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CYCLI SATI ON PROCESS OF FORM NG A MULTI PLE RI NG
COVPOUND CROSS- REFERENCE TO RELATED APPLI CATI ONS
w@ B@0NY77The present application clains the bene€T/8GTIN7/000055
US provisional application 60/775,363 filed February
22, 2006, the contents of which is incorporated herein

OYOIISAHON PROCESS OH FORMING'A MULTIPRESEING EIGMPOUND
OF THE | NVENTI ON [ 0002] The present invention relates

to a cyclisation process of formng a nmultiple ring
conpound CROSS-REFERENCINTH BEEATER ARRICAEMNS ng an

i soprenoi d conpound with an acetal initiator under

c [ ) o e [ r o cati

0 388 i Bty il WiCuBhish B B pRSjsional application
60/7¢5,A62 €il édrsbaumry 222086 pthel camtents ofi svhiht ik ireorpgonited berein by reference
. ..and, thﬁ~ i%ﬁrarml ecul ar cyclisation reaction of the
in 1ty QPP A0 ! PYRBWENd. BACKGROUND OF THE | NVENTI ON

[ 0003] The cyclisation of acyclic isoprenoid conpounds

pecause Tt ean corBiii PR ERE HRERATON, o35 Nai o

rBB02t e rESnh Bedih SRS b ey rlie AESe po LT @ moltple
ring {cBripbEn® fFHeCéyRNSatioaf précess BNMlich @é4thE @A igdPienoid compound with an

stereospecificity. This contributes to increasing
acetglrividigtor upilen epndities sutfigieptrtodess itheympitiple rag gpanpouid. Generally the
e u S . . rit. v
v pRIBGEIGR: oTHSGREP PRI BB {AS incitor and o
intrafhdedul @ty clisationtaastion efykelisbyeaocidfcooaioahd.st are Lew s
acids. Using chiral Lewis acids terpene rings could be
constructed asymetri cal | ¥ ! OOOTA‘%1 The intranol ecul ar
acetal -initi at ed BACKEGRO OEASIHINYENHEN on

reaction was first introduced by W S. Johnson (e.g.

J n,.WS. .. Kinnel ,,.R.B.. J..Am_Chem . Soc.

(OR3P " e’ Sitisetioh S Syt dgprredis gyl icheysry powerful and
effedtiVe- cdsdadel 23éfon becaule 16 cad Wonsait: MVilliple Aggs iCaCBingle one step

Res. (1968) 1, 1-8.). Since then, this method has been
reacéon. &Phsi rgagtipndag éh@p%?ﬁﬁ besnag fashg imfheygamptguctioniaf pelcylic molecules

due %§ tiﬁsa%ﬁ%i‘j:r?cyagp CEERoRF B AENEh ! hdP Ef%péégﬁe%iﬁéi‘ty. This contributes to
increasing product yield, reducing processihg time as well as waste production. Processes
known in the art use various types of catalysts for the cyclisation reaction. A commonly used
type of catalyst are Lewis acids. Using chiral Lewis acids terpene rings could be constructed
asymmetrically.

[0004] The intramolecular acetal-initiated cationic isoprenoid cydisation reaction
was first introduced by W. S. Johnson (e.g. Johnson, W.S., & Kinnel, R.B., J. Am. Chem.
Soc. (1966) 88, 3861-3862; Johnson, W.S., Angew. Chem., Int. Ed. (1976) 15, 9-16;
Johnson, W.S., Acc. Chem. Res. (1968) 1, 1-8.). Since then, this method has been extensively
developed to afford bicyclic, tricyclic, tetracyclic and even pentacyclic products in
respectable to good yields. Asymmetric induction has also been achieved using chiral acetal
templates, providing enantiomeric excess of up to 90 %. However, there exist some
disadvantages in using acetals for intramolecular polyene cyclisations. The need to
incorporate the required acetal into the acyclic precursor introduces added synthetic

complexity. In addition, the accommodation of the acetal moiety also diminishes the



10

15

20

25

respectable to good yields. Asymmetric induction has

al so been achi eved using chiral acetal tenplates,
w@e@viogi7my enantioneric excess of up to 90 % POWEGHEN7/000055

t here exist sone disadvantagEs in using acetals for

s RS ST Sk, LRy pTRE00ES, e th sope and

applﬁ’d’aﬁﬁit‘j; §Pthe niMthQOHBIANnAsIALd synt het' c conplexity. In
a ddition, the accommodation of the acetal noiety also

kdﬁOg SITFi% t&%@?otré UGt e% f hr%?rggehf fnYl {E) ox%?é’o‘ﬁ]lé ﬁ'lese dproblerns
sor can re uce he 'scop
and @ppﬂoma lireit etbbd bh prdﬂi&xﬁﬁg)ﬂnﬁlm}ﬁé fing cahpyund 0005] | t

is therefore an object of the present invention to

overcone these problens and to provide a new net hod of

preparing a mul t gAY CPTREINVERIYINRY OF THE
| NVENTI ON [ 0006] The present invention relates to a

c satd [ t . :
U RAE By ARG Al 0L Lo i

ringi @apoandi Thecoyabicativth Wotdss difchades tredctingidni isdgrendid dempound with an
condij tions suffjcient toformtg ]élltlple ring

aceteldms’@mﬁ gnderopditions swffigiepforfems SainERsAPoRd

cyclisation process includes contacting the isoprenoid
c (0003Lind\ospding tresawe tembodunentsaﬂlg rcyelirdtian paocesy gicludes contacting

the isgPrUd PO B dish S R PRt AR Ao @ compound

wth the acetal initiator |ncludes allomnn% t he acet al
i H008ht dhcoprsling ten swmeo paIbafimeBin AT ih¢ ychealion opfoesss | 1gacting the

iSOPg%W%%‘?RO“LQ QAR 1RGO it drIn IR ?ect | %mc%tai Ritiator to form a

rocess I's an enanti os
covalyrit boadtwithrthe {sOpididl congpofiud.t her aspect the present
inventi on provides a cyclic acetal of the general

Wooy| a ARbordiigho kR @nsbdithéntatR dyoEeienesieky/is an enantioselective

selected fromthe group consisting of aliphatic,
%mQW@QQallphatlc aromatic, arylaliphatic, and

aryl cycl oal i phatic groups. R16 nay also be H Rl, Rl4

, [(R18] arial a RiBhérraspent theOpresenbinventidd previdevatyelis acetal of the general
fmi@lected fromthe group N, O S, Se and Si. Ais
o fected fromthe group conS|st|ng bf O S and Se.

e

’415

R1, R14 RI5 and R16 are independently selected from the group consisting of aliphatic,
cycloaliphatic, aromatic, arylaliphatic, and arylcycloaliphatic groups. R16 may also be H. R1,
R14 R15 and R16 include 0-to about 3 heteroatoms selected from the group N, O, S, Se and
Si. A is selected from the group consisting of O, S and Se.

[0011] Other aspects and features of the invention will become apparent from the
following description of specific embodiments of the invention in conjunction with the

accompanying figures.
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[0011] Ot her aspects and features of the invention
W Il becone apparent fromthe follow ng description of

W@ p@ciopized enbodi ments of the invention in conjRCLSGLNT/000055
with the acconpanying figurgs. BRIEF DESCRI PTI ON OF THE

FI GURES [0012] The_invention W |l nder st ood

wth referen %F%@Q%ﬂ% %?&i ﬁéﬁ%en
considered in conjunction with the non-linmting )
el08i?) e Thanidvetionawildnparbgitery vddersiond swith oefgendsi turthe detailed

[.LA.shows an _ex ary schene of . clisati.on proce
desciipidy Syl oSERY iy PRI nG oriflo B moRmiRBe BOSRIR, wnd e
accosh e dsatifgd.i si ng the obtained products using

vzgra?giug acetals. [0014] Figure 2A shows a further

epR1¥] aFiguie 1otk af ekM@pladpédheme R @ C§SlEatibn BfoRBRIJfPeeparing a
a multiple ri ngv.corrpound. Figure 2B shows a table ]
multiplermingicompgund Fignteal Brslaows @ fable sisnmerisiag thaebtaipedprodycts using

.R1L of the acetal initiator (12). [0015] Figure 3 shows
Vanoe%?@%%'f‘fgry reactions of a cyclisation process of

p [ td ri ' [ [

CIORRA A 4 ShPE oL R CCRTRRAE oo 513, CRALEIA focess of
prepﬁﬁﬁ%h}lm}l[ﬁ@lblﬁilg Ebglpbe?dfl Fipors 2Bxshiopks &T %a_biela ahinatising fthex obtained
. .cyclisation process preparin iple ring
weld@d%wawu%mﬂbeﬁaﬁﬁi %gﬁlFéﬁﬁgldnE@?Pﬁzb% that includes a

C=C double b inits termnating.noiety.. [0017 .

FOGASE  Bidg o holrB ety GE o Of Bevaleoh TEaHers pf preparing a
multf1€ (iﬁr%scd?ﬁquﬁﬁlﬁ AR S dsopinbidbémpéiia GRS Uhi OH-@Bup in its

iI'soprenoi d conpound that includes a keto group in its
termyreating metiétiig noi ety. [0018] Figure 6 shows exenplary

reactions of a cyclisation process of preparing a

nlf0d6h Bigured homsonsaplasy AepctiAns ebprcypkisator giprsshaf preparing a
2 3 B R Ll o Tt o
its tamddatiegtmadetypr ocess of (E)-9-(3-

[0017] Figure 5 shows exemplary reactions of a cyclisation process of preparing a
multiple ring compound using an isoprenoid compound that includes a keto group in its
terminating moiety.

[0018] Figure 6 shows exemplary reactions of a cyclisation process of preparing a
multiple ring compound using an isoprenoid compound that includes a C= C triple bond in
its terminating moiety.

[0019] TFigure 7 shows exemplary reactions of a cyclisation process of (E)-9-(3-
bromophenyl)-2,6-dimethyl-2,6-nonadienyl]-1-oxy-(fert.-butyl)diphenyl-silane (41) and (E)-
9-phenyl-2,6-dimethyl-2,6-nonadienyl]-1-oxy-(tert.-butyl)dimethyl-silane (43).

[0020] Figure 8 depicts an exemplary synthesis scheme of Malabricane derivative

(53), using a cyclisation process according to the present invention.

[0021] Figure 9 depicts an exemplary synthesis scheme of the dehydroabietic acid

derivatives (59) and (60), using a cyclisation process according to the present invention.

[0022] Figure 10 depicts illustrative examples of isoprenoid compounds that may be

used in the process of the present invention.
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br omophenyl) - 2, 6- di net hyl - 2, 6- nonadi enyl ] -1 -oxy-( r
. -butyl)di phenyl -silane (41) and (E)-
w@2phemyhe 2, 6- di met hyl - 2, 6- nonadi enyl ] - PCT/SG2007/000055
1-oxy-(fert.-butyl)dirnethylgsilane (43). [0020]
Figure 8 depicts an exenplary synthesis schene of
Mui02B] | Fasie d@rdepidtsl iBstlaBi9p exatfiplogofadeydt linifiabiscthat may be used in
process according to the present invention. [0021]
the grpease ef thegegsertisventiosxenpl ary synt hesi s schenme of the
dehydroabi eti c acid derivatives (59) and (60), using a .
c[ﬂ@&fﬂs afFigre JRAcdepictne sehemenf & eyolingiop rreesss of preparing a multiple
o . 1002 . . . . o
ring SRS Vs b Bt BRI ol MBI LA g fho initiator.
Figureel2B chews a0fabldheurpmessing theobrdinedn pfddd 8] uskigyuargoub lisoprenoid
depicts illustrative exanples of acetal initiators
comppiidsnay be used in the process of the present
invention. [0024] Figure 12A depicts_a_sche

f a
cl9Rpk aFige JP sletates thq,psepility A a%elﬁhP‘iimﬁP%gfﬁhg §y318atwn process
accog(?lgg gdjg% pre¥eifnfention b}’ means of an il‘uaté?]t)i/vg esynthesis scheme.

=pregn- 4- ene- 20a- car boxa acetal as the
| RiobP! Sgurbl G412 uNOUSGh (RhLfe HTHRAHALN rbBEment of t
omoglhﬁeg’i%lrrgdg%td%pusi ng 8%@?1%s£?é1§%renoi con‘pI(])nundé,l?en or e
cyclisefi@dbproBesgure 13 illustrates the usability of an
enbodi ment of the cyclisation process according to the
pf082Zht FigureriSiAwholyy aneaasplafy seheiel afsreattiodanent of the cyclisation

procE gt PR B HPIC 8 BT FHERR d5pta] fRiaplats. Figure 15B
showwy£1abfAuhBRarRiQCES Sbtalid $AddubisGidn thoAllsdafe Adbtals.

exenpl ary schene of an enbodi nent of the cyclisation

P qus FRiurR" RPAEHIBE &h RRbhpRHE sEleRth 6PN AiHMer ehibddiment of the
chiral acetal tenplates. Figure 15B shows a table o
cyclisatinrenproegss gf preparisteanwéplegingdgaeukpsieg & oislic chiral acetal initiator.

illTustrative acetals. [0028] Figure 16 depicts an

el093P] aFjgure A3 wepists the $ymthdsisrofsxerpplareshira pcetd] dnitiators.
cyclisation process of preparing a nmultiple ring )

c H986L nFigmre 1§ Asheys lah exemblany schemesif aj gyclisatipn process of preparing

9] _Fi V4 i . i ; r . e
o RS Lo FRELR QI L5543 L SHEIRLES pi 16 i
18Bekewdh &dble sphanksing the obiainddsadduats wigresiue isopreapialr dongounds.
a multiple ring conpound using enbodi nents of the

cji03a] ®airal 19 depitatar sxafplEidf. thé Gcychsation process according to the

present invention, for a major product of which the absolute stereochemistry has been

determined via X-ray crystallography.

[0032] Figure 20A depicts the oxidation of compound (2j) (see Fig. 18B) for the
determination of its absolute stereochemistry by X—Ray crystallography analysis. Fig. 20B
shows the obtained representation structure of (72).

[0033] Figure 21 depicts a scheme indicating the reaction paths matching the
observed stereochemical product yields. The scheme is expected to be applicable to the

reaction of cyclic acetals only (as depicetd). Path Al leads to the main product (2j).
[0034] Figure 22 shows the further functionalisation of compound (2j) (see Fig. 18B).

[0035] Figure 23 shows the threedimension structure of compound 74 as obtained by
X-ray crystallography.
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18B shows a tabl e sunmarising the obtained products

usi ng various isoprenoid conpounds. [0031] Figure 19
waoeleprotwian exanpl e of the cyclisation processPCT/SG2007/000055

according to the present invéntion, for a nmgjor

product of which the absol ute stereochem stry has been

dd0e3ali néiguve a 24 r alepictsy sttiad | qgepepityon [ AF32kopeuide (43)  from

204 d t oxi dation of compound (2j) (see Fig.
hydi?fé‘}nafe‘galllgﬁt}%ge@t)er mination of its absolute

t i St by X- tal | pgr aphy, anal ysi s. )

S S B o T PP B 2 groces using
isoptndid dmpb@fBA). THeBMBliH b IRRIE taﬁleﬁdﬁé:iei@%t tadicEdt lifi@determined

the reaction paths matchi ng the observ
the sydisatinihatateoghenpisioyl g 25BanikFigT BECsshhwireptesenéativacstradtures of the

_ | _ |
R R AR B e B EPERRNS " o e mai - pr oduct

i 34] Ei 22 sh the.f h . . .
oAt 2o B g imineSis SedisBon, gepicyn Fie. 254 for
isopr&{d3d lcofnipgiii® ()3 The Gamet di@nihfcRest SBAS icehte! Ut WeSaPinitiator in

conpound 74 as obtained by X-ray '
termsy ggﬁférwgeraﬁrry.vwgbqer\mdg Jigurz26R shows a hepresentation structure of

conBRRP AR AEo BT PR B S Gyt 1 ¢ dehzde
CJOUBE| Highld P depted SRhAR IR0E BRI B Bt RRR A5 4s pbrained using
the mothotihef the aivahtior (RigEABYrifficopgatisn LyatdnsatcopMound (73) (Fig. 27A,
.ster chem'fst ry Fig. 25B and Fig. 25C show
ratl‘?'é@rs_@géﬁ?é‘? FEGACSt r uct ur es of thﬁ t\/\oogggduc;_ts as Jon
o PSROTY Shigle, 3 i e s RO @il o Beprhporpiig )5 Abtained using
the ﬁa@ﬂmh%ﬁnﬁ@ﬁﬁieﬁmﬁp(mg.%g G )con‘%lri‘ﬁsqiatg%a%ib %@ﬁr&‘%s&mg{ (76) (Fig. 28A,

chiral centers in the acetal Tnitiator 1n ter

ratics 58158 eheriference.was observed. Figure 26B shows a
representation structure of conpound (78b) as obtai ned
by X-ray crystallography. [0039] Figure 27 depicts the
chi ral HPLﬁmq‘&mmuﬁs@m@ﬂWdﬁmgaﬁwﬁwlw_ usi ng
the method of the invention (Fig. 27/B) in conparison

: E%Org;iltﬁ?gg p‘}gs[gﬁp H{ngntggns)‘ela(tgsi & azcgfé’isa{igﬁ ip?'c:)cegso oP Qgrrn%?g g multiple

ring compound by reaction of a isoprenoid compound. The obtainable product may for

instance have a bicyclic, a tricyclic, a tetracyclic, or a pentacyclic ring system. The resulting
compound may, for example, be a cyclic terpenoid compound with more than two annulated
rings. The invention is based on the surprising finding that an intramolecular cyclisation
reaction of an isoprenoid compound can be initiated by means of an intermolecular reaction
with an acetal-initiator. Accordingly the cyclisation process according to the present
invention includes reacting an isoprenoid compound with an acetal initiator under conditions

sufficient to form the multiple ring compound.

[0042] The term “isoprenoid” is derived from the name of the unsaturated branched
hydrocarbon isoprene 2-methyl-1,3-butadiene. An isoprenoid compound includes so called

‘isoprene units’ derived from isoprene:
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[0040] Figure 28 depicts the chiral HPLC profile of
conpound (76) as obtained using the nmethod of the

w0 poogfopizen (Fig. 28B) in conmparison to racemnm cPCDREEANN00055
(76) (Fig. 28A, ratio: 50:5@) as a reference. DETAILED

The iriegt @waﬁ%ﬁ@tw GEing by pahon B0 GlcisRreRt. iy SAegumbering

will %Wﬂ&k%ﬁbﬁlﬂ Ao m@&&n% BYare&a6irben a@fm@ JESRP Es%ﬁféhg unit of an
compound e obtai nabl e product may f i nstance have

1sopwnb1dcqwlpound ased incthe methodaofithe pmggtmm‘@nuon, where required. The term

isoB GRS AR En 5 S5 b B S LB R o st o
1sop¥éﬁ@"hn§t"\’6r ﬁ@I@:H&taM%ﬁlsbbﬂ%% units) WitHeht 1 i8préfoid 36@Po@Y at least one
t he surFr|S|ng finding that an intranolecul ar

isoprepe | unifatas alepicéed Bbae) of if aesesto fyripadlyd atc taplotvr isoprenp aunits - are

acyclf ek St A R0 B o BFEPRoFE iRt FRENuRe B totows:

process according to_the present invention includes
reacting an i soprenofRd—coffpound with an acet al
initiator under conditions\sufficient to formthe
mul tiple ring conpound. 421 _The term "i soprenoid”
is derived fromthe nanme of2the nsatu&ated branched
hydr ocar bon i sopreneR thyl- 1, Btadiene An
i soprenoi d conmpound i ncludes so call ed |soprene

withu@i Bedng deSi,vOd N, rRIs,i S0 ot anke:ldden atmtne@é; R® |and|Rf‘ame ihdwpendently

numperi ng of the carbon atons of isaoprene.
selegtedriram th@ EUAUP conpisEReEO% ) AlihptiG cavl%hn?éﬂ&saéam%c S, arylaliphatic, and

aryl@%fid'aﬁ ﬁatﬁgééﬁﬁgpgé %nﬁy&f)c L éﬁg syN& fégf»éctl% afiPhatic, cycloahphatlc

I"'Sopr enol d use et hod of the present
arormahmeaﬂyladlphatutmr zn'y]'cgqlualnlﬁumc Thoaiptie typicallyopraemeindchain length of 1to

o PR £ 5T S e R G B ntue

0 to laBOR B orbtbing (. Wat&ﬁmmhmfﬂeﬁﬁ&hm&b 6€1888d! §8methe group N, O, S,
| east one isoprene unit (as depicted above) - if

Se apd &c,elmpreno;@) icemppyndst witle slich ackeliq mejstien areupirtiaplarlypyuitable for the
meﬂ?o%yo ljg?énﬂr*v gum§uch an acyclic isoprene unit
yprc y

i nc €S ‘one double bond as follows: with G

g 32&1% s re gardl\&l emﬁﬁsc?‘?f nord t’hﬂ SR8 hefdis? Tso RbludR moieties

are 1 n epen ect fromthe group
in whivhsths metigylafe gloup itha hmbomi, toogachomedtomntidoe.i Z pf #opieae (e above), is

l.ali t|c and, aryl.cycl hat rou g.
rep ?ﬁ‘?é e aé‘?lBu?S’s?S‘ aSA% és &Za%n bﬁﬁﬁgﬂ} ?@m bf P,or in which the
respEMfeQfle SMARE dfisoprene includes a heteroatom. This fact is indicated by the moiety

G in above representation of an isoprenoid unit. In embodiments where moiety G is a

methylene group (i.e. unsubstituted carbon, -CH,-), an isoprenoid unit may be depicted as:

with Ré, R® and R? as defined above. As also explained below, the term “isoprenoid unit”
refers to any configuration and/or conformation of bonds or centers of the respective unit,
alone or when viewed within the entire isoprenoid compound used in the method of the

invention.
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aromatic, arylaliphatic or arylcycloaliphatic group is

typically of a main chain length of 1 to about 10, to
W@b@anrs or to about 20 carbon atons. Each of PRESGZORM00055

may for exanple include O toyabout 3 heteroatons (i.e

atons that differ fromcarbon), selected fromthe grou

up
NIOU4] s Wigre arplussfity pkisgpieas vaite snprossid SV i f TEgRetive soprenoid
oY ey b 55 ARLULEM Sty MLy i i I
typibdleemlﬁrdmémtsmxﬁltbm aiethadnof theainversio, tier Boprent swits of the 1sopren01d

i n des_.nojeties in which the neth rou
comae 5 ERPBOHRETR (OB SEHh ésarf%% ﬁ{ifé@vwg%qes pg Tsoprenoid
QG BB BehctileOm é&ﬁéa% f2 oblth foFefolR 1
com&:@fiﬁ en a?])gm or P, %r in \iﬁi h t he rgspectlve Si d0 wing geneta
fornmylas WIa) (Vﬂljpﬁ’\éln)eandr(éilldlhes a heter oatom This fact is
indicated by the noiety G in above representahi-on of
an i sopreno unit. I n enbodi ments wherenngeﬂ| é}ls a
met hyl ene grpgup (i.e. unsubstituted carb s%‘ )
I SqQpren uryl t may depi ct Wt h and R
(Xéa)de%l_ngg a Q_Aswﬁsa.L%) xpﬁ%”}]ed belfowC +h€ FEm— C—
i sopfen@i d unit to any conflgur%%hon and/ormlnm
conf or on of bondgmor centers of the respective

unit, alone or when viewed within the entire
i soprenoi d conpound used in the nmethod of theyw

i nvention. [ 4] Were a plurality of |sopr% _ﬁlts
IS present n a respective isoprenoid c

t hey may b ctIy connect ed to eac élg H-)—
(Vq@o T (Vi) y pi n%ntg 2
‘T e we |on the |soprene unitg of
t he |sopren0|d compound aPe dlrectly connect ed ?D ea?h
other. As a fewillustrative exanples, an isopre d

conmpound may i nclude a structure as represented by one
Whe@émto;‘lﬁldf sgimzfoﬁﬁﬁlhﬁwm agé (eId) refsp&’cﬁUél?,Sal(e\zﬁna)ltegél\/ﬁ'bx)lﬂ to about 6,
I¢c) an s in formu
sucf( R exweglsé?@e very, G domals a‘( layEryeo la?g%teg@@é‘fe @d 8i, O, N,
h
P, SS 4! %1a§ hglgﬁerﬁ ?@ffp Wlé& gehéhbfér thré regﬁécﬁvé Q{%ﬁﬂﬂé @ofé&e/ ’bP)in isoprenoid
con@ohmi oggrbeatfotire Eﬁﬁm&-)&mﬁhﬁ Zaﬁoise)conﬁ@mampadnellmrenmd compound

doubl e bond ](P) fspan opr eﬁ?'&%ﬁv%&%%%&:? CNl 1%‘}'%31101(1 cgmpound of two

MayECHDY KU S Stigsy A
isopr&foRd @AM ¢ha ?qmaamd SR ueR bs Yeﬁf@deh&ﬂ%gfimé%llbw&igt ned$ formulas
an illustrafive exanple, an isoprenoid conpound of two
(VIe) and (VIf):
Rb ?C
|
CH2 CHo

(VIe) pa_ e — _ _ —t =l — _ __pd
R CH2 C=CH CH2 CH:2 C=CH CH2 CH2 R

1 2 3 4 1 2 3 4

in which the numberings of the carbon atoms of each isoprenoid unit (cf. above) are indicated

in italic letters below the respective carbon atoms of the isoprenoid compound, and:
R° R®

4 R
(VIf) AN X7
3 3
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i soprenoid units may include a structure as
represented by the follow ng general fornulas (Vle)
wae@70¥719 : Rb Rc in which the nunberings of tPE€I/8G2M0TN00055
atons of each isoprenoid unigt (cf. above) are
indigated in italic | ettersc&jl ow the respecti
[

whegeit Fontoafonig Brmule (e padhdiVaD wap bl 4 aiphatic, cycloaliphatic,
f j i I A48 ;
amnﬁ%‘l&g%%:g i Eiﬁ@%ﬁ%ﬂéﬂa%%g%ﬁﬁ.&é- Pl 3‘,&"“**’;@* functiondl
grougr Ehe oHRALE B’ noay far gkayole datlugdhAtio abgutBubetéroaigmsei.e. atoms that
. h%rdroc%gb I Fr%‘;%é’ a fu t'boga% rgﬂp. heEgch’rgi’of Ratm;n
differ roRy Oy S oA TRBR e e e oo B AubE Adererive bigiana eroup
may(be §- heldSUxE hg&ﬁ)kyﬁ,l ffiqr, {91 cabon)-, shiR61 galidd- OBmidde, imido-,
“group N"O 'S, Se and Si. A respective functional
az1d((“z:|-|2l dngansyaltm, gotjahog emo-mlttpsgczwlfo-; m:l?or,, sw},@pglnd:r, silyl-group. If
rboxyl -, aNO-_ 4 i m no- .. o-,. im.da-, azido- oy
any e 35, hors ahal 6, Rbelfufto alivfey greloptitafe, abheff gytatiphatic, or
aryl$éldalif@atic %Hiét%ni’tythey @days hisy | in6lu@¥ Pothér§ palay, ®hepdlir, saturated or
nore of Ra to Rd are an aliphatic, cycloaliphatic,
unsaguratedt grovpsarip¢luding Har iesample an ppepc Brsabi grh@ittp cabest &t heteroatoms

selesid iP5 LA P BN 5UBESG  oups! i nci i ng Tor exampl e
fa ﬂ)gﬁgf)ﬁin g}&g%gtnﬁéd'%eﬁt%@ae%gg%ﬁlgoigsg&%g at 1}@3}( ﬁee lggﬁtg eggneral formula

(Vigghbodi ments the isoprenoid conpound may be of the
general fornmula (VIg): RS R23 R4-C= C R6 R4 and R5

arge an., ndepepgentd yoselect edgal phapi
o) odR AR REONZE REC L RASRITREI0 o3t p22%2 R

e S denas s el bt mber il T L

cycl oal i ghatic, aromatil P rlyl al i phat i|c,q rl |
aryl cycl bl ilghati c noi éty, hél ogen, athydr dkyl - group, H
a thiol-group, a sel eno-grqug, ~a carboxyl -group, an_ = |

R* aadiRroarg rapuipdengndenttyrselseisd mlipbatica sy eloaliphetip  arematic, arylaliphatic, or

ml%%%@%%t%ﬂ %?oi%ﬂ ég% 2:1?/5;(1)% %&é?&fgu g{,ﬁ gﬁﬁlﬁ??ga?é Pac?u %}degendently selected
aliptiitic] @gclogliphafic, aromatit,oagtatiphatiy, ontparyicysloafiplctic gmoiepy, mlogen, a
hydroxyl-group, aAthiol-group, a seleno-group, a carboxyl-group, an amino-group, an imino-
group, an amido-group, an imido-group, an azido-group, a diazo-group, a cyano-group, an
isocyano-group, a nitro-group, a nitroso-group, a sulfo-group group, a sulfido-group, a
sulfonyl-group or a silyl-group. A respective aliphatic, cycloaliphatic, arorﬁatic, arylaliphatic
or arylcycloaliphatic group is typically of a main chain length of 1 to about 10, to about 15 or
to about 20 carbon atoms. Each of R4, R5 and R20 to R33 may for example include O to about
3, such as one or two, heteroatoms selected from the group N, O, S, Se and Si. P, q and r are
an independently selected integer between 0 and about 4. R is a terminating moiety, which
may be H, an aliphatic, cycloaliphatic, aromatic, arylaliphatic, or arylcycloaliphatic moiety
(e.g. a hydrocarbyl group), typically with a main chain of a length of 1 to about 10, to about

15 or to about 20 carbon atoms, or a functional group (see also below).

[0046] In some embodiments the isoprenoid compound may be of the general formula

(VI
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sul fonyl -group or a silyl-group. A respective
al i phatic, cycloaliphatic, aromatic, arylaliphatic or
wa@eoroyhoal | phatic group is typically of a nmaP@I/8GzI0M000055
length of 1 to about 10, toodabout 15 or to about 20
carbon atons. Each of R4, R5 and R20 to R33 may for
exappl e include 0 to ap@0t 3, such as one 21 wo,
het %rﬁoatorrs sel ected fromthe group N, O Si Se and
F)

gJ.IP, gand r gre an ||nde enden el ect d_i nt eger 6
Roet keeCld —akd >z~ CRE G %‘F | i GrioT e CHo
which may be H, 'an aliphati c cycl ®al i phati c, q

As déﬁf(ﬁt hlmve;alR}?P adnidpRat iagg aﬁ)r1ndupphdgtxt]lyos&1d_:qnd§thtahphmi eysloaliphatic,

dr byl I th )
arone% ﬁ‘ﬂgﬁl afign 8{ RTAedl o#la?l%ﬂ&o%{%w(i% L%sg%cmgyri@gkﬁrgrpm a thiol-
f -
iR, GRR0R BAETE, oty % CHAEHty OF Bk oth o amin
groupy Ia:paumb gnwpbm afmddqgrogp,nm tohidb-egromy, san( azido- ggupl,ea disgo-group, a
at_)ove Rﬁu are an inde endergt |y sel ec. 16
cyang-gtfibe 3 O%Y%? ggﬂ% A £5O8Y 2007 ST AR L LR &FP U by F%gTOBP’ a sulto-
grou’ﬂ ﬁIYOJ aaﬁwgﬁiupca@ﬁlf&mgrml @QﬁS}L- R ahmxwgfdmpg [REUAd RS are an

| group, a Sel eno-group, a dithiane group

mde@amdmﬂy selgeted: phplsatl@acmddph@m awmaéw, airyl akiphatinu or a@&pycloahphatlc
mmgltgl ee gfsg l’tpe’lo sg)%ctgveo Rlﬁ)phaﬁg %cga%lp%t?cu parorﬁgtlc arylaliphatic or

roup, gr oup

aryléiﬁlcml:l‘phzitﬁr Soap rQof R‘hll}% ®REY anubR@t)ow pypicallyi dff agmgmocmm length of 1 to
nitroso-gr a sulfo roup,

aboug; 10; 6%91931&1&3@ {osaba ;28 caghion ptipp. &%@%&4 RRS g g1 may for
a@gl‘glngaavdemﬂﬁ)oﬁﬁq?ﬁ‘ Bgﬁéro%%n?scstefééteal ﬁd}H d §roup N 0, S, Se and Si. P and q

atic, aromatic, arylaliphatic
are @ ndeyendently phectédintrgerbstweere aacﬂ gbotied. Bw)ls a perminating moiety (see
bel tlve)allphatlc cycl oal i phatic, aronmatic,
eo&?@’? Yic or arylcycloaliphatic group (of R4, RS,

Y LEs ek i‘ﬁng eigbatibRnt et Hpieae TRinboShT iy bE APl Shert formuia

(vilrach of R4, R5, R20 and R2 1 may for exanple include O
to about 3 hetgroatons selected fromthe group N, O
S, Se and Si.RP and g are an i nd |p‘&dently sel ect ed
i nt eger bet4vveén 0 and aboyt is_a term natigg

moi ety (s&beITklor Gt |d s~ 0T 1 GHs

enbodi ments the isoprenoi corrpound may be o mt he

Whegegﬂ?r[ Al 19{(%# Be % 2iahd %(?Lﬁ Sagudgxn&sefgf" ExANPI¥RER oil 48Rt and RS are

exanpl e or 4. R4 and are
indepatiznn delattb&' ahplhaémt eytladliphdtit aromaties hayddlipbhita, ioc prylcycloallphatlc
mmgtge%r{gtgl ghygrro%llr%y grrc])%fa)l, (t:yplc v[n}ﬁlm g){&llir? %Lelug taI lgngfh of 1 to about 20
carbon atoms. R* and R® may also include other polar, non-polar, saturated or unsaturated
groups. R* and R® may for example include 0 to about 3 heteroatoms (i.e. atoms that differ
from carbon) selected from the group N, O, S, Se and Si. R® is a terminating moiety, which
may be H, an aliphatic, cycloaliphatic, aromatic, arylaliphatic, or arylcycloaliphatic moiety
(e.g. a hydrocarbyl group), typically with a main chain of a length of 1 to about 10, to about
15 or to about 20 carbon atoms, or a functional group. A respective functional group may be
a halogen, hydroxyl-, thiol-, dithiane-, seleno-, carboxyl-, amino-, imino-, amido-, imido-,
carbonyl-, carboxyl-, azido-, diazo-, cyano-, isocyano-, thiocyano-, nitro-, nitroso-, sulfo-,

sulfido-, a sulfonyl- (e.g. a trifluoromethyl sulfonyl- p-toluenesulfonyl, bromobenzene-
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noi eties (e.g. a hydrocarbyl group), typically with a

mai n chain of a length of 1 to about 20 carbon atons.
wR4ooae77R5 nay al so i ncl ude ot her pol ar, non- pPCEBG2007/000055

saturated or unsaturated gr@@ps R4 and R5 may for

exanpl e include O to about heteroatoqs e. atons
sulfopyila mitgnbeneanesul iy apibe myethasesalionyl} ¢ & Y’haeSllj'fleuar filoxgygroup. If

1s§:n a?ﬁh?t?cd ﬁél?algﬁﬁaﬁg‘ ?&Jnﬁgﬁﬁlg{ﬁg éc?g)'r chc%ﬂlﬁﬂaﬁ@%oﬁ?y it may

also Bclldalokln @blac, noanod?erryd;aﬁmiedaalr upseirated rgmlmsmn(zmdmg far example an

hydr ocar byl up), typically th a.main c
ePOXY B ObP te D8 Gisterdioms e 018 1 EOBD Ap S8 and Si. As

tyi fof e
oeISEON, BTl el RSN Aol b S RECPRRILYE |
an

d[pnb{i}(; ﬁre gnxiquoprgxgo?%oxy%ﬁ&unda@ﬁ%gﬂ ex%ﬂ‘lgizegf_%, c@g%%%ral formula
(VIIa)socyano- th| ocyano-, nitro-, nitroso-, sulfo-,

sul fdo-, a sulf&yl- (e.g. a trifluoronet hyl sul f onyl -

p-toluenesulfon |, bropobenzenesyl f onyl ,
nitrobenzen s1u NOF eR-GsuI fonyl) , a
silyl-, sil or siloxy-group. mif*R6 is an

al i phati c, cycl oal i phatic, aromatic, arylaliphatic, or
whereinyR tp®° cat giadias ahoveetye, fot formylas(¥ks) amt (VB ot her
pol ar, non-polar, saturated or unsaturated groups,

|[|00419.]d| Tige febm Gmh@h}iﬂcé meamsp oxdgsg oihapvies sitadp aatiight 3r branched
o S ARG oL A E 88 oy Bt S SR and incude
heterdRRHs (See TUIGH). 2% hiRhtueMad Riighalc gE&@%htaﬁlg @RNEGhéré louble and/or

|sopren0| d conpound may for exanple be of the general

triplé bondd falkenyl 2y : allingt sraietivg). t Bherbraaekesdef ihebydocabeny ehain may
mclu%g?ﬁneﬁac{hafng raweﬂsas (n\éhea?roﬁgtgz‘t é%é?i\%:\}elseéﬂeglgg?‘ ﬁg}&r&:%ﬂﬁ clﬁam which

means, unl es a strail
may, hnhéaﬂbﬂféﬁﬁsbysﬂdted‘,abebmf aﬂyalengtm\hindhc(mb@m btmys atmbert eﬂ branches.

Typigalse oRBRyea R GRSR SHAR BUOET o s 10 HE 505 40 ferbon stoms.
Exarﬂﬂgs Qf AMMnG1 dRublie a?é‘gfrﬁrghttéﬂaﬁ{ Sr hpafdhied %Iyl‘iﬁfé)ﬂboﬁrradlcals which

Ki nyl noi et Ies). The branches of the hydrocarbon
contgihaing qrat}aoxendﬂulvbﬁsbbmdﬁie adkenyhiradicads nogndllyaeontain about two to about

non- tic ycllcee t y |
v PR AP AEe oo PR ROSARR SRR ou o
aboud fch wmmatﬂnﬁﬁmmmﬁiubﬁ béutdanikwas] radieile abinyallyt dmtam about two

T TR TR
ten c%&l?ogﬁ&tﬁﬂfs?%d 6R& 18 ol ARE AR Y ASATP AR daftdine Adight-chain or

branched hydrocarbon radicals which contain one or more triple bonds. Examples of alkyl

groups are methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, the n isomers
of these radicals, isopropyl, isobutyl, isopentyl, sec-butyl, tert-butyl, neopentyl, 3,3-dimethyl-
butyl. Both the main chain as well as the branches may furthermore contain heteroatoms as

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

[0050] The term "alicyclic" means, unless otherwise stated, a non-aromatic cyclic
moiety (e.g. hydrocarbon moiety), which may be saturated or mono-or poly-unsaturated. The
cyclic hydrocarbon moiety may also include fused cyclic ring systems such as decalin and

may also be substituted with non-aromatic cyclic as well as chain elements. The main chain
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contain one or nore double bonds. Al kenyl radicals
normal |y contain about two to about twenty carbon

war@m®oamd one or nore, for instance two, doubPE&r/RGEHEFN00055
such as about two to about tjgn carbon atons, and one
doubl e bond. Al kynyl radicals nornmally contain about

of tHeV¥ycli® hdebirbbRidiety &Rk DOfeqt ANEWIRGhtABE berofnmy ¢engtlobnd contain
exanple two, triple bonds, such as two to teﬂ9%ar bon
I

any apehet obpen-aieeatiecyplic prshebairelamantss Typicallkythg hydrocarbon (main)
. ' t+al - i s .

i 583,35 18 B4R P 5RL L HEBRAG S o

includeabypd & nof limiitky to, gyleopentyl; eyctshdxyl, cyelohgptyl, pr opstboctyl. Both the

bytyl, pentyl, hexyl, heptyl, octyl qnyl., .decyl, the
ST A NI .
conthiﬁ%?é%éfblﬁls SRCoPHHsthee NEO, SPYE Yk Si, NRARGR N atom may ltaeh geplaced by

3, 3-di met hyl butyl. Both the main chain as well as th
thesbriztabatsmsaylheuterie f‘atinyeli¢ormisai mdhatesr epelaatieenyk meieties that are
I nst ance,.N, S, Se ar..Si_or carbon. at.0 be . .
unsep el daalin Y FipetoRe B EsHEel] GBS THAT (B © sbout cight ring
carbof bio®C fdr €xaiBR Tive of Bixa sty QLR WoHe SfcddaebnyPradicals typically have

non-aromatic cyclic noiety (e.g. hydrocarbon noi et

a dovle bandrin thp sespaetive ainadysemabiieloalkend rydicalsaey irawéage substituted.
The cyclic hydrocarbon noiety may al so i nclude fused _
ciFIL Thegtesys{'aamatielc Hmeansd sudéss n otheevigaystaliedo apelanar cyclic

substit ut. j -Non:-a [ [ | ' .
BB P 0 A SR B iy L g o
multigle efayedray cotHl‘éxﬁl?Sl#%teﬁ%f?ﬁ@ dostrdmple, De3adr 4arfiisddetiggdh The term

nupher . of n

and contain a n-aromatic cycli¢ and
aromaig AkSOgnElEfY allieg midayy. tRaH _ ar(ﬁ%ﬁl_) Gﬁﬁmrﬁwlufles % 6,7 or
8 mAR%hGin AGhy %X?gnegclzycfe. FRamPles 0f hcBnidRitids Sltfidd, BHOHE nblimited to,

one cycl e. es of such noieties include, but are

cyloowentddienyl,e dphenyl, c yiapthabamyly , [t9lenmhensd(1.3 8yi9-ehdpdgeapentaenyl-),
R S S LA AL e s .

benzophél@thi@icd. A0 kanplehelt & alkyRAFE, mafkty Brbénagh dheandin dBain of the

S, Se or, SI, or a carbon atom nay be replaced by these .
cyclisdsdrepatnmsmoirtiemay: Hales othgiise staiglshe ph emoge@gﬁi and contain any

numﬁ ¥1g b %e{%g@f&méfomﬁ gc%%'eﬁlsfaﬁéé N’};@ C%l{]&ts at lﬂx%gﬂes CHChich heteroaromatic

ydr ocar bons, gener a ain about three to
moegies (whadhgire knpwy te dhdpersen skibled fim theeariniprladé,i tug ave ngf kmited to,

w053 S AR e po

quinb¥£V19a4 irfo@iﬁ&lc,adpﬁndﬁﬁ}inillﬁ, indbRy1-DBestimilylt, Uirdhzolyl-, oxazolyl-,
[0051] The term "aromatic" means, unless otherw se .
oxoningt.cQkepinyhl bengexenjeyls ezepiaylochiapsylweelereping-, thioninyl-, azecinyl-

(aza?ﬁc@%»%é%%&eﬁ%eﬂﬁ%l € (f?&%gﬁ:iyl-,vmi %c%)ﬂd@cfecg-l,%i,ﬂg,b,el lr-ljx&g,el‘fér—Sﬁ-diyl-,

azozinyl-, diazocinyl-, benzazocinyl-, azecinyl-, azaundecinyl-, thia[ll]annulenyl-,

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

[0052] By the term "arylaliphatic" is meant a hydrocarbon moiety, in which one or
more aromatic moieties are substituted with one or more aliphatic groups. Thus the term
"arylaliphatic" also includes hydrocarbon moieties, in which two or more aryl groups are
connected via one or more aliphatic chain or chains of any length, for instance a methylene
group. Typically, the hydrocarbon (main) chain includes 5, 6, 7 or 8 main chain atoms in

each ring of the aromatic moiety. Examples of arylaliphatic moieties include, but are not
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mul tiple fused or covalently linked rings, for

exanple, 2, 3 or 4 fused rings. The termaromatic al so
wo p@neEs9 al kyl aryl . Typically, the hydrocar boPCT/86200)/000055

chain includes 5, 6, 7 or 8 min chain atons in one

cycl e. Exanpl es of .such noieties include, but are not

11m1jce'dm tb eflett§l-n! %Mé}%ntlaﬂllﬁémillenmﬁéﬂzené‘ apidoptdpRinthracene, 1,2,3-
10] annul én 3,5, 7, 9-cycl odecapent aenyl -)

tnmpm -benzane phenyl -g3-Antsoileoly (7= chl;@ﬁeaa(ﬂen@hyleﬂlyl) -quinoline, 3-heptyl-

pe then hryse e
furay R e e el P B S Tt icthytiso
qumoﬁnaenzyl The main chain of the cyclic hydrocarbon

noi ety may, unless otherw se stated, be of any |length
aqs8pNEAL ofiitie MatiRERlipliatittt ClRQEITS "ardmafior and Sﬁl@hﬂ?l@hatw" as
N, O and S. Exampl es of such heteroaromatic noeit

used, bprpishisapeant Toupchids bofh splytifead srd (ynsebstipted, @rmStc)f the respective
moi tﬂ \.Ldﬂs e]@_tétmggtl%h 8%&%%}1@‘8%? hars;fo ?%p'le but not limited to, amino,

amido)t hmads ht:arbbley'lylcaxbopylg |yl 1spcyapb; ahtia[anc, dalogenh,i hydrpxyl, nitro,

oqui nalin ui ngxal i n dol
oz dgqggvgbor?% et 911(1 yoﬁuifpnﬂ Bl ftfigeyano, trifluoromethyl
sulf&??,p :En%lueneﬁ@f%ﬁglx e&bﬂ%ﬁenzeﬁ@s%ﬁbﬂ?’ll -nitrbhrSPiedMlfonyl, and methane-
sel ‘enepi nyl i oni nyl -, azeC|nyf
sulfcélwiacycl odecapent aenyl -), di azeci nyl -
azacycl ododeca-1 | | -hexaene- -diyl-, azozinyl-
d{G05dLi With , repedz iz dloé rophfiguratierciafy the, dauble nbimﬁs nyllchlded in the

isopBg?gg%/ I%I%]\}ngle gl}fg% n}gyGeXést f@ Z:[Zanﬁ o ;eﬁwﬁgu&tlons In the method of the

preskiitl BRAAHGT RIS etptentid @bmpéund[ I 2incRidet dithet @fnhese configurations.
‘aryl al i phatic" is meant afhédrocarbon noi ety, in

Reggydiash ofnide oponfigpeatign aifedqublaybprds esluded @ ithetisenreanid Compound
| t e

i 1 B PRI B5O5 UGS LMo LR, o

fornvition fof tavwaulbipleninge canydungr As;an 1ﬁuﬂraum epanpld, wh@remméorumla (VIla)

aliphatic cha or _chai a en

mm = s i IO L ERPPOES G SRRy BELAHR foheykpibBies o dhe present
invehflBh:n) chain includes 5, 6, 7 or 8 main chain atons in

each ring of the ayomatic noiety. Exanples of

aryl al i phatic moiRties inclyde, but ar notlinited, to

1- et hyl - napht hal

9-i sopropyl ant joir

4- phenyl - 2- Uﬁben S

chl or o- 3- (I-nethylethyl) qU|noI|ne 3- heptyl furan,

6-[2- (2, 5-di et hyl phenyl ) et hyl ] - 4-et hyl - qui nazol i ne or,

7,8-dibuty| 5, 6- mgﬁkwl-isoquinoline. [O Egch of

the terns allphatlc "alicyclic", " R and

"aryl aliphatic" a used hereifn is neant|ito include

bot h substi tut

respective

As already indicated above, the term “isoprenoid compound” as used herein, thus refers to all

respective isomers of for instance general formulas (VIa) to (VIe) or general formula (VII).
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noi ety. Substituents ny be any functional group, as
for exanple, but not limted to, am no, am do, azido,
w@aoopooyh9 car boxyl, cyano, isocyano, dithi anePCT/SG2007/000055

hal ogen, hydroxyl, nitro, onganonetal, organoboron,

seleno, silyl, silano, sulfonyl, thio, thiocyano,

t [0055]UOAS r@tfhbthers Wihfsebtte e&aﬁlﬁley dnesothd amodiments the isoprenoid

br onobenzenesul fonyl , nitrobenzenesul fonyl, and
compastniane&ihe gensyal forows VI t h regard to t he

configuration of the double bonds inckuded in the

i soprenoid corrpound these may exist A n Z- and/or

E-configurations. hi PH@ met hod ¢ e present
invention the i pren i d coppoung i ncl ude either
of these -confildyr@itijoks— t he

configuration of doubl e bondls included in the
i soprenoi d conpound, carrying out the process
suchd §& dtatPld oF deferaPfoRS@RL(VIIIYEeNnt i on results in a
cyclisation and formation of a nultlple ri ng conpound.
As an illustrative exanple, wher®/in formula (Vila) m
= 2, the follow hg conpounds are lequally well suited
for the purposeg of | the pregsent Wention: As al ready
i ndi cat ed above, i conpound" as
used herein, th ) psfjective isonmers of
for instance general forrrullas (M) to (Vle) or
general fornmula (VI1).[0055] As a further illustrative
wheRKAHR & intdpeSBER e D add BERT fnalyibe selofRd Fdh theCQBP umlsung of H,
is of the general formula (VII1): such as for_exanple
aliphgtic.g eyeloalipliagie marameatis,| Iaﬁylahl?ha%ﬁerf’@idn apylp¥clegliphatie ggioups  (e.g.
e Yof s
hydrggatﬁﬁ\ﬁ S@' an‘%s?ng z:ft Z a(%fPaC Cy@fa tq}glg%‘téhga%ﬁy% about 15 or
aboud Ly lcadbbp Iaaﬁns; an@ﬁﬁyalﬁqlhdhy@ t(mhlou'pm heﬁemagmmm«eo(ml fyom the group N,

hydr o arb gr qups |caII of a
O, S} gngthSbR maxal é‘bb‘%ﬁ‘ @c?tfl a et c‘%ﬂSB‘Bﬁ‘“’d groups.
As aﬁté Plea RileRBY = NGhe 'f’s%pfént)f?i 'im& id8h ﬁfo‘i’l?eftfémimethyl 3-pentenyl-
el fromthé group N5 O, S, Se and Si.

Compdwd sumdl asd2-nestind £5-plasdnyt-2 -mnwn@wmnncslaAbaﬁtmc@dN@r %{3501 90-5), 1-

meﬂ}yi-gg(t Hhha%s gﬁrggx%ahb?%zeg% (G FxpsHASE R sTos-27.B, 2-(4-methyl-

-peﬂteﬁﬁ‘}-%ﬁéno? (PS-RRY 1887008MY) 08 Ye-@sthyl-3-pentenyl)-anisole (CAS-No.
2- met hyl - 5- phenyl - 2- pent ene (Chem cal Abstracts No,
45868958 - a5€}1rthqr_ expEN G| where 2 ek e 1 cgﬁgmyomhsewe aromatic

[(3E5-%€mn%ﬂ'lyl-€‘?75-ﬁ(§rﬁﬁ &yﬁpcon'é)%%d% 2telP) as Zrddh- i]@-'iiﬂﬁ!ethyl- 9-phenyl-2,6-
nonadiene (CAS-No. 22555-66-4), 1-[(3E)-4,8-dimethyl-3,7-nonadienyl]-4-methyl-benzene
(CAS-No. 405506-88-9), 1-[(3E)-4,8-dimethyl-3,7-nonadienyl]-3-methoxy-benzene (Chemical
Abstracts No. 38011-81-3), 1-[(3E)-4,8-dimethyl—3,77npnadienyl]-4-(1-methylethyl)-benzene
(CAS-No 405506-89-0), 1-[(3E)-4,8-dimethyl-3,7-nonadienyl]-3-methyl-benzene (CAS-No
57293-25-1), 2-[(3E)-4,8-dimethyl-3,7-nonadienyl]-5,6-dimethoxy-3-methyl-1,4-benzenediol
(CAS-No 216225-99-9), (E)-4-(4,8-dimethyl-3,7-nonadienyl)-1-methoxy-2-methyl-benzene
(CAS-No 79243-47-3), (E)-4-(4,3-dimethyl-3,7-nonadienyl)-benzoic acid ethyl ester (CAS-
No 50793-34-5), (E)-4-(4,8-dimethyl-3,7-nonadienyl)-1,2-dimethoxy-benzene (CAS-No
106625-40-5), 4-[(3E)-4,8-dimethyl-3,7-nonadienyl]-phenol (CAS-No 331233-75-1), (E)-4-
(4,8-dimethyl-3,7-nonadienyl)-benzonitrile (CAS-No 58928-98-61), 4-(4,8-dimethyl-3,7-
nonadienyl)-N,N-dimethyl-benzenamine (CAS-No 58928-94-2) or 1-[(3E)-4,8-dimethyl-3,7-
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3- pent enyl ) - phenol (CAS-No. 143700-87-2) or
p- (4- met hyl - 3- pentenyl ) - ani sol e (CAS-No. 4586-91-8).
w@\00a/09111e her exanpl e, where n = 2, the isoprePOl/8G2007/000055
conpound is an aronmatic
[ (3E) -4, 8-di et hyl -3, 7-nonadi enyl ] - conpound, such_as
nonatdnqhbyﬂ Zsﬁ?d[(aﬂmphegylhﬁﬁlmyl-B@yﬁ-benmﬂﬁd| EHS-NeasING 15-78-5).  In
555
mbP 1rn(e§}:s)w e%% b5 metP%yﬁOP’Eﬁ?n‘?ldn%’ﬁn mé% )1/s1 Tn %omau% ﬁ 8’b% r%:gnféw’chyl -3,7,11-
tridechifien coxﬁﬁ&ﬁﬁlﬁ -s88h %)s [(3E,7E)-4,8,12-trimethyl-3,7 11—tr1decatneny1]-benzene

(CABEH 330650 et ind (3g§%§%d88ﬁ£é)methylrﬁe5 D e Ee I benzene
(CAS B‘E‘% 3@%1560%(%2) i % égtgaéKeég&gﬁ? emilet3E, 7ived B batiuin-3,7,11-

mddé:g}gﬁ%%-bg%ﬁggl(%mfN03697mm3)emﬂ 1 -Bethdt 1B ELE) 268 &2-trimethyl-
3,7, H-{ridgeafrien WW%W% Ne @éﬁ%.%ﬁ 82001 R mggplse (g ansaligyelic or

oy SIS st

(CASHén2E2td 0{66A5- No 79243 47-3),

(E)-4-(4, 8-di met hyl -3, 7-nonadi enyl ) - benzoi ¢ aci d et hyl

efs6] ( ChSNsopréhddB-cddhpbpnd may be synthesized according to any method

( EZ;n (t]@-_g(agttﬁléglfge g%/;lrajfl(ye Ao ed Iae];?a){laghum ca’tgllygéadt Qgﬁ(p)fmg reactlon for
exa.né%le (chf‘?n? éll?lh%&@ataﬂd' ﬁeﬂzyﬁ@ nadbend | had2ienely 6EAMMyed (see e.g.
Rosdlds, 8~ détrmbt .ﬁ)@r-gS Chemo(@@ﬂl)e&@ 116 b h2)nThe isperenadSompound may also

be 0ﬁ892§ %{9 2/%11?@_1 4 8 o m%%h%sf S %g rﬂnﬁléooe'%%mcludmg a recombinant

micro8idfis ﬁ)} @(ample yeast or E. coli expressmg enzymes of an isoprenoid
(3E) - 48d|methl-37nonad|en [2-[(2
bmsmr%ws babivar §ject syl Nb NG, CoReebeb1 s 5. Ghenipe) Biology

2008 geplg ywhere n = 3, the isoprenoid conpound is an
( ?%rat’ 0%58 12-trinethyl-3,7,11tridecatrienyl)-

Na, veH&dtioR Seaction according to the present invention may be performed in
[EMB?];E) 1%8 12-trimethy -35%5 [ -tfh decatri enyl ]yber11)ze

the prese@@ﬁ\gf ma‘ea@ssde sgmeaa)mbodlments the cyclisation reaction is catalysed by an

R T N T S AT ——

Brodstedlt Jci- ineIuﬁan‘B&thzﬁéM 1fimitddylo; Griflic3dcid, CF3SO3H, fluorosulfonic acid,

4,8,12-trinmethy] -3 7II tr ecatrie -
FSO@E&\SW%W?SBL%ZP@) Mg#SO3H, I romethlangs%ltlomcbealglzden%C13SO3H

hydljobef'ﬁ% dchl, [}ﬁﬁlE cﬁlcﬁlclgclarH@?t {?M’luorc%cgtlcl a01d CF3CO,H, and bis-
tridecatri en enzene ('CAS- No 331233-82- 0) . ?QS may

(mﬂabmneftmd&nal)lmﬂeJ (I(@Fgﬁ“OgiQNHaxt ic bri dge such as for
exanple in
| [QOS3EE) &Bﬂandﬁedmcfr@/i&ﬂeccanmmédh@riy rqpahlgpiftanting apa proton donor. A
CA 372510+ 00 T i
Lol ophmban 35 Luaen Rl HFich TR AR F 8 PRE Hf Hhctrons and
formd Becodfdinatécotdlent! bosslt Hﬂtdeiot@meetﬁlb”ﬁﬂlmenta thallleddl weid is an inorganic
cat al ysed, coupling reactiagn, for_exanple of

an
Leway aqilhA| suifable devas eifl 292y forapeginls be ferivféniromean ggment of Group
IImthgﬁﬂoélﬁeleab?e 8f Elements, titanium, tin, antimony, tantalum, thenium, iron or

zinc. Examples of an inorganic Lewis acid include, but are not limited to, AgBFs, Alls, AlF;,
AICl;, AlBr3, Al,Os, AsCls, Asls, AsFs, AsBr;, BFs;, BCl;, BBr3, Bl;, CaO, CoBr,, CoCl,,
CoF,, Col,, Co(NOs3),, CuCly, CuF,, Culp, Cu(NOs3),, GaFs, GaCls, GaBrs, Galz, InFs, InCls,
InBr3, FeCls, FeBrs, Fels, FeFs, FeCly, FeBr,, Felp, FeF,, LiClO4, NiCly, MgCl,, Mgh, Mgh,,
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Rosales, V., et al., J. Og. Chem (2002) 67,
1167-1170). The isoprenoid conmpound nay al so be
w@bdoaiopEde f rom a synthesi s i nvolving the use oPCESG2007/000055
m croorgani sm including a rigconbi nant m croorgani sm
for exanple yeast or E. coli expressing enzynes of an
MgBI\? ONB@I&ON&TBIQI Nﬁmytm@?mﬂp@hnﬁ@y)z,(p@@ Ee@zm,@mlg SbFs, Sbls, SbBr;,
Keaslin . Nat ur € Chemi cal Bi ol og

SbCls26b; Sbirs1 51 Cley A5 EHES $1@3J5’7§HB¥4£§I¢,¢1|4,9%11L40$|UE4eééBﬁoWlF% TiClL,
TiBACERASHEL 8 R SRENE bV EAC] AT, EFLSETRY o By frthr

ESENEE 0
exarfiples los at duitabledastis atidi :may atrak BBy SkR,, Bl $Meé), BF;-SMe;, BBr;-

Mo oFo- @R bl Chi TR Bhatart e el Offtc Mo G MEBrs-OBt,
Etzﬁg i E{Aﬁ%otzd(bm% ?(tg% ! Llhf(d)'r*} C(l)leP@gm 2 gtchoz)ZCO AgOTH,

dor os onic met ainesu

Al(QERC He((ﬂ'ff)@hl(hl(@?ﬁﬁi,hﬁmé@mf)ﬁ oM y(Ca )30, In(UTHHCBI(OTH)s, Er(OTi),

Lu @ S Der NdgrHe °°'ﬂtﬁhkr%éf‘§ﬂ AOTHS PrOTDs, Tm(OTH;,
Sc(dATﬂ%;r fslﬂeefrwes}ﬂ@ﬁ? sirqr»m' M %W%W(Oﬂfﬂoé%obalt (1)

nstedt acid i s a compoun i's capabl e of

triflafet |ca@altas(Ué pasylaten 2)z&lmewmeaoﬁlﬁ itrsﬂaéae,c PR néII) tosylate,

(b, YIS P g R FERANE A5 P sy v

usedCﬁbﬁ@blnlrﬂ!I’(B geiinireNt SofpRx LtBwvest, 86dtdas zSc@ﬁpllefd Wlﬂlaznbh?enol (including
Lewis acid. A suitable Lewws acid may for exanpl e be
an affepy\Rhgneh.omcarboBicerich sucd a@%ﬁ aeld, Anther g goepstggaifer instance,

whe;r[ %ghﬁd ?érclgh%rg%%{ns ;uc%n'cats ulnfé gﬁlg?é@ Gd PP usell Emfn%&r WY desirable to

dn 1norganic Lew s
coma:cﬁ ﬁielcwclhmmeagdmmntaraa aﬁmmnliunmhh)dlde@theﬁ\gaﬁplex/ﬁoluble In a common
AlClL.3. AlBr3, .A Asl| 3, AsF3, AsBr.3,

Solvgﬁswh%uoé b2fgp eonapits Becrort B atpiiapienoR fomPREidy As o furher

eNEBa7, be @esiredt to@dga éa@éhg Le®ls(dMd3 kelch 4stHoden Hdodide, in the form
Br3, Gal3, InF3 InBr3, Fed 3, FeBr3, Fel3,

of aF‘é’FEPIG?FéQWEOWe‘Bﬂh . gz@pzethﬂe Edesiredy) o1 expgupiesin qygey fp, achieve or

ol SR o g i QT Wt i s

provﬁhﬂ ﬁs, thStfbﬁn dSbBedmplen Gith aShird] c@np@yndSmBmwhichSiirekample atoms
'th ]E 11434 SnB{E4 thI F4, Tid 4, TiBr4, Tid 2,
°°mﬂe§n§ &18y1p aci qEg parrpf g Chisgl gemter. 7, oz 2. ZnF2

B few further exa Ies of a -
C OS5y e thretia dems (St b fegpivator and
the ERMI9st. EBActil-of ﬁﬁtrgspeE&i\?eAbﬁl oditlé\lngyzbe 043fk@ Ot dmultaneously or
Ml 2- OEt 2, MgF2- CEt 2, Br 2- CEt 2,
stepwise. As an illustrative example, the isoprenoid compound may be provided first and
thereafter contacted with the acetal initiator and the catalyst, for instance by first adding the

acetal and thereafter the catalyst, or vice versa.

[0060] A cyclisation process according to an embodiment of the present invention, in
which an isoprenoid compound of the general formula (VId) (see above) is reacted, results in
the formation of a multiple ring compound. The multiple ring compound is at least a bicyclic
ring system, of which one ring generally is a 2,2-dimethylcyclohexane ring. In embodiments
where the isoprenoid compound-is of general formula (VII) (see above), the cyclisation process

of the present invention can accordingly be depicted by the following general scheme (I):
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Et2AlCl, EtAIC 2, Zn(QAc)2, B(C6Fg)3, Ti (O Pr&4, or

Zn( QAc) 2, (CH3CO2) 2Co, AgOrf, Al (Orf)3, Ce(OTf)4,
w@oa09y729 Eu(OTf) 3, Dy(Orf)3, In(Orf)3, Ho(OMP¢BSG2007/000055

Er (Orf)3, Lu(OrIf)3, Yb(OTf) 3, Nd(OTf)3, GJ(OrIf) 3,

Lu(Orf)3, La(Orf)3, Pr(Orf)3, Tn(OTf)3, Sc(Orf)3,

Sn(Orf) 2, Sn(g¥f)4, Sn(Orf)3, HLOIf)4, Y(Orf)3 and

Zn(Orf)2 or cpbalt (11) triflate, cobal t (1)

t osyl at e, gCHBCOR) 2C Q_%WI‘ Db t_\,eﬂ @opper
(1) tosyﬁgte,%%z i Zwi_&elc%ll)dl-??rh{llaate, and
nickel (11) tosylate. Ar ective Lews acid may be
used alone or in the for a conpl ex thereof, such
as a conmplex with a phenol (including an al koxy
phenol ), a carbonic aci g su¢h as acetic acid, an ether
or an ester. For insta 5 end%mlid cyclising
agent, such as al uRi#um chllori'de,™'s to be used, it
may be desirable to conyg?t |[the cyclising agent into
an al um nium chl ori de- et her Yyconpl ex soluble in a

af t ey exanple, it my
be desired to use a gaseq Wi s @a¢i d, such as boron
trifluoride, in thes¥or \conpl £x conmpound wi t h
e.g. an ether. |f dest N exefple in order to
achi eve or inprove star os~|egtivity (see al so bel ow
inthis regard), a reéﬁ@%ﬂfVR Lewis acid may be
provided in the formof a cogggex with a chira
conpound, in which for exanﬂ atons conpl exi ng the
Lewis acid are part of a chiral center. [0059]

wheTRjmpiin sgeingral Hfermwgle pKEnBiid aoekivhatid, icxcledinhatic @g amylahiphatic bridge
the acet initiator. and th al yst n i f .
cont LB ot Ghded Ao for Bl o GBS WdHsf completing»
non&fdﬁdtfo&ﬁ@ﬁﬁi a9 ﬁncﬁﬁ@_mémp&) abdat ﬁﬂieﬂefdaltbtﬁhsf. Ad f_iaﬁ:hgr explained below,
exanpl e, the isoprenojd cqnpound nmay, be provided first
abovendh Bivelegter e bt i S Ky K e Hidspendep ﬁ‘g%?t frgpcfhe group

con%%glgmaﬁggﬁi% réy'?l{?afiﬂﬁtti@ n&%mlaﬁc,fe{rﬁ_%}i% | DS %&%gﬁi%ﬁaﬁc groups

e catal yst, or Vic ver sa.
(e.gdyuracedtyl groyps bhetimckide Ortal abapt 8 drctamoatons d¢laeied from thgroup N, O,

5. SPRET SE R obRLfor el R BanBgO LR e pBRERRL Iy Yhains of or

exalﬁﬁl% wbbst 1 Fo bkt flordEhi dRinGfarknraidrak et abbhgfot expayRs). R' and R?
The multiple ring compound is at |least a _bicyclic rin

mayssor inphnde pthih pelar, sie-nolasgsagasfed o pysafuraigd groups. Typically R’ and R?
havéa friatl SREDYE & YSHBNEX PR aBduR'S; to! dboBIPR Db TR S or to about 20 carbon

atoms. In typical examples of this embodiment the reaction product includes a decalin ring

system, in particular a 2-substituted trimethyl-1,1,4a-decahydronaphthalene compound, such
as a 2-substituted 1,1,4a,8a-tetramethyl-tetradecahydro-phenanthrene compound (including a
Podocarpane derivative), a 2-substituted 1,1,4a-trimethyl-1,2,3,4,4a,9,10,10a-octahydro-
phenanthrene compound, or a 7-substituted 6,6,9a-trimethyl-dodecahydro-1H-benzindene

compound.

[0061] As a further illustration, where the isoprenoid compound is of the general
formula (VIg) (see above), the process of the present invention can be depicted by the

following general scheme (II):
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where the isoprenoid conmpound is of general formula

(VI1) (see above), the cyclisation process of the
w@e@3m9719 nventi on can accordi ngly be depi ct edP@I/SGEH®7/000055

follow ng general scheme (I)pAVII) (XII) wherein in

general formula Xl E is an aliphatic, cycloaliphatic

?52:“ o '3232‘%4 oS f’”tﬁa'énR'zgch Rin ithsyﬁg PR
ti t t 0
4t§np e rpg Irlgrpbagtrpnapc r);ﬂgtlja&acl;t mhy, i g u F |up (|; 6

R above, A| electedfr ? S and Se| qdeZare |y
i ndependgnt Iy sel ectedH onHt he groupHconsHsting of H
al i phatic, cycloaliphatic omatic, arylaliphatic,

and aryl cycl oal i phatic grgﬂg (e.g. hydrocar byl
groups) that include O to about 3 heteroatons sel ected
fromthe group N, O SpgBe gnd Si. Rl and R2 may for
exanpl e be or inclyde Ainean orgbsgnched al kyl chains
of for exanple ab5hr‘< tqo alout 10 mai n chai n carbon
atons (see above for e aﬁpl ). Rand R may al so
i ncl ude ot her polar, non-polfar, saturated or
unsaturated groups. Typically RL and R2 have a main
chain of a length of 1 to apiut ? to about 10, to
about 15 or to about 2Q carp R% In typica
exanpl es of this enbog 4 reaction pr oduct
i ncludes a decalin ring
2-substituted trinmethyp3 decaE dr onapht hal ene
conpound, such as gal2-
l,1,4a, 8a-tetranet ) lre- phenant hr ene
conpound (including a Podoc. pane derivative), a
2-substituted |, 1, 4a- prénefhps 1,2,3 ,4,4a,9, 10,1
Ca-octahydrophenanthrene conﬂ%und, or a 7-substituted
6, 6, 9a-tri net hyl - dodecahydr@lg)} benzndene conpound.
[0061] As a further illustration, where the isoprenoid
wheegirpadlabloves imfgetérel demardalXMoEmid gejerblgforfmie Xibpe)an aliphatic,

pr.ocess of. 1 he sent | nvent
eyl RS 5] FolRHLR e RERGT CORHEMRE EPTY: { Pgfoiiy gioon atoms (for
exaﬁ’i@l‘ér 8idd6 @&b@i@@’t’cﬁnd)nc&ﬁ fLﬁ‘é afﬁn%bﬁaﬁ@ ingBhb'md@Redlade 0 up to
fornula Xlilgis ana % I phat’i c or 6 vl v 22
abouty hekéropmums 6, BH Ry &% Bt B hindgh b dur? 2d o oo Vi RS, R2L R
and %\QS_bRBB’ %g QL a %Q—rr, are as defined above.

[0062] The terminating moiety RS can virtually be any moiety that does not interfere

with the cyclisation reaction, meaning its purpose is to simply provide the needed fourth
valency to the terminal carbon atom of the respective isoprenoid unit. The terminating moiety
R® can thus either be a single atom such as a hydrogen atom or alternatively it can be a
functional group or moiety. In case R® in formula (VI) is hydrogen, and p and q are both 1,
then the isoprene compound used in the cyclisation reaction could, for example, be 2,6,10-
trimethyl-2,6,10-dodecatriene (CAS-No. 7681-88-1), including for instance (E,E)-2,6,10-
trimethyl-2,6,10-dodecatriene  (CAS-No. 3899-18-1) or (Z,72)-2,6,10-trimethyl-2,6,10-
dodecatriene (CAS-No. 63223-71-2).

[0063] The terminating moiety R® may not be structurally included into a ring of the

multiple ring compound during the cyclisation process. In such embodiments, moiety RS may

still be present in unaltered form in the multiple ring compound formed during the process of
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exanple, 5 or 6 carbon atons), conpleting a

non-aromatic ring that may include O up to about 2
whedgnoaions. A Rl, R2, R4, R5, R20 and R23- PR2BSGmI7/000055

in formula ViIg R6, R2 1, R 38 and R26- R33, as well as

p - r, are as defined above. [0062] The term nating

the iffGdrtion (138, 3 @rdﬁubﬁ) Rk 4 dgsicta ay illmiretive éxaatplaobsichah embodiment,
interfere wth the cyclisatign. egction,

in wiGh 8 419 T0BGR RS\ HPD 0 e R Ao RR” B ol BHERS is OAC
t

ey} 1551 AR g OB b ASERe ot o b evpcte

remain tthelranged durdigngtyelisdtiom psoesss aftha invedtioy diwatespactive examples are

l.ternativel |tcnbe func |onal rou r _noiLety. ..
@2ftargey g ombpfil G- oy 1 Sidharto erpuid, Ry T alfaf o which the
term®a8inB et is taﬁ%ﬁnﬁJlgrduﬁ O ERR- Egizm@lm%lza@ﬂxmﬁethﬂez 6,10,14,18,22-
cyclisation reaction could, fofr exanple, be

tetramsahexa@ye-124@101 Gearepivnd tik.i lenéln(:luksm ofpgnd 818m1150rmu1a (VI) is 5,

o pre it yT 2o BB ES S R oo 1) or
6@%@1 7§§ 10 L Bl%l%ﬁlv#}{' ea%%o H#O&f{é) ?% g@ﬁgﬁépaéc[\ﬁ  Generally,

termBfating &ﬁtﬁét&@' biythk Rediétsl@stoiwHich RO hasﬂgan@formbd? Ha thiefbe present in a
ring ound during the cycllsatlon process. _In su

ch
cyclisnpistiohehe snulfiple cing rempeyndses [iustrated iaskaigyre i (n which RS is 3-
h
bronﬁ%ﬁe&%ﬁ}%ﬂgfl gaErfoa‘Cﬁeeg%ﬁ o,]?rte cﬁ%ﬂt% il f&z«ﬁﬁm}l oy b H%j 0), where the
pheryt @aowgt Formisimgrt &f thepding System iof [ths tmdticyekic qmaiq;rt eAondther example,

wheig & I6BL R FaRoRbBergmiaing o R DRt 41 dhe Fing gt Sy multcyclic
prodB6t isShORE 6 F5ELEQ 0 contpotind 158)HAEND dndrd BE for@X@TPVBSrdf, and the

termnating nbieties that can be expected to renain

cthylene isenvged ﬂmiemmgatalgdy@lptys(ﬁiz@n_: FFD deimeorppratgdeinto the five membered

ring, (]%Vf%] t%agg r’%}é% éém Sﬁrgcﬁ (((;1; t!hg eter‘ﬁﬁ eagka}?{?enaoigw dis (:100}1%111‘1‘61’11‘,1}’ converted

into h@oubilezbonit) I)‘lgaIB depligts yleﬂtwmﬁmma mmmmﬁmfm@aﬁn)g plojety that is in

part (BoPD S 1eio7 e TaliBle s, eXuRRI furigethe yslisatign ppocess. In these

embbﬁh{e?@soﬁﬁhl%ﬁﬁﬁﬂﬁné n%ﬂ‘et?' i9l3- éﬁﬁﬂ@@yﬂﬁ’eﬂﬁfl I-But\éHJ4C§'l taﬁ@ 2-hydroxy-
sum of p and fornula ( , q

prOPS)-, rpspem‘raiﬁ ( rsé tm)r . nﬁmrdn geanﬁﬁnetqsepicéedg 0 Whlch an ethyloxy-part

beco ersta I?a%t ({qﬁcg ug y% %)?s egli‘ll mrQIWl R r}n%r @{ﬁ)oﬁﬁ({i Y[n%lllesr%sﬁe%lﬁ@e compound

reac ion:.
(13)tthe Nahat bhg infoghila RVI) & 1tdnd ﬂielxenue bflt]QSVﬁJIA:ﬂibtﬁérha&mple of a
transforned, may then he present cyclic part

of
terminging, Reieh @ nartn@f Whish dt dposRorpted diprihe Gutiple rigpampeund, is 2-
oxo;(rbﬁylv\,’“ﬁs%ﬂovgﬁ ih §‘1g3'5. An oxoethyl-part of this moiety is incorporated into the ring

system of the cyclisation product in form of an oxyethylenyl-part. In the respective
compound (23) both p and 1 in formula (VI) are 1, while in compound (26) p in formula (VI)
is 1 and q is 0). Other examples can be found in Fig. 10. The benzyl part of R® (including the
phenyl ring thereof) in form of methoxyphenyl-methyl-moieties, as in (E,E)-12-(3-
methoxyphenyl)-5,6,9-trimethyl-5,9-dodecadienoic acid (compound G in Fig. 10, in which
each p and q in formula (VI) is 1) or (E,E)-2-(3-methoxyphenyl)-5,6,9-trimethyl-5,9-
dodecadienal (compound D, not falling under formula (VI)), can for instance be expected to

be included into the ring system of the multiple ring compound. In (E,E)-4,5,8,9-tetramethyl-
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br omophenyl net hyl - and benzyl -, respectively, pin
formula (VI) is 1 and g is 0), where the phenyl group

wo oot of the ring system of the nulti cycP€T/SG2007/000055
product. Another exanple, where at least a part of the
term nating group is part of the ring systemof the

1, 12naigﬁ¢r@mlg -Godecadied-1 uzdﬁiﬂev(feompoxﬁidg) ifot fAllin€ QAR folinula (VI)) R6
each p and g .in formula (VI) are 1, and the

is leqwlv@ @Yéﬁglﬁﬁe@fylt 16 vaichi 'ili‘ﬁt P¥Rgthyiipattycanche expest§d jtg become
e BERCRIRE e FURpIL Gl KRR b KISy of EE D)
3,7,11s1 5cOnpantareethily2, Gnﬁ,\lé,ﬂ §-ettosapentaana o woide (doarpbundiNg, 1r8 Wthh p in

formyi 679 5 K 1S Oy S it S B Re Bepeftt 51y B s pigpenyl-part

in tHe'n'Pch ERAR QA He @kﬁe‘cﬂﬁ tb B&:o?ﬂ%ah@@ﬂth@ﬁmﬂip% 888 cothPodnaese
nbodi nents the ternminating noiety i's

3[d@¥;§f OX¥amy I@tdiéﬁﬁcfedlln% 90~ ¢F-bhpodfEs, in which the terminating moiety
2- hydroxypr -, respectively (flrst two vs. third
can beexpected tddpi entlws) incofpoydtiéccintatheanilyiblexingeomipauad,care for instance

B LY TS L1 A1 R P —

B withigicH @radl q’in( }ﬂﬁnulas(\ﬁl) aefhgtd)ein/ Hhich RS 1s0I2Jaﬁ111£bethy1- (E,E)-5,9,13-
Anot her exa of a termnatin noi ety, aﬁgart

of

trimofylcth 8i12-tets pmea@ -ddfhioh(compeundrd, in mhe:hr rewfEdadermula (VI)

] r yl.-

o F RT3 oSS TSR R Y 3 hamat-

4,8 IQIJBS,@@Ldbd:csapermenpr-oﬂ(laompmmd H; Whafe each p and q in formula (VI) are 2), in
I'n the respective conpound (23)

qug]gﬁlstpyé)’ﬁﬁx’ingﬁ ormula (VI) are | 5 while in conpound
(ﬁ}g')éﬁlo Ié\r;&fggra Q bp&é}?\éa frqlﬁg ﬁ}]éga%gg d-ﬁf%l %.;éwg;ﬁ € plqnagjpns below in

embbin{dnfC lwdidn 96tfaen&hﬁe&1pofawaglﬁt8 ech@qm s@u&%%fothe multiple ring
met hoxyphenyl - met hyl -noieties, as in SE) - 12-( 3-

compreuritlo ’yip tesmynaying ngoietyt o1 themttyamg mmdb@dms éransfornaesd, ¢ generally

bouéd(:) tro% Orlaillé] 8{/% IIﬂ%l't:llg% %@O‘a’—_}gl} gt ?salg)ﬁ (’ggc%/ fﬂft# Q% such a ring. The
pres&iteDridbsemichufl a hlethyldledakagh maab témﬁﬁﬁﬁig’hdoiaﬁl Rétof the isoprenoid
falling under forpula (VI)), can for

com@sz'ﬁ@@taéofwf sxppieriligente prithe meﬁlqsnSHggs%f gh? Sfa(Vie) or VI

oV bl ARy AdtBiATRE AR ik bf that ring within the multipl duct, which
e ety [ i e puifple g prouct, whic

cames fHemgietyn 8 (Qrdhp mmcty Finto rwinclﬁ RO\ tias gramif@emed dnreaibadiments where

VI
the {syiering ety RY 1,8 DbYerioRd, BRBREIA hiovRies o 1Pl methylenc-

linkdgdat @ elnh@olﬁﬂéh&ldﬂirﬁ?t (Bﬂ the 1§fgﬂéﬂéiﬂ1 Gomphiend eHentyiibdtivf process typically
noi et]ﬁ/tgpi (Z ESE5E)- 3,7 | 515, 19-pentanethyl-2,6
8

yields1y rigp conmpeBRd, 4o HtIch wid Hng ConHRd A dn MrOXImitye meiety RO or

the IBofty into which RO has transformed) is a six-membered ring. In embodiments where no

such methylene-linkage is present in the isoprenoid compound a different ring size such as
for instance a five-membered ring will typically be obtained. It is however noted in this
regard that in some embodiments moiety R6 is included into a ring of the multiple ring

compound formed during the process of the invention (see also below).

[0067] Cyclisation reactions of isoprenoid compounds occur in various biosynthesis
routes, such as the biosynthesis of cholesterol. Similar cyclisation reactions have been used in

the laboratory. Both the biosynthesis and conventional acid catalysed cyclisation reactions
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formula (M) is 1 and qis 0) is
(2)-3-nethyl-crotonoic acid-4-yl- 5 of which the
w@e@pemye part in the main chain can be expectdI/862007/000055
beconme part of the multiplei ng conpound. [0065]
Exanpl es depicted in Fig. 10 of conmpounds, in which
are tHoeglitetonadeat knN@g tmisahtipacale] hedidupeat thed doubledoadd of éleyisoprenoid

corporated into the mul ple ri ound, are for
compﬂ%rtd; ?f&éxm@esﬂ@cqréﬁglte ghe 15? 19Wlﬂ.ﬁsﬂ°{i s ath:
7, 21-pentanet hyl -4, 8, 12, 16520-docosarentaen-| -am ne

(conpound;B with each p and gin formula, (VI) being
2), in which R6 is 2-am noethyl-, (E E)-p, 9, 13-

trinme s “tetrridecatri ene-1 - » (ﬁ?
in ich each p and q in_forgia (V [
R6 ils~% vei il - 5 (4E, 8E, 12F..

516E)-5, 9, 43, 17, 21-pent anet hyl -
4,8,12, 16, 20- docosapent aen-1-ol (conmpound [H, where
each p and q in formula (VI) are , 1nwhich Ris
2-hydroxyethyl -. [0066] As can also be taken fromthe

enbodi ments where R6 iy [ corpo ated into the ring
structure of thep D] enfound, this
term nati ng noi ¢ e noiety into mhlch it has
transforned, i¢g J-Botmgit o a ring of the
mul tiple ring conpound or it is located in vicinity
to such a ring. The presence or absence of a

ne: | i nka erm.natin

with eI eim e s B deRendeply sEoiey arpateh oy B ool s, Cz/ﬁ%ahphaﬂc
arori@iceiryREphdi; Bsid h1dyelontbiagic Mk (L. Md}aca?m\gam s).

generally detern1nes the ring size of that ring mnt
t [Wo681! WiRle8hE FABHM Méstynﬂié'ﬁ‘s kbR & ?olicﬁea B@Ac%&Md B@chamsm
or the noiety into R6 has transforned
expesininiil rdatet shomh drag tha m—w@\omem%mnn@; cydisetign mctwns fedlow a stepwise
commou rovi des

mech%?‘ﬁ?;l"@% Ié;%l%r&g 918 etnge(gﬁtef Smp}zvhﬁgl %1 E}%:g}%ecﬁ? tCﬁltlomC centre is planar.

Accordtpty; Rom@oei¥poith BothtHrend - tdrgigui0ion pan egsalyt beaxngsibyed in vitro.
yields a multiple ring ¢conmpound, in which said ring

Smce pesmathed of Hw&rssanmrtvyn%l wellué@sw FeSPESHive H@CIFFBP?%/ reapfiop. it can be
und b6 1H3PrdAdEn V\ﬁrﬁﬁ? ﬁ Pt dBRBRAURE dfithWisopne unit may

enbodi nment s ere no suc yl ene-T1nkage is present
be emplayred. ltsisprovayied notedpibain dvlaleohh& frespenmve realgtug mwleubshincludes a

Plansrb{eaﬁ}?@qcen TS RutelrEITREERT PV e’} o oPisRl f, Pl The
ﬁ%ﬂi@loﬁmb bRk BeHdetiM (RS réastaht &lalytBerefdit AetertintOthefenantiomer

nultiple ri r{g
produced. Those skilled in the art will in this regard appreciate that the acetal initiator used in

the method of the present invention may also determine the enantiomer produced in the

cyclisation reaction (see below and e.g. Fig. 16 or 23A).

[0069] If a catalyst such as an acid is used, the cyclisation process according to the
present invention accordingly includes contacting the isoprenoid compound with a respective
catalyst. As already indicated above, the cyclisation process furthermore includes contacting
the isoprenoid compound with an initiator. The initiator may for example be of the general

formula (II):
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conmpound fornmed during the process of the invention
(see also below). [0067] Cyclisation reactions of
w0 s@peried d conpounds occur in various bi osynt PEESE2007/000055
routes, such as the biosyntigsis of chol esterol.
Simlar cyclisation reactions have been used in the
| aboratory. Both the biosynt hpsiRéand conventi ona
acid catal ysed cyclisation rgactionsare thought to
occur as a transantipam& addi tion at the double
bonds of the isoprenoid conmpund, for exanple
according to the follow ng sd&eﬁ%R{lll): with Re and
Rf being any i ndependently sel ected group such as H or
wheedin phand B avsy tidepdndpntdy iselectad deterotams selprtad ifiimt@,cS and Se. The

i PR RSN B3] AT P LREBE A P B D58ty L R na w0
are fndepAbnilyPsdledtédBom RNEEHS B6hsTaRmB T afifhatt REIoABFHafL, aromatic,
data show that the in-vitro perfornmed cyclisation

arylalipheti¢.cmd arplcydoaliphetie gwiups (rchydroearbyli gtoups)i 4y of R' - R® may

e QO RRLTARPS R, bR Dbl ARSI GRS S B s

hetedoasind scietted frem tﬁél?ro@ﬁ Mad,)s, 3. @d1¥i.opgscadlly R t RYhave a main chain
Since the nethod of the present invention includes a 3
of afdengeof 1 Je abaut |10sghaub S o abeyt @9, carhoncatemp Eachdes & gadfor R” may
r _2
e GHE 510 I P AL LU IR B0 SURAOURLE 1t hout 10
maih okl esirbonathst Aaly, acetal bempdiady 6 paeadtion preduxt ofign alcohol and an
nol ecul e i ncl udes a pl.anar reaction centre, the entire
aldehyfice Mgy doT¥SEPMRE e émg?é’r?ﬁ?flt HEEMO8ari |y be achiral .
The configuration of the double bonds in the reactant
nEl07Ph e Ast Broeillpstralive Frammes, énteapiciie Rcgirb aeraBepndTRgy de of the
gene?ﬁlifohﬁﬁ’iaé:n the art will in this regard appreciate that
the acetal initiator used in the nmethod of the present
invention ngy g8 so determ ne the enantdomE® produced

in the, cyclisation reaction (see pelof and e.g. Fig.
(s orR . [0069] If aotdBedl ystr as an acid is
used, the clisation process accordi to the present

i nvention accaordi ngly includes contactaﬁg t he
I soprenoid conmpound with a respective catalyst. As

Exafble8 afymbiedeCbethaghivfioe RPhand RE ihdedd, ®at preogstslsmited to, methyl-,
furthernore i ncludes contacting the isoprenoid i
cthyle fpsomd-> wi-tsthytethyd:, o-butyl-, 1’??1%113(11%0?3’%{ ngtayiosogyl-, 1,1-dimethyl-

ety A e R B R DO, B A 2 S roms
1,2-@nzeticyBepyl] Bemethylbirgl-o i -etylpapyhy &, 2dinyethdpapyhylgeyl, 1-methyl-
pent?lf ei—?rlle’thy?petntt]}ifl? %gnelgﬁlylpeg{yl,a4-srr?eltﬁ}rllggn%}§lt, all, 1 -dﬁnléthﬁ%u%/ﬂd 1 E?’dimethyl-
butyl, 1,3-dimethylbutyl, 2,2-dimethylbutyl, 2,3-dimethylbutyl, 3,3-dimethylbutyl, 1-
ethylbutyl, 2-ethylbutyl, 1,1,2-trimethylpropyl, 1,2,2-trimethylpropyl, 1-ethyl-1-methylpro-

pyl, 1-ethyl-2-methylpropyl, n-heptyl and n-octyl. In some embodiments R> and R® are
identical. In such embodiments a respective acetal compound may for instance be of the

general formulas

OR? SeR?

SR?
am R— , v R—~X ., o W R1—<
2 SR? 2

OR SeR
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are independently selected fromthe group consisting

of aliphatic, cycloaliphatic, aromatic, arylaliphatic,
wapa7asyheycl oal i phatic groups (e.g. hydrocar bR€T/SG2007/000055

groups). Any of Rl - R3 may & so i ncl ude ot her poI ar

non-pel ar, _sat ur.at ed unsat ur at ed groups,
whegeip R st R3 Fe BRI PIREREY st Sl Fom S tgr@lpg Fsaﬂf Rig %5 aliphatic,

C}’Cﬂ%&h}ﬁ?&tl@n%éhatl(;r Y BiyEdibhticRland %ylgﬁgcr?ah Bout i e, Qf h¥drocarbyl

t o "about " 10, "about "1 0 carbo
grombﬂmt irchote (Ro, abRu’ahhﬁenoat@nmela‘ctﬂd feora i grobeNo O, S, Se and Si. As

| ude J»i near, or br hed al hai ns of for | e
noteg SOVET KR ot T8 o o it i G Bt KA Bhdkas of for
exaﬁﬁ%t ﬁiou@‘l"’t@%&ﬁ 10 m8in &afnec"h%drpé?coﬁ% Qé@é%o@é fcﬁ%x@in@[&@P'Rl and R*

and an al dehyde, may for exanple be used in th

maypa:l@csmtudle rwlmtpplm nopa@m; sataratedor mm;aiwatedtgrws Typlcally R' and R?

hav g E R R g AR e YT RS o FBRELTE PRk Falo it fpon atoms.

Exaﬁﬁ%lé!;ﬂff aﬁ%cétﬁpd)fq@ﬁnul@ 'QIII) heude) tbu’c br@nbf—‘ﬂmﬁt@d tdY’irhdthyl benzoyl acetal
ethyl -, n- , 1-met h%al‘ et hy

t
(CAB- Nt SR | 13-dhetborgr atomsy | (CAS N - S g, el Tpropytidenc-
bls({l]xﬁgﬁ;hﬁe?ﬂﬁi%—rgg%%{é b;&éb&‘q tﬁ%ydol ovr \ yl[BlS(Z methylpropoxy)methyl]-

bendend- (dJA(&—%\]Ey:SFJB@w 9),39-(@&11@&5&11;%&1) hénaﬁﬂﬂMidO(m&JNo 94650-46-1),
I e ro
1B bORIT BT A4 e bosrs, (CAS N R L Ui or p-anisaldehyde di-

tert-i)’ gyl gl:cmat t]dy glﬁ&’ |323%4 %82 nﬁ)t(a ﬁlgﬁ{)g ’thmacetal of formula (IV) include,

utyl
but 21&’3 nat ﬂ]ta‘hfeyll tbutly]l-b1s®tlﬁlltﬁldmtayﬂe bi@AS-Nol-3383-hgihutl yFhis(ethylthio)-

propgng (BASNrer 267 0-8h b 41 et eyt (CAS-No. 32931-12-
7, ber?ztaméhyé’e nghﬁéﬂé%hl (PAS9Q. y‘/33a.nﬂ ST) Qﬂd i[i 2-Vidtme@YRhio)ethyl]-

enbodi nent s are identical
benzemp (AN s1 862 9pDc Examaplas of alselemmp@tamf ﬁqayulhcﬁIV) include, but are

not {3l B8l et PRIfE AR b AR RS A BB fa o), [1,1-

bls(ﬁbtl'@lbaldnﬁ)peﬁMQ]Lm&brWl FCAS,N&r QunsTTo6-ay,yl aLblg(hmtyls@Leno) heptane

| cycl | h d b
(CAG ot Bk Pt 5 l%séﬁémﬁl‘se@g’m% o Nge petie3p-5), 1,1

@h&ﬂ)@ﬂ% gggexgl@rpy(?%l Oél% 51;&;@%%@ Phea g%)r anc % 9&5 and L.1-

bis[(haethylatliyljselenekapdne  §BABINA ﬂ039§7(168ﬂ 8)10]11maomec hmbo\dlments the
see abov for e

.car ato les). Rl and TR :
moigies Ry ARG ErigEnaP b dm ASHERLPEp RO 5 PERRING) B the following
genéfals@hﬁ{lgt(gq groups. Typi cal | y Rl and R2

2¢

in which again R' is selected from the group consisting of aliphatic, cycloaliphatic, aromatic,

arylaliphatic, and arylcycloaliphatic groups (e.g. hydrocarbyl groups), that includes O to
about 3 heteroatoms selected from the group N, O, S, Se and Si (see above). A and B are
independently selected heteroatoms selected from O, S and Se. D is an aliphatic,

cycloaliphatic or arylaliphatic bridge containing 1 to about 12 carbon atoms, such as 1 to
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have a main chain of a length of 1 to about, to about

10, to about 15 or to 20 carbon atons. Exanples of an
waecavap77ed forrmula (I11) include, but are not PCTBGH®7/000055

to, dinethyl benzoyl acetal 28CAS- No. 66822-20-6),

1, b No, 3658- . .
aboyt 1, 31 G B33 B 80T AEDR PG PRbletiag Adiqu-aromatic ring that

mch(c@Q@‘tB'@boﬁ@&ﬁ@ergétoﬂ% [ bi s(2- et hyl propoxy) met hyl | -
benzene (CAS-No. 87343-69-9),

9[({0@}!1Ft ﬁﬁféémﬁhgﬁ/dh)ve re@l%'ﬁﬁﬁ% R aNRruCleRSwhid: a 9&95&1@%1‘1@;& are a 1,3-

- (di et hoxynet hyl) 5-trinet hyl - benzene
dloxﬁmﬂﬁmwe), a b3- chomessmlud@m/d@d @il éfduoxepamg‘str\m@ataExamPles of a

resp. (‘gﬁ/ﬁu?c‘fta(l %; rggﬁ% g(l) irEIH :bg% r‘?g% r}a by gﬁ(f %%a& (?—methylethyl) 1,3-
dlo)dola!ne tqca(serymassl)s) @ﬁl@dﬂ?l—( %ymm&mm 636-51-6), 2-cyclohexyl-

|s&é® | t |o% CAS- No. 7282-08- 8)l
1,3- dm Fd¥o. 36 éﬁti)b@r@rmﬁ*byk&bpwnyl()@ﬂ:wl ,3-dioxolane (CAS-

No. 35%@55%22% DS LIGHE, ORSIYS, STRITE° b i AR oropy-1.3-

dlox(aﬁ‘e!\%CAIS-NdﬁéﬁﬂZ)QOl@- @) 2- IEp@rml Bdioakna (GABM&&EDZA4 3f 2-pentyl-1,3-
| ude, but are not limte

dionepist SCASTN JaneRtoy st hgh(},szsh%qmz Wit susiB ieslis. (CAS-No.
9651273(5%\%4}1\!0&&&-121%9&}152 dj{?*&)%ﬂ?‘((g et hyI se e%lﬂx }%&t%gﬁea respective

thiofe@aboNrmuQB@y inclifie1hyt are not 11m1ted to, 2- (phenylmethyl) 1 ,3-dithiane (CAS-
No. éﬁ@%?%)g)i 1 ﬁ' AT Qi3 B "R AL R 56185555 2-(1-methylethyn)-1,3-

| | _
dlﬂdo(a%e’r@ 112‘234/ ogag%ﬁ%@aﬁe ﬁﬁ%@hﬁﬁh@@ﬁh&tﬁym@emm@ne (CAS-No.

6233825 ]8-P), &f%yhamwk@@@m%@w BAEHH050-0), 5-(1,3-dithian-2-yD)-

3.4- &Rg&zwgyx@&e éé‘ r%‘fgi’ﬁ)&;&’??tﬁ 51: nlrﬂ§10 Wl&ﬁ@% (T8-diidR2-y1)-2-

methcﬁppmﬂyphinbmyl-hhnéol (CA8-Ng. g8&fia438-48-Gy, mu(lal -inethylethyl)[3-(1,3-
ai n

aithigp 2ROy g Lo E ey e 88  Ph ket dithicpane

(CA@INJO an yio‘avsds-gyla HREHeRy101, 9Jan§ydé@2g;-béwealgﬁémmAs-No 152656-59-
ggp that i ncl udes” 0 'to about 3 heteroatons
2) grél WP

S arditliepage o(PAREN®, 56566508 SRappiks of a respective

{
R8N o R TS o LSBGP S L 35 AAG0PE- Mt
(CASYNG. 03011780 80-0), ¥-plesnyl-a)3dibeddriane b ARyBoc A84@ON1 31g), 12-tmthyl-1,3-

aisegagt, €8 o 0 2hETTS .o o BRSSO felfgsprol.5)dccane

(CASSNb 359083-b5-4 ?hﬁwzlh'@ﬁrﬂ i miseféﬁégagef(eA%bNHtlo%971 784,
het er oat ons. ree illTustrative exanp es of

s[00a2} uDeringtthe aytksapion tprow@sdh bhel@f the etleerd , tBioether- or selenoether—

bonds to the carbonylic carbon atom (carrying R!) of the acetal is cleaved (see e.g. formulas
(I) and (II) above, see also scheme (VI) below). In embodiments where the acetal is of
formula (II), only the other ether-, thioether- or selenoether-bond becomes incorporated into
the multiple ring compound. In embodiments where an initiator of general formula (II) is
used, the initiator may include different heteroatoms at the respective positions, which are
indicated by “A” and “B” (see above). As an illustrative example, A may be sulphur, while B
may be selenium. In the course of the cyclisation process, either of these two heteroatoms

may be included into the multiple ring compound. Accordingly, two different reaction
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15

di oxol ane structure, a 1, 3-dioxane structure and a

1, 3-di oxepane structure. Exanples of a respective
waeevad7ied formula (1) include, but are not |iPECT/BG2000000055

2-(l-methylethyl)-I,3- dioxg4ane (CAS-No. 822-83-3),

prod%t @Sg{a‘t ch{wqg 11‘1':j Ils% old?a rgétgé (I\%ﬂggg%g&gl}fé%bg@ goduct includes the

hetefoatorn MBbAIEL - £ bkt’eﬁ‘ﬁ/ Fénegalr Remila (13- Shekel 308 &%@Mwn product
69803-72-1), 2- di oxane (CAS- No. " 772-01-

mchzies Zherestérphtprolg d:l)ed b, “B” 1d|ganernla"0('rmotg (m Aﬁ@@ﬂmsnratuea) gxample, a

comgowgﬁPg/ ger}erai fgﬂ?@%g&&ﬁg&%‘@ﬁ%s ﬁgglge% 21Med8$1nclud1ng H) (3E)-4,8-
dlmé‘th(élLl -BhéHyRAERAB; ‘72d1¥ﬁce) (13 (%g 5],% G 'P‘i‘g3I 1)rlﬁa§ @é%sé@ as the isoprenoid

-50-9) and -r heny 3-di oxe rane
compguygl. §&ing an Eﬁ@tnlplr@fgat@t O‘égser@sqdef@nnvle (tllm(é%?c@bwe) dhe two tricyclic

conp 3G oA RSB O RS o, o)

2- phenyl -1, 3- d|th| ol ane ( CAS- No. 5616 55-7),
2- (1 -methyl ethyl)-1,3- dithiolane (CAS-No.
26733-24-4), 2-(l-na rhthal enyl nethyl)-1,

(CAS- No. 623582-18-3), 2-(2-ethoxyet hyI)-I
(CAS- No. 915695-50-0), 5-(I,3-dithian-2-
3, 4-di hydro-2H pyrrole (CAS-No. 127811-8
(1,1-dinmethylethyl)[5-(l, 3-dithian-2- yI

met hoxyphenoxy] di net hyl - SI | ane (BA 2
(I,1-dinmethylethyl)g3- (I,
di t hi an-2-yl ) pheno di mst 2 silane ( 0.
877438- 46-5), cayl -4, 3£ dit hi epape (C‘AS—N_O
117203- 56- 2) R

3-cycl ohex ydr o- 2,BR3benzodi thiepin (
152656 2- propylet—g=di t hi epane_(
885669 npl es of a respective

of form i ncl ude, but are not

2 phenyl -l 3- d| sel enane (CAS-No. 187
2-net hyl -1, 3- di sel enane (CAS-No. 12195 6- 8) ,

8-(I,1-di met hyl et hyl ) -1, 4-di sel erla§|3| ro[ 4. 5] decane
(CAS—No 153909- 93- 4) and 2- hexyl -1, 3-di sel enepane

The perasn Malled 838 € brt Bnhbweb & Qhdly ﬁéﬂicﬂ%{dﬁqmsmcdt k8R b, will mostly

fpr ocess one of the ether-, thioether- or
be fewned; délflhé riblonernsidsration @amj@Wﬁlﬁ:Sc of thepeaspeatiyen leaving groups and

hete o% I 1nc ggﬁntﬁé %%l%)lﬁﬁ al@l 1s cleaved (see e.g.

ormJ ove, see also schene (VI)

?Fq())%\g? OH} 91n§ odi e ﬁe\?h %ﬁe?er%%ﬁ@g t&% acg?al %on&s are 1c|ient1ca1 such
as i RrRRS (1), (BBNAVH 8¢ PV Dnly Rt Re{tRhGtekREMate can occur. Accordingly
only one respective cyclisation product will be obtained. The same applies correspondingly
in embodiments were a semiacetal is selected as the initiator. In such embodiments the

cyclisation process can be depicted by the following scheme V (see also above):

7 Y
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the multiple ring compound. In enbodi nents where an
initiator of general formula (Il) is used, the
WO pooviogt7ey nmay i ncl ude different heteroatons apPCT/k€2007/000055

respective positions, whichoxre indicated by "A" and

"B" (see above). As an illustrative exanple, A may be

sul phur, while B be selenium In the course e
cyclisation process, either of these two heteroatons

may be included into the nultiple ring conpound.

e BB R BB i
ass1§t&fty' @%Scaftahfst he h&di R tPMbaNe bbedloPthe iRpréndideiBpdiind as illustrated

fornul a . Anot hér possible reaction product

in therfollenfing Splhfenm@ﬂbr oatom | abel | ed as "B" in general
formula (I1). As an |IIustrat|ve exanpl e, a conpound
of general fornula (VIII), sch as a
phenyl - substit ut ed (|nc %(BE) 4, 8-
di et hyl - | - phenyl - nona- ne (1) (see also e.g.
Fig. 1) may be usedprd prenoid conpound. Usi ng
an acetal initiator of i m (1) (see
above), the two tricycl REOconpo nd§ picted in the
foll owi ng schene (F\(9ymy \be obtained: The person
skilled in the art can howgver easily predict which
product will be, or wll -d¥ be formed, taking into
consi deration the properties t he respective | eaving

r.O and heteroatons included in .t ce
whefli {9, 50 458057 S HRe’ fecdD Fretim buangeomotete
fornﬁi[la t foe ﬂllfillgfirﬂionb POEHDsE; er\%nﬁﬁg&itiirfgman mgi&bnaﬁl ivAitl Of Nk assoprenoid
comgaﬁl ,@éﬁ rajl @%mﬁl%%ﬁpc&m&ggyéag g A é,(}u@}pebond of the isoprenoid

com@&?rﬂie Gl a?/ Rs@lY & chridd: %Bg@ 'Bg Eh oY n%prgﬁon@ RbALEGH anbBe initiator is

anme applies correspondin ine nts were a
fornsdnmAz aetel abose,stht eyctlsdtuasrdahtaaon fullomataostepwise m@c]mmsm via cationic

SRR 02 OUELL SELE G0, B 06 CA SRt ol
be $OQAF] cofighidbn WitS s NdbuBRI BEnd@)NAs by fhARS! Moﬂs%qlhe‘ﬁce steric and
believed that the initiator is ‘assisted by the

Ster%@lgﬂ}@tcoﬂdlﬁ&d@dﬁqmme thedbubiuee ofghe madtinlgang g@pp@mg]i generated. If
the \%ﬁ}g@ dcela?%)o{nll 1nc¥1udg de I fot rheg%lfdgll%(né rrpvg‘fgcggl/ ;t;i {ggnérﬁl ?o'rmulas VD

or (VIII? ({.80m insfom@lat (VAOL is at 1%ast atwo) rige bylighttonf f&amﬂrﬁlﬂ all cases, i.e.
ustration purposes, gr esenting an isoprenoid unit

regaglegsid th%%ﬁ@ﬁ@ﬂen esﬂasdl@ le hopds e the isqarenqid; GogrRopnd, results in the
fornlfaglggtrog%glf&géhgﬁ 1h3§y§gﬂ%cft. CetRnfia4h lsale%knﬁl).(’f the

[0075] In typical embodiments the acetal initiator undergoes an electrophilic addition

reaction with the terminal double bond of the isoprenoid compound as illustrated by the

following scheme (VII):
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compound. As a result a coval ent bond between the

i soprenoi d conpound and the initiator is fornmed. As
wooiedAove, the cyclisation reaction foll owsPEr/SG2007/000055

stepwi se mechanismvia catigg c internediates. As a

consequence thereof, the isoprene units of theR7

i soprenoi d conpgund may be of any configuratiop at its

doubl e bond(s)R As a furfher consequence, sfeyic and

stereosel e /e condi ARfms deternine the ¢

the multip ) NGR' ound gener at eg
|sopren| pound | oudes three’i soptenong” ungt ﬁZA_
a g gener al mul as (Vi fi.e. min

flor mul b i s—ar—teasPt Ro). thewcyCl\g on

rieact/ cases, i.e. )

col 17 on of the double bomnds of [t he isoprenoid
co results in the fongAion of a trans-decalin

em (cf. scheme |I_to schene I11). [0075] In typical

Agat% aneﬂthb@nfl thetvegetthe acefal inifiptor aaﬁ a@ ijemigneid compound is formed.
[
As GhARHERER o RE b8 oA ARGk, A Mditon REhGH Milles fho cvclisetion
reaction.tThe entld ienstivg caa be sehefdkitiliy\gpreserted by Y ectientzdn dbove.
between the acetal initiator and the isoprenoid
erred from.th

BB ol ke SRl ik ERdstFrisie Shprund 8% ol Hcte than one

isopfené ubftat 4ueh af BREMIPAImINEdGHdted & scBambd V) 62 (VHEor in Fig. 14 — the
schematically represented by by schene V above. [0076%

cyclisptiethiseeliorepically @Céudeﬁ et leagtgmerispnicrawitsy BipiaghE @ll isoprene units

presérgc,giémg HES & n%ggécgepi @4 élﬁ%rgg Whe C&F@F{il@ setl&‘teed however a

bypIEd@ct of4yelidation oy Oh]ly&ﬁbllmrémaﬁﬁﬁ on atlywercrinhbyer iof wopfbee units than
st two i s rene typically aII I soprene
presgh lpstﬁ% cemprEnq (ing pscorg L‘fc@lﬁ%n sniserrrecidsopaRaRtly 08 ocours.
The te‘ﬁﬁr& pndiibh Q)@Sa ?é%*)&@ﬁ/@ C&nﬂ%ﬁﬁﬁéﬁﬁrcaﬁ W@é&%ﬁ&algf I;presented by the
cyclisation of one | soprene unit, or
reacmmmmfdepmtqdrmﬁ@ dii.t s than present in the conpound
(and accordingly also in the isoprenoid conpound),
oftegn] oThu btainBderesdtionpRodRaed likEwieé a&oﬁ@@ﬂﬁt tHay encludes isoprene
enbodi nent can be schematically represented th
units. eligc 6qrEsFEsts éh dife I9RFIEIde goTROYTdgthat AS ﬂPQ)WP}ath@e reaction product

mchﬁfégad glﬁglléreﬁlﬁhbé}nopﬁﬁgﬂgtl?dﬁeﬂe ke SR s%nféo&ﬂgbﬁlglehﬁaﬂle reaction
es | soprene uni contrast to the 1soprenoid
produohp\dmidmam)b the ntaherenetant @otiyct} ineludessdlelyreypliotoptene units. The
l.ncl ud mal | e nber of. a |ICIS rene .units
reaciion p c’b%geﬂelﬁerﬁ ege#ﬁg as A Hpg g%rpenmd compound, i.e. an St least partly

cyclic compound, in particular a compound including polycyclic moieties, which is a terpene

derivative. Terpenes, a large and varied class of hydrocarbons which are largely natural
products, are build up of isoprenoid and/or isopentenoid units. Typically ring terpenoid
compounds are built by fusion of isoprene units, such as at least one, typically two or more
isoprene units. Where only one isoprene unit is included in a ring terpenoid compound, the
compound is built by fusion with a further moiety that includes an unsaturated bond,
typically a double bond. Such an unsaturated bond may still be present in the ring terpenoid
compound. In a ring terpenoid compound the respective isoprenoid unit(s) is/are part of a
five- or six-membered ring. In addition, a ring terpenoid compound may include one or more

ﬁ.lrther isoprenoid units that are not integrated into a ring. Several such rings may be fused to
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product, which nmay be the main reaction product,
i ncludes solely cyclic isoprene units. The reaction
w@e@due1719 s herein referred to as a ring terpe,ol/8G2007/000055
compound, i.e. an at least partly cycl i c conpound, in
particul ar onmpound i ncl udj.n clic noieties,
a bigisnelre o b HYRUC gagisysemy 81 ggr‘@ fidkcomgpauag @Ea\fmrucmes that
d1ff¥1356tEQnCtleﬁa§ssoni=urfM9ﬁQ Cgagﬁnaldv@w@ '&hﬁh@ aL %re@ﬁwlmﬁreﬂr@sm carbon
products, are build up of iIsoprenoid
skelepope Tereodid gompeund“ﬁypbtamlably by rtgetcarchm’umndpmeqsouﬁdhe present

ar.e UI|t b) i 0 reme units, h
invetiGa A ite a Ty oo slmetRas Fioistt (GhsriboPonpings orpenoid
confPauNdsOAe pk&ﬁ@é&ﬁﬁm‘dﬂl;l by & wla@bau%d of Plafts'anf eré RICRRBO rfle.g. fruits
conpound, the conpound s built by fusion with a
andf yagetablesaicbage mm chongtitusiés oarmtgmglaa wdatasts, lsssedtial oils, balsams,

T NI M T—

and' dnffifurigdl P t&scﬁﬁ@%‘ﬁdé RerieiBSslagks o8 doﬁﬂi%ﬁﬁdbok&h as steroids or
uni t (s |s are part of a five- or six-nenbered ring.

canpabingddi.- t i on, a ring terpenoi d conmpound may incl ude one
or nore further i soprenoid units that are not
i H00F3] atlthe tennd 6dem'\ra'tim§j’ asSesed thateirs thub refersge aeympnend which differs
fused toa bi-, tetra- ntacyclic ri ) )
frmgr@cetgr»ﬁ cogReynd ot i Sl atriss oS RAFESt ot gstionaf one moiety
by éﬂoﬁfe?rR&?EHn’e%&i‘%ﬁE@m@fud@ UG Lk ORGY 1iBt 0 RS tﬁfﬁg Blafl8ls or functional
chains a as In their basic carbon sﬁ et ons.
grovpsr Pemesiathpbs, aydrgsn atvinabfiabdrepdyndithay by subistiatéddy alkyl, carbonyl,

scy 936N (i CRBIEARS fo sy (EAER st S and. Respective

mmte@ersriﬁaadéi f&Qﬂ@Q&b@%o&a{ SroRicadd Fﬁﬁi p PRt Ry be/reibvad Whdl® the selected
variety of plants and are included in e.g. fruits and

reacjigpeerbiliens. and are nain constituents of inter alia
odorants, essential oils, balsans, traditional herbal
r 00591 esAs oh atlngsitive @fanmlantfhe;re buhegienpxenmidt angpaunésis trans-2,6-

aimilhyo G Romiendd B Bestithiide B RSRentiL P e fotowing

Sch&ﬁemmabr noi ds. [0078] The term’ derrvatrve as used
herein"thus refers to a conpound which differs from
anot her _.conpound of simlar structure py the

t or substltutl on of one by anot her

2, de, but
PROAIORR B 1S q

adj.ca s onal

genp atom f a conpourpg it upgd
akyl > car boajtls @E/8a) hydr oxgl am no func¥i
p oduce a dér%ﬁg\m{g (Gz%@ﬂ) t hag o Uu}‘f’rd.(uks?espeqi@vgp {+)
~-18°C, 12 h - ‘
(1) (2) (3)

In such embodiments product (2) is obtained in high yields. It is noted in this regard that the
reaction conditions, including the acid used (see below), have an effect on the yield of
product (2) obtained. In the example depicted in scheme (VII) the use of tin(IV) chloride
result in particularly high yields. Fig. 1B depicts examples of the yields obtained with various
acetals under the indicated conditions. In all cases, the cyclised products are obtained in good
to excellent yields. Small amounts of monocyclised products are obtained in some cases (Fig.

1B, entries 1 to 4). Increasing bulkiness of acetals does not affect the excellent reaction rates
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noi eties include for instance also a protective group
that nmay be renpved under the selected reaction

we@oemdiopizens. [0079] As an illustrative exanpl ePCTRE2087/000055
the isoprenoid conpound is bgans-2, 6-

di net hyl - 9- phenyl - 2, 6- nonadi ene (1) the reaction can )
and W@lqséérﬂ«?sl@meleﬁ‘}lat fraciionsI(Big A SEnieLoetaly nofeyosthyreactions

usmgslmnot denyde c{?ﬁl?cdbfgétalg %ﬁﬁg‘t %W%%xﬁ-l%ejdtd B) gf&'%ed’ ﬁlogﬁﬂ kd give the

regard hat e reaction con |t e}
desiredcproductg it hgoodctod exxﬁdnt( gixbdsbetithugt, dettaatmnanf alhd eminoeaychsatlon

the yield. of duct bt d .
prodygls; g Kifrds BRGHb (U FicteRuotsa PTsEcifte ity U SRR ithe the yields
obtalrfed %fng'tﬂe &%ﬁlﬁétfoﬂl p’i‘f)cl:eﬁs Bf o 11¥\l'e§1't19§ arelsighifié At EREHel §han the yields

exanp the yi'el ds obtain vari ous” acet al
of awnoentibha Liavds ecitladtatysedicytlimation remohdm cgriséout iththe absence of an

lmug%gs'aé?%gﬁ%"feséﬁ%aﬁ%lef Pt l@#b@ﬁ%%ﬁ%&-ﬁé?@ L?Qt

obtained in sone cases (Fig. IB, ent s 1lto
| 0OBRL s Crtagiin thee sepisnoile @Qrap@méo@&ﬁ ﬁg? ca%%étanfih@e initiator is

carriBd G| £1Y téﬁg&ﬁt'#lfeg‘a g%l?%tﬁé aaﬁlﬂr%)hﬁ‘ gé aQéorJhHE f)o the remaining reaction

I nt er nol ecul
condﬂsqmcamll gy het mmembg/dy ppimisedis au]fabmgtObﬁnhlakcdﬂdnydkodlments the
clic acetal s entries 5to

resp e nﬁ&“&??fé %bs ﬂ’é@?q' digerhelom) e ?‘%1“8666@“{’ gvhich is generally
abouX2eht: QQtabMﬁtek@SCW@Q%gQ%ﬁES%&”fO?%X%ﬁIe be selectlecli in the range

nono- cycl i sation product The sKilled arti san w
betwean hartmo7@ °63pq;ndeahoat a5i°k, tsmmasr gthe dangeabetwhen ghaitds78 °C and

abouf 2 TR B e B R s RUP B RaR FTIRC05 i egtogped at this

tempRr£ORY Ethérofsdhnikey 6r &é&(ﬁloﬁﬁt’tﬁ’d‘cyﬁ@&d@y@ fSIRKY QRe above illustrated
reaction carried out in the absence of an initiator

cyclisatéan ecagtiopgsay &s, capied ot 4t any yesigydy tenmprasire, dpgpding the same

temp%iam%]aégeléétg%}c{r tﬁ&%%? ?tﬁ%t%é‘& hng the isoprenoid

the initiator is

d,out er at res cteda pLia
OBVET A uPa s ERTRAY B Pedf v R BB BR LB idugpmpouna
withiBe EQYEIHna Hlkd ditiddr, Kihseedr h(Bhp@ldr apftial wnypolak Iprcﬁﬁi‘f&lpolar protic or
enbodi nents the respectlve wor Ki ng tenperature IS
dipolas aEpticat Ther ta58Is o aro@ﬁﬁit@mpﬂ%& feeoftghieed e classify liquids with

refelgﬁ&e oaﬁl % ﬁgnllgellfﬁ % § 3 ggﬁﬂfhtf’ U Shisclbi Wﬂﬂe&ﬁéﬂjﬁﬁnds Polar

e se ect he range between ab
11qu1ds lﬁplﬁﬂlyamhtalhombleZﬂeﬁi withu@h wasvem dismbutﬂmgef blettnere density. The

polaftiook Ampe @% i MEgsiah by disctielsfi 3%%%55@%@%@@“- Polar
molecules are typically further classified into protic and non-protic (or aprotic) molecules. A
fluid, e.g. a liquid, that contains to a large extent polar protic molecules may therefore be
termed a polar protic fluid. A liquid, e.g. a solvent, that contains to a large extent polar non-
protic molecules may be termed a polar non-protic fluid. Protic molecules contain a hydrogen
atom which may be an acidic hydrogen when the molecule is dissolved for instance in water

or an alcohol. Aprotic molecules do not contain such hydrogen atoms.

[0082] Examples of non-polar solvents include, but are not limited to, hexane,
heptane, cyclohexane, benzene, toluene, pyridine, dichloromethane, 1,2-dichloroethane,
chloroform, carbon tetrachloride, carbon disulfide, tetrahydrofuran, dioxane, diethyl ether,
diisopropylether, ethylene glycol monobutyl ether or tetrahydrofuran. Examples of dipolar
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tenperature. Ot her techni ques or reactions that
precede or follow the above illustrated cyclisation

WO e@ch)my nmay be carried out at any desired PCT/SG2007/000055
tenperature, includi ng the s@me tenperature as

sprcl Fbice ér%[ st g b BoiEEa HRBH oo R YNGR cthvlene lycol

rlo® FRIROURELY iBhiiiek&ah&| atsfon8Nélcldiexanone, ethyl acetate,
mol nlﬁ?luator pWhet her nonpo a?paprotl C, ﬁon%o | ar prot| c, y.ae

1sobdty[boisabutprab¢ i ethyleneli glytelr diasetots, cdlm‘éﬂaflﬁoanmmdpol@ptomle N,N-
re ofte used UId wth

pol ar
cimp Gyl A, it i ertoRule N st B0 Bl bl ethanol,
prop%ﬂgl m1§d§r9;bdnb1 Y Bhitdrld], Ot NeN- dilé(ﬁ#d)ﬂﬁethﬁ@inﬂ{e, | ia@l@ll dBmethylsulfoxide.
ical 'y contain mol'ecul es with an uneven
Examp raftpotar protist ligidscare mtqremgﬂwol ishpropanady textybwyl acohol, formic

ac1dn?1§g %lgplgsar%ﬁgpﬁuﬁcgg?l aclﬁi;)? é(irlggcieﬁg Irég aaﬁi}n&ﬁylarsinic acid

[(cr&gmdmomn aslohiteld, pHvnel wahldr@pmel non-protic (or
aprotic) nol ecul es.” A fluid, e, g. a liquid, that

C Q0US3] NSorio liquidsy FhicAxhSNhlsP deafsed h® kbl es) t@pmhleys hmaeyan organic
therefore be ternmed a_polar protic fluid. A iq
catiqn gnd gn %wm may fogeithefATARHS OF #oAEANS- Jhedel 8@1@( own&‘rhqulds (cf.
I
sl BRSBTS B Rl SR 191 1R0008 Ol Whie e
halidesy pk@dah]alﬁtes dBE,” hyethplgﬂﬂiphdtﬂ; INO eomﬁlcac teepdlar liquids, hexafluoro-
di ssol v

N T R N .
Exa*ﬁ?mf gﬁoto%{r ﬂﬁ@ hﬁﬁl'd'ﬂlclﬁ&’é bahie ﬂoﬂﬁ n&‘t‘é& to k1Uéthiﬁtﬁrrféféﬂyhmldazohum

Ifmte , hept ane, cycl ohexané, benzene,
tetrafluboredoemte, pﬁ-bdﬂyhé—m@thyipylmdlom h'@treﬂuoroborate 1,3- d1a1ky11m1dazohum—

tetrailalpg)i) | or ? tdgaglcﬁ@?% g?xgl}lg 'iagli%g ;ﬁt rtﬁ\ghj 2k bgffimidazolium

blsq%ﬂeﬁruor&thﬁmbgﬂﬂﬁa@é her-buit- B;fhanﬁnﬁimmurm netikis(3, 5-bis(trifluoro-

et her or tetrah%drofuran Exanpl es of dipaol araprotic

methylpligngbberate, netetighutdtasymoniamo hes(trighypromestiay i imide, ethyl 3-methyl-
1n11cfa%]5\%ﬁyg{fﬂfopc¥xﬁ&}lan%§ﬁg nt"?iﬂel,e Elb%{ ?'3 Iﬁaﬂglﬁﬁg@é&olﬁw Shethylsulfate, 1-n-

PYFI I'SO ne
butyWethetﬁlghml[ﬂmehurﬂt MBHmlﬁIj)Bt at:iglsulfsteb uaI)d i sdhuyly3-atethylimidazolium

hyl ene ycol cetate net for
tetraflogiabRrs ?#}éam oy 012 PO TaETE ot AEfnBot limited to, 1-
eﬂmy@@%@tﬂyﬁﬁﬁda%h&h'ﬁ Qﬁhﬁ&feﬁ%‘tﬁﬂﬁﬁﬁenﬁ%ﬂ@@ Ris(tri#lyDamdle, 1-ethyl-3-

pr opano I SOpPropa but anol
metlnylmaldazcémpt dpg{(teﬁhyﬂomntMé)sukfmdylhﬂméc nyuftgmoamtqe 1-butyl-3-methyl-

mm#E>< @gppré e%ﬂ(&?lu rgg}?q[sp a%%: I ]gg {ng]]dﬁ\g) 1ug{: bnta(&%oromethylsulfo-

nyl)ide O Cb @8- n@éﬂhﬂlmﬁhﬂd‘hﬂm CbléY] ﬁhor@xﬁ@ﬂlbll?suﬂ'@ﬂﬂ)lmlde trihexyl(tetra-
trifluoroacetic acid, di methylarsinic acid
decyl)phosphonium b1s[oxa1ato(2 )]borate, = 1-hexyl-3-methyl imidazolium tris(penta-

fluoroethyl)trifluorophosphate, 1-butyl-3-methyl-imidazolium hexafluorophosphate, tris-
(pentafluoroethyl)trifluorophosphate, trihexyl(tetradecyl)phosphornium, N"-ethyl-N,N,N',N'-
tetramethylguanidinium, 1-butyl-1-methyl pyrrolidinium tris(pentafluoroethyl) trifluoro-
phosphate, 1-butyl-1-methyl pyrrolidinium bis(trifluoromethylsulfonyl) imide, 1-butyl-3-
methyl imidazolium hexafluorophosphate, 1-ethyl-3-methylimidazolium bis(trifluoro-

methylsulfonyl)imide and 1-n-butyl-3-methylimidazolium.

[0084] It should be understood that suitable solvents will allow for a cyclisation
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[(CH3) 2AsQ(OH)], acetonitrile, phenol or chlorophenol.
[0083] lonic liquids, which may al so be used as
waodovmeetrsy typically have an organi c cati on anPiCER8G2007/000055
anion that may be either orggnic or inorganic. The
olarity of ionic liquids (cf. below for exanples) is
reachomotanaich pipee Erapetlos chacpeian 8aroB, soheniadasdenbuare 1ot imited to,

i o I [ S€ al i BF
hexagng,l pﬁgott%\’m, I\I&){abﬂ%xraﬂé (ﬁe%g?%eopoﬁqémi é{)griﬁgrsne, éwhlo%nrhgcﬂme, 1,2-
dichiveaehdnep cliprufsiphadadison Weddhloride, carbon disulfide, tetrahydrofuran, dioxane,

RPCin RN —
of (1115195# Q?roéf%ugol% s L Ihétﬁ}rlt %Efx i Qeetone, me %lr {iistogutyl ketone, acetone,

rrehy I m dazo Pettafl uoro
cyclbhdxangﬂe 4-eteylny lapajatte,dl isobutyl etls«aifdtmteoboa‘thylene glycol diacetate,

dim%hgfcgixglpﬁ l,: ?,rgegpg; g, W‘é{pg; im)ﬂgftt% P! mtromethane acetonitrile, N-
metﬂg‘l}%tr{m doﬁ el idre {Hyﬁﬁf-f@hﬂb' MExam gles of gola}rl pr%;uc solvents are methanol,

ent a I 'uor oet hyl ) phosphi nat
ethanoiebtntyll alvobelz &mumatﬁt dioketsyl8sinic acid [(CH3)2ASO(OH) ], N,N-dimethyl-
5-bis trlfl uoromsth phenyl ) borate,
formagyide th la?mew Gy i;’iff%’(l%r o¥ |chisrephenal | Fxamplge of nonpolar protic

Y, tr or u
o G e, LGS0 R EBORAE ]S9e: 1o som
embadmrmtshzy Inonp(dalzsﬁlvemm 1] feriiedldr wa:bmb(ﬂaﬂ dadig selwent, such as hexane,
l-n-b I|md oliumtetrafl ugroborate.

hePtE)FarFH wuléﬁeﬁoﬂ 1zERe, rOlUSRT PRV I§HF P itne, ailing, dichloromethane,

chloRBbrh,| Barb6dl tbRachioridRl N¥tandarselday! nBudazahiu [Ebtone methyl isobutyl
bls[(trlfluoronethyljsulfonyl]amde bis(trifl m dé

ketohe, eachiphne 3cyaletehgmane] dthybhéajate, isobutyl 1sobutyrate (%/ oxane d1ethy1 ether,

d“S"Pf%ﬂYﬁi}ﬁ' L HRTEN ﬁi%i@%ﬁf R R b SR~ ©
[@?#}Y @%8?%}[‘@%%‘1% 161, nl§/|r§elt}1ﬁ:l &gﬂted to non-reactive nor to reactive

solvént§) UfoY | the sBREHMH btk zelventnt may be taken into consideration that certain
bi s(trl fl uoronet hyl sul fonyl )i m de

solvents may e @ble o agdesgp ansisypplile aggition to the double bond of an isoprenoid
oxal I
el 4808 GRS ol e P o0 o
tempermuﬂeylsuchrsxdazeddtmm geﬁenraﬂy wocurp loaspimddcr, scalej i-at all, in these cases,
ent af | uor o trifluo hat e, o :
solveds Pty SLTLDEY PP SHBIn LIAPIHPE. @t FPPghi] Whichymmay react in

addili6 FAPRSAMb A8aRE BRIl MitediaBW1Y! in tﬁes@%ﬁﬁ% it may be sufficient to choose
pyrrolidiniumtris(pentafl uoroethyl)

solven’cs fWithoretsstroplplest &f a lowyer plectraphibicityy thapy theolnitiitor siected for the
I trifluoronethylsulfonyl) imde, |-butyl-3- nethyl
cye ’ls?ﬁl 8F%m hexaf | uor ophosphat e,

| -3-nmeth 1 dazol i um
b[@%gﬁ/ In ﬁ‘?ﬁl&%f fraents g}ﬁ,fe}mmla% moigty] O%ﬂagdts%)relg)ld compound,
indicab®l SYR6 T GERNASNVIg), (VI) and (VII) (see above) may include or consist of an

alkyl (e.g. hydrocarbyl) chain, functional group or other moiety (see above) that forms a

respective substituent of the multiple ring compound after the cyclisation process. In some
embodiments the terminating moiety may include or consist of a moiety that is included into
the multiple ring compound during the cyclisation process. The respective moiety may thus
become a part of the multiple ring compound after the cyclisation process. Examples include,

but are not limited to, an aromatic group (see e.g. Fig. 1), a hydroxymethylene-group (see
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[0084] It should be understood that suitable solvents
will allow for a cyclisationreaction to take pl ace.
waE@modE$9 of nonpol ar aprotic sol vents i ncl udepChsG20ar/e00055
not limted to, hexane, heptidne, cycl ohexane, benzene,
tol uene, pyridine, dichloronethane, 1, 2-
Fig. 3)),canl abirent granp (seeHigrd) fand mcarbaniylgiourefseabig. 6).iln ether embodiments

arbon disulfide, .tetrahydrofuran, dioxane i et hyl .
the BRI R, s s ep 1 Birronn RSBt fine stucture in
the eful@sle Qingt edrhpdundr @ﬁr&k{%ﬂle EycheRidRS pceddl [SdrasscRRIAS lafid/or steric

solvents are nethyl ethyl ketone, npethyl isobutyl i )
conqitiensymay iteersmmle eydndm és@aﬁenn@,lone@fr@ sixgpempered ring. An illustrative

cxaIEBY i | SORM PHN I P g >
ST 3500 BSTEAV RS bRRLE Wi metplsgone e

centf¥ | TRHis Bhigdli en0liME08&s ﬂl_'éecamﬁn:?ﬁ@@bor_l ekdiaQkryiddutey the heteroatoms
al cohol, formc acid, dinmethylarsinic acid

selegtedcHBIM ABEY LIPHD , OXVERR.d belenitmp fust g eThisy, odrleiin gtom for instance

t byl am.ne, r I | e .

comEBSRY 8 ) LER iy 61 LR, BGRE o BT gl whi e
respedtive hadetal phesn ddrmedy ClIah exan bk , eagily avéd iwleen Hépistiupe the respective

enbodi nents a tnﬁnpol ar solvent, in particular a
hydrqgetpeirmyas ap thsifplowHgasamples ych as hexane, hept ane,

carbon disul fide, benzene, toluene, p-xylene,

pyridi ne, aniline, dighl et hane, ¢hl of aborm carbon

tetrachloride, tetrahyr ran, methsy'I gthyl ket one,

met hyl isobutyl ketphei/acetone, %I Sh%xanone, et hyl

acetate, isobutyl isobu é&a\rg e, dioxane\ digthyl ether,

di i sopropyl ether, ethyl emanglycol nonobBRT ether,

tetrahydrofuran is used. [0085] Although the invention
MoietiesngiR, had RlitorRE et 4s0dafiaed sleaet i ve nor to reactive

solvents, for the selection of the solvent it may be

t 088] | it Soned® BmbOEih@intsOMe Bkl Meid@ ifcmaby 80d 6r fdye Afther chiral

able to undergo an electrophilic additigon to the
centefsy dn esushn gmbpdimentss dhe efyslisationnpoges. of ntheoiyention may be an

| . agl.i . ife -

enarffRREUTE FyBtRHiOR, JNERaLFTRE AR TRKRE HAHES, hotheh embodiments
enantjiessdedtiivity. occurs on a minor scale, if at all, in these

cases, solvents nay be selected that are not capable

of00Bey NnARglIaAratile ek aapiBiolf awbdctibn ifdiate€ B ta dhivabstebtd] iOprovided by

reactions to doubl e bonds. Alternatively, in these
the scherpe denictadhip g 53 i cient to choose solvents with

el ectrophiles of a lower electrophilicity than the
i 90001t & adferthen illystradivetenamplec fhesiaitiaton masobegbthe general formulas

(IX) to (XI):

§BQ R?
1 A A 1 A
1
@) R —< ., o R or(xn R —<
A A— A
=10 ”'f/R1o

In the following, compounds of the general formulas (IX) and (XI) are also addressed as

R11

.:lll// y R 1 2

compounds (7) and (8), respectively. R1 is a moiety as defined above. R? and R10 in formulas
(IX) and (X) and R1! and R!2 in formula (XI) may independently be selected from the group
consisting of H, aliphatic, cycloaliphatic, aromatic, arylaliphatic, and arylcycloaliphatic
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[0086] In sonme enbodi nents the term nating noiety of
the isoprenoid conpound, indicated as R6 in formulas
w@ Yogp977¢/1 ) and (VI1) (see above) may i ncl udeP@F/SG2007/000055
consi st of an alkyl (e.g. hygrocarbyl) chain,
functional group or other noiety (see above) that
grouns(png. hydreeasieyd tramps) insleding Orte absutBrhetaipatems seleeted fom the group
: r €~C¥C s Oce
inct SRR St o oot B SEIEO0RT 30es kg BT, other polar, non-
polagouairated of uasabmhted rdupat Tycdllydt Udat? hatec mbim dhatr ol length of 1
ring conpound durj ng fhe cyclisatiaon pr_o%e s,. The
to ab@u0cqarRen Femets W‘ga% raysfop sx@mRle bes inc #e fingat or branched alkyl

chaiE)k(I lgﬁ.ig &aﬁ{ﬁglf? ?Jﬁéwglw QYo f@ﬁlaﬁﬁh&aﬁ%’ geléb(%clgﬁﬂoﬁﬁ E&Qﬁn@%ﬁb? énclude, but

es | but are not 1im an aro
are gotolimited ee metlyyl-Fethyl-19-prapyihy drathpiethylH eferygr olimethylpropyl-, 2-
(seeFig. 3), .an alk | group_ (see Fi 4). and a
metRypEopHy drldgllﬁ‘e(@@%tﬁﬁ!’g.% ety bt Hia ngﬁ%lgthﬂh%tyl-» L1-
: ' i BO_mi _ O Wegikd he._ a0 @f -
i o tpr OB S PRl AR oy 2 maHIRAAT, PletBTpropyt-

2,2-dimmgtloylpudpsilyr | mbpexfle dymethyhtentyh, pRlenetbglpentyl, 3-methylpentyl, 4-

tereasel ectiv nd/ or .st.erj.c..condit]j ons for .
el R e b raruHEY DRGSRl n (o SR 2 imetoytbutyl
2,3-&Rnétﬂ1§rlt-}§t§f, aBi N EnRARIMLLSL, Of) -éﬁﬁﬂutgl t Qfdﬂhﬁﬁﬁt'tyﬂg 1722 BiMethylpropyl,
i's an al kynyl  group (Fi1§. 6) [0087] An acetal f{hat may
1,2, hérimetbplprepythleethyle semthylpropyl, ilesthylrdemethyiprapyl] edcptybard n-octyl.
chira ent s This chjsal tre includes.the
in s GBRo el e ekl s onfiS rsbebel Mgt
S ed fromth rou xygen, sel eni um and syl f uy.. .
TR o 558 Tos 5 Drevst MG AR SHOHOES § Govfleryeli acetal. This
acet&135 BPthedlefBallorhiB (R&VRONY! group of an al dehyde from
whi ch the respective acetal was forned. This may be
easi |y seen when depicting rife respective hydrogen
atomas in the followi ng epanple: Mieties A B, and
Rl to R3 are as defined\ ve. [0088] In sone
enbodi nents the aggtal/ i ni tN_atgt6 i ncl udes one or nore
further chiral center I n/such enbodi nents the
cyclisation process of A ,invention may be an
enanti osel ecti ve cyclisatidQJSTypically, t he acet al

initiator induces in such enbodi nents
whessiaR i, (5| @R3P iandt 16 iROBEEpehdently salected ifioen eliphgtice coéloaliphatic,

a reaction initiated by a chiral, acetal i rovi ded .
aronga{ie, ggﬂ@r@aﬂg&r@p&@o@}p&pg grqup; (e.g. ygrocar%y group%, 1nc?1¥d1ng 0 to
about 3 heteroatoms selected from the group N, O, S, Se and Si. Any of R1, R14, R15and R16

may for example be or include linear or branched alkyl chains of for example about 1 to

about 10 main chain carbon atoms (see above for examples). R1, R14, R15 and R16 may also
include other polar, non-polar, saturated or unsaturated groups. Typically R1, R14, R15 and
R16 have a main chain of a length of 1 to about 20 carbon atoms. A is selected from O, S and
Se. In some embodiments R1 is phenyl. In some embodiments R14 and R15 are identical and
may for example be methyl or ethyl. R16 may in some embodiments be H or a C{-Cq alkyl
chain, for example, methyl or ethyl, an aryl moiety such as phenyl or an arylalkyl moiety
such as benzyl. An illustrative example of an acetal of formula (XIV) is (4S,65)-4,6-
dimethyl-2-phenyl-1,3-dioxane.

[0092] A cyclic acetal of the general formula (XIV) may be produced by reacting an
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[0090] As a further illustrative exanple, the
initiator my be of the general fornmulas In the
wo odo7oxiTmy, conpounds of the general fornul as PCHEGZ0T000055
(XI') are al so addressed as @g@npounds (7) and (8),
respectively. Rl is a noiety as defined above. RO and
aldeliid2 be tHeo emdrals forni)a RACHOX[seanaboRd osnite RaGnition of R!) with the

for y i ndep nt | be sel ec fromthe
respeftiyg "3 6&%@@99 ogpoRid %ﬁd t?lﬁﬁ Gral fo ‘élﬁég%gphati c,

aromatic, arylaliphapjc, apd arylcycloallphatlcgroups

(e.q. hydrocarbyl gr ¢ups),| including 0 to about 3

het er oat ons sel ectsg roup including or

consisting of N, R S e anB‘%’ RO to R12 may al so

i ncl ude ot her polar, naggifol ar, saturated or

unsaturated groups. Typically RO to R12 have a main

14 0f . sap L £nat t SR,
whefp R14 Mg A £ ToBbendielfy 306tk Sk o B0 QHRicHR ectiphati
cycl@dliphhtm;hatdﬁﬁatl@]‘ atrylah}ﬂmﬁngp lagd afrgliyclbalighatibogtoup® (em. nhydrocarbyl
al n carhon_ atqns llzigtte npl es include, but are not

groupf, atdgeludes Qi qxﬁﬂut 3 Rpfoms qpl%tqg]p@cpm the group consisting of N, O, S,

Se aﬁdr’%ly H%F g%)y Io’r ad"all?gg{a t% ?oetﬁﬁﬁ%ﬁ@ %&Hé’t le alrﬁahpha‘uc or arylcyclo-

aliptbtioegrogy beigy hydro@arlgdt grotimy tthdt- mcl‘udes Octp r@loh'yB dretggdtoms selected

fromé\l 2 d. t g%/%/gr %}l/sl s:él[eﬁ‘ggflér;odi gf E?%g%?%%#&iﬂwtﬁ{igﬁﬁa}mple, the 1,3-

dlﬂn{bubﬁai)dompamﬁﬁ?ﬁlﬁy boes ) 4- Ip@ntﬁﬁécﬁﬂﬂoﬂ) f0kanhical Abstracts No. 84799-98-4).
3-net hyl pentyl, 4- net hy pentyl, 1,1-dinethyl butyl,

039%] Ak fbyll 1ﬁﬂ§ti/étwe %xﬁnﬂb gt Sld%lt’wf the general formula (XVI) may be
2 met hyl butyl, 2, 3-di met hyl but yI,
emplbysddl met hyl butyl, 1-ethyl butyl, 2- et hyl but yI ,
1,1, 2-trinmethyl rroryl i 2,8yt ri met hyl propyl, 1-ethyl-
1- met hyl propyl, I-ethy - 2- thylpropyl n- heptyl and
n-octyl. In sone emsQd 52nd R6, and R8 and R9,
respectively, are Rdent i . I@bgl] In this regard the
present invention also prgdéides a novel cyclic acetal.
This acetal is of the general forrmula (XTV): wherein

WherRJ11 RB;1t4R15 aﬁ?&ﬁ @gr% aﬁlgﬁ{f’e eabo{;glependent ly selected from

cycl oal aromatic, arylaliphatic,

a@é?&%- hg%io PL3LA bR e BT e HRRD e mot e
to, (S ISQ-Q%II plant@edﬁﬂ (Cheraitel SbstradtyyNeSf 71345-314), (S,R1L2; arnéxaiéﬁlol (CAS-
or exanmpl e be or include |linear or branched a

No. cHIA0RS-69F L) o @x%oﬁﬁlleﬁta&%@t EASNaHOIBR 1D 2 (Sapr-octanediol
CASRPEDT 295 SUBLABI RSN s ) (R 1y
1,3 lﬁﬂﬁnﬁdaﬂec(OWS-an ap02st4eH1 gr c(lm%) -1,Fydipheall-1, 3@ropa‘ﬁeﬁo], RCAS-No.
7729"15‘92-0), (S,8)-1,5-diphenyl-2,4-pentanediol (CAS-No. 135943-83-8), (S,S)-3-methyl-
2 ,4-pentanediol (CAS-No. 112420-26-5) and (R,R)-2-methyl-1,3-diphenyl-1,3-propanediol
(CAS-No. 283169-78-8).

[0095] In some embodiments the AH-groups of the 1,3-difunctional compound of the
general formula (XV) (e.g. the hydroxyl groups of the 1,3-diol of the general formula (XVI))
are shielded by a protective group. In the shielded form a respective compound is typically of
general formula XVII:
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R16 have a main chain of a length of 1 to about 20
carbon atons. Ais selected fromO S and Se. In sone
weedwoadIent s RL is phenyl. I n sonme enbodi ment SPRIAGZNT000055
R15 are identical and may foB4exanple be nethyl or
ethyl. R16 may in sone enbodinents be Hor a C -C
al kyl chain, for exanple, nethyl or ethyl, an aryl
noi ety such as phenyl or an aryl al kyl noiety such as
benzyl. An illustrative eRjgmpl g7of an acetal of
formula (XIV) is (4S,6S) R4, 6- Rdi met hyl - 2- pheny! -
1, 3-di oxane. [0092] A cydl ic gcetal of the general
formula (XIV) may be producedAby reacting anal dehyde
of the general formula RICHO (see above for the
definition of Rl) wi t|{15\\\f“h t4ve 1, 3-difunctional
conpound of the general forjml a %X\/) wherein R14 and
R15 are independently seleded fromthe group

b i f i phat i cycloal i.phatic, .aronnt.ic,
L LS (e T
aliphytily, ocpelbaliphgtiQupsgmitiiat abygipHaes @he ﬁﬂ%’_&lck)%lipléafticN groups (e.g.

h het r?atorrs selected fromthe group consisting
ydggcamyy BrOURSYe Insjuding @ tq aboyt 3 hetgrpagimep$rdedtes from the group including or

con$i¥FlOH PO | §e a[iHe 9%%5{;]}5% ﬁ‘fﬂ;!rx@;#ﬁgrﬁ%% %Igy %{3 ﬁg{l%% G IRq 8 may also

~aliphatic group oca
incligeeotheleoldd, hon-pblatitsairdted erostiarded gﬂoﬁpé.q@gfdaﬂwm afd R18 have a

.S, .S Si ' I d f o] d .
miFepE Ry BT 5 etk gyl o

inclidey lifkr Ob; hit e
i 5O RGPS T SRR o1

main ¢hain gazhpn aigmst he general formula (XVI) nay be
erﬂrﬁbo ed: wherein R14 , R15 and R16 are as defined
abB¥96] [Exaonies pf switibdsprofective gopps triclele]b@-atk ndt livhited to, methyl-

- | t limted to
TP T N T R ——
methi23451,.2 3;313-hek Bhbyeioptopgx %ﬁﬁﬂ?lsi(}@%th Isilyl-, tri-isopropyl-silyl-,

- hept anedi ol (CAS— I%o

.. 129025-60-1). (S,S)-3,5 i .
dl'lsf%’fggmf%yi}fﬂyl( é?”@)aﬂsﬁlstyloél%ﬁ%@jswl-( erGanycbutyl-diphenyl-silyl-, (tris-
(rineBAaRRIE wiltoghatendt D AARRM R DI M osbengskes fegiary-buty,
methytrydignyly ailylsulfpng),- dllys- dillybiply) pivili-prmghyidtombthyl-, 2-(dimethyl

} 291-92-0) . .
2 n{pgﬁ'g;l&l?thgi)gl?}a}] gﬁ‘y kY farka]b%ﬂ't’ 0, pamg a f(e&g hm illustrative examples of a
comfi@fdl4 3f 8Brifihla (KVIB) ard- (B$)13,04,628, 4-HeR A0 AMOHB 9LdibS2 D8 Misilanonane
1124 8-2 -gé{andg(R, R)-2-methE/I.- 1, 3- di phenyl - .
(comp,ogl_l% %Fé% N1 07951-71-3), (S,S)-4- [dimethyl(1,1,2-trimethylpropyl)silylJoxy]-2-
pentanol (CAS-No. 166412-17-5) and (aR,yS)~y-[(dimethylphenylsilyl)oxy]-a-methyl-

benzenepropanol (CAS-No 497069-35-9).

[0097] A cyclic acetal of the general formula (XIV) may be produced starting from
the respective diols as illustrated in Fig. 17. As described above, a respective acetal is useful

in the cyclisation process of the present invention (see also below).

[0098] The stereochemistry of the reactants and reaction products may be analysed
according to any method known in the art, such as for instance 2D-NMR based on homo- or
heteronuclear J-coupling values (Riccio, R., et al., Pure Appl. Chem. (2003) 75, 2-3, 295-

308), electron ionisation mass spectrometry, polatimetry, circular dichroism spectroscopy
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(CAS- No. 283 169-78-8). [0095] hi sone enbodi nents the

AH-groups of the 1, 3-difunctional conpound of the
wa@emnepgd7if ormul a (XV) (e.g. the hydroxyl groupBCDBG2U0B000055

1,3-diol of the general formdba (XVI)) are shielded by

a protective group, hi the shielded forma respective

(e.g owinBUthe spt Egttorceffest basedyem diieaDavwombhttM?gl beégﬂ% gﬂllemark S.G.,
R17 an

o, 45 BRGNS 158,58, Seped by b and B 00
conalsinatidn W1th ataylkialdl aBkicel tedMEq@dsydusly Gt QNIRP li}ﬁllﬁ&in% LY Britable 2D-

carb | groups), |ncI uding 0 to about
Nl\/hlett rs@?%ﬁ%l%é’a?‘qdoﬁlﬂtth@ ngﬁlcmp&\'ﬁ@laum reffeot, as well as X-ray

7 and. R18
cryﬁ&’l'l‘&gr&ﬁﬁgn(% &th%gNﬁg‘ (3%8@%3}18 AhLg nce? &h’e -oPfeerChem. (2003) 68,
460@64661|4) Bepﬂrﬁmgibn thet teaati@d c@ﬁdltiﬂﬁsatlhrpérﬁsmﬁf QHP Snitiator selected,
R18 have a main chain of a |length of
mo{éé?ts %% gg%’ﬁ stezrgo%:gchgﬁy a%h%achmd #piag taegmathpd pbthe present invention,
e age a
whlgﬁf(@?ég{E ek&g &Ir éﬂldglgﬂgﬁx?& 1fn 1=% out h{e&l htﬁl‘[g ﬁ%ﬁ%{t ﬁa?S{he yields and
sterpeselectivitichdiselospdrheatin as exdrfiechavebeapbeiainedl uadéteidton conditions

i vV rou i ncl ude, but are not Iim'tedto,
that@{a%ﬁ&‘i éropyl , isopropyl , acetyl -

t ?G(f@mg%[/sg 1ﬁﬂ¥t:l‘attll‘¥e neerga?rﬁa {‘161% the initiator is (4S 6S)-4,6-dimethyl-2-

pheﬂyl-fll, 3-d®x3nS- dﬂemf-d?kbmw SQHM 51ﬂiﬂlethy112r pRERGAY 354ib¥diane, the reaction

I et hyl si | tr|-|sopropyI-S|Iy

cand ¢ | IEpisP gqy %tﬂpﬁ”s_cgq:mw depicted in Fig. 16. In such embodiments the

1,2 {’Mr‘i?tga?d I(%LJE%P’E%{O I1I ethy 4? -(methyl)-2-phenanthren-derivative ~ (2) is
e -

obtajned; mémglwlshds yAs ] b:ydn)plﬁ, 1f RF,fR% @ad R’ @fyinethyl and R! is phenyl, the

reach&l[x ﬁlepc?sfﬂil? gﬁcts gﬂf)g]'t]ng %ybenzg%ﬁﬁlgt A |a|a|r §| g|u|t )3;:

. t hj h
R G 5 it o e
of afcatalyst i &ami bf W9lekdd kMG R 8RRIBRerRalPprE @R AHAHs Plee the appending

f la XVII e
Figog %rfg; e’gan@lﬂﬁ) @%ge%e%‘é’halhﬁ%lhg' thegngthod ofthe Dr&euii imvemtivarmeabased on

ther‘éascft%)?'ﬂg d| ne%%@?ﬁ%ezgggsﬁt E)lll Sr opyl)silyl]oxy]-2-

(R0 T (e PR Tl B e o

procgﬁp;bnml PAITAS OB ARiFR6SpedmngdIhroddhOpath A\ elinfihdtes aLhdlexdfing axial
formul a may be produced starting
serep{BHRRGR e B 5 ab Uenke 9 Mooy araele: Fhesegultiag oxonium ion

is subSeqdesBy AtheRePHPMR lef HIREREFRL Yike %Sf%@bollyén@vsﬁfaﬂlzlpenplanar open
chain transition states (path Al and A2). The transition state leading from path Al is
presumed to be much less sterically demanding and lower in energy compared to that from
path A2, thereby affording the major isomer (2j) as determined by X-ray analysis.
Cyclisations proceeding through equally unfavourable paths B1 and B2 provided minor

isomers (2j°) and (2j”) respectively.

[0102] As noted above, in some embodiments the acetal initiator induces
enantioselectivity in the intramolecular cyclisation reaction of the cyclisation process of the
present invention. Asymmetric induction is in particular observed in embodiments where the

acetal initiator includes more than one chiral centre. As an illustrative example, as already
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in the cyclisation process of the present invention

(see also below). [0098] The stereochem stry of the
WO e@chgrTis and reaction products may be anal ysePdI/SG2007/000055

according to any nethod knowsgin the art, such as for

i nstance 2D- NVR based on honop- or heteronucl ear
explhiedilgbo et daliseion(blictioh @f afeactfit s@dh as dduippuAPpl).(see e.g. Fig. 1A)

Chem (2003) 75, 2-3, 295- 3081) el ectron ioni Jon
alwhysseesulie iy rﬁem}wn;f&”l apRfedgoplin gysterns By sae AN eiBodipaents where the
aceépﬁﬁtrlét&sﬁoap fic9c téisfo!i] %x&ﬁglesaﬁl dcfetap%tn{xag%a er%{(cfeﬁ%ﬁze&biﬁsfqg. 16 or Fig.

oV sp Itting, See e
18 d&lefbrmmam (:IX)Ré{c) or (RDGbYvel The Mﬁgﬂlﬁlﬁ)m of therscetelh @y determine the

ena RO r b SR a0 Jh S n O KRR AL Teih genantiomer
pro@ftéd SWhétBE e 2BDIVRLLE Gfvmh @F @aetamgv @aas?m% ﬁok&@;ﬁ R (QR d ) %ig. 16) is

nucl ear Over hauser effect, as
arthf;a@mal@Qyﬂamﬂl(&osmthd%cmﬁ@um(see e.g. Harper,

J.K, et al. . Og. Chem (2003) 68, 4609 4614) .

Déﬁblémll gy gme rembpémmmsonwmrndthm agetal 1nmqbta“r is eutynlic acetal, the

strk BBt BBF Py Eieive TRERFEY & SR erronasida thy cyelisation

readhbﬁ Bf@ﬁlﬁﬂ’lémbéﬂiﬁaeﬁtb Qﬁcluﬂﬂﬂg' enbodahélits GhBreBe BBdtALiAIAGH is a cyclic
is noted in this regard that the yields and

acetgk %ilf‘e%i;e,‘é’P@L@Pil@tﬁ pleamgiely cowdentiydiound te dhecsahopbearbey ef the acetal
ma %@fénﬁ}}teaﬂﬁe d&ﬁﬂ?@%}éé}? E&’ an@Igdg; I119 ﬁ)nt F@Etuﬂf"vgs rh%t illustrative

been optimse I've exa
exampler én tehboldimdntsatvherei the (adS8ab H)itidtoH 10 bfrﬁrmdlaSZ(D(), (X) or (XI) (see

abo?ggﬂ){ éghﬁgcg%f@%?@o%?mﬁ enanfipsalentivity of Hheoislisation reaction. In
som ReHoB AR BnIG R obﬁlera%&bﬁfnﬁmt%&)’ce& ﬁf‘e r%g?%@t'i‘?e ARRlisdRdtivity. As

in Fig. 16. In such enbodi nents the 1,
an  ilustrgtige 1 exanapie.odhaihgestad- initiater nutably besa (rexch§pprepnphrene-200i-

d hi gh I d
cortRARRE NI L fnd bl ByRAL 20 € ey andl

is phenyl, the reaction yields the progy ct%I depi cted

in the scheme of Fi g. 18A. [0100] W t hoUt" Wi shi ng to
be bound by theory, it is assunmed thatf§afodseast for
the use of a catalyst in formof g gi d the

st ereochem cal product yields (Jee ppendi ng

Fi gures for exanpl es) observyed W@&m™~usSi ng t he net hod
¢ bagell on the reaction
.

of the present invention ar
paths set out in the schekE 21 [0101] The

as dlﬁg%ﬁdggﬁlﬁgng@g%p Icasn l?é( %ﬁ‘én qx xamp es &eplctedc o I?ig 25A and Fig.

26A, only the stereochemistry of this moiety (R') determined the enantioselectivity of the

cyclisation reaction, while the stereochemistry of two other chiral centres of the acetal ring
did not show an effect on the enantiomer of the cyclisation product produced. Acetal rings
with inverse chirality in this regard yielded the same cyclisation product. As can be taken
from Fig. 25A and Fig. 26A, the stereochemistry at position 4a and 10a of a respective tetra-
decahydro-/octahydro-phenanthren ring system remains unaffected by the stereochemistry of
the chiral centres of the acetal ring. In this regard also the stereochemistry of a moiety
covalently bound to another carbon of the acetal ring of an acetal initiator may determine the
enantiomer produced in the cyclisation reaction. Furthermore, in such embodiments R’ of the

acetal initiator may also induce enantioselectivity of the addition to the double bond of the
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proceed via path A or B. Ring opening through path A
elimnates the pre-existing axial stereorepulsion in

wo b@709T19 ¢ acetal and hence i s nore favourabl BCT/SGE07/000055
resulting oxoniumion is sub82quently attacked on the
| ess hindered Re face by the polyene via

isopnenpidewriif lizn e, fopmetiorc bARrcovalanisbondhetsican ¢lse fqed] Hnillator and the

e on state leading frompath A is
1so§x’ég01§2r%%g (?Pagg%aﬁ%?ﬁgbess sterical ly denmandi ng and
ener ed to. that_ fram path , thereby .
LPE04 S P DRI TEdhe 1085, g Tpier H’il‘?f’é%PeBﬁnﬁdﬁ%&?n reaction
witBnied ¥8penofdyednysoani 4 Shedpro6&s Wrile bitsatdhvatisa Athough any molar
unf avour abl e paths Bl and B2 provided m nor isoners
ratip Af: lyopampl@ zpmpoure%@t&mﬂwéorymay (beompd As tlrcmmethodtrrfvtbe invention, it

cet Lnitiator, i nduce
ma% n%aen "osel ecst%#ﬂ\}”‘la%}%oc{lggﬁg tlgn © ol Aol %P%tﬁttf) dhe isoprenoid
conteaat] iop higher, tih @aﬂicﬁlalr $it iOdesiIed €L86taRf a tiliCorRl llﬁ%&ﬁ]& composition as

InV t.ion. metric induction is in partic
ilug e heye; RGN FEfK Lo AERBloeaisad 6t e Srmp agarwmount, wice the

laf‘ﬁ{‘ﬂlé '
mo ust@riﬁtz?l{@%@eeggﬁg tl%’nﬁg%p a.{n%g%ﬁ(;gx gﬁi%ﬁ%é@%akggmgound It is however
alSQ:pQSSIbéQitQ use the dspramoidéonapauad dh anhokati eXcess retaeau bk initiator (the

acefgh) Th Kt sxmfle. b5 berBerd i Babelab it dHahie oni By vl amouns
or hihe BRAt Phcé Ninkdi gld 'tﬁusa ré‘a)é@ldhﬁoﬁc gﬁﬁitatnfeﬁf Rmkglg in some

an acetal initiator as depicted in
embpdimentpiheamoler yatio <(f>(§0m¢n0(¢<¢<)mlamwép amtel wmfhegamt firgm about 1 :
f cet [ rane t h nt
10 61 A8 1S S MR Bl R BT o out 3 £ 1. 7he
catad!ysarﬁpg anaa‘ofcb@be hlhﬁfe)emamaewai 1nFHn®di¢@ﬁ‘éﬂ m‘ohﬁtaﬁ@ﬁnﬁ (ﬁkﬁrelatlon to the

rlng car bon of acetal (7) carryln noi ety R9 (see
isopzeny ﬁ?lam“f@? gs dongzasithe eyckisgtigmrgaction;pf te ifjeriopRs nefrprevented. In

soméf énlfbc{d'\ m&RE o It AlERTn &y Qb1 tLoPRd] L['EW Emd are added. In
where the acetal initiator 1s"a cyclic aceta
otheg tegrhodohents squimobir antountsde tlad 1sopmgmdwpm;betu$d of highérhare used, such

as t@% %ﬁé ﬁ‘{;{&%‘l é%&gﬁ‘ Ct%vq%l 1{ﬁu ﬁ@rc%rﬂg%raiat | ﬁ]in Eact bolnﬁ)éar amount of the

isopaawidiborhpodnidat or is a cyclic acetal, the

stereochem stry of a noiety covalently bound to the

c {0195y ITheaphesssobf tthe meeititn My deieddTiorebd MBllowed by various
moqeﬁantl oner . produced in the cyclisation reaction. As

Ao Tepgt %Pé‘selfe’éwlés mckiderihe dagiahtos qumplete trﬁ@oa@@tt)ﬁlunsaturated
bon&é”' 3 'cﬁﬁﬁfrokﬁaﬁ)&h o‘frﬁﬂé téd %hrbo §1>9arl%’n %I&%sﬂ(as $fonohalogenation of

above) e acet Initia
unsaspratedi o@bbl&@aﬂb@ntbormis tah eoxigatians af nmsatummd icatbondcarbon bonds to

ketones by organic hydro peroxides in the presence of water and a metal catalyst, an

epoxidation of unsaturated carbon-carbon bonds, a hydrosilylation of unsaturated carbon-
carbon bonds, as well as reactions of functional groups in the obtained terpenoid compound.
As a further illustrative example, a hydroxy group may be oxidised to a keto group or
respectively to an aldehyde using chromic acid or pyridinium chlorochromate (PCC). Acetal-
initiated cyclisation products are very versatile and can easily be converted into various
optically-active tricyclic terpene compounds. As an illustrative example, the steroid (73), (4a-
trans)-3,4,4a,9,10,10a-hexahydro-1,1-dimethyl-4a-(methyl-d3)-2(1H)-phenanthrenone, as

depicted in Fig. 22, which has been widely used in the synthesis of steroid derivatives, can
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some enbodi nents only Rlof the acetal initiator

i nduces the respective enantioselectivity. As an
WO bdousT7ae i ve exanpl e, the acetal initiator nmapChRG2007/000055

3- 0x0- 9b- pregn- 4- ene- 20a- cagooxal dehyde acetal, i.e.

Rlof the acetal initiator = as depicted in Fig. 25A

. e .

confRIR P RAET upR Y pREe S RTRIRE, CPe Ghplat Tbutin, fo¢'Fig. 22)
Furthetlgxanhptes ikstrating the neanifold systictic evenuesopdned hg the cyclisation process

ot tiRieseA Oy alionganpr e Fopife bl TeERE Goutiant ofiiaY

an. ef fe on the enantioner of the.cyclisation product . .
fofloh edhe Bstel oF! ABERon of i GPEASHy L BHsD%Y Floffighe in s
spedif€iofl shbelddesl Heb@sSANBeCtiRed &k Qbkndisicnent\haf 8t ®Rument is
taken from Fig. 25A and Fig. 26A, the stereochemn st ra/
partf thoosiptejof theiart ants comemert geperad &pewladge All documents listed are hereby
. - ct. - nanthren ring system
1ngo&§3§é§3§§1 8%%%/1?# gecférs%“&@ Iﬁ%{%[egnst?%?eochem stry of the
- chd . . C o L '
¢ RA BB RERGh oS Sodl Rl ity Pl doer RO AR Bt of the
narrawet kgcies aantd asubgénetibecrah g fatlinggwithinatheggeatid disclosure also form
_initiator, my determ ne the enantjonmer produced in the |
part o) 65 PSR- &Bﬁdﬁ&gﬁ%s BEIECHSFRIPUOR Of (R iny At Widh f groviso or
negdtvlinkiBRioR GEkBYink Bl s@¥j0ct Hid¥%r HoRPtheREHES regardless of whether or not
enantioselectivity of the addition to the double bond
the exfcisel matoinl trmpecifigaliyt tecitedchereihe f or mati on of a
coval ent bond between the acetal initiator and the
i $U98En SMtlaeruembodinfentsaprgowithiy, thes appenflomp 4jaing baaddidion, where
g e DA b0l Lo S ARASH AR g st i
the @t &dB 36coghist hieat phe fvphtiomisedida tharebpldebaibgh immyrmsnifany individual
rati o Qf isoprenojd c&%g\zn nd initiator may be used
memBer O SIRFERURA TBFMPHE O  ETP¥D-ray be desired in

S di.ments to _use_it in, equi polar gnounts to e .

i E@E’Pﬁ %ﬁa RYRESH Feillghe ﬁ%‘é‘ﬁ’éﬁl,“sgﬁ% JH EsipgRos fo e fbﬁowmg non
mnigﬁggiﬁﬁblgsq obtain a uniform product conposition as

ilTustrated above. The initiator nmay for exanple be

used in the sane nolar anount, tw ce the nolar anount

or t hr ee EXIBMPTIARYEMBORBYMENT SOOFt T E INOGENRHON

conmpound. It is however al so possible to use the

ATy AP OBt PR ST I ik vl
reactamssand eftvetlaleri piro ¢elses dlost nzdy Hesused aielshbwe i thieyappendsmgFigures.

anounts or at a high price and should thus react
afoidd} @HipnedA skdws arAexamplarygicheme of anrembodiment of the cyclisation

process of preparing a multiple ring compound. The cyclisation process of this example

includes contacting 0.1 mmol (3E)-4,8-dimethyl-1-phenyl-nona-3,7-diene (1) (at a
concentration of 0.05 M) in dichloromethane (2 mL) with an acetal initiator (0.3 mmol) in the
presence of 0.2 mmol (added at 1.0 M in dichloromethane) of the Lewis acid catalyst Tin(IV)
chloride. SnCly; was added to the reaction mixture at -78 °C after compound (1) and acetal
were mixed in dichloromethane at room temperature. The intramolecular cyclisation reaction
was allowed to proceed for 30 min. While in theory the cyclisation reaction may terminate
after the formation of one ring (compound [3]), in practice compound (2) was formed in high

yield. Figure 1B shows a table summarising the obtained products using various acetals. The
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enbodi nents the nolar ratio of isoprenoid conpound to

acetal is in the range fromabout 1 : 10 to about 10 :
wao030eirias for exanple in the range from abouPCWSG2087/000055

to about 3 : 1. The catalyst39e.g. an acid (see above)

may be used in any desired nolar anmount (in relation
cyclisationeofi coppoandi(t]) aotheopreshince a$ Heprlidehgdée diamethyl acetal for instance

resiied i e fORRHIG0 b Wi oddh P O 0e-oREb T oat et - (methy)2-
phefatBtent depivaiiRURhpindd yfeﬂ?ot*—@?"%sng% bt e YadsiRds %?éstere%neric at the

ot her enbodi nent's equi nol ar unts to the isoprenol p
bengylig §havese ohtairedr foar(@) drs eratiossrom 820 He 1981k rsloambined yield. ¥

anoun W the nol ar anmount or three tines the
Detg 'é?agﬁﬁ%hﬁﬁgf t he i soprenoi d conpound. [0105] The

pr s of t invention i ncl ude. or _he foll owed .

DAPFES Mautera sEEhen Bheiilietet it betFiof acenet breparing a
muRipld Hak @mpeain| Eleecydidiidn ffdcals dNmAl saimd iRQRES: cdtacting 0.1
dlh%ggoxylatlon of unsaturated carbon-carbon bonds,

mmep (HRks.Simethyb h-pbenyimona-3s 7adiste ¢br with-aceteb imitiston d&,)a(o.z mmol)
i.dat:i - t
endfs R0, RTS8, 537 RO R AP Spf ogpe .

-78 wat 8nChnvhsaadded &l the adasliys mixre &p08 Pdalfied(1)@hd acetal were mixed in

. Uynsaturated carbon-carbon bonds, a hydraosilylation of
dichlpromethang ¢HreoRt EMCEBEnRBetgas were gliovedde presged o min, unless

Q(i i ‘ u i i i . . .
S e s PE HRuls e SR8t 1B PR ol agipe various
moigtieuR' nfithersetak indfiated (12). Baediromyrizupaldehyde sipetal proeided the same

to an _al deh si ng.chrom c id.ar ridi.niym
selegRrBY o HPERER Frehl SR 8T pAfe veld ey i 1, products (4b)
and {4 ) Bdrenti Lo MBf¥reMCicealld D wd dh4t doteasnhic B® aliphatic acetals were
converted into various optically-active tricyclic

equeldy paitrdle anipélinters. (epsiend, i andsVr Asymmetrimeysiligatiatusing of a chiral
oG 56 et R e e e g+ e

nitia{dr Kpatph énshtwedegrod eseleativithe (87ct 1e2) fon tHe fhree2@hsemteid dsomers with an
has .been w.dely used jn the synthesis of sterojd . .

oveiglyigtian otk A s Bl faftion SHE PETEL ARG RSPy 1 the reaction using

this PRIGIERE,and GA Rk HOSUE: fiifle P4 RECF R WeldcRiAaDE Ry EIRAB0N Ubpicted in entry
22) . Furt her exanples illustrating the manifold

6. synthetic avenues opened by the cyclisation process of

t esent invention can be taken from.the appende .

F MEURLS ighes SR SRl Rat i s Al PoETGT greparing o
mulépRCHEES cOMpSindeufihL \bh ObShrindld Rohpdeel 4ef YAEHdes & OH-Broup in its
specification shoul d not necessarily be taken as an,
termipatingnmoiriEndnthads aesed hinchided reeptactiag 0.1 mmol isoprenoid compound

(trans-Nerolidol (13), Chemical Abstracts-No 40716-66-3, and Geranylacetol (16), Chemical
Abstracts-No 7733-91-7) with the respecive acetal initiator (0.2 mmol) and the lewis acid
catalyst SnCl, (0.2 mmol, 1.0 M in CH,Cl,) in dichloromethane (2 mL) at -78 °C. SnCl, was

added to the reaction mixture at -78 °C after the isoprenoid compound and the acetal initiator

O~

were mixed in dichloromethane at room temperature. For the asymmetric induction of the
acetal initiator (48S,6S)-4,6-dimethyl-2-phenyl-1,3-dioxane see also Fig. 18. The present
examples illustrate that the presence of a hydroxy group (with free valence electrons at the
oxygen atom) at a suitable position may lead to the inclusion of the respective oxygen atom

into a six-membered ring in form of an ether-bond. It is noted that using one enantiomer of
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part of the state of the art or is comon general
know edge. All docunents |isted are hereby
w0 p@ongonat ed herein by reference in their entPCESE2007/000055
[0107] The invention has beet) descri bed broadly and
generically herein. Each of the narrower species and
the soprpaoi camppumdp sunhsasf ()4 (iHRrgrand-Neiotidbl) eegpitndnitbe formation of one
i scl osure al so form part. of. the jnvention, Thi :
prodizh FRABBETER B J e AHebet PHETLRnlst (RS- b HER: had: side of the
stru@uf}’ 8F c&RpSindIeAa} N (15)5[‘ ffodi Qe SMRYIMRE: ANsedl Bieehiultiple ring
matter fromthe genus, regardl ess of whether or not
comppendels @imigtureaf bothagomess.speci fical |y recited herein.

[0108] Ot her enbodiments are within the appending _
c[Mild . Figureat diavisoexemphary gedctiansios qiclisatioeqrecess of fpeeparing a

.nvention are.described in.terns of rk r .
g Fe et R RE b T FOPBedu PR FERSdouble bond in
its t¢rﬁﬁ@dt{n§9ﬂoib@. alélisatiereabtiord @S ipl (BEE-3,7 11 BHimetheT-2,8M0-dodecatrien-

i ndi vi dual nenber or_ subgroup of nenbers of the )

1-ol pronenette g HUFhemirebabstrpgts-Ne 845 To3-R) Werepsriprmedyas for Fig. 3.
illustrated with reference to the follow ng non )

| [0H16] n&iguagriployvs EXXEWIARYAEHOBODE REPYFEsation pcess of preparing a

. | : i f. .
ot E ks SR TSR o LB R s i i
temﬁmatﬁlgg !mdiétg_c %ﬁﬂiﬁattd?gt{iié]&wr;@ eusikge :irAailE&‘ambsyMteiolﬁet ml%) (Chemical

appendl n | gur es.. | gure 0 n.exe ar
Absggcr%%h@_ B 7££Wdrwﬁer@fyl%q%@n@ﬂﬂ Cherarst apam_"@Ns&%-? 0-1)
Wereg?&?(ﬁ'ﬁieﬁgtfs %?{]@Izigtj 0P tHe! BRI REROMAEetioh N 18 £deta? %ﬁ%éigrl (4S,65)-4,6-

0CesSS 0 exanpl e 1 ncludes contacting O.
dim¢tBE)y2-pheayd I tioxhnd sephlsoyig.A8na- 3, 7-di ene (1) (at a
concentration of 0.05 M in dichloronmethane (2 nL)
WQIA6hn Figraead shavist éxptnplary Gegtions [of aj eyclisatioprieeenss of pfeparing a

0..2 mol dded .at 1.0 M. n dichl .h . .
ol e orty OUAE Rt o RO BT b SR Faciiple bond in
its th@nihitehg BidELY. 00y dhsationl Radtions ARip B {6, F0-d@esiip@istufidecadien-1-yne

and acetal were m xed _in dichloronethane at room _

(29 Erhsangal upbstrapkieNe M288AePdoul(Bl-7 dy dimsty]-64 0rdedegadisn-2-yne (32)
| . L - i h . .
(see‘é@eg?\@ 1P VRd pf@g@{h?@%?ﬁ%&@,{i&%ﬂn@ﬂm —S,wfnh@ca'dﬁ,ez1f-gl?§|%xt1lﬂgﬁlyl-sﬂane

Isation'r ermnate after t
(35)¢€hemixal AhstriotsaNp G20EP-8BB) and (E,B)-6,4 0,1 drimetiyb 69¢ll 3¢@ntadecatrien-

1-ynvé’?§8)f (thgl(;ca{l E&brs]%rgctc]s-No 140677-79-8) were performed as for Fig. 3.

[0117] Figure 7 shows exemplary reactions of a cyclisation process using a derivative
of (3E)-4,8-dimethyl-1-phenyl-nona-3,7-diene (1), bearing a protected hydroxy group at
position 1 (i.e. R* in general formula (IV) = CH,OH). Cyclisation reactions using (E)-9-(3-
bromophenyl)-2,6-dimethyl-2,6-nonadienyl]-1-oxy-(terz.-butyl)diphenyl-silane (41) and (E)-
9-phenyl-2,6-dimethyl-2,6-nonadienyl]-1-oxy-(fert.-butyl)dimethyl-silane (43) (see below for

their preparation) were performed as for Fig. 3.

[0118] Figure 8 depicts a contemplated synthesis scheme of Malabricane derivative
(53) ((2E,4E,6E,8E,10Z)-10-[(3aR,5aR,9aR ,9bR)-dodecahydro-3a,6,6,9a-tetramethyl-2,7-dioxo-
3H-benz[e]inden-3-ylidene]-2,6-dimethyl-2,4,6,8-undecatetraenoic acid methyl ester), using
a cyclisation process according to the present invention. Malabricane triterpenes, which

posses antibacterial and anticancer properties and are thus valuable compounds, are inter alia
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yield. Figure IB shows a table summarising the
obt ai ned products using various acetals.
wab@eyeiisat i on of compound (1) in the presenckCDBG2007/000055
benzal dehyde di nethyl acetal4for instance resulted in
the formation of the |,2, 3,4
fougd 4w ghel w000 pfotie dtegddiderithis- Winkwbtibg,| the aoOtzedfhthk )Maditerranean weed

P S 5 TSP Sk Sl g an e

at Rife (for @l isd1886h bDresfedlivé Malabiicate ddratiAa: 20 e.tg[O Se8s Ow, et. al., Eur.
c) Conbined yield. d) Determ ned by 1H NWVR 0112%

J. Gt Ghemo N DR a2 572 0% dotoaiis: ScRbRks BhracheyiiisBREN2S, 5, 1536-

f [ t ' d..
o8 RS, 1 PUERRL IR, MRS 5 ACROTRE 51, ot 7 0
Chabg i1 @839 gﬁ,(gjl LR 320@:1)) :The r$7-d0|decahydro-?lf a,76,6a9_a-tetra1?61:t)hyl-3 -tclrllloromethyliden—
3E) - 4, 8- di - | - phenyl - nona- - di ene W
bengdgbi-prienrile BRotel APoper #14hRy obffinaddorepmpael (39) or (40)
/ . 0 ' ' . .
O ot st Rate (50 e udef boltsRu S, S it poyte 1217275
depickad ind3gt220n mi xture at -78 C after (1) and acetal

were m xed in dichloronethane at roomtenperature.
REQIHI] oFigwwer @ dapictswed exemplarycsyathefio rscBéneriofl theldétg@eoabietic acid
st at ed herw,se | gur B shows t abl e ,sunmar] si ng .
der S o) ol gl B OLk Py etiiennen rhsraii 4l RaoRy e, Chemical
Abshéets-No 7709113t 9F arld¥80) (3F_"’Hl_53 ar ﬁ(?él)b@di’@tﬁfef}ﬁéw p@-oﬁ%@fcﬁhethyl ester,
provi ded the_same sel'ectivi fy’as _benzal dehyde aceta
Chegtiepl AestrapistN el 795 B or3).sesing: atayickisation aardeess apeardingtts the present

. . ' ifferent t al h .
i 8 0 A0 SECSTRNE 6 AL LSHERO35SEEL ABRRE. & v,
M., SuiVzalitred a@ 9B 1) 44,at10r 24 BuirielleR. 31. o aBIANGY Prod. (1993) 56, 4, 461-

netric clj ion using of a chiral_ (steroidal,
472 ,popggﬁ @gi ﬁl?(a f@s greq(ey prec%rsors for preparatiox(l of ring C aromatic steroids

(incBinEe t f¥tapdifse GRcK - &N -pRo SRR SRR %Xll)gﬁ’é(s\,’ ggﬂhr@%éﬁg,al glfcborticoid and
_the1nitiator (entry 6) showed good selectivity
mingrglrortico) Hasmone eandlogies) bwhiche dave opeens pwavietl alowing  interesting
I ' f % An_extende eactio i me
onafS0 At bR EE B8y RBNLERBEE K300, Hlchem. 1989 5,
3761-8765)aThese tanctoaipoanosiul®ss faronbf be?élyﬂmé%is%@fbgﬁﬁ‘éa% bethe fungus

Cortgh ot oy SN 5 ot fond. BrEaChyet () O pPocies-4466). The
o LB YA TV 1 01 SOTIPHAE 3L B0, 05 i o
(E)-?-é?’-htmmﬁh.ﬁgylﬂﬁlﬁedi]nethﬁtZ@denad%ﬂdl]i-hokyl-ézed:-bumﬂ)diphbm-sﬂane 41)
win T 5% SR BRGNS BShsdl o+
((1R(25G)aS,1 04FORT-BRmo-1,4a-dimethyl-1-(tert.-butyl)diphenyl-siloxymethyl-1,2,3,4,4a,9,

10,10a-octahydro-phenanthren-2-yl)(phenyl)methoxy)propan-3-ol (42) with pyridinium
chlorochromate (PCC) yielded 3-(((1S,2S,4aS, 10aR)-7-bromo-1-((fert-butyldiphenyl-
silyloxy)methyl)-1,4a-dimethyl-1,2,3,4,4a,9,10,10a-octahydrophenanthren-2-yl)(phenyl )me-

thoxy)propanal (54). Hydrolysis using potassium hydroxide then yielded ((1S,2S,4aS,10aR)-
7-bromo-1-((tert-butyldiphenylsilyloxy)methyl)-1,4a-dimethyl-1,2,3,4,4a,9,10,10a-octahydro-
phenanthren-2-yl)(phenyl)methanol (55). Subsequent elimination, oxidative cleavage and
reduction of the obtained product will result in the formation of compounds 59 and 60. The

reaction scheme that may be employed for this synthesis corresponds to the synthetic route 1-
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Abstracts-No 7733-91-7) with the respecive acet al
initiator (0.2 mvol) and the lewis acid catalyst Snd 4
w@02/00md, 1.0 Min CH2CA 2) in dichl oronet haneCT/2Gmia)/000055
at -78 0C. SnCl 4 was added tgythe reaction mxture at

-78 0OC after the isoprenoid conpound and the acet al

2j-TN74 Hapi@t%d‘ﬁﬁFi%. m.xed in dichloronethane at room
tenperature or the asymretric induction of the

aqelm | Pigtik 1 ®lepicts examgles of 1s|opr§n%1d compounds tha’cI may be used in the
- -di oxane see al so

4 4°6-d thyl - 2-
mefig, of bihe T BisspRG Ot ioR k] SE DO PADOxYShny D15s-rimethyl-5.9-
dodbERENGEA Y (CrdbAOML LRI, b7 8 BRI DR 16R):5.9,13,17,21-

penm;{ethﬁaqjs 12,1620- doﬁ@dapsmm-pfarmﬁe r(easaw VESIBIIWY);, C: (22)-
ataom | nt

Farte Y B RSN 1L SR46 OBt B g OB e KA S:6O-trimethyl-5,9-
dod?%d}e;n %@R@F«N@' §3§1qlni§3p'j“% S4clh. a8 18-pentamethyl.22-0x0-2.6,10,14, 18-

trans- Ner ol resufts i
tn’cmpemamaunde é(ﬁAS+N0 dﬁﬁ®97a28-t7hﬂ1eaiekgdctme al thﬂhethjilamaie has CAS-

ot sBRp03Rs 1 Hha 1148 ynelipSnpanyli b4 stotielivk o fecadienstys-

meﬂd?leﬂ-cyélbﬁed@éﬂ IJOHE ?CWSUIQO CONROLIYd) ) & a(E'E)XS 9r19—tﬂfne'fi18)t1 1 8 12-tetra-

I soners ure shows exerrp ry react | ons

decafrigne-{l Tthlﬁ{ I(GAS@‘I@C g@%l 330803 e JAr (4158R 1 2B 6E)S.8, lBllﬁ@I-pentamethyl-

55 SSRGS R U NSRRI ) B Gpensn

dnnbﬂ'@bﬁj&dtﬁebt&iléi@ (CE:AES-N& 7162897 12- 3) J: 10—ethy11dene—2 6,14-trimethyl-

-tri 10- dodecatri enl - ol anoat e Z
2.6, berPRetIne; (GASNRD HO05d5 . By B 3G kbt abexamethyl-
2,6 fl@r14 "T'8,922 FetrakOshhedacht 9 L:’J.r4ed1§1 g’f‘ YL XORPAB Vo) Eagéli Eﬂ? 9-hydroxy-

cyclisation proceds of preparing a nul
6 1Q;b4nb8){mtmmr$hyh@ 93h3 ﬂ%—opna;iwoatdtrm@onmd (Ot Nloncl 109662—65 9); M:

BRI oDt s PR IO 91 EiBisho e (R Ao, 142005-

71-4HpNt (EEIEQ mld-maﬁeﬁa 1-8)%,18 ntz{daéb&n&ﬁ[ hagigloN®N62£04465-89-6
4-)53 Abstr cts?No 373%js 70-1 \/\/er??ﬁerforrred as )

0: f oanFE)gz 5 30,1£49, Z@H@xa@ymb@ﬁ» 10, 1423 tegourhesendcalt al (CAS-No.
79306k 1 16}I pr ';:é %:%4 5@ 948‘?%%‘%” ldl oy, 'dohecﬁa{%hé”i 49Eione (CAS-

see al'so ure exenpl a
No.r 642460- &M),OQ a(E,ZcE)—@éhydmx}memh;d}}g IOfdlmemghﬂﬁnlg) éodecatnene—l ,12-

o RS RSB o - SOBLEELE OIS 1 et

(CAONB! 159284811528 |&ﬁka&lﬁﬁ‘3 [2oRSthyBUTS 7,11-trimethyl-2,6, 10 dodecatnenyl)
10- di rret’h -undecadi én-1-yne (29 Che al

-qlg\b%,lmoébpgm% (ngglggal55b§_g'acts-No 108354-12-7); T: )(E) 9-[3, 4 dlmethoxy-S (1-
methim{Dbhentt B MheRyt 91 PRAREAN FIRe Y 8 0hSE2-0l (CAS-No. 83569-80-
6). It may be advantageous in some cases to use protective moieties to shield functional

groups of reactants, using standard methods well known in the art.

[0121] Figure 11 depicts examples of acetal initiators that may be used in the method
of the present invention. A: (3R)-3-ethoxy-3-hydroxy-1-phenyl-1-propanone (Chemical
Abstracts-No. 916462-71-0); B: (1R)-1-(1-methylethoxy)-ethanol (CAS-No. 500198-18-5);
C: (R*,S%)-2-[methoxy(1-methylethoxy)methyl]-3,4-dimethyl-3-cyclohexen-1-one (CAS-
No. 58431-44-0); D: [R-(R*R*)]-2-(1-ethoxyethoxy)-1,2-diphenyl-ethanone (CAS-No.
133187-15-2); E: (aR)-a-[(S)-[(1,1-dimethylethyl)thio](2-pyridinylthio)methyl]-benzene-
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(see below for its preparation),
(E)-(6, 10-di net hyl -5, 9-undecadi en-1 -ynyl ) tri met hyl -si |
war@70385)9 (Chem cal Abstracts-No 72039- 82-8) aPdI/SG2007/000055
(E,E)-6,10,14-trinetiiyl-5,69433-rent adecatrien- 1-yne
38). (Chem cal Abstracts-No 140677-79-8) were
meé?él?(ﬂo%ﬁ@tﬁ daAf-dlo. 17632867 187(0Rrgrl(S-[(1, belnethylethyl)thio] (2-pyri-

dmﬂﬁﬁ&%e@ﬁ%]e& ‘%@fiﬁﬂl&@ﬁeﬁéthﬁlo?y%eta?@t (CASROERB28IY; G (r* R¥)-

ervat
meth@E)-{A- @neﬂhyl‘&ﬁd’)yﬂhyl]t}ﬁxﬁﬂethyl disalfide JCASANENED3(18)93- (b)eﬂ |((BHR*,5%)]-

1[[34%@&% et slchmetil Segrnpeaicos Reactioopes 1305 T

2 @)iin?étﬁ =2-ph 1 - 7186 8 3
( abr 201 L%en S 6P de|nr¥e hy?lse enane %C/%ﬁ é\Ir?yI 57 9 -9); b J bis(phenyl

methylbuhwleﬁdamliyarablnbmtrémyata@ﬁi% 65784-59- O) K [4S -Qao40,58)]-

2 ISR s G BB Yo o

13%{0&@%@141 | DicatBkRiP AP MBktRE EQbr qu s-Ro. [ §858172. 3) M: [4S-
Figure 8 depicts a contenpl ated synthesis schene of

(2oudet, Qjﬁﬂﬁiﬁaﬁmeﬂyﬂﬂv@hmy@ng@@) 1,3- dloxane (CAS-No. 141271-06-9); N:
(2a(4()gé]:3 4456 %Fméﬁyg\l@%&eﬁy@ 5[3%3' Oxegd%Aq? ﬁog %&25‘1i 9(9 ‘if a(l;y ﬁlr (Z%L 40,60)]-
-h@it?lb%ﬁzlﬁrﬁéthyldﬁﬂ-di‘o&ahe d@red-No, 6388423813, P2 (4R SRI2UBR - Rtrahydro-

usi ng accllsatlon

noi c net hyl ester
4- O)Eﬂré%é %1,}5131493 -gigxplgne- fied gcﬁ'bomﬂl‘pe n@%ign bis(l-methylethyl) ester
(CAMaNabe@%\ﬁsﬁ bt &J: Pgﬂfﬁﬁ 6k gtha]ﬁgﬁl?ﬁ§ ﬁ@%ﬂﬂ %fd?sreieﬁkne (CAS-No.

anticancer properties an
1771:%ﬁ?§%-t9btds Rar e(Zogtog6p)ad, b-dimethyll-2-f3-(Hphemoryplehyl) prepyl]-d3-dioxane

ARG BB SR sioaBeY G ¢ ain gekSaliidase 357 T

-héS(tyP-tlJSLdeé’lﬁle@ﬁnd heAS-Nat 1(Bﬁy7ul7@t4)Rpr[4sm@la m&es‘@] a1"-fi2d(1-naphtha-
the isolation of respective Ml abric

1enygi)e} ?’xﬂa Xajqns- ‘b%@lsé]ng(msﬁmeag)]bwplmndnsﬁ (Cﬁe%riNo J 10¢869-81-0); V:

b SO e M 750021
cis-ZHdimetayl-1 Atdioxepand§EASPR QG441 200T). 65, 1764- 1768:

Ravi, B.N., et al., J. Og. Chem (1981) 46,
19022P0Figure TIA depicts a further exemplary scheme of a cyclisation process of

prep%%_gg ga[d ﬁ’g@@F)r?ngi%@ghgw%aj o r;gitrlg S‘r( 4é? 4 gﬁglt) hl%presents a 20-
metl@ﬁipilé@ﬁ&lieﬁﬁ%ﬁecﬁmé%“ gl ﬁeﬁ@ﬂor@ fwdré BerfordREl \ﬁ'ﬂ?%e' r@sﬂ%bﬁve [(3E,7E)-

The reaction schene _used corresponded to
4,8 %%rmm%thylc&?d dttedecatripnyli- bpsz@@plecwetdvq h:ompgundzz) (2 @mpl) the 3-
0X0 ?gﬁé}ég% 3 eﬂg Pg‘t%f;b?)?{ lglé %11 z(y ?%g\fgf) %nd Céﬁ‘fﬁm ((P 5 g‘l 1.0 M in
CH,(3p-ial d1&ﬂbﬂon1bﬁ(a31é)(2 hﬂ;)adm-es acahﬂ% otHdwiNe Gtaed. CSxﬂlﬂ Rk added to

the Fepsinh TBINCIe 19(13) “QUASt SEB ADTS PRy ik by ridecatrienyll-

benAAk Cderivative and the acetal initiator were mixed in dichloromethane at room
temperature. The reaction was then stirred for 16 hrs at the same temperature before
quenching with NaHCOj saturated solution. Figure 12B shows a table summarising the
obtained products using various [(3E,7E)-4,8,12-trimethyl-3,7,11-tridecatrienyl]-benzene
derivatives (compound 5). The abbreviation d.r. stands for “diastereoisomer ratio”. For entry
1 and 2, d.r. was reported as benzylic isomers’ ratio based on IH NMR integration of

benzylic CH; for entry 3-5, ratio was determined by 13C NMR; for all steroid acetal initiated
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Chem cal Abstracts-No 17751-30-3), using a cyclisation
process according to the present invention (for the
wo s@apizen of conpound (60) and derivatives seRCESG2007/000055
U ubelen, AL & Mski, M, J.4Mat. Prod. (1981) 44,
119-124; Burnell, R H et al J . Nat. Prod. (1993)
cychigation, pnﬁllwtscwa¢ coﬁi@nlpd) tmaldelfyiie)viaRCA Gdatime dkeyas represented by

t f ring.C aromati c_sterojds
o B S B 0 0 B RSy B fsomers
with deif@ganslatigé beEutdagich Be@ren ﬁ’ﬁenﬁ{n% Ea{tér:gsg U AN TR von and the

anal ogues), whi ch have been proved show I nteresting
HW‘h%ﬁ’{'ﬂ | seters|fommasiiarths bisyqleskeletay. Tox sinpé pew Abiaal, centers formed

e ol g R O i o
theisyormmemiosbmmﬂﬂt.us Corticiumsoldi (Brannon, D.R,
et al., J. Og. Chem (1968) 33, 12, 4462-4466). The

S){QIMSIEgﬁﬁh daeilhaaads ddw RRodRtNQE A iABEnAE&IS heetal initiated
nvention starts with the cyclisation of
CYCI@FOQ RT8Cest geHmgyto) the %esanhmmyﬂmrz cEn n@ddm@nmbqhﬂed do diverse

cyct of}%?églgldi'sn%{dz g'%eg dﬁ?ﬁ%ﬁﬁ%&s SS't Qe= M%?a?i glﬁcﬂ S@Q@ room temperature,

ovenngta; Weadd: (8R4 Ritiod 66:(L B)LO: 6( eﬂeﬁab%s:rm/IbOHKOH (7.5 M)= 4:2:1, 12 hrs,
Stepl T %‘bg@@i %Bﬁﬂoﬁf%@éﬂ% Bifﬁ‘%% et ¢y (THF, rtzo‘@nnﬁhtad )9 03,-78 °C.
h h th 2-yl h | ) met hoxy) pr op
o0l SR e e e s

that@&%%ﬁg&ﬁ §/ 6113 1?3?@‘01)%/ (31% QE P; 4%}?2)126 hat&.(l{ ﬁ{y[l -3,7,11,15-heptadeca-

tetrapnyl] benzepg, Qell‘(iltIYGaécempamyb rGSD;h dihanobtamabl2- yspéqpive nyultiple ring

54 r ol S _using potassium
coniB A bR A5 Phas et ichyapydfi g’ 401 0a
7I(glr2ggp l&l‘(et 134 it k%)l\%&;syalndelx rrﬁ%{]ay'y ‘gfclzll )%\Q crg/% iga}go)n_process of preparing
a milltip]e3ridg éamﬁoﬂr(& idihg Qlﬁzﬁ“aﬂ W%Dt&t%ﬁﬁé hA1e Reactions were performed with
{1 pélﬁ nmet_hanol Subsequent elimnation,
GE)o‘Je%&QHE XT mélgrémaﬁ ﬁl@ﬂ% ¢y Ghl @melwsaq@taﬂ anigigtr (0.3 mmol) and
SnOll{ Rﬁl‘ﬁhnw o Meﬁl-ﬂiﬁ ) %’Q&Cﬁlg JRLh AR g‘pgi})oyg’gls*u‘ﬁgss otherwise

The react of at may
statqdh SQCQy‘mﬂmkieé te trer lescpixmdmxtme tahe78s3 afnm (ly afid adetal were mixed in

de d Fi 0120 10
dlchéoeré];}'xg&zxs ez )%%%F:égtngqerz%t@@p :.l‘gﬁ 6‘?3&)&9’% I b efolrml9 hgs at the same

tempiagttre Befobe qieidhdtk &fitht l\@HFQK%S %Qt‘ilrdtéﬂf @Gl‘hhgﬂ RA cotresponds to the
%% E, E) - 12- ( 3- met hoxyphenyl ) O-trinmethyl-5,9
respede cpgnehfrm gk the @%@nﬂf—‘@@ﬂ E\Hs ﬂiﬁdeﬁwﬁoexammes of the (combmed)

ylelﬁgﬁt%m%g %%th Bro (e%g'fgfg?é%getaﬁ Qm&r 9th% n?iﬁ:agegi conditions. * Isomers

rentaneth ocosapent aén
diasie@asicNG. at88856ﬂzyﬁ6 -CHL;wee ob@ijed for both 2 and 2’ in ratios from 80:20 to

100:0. ® Combined yield. © Determined by !H NMR. dr = diastereoisomer ratio reported as

major benzylic isomer of (2) : major benzylic isomer of (2°).

[0126] Figure 16 depicts an exemplary scheme of a cyclisation process of preparing
a multiple ring compound using as chiral acetal initiators an in 1- and 3-position a heteroatom
containing 4,6-dimethyl-cyclohexane derivative (compound 7) or an in 1- and 3-position a
heteroatom containing 4,5-dimethyl-cyclopentane derivative (compound 8). Four possible

product isomers (2 to 2°*”) can theoretically be expected.
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farnesyl am ne (CAS-No. 515846-16-9); D
(E, E)-2-(3-nmenoxyphenyl )-5,6,9-trinethyl -5, 9-
waoeloaeogdienal (CAS-No. 53311-19-6); E: 2,6, 10, PCT/SG2007/000055
14, 18- pent anet hyl - 22- oxo- 2, 6450, 14, 18-
tr| cosapent aenam de (CAS—No 105097-28-7, the
r B2t  Kigure N7 dillmstraies Abg tesphratioASNS emplBY @ltirdl2ack)al initiators.

gttty mfnorametbanesliorate o 4950 0 & e, PE eraldlyge and the
mmthyigalﬁletﬁersrcﬂ’[myl repeciiod didlent-g8-9C. clek S WNed were benzaldehyde

418
cop OEI}d g&“@%%) TPr PpEu-4-aae-2Porathoxaldshydy enmpound i Trimethyl-

1 . -
e g (s

2 2=ﬂ;_5 .- hzmrd@b}zishﬁemmhﬂdm]ao@tﬁaem @ainpébﬁd raé®)s- Nad  2,2.4,6,8,8-

67.8 E)-9-eth
hexgé‘né’%ﬁ O%d &’éa‘l}ﬁljfd’u) Bﬁ?e@e(e AR Lm%0$62897 12-3); J
Y RIS BN RO B e
a n’&ltﬁﬂe ey aBRIpBYhd uding chibolitndds of the chiral %6%%1 nttlfcoﬁ of Fig. 16 (see

22- tetracosahexaene |, 24-di ol (CAS-No
alsq Hig lﬁ) -Repctger vrye carrled out as 1nd1cated for Fig. 15. R* corresponds to the

resp?s&%% kélenjeé Ofgg‘ézoafn%t h rm de%‘a? "}he ufﬁ'ld ?s%%{e?ttflz?ceganzthggretlcally be

expécite(E(lﬁv&Qe s’ier%od:ﬂenilﬁtr}l&tﬂie lb%@g?ﬁb RtboR ,cénﬂsp inl® )L 81,848 0% was only
aenoi c %m d (CAS-No. 142695- 71-4
obs fﬁe IO Prdye. W’itH@tlﬁth&CQ aeloygtsw@dtladmsamtu sbawn4Fign 1BB depicts

examg es g% ﬂgg hcésgéﬁﬁlt%ﬁéi%ﬁlg% %{eﬁs oi)taalnlxedl':arlﬂ% (4%,6S)—4,6-d1rnethy1—2—phenyl-

1 3-@@)(41313 8,2 148 dR eoosPHreGadimettiyd-GHpheASE Blalioxolane (10) using various

7 J1-1). P oo . .
benfea Elssftitd isgbyencid, camaginds. Thequetitliny ispmsre oo da eseied. The
fourh fisohidr dio® depicfeASNOFigd48A0¢c8 7Fib) 116
$EZE-E by Ek, rr)gtwﬁf/ oy B s epd for the
reactipg ﬁ%rrq:qu_ ing f[@pﬂt(ﬂ§qq(¢asel(2f6\6m thig gsomer Ras therefore not been further

Iohe» b)
con O B DB N0 g5 1S ph BT bined viewa. » mhe
fourflppassibleyisemeri@pidubt was mmtde;elc’eeﬂ s IH)NMRJ egadpt ety 1) @ Determined
by %g\g\ggom laol L gi(alstde%].ms(ome? rTr]at(%oa | reﬁgrsteta as (2+2’\’I’o 2’). Major isomer 2j is
beliéveli t@hf th sialﬁ@m@w Bing & o
S rhenyll-2. 6-di methyl -3 %|%P%§x@mo}w§§r?a§edemﬁ% > gie products
T5/7§] (ﬁgétg |\§592 \ggggg).t@@ed B8) 25 (4 yiekds Osldvtawtth(jp@nzmelrmg cyclised at
t. o ieti,es to shield
met IS%??I&‘Z*?AS?ME %&H%§ta€*¥e‘ﬁ#§§§t)éme withg standard et hods
of ri 1 1 depicts
a0l CBHyt B0 él?ﬁ’f’?s. R 4 B BB 8 g e presen
inveniidh theqfreﬁdme np&feﬁ&ﬁ’ﬁlﬂlav&l\zlaﬁimmed tHs absolute stereochemistry cif a major

R) - 3- et hox hydr oxy- 1| - phenyl -| - propanone (Chem Ca
prod tscg (thg-yeact }nyofgqa@é-@zé é%n@l)\}% Q@I}Ienyl-z %-no%adlene (1) using the initiator 3-

oxo—bfe@kélj-erfe'-zmgatrﬂé&a%a@ﬁg ) @cﬁ@nOiO—&%%eM‘led?}qug&ta]lﬁ 52’18, X-ray

crystallography with a crystal of the cyclisation product .

[0130] Figure 20A depicts an oxidation of a multiple ring compound obtained by a
cyclisation process (see Fig. 18B). The absolute stereochemistry of the major isomer 1))
(see Fig. 18B) was determined by X-Ray crystallography analysis of the corresponding
ketone derivative (72). PCC oxidation of cyclisation product mixture (2§)/(2j°)/(2j”) followed
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C
(R*, S*)-2-[ met hoxy( | - met hyl et hoxy) net hyl ] - 3, 4- di net hyl
wo Jsoepeiiohexen- | - one (CASNo. 58431-44-0); D.  PCT/SG2007/000055
[RR(R*,R*)]-2-(I-ethoxyet hoxyg-I|, 2-di phenyl - et hanone
(CAS-No. 133187-1 5-2); E (aR-a-[(S)-[(I
by réermtalhhsek‘tidnebmﬂie) tdrre3poitling ketone mixture gave the m&r isomer (72) in

thyl]-b t hanol t at S- No
ov%éggg y%? dg;l" ?1) %Erayycr]ystalesrt].rzu%{]u(reg?the 2rr;fcs)ta1 g\lcz:ée wgs 8 45 % 0.15 % 0.10 mm %)

[ i Q)

sk gl s SABLMASLOU SN KA Bl e

repm@ﬂ@@rﬁﬂm@ures@f ({3rankrapsigmmeentyolf stereochemistry are depicted in Fig, 20B.
[-[[I-(methylthio)ethyl]thio]ethyl disulfide (CAS-No.
69813BL]93I1P) stetdocligntsttRafSthe] othér- hihor(Bsdinyist tWao)coRfirmed by chiral

HPft@i(n%%ﬁricg{?%% ]ZI7 Il"c % ; é_SSmhleIMIgen& %&GNI\/{I%QI}NSOG:IS after converting (2) to

(73§ @%42’2) 613%67 (575:1L16el‘§ioﬁ%tf I(Z’f)/}?j’}?{)l‘f")ytb (ha-ﬁfu%g% ?{9@6 10a-hexahydro-1,1-

dmx@ﬂ@/w@ﬁm@ed -g8)- ﬂlm@bﬁmmemmr(iahel aingpuBA%7 6)o(see Fig. 22) gave a

m1xgli'g %ﬁ ﬁ%?%g%m f neél%xat%ngefna%r%ﬁp 8? g%i e 2(1&@@ VKRjch is in agreement with our

steré@zﬂl@ﬂﬁcaﬂgob%bnvahon [Tr‘ﬁ"eréﬁ)@e 4ehed Bibdolide PiRRYhtation of (2j”) must be S
3-di oxol ane-4, 5- dlcarboxyllc acid di nethyl ester

(terprtata), Ndberzyh7§ (rmg)3The three npy chiral centers formed are considered as a chiral
grod? %ﬁﬁx&p}e]lat%es oglgggx;mt)ﬁavlﬂﬁﬁ 4Ry! g'i@&pt“gagecf oit i V4G REschenmoser

(CAS-No. 141
post(tmai¢4a 6b) - 4, 6-di nenyl - 2- phenyl -1, 3-di t hi ane ( CAS- No.
60325-70-4); O [4S-(2a,4a,6b)]-
21633 y IF-lgul@-Zil dapidty b sthetedindicatigs ﬂl@%&hcﬁgn paths that would be in line
etra ro-

with TS A5 ed FReBghation Pudt S Ghibr AFGUGD - e agfion of the

acet@]. aHedsdAbRE lis RRpdRAdLINYE hpsifdable foGhS BIRoR4R,
Q 2aS 4b, 6bl§ f)6 di neth Fﬁ peeny : , 3- 1él)lﬁse ‘é%hgsdc‘%}s only (as
deplfzg;d( ﬁ@nergbpqtgeAglg tevgd to be favourable due to the elimination of axial

steré&?qu‘i@ xgb% tﬁi& gc %{&%X%@or%%égfg ?{epgmjc)é' 1)38 mer formed as the

respRet{ve-tramsigiop Istany/iks hdught wi e sterfvane f4veadNo.
162246-35-7); T: 2-hexyl -1, 3-di sel enepane (CAS- No.
11]8!93]. Taguke, 22Ldleplcts the functlonahsatlon of cychzatlon products obtained using

4Sthgf% ga 5b) 2- (I - napht hal eny

e | mathed ;08| e V%ﬂt%ﬂnylt bi @AY hiFrReRes | Q!@dqéqoaerqfdu(ag 4R)-4-((R)-
6 % ]

Ph“?q*? e 100908 adlanl 2083 16308 Lo

methcs@mw—zy (coamwd 2.c)| mt]z pélndmnmtdl;dredhmmahecﬁ?élﬁar}eelded (R)-4-
( Fi

(TS SEARSF (1 et 2 9 b o i Bengpiiven--

yhnptepgypengna-on t(b@hpoﬁﬂm mz;ormmss@;enir h&-sxﬂ&lar aHi aﬁé %rmauon of
12%48 sterqidal) represents a 20- neth %[-,

(438, DR -hdidartyimmeiy 4:4éé9xlp@fﬁ§rah§¢r@pb@m@mma 9H)rene (compound
r

7). CRRTBES 1B R0 L e el e QO gy paRlenanthren 20 HIE,

9H)weei (catmpuend G8)reasndarfipd (dit lusiaIsddivinh@ydide and selenium dioxide.

(2R, 4R)-4-((R)-phenyl((28,4aS,10aS)-1,1,4a-trimethyl-1,2,3,4,4a,9,10,10a-octahydrophenan-

thren-2-yl)methoxy)pentan-2-ol (compound 2j) was converted to (2R,4aS,10aS)-2-benzyl-

1,1,4a-trimethyl-1,2,3,4,4,9,10,10a-octahydrophenanthrene (compound 74) by hydrogenation

on a Pd/C catalyst. The stereochemistry of compound 74 was confirmed by X-ray analysis
after crystallisation (see Fig. 23). (R)-4-((R)-phenyl((2S,4aS,10aS)-1,1,4a-trimethyl-
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0x0- 9b- pr egn- 4- ene- 20a- car boxal dehyde acetal (0.2
mol ) and SnC (0.2 mol, 1.0 Min CHCl 2) in

waoelc@hlogrrenet hane (2 nl) at -78 C unl ess ot her Ww&ESG2007/000055
stated. SnC 4 was added to the reaction mxture at -78
OC after the

1,2[3(8%a,9 ;102 B cteBydiopReahthten32-Pl)detHok ik fREAMD-G¥Y | | (compound ~ 72)
benzene derivative and the acetal initiator were m xed

hydralysec hiter ofprmeaE(@8.4e8dReehpdadrimethyl-TRe34.4a8110dMa-octahydro-
i f ) i 2) A
phefBEAoR SLIER (Ol Rall 3578 Inp RLRPALREe subseques

oxigatipur with2fyritining ehlbehensienybeldal phertyNEK8S1 OS)L1,1,4a-trimethyl-

12 B a8 1o By Bopiinpren2-yomethenonsleamprend 9. benze
GRS R RSN Sk oo S Lty o o

(2Rg4a's- 10élﬁﬁ-zflféﬁﬁ’ﬁiEﬂ4§-§‘fix9§.gﬁﬁzdy,?,l‘3é4,%‘2€[??% paggttlai? drgﬁl'ge?lgntﬁféne

H NVR 1 ntegration o
(compeursl {sobtained Miyrfedhéryfubanaliftiohof @intposhé g which was obtained

.acetal 4 njtiatedcyclizatio r oduct e converted
oSk b B BB Pl Pon B Sal The S RtRra g 30 x 030
x 0.0atim@’. of CHO peak on 1H NMR spectrum The term

d| ast er eoi some!rs" here. refers. to isonmers with .

difp135]erighed apd vaesioR! itBr Ao S loreqR)OhheNT, Aldimethyl-2,6-

center(s) on benzylic carbon and the three new thi raf

. nona@igad {4 -y (herd-tutydimetby L sitane ¢ (eotepioandn 43)rhén t &ir ewipliegy reaction

! S L

hydfde SRV ES 810 HAE Gl A0 ARSI P PyED o 1 Rompound

82, €500 ri 8855 8S0)p ionESdietn (Bsemaaos uptangl-4 haiddic acid ethyl ester
an

Fi 3 illust h t's of
oA R T e ALt it ety -
pheﬂn%lﬂp?éﬂt&% t(@oﬂlﬁ&uﬁrs‘«ﬁ@fxsm‘b\! enkiy9817£3% &gﬂghléal\’sr Rnsformed to (E)-

difiled to diverse cycl opol yprenoi ds an

2,6-gpagthyjcphenyl-@H-vonadie@c 3cid mefhyles@ri(compmmd 85) in a Wittig-reaction

e ATl Rg . (3530 1 205
Redbetion séfegompsund )(88F Glielded O(ZEQEE)E,Mrﬁetﬁyleﬂfhﬁla,@%adien_1_01

2.0 THF, rt ht, d = O3, -78 0C. [0124 _ '
(co@(ﬁ;@ﬁgsqﬂ H@@ﬁ&et g\é g?r?’g'?q?eé):t]i{%ﬂ?ﬁ% Heite @@ty Bé}détn]ﬁﬂhﬁkgﬂylchlonde

Y8t Bath@hiRhRFe ti48Ry be carried out using a
resu[ 3E, 7E, I E) -4, 8, ?L%P‘?L%@t(gtgfanet hyl -3, 7,11, 15- hept adeca

(
O s el GERPUT bl iy g oo
asyng@ptrisainductiparinacgyslisationiprgoesy of e pre@h® jvehtigu rTavdl $4xo-pregn-4-
ene-gp—gz\é%o?}%;llél(é"l)l(yngp cly%fié/ 26'—59%?&&%&%1 gge?alﬂls %V?tthl r&verse &ﬁ%?i%y gft the alcohol
in the acetal were used as initiators with the isoprenoid compound (3E)-4,8-dimethyl-1-
phenyl-nona-3,7-diene (1). Cyclisation reaction (a) was carried out using SnCly (2.0 eq),
acetal (2.0 eq), -78 °C 16 hrs (yield: 85%). Oxidation reaction (b) was performed using PCC
(3.0 eq), at 0 °C to room temperature, overnight (yield: 80 %). Crystalisation was performed
(vield: 48 %), a representation structures is depicted in Fig. 25 B. Cyclisation reaction (c)
was carried out using SnCly (2.0 eq), acetal 2.0 eq, -78 °C 16 hrs (yield: 62%). Crystalisation
was performed (yield: 50 %), a representation structures is depicted in Fig. 25 C. Both acetal
initiators yielded cyclisation products (4g) and (4h) with the same stereochemistry at the
multiple ring compound. Thus it can be concluded that the chirality of steroid aldehdye
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a multiple ring conpound using chiral acetal
tenpl ates. AU reactions were perforned with
w@ 3dyd778 di net hyl - | - phenyl - nona- 3, 7- di ene (1) PEDSG2007/000055
mol ), acetal initiator (0.34gmol) and SnCdl 4 (0.2
mmol, 1.0 Min CH2A 2) in dichloronethane (2 nL) at

domifte€ thel egdlisatibrersiérecheiaingd withh Gngnassigdldegbd® béiging both R
reaction mxture at -78 C after (1) and acetal were
confgrg@on.n di chl or omet hane at room tenperature. The
reaction was then stirred for 16 hrs at the sane

t dib¥ atliguretad skow s sphame off 2 Aylsritaeprogess ugingdhe same acetals
w1t1§?é¢éﬁ'e% iralffy r&;&ég@%ﬁqﬂgﬁéwﬁ‘gﬁl&epl C?gérec\églﬁ,&f)ozge%gf[ 3%@)-4,8,12-

mn(adtyrhﬁg’?gbﬂh@daaﬁhdsylﬂ}bbmene Gecomptonntd &). Exelisption yeaatied ed)Swas carried
T PN C T EE DR T
wag' E@twé)??neél g%ﬂ% @@C}Zﬁ d N%{)}QQ) @& 1o ® Weﬂﬁ%l IQ 563 { Crystallisation was

di dstere
perfoapedt {nodi Sh@wnr)ajcoflchmnyeaouom §ormeas @&’ncédzgmt usmg SIICI4 (2 0 eq), acetal

o RGBE EBFEaRl S09) o A I o s roc oo

eq),2) WIS itRlovefidld (Fie1MP S5 N6 HSd)NCrsal BitioRwaAGR HBImed (vield: 28 %), a
initiators an in 1- and 3-position a heterdatom

reprggsRtation suduEsdishedamiatedc yia| Fligx 26B. d€he vird vebtained 2-substituted
(4 é&tﬁi‘?@dﬁ‘f’z@ 12380 inﬂs% 106‘”?j 1318 ﬁb&écglgx og Eaél%%ttetramethyl-

cont’ai ni’ng cycC oren ane

chryseneronsng} (780 and pm,s pbésessbdl Goblsainel mw;ihSmﬁs&"ytaﬂ? the mltiple ring

corippigl R Ry ST A OBGREG L A8 Fyr lfon BFoaetsadsivafives (781)
andi(USIS)i %E’Q 35 conblru bRl h&&&&le rihgd §ﬂa&"&f ARELBRNG B4 Sor six chiral

to a mxture of the al dehyde and the
cen1WS+ 'rfétsrﬁ?ﬁ@t isy¢assistans vwoth prdovetrisyclic vpstemns bmdatzenﬁ?@l tigat the chiral

N N AT —

thatThe ﬁeﬁebyﬁamht)d/ ef tercyclissgidn wedcess of various compounds (5) as depicted e.g.
8- hexan&t hyl - 3, 7- di oxa- 2, 8- di si | anonane

in th: i%d%ﬁ%te@gl ed in the same way.

2 h t hyl - 3, 6-di 2, 7-di si | aoct ane,
(‘Eﬁ.’}gbﬁﬁgl&g 3)(&%@ iwg goeg{rgxgbtamed II)y Ich1ra 1 high pressure liquid

BRAGHRHY bl AL 3160 Skl RO (A.10aR)-1,14a-

uré 18 shoms an ex scheme o
tﬂm@ﬂﬂc'l 4§a¢10d@aﬁ¢¢ﬁi‘e’§@pbﬁnqnﬂepaﬂ(1@3ﬂl 9{]'I)I-ctnep K@mporugd 73),which was

v RTERYBEE YRR RS0, B 7 e 288y comonn 7

obtaiwsdensiigl tHeefleMidtl o&&hé pedsetiaderdtidn. B én hmedRitely be taken from the

corresponds to . th
spectrum that thepeak ratio of the optical compound is no longer 50:50.

[0139] Figure 28 shows two spectra obtained by chiral high pressure liquid
chromatography analysis (chiral HPLC). Fig. 28A shows racemic phenyl((2S,4aS,10aS)-
1,1,4a-trimethyl-1,2,3,4,4a,9,10,10a-octahydrophenanthren-2-yl)methanone (compound 76),
which was used as a reference standard (ratio: 50:50). Fig. 27B shows theoptical active
compound 76 obtained using the method of the present invention. It can again immediately

be spotted that the peak ratio of the optical compound is no longer 50:50.
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respective opened formof the former acetal. The
fourth isonmer that can theoretically be expected
W@ 2009 Te9 st ereochem stry at the benzylic car bpeT/8€mO@n0005s
in (2'), cf. Fig. 16) was onMf observed in one product
m xture in trace anounts and is thus not shown. Fig.
18B depi cts exanpl es of tEXAMBEESts and respective
yi el ds obtained with (4S, 6S)-4, 6-di net hyl - 2-phenyl -

1, 3-dj oxane (9) or . .
[4@_13%, ﬁge é@,l;)qwmg Sxampkashijlustpate b gy clisationlipsressaiaecording to the
); P i nzene- it s noi _d . "y
it e S
companehitsuwete pefrmred niat obagiricteglassward. gCofBlroil f solvend and reagents
16 s..ho er._only _.observe or_the, reactian
et e TR G” R PO GACBUBNINg Gheephipes: T¥Ravas feshly
distidedl 08r Sfaug wigs bt ' 0 i
1Sz:ldded toentry 1 ’f%ﬁ%ﬁ@so?&ggpngﬁgltlgﬁg?& e’{égﬁ’b%&égned EtO was
taken Epmn sofveat putifieatiopsystel @Si400rE imwovativel technolagy fat). HPLC grade

. . ept tr. . t.erm ne H )
iso gy ac teed QRIS RGN idh S10085HE Velt aiteg botore using
2' ' ' . 21 1S li.eved to. have the _sa :
2 QL bR Wi s SAREIGNED Pl ol BB vsin Mok 60
F238i precpatatisilica geb/plate (0P endii hickdess). WeuKseQRIn®ith eutidh, Fates were
. %yield. dct,vvléh benzene ring cyclisSed at neta
visugliZed psie DY telition &35bmm) o dpscirolize blade] BNEARSLIF 254 nm. Further
. - . i of - .sation
sis AR W hEgHE PR APCKAIPIAhn BERSELAGA boRangnate o
aCHg@ gaduiion ofrnedamybdate; dolitareadrbyi eating biea Absplhtet e
stereochem stry of a najor product of the reaction of

t 18] 2 Hashi drgarmngtpzaphy siay perfomdaadarsing Fiesck( silicaugdl 69 with distilled
L] - . - n-4- ene- 20- car boxal de .

sobe1F, COMiS b, SpicHS RBAES 2R 0 SRSy Riie prior o e

CH [ h i1 h r of . t heue | sat,i .

CIVSE, ISR DBl e U W SREACTE Myssr o
Spegiremeter. &iquichspnoplapweredxeinisidras dilinybetwenNalair iKBr salt plates.

process (see Fig. 18B). The absol ute stereochenistry

of 0144t Raptor nusloaemagaitic tesemnes (LH NBER) wad cdboarmichas magnetic

sl RS SR 0 Ve BRI Al O£ S50 26 o 0
NMBr gpadutzémetesst Chemica] Shiftgi1H) NV ‘specu@l dr@ WA as in units of parts per
..rec )[/)?D;gl | i sation of the corresponding ketone m xture
mﬂlﬁ’é\/@ OWﬁflsﬁd fromgmiMe 19 1.0) gnd yelptiye topthe FgpiabpfichlFtegorm-d (J =
L . l, SI 0.
7208 NSRRGSR o0 SRR GBI i a
(dovbiasraf atolbleisy;t ddd (douplee Jof (dBublesngsl duub)ets)RdddE (dotblet oF doublets of
dou?glcretls rc])q)dbul;ligt%); dt (doublet of triplets); m (multiplets) and etc. 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 d in units of parts
per million (ppm) downfield from SiMey (d 0.0) and relative to the signal of chloroform-d (J
= 77.03, triplet). ee were determined by chiral HPLC analysis.

[0145] Low resolution mass spectrum analysis was performed on Finnigan polaris Q,
GCMS XP mass spectrometer (Thermo Electron Corporation). High resolution mass spectral
analysis (HRMS) was performed on Finnigan MAT 95 XP mass spectrometer (Thermo
Electron Corporation).
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representation structures of (72) and assi gnnent of

stereochem stry are depicted in Fig. 20B. [0131] The
wer@reerheni stry of the other mnor isomers waBCT/SG2007/000055

confirmed by chiral HPLC (segpalso Fig. 27 & Fig. 28),

1H NMR and 13C NMR anal yses after converting (2) to

( 18)4€]Fi B-Ra329rystd] VeaBisRwad péribidedin Bk N8 ]
. %4%%r ans) 3%, , Z 45,@9@?0, 1E}Oa- hexghydr o- 1,1- KPEX X Ray
diffgge ‘ﬁ?‘l-- 4a- (met hyl -d3) - 2(1 H) - phenant hr enone (73) or

compound (76) (see Fig. 22) gave a m xture of isoners

in an antioneric ratio of 76 (S) : 24 (R, which is

in agr 3aumle & Cenesal peacefursior b eparatips of polypamla~11

Therefore, the absolute configuration of (2j") nust be

S [Q1471p| Etiee procEdur® enay Ifollowing " h8ImethbAeddvIpRd "W Martin Demuth
centers forned are considered as a chiral

iral
(Rogaﬂl%{a Sf giralsd &g Chemt (2002)k 675 1 741 TQ)nTovae loven-ttied 100 mL round-

o S e S QSRR PR S, 5 ) o

dry &HR (20omLpaTlesshitian waibabléibtol 0ol brier W idditidteoOMBSk \We6mide (5.0
| ds_at the reaction centre

s#,e]{(EOCSem’]cal gr oduct i [ .

mmgh 1§, £ddq5he SR Wap stied den 5 myinutes end meesi eagsdpwithdbe Grignard
Bt PE5 afRbi fakloRst i6RCT 5 YOIThEYEhd

sk D2 30841 57 R T S0,685 SO0 S ISR By o

prodead @tiredsh éenoprzatins foh enathem24 hvurs rbefifre aueathing with ice water 30 mL.

stereorepul sion i he_.cy.cli cetal .. Coppound (2j).1is .
The Jquequs, 1ayer, ‘%"‘&r@ﬁttag‘&& et écfiséhé’l_cws P’éézpéépi Wg}?tafl {8s eprapined organic
extradtatvrore Svdshalighth WateP (30 AEBY kif@blide f(BY ML End WBEBer anhydrous

Fi gure 22 depicts the functionalisation of cyclization

sodigmoshhtates fidtstes) and pogesntigtadnis wesumcbheotesidhal drndepiodoet was purified
' i dat i en. of 4R) - 4- ((R) -
by YREHSORFIRERRT fo SIS OB pretfpo B 4 (EF)

hyl - 1,2,3 ,4,4a,9,
10, 10Ga- oct ahydr or henant hr en ) - met hoxy) pent an- 2- ol
(conpound 2j) with pyridihi | orochromat e (PCC)

4asS, 10aS)-

(conpound 72). Subsequent resulted in the formation of
(4aS, 10aR)-1 ,1,4a-trinmefhyl -4, 4a,

o g B oA R 008 o

[0148] Ry 0.91 (Hexane : Et,0 = 9:1)
'H NMR(400 MHz, CDCls): 7.30~7.20 (m, 5H), 5.21 (tq, J = 7.10, 1.15 Hz, 1H), 5.11 (tt J =
6.77, 1.38 Hz, 1H), 2.66 (t, J = 6.74 Hz, 2H), 2.34 (dt, J = 7.74, 7.56 Hz, 2H), 2.08 (t, J =
7.05, 6.55 Hz, 2H), 2.01 (t, J = 7.05 Hz, 2H), 1.71(s, 3H), 1.58 (s, 3H), 1.63 (s, 3H)
13C NMR(100 MHz, CDCls): 142.45, 135.79, 131.36, 128.52, 128.24, 125.68. 124.39,
123.63, 39.76, 36.19, 30.00, 26.74, 25.74, 17.73, 15.99
HRMS (EI): m/z calculated for C;7H,4 [M]™: 228.1878 Found: 228.1868
FTIR (NaCl): v 3085, 2923, 1653, 1604, 1496, 1453, 1376, 1108, 1030, 836, 746, 698 cm-!
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|, 4a-trimethyl -4 54a, 10, 10a-tetrahydro

rhenant hren-2(1 H, 3H, 9H)-one (conpound 73) was carried
woi07/0%i7my sodi um hydri de and sel eni um di oxi dePCT/SG2007/000055

(2R 4R) - 4- ((R) - phenyl ((2S, 4a81 1CaS)-1, 1, 4a-trinethyl -

1,2,3,4,4a,9, 10, 10a-oct ahydror henant hr en-

2-yl ) met hoxy) pent an- 2-ol (conpound 2j) was converted

to (2R 4aS, 10aS) - 2- benzyl |,

|, 4a-trimethyl-1,2,3,4,4a,9, 10,J10a- oct ahydr ophenant hre

ne (conmpound 74) by hydrogena 3 on a Pd/C catal yst.
§4 was confirnmed by
X-ray analysis after criysty |l yation (see Fig. 23).
(R-4-((R- rhenyl((ZS,QQS,loaﬂ)-l,I,4a-trinethy|1,2,3
, 454a, 9,

10, 10a- oct ahydr ophenant hre RZ-yI)nethoxy)pentan-Z-one
(conpound 72) hydrolysed to (R)-rhenyl ((2S, 4aS,
()1l s-Dimethydn ona-8Ft dignyl)-4-isdpBopyibéazeDe (1k): colourless oil, 62 % yield.
10, 1Ga- oct ahydr ophenant hren- 2-yl ) nmet hanol (conpound
790181) RisD9d (Herams By Apdnoxi de. Subsequent
oxi dati on mﬁthcﬁ%ridiniun1ch|orochronate yi el ded
s

'H mﬂgwp@ (Mlg,zA@Q @g—.lnza(m,z@ﬁ, 6i2®ﬁ(ttq1y)l 4=»,6.9|3, 0.99 Hz, 1H), 5.10 (it, J
N e AN DGR Ll B e R
(m, 2E)LZ.1 0+ 203D (m)RIRR 2. WY 95, gagsllobgv Sﬁ; gng Dgl Ssg &3&@%7 (s, 3H), 1.25

‘%Qas -2-benzyl - 1,1, 4a-tri et
@, Ufﬁ -6&@%%ydrophenanthrene (conpound 74) obtained by

13~ f L 1,53t | [ . I ch was
C g Loy WEfik CERIHRSE B19-The B Behtl Mkt 2625, 12430
123(3¢0BMaB,B577 3322) 30.TNe@6cmyss ab, 51 7 193, P5.89 x 0.30 x
0.20 mmB. [0135] Figure 24 depicts the preparation of
HRWS)(E9): piie palbulted foii CaHknyM]2; B70.2048aB0wmly RY0.L34xy- ( t 1
.-butyl)dimethyl-silane (conmpound 43). In a coupling
FTIR(K & :a@%@d?-%%q, RAeSHE HoHyd2 1489) 13%s 1 t¥h1655.d018,821, 576 cm™
2- et hyl - 5- phenyl - | - pent en- 3-0l (conmpound 82, CAS- No.
1836-38-0), from which OMe
(E) - 4-met hyl - 7- phenyl - 4- hept enfoi ¢ aci d et hyl ester
(conpound 83, CAS-No. 76620-27-§) was obtai ned.
Reduction yi el ded (4E)-4- 7- phenyl - 4- hept ena
(conpound 84, CAS- No. 3 4-5), which was
transforned to (E)- '
2, 6-di et hyl - 9- phenyl - 23 adi enoi ¢ acid net hyl
ester (conmpound 85) in a Wttig-reaction using
[I-(nethoxycarbonyl)ethyliHene]triphenylphosphorane
(CAS- No. 2605-68-7). Reduction of conpound (85)
(E)-j{-i(é,lS@Biinethylno_na—3,7-dienyl)-4-methox¥benzene (1D: colourless oil, 65 % yield.
( 2E, 6E) - 2, 6-di net hyl - 9- phenyl - 2, 6- nonadi en- | - ol
[0150] Ry 0.91 (Hexane : Et;0 = 9:1)

"H NMR (400 MHz, CDCL3): 7.14-7.11 (m, 2H), 6.85-6.33 (m, 2H), 5.19 (tq, J = 6.93, 0.83
Hz, 1H), 5.11 (it, J = 6.77, 1.34 Hz, 1H), 3.80 (s, 3H), 2.60 (t, J = 7.27 Hz, 2H), 2.32-2.26
(m, 2H), 2.11-2.26 (m, 2H), 2.02-2.06 (m, 2H), 1.71 (s, 3H), 1.63 (s, 3H), 1.58 (s, 3H)

®C NMR (100 MHz, CDClLy): 157.69, 135.69, 134.57, 131.33, 129.36, 124.39, 123.70,
113.64, 55.25, 39.75, 35.24, 30.23, 26.74, 25.74, 17.73, 16.00

HRMS (EI): m/z calculated for C;sH,60 [M]*: 258.1984, Found: 258.1975
FTIR (KBr): v 2962, 2833, 1612, 1512, 1454, 1440, 1300, 1246, 1176, 1039, 821, 734 cm™!
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(conpound 86, CAS-No. 238736-72-6). Reaction with (t r
.-butyl)dinmethyl-silylchloride resulted in the
wo coommpizen of conpound (43). [0136] Figure 25APAERGLING000055
the inportance of dil and al 82hyde chirality in terns
of asymetric induction in a cyclisation process of
the present invention. Two 3-0xo0-pregn-4-
ene- 20- car boxal dehyde cyclic 20-2, 4- pent anedi yl
acetals with reverse chi LaNt¥°M¢f the al cohol in the
acetal were used as ini rs wwth the isoprenoid
conpound (3E) -4, 8- di 1- phenyl - nona- 3, 7-di ene
(1). Cyclisation a) was carried out using
Snd 4 (2.0 eq), atgt (2,0 eq), -78 0C 16 hrs (yield:
85% . Oxidation reagtiolr (b) was perforned using PCC
(3.0 eq), at 0 Ctoirgomtenperature, overnight
(yield: 80 %. Crystaﬂﬂbation was perforned (yield: 48
(E)%(A,@Dhﬁ@ﬂh@_ﬁﬂﬁh%ﬂ%ﬁwﬁwﬁﬁiybbﬁz&%Rg&gfe&l&ﬂleﬁé 8it, 5% yield.
B. carrie g

Cyclisation reaction (c) wa ut usin
S AT (R 0. 60)HBGEL ~9.180, -78 C 16 hrs (yield:
63@@.]Crfétalgs%tiongkég*gésfornpd (yield: 50 %9, a
"H NMR e00NIHYj ODCH)T TIobLT. 8$ (ths1e Bisat 697, BHY; 5.2@8@- J=17.11,1.16
initiators yielded cyclisation products

Bot h t al
Hz, (5 5 QA0 ot 3 He: L 0t 1 Sabiesti 617y 365 Fhrp2H), 2.37-2.35
t4 P8 o ' | d t
(m, T2, P1-2.08 @ 280"ROL00 B 50 1 7598 38, PRACLHEE 1 6O 3m)

C ayeiRi $E001 MTHA tE€DERGNE59 86,1 Y44M 1. M 95, ' iob
arigﬁ7both R cg%?ornatfon. [6137]Qgi%ﬁﬁgﬁgggﬁghg%§39,1216;

lzotgge“é% eA0-87, 5. 13:8Pi76a36.3 29rWc26.37.R24. T4y 17178, @O
HR{STED; e st BTl et By By gsa 3o
FTIR (KR Sioat o 1000, T755 b Mt R BOE. LETRE0Rcr R oo om”

(2.0 eq), acetal (2.0 eq), Y98 0C 16 hrs (yield: 45
% . Oxidation reaction (bl/;ss performed using PCC
(3.0 eq), at 0 0OCto rt, ¢ ight, (yield: 56 9;
Crystallisation was perfo dl (not shown). Cyclisation

reaction (c) was ca | ouY” using SnC 4 (2.0 eq),
acetal (2.0 eq), -78 6 hys (yield: 50 % Oxidation
reaction (d) was pertp+aed using PCC (3.0 eq), 0 Cto
rt , overnight (yield 5 9% ratio). Crystallisation
was performed (yield: 28%9%, a representation
(E)-t4(4,8ddivnethylnen a8 ¥-dicaygl)idrmbtlylbenGéne (ng: dotsurieby Gil, 3% yield.
2-substituted (4aS, 4bR, 1R, 12aS) - 4
1[0252) 4ARAQ, AHexdnel:GB,0 £19:1P, 12a- dodecahydr o-
e XL, 1, 48 1Cb-tetranetnylchr sene
H NMR' (400 MHz, CDCls): 7.13-7.11 (m, 4H), 5.24 (tq, J = 6.13, 0.99 Hz, 1H), 5.16 (tt,J
= 6.27,1.32 Hz, 1H), 2.65 (t, J = 7.43 Hz, 2H), 2.37 (s, 3H), 2.34-2.31 (m, 2H), 2.14-2.07
(m, 2H), 2.05-2.02 (m, 2H), 1.66 (s, 3H), 1.64 (s, 3H), 1.52 (s, 3H)
®C NMR (100 MHz, CDCl;): 139.40, 135.66, 135.07, 131.34, 128.95, 128.39, 124.43,

123.80, 39.77, 35.77, 30.17, 26.77, 25.76, 21.06, 17.74, 16.03
HRMS (EX): m/z calculated for CysHas [M]': 242.2035, Found: 242.2039
FTIR (KBr): v 2966, 2922, 2654, 1514, 1448, 1375, 806 cm™
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conmpounds (78a) and (78b) possessed the sane

stereochem stry at the nultiple ring conpound.
w@orpaping X- Ray crystall ography data of cycl i REX/s6m07/000055

products' derivatives (78a) a8d (78b), newy

constructed tetracyclic rings shared the sane

conformation for six chiral centres. This result is

consi stent with previous tricyclic systens and

verified that the chiral environment of the steroid

determined the chirality i iMdn. Thus it is can be

concl uded that the steregod stry of the cyclisation

process of various cotfpqunds A5) as depicted e.g. in

Fig. 12A is deternmined ilh tHe same way. [0138] Figure
bt s ped by chiral high pressure

i qui d chromat ography [anal yS| s (chiral HPLC). Fig. 27A

shows racenic (4aS, 10aR)tl , I, 4atri net hyl -

4, 4a, 10, 10a- tetrahydrophenanthren 2(1'H, 3H, 9H) - one
(E)(lc(ﬁaﬁr&!mthmyom ¢Hdiemgd)-Branethpkbenzenef(to)e paleud¢ssnila62hs yield.

(ratio: 50:50). Fig. 27B shows the optical active

cdﬂ%ﬁﬁ]nd‘f?@%lﬁﬁ%ﬁﬂ@d&@ﬁ@ Hhe nethod of the present

' AR e il 2 4B1 5 SED . HOS A ééf’snﬁaé%e%m Jis 677,120
Hz nI‘H)I Qﬁggﬁ F& 293, 1@9@1%] lﬁ? Q6 £ t2§ —517‘9 Eﬁ()fsfg‘fg }Hyz 37-2.31

t'ai ne chi r’al ’essu é liq
(m, aHéJ Y442, QQ:hn,er{), H@ﬁ@ 01 EingZH)ZSNAIS(b,cﬁZBi), msemﬁ), 1.62 (s, 3H)
13~ Rhen I @%S 4aS 10aS) 4a-trimet 4a, 9,
cj R dC ORIOn AT HZEA T BT RTS8 16, 126.44,

12575@2 124!\@1 01'23"9%3% g,%g\;\“igt 300 {){%’ £0108 75! NGNS Ar gk 897 6

cdl act1ve ’conpoun

HRMSt (@Iﬁ oz Uﬁbﬁl@teﬂ s CpHhqaP! 24212035! Begiat 242‘2@1@ ion. It
can again i mediately be spotted that the peak ratio

FTIBf(KBxp oRRA2c H608c dhgH ¥A8, 13950781, 688 em™50: 50. EXAMPLES
[0140] The follow ng exanples illustrate the
cyclisation process according to the present
invention. In these exanples, experinents involving
nmoi sture and/or air sensitive _gongpnents were
performed in oven-dried gl 3s$ e. Commercial solvents
and reagents were used w urther purification
with the foll ow ng exce THF was freshly
distilled fromsodiumw a2 was freshly
distilled from CaH2, and digEsDEE20 was taken from
sol vent purification syst enL‘{,BS- 400-5, innovative
technol ogy Inc.). HPLC grad

Preparation of polyene 41, (E)-9-(3-bromophenyl)-2,6-dimethyl-2,6-nonadienyl]-1-oxy-
(tert.-butyl)diphenyl-silane
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i so- propanol was used without further purification.
Al dehydes were distilled before using. [0141]
wao\e@yeizeal thin |ayer chromatography (TLC) waBCT/SG2007/000055
performed using Merck 60 F2544precoated silica gel
plate (0.2 nmthickness). Subsequent to elution,
pl at,es were visualized using UV radiation (254 pn) on

| e|{by Q}\ai%h
i AP enporaci di c
ki e noThbdate, foll Btbpiemgmgo% a bopTBRDPS
plate. [0142] Flash chromatographyov&@ gigid or med using
Merck silica gel 60 with distilled solvents. Colums
were typically packed as slurry and equilibrated wth
hexane prior to use. [0143] Infrar§rd spectra were
recor ded. BBrsal.®bg madzu IR Prg gé-21 FT-1R Br

ect r omgtey o°d-l 48inds sanpl § P exanhageh #6ed i | M

twegy Nad or KBr sal 5. [ 0144NaHLpdpn N a

etic resonance ( HW® apgl_car bon—nucl ege |

gRersc resopnance (13C NWR) speR@Rfscapprmie N
per f or ned- o Br uker  AdVe/@IBIEED, 400ri@anemkA® NVR_orapps
spectronet e Lhememn shifts 1H NVR ypeggre are
reportedBiS iMT ugts of pafeld: B% nillion (ppm
downfield fromSiMe4 (d 0.00%r2slgpsel ative to the
signal of chloroform<i (J = 7.264, singlet).

134! igcip)i e . 5 0(singl ety . :
Ng‘?)ub{l)et )(E)E:Sz{dﬂggtgﬂ)lﬂ %be?‘zﬁéf‘? et ;; ’dg'd( 8%macsetdl%sp fved in THF
togeterubiths ymidazide ((dSubineel, of.5 dwibitet@noftemperatuet. sers-idgddiphenyl-
: hl e ets of gdoubl ets.of doublets); d :
Sllﬂ%g%&@kaefB%%S?? Kg?é{l@?? ll.%j ?tﬁ#'ﬁv% Eﬁlogaflslea 3 éy%pgerh‘éxe reaction was
allowadriterproteedr foir 05 hoiis BePbreaq@n¢Bing ' WARNMIEE THR aqueous layer was
i nd caéed?ﬁ%?nH. Cogzgl ing constants are reported as a
extracieh it dighlqiometiapio G A0 &Yloarnd thgsembined osgasimeséracts were washed
ithSwaet R ! | g {
R (LT L e QUL PARL SRR SRciub el il gfiffe Bitered and
congegiraterl vie veeua. Adegegduml cofdeqinbducd fnas pudified by c6fun®3 chromatography
' : re determned by chiral HPLC anal ysis.
to aﬁf(ﬁffﬁ'ﬁ?h%%rﬁgf’@?gfgti on mass spectrum anal ysi s was
f on Finni gan. ' . GCMS Ss .
Rl ot BB B aREl s oieass 0ot 24 howrs reaction

at robsiehipeiadite %8s gRQLhé@by addhy Fater (THRMh ¥R a R W R R Ycted with
dich.%n Fi nni gan MAT 95 XP mass spectroneter” (Therno

rREEERC Corptt Bl)ofy the respbinedrerganie patradts vigraphshed with water
(30 3RB) YRl SHMRS (B6 0PSB QRed HKE' iSRSl B sulfate, filtered and

concentrated in vacuo. The residual crude product was purified by column chromato graphy

A

to afford the desired alcohol product 8-tert-butyl-diphenyl-silyloxy-3,7-dimethyl-2,6-

octadien-1-o0l.

[0156] The obtained alcohol (1.0 mmol, 1.0 eq) was dissolved in diethylether, Et,O
and was cooled to 0 °C, PBr3 (1.0 mmol, 1.0 eq) was added via syringe. The reaction was
quenched by pouring reaction mixture into NaHCO; saturated aqueous solution. The aqueous
layer was extracted with Et,O (2 x 30 mL), and the combined organic extracts were washed
with water (30 mL) and brine (30 mL) and dried over anhydrous sodium sulfate, filtered and

concentrated in vacuo. The residual crude product was purified by column chromato graphy
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diffractoneter. Exanple 1: General procedure for
preparation of polyene la~If [0147] The procedure was
wo elozowi7ny t he nmet hod devel oped by Martin Denup®T/SG2007/000055
(Rosales, V., et al. J Og. Ghem (2002), 67,
1167- 1170) To an oven-dried 100 nL roundbottom fl ask
to affordhthe desigerblbromids prodieig bar was added [ ( Ph3P) 4- Pd]
(0.25 mmol, 5 nol % and dry THF (20 ni). The sol ution
wd812 80| Lhraneo- -Odphenylsuifondmethyl)bewrenef(1.41 tyloi,cl. breq)mxde dissolved

n e S it S PO SR, LS50 e o

wagtomlled to 780, Buthydlethilinh o0 Hedarfe @bL, 1.6"9 ih 8R40 0 rfnmol 2.0 eq)
roceed at room tenperature

@%ure was aIIovved toef
was, gddade Viaodryn sypingep df s Qqatlmtm,n@evﬁZEtﬁE)cﬁe(twmbgtylaghenylsﬂyloxy)

d h
ol T ASAUEANES 108 A0 G A0, 6L %5 .
reammfat &HdWed\/\mtmbce(eHOIQIm()urabdfofH qiechid g Wik NH}{@JI Céﬁﬂuﬁﬁed aqueous
ver .anh ous,sodiumsul fate, filtere
sonigRr TR ot TS EetT, cxAGiel giith el eromedine d@u (30nad), and the
confﬁilﬂddf d)%dm@%xﬁ‘ﬁl:t’é Wer€ W AR REhARY: 130 ALH A 638 (30 mL) and dried

desired product
ovey E)ihYdFOBS deﬂvnhyhlfﬁ@naﬁﬁméd dinénydrjcerinated en (Viacio. The res1dua1 crude

pro%%&%%s r% %Jg}r 23 y el dt @ysl R{‘f9rd361e7d%ge(é ,ﬂroduct (E)-9-(3-

bro%b%l;en@l)@lplﬁél_rglsu%b&f)onﬁ 2l@-d1r%etil1§l i"é»noh’aialenﬁ] 130x§z (I‘ert]-butyl)dlphenyl-
Sla‘%edt J _774’ 756 HZ 2H), 208 (t J —705 655
= 05 Hz, 2H), 1.71(s, 3H), 1.58

(£015§H) Thf @:aal @d @ﬁq)nel(:;@ 1 60 diyasGbisiodyed ib4PHESRd MeOH

L L e R

procesd 92 hb%efc&b Yjuendhingowdtle sat el‘he‘ afuebils/lad v ektracted with diethyl
h g i d: 228 1888 FTI R ad): v 3085
cthef £ 5 S{1bs comhied orgams odTes, Ware JENERIA PRr (30 mL) and

brin6 980 ﬁiD) and dried over anhydrous sodium sulfate, filtered and t d
-E)-1-(4, 8-Di net hylynona 3, 7-di enyl’) - 4- ?s%n r%oncr:% Uz in vacuo.

1(
The ﬁéSI(lmql)cru%pmslrlpfewgs phtifieds by wolpivest dhromldgﬂlpfﬁ/ toOafmrd the desired
= 9:1) 1H NVR(400 MHz, CDO 3) :
pm&'éﬁeambf’é‘d?m 4H), 5.20 (tq, J = 6.93, 0.99 Hz, IH),
5 10 (tt, J = 6.93, 1.48 Hz, .89 (septet. J 6 93
Hz, IH), 2.59 (t, J = 7.60 2..32-2.27

Preparation of polyene 43, (E)-9-phenyl-2,6-dimethyl-2,6-nonadienyl]-1-oxy-(fert.-
butyl)diphenyldimethyl-silane

[0159] The synthesis route used in this example is shown schematically in Fig. 24
(see the appended figures). Hydrocinnamaldehyde (5.0 mmol, 1.0 eq, compound 81) in THF
solution was subject to prop-1-en-2-ylmagnesium bromide (7.5 mmol, 1.5 eq) in THF
solution at 0 °C. The reaction was allowed to proceed 12 hours before quenching by pouring

into water. The aqueous layer was extracted with dichloromethane (2 x 30 mL), and the
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30

(m 2H), 2.10-2.03 (m 2H), 2.01-1.95 (m 2H), 1.69

(s, 3H). 1.61 (s, 3H), 1.57 (s, 3H), 1.25 (d, J = 6.94
woi20076997143C NVR (100 WHz, CDO 3) : 146.17, 13BCT73G2007/000055

135.62, 131.34, 128.36, 126.38, 124.39, 123.81, 39.73,

35.72, 33.71, 30.37, 26.73, 25.73, 24.10, 17.71, 15.99
corhbiv&l Ofglanic dx’tractﬁ et hakked wih @&42@30 Zrislalléd mdzg%xg@(mﬁlng), dried over
antySHRs sadigp saagy liersd mnd ednssitrash g v s ags gl prace product was
pur(ﬁe%)byl co(lﬂn@c@ofﬁ%{dgy':}ﬂﬂ%@ aﬁoxz’l tﬁé Q&P’x]ezi aﬂ'i'lri@Ré_thgi% ?ﬁﬂﬁ@p&

col ourl ess 0150

( I-IQk@He TheFotstgined g-mythyl—ﬁmxmemnmza 0l0(Q ¥)mol, 1 0 eq, compound

82)gw%§ su71§:61:1 Sﬂ& mlF(%ﬂ %‘1\%}%13 orilgaace%g)ﬁ(;? 019 ( ’HZ O @q)b and catalytic

am&urft G f{ p‘ro-plﬁhﬂozgcadﬁ(@ :(Zotl_bm:(ﬂol 01)62&8% rod) tergpe'f'gﬂl% Zﬁle( Mixture was
reﬂg;;gd atq1 %)3°Q dor BQ(-QToum, wheresfter3EfOH 3&@3 Mm:ql Qaﬁf Enem reactlon mixture.

TR o, 8 kBl o s e s

roéhﬁctéélter% 74, 17.73, 16.00 HRVS (El): mz cal cul ated
8:22% I\é1 . 258.1984, Found; 258.1975 FTIR
+{Es1 11" (Eydgpethylghphenyd fisheptanpie acidisiyl ester(compownd 83, 2.0 mmol,
7 .
oSSt BB S g T i
(DIBA[-H) 1.0ddlindekass 30 inmdb 56 y:'qelwhs adadb iy nivans Gf 9 8ry syringe. The

reaé/tloﬁtévaf ai}gw(eh]%o ppﬁcee%;‘%rlﬂ(s E}ﬁgreg%enc@%ggy? ingJMeOH at -78 °C.
sZtuﬂaied( é’qué%ll_sblﬂélutﬂoﬂ)of F@ta&é’im&tsbdluﬁl tartfat% thas gddle'é aﬂa W&Hﬂ%:erln up to room
tempegpture (r’g)gThe B@1cOHs layp wa@e)gzpc@d(yuth( dfphlgi:gmetllamsz2 (530 mL), and the

o g Rl W s ) s s

oveil 24h $@pusl 26d16121, sdlBfie, Ofilterkd 4and7 coricdéfkred ik Sualkde. TBe E6sidual crude

22, 29.9 77,.25.74, 17.73, 16.03 HR
Pf%f?cz ek Pl e Wéﬁ?@%@fﬂq{hﬁm af@sgthfg‘ggre%ﬁa& aldehyde 84.
T0He T, r g . 1
?4@?12%% 61%1%{&3 @:ﬁ)s é{ n%%liﬁ 7- 31%%?1 441@91%na1 &E&po&ﬂ@%nt 2.0 mmol,
1.0 eqbwas mixed gogotrs it Wistes(69) r_mr@ﬂ e3n@ﬂq) lmTHEt Ay‘iuebeaﬂzlam for 4 hours,
the %b&%tn gv% 9%{112%565 zrg Ivlﬁuo6 3Fhoé9/ %egfdglal Lr%&g 2p]l‘0(fl\)llct c\)x'ragslpuriﬁed by column
chromatography to afford (E)-2,6-dimethyl-9-phenyl-2,6-nonadienoic acid methyl ester

(compound 85).

[0163] Ester 85 (2.0 mmol, 1.0 eq) was dissolved in toluene and cooled down to -78
°C. Diisobutylaluminium hydride (DIBAL-H,1.0 M in hexane, 4.0 mmol, 2.0 eq) was added
by means of a dry syringe. The reaction was warmed upto room temperature and allowed to
proceed for 12 hours before quenching by adding methanol at room temperature. Saturated
potassium sodium tartrate aqueous solution was added and the mixture stirred for 1 hour. The
aqueous layer was extracted with dichloromethane (2 X 30 mL), and the combined organic
extracts were washed with water (30 mL) and brine (30 mL) and dried over anhydrous
sodium sulfate, filtered and concentrated in vacuo. The residual crude product was purified
by column chromatography to afford the desired product alcohol 86.

[0164] (2E,6E)-2,6-dimethyl-9-phenyl-2,6-nonadien-1-0l (compound 86, 1.0 mmol,

1.0 eq ) was dissolved in THF together with imidazole (1.5 mmol, 1.5 eq) at room teperature.
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1H NMR (400 MHz, CDCI3) : 7.13-7.11 (m 4H), 5.24 (tq,
J =6.13, 0.99 Hz, IH), 5.16 (tt, J = 6.27,1.32 Hz,
wo B)o7/027765 (t, J = 7.43 Hz, 2H), 2.37 (s, 3H),PCT/SG2007/000055
2.34-2.31 (m 2H), 2.14-2.075¢{m 2H), 2.05-2.02 (m
2H), 1.66 (s, 3H), 1.64 (s, 3H), 1.52 (s, 3H 13C NWR
(ter(: E[hiﬁylbdih’x,etl@ﬂ)@lﬁ):hloridéi QTE$C1 135l 1235%q) dvasladilie@4The reaction was

alogistp psess Toiy 4 gy befpas q%%m@%gg@b Vi Thg #quecus layer was
extﬁ@ﬂeﬁ W’lﬁi ﬁghlf)ﬁfm%@%@ x [ 3 L ﬂg@&inm o SQmJigééugcgsa@'ere washed

R CKBr) Oy S eah 5857, o)
Wlﬂ@ maler (B9 mIL)(and Dride (342 tny) Ao dned Bveti aphydpussadiarh shlfetn z8ltered and

con?iéiktl( Igle(r?em &a%lf@ fllee%glﬂlal w%&’oﬁg&diﬁ_&m@ayﬁolm chromatography

to 7. 2fford. 19 (K)M-phdr)1-2,6-ddBethy3 6(nﬂha<ﬁ5ﬁ935] ﬁogﬁg@)t‘ﬂbu Ddimethyl-silane

677120H23I . 5.14 (tt, J =7 H)
(compgmd43). 3 = 7.51 Hz, 2H), 2.37 (s, 3H), 2.37-2.31 (m

2H), 2.14-2.09 (m 2H), 2.05-2.01 (m 2H), 1.74 (s,

3H), 1.65 (s, 3H), 1,62 {s, 3H) 13C NMVR (100 MHz,

CDCl 3) : Fueparation of/(Ey47,1 -dinetbyl-6.30-dvdecalien-3yne

128.16, 126.44, 125.50, 124.41, 123.76, 39.77, 36.14,

30. 08, 26.80, 25.76, 21.46, 17.74, 1p.02 HRMS (El):

nl z cal cul ated for C18H26[l\/]+: .2 d:
2%2. 2039 FT||R ( KBt4-2-0e9902, 89% 3 |

6?% crf'l (41) Prepar at on pgf po yenﬁ_”-_4,qﬂgo,_|,4|[

- br rmpherwmzz: 6- nagagoeny! |

(tertf.

ger anyl acet ate ( %ngo 1.0 eq) was dissolved in
THF t oget her wi t hi§! zol e (115 mmol, 1.5 eq) at room3a

tenperature r -butyl-di phenyl silylchl ori de, TBDPSC
( [OIQSMtollIblmlfenb)l-gmicdd(@eﬁ mmal, 4.00ey) ayd hagenettighosphoramide

RS R R P LIRS o e 00 02

2.0 &q)tvl?asdddﬁbdl A-BuBhIBBmid 00.BRnibL) 2. o%qﬁwhbﬁleﬁ %H@édwlmeans ofa dry
.organi c extracts were washed with water 0

syringe: nhe acHen s delipwed dtoo pegceedh Hyd hers @%@Pﬂﬁ@gﬂuhatmth NH,C1

satu.lfa'técf Rud lutsH) %@garqgécﬁg llhg Vv@& UQ 1 {18 Wlﬁic" Hﬁ)aorﬁétﬂane (2 x 30

productt was purifie romatograp
mL)affcbthe cohbintedsirganc mtrmttscmfere washed with water (30 mL) and brine (30 mL)

and dried over anhydrous sodium sulfate, filtered and concentrated in vacuo. The residual

Yy

crude product was purified by column chromatography to afford the desired product.

[0166] p-toluolsulfonyl-(E)-7,11-dimethyl-6,10-dodecadien-2-yn-4-o1 (81) (0.1 mmol,
1.0 eq) was dissolved in THF and MeOH solution. Na/Hg (20 mol%, 0.3 mmol, 3.0 eq) was
added. The reaction was allowed to proceed 12 hours before quenching with water. The
aqueous layer was extracted with diethyl ether (2 x 30 mL), and the combined organic
extracts were washed with water (30 mL) and brine (30 mL) and dried over anhydrous
sodium sulfate, filtered and concentrated in vacuo. The residual crude product was purified

by column chromatography to afford the desired product.

Example 2: Procedure for preparation of acetals

[0167] Acetals were synthesized according to the method developed by R. Noyori
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[ 0155] The product was subject to MeOH and excess
K2CO3. After 24 hours reaction at roomtenperature, it
wor®7geEnched by addi ng water. The aqueous | ayRCT/86%007/000055
extracted wth dichloronethase (2 x 30 nL), and the
conmbi ned organi c extracts were washed with water (30
(N omr) Ranet ddy;, TazakSDomLyzt. 4 heB 0121 e B3 50¢3 5@ rainyl dualiSedsmeihoddeveloped

vy S G S RS S B R oo s, 31

341?&&& BgHlRPAR¥tal %@fs_t/x%@blg £befoqilew1ﬁge orh @,eraabn B!E PHEEIO (1.0 mmol
r -butyl -di phenyl -sil 0 di net
1.0 65} HFBRCh. Bl wadeddatrENE R 166 mmpbii o). Dhermsption mixture

was ]C'Oglleg 32) 1:—‘2@%0&?0% gé\ég(%ﬁ}blg 09 Tﬁ%ﬁﬁ@rﬁm@% g% &Vﬁle reaction was

allo®yd it @eocetd et FF3CT R dﬂ/@ﬁll@ttﬁfﬁﬂil%chdéleMﬁF riftg pm@ﬁé i(@mL). The
m xture i nto NaHCO3 sat urated aqueous sol ution.

mlxialq% Ba8 §11P'E§§1é7f’1ﬂ%v§§{2@et(139é’?@d Waph Etthqva(tg 0 mi) anchhrane (20 mL),
and Edgl%d A gﬁ%}’%@ﬁ@ﬁg S@deﬁ_s(a&‘at d‘”&fn% Y}%&Jé \’ﬁé ¢Esidual crude

rine dri e er an
produotiwamnpifidddiyeflashichtvarechrameatogrphe nd aﬁdirddhe cﬂlesu'ad: aeetals.
The residual crude product was purified by colum
cf0168ht AQ+waqihylt Rreg-#ameB-bisaabeds (ecgl datro it &ig s Um’npound (10) in

AR e
carbe?diééﬁH@XE&ﬂﬁ&ﬁﬁoﬂﬁnélg@e&] }%C@Izéq’}\/[@%jd TMSOTT as

he sol ution was cool ed t § 0C, but’h yII|th|un1|n

nmgmgxane (BuLi, 1.6 Min hexane 2.0 mol, 2.0 eq) was

added vi a dry syringe. After 20 ninutes, t he

(2E, 6E)-8-(fer -butyldi phenylsilyloxy) geranyl brom de

tetrahydrofuran (THF) sol ugon was added via syringe

at -78 0C. The react|0@ all owed to proceed 12

hours before quenchin NHACI sat ur ated aqueous

sol ution. The aq Iayer was extracted with

di chl oronet hane (2 x 3 , and the conbi ned organic

extracts were washed with w@ter (30 nL.) and brine (30

nm.) and dried over anhydrous sodiumsul fate, filtered

and concentrated in vacuo. The residual crude product
(45,6834 porDimethaly k3 phedylitB-dilvxena tcopualpssy ofl, P BFofoeld. t he

desired product (E)-9-(3-

b[QiﬁB]othﬂ 64 GlgxpaayEdnl Apssaip=21%5- di net hyl - 2, 6- nonadi

' R M PO AR S0 7y A e Bach R AR 448 (0,7
= 6741208, Mes¥(dqd, 7 = 11.98, 6.00, 2.41 Hz, 1H), 1.99 (ddd, J = 13.24, 11.85, 6.06
Hz, 1H), 1.49 (d, J = 6.99 Hz, 3H), 1.48 (ddd, J = 13.58, 2.44, 1.04 Hz,1H), 1.27 (d, /= 6.18
Hz, 3H)

3¢ NMR (100 MHz, CDCl;): 139.18, 128.65, 128.28, 126.24, 94.06, 68.67, 69.11, 36.77,
21.96, 17.24

HRMS (EI): m/z calculated for C;;H;602 [M]+: 192.1150, Found: 192.1137

FTIR (KBr): v 2976, 1071, 1456, 1377, 1132, 650 cm™

-0
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solution. Na/Hg (20 nol% 2.0 mmol, 2.0 eq) was added
at 0 0OC. The reaction was allowed to proceed 12 hours
whedosneg77guenchi ng with water. The aqueous | ayePCIa62007/000055
extracted with diethyl ether5§2 x 30 nL), and the
omhi ngd..or gani ¢. extr were washed with water (30
Z'Pﬁé‘;ﬂﬂng'q}??‘ﬂ’é" Wgﬁeﬁﬁ’_l}&éh%’ﬂfﬂided over anhydrous sodi um
sulfate, filtered and concentrated in vacuo. The
r §61700alR,c0.64 ¢lpxandu Bthyldsefaty + #i1¢d by col umm
.. Chromat ography to afford the desired product conpound
H NMB. (46% ¥iia, ££PCh):of.646\.4leme, 23), 5.55 (s, 1H), 4.27 (ddd, J = 11.81, 5.02,
-9 vl - 2, 6-6i et - - ' [ ].5) - oxy- ri!
124 B D S g T P D Tt B T 1 0% e s 110
13 j i > 1S e i | 4
C E@gﬁ%ﬁ%@{eéé @tﬁhéels)z 1 %%2%21 R 1 : b?gg%nggg’ {66 3k!6%, 24120
HRIMSABIE i sdred1steh Yotec (B 1,0, TNOT 1640832 Fore@ et s81) i n
THF sol uti on was subject to prop-I-en-2-yl magnesi um
FTIRr @¥aCle (3099, 60671,,308652%47) 2856, THIE3 stdast i1634,a1t370, (238The07, 1011,
reaction was allowed to proceed 12 hours before
749q ‘@Ri ng by pouring into water. The aqueous |ayer was
extracted wth dichl oronethane (2 x 30 nL), and
t heconbi ned organic extracts were washed with water
(30 nL) and brine (30 np), dried over anhydrous sodi um
sulfate, filtered gnd goncCentrated in vacuo. The
resi dual crude pr ct\was] purified by colum
chromat ography to affor@°the desired allylic al cohol

2-P€€q3€#ﬁ§1d?ééoﬁv%%§$ﬂowg%§@?ﬁ§§ %’qg‘gld( 560 _rmrﬁl .1 ohelq,
oAb e By dfes PRade RE RsetgbartdEa "Car al v ¢ amount
o BNl 18 TRl 0 1 S, 4,

Be Nowr $100Me12aDicH): B371086,w29.081 519.13, @d6.98 f1d3ra3nes@act i on

m xture. The residual crude product was purifi ed by
HRMS| (B mieabeviated farhil; §@ [M] ot £0.068¢, Bewid: #60.p66Huct

ester 83, 2£0161 E) - 4- met %I - 7- phenyl - 4- hept enoi c 1
FTIR éNaCBt 11y 03% 3P6b, 3086mMR0antP2632887, b64Rad637,1407.d343, 104, 734 cm

di ssol ved in toluene and cool ed down to -78 C.

Di i sobutyl al um ni um hydride (DI BAL-H, 1.0 Min hexane,

3.0 mol, 1.5 eq.) was ,added by neans of a dry

syringe. The reaction s allowed to proceed for 12

hours before quenching by adding MeOH at -78 C.

(o]

—

(o]

_<

(Diisopropoxymethyl)benzene: colourless oil, 90 % yield.

[0172] Rpg 0.64 (Hexane : Ethyl Acetate = 4:1)
'H NMR (400 MHz, CDCl): 7.53-7.31(m, 5H), 5.59 (s, 1H), 3.94 (septet, J = 6.27 Hz, 2H),
1.23 (d, J = 6.27 Hz, 6H), 1.20 (d, J = 6.27 Hz, 6H)
*C NMR (100 MHz, CDCL3): 140.34, 128.04, 127.95, 126.61, 99.14, 67.67, 22.96, 22.38
HRMS (EI): m/z calculated for C13Ho0, [M]*: 208.1463, Found: 191.0864
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A saturated aqueous sol ution of potassium sodi um

tartrate was added and warned up to roomtenperature
W@ paoy/0977ine aqueous | ayer was extracted with  PCT/SG2007/000055

di chl oronmet hane (2 x 30 nL), gand the conbi ned organic

extracts were washed with water (30 nlL) and brine (30
FTIR §Na(iy w3 08803 @66e3035n h96h, 036, 2887, U8 Ul6B AL 1el57f 12431094, 734 cm™

and concentrated in vacuo. The residual crude product

was purified by colum chromatography to afford the

desi red product al dehyde 84. [0162] The obt ai ned

(4E) - 4- met hyl - 7- phenyl - 4- fept enal (conpound 84, 2.0

nmmol, 1.0 eq) was m X ogether with ylide (6.0 mmuol,

3.0eq) in THF. Afe efluxing for 4 hours, the

sol vent was renoved i cuo. The residual crude

product was purified by c®l um chromatography to

.afford ég%-Z,G-dinethyl-9-pheny|-2,6-nonadienoic acid
(Diethprymethybenzenengodantes8 sjl, 80 Odfsld. Ester 85 (2.0 mmol ,

was di ssolved in toluene and cool ed down to

1.0
- 1@17%?) B4 @66 (Hsaaar u Byl deetateds #d@ (DI BAL- HSLOM i n

, dded b fad
‘1 S5 Rl Mtz CPR i e R0k 39 (oibs S BSlabHly .66 (da,
= ozad7.ab m\,ﬂ@ﬁ),t395do(fd|a§ﬁ§®.é@ F7 2854 %Qfl.??h‘?g%t AYE ?1%251‘-19

" by addi ng net hanol” at rodm't engér ure.” ura
C PMRYS00MERD dDOR)t 268 .84t10789UePUS6, 90581 11 2R 8038daD0
and the mxture stirred for 1 hour. The aqueous | ayer
HRMSSEd) v/ zealedated for @ildhDe (et 188rid 50,Foand01 86.)858and
he conbi ned organi c extracts were washed with water
FTI’%\@B@;‘ Vail§on?067e 303D 347P, 381, dOPAdL ol 43nAPdL.0lA54, 1208, 1114,
1054 0dioumpihfiate, filtered and concentrated in vacuo.
The tesidual crude product was purified by col um
chromat ography to afford the desired product al coho
86. [0164]
( 2E, 6E) - 2, 6-di net hyl - 9- phenyl - 2, 6- nonadi en- 1| - ol
(compound 86, 1.0 mml, 1.0 eq ) was dissolved in THF
together with imdazole (1.5 mol, 1.5 eq) at room
teperature.( r .-butyl)dinmethyl-silylchloride (TBSC
1.2 mol, 1.2 eq) was added. The reaction was all owed
to proceed for 24 hours before quenching with water.
The aqueous | ayer was e cted with dichloronethane
(2 x 30 nL), and thg nbi ned organic extracts were
washed with water ¢30 nL) and brine (30 nL) and dried
over anhydrousP&od\um sulfate, filtered and
concentrated in vacQUT\;EEDresidual crude product was
purified by colum chro gr aphy

(Bis(allyloxy)methyl)benzene: colourless oil, 80 % yield.
[0174] Ry 0.64 (Hexane : Ethyl Acetate = 4:1)

'H NMR (400 MHz, CDCl;):7.55-7.33 (m, 5H), 5.97 (ddt, J = 17.27, 10.44, 5.62 Hz, 2H),
5.67 (s, 1H), 5.34 (dq, J = 17.27, 1.61 Hz, 2H), 5.20 (dq, J = 10.04, 1.21 Hz, 2H), 4.09 (dt, J
=5.62, 1.61 Hz, 4H)

*C NMR (100 MHz, CDCls): 138.35, 134.44, 128.33, 128.10, 126.64, 116.59, 100.32, 66.01
HRMS (EI): m/z calculated for C13H;602 [M]*: 204.1150, Found: 204.1092

FTTR.GNaCH)‘v3081,3067,3032,2984,2915,2867,1647,1451,1338,1043,922,754,709

cm™ ‘
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to afford
(E) - 9- phenyl - 2, 6-di net hyl - 2, 6- nonadi enyl ] -| - oxy- (fer
WO 2awyi7ydi net hyl - si | ane (conpound 43). PreparBCT/662001/000055
(E)-7,11-di nmet hyl -6, 10- dodeaddi en-2-yne Yi el d: 55% 81
32 [0165] p-toluolsulfonyl-geraniol (0.1 mml, 1.0 eq)
and hexanet hyl phosphoram de (HWA, 0.2 mmol, 2.0 eq )
ver e digsshyRa: GendFh p@&&dﬁ?@f(ﬁ‘d:yhﬂsatﬁﬁ @ctwozaéﬁ) 2
mmol, 2.0 eq) was added. But ynyl brom de .2 mml
ns .of a dry s

2080 3 hl eﬁ@gﬁad@t@%P baw lioznﬂo%ﬂssr%é@r §5e 1l ot isomers

was QURRANeA By'\thd Middritich oﬁfa{ebk%%&e%ﬁv@g 4% 5O INMR spddifd,
aqueous Iayer was extracted with chl or onret hane (2 X

PRGH(ER)s P00, 1 L erel e over
The—trestduat—etrud I

| dried oven

H/f~H *
p-t ol uol su.;2 @ (Oé-ﬁyw 11-RPnet hyl - 6(40- dodB&di en- 2 y(+)
n-4-o| (81K 0 , 1.0 eq) was dissolved in THF
anfl )MeOH sol ution. Na/Hg (20 no2) 0.3 mmol, 3.0 (8))

was added. The reaction was allowed to proceed 12

h b t(B. 1wk I

WATR] A AT PRt O PR, 1,008 FRUCT (BUAD was added
acetaloftsi maeblo? §aes. L atereomaiemperatire. Tas baldtion was \ﬁQ@léd tqe 3?)8°C prior to

saaffd pRICE o BECHR St 20,4 THE DR Vo RO s ot
78°Q €3 Jualnuedstiborp Iqaentbingwaith pattidiédNallg Os @ljiktus solution (5 mL).The

. chromato hy to afford the desired product. ampl e
mixipre WREBHLA vae?n edipga roam fmRRratyreAnd| vasalog e t%%tg?eéi fgr another

1 hoi: r’l%e%é E&%%}l}@? bR eeRi M NGith C1L,0e, B HPH1Y! e&ﬁ@'tﬁ@@&nﬁ}ﬂed organic
R. Noyori (Noyori, R, et af., Tetrahedron Lett.
layep Was 1@5hed 368) wated (A dilf)j brineré2h oal)dande gk dv ydrous NaySOsy,
S Kur i Kur i-har a,. , Hak ta, W.
fitegg g0 B e g0 o6 T 19105 peife TR b plified by fash column
chrogfa@gdhphyas synthesis as following: To a solution of
PhCHO(l 0O mol 1.0 eq. ) in CH2A 2 (5 nL) was added
(TMSO) 2R (1.0 nmol, 0 eq.). eaction m xture

Ph

2a
(25.,4aS8,10a8)-2-(Methoxy(phenyl)methyl)-1,1,4a-trimethyl-1,2,3,4,4a,9,10,10a-
octahydrophenanthrene (2a): colourless oil, 87 % yield. Diastereoisomer ratio 2a:2a’ =

84:16, isomer ratio’ 2a:3a = 88:12.

[0177] Rg 0.73 (Hexane : Et;O =9:1)
Major isomer:
'H NMR (400 MHz, CDCl3): 7.38-7.01 (m, 9H), 4.50 (s, 1H), 3.26 (s, 3H), 2.97 (ddd, J =
17.07, 6.63, 1.81 Hz, 1H), 2.84 (ddd, J = 17.47,11.24, 6.83 Hz, 1H), 2.27 (dt, J = 12.85, 3.41
Hz, 1H), 1.99-1.94 (m, 1H), 1.90 (dd, J = 12.85, 2.81 Hz, 1H), 1.85-1.72 (m, 1H), 1.62-1.60
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was cooled to -78 OC prior to addition of TMSOTf (0.05

mmol, 0.05 eq.). The reaction was allowed to proceed
w@007/08770C f or overni ght before quenchi ng w t hP@EBGLZioN@00055

(2 m). The mxture was dilub2d with CH2A 2 (30 ni),

washed with water (20 nL) and brine (20 nL), and dried
(m,oNFBy 1.3BkLdt Gus1 i AX941.261(ht, 2Hpd . 2806, 8lyaeay (s a3y 1103 (s, 3H)
isvacuo. The residual crude product was purified by

Cr NAER (269 dHzZc 6o rlak dfdB3ny 48 44aflBd08, 1281282880 126.52, 126.19,

t ; ] - y il 3; - t

PRI e Srsstys 3T 10y B 1 T 3o, 2480,
19.59,d8.199)6.6&r e prepared usi ng the sane net hod using

3- 0X0-9 b-pregn-4-ene-20 a- carboxal dehyde (conpound
HRMS (ELi|m/p celaplatedi foy CHERIROCIMP CBRRRT MBumh G4BT T as

e ts. (4S, 6 )-4, 6-D nethyl-2-phenyl -1, 3-di oxane:

FT '¥s ngﬁ I ,2923‘%9 1602:i 1489, 145016977, K10 1634, (LP@%a198, 702 cm™

Et hyl Acetate = 4:1) 1H NWR (400 Mz, CDO 3) :

7.51-7.49 (m 2H), 7.38-7.29 ( N, 5.83 (s, IH),

4.48 (q, J = 6.78 Hz, IH), , J = 11.98, 6.00,

2.41 Hz, IH, 1.99 (ddd, 7 11.85, 6.06 Hz,

IH), 1.49 (d, J = 6.99 .48 (ddd, J = 13.58,

2.44, 1.04 Hz I H),P 2 6. 18 Hz, 3H) 13C NMWR

(100 MHz, CDO 3) : 128. 65, 128.28, 126. 24,

94. 06, 68.67, 69.11, @ 21.96, 17.24 HRVB (El):

mz calculated for Cl2H1Blo2 [M+ : 192.1150, Found:
2549810492 fH 1R : 14 0 -
O o 15 oy oy el IR LA imed b1 2m g it
octghydyophemanthrgne (Pok xabourless: tojl, 906tyacld. DiastetdoisrhdvRtio 2b:2b’ =

. - .. 7.64-7.41 (m 5H)5 5.55 (s, IH 5
88'%%&“{%%“3’@ ?Saﬁ)ll?@%" 5.02, 1.24 Hz52H)5 3.99 (td, J =
1 . 229215 (m IH, 1.40-1.33 (m
|@ﬁ§§cﬁﬁ@7%ﬁ8&?§? . 138.52, 128.11. 127.58,
Majb2Bo85;. 100. 90, 66.66, 25.20 HRVB (EI): mz cal cul at ed
for CLOHI202 [M+ : 164.0837, Found: 164.0825 FTIR

"H X\MRO(400 MHZ0EDCIY0G6B0-8036m, BHG 745285311658 (dd,646.8.94, 7.03 Hz,
1H),1?.§‘11'(d%,3]8=' s¥ ,3%198 12,71H)%02.18|7 ?dd, J = 16.85, 5.85 Hz,1H), 2.76 (ddd, J =
18.10, 11.34, 7.26 Hz, 1H), 2.18 (dt, J = 12.60, 3.52 Hz, 1H), 1.88 (dd, J = 13.98, 3.44 Hz,
1H), 1.83 (dd, J = 13.86, 3.55 Hz, 1H,), 1.68 (qd, J = 12.40, 6.41 Hz, 1H), 1.50-1.48 (m,
1H), 1.21 (dd, J = 12.03, 1.72 Hz, 1H), 1.13~1.11 (m, 2H), 1.15 (s, 3H), 1.13 (s, 3H), 1.12 (s,
3H), 0.95 (s, 3H)

C NMR (100 MHz, CDCls): 149.89, 144.20, 135.06, 128.79, 128.00, 126.38, 126.19,
125.59, 125.08, 124.60, 80.22, 64.50, 55.98, 51.99, 38.75, 38.00, 37.36, 31.06, 30.41, 24.87,

19.55, 18.22, 16.76, 15.51
HRMS (EI): m/z calculated for C,6H340 [M]": 362.2610, Found: 362.2604

FTIR (NaCl): v 3100, 3084, 3061, 3024, 2968, 2928, 2874, 2840, 2782, 1602, 1490, 1450,
1377, 1260, 1117, 1088, 1073, 759, 739, 723, 702 cm™

OAll

<
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749, 698 cnt' 2-Phenyl -1, 3-di oxol ane: colourless oil,
95 %Wield. [0171] R/ 0.64 (Hexane : Ethyl Acetate =

wa 20y/09HNVR (400 MHz5CDCI 3) @ 7.58-7.43 (m S5HrCT/SG887/000055
(s, IH, 4.19-4.04 (m 4H) 13&€ NWMR (1 OO MHz, CDC 3) :
137.86, 129.05, 128.23, 126.33, 103.63, 65.01 HRVS

(25,485 10a5)-2- (esalymﬂy@myi)n{etmﬁlﬂm {rivhethyl-13(3, gas D,lgélgg-

d: . 150. 0662 TIR . v 3089, . 3066,
°°f§§>2§r°l’§8¥?f“8 s[ ur%a%wﬂ 1%1% Yielio Diastggotspmer ratio 2¢:2¢’

83: Qﬂlg&ﬁ&rr@mmnﬁuhyﬂ;benzene colourless oil, 90 %
yi el d. [0172] R/: 0.64 (Hexane . Ethyl Acet ate = 4:1)

THoMGR ( £Ra $53-7.3 1(m 5H), 5.59 (s,
S)NM; #65345?8’5 e T oH). 1.23 (d, J = 6.27
Maj'dl‘,lsoﬁt-&)' 1.20 (d, S= 657 Hz, 6H) 13C NMR (100
_ MH25CDA 3) © 140,34, 128.04, 127.95, 126.61, 99. 14,
H 8IMR 7400 M5, CDCOL: R Y. HRED1( @,)9H)n’6286c(a1dgm ated 8{1@[54 5.27 Hz, 1H),

5. 25@@?%%@%%&@%&3@% (dg ?o Shes3 R a b, o NI, 3.85adt,

= 124837 5.042439 Hmﬂg cf %é @m 7 1& Bh et E@leif’ﬁﬁy'l%xzeeé‘é@gfd J = 16.84,

col our| ess oj | yield [0173] F

5.8 EHAy I HhAZeThfddd:J H S(LH 1|\MR7(343OHZ NHE), 20BAd8)S .120607 348 Hz, 1H),

198 g fh, 1) a1, () 18l 67000 & 1l 4y 6.2 3 ) 130 a, v -

12.230)1,83 23 H)! 1.19-151 (AP 1.16
% 3) : 213}2; 84, 127 97, Hjin g% }? W;é Gmgl % )

13C 9IVES (100 dOHZRVBCIE! 140,857 16362, 3. £ rasﬁosc;lmammzs 09, 126.54,

EREECRIM RN A,

31.04208.36,12418h, 1964418.46.9.6. 704 cm 1
(Bis(allyloxy) met hyl ) benzene: colourless oil, 80

HR%& @04 m/i c)aldixlgtecﬁ?fo@zﬁﬂszta‘[@ﬁﬁnbﬂ 2E0hFoundic 8740608 4: 1)

1H NVR (400 55-7.33 (m_ 5H), 5.97 (ddt,
FTI§ (Nag}): 2»73091039@ 39613,23(}42’}; 2943, 2945, 2013, 2872, 2836, 1646, 1602, 1490,

1449, 1376, 1067, 916, 759, 702 cm™

(25,4aS,10aS)-2-(Isopropoxy(phenyl)methyl)-1,1,4a-trimethyl-1,2,3,4,4a,9,10,10a-
octahydrophenanthrene (2d): colourless oil, 94% yield. Diastereoisomer ratio 2d:2d’> =
84:16, isomer ratio’ 2d:3d = 80:20.

[0180] Ry 0.70 (Hexane : Et;0 = 9:1)
Major isomer:

"H NMR (400 MHz, CDCL;): 7.29-6.91 (m, 9H), 4.70 (s, 1H), 3.40(septet, J = 6.05 Hz, 1H),
2.85 (dd, J = 17.08, 4.93 Hz, 1H), 2.74 (ddd, J = 17.41, 11.23, 6.64 Hz, 1H), 2.16 (dt, J =
12.83, 3.38 Hz, 1H), 1.85-1.83 (m, 1H), 1.81-1.79 (m, 1H), 1.66 (dd, J = 12.37, 6.36 Hz,
1H), 1.54 (dq, J = 4.32, 3.55 Hz, 1H), 1.16 (dd, J = 12.14, 1.83 Hz, 1H), 1.13 (s, 3H), 1.11(s,
3H), 1.10-0.90 (m, 2H), 1.06 (d, J = 5.96 Hz, 3H), 0.99 (d, J = 6.19 Hz, 3H), 0.95 (s, 3H)
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5.67 (s, IH, 5.34 (dg, J = 17.27, 1.61 Hz, 2H), 5.20
(dg, J = 10.04, 1.21 Hz, 2H), 4.09 (dt, J = 5.62, 1.61
woi2@74997143C NVR (1 OO MHZ CDCI 3) : 138. 35, 13BCHEG2007/000055
128. 33, 128.10, 126.64, 116.%9, 100.32, 66.01 HRVS
1 (Ebh% m z calculated for CI3HI6O2 [M+ : 204. 1150,
CrNRR: (199 MEgo £IMR 14R9F 1451 83081.06,308876,30%87284, 2887449, 126.30,

705 AT, 05 R e g, 26

23.42212%9) 19.83,/8.51,n684l cases, only the data of mgjor
isoner 2 is reported. The ratio of isonmers was

HRYES &ilyime galsylateddor Git7HgrQiNbn 396.2766 Foasb 8362767
ign in the 1H NMR spectra. (1) (2) (3) [0176] To a
FTIR ROEAR, 054 f0clnaoes. 056, 2678 2531 oleh, )49 10hmat 378 4120, 1103,
u5@}7y»@§gaﬁgeq%ﬁ&ﬁﬂa| (0.3 mol, 2.0 eq.) at room
t enpérat’ure’ e solution was cooled to -780C prior to
addition of SnC4 (1.0 Min CH2C 2, 0.2 nL, 2.0 eq.).
The reaction was allowed to stir at - 780C for 30
m nut es before quenchi ng w tgFsat ur at ed NaHCO3 aqueous
solution (5 nL). The m xtuge gradual |y warnmed up to
roomtenperature and MTOWed to stirred for
another 1 hour. The a yer was extracted with
CHdA2 (3 x 2 : S nbi ned organic | ayer was
washed wi th watjer ( ' brine (20 nmL) and dried
over anhydrous , filtered and concentrated in
vacuo. The residual crRede product was purified by

- If g /. : )

> OHTRCER ATVARIENTS S8R A9 ogpiaraphcngnoren-

yD)metBoxy)eth@aok@e) yedlougd besnailt 72r Hrygeld ZRjastennisomiet £ Fetde? = 90:10.
87 %Wield. D astereoisoner ratio 2a:2a" = 84:16,

PO 590 05 fiddnd el PRodte g BH 1L e oo By
Majd: @8m&:01 (m 9H), 4.50 (s, IH), 3.26 (s, 3H), 2.97

__(ddd, J =17.07, 6.63, 1.81 Hz, IH, 2.84 (ddd, J =
H NVIRAAOQ MB4, CBCB3: 6:27-7139) (m, 2FD7 4.601(s, 1H)=3.38-860 (8, 2H), 3.53 (ddd,

J =9.76, 5.22, 3.48 Hz, 1H), 3.36 (ddd, J = 9.93, 6.45, 3.48 Hz, 1H), 2.96 (ddd, J = 17.25,
6.46, 1.74 Hz, 1H), 2.83 (ddd, J = 17.68, 11.50, 6.62 Hz, 1H), 2.27 (dt, J = 12.89, 3.14 Hz,
1H), 2.05-1.85 (m, 2H), 1.80-1.55 (m, 2H), 1.40-1.20 (m, 3H), 1.22 (s, 3H), 1.21 (s, 3H),
1.04 (s, 3H)

~

C NMR (125 MHz, CDCLy): 149.70 (C), 143.18 (C), 135.00 (C), 128.82 (CH), 128.21
(CH), 126.73 (CH), 126.18 (CH), 125.63 (CH), 125.16 (CH), 124.53 (CH), 80.80 (CH),
70.16 (CHy), 62.30 (CHy), 56.03 (CH), 51.90 (CH), 38.67 (CHy), 37.96 (C), 37.36 (C), 30.99
(CHy), 30.31 (CHs), 24.89 (CHj), 19.55 (CHy), 18,61 (CHz), 16.66 (CHy)

HRMS (ESI): m/z calculated for Co6Hs4O, [M]": 378.2559, Found [M + Na]*: 401.2450
FTIR (KBr): v 3369, 2958, 2873, 1653, 1489, 1448, 1375, 1116, 1053, 759, 723, 702 cm™
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Hz, IH), 1.99-1.94 (m IH), 1.90 (dd, J 12.85, 2.81
Hz, IH), 1.85-1.72 (m IH, 1.62-1.60(m IH),
wa283/027784 (m IH), 1.29-1.25 (m 2H)5 1.23 (spPCBH{2007/000055
1.22 (s, 3H), 1.03 (s, 3H 18T NWR (100 Mz, CDO 3) :
149. 85, 143.44, 135.05, 128.12, 128.11, 126.52,
126. 19, 125.60, 125.11, 124.57, 56. 85, 56.01,
51.90, 38.71, 37.99, 37.31, 3 O 39, 24.80,
19. 55, 18.19, 16.64 HRMVS : cul ated for
C25H320 [ M +: 348. 2453, 452 FTIR (Nadl): v
3061, 2928, 1602, 1l489 1110, 1084, 1072,
758, 702 cm1 K NLa t
) - 2- ( Et hoxy( phenyl ) mat yIF) IH 4a-trinmethyl-1,2,3,4,4a
, 9, 10, 10aoct ahydr érhep@nt hrene (2b): colourless oil,
90 %vyield. Diastere |sgge rati o 2b: 2b" = 88:12,
isoner ratio 5 2b: 3b 14. [0178] R/ 0.73 (Hexane :
Et20—91 or isonmer: 1H NMR (400 MHz, CDO 3) :
3-(Phenyl(E L4artrimethyl-1)2,8,4 43,9313),Iﬂiﬁoctahﬁdlspbmanthren-z—

yD %}géxﬁfnroﬂﬁép é g? (%}‘ g&%lgfs'_ls)ﬂ 872‘)8/% 816?% %astﬁ’emsg%e r&tlo Zf 2 =
88:121. 34, 7.26 Hz, IH), 2.18 (dt, J = 12.60, 3.52 Hz,
I H), 188(dd = 13.98, 3.44 Hz5 I H), 1.83(dd,J:

130882] RS015igHedabe ) Bthll ABetaRd: 4:4) = 12. 40, 6.41 Hz,
$0, ] 50-1. Z%Hem |H)m]y1 21 (dd, )J = 12.03, 1.72 Hz,

ManH)spmtrls 1.11 (m 2H), 1.15 (s, 3H5 1.13 (s, 3H5
.1.12 (s, 3H5 0.95 gs 3H) 13C NMR (100 MHz, CDCl 3):
H NY& 90 Mida, GBCls)3538 4, 17(e6Hy, 7. 106, %m, BB, 489 (s, 1H), 3.84 (1, J =

553838, 328 123 M85 120680 28y 39126 0, 41

1H)1295%dd, 8=27,1116.0861z, 151'.),51834% UE 17.40) 71.9%17041Ha) HE), 2.67 (dt, J

- 857 R0 Y0 28080 S i oA b T 220, 122

3H) 2840 s, 3882103 gogH%mgo "1450, 1377, 1260, 1117, 1088,
1073, 75 3, 702 cnf 1(2 ,4a

Iic Nmsyzsamawmi@y(mmxb» NEGERS () 134.9R¢0); n:mes(thj 128 25 (CH),

o3y 0, 0 OB AR B TAE B G35, SR B0 5, o

(CHL)S @716 (CHIL)Q 55.88¢(39), 3186 &H), 38.56 (CH,), 37.94 (C), 37.33 (C), 32.33
(CHy), 30.97 (CHy), 30.35 (CHs), 24.85 (CH3), 19.55 (CHy), 18.22 (CH), 16.75 (CHy)
HRMS (EI): m/z calculated for Co7H3605 [M]+: 392.2715, Found [M+Na]+: 415.2630.

FTIR (KBr): v 3446, 2945, 1653, 1624, 1489, 1448, 1109, 1070, 758, 723, 702 cm’®

cl

(8)-(Methoxy(2,2,4-trimethyl-3-phenethylcyclohex-3-enyl)methyl)benzene (3a):
colourless oil, mixture of isomers

[0183] Ry 0.73 (Hexane : Et,0 = 9:1)
'H NMR (300 MHz, CDCl;): as a mixture of isomers. Major isomer 7.38-7.01 (m, 10H),



[0179] R/ 0.73 (Hexane : Et20 = 9:1) Major isoner: 1H
NVR (400 MHz, CDAI3) : 7.29-6.91 (m 9H), 5.86 (tdd, J
Wazdl[ﬁ/oi'mslo 54, 5.27 Hz, IH), 5.21 (dq, J = 17pA®sG2002000055
Hz, 5.06 (dg, J = 10.43661.53 Hz, IH) 4.58 (s,
ddt, J 12.83, 5.04, 1.49 Hz, 3. 68 (ddt,
44§ (% lf§ 3251 (&, 39, 20342 54dm, 2H), 2.30862% fra, 521),:1 818&1& (m, 1H), 1.75-

1.65¢ qgﬁ51ﬂxbz,1 ds’(igtﬂ%)ﬂ%d-gqg s Jom iR 39%’11 ?%)9123@?%?1 09 (5, 3H)
13CINMR (175&@1-1;1 @BC(3m1413®1i143 (¥4 1(3@@8 ﬂ25E381212§i3 ’?2841?0 ’I'%? 82, 126.56,

|
12648, 125748240, 56735, SAPA DG, 3@%320919@1(5@ Yoem, 00 R, 17,14

T T e e
FTIROMNED: 730012070 047, 1302 ta03 2Vt 1327, 13 s, B0k Togs 758, 739, 701

cmHRVS (El): mz calculated for C27H340 [M +: 374. 2610,
Found: 374.2608 FTIR (Nad): v 3097, 3083, 3061, 3023,
2963, 2945, 2913, 2872, 2836, 1646, 1602, 1490, 1449,
137xample #; Geperal pFocednde famdsymundetrié a:yclisation reaction (2g~2l)
, 10aS) 2- (I sopropoxy(phenyl)nmethyl)-I,1,4a-trinmethyl-I

cgl our | ggsalﬁ o#a?es}g%?g?{%rowﬁ&?fe;?%%}eggnéz%%tg? T)he ratio of isomets

10 wasai¢te2uiined b§4hd itegrsitoresf thatdspedhivad digdals n 62 'BONMRO a.R
0.70 (Hexane : Et20 = 9:1) Mjor isonmer: 1H NWR (400
VHz, CDCIS):72 6.91 (m 9H), 4.70 (s, RI-H)

3. 40(septet .05 Hz, IH), 2.85 o' .
4.93 H, |H§>h—2 Agg qg 17. 41 6.64 Hz, =
:Il:P) ié?R(ldgg(;’ arH) | 1qg?(d '3'35_1'8
IH) 1|(3:<’3Iq I;%432 3. 55 Izﬁ(léj*l_, 1
. S
. (30%15%6 .96 Hz, 3H)F§@ 99 (d,

Hz 3H) 0. 95 (s 3H)13C NI\/R(lOORNHz cDal 3)

126. 30,
52. 23, 38. 96(3@2&38%_@5%3, 131.03
-78°C, 30 min PP~

Procedures for asymmetric cyclisation are the same as cyclisation reaction of 1a, despite

using chiral acetal as initiators.

HO

gl

h

2i

15 (28,3R)-3-((R)-Phenyl((2S.4aS,10a5)-1,1,4a-trimethyl-1,2,3,4,42,9,10,10a-
octahydrophenanthren-2-yl)methoxy)butan-2-ol (2i): colourless oil, 58 % yield.
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23.58, 21.29, 19.45, 18.51, 16.84 HRVS (El): mz
cal cul ated for C27H360 [M +: 376. 2766, Found: 376. 2767
WO TI0R09W18102, 3084, 3060, 2968, 2930, 2973, 2BBL/SG2007/000055
1602, 1489, 1451, 1378, 1120471103, 1059, 759, 739,
702 c (Ph (2 ,4aS , 10a
Dlasgqrewsoagertraﬁ%#ﬁyFZ?%” =B, Gowsr 135i9° BeHERAY H2BPRdA®13:3.
- yl)netho et hanol (2e): colourless gil, 72 %
v bigs1 Fept é%??ér) Ve ohgaiped 125 % 16 b well fxs e 22).
Hexa _Et Acetate = 4 :1) Major isomer: 1H
Rf%ﬁ)&@?ﬁ R0 . 6.97-7.39 (m 9H), 4.67 (s.
Ma%dﬂ)lsoﬁerso 3.60 (m 2H) 3. 53 (ddd, J = 9.76, 5.22,

Mz, IH), 3.36 (ddd, J = 9.93, 6.45, 3.48 Hz, |H),
'H RIMR ($00NIHZ) caad% 28860 ﬁj 911)749114%9 1ng>3 6429%%1’:&@9*@ 6,4 Hz, 1H),

17.68, 11.50
3.2 uinie /26 98 He 4B 50823 (o, 1301 2 88Heddy=2Fip), 15.06, 6.49 Hz, 110,

2. 3% é&ogﬁb 1?22’%4 '%/gi% qfé ﬁézif'&%n :;H)'l 128}9-§$8 (@E'}H),lhgoi%zo (m, 2H),

121@) smsﬁlm 8H), 1.12@, 82 4 4341z, 3&2)81211; .G 6.0138; 73%2 1.03 (s, 3H)
" ., 126.18 (CH), 125.63 (CH), 125.16 (CH), 13
C(NMR (825 37, GFPCI:7014%7% CER) 14262 @T), (165R) ,(C351 DR8] (CH), 128.28

(c@%&&@%’lﬁ%ﬁ gﬁf&%f% %5&%7@@}5%@ ézz(cf@),,%?s’s (CH), 74.81
(CHB ,7637((CH$) 55. &5(@1@),(5@%121) %dﬂ?@s @Esébi)i .96 @@j qus%t@ 30.98 (CHy),

for Found
30. 172@‘5@3)4:2{4 ¥ @é{)) 19. 4/5 (Q@zc) 19966 HYgR83 @5@3 I'haBE;H,), 14.21 (CHs)

HRI}’IA%&’(I}J#%%I ]116%91%8 IR 052859 Fund: 406.2866
P s R Ao g e

76% yield. Diastereoi soner ratio = 88:12. [0182]
R/ 0.15 (Hexane : Ethyl Acetate ) Maj or i soner:
1H NMR (500 MHz, CDO 3) : Z~3% 6H), 7.10-6.84
(m 3H), 4.59 (s, IH 53 = 5.55 Hz, 2H),
3.56 (ddd, 44 = %04, o6. 68 IH 5 3.47 (ddd, J
= 9.14, 6.49, 4. 2

(2R, 4R)-4-((R)-Phenyl((2S,4aS§,10aS)-1,1,4a-trimethyl-1,2,3,4,42,9,10,10a-
octahydrophenanthren-2-yl)methoxy)pentan-2-ol (2j): colourless oil, 89 % yield.
Diastereoisomer ratio 2j+2j°*:2j* = 82: 18, isomer ratio® 2§:2§°:2j°’ = 66: 18: 16

[0186] Ry 0.15 (Hexane : Et;0 = 9:1)
Major isomer:
'H NMR (400 MHz, CDCls): 7.42~6.94 (m, 9H), 4.91 (s, 1H), 4.25 (t, J = 7.32 Hz, 1H),
3.75-3.55 (m, 1H), 2.94 (dd, J = 16.73, 6.27 Hz, 1H), 2.81 (ddd, J = 16.90, 10.96, 7.32 Hz,
1H), 2.28 (dt, J = 12.89, 3.48 Hz, 1H), 1.95-1.85 (m, 1H), 1.85-1.60 (m, 3H), 1.55-1.45 (m,
1H), 1.40-1.00 (m, 4H), 1.25 (d, J = 6.27 Hz, 3H), 1.22 (s, 3H), 1.20 (s, 3H), 1.18 (s, 3H),
1.06 (s, 3H)
*C NMR (100 MHz, CDCl;): 149.72 (C), 143.26 (C), 134.93 (C), 128.78 (CH), 128.30
(CH), 127.00 (CH), 126.50 (CH), 125.64 (CH), 125.16 (CH), 124.50 (CH), 77.10 (CH),
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IH), 2.95 (dd, J = 17.11, 5.09 Hz, IH), 2.83 (ddd, J =
17.40, 11.93, 7.4 Hz, IH), 2.67 (dt, J = 12.95, 3.24
W¢1z007m9®719 1.93-1.60 (m 5H), 1.60-1.50 (m 2H)PCT/SG2007/000055
1.40-1.10 (m 2H), 1.22 (s, 88), 1.21 (s, 3H), 1.03
H 13C NVMR (125MHz, CDCl 3) : 149.66 (C), 143.28
70. %&:)(CHBM 80 (C8), 53.68.(60I)( CRL3 (CED, 28.46 QAH,), 132&383710Hz), 37.94 (C),

570610, B A 010,580 Febi ortgn 33k (b)) e a3 18.61 e,

17.§6(0H;)517.85 (cgg) 38 56 (CH2), 37.94 (C), 37.33 (O,
32.33 (CH2) 97 30.35 (CH3), 24.85 (CH3),

FTII@(I@)(@IQ‘)G, 1662 21935 cm;,, 13176, TR0( Cbi), 76NVB5( F)D) cm z
cal culated for C27H36Q2 [M +: 392. 2715, Found [ M+Naf:
415.2630. FTIR (KBr): v 3446, 294 653, 1624, 1489,
1448, 1109, 1070, 758, 723, 702 cmfl
(S)-(Methoxy(2,2,4-trinethyl- g hyl cycl ohex- 3- eny
| ) met hyl ) benzene (3a): m xture of
i somers [0183] R 0.73 (Hexs A = 9:1) 1H NWR
(300 MHz, CDO 3) : ¢ | soners. Maj or
i somer 7. 38-Ko0l ; IH), 3.24 (s, 3H)5

X

2.63-2.54 (m 25 X H, 1.88-1.82 (m
I'H, 1.75- 1.650(m & H) bl &8\ s, 3H)5 1.56-1.47 (m
2H) 137133(m||—|)5%30(s 3H), 1.09 (s, 3H)
NMVR (75 Mz, CDOl3) :2K43.51, 143.18, 136.98,
(ZRI'Z@ 43€(R)'1@§54E\§;f0}!@3'6‘_1!90[)1:99?1-82;4211123116&)’1-1,265,434.@,9 10,10a-

oot Sy Ghegdiyiiordisind® e Gbhuos on, 1

ylelda]Dxauteeamnfem ratiP A DI =+ 86348 s34 ratEDHﬂlZ‘k’ 3148 _27%5?4 :13 (The
FTI (NaCl): v 3061, 2929, 2827, 1602, 1493, 1451
3B Pk Cepitegy Tormpd are; wgnsideyed F0e ehiral Eﬁ%ﬂl?rpﬂfe (faxed relative

co éﬁ wRhRGRE B dtp] Msed Sy MBS} I{E&)ﬁ1 g%{r 28%{?15%2]9 E)Ir on

(29~21) [0184] In"all cases,
| $PrEE) R @15&@%&5@& dhegnatio of i soners was

det er mi néd by the |ntegrat| n of the respective
Majst gomkes i n the 1H NVMR spectra. Procedures for
asynmetric cyclisation are the same as cyclisation
'H NMRc(400MHBz, CRCLYEE-T7R 2w, 54 chil 8-0.8%arf 3H), 493 (s, 1H), 4.27 (dd, J

= 149414 89 2.5 11$14.00-3.60 (m, 1H), 3.55-3.45 (m, 1H), 2.93 (dd, J = 16.55, 6.27 Hz,
1H), 3.00-2.85 (m, 1H), 2.79 (dt, J = 13.94, 6.97 Hz, 1H ), 2.32 (dt, J = 12.89, 3.14 Hz, 1H),
2.00~1.90 (m, 1H), 1.85-1.60 (m, 3H), 1.53 (dd, J = 13.07, 6.97 Hz, 1H), 1.50-1.00 (m, 3H),
1.27 (d, J = 6.27 Hz, 3H), 1.23 (d, J = 6.27 Hz, 3H), 1.23 (s, 3H), 1.21 (d, J = 1.74 Hz, 3H),
1.20 (s, 3H), 1.18 (d, J = 1.39 Hz, 3H), 1.08 (s, 3H)

*C NMR (100 MHz, CDCls): 149.60 (C), 146.06 (C), 143.29 (C), 132.31 (C), 128.67 (CH),
128.27 (CH), 126.99 (CH), 126.51 (CH), 123.18 (CH), 122.54 (CH), 77.16 (CH), 70.68
(CH), 64.22 (CH), 55.79 (CH), 52.25 (CH), 44.49 (CHy), 38.94 (CHy), 38.03 (C), 37.59 (C),
34.00 (CHy), 30.52 (CHy), 30.09 (CHj), 25.03 (CH), 24.22 (CH), 24.08 (CHs), 23.44 (CHy),
19.50 (CHy), 18.61 (CHs), 17.59 (CH), 17.22 (CH,)

HRMS (EI): m/z calculated for C3,HysO, [M]': 462.3498, Found: 462.3481
FTIR (KBr): v 3446, 2962, 2870, 1450, 1377, 1120, 1103, 1056, 704 cm’
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(2 ,3)-3-(( )-Phenyl ((2 ,4aSr, 10a
)-1,1,4a-trinmethyl -1, 2,3,4,4a,9, 10, 10aoct ahydr ophenant
whe@n/9Z4yl ) met hoxy) but an-2-ol (2i): col ourl esBCDBG2005800055
% vyield. D astereoi somer rati@2i +2i":2i"'+2i'" = 89: 11,
isonmer ratio 6 2i:2i':2i":2i""= 76:8:13:3. [0185] Side
product (75/75") was obtained in 25 %yield as well
(see Fig. 22). R/: 0.15 (Hexane: Et20OMe 9:]) Mj or
i somer: 1H NWVR (500 MHz, CDCl13):7. 3 d-6.96 (m 9H),
4.94 (s, IH) 5364(qU|ntet J = Hz, IH), 3.25
(quintet, J = 6.53 Hz, IH, 2.98 m IH), 2.82
(ddd, J=17.61, 15.06, 6.49 30 (dt, J =
12.94, 3.24 Hz, IH, 1.98-1. , 1.83-1.60 (m
3H), 1.30-1.280 : s 1.17 ,(s, 3H),
1.15 (d, J = 6.48 Hz,] 3H)éM§Z d, J =6.01 Hz, 3H),
1.03 (s, 3H) 13C NI\/Ri125p CDO 3) : 149.75 (O,
142.62 (C), 135.01 (O, 128.81 (CH), 128.28
(CH), 126.89 (CH), 126.84 (CB), 125.65 (CH), 125.16

74..81 71,87
CRU( Rt byt il afymieghy o s dtasd g
t A8 tehi)-y1) Phenyl Y %
oc 41%01?%18 812 gﬁ y)éiﬁe y)ﬁl@f@% p%ﬁta‘il z!oﬁpﬁ c)oi'cr%ﬂ%?s oil, 75 % yield.
Dlaﬁteﬂqusommﬁe ‘521”rﬁ1 §éalémsgm@roraf1@r21@1’8@n3’gerzz 16412
406. 2872, Found: 406.2866 FTIR (KBr): v 3406, 2968,
2401881 1 Kp. 13 fHAexang 3F60 1905, 1064, 758, 702 cnil (2

4- (( )-Phenyl ((2 , 4a
Majorl’@é da-trimethyl-1,2, 3,4, 4a,9, 10, 10aoct ahydr oph

v SRR SIS APt G o S s,
6.6588:4818, ms)pnrgg (8, am)o 4@52add2! 1 144.59,%. cﬁz?gr(z)rlrgs}) 13,673[ @188), 3.70-3.60
. > Bnis 730, T0 ket T i o7 v, 10, 223
@, 92512(59 3313—1—1% 3?{)%95'#@5 LB% Yg) 1§% dl((j @H)sﬂi, 18@ 1.45 (m, 1H),

130@ og(gm 4H321 %(d |f|=|3622}1283mjt1 21)(dzJ £25.8D Hz33Hp 140, (s, 3H), 1.18 (s, |

| 1.85 (m IH), 1.85-1.60 (m 3H), 1.55-1.45
3y ﬂis Fl;’ﬁ?l 40-1.00 (m 4H), 1.25 (d, J = 6.27 Hz, 3H),

3¢ 1111»?12 (1235 M), coeigf 169.6736), 151048 ch 51453 (o) 118824 fey, 35854 (cm,
128.30 (CH), 126.49 (CH), 125.98 (CH), 110.88 (CH), 110.16 (CH), 77.09 (CH), 70.67
(CH), 64.21 (CH), 55.65 (CH), 55.21 (CHz), 52.12 (CH), 44.41 (CHy), 38.85 (CHy), 38.14
(C), 37.56 (C), 30.12 (CH), 30.11 (CHy), 24.94 (CHs), 23.42 (CH), 19.56 (CHy), 18.63
(CH3), 17.55 (CHs), 17.22 (CH,)

HRMS (EI): m/z calculated for C3gHy 04 [M]+: 450.3134, Found: 450.3121

FTIR (KBr): v 3500, 2976, 2873, 2252, 1608, 1510, 1502, 1490, 1456, 1377, 1251, 1132,
1058, 1043, 650 cm™

O

OMe
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13C NWR (100 MHz, CDCl 3) : 149.72 (C, 143.26 (O,

134.93 (C), 128.78 (CH), 128.30 (CH), 127.00 (CH,
wa22e75977(CH), 125.64 (CH), 125.16 (CH), 124.50PC1Z52007/000055

77.10 (CH),70.68 (CH) 5 64.200(CH), 55.60 (CH), 52.13

et G40 ey 7 R T R ermalgalls 5 S0 36
octallydkdphSbiadhren 13D iethonySprn L B b AR O, 65 %

c3) . : ) ;
wel;l)gbsﬁstexqozmmemw 2msQm’ 728 =802 9 isoter fatie’ 22’ 2m?’ = 66:19:15

)-4-é5§R)-( 2 ,4a ,10a

) -1818YopirBpyield prodiat wwithntesnbagre Hing clibedi at MedDpd@ctaOMe was
phenant hren- 2-yl) (phenyl) net hoxy) pent an- 2- ol

Obe?%g‘ge:% aé%fe urless oil, 88 %yield. D astereoisoner

R babi(Beddit2lt, 0%Kg.17 86: 14, isomer ratio 2k:2k':2k" =

" 73 f4:613 (Tﬁg?it(%rlge new chiral centers forned are

Maf@ivohiter ed as a chiral group of (fixed relative
. configuration within the group) based on the
H BIMR K568 MEnNCBEN;) p330ur.aL gm), JH)181P-R03 I\Sl%z ]15{&([5@?%3696 (m, 1H),

6535 oty A eshly Voo, 1305 A0 Aty (. S5.(5 70340 (o, 1H), 290
(dd,ng 3217(3 ﬁg go(ib nr1]:—'1z Iliﬁ))?ﬁ? gg&iz ng—Z ’13.'1‘3,) 111651@3%9932}1257’1 Ifggb_q{gdt, J=1295,
3.248Hg01H), 49X 8SI(H4, 1), V8560 (3, 1), BE0-—B4STmHED), i 1419-1.10 (m, 4ED),
125653 48k i i A, S5 4 e Dafi s S3ig stbid s . 3m)

o SR 69,15 20 hsghe o o,
127309) (CH), 28659, (C3B) ,125.608(CHi), u3§@51(c:}9), H21.88HCH)] .79813( €CH), 70.70
i B el 550 1238 (.34 57 (eia30 dexpn, 3748
(0),126409C), 320 gaﬁg,&?io.(l%m#@s.i@ (éﬁk% §3%2?d(i:4ﬁ))( ?%.'}21_6 JCHy), 18.59

77.16 . 706 6422 ,
(CH(akalﬁ-,S‘lggm)gl(éﬂ(@ﬁ(z%s. 94 (CH(%_I), 38.03 (C), 37.59

HRYS EY’ i Ppeted for ool BT 45433 Pona 0353 4 (v
PRV 3R9% K100 5% L2, PaTh deday P i go 1. 1124

1055,M037, 7046848488, Found: 462. 3481

Me

"Ulllln-

h

Ho\r\/o
2n

(2R,4R)-4-((R)-Phenyl((25,4a5,10a8)-1,1,4a,6-tetramethyl-1,2,3,4,42,9,10,10a-
octahydrophenanthren-2-yl)methoxy)pentan-2-ol (2n): colourless oil, 87 % yield.

Diastereoisomer ratio 2n+2n°*:2n’ = 83:17, isomer ratio® 2n:2n’:2n*° = 66:17:17.

[0190] Ry 0.15 (Hexane : E,O=9:1)



10

15

20

25

FTIR (KBr): v 3446, 2962, 2870, 1450, 1377, 1120,
1103, 1056, 704 cm"12 1 (2 ,4 )-4-(( )-((2 , 4aS , 10a

w0 2@7het7Tmoxy- |, |, 4a-trimethyl -1, 2,3, 4, 4a, 9, 10, ROESG2@NY00055
drophenant hren- 2-yl) (phenyl y{ret hoxy) pentan-2-ol (21):
colourless oil, 75 %yield. D astereoisoner ratio

Majptisdhier21l’ = 84:16, isoner ratio 6 21:21':21" =

. 72:16:12. [0188] R/: 0.15 (Hexane : Et20 = 9:1) Major

H NGRé400 MH AR (140 0.4M4-7.19 GRCSB), 6.997-640-(fh, 301){ 400 $)1H), 4.35-4.19

o S 3030 B 12D G 9§51 b T e Ty 32, 1050,
O0BHEZ3 \ 9. =678. % : dggsd1 3548 1% .

7.08HE3 1&217,’ 2 I§®'|Xc:1t, 3 727% dggft 3, 16h) 2.4 ’(éis&()sg.’%&.g; J@Eiﬁ) 1.80-1.60

(m, 3H), 1.589B4F tm, 1H), 1.4021.80 (m34HY 124 (d, K= 7.66 $8, 3HRS.22(s, 3H), 1.19

0 LIRS § 50 50 ™ o1 (4, 3 = 5,52
C AR 08 Mg CRRy P sk A0 8 gt 1 alel ds.es o,

128(28) (CHY 312809 (YH), 1126.584(QH)) 126 078(C30), (125001 (L), 49.14 (CH), 70.69

(crp i 20 Jy P iChng it 33 ey Pt € Qe s 8xe), 37.56 ©,
30-3;%%%%%0 (i 5.0, O R0, ) 1 (g e o,

17. 3), WREHLH2) , 18.63 (CH3), 17.55 (CH3), 17.22
HRVE . (El) ;. . | cul ated for C30H42CB +:
HRYSBD; S8 CrROTAD S0 ats LMY AS ABES Fopndistid, 3136 76,

FIIE 6D 30005, 00 MBS U 2008 U 5057 () (2 4a

, 10aS) - 7- Met hoxy- 1,1 ,4a-trinmethyl -1, 2,3,4,4a,9, 10, 10ao0
ct ahydr ophenant hren- 2-yl) (phenyl ) Mepent an-2-ol
(2m: colourless oil, 65 %yield. 4t er eoi soner

rati o 2m2m':2m = 81:19, | ‘ 2m2m 2, =

66:19: 15 [0189] 15%yield : h benzene ring

cyclised a ta position
wel | . ‘Hdm b

(2R,4R)-4-((R)-Phenyl((25,4a5,10a8)-1,1,4a,7-tetramethyl-1,2,3,4,4a,9,10,10a-
octahydrophenanthren-2-yl)methoxy)pentan-2-ol (20): colourless oil, 85 % yield.
Diastereoisomer ratio 20+20°%:20° = 82:18, isomer ratio® 20: 20°:20°° = 71:18:11.

[0191] Ry 0.15 (Hexane : Et;0 = 9:1)
Major isomer:
'H NMR (500 MHz, CDCls): 7.39~7.23 (m, 5H), 7.11-6.97 (m, 1H), 6.88-6.78 (m, 2H), 4.90
(s, 1H), 4.30-4.14 (m, 1H), 3.70 (dd, J = 10.64, 4.62 Hz, 1H), 2.89 (dd, J = 16.88, 5.32 Hz,
1H), 2.77 (ddd, J = 17.10, 11.50, 6.47 Hz, 1H), 2.33 (d, J = 6.01 Hz, 1H), 2.23(s, 3H), 1.95-
1.85 (m, 1H), 1.85-1.72 (m, 3H), 1.60-1.50 (m, 1H), 1.40~1.10 (m, 4H),1.25 (d, J = 6.01 Hz,
3H), 1.20 (d, J = 6.47 Hz, 3H), 1.19 (s, 3H), 1.17 (s, 3H), 1.05 (s, 3H)
C NMR (75 MHz, CDCl,): 146.91 (C), 143.29 (C), 134.80 (C), 134.50 (C), 129.33 (CH),

128.30 (CH), 127.94 (CH), 127.00 (CH), 126.53 (CH), 124.45 (CH), 77.14 (CH), 70.65
(CH), 64.20 (CH), 55.72 (CH), 52.34 (CH), 44.47 (CHy), 38.92 (CH,), 37.65 (C), 37.54 (C),
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R/ 0.15 (Hexane: Et20 = 9:1) Mjor isoner: 1H NWMR (500
MHz, CDCI3) : 7.39-7.22 (m 5H), 7.12-7.03 (m |H),
woG282/087706 (m IH)5 6.58-6.44 (m |H), 4.89 (sPCT/5{2007/000055
4.30-4.20(m I+ﬁ, 3.73 (s, 3, 3.70-3.60 (m 1H),
2.90 (dd, J = 17.11, 5.09Hz, IH), 2.79 (ddd, J =
30.89(QHy), I166CHY, BROPCHIHY3 42 (CHs)( 90.76 QCH3)129 96 (CH,), 18.61 (CHa),

17%%6@){9@{)95 |1H§35 (1m45|§|)101(§15_4H)_ 3(1635 (d, 33 =
HR@S“@@IW sitadeah: OgHAIMT A Bng e 3)'*; :
FTg x(§2)88 éé@é 21:%9%L %‘5% éf’s?&éllz(z%%se%?? @@54@1 V128
111 88 (CH) 77.13 (CH), ;o 70 (CZZ 3e734 22 (2§3H)
23 82 (G Bﬁ%‘rﬁ- -8“@%3‘“3&?5@ Selispy{ipioahes) 2
30,13 (CH 3) 12 . 23. 42 (CH 3) , 19.46 (CH
)[0192_[8 5911 @M %ses ]5771535 e(@qagf majpy isomerGHiyepdrké The ratio of

oSN b B0 o s

unldsd 6theriidd $tateti263, 1242, 1151, 1124, 1151, 1124, 1055,
1037, 704, 648 cm"1 2n (2 ,4 )-4-(( Rhenyl ((2 , 4a

,10a5)-1,1,4a,6-tetranethyl -1, 2, 3, 4, £ 0, 1anctahyd
rophenant hren- 2- yI)nethoxy)penta -2 Pn) :
colourless oil, 87 %yield. FeoNyaher rati o
2n+2n":2n" = 83 17, isoner rag i2n" =

66:17: 17. [01 Qe : 0= 09 :1)Mjor
i soner: 1H NMVR (300 Wiz, Cf L &7°41-7.19 (m 5H),
6.99-6.77 (m 3tk 4.80 (sgp'H, 4 35-4.19 (m IH),

380360(mIH) 290 dd J = 16.55, 5.93 HZ5 IH) 5
30 (dt, J

(R 3- @Ry bhéigchs dad Topf)- bléaztallle%thylsh%éa@4§é>lﬁ,lgs- (m i
_ 51.40-1.1
octa}lybarg%e%igﬁ?a&m}ib%{e% it ’eﬁgaéf%-(o%b é‘zﬁ) (m

(s5 3H), 1.19 (s,
3 '[0193}- 6 dbovedtdried st ftmd Hdtom flask equipped with a magnetic stirring

bar was added PCC (0.324 g, 1.5 mmol, 3.0 eq.), 4A MS (1.0g, oven-dried 48 hours), silica
gel (1 g, oven-dried 48 hours) and CH,Cl; (8 mL). The mixture was allowed to cool to 0°C
and alcohol 2j/2j°/2§>* (0.21 g, 0.5 mmol, 1.0 eq.) in CH>Cl, (2 mL) was added slowly. The
reaction mixture was gradually warmed up to room temperature and was allowed to stir for
another 12 hours. The mixture was filtered through a pad of silica gel and was flushed with
200 mL. CH,Cl,. The solution was concentrated in vacuo. The residual product was purified
by flash column chromatography to afford the desired product as a white solid in 81% yield.
Diastereoisomer ratio 72+72°*:72° = 81:19, isomer ratio, 72:72°.72° = 67:19:14

Ry 0.66 (Hexane : Ethyl Acetate = 4:1)

Major product:

'H NMR (400 MHz, CDCl;): 7.34-7.18 (m, 7H), 7.09-7.00 (m, 2H), 4.83(s, 1H), 3.89
(sextet, J = 6.04 Hz, 1H), 2.94 (dd, J = 16.40, 5.40 Hz, 1H), 2.86-2.81 (m, 1H), 2.65 (dd, J =
14.84, 6.64 Hz, 1H), 2.41 (dd, J = 14.95, 5.81 Hz, 1H), 2.23 (dt, J = 12.98, 3.12 Hz, 1H),
2.20-2.10 (m, 1H), 2.19 (s, 3H), 1.95-1.80 (m, 2H), 1.77-1.68 (m, 1H), 1.66 (m, 2H),1.24
(dd, J = 12.04, 1.55 Hz, 1H), 1.24 (s, 3H), 1.22 (d, J = 5.81 Hz, 3H), 1.21 (s, 3H), 1.07 (s,
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13C NMVR (100 MHz, CDA3) : 149.58 (C), 143.28 (O)5
134.81 (C), 131.80 (C), 128.68 (CH)5 128.28 (CH)5
wa2870977(CH) 5 126.50 (CH), 126.07 (CH), 125. 01PCIZBE2007/000055
77.14 (CH), 70.69 (CH)5 64.263(CH5 55.72 (CH), 52.23
(CH), 44.42 (CH2), 38.88 (CH2), 37.87 (C), 37.56 (O,
3HPB0. 50 (CH2), 30.10 (CH3), 25.00 (CH3), 23.42 (CH3),
21.23 (CH3), 19.51 (CH2), 18.61 (CH3), 17.56 (CH3),
BCINMR ({CHMHERUBAIEL 12071907 1407ZUI48.67 138.0C3MHULO0128.11, 126.74,

126441 $25 88035512458, “%2804%4%1?6?@2?%@1&@4%8@??2@5, 37.50, 31.40,

31.04,4004, 24 wq@yai% 18.1041.67, 16.86
,10a5)-1,1,4a, 7-tetramet hyl -1, 2, 3, 4, 4a, 9, 10, 10aoct ahyd

I—IRMSp(Eh ardf: bz[leuiiatea fyt o:mgw{m]bms 2872, Kdund?24)8.2859

colourless oil, 85 %yield. D astereoisoner ratio
FTIROEKRY): 22966, B7141 8635, 466013751 116161086; 1055, 786,739, 704 om™
71:18:11. [0191] R/ 0.15 (Hexane : Et20 = 9:1) Mjor
isomer: 1H NMR (500 MHz, CDCI3) : 7.39-7.23 (m 5H),
7.1 1-6.97 (m IH), 6.88-6.78 (nmb2H)5 4.90 (s, I H),
4.30-4.14 (m IH 5 3.70 (dd, J = 10.64, 4.62 Hz5 I H)
52.89 (dd5 J = 16.88, 5.32 Hz5 IH) 5 2.77 (ddd, J =
17.10, 11.50, 6.47 Hz, IH 5 2.33.(d, J 6.01 Hz, IH),
2.23(s, 3H5 1.95- 1.85 (m IH 85-1.72 (m 3H),
1.60-1.50 (m IH 5 1.40-1.4%0 fiH) 51. 25 (d5J = 6.01
Hz5 3H), 1.20 (d, J = 7 1.19 (s, 3H), 1.17
(s, 3H), 1.05 (s, 3H) b MHz5 CDCl 3) : 146.91
(O, 143.29 (O, 134. A 50 (C)5 129.33 (CH5
128.30 (CH)5 127.94 @CH) X127M0 (CH), 126.53 (CH5
124.45 (CH), 77.14 (CH), , 64.20 (CH), 55.72

(CH), 52.34 (CH), 44.47 (c?? 38 92 (CH2), 37.65 (C)5
37.54 (C)530.89 (CH2), (CH3), 25.07 (CH3), 23.44

(4a$,S0is)-1,2Qa7Pri 1-4, 41a9104ﬁ0=( teiah dﬂ@pt@kah%ﬁd(iﬁ 3¥B9H)-one
ﬁCHS) 17. 27 ( ) HRI\/B( l): myz cal cul ated f

C30H4208 [M +: 434.3185, Found: 434.3164 FTIR (KBr) v
34}6&4] 29%0an dvtB4iriclA3RRL ISund-bottbA2 flaskOREs addibd ketbRE72/72°/727° (42

mg, O 1 mrnol 1.0 eq.), SeO; (33 mg, 0.3 mmol, 3.0 eq.), NaH (0.2 g, 70 % in mineral oil,
5.8 mmol, 58 eq.) and THF (10 mL). rBuOK solution was added to the reaction mixture via

syringe. The reaction mixture was refluxed for 24 hours and was quenched with MeOH (5
mL) at 0 °C. The mixture was diluted with water and was extracted with diethyl ether (3 x 20
mL), and the combined organic layer was washed with water (20 mL) and brine (20 mL). The
organic layer was dried over anhydrous Na,SOy, filtered and concentrated in vacuo. The
residual crude product was purified by flash column chromatography to afford desired
product as a colourless solid in 45 % yield, 52 % ee.

Ry 0.74 (Hexane : Ethyl Acetate = 4:1)

'H NMR (400 MHz, CDCls): 7.18-7.03 (m, 4H), 3.01 (ddd, J = 16.84, 6.00, 1.98 Hz, 1H),
2.90 (ddd, J = 17.93, 11.23, 6.60 Hz, 1H), 2.75-2.67 (m, 1H), 2.60 (ddd, J = 15.68, 7.59,
4.12 Hz, 1H), 2.53 (ddd, J = 13.21, 7.43, 5.96 Hz, 1H), 1.98-1.91 (m, 2H), 1.84-1.77 (m,
2H), 1.30 (s, 3H), 1.17 (s, 3H), 1.14 (s, 3H)

BC NMR (100 MHz, CDCLs): 217.23, 147.37, 134.87, 129.06, 126.10, 125.80, *125.40,
50.59, 47.39, 37.49, 37.37, 34.63, 30.81, 26.85, 24.68, 21.11, 20.16
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Exanpl e 5: Functionalisation of cyclisation products

[0192] In all cases, only the data of major isonmer 2
w0 g0o7epne ed. The ratio of isonmers was det er m PEDSG007/000055

the integration of the respe@dive signals in the 1H

NMR spectra unl ess otherwi se stated. 72 (R)-4-((
HRM$>61?éh)yMz(@1qmaed for C17H220 [M]*: 242.1671, Found: 242.1672

?Sr trime 2,3,4,4a,9,10, 10aoct ahydr oph

FTB\&N@ Deﬁ-”@@l‘?%ﬂ@dﬂﬁbéﬁﬂt an-2-one (72): [0193] To

an oven-dried 25nL round-bottom flask equi pped with a
Th wgﬂ@élpm@ng eKeass figs Waterminsd HydERLEealyss sawlaying Dsicel Chiral OD-H

C%Ia@lgpﬁl?%? %oluﬁ@\}g@ é @x&%vﬁgm%rgég = é%,_@é Q?l(/%un): t = 19.78

m1m(.n)1nof§ht@={ﬂ6x80mm (ego)(deceWeg 279 cool to COC and
al cohol 2j/2;72)" (0.21 g, 0.5 nmmol, 1.0 eqg.) in
CH2A 2 (2 nL.) was added slowy. The reaction m xture

was gradually warned up to roomtepperature and was
allowed to stir for another 12 ho he mi xture was
&
V&S

filtered through a pad of sili d was fl ushed

with 200 nL CH2CA 2. The s oncentrated in

vacuo. The residual fied by flash

col um chr omat ogr agh desired product as

a white solid in 81% Yy gSN™ET eoi soner ratio

72+72": 72" = 81:19, |sgumd1l AtHo, 72:72':72" =

67:19:14 R 0.66 (HexaRk : "Ethyl Acetate = 4:1) Major

product 1 NWR (400 VHz, CDCI7§) 7.34-7.18 (m 7H),
97003% 83(s | H), 389(sextet J = 6.04

(R)~|1ElenYKI§ZS24 410@&11 1 actrimethyl-12,%6,4p9,10,Mp-oc2algBirapBananthren-2-

5 (dd, J 14.84, 6.64 Hz, | 2.41 (dd, J
yl)'{‘&?ﬂi“g)éﬁésg ( IH), 2.23 (dt, J = 1?) 08, 3. 1(2 Hz,

tgwsi 3 2 L {1 (?f:}(etoEe 1@2?7%’/72{3 f%zg;lg( 391?015151@1 1.0 eq) in

THE/MemH (41115_52 i-dzL) wabl)addéd K@H ue&tr!;) sohiuo&P(l wslL., A5 M)STﬁélreacuon was
3H) 13C NMR (100 "MHz

allo%t% Iijlblr at Z@e,m ggnpefgjgreyfpr 3149315 G”Bhe reagioggvasiggnghed by addlng 10 mL

vy il 205 0 45513y Bl e s o

wasBad with water (10 mL) and brine (10 mL). The organic layer was dried over anhydrous

N
O

Na,SO;4 and concentrated in vacuo. The residual crude product was purified by flash column

chromatography to afford the alcohol as a white solid in 77 % yield.

Ry 0.36 (Hexane : Ethyl Acetate = 4:1)

Ratio: 83:17. Ratio was determined by 'H NMR.

Major isomer:

"H NMR (400 MHz, CDCls): 7.01-7.38 (m, 9H), 5.21 (d, J =3.87 Hz, 1H), 2.97 (ddd, J =
17.42, 6.62, 1.74 Hz, 1H), 2.83 (ddd, J = 17.42, 11.50, 6.96 Hz, 1H), 2.30 (dt, J = 12.54,
3.14 Hz, 1H), 2.01-1.91 (m, 1H), 1.87 (dd, J=13.45, 2.94 Hz. 1H), 1.84-1.70 (m, 2H), 1.66—
1.58 (m, 1H), 1.43-1.26 (m, 2H), 1.25 (s, 3H), 1.24 (s, 3H), 1.11 (s, 3H)

C NMR (100 MHz, CDCls): 149.69, 146.07, 135.01, 128.85, 128.09, 126.58, 125.65,
125.35, 125.20, 124.53, 72.10, 55.55, 51.95, 38.47, 38.00, 37.32, 30.98, 30.09, 24.88, 19.43,
18.70, 16.19

HRMS (ED): m/z calculated for C24H300 [M] : 334.2297, Found: 334.2293
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31.04, 30.24, 24.99, 19.49, 19.10, 19.67, 16.86 HRMVS
(El): mz calculated for C29H38Q2 [M +. 418. 2872,
wo-0u0ria97749.8. 2859 FTIR (KBr): v 2966, 1714, 163PCT/34%07/000055
1375, 1101, 1083, 1055, 760,739, 704 cm1 (4a
,10ai ?)-1,1,4a-Triinethyl -4, 4a, 10, 10a-t et r ahydr ophenan
FTIRNKS) 2913843 BI966 99 1dn 84877 3348, [1 814D 13,01 (30, T56e Mo@lched
25 L round-bottom fl ask was added ketone 72/72772"
(42 my, 0.1 mmol, 1.0 eq.), Se®2 (33 nyg, 0.3 mmol, 3.0
eq.), NaH (0.2 g, 70 %in mneral oil, 5.8 mmol, 58
eq.) and THF (10 nlL). BuCK solution was added to the
reaction mxture via syringe. The reaction m xture was

refluxed for 24 hours and was quenched with MeOH (5
w{ed with water and was

m) at 0 C. The m xture was di
extracted with diethyl ether 20 nL), and the
conmbi ned organi c | ayer wasfwe ith water (20 ni)
and brine (20 nL). The ¥ ayer was dried over
anhydr ous Na2SO4, oncentrated i n vacuo.
The resi dual Cr udgy burified by flash
col utm chr omat ogr aphy 2 Ord desired product as a
colourless solid |nP4§ yf'eld 52 %ee. R 0.74
(Hexane : Ethyl Acet ate 4:1) 1H NMR (400 MHz, CDd 3)
718703(m4|—|) 3.01 (6@d, J = 16.84, 6.00, 1.98
‘SJZ_? J = 17.93, 11.23, 6.60 Hz, IH),
Pheayfﬁ@ a§710@§9 lilbﬁa-fwns@y{ ddeB4:32,9,1051 03g0ctFhyglyophenpp thren-2-

Dofthaddde (76 53 (ddd, J = 13.21, 7.43, 5.96 Hz, |H),
Y)l 98- 1. 9(18)(m OH), 1.84-1.77 (m 2H), 1.30 (s, 3H),

5 0;139_& T f}?)ov?&-d%ﬁ g‘lg :Pﬂ?’ %ﬁ%&ﬁgﬁés%%%u?%d geha rgzgn:etic stirring
bar WZSadtiEd UC 51292, B8 mr3al, 49, eqd)7 437MS?(® 36§,,ov3ﬁldﬁéd 48 hours), silica

o 8 o s Aok S o
and ﬁmaﬂl)75/75’](3@l}1g,lﬁ§ﬁ)moﬁ6ﬂﬁ’e éGHi @ﬁ}éiz n"%%t AR Gk Spwise. The

excess was determ ned HPLC anal ysi s e
reaciien vap geasuply wapmed ando M-'ﬂ@ é¢m1®1rauuaﬁ ardOwe® hﬂnmed to stir for another

12 h%gf Aﬂ%%%:énors) ﬁIt%&) %ﬁgé%g Rﬁ% of( F}gf% Igfni' '&@Lﬁe& with 100 mL

CH2C15) The solution was concentrated in vacuo. The residual crude product was purified by

flash column chromatography to afford the ketone as a colourless solid in 93 % yield, 52 %

ee.
Ry 0.70 (Hexane : Ethyl acetate = 4:1)

'H NMR (300 MHz, CDCl;): 8.0-7.97 (m, 1H), 7.54-7.45 (m, 2H), 7.27-7.09 (m, 6H), 3.42
(dd, J = 12.56, 2.45 Hz, 1H), 2.99 (dd, J = 17.17, 6.11 Hz, 1H), 2.88 (ddd, J = 17.50, 11.07,
7.01 Hz, 1H), 2.45 (dt, J = 13.04, 2.97 Hz, 1H), 2.40-2.15 (m, 1H), 1.93 (dd, J=13.71, 6.27
Hz, 1H), 1.92-1.50 (m, 4H), 1.29 (s, 3H), 1.06 (s, 3H), 0.95 (s, 3H)

*C NMR (75 MHz, CDCls): 204.37, 149.49, 139.11, 134.96, 132.72, 129.00, 128.58, 128.22,
125.85, 125.43, 124.56, 54.38, 52.24, 38.59, 38.06, 37.04, 31.42, 30.78, 25.21, 23.30, 18.58,
18.25

HRMS (ED): m/z calculated for Cp4Ha0 [M]™": 332.2140, Found: 332.2134

FTIR (KBr): v 3070.68, 2868.15, 1670.36, 1653.00, 1629.85, 1377.17, 1288.45, 1120.64,
1001.06, 873.75, 759.95, 723.31 cm™
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75 ( -Phenyl a Ca -1 a-trinmethyl-1 a
| A Ga- oct ahydr ophenant hren- - yl)nethanol (75/75"):
wQ 0W3/977T® a sol ution of ketone (72/72772") (4PCTEG2007/000055
mmol, 1.0 eq.) in THF/ MeOH (#6nl/2 nlL) was added KOH
aqueous solution ( 1 nL, 7.5 M. The reaction was
Theadriantiemderi Oexstsy wad det@rarinddsypdP BCunelykio ren@ld%&ﬂ%_DafEBlecmral AD and

uenched adding 10 nL wat er
Daif el Qs P et Glerechpiopmos 5958 015, LomBmin: 1 = 16.84
irC@TRG I ed with water (10 ni)
o and br?ﬁ%e@(lﬁ%n%@ﬁg ég?gé g | ayer was dried over
anhydrous Na2SO4 and concentrated in vacuo. The
resi dual crude product was purified by flash col um
chromat ography to afford the al cohgl~as a white solid
in 77 %yield. R 0.36 (Hexane : Acetate 4:1)
Ratio: 83:17. Ratio was determ eq H NMR.  Maj or

i somer: 1H NWR 7.38 (m 9H),
5.21 (d, J =3.8 = 17.42, 6.62,
1.74 Hz, IH, 2. | 1 11.50, 6.96 Hz,

IH), 2.30 (dt, J " SN & 2.01-1.91 (m
IH 5 1.87 (dd, /=13.45, "HoN IH), 1.84-1.70 (m
2H), 1.66- 1.58 (m IH), 1.43-1.26 (m 2H), 1.25 (s,
3H, 1.24 (s, 3H), 1.11 -g%, 3H) 13C NWR (100 MHz,
CDA 3) : 149.69, 146. 07, 5.01, 128.85, 128. 09,
(2R #26,1985)-2-Bené@-1,1,45-tBimethlel,2,0,4,4:29,16,30a-62tah§dr Sfhehbnthrene
(74)51. 95, 38 47, 38.00, 37.32, 30.98, 30.09, 24.88,

oo giidrw Segitos dom wes ided 32 M3 OHE TR (.kghmo, 4.0 eq), Pd

(11 fﬁi’g421,0 %96ﬁ achi9ddd chidi, Ol)‘iﬂ'ﬁml 16]7eq ﬂgﬂtﬁEtéﬁE’lJO m156fhe ﬂask was
cm- 1 76 PhenylCCl a | a-tri )

Comllec@dctﬁ hydrogry mm@édwﬁfqge@ §as Preysurfﬁrmsmrtbﬁ ﬁaS{kmys malntalned at 60
p.s.i.. The mixture was allowed to shake for four days. The mixture was then filtered through

a pad of Celite® and flushed with 100 mL Et,0. The solution was concentrated in vacuo. The
residval crude product was purified by flash column chromatography to afford the alkene as a
colourless solid in 70 % yield.

Ry: 0.90 (Hexane : Ethyl acetate =4: 1)

'H NMR (500 MHz, CDCl): 7.40-7.05 (m, 9H), 3.05 (dd, J = 1.69 Hz, 1H), 3.00 (ddd, J =
17.40, 6.46, 1.33 Hz, 1H), 2.91 (ddd, J = 18.07, 11.60, 6.96 Hz, 1H), 2.24(dt, J= 13.09, 3.15
Hz, 1H), 2.16 (dd, J = 13.33, 11.23 Hg, 1H), 2.00 (ddt, J = 13.56, 6.78, 1.87 Hz, 1H), 1.85~
1.70 (m, 1H), 1.63-1.55 (m, 1H), 1.50-1.27 (m, 4H), 1.24 (s, 3H), 1.20 (s, 3H), 0.94 (s, 3H)
BCc NMR (125 MHz, CDCls): 149.84, 142.47, 135.09, 129.20, 128.85, 128.14, 125.63,
125.53, 125.15, 124.51, 51.74, 50.23, 38.55, 37.94, 37.33, 36.92, 30.99, 29.17, 24.85, 23.86,
19.55,17.12.

HRMS (EI): m/z calculated for CoqHso [M] ™: 318.2348, Found: 318.2339
FTIR (KBr): v 2964, 2924, 1490, 1475, 1448, 1375, 1041, 758, 734, 721, 698 cm™
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[0196] To an oven-dried 25 nlL round-bottom fl ask
equi pped with a magnetic stirring bar was added PCC

w@ 0012977¢9 0.6 mmol, 3.0 eq.), 4A M5 (0.3 g, ORETNSGLHIOBN0055
48 hours), sili ca gel (0.3 g;77oven-dried 48 hours) and

%“’;}ﬁ% éﬁg{ﬂi% %’ tg'g e]%od g@ t%e me\/\?%‘}ﬁgggg ;')1'1 p%t?ll‘al su%stance

CRA2 (1 n) was added dgpppege. The reaction was
gradually warmed up to roomtenperature and was

[:quﬂd oftinbd 1sf ﬂ{ad@gf} tHE" o LonRYd 1césh ] fﬂ)ﬁ(tsgﬁcF W?ﬁ the present

tere rou of S|’I Ica ge ushe
examiﬂe rr[h@lf@ﬁlﬁn thdltmnb utsed rgenerally awoseniondt ©dthose i@bidy described

The residual crude product was purified by flash

abo¥§i urm chr omat ogr aphy to afford the ketone as a

o) o8 s R SR8 o i . 20 o

was acBied 1q a 8qlution of ();9-(3-brbmbphbnyl )2, 62d15neth3f1—2ﬁﬂ01ﬁaleh§m] -1-oxy-(tert.-

butgl};glkbfenyé-s&a% Eﬁfompgﬂn 218] f”ﬂ%é i_% eq. )117 dg(]}lorggqle@lpne (72 glL) at room

t 47920 7
ratt%rb') Th% sggltlg)ﬂd\fvas] ccol@@ 7‘(? 7§ 2(? Fl]izd{' to ﬁmti%%@ ﬁ'g%‘; (1.0 M in

d1clqlmoruqigane,10 2a0l(.s2.0 s@)., Thp r@@:t(og wa}l—d}l,ow@d b stfrsat -BH)C £3Q hrs before

auefod Sel Sorted fulycioy“sdsgts soriion Tagnthy speivtive Vs gradually

warhidd. \bto Mnﬁfbm;ﬁ?at&% andSwaalloed, st fétanother 42hour The aqueous
30. 78, 25. g .30, 18.58, 18.25 HRVS (El)
layer ayas ixkipeigd mith dshippesesthane (3% 26 mb)aarwl t Sombined organic layer was

B HEOELD 9 o, Ry i e
congadray, 7 5@62@5 (ZRZ%RBQ-((BJ}C(MQSSBSHOBEWMMMC@S&TI%I -1-(tert.-
NIRRT e T AT
propanp3-0p@ofipoend92)3vas ifbl8ted In Hided 6946 %4l by-ﬂé]sﬁ c%ﬂ:uﬁﬂ cghromatography

(mnor), t2 =21.88 mn (major) (see Fig.
| $9200] Byzidiniym chiprehirpmatey0.304 g, 1.5 nombl, 3. o eq ), 4A MS (1.0 g, oven-

driear3 %%hﬁsl,ys%c%%ig ﬁaé‘,td%ﬁ-%%e& §)hours) and dichloromethane (8 mL) were added
to an oven-dried 25 mL round-bottom flask equipped with a magnetic stirring bar. The
mixture was allowed to cool to 0 °C and alcohol 42 (0.21 g, 0.5 mmol, 1.0 eq.) in
dichloromethane (2 mL) was added slowly. The reaction mixture was gradually warmed up
to room temperature and was allowed to stir for another 4 hours. The mixture was filtered
through a pad of silica gel and was flushed with 200 mL dichloromethane. The solution was
concentrated in vacuo. The residual product was purified by flash column chromatography to
afford (2R,4R)-4-((R)-((1R,28,4a8,10aR)-7-bromo-1,4a-dimethyl-1-(tert.-butyl)diphenyl-siloxy-
methyl-1,2,3,4,42,9,10,10a-octahydro-phenanthren-2-yl)(phenyl)methoxy)propan-3-al 54 in
92 %.

[0201] To a solution of ketone 72 (42 mg, 0.1 mmol, 1.0 eq.) in THF/MeOH
(4mL/2mL) was added KOH aqueous solution (1 mL, 7.5 M). The reaction was allowed to
stir at room temperature for 2 days. The reaction was quénched by adding 10 mL water. The
mixture was extracted with dichloromethane (2 x 20 mL) and the combined organic layer

was washed with water (10 mL) and brine (10 mL). The organic layer was dried over



[0197] To a hydrogenator flask was added 2j/2j'2j" (42
mg, 0.1 mmol, 1.0 eq.), Pd (11 ng, 10 % on activated
w@ a00bo977190. A nmol , 0.1 eq.) and EtOH 10 ni. TheCT/Eaxk7/000055
was connected to hydrogen tafi& and hydrogen gas
pressure inside the flask was maintained at 60 p.s.i.
anhygeougiNar§Pa apdcoasdantiated inovashakEhe wsidhaluerudampodudhwas purified by

L R A R I L A

butﬂﬁ’dipm-aﬂﬁdnéthoxcaL‘,QQB-A,ZF&}Q,IO,Q%%%y@IbLﬂﬁnﬁﬁH&‘éﬁQtyl?ﬂ%aml 55,
urified by flash colum chromatography to afford the

h
Th TRYRE A4S of 6?%&?4%@@%@1@}11 thiy end ghei pspviousparagrgph were used to
e S GES 0,7 el 1 A e

dodeedhyd®-3306,4, Sl frambethyt I-cildrorhethideh- R zindenyl F-beRzyd hlcohol isomer

sk mgmd Ul poppoina @Sy G g 15735, 1123 hes

IH 5 2.00 (ddt, J = 13.56, 6.78, 1.87 Hz, IH), 1.85-
1.70 (m IH 5 1.63-1.55 (m IH), 1.50-1.27 (nb4H)5
1.24 (s, 3H)5 1.20 (s, 3H)5 0.94 (s, 3H 13C NWR (125
MHz5 CDO 3) : 149.84, 142.47, 135.09, 129.20, 128.85,
128. 14, 125.63, 125.53, 125.15, 124.51, 51.74, 50. 23,
38.55, 37.94, 37.33, 36.92, 30.99, 29.17, 24.85,
23.86, 19.55, 17.12. HRVMS (El): mz calcul ated for
C24H30 [M +: 318.2348, Found: 318.2339 FTIR (KBr): v
2964, 2924, 1490, 1475, 1448, 1375, 1041, 758, 734,
721, 698 cm 1lExanple 6: Uilisation of the nethod of
the present invention in natural substance synthesis
[0198] Reference is made to Fig. 9, which depicts
reacti on schenme of the present exanple. The reaction
condi tions used generally correspond to those already
descri bed above. [0199] (4S, 6S)-4,

6- Di met hyl - 2- phenyl -1, 3-di oxane (see above, 0.3 mol,
2.0 eg.) was added to a solution of
(E)-9-(3-bronophenyl) -2, 6-di nenyl - 2, 6- nonadi enyl ] -1 - ox
y-(fert.- butyl)di phenyl -silane (conpound 41, 0.1
mol, 1.0 eq.) in dichloronethane (2 nL) at room
tenperature. The solution was cooled to -78 OC prior
to addition of SnC4 (1.0 Min




di chl oronethane, 0.2 nL, 2.0 eq.). The reaction was

allowed to stir at -78 0C for 2 hrs before quenching
wowdoiogsatur at ed NaHCO aqueous sol ution (5 nli).PdHeG2007/000055

m xture was gradually warnmed79p to roomtenperature

and was allowed to stirr fgiﬁﬁ ther 1 hour. The

aqueous | ayer was extracte di chl or onet hane (3 x

20 nL), and the conbined organic | ayer was washed with
Whabtsetaip2@isyl), brine (20 nlL) and dried over anhydrous

Na2SC>4, filtered and concentrated in vacuo.

(2R 4R)-4- ((R - ((I R 2S, 4aS, 10aR) - 7- br ono- | , 4a- di net hyl

- |A (cyelisation process of forming a multlple nnﬁ compound, comprising reacting an
but%)ﬁ) di, henyl SI | oxymenyl - | a, 9, 10, 10a- oct ahyd

r 3SOPRERich cARPAund Wn)h(agh@:‘,@;ql )maélpm)@yl)ier mm@&ment to form the

14 _|solated|nay|eld of 46 % by fl ash
co unﬁ I:}Enlgormt ogr aphy. [ 0200] Pyridi ni um
chl orochromate (0.324 g, 1.5 nmmol, 3.0 eq.), 4A M5

2.(The cg/cllsatmnq»roea}is@% chadmar ls)qom-isirigaccgﬁictlﬁ s@id isoprenoid compound
ove %#8 houra and di chl oronet hane (8 nL) were
SuLAtop Tt the Pesence of gAMbt t om f | ask
eqw pped with a magnetic stirring bar. The m xture was
3. a"ﬂh@‘&?@lﬁaﬁoﬁ ﬁﬁice§sQ)lea§nanlhélleﬁP§a?cll 4tg1|¥$:§l sadadd O 2
. i n di chl of onet hane % was added
sI OV\Ay The reactl on m xture was gradually war med up
4. t dhe eyolisatiop provess o chainh 3yaeheadih auidctatadyss id 4 LEWTs acid or a Bronstedt
anotdher 4 hours. The m xture was filtered through a
pgﬁl of silica gel and was flushed with 200 nL
di chl oronet hane. The sol uti on was concentrated in
5. V@b @yclidatiof Eicstadf ddia04 G&héi‘élﬁ RS EefiettiP¥ dri®ed from an element
col. um chronat ography to ‘affo

( oRGreyp JUA of the(Peicds, Falde mampmmsr titanivim, 4tin, dintietony tantalum,

| %}b%’%‘,ﬁﬁ’,lﬁ"aff (glgi%él) di phenyl - si | oxynet hyl -

Oa- oct ahydr o- phenant hren-2-yl') (phenyl ) met hoxy) pr opan- 3
6. Th¢ cHdisation prédesy OREAIMsTH oa 5s ethotdimBaidfLdeds acid if 2elééed from the

<BiguR g 9T ettt ARttD, AET Alhe Aldets caChadbe, BF;
atb@®ey,, tCu@ T, #CLORB, emg@rgl; ULS%L%?&?@&‘% dREOTH);, SnBry,

reacti on was quenched by ad
R SBCLeNR(CHE = TiBi THCH, THCSDBOAZNEOT0,x 20 nl)

and the conbi ned organic | ayer was washed wth vvater

: i h ic |
7. e Cotth RS e Qelhl, o S Gub Yk Bl Ersoun,
cFSﬁgﬂrMeﬂOgEI @Ak SOLH | B My CFLEeIH afd (M SO,) ,NH.

chr omat ography to afford

| R 2S, 4aS, 10aR) -1, 4a-di methyt-|-(fer .-
pPﬁe Xyc(l(satlon process o]f any )one of claims T — Wherc(am said acetal initiator is one

of an oxygen acetal, a thioacetal and a selenoacetal.

9. The cyclisation process of claim 8, wherein the acetal initiator is of one of the general

formulas
A A—R?
R1—< ) and (1) R1—<
B B—R®

wherein A and B are independently selected heteroatoms selected from the group
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but yl ) di phenyl -si |l yl - et hoxy- 1,2,3 ,4,4a,9,
10, 10a- oct ahydr o- phenant hren- 2-yl ) net hanol 55. The

waame/0saguence of reactions as described i n thPGT/aGzZh07/000055

10.

11.

12.

13.

14.

t he previous paragraph were g88ed to convert conpound

38). .. ..
E(c@ig)st-nég, H-14399 Péret hyl -5, 9, 13- pent adecat ri en-1 - yne)
toplt ot O ro- - t.ef - . . .
Rl o qeeiol Hoar T Som8 SnbShAE T, Wby, cyploplighptp, aromate,
é ;mylahnlrhatic,o apd Lgmyﬂcyclii@gliphatic_‘; Cgmmlmn I(Z‘:O(I%il)singc 0. toFbigbut 3 heteroatoms

. at_is i is: 1. A cyclisation process

ofse%@ﬂilig&v@eﬁ?‘m i ’g‘?g?ga”@%ound, conpri si ng
r i i enQkd.co r i.th _an acet.al, . "
i ﬁ?? ?%{tﬂgarl mu)n e@%o%%?jﬁléé ncg& § glflﬁ}agc & Etarﬁghlﬁ@#lﬁwbpﬁge containing 1 to
mabbutpl Z caibog atompocuitiple@ng A ncateiatiatrin@Nthiaf @6d&fks ¥ to about 2

cl.aj m‘?j’i, conprising contacting said isoprenoid
c&'ﬁ't? %i th said acetal initiator in the presence of

a t .+ 30 . Th clbsation process of clajm 2,

maé?e‘?llrﬁé@éi ) %05‘?’8?3\/@6 :Rs and ciag‘? 1@.%1’ nly ch’ieELSf?Ii fzom the group
preosgismeodf glijtatic3 cyodpBipBhtic, SAbagat & | | iphati
agi d or gg Br n%aedt C}z;ci d.pgS. The gycl [ g%tﬁk%dg&b?g%gggé}gfloahpham

cIBEFUPSAcomprising ) te pboutdnheeragiomsi sslagtedi v the grouarN, O, S, Se and
elﬁ%ﬁ%ﬁiﬁiﬁﬁ@@fﬁiLrﬁl%jmg%hﬁ?ﬁgr' odi ¢ Tabl e of

El'€ment's, ani um ny, tantalum rhenium

iron or zinc. 6. The cyclisation process of clains 4
ofTh,cyvliwatien ipreeesd of @ity Hneoif ¢tldifms Slet- e tvtkréih GBAdHAE the isoprenoid
group consisting of AgBF4, Ag(Orf), A .C3, ABr3,

ACP ‘j‘é‘],qw tb,e agptal mipgter commpises allowdng twr ycetal |iptatyr to form a
| B¥ads 3 : f)3, Sn(Orf)3, SnBr4,
Sn(OTfn)tE?MSZ(r%ﬁélh 31]? ° %ﬁ%@%’@?@%’ga Tic 4, Ti(OTf) 4,

and Zn(OIf) 2. 7. The cyclisation process of claim 4,

wHe evdlisgtioripmeesstod ¢laimdiod whereonthe atetdRaBIEAH,is EEG8E, to add to the

HBr. HA ..,CF3COR d (CF3SC2) 2NH.
g%i g‘)g%l%g(%dl_l%%saalgg%rggdlgfogﬂgmg!n:nof(cl ai rrs) 1- 7,

wherein said acetal initiator is one of an oxygen
aFht ayclisatidmhproesse béklaitnisl1 @osEl, eneade kdl acetal initiator adds to the third

carbon atom (Cs) of an isoprenoid unit of said isoprenoid compound.

The cyclisation process of any one of claims 1 - 12, wherein the acetal initiator is of a

general formula selected from:

OR? SR? SeR?
n R —< , @) R1—< . or (V) R14<
2 2
OR SR Se R2

wherein R' and R? are independently selected from the group consisting of aliphatic,
cycloaliphatic, aromatic, arylaliphatic, and arylcycloaliphatic groups, comprising 0 to
about 3 heteroatoms selected from the group N, O, S, Se and Si.

The cyclisation process of any one of claims 1 - 13, wherein the isoprenoid compound
comprises a number of terpenoid units selected in the range between about one and

about six.
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9. The cyclisation process of claim8, wherein the
acetal initiator is of one of the general formulas

wob@red111A and B are i ndependently sel ect ed heP€r/pGLOWB00055

[
15.Cy

16.

17.

18.

19.

sel ected fromthe groupconsigiing of O, S and Se, Rl

Seg lg‘tﬁ?%%g)({ ]5?8 Eneéfs 3 g'goun% afffsqqélmsébln 23142 ;thlli?l' Igh%t é}%lisation process

arphiClofd Bhaiaion 9604PS: 1@@&% b&gpSurddO b qyt i i
het er oat ons sel ectréd fromut e group I\P O S, gg %%&Chc terpenoid
Sicompoupdrnula (11) Dis an aliphatic, cycloaliphatic

or arylaliphatic bridge containing 1 to about 12

RSB ST RS 5 ARPGRERT IS i Bhouna nas one o
fww@icutﬂcyazc,am@tra%&cm,@rbﬁ&@t@@ﬂﬁe@ﬁl ¥ys@hected from

the group consisting of aliphatic, cycloaliphatic,

argmat i f; arylaliphatic, and arylcycloaljphatic

g rﬂ'ﬁf’p@’,c 1845198 mregesyyobatypoaglas B h ég,ewb%rmrtbe #epragpilicompound is
frmd H8 e q .S, Se and Si, and wherein one of

R2 an may be H "10. The cyclisation process of any

one of cl&inms 1 - 9, wherei20reacting the isop2noid
conpoun%:iwi th the acetal ﬁti tiator conprises %'I oW ng

theﬁxceta_l_initi tof to forma coval ent/bond with the 6

i sopt endi T €dmph GH,—fhe eV GHy ot Gl pcéss=6H— CHy—R
claim 10, wherein the acetal initiatoPis allowed to q

dd to the t | doubl e band of said. i .d . )
Cohsbind oK o T PeRa iy eeisdc e Fyiaighagi, aromatic,
1Lry1umgfaﬁb,rbr(gg§5,&§aﬁbﬁgticj Mbietyat or adds to the third

carpon atom (C of an isopréenoid unit of said
i oprasdoR'd aworipdepeddent!y. selénted fiohi szt igruppeosdtiag aff an aliphatic,

a of. claing.1 - . erein the acetal. initiatar

" SVl AR TP B Y BPORIALE i ctindielogen, 2
RByaiogyl-Sdep.es aaslt &rvup,ed 861t gfdupMh IchfoR§P:Bup, an amino-group, an
consisting of aliphatic, cycloaliphatic, aronatic,

alner FpRR AN @midergranpy Pt raide=8roih aniagidgraonys a diazo-group, a cyano-

c I sion ) t, 3.het at ons sel ect ed fr t he

g%, %n %,ogsggrﬁ 5% " %1&13 oroup? a2 Mhiro¥6-gESiip, Ja suflb group group, a
sulfido-group, a sulfonyl-group and a silyl-group,
Rbisa terminating moiety, and

p and q are an independently selected integer between 0 and about 4.

The cyclisation process of claim 17, wherein the isoprenoid compound is of the general
formula (VII):

R CHs

a | _(_ _ 6
R—C=CH CH2 CH2 C—CH—CHZ-)r-n—R

wherein R* and R5 are an independently selected aliphatic, cycloaliphatic, aromatic,
arylaliphatic, or arylcycloaliphatic moiety,
Réisa terminating moiety, and

m is an integer between 0 and about 5.

The cyclisation process of claim 17 or claim 18, wherein R® is selected from the group
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14. The cyclisation process of any one of clains 1 -
13, wherein the isoprenoid conpound conprises a nunber

wotoormepenoi d units selected in the range bet we€nS&mowboooss

20.

21.

22.

one and about six.15. The cy@Ri sati on process of any

one of ..cl ai - 14, erein the.cyclisation.proc .
resy ?1@‘:311% n Qﬁe&f offtat "}h‘gﬂ%cf’ a“ aéli’%‘iﬁlé” r iaﬁ%mgtbq%p oaﬁﬁtsﬂﬁphatw, or
t haylcydoglighuat noiét9r RAGRINY 2 48ARAYNGroupOa tHiBRgroup, a seleno-group, a
cyclisation process of claim15 wherein the cyclic

t STRFROFYI-graipr o aREohersuB A igtineretiupy et amideagropp.canciniido-group, an

a g lj 8.0 P yelic ri.ng system 17  The .

o oL @K, 4 Bon @l BFBIAG Gy o B0, & fjrarafip, @ nitoso-
t hgpous apuHogreucgopg il fidy-gbup esuliRAFL @oud afidd! kidyl-group.

(M): wherein Rand R5 are an ?ndepenggﬁ?lé sele?éég P

al i.phatj.c,. cycloaliphatic, aromatic, arylaliphatic, or

VR EliBiorreeer L OFER [, TEseriaiks RemeRpia compound i of the generel
| TdgRaRdent).y sel ected fromthe group consisting of an

al i phatic, cycloaliphatic, aromatic, arylaliphatic, or

aryl cycl oal i phatic noiety, hal ogen, aghydroxyl-group,

a thiol-group, a se:_@qo-group, a cay oxyl -group, an

am no-group, an im np-group, an ghf doy group, an

i m do-group, anp azidp-group, a d gr oup, a
cyanogr oup, hhg%tygrr—o%'l‘;‘wz :

-group, a
nitroso-group, a sulfo-grolp group, a sulfido-group, a

sul fonyl -group and a silg[-group, R6 is a term nating
noThersin ndmd op 2aand veheaie Rads selettqeieta e grosp bensistiig of H, aliphatic,

i : and t 4..18. The.cyclisation . .

o SE8pHaRt Rihalc SMRB0A e, fpd AV URKY B3 (amprising 0 o
| aboit 3 gergaoaisatletted Matrothe ¥rdup NVOES, SeunBbiand RS are

an i ndependently sel ected aliphatic, cycloaliphatic,

aromati c, .arylaliphatic, or arylcycloaliphatic noiety,
§YﬁllﬁaBPWFf§F$Srf§ Cﬁ?émét% Wherrn Hej agelghinitintergis of one of the general
besrarass @) andl (BPAHE wherein the cyclisation process results in the formation of a
multiple ring compound of the general formula (XII)

AR2 R4 R5

wherein E is an aliphatic, cycloaliphatic or arylaliphatic bridge containing about 3 to
about 8 carbon atoms, completing a non-aromatic ring comprising 0 to about 2
heteroatoms,

A is selected from the group consisting of O, S and Se, and

R, R* and R® are independently selected from the group conmsisting of aliphatic,
cycloaliphatic, aromatic, arylaliphatic, and arylcycloaliphatic groups, comprising 0 to

about 3 heteroatoms selected from the group N, O, S, Se and Si.

The cyclisation process of claim 20, wherein the isoprenoid compound is of the general

formula (VIII), wherein n = 2 and R’ is selected from the group consisting of H,
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19. The cyclisation process of claim17 or claim 18,
wherein R6 is selected fromthe groupconsisting of H,

wa@pooaloppiat i c, cycl oal i phatic, aromatic, aryl ab€pRGruoTN00055

23.

24.

25.

26.

27.

or arylcycloaliphatic noi etyg3zhal ogen, a

hydr oxyl - gr a .thiol - roup, el.eno-group, a

Z?ﬂwﬁa% GV aRiPHEfC A E o iyIeliphating edgdeprclegiphatic  groups,
NaoRGr B3P BBui %&&ogfo%%ele%d%ngﬁle%}wh] 8, S Se and Si, and

dlazo group, a cyano-group, an Isocyan

ni Wheseigribemultipleiing osmpowdgs ofths lgleﬁe-:ramoanplaqxﬂmp a

sul fi do-group, a sulfonyl-group and a silyl-group. 20.

The cyclisation process of claim14/ wherein the

i soprenoid conpound is of the gengral forrmula (VII1):

wherein nis 1 or 2 and wherepm R is selected from

the group consisting of H, jal c, cycloaliphatic,

aromatic, arylaliphati gAcl oal i phatic

groups, conprising O f et eroat ons sel ect ed

fromthe group QQ1C1 ' 21. The cyclisation

process of claim MYSFET e acetal initiator is

of one of the generfal mulas (1) and (I11), and

wherein the cychhf tion process results in the

formati on of a ple ring conpound of the genera

f AhBtetPA (ebdldctdRbRI tHe Brolup cBikishn| Q)'?? ISCand Se, and

cycloallphatlc or arylal |phat|cn§r| e contal ni ng

aBOR’ ABdiRS ambindepéhdentlpsmbectedcfivan ﬂwgphpbomstmg of aliphatic,

2 h
SPGB Sy SSBokit i o oSl eene yepming 0
SgboufB Hetbrodtdn$sedediBiiin lﬁl@érﬁ }IB Rd gpgn@g Md &, 58 $R&EH R7 may be
fromthe group consisting o | phat i

cﬁbloallphatlc aromati c, arylallphatlc and
aryl cycl oal i phatic groups, conprising 0 to about 3

h ; roup,N,,O .S Se.and... .
CPhEEERAR BLRELT! ERID 06 2% Ny uison Bl soprenci
t toanpamfr withi shid coneedind darids s4ifl infteat@e e loatriddObBbA or below room
(M1 , wherein n = 2 and R7 is selected fromthe

o BPE a8 Rsi sting of H, aliphatic, cycloaliphatic,

aromatic, arylaliphatic, and arylcycloaliphatic

QTHBJ@ﬁ;hsﬁRJﬁHﬁbéésQ of Qn}'} EnPHOYin? hess %ﬂgﬁhﬁ%&f?ﬁfﬁﬁe is selected

fromthe%oup S, Se and Si, rein
rrift thiephnge CﬁgefmcﬁbputmaS PC andabdm2géﬁer al fornul a
(XI'11): wherein Ais selected fromthe group

C’?ﬁ'esEyc‘ctli'sﬂﬂ)nof)rogessSbfaagimsiél, v%ﬂe%ein the temperature is selected in the range
between about — 78 °C and about 0 °C.

G

The cyclisation process of any one of claims 2 - 25, wherein contacting said isoprenoid

compound with said catalyst and said initiator is performed in a nonpolar solvent.

The cyclisation process of claim 26, wherein the nonpolar solvent is one of hexane,
heptane, carbon disulfide, benzene, toluene, p-xylene, pyridine, aniline,
dichloromethane, dichloroethane, chloroform, carbon tetrachloride, tetrahydrofuran,
methyl ethyl ketone, methyl isobutyl ketone, acetone, cyclohexanone, ethyl acetate,
isobutyl isobutyrate, dioxane, diethyl ether, diisopropylether, ethylene glycol
monobutyl ether, tetrahydrofuran.
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R1, R2 and R7 are independently selected fromthe
group consisting of aliphatic, cycloaliphatic,

wae@mapize9 aryl ali phatic, and aryl cycl oal i phat PCT/SG2007/000055
groups, conprising o about 838 het eroatons sel ected

froamth roup N, O. S, Se and. Si d wherein R7 may ) '
28.1,c1h¢ cypsctipnalracsss oL aRY ove pf Hlawat? of TorANNSFSIaE ARalar ratio of
2 isoprénoiShBbihdBabast delicidh thd raREY SO aBokiOfP :
vvilt%p’)rs%cind ca?al yst ang s?gi%dgﬁﬁhi ti at%é; %aggr“ é%gdtboutm'l'
at_or below roomtenperature. 24. The cyclisation
29.pr Breewlisdtioarnroense of fclaiinal§yvtierein 3@d mbler eitiv istselected in the range
t r re 4 el ected in the range between about -
7%@%% labjo%ta%ﬁgte% F'25. The cyclisation process of
claim 24, wherein the tenperature is selected in the

30.r artgecyloitatidf prédessibf any Snd6F dRghs@D00d, Vh&ein t%g gniﬁlé}t%r comprises at

cyclisation_process of any one of clains 2 -
wiesb o elgrl serteisg sai d i soprenoi d conpound with said
catal yst and said initiator is perforned in a nonpol ar
s (Yl SETpP y [ 2SS 0 926, .
3 Piclsfon, BRECRSH b T PRAGRZRSNE! il is of the gonera
heptoawes car bon di sul fi de, benzene, tol uene, p-xylene,
pyridi ne, aniline, dichloronmethane, dichloroethane,
chl orof orm carbgh tetrachloride, g&trahydrofuran, 1

met hyl ethyl kegone, nethyl isobutyl ketone, acetone, R
(et hyl acetate, A utyl isobutyrate, A:(

et h L1 sofr op\ et Rgrxpet hybien

et hg{,) t t_r_ggydr uran!’(z . Tﬁ%

cyclisati onAprdcess of any ond-ef clains 2 - 27, A 12
conpri sing usin® gonol ar ratio of % $®prenoid conpound

to acetal select&l in the range frBmabout 1 : 10 to
about 10, 1. .29. The cyclisation process of ¢laim 28,

wigheesin Raand o) ar forawdas (1X) sad 4 eadiR tand Rinigeformokn (XI) are
: i : . li sat i.on .. o
SE%%%’??%P? a%&cgér%lg st P;'CtP% ,1%8%8 c_o;qggt}f%g 'rlgfna'h?ﬁ%m, cycloaliphatic,

i Ardmatioorarglahiphiatiee sandt ab&?ﬁﬂc;dli‘pﬁattdﬁigm?mipsp Gda)hqﬂﬁing3 D. to about 3
The, cyclisatio rocess o aim. 30, wherein the
Bt b Ford i o Ny hey e ana &

32. The cyclisation process of claim 31, wherein the R is phenyl or:

////,,, (?2

208

1
Hy

33. The cyclisation process of any one of claims 30 - 32, wherein the intramolecular

gl ycol nongbuty,

cyclisation reaction is an enantioselective cyclisation.

34. The cyclisation process of any one of claims 30 - 33, wherein the acetal initiator

induces enantioselectivity.

35. The cyclisation process of claim 34, wherein the acetal initiator is of formulas (IX), (X)
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formul as wherein R9 and R10 in formulas (1X) and (X)
and R11 and R12 in fornula (XlI) are independently

wa@eleorEd from t he group consi sting of H, ali phet/862007/000055

36.

37.

38.

cycloaliphatic aromatic, argfaliphatic, and

aryl gycl o hat i foups, conprising O to about

h8¥ éﬁf) ?’&Pﬁ’é’i’ Bég ?%ﬁ\a@% igitigtes induces enentl@@leamty
Si. 32. The cycl i sation process of claim 31, wherein
t%e%%bl%aﬁbﬁﬁbﬂce@rofcﬁ:ﬁn 3-§h67h8ﬁéﬁ{ %Sgtl on process of any
one of clainms 30 - 32, wherein the intranolecul ar
cyclisation reaction is an enaptlgfelectlve
cyclisation. 34. The cyclisatio rocess of any one of
clainms 30 - 33, wherein thaafetdSinitiator induces
enanti osel ectivity. 35, ati on process of
claim 34, wherein the {cd 1 ator is of formul as

(I1X), (X)or (X)), 7 v n only Rlof the acetal
initiator induces g |i osgl ectivity. 36. The
cyclisation proctSs of ctaim 35, wherein RL is: 37. A
cyclic acetal of the general formula (XIV): wherein

Rl R and R15 are i ndependent ly selected fromthe

g con cycl oal i phati c,
Féc %f@ﬁ% ﬁﬁﬁﬁgughégaqylcycloal|phat|c
groups conprising O to abqut 3 heteroatons sel ected
fromthe group consistingﬁg# N O S Se and Si, R16

is Hor an aliphatic, cygfoaliphatic, aromatic,

aryl aliphatic, or aryh | oal i phatic group, conprising
0 to about 3 hetgt fed fromthe group
consisting of N, O S¢/and Si, and A is selected
fromthe group consi g of O S and Se. 38. The
cyclic acetal of cIa|n137%gﬁhere|n said acetal is
obtai ned froma 1, 3-di functional conpound of the

PRGN RinEy € ol FroweRsly Sk s dhs agpigy consising of

ahlh b, CoyclowBpiRdic] Piiiatic, aHrPERphdfic, 34nd aéirylfégi‘éﬂ)éﬂfphatlc groups,
an ryIc cl oa |phat|c groups conprising Ot
comprising 0 to about 3 heteroatoms selected from the group cons1stmg of N, O, S, Se

and Si,

R16 is H or an aliphatic, cycloaliphatic, aromatic, arylaliphatic, or arylcycloaliphatic
group, comprising 0 to about 3 heteroatoms selected from the group consisting of N, O,

S, Se and Si, and
A is selected from the group consisting of O, S and Se.

The cyclic acetal of claim 37, wherein said acetal is obtained from a 1,3-difunctional
compound of the general formula (XV)
AH AH

R15“ _14
R1 6
wherein R14 and R15 are independently selected from the group consisting of aliphatic,
cycloaliphatic, aromatic, arylaliphatic, and arjlcycloaliphatic groups, comprising 0 to
about 3 heteroatoms selected from the group consisting of N, O, S, Se and Si,

R16 is H or an aliphatic, cycloaliphatic, aromatic, arylaliphatic, or aryleycloaliphatic



about 3 heteroatons selected fromthe group consisting

of NN O S Se and Si, R16 is Hor an aliphatic,
weyorogi7iphati c, aromatic, arylaliphatic, or PCT/SG2007/000055

aryl cycl oal i phati cgroup, conggising O to about 3

het er oat ons, sel ected fromthe group consisting of N,

OB QIP, SempHgng;0 to phgut/ hefergapwsselgcted diom the aypungonsisting of N, O,

ccg;gie%ji@g,va%ﬁ O S and Se. 39. The cyclic acetal of

cl ai m 38, erein the AH groups of the

1, Bisdiefestedtiian te grovposmntiting of OeSagaseal fornula (XV)
are shielded by a protective group selected fromthe

r.QuUP _consi st i of acetyl-, benzyl-, )
39.? ghp{(}]aq %iif,aﬁ ggglaln{l 3%@' %ﬁly,ﬁg@ ﬁﬁ-ggr,ougs of the 1,3-difunctional compound
5 R ARX YRR RAIRID YK V) arb shi i
, 3, 3,.3ghex af | uor ol so?J?%pSgﬂe?qedtbm an%rtoﬁvfl‘s/? fg§/c1up ,SeleCted from the group
t costistidgsi 1ofl - ,acktyl-; i sy | -tsirdsldropyranyl-, methoxymethyl-, B-

OB ORyRERY L b1 By-hexaBhoroisoppumyyt -trimethylsilyl, triethylsily-,
di.ph oy | -, 4. 6r] j ) i BRI E oy .
¢ RSBV ai bl Il S5 e e, tertiary-

t bntyl-diphehyit-gily]-, ifeisttyihwthylsigibilylR| kyflsorbdudonbt, toluenesulfonyl-, p-
10 all%}!l-, al | Imlél-, i val oyl -, methylthionethyl- and )

> e PRRAY ¢ > R e SuPyYY  allHpnyls, allyle - allylsilyl-,

c | - : clj.q aset: aj '

PRI meAnIAGHTI” i, SRt YAl ctbory

38arbaasilei n R14 and R15 are methyl and R16 is H 42. A

process of formng a cyclic acetal of general fornula

( wher ein , 4 .and 5 are |[ndependently

40. s@%%?%!’c? ?F%LP?%%%J@S&%E}& ﬁ?ﬁ@YLf al i phati c,
cycl oal i phatic, aromatic, arylaliphatic, and

41. ATHE 6YSHQREIPHAL kT 7BY, whGERI R B £Y 1540 ARAYE ?n"q R16is H.
het eroat ons sel ected fromthe group consisting o )
O S Se and Si, R16 is Hor an aliphatic,

15 42. cpareeass phirming apyaligtacesal efigpheral forauladXTH),

aryl cycl oal i phatic group, conprising O to about 3
het eroat ons sel ected fromtpe4 group consisting of N,
O S, Se and Si, and Ais | ected fromthe group
consisting of O S and sai d process conprising of
contacting a 1, 3- d}i?{ ungt i onal %%Tpound of the general

’fR15

wherein R1, R14 and R15 are independently selected from the group consisting of
aliphatic, cycloaliphatic, aromatic, arylaliphatic, and arylcycloaliphatic groups,
comprising 0 to about 3 heteroatoms selected from the group consisting of N, O, S,
Se and Si,

20 R16 is H or an aliphatic, cycloaliphatic, aromatic, arylaliphatic, or aryloycloaliphatic
group, comprising 0 to about 3 heteroatoms selected from the group consisting of N,
O, S, Se and Si, and
A is selected from the group consisting of O, S and Se,

said process comprising of contacting a 1,3-difunctional compound of the general
25 formula (XV)



formula (XV)with a respective al dehyde of the general
formul a RICHO, under conditions suitable to allow the

wo coommpizen of a cyclic acetal. PCT/SG2007/000055
87
AH AH
15 \\\\"‘
R W R14
R16

with a respective aldehyde of the general formula RICHO,

under conditions suitable to allow the formation of a cyclic acetal.



