;): 6 202.3, 136.6, 129.1, 128.1, 78.1, 48.4, 44.0, 12.1;

IR (thin film) vicm™': 3030, 2970, 2931, 1724, 1603, 1552, 1454, 1379, 758,702,

HRMS (ESI-TOF): Calcd. for C;H1,NOs: 208.0974 [M+H]*, Found: 208.0971 [M+H]".

(25,3R)-3-(4-Bromophenyl)-2-methyl-4-nitrobutanai

Br

Hﬂ\g/?\’mzl

[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 tnger = 18.59 min, tmner = 13.77
min. [alp® = -24.6 (¢ = 2.1, CHCl,).

R¢ = 0.18 (EA:Hexane = 1:4),

H NMR (300 MHz, CDCL) § 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);

3C NMR {75 MHz, CDCl;) 8 201.8, 135.7, 132.3, 129.8, 122.1, 77.8, 48.2, 43.5, 12.2;

IR (thin film) viem™: 2976, 2935, 2879, 1726, 1553, 1489, 1377, 1010, 779,717;

HRMS (ESI-TOF) Calcd. for C1H1sNO;Br: 286.0079 [M+H]", Found: 286.0081 [M+H]".

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



4.645033 0. 208865 0.432632 5.529103 0.653123 0.881931 C 4.755394
-0.997957 -0. 260330 5.720262 -1.488391 -0.350355 C -2.548020
3.781913 -0.266272 30 H -3.224658 2. 966060 0.005973 H -2.984415
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[0150] The titte compound was prepared from propionaldehyde and (£)-1-methoxy-4-
(2-nitrovinyl)benzene according to the general procedure. Both enantiomeric excess and
diastereomeric ratio were determined by HPLC with an AS-H column at 230 nm (2-
propanol:hexane = 5:95), 1.0 mUmin; major enantiomer tpnao = 42,10 min, minor
enantiomer tminer = 60.77 min. [op®® = -4.6 (¢ = 1.3, CHCl,).

R; = 0.13 (EA:Hexane = 1:4),

'H NMR (300 MHz, CDCl3) 5 8.70 (d, J = 1.4 Hz, 0.6H) (syn isomer), 9.53 (d, /= 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),
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™: 2978, 2937, 2839, 1726, 1612, 1557, 1514, 1379, 1253, 1182, 1033,

833,725;
HRMS (ESI-TOF) Calcd. for Cy2H1gNO4: 238.1079'[M+H]+. Found: 238.1081 [M+H]".

(28,35)-3-(Furan-2-yl)-2-methyi-4-nitrobutanal

[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 tmsjor = 30.44 min, minor

enantiomer tyiror = 26.29 min. [op?” = -20 {c = 2.0, CHCl3).



4.725542 0.078413 H -2.472583 3.819138 -1.358140 C -2.279621
0.012286 -1.217888 -2.016719 0.890112 -1.797670 35 C -3. 572006
- 0. 356068 -1.222482 -1.485272 -0.214161 1.429112 4. 353595

-1. 431432
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R; = 0.17 (EA:Hexane = 1:4);

'H NMR (400 MMz, CDCL) 6 9.70 (s, 0.87H) (syn isomer), 9.62 (s, 0.13H) (anti isomer),
7.35 (s, 1H), 6.30-6.29 (m, 1H), 6.17 (d, J = 3.22 Hz, 1H)}, 4.77-4.67 (m, 2H), 4.13-4.05
(m, 1H), 2.87-2.76 (m, 1H), 1.22 (d, J = 7.31 Hz, 0.48H) (anti isomer), 1.06 (d, J = 7.31 Hz,
2.52H) (syn isomer),

¥C NMR (100 MHz, CDCI;) 5 201.6, 149.9, 142.7, 110.4, 108.7, 75.8, 47.1, 37.6, 11.0;

IR (thin film) viem™: 3152, 3123, 2974, 2938, 2880, 1724, 1557, 1458, 1377, 1150, 1013,
814, 741,702; ’

HRMS (ESI-TOF) Calcd. for CoH;,NO,: 198.0766 [M+H]", Found: 198.0761 [M+H]".

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

[0152] The title compound was prepared from butyraldehyde and (E)-(2-nitrovinyl)-
benzene according to the general procedure.The enantiomeric ratic was determined by
HPLC with an OD-H column at 220 nm (2-propanol:hexane = 5:95), 1.0 mUmin; méjor
enantiomer tmor = 40.61 min, minor enantiomer tminor = 51.74 min. The diastereomeric
excess was determined by 'H NMR. [a]p® = -89.5 (¢ = 1.1, CHCl,).

R = 0.27 (EA:Hexane = 1:4);

"H NMR (300 MHz, CDCl,) 8 9.71 (d, J = 2.5 Hz, 0.91H) (syn isomer), 9.47 (d, J = 2.5 Hz,
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),

'*C NMR (75 MHz, CDCL;) § 203.2, 136.8, 129.1, 128.0, 78.5, 42.6, 20.3, 10.6;

IR (thin film) viem™': 2967, 2936, 2878, 1720, 1553, 1456, 1379, 1244, 758, 702,

HRMS (ESI-TOF) Calcd. for Ci5H1sNOa: 222.1130 [M+H]", Found: 222.1129 [M+H]".

{2S,3R)-2-methyl-3-(naphthalen-1-yl)-4-nitrobutanal
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[0153] The title compound was prepared from butyraldehyde and (E)-1-(2-
nitrovinyl)naphthalene 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 tyu o= 43.3 min, minor
enantiomer tyne = 37.6 min. [a]p® = -21.1 (c = 2.4, CHCla).

R; = 0.33 (EA:Hexane = 1:4); '

H NMR (100 MHz, CDCl;) 3 9.75 (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),
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) (antiisomer), 0.97 (d, J = 7.3 Hz, 2.55H) (syn isomer),

3C NMR (100 MHz, CDCI3) 5 202.5, 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/em™: 3049, 2978, 2936, 1730, 1715, 1552, 1377, 1246, 799, 779,

HRMS (ESI-TOF) Caled. for CisHigNO3: 258.1130.[M+H]", Found: 258.1138 [M+H]".

(28,3R)-2-isopropyl-4-nitro-3-phenytbutanal

[0154] The title compound was prepared from isovaleraldehyde and (E)}-(2-
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 tnu o= 21.8 min, minor enantiomer tmner = 17.9 min, the
diastereomeric ratio was determined by 'H NMR. [a]p®® = -6.5 (¢ = 2.3, CHCI3).
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R; = 0.38 (EA:Hexane = 1:4);

'H NMR (300 MHz, CDCl3) & = 9.90 (d, J = 2.4 Hz, 0.95H) (syn isomer), 9.48 (d, /= 2.4
Hz, 0.05H) (anti isomer), 7.36-7.28 (m, 3H), 7.27-7.18 (m, 2H), 4.70-4.53 (m, 2H), 3.94-
3.86 (m, 1H), 2.80-2.74 (m, 1H), 1.73-1.66 (m, 1H), 1.08 {(d, J = 6.9 Hz, 2.1H) (syn
isomer), 1.01 (d, J = 6.9 Hz, 0.9H) (anti isomer), 0.92 (d, J = 6.9 Hz, 0.9H) (anti isomer),
0.87 (d, J = 6.9 Hz, 2.1H) (syn isomer), '

3¢ NMR (75 MHz, CDCl) & 204.3, 137.0, 129.0, 128.3, 127.9, 78.9, 58.6, 41.8, 27.8,
21.5, 16.8;

IR (neat) vicm™ 2970, 2833, 2722, 1724, 1557, 1379, 1093, 816, 750, 706, 648;

HRMS (ESI-TOF) Calcd. for C13HqgNO3: 236.1287 [M+H]", Found: 236.1286 [M+H}".

{8)-2,2-dimethyl-4-nitro-3-phenylbutanal

[0155] The title compound was prepared from (E)-(2—nitrovinyi)benzene and
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 MLIMIN, tpaior = 19.7 Min, tinoe = 13.9 min, [a]p? = -4.3 (¢ = 1.6, CHCly).

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,
J=12.9 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, CDCls) &: 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;

HRMS (ESI-TOF) Calcd. for CyoH1gNO5: 222.1130 [M+H]', Found: 222.1123 [M+H]".

(S)-3-(4-bromophenyl)-2,2-dimethyl-4-nitrobutanal
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[0156] The title compound was prepared from frans-1 -bromo-4-(2-nitrovinyl) benzene
and isobutyraldehyde according to general procedure.The enantiomeric excess was
determined by HPLC with Chiralbak AD-H column at 210 nm (2-propanol:hexane = 10:90),
1 MUMIN; tmajor = 11.5 Min, tyinge = 9.3 min, [alo™ = -2.4 (¢ = 2.9, CHCl3);

R; = 0.24 (EA:Hexane = 1:4); .

TH NMR (400 MHz, CDCl,) & 9.49 (s, 1H), 7.46 (d, J= 8.2 Hz, 2H), 7.08 (d, /= 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);

3¢ NMR (100 MHz, CDCly) & 203.8, 134.5, 131.9, 130.7, 122.2, 76.0, 48.1, 479, 21.7,
18.9;

IR (thin film) v/em™': 2922, 2725, 1722, 1560, 1543, 1009, 880, 849, 721;

HRMS (ESI-TOF) Calcd. for CyzHisNO3Br: 300.0235 [M+H]", Found: 300.0212 [M+H]".

(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 proce&ure. The enantiomeric excess was
determined by HPLC with Chiralpak OD-H column at 210 nm (2-propanol:hexane = 20:80),
1 mL/min, tmajer = 12.5 min, tminer = 8.3 min, [a]0®® = +1.5 (c = 2.8, CHCl5);

R; = 0.33 (EA:Hexane = 1:4);
'H NMR (400 MHz, CDCly) & 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), 475 (dd, J = 12.9, 11.0.Hz, 1H), 4.58 (dd, J = 12.9 Hz, 3.9 Hz,



2.028756 2.721119 -0.884944 25 1.944242 3.573232 -0.202802
1. 603754 3.017231 -1. 846990 1. 314693 7070038 -1.721235 O 1.697837
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1H), 3.92 (dd, J = 11.0 Hz, 3.9 Hz, 1H), 1.17 (s, 3H), 1.04 (s, 3H);
3C NMR (100 MHz, CDCls) & 203.5, 149.8, 142.8, 110.4, 109.7, 74,9, 48.2, 42.3, 21.2,

18.1;
IR (thin film) viem™: 2972, 1726, 1557, 1470, 1433, 1377, 1148, 885, 818, 741,
HRMS (ESI-TOF) Calcd. for CigH1sNO4: 212.0923 IM+H]+, Found: 212.0926 [M+H}".

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

r ™

OMe

&
Ao

—————wveerl

[0158] The title compound was prepared from trans-1-methoxy-4-(2-nitrovinyl) ben-
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 MUMIN; tnzor = 12.7 min, tming: = 15.8 min, [alp®® = +9.1 (¢ = 1.2, CHCl3);

Ry = 0.24 (EA:Hexane = 1:4), . _

H NMR (400 MHz, CDCl,) & 9.52 (s, 1H), 7.1 (d, J = 8.6 Hz, 2H), 6.85 (d, J = 8.7 Hz,
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),

3¢ NMR (100 MHz, CDCLy) & 204.5, 159.3, 130.1, 127.1, 114.1, 76.5, 55.2, 48.4, 47.9,
21.6, 18.9;

[R (thin film) v/cm™: 2922, 1719, 1609, 1549, 1514(, 1462, 1377, 1250, 1028, 839, 723;
HRMS (ESI-TOF) Caled. for C13H1gNO,: 252.1236 [M+H]', Found: 252.1238.

(8)- 2,2-Dimethyl-3-(naphthalen-2-yl)-4-nitrobutanal
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[0159] The title compound was prepared from (E)-2-(2-nitrovinyl)naphthalene and
isobutyraldehyde according to General Procedure. The enantiomeric excess was
determined by HPLC with Chiralpak AS-H column at 210 nm (2-propanol:hexane = 10:90),
1 mUmin, tmger = 16.2 Min, tminor = 18.0 min, [a]o®® = +1.7 (¢ = 1.8, CHCl3)

R¢ = 0.27 (EA:Hexane = 1:4);

'H NMR (400 MHz, CDCLy) & 9.57 (s, 1H), 7.83-7.80 (m, 3H), 7.67 (brs, 1H), 7.50 (t, J =
4.0 Hz, 2H), 7.32 (dd, J = 8.5, 1.5 Hz, 1H), 4.99(dd, J = 13.0 Hz, 11.7 Hz, 1H), 478 (dd, J
=13.2, 4.1 Hz, 1H), 3.96 (dd, J = 11.3, 4.1 Hz, 1H), 1.19 (s, 3H), 1.05 (s, 3H);

3¢ NMR (100 MHz, CDCl3) & 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): 2725, 2670, 1722, 1555, 1306, 1159, 754, 721 cm™,;

HRMS (ESI-TOF) Calcd. for CigHigNOs: 272.1287 [M+H]", Found: 272.1273.

(2S,35)-2-methyl-3-(nitromethyl)-5-phenylpentanal

O CH,CH,Ph
~_NO,

H

{1

[0160] The title compound was prepared frZ: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, tngor = 15.4 min, twiner = 14.4 min, the diastereomeric ratio was determined by
"H NMR. [a]p®®= -2.2 (c = 2.7, CHClL);

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

H NMR (400 MHz, CDCl,): §9.64 (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);

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

IR (thin film) v/em™: 3026, 2968, 2880, 1724, 1553, 1454, 700;

HRMS (ESI-TOF) Calcd. for C13H1gNO;: 236.1287 [M+H]", Found: 236.1287 [M+H]".
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[0161] The titte compound was prepared from (E}-(2-nitrovinyl)cyclohexane and
propionaldehyde according to general procedure. The enantiomeric excess was
determined by HPLC with Chiralpak AD-H column at 210 nm (2-propanclhexane = 1:99},
1 mbL/min, tngor = 17.0 min, tomer = 19.1 min, the diastereomeric ratio was determined by
H NMR. [a]p®= -17.2 (¢ = 1.1, CHC;),

R; = 0.40 (EA:Hexane = 1:4);

TH NMR (500 MHz, CDCH): & 9.68 (s, 1H) (anti isomer + syn isomer), 4.59 (dd, J = 5.3,
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) (anfi isomer), 1.20 (d, J=7.0
Hz, 1.8H) (syn isomer), "

3¢ NMR (125 MHz, CDCly): §203.0, 75.2, 46.2, 43.5, 38.0, 31.6, 29.9, 26.3, 26.3, 26.1,
9.9;

IR (neat): viem™: 2971, 2930, 2855, 1717, 1557, 1380, 1161, 1128, 950, 816, 735.

HRMS (ESI-TOF): Calcd. for CyHzNOs: 214.1443 [M+H]", Found: 214.1446 [M+H]".

(28,3R)-2-isopropyl-3-(naphthalen-1-yl)-4-nitrobutanal

[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),
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1 mL/min, tmaer = 13.7 MiN, tinor = 16.8 min, the diastereomeric ratio was determined by
'H NMR. [a]p2°=-178 (c = 0.23, CHCl3});

R¢ = 0.27 (EA:Hexane = 1:4);

H NMR (300 MHz, CDCLy): §10.0 (d, J = 2.4 Hz, 0.96H) (syn isomer), 9.76 {d, J = 2.4 Hz,
0.04H) (anti isomer), 8.18 (brs, 1H), 7.85 (dd, J = 24.0 Hz, 7.5 Hz,, 2H), 7.64-7.40 (m,
3H), 7.34 (d, J = 7.5 Hz, 1H), 4.89-4.79 (m, 2H), 3.09 (brs, 1H), 1.79 (s, 1H), 1.14(d, J =
6.9 Hz, 3H), 0.84 (d, J = 6.9 Hz, 3H);

*C NMR (75 MHz, CDCL): & 204.8, 134.3, 133.4, 131.7, 129.4, 128.6, 126.9, 126.1,
125.4, 124.1, 122.3,

IR (neat) v/em™' 3048, 2963, 2739, 1715, 1557, 1512, 1464, 799, 779, 758,

HRMS (ESI-TOF) Calcd. for Ci7HaoNOs: 286.1443 [M+H]’, Found:.286.1441 [M+H]".

(28,3R)-3-(4-bromophenyl)-2-isopropyl-4-nitrobutanal

' !

Br

-
H’U\;/-\’NO2
‘—/Z\—J

[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-propanoi:hexane = 10:90),
1 mL/min, tmgor = 7.6 MiN, tmingr = 7.2 min, the diastereomeric ratic was determined by H
NMR. [a]p?® = -30.2 (¢ = 0.27, CHCl,);

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),
275 (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),
0.86(d, J=7.2 Hz, 3H),

G NMR (100 MHz, CHCIy) 5203.9, 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, /19 cm™;
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HRMS (ESI-TOF) Calcd. for C13HsNO3Br: 314.0392 [M+H]", Found: 314.0384 [M+H]".

Characterization of chiral alcohol obtained using a reduction process according to

the invention

(R)-1-Phenylethanol (Coroley, EJ, & Link, JO, Tetrahedron Lett. (1992) 33, 4141)

[0164] (Fig. 11, entry 1): colorless oil, 98% yield, 81 % ee, [a]s™ = - 14.9 (¢ = 1.0,
CH:Clz);
R¢ = 0.41 (EA/Hexane = 1/5);
'H NMR (400 MHz, CDCL): 57.28-7.17 (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, CDCl,): §145.7, 128.2, 127.1, 125.3, 70.0, 24.9;
The enantiomeric excess was determined by chiral HPLC analysis, employing a Dacicel
Chiralcel OD column (Hexane : i-propancl 95 :°5, 1 mU/min): t; = 8.66 min (major), t

=10.33 min (minor).

(5)-2-Bromo-1-phenylethanol (Basavaiah, D, et al., Tetrahedron: Asymmelry (2002) 13,
1125-1128)

[0165] (Fig. 11, entry 2): colorless oil, 98% yield, 92% ee, [als™ = + §6.3 (¢ = 0.5,
CH:CIz); '
R¢ = 0.50 (EA/Hexane = 1/4);
'H NMR {300 MHz, CDCly): §7.38-7.32 (m, 5H), 4.92 (d, J = 8.6 Hz, 1H), 3.65-3.51 (m,
2H), 2.70 (br, 1H);



0. 397929 -2.628929 -1.194055 o0 -1.398290 -1.447472 -0.462813
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3C NMR (100 MHz, CDCls): 6 140.3, 128.7, 128.4, 125.9, 73.8, 40.2;

The enantiomeric excess was determined by chiral HPLC analysis, employing a Dacicel
Chiralcel OD column (Hexane : i-propanol 95 : 5, 0.5 mL/min): t; = 23.30 min (major), t2 =
27.13 min (minor). Fig. 21 (A, B & C) depicts the data of HPLC analysis.

{R)-1-{(4-Bromophenyl)-ethanol (Du, D-M., etal; Org. Left. (2006) 8, 1327-1330)

[0166] (not depicted in Fig. 11): colorless oil, 98% yield, 76% ee, [alo™ = + 18.0 (¢ =
3.0, CH:Cl,);
R¢ = 0.33 (EA/Hexane = 1/4);
‘H NMR (400 MHz, CDCls): §7.47 (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);
3¢ NMR (100 MHz, CDCLy): 5144.8, 131.6, 127.1, 121.2, 69.8, 25.2;
The enantiomeric excess determined by chiral HPLC analysis, employing chiral HPLC
analysis, employing a Dacicel Chiralcel OB-H column (Hexane : i-propancl 95 : 5, 0.5
mbL/min): t; = 7.57 min (minor), t; = 8.38 min (major). Fig. 22 (A-D) depicts the data of
HPLC analysis.

(R)-1-(2-Naphthyl)-ethanol (Josyula V, et al., Tefrahedron (2002) 58, 1069-1074)

[0167] (Fig. 11, entry 3): colorless oil, 99% yield, 89% ee, [oo® = + 21.9 (¢ =2.2,
CH:Cly);
R; = 0.38 (EA/Hexane = 1/4);
'H NMR (400 MHz, CDCI3): §7.77-7.71 (m, 4H), 7.44-7.41 (m, 3H), 4.85 (q. J = 6.4 Hz,
1H), 2.42 (brs, 1H), 1.50 (d, J = 6.5 Hz, 3H);
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BC NMR (100 MHz, CDCl;): § 143.1, 133.1, 132.7, 128.0, 127.8, 127.5, 125.9, 125.5,
123.7, 123.6, 70.1, 24.9;

The enantiomeric excess was determined by chiral HPLC analysis, employing a Dacicel
Chiralcel AS-H column (Hexane : i-propanol 97 : 3, 1 mL/min), retention times (min): t; =
14.04 min (major) , t; = 16.47 min (minor). Fig. 23 (A-D) depicts the data of HPLC

analysis.

1I|O
T

{R}-1-.(2-(2-(6-methoxy)-Naphthyl)-ethano! (Bouzemi, N, et al, Tetrahedron:
Asymmetry (2006) 17, 797-800)

[0168] (not depicted in Fig. 11): colorless solid, 98% yield, 70 % ee, fafo®® = + 26.7 (c
= 1.6, CH.Cl); i
R; = 0.32 (EA/hexane = 1/4);
'H NMR (300 MHz, CDCls): 6 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);
3¢ NMR (75 MHz, CDCl:): & 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; .

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.

{R)-1-(3-Trifluoromethylphenyl)-ethanol  (Xu, Y et al., J. Org. Chem. (2005) 70, 8079
- 8087)
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[0169] (Fig. 11, entry 4): colorless oil, 98 % vyield. 86 % ee, [a]® = + 22.7 (¢ =3.1,
CHCla);
R = 0.28 (EA: hexane = 1:4);
H NMR (400 MHz, CDCL,): §7.61 (s, 1H), 7.50 (s, 2H), 7.43 (q, / = 7.4 Hz, 1H), 4.88 (br,
1H), 2.84 (br, 1H), 1.44 (d, J = 6.3 Hz, 3H),
3C NMR (100 MHz, CDCL): §146.7, 130.7 (g, J= 31.9 Hz), 128.9, 128.7, 125.5, 124.1 (q,
J=3.7Hz) 122.1.(q, J= 3.7 Hz), 69.7, 25.2.
The enantiomeric excess determined by HPLC analysis (Daicel Chiralcel OBH column,
hexane: 2-propanol = 99: 1 1.0 mL/min). Retention time: tminer = 5.47 and tyae= 7.79 min.
Fig. 29 (A, B) and Fig. 30 (A, B) depict the data of HPLC analysis.

(R)-1-(4-Nitrophenyl)-ethanol  (Du, D-M., et al., Org. Letf. (2006) 8, 1327-1330)

[0170] (Fig. 11, entry 6): colorless oil, 96 % y}e!d. 92 % ee, [ols®”® =+ 26.7 {c = 1.8,
CH,Cly),
R;= 0.33 (EA/hexane = 1/4);
'H NMR (300 MHz, CDCl,): §8.17 (d, J= 8.7 Hz, 2H), 7.53 (d, J = 8.7 Hz, 2H), 5.01(q, J
= 6.5 Hz, 1H), 1.51 (d, J= 6.5 Hz, 3H);
3¢ NMR (75 MHz, CDCl,): §153.2, 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: tmner = 20.71 and tg0= 21.48 min.
Fig. 25 (A, B) and Fig. 26 (A, B) depict the data of HPLC analysis..

.;[O
T
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(R)-1-(3,4-difluorophenyl) ethanol  (Burk, M.J, et al., Org. Left. (2000) 2, 4173-4176;
Dale, JA., et al. J. Org. Chem. (1969) 34, 2543-2549)

[0171] (Fig. 11, entry 7): colorless solid , 99 % yield. 95 % ee, [o]p® = + 27.4 (¢ = 2.0,
CH,Cls);
R; = 0.26 (EA: hexane = 1:4);
H NMR (300 MHz, CDCl,): §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)
3¢ NMR (75 MHz, CDCl): § 151.5 (dd, J = 12.4, 62.6 Hz), 148.2 (dd, J = 12.4, 62.6 Hz),
142.8 (dd, J = 4.9, 1.0 Hz), 121.2 (g, 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 = 87: 3 1.0 mL/min). Retention time: tminer = 7.73 and tmajor= 8.50 min.
Fig. 34 (A-D) depicts the data of HPLC analysis.

(R)-1-(3,5-difluorophenyl) ethanol (Josyula V., et al., Tetrahedron (2002) 58, 1069-1074)

[0172] (Fig. 11, entry 8): coloriess oil, 99 % vield. 93% ee, [a)p®™ = + 34.8 (¢ = 1.3,
CHCl2);
R; = 0.39 (EA: hexane = 1:4),
H NMR (400 MHz, CDCl;): & 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);
3C NMR (100 MHz, CDCL,): 6 164.8 (d, J = 12.7 Hz), 161.5 (d, J = 12,7 Hz), 150.0 ({, J =
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 tpaer= 9.37 min.
Fig. 32 (A-D) depicts the data of HPLC analysis.
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(R)-1-(4-Trifluoromethylphenyl)-ethanol (Mathre DJ., et al., J. Org. Chem. (1993) 58,
2880-2888)

[0173] (Fig. 11, entry 9): colorless oil, 99 % yield. 97 % ee, [a]p® = + 386 (¢ = 1.0,
CH.Cl,);
R;= 0.39 (EA/hexane = 1/4);
'H NMR (300 MHz, CDCly): 57.53 (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); '
3¢ NMR (75 MHz, CDCl5): & 149.1, 129.4 (q, J = 32.0 Hz), 125.6, 125.2 (q, J = 3.8 Hz),
122.4, 69.5, 25.0;
The enantiomeric excess determined by HPLC analysis (Daicel Chiralcel OJ column,
hexane: 2-propano! = 99.8: 0.2, 1.0 mL/min). Retention time: tmaor = 36.92 and tyiner =
47.81min. Fig. 28 (A-D) depicts the data of HPLC analysis.

(R)-3,5-bistrifluoromethylphenyl ethanol (Pollard, D, et al., Tetrahedron: Asymmelry
(2006) 17, 554-559) '

[0174] (Fig. 11, entry 10): colorless solid, 99 % yield. 93 % ee, [a]p®° =+ 15.0 (¢ = 1.4,
CH.CL);
R; = 0.48 (EA: hexane = 1:4),
'H NMR (400 MHz, CDCly): 5 7.84-7.77 (m, 3H), 5.02-5.00 (m, 1H), 4.92-4.84 (m, 1H),
2.70 (d, J=3.6Hz, 1H), 1.52(d, J=6.5 Hz, 3H);
3C NMR (100 MHz, CDCY): 5 148.2, 131.7 (q, J-= 33.0 Hz), 150.0 (t, /= 8.3 Hz), 125.6
(d, J = 2.5 Hz), 124.7, 122.0, 69.3, 25.4;
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The enantiomeric excess determined by HPLC analysis {Daicel Chiralcel OB-H column,
hexane: 2-propanol = 99.5: 0.5, 1.0 mL/min). Retention time: tminor = 8.57 and tmajor= 10.34
min. Fig. 33 (A-D) depicts the data of HPLC analysis.

(R)-1-(3-fluorophenyl)-ethanol  (Liu, PN., et al., Chem. Commun. {2004) 2070-2071)

[0175] (Fig. 11, entry 11): colorless oil, 98 % yield. 80 % ee, [@]p® =+ 17.8 (c = 0.9,
CHCl2);
R:= 0.45 (EA/hexane = 1/4);
'H NMR (300 MHz, CDCL): & 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, CDCly): § 164.4, 161.2, 148.5 (d, J = 6.6 Hz), 128.8 (d, J = 8.3 Hz),
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 tpape= 27.14 min.

(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, [o]o® = + 17.6 (¢
= 0.6, CH,Cl,);
R; = 0.04 (EA: hexane = 1:4);
TH NMR (400 MHz, CDCly). 57.84 (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);
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3¢ NMR (100 MHz, CDCly): 5152.4, 138.8, 127.3, 126.2, 69.2, 44.4, 25.3;

The enantiomeric excess determined by HPLC analysis (Daice! Chiralcel OBH column,
hexane: 2-propanocl = 99: 1 1.0 mU/min). Retention time: tminer =60.93 and tmgjer= 63.01
min. Fig. 31 (A-D) depicts the data of HPLC ana!yéis.

X-ray crystal data of 6a and 7a

Crystal Structure of 6a

The structure is graphically represented in Fig. 17.

chemical_formula_moiety C15 H18 N2 04

chemical_formula_sum C15 H18 N2 O4
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)
cell_length_c 15.7954(4)
cell_angle_alpha 90.00
cell_angle_beta 80.00
cell_angle_gamma 90.00
cell_volume 1479.84(6)
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
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

exptl_crystal_density_meas 0
exptl_crystal_density_diffrn  1.303
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expti_crystal_density_method 'not measured’
expti_crystal_F_000 616
exptl_absorpt_coefficient_mu  0.095
expil_absorpt_comection_type multi-scan
exptl_absorpt_correction_T_min 0.9812
exptl_absorpt_correction_T_max 0.9858
exptl_absorpt_process_details sadabs

Crystal Structure of 7a

The structure is graphically represented in Fig. 18]

Crystal data and structure refinement for 7a.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume
zZ

Density (calculated)

Absorption coefficient

F{000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 27.99°

Absorption correction

Ta

€26 H26 N2 03
414.49
173(2) K
0.71073 A
Monoclinic
P2(1)
a=11.7241(6) A 0= 90°.
b = 5.6398(3) A
c = 16.4582(9) A
1071.14(10) A3
2

1.285 Mg/m?3

0.084 mm-1
440

0.25 x 0.08 x 0.04 mm?3
1.76 to 27.99°,

~15<=h<=15, .T<=k<=B, -21<=|<=21

9241

4937 [R{int) = 0.0399]

100.0 %

Semi-empirical from equivalents

0= 100.171(3)".
o =90°.



15 o -1.886718 1.320536 1.862375
4.915180 1.733397 -1.631871
-2.157782 1.473349 20

10

15

20

25

30

35

40

Max. and min. transmission
Refinement method
Data / restraints / parameters

Goodness-of-fit on F2

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

Absolute structure parameter

Largest diff. peak and hole

73
0.9966 and 0.9792

Full-matrix least-squares on F2

4937 /1/381
1.022

R1 =0.0486, wR2 = 0.1034
R1 = 0.0829, wR2 = 0.1271

1.4(14)

0.199 and -0.302 e A-3

-4.821568 0.886771 -0.956035
-4.580800 -1.313851 0.805441
-5.762710 -0.569401 0. 735063

4. 480326

X-Ray crystal data of (25,3R)-3-(4-bromophenyl)-2-isopropyl-4-nitrobutanal

The structure is graphically represented in Fig. 16.

chemical formula_moiety
chemical formula_ sum
chemical_ formula_ weight
symmetry cell setting
symmetry space_group_name H-M
cell length_a

cell length b

cell_length_c

cell angle_alpha

cell angle beta

cell angle_gamma

cell volume

cell formula_units_2

cell measurement temperature
cell measurement_reflns_used
cell measurement_theta_min
éell_measurement_theta_max
exptl _crystal_description
exptl_crystal colour

exptl crystal_size_max

exptl crystal size mid

exptl crystal_size_min
exptl_crystal density diffrn
exptl _crystal F 000
exptl_absorpt_ coefficient_mu
exptl_absorpt_correction_type
exptl_absorpt_correctien T_min
exptl_absorpt_correction T max
diffrn_ambient_temperature
diffrn_radiation_wavelength
diffrn radiation_type

‘c11 H12 Br N 03!
'C1l H12 Br N 03!
286.13
Monoclinic

P2 (1)

10.6835 (6)
8.7762(5)
i2.7768(7)

90.00

97.709{4)

90.00

1187.13{12)

4

173(2)

5754

3.01

25.95

plate

‘colourless

0.40
0.38
0.04
1.601
5786
3.454
multi-scan
0.3387
0.8742
173(2)
0.71073
MoK\ a
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diffrn radiation_source 'fine-focus sealed tube'
diffrn_radiation_monochromator graphite
diffrn measurement_device_type 'CCD area detector'
diffrn reflns_number 23631~
diffrn_reflns av_R_equivalents 0.0520
diffrn_reflns_av_sigmal/netI 0.08645
diffrn reflns_limit_h min -14
diffrn reflns_limit_h_max 15
diffrn_reflns_limit_k_min -11
diffrn_reflns_limit_k max 12
diffrn reflns_limit_1 min -18
diffrn reflns_limit 1 max 18
diffrn_reflns_theta_min 1.61
diffrn_reflns_theta_max 30.70
reflns number total 6685
reflns_number gt 4423
reflns_threshold_expression >2sigma (I}

Computational Details

{01771 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
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
determine the lowest energy conformation in the gas phase. The lowest energy
conformation syn enamine 2 is displayed in Figure SA. 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/moi lower than that of the second lowest conformation syn
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
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will attack the enamine from the less hindered Re face via transition state TS1, 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 (Figure 8B). The activation energy of this
TS model is 64.61 kJ/mol lower than that of TS2 without the water molecule as hydrogen-
bond bridge. The whole system is stabilized 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 Hz0,
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 HO
may be involved in the reaction through hydrogen-bonding interaction. The transition state
TS3, proposed for similar reaction (Seebach’ mode!), (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.

syn enamine 1 (depicted in Fig. 35A}

c
C
c
C
H
H
N
c
H
H
c
H
N
c
0
o
C
H
H
C
el
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2317253
2.482760
0.177617
1.130027
-0.005180
1.077889
0.952011
0.568993
0.764459
1.028580
-0.943794
-1.510268
-1.061177
0.452883
1.126763
-0.768850
-1.371410
-0.759845
-1.363987
-1.473021

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
4.309026

3.3676562

-2.241356

-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
0.271967
1.633156
1.3505643

-1.329398 -1.486065 2.280887

-2.089755

-3.441925

1.458277
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SCF Energy =-1070.27086981

Zero-point correction (ZPE) = 0.354393
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SCF Energy = - 1070.27180798

Zero-point correction (ZPE) = 0.354653
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syn enamine 3 (depicted in Fig. 36)
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5 Zero-point correction (ZPE) = 0.354984

anti enamine 4 (depicted in Fig. 37)
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SCF Energy = - 1070.26865670

15 Zero-point correction (ZPE) = 0.354347

anti enamine 5 {depicted in Fig. 38)
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SCF Energy = - 1070.26332004

Zero-point correction (ZPE) = 0.354781

Moadel TS1 (with water) (depicted in Fig. 9B)
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SCF Energy = -1660.83606625

Zero-point correction (ZPE) = 0.519253

Model TS2 (without water) (depicted in Fig. 9C)
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SCF Energy = - 1584.39884194

Zero-point correction (ZPE) = 0.484339

Model TS3 (with water) (depicted in Fig. 39)
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-1.823668 0.424702
-0.134342 0.083194
2.450515 -0.006538
3.057493 -0.694833
3.046290 0.529212
4.495008 0.4939644
4.845136 0.968901
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-0.237745
-1.153707
-4.482480
-4.394823
-4.719584
-4.807692
-5.594868
-6.374922
-5.482575
-6.172177
-0.502600
0.415074
-0.489849
-0.499258
0.350245
0.089127
1.580642
1.711008
2.071713
3.098342
1.442017
2.038044
2.976097
2.722679
2.710308
3.135568
4.261610
5.066924
4.724492
6.286928
4.711734
5.949410
4.118539
6.737077
6.891516
6.290022
7.6925619
1.728532

-3.574331
-1.781509
-2.072360
-3.019763
0.394853
1.344211
-0.664371
-0.528602
-1.885719
-2.693616
4974669
4632318
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
1.484984
-0.801437
1.508865
2.367731
-0.776G10
-1.703782
0.378362
2.411516
-1.668751
0.395873
-0.770772

-1.198530
-2.187566
0.000167
0.526417
-1.365868
-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
-1.537157
-0.833542
-2.090603
-2.054089
2.310672
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SCF Energy = -1660.83004325

Zero-point correction (ZPE) = 0.518898
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Water

0 -0.024248 0.000000 -0.017137
0.025062 0.000000 0.850263
H 0.904123 0.000000 -0.293580

I
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SCF Energy = - 76.4089533236

Zero-point correction (ZPE) = 0.021168

[0179] In summary, a new class of structurally rigid tricyclic amphibian chiral catalysts

20 based on the hexahydropyrrolo[2,3-blindole skeleton has bee‘n 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

25 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

30 application in asymmetric synthesis. The success of this novel catalyst design will open
up new perspectives in chiralicatalyst 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

35 use, thus it will certainly find wide application in Earganocataiysis. Finally, the success of
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part of the invention. This includes the generic description of the invention with a proviso

PwEN

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



-6.374922 -0.528602 -2.372272 -5.482575 -1.885719 -0.960378 10
-6.172177 -2.693616 -1.186853 -0. 502600 4.974669 1.243405
0. 415074 4.632318 0. 753541 -0.489849 6.069708 1.263738
89
invention has been specifically disclosed by exemplary embodiments and optional
features, modification and variation of the inventions embodied therein herein disclosed
may be resorted to by those skilled in the art, and that such modifications and variations

are considered to be within the scope of this invention.
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Claims
What is claimed is:

5 1. A hexahydropyrrolo[2,3-b] indole compound of Formula (XX)

H
—;.;__ RSO

= 31 XX
N " R (XX)

wherein

R is one of -COOR? -R*COOR? -R‘CHO, -R'COR? -R‘CONR’R®, -R*COX,
10 -R*OP(=0)(OH)z, -R*P(=0)(OH),), -R*C(0)C(R*)CR°R® and -R*CO,COR? and 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® 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
15 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
20 arylalicyclic bridge, comprising 0 to about 3 heteroatoms independently selected
from the group consisting of N, O, S, Se and Si,

X is halogen,

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
25 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, with the

proviso that the following compound is excluded:



3.098342 1.338561 -2.239853 1. 442017 1.558874 -2.814053 2.038044
2.510931 -1.444557 2.976097 0.323514 0.553391 2.722679 1.273683
1. 014120 25 2.710309 -0.805756 1.367179 3. 135568
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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.

10 3. A hexahydropyrrolo[2,3-b] indole compound of Formula (VII)

(Vi

wherein

R is one of -COOR®, -R*COOR®, -R‘CHO, -R'COR? -R'CONR’R®, -R'COX,
-ROP(=0)(OH);, -R*P(=0)(OH),), -R*C(O)C(R)CR®°R® and -R*CO,C(R®O0,

15 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

20 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
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- 0. 854320

10

15

20

25

4.724492 -0.801437 -0.893618 30 6.286928 1.508865
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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.

The compound of claim 3 wherein R' and R? are identical.

A compound of Formula (VIII)

N M (VI

R
the compound having a bowl-shaped conformation,
wherein M is a metal selected from the group consisting of Group 1 to Group 14
metals, lanthanides and actinides,
wherein R is one of -COOR?®, -R*COOR?, -R*CHO, -R*COR?, -R*CONR’R®, -R*COX,
-R'OP(=0)(OH),, -R*P(=0)(0H),), -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 chain having 1 to about 20 carbon atoms, an alicyclic group, an

aromatic group, an arylaliphatic group and an arylalicyclic group, comprising 0 to
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7.692519 0.395973 -2.054089 1.728532 -0. 770772 2.310672

6.
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about 3 heteroatoms independently selected from the group consisting of N, O, S,
Se and Si.

A compound of Formula (IX)

(1X)

the compound having an S-shaped conformation,

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)z, -R*P(=0)(OH)y), -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 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 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 compound of claims 5 or 6, wherein the metal M is selected from the group
consisting of Boron, Aluminum, Zinc, Tin, Titanium, Zirconium, Indium, Copper,

Iridium, and Lanthanum,

A compound of Formula (V1)
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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*)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 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? is alkyl.

A compound of Formula (IV)

(V)

wherein R is one of -COOR?, -R*COOR?, -R*CHO, -R*COR?, -R*CONRR®, -R*COX,
-R*OP(=0)(OH),, -R*P(=O)(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 from the group consisting of N, O, 5,
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aromatic group, an arylaliphatic group and an arylalicyclic group,
conprising 0140 #ROYEmPoUMRLSEEORLRITES didIfe PENHehensinsRE ARLEEh brosttibdigroup Y

group cansisting of N, 0, S Se and Si th the prqviso that the

fol I owi'fg corrpouﬁcP'TESOfé‘g‘E?(X?a@’&Py" Qﬁnzﬁvd%‘f‘n&lgﬂea?ﬁa@f twcaafp%{?yﬂnaﬁafbamafe'
wherein R3 is -080Rhde, Rlévdieiimgleabk WN-Allyl anipeotiedN-Aryd agirey @ntitrdte, iasd an
renovable in the %(e.sence of R by hydrogenol ysisl. 103. A

hexahydr opyr r ol of'?™B%%] i ndol e conpound of Formula (V1)

16. A compound of Formula (VIA)

H

/‘
Z
o
"
‘.

(VIA)

,
*
.
“w,
o

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(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

20 about 3 heteroatoms independently selected from the group consisting of N, O, §,
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 and X is halogen.

25 17. A method of preparing a compound of Farmula (V1)



wherein Ris one of -COOR3, -R4COOR3, -R4CHO -R4COR3, -RAOONR5SRSG,
-RACOX, -R4OP(=0)(0OH)2,, -R4AP(=0)(0OH)2), -RAC(0)C(R3)CR5R6 and
-RACORC(R3) 0, 15 wherein R3, R5 and R6 are independent from one
anot her one of hydrogen, an aliphatic gro®p with a main chain having
1 to about 20 carbon atons, an alicyclic group, an omati c group, an
arylaliphatic group and an aryl aHi cyclic grougC@ORTising 0 to about
3 heteroatonms independently sel ecéed from i
0, S Se and Si, R4 is one of an afip
20 having 1 to about 20 ca e
aromatic bridge, an aryl[= |pha c bridge ang an arylallcycllc bri dge,
conprising O to about 3 pendepi |y sel ect ed fromtl‘t
group consisting of N, v, ’% is halogen, and 92 Rl an(}
[ 2 gne & hydrogen, an aliphatic
group with a main chain having 1 toﬁbout F0 carbon atoms, an

alicyclic group, an aromatic group, @n aryialiphatic group and an
arylalicyclic group, conprising O to‘about 3 heteroatons
i ndependent|y selected fromthe group consisting of N, 0, S, Se and

Si, 4. The CO”pou’\ﬂhé(?%)Pf 6‘1'5”5%% %eééb&?’mﬁ] RUHRE R d%dﬁ@' REOMRR,

conpound of Fornmnul a e conpound having' a bo 3 o

conformation, 15wh&'@DX, M r%40£’(=F@)(@H)zsel &F(ﬁ‘@)f@*d))m t heR g:,(@)ﬁﬁR JCRR®  and

consi sting of G ou t i

wherein Ris one o% &%@CPL&%E% @%Eéa%éhﬂ%bg’%n@ﬂgm%% éﬁbﬂiﬁ%ne of

- R400X, 5 RAOP( =0) (lmEycmen. Rﬂpﬂl&mtp(moypzywth _qqz[@(royl'@m)am%toa@mut 20 carbon

RACC2C( R3) 0, \Ahereatamgean Rficnd Oq?&pareﬁan hRARRENSAN, & Qmaﬁmna@bth%nd an
r

one of hydrogen, an allp atic 2 oup with a |n chai n

about 20 carbon at¥nglicvalip %rpvwempef»'gs 8&5 abgt 3 %tﬁmaf%nwge%nggwﬁ sefectec

?Kl al i phatic gr glﬁbrﬁgfb @clau@wTs@étmg)gc][\u O, 8 88 pnd SRHFris Sha of anﬁpr?b@Nhﬁdge
et eroat ons i ndepgndent Y. S€ ecte rom.t r ou onS|st|n 0

e o A s ree b P, SR BRRS A Rhbbe. o

hayi ng 10 to about #6maetis biddyeatiorsylalighatil briclge land abrarggleyclarbridgenaimpeising 0

bridge, an aryiali L] br|d an n

conprising O to abt§ at% C”Jh tpérroggj osr%gde%ﬁe %eSpngl glg{)tfagwghtﬁe?H&g%‘SnS'Stnﬁ of N, .

group consi sting o¥ 3¢ a@ Si3X isSwmleged, 81 X i s hal ogen, and Rl and R2

are i ndependent from one another one of hydrogen, an aliphatic group

with a main chain Pﬁalelaﬂfgl 1 to about 20 carbon atons, an alicyclic

group, an aromatic group, an arylaliphatic group and an aryialicyclic

group, conpri si nghenetbod 8@nprisowt prévidieg ercoapours! of rdepdadEnt | y sel ect ed

fromthe group consisting of N, 0, S, Se and Si. 6. A conmpound of

Formula (I X) t he conpound, havi ng an S—smﬂgconf ormation, wherein

Mis a netal selected from gro sting of Goup 1 to G oup

14 netal s, |anthanides and actdni

15 Ny (V)
I H
R
wherein in Formula (V)
R is one of -COOR?, -R*COOR?®, -R*CHO, -R*COR?, -R'CONR’R?, -R*'COX, -
R*OP(=0)OH),, -RP(=0)(OH),), -R'C(O)C(RHCR’R® and -R*CO,C(R%)O,
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



R is one of -COOR3, -RACOOR3, -RACHO, -R4COR3, - RA0OONRSR6, - R4COX, -

10 RAOP(=0) (OH) 2, , - R4P(=0) (OH) 2),, -R4C(0) C(R3) CR5R6 and - RACO2C(R3) 0,
wherein R3, R5 and R6 are independent from one another one of

hydrogen, an aliphatic group with a main hain having 1 to about 20
carbon atons, an alicyclic group, an aromatic group, an arylaliphatic
group and an aryl ajrowy,Chn Gzrcgﬁa:tktpgroamn@m iasjlmmhé)tsd groapoatid 3n heylelayelicogmup,

dependent | | ected f t ., 0, S. 15
and 5. R i % one GIMERNES haoPd DIBIGEANE (P EPR SR AR SR e sroue

to about 20 car borcoatietig ofaN, 9| lscyselam:i ﬁrRélgeeonabf ar aliptatic bhidyelgéh samain
aryl al i phatic bridge. nd. an, ar licyclic bridge,.conprising 0 to. . .
about 3 heteroato rﬂ?fé{ @rf‘kgf’gt %/aéléclne?fmpf"o %Iﬁéa'n%&'a%e'@gr‘?’é?rg?ticrﬁﬁ]dge'
of N, 05 S, Se andanSlaryléﬁphzstmharhd@eand andafRhliageic BRdge, ecdnmdieppgndleatabout 3
from one anot her hydr pgen n ali ti roup 20.with i
chain having 1 toq'é?g?yﬂ?toﬁ% "15%88%4?“3!( B%E‘ftgcg O'Hﬁ!?eg?fé’\"’? Eorﬁfsgﬁ%?f @'n&aé’%e and
aromatic group, arsigxy idisgehati c group and an arylalicyclic group,
conprising O to ahout 3 heteroatons |n en dent | eIeted romt he
group consisting of N8 "‘609‘:@ prggctg\chrg‘ip Lis ﬁ%""@ﬁﬁf&’ rogenalysiy, ARd 5

or 6, wherein the pfe akyiMdss sel ected fromthe group 2500n5| sting of
Boron, Al um num Zinc, %’ Titanium Zirconium |ndium Copper,

| ridiump and Langhpem th@coﬁp&ﬂﬂmmnglfa ﬁﬂ)rtdinﬂ-l?_a.n N4 pres@ke of aRPd/C catalyst,
wherein R is one of 00R3, RACHO, -RACOR3, -R4 R5R6,
“RACOX, 5 - RacPherspY Elpwing theﬁiﬂﬁ("iﬁﬁt'{’@ﬂﬁi‘? Na. gieep B) emesreRdibs and
-RACORC(R3) 0, wherein R3, R5 and R6 are independent from one anot her
one of hydrogen, TRd Asthedal Qail AP WHekdin 3prBRERg Cihdi BorfgdlinAJofl FbRnula (V)
about 20 carbon atons, an alicyclic group, an aronmatic group, an
arylaliphatic gr@RIEPUfﬁéf an ar yI alicyclic group, conmprising O to about

3 het eroat ons |nd ergdentlx1 n cftFedmfr% the group consisting of N,

0, S 10 Se and“¥"“"F4€"ERE" LY & 'é? HLatic bridge with a main

chain having 1 to about 20 carbon atons, a é @yclic bridge, an
aromatic bridge, an arylaliphatic brl dge aryI alicyclic bridge,
conprising O to about 3 heteroat ongs ITidgPendently sel ected fromthe
group consisting of N, X is halogen, and IR6 is

al kyl . 159. A conpoung =4 ( R wherein R is one of

- COOR3,, .- RACOOR3, - RACHO, - RACOR3, \- RACHNRSRG, R40QI§

-R4CP(-15)(O—|)2 -R4P :0)() RAR, 0) C(®3) CR5R6 a RACO2C( R3) 0,
wherein 20 R3, R5 ant are : &nt from one anot her one of
hydrogen, an aliphatic group witki a mai'n chain having 1 to about 20
carbon atoms, an alicyclic groupy an aromatic group, an arylaliphatic
group and an arylalicyclic group, conprising O to about 3 heteroatoms

i ndependent|y selected fromthe group consisting of N, 0, S, 95 Se

and Si, R4 is onwitlpen awléﬁlifiﬁh%@@g ininE geErsenre of 2 al@lidaghai n havi ng 1

to about 20 carbon atons,_an aljcyclic bridge, aronmat i

aryl al i phatic bri¥yEeang @ﬁmHPy4"§ ?d?/@l pigro E]Ej’gew%ﬁf)‘?”ipsgﬁg'somﬁﬁ’\’aﬁe by
about 3 het er oat of@irdgedepsigdeat | y sel ected fromthe group consisting

of NN 0, S, Se and Si, X is halogen, 5Y is a nitrogen protecting

group, R9 is al kyR® is alkyl.

20 19. A method of forming a compound of Formula (VIA)



with the proviso that the follow ng conpound is excluded:

10. The conmpound of claim9, wherein Y is renovabl e by

hydr ogenol ysi s. 11. The conpound of any one of clains 3 to
10, wherein R9 is (C1-C10) al kyl. 1512.. A%®onpound of Formula (I VA)
wherein Ris one of -COOR3, -R4COOR3, -R4CHO -R4COR3, - RAOONR5SRSG,

- R400X, - RAOP(=0) (OH) 2,, -R4P(=0) (OH)2), - RAC(0) C( R3) CR5R6and

20- RACO2C(R3) 0, wherein R3, RS and R6 are i ndgP&iddnt from one

anot her one of hydrogen, o1 th a mai n chain having
1 to about 20 carbon atons, _.an alléyc i c grloup, an aronmatic group, an
aryl al i phatic group and a¥f eyl ic grjoup, conprising O to about
3 het eroatons i ndepende : d i sti
N, 0, S, Se and Si, R4 ils one gf an alfphatic bridge with a 96 main
chain having 1 to about ; .,,an alicyclic bridge, an
aromatic bridge, an aryl alwghdtic b dge d an aryl alicguA) c bridge,
conprising O to about 3 heteroatonsllndep dently selected fromthe
group consisting of N, 0, S, Se andRi, Xis halogen, 5Y is a nitrogen
protecting group, and R16 is a protecting group that is renpvable in

the presence of F%vn%remygr %%g@'afS'o%?oéﬁ Rqu %;W% 0fR4@bﬁBm|4%o~R5R6

wherein Y i s renova Si's he co und of 9

12 or 13, wher ei n-ARCOX ar yR Qﬁﬁgi(péi')ayl -RE(= @F{@%npmﬁn@(c&?(%ﬁ?R%e and

of claims 9 - 14, —FW@@Jr@LR"‘ )&, h.%é'r‘ésﬁ FOIRN 2R RE GFd ln'agpegfd@h'ﬂro% omé ah§th@rn§ne of
of al koxycarbonyl benz trifluoroacetyl, but oxycar bony

car bamate, an am Ebéim%"e?’& P%lRf‘aP‘Fﬁr@éP wifh aNpaip I‘EW'” ?H'%1 t%ﬁb(NI AY 9‘?rb°“ atoms,
anmne, an imne, é‘rﬁ‘@h@ﬂlncﬁ@r@ﬂb% arbfhatié gfUBD aH REyIAIph Y @ﬂdh@aﬁﬂﬂaﬁ)arylahd?chc

15wherein R one of

“RACOX, - R4C]ID? =0) PEHp: 200”‘@51?9’909 (%%@33 'ﬂ?&@@%@@d@é@ iy peeied fom the
- RACO2C( R3) 0, wheg@up chidistiR oBNJORS, %e’md SldRﬁ)Bnmemif ah alphatio bridyeotithea main
one of hydrogen, Mka\gha :tqcé Cul?lag cal;bgn a?o na'agra(fl% ElEI bP elol%g,ail‘%rﬁ&ic bridge,

about 20 carbon a

aryl al i18hat i ¢ gr oap ayldiphatiabyitigd ian;icdarn cargalwggc buﬂg&r |Q9mmg'si®g t t@Grbout 3
about 3 heteroato icst

ot N 0,5 So aniPeloHRERTRARERI SERERAHCH ARG hAUMLRTEGS % and
chain having 1 t oSaBodiX iRitRleganbon atons, an allcycllc bri dge, an

aromatic bridge, an arylallphatlc bri dge and an ar aI éC|IC bri dge,
conprising 0 to HSduethad pRIPRISEGIRIMNIING & SpERREIH IO QV Y fromthe
group consisting of N, 0, S, Se and Si and X i s hal ogen.

H coor'®

‘/’/,
/’
v,
A

N\~
,,’, Y
%
7 (IVA)
I H
R
15
wherein in Formula (IVA)
R is one of -COOR?, -R‘COOR®, -R'CHO, -R*COR?, -R‘CONRR®, -R‘COX,
-R*OP(=0)(OH),, -R*P(=0)(OH),), -R*C(O)C(RCR’R® and -R'CO,C(RO,
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



97 wherein Ris one of -COOR3, -R4000R3, -R4CHO - R400RS3,

- RACONR6R6, - RACOX, - RAOP(=0) (OH) 2, ,

-R4AP(=0) (OH) 2) , - RAC(0) C( R3) CR6R6and - RACO2C(R3) 0, wherein R3, R5 and

R6 are independent from one another one dff0 5 hydrogen, an aliphatic
group with a main chajn hay|n to about 20 carbon atons, , .
alicyclic group, a"r?”é’rsB'?EaPﬁyg' %r %u&e ae §'rﬁ at PB‘EQ?P‘& PG bgﬂae 4fith a main
ar)él ali gycl : c gr f)lkﬂmairgiﬁ?amff g Biongholt 20cabaubtodshet slicodicbidge, an aromatic bridge,
i ndependently sel ected fr t he, group consjstipg,of N, O, S Se an

S Ra e ons of di aryRRIe: DEet GT v AV wslh baes nedtipiting ] Bofbout 3
about 20 carbon atmEt@Epaiamsahdepygadandy belectgd fromrhe drouaramdting obiNj dg®,Se and
an aryl aliphatic bgigdge and an arylalicyclic bridge, conprising O to
about S%het er oat oPrés" g%dheag(@%em |y selected fromthe group consisting

of N, 0, S Se andyfi,nitfodeh didke a9 rdrfovabisWyihyiRBeRBSROdnd
conpri sing providingi%hko%pdﬂndag%Qg%rnufa {I\O X&hgre?ﬁ i%lﬁopnula
(IV) Ris one of 'F@@%protdaﬂ:@%&’i trabRe GEiRovab i3 resdrCONRBR by drogenolysis;
-RACOX, - RAOP(=0) 2,, -R4P :Og(C}DZ), -R4AC(0) C(R3) CR6R6 and
-RACO2C(R3) 0, 20 ein R3, R5 and RO are independent from one

anot her one of hydrogen, an aliphatic group with a main chain having

1 to about 20 caetresingt bescormpeuad iof yrorhgla @@A)gicoblp ,in dhe @reasace ©f a suitable
group, .an aryl alj i : [(We i Rup &f hSk

0 to bt 3 het SRATtt, beA 10 A0 @ﬁ???%ﬁfﬁ%&%@*ﬁ%ﬂ%”§roﬁgﬁ"béﬁmw
consi sting of N, a] (isallo®énaithe cleavagrfithe enter bond tmmaietydhael eontroudd dVA)
with a main chain having Ito about 20 carbon atons, an alicyclic

bri dge, an agonmatic bri 5 n.aryl akd.phatic,.bridge and an

eyt ot oyl | epr el REred 18 bRt BEPRb RVt ome

i ndependently selected fromthe group consisting of N, 0, S, Se and
Si, X is hal ggeny Y.d (s t Li : I SMEY e
by hydr ogeno y'si?me 214[? . d?iciar'rg EgIOPbg’n%%'g%B%thh%@hggﬁ%%und r§1flﬁ|a (VA)
Formula (1V) to ¢s@mprises kentpetingarremperngofrouedtid)yst , t her eby

all owi ng the deprotection of the Na group of conpound (1V). 18. The

nmet hod of claim 17, wherein providing the qynd of Formula (1V)
conprises: contacting a conpound @f For pgﬁﬁll)

Y
15 {INA)
d

with an acyl halide RCOX in the presence of an alkali base,

wherein in Formula (Ill) 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 in a compound of
20 Farmula (IVA) by hydrogenolysis.

22. A method of preparing a compound of Formula (VIl)



with an acyl halide RCOX in the presence of an al kali base, wherein
in Formula (I11) Y is a nitrogen protecting group that is renovable
by hydrogenolysis, and RO is alkyl. 2019. A nethod of formng a
compound of Fornula (VIA 99 R whereil®lR i s one of - COOR3,
-RACOOR3, -R4ACHO, -R4COR3, - RACONRSRSG, R
- RACOX, - RAOP(=0) (OH) 1, - RAP(=0) ( OH) 2) , - RAC( 0)\C( R LR5R6and
-RACO2C(R3) 0, wherein R3, R5 and R6 are indeperident from one anot her
one of 5 hydrogen, an allphathg group withee~gain chain having 1 to
about 20 carbon atons, ff i ¢ group, an
aryl al i phatic group and 2 conprising O to about
i : the group consisting of N,
bridge with a main chain
: ,allcwdllc bri dge, gmyaronatic
bridge, 10 an aryl al N ¢ ard, an arylalicyclic bfidge,
conprising O to about 3 he eroatoﬁ% |nd%bendently selected fromthe
group consisting of N, 0, S, Se and Si, and X is hal ogen, the nethod
conprising providing a conpound oﬁQFornuIa (I'VA) 15 wherein in
Formula (1 VA) R i syienoR is RS, -CHURORICOORE CHOCHIRABOBOR?, -R*CONRR?,

and - RaCOOC( ) 0, GRS n BORDIRRe. & BONpehaert OBRARE o

anot her one of hydRrRQesC(RAD, ABerin RhH’iahddr casp inlehbbndentbdm odisainother one of

having 1 to about 20 carbon ato B, an al clic

group, &n arylali W&fqgé"g%&ﬁp'?ﬂg %Upam}"ay }%é 3’?‘6 q @o%%ﬂ“g gﬁncj"rbon
0 to about 3 heteraaam@nsmand,epe@dmm EY) s;ehaﬂt@dodprcamaﬂym;gfamummaw@nd an
consi sting of N, ha1|c bn

Sth 5 marn chal n SMOIHGESG Steronh OB ARN AlBRDeI B frel bt Selected

bri dge, an aromat Ifaanh)[hed@eup adihsmtlyd; af NpDaBl Selnd dinR“amdnanf an aliphatic bridge

arylalicyclic bri S| er oat ong

i ndependent |y sel e"gﬁ‘ea ngrﬁlh ’H%V‘Su‘gtc’cg s%% %adé msq an glicyglic brdge, an
5Si, X10s hal ogen,ar¥miic Bridyet amgeﬁmhphmtcemkigegngramqmylallmad:hcltmdgemwmmulsleg 0
by hydr ogenol ysi s, rot ctin rou e i

t he presence of Rtﬁf’g E}g'aeg}%fﬁa'if’ §i'L pgﬂ%&ﬂgsele&ed ?romstb%aFotuﬁgXﬁ%#%&?ﬁal, O
of Fornmula (IVA) t% S€andsit K& rmimermej of a sui tabl e 1Ocat al yst,

t hereby (i | | ow t d t f th f d ..
(V) 3nd (i 1) ol 'SR 8 MeReSARBETaT oPha ebE Tt RaOpeS ol g g orove

of compound (I VA) with a main chain having 1 to about 20 carbon atoms, an alicyclic group, an

0, S, Se and Si, R4 i$
having 1 to about 20

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;

the method comprising reacting a compound of Formula (VI)

(V1)

20 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



20. The nethod of claim 19, wherein Rl is aryl-nethylenyl. 21. The
met hod of clains 19 or 20, wherein providing the conpound of Fornula
(I'VA) conprises contacting a conpound of Formula (I11A) with an
acyl halide RCOX in the presence of an all¥dli base, wherein in

Formula (I11) Y is a nitragen protecti roup.that is. renovable b )
hydrogenol ysi s, &ft?" chain Tihving {%Fabq“i QQ G%W(?Fé”'écfri‘%ga”g;% 'CtHAtP: 88 romatic
renovabl e in thegpupsenaeyldibh&id groap cadrousdiaidycizOfrouputanrisMs) 0 by about 3

I 9N Y 1 fomr T PR B R B BBl B T . o
-RACOR3, -RACONRSR6, -R4COX, -R4AOP(=0)(OH 2" -R4P(=0)(OH) 2),
- RAC( 0)§(R3) CR5R6 \ﬁrpe%ihiél %qﬁ\;po wherein R3, R5 and R6 are

e

i ndependent from one anot her ‘one’of 5 hydrogen, an aliphatic group
with a main chain Rayiong df ICOARYHUR'QOORAr IRFGHAY cRECORY -BR'CONBPRY -R'COX,

group, an aromatic arybLal i i\C saryl al i I
group, conprising 59 @gt’@@’?)zs i e'?(épg@ﬂs ?{:(g@)agﬂ%bg%ﬁhy é%? eéét{“ggfzbhﬁa)o’
fromthe group conshetinmy], & aNd RS, arS,indspeadwit 8om e amtiemenefof dgdrogen, an
al i phatic bridge wy [ (g I a .
an alicyclic bri d\é\ée]'?)nag% W%@gﬁa@ﬁ'@aﬁﬁgﬁ\éﬂé g%"%"%@f gﬁ%ﬁ%ﬁ ?@Prbsr %‘@g@“y"”"
and an 1@yl al i cycldroumrardgemationgiolsi an a0ylalphalivoatous st en giylalimyclic group,
| ndependently sel &g is%%%é&%o&rQ%t Q&S lildiBeMently Biectdd Rsm aRE group
Si, Xis hal ogen, an 1 and are independent from one another one ,
of hydrogen, an al$oppistingofgofp SniSerans g‘aﬁn iz hRg AT ARAEIRRALE brigoapdhta main
20 carbon atons, ahaf gl 1 © oD cabon HOm8! SH By dlic BriBYE -andfomatic bridge,
aryl aliphatic group and an arylalicyclic group, conprising O t8 abqut

3 heteroatoms i ndefeRB&iph3ticsBridae; agd ﬂ”oﬁﬁylaﬂ‘@)%&ﬁ il eco‘ffg'?FgFlr‘ﬁg dp Fgout 3
0, S, S and Si; tHhierBRbMEGtdRPEIINT) BPedtedibifige groae BRaIstitg of NFOy $n8eand
(M) 102 a nmain cﬁa)iénd{]?ivi ng 1 to about 20 carbon atons, an

alicyclic group, ath A9 P%bup, an arylaliphatic group and an
arylalicyclic group’iselzpipri sing O to about 3 heteroatons

i ndependently selected fromthe group consisting of N, 0, S, Se and

Si: 5wherein.in romula VL, R ne .of., - < R4 , - RACHQ,
_RA0OR3, - R46%NRE€%?’3£*‘|3266%?'Y‘1 ?gcﬁ%ﬂ%‘} F‘cf—ﬂél,i, a"-e#ﬁf’ﬁf'%%) (OF) 2) .

-RAC(0) C(R3) CR5R6 and - RACO2C(R3)0, wherein R3, R5 and R6 are

i ndependent f4.0miemehanefipherariaga cofmpbyict sfFfermulaival | phatic group with
a main.chain having Ito about 20 carbon atons, an alicyclic 10 group,
an arormatic group, an arylaliphatic group a é %{*garyl alicyclic group,
conprising O to about 3 hetertbat ons, i ndepgsid sl y selected fromthe
group consisting of N, 0, S S’@,an R4 is one of an aliphatic
bridge with a mai n chaima~havi ng“ ut 20 carbon atons, an
alicyclic bridge, an get ¥ i aryl aliphatic bridge and an
arylalicyclic bridge| conp 0 b'g\ut 3 15het er oat ons

i ndependently selected fro tp consf sting of (R 0, s, se and
Si, Xis halogen, antd\R9 i ‘ 2?.9/ The method of claim 22,
wherein R1 and R2 are i : ‘ H

wherein R is one of -COOR?, -R*COOR? -R‘CHO, -R*COR® -R'CONRRS,
R'COX, -R*'OP(=O)OH);, -R*P(=0)OH)), -R*C(O)C(R)CR°R® and
25 -R*CO,C(RYO, 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



24. A nethod of preparing a conpound of Formula (1V) 20 wherein Ris
one of -COOR3, -RA4COOR3, -RACHO, -R400R3, - RACONR5RG,

- RACOX, - RAOP(=0) (OH) 2,, -R4P(=0) (OH)2), - RAC(0) C(R3) CR5R6and 25
-RACRC(R3) 0, wherein R3, R5 and R6 are ilfdependent from one anot her

one of hydrogen, an_ aliphatic, grou ith a in chaip having 1 to.
about. 20° car bon’ at ke BANAREY RN HivaRSULAY SHBIPIE Sy ABLHICVR Bridge, an
aryl al i phatic grougromatc BAdgR, ¥h alnfidlipbaticcorgigewpd apampslicytiittbridgé, ocoadpoiging 0

3 heteroatons independe se|l ect.ed from.the gr consisting.af N
0% e and si A dhetihbdapaufitprnity g e roSe itk G o
chain having 1 to fBuand8i, K xdeyeat ons, an alicyclic bridge, an

aromati ¢ bridge, .arvlialiphatic brijd nd an arylalicyclic bridge,
conpri si%ng O0to aEH(P)l'J aé’krﬁ%efrprr8{aef3t(')nrgsgr?Lr'1[g§B§nden_t |y selected fromthe
group consisting oR®idaik®;; S, Se and Si, X is halogen, 5Y is a

nitrogen protecting group, and RO js alkyl; th t ho npri sing
contacting a conﬁ@dﬂ%hﬂ‘%@%’?rfﬁmgac"maﬂ“)g ftgﬁi@f’”” of Form ?El ﬁ' an acyl
halide RCOX in the presence of an alkali (fgfel@ 10wherein in Fornul a
(ROY is a nitrogen protectifng group, g4 is alkyl. 25. A nethod of
prepari ng a conpound of For#ul 3 ) 15wherein R is one of

- COOR3, - RACOORS, - R40QR3, - RAZONRS5R6] - R400X, - R4OP(=0) (OH) 2, ,
-RAP(=0) (OH) 2), - SGF BWR6 and - RACORC(R3) 0, wherein R3, R5
and R6 are independent fflom one\anetNer one of (Ilydrogen, an aliphatic
group with a main_chain having A% o0 ab¥ut 20 carbon atons, an
alicyclic group, & gt~C_gf OulR. an arylaliphatic group and an 20
arylalicyclic group, g o0 t'd about 3 heteroatons

i ndependently sel ected fromtpe group consisting of N, 0, S, Se and
Si, R4 is one of an aliphatic bridge with a main chain having 1 to
about I20I paL b;)_n @tt@gg acﬁ'ﬁagdei m@kiifthla_rpir&@ﬁ@ @ﬁgan_agl%i bageMALi C bri gg?,
an arylaliphatic bridge _and an arylalicyclic bridge, conprising 0
about ~ 3%et eroat ¥ rel”dﬂ@ﬁ@ﬂ?]%ﬂf'WYSsae?‘kﬁgeé'bPr?ﬁeB‘?ﬁgtﬁgu%FB p consisting
of N, 0, S, Se aRrdlisSilkylL.Xi s hal ogen, Y is a nitrogen protecting group,
and 5R1 is a protecting group that is renovable in the presence of R

by hydr ogenoLysi 5. e IR B SQTRHL Sl e iMhaG g @ compound of

(IVA)

15 wherein R is one of -COOR?, -R*COOR?, -R*CHO, -R‘COR? -R‘CONRRS,
-R'COX, -R'OP(=0)XOH), -R'P(=0)(CH)). -RC(O)C(R)CR’R® and
-R*CO,C(RY0, 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 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 chain having 1 to about 20 carbon atoms, an alicyclic bridge, an



with an acyl halide RCOX in the presence of an al kali base, 10wherein
in Formula (11l A) Yis a nitrogen protecting group that is renovable
by hydrogenolysis, and Rl is a protecti ng group that is renovable in
the presence of R by hydrogenol ysi s. The net hod of claim 23,

D0 whorein the nidPOGEPTHEE: BB APRIPER GO Red 5 chadsyeic bridad oopriig o
al koxycar bonyl , betﬁahwtra/lheterbéiofﬁsumapamﬁnm/ seltetbd frodytb@yibapybnsisting of N, O,
carbamate, an amdﬁ dy% *AC |mde an N-Al kyl ami ne, an N Aryl

amne, an imne & ®128. The net hod of any of clains 24
to 27, wherein theygalXkalé elﬁap'?&ebﬁn ?Qg_;pugh@ar bonate. 29. The net hod

of any one of the clains g_L 5 and 25, wherein the conmpound of
Formulas(l11) or tmké soapotmd:tm@ goupuihat (is | lemd)able jor eiparpeesenye aof R by
process t hat 20COW§ |ses an _acid catal yzed cyclization of an

Na- pr ot ect ed-trypt %Yﬂ I ester. 105 31. A nethod of preparing a
conpound of For e d fromthe
group consi sti ng}Hgﬁn@(M éc)nlprsm\ffg%ﬁt%k%% %Ug,gtofg%rﬁﬁgn'F s and
actinides, 5Ris one of -COORB, -R4COOR3 -RACHO, - RACOR3,

-R4CCNR5R6 - R400X, -RAOP(=0) (OH) 2" - R4P( g%#é?@ - RAC( 0) C( R3) CR5R6
and - RACO2C(R3) 0, wherein R8, R5 and ? ependent from one

anot her one of hydrogen, SINY;
1 to about 20 carbon atx al i cycllic group, an aronatic group, an

aryl aliphatic gr ou,a{ aryl & c 10 gr oup&];;/gorrprl sing O to
about 3 heteroatong i ted fromthe group consisting

of NN 0, S, Se and|Si, i ¢, an afiphatic bridge with a main
chain having 1 to abys ' gons, an alicyclic bridge, an
aromatic bridge, an ary o brloge and an arylalicyclic bridge,
conprising O to about 3 hetero&{ons i ndependently sel ected fromthe
group consisting of N, 0, S, Se 15and Si, XIS hal ogen, and R1 and R2

are i ndependent frtrﬁ%?l g@gh%m%gs&% tﬁﬁg}‘_esg C}gde a})kﬁgrgagé i phatic group

with a main chaifl an alicyclic

group, 18n ar onat iyfe@inOHPFordliadfily ARl [Bhaahitr@géﬁ Pthtecing grdupaihid Rl fefieChihis by
group, conprising 0 to about 3 het er oat ons i ndependently sel ected

fromthe group cBYEPSEPHYSAN, 0, S, 20Se and Si; the nethod
conpri sing react RRGs 2 ,RAERRAY BRLBTHIT Y BHoatiY I the ppegénce%f\ﬂﬁ y@rdgéhé‘lb&s

conpound sel ected from the group consisting of Goup 1 oup
netal s, | anthanides and actinides, wherein in Formula VI I 5R i s one
of -COO?B, -moommmemmmimm@@a&m RIRACONREEBYlenR4 CO X,

27. The method of any of claims 22 to 24, wherein the nitrogen protecting group Y is
15 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.

28. The method of any of claims 24 to 27, wherein the alkali base is sodium carbonate.

29. The method of any one of the claims 18, 21, 24 and 25, wherein the compound of
Farmula () or the compound of Formula (Il A) is prepared by a process that

20 comprises an acid catalyzed cyclization of an Na-protected-tryptophan alkyl ester.

30. The method of claim 29, wherein the No-protected-tryptophan alky! ester is an Na-
alkoxycarbonyl-tryptophan alkyl ester.



-RAOP(=0) (OH) 2" -R4P(=0)(OH)2), -R4C(0)C(R2)CR5R6 and - RACO2C( R3) 0,
wherein R3, R5 and R6 are independent 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 aron®ic group, an arylaliphatic
group and an arylalicyclic 10 group, conprising O to about 3

het er oat ons Bnhdepanethod bipregdring taedmpoom dffergolayylligonsi sting 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 arylaliphatichridge and an aryl al jRyclic bridge,

conprising O to abou 3Fietroato depenntl)ésel ected fromthe
group consisting of N, 0, & 5 —-hB&l“0ogen, and 1:24 and
R2 are independent f\&\m / L of drogen, an ali phatl C

group with a main chai¥
alicyclic group, an aromati C\g al i phatic group and an
arylalicyclic group, conprising O to about 3 heteroatons

i ndependently selected fromthe group consisting of N, 0, S, 20Se and
Si. 32. A nmethod of preparingr conpound of Formula (IX) 107
wherein Mis a netal selected fromthe group consisting of Goup 1 to

CRacboRs, - Rac0, TRTES 2 R BERR S s B g Rr e G R 1 to Group 14
- R4P(= 0)’(O—I)2) | RAGED) BARBNICRSRE! aoiidideRACO2C( R3) 0, Swherein R3, RS

d R6 d t f 4 h , i |
roup Wit h a e, n EHa eI 8 GBBG. 3B CHSl Moo CoflR 2RiCox
alicyclic group, ar‘aPEOOIR), gRBIEl(pO)&IH)@HWG{CD)MR%)CRSFGramdpRﬁI@%m
arylalicyclic group, conprising 0 to about 3 heteroatons
i ndependent |y sel ect$@"¥t Bm*? HBAGR Gip ndisReRdent tem gpe rnoter age @é‘yﬁrﬁ&e“ an

Si, R4 is one of anfpidebafrbGp Qith GOemaM 'E;llihn@ h&0ing MBtd aBbdl 2D Bﬁﬁbrﬂ@tcﬁh’xs an
to about 20 carbon atons, an alicyclic %P an aromatic bri

aryl al i phatic bridg@ig/lc gugr §1 annwénwpo Fovaliraalimpriosp ﬁad@“t%v'a“cvcllc
about 3Jghet er oat ons kd@eeaﬁsﬁﬂd(vt&ab@ﬁtsei@btérbef@htsh@d@feaum@cs@@bﬁealfm the

of NN 0, S Se and Si, X is halogen, and R2are|n§%0€ g”Hﬁ
from one anot her on@ P IEIEEEEH N4 %I’?%‘H&’t?‘c gfso‘lﬂ? of i Ic ¢ with a
chain having 1 to abgdi ciHh ﬁarrky)ntoaémzo adtbad htoe| arcal@yEldridgd) an aromatic

aromati c group, | al i phat | pan clic group
conprising 0 to abo%fg%e 78 "‘%J'Bg%t?ﬁsb Hﬁéb‘gﬁ'ﬁléwg"éycg‘ébr el ey gtq'uté’ about
group consi Stl ng of SN\et@oat&nsﬁﬁjeﬁéﬁeﬁtly sdléediedh @tk groaptorsistiag of N, O, S, Se
reactin npound of %ngl g igVII 20 with a netal conmpound

sel ecté% fromthe gPBa " COREPOEPHGE: Group 1 to Goup 14 netals,

lant hani des and agt ﬂoqqsaremggn&n'c ﬁ’orﬁ%@éh@thw énezgﬂ_h)yhl%gé’r'ﬂ%ncghphatlo group
- COOR3, -R4COOR3, - RACHO,

_R4OP(=0) (COH) 2" - Rt agygioHghain, havmc(@q @PP@)@?S@QO%@@WQR@O@@Y@S)QFOUR an
wherein R3, RS and;K@afg obﬂmgﬁ‘dﬁ%tlé QQ%QHgaﬁ%%QﬁﬁcI@@%L%f compnsmgOto
hydr ogen, an 108 aliphaltic group mai n chai’n havin t o about

20 carbon atons, aﬁb%?ﬁ@?@rq f@?r@Gﬁ?enﬁﬁntb(rséf?ﬁ@cfmm@G@rOL@rPO”S'S“nQ of N, O, S,
aryl al igghati c groug, gifls@n arylalicyclic group, conprising O to about

3 het eroat ons |ndependently selected fromthe gr oup consi sting of N,

0, S, Se and Si, mai n

chain having 1 to a %‘ﬁ?‘? @é’# gﬁﬂét“gg%@"w I cyc I%Q\é?)l dge, an
aromatic bridge, an arylaliphatic bridge and an aryIallcycllc bri dge,
conprising O to about 3 heteroatons independently selected fromthe
group consisting of N, 0, S, Se and Si, X is hal ogen, and

ar bon (X‘}I



R1 and R2 are independent from one another one of hydrogen, an
aliphatic group 10 with a main chain having 1 to about 20 carbon
atons, an alicyclic group, an aromatic group, an arylaliphatic group
and an arylalicyclic group, conprising 0106 about 3 heteroatons

i ndependently sel ected fromthe group consisting of N, 0, S, Se and
Si. 33. The nethod of clains 31 2l 32, wherein the netal
conmpound Mis selected fromthe 15group cansi $43 ng of BH3, B2HG6,
B31-13, B10OF114, Al Cl13, Znd 2, Zn(OTf) 2, , Sndl 2, Tid 4,
Ti(G-Pr)4, Op2Tid 2, ZrCl4,HCp2Zrd 2, | I n(0Tf) 3, Cu(QAc) 2,
(1rCp*C12)23 (1r(COD)Cl)2, Lr#& 3, /ancLs :0R4. The use of the
conpound of any one of glains £ ¥o 9, 15 and 16 as a ligand for

asynmetric catal ysi
w for asymetric reduction
wh

is one of clains 3 {
ein the cOpound is a

of a ketone. 36. Thg¢

conpound of claim 13 igand f@ the asymetric formation of a
coval ent bond in a M ¢cRael” additN on. “B7. The use of claim 36, further
conprising the use of a basic cdcat al yst. 2538. The use of clainms 36

or 37, wherein the Mchael additRon is carried out in an al cohol

sol vent or in an aqueous phase. 39. The use of any one of clains 36 -
38, wherein the Wik harstaldompounchseleriedfremdes gwgriconsisting ©f Grounl tnGepep 14
40. The use of apuiAnetHanfle@bi®adfides39, Wherein the M chael

acceptor in the Mchael 30addition is a nitro group or a sul phonyl
group. wherein in Formula Vil

5 R is one of -COOR?, -R*COOR?®, -R*CHO, -R*COR? -R*CONR’R®, -R*'COX,
-R*OP(=0)YOH),, -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
10 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

15 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.

32. A method of preparing a compound of Formula (IX)
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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(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 fo 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 heterocatoms 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 @ 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, 5,
Se and Si;

the method comprising reacting a compound of Formula (Vi)

(Vi)

with a metal compound selected from the group consisting of Group 1 to Group 14
metals, lanthanides and actinides,
wherein in Formula VIl
R is one of -COOR? -R*COOR?, -R'CHO, -R*COR® -R*CONR°R®, -R'COX,
-R*OP(=0)(OH);. -RP(=0)(OH)y), -R*C(O)IC(R)CR®R® and -R*CO,C(R%0,

wherein R®, R® and R® are independent from one another one of hydrogen, an
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33.

34.

35.

36.

37.

38.

39.

40.

108

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
3i, 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 BHa, BoHs, BsHg, BigHia, AICls, ZnCly, Zn(OTf),, ZnEt,, SnCly,
TiCls, Ti(Qi-Pr)s, Cp2TiCly, ZrCls, CpoZrCly, InCls, In(OTf)s, Cu(OAc),, (IrCp*Cly)s,
(I(COD)Cl)3, LnClg, and LnCp,Cl,.

The use of the compound of any one of claims 1 to 9, 15 and 16 as a ligand for

asymimetric catalysis.

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 alcohoi

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.



