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CYCLI SATI ON PROCESS OF FORM NG A MULTI PLE RI NG
COVPOUND CROSS- REFERENCE TO RELATED APPLI CATI ONS

[ 0001] The present application clains the benefit of
US provisional application 5 60/775,363 filed
February 22, 2006, the contents of whi ch IS

d\{t?ﬁf@fﬁiﬁ@ﬂt%ﬁsg O¥ FORMIREER MUL. TIP (GREGMIHUND
pur poses. FIELD OF THE | NVENTI ON 000 The

present invention relates to a cyclisation process of
f or m ng GROBB{RPFERENCE TGy REIMPEDAPRhBC AYEONSat i on
process includes reacting an isoprenoid conpound wth

?@]ror}f t eni?ﬁe§?11:5: agatp fzzﬁllé)nd Con%i i o%ﬁr‘if tL{S l(;:)iﬁoevrfstioﬁa? application

60/775Y36B ifed Fétudty 22e3606, fife! cadRfitsGINIASH isifcodporke@ BERRAPbHreference
conpound with an initiator and the intranolecul ar

in its gptizetysfar plbAVIDESRSt i on of the isoprenoid conpound. 15
BACKGROUND OF THE | NVENTI ON [ 0003] The cycli sation of

acyclic isoprenoi 01RO ' power ful and
ef fective cascadeg¥@aﬁp9@&%b§@§%an const ruct

multiple rings in a single one step reaction.  The

(00021 i Jhenpresenh @rvention relales o arcyelisatipn, progsss of formmg a multiple
: [
ring %?@%gﬁgl‘;{é)gﬁf&%}t%%b%rﬁﬁés? g?%%e%ggﬁcg%g%g {A4iSeddd Icbfipound with an
acetaihitiatarameer ¢dandittops sifficient trnformbh msltipde ring comastimlg Generally the

. pr.oduct e reduci n ocessing tine

cyetiGhiGh g etidsh SoBaRt: B S PRoH PHPEHE. M di Btiator and the
intra{ Qe M SCYEN RSN Qéacﬁ@ﬁ af%%ﬁ%ﬂ-éhbﬁ Gnponglll sation

reaction. A commonly used type of catalyst are Lew s

acids. Using chiral Lewis acids terpene rings could be

constructed asyBASIKGRAUND QF THEINVENEON

i ntrarml ecul ar acetal-initiated cationic i soprenoi d

c |sat|on reaction was first introduced by W S
nlheecxslisatismingbAcyaiesisoprgneif nenepounds is “ajveryppowerful and

effec gg}v\?ca% ?eacﬁgn? b aLEg’ it 3%87 6@@%t %191}@?@ %Tgﬂls?oan single one step

reactidh SThe AaetiorChantherefse b(edrﬂﬁ $cuk,in IhGBCQnstrfﬁmtrmeoﬁﬂvéynyhc molecules
this t Jhod h ensj vel devel oped tao_afford.
due 15 45 SO PEes Bond PR P siRPSUGRIGEh L HEy CBREibutes to
1ncre£;'i ﬁct' e récﬁr%ﬁn%%r@@és@m@ Ocnﬂ@ qsl vs)@lleitsd§fasté\§n\‘6ﬂ{ﬁﬁéﬁ CProcesses
UCtion has al so been achreved using chiral acetal

knownemﬂheaarEBse yariovs$ thipagoberalyite frerthe cyelisalinn retctigp. Accogomonly used
th di
e e oS S PR o i

asymfRastall9. 1 ncorporate the required acetal into the

I|c precursor introduces added synthetic
d@i{%ﬂ exihey intiamolestlar | asatal-inibated cotiniid ispriAnd gielisation reaction

was fist n%lod{l‘?éde%}}’ V@.l §Oloﬂh£8 .é??ghﬁslaﬁ, %/.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
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structural flexibility in the acyclic precursor. These
two problens can reduce the scope and applicability
of the nethod substantially. [0005] It is therefore an
obj ect of the present invention to overcone these
problems and to provide a new nethod of preparing a

structpal ﬂﬁpﬂbdlt}' iith ghecasyplor prgcursors JiteasRiy aoprotplams) qapEreycenhe scope and
apph%gﬁgﬁélgf EGRltahfNtion relates to a cyclisation

reparlng a“multiple ring conpound. The
ocess i ncl an_isopren

st ffﬁso Ahetbtof o Qbistept T BeF SR Gl o SABeRRo e problems
and tcf%%%lﬁﬁ a5l ﬁlethB@Bf‘lerBEnﬂEJi b ife fihd Gort und. 10

According to sone enbo e cyclisation
process includes contacting the |soprenoid compound

with the acetal 0008

According to soSUM%%afblﬁ? We C@T| [sati o]n

BBBET s PR A D i LY g Propiing a multple
ring do?ﬂ lufd.Ofhd gycfhgitmnapro(ié%y 3h@hdesBeFin anNisdtndi @BpB@hdwith an

ound. 1 009]" According to some enbodi nents the
acetak:lymiatcsramdmopdmmes wﬂisleaﬂoénmthm@]ltlebtnngecompound
cyclisation. [0010] In a further aspect the present

Pﬂ)(ﬁ It |M¢oﬂi‘u§7g/ tdl@sm@ efp6dintenacic alyckdatibh r@eseimludes contacting
ormula R14 A Rl R16 "]Rl15 Rl Rl14, R15 and R16 are

the ispprgeqid vamperyd with thaasqtal maigterRndgy GiAYSonsi st i ng of
aliphatic, 20 cycloaliphatic, aromatic, arylaliphatic,

JO00SHr y&ccy»rrhmglto pdmma cm@pdnmlts Riﬁhmcma@gnbmoppss Rpactmg the

1sopr§1g1?cb eclt-\:'lggo and Iﬁ}lﬁ@l nel tﬁl(%O 55%11 gﬂag h;gr aceﬁg? fMRtiator to form a

coval%ﬁtllﬁ)ﬁﬁ%ﬂtﬂtﬁ@f@obféﬁoﬂlrd%ﬁﬂ)oﬁﬁ@s' sti ng of 0, S and Se
11] Other aspects and features of the invention

i@dd% b e&%{ggdnggg)a{?%n% nr{nﬁ&ﬁﬁ}n@ﬂﬁ the (ﬂ)cil%oﬂ r§&§§fs'aﬁtén9lﬂ1oselect1ve

entio
cyclig@ppunction with the 25 acconpanying fi gures. 3
BRI EF DESCRI PTI ON OF THE FI GURES [0012] The invention

30610] be, hetittREr d4pslefisd ﬁ@%nﬂdv'éntﬁ(ﬁf Boeilieea tgclidwetal of the general

tail
A
R1_< R16
A—
"1

formula
Rl RI4, RI5 and RI6 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 comjunction with the

accompanying figures.



10

15

20

25

30

descri ption when considered in conjunction with the
non-limting exanples and the acconpanying draw ngs.

5 [0013] Figure 1A shows an exenplary schene of a
cyclisation process of preparing a nmnultiple ring

conpound. Fiogure 1B shows a table sunmarising the

obt ai ned pr oBBELE NESGRIPTAON QE TH-FE-YREY (1 4)

Fi gure 2A shows a further exenplary schene of a

[00dRj sahioinvprtinze sellobe trttepamdegtoad nwithi piferendengo the detailed
conmpound. Figure 2B shows a tabhl etﬁ%rrrrarlsjn t he

descrighpm Waen oppSigered g GeRHBCHAR: Matls thpinopyluaitiaf gramples and the

accon%ﬁgﬁﬂgd@rw/ﬁi' ator (12). [0015] Figure 3 shows exenplary
reactirons or a cyclisation process of preparing a

j PGy 0P s@mie PRI BNt of Proces St i
a%tg] i rﬁ%ﬁggg& g%o—#grgu aiP%Si ts © term nélt iong noi et }}).repann.ga
multiple @ik coBippund KigeloiB sboespltahly suremeatisiog sheopbtained products using
. cyclisation process of preparing a 15 nmultiple ring
Vam‘é%ﬂ?ﬁ@fﬁwd using an isoprenoid conpound that includes a
= oyhle bopd,in its_ternnating noiety. A
a7 o Hedinofh el Sher TeRPIL Saic bl 2 llifign process of
prepaRhf Geavitle PERAMPOUnd Figutd 2B showsng taEBOMnArisiap e obtained
__an~isoprenoid conpound that includes a keto group in
yields using vasion mpietieg Rnoif dreacetabinitdardfl2i gure 6 shows
exenEI ary reactions of a cycljsation process of .
WSk iFigurs 3 shews E%“‘én]?liﬂiﬁfgreé‘a}?ﬁ‘élﬂg& Wlﬁﬁm&d’mcess of preparing a
b0 | tibHreddiE USSR fiat tdiadd! & OPD in it
multl#’% I%IS%G Egléjg?%ﬂnng%}%gnr%o%%%&& [680?9] Fi gaur e 7 shows Qroup s
termigategpheicty. r eacti ons of a cyclisation process of
(E)-9-(3- . - .
[0 0i6H p Fégayrie) 4 Sh@vsd exemplgy-1Ra@ions wddi @ielibgtion pFRyesg o8 preparing a
-but yl )di phenyl -si |l ane (41) and ) A _ -
B8R A BB e R ey Fors s 8 ptiRclades 4 £5:G doyply bond in
its tetmin&lidPRhEty: si | ane (43). [0020] Figure 8 depicts an
exenplary synthesis schene of Ml abricane derivative
(FR)7] Wing 3 skywed bsaiplary eaaives vfacoeliditg proceskef preparing a
present invention. [0021] Figure %ﬁge ic;té11 an it
multiplectipg £PPPLYHME HEBE ADSIEPRIFRCIE FCOPDe ﬁ@ﬂarla Bies 7 Keto prpup n its
: | MAbjees (59) and (60), using a cyclisation process
teﬂmg%@igrrg?lﬁ to the present invention. 30 [0022] Figure

J00 135 PigESrd 6 sHSHE akdnvSlaSxREBIDS oTfa E)%Piﬁitﬁji\p]%ﬁcess of preparing a

conpounds that may be " used in the process of the .
multip}ea@gnompwgdpsmg_an4sopgmgig,aforp;pc§@fléﬁa_g lnqj@éﬁscat G= C triple bond in
itsteﬁllgilggusxﬁéf%fe‘yy? exanpl es of acetal initiators that maybe

[0019] Figure 7 shows exemplary reactions of a cyclisation process of (E)-9-(3-
bromophenyl)—2,6-dimethy1-2,6—nonadiehy1]-l-oxy—(rert.-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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the process of the present invention. [0024] Figure

12A depicts a schene of a cyclisation process of

preparing a multiple ring conpound using a

3- oxo0- 9[ 3- pr egn- 4- ene- 20a- gar boxal dehyde acetal as the

initiator. 5 Figure 12B shows a table summarising the

?@%21]' ng uPE 9¢de 1§tsliﬁhdﬂ19t1\f@ékéh§iﬁeé SO HiflatoSAARABNESe used in

lgure 13 illustrates e usability of an

theprecebs)olfﬂtemesmt inyeatien.cl i sati on process according to

the present invention by nmeans of an illustrative

¥924heEigure daArcbpw[tin@ dienei afir eyclisativariresess phpreparing a multiple

ring cgie;%%%]gg&sﬁl% %r RO 9[?p{'e%;4h enre’_ﬁgﬁ sz %@ehﬁ{e 5&%1 3 the initiator.

Figureé XEB sBéws &CﬁBIéEs@ﬁm&ﬁmﬁgmﬂﬂlohﬁiﬁiedOeroﬁhﬁs G.y_;ﬁigl saious nisoprenoid
process of preparing a nultiple ring conpound using

compeidsal acetal tenplates. Figure 15B shovvs a table
sumari si ng the obtai ned products using

[0025k t Figuire d3 aldustrates the wobiity of guelab%m@éfp@f&%% cygjisation process
accorcﬁ FBD tp¥ Séﬁtqﬁ%tlgfl bg fﬂﬁéﬁlg B?&n l?l[l]'lpﬁ)g{ ?ltlﬂlP 15 g(!i]l%me]'S

I On process preparing a mul

Cc I
FRFREL i, 0P A LA T Bt of e
cyclisétiord proc@set al initiators. [0030] Fi gure 18A shovvs an
exenpl ary schene of a cyclisation process of preparing
o7 t Fiduee 15AGhORFRA WREMPRINgrhenbadianenttedifertt lo€ the cyclisation

chiral acetal initiators of Fig. 16, F| 18B .sh
processa®f Eregma.rgxﬂﬁgletw S‘E}PE‘P‘H’Qdu%‘%SIE}&[ bl teRiakes- > ohjgure 158

showsd f‘%ﬂfﬁ%nuum AU B neg?:rc[cﬁgt’éjtﬂsm':'tg’wﬂus%%nd@%e%@ an

ne cyclisation proce s according to the

RIOB8F "B SIY 0Bhrs! B cRafiBR SBIARUGE oOfyrtl cholinent of the

st ereoc em str been determ ned via

cychshﬁcrmgtooasy ef Iabpmglgaphvlnp[eﬂﬁfgzpmﬁpgmd wsiigRciéipichiral ac¢tal initiator.
oxi dation of conmpound (2j) (see Fig. 18B) for the

pmeer niFigtre A depictsttbe symstudsistod eseraplagetheral aeetal iptiatkrskRay
crystal | ography analysis. Fig. 20B 25 shows the
{1]113&] n&iure 8Asshotva tan @remplauc saeme ®f a(cWQI)saUp@@Bg:]ess of preparing

21 d t t
o oG % o oSBTt L B PR PR S BF e 16. e
18B shb®’ d3abld: ﬁﬁnﬁ&ﬂi‘sﬁﬁ@tﬂe%b GFreglictPusdes idlub m@?feﬁoidmotﬂjﬁunds.

reaction of cyclic acetals only (as depicetd Pat h Al

! F dﬂ@elmab}?cﬂ@raﬁﬁ@ﬁmﬁla of. the QQ@HQanEh%tb@esE%cs&ﬂM@ to the
urt Cc

er functionalisation of conmpound (2j).(se
preseis] glvemggl), for 0magw3Bpdwtgefr which doshsolute stereochemlstry has been

deten‘&mregedl @féﬁ?’?tggééfpﬁﬁfre of conpound 74 as obtained by

[0032] Figure 20A depicts the oxidation of compound (2f) (see Fig. 18B) for the

7

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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[0036] Figure 24 depicts the preparation of conpound

(43) from hydroci nnanal dehyde (81). [0037] Figure 25A

depicts the asymmetric induction in a cyclisation

process using isoprenoid gonpound (1). The chirality

of steroid al dehdye and not the acetal ring determ ned

@g%@]e F%%‘ﬁlrésaiél ondezﬁc.% eoglenhehitdtion| Jof 22Bmabshdi q43) from

show representation structures of the two

hydropinogiualtishysls (8¢ ai ned by X-ray crystall ography. [0038]

Fi gure 26A shows the asymetric induction depicted in )

[i037] 2Bikure25Ai deppetetlnd esyoongoonodyctipn iTlRecystsation process using

oon SR8 Lot e SEPFAe AIRES B P LAE et

the cye104®n At &RLEHRRYAFigd RSB lah8 Figl B Ohowl ematinlstaibBiags of the
as obt ai ned b% X-ray crystallography. [0039] Figure 27
4

two prelprisas obtaimed by ParayHpyslgstiiye of conpound (73) as
obt ai ned using the nmethod of the invention (Fig. 27B
[0938pbniguirs o20A oshomsethec agmmpeitiadindagjon depicted7m Fig. 25A for

. ratio: 50: 50 a_referenc ' [1CGL.5: :
sorf St Shu? o 8655 RS, ot o 8y d8Bl gt
termsUSH §Breodtientiftey Wikhstdentd t Fixuire 2B slows( bi igpreR@Bjtionnstructure of
conparison to racem c conpound (76) (Fig. 28A, ratio:
compggdGbhes ebtainedbeXday CDE%APE‘E PESCRI PTI ON OF THE
| NVENTI ON [ 0041] The present invention relates to g . .
(80391 s Figura 23 depistsshe chirad HRL gpwtilg pt sogrRoung 3739@.3.5 tained using
Q Cls . .
e PRI, Bl RTRE B0 8 SSPRIAL el i 274
ratio: 30150) ayctdference. t et racyclic, or a pentacyclic ring
system The resulting conpound nmay, for exanple, be a
¢0020] C Figaire @8 aieicesotp ohird HRt Tt profileof drampaund (76)raa lohtagued using
rings.. The inyentjon. isS.based on the sur.prisin .
the melfidoF b RETRIAR (R 2B B COP BP0 RO RO PRSI, (76, (Fiz: 284,
raﬁo:%:s%zagg,%f&%ﬂgg.d conpound can be initiated by neans of
an | hternol ecul ar reaction 25 with an

acetal-initiator. Accordingly the cyclisation process
according_to t ' ' ' acting

an isoprepammqwﬁggﬁ Wﬁe@ under
conditions sufficient to formthe nultiple ring | )
feibuAthe greabinveniéon elstes fosaselisstion precesepf J@ming gnultiple

. the name of tFe . U gi &%ﬁld y RAWoduct P
ring PEGRENCE st iyi 1t SRR EREBSIRE, T/ ARA O Poduct may for
instark@MHa0e B bidyalit, udeisydir, aabttegclic@r aipenacyddie ring gystem. The resulting

derived fromisoprene: 2 3 /. \4 .
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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6 The integers indicate the nunbering of the carbon

atons of isoprene. The sane nunbering wll in the

foll owi ng al so be used to address carbon atonms of an

i soprene unit of an isoprgnoid conpound used in the

met hod of the present invention, where required. The )
The integens indicatspthe muimbenngned thricarben alowy didpanrene dhesame gumbering

.8 ound .t hat 1 ngl ude t iSO .
i i RIS 5 B L 0, BB i of
isopreh&i@RoAMHRLA GaRa themathod @dsle Srasent iisRptief) eviivnt feqred. The term

] depi cted above) - if present, typically at |east two
“Isoprerpihrcemponnd t a5 usedr ereiacipiars &0 aBY éppeundsthap inghudes at least one

. a I C. LS Uni [ - el I
1sopreg% %\%Jt,aér #ltoll%ﬁ%\;\%gls 1?%%1&‘ éﬁ%ﬁc y’it%n 4£%1§\?A%§%‘0@1E%Iﬁﬁ(gﬂ8?at least one
isoprefeé uni, (SN,deEigteﬂ, alftﬁ@e) orif @lrda;a:htpgﬁjfica]tyom le&d, twiRbisapréndRainits - are
are independently .10 selected fromithe group
acyclie g19dgties ﬁghap ar-wv}iw ipqRReRs; it t&pl&ﬁ%ﬁﬂ?f&ﬂs% ‘i%& dogbishond @s follows:
aryl al i phatic, and grylcycloaliphatic groups (e.g.
hydr ocar byl groups)R"-A—+@spective aliphatic,
cycl oal i phatic, aromatic) arylaliphatic or .
aryl cycl oal i phatic group i\s_typically of a main chain
l ength of 1 to about 10,40 gbout 15 or to about 20
carbon atons. Each R% to Rd R? exanpl e i nclude
0O to about 3 heteroato (i.e. atons that differ from
with Gatfelﬂ'%qt, selgched, 'y @ bhe MmOR* R’ 4Rd BE 28 ehdBbendently
'soprenoi d conpoldnds w th such acyclic noieties are =
select@hfromahé grduy censistiaty of H.aliphitée, crelotliplhate, ardrmatis; exdaliphatic, and

i nvention. [0043] .In thi.s.regar he term "j.soprenoid .. .
s AR b T s ARG ol ST PR ot
aromatBCaryRIPHAR G Ayleylodlihatié Srdapnsl typicaligdfamain@ihiNdengh of 1 to

of i Soprene (see above), is replaced by another atom,
aboutd (cte apeutslS oo aRputS0 c@@l?onaatpmp.dga@h ohRoie Br mpy Ty example include

i he .20 re ' ' ' '
oo by SR SR ALFL GRS S8l B0 e rao . .,
Se andSi. dbyprerdid Bompowslsveft axhnicatlicomoificnareipactmuiamlyi shitable for the
unit. In enmbodinents where noiety Gis a nethylene
methagrof§he preseat ny§aMst i t ut ed carbon, -CH2-), an

R S0y VB ep o £ B S

i | h! eérml SR 6610 @ daidn’atoRNG.€f 6F Boprené (e above), is
lemgéﬁﬁ?gbr t?g% an%/or confornatioalgf bonds orﬁcenpﬁrs )

replacefl hyhanotles prearni sueh waidi, O, N, S, Se, a halogen atom or P, or in which the

respective side chain of isoprene 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, -CHa-), an isoprenoid unit may be depicted as:

with R?, R® and RY 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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al one or when viewed within the entire isoprenoid

conpound used in the nethod of the invention. 7

[ 00441 Where a plurality of isoprene units is present
within a respective isoprepoid conpound, they may be
directly connected to each other or separated by = . )
[0044lheWhers @ plussality|af isepypiecenitseiginsererevithinog respactive isoprenoid

net.hod of the.inwentjon, .the | I ' -
comp iy e iy DRCarR anRiedgf Fal PEeCR Blcd 3 okl moicties. In
typicaP eh®bdinfitof B inkihdd tofahé ievearampiheisoprend swipr efthiedisdprenoid

conpound may include a structure _as_represented, by one

b .
comp@indiane direniky doanecsed tegpagh AcaIAS 3 BPnilluaiatywg cxrmplesy 45y isoprenoid

complch ol ) sl 5 B y AP G ing gone
fonnumWﬁ)morb?arm@ antl (Va)mul as (Vic) and (Vid),

respectively, are an integer from1l to about,6, 10
such as forpexanple 2, 3, 4 or 5. Gin forgnulaé(VI a)

may be, as Lndicated above, C, Si, 0, N, _2PCSE Se r

a hal om W applicable, the re pective mf?' ‘
(VEubd e hondhaf ﬂ_{@ggp_ enoi dVi®onpoun =9=fC-t-h-é3—§

E-(tTang-) dr tHe Zy(ciss-)configuratidn. |The l

I soprepali d conmpoundswmay carry vari ous stituents’

As an illustrative exanple, an isoprenoid conpound of

two isoprenoid units may include a structu as

represent edwby the foll ow ng general formgl_ _215

(Me) and |f3: RO RC CH2 CH2 (Vle) Ra =CH CH2

CH2 C=CH ! 2- Rd1234123 in which the ')‘%
| S

b, S Bharehmed PrRYE CET I e b the

ic letters belpw the
respective carbon atons 9f the isoprenoid con@mﬁidtg

and: 20 Rb R 4 Rd A
wherein o and s in formulas (VIc) and (VId), respectively, are an integer from 1 to about 6,
such as for example 2, 3, 4 or 5. G in formula (VIa) may be, as indicated above, C, Si, O, N,
P, S, Se, or a halogen atom. Where applicable, the respective double bond of an isoprenoid
compound may be of the E-(trans-) or the Z-(cis-)configuration. The isoprenoid compound
may carry various substituents. As an illustrative example, an isoprenoid compound of two
isoprenoid units may include a structure as represented by the following general formulas
(Vle) and (VIf):

Rb Rc

CH»

(V) R&_GH,—C=CH—CH;—CH;—C=CH—CH,—CH;,—R®

| 2 5 o3 2
122 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 Rd
V) a AN AL
1 3 1 3
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4 (Mf) Rae2R512413138 werein Rato Rdin

formulas (Vle) and (VIf) may be H, an aliphatic,

cycl oal i phatic, aromatic, arylaliphatic, or

aryl cycl oal i phatic group (g.9. a hydrocarbyl group) or

a functional group. Each of Ra to Rd may for exanple
wheremnBl udeRD in dorndas (V1etnt (¥ rmas( ibeetl, 4p catiphatiat cycloaliphatic,

aroma 8’ aéﬁléhfpsl{ta?m gr? %g%gélpéx\‘}@%ﬁ& %g(i %} yﬂ?% < L%?l ngn %’ or functional

group] hE-E'lCﬂ’lgﬁrR foyrit ﬁ?&y|f01; e}tdm;ﬂé mcllﬁm ®fwabout arl’fwei‘ydltems (i.e. atoms that
-, 1.m no- 0-, im_do- azi do-

differ ﬁyﬂ@rbon) selestas gom thr: £FO0, NifP4 $,5kend Séd?‘ff%sl’ec%‘{?l ffwwnal group
| | f
L WP L Wl R0, UG, S O, i

azido-28Mk@!, cpdhat,iisocyatio-, Aitrph,alitbdsa) Suilfbatsulﬁdmal satfonyli, tdrtsﬁglygroup If
may al so i ncl ude ot her pol ar,

t t
any ope $5teIst ‘édeg Ao l}bsarel #He phgha‘tpﬁ ]cyﬁ nggﬁ%? easrgwgr aoz%;laﬁphatlc or
e 0
e B, A R S USSP Sl Bt
unsatuged (@r@mt $ndl1lithng fopeempld anoeproayngronpyorb@ tofabolfe3 heteroatoms

general for | R5 R23 R24 R25 R20 R26 R27 R28
Select@ﬁomébeﬁ@@}gﬁb% ﬁzg %‘%Sms 4111111111111

[ i C-4i -CC i i CC i
10%5] i sopne sibacitpens TP REno 80133041}4&%@@%%@{@? peneral formula
ng)sel ected aliphatic, cycloaliphatic, aromatic,
arylaliphatic, or 15 arylcycloaliphatic noi ety (see

aI bI w) d |
3 18 R RBAIR R, P ?R%@%’?%%%??%?%%

gryl|cyc||oal [ pha}tl | m)|| ty |hal|ogeh hydr oxyl - dr oug, 5
gup,o:a:a;a-; Gp=Ca-H—C R

am no- gqo p} an im no an am do‘g dup, |

i m do- gHoup—| an azi doﬂ;roubl a di aongroub‘] a H

cyano-group, an isocyano-group, a nitro-group, a
R4 andiRY ﬁEQngﬁdepnd@tly ukleoted rahphatiy; oyqdoaliphatid, faﬁrcd'oatg; enfsliphatic, or

20 su] fonyl - si | ou t
aryleyglqaljphaticc mogk XI @% |aéﬂ? PPIE"’QJ 5 p ﬁg&%f F?tkglhﬁ?ngnﬂ% selected
ahphzfﬁ%}’ e ?ﬁ@!ﬂﬁfﬂaﬁ@ habiratig) Wlbﬁatid Rircﬁgic‘yclﬁﬁhﬁlaﬁ&l MoiehaiHalogen, a
Ito about 10, to about 1 to about 20
hydrowlrgmnp,aa i £reurs 4 SefenREroURs 208t ORHZIOBP REBAIRY- P, an imino-

i nclude.O.
eroupy 48 APt gL B 4BideCePRE i wido BUER. R R%Sin M Grago-group, an
1socya$lo-gr5’up,Qa afiflolgr@ing a ﬁﬂrdsﬂ@@gﬂdﬁﬂﬁ]lfq—gﬂmlpegttoeﬂ, angudfid-group, a
between 0 and about 4. ahterm {
sulfonyhigeqyp or a silyl-group. A respectwe ahp atic, cycloaliphal %c aroma}/lc arylaliphatic
or aryleycloaliphatic 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 0 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. R6 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):




10

15

20

25

30

25 may be H, an aliphatic, cycloaliphatic, aromatic,
aryl aliphatic, or arylcycloaliphatic noiety (e.g. a
hydr ocar byl group), typically with a main chain of a
length of 1 to about 10, tg about 15 or to about 20
carbon atons, or a functional group (see al so bel ow).
10046] In sone enbodi ts the isoprenoi d @dnpound may
béRof the general forhula (VI) 9 R5 R2 R21

4 RAC=CH CH2+CHR2E=CHR de) (CHRf - A\ 6
R ~tel FREH abiGg R, ar{d—RE: zew@ Q @en@mq?ly} CHy1—R
sel ected aliphatic, cycloaliphati’p,” aromatic, q

As deiin¥d albb P aR 2T an@ RN Ml CHE liigRbpbdteatly Cseldotedt Mlphlaﬁb OGﬁiIbahphatlc
a hydr ox I-group, a thiol- group, a_seleno-group

aromadpx riyielishatioues, arlayslopbphyatic greiesy, kel Qﬁﬂbéxwdr@f%@ouparﬁ thiol-

oo 43 % A S B BV B, e i

groupC @ finfHoOstPup, anit drhideyrowp, Gnoitfido-groups an yaido-gyowy)p, diazo- group,
nitro-group, a nitroso-group, a sulfo- group.grou
cyanosHPYR, doERCHIP SRUBLAT BRAGNANGIEERHP; APIEPIEHIUP, Grigoso- oup, a sulfo-

group%r&.%% s%ﬂ&bo%rcflﬁ azfglﬂgmpi?l o%ga{i‘ sﬂ n@? Q%ﬂgﬁﬁgo\ﬁﬁsﬁh @AY RS are an

atic roma aryla atic, or

indepardghity sdleded gliydiatic, cynhmahplwtx@saemhs,cmb]ahphaﬁc [y arylcycloahphanc
respecti hati c,

|
moieth (R p PRLRD: By TeBoi ) BPOREI DRI PRG: GUMiss epjlipbatic or
ary1c>Bﬁyahﬁi¥é%cagt}9u )R4' RS RPO G RY gqs tyidily b aNAAA chedekpth of 1 to

abou to about 15 or to about 20_carbo on
aboutahOotmabchdﬁ cu‘ftoRﬁ)ouPEO cRbon atumREachef Blo R>, B.%(g &21 may for
exarmpfP ik g/ oDel EhbierdaloR Ve Tt &lefgg&@de 608] ééﬂ&d Si. P and g

are an 1ﬁd@:ﬁ>ﬁﬂ&ﬂl§ﬁ dejectd| igRachdweage and)dic)m dnROisanddrmimating hoiety (see
is atermnating noiety (see below for exanples).

belowlfgrfwwﬁqsqn sone enbodi nents the |sopren0| d conpound

may be of the general fornula VI |

(8947 Clpsempe thegOPTRRQiR é?létp mmfingy #of ﬁﬁf@@%ﬁfﬂl formula
(VH).betvveen 1 and about 5, such as for exanple 2, 3 or 4.

R4 and RS areg 20 independently selected aliphatic,

cycl oal i phatRc, aronatlc aryIdDthatlc or

arylcyclgﬁb+ hatlc ieyies (e g. a hydroc F?
group), Ca|=IC;Hw-GH B&Ferbf—-aCl'H of 1
to about 20 carbon ato nd R5 may al'sw i ncl ude

where?rtl Qae{s a t%fgér Betwedn 1 2hd about 3 suc‘ﬁ as tor gxrgi%nap € §a§ Sld 4. R* and R® are
independently selected aliphatic, cycloaliphatic, aromatic, arylaliphatic, or arylcycloatiphatic
moieties (e.g. a hydrocarbyl group), typically with a main chain of a length 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 O 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-, sulfq-,

sulfido-, a sulfonyl- (e.g. a trifluoromethyl sulfonyl- p-toluenesulfonyl, bromobenzene-
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groups. R4 and R5 may for exanple include O to about 3
heteroatons (i.e. atons that differ from carbon)
selected fromthe group N, 0, S, Se and Si. R6 is a
term nating noiety, which 35 may be H,  an aliphatic,
cycl oal i phatic, aromatic, arylaliphatic, or

sulfonyt, yliteghsingeresyhunyi-c omsineetpanecilignyly , iaysikybre sidapgt of pibRyygroup. If
R s YRy S R AN odih el it may

also il dtRRa)ol8) K#Ppoldr, EaSRER drudsdtunacdd gowts, fichidingidy chenple an

a hal ogen, hydroxyl-, thiol-, dithiane-, seleno-, i
epoxycgiop ey 10- to eheuhd-heterpgtams selefied dtom jt EWPPech&r Sof§|and Si. As

L
DA oG BRI B g LR g o v s i

(VIIajdi trobenzenesul fonyl -, or a nethane-sul fonyl) , a
silyl-, silano-Ror siloxy-group. If R6 is an

al i phatic, cyclpaliphatic,| aromatic, arylaliphatic, or
aryl cycl oal i ' et Yy @l so i ncl ude ot her
pol ar, non-lpél ar, ~Sat urated or (m3Bt ur at ed gr oups,

i ncluding for exanple an epoxy group or O to about 3
wherdi€RE(ORE SeRlcHabEat HdvE, e foh formubasfVEE) add (BI1).Se and
Si. As 5 defined above, mis an integer between 1 and

piPas] The setah "Aphboc seanplwmleds oftdpWRE statedsspatedighteor branched
I soprenoi d conmpound may for exanple be of the general . lud
hydropgrbaiy| aing \Wiigh :may be psetyrated orpmigrer Of PORYUREIsaed and include

heterctqag%h% ?gﬁ'ﬁe ot@@?&? ygﬁﬂgﬁteﬁ AiphRIcHbES c&nl\{iiﬁa oﬁé‘ﬁr foMe double and/or

m atic’ neans, unless otherw se
triple Scaile dalkanyt orailihtyl anoibties)c Wbel brancien o&rthohydroghmon chain may

. Lch be safurated or.nmnqg: or l Y= rat . .

ol S 1 1 1B TR L YRR Ly, i

may, &ni 36 AthérwikeOWated OBk AbManPNengll, AT Coktaisbhey anaiber of branches.
triple bonds (al kens/l or _al kinyl npieties).

Th
TypiceHprtbh dydierarbpe (myiar shain feudendi t g 1975t°i) 150 carbon atoms.

| i ne hai | -.ar ' i X
R
contafit aiicedr nidee dbulslabohdsn ghlirenyl nddicals trarmalip gomtaimbghoub two to about

wwentygarmapcions FF bR port R omgra s ST Bb R, SR oot two o

about A TRIbER afim@lak&oué dbakle Hdhe @ﬁnﬁtlﬁ@ﬂcﬂb to&hdlync@itain about two
branched hydrocarbon radical s ich contain one or

to abonirteentywhtben pbmuasandariecyymore s examspla svereiriple kosds.auph as two to

about two to about, 20 t r . _chai
en SR D PR R AR TR 8 o chin o
branch¥® hiy@rocaben radies Ghidhosontdinmbe camibrendpiddntie Erantples of alkyl
Al kynyl radicals normally contajn about {

wo .to apout .
gfounsmm?ﬂldbleﬁlffh PRy R oPssha, IRy hBeRIYL PEY ,Qggﬂp&’é:yﬁ%& n isomers
of thdst 'r?digalg‘z qg&%?opyﬁ l‘lg(ﬁ)ufﬁ, itséf&nh@, 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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ten carbon atons, and one triple bond. Exanples of
al kynyl radicals are straight-chain or branched
hydr ocar bon radi cals which contain one or nore triple
bonds. Exanpl es of al kyl 2%,groups are nethyl, ethyl,
propyl, butyl, pentyl, hexyﬂ heptyl, octyl, nonyl,

of the%ge%é hﬁrﬂ@arﬂoﬂ ﬁl@ ﬁlay,oﬁnléa@%‘iﬁerﬁvi’s@' sﬁﬁécﬁ beloFARY %ﬁg'th and contain

| sopenty Sec-butyl, tert- bugf/ neopent)é
any nﬁnBerdmﬁnmﬂqgmmabqtcyd:hc But thaith elements. Jiypicallaghodytirogarbon (mam)

i 5o 3 5% TP L MR bOY ShIihh 088 i mois

1nclud'ée9|.llt%§€ HoPNmitBEe &5 cb&bﬁétﬂﬂt ey@Eohdx1) @bloﬁéyﬁylt ef Bj(clooctyl Both the
“alicyclic" means ess ot herw se st ated

cychcdn/drm«mtm@ew)ﬂ@m i preggntmmf,sphe @n@ chqqg, w@@%@@ay furthermore
S r r r

o [BARENS) 8 SE o TRt oy b pmaed by

these Hek@odtomkUdRel teg@d “sljeglic’ risog irsheies neychnatitengls iaetdsi that are

and nmay al so be subst.ituted th non-aronptic cycljc. .
unsanggted eyl By ARSROBY, SHERR SCoorRlY ¢RI A%, tige (g P Sight ring
C I .
carbof gﬁ%ﬂ fcﬁ%:gﬁgfl% fp/%rblr S grﬁfg -l > ik, e@}%l&ﬁl&%ﬁd’\f'aﬁﬁzals t¥plcally have

any contai i any nunber o
adodﬂemoﬁdnnmbr@megubmmgamﬁmmhdeo@kamﬂmmtcﬂﬁvamantwbeﬁﬂ@ﬁﬂﬂﬂi
hydr ocarbon (main) chain includes 3, 4, 5, 6, 7 or 8
[0850] CTaé nteahortaroimatichemeans| amlﬁsanﬂieeslsc)f statgdh a planar cyclic
noj eties ingclude lim ted t

hydrog:gﬂaezb géq;}@t% gﬁpéixé u%ﬁ%)lpggéﬁq é/ﬂ{lf}il iy g%ﬂcﬁna%gtrwg or include
multijRe fsdd"8r éo@aﬁ&{tlyclﬂbé@r fE8Y, H@ﬁeﬁﬁhﬁbyZaB or 4fﬁ.1§b”deﬁﬁg§; ,The term

any cyclic and chain subsfituents may furthernore
aromam:rﬁlm mché@&ealka]m%ﬂymg’i Iyo thej hydregathonNmagn) chaingaclygdes 5, 6, 7 or

a_carbon

8 malﬂ e('l'hgllnoaé?rgﬁgl o%(éyacil i m élgg)f{:s QA ﬁi%?eﬂlepynclﬁ gﬁt are not limited to,
cylcoﬁdﬁid?@i)ﬂienylheml eﬁapﬂialéd‘y&t é[ll@]anmﬂe@ﬂ-lﬂ ﬁtSéZjF)-@ydbde:napentaenyl ),

b whi h th
Uzl%@ﬁéhjgﬁﬂw , RRSFAON GEOHBRIRD: dOB opIRFES ghiysene (1.2-
benzqrsl])!h ?gg%eﬁ g%gﬁiﬁg%f m%ﬁéyﬁﬁhkﬁm@t {26451, STHeYRhigadath of the

ond I n the respectlve ring system
cycllcﬂyydrowrk@nmmetﬁmayaIuslemaythcnms@ statedebe b ony dengdyand contain any

numbg:{ g? él‘lj:ter%a BI}:ng,:] énﬁ, ﬁi‘l{/ o ce I;N/gﬁg%%dr So sy rﬁx%n%xﬁ%%t QF ;sﬁ%hs fieteroaromatic

mocitéd 8¢ 1dewhl © thepdson whillel inale be) ﬂchldB,gbla aré mgt Gmited to,
include nultiple fused or coval entl I|nk drin
furanyloy tesglienyl, n2Dhtgl-onaphthORERRY}-f FgEracoRhe om PYIMLe | Ryrrolyl-

<y LP Y dr i
qu1no?i rrilo n?ﬂ'ﬁ;h nﬁc?lnérr g@gx%ahngy l}'ﬁi@iyl beﬁﬂﬁ%c?%l 01%2%23%0 r(r)é{azolyl
oxonin§l-Ooweepingt!, enoxapipylesazepinglic thiepinds, iselsnépieyly dbioninyt-, azecinyl-
(azac;(ég q%glgg{;égrgy{ pd t(%azecu%ﬁ COp%Qéc%/gio% Xeca 1p§§ ';}36 11-hexaene-5,9-diyl-,

azoz+ 0] agaub &l - (BepdaocifyR; CUSLPRIAC apLALRRGME-) . thia[11]annulenyl-,
2] annul eny!’- [8]annu|eny| , phenalene
oxacycparideragh, 5§M12-h¢mwlhmwnﬁﬁ@enﬁwy§§ﬁ% (1, 2-
benzophenant hrene). An exanple of an alkylaryl noiety
(80323 Byl theTimen rtenyieliphatic! isimesnta lnfgltqcar&)onyml@tyamb@wlch one or

noi et nl t at
moreaﬂ’flam[‘}%‘f‘n“ﬁ ﬂlegrﬁyg% Sﬁ‘&'#ﬁ‘i eoiees oa? oﬁ%ﬁjamcagr ¥o‘l?se M the term
"aryldHpHRAOC fsiindudsl thydrodatmphetied, is uiichewe rwanoredriyk 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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noeities (which are known to the person skilled in the
art) include, but are not limted to, furanyl-
t hi ophenyl -, naphtyl -, napht hof uranyl -,
ant hr at hi ophenyl -, pyrldlnx? pyrrolyl-, quinolinyl,
napht hoqui nol i nyl -, qui noxalinyl -, indolyl-
limited e@&'ln&ﬁhl/ﬁ httalPnd24 ql'?‘de’th l%ﬁ%%eﬁkEne @iﬁ@ﬁl‘oﬁ?ﬂ'anmracene 1,2,3-
enzoxepi nyl -, azeplny thiep
mmethﬁlLlﬁnemepw-phenylhl%butﬁy-ll -ol, &z ddbroyl- (E—methyl hyg qumohne 3-heptyl-

o RS SSSBEAS n GFEBRLL 7. FSURAS By

mnnogh 200|nyl , benza200|nyl , azecinyl -, azaundeci nyl -
t hi'a[ 11] annul enyl -

ﬁ?ﬁ@@ kot bfj%éate%nél "ﬁh}?'xaii@“ 121ibestReNYdromatic” and "arylaliphatic" as

riazaant hracenyl -noi eti es. [0052] By the term

used haelyll ialmganttd dcluds bﬁélaﬁubs&luﬁwa@@alnmtlwmdewms iofy the respective

mole'%I $1ﬁ)58ﬁ1§§t8 %%BED g.lrlg & %n?ztdl oupd &ggfﬁre%aﬂ{g?e{ E)ldp ﬁBﬂ ltulfﬁtgcgto amino,

am1do aﬁz\i’dl@' ¢d9hy.C carBboy, icyehd dﬁSC}hyld,r déthiahen hmtogen i h!)gi,roxyl, nitro,
whi ch 'two or nore aryl roups are c ect d via on
organﬁmﬁ@l mrgmprqp, csﬁbpﬁ, silylc pikings sgko PEyaRQy tri uoromethyl
sulforfyy, q Ipo 8 ﬁ‘{!ﬁﬂ l:?‘ lai&{nzgflfér%g fﬁﬂ es?ﬁ‘%ré)ﬂeznzéﬂé@ulfogayamlaﬁd methane
sulfor8flai n atons in each ring of the aronmatic noiety.
Exanpl es of arylaliphatic nojeties include, but are
[0154]12W1|th egad, tot thel -oehﬁgﬂraﬂnrap htfhtheedeyble bonds included in the

nmet hyl enebi s- benzene, 0 ant hr a
isopregiop cempegetieys Me¥ XA aﬁﬂféﬁg{' SRS e method of the
| Ryl 8-t W -théder adhfigurati
prese%jt@%?%&l ﬁgﬁ et {lk%‘lgﬁite% %1%11# Iﬁ?lyfﬁgltud ?ﬁl )r?azol i ne orgllra ons
Regar'dle&s ohfbuhbydonﬁgﬁradpmquqloub;m onyds mlu,d%@ insthe @g@g}mgg(ﬂqmpound
carrymgr% Zt]h}s g{{g%s% .accé(g'ﬁmgs tlﬁz allege%f qg{rérirlérgﬁ ) Elﬁfgafn' ? a@ﬂ&twn and
formd?h b Ul ekipld Qe cafpounds Ab&hlllliﬁtﬁdvé examplef whére in formula (VIIa)

respective noiety. Substituent functio
m = gr Guplolesing porsRaigs are BavslHop el iSEodos Be BHPSRSS Of the present
azi do, carbonyl, carboxyl, cyano, |socyano,
hlane hal ogeny hydroxyl, nitro, or ganonet al ,
or ganoboron, selkno, silyl, silano, sulfonyl, thio,
t hi ocyano, trifluoronethyl
p-t ol uenesul f on
nitrobenzenel . 3854]
Wth regard to the conflguratlon of the doubl e bonds
included in the isoprenoid conmpound, these nay exi st
in Z- and/or E—c?gﬁlguratlons In the ne f the
present invention the isoprenoid conpoghd
ei ther of these donfigurati
configurationg ba
i soprenoid cgﬂpound, carrying out the process
according to the present invention results in a
cyclisation and formation of a nultjple ring
conpound. As an ilkustrative exanple| where in formla
(M1a) R

1nven§

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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m= 2, the follow ng conpounds are equally well suited
for the purposes of the present invention: RS R4\ \
\ R RER6 20 R4\ \ RS R R4\ As already indicated
above, the term "isoprenoi gzconpound” as used herein,

thus refers to all respective isoners of for instance
rahsf@rﬂmsthas ﬂmétraﬁvé RxbMpR) ifr sdifd ehdodiRéd® | tBe isoprenoid
. [ 0055] a further illustrative exanple,

compwumdssﬂéthergbwalrfenn@lat(ﬁéﬂj soprenoid conpound is of the
general formula (MII1): R7 CH3 H+CH§720 CH_  such as
for exanple of general formula (VI|lla): R7 5 wherein
n is an integer betm@H@ 1 and 3.2R]
fromthe group conS| $ting phati c,
cycl oal i phati id; t+%SH£i?ﬁ shat i c, and
aryl cycl oal i pha |c gr oups . hydrocarbyl gr oups) .
R; is typically of a main chain length of 1 to about

such gk or @kkéﬁiﬂle AEral AkRAMLa RA1IgAr bon atoms, and may
I nclude 0 %ﬁ?about 3 heterogtons sel ected from the
group.N, 0, S, Se and Si. R7 m®/ al so include other
pol ar, non-polar, saturated or unsaturated groups. 10
As an exanpl e, QPr enoi d conpound i s
an aromatic 4- pound, such as
2- nmet hyl - 5- phe 3 S al Abstracts No.
33501-90-5), 1-' nethy - 3- pentenyl)
-benzene (Chem cal Abstracts No. 51082-27-0),

wherefn fi % ﬂf—‘ o b@m@@ﬁ‘tl any 13) RPheRUe dfedRdMom ﬂfé?ﬁr@ﬁp 8dnsisting of H,
or p-(4-nme | - 3-pentenyl)-ani sol e (CAS-No

aliphati§ 3 &wbaaphatm aromatie.h earyleliphasice, angh erdcyclealiphatip egroups  (e..

ren0| n_aro
hydro[:etrggg grgu%s n%)ﬁwcaélyf)fﬁ% n% 2%41 (ierflggn of &utrc]) dﬂbogb cl: %ll:)é)ut 15 or
aboutt%g?ggmﬁﬁ éﬁ)gﬂd ABd Maly-i8clpdenyd abdub3 hB&FmﬁbIﬁm&Iécﬁ‘&m.the group N,

O, S, $capd 8B, Bayiplse inglrdeptherRolaPEHPoIAL SetEted PL WA Eied groups.

As an example, where n = 1, the isoprenoid compound is an aromatic 4-methyl-3-pentenyl-

compound, such as 2-methyl-5-phenyl-2-pentene (Chemical Abstracts No. 33501-90-5), 1-
methyl—4—(4-inethyl-3 -pentenyl)-benzene (Chemical Abstracts No. 51082-27-0), 2-(4-methyl-
3-pentenyl)-phenol (CAS-No. 143700-87-2) or p-(4-methyl-3-pentenyl)-anisole (CAS-No.
4586-91-8). As a further example, where n = 2, the isoprenoid compound is an aromatic
[(3E)-4,8-dimethyl-3,7-nonadienyl]-compound, such as trans-2,6-dimethyl-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-3,7-nonadienyl]-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-(4,8-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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(CAS- No. 405506-88-9),
1-[(3E) -4, 8-di net hyl - 3, 7- nonadi enyl ] - 3- net hoxy- benzene
(Chem cal Abstracts No. 38011-81-3),
1-[(3E) -4, 8-di net hyl -3, 7-nqpadi enyl ] - 4- (| - met hyl et hyl )
-benzene (CAS-No 405506- 89- gﬁh
nonadiienf (-$¥2-12- (€2 witraphisyyl)ssleno hethuldibengane - ICAS-NY| - HSi2é78-5). In
20 57

emboém[eflg %bl‘le 3 d$ ?fé? ﬁypreéo@ Cﬁgnﬁga?% hs argmgtlca( tl% trlmel;})lyl -3,7,11-
tndecﬁh&y)}l) borﬂ%chﬂdz eaedi=el [(31€ @Bﬁﬂrj‘ﬂpl 22&@12&@1%’? 9)-tr1decatnenyl]-benzene

(CAS L AGIRE. 90(-@Algmq@hy}g12]j{@]3,21%?-g B et h NP XYd Gt e benzenc

(cashfd 55%/@ -4 'T%X,é%et@@aﬁh%ﬁwm (RSB ZACs 86b ity 3,7,11-

mdecz(‘cﬁ)sny‘l] bé’uﬁgﬂl(%sgbig i%mg;smam oty 1 yméth@- B (GEL )48, b trimethyl-
3,7 114qdeg@yerw1hbeaxzm AohS N 3302 %RY 1 R priwnlee (o agoalicyctic or

1-[(2E)-3,7-dimethyl-2,6-octadienyl]-naphthalene
g LA e R U o
(CAS3EO2R596-661)), 4-(4 8 di net hyl -

nonadi enyl ) - N, N- di net hyl - benzenam' ne ( CAS- No

ﬁﬁ@@]g PHe Zéo;fi)fnold %c(oﬁﬁa)auﬂd Gnaly et k},yilﬂ;e312|3d Zlafbcordmhg to any method

nonadi en- 1-y 2-ni t rophenyl ) sel eno] - et

knows dm dhg TASARSUIBSIEE FXEWP L, 3 PR GRS eapling rEichon, for
ti

exam}?ﬁ (%th%k ?I?ﬁiﬁﬁﬁkﬁ aﬁd C.P;BB%}?Q Gﬁg{?agecat 2 r}]l)%dl. bec:: oer{[nppéoyed (see e.g.

Rosaleg)oh, etsl., J. Org. Chem (2002) 67, 1167 1170). The 1sopreno1d compound may also
be Ob{ﬁl%leg( s adl%g@%%%%lo%l%gfhe use d alm}c{'cgocrlggn?ilstrrrl,l 1Sa¥h1l1g%ergéoetnbmant

m1cr0$rg'£ﬁfsﬁ1¥ | fot- B£ Beads &r1E- tdolimekpgksidy fenkimed i afeaat fsbprenoid
benzene ( S- No 405506- 91- 4)

b103y11thgs1s3pqthw@y (saeet-Bokhang. %phm, KgK[eegElg, 1.D, Nature Chemical Biology

(2006zagfﬁ24_é§]]gggn§;hgl) 30r7 11- tridecatrienyl]-benzene
é?(f?ﬁl 1)6} C)%I ééc a? rZz@tlofl a8 dlramgrtb R th¢bent invention ma b8 )performed in

rienyl] enz S-No 331233-8
the preSenicayf al cmtalfsmr]im mmaaetmwhﬂncm dslne cynlisation reagsiondig evatalysed by an
acid. {ehsveiid FRHRIHS & Beonsischarid LRt nEragples of asutabe
ans(té?ﬁ\%c{}pnféﬂl%lélguﬁﬁ’ezﬁot 1kRitddORS Giflithavid S@BjSﬂﬂ_:,Q{ dfluorosulfonic acid,
nmpound ql,é) be synthesized according to any. nethod
FSOsHa ometimesibnie tacidas MaSGatoy SEeHpTome afpbiogic gpod, CCl3SOsH,

hydrogrom%déﬁ?cg]a]ﬁﬁ} aill (g&ﬂ&géj RLh N 8C1 S afidoPbhcefi@ ramd,ett@gggﬁlk;lgfand bis-

I'de -an enzylic ‘Gignard reageh

(tnﬂlﬁi’ﬁih@thﬂfésﬁlﬁﬁ@l)ﬁngle, ((BBssDLsNHY. , et al., J. Og. Chem
(2002) 67, 1167-1170). The |sopren0|d conpound may
1[901158] beBohtsaidnadd is 0 nmmpts;yldtthass sapabmiiﬂcngg ﬂh a puaten donor. A

Lewwngg m o oo(g.\%ﬁ a gl Qrgltglggg{c gq%rq dsggfr:]?pt 3)P|SF S Sf g}erc]trons and
form %nmﬁat@f co@ﬁlehts 9&5@ NAi @rtaf S8¥EIiIRRAISSthE Tl YcidSieen inorganic
Chang, & Keasling, J.D, Nature Chem cal

Lew1B|aaHogysu1t@E]©d&)w1g acmzmaﬁ T mple pg@lgl;q/edAfr@%qtq glsmeptof Group
on .aceardi h e
ma BERE BRI EANE L5yt SRR NS ST, B, o o
zine. @f@ﬁgleﬁﬂbﬁ irfoRganty Céwisakidonclugd Gut are rics hﬂ‘aitedltgl,sahegB]hyAlIg,, AlF;,
0 acid Arespectlve aci d may%g Ugg i%%]éeéj CoCl
AlCT AlBrm Al dviChs, Al AErahtilesBEr BCY piBds» Cal, CoBr;, CoCl,
COFz, COIz, CO(NO3)2, CuClg, Cqu, CUIQ,, CU(N03)2, GaF;, GaC13, GaBr3, GaI;, IIIF3, IIlC13,
IIIBI;:,, F3C13, FEBI'?,, FeI3, FGF3, FCClz, FeBl‘z, Felz, Fer, L1C104, NiCIZ, MgClz, Mglg, Mng,
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Brenstedt acid include, but are not limted to,

triflic acid, CF3SC3H, fluorosulfonic acid, FSO3H,

net hanesul fonic acid, McSQ3H, trichl oronet hanesul fonic

acid, CC13SO3H, hydrobromlg acid, HBr, hydrochloric

aci d, HCI trifluoroacetic acid, CFSCOZH and bi s-
MgBrTg%:lé.'g MeGeaneek BH%)/N)(ND&G Pdg ﬁ%@)’?ﬁ?)s%w@ Sbﬁ5'5 SbI;, SbBrs,

r’enst edt acCl IS a Co ound at IS Ca
SbCls,a8blg StiBrg Sn€lg Spho Sokh, dolor, SnBis, LSe(Eahs Sab4, PnFs, r4, T1F4, TiCls,

rioe, SR, D B g s AP 3 e o o
exampghNGF a kfitbRs LBl & dshy e BESBCLSMS,, BH-8Mes, m SMep_, BBr:-
inorganic Lews acid. A suitable Lew s acid

ma
SMe;,e BEasIEs2, b BtAdE], vaﬁlﬂmmﬁle%mMgInQF@ oMigF Z"QE%%\ M‘gBrZ'OEtZ»

ron iR SR, €T AT L AGHD Hcop o seors

Al(om, aoeoomgacu%&zw A%lgm%l IF g@t@msélnmomse HotOTf()% Er(OTf)s,
lTmted |
Lu(OTBC1¥b(QERR, hﬁe@c 3,A§g£@Tﬂsp@u(%@$a is@f’éf? ; Ble;A]Féao Tm(OTH)s,

s(:(o@fjJ ;%(Q@N%(QT%@%(%E:I gﬁé@% @%@I rﬁ@,f%? o cobalt (I

triflatd, N Bsbdlt EHﬁlﬁsyiEteBr(EﬂsEGZBCuFedé@perFéE).ZmﬂE@r Q}ppﬁel(ﬂ) tosylate

(CH q\ﬁgﬁ%‘ lﬁm%@?él) N fGL2 &%ﬁ% Qﬁﬁg{? ylf{{@ 2 1650t1¢;%/;%§w1$ acid may be

n B0 fokdhr iSPE SmpleR kirectD Rich, as aSEﬁlfflex Soth% ptEBI Gncluding
used 012131 A RS o R S B 4 ol 4 onL4, SnF4 ¢

an aﬂ@uBrp!apndID Rt carbpngic cid uoBras, acplicagid, I cilgr ofjag epterTFrsinstance,

when a lﬁ?]llq‘n gcli] (s'%)?g glg%? nolg !“)1 fa‘szg f UF%P{EM Mlsgea?g%geﬁ‘g/ ﬁg}fé ﬁ%vdesuable to

conveﬁl:tﬁg C% isoidea enBilnﬁo ShRRAmiBhidn SMede-Biks cémfilek Zpluble in a common
t2, Et2A1C1, EtA1Cl2, MyCl 20kt 2, | 2- Okt 2, h
solvemtfgwhem beforgppytagingythe SEEATED, AE{SRPERON SRDfip/As a further
exam;i% Sgﬁ:?}ie dg‘é ;eg:ItE )uﬁé é&%%?g%%%méﬁ%@@guoﬁﬂﬂﬁ the form
of a doppI& L@npdiad GO ¢. g.—__ra('l@ﬂﬁerSIf desiredrioy 3xanq(p](ecmrfc)rger to achieve or

1mpr0fﬁ(s@§f?%531ect%éroé?% )alosol'%ﬁi )3[515 rgéztorgr ifsp%llre)%?s acid may be

pr0v1déd( QT ik HornY (FPH ):é’m?l@ﬁi wat{ @ldhirdl %mp@.’ﬂﬂl fin @hioh @ example atoms
| ate, cobalt 1) tosyl ate, (CH3CQ2)2Cu, copper
compkemm the Lewistasid are py@ pf  phiraliceaigr. at e, (CH3COR) 2Ni

kel (I'l) triflat d k | t AL
e et e v
the caftﬂggp FJ i lIe yﬁ&ﬁd@%@ OB oW §ifhuaneously or

I ng n henol ), a carbonic acid
stepwieC A sazn ﬂh:sirat(,veaeiad-;plartheuml'en@td eempeindr mayde provided first and

i nstance, cI| n
e o SRR dec e ShC B0 g SRS, o e
acetaltﬁd]tﬁer@&%@f?ﬁécattetl?stcdi‘GJld:eS\l’di*ﬁi agent into an al uninium
ori de- et her conplex soluble in a commpn sol vent

\0UR0] O'A E’ﬁﬁl@ﬁtﬁ)n‘?ﬁﬁée% htdwdlhﬁeo sxaembmltﬂenaaf the (ppffsellitandentlon in
conpound.” As a further exa& it may be desjired t
whichisreisapryaeidcompoend ef theiegnera ﬁnalé (H &)dﬁe@c FROMELIS ?f’c‘fécd results in

the formaﬁon o{‘ a mmltlple 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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of a conplex conpound with e.g. an ether. If desired,
for exanple in order to achieve or inprove
stereosel ectivity (see also belowin this regard), a
respective Lewis acid may kg 20 provided in the form
of a complex with a chiral conpound, in which for
exanple ato conpl exing the.Lewis acid are part of a
chi ral cent%g. [0059] Typlcal?b3the |soprenoid
conpoun C thé nit i-® or and
t he cat al ysp—@lﬁ @ﬁzﬂm‘gbgﬁ spec 2 I:‘ff)n'pounds
may be carried out S|nuh&%?eously or stepwise. As an
illustrative exanple, t i¥soprenoi d conmpound nay be
provided first and 25 thereafter contacted with the
acetal initiator and the cptalyst, for instance by
first adding the ace aphd thereafter the catal yst,
or vice versa. | A cy |i s& Abh process accordi ng
to an enbodi nent of t ﬁgpr sent invention, in which
an i soprenoi d conpoun he general forml a (Vi d)
(see above) is reacted, resulfts in the formation of a
mul tiple ring conpound. JH e ring conmpound is
at least a bicyclic 30 : of which one ring
generally is a 2, Zldine gkane ring. In
enbodi nent s vmme ' ' conpound is of
general formula (VII seg\above),. the cyclisation
process of the presaA ¢ﬁvRﬂt|on can accordingly be
depi cted by the follomﬁngcaéPeral schenme (1): 16 R5
CH3 R4 C=CH CH2+CH2 C=CH M (MI1) AR R -
RRAH AR2Z 1 E AR R4 RS (XIl) wherein in genera
wherdi® fiiidetenl folmdls XD Blis mhaﬂi@atigyc&@tﬁlipbﬁm ot apylaliphatic bridge

contag%%ql ghat b brglrcd aﬂfﬂ?gs?t Fflgrngﬁag@?% d‘ﬁc tl?qyn;gt%%ts), completing a

afd?ﬁm R YT foCaboli'D h&t@ﬂiatdﬂ’sy AlsTTahhistexlatied below,
non- c%ﬁ%“%mﬁgggroatons ﬁg further expl ai ned belog/ 5

aboveabomespleﬂted irosleDeét@d Ser Brnaod RS aznindependpatlysseleote fom the group

cons HSHERISNL ELETARE, HOARAIR MR, SRTH AL A o

(e.g. 1o eittbspthiiheluie 0 g abus 3 heteroatoms selected from the group N, O,

S, Se and Si. R' and R? 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). R! and R?
may also include other polar, non-polar, saturated or unsaturated groups. Typically R' and R?
have a main chain of a length of 1 to about 5, to about 10, to about 15 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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(e.g. hydrocarbyl groups) that include O to about 3
het eroatons selected fromthe group N, 0, S, Se and
Si. R and R2 may for exanple be or include |inear or
branched al kyl chains of fg exanpl e about 1 to about
10 mai n chai n carbon at ons Zsee above for exanples).

andR210rm al s | ud th I
t oat f ot 'gz”fgﬁza?m% IRl I3 ”°”zg?m52?a£3
[
4 bo

ch|n|0f1a hof|1t abo
g el bue 04
Ypi caI QE | ment action
product udes a degaf |r].|r| ng sysHe |-Hn partlcull-ar

a 2- substltut ed trinethyl -1, 1, 4a- decahydr onapht hal ene
conpound, such as a 2- s(NHﬂlltut ed

1,1, 4a, 8a-tetranet hyl -t et radecahydr o- phenant hr ene
compound (i ncl udi ng aAg(S Ppdocar pane derivative), a
2-substi tuted

1,1, 4a-trimet hyIRl 4,4 93[&'1@ oct ahydr o-
phenanthrene conpounds %r 7-substi tuted

6, 6,9a-trinmethyl - dodecahyd o- | H benzi ndene conpound.
[0061] As a further illustration, where the isoprenoid
conpound is of the general 25formula (VIg) (see above),

the process of the presentRi ng€ntion can be depicted

by the 20 follow nggéfener gl cherre (I'1): 17 R5 R23

R24 R25 R20 R26 R27 R38R RY R31 R22 R32 R33 4
11211111111 - 040 -CC i+
-CCG i qgi -CC 4 HH (Vig AR
RI~ - RRAH AR RZ RL AR 4 5 (XI1g)

wherei n, as above in|generpg| fornul a Xll, Ein general
formula XlIlg is an ahpha4 8,5

R R

(Xlig)

wherein, as above in general formula XII, E in general formula XiIg is an aliphatic,
cycloaliphatic or arylaliphatic bridge containing about 3 to about 8 carbon atoms (for
example, 5 or 6 carbon atoms), completing a non-aromatic ring that may include 0 up to
about 2 heteroatoms. A, R1, RZ, R4, RS, R20 and R23— R25 and in formula VIg RS, R, R 22

and R26—R33, as well as p —r, 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 cither be a single atom such as a hydrogen atom or alterﬁatively it can be a
functional group or moicty. In case RS 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,2)-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 R may

still be present in unaltered form in the multiple ring compound formed during the process of
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cycl oal i phatic or arylaliphatic bridge containing
about 3 to about 8 carbon atons (for exanple, 5 or 6
carbon atons), conpleting a non-aronmatic ring that nay
include O up to 5 about 2igeteroatoms. A Rl, R2, R4,
R5, R20 and R23- R25 and in formula VIg R6, R21, R 22

the m@ggglgfﬁ: tﬁ{:)’ AN @e‘fmﬁs anﬂlus@itﬁ/eébi ?fel dfedcipfPMfbodiment,

rm natl ng fnoie i/?eRGzocan ually be an 6
in whidbpeng qtmﬁmmdxbaa@vl)@te hatlh &rR'eRe, Ry and élreca}bllnieﬁléd is OAc

oo 54 SR BB Bl Y Bl 08 s

remairt B&Haﬁgd?le(ﬁiﬂn\g%. dyeRgution prstesibftthe Tventiar mwmspegtwmeﬂmples are
can thus either be a single aton1s

(Z,2)- W@@@Hﬂgt(@ﬁﬁimmél Eeendt pvand, q; in @‘%iW“E?e I) ?Iﬁn@e iiBnghich the
tennn%@gg %owty'fPhﬂéﬁmo -Brofifl>fhd O-Fﬂ-zf%%'lﬁ,zﬁ MbAanhéthyl-2,6,10,14,18,22-

oge and g are heh the | sopréne
tetrac@sﬁl‘i@@eﬁtdl 0$-dibl l(cfbnﬁlhﬁnd)ﬁglm sdtictothersaac of prand qundprmige (V) is 5,
exanpl e, 0-.dodecatri ene

be 2,6, 10-
.2 p CEAB g, 3 Betbigh e i RS O 2 Yﬂ%mup
E, 2,6,10-_trinethyl 10- dod catrlene
560 18° mapplippatyely; 6@01@53@' rReeith EY%IS?&PH gciion. Generally,
tenmr?i%g %t#r %eox( tgéﬁlol}%g ifid SAmeh/R6 Rds trdn@foPrakd -Hi%{ then be present in a

ng’ noi ety may not be structural Iy included
cycllcl pﬁrﬂoﬁ thdé ngplipletrive comapound| & :llusgatcénpdﬁg@redﬁr(imgfhtqheR is 3-

oA BB S e, RBP4, v
phen SupPFmb s @p{m%ﬁgi sy @R tﬂélhidll@cﬁche pRéRIRE: Sﬁncﬁflerl&ample

e I'nvention . t he product). .. 4 depicts_a
whera at| least ragpart ef éwdﬁmuea‘fmg &ToED 18 Rk 9 &ﬁ Faasystemepf fhe @Hﬂtlcychc

produ%zxf glp\g'n &P|ﬁ1§e§%%{ﬂﬁ’§)‘ﬁg@ﬁ%@ ]z(n to)géﬁsnuﬁze/ I)%Péjl and the

ethylenb @supfof tﬂeh&huﬁi&&fg)hﬁst}qf:ﬂzélﬁfﬁﬁts ingorporagid ie® thé ﬁtfe membered

can_ be expected. to mai n .unchanged durj n
ring. By 5% ﬁm?%é%%%o et‘[ﬂ@ﬂ#ﬂ%?ﬁ%m‘? Wb’ ‘gé’g iRy converted
into a%gfmzl Hond e, d(‘:ﬁct@yef ﬁ&&ﬁﬁ%@ﬁé&aﬁiﬁ)lésc@ﬂmt@ﬁﬁﬂm@ng £edy fhat is in

in formula (VI) are 1), in which t
part 1nmrmmaﬂ|mtg) ﬂnmmlllyplesmwl campoundgiusing than-‘ddlsatlon PIOCGSS In these

al | 10,.14, 18, 22- y §
emmboft it eI EANEE T349 o of L RORp IR TP, 3 2 hvdroxy
ropy}y %ﬂfec@ve\'m o figksti fvd &b mied (réébmom depictedd, gf vp’hleh? aanethgloxy-part
pop , ich the term nating, no

becorh%ﬂoﬁ rextoffhotips sytas of ﬂﬁenway ea‘rrtgeﬁli)??&%uﬁil 1y thy xegpectiig compound
(13) {ﬁ%rx;alﬁen(t')f Eein%?ﬂﬂlﬁa%? tfh@”val@ﬁ? gkl o/, Anéltﬂelz_\l;ﬁ exrz]imple of a

erm na em)letylnto whi ch
tenmﬁdtﬂllgaﬁolbtyed pareyf Whmh i enqmweuetl inte the naylipleaingaeampsfond, is 2-

t he nul r as_illustrated in Fi
oxopr(opﬁl 7S six Flég % %&%&J{L Hg,qt :qg{lﬁ§/p101eé¥] i J{ggﬁ}&%%de info the ring
systeﬁleﬁp QHé i é}@ils}éﬂoﬂ ]:JIBdlfl(ﬁr U lrged MF) an SoxYe@pténgll-pit. OJn the respective
wher e group forns part of the r|n system

compOﬁnd @é) hothtn @Iy'lcl mc;fOpn@]dliUtI) armi owhie ineseampsuad (Zgbingogpula (VI)
is 1 ap$ ﬁaé gﬁéﬁﬁéﬁt eacglfnpf?g %%E? F] CyC| E‘% 9601k ﬂ)&z?laﬁa'ﬁ Hré aﬁcludmg the

phenyl ring thereof) in form of methoxyphenyl—methyl—mmetles, as in (EE)-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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15 product is shown in Fig. 6. In conpound (38) each p
and g in formula (VI) are 1, and the ethyl ene group
of the termnating nmoiety (CHI CGCH) is incorporated
into the five menbered rigg. In this case, the triple
bond of the termnating al kyne noiety is concurrently

1,12- aﬁg{éﬁﬁ‘m @Qiodb&tﬁén@ld&uabﬁe RAthouftd P, ndt FERIChRleY BrmiO(VI)) RS

exanpl es of a termnating noiety that is in
is 1- qaarh—phawbctb@maie’ﬂ oﬁtvﬁudhéhwxpe Vepart regn clsmsspgsged to become

1ncorp8m5%g qﬂrghﬁgec %(Aﬂ.gﬁ]?ﬁg: hﬁgln o[taﬁ)é nd. gth {eﬁ-ﬁﬁﬁngg moiety of (Z,E,EE)-
3,7 113“5“39%’6%?@)‘11@3191@t€1w 14 l'gﬁbit;@sﬁpémyénouﬂﬁddZ(cbm@bmtyM 1n which p in

by S5 L5 Lo 54 D S5 lopeny
in the tnhaxﬁ (t:]l‘gaélé) gﬁ%@éﬁ%@% %l?] Bﬁi{%&ﬁ%tto'f Hmeeen\}g hiptk ﬁ;@&ﬁﬁﬁlﬁmﬂ n |
@@g% g %fl s | d% 1&3@5}9?{&;?0\6@ Qﬁ%ﬁbglf\{v&o?%%feﬂhfnaﬁng moiety

RYR ha ‘
can bé agreRarabe énﬂlrﬁtyolnbdnpomédtmm the multiple oimgaonghound; ape 9 instance

BT A e o A ESTAGEE compon
B with 'é?{cl‘?ﬁ%}n | Bﬁnﬁfao(ﬁﬂfbelhg rzg%mvﬂlfchqffﬁ is 2- ammoethzr -, (E,E)-5,9,13-

oxyet part n’ the réspective conpound
mmethplt-ah&tlZaﬂdadbcatnerﬁ&almbh(cpmmpumi @, in whishleach p andapn lftmimla (V)

o 2B Pl B B Bofbocitat PRES8:58 B s PEL 1 pmamenn

4,8,15%s, :é(b asédé,a’lﬁe%ehheol (E&ﬁﬁc\(ﬂndfﬂl Nghérbea@o nd Qi Prmubf(VI) are 2), in
ret’ hox enyl -nmet hyl -noi eties, as in (E E)-12-(3 30
WmChﬁ?iséxgxﬁn@ngﬁﬁ)YH 6, 9-trimet hyI 5, 9- dodecadi enoi c aci d

(compound Gin Fig. 10, in which_ each p_and ¢
fadoeatl| As(cw plsp de 1 emfrom the appended figures and the explanatlons below, in

t o t
embo%g&eg% avh (11%] oﬁr‘% Ogﬁ%}gbt)ate% ﬁ'ﬁ? tfl&% rfﬁg ayl hﬁ'e foofr tr?ﬁl multiple ring
compOid), dhis t‘e&iﬁmfasnng inndétanerethb mc&etpembedutlo it Hae tnan@bmmi;i is generally

bountlt g %ﬂ}lgggﬁl{gr}%ulflé}%&%ge%{%ﬁoﬁg@,% 1% 1sqocate 1ngvmm1r[9 % ngch a rmg The

preseﬂcelt?r éysP&‘;c]'Bfl a ﬁe&yﬁﬂgﬁfhﬁ%@ﬁet)h% tér?mﬂétﬁ@em()iém@ WwighdPisoprenoid

fal g under “fornul a (V
compmulm;c&sl fopesmypleeillnsirased by | the @mmmﬁsdﬁHuﬁ{éi x Gemmlas - (Ydex or VI

abovemgpqqrg ye #g%'tag%so 2 be%?zgeﬂﬁ tlllz{ﬂ h‘?ﬁ(ﬁge I'rrrngt@tl%/ H%% product, which

carriek £hénfoide) RS or the moiety into which R6 has transfonned In embodiments where
3,7,11, 15, 19- ﬁgnt amet hyl -2, 6, 10, 14, 18- ei. cosapent aenoi Gl
the teseinptioe ngistinB® Mt the iR EIIQ CPRPGUIG PIRYIGES (/[ Prive methylene-
EOMPRBIAC tiRCERidatitn-pro&dss typicall
h“ka%:% %’ ﬁ%lg}l?lg;uél(ﬁ@f%grqtﬁ}p?%ﬂr?l? he ﬁ'al n chaR%lcan e P Y
yieldex pantisid ring cbmponnd pamthidf saihengibauing! e in |pntgum®tm§@ mdety RS or

the nt\[gg:g é]pﬁotvﬁé ahng% ﬁ%] Ct e lbsp %,sﬁlx—g%%nllbeéeigz %h'%eélts where no
such g%gﬂy{lﬁeyl%drl]cggg %s?@%%n@% itH?:t BoprBfoidébinpphRl Eidﬁlﬁeréﬁri’ﬁlfglﬁﬂe such as

for in(stiBc8 B, ﬁ@@n@@@pm@ g il ypicallehe abtsingad Tuisghoweves noted in this
t
regarﬁﬁi gﬁéjti?l?fﬂ%éea% np?dlgagnﬁ grn%e%fn.&@ Uy qn&lﬁd%a Yﬂt6 ) A% e Rnd ﬂﬂllﬁ‘ple ring

compduAdifdrRiel Auting theprédesHoiXhd Zrvention (see also below)
trimethyl -4,8,12-tetradecatriene-1-thi ol (corrpound G

i[G0oM) Ty clagidnReadtidng of isopgsnold eonipbunds 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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is 1), in which R6 is 2-nercaptoethyl -,

(4E, 8E, 12E, 16E) -5, 9, 13, 17, 21- pent anet hyl -

4,8,12, 16, 20- docosapent aen-1-ol (conmpound H, where
each p and q in fornmula (Vh) are 2), in which R6 is
2- hydroxyethyl -. 15 [0066] As can al so be taken from

are thB%t 38 RizBgeSk E't%ﬁzﬁﬁl afel MigPhRaR! bl BEARVGT he isoprenoid
I ments where |s not incorporated into the ring

compaindyfor example acd:oedmg Ite thelfellewimg schemmp@Utid, this
termnating noiety, or the noiety into which it has
transforped, is generally bound to a ring of the
mul ti pl e.rl ng conpound, or it is locatgd in vicinity

netryfene Ilnkage fn t he te m nat i e
i s@p ! d D~ ound, ﬁor ex at ed by
t he noi etijes C11 Rd in for mul as T VI f) “Rbove,

general lyidetermines the ring size of that ring within
the multiple ring product, which, carries the noiety
R6 or the noiety into which R6 s transfornmed. In
enbodi ments where the term ngting noiety R6 of the

i soprenoi d conpound prOV|des

i nkage to an i &

conpound, the ¢
amltiple rig

resgective met hyl ene-
_ of e i soprenoid

@n process typically 25 yields
=0T A0 fich said ring (bound or
in proximty to nnlety R6 or he moity into which R6
has transformed) is a kix-nmenbered ring. In
enbodlnents where no such nethyl ene-linkage is

with R’r@@dh tbeing anly Gnd%m%ﬁlsdle@fﬁﬂwcﬁugh as chgragﬁhatrq, ﬁ)ﬁloahphatw
arom%%’%ﬁph fifea%%%fglcxgsin e Sk P FUBELSA LAY
|88 awWiiigoefearfi thl?ﬁ%ﬂh‘sn%?tl 00k v s S e Rt dchanism,

experi[ilﬁ’én'ta[] GHatdEho¥ B@Edise B v1h’6%>drfd>‘r‘1ﬁ6d cpelises@e rakbsensbllow) a stepwise

67] Cyclisation reactjons of isoprenoid conyounds
mechggigyn i fationip JpterBedaight Hehich ﬂ?@uﬁe&ect% CAHQUC (gptre is planar.

Accm% n%y %%Hl?%hﬁdsq{rlg? Q&h%ﬁt % coﬁ;{%mz{tﬁg é:rﬁ%tﬁléﬁa?@tﬁe%‘nplo%ed in vitro.

ave been use ry.” Both
Since bh@myaﬂmﬂeﬁ?rtlm PRsknt Dvestidn mnhaldeaa: ra$pertitve lcyeesdtion reaction, it can be

ccllsatlon reacti ons e u t,0
underpibas i PGP V01 ERGEEIESIRAE o 8 QORI Erfn ghe Gp @ unit may
be enhp‘ié?fefde 1O1sdho AP AR, thhQ ﬁw}ﬁpéaﬂﬂielre?ﬁeﬁw fliabing f:hdlélﬁle includes a
owi ng scherme (111 Re Re RR Re Rf

Wi t
planaRecagtinh Rintioe thegentirs/mio elsareed mevrthebsse aelarregysatily %@qlinfal The
conﬁgusrauHono(r)f %lel (Pou%i | ﬁc)nd%ylﬁltﬁg éa%pd%{ In‘fa’y therefore determine the enantiomer

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 (I1):
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5 aromatic, arylaliphatic, and aryl cycloaliphatic
groups (e.g. hydrocarbyl groups). [0068] Wile the
reaction in biosynthesis is thought to follow a
concerted nmechani sm expepjnental data show that the
in-vitro performed cyclisation reactions follow a
stepwi se nechani smvia catiyani g2 nternediates, in
whi ch the respective cationgc centre is planar.
Accordi ngly, conpoundg®wi both E- and
Z-configuration can equal I y be enployed in vitro. 10
Since the nethod of the prespgatpghvention includes a
respective cyclisation reaction, it can be understood
whereihal afid & renindepiintiéntBnyeleotad hererosdmo seladted fiend@yl8 end Se. The
bond of the jsoprene unit may be enployed. It is

- y
 initiatpiomey apcordingly Renan oxyaen [agetala thieagrialt Py @ Selenpacstap R, R” and R’

. i o i . r . .
e BRI g e RGP RARE O Svabiiphng, romatic
arylaliphiid, ahd afyleycieatiphhti gaups te. gf hydnecady tireupispnatsy ofi R heR® may
react ant y ther e{ ore detgr m ne the enanti oner

. 15
also inglude RIBEF. POk 8EN-BRIAF) BIHHAL Oh 4OYralRf | §TOYRT: FhIVELL 28 Jafocpbout 3
hetero%ﬂas%%l&te‘a %J}ﬁ‘tthé uﬁﬂ?@}ls, kPishd 8F. Ofypi3AY RN R¥ e a main chain .
met hod of the presen y)g)

I'nventi on ma | so deterlmzne t he 5
of a lengéingf bereabaut d0ubedt 15 ot Beut 29 chibeatatamns. Bagh R oR” gis#er R may

NPT T T e e
main é}%‘ﬁl? EbOY afofhst BRy aBESS&MpIuR SN, 'a 3Bacieh PrélivdBbYan alcohol and an

I ncl udes contacting the i'soprenoid conpound with a
aldehydes mey forvaxamp(e keaused ysthe presentiineandipni ndi cat ed above,
the cyclisation process furthernore includes
[067m0]ac Ak g ot Mlestrgdper enoiplesc emespactiveviacdialagomprunid anay be of the
'Iigre irli tiator may for exanple be of the general
SenerglPi®: (11): 217 A- R2 Rl B- R3 wherein A and B are
i ndepende IszseI ected heterotans sel _c_hed fromO, S
and Se. T rnitiator may accordi ngcs be an oxygen
(Ilb)acetgl t hi oacet al , w@n(lla) sel ggf tal. R, R2 and R3
are independently selected fromthe \group consi sting
of aliphat®c,Rcycl oaliphatic, aromati@H 5
aryl al i phatic, and aryl cycloaliphatic groups (e.qg.
Examled R SRPYLs BEOHRAYAcAAOR Und R incRle B ad! R HARARE methy-
er polar, non-polar, saturated or unsaturate
ethyl-g hauisyl-, dsmetblyletlad-, @-tuylabbuteti§/lptopyler Datethmpropylect, bdlimethyl-
fromthe gro N, .0,.S Se and Si..,. Typicall .
ety iy Tl ORI -ttty br-cimfyiifnd. 16 dingytoropyt-
-di Ut n op AL P BRdimdndy 10 h-HERyI 8 Ymethyl-
1.2 dl&%ﬂ%@%rglﬁ&hﬁ%ﬁﬁéﬁ%ﬂipﬁ’ it 1pads0 0 1Ry Y

be or hear or branc

pentyk H2rimeshydipentdy 3emethplpentabotrmethiipendyiods 1 -dmaetiylpwth 1,2-dimethyl-
.1 BB 7 OB o SRR 2 Gimetytun, 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? SR? SeR?2

am R— . ) R—~X . o m R1‘<
2 2 2

OR SR SeR
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al dehyde, may for exanple be used in the present
invention. [0070] As two illustrative exanples, a
respective acetal conpound may be of the genera
formulas: O R2 O-R2 (llBy RL or (Ilc) ROR3 OH 15
Exanpl es gf noi eties that may define R2 and R3
whereimd® uaisl Rouareaméepﬂmﬂenﬁ}mscle@ted ofromeﬂhhygmup eonpigting of aliphatic,

cyclo l_pﬁ%tll(}; lflrrs)p};léy I]%hp%t E%,( mg{l% ch%(]ﬁa ‘lph]atlge %@é&)? r@%yl hydrocarbyl

grou@ thEtiAMuL B0 Yo abo@ﬂﬂﬁdﬂ&dt&ﬂh )éélected- ﬁ'ﬂ;n‘ﬂtﬂlﬁ%i‘dup' mr@psl Se and Si. As
2- d|n$thylpropyl 1, 2- dlnethylpro

noted Zbawe, W iy for, cxpmple Pe giroiglude Imepr @}p %ng@pcb,agﬁg chains of for
I 2
) D Y st P o

may a%sognghﬁ@bﬁﬁﬁﬂ% &, hot- pb].ar ]saﬁlradedmlt Ilmshﬂ‘lmitgd groups. Typically R' and R
I net

3- d| met hyl but
have agn@lruq:hm ﬂﬁp@é‘q of I_Lto o ty @¥9qlt 1(% t‘éf*‘?ﬂﬂtﬂétﬁlm 20 carbon atoms.
Exa:m&leg’ oﬁax{l Eéie?ﬁ %@%‘é}rﬁ{u‘?&r’gm 1rf|c e Bﬁt%hé"ﬁ&t;iﬁhrggf{nﬁt@%’&unethyl benzoyl acetal

1-et
(CAsmd]erﬁlsgIZ aM),n 1th1§elthoxly¥bu$ame (EASaNO.MEH58- %)antil'F@ropyhdene—
are | ent ical .

bis o ReOSRAACTAny (4 o8- Nono At SO (R Ty Brogpxymethyl]-
|
e PO D P B %He*ﬁgl%%ﬁ%%e%%ﬁﬁ Siso o1
1-(dinsth@omedhyl)-2ph - trenaghd thepnears(C3LS-Ng. 65918-9pRptor q)-amsaldehyde di-
erco U B e PR B ARl PP g g0 s
but afehﬁ(;tglrnglgtgcﬁl 48, @ 1tlﬁs(a.la9uﬁlo§ibﬁﬁh@ r(eﬁtsglg“téegﬂaaggs 8yl f!fbﬁﬁ(ethylthlo)
, ve,

propato(CSip @8@@&38), b ddeyie bt BhSb rasneER (S No. $2931-12-

r,5 t
7, oGBAUEHE, 95, DS RD ASRL Ank oz i P RGeS R D e
benzeftb BOABIG, q@sépnber) Paingiles rﬁﬁla“lsdbﬁioatetalsﬂ‘tfbhﬁmﬂ@@l\grmclude but are
unsaturated groups. Typically Rl

not Tipited o, GrlbtCmEGRCR e AR bepzemedGASTo. T 14baar): [L1-
bis(m{ By REich OBy AR AR No. XBMRR. O | B 1R Phelho)- heptenc
(CASANOEIOBYT1-B813, olyphaxybﬂ ,dl-b1s(¢1(éﬂﬁf1Meno&ﬁm (mssm’p. 94417-53-5), 1,1"

[(pheqylmeﬂyﬁepsﬁwyﬁﬁé{?%?e e, | GRS 443850, and 1,1-

b1s[(1(19@t§ thy )%gl%k%%tgaﬁ?% 4%(5}28 N~ [@INYLLPPoRY yéme hathbodiments the

mOIethS(lbzl ﬁmmymm yb ps ph Eoreme mwelmest(@f-@e Mo rergasBEddn: the, following

general formula (I):
A
B

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 sclected 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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1- (di nmet hoxynet hyl ) -2, 4, 5-ti met hyl - benzene ( CAS- No.
65915-93-7), or p-anisal dehyde di- tert-butyl acetal
(CAS- No. 32314-58-2). Exanples of a thioacetal of
formula (1V) include, butopgre not limted to,
1, 1- bi s(et hyl thi o) -butane (CAS-No. 3393-16-6),
about 103 19p sbewth§ [or Hi i) abpgt fregehomeatpmas:quepletingss ngg-agymatic ring that

U GIhgher | L) T e (SN

Gy 53 a8l R0 AR SN B0 Bl ar o 1.

dioxofa.ﬁé rtiéufel ¥) 1,Bd80dxade strbetiread®l a Ng3-dloxepdrettiudture. Examples of a
1-[bis(neth Iseleno)nethyl -4- msth%;é benzene

respectiye japetadgafy jormulp {1 wrkidpe PRl rEse mah dipptsd: $9,12 Eﬂeﬁ?@h’éﬂth}’l) 1,3-
dloxo%g@wgﬁ'\%%&?g%ggh? %11 w13 %&&&%‘axb&@ |RB2936-5£85, 38y clohexyl-
1,3-di&xqjlm*m(ﬂAS-N& 4B 6I-AR 5y DB rasthyle2-hateaylj-CABehi-1,3-dioxolane (CAS-

o §4 71?3ﬁ'«2%igh%@ﬁé@.dgxxga¢ RSN TR s bemsiiipropsD-1.3-

d @Q? 69114- q 3ldid CAS-No. 5702-44-3), 2-pentyl-1,3-
loxmé I et h gﬁﬁ help%{?r?e( CAS- RG. )» Z-penty

leXBﬁ@l@QWAS{N(B) 1320558dtiﬁ&), eﬁ%b&dmwpsn-ﬂhé)imﬂesﬂmmqhm (CAS-No.

o517 B B 5y b R NE s, DRy 3F ot

thioacéfal 5 BrmBlalT) in6ludk i afedit mmﬁﬂedlts }‘gﬂﬁﬁymatﬁmpmtdamane (CAS-
roup consistin of ali phatj.c, cl oal |

No. HSHorRr S -aheryid Arithislane ek RIBUR Dot i-methylethyl)-1,3-

oatons sSeél éc rom rou
623583¢€l & 2]2-dth@eyetiytivE}-dithiana c(CBSaNe 915@6% Bt(1y3-dithian-2-y1)-

s O P LR 1S5H S, L3 QS0 o b2 2

mem&&?ﬁ&%xmﬁﬁ&h Ldfnd t@A@,bNHt %i?-@%tmm) at qﬁdxn&ﬁglktﬁﬁ)[s (1,3-
1 abou 10, 1 tO about or tO about car bon

dithiap-2eyhphenemydistetiyd-sdaneon(GA SRk i c87ﬁﬂ3ﬁg46-ﬁbt -ph%nylrd Ssdithiepane

t e I
s 5P S SRR LR TR Bl A o
2) arﬂd 3- pﬂié)@lwbaﬁﬂuqiahel C{TAS-N@a 333669-0¢ane Estunple ubé an tbspectlve
| oXepane Str

seenciaitl olofor MBS clo: Pl a0t BB ed e AGPICAVE b diienolanc

(CAS%«( ﬁseﬂﬁl%bbs'zed)b o_axheglyﬁl @'%&Aggéﬁhg@ (g:g(gsxgbbwm =839)3)2-methyl-1,3-

diseleﬁaxtwc((b‘kﬁ}%gol 121%55d76}8bl ahd, I@m@thyieﬂ@l?el%-d&d@)lasplrom 5]decane

caspyp- TSHH AT it SR SRR ARG Y
0072 1 D%ing 4nd 2yETREAYA RISURY bad ofthe ether-, thicether- or selenoether-

bonds to the carbonylic carbon atom (carrying R1) of the acetal is cleaved (see e.g. formulas

dlﬂno?ﬁgou't‘(@g@ﬁg?er%@%ﬂ yh. ergiﬁﬁ&)alenﬁrl%?&]ym?|3WH§§(8%155?(CAS-NO.

(I} and (II) above, sce 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” (sec 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 oxane (CAS-No. 66909-14-6), 2-heptyl-1, 3-di oxane
(CAS- No. 5702-44-3), 2-pentyl-1,3 10 di oxepane
(CAS- No. 132088-01-8),
4- (1, 3-di oxepan- 2-yl ) -2-mebhyl - qui nol i ne ( CAS- No.
96517-50-9) and 2-phenyl -1, 3-di oxepane ( CAS- No. i
produgty 49a% oy iEsuelplcadodiments. e@pe qossible reaftinic prafduchincludes the
nees R K e AL e segion produc
includés Eeeitydrodtorrldbdlfet ok &BE if GéferNcforta@d §HR s an illustrative example, a
2-(1-nmethylethyl)-1,3- dithiolane (CAS-No. )
compougiiaaf general forrnyla (NEbhtsHeh anp phenyysupstituted (ingliding AR (3E)-4.8-

. S- 6 -1 . . .
dimety SRR ) JHeelsh 8 % Bl R s g By isoprenoid
comp&un(d] Bt ﬁlhi)aaelaIZinjztia}ter & dendtdbyfdimoal 2 Kl fseeodbevE)CAlRe Noo tricyclic

127811- 85-2 . )
compgunds depifted i fhedpllewying seheme V) maxbesbiaineds
met hoxyphenoxy] di et hyl - si | ane ( CAS- No. 877438-48-%?;
(1, 1-dinethylethyl)[3-(1, 3-
di t hi an- 2-yl ) phenoxy] di net hyl -si | ane ( CAS- No.

877438-46-5), 2-phenyl-1, 3-dithiepane (CAS-N§
117203- 56- 2),
O

3-cycl ohexyl - 1, 5-di hydr o- 2, 4- benzodi t breptNg-( CAS:A

152656-59 20 2) and 2-propyl -1, 3-dit hiepang S No.

885669- 09-0). Exanples of a respdctiyve  sellenoogcet al
(N t ed

of. formula (I11) iﬁelude, but are ™y I 0,

2, 2-di phenyl -1, 3-di'sel enol gpe ( CA§ ./ 377780-32-0
2- phenyl - 1, 3- di8bkenane - No. p284002- 13- 9),

2- et hyl i 5| efarme{ ( CAS- No.” 121955- 768- 8)

8-(1, 1-dj 1) -1, 4'gHssel enaspi ro[ 4. 5] d
(CAS-MO. 1Y 3-4) and 2-fexyl -1, 3-di sellengpan

( CAS-[No. 8-4). 25 [0072] Duripg The
cycl i'sat Yon proeess one of the ether- pet her|- or
sel enoeffher- "bonds to the carboR§Iic g A at op

(carrying R) of the acetal is clesg 0.
formulas (1) and (I1) above, see & shemre (VI)
bel ow). In enbodi ments where thegagetal is of fornula
(I'1), only the other ether-, thioether- or
| ' Iy [ : :
the G AOALA IR RBEREES ASPERRERA AR b e Wb, orwil mosty
be foithiéd, italtiag iffo gmiRIcfltiohaheprapdtids) of she3fbspentite ledving groups and
initiator may include different heteroatons at the
heterqaosmineiuged ndhe apetpldnitigtt.ch are i ndicated by "A" and
"B" (see above). As an illustrative exanple, A may be
HO73huin emhodimests wireye B hntdreatpmmof the adetal bondssare pdentical, such

. Lhe .satjo rocess,, either. of .these..two .
as in fodufed CbREIDARYS BECVR 3r il A G S opqup frocordingly
only SRR Eve LGARASIMBloMucttvil st bhtginedt THeeadld &iplidd correspondingly
products may occur in such enbodi nents. One possible

in embedimdnttn wereo dussmizastal Uslssleplsd ashibe dpisiatasmin swdl pahodiments the

A in general (for a.q(l t | Qle tion
eyetisgfo eSS Bt Pr duStembd s how iR RGhe PSH AiSwlghef
general fornmula (11). As an illustrative exanpl e, &7

conmpound of genergk’ fornula (VII1), such as a

phenyl - substi t (includmg H (3E)-4,8 5

di met hyl - | - phe opd-3/7-diene (1) (see al

Fig. 1) may
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conmpound. Using an acetal initiator of general formula
(I'l) (see above), the two tricyclic conpounds
depicted in the followi ng schene (I1V) nay be obtai ned:
R7 RR7I A7 R-( RA+ RpsBR3 Rt R3 B The person
skilled in the art can however easily predict which
product will be, @r Will nostly 10 be forned, g
into considerati the properties of the respective

| eavi ng groups and heteroatons included in the acetal

90731 Vi P P BNEY Ty Sk by ot the Taator i

. [ 4 . LE i
asist G T BRiabioL Haddvld ol ARG o, e 0BIcho R O ustrated
in the felbveaog sateney(3iI):sat i on product will be obtai ned. The

sane applies correspondingly 15 in enbodi nents were a

sem acetal is selected as e initiator. In such

enbodi nents the cyclhég i 0 %wess can be depicted

by the foll ow ng sche (9ke al so above): R7T R7 A

R21 RAR 2R A2 (1) (XM [0074] W thout

wi shi ng bei ng bound by it is believed that the

initiator is assistedrby thgxcatégpst in adding to a

doubl e bond of the(z oprﬁ&eid conmpound as tllustrated

e (

in the follow ng sc 1): 5
[acid]

wherein (79) is an acetal as an exemplary initiator and (80) is a cut-out, i.e. an incomplete
formula for illustration purposes, representing an isoprenoid unit of the isoprenoid
compound. Overall the initiator electrophilically adds to a double bond of the isoprenoid
compound. As a result a covalent bond between the isoprenoid compound and the initiator is
formed. As noted above, the cyclisation reaction follows a stepwise mechanism via cationic
intermediates. As a consequence thereof, the isoprene units of the isoprenoid compound may
be of any configuration at its double bond(s). As a further consequence, steric and
stereoselective conditions determine the structure of the multiple ring compound generated. If
the isoprenoid compound includes three isoprenoid units according to general formulas (VI)
or (VII) (i.e. m in formula (VII) is at least two) the cyclisation reaction in all cases, i.e.
regardless of the configuration of the double bonds of the isoprenoid compound, results in the

formation of a trans-decalin system (cf. scheme I to scheme III).

[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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R20 R1 R30 (80) (79) [acid] wherein (79) is an
acetal as an exenplary initiator and (80) is a
cut-out, i.e. an inconplete fornmula for illustration
purposes, representing an ihgoprenoid unit of the

i soprenoid conpound. Overall the initiator
el ectrophilically adds to a double bond of thg

soprenommiconpound and t he
Of egylabgve, the cyclisalion

¢pw se Nechani sm vi a1 2,
As a 65hsequ$nce : |sopﬁeﬁe
e |s-e-p-r-eﬂ-o1-cPcoou C any
onf/iguratijon at its double b a further

Qusequence, steric and ster-oselectlve condi tions
defernmi ne the structure of Rﬁg mul tiple ring conpound
gemerated. |f 15 the isoprenoid conpound includes
Agalnt ) p@kellens bpneheiwgen tihea accted dwtiaion gnd thegiserergid fcompanngdsis formed.

As ca&%gl d( g%rpl tEé{“P%YF Foel.g@??,o is %cﬁiétﬁllll 1Ié t10sn 1a1{1t.1atgs ik cyclisation

react161? e @hﬁfesfewuomgn 1) gkfheﬁmlamlmp&fsentt&eb)dw hihemeongsovef
he i soprenoid conpound, results in the formation of

f@%&ﬁ? Iy frabimea im0 Ui AP 1, O HERHT S Gaes e than one
isopre?&ﬁ 469988, g{thgogr%f)gﬂzg%iﬁé d&%}g&gﬂint {cBBmes@VH 8@?’ Ps M"Ftl@ 14 — the

e termn e 1soprehoi d conmpound
cycllshﬂlémﬁaammetyphmlly hmlud‘eo lat Ima';trtgrosedmam s YypicaBy RU lsdprene units

t bond bet
presefini HoafQPIE, Foupndn BePFAIFS O Bifcrar LS ot e s Rowever a
byprofiﬁ’étmychsﬁﬁoﬁ 8NoRe dnefigipréé it 6t h New@hfiehee @8 abobfRe units than

his addition reaction initiates the cyclisation
presemteadh'B oompTinal @nd iaceordimglyt tlot i Hhe isepreneid rrenipernd)y often occurs.

The eéjﬁg aﬁﬁéﬁe gnf %Jéegé cﬁ‘:he”%o\énﬁé’rﬁ" b5e gc%% %11041@ drepresente:d by the

I sopr enol npoun

reactibm §dhéfiRSepRted if Fad 1@ne i soprene unlt - such as the
enbodi ments depicted in schemes (TV) or (VIl) or in

A7 L1 oL U1 RSB SOt S
units.ulmi tentrast to the isoprencid compound that is the reactant, the reaction product
includes a smaller number of acyclic isoprene units. In some embodiments the reaction
product, which may be the main reaction product, includes solely cyclic isoprene units. The
reaction product is herein referred to as a ring terpenoid compound, i.c. an at 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

further isoprenoid units that are not integrated into a ring. Several such rings may be ﬁised to
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present in the respective conpound. Dependi ng on the
condi tions sel ected, however a byproduct of
cyclisation of only one isoprene unit, or a | ower
nunber of isoprene units than 10 present in the
conmpound (and accordingly also in the isoprenoid
a bi-, topatan @) pewtheyshic singaystem. Rieg éarpenoid eempeungp heye giructures that

. espective odi ment can_b h [
e SEPREI /S (R TRGATE kiR b SFEUBTRS S 8 SR EGAEPARE cavon
skeletdit® PRp&ioE tohp@dahds0dbRAMBLC byl thel ciHishiin praesp@findle present
i that includes isoprene wunits, In contrast to the )
inventiaofypisAlly dndeds dHad s icsciohexas Jens (oo HoveL dting dppencid
como RO oS 210 B QPR IR Bl n i
and vpgeshles, ,andhire Mmaiaycobetitubets rofi inter ediat ddomars, ogbsarttial oils, balsams,
i ncludes solely cyclic isoprene unjts. r

The reactj.on )
traditipnal dygehal remesdisse plForesmg of @ s@b&geawrmﬁ@bcﬂlé?spwﬁﬁiaatlmacrofouhﬂg

; Liti ioB&" Edrhoun@ERALNGs stddoid
and w%%@?%ﬂ&%? é%g%oﬁn%oﬁhgid?ﬁgg?%d%egl %ycqﬂlg% noi et | eg,s o158 o
cannabinbidl. i s a terpene derivative. Terpenes, a |arge and

vari ed class of hydrocarbons which are |argely natura

RO78 OFHE tetm ‘Qefvaiich ds WPedherbin QR LRSS (A EoRbound which differs
I sopentenoid units. Typically ring terpenoid

from aoties eomgpowndeo fnimilar wiguchue by thegeplagement g6 sehstiftusionof epe moiety

by anihe? Resipbe Ao S YRUGRL 5l 8% finfRSo GO LEREs or functionsl

groupk.| G ek @hPlRNO hdre gePAumchf af dvenpotiadmoiyhe substhutel bylajkyl, carbonyl,
fusion MAth.a further noiety that, includes an .
acyl, hydraxyly ar aming fenctions; i praduge 4 desiyaiivee pbiint compaung, Respective
. [ i
e3P B0 BN s ol BRE 18 AL 8 e et
reactibtheord@ts@ect i ve i soprenoid unit(s) is/are part of a
five- or six-menbered ring. In addition, a ring
[RFDE N Als Uarf QIMRGUAG: BRYmMbRS [Witkee QRE iSWpréidi® cofipbtil®ris trans-2,6-
I soprenoid units that are not integrated into _a ring. .
dimetBgviepbgnybddhnariadigae iy, the feasiéen wcan e repregented by the' following
h t §¢ or pentacyclic ring system Ring terpenoid
“3°H§§§§ linds have structures that differ both in terns
of functional groups and side chains gs well as in

t hei @ c carbon skel etons. TerpgAdiy conmpounds
obt ai e by the cyclisation proded the presen
' anQé%Q%ﬁkgzpﬁﬁsude a d -cycl p

/en 0 §
ilety (s€ee above). Hl’ﬁgpher pe orrpq-_l,wds :
pr otiuCed prEém@ly {2y dy) a W ag” wayd gt y“of plants
jncl uded ip NG E efjet'abl es, an
constit uent ;?g‘zhw el,fmal i ggdor ants, (Essent &
bal s, tradi% onal her bal ren?g) es, ol eoresi ns(@)‘
pl ant’'s, biogenic netabolites with antimacrofouling

and antifungal properties, and provide various classes
In sudhf ercloodbments prasuch(2ads shtained ishigh yiddsn Alaisinatidds thig gegard that the

e GSRETRE s ) b8P 4R, RRVETR P o e it o
product (2) obtained. In the example depicted in scheme (VID) 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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from anot her conpound of simlar structure by the
repl acenent or substitution of one noiety by another.
Respective noieties include, but are not limted to
atons, radicals or functioggl groups. For exanple, a
hydrogen atom of a conpound may be substituted by

and yigldef theciatepoalebylar weagtions gy dRyentryot). Beneniglly matemionthy, reactions

. Q _produce a .derivatiye t ' .
using poRRGYAE Il hontl (. s llflen SIESY ool SRBEHLY T eive e
desiredr popudthah gy Qe exeMene dicldzdeithblitedaedtivat ofl the e@tiokaolisation

conditions. [00791 As an illustrative exanple, (X\,here .
produgtie The oikiiliado priisan 8y Authesmeneappprecige in this regard that the yields

. di - Q- | - - i . i .
ot T s S e 5 RS ROR Bk RO RPUGT e viets
of a Cghféﬁgﬂ%&dﬁ @ggwfilalﬁaev celShtdor Pealtian /cz)m'Eﬂl out fn theMbsence of an
o au ROW 78 1 3) 1
initiatgy(spe e HodeRatREnY s ehledulis (Fem £20<9§é é?ﬂélét)ﬂﬁ%- éh) "

yields. It is noted in this regard that the reaction_, ]
(980 t Conactingn heutiongneidecaapalindswith (the ccatpbyspvand thaigitiator is

el BBl Y5 oA g resion

condifibid( dnd) meh IRl édi@enie@bp btitie@ai ta bbratdry. B giiny embddiments the
Fig. 1B depicts exanples of the yields obtained wth
respeqfiye rkinzsemperafire is Fhosen eiher RekRIy daera detapsraiufs, gHuch jspgenerally

about¥d o€ ?é ﬁ%oui{ I.’?@ i°g§¥ glgestgﬁngpﬁraagé' ey R gefxg.ﬁ%?é BE qFlie&e@ 9Q%he range

t'0 ex en anmount's nocycl i sed
betweph @Boit-s 78°€ et sboned5iof, sacteacasths rikgegbetwed) alentt - 8% °C and
I ncreasi ng bul ki ness of acetal s does. not

1to 4). u .
about§ & tlny tymicak cuPpdREnisetic: yrHiRe cxPlalion reagign s gpegiorgpd at this
tempéé%g:é. rﬁt‘lﬁFI'T'Péc 'u@s: toﬁ?@&fti'oﬁ@%he(ﬂ)ﬁced%sm €QIdw thd -above illustrated

ecially not , reactions using benzal dehyde
cyclisatiel ireactiomt may YeFearied 18t abranyi desiréd ten@ratprepdeduding the same
snoothly to.give the. desired products in good to
tempeERIDEA 45 SHECH e G RIAD HRTRR f on of the -
nmono-cyclisation  products. The skilled.artisan w l
1008 he Pryrsuitallp selvrai@ay ﬁ?eﬂlﬁ?CQWPs@ o ctin g H%’PWS}Ad%‘)mPO“nd

with the QRERLNEM tHS {iGathd) SyHetet h&fol RRpRItRCASHHoR phdiR: digolar Protic or

invention are significantly higher than the'yield 0
dipolar gontienThorternsL pelas and i nbnepalan greeditery gised 4e i dassify liquids with

refereglgé @)t @_%g_ fr%éérﬁ?rg gloye%}nls r(])ﬁsglgeﬂbﬁ&% %ﬂg %igéib%rﬁ% Pﬁl{y( étbgégf(ﬁmds Polar
liquid® 7typitdBy cddtdR) mol ARSI witionhacidves diftebitfRPoLeRcton density. The
coinpound with the catalyst and the initiator is

polarigsaof jacthotegtleais refleesod by aits dislestice eonstrna Wb ritspdipatecempment. Polar
molec%?e%oaﬁ'g %yrfngcah?r fElrthﬁerrc?as 'ﬁ@h o rp%’{fct zin%rhon-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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10 conditions and may be conveniently optimsed in a

| aboratory. In sonme enbodi nents the respective working
tenperature is chosen at or bel ow roomtenperature,
which is generally about 35 C to about 30 C. The
tenperature may for exanple be selected in the range

aprotip iquédn asbonethyl phyt kateneabdierofeme, tealaydrefyran, ¢thwlene glycol
r ange. bet ween aho - y [

monoly PO FRC IS ! ool R, AR, dylontbabe! 1 aceate

isobutPErifshutReteatethiylere bydobniiecadty) eiméhbdsmiaeabeal gugsniaile, N,N-
reactions that precede or follow the above illustrated

dimethy] cpqetampiden nitomathass, apgignigidec A-metynyptoligpng ngpethanol, cthanol,

Si er . INAGg eld t e .
popef°L LB, Bl MO AR LaaRe, | PG ptoide
Examples bpbdlar protiv ¢ighidsaye wetet| secthatod risspoopamot, itery -tug alcohol, formic

.. 1soprenoid compound wth the catalyst and t hg, . . .
acid, Ryfreghderds acigneilfeic asishy PPl agify B‘tfﬁ@_,roaﬁs%swé* ipediylarsinic acid
[(CHggzhAggﬁ%ﬁ)E%?étblﬁtrﬁé, phefo1 P RRlASpHERSIOt i €. The terms pol ar

ar ar€ often used to ciassify liquids with

‘e D . . by _
95T DR U REBEIL BEsh XAl Sl o g
cationt andi anadnion thetvhay be eitherouganc of inbrganicuibe polarity of ionic liquids (cf.
distribution of electron density. The. polarity of .
belowi bF STAMBIERSS KEPVECH & iRpe TR RY e Biieitedh prigp While e
halide?{ll?segﬂcﬂﬁlliﬁemﬂ tmeti3A! Alphat¥D NeSU | B C18; Cark Y14 Al duids, hexafluoro-
ther classified ilnto protic and non-protic (or o
phosphgiest iAsFs robie@eatfbwroatky?binfides, d ané . [C4FaSPilquare, nempelar liquids.

contains to a J.ar.ge extent, pol ar,. j C u .
Exam§REpEr 2plst Bt VNI Bhupe RIS o P iy Btsazoliom
tetrafl@oi@boits; ONVBRY -4 ety pRidigings tt@affudréicygte £XIt, Bdiallpdingiiazolium-

non- protic nolecules may be terned a polar non-pratic

tetraflpprgberatepr dp3-diaHolisddazeluadinxalvorabepigr o desthyl 2 BathiHmidazolium
bis(pe] sélg o\?gr@l)ﬁﬁb&hﬁxa drﬁQ&El-!‘-’%?e‘Ph 1R dARM b L&&gfﬁ_s@,s-bis(tﬁﬂuoro-

or “instance i wat er or an
methylpteayi)boram]| e cetrabatylanmunizanbia(triflseromethyty dmite, atethyd-3-methyl-

el o A o B S Sl it H Sy B, 1
butyl-?i%ggtgﬂﬁniéa%mﬁﬂe([bﬁﬁﬁ%ﬂi H&ylsHlisgB)] Oframet Baey]-3-methylimidazolium

chl or oet harne, | orof orm™ carbon tetrachloride,
tetrafloaroboratel i Bxahfplateof & aongoled riohiarlagwid dicbydenbut dieendtylimited to, 1-

they,.. diisopr et.her t hyl.ene.al ycol. olut
eyl Gpips e e, AR By DR i s RS Dghide, 1-etust->-
methyMiQhdotiull W[ASN186Rn¥RTyMehIfeiyMatnide ttaflGoroaddtaE,0fl AHutl-3-methyl-
tetrahydrofuran, ethylene glycaol . monobutyl ether,
imidaggtivim i rexaflpasephpisphase b lthgrylkEmeHylimidagobpa, bis(trifluoromethylsulfo-

. cycl ghe ne,. et hyl taLe, o L1 : at
oS SRR AL Sl RS sy
decyljph8éphohiuim | &is[dkdto(2-Jbdraichy I1-laxel-2umedeyl nintidarobitiman éjs(penta-

acetonitrile, N-nmethylpyrrolidaone, nethanol, ethanol, )
fluorasthyl drpidunsprhasplige. o ga y’-3ﬂﬁtlgﬂ-dm’1dazohum hexafluorophosphate, tris-

0 Yheary | B NP Cethyl-N,N, N N'-
et R SRl ety B T 1 Rt NN,
tetrameSlops RO, t ebutyl Quhpihyh| syetuidinifor tiig(pentafluoroethyl) trifluoro-
‘phosphate, 1-butyl-i-methyl pyrrolidinium bis(trifluoromethylsulfonyl) imide, I-butyl-3-
methyl imidazolium hexafluorophosphate, 1-ethyl-3-methylimidazolium bis(trifluoro-

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

[0084] It should be understood that suitable solvents will allow for a cyclisation
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acid, hydrochloric acid, sulfuric acid, acetic acid,

trifluoroacetic acid, dinethylarsinic acid

[ (CH3) 2AsQ(OH)], acetonitrile, phenol or chlorophenol.

[0083] lonic liquids, whichgmy al so be used as

sol vents, typically have an organic 10 cation and an
reactiggh tpteke ﬁkp e%q) rmppo]@f gerefie selvents drcjede, but arp@ot limited to,

ol (c [ e
reca L Bk, oL Wend Sopugle’ SAAGE, CHRMBYSRIR. 12
dlchlcﬁﬂdstba‘ne Wibtoforen g:arbdﬁ&bﬂrﬁtﬁh&nd@ﬁ&tﬁ@h disulikle, teBEHydrofuran dioxane,
sul phate NO3-, or are pol ar I qui d

dleth)ﬂ @Q}gf |Q9§9R;op¥;ﬁt§§rp stwicne gMpbmonobutyl ether or tetrahydro'furan Examples
Y, 3 FRatdl

o GBS ARG S B LSRR ), o,

cyclohexahottke, dihyl amectatet hdobutybd 1mbutyrate ethylene glycol diacetate,

dhnetﬁ&l@%%i A hyltﬂ%dﬁﬁl i t]@éts flc%;s ;,ggg{oggegﬁa%% ‘acetonitrile, N-
meth)él_p%f(gi; Eye{nﬁrﬁng g}spgﬁ}ilﬁgi%ﬁhr obo?gag&:@otxc solvents are methanol,

ethandl; butyy lalcﬁhmielﬁtmhc atidadimhéthytarsinic acid [(CH3)2AsO(0OH)], N,N-dimethyl-
bls(pentafluoroethyl)phosphlnate
formamig;t P N-glisenrppylethylastiog. i ¢finchlorophenol. Examples of nonpolar protic
t bi s(.t I
sivel LGS S0 AL SUA1 406, THERY SOOI it 1n some
emboéiinients- é%nnﬁpdiyﬂ solvmt diazydriicutart 4 nbhpodaroapediha pdsentf suvht 4, hexane,

1- buty - I m dazo| i um net hyl sul f 0
hept%t%?{fb@} i‘é{ﬁﬁgﬁl TS50 | P [IYJPW’ﬁ%i @?%Lﬂnf glee%lfé#faomethanea
chlordlfoﬂn bHﬁrﬁbn %e%m&emt&%?hfdﬁﬁ?mt @ﬂe"t 1! é’cﬁfrlo Rabat e1'ne1:hlyl isobutyl

 es of a non-polar 1onic i ncl'ude, bu
ketonc;oacetqnm tlohesanche, ethiyl/ acegatq;elshlyuty]msd‘athatm rdloxane diethyl ether,

sisorlbShihd LUSREOTELIM S0 L 3019 el Lo ) am e

ot y o A e o el B for BpERERRR @0t (b reactive
solveﬂt%hﬁ%ythe 3eleBlidly bf 'ﬂlhéj 330kt UiRAys bF rehifdnUf® TBH et that certain

)imde, 1-butyl-3-methylimdazolium

nyl
solversh Q(au'rhefablﬁdp awndergy las gl ectpphilit addition tor tha dayble berd ef an isoprenoid
comp fi exy%h%% % dfmenl%s g%cgl)é%i%‘rfn ﬁ?%é( %g%t%e undesired. While under low

tempefr:lttdf&s Q&El’ﬂyﬂd):tréachbﬂ @en@hlls Pbaire on a minor scale, if at all, in these cases,
1- butyl - 3-met hyl -i m dazol i um hexaf | uorophosphat e,

solventp may l{ep.ﬁlﬁcm b etmey carable P B pligetEophil which may react in
addltIE)ﬁ %J&@i?f@fﬂs(tb abhind %g%ﬁhs? R@t@ﬁ]%ﬁ%l?yl]ﬂ_q}esw ca%g FMJB ﬁ{?%!f‘{ﬁa‘”%t to choose

anet hyl guani di ni um - met hy I nium
Solvertts Imﬂpeetﬁc&bphﬂmaﬁ’( aybyet elebirophibci80 tipnothphiattmfor selected for the
1- butIyI -1 -met hyl pyrrolidinium
CYChSB‘iI%‘{? PP¥Fuor onet hyl sul fonyl ) imde, 1-butyl-3- nethyl
i m dazol i um hexaf | uor ophosphat e,

[0086hy n some Eepodimenss dhe sAMEIaEDg rmaietygelothe isoprenoid compound,

ind1ca?§f 5% %E‘%ﬁ*}nﬁ%%sh@lgﬁ](@g)da& {JVHI]I) Ess%g‘rzﬂve tma h1gﬁ]]uge 8re consist of an

alkyl (g ehﬁctromdbylh ghaisufitnetibmal swdwge nt Sthm Inho1a1yl (cve ﬁbxrvea that forms a
cycli at on on to take

rospech P At Btk MEBTHE A PR BN, e 4EhHBe Frifepidn some

emboﬂﬁzhentsﬂﬁé HindHRR 118y 1HYFIneIAY 3R Bondit 0F 8 Meoietly @hat89 trcluded into
pyri di ne, dichloronefhane, 1,2- dichloroethane,

the my ipdfr v compeanchdningethe sxisetioniprocessr Bbe respesiiveimeicty may thus
becomeegt paz}Jt1 X{d {h%fnlilulﬁ‘lr)ll’e nqllgoc)(() rf)%imd 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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di et hyl ether, diisopropylether, ethylene glyco
nmonobut yl ether or tetrahydrofuran. Exanples 5 of
di pol ar aprotic solvents are nethyl ethyl ketone,
met hyl isobutyl ketone, acegfone, cyclohexanone, ethyl
acetate, isobutyl isobutyrate, ethylene glyco
Fig. 3&'3%“&%6%5/ %rouﬁ (J¥BtEy l4) Qﬁ@ﬁmgnylﬁ&}pp@bé Figl §). In other embodiments
yl~ acetamn de, nitronethane, acetonitrile, N
the ten‘emhtymgameiy imeRyrgive sisel ta theeformatean 6ox ifge-memxteengsl BBg sfructure in
the rn%ﬁg@% anrgottﬁcl())rﬁ}gﬁsugxld a L?l"%lsg g{enarz‘%ﬁ%&g)lnsm‘ﬁmgsst ?%eaeos’elec%ilve}/ and/or steric
condlﬁ&rﬁl'ﬁ)iﬁm;@'ﬁﬂle edtlMedibaefohtiohOoff © sixewitibered ring. An illustrative
N, N-di | sopropyl et hyl am ne, _or chl orophenol. Exanpl es
exampje of SHeH ISFNIBRIAS WolebHIs e dikynyt group é&plgé Jaci d,
tert.-butyl alcohol, phenol, cyclohexanol, or aniline.
[0§8%b mAn a@ﬁﬁ@b@ﬂh@ﬁlf be asedoingshe presens finwention ingludas ef least ane chiral

centre , onﬁﬁ.&ﬁl 5 G 3}%(':111 %gz\éﬁcg}Bqngr %%r};l) R ahoen)l)z a(i%grl';{gl h{sop {h%%e‘teroatoms
select@y rftdih e @BLp | IGgedli SdbBH@MRAD %’ﬁEur 'Plﬁb oo Btom for instance

carbon tetrachl oride,_ tetrahydrofuran, methyl ethyl
correspapdinto, theeeappn jaieyn Aty | el@fh@%r@%@éta@n@ldehyde from which the

I %§£a I 0

Tespe %%X%%Ea)f a\glﬁ’sgt ?]mfeh )"]fn d?)? Seglrsﬁ)g %}%ﬁ’ e‘fi Hgﬁ%ﬂ:ﬁt the respective
hyhngﬁymnh1mmmdhﬂbubwﬁghammpkﬁtrahydrofuran |s used

[ 0085] Although the invention is neither limted to

non-reactive nor to reactlge solvents, fgr the

sel ection of the sol denyARt may be t keQnR nt o

consi deration tha 1ce'i= a| n solves\ndy be able to

undergo an el ectrophil diti oft he doubl e bond

of an isoprenoid 20 co d. I'n sone di ments such

side reactions may be undesired. Wil e under |ow

¢ ' on generally occurs on a
Mmeﬁ‘%%:ﬁ %@gﬁq%ﬁf %%%ﬁngg%@ﬁese cases, solvents may
cted th are not ¢ rmn

BiPsBE T BRhdive nPhaificly e aSRRr it bR P8 mare, fper chival
centerdOUR! sudhorAHodithdn®s ARE | 4elivatioh N pidiese of ahie s inventi@y Rfay be an

sufficient to choose solvents with electrophiles of a

enantioprheqtive| eictipasioni (Typicelly:t hgnagetd inffialoraingpces einegichgernbpdiments

cyclisation process. [0086] In sone
enamlé%%%c&%r%ght s the term nati ng nmoi ety of the i sopr enoi d

@gﬁfu?‘g" il t’i?g“’g)%’t“ﬁﬁ@} o A terson Miflied %g ity adetl s AB¥ided by

the sch@n@depiytdd @CRibY3A. chain, functional group or ot her
noi ety (see above) that forms a respective

0006 | h4antirBér AIRSrdiveidkRinBle! HRANARIRAHASAbE ﬁfé deh€ral formulas
cycllisation process. In some 30 enbodinents t

(IX) to €Xhi nat i ng noi ety may i ncl ude or consist of a noi ety
that is icluded into the nultg%le ring conpound
durin tﬁ% cyclisation processyg The respective noiet

gy tNus\ becone a part of A multiple ring co d
(X) \—egmt he) cycl i sa n B anp), Ii n& , ut
are imted t an aro t| group (see e.g. kg, 12
a hy o%ynethylene group (5e% 31 "R

In the following, compounds of the general formulas (IX} and (XI) are also addressed as
compounds (7) and (8), respectively. R1 is a moiety as defined above. RY and R10 in formulas

(IX) and (X) and R11 and R1? in formula (XI) may independently be selected from the group
consisting of H, aliphatic, cycloaliphatic, aromatic, arylaliphatic, and arylcycloaliphatic
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Fig. 3), an al kenyl group (see Fig. 4) and a carbonyl
group (see Fig. 5). In other enbodinents the
term nating noiety nmay give rise to the formation of a
five-menbered ring structure in the nmultiple ring
~conmpound during the cyclisation process.
groups(eg.dudetcatl gwugnid instuding9 fabagip A dicterantemsregedtest from the group

. | . t he, f ' i x-nenbered ring.
i P PR 000 OS5 L SR Sl TR NRE B, o
polar,isatudledbiyturged B upE I Typid)ly ROA8 R Wiveaaasialchtinalf aeygth of 1

be used in the present invention includes at |east one
to abou 2P garbogatarpe KRR aeiyrfar exaspple de jop éncliyiedineppor branched alkyl

chainéégf Rg %&%m?@rﬂgp% QDGR 10%hAY dhin! Jﬁ%%?.?g&ﬁglﬁsr include, but

ecte romthe group oxygen, selenium an
are nothimsitehtd) amethylgrethylr, n-popaiRc t-meathylethshondatylg t-methylpropyl-, 2-
arbon atom.of the carbonyl group of an al dehyde from

methy -t b | 16med AR o REBTR viawerliet: Thethdgstpe  1.1-
eSO, 2 AR ERS, |l RSy USSRy
2,2-diRethyBRBpER3 n-Moiyet | dsméchyBenghd Rindtbylpontpls e Bencthylpentyl,  4-
methyf YT oy S RACRUREEL o2 DR RERE A erOReE Ry b dfmethylbuty,
2 3-dinfRlyiuyl, ! §,33Mtk@m%i, ”‘P—@Hﬁdﬂlﬂﬁf CY Gty 10N 1 AT RERRShylpropyl,

of t'he T nvention rmay be an “enanti osel’ective
1,2,2-gym¢thylptapyh . 1-gipli- aletlylpropd, dettydi2-ineihylpaemd, 1-hepigleand n-octyl.

insonpq PRRHBERTA R or B0 B ObGH P I ARy o

ﬁ{biral agh?tal i s_provided by, e scheme depicted,i

y. t n )
g1l 1 bnthiveeprshthis) Pravent IpEhEdeplse ProyddesA nove! exelippestal. This
t: Dok f the general fornmulas (I1X) to
acetal(‘%ﬁ@%‘l‘%l%ﬁxgﬁv }(?IX) RL, (X) Rl-<or (XI) RL AA
A"""R12 RL10 .'''R10 In t@®¥ foll owi ng, conpounds of
the general fornulas (IX)pand (XI) are al so addressed
as conpounds (7) andAF8¥, respectively. Rl is a
noi ety as defineg,1abgve. R10 in formulas 25

(1'X) and (X) and 1\and 21n formula (XI') may
i ndependent |y be sel eét %fron1the group
w15

wherein R!, R14, R15 and R!6 are independently selected from aliphatic, cycloaliphatic,
aromatic, arylaliphatic, arylcycloaliphatic groups (e.g. hydrocarbyl groups), including 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 R! is phenyl. In some embodiments R14 and R15 are identical and
may for example be methyl or ethyl. R1¢ may in some embodiments be H or a C{-Cg 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 (48,65)-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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consisting of H aliphatic, cycloaliphatic, aromatic,
aryl aliphatic, and aryl cycloaliphatic 32 groups (e.g.
hydr ocar byl groups), including O to about 3
heteroatons sel ected from Re group including or
consisting of N, O, S, Se and Si. RO to R12 may al so
aldehydaChHi @R QLRRA REMdfa Rmeﬂo @&hadbo@ abuiigd ﬁgﬁﬁﬁon of R!) with the
unsatura ed groups. pi cally R12 have a main
respeativailsd- d\ttfurwtlbea@t)mpoﬁnc{of the galﬁmltfomle &KNon atons. R9
to R12 may for exa e b i nclude linear or
branched al kyl 5 ch P for exanpl e about 1 to
about 10 main chg n at oms. Exanpl es incl ude,
but are not |im fed iyl -, ethyl-, n-propyl-
1-net hyl ethyl -, n-butyl+s 1-nethylpropyl-, 2-
nethylpropyl , 1,1-di thylethyl , nh-pentyl -

where%l{ %5 L hy! ﬁﬁ/ Eéppentdg%grb uq:l%g?ci])ﬁo& 6]&% :grn(%phcy,org{s%géldf aliphatic,

pj

: cycloéilﬁﬁﬁﬁ@)’hﬁﬁ{a)ﬁb arﬂal?ﬁﬂ?:ﬁbpraﬁ@)’ﬁﬂd P]/cl%aﬁplﬁ'u@egfbﬁbm@%y | hydrocarbyl

- et byl pent yl yl entlﬁ/
groups}ﬂtettmyllu@@rﬁ tol abont 3_©etnmatwnqomlﬂowd elimesp kgndsinglof N, O, S,

Se a.né % %lﬁg{; H‘;/:og%z?liph%‘géégy&%ﬁ%%g%waw, arylaliphatic, or arylcyclo-
ahphaﬁc %Q\hyﬂ% thﬁiﬂbddrbyl 1%@&15!5)) |tbitt2ﬂ1t:ludé’s tethtblydbbuﬁ ¥lheteroatoms selected
ri met hyl pro

1, 2-trinethy
from P_E, 6% ﬁySe and &bﬁhgslssﬁéﬁsgllﬁonloeﬁwlﬂ Se. ﬁfétaﬁyllmf}yﬁ example, the 1,3-

dlﬁmcz;ﬁﬁgﬁ%ﬂ %Qy%g@’%)c%4?@? are rdentl cédFD %%%@? ﬁ%g -98-4).
i r?%%?l."lléﬁsifca&?é?’?% s”“‘iﬁtdé% of 0 g R (v may e

empldyed.nul a (XI'V): R14 A RL 5 R16 R 15 wherein Rl R14 R15
and R16 are independently 8EI ected from ali phati c,
cycl oal i phatic, aro ,7arylaliphatic,
arylcycloallphath5 . 0. hydrocarbyl groups),
including O to aB@Ut et ePYt ons sel ected fromthe
group N, 0, S, Se and Sil,1sAny of R R14, Rl5and R16 20
may for exanple be or |ﬁtlude | i near or branched al kyl
cha%p gf fo exanple about 1 to about 10 main chain

wheregpR §€éS§W@V@E¢@YGexanples) R R14, R15 and

R16 may al so include other pola non ol ar,
K04k aéé@nbhes phaespedtived. 3g¢l@ﬁ®%fmr911@|(8 1) ipckade fov arepups limited

o 6335 oD Sk ARl i cas

No. SZQWES@@’QDQI (3E8)t K 5-Reptasedivie (CAS-No. @021 Babajli (8)5)8, Rietanediol
and R15 a d al and e et

(casgo.o T3 eRrh, o) trb-usacdinb San et s SRR o LIS phenyt-

1,3-bihdedlol qoAlSNGf 0506l £, Kﬁt)hyk d?ﬁheﬁylhyh.pré}ﬁnedmi (CAS-No.
nol ety such as phenyl or an ary

77291-92-0), (8,S)-1,5-diphenyl-2,4-pentanediol (CAS-No 135943 83-8), (8S,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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such as benzyl. An illustrative exanple of an acetal
of formula (XIV) is (4S,6S)-4,6-

di met hyl - 2- phenyl - 1, 3- di oxane. [0092] A cyclic acetal
of the general formula (X ¥y nmay be produced by
reacting an 33 al dehyde of the general fornmula RLCHO
(see above for the definition of Rl) with the
respective 1, 3-di functional conmpound of the general

formula (XV) AHAH R5...... R14 R16 wherein R14 and
R15 are independently wdPectrd from the group
consi sting of aliphati cykl oal i phatic, aromati c,

aryl al i phatic, and arylppycl gal i phatic groups (e.g.

hydrocarbyl 5 groups) [that [includes O to about 3
het er oat ons sel ect ed5f«r ngup consisting of N,
0, S Se and Si. RIB is Hor al i phati c,

cycl oal i phatic, aromati c, Réffyl al | phatic, or arylcyclo-

al i phatic groy (e.q. hydrocarb ., 9rou ) that
wherearn Bllu,deP and B1%meuas defiradestnaeohs’ sad &'f cae indepamdgntlp selected

l e m
i, B, W AR B, RS o
hydroﬁﬁb?legr()ﬁa mauérn@ﬂ”tb abedti3 llmt@*oatbﬂ@&ﬁieetaﬂ frds theaedp iNeluding or

47 |
cons1s%111gg)%a~{921 " E_SOQI%%%,(QRI? glpqlinmlgSt L VfﬁﬁxﬁeWLnd rfs may also

T B e 8 B 1 o 3 v

main clspet hileresth 081db aboaf 2G oarhml ato(ﬂﬁVR)”' amt R4 eqayblot exaneple be or

1nciud%glgte:a1|érerjlt raﬁﬁl'xedﬁbl%%ché%js zﬂf fo € Al a E ahoweﬁg;e%qugﬂo( 8’3‘6\@ about 15

main dridNGarbdr2@B8ma- 60- 1), (S, S)-3, 5- hept anedi ol ( CAS- No
129212-21-1), (S, S)-3,5-octanedi ol (CAS-No.

58 { snitabtedh W Pinclu§éIuNare not 1 thyl-
g@a 1862?16 SE)lRli%S) heny ﬂlb1 Scbut anedleollm(lgélgdlilg e

cthyl- ngcalylmlsmpropm Rptyl, Bat@hwdr@nynanx -3ngthepandlylo| B-methoxyethoxy-
meth){l CA]; l}? 353 (ﬁ (%}%p énttnglneg&zlsqyl &gthmﬂyl- tri-isopropyl-silyl-,
d1-1301113)§914ﬁeﬁ1$}-&)y1 Q@tzﬁr)y-lﬁ:tgﬂedlmethyl-aﬂﬂ-,p@ﬂh@@éﬂt}d#dlﬂ@ﬁ&-@:@l- (tris-
(mm%éﬁ%?gﬁﬁgf ?ﬁsiﬁ@%@fﬂﬂﬁhemqnﬁfwbp areeheybopeyl-, tertiary-butyl,
meth)ﬁ%hw-allgﬁgﬂfégylz 851%)*, allylsilyl-, pivaloyl-, methylthiomethyl-, 2-(dimethyl
(2-naphthylmethyl)silyl) ethoxy carbanoyl-, to name a few. Three illustrative examples of a
compound of formula XVII are (S,S)-2,2,4,6,8,8-hexamethyl-3,7-dioxa-2,8-disilanonane
(compound 68, CAS-No. 107951-71-3), (S,S)-4-[[dimethyl(1,1,2-trimethylpropyl)silylJoxy]-2-
pentanol (CAS-No. 166412-17-5) and (oR,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, polarimetry, circular dichroism spectroscopy



10

15

20

25

30

[0095] In sone enbodi nents the AH groups of the

1, 3-difhnctiional conpound of the general fornula
(XV) (e.g. the hydroxyl groups of the 1,3-diol of the
general formula (XVI)) aregsshielded by a protective
group. In the shielded forma respective conpound is

(e.. ﬁRs\i&g; g@'léglit gfogg%%ﬂ@ét%asé@aﬁ%@ dov '%r%}%e&.é. Miemhifk, S.G.,

wherein ) are as

Nat. Byestdh hd@g 580 17Rﬂ#5d4|fd),mna0®1a0hﬂ@gbmmwmlael@civ/efdisation in
! i.C, ..
comb Rt AbcyatiE) ARNFEE gl TEbS NI fhBRE S suitabte 20-

NMR Gtehiiige, fonekataplebaded @nahe tuckah ejv%ﬂm@mrr&fml @sct»eu & X-ray
fromthe group including or _consisting.o

Crystaﬂﬁa'aéily opsli PaterY ¥ Rafrge Rap Heaperal Ko ¢edl HJ th QW F@Q(B) 68,
4609- W dﬂ% | e PLORK R Oﬁﬁﬁztﬁ%” P g)aﬁgcglaa e’ i?ﬁt?a‘i’oro Eelected

uns roups. Typlca ave
modemfeanorgooﬂ s’@rdoeelgéthmyfcaﬂ bt taclabmnltl_lsﬂ@ the n’mﬂmdaifMpreRh? 1nvent1on,

and, R18 y for exa b [ ellne or X
Whﬂebwawéh ngpkwn&qa%?@% ﬁoas P wagar %t Ao pields and
stereoééigctﬁfﬁhés%&%% hér% :i's%xﬁﬂlgﬁ:s GHRed ﬁe&q{b@ﬁﬂe@’lﬁrﬁg{s IC&E@&‘?&JndItIOHS

es of SU|tab e protective groups Include, but
thatharealombeedmp‘mmaezﬂ to, nmethyl- ethyl-, n-propyl-
i sopropyl -, acetyl-, tetrahydropyranyl -
Wﬂbeﬁyﬂlustra@@e resetpley ottieox fhe ritintor -is (4S,68)-4,6-dimethyl-2-

phenyi}#eéﬁgsﬂe |0§/ nﬁé et?w Sgiaiggrp Lﬁ%giyﬂarpheﬂelt-ijg-lds oYane the reaction
can HB Tb}ﬁ@f{bﬁﬂfﬂy byﬁﬁidﬁﬁbheﬁﬂd )deplcted in Fig. 16. In such embodiments the
1,2,3 ff,éa p,lgrlyamtaiayd@rbh@ﬁppﬂlg], A[Iay(methyla-ﬁrglqu;lthren-denvatwe (2) is
I sehfidd 5o pfaﬁeﬂﬁ 1

Obtamtq(%l ug%{;x%l %)r%% aﬂsé)lﬁl}ﬂrhhet ﬁgf}yt}{ehgyﬁgﬂit erti gfrn 1%1l?tf){/l l,s pheny], the
reactioreyiclds shd prodydts dedidtyd suthe echeme ofdig ViIBA. al | yl sil yl -

pi val oyl -, nethylthionethyl-, 2-(dinethyl

[0a 96 pRithotetdhyig) i Beyhdund thydkgorg ait haasyined thad anbeast far the use

of a c{a%}(vmglgrfgg& %)} | %vrlsag(ln ee )s(t%r 0I ﬁe?mgefll paroduc? r;ﬁ)éi(llls Eisee the appending

Flguréssfo&xa?rnﬁeg& oBsdvélt ﬁﬁé’rﬁﬂﬁﬁ%ﬁie -Rethodlb P8 presBnttnSédtidN ARdPased on
(conpound 68, CAS- 07951- 71- 3)

the re@@os)paws[statcmﬁm thpischeme of igi Het hyl pr opyl )silyl]oxy]-2
20 pentanol (CAS-No. 166412-17-5) and
[RH yEhe Lqwisliagist Gl mﬁymplley&}@x)ygss&tedempql ring opening can

procegcfé gfagpﬁﬁ FORG rlgl Rg %eﬁ&g ﬁ%&?ﬁ( ia?@,)gA elﬁrﬁggtgg the IBéCelC)i('ls(fmg axial

stereosdpalsidnig thé Omhc acetal and hence is more favourable The resulting oxonium ion
is subsequently attacked on the less hindered Re face by the polyene via antiperiplanar, open
chain transition states (path Al and AZ2). 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



10

15

20

25

30

the respective diols as illustrated in Fig. 17. As
descri bed above, a respective acetal is useful in the
cyclisation process of the present invention (see also
bel ow). 25 [0098] The sterggchenmi stry of the reactants
and reaction products nmay be anal ysed according to

explaiftey aﬁ'@;ehé) gy&ﬁ% teBctidho e feactaMEcR s EQhpduRat( Qf‘fs%e e.g. Fig. 1A)
2D- NMR based on honp- or heteronucl ear J coupl I ng

alwayy a¢sulls irf Rnecfmmatlm of ettraas-ds:cahursevswpp in s@neremboda@its where the

el ectyon onlsa |on

15,.
sccta §3a 31 B FOR PP REERYIC B BT AR UEOL Ay Brtaried in Fis. 16 or Fig
18 or fR@GlK QO PN) S XIY shoFe, tHE boifiduiichdfithe 46tdl Gig & fyeddtermine the
based on the Davydov spllttlng see e.g. Alenark
enantigmer produged 1mﬂ@ocych@}§10n(rgw@p i[tﬁna}lj@'_ e_lg@.g)ple affect the enantiomer

oo SRR L GG TR A 42020k By i 16

part 088 clNMRpemtfH:\krhIii (R)goramish wcbﬁﬁ)gtﬁaﬁ’d& NMVR t echni que, for
exanpl e based on the nucl ear Overhauser effect, as
mm,] am Xoﬂhayerﬁb@tﬁmsma,l O@ra iy a@étalS ahitiskostiate MR acetal, the
e. g, Harper,. et al Og. Chem (2003)
Stereoelsemls% e’éﬂ@@fasal ripg ﬁ@ﬂdﬁ‘@’%‘ﬁ ﬂlﬁ@nwmqr FPrORISRY iR ﬂ@rﬁfﬁhs&ﬁon
react;lélp hg@&‘hb CHIbRE; Iﬁéﬁ?s hﬂmﬁdﬁ%%g&%%ﬁfs% e ARARER] Emﬁﬁor is a cyclic
Srereosel ectrvity can be achieved using t
acetaln’&b rsmdeamhemtsa'ymf ageoitty covelehily bpundioi the cg&be]hyis:aﬂmn df¢he acetal

may JRiPHes dh cheRRs. Bloduitt, Ft (i HPLBrOE dRdishosty A8 Hlustrative
examlﬁé afPERBodIR%RLs BERADe Tl ﬁééﬂﬁdmlﬁh@&ﬁs fcﬁ%hhﬁllas qgmm RRYXI) (see

that have not been optim sed 0099]
aboveD,lR " nfitherecetal initiatopimay infleaecenapiéoselertiyis @ﬁthﬁsﬁychsatlon reaction. In

L S—

an 111d§&aﬂi\&acd)daﬁiple céie hetak pintisrart aﬂaﬂWbé he S@X@Fﬁﬁ—preg[l~4 ene-20a-
égcted in Fi gi In such enbodi nents the
carboxalgelydg acgsalgi. f&% poHeseeahRIRRIT, 1- di net hyl - 4a- (et hyl)
- 2-phenant bren-derivative (2) is 15 obtal ed in high
yields. As an exanple, if R5, R6, R$ 4ne are net hyl
and Rl is phenyl, the reaction yielags 2hg products
depicted in the schenme of Fig. 18 W t hout
W shing to be bound by theory, ed t hat at
| east for the use of a caje ormof a Lews
acid the stereochenical pr ¢l ds (see the
appendi ng Figures for egar gbserved when using
the nmet hod of the present |nvent|on are based on 20
as depitted i Kig. i20h.. p’@tm heetakenufroimthe esamples wepigtedindiig. 225A and Fig.

2on RCR) B hEn T B gL RGO ARSI or o

cyclis@fNteastidn) R}ﬂﬁlﬁhh@ @iel‘boehﬁhﬂsﬁz RALRS dite chlrel exitrsd bf the acetal ring
axi-al stereorepulsion in the cyclic acetal and hence

did nqtghawran effsrbandpe enantigmey of the %ﬁ&s%wamra%lqt Preduced. Acetal rings
with ifiﬁgel‘&ae g"l‘i‘?&[ﬁt Xn ik q?é%?@ gf’é’i‘de]tdh{ﬁe same égcpgﬁf)ﬁ %r&ﬁlct K€ i be taken

yene via a anar,
from Fig. 25A and Fig. 26A, the stereochem1stry 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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25 chain transition states (path Al and A2). The

transition state leading frompath Al is presuned to

be much less sterically demandi ng and | ower in energy

conpared to that from path-A2, thereby affording the

maj or isoner (2j) as determ ned by X-ray anal ysis.
1sopre%ﬁ1| LalileOMe RIRGASHI0PG LVaRHEBoRS Yl eén YR @é’é@é:lﬁ‘ﬂﬁla?or and the

hs Bl and B2 provided mnor isonmers (2]') and

180pre@Q;dl)nltr(eﬁpbctﬁlg/e%%) 30 [0102] As noted above, in sone

enbodi nents the acetal initiator induces

B84} | dsehebe inferrgd fromt the abover theohidietor andergodsi anaadidion reaction

eaction. pf the qgy.cl]j satlon(%r cess of. th

0

with (5 S50t i Conughndi i Pt P BESeR ipkionl ISR any motar

ratio SLEEPéESdI RPILRE A HiSatoh 8t EJW@sedQQGthéllmdtlEUdt bPtherinvention, it
i ncl udes noreé than one chiral centre. As

may bg desiredain W%ﬁ@h@ﬂ@eﬂﬁs?&m%ﬁd@ %nm@laplamww tobthgeisoprenoid
comp(?\ﬂ%ym%r ﬂlgl‘?e(r ﬁ%aﬁcﬁlﬂr g\;} i€ dFﬁmlgdgg:&é%m gé{ﬂﬁgm?éro%awj&msmon as

illustrhied mBbHveO The ﬁmﬁatbf g f@keamhipie Iseysdediim tHersafertRolar amount, twice the
enbodi ments where the acetal initjiator is a cyclic

molarzgmpuat or thype gt molarAmReult of Hag jsgpRoidscoproipd elg i however
also po%sgble th Eé tHeli prer]!:ﬁd @bm EQIEI%‘HH nﬂ)la?ti)excés@relgﬁve( t the initiator (the

ove eco lguratio eaceta ring may
acctalyleflas pdm dort dyample hawbnodeed pithe acatal is aviilwblecymdy iis smalb amounts

react.ion, f exanple affect th nant i oner .
or at of s daice, sl FEPUIR TS | G cash RBHI BV aASPaiely; in some
embo@lﬁ{dtﬂé' tRE niHPrehivo @136 ﬁmﬁ Bmpbiigd tolfktal § inRBE fan@ fidm about 1 :
chiral centre with or with (S)-configuration.

10 to [abaw3}0 1 h, wheaSefﬁbémﬂtlg therraee frame abewtlaf 3itaiabpat dr 1. The
catalyjstS g e gélg gsfe%qaﬁlb%g r{lgﬁhﬁ H&h gﬁgﬁgswfzg%%egoﬁ%ﬁl? Hgﬁgltdﬁl)n to the

ehant |
1sopre®.§61ﬂ| do&qioluﬁdh) adng @atici oyolisation S@Uﬁomnﬁlzhd linventisn is not prevented. In
h I
some EBp ARG RYFRVOR SRS gt f ok 564 sed dre added. n

other Eﬁ\ﬂ@éhﬁﬂ:h{sye qRBHAE: 4RoldS 1 B RPN nSRERRPoR 6rhﬁg}ﬁ§ &tAdsed, such

eterm ne the enantioner produced in the
as tllecgama walal emonetatwiconhe mlaaramdum: ot flaed¢ times gheamplae amonnt of the
P c%i nents where the acetal initiator is of fornul as
P P m(‘%‘m ir (XI') (see above), R of the acetal

0] 588 Bk SHTSLRS B Lh e sy varion

modifRfatibh Qe@ﬁ@ﬁ@'Eﬂaﬁiﬂlésah@mdé ﬂﬂ@?@@lat BE chRPRES tddwetion of unsaturated
enantiosel ectivity. an illustrative exanple, the
bonds, g dihydronatignopt myata@teal QUFRE-CIPSD phrgs- 2. Bleaobalegenation of

unsatt%gfeg Oéﬁtt%ﬁ@fg&kg)%ggélge | C‘?daélgh &Luﬁ&%ﬁ%ﬂt @zlrbér{' beh-‘g@ﬁ Yonds to
ketontsa kg norparaen lyideo @)emx;ﬂesandﬁlpl messhce mwagter 2BA aarmmbtﬂ 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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26A, only the stereochem stry of this nmoiety (R)

determ ned the enantioselectivity of the cyclisation

reaction, while the stereochenistry of two other

chiral centres of the acetalg ring did not show an

effect on the enantioner of the cyclisation product
conveﬁfeﬁﬁ!y‘ Cb%dobtﬁﬁ&i aémg Iaq%ceswat:&ra g%&ﬁe %Pésér’ﬁ' 1h‘;réhtioﬂ (Ts&! Flg 22).

regard yi el ded the sane cyclisation product. can
Furtherakemp[25 ilfustratin the n@aﬁoldrsdn@ﬁ@c aveppes qpigaed by the ¢ cychsatron process

of the PRI HERUR Y o R élfe”apéﬁ%cﬁﬁﬂw%srﬁe%. AT

ns, un ffected b the st ereoche
RO Takn il bF “siag 8t % ERER %llg’l}eé‘g P in s
specifida€ios sR6E1Q Glde MeSdssarilPbe aaktami &t oh a&@ﬂéﬁﬂléﬂfgt&xﬁﬁntbmumﬂletdbcmnent is
anot her carbon of the acetal ring of an acetal

part of gher state 6f thesart ercis comman ganeral kpewiesnetll doemmmatsdlisted are hereby

B e e T
P TERTOF A sl LA i e of i

I SOpr enol
narrmfvetr fpRtico mndfsuhgarmualmﬂpnigsnﬁllhgtwﬂhm thh eeagrat éulsclosure also form
itiator and. th soprenaoi d unjt. al so

part of g invorgippa | Miadnludes aE FSEBF destmietignof s agvien diffpa proviso or

negathvBilinidkieh rHASRhY A8y sﬂﬂec@%tﬂ'ef 88 B8 GEmAN regibdldys LR Yhether or not
i soprenoi d conpound in the process of the present

the exicisod ntatasial isApe¢iBoadly raeijedisrein. 5 ratio of isoprenoid
conpound and initiator may be used in the nethod of

{H8] n@élmru enbodimentgyarp ewifbig ﬂ@damnémeeclémdﬁnné@@on where

featur‘igg ?‘r%%s e @zﬁ%&“ﬁegﬂ&ll ?1% c%g}f}ﬁ% lerm. ??1\4 ﬁ%@dpq tgo%e skilled in

the ar® Btk irébo@nislél it It]lie vertitat is cadmspthsneby stcﬁﬁed finl teusit oditaeyl individual

above. The initi.ator r exanple be used in the
membex gpsubhgronp of ﬁ%ﬂl?ers?%ﬁgédﬁrﬁ@h%‘? r anount or three

tinmes the nolar a of t I SO oi d conpou .

[00FD b invrmtan SBT st seR Wiiforet sgpeeiopg following non
hmm%) gin a nolar excess relative to the initiator

% acet al). This can, for exanple, be considered if

the acetal is available only in small anpbunts or at a

hi gh pr EXEMPLARY BMBODEVEAAS ORI THEINYIENTHONvel v.

Accordingly, in some enbodinents the nolar ratio of

! eno, | _ _
LA SSRGS 5wl o
reactantseanddogieerfpteoesseb thit nay beisedamizhown & the BppddenglBHigures.
catalyst, e.g. an acid (see above) may be used in any
{iliSlil] efigmearA siovwindn éxemplatyadchane b6 ah kmbotliswgmt ef diedcyclisation
ound as |on a,stheccll%tlo reaction of
procefs, GLRTGRaling 3 MOIURLy SperAOGPOUR, T8 O SHUT PHERES Of IS crample

includel® cbgtgﬁgﬂg 0@ 1 0h Mol afad) Ui d- Slnﬁwm-ﬁhéﬁfybh&ﬁl Lowigeaqiy (at a

are In~ other énbodinents equi mdbl ar amounts to
concemtretmrsmﬁcﬂ endN)dn dzhjzoomethene (2 yhewithrae ageeldnitiatar 0.3 ammol) in the

preseiqRRt 4 el At e Reormpi B BT aBstlthar i)
chloride. SnCl; 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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[0105] The process of the invention may include or be
foll owed by various nodification reactions. Exanples
i nclude the partial or conplete reduction of
unsaturated bonds, a di hydjgoxyl ation of unsaturated
car bon-car bon bonds, a nonohal ogenati on of

cyclisdRSRbE Bt {1301 - the HRABN RONIBenzal cydeddiie@iy] Aketal for instance

unsat ur at ed car bon-carbon bonds to 25 ketones b

resulted e forgution pdr thg i 1dB3.4i42,% Hbl G- eciadnydeo-bl -dimet:l%lémﬂmathyl)-}
| t al . . [ [ ted .
shenl S e Rk T f Ao BESA S (R iy 0 S Eppaepgic e

benzytiar CHNweashisined FOLE2) @asraties Ifroas S0HCtd 006:00F Combined yield.
functional groups in the obtained terpenoid conpound.
Determned by illustrative exanple, a hydroxy group may
be oxidised to a keto group or respectjvely to an )
H1d2hy Higurs 2agshomis o cxemplagy grhepgof @i ayplisgtion process of preparing a
-chl e . t e qt.i C ' | .
i A0 PR GETRISC ThE Cpbtis el ibockl o S BRI YENRE b Mt 0.1
mmolc (3B}l 3-gndthgl ol -plasnybusna-fftdiar (1Y -widt avetalt inittaye! (12) (0.2 mmol)

and thg e i€ SRR, A Ao ] B b X B Brorhifane (2 mi) a
78 ﬁi‘sm Ay didsalo IndiaBidW hixtare EINNE afld) (ﬁ% g&ﬂc&m R0 nixed in

enone, as epicted 1n Fig. 22, which been
dichlavbutethynes stadoinrtetniperagyat Reastiensofers talpwied talproceest fov 8§ min, unless

o B U b BB AR B AR T in v

moietfd IR NEN thes88ml @Rtidtdd (12 [Rdri: Beorhd ® chtal ch9d ¢l adeyA) thedili€d the same
avenues opened by the cyclisation process, of the
selectiyitgsashenpridaide givelehAnd Bvanhaiter 1o sen ntiss a1, products (4b)
. e Ei . The | hati
snd (4 ZScBanic it el bt e pSGhad ol were
equally sjeblefdsciattiators §émriesl3 ndtand S3.eAsanmktyicheyclisdtion wmgaof a chiral

acknow,edgenent that the docunent s part of the
(steroidal (Sl © FeCafis Br 20 welyh _-g‘*éﬁ&-gpemwmﬁgsenmwtal as the
initiald® C4HBE)Sshbolwell %%p@rseleawiﬁbcemvﬂa?%pﬂfe%&e JMRERED iddYhers with an
referénce in their entiréety. [0107] The invention has _
overaeeld ¢€ §6 . bl eendad| rpactio tyempioledhdvantegeeysifor thegRacgion using
oo b nagr [ i ' ' L 1,00:
s i A8 Rl RS 1 21 RSEREGD Ry YRS | A ey
6. the invention. This includes the generic description
of the invention with a proviso or negative |imtation

[E38])i Kigwey3 shijseetemplary geadtiopimof Becyglsalion rraepss @f pseparing a
ot 05, Bt o "EaFeRlE SPpMRUR kB s sm, Qe n s

termigdtigWinbldtyn  Methodp pesedi ingludtdicontacting @ddinimelnisopteroid compound
features or aspects of the invention are describ L n )
(ranse S erpbOgi i Rearearpsisasts ol 161601 8 Fitany 2cpRE (g Chomical
At N PEROILSE e Y SOOI o O SA he evis
catalystiSCla (P2 ofimokp HeeMsindFH3(g iveidhlrsbmgthaup(2 fl) 8978 TRe SnCly was

addcd[ tgvtﬁa téclagtgﬁM ror){;%qll%ealli gﬂg s({g Gher tl'ule Ps%{){eggﬁdcovn\qptoﬂn grflc? & hoctal initiator

were mixed in dichloromethane at room temperature. For the asymmetric induction of the
acetal initiator (4S,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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limting exanples. 20 EXEMPLARY EMBODI MENTS OF THE

| NVENTI ON [ 0110] Exenpl ary enbodi nents of processes
according to the invention as well as reactants and
further processes that may gp¢ used are shown in the
appendi ng Figures. [01111 Figure 1A shows an exenplary

the is0pRAEIR QImpine TARHAI 4¥)-(#f- trﬁﬁkeNGﬁbﬁldbﬁ 3bdu®8 in RhOFESMtiBh of one
preparing a nultiple ring conpound. The cyclisation

produgt erasiomst at Hiesallykiaratobol dgrdl r\rcnt@rj ésse eamttbe tinglyt and side of the

nmml . (3E) -4 a-3, 7-dien
structffECbt betbbo el (e FAD XL O rer S B el RaRBS, b pitiple ring
compwhiidiisannia6 gt af béthiidongkor (0.3 mol) in the presence

of 0.2 mml (added at 1.0 Min dichl oronethane) of the

[EMMF  Feduite CRERIWESExeliphdrl \ractiohit of lad@chﬁ‘hl@ﬂx‘br@@%s @ﬂ Pegharing a

to the reaction mxture at -78 C after corrpound
multiplg dingceompoundyEpiag #ePreneidi FempAdribetHasades a Ccr&ﬁiouble bond in

its tergjgﬁg%%rg%# tgf g&ﬁgﬁtﬁ %gggé %gﬂ él&ﬁ%‘cﬁ' ’7 ?&#ﬁgth&ﬁiﬁwlloo&decamen-

1-0] prdpanoste (1 BHACheamnicabABitraot-INa Y 0483778 18 werepkiformédss for Fig. 3.
formati on of one ring (conmpound [3]), in practice

[{Errﬁpuml(rﬁl)s viasvsf @{eﬁﬁiﬂaryl’redfhdt@hs oy Iaedydhsdﬁlogl.ﬂr@celBof preparing a
shows a table sunmmarising the obtai ped products, using
multiplg ng, sompRg| %Smgrﬁ’é lg@reus% ICPRRPTRSH tht %ﬁ%@&h etmgroup in its

termitidlink" TndRE§S szﬁf n’ thggf s?r% il @ﬁkiﬁ?&@{oﬂlﬂ, {®) (Chemicat

I nstance resu Ion O
AbstragteNe, ¥ 14a§29$)1mdmmmanemnb (26)Clnetniinzl ,AsbaumerWps -70-1)

were Eé’é@ﬁgﬁ go r11'{1{; r}ia)?-' at s Frﬁcg%lgpvglgﬁé%f :ﬂgel %leta{l H‘Jétlat()l' (48,65)-4,6-

dunetla D.Z—ghéfgd@d &\ﬁkﬁle@ééalsa figr (2) in ratios from 80:20
Combi ned yield. d) 5 Determined by IH

M\ﬁs] [ Pl b1 Cexdth ﬁg%a@‘@n%e my@nyaﬁ%ﬁqﬁa&s%f Preparing a
cycllsatlon rocesso ‘garlnga l[tiple rin

multlnlémmdlpo u&lpglanssa)prqml papRrosmd dhat ipglades triple bond in

st iyl QR ket Tiing @5 10-dimetnd 5 ppfcadion-L-yne

(29) @&ﬁi?iball Aléstrgzsomo (22350(56 D, (EprY1- chmelthyhé,lbeiad&aﬂmmt -yne (32)
cat al yst n

(see below %’Fo‘FﬁeP’F?Qﬁ‘@ ipB), @'?éxﬂoiieﬂet% %9-113 o %y@aﬁealethal-sﬂane

(35) (bh&nfc%ﬁﬁ%é@d&ts@?ﬂﬁgﬁﬁ 8.8 41 &, 8)-6,80,14 bimM91-8988bentadecatrien-
were mxed in dichloronethane at room t enperature.

1-yneR38)c(Ghemsicahdbetrats-ind 06 57-p9-8 wet ifesfored as for FigaPess

stated otherwi se. Figure 2B shows a table summarising =
{Hd7bbFégured shpws dscruplaryresciions gba cymisatidneproRess vsing helerivative

of GfFg %@gﬁ b R %, ERi<De R aBeat BA A HORUHE AR srowp at
positioRd @¥eRr’ hﬁgélﬁfal)fbﬁlhﬂa (Bee- emzo SC?cli’daﬁoﬂ- a‘ed@ﬁ@ﬁbJﬁdlﬁg (E)-9-(3-

(4b) 15 and (4a) Screeni n erent aceta

bromehevisd 2 ase @rfl@mqndl]aﬁaxxér(fﬁlﬁhbwladlﬂh@t}éﬁﬂﬂﬂ@e@é) and (E)-
9- pheﬁglu?kld%fmétlﬁ&f 3l rﬁ)n ﬂ%)ﬂ 'o@(hfg(ge?%!b%@l#uﬁéﬁh?} s1f&n@'a453)%ee below for

cyclisa
their preparatlon) 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[elinden-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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(steroidal, "St", representing a

20- et hyl - pregn- 4- en- 3-one- noi ety) oxygen acetal as

the initiator (entry 6) showed good selectivity

(87:11:2) for the three obsgrved isoners with an

overall yield of 80 % An extended reaction tine
foundPiOME A S84 B HROROUSH uflhudk BRSBACA 1980068 BE 1RDMltémrancan weed

initiator, and an exposure time of hrs was sel ecte
Pyrethrom Sm@oluw@dasgad |thmsnﬂ>agc daspds stellifant pﬁ thesGrepOBarler Reef and reefs

R P A
J. orngh@@p(rlgg@)l ﬂzsslaa@umuupm J. &l A g 5y ah&s Smm) 126, 5, 1536-
term nating noiety. Mt hods used inclu

1538; c@zﬂﬁ%tﬁ[ﬁg q¢. al., phrdiat.i @‘é’dr X2 650%0%1!58233‘/1 B.N, et al., J Org.
Chemﬂfg??@-s%ég-qg,% an@)£$§ y?o%@{ﬂgﬁﬂ( i@@?b@é{r@?& 1-3-chloromethyliden-

benzidbayl)acbenzyb alcoBal Sbmey UE) twashebtame@eﬁemmeccﬁummﬂ (39) or (40),
cinitiator (0.2 mol ), and the lewi s acid, catalyst .
depicted dn X1g. é ) gﬁﬁ%ﬂc?mi seheme yredoresppnded g the |Smt€ﬁ=ﬁ§t RHisel-2i-72-75
dep1ct(e31ﬂ'1’~) -78 T. SnCl4 was added to the reaction
e at -78 C after the isoprenoid conpound and the

Flglg?rf‘t F b 128 Qficts r&eﬂigi‘a?? shithei& Q(I:I‘f%[rg:"'&‘ fi2Nkh rt0ﬁbeietic acid

erature. asymetric i nduction o
deriv@®end89)nl(3 B-0l-8j1d113(14),1 5-abietatetraen 18-oic acid methyl ester, Chemical

AbsrgNS 01713y A5 D CRBEEH o3t S BRI R metht ester

Chema® Y819 NA T T LRKY), GsRigPa n;)bﬁsatlf)ﬁ %?oc\éﬁ @é!:‘é?dmg to the present
el ectrons at the oxygen ato

at a Suitab osition
inventiery (foeth¢ isadatianeof wmwgn@ﬁﬁfﬁfanﬂldénwwéem %8 Iéﬁl}?g]én, A. & Miski,
M, Ja{\roﬁpr%c?a@gﬁ)szw 1?52{?2{]'5% "R Hof o QL B od, (1993) 56, 4, 461-

's™n USIng one enan
472). €0mpohedsd ($9parRNGDYare &iep prodrsosfohprparation of ring C aromatic steroids

(S)-(+)-trans-Nerolidol, results in the formation of, |
(incluginig 2eHtagRRst St rASi HRRECSISEONEH @NalPEYAS; ANJFQSSAD| g&w%md and

mineraRBitRbid( %?mgng ardalfpuEd)N gxbﬁlcﬁaﬁgves'%%n rovB& showing interesting

structure of conpounds (14) and (15)). 1f m xture of
pharniasologicsl ppedied (seeh éomcptalmmd:,eAbadag‘X ebabodin@rg. sChem. (1988) 53,

376131 s R PBRE ot b U Sis L B Giins or e fungus

Corti@RPsIkin@rannoiy ID.RD| & 4l,NG OBAPCHAA. (ISI68Y 38 12, 4462-4466). The
i soprenoi d conpound that includes a C=C doubl e bond in

synthesissschempgibagad; agthesnethed offpeinresnt Biventioactartnyity Sengyclisation of

(®)-9 (Foistachntnsty 3 s NG nénRichy - CO0RRRY LhBInaiptip-sitan (41)
using Vi1, peﬂ&af’@eai m:dxdan:d for Fig.33. PRidbEpn Fif ghe @bt‘a11Eldom,4R)4—((R)—
RFSETpRbY ool farimend- g BopdenE leiRg sy 123,440,

10,10h-20RAGABIHH eﬁaﬁﬂ]ﬂ@ﬂ-ﬁdﬂ) Rényl)MIES SorBpdiet-81 (MNP wWithi tyridinium
terwnnatlng noi ety cllsatlon Feactl ons usi

chlorachiameste arfBOF) acaeldb Eac)Sosrty cHaR)Abomact-§leasbutyldiphenyl-
U R O I .
thoxyﬁﬁfépd;élgli‘ (543. YH?@{DI}JSQ; usBUSithRiun® hydlfﬁﬁld% aRéralicided ((18{29,4aS,10aR)-
7-bromo-1- ((tert-butyldlphenylsﬂyloxy)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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di net hyl - 2- phenyl - 1, 3- di oxane see also Fig. 18. 15
[0116] Figure 6 shows exenplary reactions of a
cyclisation process of preparing a nultiple ring
conmpound usi ng an isoprenoigg conpound that includes a
C=Ctriple bond in its termnating noiety.

2j-72- @5%%1%&:‘&1'11@?@ eactions using
10-di net hyl -5, 9-undecadi en-1 -yne (29) (Chem cal

Eﬁlﬁﬁ}% aFf 1090 %%ﬁl@% eXamples of isoprenoid compounds that may be used in the
-di net hyl - 6, 10- dodecadi en-2-yne (32) (see

metholdelcxfwtlfeo rpregest pnggmoat i An) (E,E)-12- (3-meth0xyphenyl) 5,6,9-trimethyl-5,9-

st TR S U I 550 721

tathBthkd-4.8,120.6120-dddo ﬁwb 3.4hihd- QONANECcaRBRFI1-204) NeC: (27
pen Ciwem cal Abg?jfact% I140%3(77 79-8) were % @2y

fameSéﬁ@mlm &66531‘50 £ Dk5886d 6-%; I Cﬂ?ﬁ)ﬂ = QW@XYP@WM 6,9-trimethyl-5,9-
dodec 1%5%%' N%ag%i’ﬁ%s» Qb B: YE14, 5P | LPeRERERTE2H8LNY 620,14, 18-

erivative
tncosz(p%Ebaeﬂalﬁtdél(mSQMb 105p9BR8I7; mlommsﬁec_l’wdll‘é,hlé dithythylaedde has CAS-

dgg@;ﬁ?{‘)g?ﬁhl ﬁ?ﬁ)ﬁ%/%'ﬂbo@‘@@ﬁlﬁ }T%; ggt ! (Iqﬂé)g@l,R?g?@dlenyl] 3-

' 1(Gh S-N 54182091 G: (EE)-59,13-trimethyl-4,8,12-tetra-
methﬂ% (ﬁ%lo&)@]tyﬁ 32&: 0 -2, n%’na |(en -21- g)?)l/e (y e

decatr-ldmmlyih)(dl Wo— 31|6l2h39&0$-4],) Har(dE,@E)lQE 16E)-5,9,13,17,21 pentamethyl—

8,12, B frosgieendre (Chari<gLABREIENY phise PIREpr 1 o-thbn 2.6

dlmetg,lepétﬁaaéc@&)enwe (eaBatd.ormedons2fer Fi 910-sthylidhsd6,14-trimethyl-
ure 8 depicts a contenpl ated Synthesis schene

of
2,6 lmwep@gg@e de€rAS-ato. v 4849 1@-7), K: (all-E)-2,6,10,14,18,22-hexamethyl-

26142 R 5B AR P2} (AT G AR SRS DA 0 oy

6,10 13,L-1-8b(eﬁzﬁneﬂhyhﬁi,9n-331Wﬁondém}etﬁaﬁ—zebmet UGASING, 1AM, M.
.. e de L GPeriwget s A DcsesitosRgusp i seid (CAYNo. 142695-

71-4) ¥l (B4 £5.a%8) ik SRALNE $0-p \éﬁ}h@&aﬁéﬁ&&eﬁ %‘1 t@ﬁslr&r 184465-89-6);
hd
an antl cancer pr opertl eS and are thus val uab

O: dd#ﬁ@ﬁr@ﬁhﬁai%%h@m@hﬂa’l 410, lﬂdﬁﬂ@-tpimaqm@lemml-@f t (leAS-No.

mosnd g6y ) AL (AL BEERRVE Rl frgione (CaS-
No. 54’3‘50@8?—1])@3@ S(lﬁZ @)Jﬂ-(ﬁl@ﬂ@xﬁneﬂhﬁ Z}‘[@—aim@ﬂj’dtz GﬂORe&éca&hﬂe-l 12-
or the jsolation of reSfect i v

diol (RPN 1266137 Ba pr el I ey - fveveb hexgne-1-methanol

(CAS% 1592113%?%0%%{%%1%3 ( g)gr%e}?ﬁ (ﬁ@?i-{%%gﬁkgp%gglg -dhdecatrienyl)-
3- qunijlmgllemxldeh-] (Chens¢al Mbsir,acté—Nd\ldﬂS.’iSFlFlﬁi?); (POEIP-[654-dimethoxy-5-(1-

methyigﬁ%@gy%ﬁgﬁmefm'g (1St letiyltiend Pnones 01 (CASRE) 83569-80-
6). It (nZa)ﬂBQ %ﬁ%ﬁéﬁe@uﬁ% Qorfie 2Bsds b NaBibitktivi Aldidied "f@tshj\éﬂd fhctional

n- “benzi ndenyl ) - a- benzyl al cohol™ isoner (45) wa
groups bf reiagtentsf ysing danderlmgthodoyel knpwgyn the@lpi ct ed | n Fig.
6. The reaction schene used corresponded to the
yath eFlgure diidepittszjxampler BT achigliinitiotprs thatingy be asediig the method

o k0BTl TR, RS 5 i SERRL B OIS on G eremic

Abstrﬁé’eé—ﬁfolo I91646m711%1n 18) (1155) 1&1@@@@@1{@@%&&@ (a::mm 500198-18-5);
est er em

C: (R*,S5%)-2- [methoxy(l—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: (oR)-o~[(S)-[(1,1-dimethylethyl)thio](2-pyridinylthio)methyl]-benzene-
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Abstracts-No 77091-13-5) and (60)

(3(3-0l-8,11,13(14) - abi etatetraen 18-o0i c acid nethyl

ester, Chem cal Abstracts-No 17751-30-3), using a

cyclisation process accordiggg to the present

invention (for the isolation of conpound (60) and

1 el _ L « " . .

methan8] .hlé/e@étb X@%Sﬂggl@?%z&lél FeZaR l{}r EE%M(?K_ dmﬂeﬁwMthyl?}hl 1(2-pyri-
dmyltlwmeﬂwﬂcﬁ-nqpb@g@nessthanol zaemateﬂ@jks P@mnﬁaﬁﬁ?@s@( 5D) Gan€R* ,R*)-

o NSRS II R 1 s

1-[[1 Ntl@_ﬂﬂﬁcli)ez pn@ymgbﬁgw-maﬂypwnane gl (@wsuNd comz@sdls 0); L
ral corti col

hor nbne anal o ﬁﬂ§)c have
(20, 4p,68 )8 &-dmsiiyig -phendr b3 dise nalﬁmgﬁ Hpodﬂzla% %‘? Bbeh |ba_£§pheny1-

mettsb Bl B f Moot ol (PN TR SCTL KO oo

2-cthyflat;5- dﬂhqthjdel,s-ylmmmqe}zk%bdonEMSMQ-zjﬁm f 4Rg(25,,40t,5B)]-2-phenyl-

1 3-dipRgns4 35l o borvlise s dapehoisid, (EASR SR I M [45-
Qa, 4&%@?]@6%9@% SN pHAGIRIEBRD 3 -4iBY AR | QOASIREL S W13 71-H89), N:

i Sat1 on

(20%4@5]3)% A Gintethyidpptenyl-) 3 Aithiae (EARyNo 2626 610adh €ny#$-(2e.80,60)]-

2-hept eyl ¥iloS e SRS S BB ek Bt RSB tenabycro-
4- oxooﬂ{ﬁhs@daﬁ@%lﬁﬁb =foxdlMe-25-dicarboxylic acxd bis(1 methylethyl) ester
R 2S, 4aS,"10aR) - 7- br ono- 1, 4a- di met (tert.-buty

(CASYNG.pFENAL-38- ObXQne@mAB,@ﬁ)ﬁ @-dxmﬁhyng-pKenyI—l 3-diselenane (CAS-No

A T AR R L,

(CASWe| 196118 B89-0(;1%, Qa—mﬁylphenyl) 1,3- dlthlepa.ne (CAS-No. 162246-35-7); T

2-hex§ﬁ‘§1) AP '(SISx(f,t ch%,téﬁ;fﬁgfﬁ %mf@s @40 §B)1-L,1-{[2-(1-naphtha-
lenyl)1103%Qﬁo%%ﬂ@ﬁyﬂ@ﬁ%ﬁ@t@é%?i)ﬁb@- YeHapRe iAo, 104869-81-0); V:

t Roxy) pr opanal Si'S usling pot assi um
[2o(Epgarofyi Hé-dimethyl 24l -@ecu)epyll-s 2@%9@111&:({;@3&)&]3@ 186254-68-2); and W:

i o

RS 3 A S0 b S S groces o

prepafihd & AR QdigCt:ompd»dndr Thel dbbhﬁrldthﬁ}i fegxr f‘(@tetdiﬂalpfrepresents a 20-
conmpounds 59 and, 60. The  reaction_schene _that nay

methyd sy EEn-H d}netlﬁ?@tYSMWé@w@S e5Es R fumed with g éespectwe TGE7E)-
4,8 12[5%%43?3}1'3‘37 EP%%}% iyl Pkakne G2 Qﬁﬂ)ec(‘csﬁgbﬁhcfspgp ?2amol), the 3-

dure ts exarrp es of prenoi
0X0- 9ﬁqrr¢gluﬁ<&se—ﬂﬂatcaﬂmyhidehwlechceinl {(h2 mmat) hodl So€l4 (P2 mmol, 1.0 M in

r.e ve
ot Clp R heporpieihens G pinatyTs °6 vslass oftopeishgiated: §aCly was added to
the r&3CL&E JKBRO 1 £ @gl € (HREMhE 3E°¢E)t4 @qgsfnﬁie@ -3,7,11-tridecatrienyl]-
54062- 75- 8) ; (4E, 8E, | 2E,
benzepe rdegivetivey |and, 916120618 Iitiater d@@penﬁm i - fhnhln@methane at room

tempe%:%@lg: 4%618%53:t§(?%was tﬂaﬁ s?irregizi%)r 16f RGP Xfwa ryal%g mpera,t\&%e before

quenc BhvitB Nﬁ-l@@% mamyab& Rylutio, Flgﬁré rIIZBE‘s'HbWs- 5 thle summarising the
odecadi enal 53311- E. 2,6,10, .
obtamfg E@-dk}étﬁt BYRE hy,qnogg [{;’(@,_75)-6 8lb2 eth@ -3,7,11-tridecatrienyl]-benzene
7028
denv#&é%@:ﬁ?’@?gﬁﬁgﬂrﬁg%%t ﬁl}%ﬁg 0 d-lgﬁ.ﬁ)cﬁ:. f@&g di4stedeBRomer ratio”. For entry
1 and 2, d.r. was reported as benzylic isomers’ ratio based on !H NMR integration of

benzylic CH; for entry 3-5, ratio was determined by 13C NMR; for all steroid acetal initiated
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No. 105097-22-1); F:
(E,BE)-2-[10-(3-met hoxyphenyl)-3,4,7-trimethyl -3, 7-deca
di enyl]-3 10 met hyl - 2-cycl openten- 1 -one (CAS-No.
54182-09-1); G (E E)-5,9, k3-trinmethyl-4,8,12-tetra-
decatriene-|-thiol (CAS-No. 162132-08-3); H

cycllzﬁﬂfcﬁi %E@dl%% , w&Ekorvdtied 3o hileRdd @R POTEbMhtion, d.r. was represented by

20- docosapent aen-1 - ol (Chem cal Abstracts-No
ratio qugg@ pegl@o@)lmNM@@pegr@nh'@lm/ﬂe ,‘diastereoisomers” here refers to isomers

I en A 12-
vt B0 Ra SRS IR 5 M LRERT i fapond e
three ﬁ@ﬁ&nﬂﬂ cedBANorm &t i) the Bicyclic skeleton. The three new chiral centers formed

(all-E)-2,6,10, 14, 18, 22- hexanet hyl_ 15 2, 6,10, 14,
are copsideredras codirk gewindof fixad mlaivy coREeRRtion gt S ayup)rbased on

theSté %ch}ln%%epé?{ug%t hyl -5, 9, 13, 17- nonadecat et r aen- 2- one

R L

cyclispitort pryeesscacaotding €cAS:eNoprescy 2&mtiorl ]eaﬁ)readrly be modlﬁed to diverse
E, E).-2,6,10-t thyl-2,6,1 t adecat 14-y
cycloé ypre@és %d lfmlr gg%@tep aO—OP(E)(? r& (? e?l,c 8 rd (teon room temperature

ove t 'ge*slgl)ﬁezsa g/?] ]erJ"E%llg& 1?(?'5 %@gé%%%?e%r/%ébﬁgﬁ%#m% 12 hrs,

step ¢(=E) )BYlsdl, 5s082q9Et3éi 3. QW&I WBH@K@O@HDTHEW Omrﬁ}ghtzdee@dj R °C.
e-1, 12-di one (CAS- No. 54960-87-1): Q
[0&21], Eﬁrglre Iiylddepi(qtsrﬁtdﬁ;datticm dchetienet oy kx@nplayOcbisaivat process

j ol. CA- 621-32-.7): R

that s 3E o oy Roing, ST RS FERGR 276 et g1 14 5-heptadeca-
tetraenﬂ]‘—b&ﬁ:@ﬁé deh%d\k{eoxﬁﬁ&%ﬂ”fﬁ&? the obtaifbl@Claspecve multiple ring

[ 2- net hyl - 4é 1 1-trinethyl-2,6,10-dodecatrienyl)-
compcglnqup@mp@m 5) hasq Beqtaqychie ANE AYStoBst r act s- No

108354-12-7): T: (E)-9-[3, 4-di met hoxy-5-(1 25

[d2pl | Bigwye LBAshowW ap egeraplant ohipms of 2 cyelisalipe pragessmseparing

6)

o mltfy AR E Bl Ll et (LS Bles I e e performed with
(3E)-4 &dﬁhethyldl $hagi-nonaBb, 7-@e1mrﬁb (6f1 nma:oi), awottal initfatong(0.3 mmol) and

5ol SR, TS ISy Kb 35 ) 138 i

statedu§ﬁ@14'\ﬁ‘ast zﬁﬁed’fﬁi ﬂﬁ‘}ea(ﬁf)ntnlﬁﬁtlﬁé esa8ted M) £18 aclial were mixed in
et hoxy- 3- hydroxy- | - phenyl - I - propanone (Chemi cal

dlchlcgolneubgmer aicroorNigmpeIaure 2Tqure{a\;tqorgwas then stirred for 16 hrs at the same

tempe&.la e %etgre %Enh n%t %%ykaﬁkl&” géltur(a%ss&l&ror? OIQ’;L %n%gpo%s to the

respeo{tﬁ’e @%ﬁetﬁfdﬁ%ﬂ@&%ﬁn&f&&h&l eripoxsB lalepllet;sl dxaﬁl.p{’escbfl”tﬁé ligdmbined)
ycl ohexen- 1-one (CAS- No. 58431-
yields| Rbf@P@‘Gd RVith - e fxemésay é??%‘)?y‘)‘ﬂdff 211%1.151111@%?941 @Pﬁléwaﬁe Isomers

d1aste% %ﬁ? Iéb? e‘.lé%ﬁ%gz%ﬁikg{ fs)r ‘R tgﬁ %ntlio S’%’r Im drartllofz tq?m 80:20 to

100:0 (]mylﬂjmdaleylzldn Dﬂaﬂermmtﬂ Ni*th dte il@@él‘sedﬁeomer ratio reported as
8-.67-
maJor?bs%ﬁrs IE‘{%“}‘) O[f@ @@P%?Wll“etsﬂ’gfﬂieﬁ ?W&; (2-pyri -

Mé{ t lg%%ggtggée\p%@zﬂq %Q W?}Qs ?::;{ as(z:l E)I? process of preparing
a multé‘%lua g@ﬁ%ﬁtﬁh& ti’é.u‘i’% & éh)hlal ﬁéétsﬂhﬁhgﬁbrs agi 1§L1|— bhdls-pgoSion Mdeteroatom
contaipirg ié{cbmatghbrt hycrh)hezaltméer;nrapm bgdrhpdvind] 7) orreet imy1-- dndndpesition a

hetexcio FORaRAg > BRI OPSIR AT (Gruara R Four possite
producGeSmee (2 107715 GaB theBpeticaly b &{pptredy! -
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met hyl ) di sel enoacetal L-arabinose tetraacetate
(CAS-No. 65784-59-0); K [4S-(2a,4(X 5[3)]-

2-et hyl -4, 5-di nmet hyl - 1, 3- di oxol ane ( CAS- No.
122045-49-2); L: [4R-(2a, 4a55(3)] - 2- phenyl -

1, 3-di oxol ane-4, 5-di carboxylic acid dinethyl ester

E(ﬁzfg‘{ﬁ]' l\gl é?g)%]ﬁo Yl%lsgl)ltr?; {“ﬂrl](; I[pfk?aratlﬁlé noy;fl erzr(g{nl}])yarsr chiral ac;,ega)% allr]]_‘ltlatOI'S

mﬂuommmemﬁoggte was adyed to a mixture of the a.ldehyde and the

mmetilﬂggylﬁﬁfeg(ﬁ%% ;%8 A:E‘% leclnl[ %S%gg&”éfi\id gzr | }QSIG \Were benzaldehyde

ompbubé B7Y land 3&)}@- -4ler&-20096ﬁﬁ©§a(l(ﬁﬁ§dé\l{hompound 71). Trimethyl-
138842- 38- 3); R 5R) }ggBR) t et rahydr o-
silylethetsy ysegwers fhé amethy3-3qf- élﬁéﬁﬁr?edl&ﬂ%mﬂﬁltear(%ﬁmmd 68),

2,2,4,%@%%%@%%?%1%& 2}7“&5L12ao%t°a58,f S8 69), and  2,2,4.6,8,8-

hexan{e2i{y;347-8ioaa-3) 8-disBamtinaed (vpinp2uph@ély| - 1, 3- di sel enane

(CAS-No. 177186-89-9); R

[@28¢ aFiudy JSA&hdwm Iexémﬁlﬁ{'}@scﬂlamp loé racmyylnﬁaang{ byaeesspofl greparing

1, 3-di oxane 1771
a mulgpl(ezp%gmp rﬂﬁﬁj’ mpms éh%c gcﬂgl initiators of Fig. 16 (see
also F]igzlz‘);‘ﬁk%%t?&ns va_ere c%rrfé%xé‘dt aks ﬁd{iht%ﬁlf%f‘ NG (I(Q’A‘gbr%%%)onds to the
(2a, 4a, 5(3) | [ 2- (1- naph

respedtizaydpendd ﬁerm oﬁ (b]hﬂiﬁll‘mﬁr 51ccta1yl'l]h@| ’b@rtbtlhgrhen'él)aq bars theiopatically be

expecl A elsE TRy DR A PP S ST GORHE UF Gy K 16) was only

observed36idSfire6odict naiRehrdMn ﬁﬁcbesalﬂoﬁhtg AR i Hus hoBsKivaX GRANESB depicts
(CAS- No.” 54417-72-0). 20 [0122] Figure 12A depicts a

examplgy pibe P&@@ﬁ’fﬁlaéfl yewéﬁw@ﬂs ebtaiped Mt (89 Spridcdismetin-2-phenyl-
1,3- dlB)g%%a@z { e 1S %") ’?gg]r 2 é”ﬁ?gﬁgpg%ﬁgnyl-@bedﬁggfaﬁg '(fd)' L%ﬂlg various

benzemmhhshhmcbg;opfbnerd &}mmamdml Bhepretidhlly Memotmiesnsanwiee expected. The
formed wi.th th

fourty Sgimen T5F ARG D 515, KA. (GF 1160 L0k FREHIVEver iy ahesrved for the
reactiGte Eéﬁ/é%gbﬂ/ nég &péH@lW 0P kade QO VidWlis 1soﬁ1|€19h&°§therefore not been further

0X0- - 4- éne- 20a- car boxal deh ac b)
considates) ;mchnmlyad@mdl t¢ @nizy rndor sake of mmp%@aewgc@@bmﬁd yield. © The
fourth Srt)o%§ L% 18@%%?@ B \%gégta )ng?%ieteZt?% gy?galg 822(%8{ %ﬂtisr: 1 'a: Determined

by 1H 7\8\/[@ & dar =t biastereoisomer ratio, reported as (2+2™: 2°). MaJor isomer 2j is
é 7E)-4,8,12-tri met hyl - 3711tr|decatr|e%é}
believi fry b the AnietbsolBicRE HREOMRAAZATatioRCPPRITSH (A8t e 9idearoducts

75/75V\§Sg'1‘9€| ﬂ;t vt Igfgfh?né'ﬂt in 209 yleRITPeB UL Swit] B&ieﬁ@%g%chsed at

or 16 hrs”at the same tenperatur
meta pesitaomgo Qe makiobgined it 1 N&HGER! asavelt. at ed sol uti on.
Figure 12B shows a tabl e summarising the 30 obtai ned
28 cFigure 19 gepiatsi amfaample of a cyclisation process according to the present

inven{:'& 3E§éE%§9gqq§\}%@nE0 ﬁ(atergx}méelr e | I d I{q%gﬁ rhlsﬁ'y "% major

produat &ftﬂ@ré‘a@ﬁon SH 17k 2 6 BinSARRL0-pladny R, 6—d‘_dﬁﬁd1@ﬂé ( sﬁi%@lﬂéjlmtlator 3-

. was reported as benzyliC isomers' ased
OXO-pmgnﬂ-meO paxbe:gai@ﬁhmﬁ d#ychber&qr(z,fbp@manerd@rl ementgl) 3-%a X-ray

o P ST AT Bl o a:;'ed
d ehyd
G4BT DA A g0t v 5

cyclisdiiéh pRICEs" @bcaBigL116B).S AR rabsolirr Qeté@ﬂﬁfrﬁstfyoof ﬁﬁffﬁﬁﬁr isomer (2j)
(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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with different relative configureation between the
chiral center(s) on benzylic carbon and the three new
chiral centers forned in the bicyclic skeleton. The
three new chiral centers fogred 5 are considered as a
chiral group (of fixed relative configuration within

by reéﬂgﬁaﬂfs%’(ﬁ) oPQﬁ@@oﬁ@s ohfifg efdrle Ex‘i‘ﬁﬁl%ngﬁ%efhepﬂﬁ_foi’”l%rﬁer (72) in

Figure 13 1l ustrat es how products of
overa]l Addh mﬂlda dlibe2f—ray etyatal stmidtirai(thd crysyed ISlzsa’!anh‘lﬁox 6d6ss0.10 mm’)

oGP S8 SR 4FA 8 (S, ke 29, S one. e

represefiation tesotursé 60(78) and hssi chnniesF, stdledohbMidh@Qie depicted in Fig. 20B.
tenperature, 10 overnight, Yield: 78 % ratio:

?131]8 The @terﬁoﬁ@mtktry Jii Vet ok 750'@105@ was: dnlirméd by chiral
Et3N 3.0 eq, 2) tBuX

HPLO) (g als FbE &(Fibveni MR o 155 NMRonalyss g spivering (2) to
73) (H );9?5) Thé SSRGS of &?)Agﬁ@m(’/’?gae@g}r%@eg 439, @ﬁiﬂeﬁﬁﬁ{ydm-l 1-

'sa IOﬂ process

dimethyl3fa- (At 332 ( BH)Lghehbnthenbadeld) o cBmpoddd {7) lﬂﬁ:ﬁtlﬁglem gave a
- tetraenyl]-benzene derjvative ( cor&pound 65). The
MixtugRTIFRMREIS &N A gRABEPMGHEC Ffio 9EI0S} | 24y (R)1 Whichip 41 pgreement with our

stereocfr&fiRAY ?g K@é&%loﬁa% Hrdi&it & ﬁé’ %{b's&luLe'e Egni?)ﬁﬁtﬁm OFO g’k_ﬁ] must be §

I gure SNOWs an exe ary sc a cyc t'I on

(temppate) .8 feneyl), (emg) |’Ehy thize mew tchivhlecentensgiocroegh angregdnsidérnd) as a chiral
[ at es

h I f
group:,:molf :flaxefl E@%ﬁe &0 fi’[lll% Wpélﬁh g{ﬁ,egr%hlg,g a?sg Eﬁﬂgﬁ%to%ggc%emnoser
posmlggg 1 mol), acetal initiator (0.3 nmmol) and SnCl4

nmmol, 1.0 Min CH2C12) in dichloronethane (2 nl)

FflStZ]n F%u‘#@ he RpRisheidpbme n?d?cagin%ttﬁéjrea@ﬁkﬂ HPhaBRHIEM be in. line
0 the

reactlon mxture at -7 after (1) and acetal
with the pbsarysdesietepchegiied) [poednet viekdseat she yeaettan @em:ré odttlg eddition of the

acetalT e s ﬁ%%tlé ?J]%)Ye@gtr&eingu%éan%ﬂlcgﬁe t? th?l\laﬁ%n O¥s &H? 3%%5 only (as

deplc?ﬂﬂj Lme?ralhﬁﬂ? cOrig %ﬁeﬂdlstd betfaeouralﬂs pRet iov theog@mnidtion of axial
ormof ,the forner acet . epl cts .exanpl es
stereoggpUisiRn (% Shbickdip) acqfilel nomidi GBcmae i I&I%?Fp}LWd as the
respedet@hsitbRdfe it Bou F%td[b %%%ﬁcﬁ@ﬁ%ﬁﬁ@s a | sonmers 25

I astereoneri c at e benzylic CH were obtained for

@Eﬂ ng yle 2F geﬁlcfﬁ.ﬁb %ﬂ&l’bﬂ@ﬁ@@@gf t‘ﬁ%llza‘tggl Ig}odlsbts obtained using

Det erm ne
the wethed ev€otlsoneventiani dor e'pnmusede@@nemamdabenzyoh R 4R)-4-((R)-

phensul 78S, ety e Ehd LU BB By St i

methd@mfeﬁﬁaa-znbl @bﬁi@aﬁw gj) Wittipltidiphen bhmgo&)mmaa MPCayi Iyrwded (R)-4-
hiral acetal initiators an in 1- position

(R)-phensli(38aomm 080 bt TEng- 420 AR Ayl0Rog sy Rbsanhoen-2-

N EE
(4aS, ld}aR)-W aI4laAtﬁmﬁath§'lrpﬂa,l‘]d lﬂa-tetlﬁhyiropmmhfﬁa(ﬂ)ﬂﬂdﬁ@iﬂ) -one (compound
73). Clavese 152 ded 10aR)1 1 G- b T8 O e h s e cthren 2 (1H,3H,
9H)-one (compound 73) was carried out using sodium hydride and selenium dioxide.
(2R, 4R)-4-((R)-phenyl((2S,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-1,2,3,4,4a,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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[0127] Figure 17 illustrates the preparation of
exenplary chiral acetal initiators. Trinmethylsilyl
trifluoromethanesul fonate was added to a mi xture of
the al dehyde and the trimgghylsilylethers of the
respective diol at -78 C. Al dehydes used were

1,2,3 bﬂ@,9§|0qeégéb@ﬁthy&1‘égﬂﬁﬂﬁﬂﬁetﬁi 1)adeh Iyg)entan-Z one (compound  72)
"3- oxo- regn ene- 20a- car boxal dehyde (comnmpoun

hydrol;y_syd '|tp| nﬁg]qmensl(gﬁs%ase}t%& $, 1 factimeng-1,2,3,4,4a,9,10,10a-octahydro-

phenatl%%%% Jpgieg-g)ngf( ?coéllﬂé/und 7g/7‘§5 g‘mg potgés'?ﬁnllaﬂ A& Ge. Subsequent

oxidaftor? vAthS pyridinin@x @Hbiﬁl?}‘ll'orﬁatﬁ }deld&ﬁpﬁeﬂyl@lzs HhR004HrE1 ,4a-trimethyl-

un 9
1=2:3=§»é%,8&9t1ﬁ910ﬁ@11yd@pbw@r@ %n@m%a%@oweﬁ%md 70) .
0128] Figure 18A shows an exenplary schene of a
b}éﬂ sHiguge 29 drpicts represgpiapen stiactus ofuKtRay erystallegraphy data of

R SRR 5 0 BTENS .91 500501 e Al

(comﬁaaad 74D obtankd ebyc Anrthere diretibnABatiordof aﬁrﬁpbxﬁldrzjl:m@uchlﬁas obtained
corr‘geg%ds to the respective, o eneggform of th

using fl}g:rrﬁgt}m |pres¢ptdnyentiop fcorapare Fig BAt Thgsrystal size Was 0.30x 0.30

x 0.2 1ﬂﬁ.pretl cally be expected (inverse stereochemistry at
t benzylic carbon center in (2'), cf. Fig. 16) was

ved i tu
QI5¥, BIRRGLVRA, 'dpRRe B Pehariiotl 6, ()90 A FRMRleRy 2.6
nonadudmgl]p]r oxiyar(ﬂelst hmtgﬂ)dlﬂﬂi}lil‘;}d{sﬂm yiceingeurmbt4d).ndd wi tchupling reaction

ST X R R AT R C TN —

82, c(AQSONo U$8IH038.0), @i whieR 4@@&%%7%14&@3@1&@%@{&@ ethyl ester
onpounds. Theoretically 4 isoners can be expecte

(comppn@d 8o A rNos &ﬁéZOﬁM)dw ebtaiped. nRﬁqhgmomAel(led (41r“:] -frmethyl-7-
phenyi‘glh ﬁalhgz%é)%@(? %4y C%%SEBVS?S%%W u %f W}{lala% %Isfglémn%dr to (E)-

correspon ease view t
2,6- dlhﬁﬁlylbep‘reﬁﬂj‘-ZQGnmﬁa(hamﬁc flcud tﬂm{yl eston&otpoend 8FdinarWyttig-reaction

using,y; L (meByRereons e GG HrtBHEoTRURE o (GrASNe:  weals-68-7)
Redud%h det &ﬁﬁﬁﬁlmﬁy (tid'j' M\gﬁieﬁx QSR GESP - Himbthyd0-FRh L %H’%ﬁadlen-l -ol

1H NVR = dIaStETEOISOHET rati o, reporte
(Commgn(l BR"CAS: I\jo 1&2&‘3766 Tesndkeagtion svithy feitebetpl)dimdtxtsilylchloride

SOl te rin ereoconfiguration conpared to
resulteéfmtﬁ%ferga %HB co&nLR:Otugg (%7 75" (see Fig. 22) were

R351 SBfeif SRR inDer g ot APESHES R n ggrms of

asymnétéi n@gtivelih a c2blidaBdR Prodessgel the bPesdnin@ériionAN TRXEBYPX@E pregn-4-
of a cyclisatiaon ﬁ)socess according to the present

ene-ZQﬁ%rémial@?hydfrﬁ@dm efmenimediybcstay i aseelrhiabistgfdhe aloohol
o R0 SR DR i g DA G0 e
pheny{-hdna+3j7rdjedehl)i ﬁiyt]ﬂﬁtlon reactlon (a) was carried out using SnCly (2.0 eq),
acetalg(é%ie% ,egg_c’ﬁ‘{ ¥ eé Q[elcc:lgrgg? iaé%ﬁgﬁlcglelyg%%l (%) was performed using PCC

apl 2 oGk ol: stes\CysystadRhdidw formed
3.0 eg g{Sch tQ%&ﬁW 6£thf:| gurmﬁg‘apde [ ctg/%) arﬁ}l’som dat i o%s %?‘r orme

(yielda4®ndb) |apiepres¢m@t1cmosm®tmgs @bdqmqﬁ@ﬁnblilga 25&.cCydisatiemreaction (c)
was cgd)?joﬁ lhsg $ (111:1 g%‘(\gr %?fc?tﬂ"foae&s 9|8u’bel 68thr(}%%fﬁhgﬁ%ité&stahsatlon
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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(see Fig. 18B) was determ ned by X-Ray crystall ography

anal ysis of the corresponding ketone derivative (72).

PCC oxi dation of cyclisation product m xture

(2])/(2)")/(2]") followed 4@ by recrystallisation of

the correspondi ng ketone mixture gave the major isomer
domirdafe) thd cyeM&hidh! stefbothothisirdl with en rﬂﬁélo‘ﬁr )é%aﬁs bearing both R

structuré (the crystal size was 0. x 0.15 x 0.10
conform@jon. showed t he depi ct ed absolute stereochen1stry of

(72) (S (tenplate), R (benzyl), S (ring). The

tH37ks Etgla'e i26A show dheisahsmefof @I plisatidn peadesmwsimg thefsame acetals

with R EERTRIT & §piGhE i B 5E Wit \né ) Seef Pin B @ISR S5, 12-

trimehons errretﬁdboau@éﬂ MBenzédd gend b} Cykligatiod redetionda) was carried
g "H NVR andyll]SC Nl\/Rﬁ{n? ses Ef t)g converti nQ)

out u&n@g Sp@h)(2 0. acet) (2.6158), cGhVerléiten (Beld| 45 99) @jxubagglz jeagtion (b)

was pgﬁ‘oﬁ'?%' 45&%%(&2% é eﬁ? &29 lg %Eﬁ obﬁﬁ%% gﬁlr edﬁgﬁ;_%)(’ .(;gstalllsatlon was

perfotmsip@unshoiwis) Cﬁnslfseudﬁ g;.act&ﬁn) (ogasxae carriediont usiag hCils@eeg), acetal
in an enantionerjc ratlocga{t]@m (9 .24 (R, which is

(2.0 ah 48 rEelfeli (el SQut) B f ERoRE DR BT e PCC (3.0
I f o
eq), Osd@{oftfé ?T%\[?ear?fggh’e(ygaﬁoﬁy%, rr:&Rﬁ Cl?rg(aﬁfshi%h Qbs f)gﬂfoﬁneﬁl{ﬁelcp 88 %), a

benzyl) ring) hree ne
represehiatiah  steurfwes fsordepidtedr én cBissi 2eBedltes taroc fobtagied 2-substituted

NI ORI e
chryséd¥lcdalpoli W@aﬁ&lﬂqﬂbﬁﬁ(ﬁss@s&ﬂh@ RBmé B@téb@hérﬂ@try Eﬁthe multiple ring

reaction paths that would be in line 15 wth

compeik Cogpasng KeBean eryselpeppiaadate of pxqligation profucty’ effcéw@ws (78a)
t i |
. (B0 D8 SEnOU Rl AR E SR REAEER, 16 s chiva

centra3C @hﬂlrﬁsmﬁrﬂswo(lastenmnh cpeéxd()us ﬁeyﬁraa&ystmtsmrﬂ valﬁed that the chiral
bellev$ to be favourag e.eli nati.on of

ue.fto
enviroppmegt of dheierid daieenioRd ithe dlﬂéah&w uctige ths 1t ¢ pRsoRM goncluded

that tﬁezétérebﬁlehﬁw @6 ckaRABSn HRIBRDFARTbREcoh: }l?cﬁ.ﬂﬁ§ 1$)vR deplcted e.g.
transition state iS5 thought to be sterically favoured

in Fig2 024 08 d3¢rofinginghesangrewiyt s the fractionalisation of
cyclization products obtained using the nethod of the
[(H38ht Figure 027 aghoviss tWer PepiEs . ob@an@hthm whisal high pressure liquid

cheontgf Sy b (B HEG7S8 20 by raesmica (4af LgRY 114

mmenhgm B5,80; 1Ba-yét1)ahyﬂlibﬁl‘ﬂmam)mﬁﬂﬂ(aﬂ m QH)(o@e ﬁ(lﬁmjbduﬂd )73Mv¢lﬁ\ch was
yridi ni um ch] or ochronat e % 2)7 iel ded (R)-

used QS( Ry gq@g@q;tmdggi frgwo: 30:50). shows the optxcal active compound 73
obtairfd s rlage ;Iﬁ%tjgf) 'E?me hre}e iftvéhtioR; B chld i d‘?ﬁélﬁg&égt%g?&h from the

nant oXy) pent an-2-one (conpou
spectlﬁub&etphepﬁaklrmld)ﬁthel optical bempamdes hotonger 50:50.

(4aS,1CGaR) -1, 1, 4a-tri et hyl -4, 4a, 10, 10a-t et rahydr ophen

0138} e Figi(re H28 Hldks- ome dpecinp btained’ Jjy. cﬁraia\h@E pressure liquid

(4aS, Oa@% 1,1, 4a hyhl( 0,10a-tetr d h
chronggiomiy st it PTG RigorES: g apcomi BAwIGR S 10a5)-
1,1, 424m &8I 1092, 3 A altM B YOH-b &g RIRSh R BARdeH D fliBXth&i®ne (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 lenger 50:50.
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(2R 4R) - 4- ((R) - phenyl ((2S, 4aS, |

CaS)-1,1,4a-trinmethyl -1, 2, 3,4,4a,9, 10, 10a- oct ahydr ophe

nan 30 thren-2-yl)net hoxy)pentan-2-ol (conmpound 2j)

was converted to (2R 4aS, | Q@S) - 2- benzyl -

1,1, 4a-trinmethyl-1,2,3,4,4a,9,

10, 10a- oct ahydr ophenant pxeympf ggnpound 74) by

hydrogenation on a Pd/C catal yst. The stereochem stry

of compound 74 was confirned by X-ray analysis after

[IYMGI alThe fallowing( s@enplésgilludsate the cyclisation process accordmg to the

(R -4-((R)-phenyl ((2S, 4aSIOa 1,1 4a-trinethyl
present nventipng dn ghesp exarp ewgﬂf(vmgeﬂlogstw)qu{qqcﬂlwensnwe
comp?x%ﬁ'fsaglege &fe‘&nﬁob’% I@d ez y@@ﬂn‘fe?clal solvents and reagents
pheny 25, 4asS, 10a9) - 4a trinmethy 2,3,4,4a,9

were u&@i hﬁﬁnontlﬁaﬂgedrmmﬁnhmmmr ére- ﬁ}lmm@teha&]muom cEHﬁowmj freshly

s 5% PSRN THOpGPeal GRS TRES G B iy e £ v

taken Mﬂél(rélﬁ%uﬁﬁgaﬁ&ﬁ@steh @P%%G 51 FRbMHve 3echnolo . HPLC grade

4, 4a, 9, 10, 10a- oct ah drop’henanthren 2-y met anon

1so-prgpqn§rb Wp@umﬂ wx@)out fuathen puriention. ARlchwdss aese d1st1 led before using.

representation structure of X-Ray crystall oilgqraphy dat a

Hr41f 2 Analytical thindayer gapmgtography 1Th§ tas st fpymed using Merck 60
Fot gl o Sy d S MHERIPSSELINERSY CERERCH o

visualed uahigdhV wadiatihi @54 ﬁﬂl) onSpeotrélive Meddi ENIODAGIEF 254 nm, Further

present i nven conpar e Fi crystal siz
visualfEon w5 RO BY SRRG ik e Sp@fl@g] ﬁ?ﬁ#mmmmmte or
amdw%ﬁ;ltfoh%ﬁ' fgﬁlgc ﬁg%@ﬁﬁtﬁh{glﬁw@a by heatmg on a hot plate.

Agfi enh khibnfXderdfts Was pest‘fdﬂn)ad EREMbrcRisliRAgel 60 with distilled

conpound 43). In a coupling reaction
solverky. dﬁqi@mnﬁweﬁ tﬁ@ﬁ%ﬁéﬁ%@? as/\ﬁm end equikibrated with hexane prior to use.

2-nmeth cPhen -penten-3-ol (conpound 82, CAS- No.
431 3%1 = fﬁp@ﬁtpq,mwgrﬁ recorded on a Shimadzu IR’ Prestige-2] FT-IR

Spectfo@eté‘r ﬂﬁfg‘iﬂ’émﬂp‘lm&}é lex AnPRAGLE ARh be@idef 1\%6? ¥t KB?*sﬁE pihRs.
(conpou 83, CAS-No. 76620-37-6) was obtai ned

FﬁqEECO oy hﬁ&l@ﬁ%&%@lﬁé’gﬁ%&ﬂ%&lclg ngﬁd éaﬂi@ﬁ’tnﬁﬂ@&r magnetic

resonancg{STONMR) spsctt@sropy were performed on a Bruker Advance 300, 400 and 500

v BfbeTB EaRBE T, DR R FRGLS rhCy FF s o pars pr
nulllo[tllc(xfémﬁgbﬁnﬁslarmﬁ Wit (& biog aﬁ@]rélaﬂmmrthb pigaapdsmﬂmform-d =

2605-68-7). . Reductjon of conp d (85)
7. 264y$x@g]g@dMult1pllclt1es were given as: s (singlet); d (doublet), t (triplet); q (quartet); dd

(doubie% %f%g%ﬁr)]%ts 6‘%@{%@'}{@ %Eg%@@)é 7% %“B%g{%?‘,{% do%leﬁgf doublets of

doubléts eif tdonbletsy;| dt ddoribi di\oif 4iSplets); ah i moltibdets)rand did. dheimuntblee of protons

fornmati on of co und, (43 6 u e 25A de i ct
() of RS IGTIAREA S ORIGHIEH A SoBROMEP TSR is FSpor R e fyelue in
Hz. cquonmréap&lag&ncr}@ééﬁaﬁ&@pear@(lwMﬁ&e %poweecaeasn @hits of parts

the present Tnvention, - OX0- pr egn- 4
per mgtion fgpneladdyoxield &hmo&l\/&y ({ﬂ |0c9) 20d 2elatiyectotthe signgl|of chloroform-d (J

- 775 Ffled e PEERER BY PR Gt h Che i sopr enoi ¢
f(ﬁqgf)uﬁdw(r%sEc}lut%()ngm%sn&)eaAm ]analysm 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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phenyl - nona- 3, 7-di ene (1). Cyclisation reaction (a)

was carried out using SnCl4 (2.0 eq), acetal (2.0

eq), -78 C 16 hrs (yield: 85%. Oxidation reaction (b)

was performed using PCC (30 eq), at 0 Cto room

tenperature, overnight (yield: 80 %. Crystalisation

YRA6PE K REVRE stA¥BbRy aftflyd@ wa éfe%hﬁé’d? BhaihRE X8 APEX X-Ray
__structures is deprcted in"Fig. 25 B. Cyclisation
diffragtemsteron (c) 30 was carried out using SnCl4 (2.0 eq),

acetal 2.0 eq, -78 C 16 hrs (yield: 62%.

Crystalisation was perforned (yield: 50 %, a

r epr eExample ks /Generydqroeedire foxipysiparatipy of rilyenedn~tf

Both acetal initiators yielded cyclisation products

fhay) e (];iﬂm:edM‘é RydsNEolRATEz ShERAREE Hettloped byt Martin Demuth

mul t1ple ring conpound. Thus it can be concl udéd that
(Rosaldse Vgt mali Oyg.ofhean. 2002}, @T,ddhdyd 788 Todamoveatdrbdt ¥ mL round-

botto ek R0 PrSrec i o kT o KB @33 ERnER B gors) and
dry mlve(tzaqﬁsﬂerh@fsoﬁnﬁn%s%bie@rto WoCCHSST tdSddaBioh T aﬂgﬂ@ bromide (5.0
acetals with reverse chirality as depicted in Fig. )
mmol23 A of-)- iThengolwtimgwes stiech fqyot yapetes eryng)trem,eg,th tlgz Grignard
et hyl -3, =1 Ldecaty I d
enceld LPESNO I gbe ot SORGELES S P SRGRE S0P Sy stowes v

proce&D @il dbot? tebhRegture oL biddth€r2240h@dy beford qlenthingrwith Yécewater 30 mL.
45 9% . Oxidation reactign (b). was perforned usi ngb_PCC .

The aggeqysdapjer was eppirected with diging ethgmi > o imelb ane gheygombined organic

extrac%%}@uakﬁéﬂt LA Wasr (%g;iﬂ%ﬁﬁﬁbﬁﬂ@t@@ RAWNInd dried o(\ﬁrdfanhydrous

clisation reaction s carried out” using Sn
sodiufn2subfatey filtemd endl con¢ht@ted)s, vaci@ Thel@sidna drydeeprddudOvag) purified

i dation reactio ) s. perfarmed using PCC (3.0 10
by cofgig b ApiBRY B R P 55 55 "t o)
Crystallisation was perfor yield: 28 %9, a
a

representation structureg bpicted in Fig. 26B. The
two obtained 2-subst Ut S, 4bR, |
R, 12aS) -1, 2, 3, 4, 4a| 4b, B, 6, LOb, 11, 12, 12a- dodecahydr o-
1,1,4a,1 b-tetramet hW-—"sr'ysene conpounds (78a) and
(78b) possessed the safjre stereochem stry at the
multiple ring conpound. "Conparing X-Ray
crystal |l ography data _of cyclization products’
(BNt Ren T o) hemacnerdh colcBlgryoib g pistd e
tetrac§?lic rings shared the same conformation for six
f

(Hi48hI Redeh FexanenBgOe%d) t is consistent with

' MR Mt G Adrip 00 Fes 2l @l ot il e tEn g, 5.1 G =
6.77, A 13i8ras, 11y, £BEYGLT o6 74 BuS2H), 1.3 (RN Be7 meigiHe b HY, hats (t, J =
the stereochenistry of the cyclisation érocess of

7.05, 9&6ita gHa,chPb(inds 16) Has?Hje pi7d tsedH 1958 (si FHEilh3 (3541 s

e SMAPRMHE SRRk odiay s B 18T dh. gPBSIunas il Pate. 12430,
123.6§,h§9?"i@t399?§‘%@.?10 azgawés?m,(fﬂzr,qbgblPLC)- Fig. 27A shows
racem’c (4a4S,TCGaR)-1,1, 4a-

HRMEI(ENE by éaldildtad 462 .Ch 0y, [RL]T-apgdisop Fenan e g86&( 1H, 3H, 9H
)-one (conpound 73),which was
FTIR (NaCl): v 3085, 2923, 1653, 1604, 1496, 1453, 1376, 1108, 1030, 836, 746, 698 cm™!
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used as a reference standard (ratio: 50:50). Fig. 27B
shows the optical active conpound 73 obtained using
the nethod of the present invention. It can
i mredi ately be taken fromtfje 25 spectrum that
t hepeak ratio of the optical conpound is no |onger
50:50. [0139] Figure 28 shows two spectra obtai ned by
chiral high pressure |iquid™ehronat ography anal ysi s
(chiral HPLC). Fig. 28A shows| racemc
phenyl ((2S, 4aS,10aS)- 1,1, 4g i methyl -1, 2,3, 4, 4a,9,
10, 10a- oct ahydr ophenant hr | ) met hanone (conpound
76), which was used @8 ™3 ef ence standard (rati o:
50:50). Fig. 27B sho &, g¢optj cal active 30 conpound
76 obtai ned using the Wethod of the present invention.
It can again imedi atelly be spotted that the peak
ratio of the optical comp8und is no | onger 50:50. 49
(E)-1W&&bﬂ@b,7Thﬁn§914l-ﬁgpf@ymﬂaiee@ky:I dolemiblest ¢il, 6 &4 yield.
cyclisation process according to the present
[049 thgqlgﬂ dxBRS RSP ps, experinents invol ving
noi sture and/ or air sensitive conponents were
'H Np(400 MRz, iODONe 17- 167 4d (g1, 358\ H2e (tqCHrME08) @H9 Slal VENLSSIO (tt, J
r eagent i purification

and s 5 were used w thout further
= 6.93 1-#8 tHHre LHOY 7-8Ri(5rgtobnb S PHHE: [HMZRE, o df0yHz, 2H), 2.32-2.27

L erid | sodi L ! ¢
o 2 1) G 20 DI EIREIG IR RSN, 057 0 80,125
(d, Js6194alt, 6pl)ri fi cati on system (PS-400-5, innovative

t echnol o I nc. rade i So-propano

13 E. HPLC was used
C NYRhOWO MiFz HePChir 144-tat 13977, Ay déd Steld8 dps d2§-Led124.39,

j Iy ACal 1hhi
L3 A B Ao - Oh e 2R B e A T ¥ e i 60 10

HRMEBZED): pyLctaifed forld,g8, Ji] " pl7ats 48 OrchnAm 10 3kNess) .
Subsequent to elution, plates were visualized using

FTIR (KBra i 3602960253580 b 1691 5 Bhdd60,dl38hel 1005 SENFLL 806,1576 cm™
254 nm Further visualization was possible by
staining with basic solution f potassium pernmanganate
or acidic solution of ceric|nolybdate, followed by

heating on a hot plate. [0 FI ash chromat ogr aphy
]
tygicCal ly packed as slurry

was performed using Merc a gel 60 with distilled
15 sol vents. Colums w#
and equilibrated wth he<bne prior to use. [0143]
Infrared spectra wereNsecowded on a Shinmadzu IR
Prestige-21 FT-1R Spectfroneter. Liquid sanples were
exam ned as film between WNaCl or KBr salt plates.
[0144] Proton nucl ear nagnetic resonance (1H NVR) and

(E)-1%g,%bl?&é}ﬂgigsﬁﬁ-3@9%@&1.{)&-111%gﬁ%ﬂﬂgﬁ&%}lé &Iglf U less oi]3 88 ’% yield.

Spectirosc wer'e orne ance

ﬁﬁgoggggﬁgglg%%ﬁﬁgﬁﬁéqu§ﬁ meters. Chemcal shifts 1H

repoftedas in units of parts per

N ODIERED RIS 5 A9 R, S8 (S 035,03
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)

BC NMR (100 MHz, CDCL): 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 C1gHaO [M]7: 258.1984, Found: 258.1975

FTIR(K_BI'):\J2962,2833,1612,1512,1454,1440,1300,1246,1176,1039,821,7340111'1
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7.264, singlet). Miultiplicities were given as: s
(singlet); d (doublet); t (triplet); q (quartet); dd
(doubl et of doubl ets); ddd (doubl et of doublets of
doubl ets); dddd (doubl et ofssdoubl ets of doubl ets of
doubl ets); dt (doublet of trlplets) m (mul tiplets)
and etc. The nunber of protons 25 (n) for a given
resonance i s indicated by nH Coupling constants are
reported as a J val ue i Hzomgar bon nucl ear nmagnetic

resonance spectra (1301§§E are reported as din units
of parts per mllj J downfield from Si M4 (d
0.0) and rel ativg toft heysi

77.03, triplet).

ignal of chloroformd (J =
anal ysis. [0145]

ere|determ ned by chiral HPLC

e@sol uti on mass spectrum anal ysi s
was performed on H nnigan polaris Q 30 GCMS XP nass
spectroneter (Thernolil ectron Corporation). High

E-1 e piRe D Sme B tbSiRnt B koitGies g, 65% viela
B3] TR o S, %@."29""@\binéer?8r né_é”é‘ﬁ] B el X8
‘o NGRS, GO AR R oD 8RR 6 [ S SR 09 S 210, 1116

Hz, 15,08 €310, &7 aass74, al 11508, NGH), B3 et R 2066v(E) 05 4 0Bz MY, 2(87-2.35
Denuth 5 (Rosales V., et _al. J. Og. Chem §200%%,
(m, 2K} 2- 1188 {17 8K, 250A-R 00 REr 122 (s SED 6% (), TeE0E 3D
N . : &t ‘
C RSO CBEBE' ot 400 RS 3 a 10,02409, 1202

120.96E1430, W10.97 35, 699k E%6.3 D 200G, P6.7RI25 7, avds tigs of
allylic bromde (5.0 mol’, 1.0 e q.). The sol uti on was

HRMSt(EI)r et dabouldiedrdon lﬁilﬁ{;zs@rihﬂ]\/\w& 1984} Behindi 258.19%6
nard reagent (7.5 mmol in 1. OM THE sol ution, 1.
FTIRéIiBy Vﬂﬁ?aO,r?é%&gx 16619, hi %8 LD, idad. A1 ead 11 bl 5o 19d% 8@%&94 cm™
at roomtenperature for ane her 24 hours before
quenching with ice water 3D nL. The aqueous |ayer was
extracted with diethyl eghelN(2 x 30 nL), and the
conmbi ned organic extrpc pre washed with water (30
nm.) .and brine (30 pr Andy I ed over anhydrous sodium
sul fate, filtered pnd foncgentrated i n vacuo. The
~residual crude prod® was” purified by columm
chromat ography to afford the desired product. 15
(E)- (4, 8-Di nmet hyl nona- 33 7- di enyl ) benzene (1):

1y S bl o
Pigh (Ko Gegaldendotody, 70 % S0 (Y 3w Y

'H NMR7@00 MBS, ¢BCL2H).13-2.08mt,4H)) 524 (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)

3C NMR (100 MHz, CDCl3): 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 (EI): m/z calculated for C,zHag [M]+: 242.,2035, Found: 242.2039

FTIR (KBr): v 2966, 2922, 2654,1514, 1448, 1375, 306 em”,
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20 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 NWR(100
MHz, CDCl13): 142.45, 135.79, 131.36, 128.52, 128. 24,
125.68. 124.39, 123.63, 3%376, 36.19, 30.00, 26.74,
25.74, 17.73, 15.99 HRMS (El): mz cal cul ated for
Cl7H24 [M +: 228.1878 Found: 228.1868 FTIR (NaCl): v
3085, 2923, 1653, 1604, 1496, 1453, 1376, 1108, 1030,
836, 746, 698 cmt 25 51 1k
(E)-1-(4, 8-D net hyl nona- 3,4 direnyl ) - 4-i1 sopr opyl benzene
(1k): colourless oil, eld. [0149] R: 0.91
(Hexane : Et20 = 9: 400 MHz, CDC13):
7.16-7.12 (m 4H), (5. , J =6.93, 0.99 Hz, 1H),
5.10 (tt, J 5 = 6\ . Hz, 1H), 2.89 (septet, J =
6.93 Hz, 1H), 2.59 ( J°=7.60 Hz, 2H), 2..32-2.27
(m 2H), 2.10-2.03 (m 4+2H), 2.01-1.95 (m 2H), 1.69
(s, 3H, 1.61 (s, 3H), 1.57 (s, 3H, 1.25 (d, J =
i i M eroRbd Ab: 139077
®) 1%%%1%15@?21?})%%’391%3%%@%6. 28, 124%%,013%%?38011?3@/(7%61&
BA53B. R%@.%%H&%J;lgt@@: ®7) 26.73, 25.73, 24.10,
17.71, 15.99 10 HRVMS (El): mz cal cul ated for C20H30
'H NI 400 MHBz2GBE:)Foddell. 1 R0, TBY8.05F7 B3 (KBBH), 5284467 = 6.77,1.20
bz, 1830014 R00P s 7551 L R 430 P st et 957 SR 2.97-2.31
g i) b5 Dy4-Danams 2 di e Yd, BHg 1 Mpangenre
D e P s o 1B BT gD
Be NMRxaoe MHEZ, ADELY: 192.4H vaxm.w%mm@mayss, 128.16, 126.44,
7.24-7.11 (m_2 6. 85-6. 33 2 5.19 (t J =
125.58, ]92&.41@_1%%(76,}?729’.7'_7')1 ?’&-,145?.’01(18’(2&8&)%5-2@62174’)6; :{'1._7%,41 > 1H),

.80, 60, (1, =/ 2H) -2.26

ngﬁgﬂzﬁz’ "%%f‘?‘gf"igli}ﬁﬁﬁ [%',243%555706‘8‘1(%#’ 171
: ( . s -113C NMR (100 MHz,

FTIR i%d?zg%%,ﬁ%g,’ mlsgg%rbésg}%z%?sgfg%_ 33, 129. 36,
124.39, 123.70, 20 113.64, 55.25, 39.75, 35.24,
30.23, 26.74, 25.74, 17.73, 16.00 HRVS (El): nlz
cal cul ated for Cl8H260 [M+: 2581984, Found: 258.1975
FTIR (KBr): v 2962, 2833, 1 '512, 1454, 1440,
1300, 1246, 1176, 1039, 4 cm1l 52 CISJ. Me

Preparation of polyene 41, (E)-9-(3-bromophenyl)-2,6-dimethyl-2,6-nonadienyl]-1-oxy-
(tert.-butyl)diphenyl-silane
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(E)-1-(4, 8-Di net hyl nona- 3, 7-di enyl ) - 3- met hoxybenzene
(1m: colourless oil, 65%yield. 5 [0151] Rf 0.91
(Hexane : Et20 = 9:1) 1H NMR (400 MHz, CDC13):
7.25-7.15 (m 1H), 6.84-6.77 (m 3H), 5.23 (tq, J =
7.11, 1.16 Hz, 1H), 5.13 (tt, J :674 1.15,Hz, 1H),

32|(_|)S: i%gf?ﬁe%t , | 7:2484 2.35
M€ midgzdie . ,

e T T%er 12 Lpraprs
39, 76 36.22, 29.90, 26.77, 25. 7 % %g 16. 03 HRMVS

(El): mz cal cul ated for C18H260 [l\/]+ 258. 1984,
Found: 258 1976 FTIR (KBr): v 2920, 2833, 1600, 1578,

1489, lﬁi 1261, 115 23
1n (E) % thyI nonga- f§ di eny
(i n %‘?é f% < 1

Pihe e oo o 1) MR {400
éTé@F’%t 11 (m 4H), 5.23 SO,6h1 3y 8HA%

6.27, 1. 31 2.
Hz, 2H), »g‘(}iﬁ Rt m% o 7%,14 2'U$’TBDPS
(m 2H) BrZ. 88 2207 ' 2Mjeld: 7166 (s , 1.64 (s,

3H), 1.52 (s, 38 13C NVBuériOQepdtz, CDC13) 139. 40,
135. 66, 135.07, 131.34, 128.95, 128.39, 124.43, 20

W31 8BV padiop st s} Bl (P il b6 S iigolved in THF

togetl{eM Wlth 24885 (1. 50mAh1, 442.¢4939 robrd E%Iﬁ%@ﬁﬂlre. VieA Hfyl-diphenyl-
2, 2654, 1514 1448 137 806 cmL. 53 / Me 10

styleoyioa, TADESE fet hybrlo i G1wes el Wiga dey Rysingsn TbAeaction was
allow%%ieg gr&@ejegg{ E%ﬁihgﬁlji)beg&%ﬁﬁw?ﬁ Ow%%%ﬁ%ter@&l&%é%ﬂﬂeous layer was
extracte @Bt dicBloromethbie (27>< 8% m?[.)péthuﬁe c3irpined oPehn{ct extradts were washed
with \Qatglzlﬁgitmgh aIQZ 13,1‘115%__?3 %eﬁbd((s:?d éﬁ)%%uslséﬁi%m%l@%emﬁ’ltered and
conce%lmiteg ) !va':?uol 4"118 T&@dﬂamcru%’é')éyro&c@ %aé&a%ﬁé&rb %’Gﬁumﬂl- c%mato graphy

to aff@@@l@glesutdpmﬂzct 137. 74 135. 70 131. 36, 129. 33
128. 16, 126.44, 125. 50 124. 41, 123.76, 39.77, 36.14,
BO56B, Th@ pﬁﬁi,udz@as?ﬁl,bj e@ltM]BLeOII?aquxc@_ﬁ_I@j{lO} After 24 hours reaction

at room temperature, it was quenched by adding water. 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 alcohol product 8-fert-butyl-diphenyl-silyloxy-3,7-dimethyl-2,6-

octadien-1-ol.

[0156] The obtained alcohol (1.0 mmol, 1.0 eq) was dissolved in diethylether, Et,O
and was cooled to 0 °C, PBry (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 chromatography
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10 HRVS (El'): nfz calculated for C18H26 [M +:

242. 2035, Found: 242.2039 FTIR (KBr): v 2922, 1608,
1489, 448, 1375, 781, 698 cm 1 Br OTBDPS (41)
Preparation of polyene 41, ;

(E)-9- (3-bronmophenyl ) -2, 6-di met hyl - 2, 6- nonadi enyl]-l-o

toaff&id'thé&&h{edbﬁﬂﬁﬂdébﬂidﬂaenw silane 54 TBDPSCl 1.2 eq
I OAc Imdazole ' egq\ I QAc MOi | OH H

Eﬁgﬁ)ﬂiﬂBr égmggpggﬁ%lf&mﬁgaeﬁfﬁfe @. §hﬁﬁ’(§l 3-5 ééﬁrw?’as dissolved

in THlﬁatbgiqhsr withHhSrsiathiplspemRie (HWSZJOMWeR ﬂu eghand the solution

was ogRIgsao o8 oy BUBVRYY ip Slolafe afiG 9i6, & i hevan€ ot 20 e
was aJdd@d e d@@%i;ﬂhgé oA#ted 20 mitites, HR0EXREE)-Bi(iR-buridaskeh dsilyloxy)

t t
geranvlebtmlyd@ ;;Pir@ygﬁﬁwn (Téiﬁo)%?&m?gwp e[“ag a%ﬂesbpmsmugez attd °C. The
i S 60 AL B VB A AR s
solutivh.t Thevatj@sous Thger agie exisadia@l evithndishloeothéthadee® W B0 mL), and the

combgel O5BHTES FEFE Bt AT T RBT (Bom i g oty ALY Fd dricd
over dhi &/dm Hding QYBle, ANRYH QHS c%ﬁgéd{fﬁeglul 0. [T ﬁ{iﬁﬁal crude

concentrated in vacuo. e resi crude pro
produvvasvap yuiciffieé dbyb yolominuchrombtographp go agiford the defifat dradhet (E)-9-(3-

brom R RS S PR R S GO e BE- U BgyDpheny-

silanef OOM tenperature, it was quenched by adding water. The
aqueous | ayer was extracted with dichloronethane (2 x

\;ﬁ;ﬂﬁt‘sﬂ]—&g%lgr%@taﬁﬂh@ SORBE TED AAGAN .G X a8 oWl 8n \VaSIN@Ad McOH
solution. Na/Hg (20 mol%, 2.0 mmol, 2.0 eq) was added at 0 °C. 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 compound (41).

OTBS
(43)

Preparation of polyene 43, (E)-9-phenyl-2,6-dimethyl-2,6-nonadienyl]-1-oxy-(tert.-
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

(30 mL) and brine (30 nL) and dried over anhydrous
sodiumsul fate, filtered and concentrated in vacuo.
The residual crude product was purified by colum
chromat ography 15 to affordgt he desired al coho

pr oduct
combl%e&%i' m‘i’d%&ﬁa‘c%‘ RERNVAshed Witho¥des (3¢ ALBAA Yline (ﬁ) mL), dried over
octa 0156 The obtalned al cohol (1.0 ol |

anhydrous seql)mmaﬂfa@ﬁ, ed@@duf:ﬁn@ntrmslluevmqo Thy @@lduahmudmoduct was
punﬁéd;%( (ﬂuﬁjgfﬁro%at%%ﬂ;lgﬂ to; a?fonanﬁle des1ﬁe% Ozﬁ@(llc V‘?E}h rS&iucY 83

nge wWas — guenc

[(d80] | The Whrainede2-methy]-SagHehl- BpéntélﬁB&ﬂ (&Quﬁﬁmﬁ 1. 0 eq, compound
sol ut| on. The _aqueous 20 | ayer was extracted wth

82) wap sp Smumtby vib tEgthyl ﬁ@hoaﬂe@éﬁw (35-@ el {70 wa) énd catalytlc
amouﬁ\aaﬁ% Erhci/éfig 80 (n%gom'q a@‘gﬂ) ?I :rg(g}l(%&g%}urén?hg hi%fhre was

over ‘anh rous odi um's ,
refluxednac ¢ 60 P@tﬁad 12rhoues; whheréhtfier EeSHMwad distillafieofrfomby ceactias mixture.

The rg%éqqfl Ié:ggd&r géu\g;soﬁlg—[g? ?’%b%g&?nlychroma%o%r% ];ot{) daf}ol?'g the desired

pmdugfgg[é;lgg 3- (phenyl sul fonyl et hyl ) benzene (1.5 mmol, 1.5
eq) was dissolved in THE together wth
HHﬁ&}Te(W pteﬁs/rbﬁelﬂwnyld‘bhélﬂmg agiditinyd | estep (@meppund 83, 2.0 mmol,

d hyl..l it h
10 eq L Fa iRl n BREa R Shol o455 7m Disoiy s Ry pycrice
(DIBADGE ¢ Muﬂhé/xa%lérf‘i 0@@nolMt¥éq. R Q'ami([dtﬁ&ﬁ{ mE&R of a dry syringe. The

( 2E, 6E) - étert but | di pheny silylo %ﬂi ger anyl .
reactlvm Bigs ghow FOaPF?G‘FE‘é‘f F A hoysibefargiayen Ma@hﬂ&a’m}a at -78 °C.

A San%{eﬁ qg‘?eso% e?%ﬁ%lga{é IJH(F M‘%Iﬂq%% ur a?rged aq ueg’ﬁ) © room

tempaathtet(r@rﬂ“herqaemdeymwds &y&acta@mthﬂﬁo’rﬁ&bmdﬂmm {2 x 30 mL), and the

hi oromst hane nm.),, and e ..conpj ned or iCc .
combgiet R SR Rt ietee WI%M@P*((%@ ) Sbbries (i I%?S@Dd dried
over Hfﬁyd?d’iﬂ shdngfl PRy ellteret wad UdncERdiddMS YhéiRt eFhe residual crude

I"tered and concentrated in vacuo. The residual crude
produpfrwmmmﬁﬁdé)ym@mnm elfomptogephsnto efierdrthe depitag pyoduet aldehyde 84.

dT}elgy b?a édr ﬁéﬂiapt{ 121%#1% %P%)e@gl‘-ﬁéptenal (compound 84, 2.0 mmol,

1.0 ed -vihs lﬂmkbd/ togathﬁlé Wit?_ ﬁﬂlide (9.0 ]mn’holo 8 )O;e?} IﬁrIHfi b%mgtl r):tlfliunhg fotl4 hours,
- silane e opfain u nmo

the sQlggnt s &%V@ﬁv‘édvqcﬁﬁ 5?&33%2 elBrOéBFtuW?% rpunﬁad 3@ column

chromfafdbr iy %o Zaffor )a2 G-dfin&A)1-9BRerRUIEnRHaddnbic 388 methyl ester

reaction was all to proceed 12 hours before
(commppwed 8h).ng Wit h vvater The aqueous | ayer was extracted

B, ESlen¥s B el 30 ghoiiens idph e S SR, ot fowm to 78

°C. DRsdbMey1413fhiThan [fasidd (DERIA DMEN  ceminiviCHeRhkse, 3@intHH1, S0 kqf ®as added

filtered and concentrated in vacuo. The residual

by megng @ba grperéisendle paetign was pprrees upia reemderapdaiuapind allpwed to
procegc{ E‘o‘%rﬁ flcﬂﬁs 98‘%% Sﬁjencg]gxgﬁ)ryogdﬂ%g ﬁl%ﬂﬁﬁ&nzg rgg’r}l)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-ol (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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OrBS (43) Preparation of pol yene 43,
(E) - 9- phenyl - 2, 6-di net hyl - 2, 6- nonadi enyl ] - 1- oxy-(tert.
butyl)dlphenyld|nethyl silane [0159] The synthesis
route used in this exanple 45 shown schematically in
Fig. 24 25 (see the appended figures).
(tert. -B'Mfé[)@ﬁil SpaAmvEsER (BSe1MDimmbl, 01 £dq) Wﬁﬁ' HQd’éﬁld T8& reddfion was
sol ution’was subject to prop- |-en-2-yl magnesi um
allowpd deri preceed. Hr rafiohours, @f@rq) quenchipE wiglo| watéro T hst acme@as layer was

xR BB 2 0B S5 B e vasea

with Wa@r S0lhBY ﬁlﬁﬂbﬂ\ﬂld (30dhChhdy dlﬁﬁﬂtmgnl(}ﬂrdﬁls%ﬁdi’ﬁh‘) sulﬁi&d filtered and
the 56 conbined organic extracts were washed wth

concenﬁﬂtéii i 3acug JThg ﬁ@l@rﬁl FEIdeTmOdHC Wag pugided by colupn ghrogigtography

o ST, S8 Sy A G SO Ot

(commpdundd8}.ogr aphy to afford the desired allylic al cohol
product 82. [0160] The obtai ned

2- nmet hyl - 5- phenyl -1 - penten-3-o0l (5.0 nmmol, 1.0 eq,
conpoundPrepafitjonef E3- Tt edimexthylyo, h-dedecadida-2-ynet hyl
ort hoacetate (35.0 mmol, 7.0 eq) and catalytic anount
of propionic acid (0.30 mol, 0.06 |eq) at room
tlenperature. The mixture was

xed l\?tl 18&50 for 1
ours, V\:hT eaft@uLEZ%was i P alg gg
'xture he resi r ude was, gbﬁb_gg by

chrppmat o t hg_des}.[,€d~o, P
ester 83. {' W’b e(8'4- P Si} & 9°°epten
aci d et hyl B Hd:cg und , 1.0 eq.)

di ssol ved in toIYLfdtﬂié5°énd cool d down to -78 C 32
Di i sobutyl al um ni um hydri de IBALH 1.0 Min

[eae —tgluglsﬁﬁgﬁyl-gﬁra'iuﬁc{())l Wola(ﬂ@eéh)b%dnﬁ%ﬁleﬂ{ylﬁmgﬁh/oramlde

ringe. reacti on was al | owed t proceed for
(HMBA,

-3 nnn«plo Bé) ALEWEH] ﬁgsowdaadﬂ g awéepolad ta 728 €. BuLl (0 2 mmol,
s
2.0 ec@ar r %i&g fﬁﬂtggglzbgﬁgln <M'ir %6 t%gf'%gmh%ggd&%@ by means of a dry

Ate was room
syringee ier sdautien (wak) allobred aaqpﬁm:eed Ilayhasurw&&fc&utmtlﬁdg wiitthh NH,Cl1

di chl oronet hane (2 x and t he or gani c
saturalcd-aogrepus mtéorméﬁﬁ@aumsmﬁtw G(X%CWE)W@% dic %g‘g%‘t? (2 x 30

mL), %& ﬂﬁ%n@)‘iﬂe@%rgﬁl\{@ ExtPHWV LR UPasRAP U vt (3D enL)f dnldtlﬁ'fn%q_’)o mL)
concentrated 1 n vacuo. The residual crude” product

and dmé quer alﬁh}@dousysosinlnm mlfa.tb,r falmd) gndshycentyatad fin rvctcrtth elhe residual
Cmde@’a% EWﬁfﬁw{@? AnsEiafoy hrofinectily el BR g8 taogpet
B a%eagyt ﬂn%m}&éﬁl%i’ﬁﬁb et “43’ b Grigd mmol,

1.0 eGlasaiiésonrg ih emﬂvam Mreowasdl@aonTMﬁwml% C0.8d8mol, 3.0 eq) was

dpr oduct was purified by colu
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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chr omat ography to afford
(E) -2, 6-di net hyl - 9- phenyl - 2, 6- nonadi enoi ¢ aci d net hyl
ester (conpound 85). [0163] Ester 85 (2.0 mml, 1.0
eq) was dissolved in tol uergg and cool ed down to -78
25 C. Diisobutylalumniumhydride (DIBAL-H 1.0 Min
(N oy&?@n@b al4 IQtrHMron Ber® (8980) A5 1 T e853) hid MRsSedhefhod d¥veloped

syrin he reacti on was vvarrred upt o room t enper at ure

by Mamka U@\h@@ &I"dlﬁl‘l}@r&aé\éec&ffb&kmtmdﬁr,st@frgr EheuePINBHES, 3413
3415)b¥%h?rgpcn§10n%ét%wg% sPESOR FIRELRH £ SobAbE LEPREHO (1.0 mmol

ass Mim so e aqueou
1.0 eqm@h ChMeCHyi (Xtml[t)ewsi addeectMO)J_,Rr(@mmmmel 0 aqge@hsrdaau@f mixture
was extracted wt i.chl gronet hane (2 x and

was copled &8 mBP nEPrisy é‘éﬁﬁi‘@ﬂ% 0@@4%(2?’%(%%@%5%% 60 e reaction was
allow\é@ttg a)r&%gd )78 ﬁﬁ‘l(ﬂl%l‘l{lég El%ft erarg% qwﬂlv gglildlne é2 mL). The

anhydrous sodi um sul fate; conc
mixture waaduluted‘ﬁbndh CEBCHUED Ilﬂl:),l d\asknerdoduhtwam's(m unLf amﬂbniuy(zo mL),
ol.um c d the I.red

eg&ﬁ’&f r?l&ﬁlgaa ﬁﬁtere%f ! %r concentra%:"dS In vacuo. q“ge residual crude
prodd(:?@a@ﬁ)nf?e gdﬂﬁﬁtcﬁbhhuf)clﬂ&%ﬁﬁbbra%hﬁtd‘%ﬁ'tﬁ@démr@& acetals

(conpound 8 1.0 mol 1.07eq) was dissolved in

E ®%8j hep- ﬁ'ﬁétflg PrbAazal RofelatdTR g, ehiry Gqﬂ)ﬁlﬁtZBr @&ﬂ]éound (10) in

eperature tert.-butyl)di nethyl=silylchléri
Fig. IQEBSCEug 19) varerpteparkd 2sing)thewsmmeanidthad uFing 3rexc?f-pregnetsene-20a-

cone B BT 5] Pl DURBLA EHRLLEISat Hisorr

reagefiisCchl or omet hane (2 x 30 nmL), and the conbi ned organic
extracts were washed wth water (30 nL) and brine (30
nm.) and dried over anhydrous sodiumsulfate, filtered
and 5 concentrated in vacyp. The residual crude
product was purified chl umm chromat ography to

afford
(E) - 9- phenyl - 2, ePiHrLt hyl -®, 6- nonadi enyl ] - 1- oxy-(tert.
-butyl ) di met hyl -si | an onpound 43). Preparation of
(E)-7,11-di et hyl - 6, 10- dogecadi en-2-yne + BuLi 2.0 e

Na/Hg | | 3slo~ .Ceq T L%Ns | | | THE MOH rt IL
HVPA 2.0 eq \ TSYi el d: 80% Br THE-78C Yi el d: 55% 81 32

(@5, 659-4] BSialehyabalyil L aixhnaobrmiols 68, do frabia, 1.0 e)

and hexanet'hyl phosphoram e (H 2.0 eq )
YﬁrﬁQ]dIRgSIDdW&%xlaﬁb Tl mdetsteedﬂi)to -78 C BuLI (0.2

was added 2-Butynyl brom de (0.2 mol,
"H NMPD(AI@Q)MH@,SCDE@;D ‘A& bim it dn §.38F7.29 dmy 3H), 5.83 (s, 1H), 4.48 (q,/
= 6.78 Hz, 1H), 4.20 (dqd, J = 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, /= 13.58, 2.44, 1.04 Hz,1H), 1.27 (d, /= 6.18
Hz, 3H)
BC NMR (100 MHz, CDCls): 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 C12HsOo [M]': 192.1150, Found: 192.1137

FTIR (KBr): v 2976, 1071, 1456, 1377, 1132, 650 cm’

e
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syringe. The reaction was allowed to proceed 12 hours

bef ore quenching with NHAC1L saturated aqueous

sol ution. The aqueous |ayer was extracted with

di chl oronmet hane (2 x 30 15 49), and the conbi ned
?anl c extracts were washed with water (30 nL) and
oyl e3-diexame) whismeplids P& yéslér anhydrous sodi um

sulfate, filtered and concentrated in vacuo. The

[Erofl g@& £ OBt AMESteRU: f 1 ed by col um
chr ohat 5grap to afford the desired product. [0166]

'H NMR ¢4000MS14, famym (75344 411(nq|sm; Bysi5- (8, m),dqlriﬂkg:am gre 2} 81, 5.02,
sQlveda I n

124 B ot ST D, Rt 280 s o o ol 9040 5 Bsim

o N (PO BT b, Ve SIS LR RR A P

HRlVI\gq nQI e¥hs %Eu?éjce&"féﬂtégiﬁ ebhw]ﬁtllagro\ﬁgihegﬂgm ft.q?)ogzgnd t he

ned organi c t wer e wat er (30
FTIRr(Mao@n@ wglngoéﬁ@o%)zmdzsiﬂ q@59VRIcaN4ingus 1288di um, 1011,
ilteréd and concentrated in vacuo. The
749, 6%8s¢r@|ual cr ude product was purified by colum
chromat ography to afford the desired product. 25
Exanpl e 2: Procedure for preparation of acetals [0167]
Acetal s were synthesizgd according to the method
devel oped by R Noyor (Noyori, R, et al.
Tetrahedron Lett PNT%O) 21, 1357-1358) and nodifi ed
nmet hod devel oped by aaki Kuri hara (Kurihara, M, &
Hakamata, W, J. . Chem (2003) 68, 3413- 3415).
2-Phayl-daB-digrolane: Q@QWSSWAS9%%MN§S| s as following: To a
sol ution of PhCHO ( g.) in CH2C12 (5 nl)
Wlhd&@?%ﬂmﬁ @@YbAﬁ%qe ‘Ub eq.). The reaction

' NIl S gGHET 678 @) 1 TR B H e, 3o

13~ - e e
O N PR Ty e 12005, 2 28 3 0 AR

HRMS (B ﬁﬂzam&dlat&r%t%m&%[ W) 1 5RedRdFYhddn 19@bes2 (20 nl)
and brine (20 mL drled over anhydrous Na2SOi

FTIRf(NaCBr edO&@;dOé&nﬁﬂéﬁﬂ%ﬂeZD%nZWg U648, Th37,11457,d0ds, 1084084 cm™
product was purified by flash colunn chronatography to
afford the desired acetals. 10 [01681
20- net hyl - Pregn- 4-en- 3-one-acetals (e.g. entry 6 in
Fig. 2B, conmpound (1 in Fig. 12A or Fig. 19) were
prepared using th me net hod using
3- 0x0- 90- pr egn- 4- ene-RW0a- car boxal dehyde (conpound
71), also enplo¥|n C OCH2CH2CH2OTMS and TMSOTf as
reagents. O Ph-

2-Ph

O

_<

(Diisopropoxymethyl)benzene: colourless oil, 90 % yield.

[0172] Ry 0.64 (Hexane : Ethyl Acetate = 4:1)
TH NMR (400 MHz, CDCl3): 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)
3C NMR (100 MHz, CDCls): 140.34, 128.04, 127.95, 126.61, 99.14, 67.67, 22.96, 22.38
HRMS (EI): m/z calculated for Cy3Hz00, [M]™: 208.1463, Found: 191.0864
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O 15 (4S, 6S)-4, 6-D nethyl-2-phenyl -1, 3-di oxane:
colourless oil, 90 %yield. [0169] R . 0.64 (Hexane :
Et hyl Acetate= 4:1) 'H NWVR (400 MHz, CDC13): 7.51-7.49
(m 2H), 7.38-7.29 (m 3H),505.83 (s, 1H), 4.48 (q, J
6.78 Hz, 1H), 4.20 (dqd, J= 11.98, 6.00, 2.41 Hz,

FTIR ENQCIJ Ly 9@8%@96% 3935 @6??892% ézdsﬁ% 1@80%37H¥4571 Frh43 3106»9 734 cm’?
Hz, 1H), 1.27 (d, J—6 18 20 Hz, 3H) 13CNI\/R(1OO I\/Hz
CDClS): 139.18, 128.65, 128.28, 126.24, 94.06, 68.67,
69.11, 36.77, 21.96, 1724 HRVS (El): mz cal cul ated
for CL12H 602 [M +: 1§2=1150, Found: 192.1137 FTIR
(KBr): v 2976, 1456, 1377, 1132, 650 cm-1 25
Ph- OD 59 2-Phenyl - 3-di oxane: white solid, 90%
yield. [0170] Rf. 0.64 (\Hexane : Ethyl Acetate= 4:1)
1H NMR- (400 MHz, CDC13): 7.64-7.41 (m 5H), 5.55 (s,

(Dietﬂdiﬁméhﬁ?beﬁﬂéiﬁ’e cdlﬁuﬂléss&lﬂ 0. %3ield 1. 24 Hz, 2H), 3.99
t J=12.32, 2.24 Hz, 2H), 29215(m1H)
mwg} 1R3. @ (Hekhhe SEthCANMRe CLOD) Mz, CDC13): 138. 52,
128.11, 127.58, 125.55, 100.90, 66.66, 25.20 HRMS

'H NVIRI (400 MHz,0aDEL): 2566788 (mC2H) TR 730 (m, 38545.0887 1H), 3.66 (dq, J

-9.sbgk8 mgih, 37108 e 5o 133512 13362300k O g,

13 W ey |
o NSRRIt GpcR B 8% Bhohs ol o okasets 400
HRMEt(EP)l mﬁct%lc%‘lzﬁed ﬂ)rq IFbN‘}%*H@@lM@,Foﬁmﬂl%hlszs 58-7.43
. 5.88 =) 04 (m 4H 13C NVR (100

FTIRWNECI)CDGDSS) 3015373826 2026, TR, 188, A546,1245133371,035631208, 1114,

5.01 HRMS (EI): mz calculatedfor COH, 02 [ M +:
1054=67 48, G¥M Found: 150. 0662 15 FTIR (Nadl): v 3089,
- 3066, 3035, 2963, 2926, 2887, 1648, 1637, 1457, 1243,

1094, 734 cm 1

o/
Ph—<
o]
\—
(Bis(allyloxy)methyl)benzene: colourless oil, 80 % yield.
[0174] Ry 0.64 (Hexane : Ethyl Acetate = 4:1)
'H NMR (400 MHz, CDCl5):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, /= 17.27, 1.61 Hz, 2H), 5.20 (dq, /= 10.04, 1.21 Hz, 2H), 4.09 (dt, J
=5.62, 1.61 Hz, 4H)
BC NMR (100 MHz, CDCly): 138.35, 134.44, 128.33, 128.10, 126.64, 116.59, 100.32, 66.01
HRMS (EI): m/z calculated for C1aH 602 [M]*: 204.1150, Found: 204.1092
FTIR (NaCl): v 3081, 3067, 3032, 2984, 2915, 2867, 1647, 1451, 1338, 1043, 922, 754, 709

-1
cm
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O Ph O (D isopropoxynethyl)benzene: colourless oil,
90 %yield. [0172] R : 0.64 (Hexane : Ethyl Acetate =
4:1) 20 "H NWR (400 MHz, CDC13): 7.53-7.31(m 5H),

5. 59 (s, 1H), 3.94 (septet ,61J= 6.27 Hz, 2H), 1.23 (d,
J 6. 27 Hz, 6H) 1.20 (d, J = 6.27 Hz, 6H) 13C NWR
(100 MHz, CDC13 140. 34, 128.04, 127. 95 126. 61,

99.14,.67. 67, VB cubat ed
for ]?%@53[ -’4-‘%9‘9(5%8‘1‘%2%; F‘!Eca’ﬁﬁé‘%’é‘fmﬁégﬂla@& k@TI R
(Nadl): v 3089, 3066, 3035, 2963, 2926, 2887, 1648,
1(HQ$] Im BlY caslegA@ly Imgdata wgmm isorper| 2 i‘srtcpm(cec’o’l\he ratio of isomers
Wa“‘f? Grined BT el ohas o SeR rERta Bl A AR Bl
400 MHz, CDClS).7.50748 (m 2k 739730 (m
5 (s. 1H), 3.66 (dq. J 3 9 O
PhEH(@R)ﬂz (3.008q 1z, 2+
! 6H) D . :
36, 53@72@ PB. 51429 HRIVEPH 3
caI cul at 02 [ M+H 86 1150, Found:
180. 185 v FO9, , (BP33, RW6, 2881 (+)
1652, 164-678 @511/21@71 1354, 1208, 1114, 10 1054,
7 704 cm-1 o-/= Ph-< O~ ? ()
I's(all yI oxy) net hyl ) benzene: cof ourl ess oil, 8(‘ Y%
174 xane thI. tates 4:.1
ds‘e’lﬁﬂ E%B% W&Eb‘ds@ﬁ?mgb"l 1A i €S 2 g has added
acetal( (ﬂ)di mrﬂol 2D7eq2)7at rb@m4143m re@&e HIhe Etb‘ﬁltzl%n 5&!;6 Eogfed 1% h%a"c prior to
addItlgn 2){ ng:14 (',_1|JB M zp @gfz@ht 57 JmLﬁz g egQ The Gq_a(cpgn wasipllowed to stir at -
78°C %%&%{é&l geg g?‘&%%&hi ﬁg]'%’ g]%%%?a}gtﬁNﬂﬂCdg%ﬁug&s SQJI%%OPIQS mL).The
mixture was gradually warmed up to room temperature and was allowed to stirred for another
1 hour. The aqueous layer was extracted with CHzCl, (3 % 20 mL), and the combined organic
layer was washed with water (20 mL), brine (20 mL) and dried over anhydrous Na;SOs,

filtered and concentrated in vacuo. The residual crude product was purified by flash column

chromatography.

(25,4a5,10aS5)-2-(Methoxy(phenyl)methyl)-1,1,4a-trimethyl-1,2,3,4,42a,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,0 =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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HRVS (El): mz calculated for C13H1602 [M +: 204. 1150,
Found: 204.1092 20 FTIR (NaCl): v 3081, 3067, 3032,
2984, 2915, 2867, 1647, 1451, 1338, 1043, 922, 754,
709 cm 61 Exanple 3: Genggral procedure for
cyclisation reaction (2a-21) [0175] In all cases, only
(m, 1H§1€1 At & 1Qfn, T8I) OF 29S0T, 22H)31 DeRQBEgt: 2T tke3H§1t1' @5 @f 3H)
oners was déternmined by the integration of
B¢ NMRpemm VIS b@melgs 149 Sﬁ;eml:ml\lllzﬁsmeqtzsaz 1BB¢H( @5.82, 126.19,
3.0 eq. nC 4 0 e Ph, P Cl2 (0,0 RO H H
125, 6E) 2% IJIE(I% 827%1( é6 &5, %g Of, 51190,(3%_%(, §7.9g53’{'.gh,%}03-r30g9, 24.80,
195559§yg|ﬁy5¢ﬂ: alkene 1 (0.1 mml, 1.0 eq.) in CHCIL2 (2
was added acetal (0.3 nnDI 2.0 eq.) at room

HRMSEEDE hitd M@laﬁmﬁ)ﬂggw}zoqnﬂmsmb EEbuing: 34885 ior to
addltlon of SnCl4 (1.0 Min CH2C12, 0.2 nm., 2.0 eq.).

FTIR TNeCHeact3i06h, 2048, H(RoWRD, 145 5t1377,4t1 10, 08E, Ta#2, 388, 702 cm™
m nut es before quenchlng Wi th saturated NaHCO3 aqueous

solution (5 nL). The m xture was™~gradual ly warmnmed up
to roomtenperature and wa dto stirred for

N ayer was extracted
e combi ned organic

another 10 1 hour. The 2
with CH2C12 (3 x 20 nL

' Qdm), brine (20 nL) and
filtered and

| ayer was washed pa t h A
dried over anhydrou

concentrated in vacug Fhe "I esi dual crude product was
purified by flash co uqn) chromat ography. Ph HH W

S AESLRD-RsbervaheR ety DohbADTT S, 24940 P 1

octahydrdphenanthréie 921%9 cdldarlekCoa)yolne @zﬁ@dlaﬂmabﬂ’eﬂcbﬁoﬁ‘%ﬁ)‘ano 2b:2b° =
col ourless oil % vyield. D astereoisoner ratio

88:12pjpomgr ratio” h:3ba 6%mer ratio 5 2a:3a = 88:12. [0177]
RJ 0.73 (Hexane : Et20 = 9:1) Mjor isoner: 20 1H NWR
{@d@]l\/ﬁzoﬁﬁe&ijﬂne7]3ts@79él (m 9H), 4.50 (s, 1H),

M eé .97 (ddd, J = 17.07, 6.63, 1.81 Hz,

aJO&’ﬁ?m 84 (ddd J = 17.47,11.24, 6.83 Hz, 1H), 2.27

'H NME (400 MER2CP01,)3748-6.92 (m, 9H), 4.52 (s, 1H), 3.35 (dq, J = 8.94, 7.03 Hz,
1H), 3.21 (dq, J = 8.88, 6.98 Hz, 1H), 2.87 (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)

BC NMR (100 MHz, CDCly): 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 Ca6H340 [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™
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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 62 (m IH),
1.33-1.31 (m IH), 1.29-1.25 (m 2H), 1.23 (s, 3H),
1.22 (s, 3H), 1.03 (s, 3H) ¢3C NVR (100 MHz, CDC13):
149. 85, 143.44, 135.05, 128.12, 128.11, 126.52,

(25, 4&?‘1?%%@*23%&1%# ﬁ%{gh%:éﬁ) §1}2141 5. m&%ﬂé&n b, 4&5239 RP164L

Octahl’ér'ﬂﬂlenmthrgne 1233)64015111111RNSO(1EB‘)‘ % nidd cRiasterenissane gatio 2¢:2¢’

M 453, Found: 348.2452 FTIR (NaCl): v
83: 1736‘%‘5% é% i%o%%ﬂsg 1451, 1377, 1110, 1084, 1072,

@2914;%% @séﬂe} R y(% n§|b) methyl)-1, 1, 4a-tri met hy

Maiol &3, 4,4a,9 10 10a- oct ahyplrophena_nthrene (2b):
2o ISﬁmurl ess oil, 90 %yield. D astereoisoner ratio

'H N}?agtlgmo MHz1@D3§3 12.29L6.91em, DHEY, 086 ﬁtﬁd 3p==1Bf8, 1454, 5.27 Hz 1H),

0.73 (Hexane : Et20 or i SOner:

5.21 (=41(7019M—I22 HeD13R)5:067dg0/ 6. 159243( m5)39Hr9 TH), 638 (s 1H)H. ,85(ddt J

= 12833704, %4q P18, s (i Hara 1 o, &t M), 3 65 (g - 1684,

5.85 H@Ldch), :1 75 (da@ As 117050 11. 3347 33 186 1[=1;,, 2. ﬂ$‘|th 2. 182 Gdt3 09 Hz, 1H),
1.92— 4&53 (mi 1{!@ (163@—1 32:(11‘&3“@6163" ésl +42— 12@)7 6142652,( Hd), 132&(dd J =

1stgsdfe g (oo i ioSdei ot Bl gl i, ) -

B¢ N‘MR3(1(08 M3h4) cﬂcﬂ;? {4.85,3H43.590. 135.165.138/d5 1@8?7bll\/li<2é @@0126 54,
89, 144.20 135,06, 128.79,

126. 23_2@253@0 ]_ 1@,9124 5% hPR1. 87, 269. 8, 56,07 %]@97 81})8 @ﬁg 37 99, 37.35,

6 75, 38.00, 37.36, 31.06,

31.04 #% 24%:7 %5451]189‘&@%6%?8 22, 16.76, 15.51 HRVB (EI):

HRMméEI)cal/Mah@m@h fop in@;@ [3“%4*2616%11%6 1874 Tqpgnd
2.°2604 FTIR (Nad 3100, 3084 3061, 3024, 2968

FTIR4B2€1): 283047, 340 30€1( 3023 18953, 2949 (291342872, 2834, 7164626602, 1490,

1117, 1988 1873?027(:151’191, 739, 723, 702 cm-1 25

1449,71376, 1067, 916, 759

(25,4a85,10a8)-2-(Isopropoxy(phenyDmethyl)-1,1,4a-trimethyl-1,2,3,4,424,9,10,10a-
octahydrophenanthrene (2d): colourless oil, 94% yield. Diastereocisomer ratio 2d:2d” =
84:16, isomer ratio® 2d:3d = 80:20.

t0180] Ry 0.70 (Hexane : Et,O = 9:1)
Major isomer:
"H NMR (400 MHz, CDCls): 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—1.7.9 (m, 1H), 1.66 (dd, J = 12.37, 6.36 Hz,
1H), 1.54 (dg, 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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Ph Y Fl 6 OAlly 2C 63 (2S, 4aS,|
CGaS) - 2- (Al l yl oxy(phenyl)nmethyl)-1,1,4a-trinmethyl-1,2,3
,4,4a,9, 10, 10a- oct ahydrophenant hrene (2c): col ourl ess
oil, 84 %yield. Diastereoiggoner ratio 2c:2c' _
83:17, isoner ratios 2c:3c = 97:3. [0179] R: 0.73
Bc I\MRX@% Nm)czt Qﬁ)eléj? M9 9B 1“1%11(3;Ir 1'3§%ng28 Il WRSM@@G 49, 126.30,
125. 51712158)51024558 ﬁ@zﬁﬂzﬂ% $ 9 5 03]38(9@543 90,3714?6,139 08, 30.22, 24.96,
:1043 1.53 Hz, 1H), 4.58 (s,
23, 581*2_})29121')9 T b%?l 1?308

= 12. 83, 5.04, 149HZ 1H), 3.68

7. J =
HRM§GED: mh cel%%t%ﬁfor et b” HeartdrodaBedsity )
FTIR: v 3302"23081"&06(2 2@88(@930 2973, 1483601 662, 02812 1431H1374,01120, 1103,
1.92- % 1.86-1.82 (m 1H), 1.67 (qd, J =
1059 175937239 @2% 02|z:m 1H), 1.20 (dd, J = 12.15, 1.83 Hz,
1H), 1.15-1.11 (m 3H), 1.14 (s, 3H), 1.11 (s, 3H),
0.94 (s, 3H) 13C NMR (100 MHz, CDCl13): 149.85, 143.59,
135. 13, 135.05, 128.70, 128069, 126.54, 126.23,
125. 60, 125.10, 124.59, 79.87, 69.82, 56.07,
51.97, 38.74, 37.99, 2 .04, 30.36, 24.87,
19.54, 18.40, 16.77 > mz cal cul ated for
C27H340 [M +: 3F4. 28 374.2608 FTIR (Nad): v

3097, 3083, 8061, 2% 63, . 2945, 2913, 2872, 2836,
1646, 1602, 1 90 1376, 1067, 916, 759, 702
cm' Ph YFI Pr

(2S, 4aS, | Oaa&) 2-(1so (?j i/%phenyl Yynmethyl)-1,1,4a-trim
2-(Phenyl((2Sfa5,19: M,"@-tmn al- é,%ﬂ,%demmﬁrwmmhren-Z-

yl)meg@ﬁé(agtﬁ%&g%é)eg&oﬂ Sl%sﬁe cﬁﬁ(ﬁggﬁ)f,gl gd %ﬁh@ &s@gkz%ﬂ‘c? ?8‘%8“90 10.

. 0.70 (Hexane : Et20 = 9:1) Major isoner:
[0181] Ry 0.15 (Hexane : Ethyl Acetate = 4:1)

Major isomer:

'H NMR (400 MHz, CDCls): 6.97-7.39 (m, 9H), 4.67 (s, 1H), 3.80-3.60 (m, 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)

BC NMR (125 MHz, CDCls): 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 (CH>), 37.96 (C), 37.36 (C), 30.99
(CHy), 30.31 (CH3), 24.89 (CH3), 19.55 (CHy), 18,61 (CHs), 16.66 (CH,)

HRMS (ESI): m/z calculated for CogH340, [M]": 378.2559, Found [M + Na]": 401.2450

FTIR (KB1): v 3369, 2958, 2873, 1653, 1489, 1448, 1375, 1116, 1053, 759, 723, 702 cm™"
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1H NMR (400 MHz, CDC13): 7.29-6.91 (m 9H), 4.70 (s,
1H), 3.40(septet, J = 6.05 Hz, 1H), 25 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 (dg, J= 4.32, 3. , 1H), 1.16 (dd,
J= 12.14, 1.83 Hz, 1H), 1.13 ( |, 1.11(s, 3H),
1.10-0.90 (m 2H), 1.06 (d 3 Hz, 3H), 0.99 (d,
J = 6.19 Hz, 3H), 0.95 13C NMVR (100 Mz,
CDCl 3): 149.97, 145. 18, 8. 76, 127.84,

126. 49, 126.H0._ Pb : 124.58, 77.20, 69.28,
56.19, 52.20, 38| 96, B8FOP ﬁ? 46, 31.03, 30.22,
24.96, 23.58, 2IL.29,019.%4% 18.51, 16.84 HR\VB (EI):

m z cal cul ated for 7THB60 [M +: 376. 2766, Found:

376. 2767 5 FTIR v 3102, 3084, 3060, 2968, 2930, 2973,

2831, 1602, 1489, 1451, 1378, 1120, 1103, 1059, 759,
3-(Phi‘ﬁﬂ((2$23.$ 1088)-t,h4h-tPimethi(l-1,23L4,44,9 IQIBE—0ctahydr0phenanthren—2-

(Phenyl ((2S, 4aS, 1 Ca9) -1, 1, trlmeth -1,2,3,4
yl)mei'erxy@iaw@epéhwﬁp ﬁ%‘ﬁ‘é?f%sﬁr(éﬁ -735% YEnHAstERSPy R et B2 -
gg:12(2e): colourl ess oil, 72 %yield. D astereoi soner

rati o 2e: 2e' 90:10. 10 [0181] Rf. 0.15 (Hexane :

s, 153515 %%Q’Ethbgh?&afﬁ s, "1H, 3. 80-3. 60 (m

(ddd. J = 9.93. 6. 45, 348Hz 1H). 2.96 (ddd J =
'H NNIR. (360 Mz, AE)CL): T8, 1 7rhi) 62 7886 8ddim, 3F3; 4150 G81H), 3.84 (i, J =

555 8380y 0By s, Eef 4 8 7 8 ik, S B acn

1H), i 93 ({ﬁﬁ)ﬁ— 17 32 £69 H%HIH?L% 8?318{(1% J&l'% 4, 31181%C6$4 H§H)H8 3%7 (dt, J

=12 ?53)3 24[23 821),(@4} 1. @02811,211'1) (IC&Q)—I 51)2(@1,725)( @4}3—1 106€m1 8H), 1.22 (s,

, . , 125.16 , 124.53 , 80.80

3H), 158?&5 354 (%&) 62. 30 §%) 56. 03 ﬁ 51. 90
e Nﬁg&}zsﬁﬁ{ﬁcm%@ 36- z{@g 14508 (@3’ d7%0), B, é?ﬁ(lcﬁ-)olzs 25 (CH),

19.55
126. 7(CCH$§), IZGOMCHIHZ?S 6IRMSHOE$2§ 15 rfCH)cé%gJS ACEY, b3 (CH), 68.67

() B R M3 303081237 %6 [ Sl (b8 %7.03%0)249%3 (), 32.33
(CHy), 30.97 (CH,), 30.35 (CHs), 24.85 (CHs), 19.55 (CHy), 18.22 (CHa), 16.75 (CH,)
HRMS (EL): m/z calculated for Ca7H350, [M]": 392.2715, Found [M+Na]": 415.2630.

FTIR (KBr): v 3446, 2945, 1653, 1624, 1489, 1448, 1109, 1070, 758, 723, 702 cm”

(5)-(Methoxy(2,2,4-trimethyl-3-phenethylcyclohex-3-enyl)methyl)benzene (3a):
colourless oil, mixture of isomers

[0183] Ry 0.73 (Hexane : Et;O =9:1)
'H NMR (300 MHz, CDCl;): as a mixture of isomers. Major isomer 7.38-7.01 (m, 10H),
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FTIR (KBr): v 3369, 2958, 2873, 1653, 1489, 1448,
1375, 1116, 1053, 759, 723, 702 cm'. 65 HO Ph FI FI
O 2f
3-(Phenyl ((2S,4aS,10aS) -1, Iggta-trinethyl-1,2,3,4,4a,9,
10, 10a- oct ahydr ophenant hr en- 2- yl') met hoxy) pr opan- 1 - ol
4.48 (s27h1y, £ S;S63Mj 54 GR% 9'3@—2@2 &, 91501 89eE2 (AL 1), 1.75-
f:Z? 5 gy h I(XJj xgne :m’Eth Actét at e)

1.65 (ﬁl, 11‘))= 1. ﬁ‘&](foﬁﬂ),sbﬁ@fl 47 Gﬂl,l\%ﬁ, ( 5@61 3, H:ﬁ:)ciéj) (S 3H), 1.09 (s, 3H)
v R yq My Codly) s b 1Sk 1365 Tohaa 1354, 32810 17, 126.56,

126. 2%??5 ki a 3%]3%56 #5,%8. éfggg 92 3356‘76% 3%‘?1 5, ﬁ 2! 4g§% g%, 205 17.14

HRMSREﬁpm/Adalaﬁate& fdi- (1‘5'§H32©|'5FM] BBOLASA! Fouhd=34%2489, 3. 24
1.93-1.60 (m 1.60-1.50 (m 2H),

FTIRINA(H)ivM6(,rﬂ9221—|28271 16 (1g93 B, 137721118,1088) 1072, 758, 739, 701
1 (s, 3H 13C NWR (125MHz, CDC13): 149.66 (C), 143.28
cm (C) 134. 97 (C) 128. 80 (CH) 128. 25 (CH) 126. 71
126. 04 , 125.63 (CH), 125.15 (CH), 124.53

42 - S008 b

32 33 (CH2), 30.97 (CH2), 30.35 (CH3 24. 85
101835 (IJCIBIZ)Caseﬁ80122 ﬂ(l@@t Ofl_I&tJGl‘BSQ is Tepvsd 11)3 ramﬂ of isomers

was diffifedsS Y loariiiol o e feblehiv e SGld %ﬁ@%gﬁ%ﬁpe%a

1448, 1109, 1070 758 723, 702 cni'' Ph HH 20 Owe R’
3a

S)-(Meth t
|() Znst( hyl )gﬁ'ﬁ%é(ﬁs;; 0'egdl ourI
i soners [0183] Re O 73 (Hexane

(300 X CDCL3), Us a m Rhueo
Qj 10
| %_( E 3 et:]')) O*R

i so

1 SnCl, (2.0 eq.)

CH,Cl, (0.05 M)
-78 °C, 30 min

Procedures for asymmetric cyclisation are the same as cyclisation reaction of l1a, despite

using chiral acetal as initiators.

HO

(28,3R)-3-((R)-Phenyl((2S5,4a8,10a5)-1,1,4a-trimethyl-1,2,3,4,4a,9,10,10a-
octahydrophenanthren-2-yl)methoxy)butan-2-ol (2i): colourless oil, 58 % yield.
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4.48 (s, |H), 3.24 (s, 3H), 2.63-2.54 (m 2H),
2.30-2.22 (m 2H), 1.88-1.82 (m 1H), 1.75- 1.65 (m
1H), 1.68 (s, 3H), 1.56-1.47 (m 2H), 1.37-1.33 (m
1H), 1.30 (s, 3H), 1.09 (s,gB8H 13C NVR (75 Mz,
CDC13): 143.51, 143.18, 136 98, 128. 368 128. 13,
Diastarpgisaper raiig 2821 2¥6 288 = 89:2 b, isomerratin® 2221’83’ 3§ =58 §143:3.
53.64, 39.02, 36.74, 32.91, 31.56, 27.44, 22.42,
PIISSY, Side prad:t CRNVES’ ) Wiay obiained imP% b viekschsfveell (S26RIZ22R).
Ez% 348, 2453 Found: 348.2452 FTIR (Nadl): v 3061,
Ry: 0.p texapgdit,O rehb) 1493, 1451, 1377, 1118, 1088, 1072,
758, 739, 701 cni' Exanple 4: General procedure for
MajoLSOmAE ri ¢ cyclisation reaction (2g-21) [0184] In all

NP LIR30 RS AT R BRRAL s s 10,
3.25 (quimbey ALi658 Hb, 18 2rgaspeat(inyeﬂsi:g8fa(®dg FETT6L, 1BL0BMRA9 Hz, 1H),
230 PRSP 394525 K9 s o, sl 5 D o, 2,
1.21 (gqsl){) g:!%%%}ﬁ)ol% M= 688Gz, %@{ nM .Y [ JE o2 HH), 1.03 (s, 3H)

rocédures fof asymTetrlc cyc |sat|on are the sane

Bc NMR' (thcm: ICERCLL ): 01ra1907f5 (ca), 1@59!(09 135®ngcygh138681 (CH), 128.28
as initiato

(CH),@@@S@@:Hx {2084 BB % @Sz@:ﬂhs},zﬁ@a@m 1@4@@9;@5 Ay (CHD), 74.81
(CH) 71 87 (a3 SSCHIT 5214 (GH), 3886 (CH), 37.96 (), 37.58,(€), 30.98 (CHD),

30.17((0]&94046@5((15139,,1958 (@), dI8cB4 (€'Hs), 18.83 (CH3), 17.07 (CH»), 14.21 (CH3)
HRMS (EI): m/z calculated for CazH3304 [M]+: 406.2872, Found: 406.2866
FTIR (KBr): v 3406, 2968, 2873, 1489, 1448, 1375, 1105, 1064, 758, 702 cm’!

(2R,4R)-4-((R)-Phenyl((25,4a8,10a5)-1,1 4a-trimethyl-1,2,3,4,4a,9,10,10a-
octahydrophenanthren-2-yl)methoxy)pentan-2-ol (2j): colourless oil, 89 % yield.
Diastereoisomer ratio 2j+2j*:2§> = 82: 18, isomer ratio® 2j:2j°: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)

3C NMR (100 MHz, CDCl3): 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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Di astereoi soner ratio 2i+2i":2i"+2i"" = 89:11, isoner
ratio6 2i:2i':2i":2i""'= 76:8:13:3. [0185] Side product
(75/75") was obtained in 25 %yield as well (see Fig.
22). Rf. 0.15 (Hexane: EtZ4Q = 9:1) Major isomer: 5 1H
NVR (500 MHz, CDC13):7.38-6.96 (m 9H), 4.94 (s, 1H),

70. 683(@%) (@Mm& ), 5]5:6(135(412)2@1315@H), &@(@H%?d%?% (7c~}f21 37.94 (C),

37.561(6)080.9% (GH2}130.19HCH:), 2531;“» (@), %ﬂécéao)? 18,43 ACHy), 18.61 (CH),
17563(@[{3%&)792%(}?% (m 2H) 1.83-1.60 (m 3H), 1.30-1.20

1.17 (s, 3H), 1.15 (d, J= 6.48

1 113C
FTIRKIKBr)'ikJ)zM& ﬂ&zgms@ T453 %75"2112%"1)056 7@2;&% 5)05@11135. o

(C), 128.81 (CH), 128 28 10 (CHNG26.89 (CH), 126.84

(CH), 125.65 (CH), 125.16 (CH), 134.52 (CH), 75.33

(CH, 74.81 (CH), 71.87 (CH), 5 (CH), 52.14 (CH),
38.86 (CH), 37.96 (C), 37.58 .98 (CH2), 30.17
@

(CH3), 24.97 (CH3), 19.45 84 (CH3), 18.83
(CH3), 17.07 (CH2), 14.2 MRVE (El): i z

cal cul at ed r C25H3%02 |
406. 2866 F 409
1375 1105, 10 4 158, pZGQ

(2R 4R) - 4- ((R) - Phenyl ((2% 4aS, 1 CaS)-1, 1, 4a-tri nmet hyl -

(2R, 412243((11) «aSﬂaSQ,OiS)iﬁ-Isopropyl-l 1,4a-trimethyl-1,2,3,4 4a,9 10 10a-
oct ahydro henanthr en- % met hoxy) pent an- 220l .
"Ctahé’ér ‘Eﬂ}’relﬂég rgn+2-ylyph %XH’E? OXY)BFIAé't“e?er @'6119?0191511‘?36 oil, 83 %

yield. fﬁgﬂf%eoﬁglfggfﬁéﬁﬂ% *Sﬁ?m)é(gﬂgt 1568 t%%ﬁgj%‘% % 5@3 :14:13 (The

three | maemre:thlral tdehibf( 4@theliHare COBSIRyed As42- chill groyp Q:J-ﬂ) (ﬁxed relative
conﬁétmu 1@9%@@&}@ ba edoggleﬁoriélis;éeq@@eipﬁsuﬂgggi (Sgdd
16,90, 10,96, 7.32 Hz 228(dtJ=1289
o3l g7 0u1g (Herabe B85 SR 119, 1 85-1 60 (m 3.
1.55-1.45 (m 1H), 140100(m 4H) | 1.25(d, J =
Majogisd®Bey “3hy, 1.22 (s, 3H), 1.20 (s, 3H). 1.18 (s,

'H Nl?lh?% @09 ﬁ%ﬂ%&(ﬁgﬁ 5 714233)79231;3(91 "%31&2 %@Qs M@ﬁ@% 3} é%lﬂuﬁ 437 (dd, J

— 14.0844.97 Hz7118) 4004p 60135, 5, 3 5593.43.05, BF), 063 (dd135. 16655, 6.27 Hz,
11), 3.6602.8564 B9, $ W ar, 7% 1904 §d7 1881 ), 232 (a1, 7 = 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),
127 (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)

13C 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 (CH,), 38.94 (CHy), 38.03 (C), 37.59 (C),
34.00 (CH,), 30.52 (CHy), 30.09 (CHs), 25.03 (CH3), 24.22 (CHa), 24.08 (CHj), 23.44 (CHs),
19.50 (CHy), 18.61 (CHs), 17.59 (CHs), 17.22 (CHy)

HRMS (EI): m/z calculated for Cs;HagO2 [M]': 462.3498, Found: 462.3481

68 2873, 1489 1448,
HOOs_  F1 F1 15 Ph

FTIR (KBr): v 3446, 2962, 2870, 1450, 1377, 1120, 1103, 1056, 704 cm™
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70.68 (CH), 64.20 (CH), 55.60 (CH), 52.13 (CH), 44.43
(CH2), 38.83 (CH2), 37.94 (O, 37.56 (O, 30.92
(CH2), 30.10 (CH3), 25.03 (CH3), 23.43 (CH3), 19.43
(CH2), 18.61 (CH3), 17.56 ¢CH3), 17.22 (CH2) FTIR
(KBr): v 2446, 1662, 1635, 1448, 1375, 1120, 1056,
759, 725, 702 cmi HOB 5 ~ ~( FI FI  Ph 2k
(2R 4R)-4- ((R) -((2S,4aS,1 CaS)-6-1sopMepyl -1, 1, 4a-tri nme
thyl-1,2,3,4,4a,9, 10, 10a-
oct ahydr ophenant hren- 2-yl ) (phenyl )#
(2k): colourless oil, 88 % vyiqld
rati o 2k+2k":2k' = 86:14, i s08g
73:14:13 (The three new cl ers formed are
consi dered gp.a L ralo o A xed relative 10
configuration Wt hi the=g opp)i based on the
St or k- Eschennosgr p@stul . ﬂb187] Rf. 0. 15 (Hexane
: Et20 = 9:1) Major isoner: 1H NWVR (400 MHz, CDC13):
7.43-7.22 (m 5H), 7.19-6.39 (m 3H), 4.93 (s, 1H,

S SRR R TR

octah}rtﬁr p]?kélggleﬁtﬁé ﬁlgﬁah%ﬁ%l)mgthzgy)%@ﬁtamlz-ﬁ}_sﬁj %61’ouﬁcs%701ﬁz75 % yield.

Dlasténemsomeﬂrﬁm 26!621’(’ 12 3B ,16,]15rﬁﬁer(rdtio 21:2E:473. =0772 1@197 Hz
1H), 1.50-1.00 (m 3H), 1.27 (d, J = 6.27 Hz, 3H),
10183] ( Ry O115(Hexdite HELO3HY:1) 1. 23 (s, 3H), 1.21 (d, J =
1.74 Hz, 3H), 1.20 (s, 3H), 1.18 (d, J = 1.39 Hz,

Majogispmert. 08 (s, 3H) 13C NVR (100 MHz, CDCL13): 149.60

0 s S8 R Pt 8k g oAbty o 10,
6. 65—3324% 7@4 1665H). 9133 1%@ ﬁ@'s')(dd7ﬁ~—6@ 59(,%2, H§41ﬁ)2 3( ; 3H), 3.70-3.60
(m, 133, 89 (c@), J %1659, @@7 Hz, 31ﬂ,),ow (mi) J'%@s 32, xm) 9BBZOEH), 2.23

( 2Y 4

o A B ! U 8RR 1 8801, 2855 o, )
1.30-0 @62, WRYS 24, 7 =16.27 ¢hd, SH),at BO(d 9= 32 HEGOR), [1IM0H(s, 3H), 1.18 (s,

462. 3498, Found: 462.3481 25 FTIR (KBr): v 3446,
3H), p88%s. 3H370, 1450, 1377, 1120, 1103, 1056, 704 cm1 69
3o NR 1355812, Del): 157.67 (C), 151.01 (C), 145.91 (C), 143.24 (C), 129.54 (CH),
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 (CHs), 52.12 (CH), 44.41 (CH,), 38.85 (CH,), 38.14
(C), 37.56 (C), 30.12 (CHy), 30.11 (CHy), 24.94 (CHs), 23.42 (CHs), 19.56 (CH,), 18.63
(CHa), 17.55 (CHz), 17.22 (CH,)
HRMS (EI): m/z calculated for CsgH,,03 [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™

oxy) pent an- 2- ol
ASt er eoi soner
2k: 2k' : 2k" =

OMe

Ho\r\/o

plim--
=2

2m
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Y HH Ph 21

(2R, 4R) -4-((R) - ((2S, 4aS, | GaS) - 6- Met hoxy-1, 1,4a-trineth
yl-1,2,3,4,4a,9, 10, 10a-

oct ahydr ophenant hr en- 2- yl') (ghenyl ) met hoxy) pent an- 2- ol

&3&14 colourless oil, 75 %yield. D astereoisoner
(2R ARYAH(ER 425 #25 2025)=T-DAethoxy-1 Jotnctrimethyb, 204,429,197 0a=

octah;'g %}%eﬁggﬁg?{l 9%&%}@{8@%&@%’3] 63‘6218619'?‘%%# (011 65 %

yield. %stelﬁoﬂ&n@r 260 Can+2hidy :2n8 .7 $t: 69,650 dRratidNm: 2 M’ Bm’6=48:19:15

(m 1H), 4.91 (s, 1H), 4.25 (dd, J = 13.59, 6.62 Hz,

9] 313% {isld proliuct it bdaRle rin@) cydlibed & 1B&a (dditiod 1& OMe was

:lLng7]2 6. 2%1 M 2.73 (ddd, O, 72, 10.80, 6.97

obersegyed asello. 23 10 (dt J = 12. 89, 3 13 Hz, 1H),
1.85-1.60 (m 3H), 1.55-1.45 (m

Rfoisrﬁ%exa&e%@“@of)%m 4H), 1.25 (d, J = 6.27 Hz, 3H),

1. 21 (d, J = 5.52 Hz, 3H), 1.20 (s, 3H), 1.18 (s,
Majorispiiiet; 02”5 T3H) 13C NMR (125 Mdz, CDCL3): 157. 67

'H NMﬁ (sdeﬁﬂd}@zl (‘§I§Q218) 1745997122( 6)1 5111337 ) &m1¥ﬁ2§5és;§£81)6 (m, 1H),
6. 58—&:66 (llﬁ mm 8973, os),(@w mommH),lsn ©)3H)p 3, 7@}3@@@11 1H), 2.90

@d, S35 1331, b 35 {1 4774501 ey g St s P gty - 1295,

_ 1 6
3.24 K(Léé%)s 124 965 QﬁH@g{) 1%%5 gé%d@tl@H)L}R%)g‘ims(@%), 1356810 (m, 4H),

1.25 (daf T %& Ha, ?rfé}, L3 UpfED31 PR : Jﬂé(ﬁ%‘l@ H)Fblihte, 3H), 1.05 (s, 3H)

"o N Tl CRiGe: 1168k (Chdh 251631880 e s 128.30 (),

127. OQQR:H) é@serrCH]) e 601 (CH), hii3. blsF(h:H%mﬁPss (CH2a77 13 (CH), 70.70

2S, 4as, ' 0as) - 7- Vet
(CH) y¢4.212 g)slg) 455@) éép 5@@3 (CH3), 52. 38 (CH),O4)§1y37 (CIL,), 39. 5:!; Ir(%Hz), 37.48

th ,
(©, {55 LR ate TRy 3 s G AN AT A ARG ARG El, 15.59
(CHJ&V!S@(QHE)ZWEZI(@Hﬂ 81:19, isoner ratiob 2m 2m : 2 =

19:15 [0189] 15% yield product with benzene ring

HRMS;(EI): wézcaeulated for SodilOoME 048081 3gaFound: 450.3123
FTIR (KBr): v 3481, 2966, 1606, 1498, 1452, 1377, 1263, 1242, 1151, 1124, 1151, 1124,
1055, 1037, 704, 648 cm™

Me

E  bn

2n
2R, 4R)-4-((R)-Phenyl((28,4a8,10a8)-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 : Et;O = 9:1)
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5 oberserved as well. Rf. 0.15 (Hexane: Et20 = 9:1)

Maj or isoner: 1H NWR (500 MHz, CDCI3): 7.39-7.22 (m

5H, 7.12-7.03 (m 1H), 6.82-6.06 (m 1H), 6.58-6.44

(m 1H), 4.89 (s, 1H), 4.3044.20(m 1H), 3.73 (s, 3H),

3.70-3.60 (m 1H), 2.90 10 (dd, J = 17.11, 5.09 Hz,
Majorlllgamelz 79 (ddd, J = 17.11, 11.56, 6.93 Hz, IH), 2.24

(dt = 12.95, 3.24 Hz, IH), 195185(m1H)
H NMRS(@OQ MHZ ((DIDCB,MW 41—601—91@1455}0;16 99H.77 ImASH), 4190 ((sm H), 4.354.19

(m, 10035036960 1 2 Byadyy 63, Sgmiie 1Ee2.78 Ay < 1382, 10380,
148 2Bg 2

7.03 1?%1}&)%%530 (chf%?éls?)s 141ﬁ§ 9@), (2%02(75'._, gg{),(%ﬁ ,q)'%52§1.4’510ﬁ)} 1.80-1.60

(m, 3HEH)58-125.(60 16IH). 4041113) Oﬁ, AFOH) 24141 89 .G60H, 3H)7 122 (s, 3H), 1.19

o 343 @i 4. 37 (Gr). 39,08 (Oe), 37 48

" YR 100l €O deF 3 00 22003 Ay, PR ST R s (o

128.28 TCHD, (1%199 (BRYS 1266) :(GH)z 12602 (C)ed25.01 (CBHHA208 (CH), 70.69

(CH). 59, (0557 48 15 (CHY 74 P 5E), S CHELT 594 37.56 (C),
30.503(%3)51%), ‘3;6%@'{3#3)2,%21)@?@&%%%2 (ﬁ’ﬂ), 2848 ©n,} %51 8].598.61 (CHy),

17. 56((2H,3)4H272@-(CH§§) Phenyl ((28 4aS,10aS)-1,1, 4a, 6-tetraneth
1,2,3,4,4a,9,10
}mMéc(EBh%?r@b?‘ﬂéﬂﬁ%foﬁ :C'e@-HQOy [Nre ¢8R 185 Erendi 43481187 2n) -

FrIRRBSY SRS, Begs1 89, 194 T 0oh RS o o =

66:17:17. 25 [0190] Rf 0.15 (Hexane : Et20 = 9:1) 71
Maj or isonmer: 'H NWR (400 MHz, oMe41-7.19 (m
5H), 6.99-6.77 (m 3H), 4.35-4.19 (m
1H), 3.80-3.60 (m 1H), . 16.55, 5.93 Hz,
1H), 2.76 (ddd, J 17.32, 03 Hz, 1H), 2.30
(dt, J = 9.75, 3. 145|z 3H), 1.95-1.85
(m 1H), HOsqQ.

4.90

—glinn-
=2

(2R AR)-4-((R)-Phenyl((25,4a8,10a5)-1,1,4a,7-tetramethyl-1,2,3,4,42,9,10,10a-
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] Rg 0.15 (Hexane : Et;O =9:1)
Major isomer:

"H NMR (500 MHz, CDCls): 7.39-7.23 (m, SH), 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)

13C NMR (75 MHz, CDCly): 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 (CHy), 37.65 (C), 37.54 (C),
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5 (m 3H), 1.58-1.45 (m IH), 1.40-1.10 (m 4H), 1.24
(d, J = 7.66 Hz, 3H), 1.22 (s, 3H), 1.19 (s, 3H)),
1.17 (s, 3H), 1.05 (s, 3H) 13C NMR (100 Mz, CDC13):
149.58 (C), 143.28 (C), 134181 (C), 131.80 (C), 128.68
(CH, 128.28 (CH), 126.99 (CH), 126.50 (CH), 126.07

30. 89((@@2), 319%5 7(@116 @5')07 5(6?1 %4&3 z@dbﬂizt%% (%@193&4(8@@) 18.61 (CHa),
1758((@H3) 17:27(3?17{21 C). 37.56 (C) 10 30 50 (CH2), 30.10

HRM% %) m/zlglggatﬁtﬁqg)csol‘%ge? 2 @41%# 185 ?oggf (4@:111%5[ G%I%l\/gl

FTIRiGER H35 Bebr féO?kéﬁ%f%iﬁé%?@l;ggéf"‘wﬁéﬁs 1377,

1122, 1056, 704 cm1l. M HOO e |i |i Ph 20 15

( 2R14§) 34ng£§{)§;€§[}%§$ sitn%nlo §2hsahon pro ucttse trameth

oct ahydr ophenant hr en- 2- yl ) net hoxy) pent an- 2-ol (20):
§01931r | esk all IcaseB5 ofdyythel dita oDinzegoreisemics @nisrrepaitiédo The ratio of
20+20" Somer ti Q' :20) =
isomeps wag deletiningd S BedneESaoT, ph firieSTeoRyS Beidtgin fae HLNMR spectra
unlesggmgﬁﬁseé%@tedH NMR (500 MHz, CDC13): 7.39-7.23 (m 5H),
©11-6.97 (m 1H), 6.88-6.78 (m 2H) 4. 90 (s, 1H),
4.30414(m 1H), 3.70 (dd, J 4.62 Hz, 1H),
2.89 (dd, J = 16.88, 5.32 Hz, (ddd, J =
17.10, 11.50, 6.47 Hz, 1H), = 6.01 Hz, 1H),
2.23(s, 3H), 1.95- 185(m 1.72 (m 3H),
.25 (d, J = 6.01
7 1.19 (s, 3H),

1.60-1.50 (mao.dH)
Hz, 3H), 1.20%d,
1.17 (s, 3H), 1405 (&, 3|—§ NVR (75 MHz, CDCL3):
146.91 (C), 143.29 (C) 13%.80 (C), 134.50 (C), 129.33
(CH), 128.30 (CH), 127794 (CH), 127.00 (CH), 126.53
(R)-4(((1Y-))-Phdlﬁﬂ((2l$4@ﬁmﬂs)ml,ﬁ-t(i@&#hylm%ﬁﬂﬂa@m 1064. 20

octah&&i&ahe%v&gsﬁ%nmgéo@p%%i’n Zge o (Go) . 30. 14
Ve 25 - e th g3 etic stirring
(EB] » hainglvepodia) 257 tnt Cel, Tty S bped ) dryten

bar wéﬁh&%ed”[i%% Q@BQJIJ lrat Sdmfn@I 3BedH 2B MM 110g, 9%6n-3#i88 48 hours), silica
oun

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°/2j°* (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:

' NMR (400 MHz, CDCly): 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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FTIR (KBr): v 3488, 2966, 1494, 1450, 1377, 1122,
1056, 815, 704 cm-1 5 Exanple 5: Functionalisation of
cyclisation products [01921 In all cases, only the
data of mmjor isomer 2 is rgported. The ratio of
I somers was determ ned by the integration of the
3H) respective signals in the 1H NMR spectra unless
otherwi se stated. g~ OFl FI Ph 72 10
BC NVER- @-00( REREDE:|:( 2%, %G S| 4908S) 143,67, 435104 me8lsg) 118.21,3126.74,

126 64l R B hSr AT 2685 6 )Gr608xTA Plril A0 38 8457 927.50, 31 40,

3104[%@&124% 80.49VEN(lNb&Y, #o84 round-bottom flask
equi pped Wi tha magnetic stirring bar was added PCC

HRMEGEB24/Aealclidted TR IC 01850, BV} 41428 MEFOUnd)g18 0869 - dr i ed
48 hours), silica gel (1 g, oven-dried 48 hours) and
FTIR (KBE1 v Q866n1)714 TH63 51 460,11 3750 0511083l 56 07600 339, 1764 0@~
15 and al cohol 2j/2j'/2j" (0.21 g, 0.5 mol, 1.0 eq.)
in CH2C12 (2 nL) was added slowly. The reacti on
m xture was gradually warned up to roomtenperature
and was allowed to stir for another 12 hours. The
m xture was filtered through a pad of silica gel and

al product was

purified by flash colurm h )graphy to afford the

desired product as a ' n 81 %yield. 20

Di ast ereoi sonmer ratio = 81:19, isoner

ratio, 72:72':72" = O 66 (Hexane : Ethyl

Acetate = 4:1) Mjast poL'iJc "H NWVR (400 MHz,

CDC13): 7.34-7.18 (m 7H\H7. 09-7. 00 (m 2H), 4.83(s,

1H), 3.89 (sextet, J = 4 Hz, 1H), 2.94 (dd, J =

16.40, 5.40 Hz, 1H), 2867 81(m1|—|) 2.65 (dd, J =
(4aS, f(%lﬁ“l Bia- ’I@uﬁ@th?'itl 43 h!hbm% tﬂﬁaﬁ%opﬁeﬁaﬂtﬂg&%%(lgl %% dl!i)»one
(73): 219(3 3H), 1.95-1.80 (m 2H), ’177168(m
qdibq 1T6§n%%n%h'£d 35 %fL ro(lﬂﬂabo&om ﬂa%k %s aaf:iléﬁkéf&e ﬁ% 2/72°° (42
mg, 011 @ﬂnql,sl 0?3 ), Se@:z (&3@51!\@3 (nlmol Meq );DT@HBIG 2 207 6 jn mineral oil,

5.8 mm ? 578 éq. )]'gi?d ’?IZIF (}8’ ?nﬂA'XBuJC?Ié Sgl%’thI;II %?as a:clldedl % the reactlon 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;;S‘O4, 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, CDCl3): 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)

B¢ NMR (100 MHz, CDCl;): 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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126. 64, 125.64, 125.15, 124.58, 76.80, 69.16, 56.01,

52.11, 51.40, 38.84, 37.95, 37.50, 31.40, 31.04,

30.24, 24.99, 19.49, 19.10, 19.67, 16.86 5 HRVS (El):

m z cal cul ated for C29H38024 M +: 418.2872, Found:

418. 2859 FTIR (KBr): v 2966 1714, 1635, 1450, 1375,
HRM$ E%s mAQ8deul dde Bor 99,07 5&4167'11 Fourld: Z42.1672

OaR)114aTlr|rrety- 10, 1

FT[quaoe)tr\ahm;mﬁﬁenam,waemﬂl(lH 3H 9H)-one (73): 10

[0194] To an oven-dried 25 nL round-bottom fl ask was
The eagifliRchaieteabes Kf&{sm’ce‘rﬂlﬁl d(b%QI—IPIIG an@1y11s rém;:lloylﬂg Daﬁﬂl Ehlral OD-H

Se02 51 3.0 eq 70 9

and Dg{cgb¢Riral ) cohsmslm%lps (Ié@iaéa }PQP&HQ{HE9?18 /mt”@u@K‘ 19.78

! Ctlon m xture via

‘mn(@g{?ﬁ Zmnﬁggﬁ ;(ér%ﬁﬁ was refluxed for 24
hour s and was quenched vvlth MeOH (5 nlL) at 0 C. The
m xture was diluted with water andawas extracted wth
di ethyl ether (3 x 20 15 niL), a combi ned organic
| ayer was washed with water And brine (20 nl).
The organic |ayer was dpi . phydr ous Na2SO4,
filtered and concentrated in . The residual

' col um

chromat ogr aphy to aMNef g™ > product as a

colourless solid in 4.5 7'y |eI|-pI 52 % ee. Rf. 0.74

(Hexane : Ethyl Acet e = 4} 1) 20 1H NWR (400 MHz,

CDC13): 7.18-7.03 (m 4H), 3®1 (ddd, J = 16.84, 6.00,

1.98 Hz, 1H), 2.90 (ddd, J = 17.93, 11.23, 6.60 Hz,
(R)—PﬁHiyl((?S Zﬁs*,:ioﬁ?) 1,04 akHinetRy1602,60i4h,9,30,104-5c@Byd foph@nanthren-2-

1H), .53(ddd J = 13.21, 7.43, 5.96 Hz,

yl)meihgnolﬁi’é@’l 91 (m 2H) 1 84-1.77 (m 2H), 1. 30 (s,

3H), 1.17 (s, 35!) 13C NWVR (100 MHz

[3e3k) T02§7802@10n14?f 193?0n61§22/§ /72199 (475, mg28.11 gamol, 1.0 eq) in

e Ao 25 S B, 5 e s v

allowédHo) stir it rooGatempcatted fHod d&is/ b2 @edchibr wak 4Aedchéd by adding 10 mL

water TR QR BHER MU B Uni OB B raabings ppspesé ayer was
washe@n\ﬁitﬂ %’a@er?[@hﬁ)ﬁ'aﬁﬂ veRE ¢ b rr@?' Thé ofg-Qm'd lappGvdsairelover anhydrous

Chi r al colum in series (Hexane : propanol = 99
NaySQy arpl mnpmtra)ed mnyacud. d. hpg‘es@uahcﬁld@rﬁrp@}c} wag purifielbp @ash column

chrommtogra(prﬁ%fl 18" %fm(dS ke aﬁoﬂol 27)wh1ﬁ%011d 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, CDCly): 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)

BC 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 (EI): m/z calculated for Co4H300 [M] *:334.2297, Found: 334.2293
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FI H Ph 75
(R) -Phenyl ((2S, 4aS,1aS)-1, 1,4a-trinmethyl-1,2,3,4,4a,9
, 10, 10a- oct ahydr ophenant hren-2- yl ) net hanol (75/75"):
[0195] To a solution of ketgne (72/72'/72") (42 ny,
0.1 mol, 1.0 eq.) in 10 THF/ MeOH (4 nL/2 nL) was
FTIRIR@BSH K834229060v915,0l497] e 371215, 200, 758 MBogr @&t i on
was ~allowed to stirt at’ roomtenperature for 3 days.
The reacti on was quenched by adding 10 nL water. The
m xture was extracted wwth CH2C12 (2 x 20 nL) and
conbi ned organic |ayer was washed with water (10 nl)
and brine (10 nlL). The organic | ayer was dried over
anhydrous Na2SO4 and concentrated in vacuo. The
resi dual crude product was purified by flash col um
15 chromat ography to afford ¢A al cohol as a white
solidin 77 %yield. Rf O Hane : Ethyl Acetate =
4:1) Ratio: 83:17. RaiA™ jei€rm ned by 1H NWR
Maj or isomer: 'H NWR CDC13): 7.01-7.38 (m
9H), 5.21 (d, Jpz3.8 2.97 (ddd, J = 20
17.42, 6.62, 1. 2 § 83 (ddd, J = 17.42,
11. 50, 6.96 Hz, ,H2/ X0H(dt, J = 12.54, 3.14 Hz,
1H), 2.01-1.91 (mPhH), 1.87 (dd, J=13.45, 2.94 Hz.
1H), 1.84-1.70 (m 2H), 7666- 1.58 (m 1H), 1.43-1.26
(m 2H), 1.25 (s, 3H), 1.24 (s, 3H), 1.11 (s, 3H) 13C
Phen NR2.S(4h801 0kiSiE-1, 1CEER Bethi1-9,2684,44.90 0010 a- deBdh ydiopH G i en-2-
128.09, _126.58, 125.65, 125.35, 125.20, 124.53,
yDmethanope B8) 55 51,95 38.47, 38.00, 37.32, 30.98,

30.09, 24.88, 19.43, 25 18.70, 16.19 HRMS (El): mz |
(o8l dosa qfvsp-defgﬁé@@% mndquftsgnﬁ%%@ﬂ}nppsﬁ %aﬁl)a magretic stiring

N e

gel (0PhgroMen{d2i8d 48 SohEh B)d CHICKAS mli)nBhawpixtareay, allowad 89 ¢l to 0 °C
and ailc%ﬁt_)lo“f‘gﬁélygeorgge&i rr]rtugcr)l,erl]._()z éq.)sir[y &f{%ﬂ??n ew&s?e?c}ded dropwise. The
reaction 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 flushed with 100 mL

CH,Cl,. 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, CDCly): 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, /= 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)

BC 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 (EI): m/z calculated for Cy4H250 [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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[01961 To an oven-dried 25 nlL round-bottom fl ask
equi pped with a nagnetic stirring bar was added PCC
(0.129 g, 0.6 mmol, 3.0 eq.), 4A M5 (0.3 g, oven-dried
48 hours), silica gel (0.3, oven-dried 48 hours)
and CH2C12 (5 nmL). The m xture was allowed to cool to
The eﬁmﬁon?e?fé e%hé‘sg ek déRfited 6§ HITEG m@aly%sri]sl'@[;ﬂ%loyl%gcba%bl Chir8i AD and

1 n) was added di opwi se reacti on was
Daicely Cdn@tahOU ywolyammisdsenigs fféemomlmnaeelaf 9P ahf, hal/min): t; = 16.84
for ot 12 hours. The m xture was
mln(wrrqrﬁ%edEfﬁEgﬁalgm Oﬁ)a(g ? & ca gel and flushed with
100 nL CH2Cl12. The solution was concentrated in
vacuo. The residual crude product was purified by
flash col um chronmat ography to affggd the ketone as a
colourless solid in 93 %yleld ee. 15 RJ 0.70
(Hexane : Et hyI = (300 MHz,
CDC13): 8.0-7. 2H), 7.27-7.09
(m 6H), 3.42 1H), 2.99 (dd,
J=17.17, 6.11 J= 17.50, 11.07,
7.01 Hz, IH, 2 i 2.97 Hz, 1H),
240215(m 1H) IF13 71, 6.27 Hz, 1H),
1.92-1.50 (m 4H), 1.29 (s, 3H), 1.06 (s, 3H, 0.95
(s, 3H) 20 13C NWR (75 '\Aﬁ_‘% CDC13): 204.37, 149.49,
139. 11, 134.96, 132.72, 9. 00, 128.58, 128.22,
(2R, 4&350&5}2-]3%5?1 1&4n§ﬁath§141 §§,4 40, 26,1028 etaflydrbph@Ranthrene
(74) 37. 04 ’30, 18.58, 18.25 HRVB
(El): mz cal cuI at ed for CZ4H282)W£]"\% +: 332. 2140,
BT T@&Qh,@ggﬂnﬁtmﬁla@kwy added g (42g8g. 0.5 mmol, 1.0 eq.), Pd

(11 n%%??l O%'? 066ac§1§a,tg9 .?g.r B%ng‘k?’Zé 1 ¥ %t(i[g 0#4'1@0 8@ flask was

conne2RAND IlgdRYges takcemd hydasged g&epmsmd m;deHEt ﬂasﬂ:rmh&ymiamtamed at 60
enpl oyi ng Dai cel Chiral] AD and cel . Chiral
p-s-i.-cldeupittyrh weg pflewed Rfgr fﬁ%(}?a?rg’il hemigdurs wgs éhenlﬁltefed through

a pad'gf/daﬂa@ ?ﬂdlﬂushg:@w%ﬁ IOWn'i‘L @EEU‘ Q‘h}: ’solht?lorrv&%; c&eflirited in vacuo. The

rTHJ or see

residi(a® R,’waﬁrddﬂ!aS)vaSZpleiml)hY- flash, cahmtxr ¢1mnh1spgcaph2 tatiord shealkene as a

10a:. Y henant hrene (74) 10 [0197] To a
Cd"“%ﬁ ?@/j}“ﬁ sk was added 2j/2j'2j" (42 ny, 0.1

Re O.%r?ﬂiexaﬁe OpRf heetdtd=4:1)

'H NMR (500 MHz, CDCly): 7.40-7.05 (m, SH), 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, /= 13.09, 3.15
Hz, 1H), 2.16 (dd, J = 13.33, 11.23 Hz, 1H), 2.00 (ddt, J = 13.56, 6.78, 1.87 Hz, 1H), 1.85—
170 (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)
BC NMR (125 MHz, CDCly): 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 Ca4Hso [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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(11 mg, 10 % on activated carbon, OQ mol, 0.1 eq.)
and EtOH 10 nL. The flask was connected to hydrogen
tank and hydrogen gas pressure inside the flask was
mai ntained at 60 p.s.i.. Fhe mxture was allowed to
shake for four days. The m xture was then filtered
Example ghUtilisgtian ofi theadthed pf therptesang innegtign im natyyahsubstance
Et 20. The sol uti on was \(/:vg GaRlLat ed in vacuo. The 15
resi dual crude product gnpurlfled by flash col um

AT Refbratons nondy orkie. b Sen B5kans o<t ridie SLke present

exam%l 4Th3)rea$ﬁolﬂ'v%1{d5t@91 M'F% L cokredfondt @b thd¥e ﬁf’@ady descnbed
J— 769 Hz, 1H) (ddd. J=  17.40, 6.46
abovel . 33 HZ 2 91 (ddd J— 18 07, 11.60, 6.96 Hz,

4 =13 09, 3,15 20.H 1H), 2 16 dd, J=
b, ‘t%é 4, DRIV Bl d-iging S iy 'S Timgh 2.0 eq)
was aHEed tl)"el) sohﬂtto%%fi}ég@ (élﬁ‘orﬁbﬁhen%l)% am%:thﬁlm 6-ﬁbﬁad1e>ny9'| -1-oxy-(tert.-
butyl)(dgahesﬂ)sﬂan@ (Conyrund 21, Mlznmdacmaqq) m@clgaronleﬂzan&ﬁ mL) at room

cond BB o A% 750, b BB s 010 M i

dichlotbmBan8 ©.98, 29 &y/). TRE ré315t10128ra8 @llowécﬁtofsﬁr atl- 78 B2 fo2 B hrs before
HRI\/IS(EI): mz cal cul ated for +: 318. 2348,
quendghingnwith3seguated NEHERs (agppgus wh@m@ z@éﬂh&mﬁmgm gradually

warméé %%tto Jrgsa . O:BléljaFur% A was il 87»/%% to S8 HFandthdc’1 W5t Squeous

met ho the present invention
layer iwas RRtravted wih b]sdi}mnomeﬁ;ane (Esi20 m[m mﬂ]théeecﬁmbmﬂd: ergagic layer was
to

S50 P S S o S, SR ORI M and

a r i -
concagﬁg@g [%1%%& c(zw t(@ﬁ ((19623,3h @@eﬂao TBgpid-Pad difethyl-1-(zerr.

butyl@irbemgtstigkymethylelns;p 4&&8,1 ol Qﬁ(@ﬂﬁ@Y@%ﬂl@B@ib@n—@l@hﬁﬁﬂlﬁnﬁhﬂy}

o Sopbppl AR Ao 6% vy s oo sonptgt
mn@] e'Pt_vmdmhﬁﬁ Yhibeddphanate (G32ApE1. Sexﬁﬁ@lo amoquI)MAva (1.0 g, oven-

i n di chl oronet hane

dried 48 rhgmsbtsurce ge %p@ﬁp@%%@guréb@}de@cl@lemnﬁha@e ;S? M) wege added
I
to an? WUl 96 o Ghtnd o Rorb'lallc Udufhel WP HENAGRR Bt bar. The

reacti on wa to s
mixti@e fvoas lldweal befoook to queﬁcmmglmmlhna(omag,ea 5NahﬁiﬂB 1.0 eq) in

i Gt b 11O O e SoPr e A i e G ey emed up

to ro&ﬁ rterﬁﬁé}%i!ﬁ?é add BaYallowEe t@ﬁk‘t&eﬂ# %noﬂh@xy £ rhoﬁﬁs Ta¥ iRk €ehas filtered
th di chl oronet hane (3 x mL and t he conbi ned

throug]n gamd of bidiga gekmxgl wasaldushgd w1ﬂ1h2 brdigldgromethang Theesolution was
conce(n%rg.teg‘i); vgcnu% Q‘Le Fsidudf proﬁuctp(rg p%%ﬁ'%‘%?%sh Eélhﬁﬁrcﬁgon?ﬁggraphy to
afford (2R,4R)-4-((R)-((1R,25,4aS,10aR)-7-bromo-1,4a-dimethyl-1-(tert.-butyl)diphenyl-siloxy-
methyl-1,2,3,4,4a,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 quenched 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



15 concentrated in vacuo.
(2R, 4R) - 4- ((R) - ((1R, 2S, 4aS, | 0aR) - 7- br ono- 1, 4a- di net hyl
-l-(tert. -
butyl ) di phenyl -si | oxymet hylgl, 2, 3, 4, 4a, 9, 10, 10a- oct ahy
dr o- phenant hr en- 2-yl ) (phenyl ) met hoxy) - pr opan- 3- ol
anhydr6@RAIET, 4ed c¥RSnirsted & 9ecuoD The Yefithl QiuddGordaly Wdsasified by
col umm chronatography 0200] ridinium
flash mlm cmmtloera@by 34 agford] pbenﬁ%lR 28, 4@Sé@a§~) 1 Ancdipgethyl-1-(fert.-

vt gt SRS LEL A D M o R R B et ls s gyegranol. 55

The s@ﬁh@%@queﬁ@e bﬂre@ﬁlcﬁfﬂ @8 de§drided ﬂﬁthﬁd_arfdotha @rd@ﬁﬁds@iﬁrafglra;ﬁnkwere used to
equi pped w netic sti %] bar. The nj xture

conveg IomBauRS @B0IL(H 80,16 rimetiobna Lapenptesaing-lons) o the (7-
dodociRiap-ohief Btetorh ity Cd 10 RARIRAGR ol Andiml BB Bl ghol isomer

(45) etnddompnuﬁda(ﬁ%etcatmn@md@;’vﬁsf &id.8ed to stir for
another 4 hours. The mxture was filtered through a
pad of silica gel and was flushed with 200 nL
di chl oromet hane. The sol ution was 25 concentrated in
vacuo. The residual product was purified by flash
col um chromat ography to afford
(2R 4R)-4- ((R - ((I R 2S, 4aS, 10GaR) - 7- br ono- 1, 4a- di net hy
-l -(tert.-butyl)di phenyl -sil oxy-
met hyl -1, 2, 3, 4, 4a, 9, 10, 10a- oct ahydr o- phenanthren 2-yl)
(phenyl)nethoxy)propan 3-al 54 in 92% [02011 To a
sol ution of ketone 72 (42 ng, 0.1 mmol, 1.0 eq.) in
THF/ MeOH 30 (4ni/2nl) was added KOH aqueous sol ution
(1 m, 7.5 M. The reaction was allowed to stir at
roomtenperature for 2 days. The reacti on was quenched
by adding 10 nL water. The m xture was extracted with
di chl oromet hane (2 x 20 nL) and the conbi ned organic
| ayer was washed with water (10 nL) and brine (10
m.). The organic |l ayer was dried over 78 anhydrous
Na2SO4 and concentrated in vacuo. The residual crude
product was purified by flash columm chromatography
to afford
phenyl ((1R, 2S, 4aS, 10GaR) -1, 4a-di met hyl -1 -(tert. -
but yl ) di phenyl -si |l yl - net hoxy-1, 2, 3, 4, 4a, 9,

10, 10a- oct ahydr o- phenant hren- 2-yl ) met hanol 55. The
same sequence of reactions as described in this and

t he previous paragraph were used to 5 convert conpound
(38)
((E,E)-6,10,14-trinethyl-5,9, 13- pent adecatri en-1-yne)
to the (7-

dodecahydr o- 3a, 6, 6, 9a-t et ranet hyl - 3-chl oronet hyl i den-b
enzi ndenyl ) - a- benzyl al cohol isoner (45) and conpound
(39) to compound (45) (cf. Fig. 8). 79 CLAIMS Wat
is clained is: 5 1. A cyclisation process of formng a
mul tiple ring conpound, conprising reacting an
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I soprenoid conmpound with an acetal initiator under
conditions sufficient to formthe nultiple ring
compound, wherein the cyclisation process conprises an
i ntranol ecul ar cyclisatiomreaction of the isoprenoid
conmpound, and wherein thé 3&]%86" initiator is one of
an oxygen acetal, a thio L and a sel enoacetal, 10
the acetal initiator being of one of the general
formulas g A R2 (1) Rl-< Dand (Il) R--( g B- R3
wherein A and B are independently sel ected heteroatons

What igelasmedts: from t he group 15 consisting of 0, S and Se,

1.

Rl is selected fromthe group consisting of aliphatic,

cycl oal.i phati c r.omati c, rylaliphati . . .
£X5eE5tp8 Hodsiel gk fsmofiple, ink G510, Wpriping reacting an
B &A@ OB ourRE Wttt f0adet0 Mhitiagr AhaePcddditthns Suffigerand form the
Si, informula (1) Dis an aliphatic, cycloaliphatic
rowltigteyting cphpeund, Bitcted theopchpationgpracaess comprisgs gy inromolecular

car.baon ato ' -ar tic ring that
Wﬁ%f%&%eaﬁgﬁ%0@@%{0%%11%}%%%3&%%{1 g’rragl faaand wherein in
WRrEM| tRe Gdtdl iRRiafRds R 8f &n byiRAGkEan!tal tiicaedtasicinddh fdlamacetal,
the group consisting of aliphatic, cycloaliphatic,

the eoetal injtiatar being ppona efdhe sengra fmuias oal i phati c

groups, conprising O to about 3 heteroatons sel egted

0, S, Se and 25 Si, and frerBin one

of R2 aqd may Re H 2. The cyclisation srocess of

g contﬁ@t(@g sai d i Bopreyoid
conpound wth sard acetal initiator in the _pres@nce,

of a catalystB=3. The cyclisation process oP cT® m 2,
wherein said catalyst is an acid. 30 4. The

rein i 4. Th
Gt A, 0 H A FpBlgef fipod MRRSI 3 Afectel Bbihe grouy

Lew S aci acl
exeisiisgbi ONS prdBess of claim 4, wherein the Lewis acid
is derived froman elenent of Goup IIlA of the

Reris ostilesteTialftom dhe Erepp neansisting 0 @hiphaticn cyslepliphaHg, aromatic,
tant.al ym rheni um i oL. Zinc . theacycliSat 4 Ateroat
BT, ot SO G BB CAC A W
Sefd Bl foshn filiOgrot &, 0b Sgs @i Sionsi sting of AgBF4,

Ag(Orf), A1C13, AlBr3i Al (Orf)3, BC13, BBr3, BF3, o

in formula (I} D is an aliphatic, cycloaliphatic or arylaliphatic bridge containing 1 to
about 12 carbon atoms, completing a non-aromatic ring that includes 0 to about 2
heteroatoms,

and wherein in formula (II) 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, and wherein one of R and R’ may be H.

The cyclisation process of claim 1, comprising contacting said isoprenoid compound

with said acetal initiator in the presence of a catalyst.

The cyclisation process of claim 2, wherein said catalyst is an acid.

The cyclisation process of claim 3, wherein said catalyst is a Lewis acid or a Brenstedt

acid.
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Ce(OTf)4, Cu(Orf)2, InC13, InBr3, In(OrIf)3, La(Orf)S3,
Sc(Orf)3, SmOrf)3, SnBr4, Sn(OTf)4, SnCl4, Sn(OTf)
2, TiBr4, TiCl4, Ti(Orf) 4, and zZn(OrIf) 2 7. The
cyclisation process of clajom 4, wherein said Brenstedt

acid is _one of CF3SQ3H FSO3 SCBH, 3S HBr

Theicycleptieioprcaisl( hepRy ha bt %}%%%&V%E?%?P Clement
! f i enté; ti i . " '

PSFRJIALoEY PERAELTRYE omread, (UGS A, 81 Sl

rhanighj is@soradihow ng the acetal initiator to forma
coval ent bond with the isoprenoid conmpound. 9. The

cyclj sation procgss. of ,cl ai m,8, .wher.ei n .t he

TR radti SERRNS & xS Attt At ShBHga rom the
PR cBsigiizdof YUMI/NALOTIPALTIY. AlSr; 1(TTH;, BCl;, BBr3, BF;,
cyclisation process of clains 8 or 9, wherein said

Get@TH:, CniQT dnchdd@Bm_ht(@aﬂshihafp_Tﬁar%ﬂT@mﬁm(@@f)@f SnBry,
ST BoNRda et Aaee el EPL AR ARTRAIS 1o

wherein the acetal initiator is of a general formula

7. TRl 8elisdiohRotesOB2 cRitf Hekikreinlsald BRinsted( a¢iti\iy oRé-of CF1SO;H,
or
ks

RlL \ORZ SR2_SeR2 __ 20 wherejn re
o MARENH, s BT HOMAMHE Cooug (Bt ey of
aliphatic, cycloaliphatic, aromatic, arylaliphatic,
o -TH ' ' r imsC I wher@in GehRingaB6 Ydoprenoid
B e Ry s o, kg eling g P
cBimpoiad withetheyacktiak atifigor peropusss agiﬁwmg/tmn@e@i igitigioprko form a
- 11, wherei.n.the isoprenoid conmpound conprises a
Ct‘?ﬁ%lﬁ’étrboé‘gwlg‘rtagﬁé’m?nﬂ "ioglp?élfli‘ct ed in the range
bet ween about one and 25 about six. 13. The
9. TCyicA@tioAprideds 658ai 8 antereiethocethlainitiatdk is alldwed to add to the
wherein the cyclisation process 81 results in the
texminaltdovhledfong ofsaid isepeenpidgpmywpdund that is a cyclic
terpenoid conpound. 14. The cyclisation process of

n

(=

10. ”gl'lheZci;yg:}ig‘a%i’gnﬁq}géeg% IBE Ellaﬁnsc ¥ oF 9C whEfRPERN AcGANBRHARY al@Sto the third

atricyclic, atetracyclic, or a
Pevdnetyal(Cs) ofiandsopyaibahuniboflsaid iFbmrenyid compoimsh process
of any of clainms 12 - 14, wherein the isoprenoid

11. 'ﬁ?en'gy% 1Q£9cioinsproc?efss E)p Snyggt?eecr)ta clzlai];n%rpyll& ‘.(fl\l/&!r):i:n tﬁé a&%& iﬁ%i%ltor isofa

general formula selected from:

OR? SR SeR?2
) R1—< . R1~< . or (V) R1‘<
OR? SR? SeR?

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.

12. The cyclisation process of any one of claims 1 - 11, wherein the isoprenoid compound
comprises a number of terpenoid units selected in the range between about one and

about six.

13. The cyclisation process of any one of claims 1 - 12, wherein the cyclisation process
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14.

15.

16.

17.

R4 C=CH CH2+CH2 C=CH2 CH2) ~CH2-C=CH-CH2R6 p q
wherein R4 and R5 are an i ndependently sel ected
al i phatic, cycloaliphatic, aromatic, arylaliphatic,
or arylcycloaliphatic noiefly, R20 and R21 are
I ndependent | el ected fr.omthe grou onsisting of an .
r%ﬁuitg,ﬂat fhe. forsatios, < o RIS EDE AGtsmRRiind that 15 'a'Gyctic Ripenoid
h Oﬁ_phatlc or arylcycloaliphatic noiety, hal ogen,
roxyl -group, a thiol-group, a seleno-group, a

carboxyl-group, an am no i m no-group, an
Theicgclisgtion procass dfrelaje- G, oxg]grenatheazfph@te@p@mﬂ cggnpound has one of

i,azo- gr ou ano rou roup, a
aﬂi]l Cgar%ﬁgbh a%%l ﬁéntac Ciléﬁﬁ % ?ong'p group, a
sul fido-group, a sulfonyl group and a silyl-group, 15

TR dySlishtibR (pRddRsE bNghydtt @hiyns ENnd 14 windeig the esoprenoid compound is
i ndépendently sel ected integer between 0 and about 4.
of éhe gmerat fasmiubeMIdn process of claim 15, wherein the

|sopre%p|d conpound is of,4he general formulg (VI1):

R5 CHR C=CH CH2+CH2 R,Z—CH- CH2fR6 M 20 wierein R4

and Rq are an ind pendenkly sel ecte li phath C, 6
cyrtog ipOAH-CH G = @iH-+CHglhaiQH, o1C = CH— CH,—R
aryl cycl oal i phati¢ nmoTety, R6is a™{e n1nat|ng noiety, 'q
and mis an integer between 0 and about 5. 17. The
\myerémsm hmh Rprave es sindépeodlaitiy sefectnd dipkiatie, 16/cloghiphaticn aromatic,

sel ect ed fr e up 25 consisting of H an
%Y@Wliccor gyleydad {Eﬁ‘ﬂgﬂ“gle %romatic, arylaliphatic, or
]%B darfar gECyg fﬁ%ﬂ)é?lﬁ@x%tlf s8Béted )ﬁron'i‘éth%%hp @onmstmg of an aliphatic,

roxyl - group, I'ol - group, a seleno-group
@afdahlabdtrcgrmmahan awialnrhagc,owp agyheyichaatiphagico apowté(n halogen, a

am dol %} OUp’a tﬁ%&l m o gsr fﬁ}g géaurh gg%a;‘gogg &?otﬁﬁp aff gmino-group, an
ﬂ}hfu? %r(ﬂl‘boé*rpamﬁlongrbﬁlls)%ﬁ im3d Bdup farSadid o g@ﬁ@@d@t@gmupaa cyano-

irdo-group, a sulfonyl-group and a sily g
gréup, Thie isg0yhRGsgroupn appbivetrouBf a clEP§A- g@upmﬁeiﬂé OnngHIé group, a

ﬁ;ﬁ) Jgr%%i)da con ijgr%ubgnéjgsﬁﬁe ggneral formula (VI11):

RS is a terminating moiety, and

p and g are an independently selected integer between 0 and about 4.

The cyclisation process of claim 15, wherein the isoprenoid compound is of the general
formula (VII):

R5 CHj

4 b S )—RB
R—C=CH CH2+CH2 C=CH CH2m

wherein R* and R® are an independently selected aliphatic, cycloaliphatic, aromatic,
arylaliphatic, or arylcycloaliphatic moiety,
R® is a terminating moiety, and

m is an integer between 0 and about 5.

The cyclisation process of claim 15 or claim 16, wherein R® is selected from the group

consisting of H, an aliphatic, cycloaliphatic, aromatic, arylaliphatic, or
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18.

19.

CH3 HHCH2 C=CH+CH2 \ n wherein n is 1 or 2 and
wherein R7 is selected fromthe group consisting of H,
al i phatic, cycloaliphatic, aromatic, arylaliphatic,
and aryl cycl oal i phatic groggps, conprising O to 10
about het er oat o sel ec (?r frlom t he

‘qup N, O, .S,
sBACHRA gRAOTOR kqgqu 3 Byt a2 gl Bpup, 4 Spigtio-group, a
- f d8feréil}e afl SMEIALrOUp, an

oSBT} b e, bh BRI bbup arRRIGD b2 sfRpRIPkrouy
amdoegsm mehazlotgoum atdyencﬁ grovef armsoqfan&grmn, ﬂlnﬁlr@gmun a nitroso-

of the gener f or nu % ﬁﬁ?gjfgh R5
BYOPA 8 K9-§rqEbi 0, 8 PR aév ?f&’&ﬁf%‘ﬂ’a%“ P-
aryl al i phatic bridge containing about 3 to about 8
4R HEsaftbR PRoce ST Binl 129 wheftdthRliuPaériotd Eéigound is of the general
conprising O to about 2 heteroatons, A is selected
fomaorda (VBDgr oup consisting of 0, S and Se, and R, R2,
R4 and R5 are independently selecteg, fromthe group
consisting of aliphatic, 20 cyclogliphatic, aromatic,
aryl ali phatic, anccla%yl cycl oal [.gRgdi c groups,
conprising O to t 3 heter selected fromthe
group N, 0 _(s Hoe- @ed CHl+-CH. clisation process
of claim 15‘, whér ei n the,-;so%ren d conpound is of the
general formula (M11), wherein n =2 and R7 is
vﬁ?ér%ﬁtrﬁg 1 Ok Rh DR P 1 E Uk M tRY grldhup cé&llélsmﬂgtdf &, aliphatic,

I phatic, aromatic, arylaliphatic, and

@bk)hﬁyltﬂtmahnophat; m*yl;;ahphepm, agd ar}d@)rqmalwhatg: groups, egwrismg 0 to
het er oat ons sel ﬁg’ m t he lg ﬁugc%l g S, Se and
agput 3 hgierogioarese CT[e o, REEYHP T3 RS i GHd i's of the

general formula (XIlI1): R7 RlL ~re R2A wherein Ais

Tﬁ@ ;q?@ﬁsﬁgoﬁ f)ﬂ)@bgshﬁ’ HHIRUIS, GaREdiS tHen@etaf irtiatsr 3 d obe pf dredzeneral

are | ndeﬁéndent ly selected fro P
fgrmuips onsi éH) rﬂgdovheaq:m;s eyclisation pIoees iTpTE |1% ormation of a

@%&EQ@WOUEd WP E%téteﬁeraﬁﬁgmﬁfa%(@jd oal i phatic

AR? & RS

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], R2, R4 and RS arc independently selected from the group consisting of aliphatic,

cycloaliphatic, aromatic, arylaliphatic, and arylcycloaliphatic groups, comprising O to
about 3 heteroatoms selected from the group N, O, S, Se and Si.

20. The cyclisation process of claim 18, wherein the isoprenoid compound is of the general

formula (VII), wherein n = 2 and R7 is selected from the group consisting of H,
aliphatic, cycloaliphatic, aromatic, arylaliphatic, and arylcycloaliphatic  groups,



10

15

20

21.

22,

23.

24.

25.

26.

about 3 heteroatons selected fromthe group N, 0, S,
Se and Si, and wherein R7 maybe H 21. The
cyclisation process of any one of clains 2 - 20,
wherein contacting said isgprenoid 10 conpound with

sai d catalyst and said initia arri t, at

ETEHIESIAD PRSI GTPRIPRS S%ﬁcteér?rsnb@la .3?1 %ﬁ&@é‘é 1, and
rature

%@f@@?‘%ﬁ?@éﬁff"%%@@e@#&‘ﬁ%@ﬁ%@?ﬂ@gﬁﬁﬁ?@g@% and
about 25 C. 23. The cyclisation g7 ocess of . claim 22,
wherein the tenperature is selegted in the range 15

bet ween about - 78 C and ab Q C. 24. The
cyclisation process of any claims 2 - 23,
d conpound with said

catal yst and said i
sol vent. 25. The cyq
wher ei n t he ndhpol ar
hept ane, carbon di sul {A de, benzene, tol uene, p-xyl ene,
pyridine, aniling, 20 \dichloronethane,
dichIoroethanefiéhlorofornl carbon tetrachl ori de,

S e WS TR
RISRDI YR é@g@%@?ﬁcﬁgﬁqy LQEPH i: Eltorli;lglcoﬁstﬂlﬁfg’of aliphatic,

di 1'soprop ene gly nobut yI” et her,
chelblgghade,afremativ, adbaliphatc, ayd hr)éca{clqahpkmn‘@g@socoramysmg 0to

one aof clains | Si rati
sbowgcisregpandrcied BipoiREad Nt se daf St PafinhRig may ve
fange fromabout I : 10 to about 10 : 1. 27. The
dyclisation process of claim26, wherein said nDIar

ratio is selected in the range from about 1 :
Ebm:rthsatwn process, of piny amp@f ickaams 3 30k dieEsdn B‘fnt%ﬁﬁl}lg@ﬁ@ iggprenoid

S e e OB, il AR O OB B3 vl oom

t&hp&h@ien 28, wherein the acetal |n|t|ator is of the
general fornmulas RO RO R11 (IX) RL---( , (X) Rl~ or

X ~/AAA AAI12
e c)yclisation process of any one of I§E§1111‘1s 1 -%1, wherein the temperature is selected

s one of hexane,

in the range between about — 78 °C and about 25 °C.

The cyclisation process of claim 22, wherein the temperature is selected in the range

between about — 78 °C and about 0 °C.

The cyclisation process of any one of claims 2 - 23, wherein contacting said isoprenoid

compound with said catalyst and said initiator is performed in a nonpolar solvent.

The cyclisation process of claim 24, 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, cthylene glycol
monobutyl ether, tetrahydroﬁ;ran\.

The cyclisation process of any one of claims 2 - 25, comprising using a molar ratio of



wherein RO and R10 in formulas (1 X) and (X) and R' and
R12 in formula (XI) are 10 independently sel ected
fromthe group consisting of H aliphatic,

cycl oal i phatic, aromatic,8arylaliphatic, and

.aryl cycl oal i phatic groups,.conpri Si 0 to_.ahqut

QTSI BLEUPROUSE (@ RCH SPIFURY it e@%ﬁ?ﬁﬁ%} aput é,iqgéo aﬁfa“ 10: 1.
Si. 30. The cyclisation process of claim29, wherein
Tthié%efgﬂsa'ti%? RiRsRM ofElaim 28, whbrein Bid Inoldih@tis ¢ ké1s@bd athe range
process of "any one of clainms 28 - 30, wherein the

fromt alzowd |l e Bub aboutSy.dl.i sati on reaction is an

enanti osel ective cyclisation. 20 32. The cyclisation

rocess .of any o of claims 28 -,31., whergin.t .
e Gh i eftber o PRCAIED TR 2L ARG Mid qopprises a
16%EM S HitaPBertérecess of claim 32, wherein the acetal
initiator is of formulas (I1X), (X) or (Xl), and
wherein only R1L of the acetal initiator induces

Theasiclistiomeprocesst §f clgin 284 Wheein cthe 1acsal infHaigr dg of dhegeneral
£l aim 33, wherein Rl is: '20S Rhi O-
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wherein R® and R!® in formulas (IX) and (X) and R!' and R in formula (XI) are
independently selected from the group consisting of H, 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 29, wherein the Rl is phenyl or:

”ﬁ’ ry (%
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S

The cyclisation process of any one of claims 28 - 30, wherein the intramolecular

cyclisation reaction is an enantioselective cyclisation.

The cyclisation process of any one of claims 28 - 31, wherein the acetal initiator

induces enantioselectivity.

33. The cyclisation process of claim 32, wherein the acetal initiator is of formulas (IX), (X)

or (XI), and wherein only R! of the acetal initiator induces enantioselectivity.
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34. The cyclisation process of claim 33, wherein Rl is:

fﬁ'f,“ L%
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