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CYCLI C ACETAL CROSS- REFERENCE TO RELATED APPLI CATI ONS
[ 0001] The present application clainms the benefit of
US provisional application 5 60/775,363 filed
February 22, 2006, the contents of which is

i ncorporated herein by reference inits entirety for

al | purposes. FlIELD OgviErd NEXFADN [ 0002] The

present invention relates to a cyclisation process of

formng a multiple 10 ring conpound. The cyclisation

pr ocess CMS%BEFEMCEQTQMEAEE&AP&MGMHQNS Wi th
acetal initiator under conditions sufficient to

| Sg‘f Eés%ﬁ’cl icgﬁorf %gﬂgxglk’ NHe dAPE( Bklys tlﬂ‘gwsmnal gpphcatlon

proc S contacting an i'sopren
60/7'!@36&)&]&5 F‘ebthr}GmZ 2004, ithd comtandof wkich uMD@poramdLHemm by reference
. cyclis t| n reaction of the isoprenoid conpound. 15
in itsgg PEEPOPERE | NVENTI ON [ 0003] The cyclisation of
acyclic isoprenoid conpounds is a very powerful and

il £ pl Zerhfﬁzg:idﬁFi@?*@??@ﬁi‘f‘ﬁ%“‘?@?& Con. The.
OB oEhe Bies OAIeg PP aLorRatsH fiess of fpaning a multiple

ring 85:hp&IRAINTYe %ch%aﬁoxb?f&eiﬂhﬂl%ﬁé@fba&ﬂ% an isoprenoid compound with an
stereospeC|f|C|ty his contributes to increas

[
acetap frotiator msdee p@rldlri@mﬁ@fﬁrgerﬁ ite éagsiba gmtltlnlé THE cmmou@rg Generally the
cych 1s’otne r§ 6@&111(2% a%ﬁﬁé &l 1Ts oé?@r?%}g ng% ?}\Hoh 4% $nitiator and the

intramem@tﬂlaﬂayclmtmrmmﬁoﬁ olﬂslﬁﬁsolirymﬁd oémprahall. yst are Lew s
acids. Using chiral Lewis acids terpene rings could be
constructed asymmetrically. 25 [0004] The
i ntranol ecul ar aBACKGROUNE 08 THE INVENTEQANr enoi d
cyclisation reaction was first introduced by W S.

SRR e oua8es Bicvalis ontsdid SamhEBHS iy vely bowerful and
effecﬁ@geéﬂscf&a@@eﬂéhonohnﬁeca% it( éiggéansﬁﬁct ﬁﬂﬂ-@ple RNFOR, single one step

S., Chem Res 68) 1, 1-8. Si nce t hen,
reactidn. $hawedctian has ﬂi@eeé‘ﬂreé)qeeﬁ o ip the @v@hwp@@l phpelyedicamolecules

e i s

increa§ifly rddydt iesd, %&@uﬁgepfbca@iﬁgeﬁﬁé A4S El0 as Wake! prad@dtidh. Processes
tenpl ates, providing enantioneric excess of up to 90

knovyp in{B Qe aiFe VAT dyRes of catalyis forfhg &Wbﬁﬁt@w@cm% dssaiggmonly used
type %g gﬁ&g‘llygt {0 el AIP R @iraPPLYRNR 1d§¥$1JgF | nt uld@@constructed

I'ncorporate the req urre acet
asyn-mﬂ:e)tﬁbeilly precursor |ntroduces added synthetic

n&{éfx"lﬁlé%/é@ aigrg.lll%: %Wé%&%ﬁﬁ&%%agsloggngfd cyc%satlon reaction

was first introduced by W. S. Johnson (e.g. Johnson, W.S., & Kinnel, R.B., J. 4m. 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 precuréor 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 invengion to overcone these

robl ems.. and . to provide a new nmet hod of preparing._a
Smcﬁ'ﬁ?ltél%lﬁéhm ighe aw&@e aCeuESO8 AR T ErPTelilEm] RYERFHER(he scope and
appﬁgg{g@%]of'{ﬁ@m%gg%gstgnﬁggﬁti on relates to a cyclisation

ss of preparing a multiple ring conpound. The
,sati.o r-ocess .i.-ncl s. reacting..an. | I enoi.d
U0 G B o oIS R BARRERE ese problems
and 6 dviigd £néw bettdd dNprdiariaY binnitiplerng@ospopaund. 10
[ 0007] According to sone enbodi nents the cyclisation
process includes contacting the isoprenoid conpound

wi th the acetal gyNih@RYTORNGTE INVENVRON [ 00081

According to sone enbodi nents of the cyclisation

sswfeactin h [ noi it . :
O80T S S SRR MR ko e
ring béthpdidldo Thé @yéldativ@ provessainCitiedmacting idisbpenoidagphgidahd with an
conpound. 15 10009] According to some_enbodi nents the
acetad jratigterundsh cqidifians sufficical teformithe Bt yigg compound.
cyclisation. [0010] In a further aspect the present _
i[A0&At | Aocopdiogitd@ema enywldimserds dteadyctifationeprgesse iadludes contacting

f | R14 A E 6 "IL'.R15 4  R15 d R16
the iSgPR O HLRAEBA MR Bepestal i BRPEA HEGY Sun cone st i g

of aliphatic, 20 cycloaliphatic, aromatic,

dPORSll | presrdiag tanerrae yIeBAdiBeEnts gHathecoxplistios. preeessnEspcting the
sopRa8 cofpbimd i S Sgef FRGRRE AR RAQUAIE Bebiiior o fom.a

coval@nt bohdi witls edsdpechoid compduadgr oup consisting of 0, S
and Se. [0011] O her aspects and features of the
g[nu@]_t I RBodi\ﬁth t& SGREBMBOARAAR thd ERMshthR prb&dst AMn hantioselective
description of specific enbodi ments of the invention .
cyclipatiosonj unction with the 25 acconpanying figures. 3
BRI EF DESCRI PTI ON OF THE FI GURES [0012] The invention
Vi0010]belnefurder aspderthd presentitventied prosides ategclihacetal of the general

detail ed
formula 14
R
A
R1 < R1 6
A b
Q15

- R1, R4 RI5 and RI6 are independently selected from the group consisting of aliphatic,
20

cycloaliphatic, aromatic, arylaliphatic, and arylcycloaliphatic groups. R16 may also be H. R1,
R14, R15 and R16 include 0 to about 3 heteroatoms selected from the group N, O, S, Se and

* Si. A is selected from the group consisting of O, S and Se.

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

accompanying figures.
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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 nultiple ring

conmpound. Fi 1.SLng the

obt ai ned pr OW@%&%@@&@@@@@&W

Fi gure 2A shows a further exenplary schene of a

d9@12] s atheoinysntier swilofbe bﬁ:ttepamndtagst@pdnwith p;t%ren'pfn qo the detailed

¢ ound. 2B shows, n
deser 087 WG S pleticadh SafBOol FBUE METRRHLEIRE 5RSpplgs and he
accorap@iydg draividgdt or (12). [0015] Figure 3 shovvs exenpl ary

reactions of a cyclisation process of preparing a

MUbL3] p| Eigiikd\DA GREWO L Ek gl g selferh SO SetibalicBGFPRENEE preparing a

that includes an OHgroup in jits term natlng noi ety
multiplorieg compennd. Higame kB showis| tglialy sppmarisingshe pbtained products using
Vanoﬁé/géeltaigtl on process of preparing a 15 nmultiple ring

npound using an isoprenoid conmpound that includes a

d t r t
S BB, b LUy 0880, o o
prepgpingce swultifle progpeompugme. Figurt i2B showng teliapommchrissigniie obtained

sield§ pgng ?%%@%lepﬁ%%ﬂ%me%nr@%'e%@iii qure & chove
SHEER, Tt B P e Rt BB A GG prOCess of preparing a

multipkORAL REMPoGRITRAHE thnt Reprehdig| doepouRd Chat Gnéludd £ OIREroup in its
In its termnating noiety. [0019] Figure 7 shows

terml@&f@rﬂomaw reactions of a cyclisation process of
( -9-(3-
pr#_lgwe) 4 shews eRERPHTY. Eagions R{d eyR)isqtion pregess tof prcparing a

multlg%ﬂ%&?h}g&ﬁzﬁﬁm tdﬁﬂﬁgpréﬂnonagl eny ?ﬁ_cl(x);)t(i}e/s tCe_rC do%ble bond in

1tste1;du)1dtmgamhycty si | ane (43) [0020] Figure 8 depicts an
exenpl ary synthesis schenme of Ml abricane derivative
(6BY7] Jdgwxs 5 shyws exemplary wﬁmlgwfaac@xnh@w@ pr@C@Sh @f preparing a
esent LN 0] r
e CRER eolpBETRL BB o RRRRRS e b ERB p ket rpop in s

termiéetingmabienses (59) and (60), using a cycli satl on process
according to the present invention. 30 [00221 Figure

JOOT8} piKigere 6 Ishows akémplanxeapies offa bﬁﬂnpaltﬁjmprdcess of preparing a

C ounds that may he use t rac
mul e PO B8 A4 P SsOTR JF TR @ G C tiple bond in
its tetrhink$dd Abie¥ye exanpl es of acetal initiators that maybe

used I'n

[0019] Figure 7 shows exemplary reactions of a cyclisation process of (E)-9-(3-

bromophenyl)-2,6-dimethyl-2,6-nonadienyl]-1-oxy-(fert.-butyl)diphenyl-silane (41) and (E)-
9-phenyl-2,6-dimethyl-2,6-nonadienyl]-1-oxy-(fert.-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- 0x0- 9( 3- pr egn- 4- ene- 20a- car boxal dehyde acetal as the

initiator. 5 Figure 12B shows a table summarising the

dio0 23N edignFO UL Aégsictd Sllupgrati @ &xusplésseficetabinttiat6re M widsbe used in

[0025] Figure 13 illustrates the usability of an
the pERRSERIHBAPressNt iENEOR| | sati on process according to

the present inventjon by nmeans of_an illustrative | .

s[)oﬂ%‘ﬁes iguke. h%éi.eplp@cﬁz#emﬁgﬁ REYEUSAYER DEQCsS pfgpreparing a multiple
. r i . i t Pl
ring b T BoP Pl e RO R e iae A% & the inititor
Figuex di2il aliowss aheble @fmmaristmghdi obtainedf profects psingsedrioon isoprenoid

rogess of preparing a nultiple ring conpound usi ng

Cmnﬁﬂmﬁﬁl acetal tenplates. Figure 15B shows a table

TR T Y ——
accoREEIR! BE ¥re3&l §h%Rn8bn 9}/ HANGT a8 TRQHTE HntRdsid 2Bemd S

cyclisatton process of preparing a nultiple ring

COIRAY MFighpd line b s@fehteof |4 iR Ofmbodiment of th

[[gggg] n%ggﬁ‘# gqlgeﬁég%i%jts thte(ﬂs;?nt hesi s of exen'pl}la? )}mer‘l o He
cyclisftiongiroaset al initiators. [0030] Figure 18A shows an

exenpl ary schene of a cyclisation process of preparing

g0a21]t | Bigare L5y showpaw axemginygpcbeabe df akambodifnenhef the cyclisation
chiral acetal initiators of Fig..16. .Fiqg. 18B shows.a
procstaPreig § SMGPE R BBraR e breatie daer PRy dusure 158
showsSORBI8 RAInchGIOHB I Sistain @ plo@f&d hsifik 86 BlubRatiePicetats. an

exanpl e of the cyclisation process according to the

qgemntFigﬁy@mﬁi Qépicth U axdmiIRy Suheshecsf af fuhibC Bmbbd@iment of the
absol'ute stereochem stry has been determ ned via

cyclisatiogypregegssefarensgng p mpltiple 82 Fompendasmg A ek ehizl pgpgal initiator.
oxi dati on of conpound (2j) (see Fig. 1818) for the
d@029]ni Rignroh7 depicts Sheasygihiesis ef gxeémrg@v elal ByjtiatorRay
crystal |l ography analysis. Fig. 20B 25 shows the )
dig0391n eﬂigllébi%géh@‘m pro px sl et sgheme pf ¢ pyglisatigrop@pess of preparing

Fi.aur e 2 . . i Gat i . . ' _
o BN SbuAERS o SRRl ) ML MBSO e 16w
18B yheldstabEhansedizing the oktipred padiut usigaprbuciadpprendid cotpounds.
reaction of cyclic acetals only (as depicetd). Path Al
| o8 tPigube 198depiqs aduedanipld pf thd@Pd]saffbry preced? acdoading to the
prese%qlg S.HII%JF%]FB?LF rforggnrglgjlggg)?{l) Ség&:fgwnlzlgﬁ stﬁg:%gcﬂﬂ‘% gtgllez)clgesﬁ%setry has been

detefnBh&E G PRRY @Pstalld; yre of conpound 74 as obtained by
X-ray crystalTography.” 5

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

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

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

[0035] Figure 23 shows the threedimension structure of compound 74 as obtained by
X-ray crystallography.
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[0036] Figure 24 depicts the preparation of conpound

(43) from hydrocinnamal dehyde (81). [0037] Figure 25A
depicts the asymmetric induction in a cyclisation

process using isoprenoid cenmpound (1). The chirality

of steroid al dehdye and not the acetal ring determ ned
J0036 cPHighisatidon depiseoahem meparatidn 9.of25Erapshndi 9(43)  from
25C sh presentation structures of the two

hydrpcipRamea é\‘{’ g 6H9ai ned by X-ray crystal | ography. [0038]

Fi aure 26A shows the asymetri ¢ i nduction depicted in

HO 37]251ﬂgf15°r 254*%}%816&8@@%&% idushon i@ cyglisation process using
isopl‘ég(??d UI3BRG6y gg A Sggﬁoq*ﬁgegalg ggdgggf&ﬁhgoé uﬂgyealcgﬁt Rhg H&termined
the cytliaatiom suemocmmam'ﬁt]i‘lgnzsrli Aot Fig: @56fshowOrepresgntaiivg simstuyes of the

as .obt ai db aII ra hy. [0039] Figure 27
mo]ﬁf@ﬂ?“é’i? ﬁ%ﬁ);(}ﬁ-ra ﬁD@@P oP Zorr%ound] (73§g as
the nethod of the .invention.(Fig. 27B
-ﬁb%nﬁﬂ%@%&%& SPSEb e UG ipRsop gt A Fig 25A for

1sopﬁeﬁ(§1ﬁ%onﬁ)@u§@ SPSTHR dafleCdGi®8nce 9@&9}211 Fdeﬁﬂéfsemzﬁe%ﬁﬂaﬂrﬁtlator in
the chiral HPLC profile of compound (76) as obtained

termsi oif rageredchemistrynaah obisarved. Hidgurey 368 shows Fi gepr@%@atlom_str_ucwre of
compRn {88} aﬁﬁg%ﬁﬁiﬁé—%af%%%%?{%é e c&F'p% N THE
T T RS SR LR i i

the 1BQRRPHNhe Riveh€ias (F@nzm) 5.1 do‘hﬁﬁh@cﬁt@tdjraeélﬂi&%ﬁﬂmuﬂ'@ @'73) {Fig. 27A,
obt ai nabl e product may for instance have a bicyclic,

ratiog5Q:pP)ap @ referenge etracycl | c, or a pentacyclic ring

system The resulting ound nmay, for exa be a
c@l)eﬂﬂc Flgﬂp‘é%d@l‘étéﬁiﬁcﬁbﬁﬁl LE nrefile of I‘falﬁpf’\%in&ﬁh@ﬁ ehtaiged using

n has. 10 r
the nﬁétﬂ%fof tﬁ? éﬁﬁﬁﬂm 2% B raﬁg% P) raSthRY doﬁi;)% nd (76) (Fig. 284,
ratio0$0: aml)asacrpfeeemed conpound can be initiated by neans of

an internol ecul ar reaction 25 with an

acetal -initiator. Accordingly the cyclisation process

accor di ng 3erhierpBESPRIPIR bR FHE RvIdPPIORACt | N

an i SOpI‘ en0| d conpoun an acetal 1nitiator under

TR B —
ring tctiﬁlpﬁﬁ‘ﬂiﬂe bgf reﬁé’tﬁmuﬁﬁ atismbRAd ogipehied ThHy @bﬁﬁﬁbt&oﬁroduct may for

I soprene yl -1, 3- but adi ene. An i soprenoid
instag naoblmlllt:u@l éscygfbc,ceauetréwchepoor 3 ptcapléc tpg sytem. The resulting

com;goeurnld\ﬁ?agf fE&roé]fa{n%Péo bER& ycl%c {(eé) noilc{ 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 isopreeoid conpound used in the

et hod pre ent ention, wher ir . The .

The ’t“éffgﬁ’{ ma%*ﬁr lojuvs E cagRon, At F@P fg‘? garpg numbering
will ﬁMh&%RﬁHHQ élﬂﬁi)e'lﬁ‘»% Ud esidadss | @R Q0fsOof ﬁﬁ’ﬂﬁcﬁﬁgne unit of an

unit, or at least two isoprene units. Wthin the
isopresmp cemppehdoarep dw tie methbé af thegpresent mypntenme winatet requised. The term

«. depicted aboye) - if prese caI Ieas WO
isorp it PO ct. sl bR R o iPb Eotmadon o i tuded B st one
1sopr€1§é’ﬁﬂn't Cor' zﬁ:qgis@ o qgup&edeyﬂh@awlnnh ke 149 n&aec&lxqs&h@ at least one
bond 3 Rd 14vv|tthe|ngC
isoprene umt (NS dpplctgd @gve)of 1%pr¢a¢rt§,ggrp1cailyjmt lpast tRD isemieRJunits - are
10 sel ected .f rom t.h
scycfi ol BEF RECERD pevee Fomiie 5t {pipAG o HEeeroR Bpigippd as otlows:
aryl al i phati c, and agyl cgcl oal i phatic groups (e.g.
hydr ocar byl groups).R pective aliphatic
cycl oal i phatic, aromatic,
aryl cycl oal i phatic group i
length of 1 to about, 10, /o abwvyt 15 pr to about 20
carbon atons. Each &t 1to Rd ngy & exanpl e incl ude
0 to about 3 heteroatons (i.e. atons that differ from
with QRbbing) CS8i, €t AP Bp 8t fiea Grlvgpn Mionk), R, RP1&dSR? ardinSependently

aryl al i phatic or
ically of a main chain

| soprenoi d conpounds WI h_such ac cI | noi eties are
selecta rome Hheagioyp soRIiipe &1 fhpliphatic, #iC: fH0mghicedyaiphatic, and
t
arylcz'a\ﬂgﬁﬁﬂaﬂ@ Lgﬂ jge hﬁvd%):&g%yf ggfl%%g) pb%e g%tl{{)gsélﬁ)flhﬁﬁ@ Gl lcfbaliphatic,

aromtitie anﬁahyhaﬁn@r grydcyzldahiahaticsgroom ds Ityplcaléty bba nztim ohdl length of 1 to

aboug LQ.’,HO 3 mgrl% q(ﬁg Epoug%g §ér’bo aﬁg{lsg @gﬁ: e{i%%y o]?‘n 1%21{(] ; e?(%nqrpTie include

0 to mu@@ hbREoadind @ SPR6Hs (0at AifHE PR atbeh) de&‘é&ﬂ% the  group N, O, S,
i ncl udes a heteroatom This fact is |nd| cat ed

Se amdasleﬁgopr@ondwcmmdsa wiithesviel epolio mejeties are Qﬁiﬁp‘@lﬁﬂy @ultable for the

e ts where noiety Glsa rrethylene
meﬂl&?é’%g‘e(presgn mv'lﬂﬁgt ituted carbon, -

ORI B B S g S el sl e

in whieh e meihglene rgpanip thatois doad do lﬂﬁlﬂ)t)ﬁ ato&S Noe R exfdsdpoeren(gee above), is
configuration and/or éonf ormation Qf bonds or centers

replaged peanpthspatan gach A 81 OalNorve S6r 2138 AR 7 -1 i “which the
respétcﬂge 61k Ich&in' oF QRIpPHR! 16 QERPHAE oA This £aBLisTRIIBAEd 8 the moiety

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

methylene group (i.e. unsubstituted carbon, -CHj-), 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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invention. 7 [0044] Where a plurality of isoprene
units is present wwthin a respective isoprenoid
compound, they may be directly connected to each other
or separated by further noigties. In typica

TOBEHcriEhe: o sty HE HBEse o ae DESAHOYRBf Bopective isoprencid

com;ﬂiuﬁﬁ Cthby nﬁ?%%ltee E&ufc@t%ﬁ t@Eﬁlﬁroth&%r%eﬁeﬁ'ﬁYed by further moieties. In
l'ustrative exanp an isoprenoid 5 conpound may

typlcah embolmentst afuthe Lmqhed; of ¢y Esfemmcmj thy 1smpmn©funuth enfftbeirisoprenoid

comI{c{)glph ;e)lr\./\eﬁz. (? gﬁ g? %g%ieléteéftg {tag%{ﬁatgsrgé aé’ew 1}fgs a\}l % éples an isoprenoid
compeustt ki itc¥hdd) "‘s@ubl%r&as irepréddaled WPRMEIdT Be %ﬂr $olldwing general

formulas (Vlic) and , respectively, are an integer
fonnﬁkaswfﬂ),t(UIb)ab\ﬁlc)Gnd I(Ci)such as for exanple 2, 3, 4 or
5. Gin formula (Vla) may be, as indicated ve, . C,

appl i cabl e, Ghe respective doubl e bond

opr endi'd conpound| ma he E-(frans- )| or thémrM
(\és “’q““ f(lyg;u _§he i enoi d é,'cnﬁ) | %
ue .

carry vgrious substif As an illustrlative
exanpl eywan |sopren@ﬂ'd compound of two 1soprenoid
units may include a structure as represented by the

Si, 0, N, S, Se, or a halogen atom Wege é
rﬁ

foll owi ng general formulas 15 (Vle) and (\/I : Rb Rc

CH2 CH2 ( R2.-CH 2 CCHCH 2 CH2 C= %HZ

12341 zglnv\hlchthenunberlngsofte bo
[

atons of é&ac sopren0| d unit (cf %%/&&agr —C—CH +§
(Vicpdi %%t(gq_l J_tqa]ﬁ é@% Wt TV 2
carb 2ns~of pf enoi d conpound and: 201Rb Rc
4 Rd (VIf)Ra22\41 1 38 wherein Rato
formulas (Vle) and (VIf) may be H, an aliphatic,
cycl oal i phati c,
wherein 0 and s in formulas (VIc) and (VI1d), respectively, are an integer from 1 to about 6,

such as for exémple 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
(VIe) and (VIf):
R R®

2 CHo

(Vle) p2_ Ay —r—CeH—CH — Y —(—CH—CH —CH —
R*CH,—C=CH—CH4—CH;—C=CH—CH, CH

1 2 3 4 1 2 3 4

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

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

4. R
Vi) pa AN X7
1 3 1 3
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aromatic, arylaliphatic, or arylcycloaliphatic group
(e.g. a hydrocarbyl group) or a functional group.
Each of Ra to Rd nmay for exanple include O to about 3
heteroatons (i.e. atons thag differ from carbon)

wher%zlls g_gztg -d%‘f T ﬂ]tellglﬁeﬁ% r&?ﬂi‘ﬁ %I'{S]p?\élt}?&a%ggg géjhg’ill @&Shatic cycloaliphatic,
a:romQ?Iné1 rag?‘{)ﬂlllahatﬁ: mroirylcycﬁﬁlﬁﬁﬁfw glg)gtb ke. éygé h}édrﬁﬁﬁlrgﬁc%/roiﬁ%)" d*@ functional
groupyi Each-of R'n torRsmay fm1¢amp.le wlu‘dledbto atout B dw;droa,toms (i.e. atoms that
one or
aiffedfrpfy cafog) Slostod GRS RRRD N 0, SR end i X P Fiietigpal group
may deYd G| hyatylc tHié!-etsh‘lend)t IchvRyylTRY¥maoS Oirhing!, UsEdo-, imido-,
ot her poI ar, non-polar, saturated or unsaturat ed
azidoyr jagss, cyanet, mcmgwmltr@x aitpise- ahlfep swlfidgr, sulporsi-, or sibyl-group. If

any %’? éé ng’org eotsfeﬁoﬁ%?gz]r 130 4 &Jh%ﬁ(té, n%cyaggh%t a%(grgfﬂpc '&rylghphatlc or

arylc'yéleﬁl[lﬂﬁﬁb dnéietip dutidy ayy ksoofindin® g@ee dlarf abnbir, saturated or
R5 R23 R4 R25 R20 R26 R27 R28 R21 R29 R30 R31
unsaqqgage lmg,gmc]:qth&fgr example jan_qpegy groyp orfcto pbgut_cheteroatoms

4 and R5 are an independently
Selecléeglﬂ@?thde}%&mé%) cyc é;al [ phatl c, aronatic,

hatic 1 [ athc et
Pt R e e e ARG BRIty ! formola
(VIgpl i phatic, cycloaliphatic, aromatic, aryl aI [ phat| c, or
aryl cycl oaI i phatic noiety, halogen, a hydroxyl-group,

a t hi k- gétpur% az@elggnozgrou% a4 carghoxy! - gq)u 2 ape

&N N}~ grR>up, anRi nfho- Rgro ? jﬁndﬁ gro R7 R%

ilmi dé- gr pup,| an|a2||do KO p di o p || 6
R—@aﬂb—g-r@eép%:@ee—y@ ot =&m¢ omﬁ% —C R
nitroso a sul folgpoup group, al i do- gr oup, Ibl r

20 sulf roup or aHsij| - group. resp"elctlve

al i hatlc cycloallphatlc arqmatic, arylaliphatic or

R* ang RP @y pbIdeprdentdy srlenipst Fl@hla?ﬁl cslopljplsitic aanematic.canglialiphatic, or

ek Ol o 1081, 2 350k 48 Mg s
alipheixcanip;}ch)aillph:dtﬁd ardnite, aoyealiphalic, su (al'ylaﬁlmtahlphﬂxlc hmety, halogen, a
hvd het er oat onﬁalsel ected fromthe g%ﬁu*) N, S, Se and

SR 1Bt S gl FroRPes SIS FOUBeh QALY 25 88 GET £y on imino-
grouIlS’ec{nV\Erﬁf&loogT@ﬁﬁj APeMH0-4rod EGah%zﬂotﬁbﬁB Wlhﬁgﬁf&beﬁléyano group, an

ich 25 may be H, an aliphatic ¢l oal i pha
1800yan@rmupc a amsol apulphatm@fosmroap,yac ﬂchpmrplmum Emsiﬂ&iy group, a

sulfogﬁlégro]ulg ]pp Xg I@Fé‘f)‘%y (ﬁ\ 9%8?02)\% g%léﬁét C&%Oﬂg&; i, aliylallphanc

or ardbgdlbaldBatiapipap istypivally Of a mafrictain kogth ofriay rab()ﬂa@ &l sbout 15 or
bel ow) nts, t he | soprenoi.d

to abe@trﬁpoqgﬁlbo[lﬁag&g]g, éﬂréht%%g Odl Er‘f torka3 may fogpa;amgle 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. RS is a terminating moiety, which
may be H, an aliphatic, cycloaliphatic, aromatic, arylaliphatic, or aryleycloaliphatic moiety
(e.g. a hydrocarbyl group), typically with a main chain of a length of 1 to about 10, to about

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

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

(VI):
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R5 R20 R21 R 4 C=CH CH2+CH2- C=CH2 CH2)
(CH2-C=CH-CH2_ R6 P g As defined above, R20 and R21
are an independently sel ected aliphatic,

cycl oal i phatic, aromatic, arylaliphatic, or

aryl cycl oal i phatic noi ety, hal ogen, a hydroxyl - group,

a tiéol - group, a sel group a dithi aneR@ﬂoup a
carbonyl -group, a car -group, an anino;’5 group, an
r

4 mlno- group, anf am do ou an [ rou 6
R briafo= G oS Ha R abs S TEp e ?—3’;@% 38— CH R
t hi ocyano- group, an |socyano groupp nitro- group, a ¢

As deifihed sbevy, RAY, amd R fare aglr mdpep grdentby saleevﬂﬂfalthaig:r, octwloaliphatic
asulf group, il or a siloxy- R4_and
arompii b B uRioYpres audieds g § dyaroxyl-fou, a thiol

sroupy & |seRhd RRGL, G dRiBRkldup, %rydr‘@édy@]@ﬁ;%c a Edrboxyl-group, an amino-
aryl cycl oal i phatic noi er (see al So bel ow) X

group,empenmp@o@, |apmm1do~gr@5pc lap amigshgtop, amAzGARErQp, a dlaZO -group, a

Iallq%?tlc or 10 ar. cloallphatlc rouﬁ{tr 16
cvanfigto o s R Ao RroRE kS-S’ & e sbRaF pltRbparspes o sulfo-
f t . $udF vt B0y~ b RS
group;tgg(f%a Qég%%@g%r %2 : §R5 OQ%%{)U&% R @r Q y f ory é@?(%%l R? are an
Indel?qiidprltbeselﬁctﬁtd atipbetic, mﬂe@laﬂl@at:,mmg@, é‘ﬂlé@hﬂﬁérﬁfﬁﬁﬂcydoahphaﬂc

m01e9§ enqoen §I gﬁegﬁl iy Iglég:d k?gfl\(ﬁglerﬁn agg’a?]r mafic, fryjpliphatic or
arylcﬁiﬁloalsplanb grcmpr(af RigRAOR Bt and(RE is typically bOa nestadipdie $gngth of 1 to
abouird) Beshobt { % GudBruI ot AR AOTEVERSH DRE R RAind RE! may for
exarrg:f cfeldé 054 6m GHictdig R s%c‘ﬁ@@ﬁ@h{‘thmgl';?@m 0 rg %Q%d Si.Pandq

tween 1 and about 5, such as for exanple
are aRdndependeBtiyiselected integte hetvkentd andsboutc Ialtpmanatmg mOIety (see
beloc&cl oal i Eh tic, aromatic, arylaliphatic, or
i phati c noieties (e.g. a hydrocar byl

i call a.nmain ai n_of of 1
T0LH ' Sl st R PPl s g Sroy ST Chopfet formuta
(vVIDpt her pol ar, non-polar, saturated or unsaturated
groups. R4 ancb R5 may f or exanpl e include 0 to about 3

heteroatons (%.e. atoms that dif48 from carbon)
sel ect ed f4od1the group N 0, S, | se and Sl. R6_gs a
t er m nat i Rg—pTef jﬂ—vﬁﬁg ki eCH—afk Rati c,

cycl oal i phatic, aromatic, ary allphatlc or m

: ' t I
Whelt%{/r%{ng%% eﬁ%ée? %@He%n qodn% a‘bout(f3 sgch ?seng%h&gl?fe 3 @A ll@)and R® are

a main chaln of fo a
indegedently sﬂm:tﬁd aliphatde, ciydoaliphatic, momailidz) aunylaliphatic, qrrarﬂcycloahphatlc
mmeftllejsn ' o rgcrarobuﬁ 'gr(ﬁlps,ets i%gﬁylr &?thfaurrrllgltnl c g{anl ofga l%ngthnq'yl to about 20
carbon atoms. R"‘ and R®> may also include other polar, non-polar, saturated or unsaturated
groups. R* and R® may for example include 0 to about 3 heteroatoms (i.e. atoms that differ
from carbon) selected from the group N, O, S, Se and Si. Réisa terminating moiety, which
may be H, an aliphatic, cycloaliphatic, aromatic, arylaliphatic, or arylcycloaliphatic moiety
(e.g. a hydrocarbyl group), typically with a main chain of a length of 1 to about 10, to about
15 or to about 20 carbon atoms, or a functional group. A respective functional group may be
a halogen, hydroxyl-, thiol-, dithiane-, seleno-, carboxyl-, amino-, imino-, amido-, imido-,
carbonyl-, carboxyl-, azido-, diazo-, cyano-, isocyano-, thiocyano-, nitro-, nitroso-, sulfo-,

sulfido-, a sulfonyl- (e.g. a trifluoromethyl sulfonyl- p-toluenesulfonyl, bromobenzene-
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a hal ogen, hydroxyl-, thiol-, dithiane-, seleno-,
carboxyl -, amno-, imno-, am do-, imdo-, carbonyl-
car boxyl -, azido-, diazo-, cyano-, isocyano-,
thiocyano- nitro-, nitrosotg sulfo-, 30 sulfido- a

e
6 is rﬂl_htah W phaty |aromaﬁfc er{@fpﬁﬁﬂﬁ P %ﬂgﬁ@@ﬂahphatﬁ moiety, it may
sily ano-

or “sil oxy-group.
also iab]iuplh athetpolaly mbm@lolap,lmturaiﬁd ar mtur@ﬁd gropps lingihding dor example an

epox{gfesy S, 870 Bnr SeRisfontcor i Homr e gl B G € ¥ na si. s

definkd Qﬂ)di»@' Rds E@[nt@gé@[i@t'w%eﬁm an& AP SYERURs Bor Kafpleout 3
het er oat ons selected fromthe group N, 0, S, Se and

%04 @ré‘éﬁédtﬁr@‘i‘sc?%\bfd cdﬂl o%na'?nd[y”ﬁ)?%nﬁ%h@b‘é’%?ﬂle]geﬁ&% formula
abou , such or exanple 048 respective
(VIla)soprenoi d conpognd may for exanple be of the general
fornmul a (Vlla)R R5 R4 R6 10 wherein R4 to R6 are
defi ned as abov e g.( for[ fornulas (Vle) and (VI1).

[ 0049] The Ré ti nl ess ot herw se
st at ed, alght or branched Hy ocarbon chai n,
whi ¢h n@y be saturated or nono- or -unsaturated

wherein®ita &’ atredcfined es ehavens g ( Sudonseyl Vlemdlméﬁt urated
al |&]at| c group contains one or nore doubl e and/or

t[% e Henigan ("alifatip] nogang| wilesp| othesivage safpd, Aiswaight or branched
hydrcf Iaﬁa 19 f w}u}}ﬁ E%drlf%c g‘e{tﬁ[%[%dc gla Inﬁ‘o yorl olbrrﬁ%l Fretcelnfmsq include

near C ai ns as non- ar Orm
heterddtémbB Yﬁﬂe%mixboﬁnﬁﬁéatﬁrateﬂfm@haumup uaﬂr:ems ofit be fribirs double and/or

stated, be of any | ength, contain nunber of
mpleob%d@h@ékenﬂr%.aélﬁwlym%qtﬂss)hﬁﬁolara?% Fydgprarhon chain may
inclufid ﬁhéé? %ﬁalill% BQYVQII al ﬁo Iﬁa%c]écﬁ)cf elEﬁeth P Qﬁﬂo&}wﬁscham, which

es o keny |cals are straight-chain or
may, burdmsheﬂiemsﬁ ottadpdre o’é@ny desgthhaod contant any mmebeprof branches.

TypidgRs e R gn gt s e S B 0B LY e @i ifbon atoms.

ExaniPdés of hilen{inSidaiakeale\Wrai goebhia KOBAScheIUE d%r@&r@dlﬂ dddicals which
two to about ten carbon atons, and one ubl e bond.

contaiy appr meridenbls bradrafikpnoredicels naswally catain abos sye to about
twen{yv\ﬁﬂ%c}fl z&é‘ﬁl A 3he EPm%Péj O fsBhed W dog BE bER@ATRAG 4d \(/j%out two to
riple

S, Such as two to ten éarbon atofrs
aboupfiee dal‘hiopl %01’0@ ratid o alpble Hoad. A]de;mlyﬂadrcahlrmaﬂnalljac@ltam about two

T T e P T
ten cBfbH B0, SandBdeY tri tpleeBJSWd E}@hﬁﬂ’éé' of Ay radiedls ¥ite stralght—chaln or

hexyl, heptyl, , honyl, "decyl, the n isoners
branqhhégherdm@nbgmrgdlcals @ﬁu@pg@ntammbmrynoreﬁgp}gebqnﬁs Examples of alkyl

o355 . RS . RERRARY, ey PN g n omer

of théséIrhdiedsas@retisobutyl Sisepenest] O5eB-batyl, &ﬂxbutym,sﬁe@pa&ylbls 30dimethyl-
S, Se or Si or. carbon atons y be replaced by these
butyly, Bethy thgagia 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



10

15

20

25

30

[0050] The term "alicyclic" means, unless otherw se
stated, a non-aronmatic cyclic 30 noiety (e.g.
hydr ocar bon noi ety), which may be saturated or nono-or
pol y-unsaturated. The cyclic hydrocarbon noiety my
al so include fused cyclic ring systens such as decalin
of th@egtlicBdrozh®on eoistylsiy, udleed othetwisd sited) 08 drg leygthiaid contain
as well as chain elenents. The main chain 11 of the
any nugher of RyBaEIRRisofy o %8t whgyelemete SEREar fieskydrocarbon (main)

chainShalugs 3 P Of, gw g 298 thaf ol 'Hl 3hp cgag.}ll_ %ﬁ%ﬁ ())/p&%ch emmetles

non- aromati ¢ ¢tyclic and chain el enent
includbe drb aer ries dingitedi tn,) cyledpatyl.iayclobeled, @iclohepty], & cydlooctyB Both the

cychgﬁycgf)?agﬁ Inngnﬁiq I?f&%?see ]Eé'llglﬁ gycl} ﬁ?bgl%lts%{)stﬁhjgnr%s may furthermore
contafY h&eReRikl as fo\f%é@ﬂﬁéw 0,09, He0lteR! ¥ a cibort ¥ohPRGY Bk replaced by
Both the 5 cyclic y rocar bon noi ety and, if present,

theseahvemﬁmSC Bl temni ‘alieysbist | alsme rincludesy Cf’@mlh@ryﬂmm@letles that are
unsatga 4 %;ycéllgelg%goat oﬁgg,mwﬁgy %ergefr e%lt %}(‘:ﬁg O\Q[t rll?gesee Catut cight ring

carboRef®hE) &broé)@mpﬁlﬁvd TSR riAg taPoh atQmSaCyﬁoalH@i)ﬂl éeficals typically have
C cloalken noi eties that are unsaturated cycl i

a doufy dn QW§SP%Y%W%%%IQW alivenyl tRdigls mavtin m%@éubstimted-

about eight ring carbon atons, for exanple five or

499514 rTéwca@rsbn araRRis’ EpaRSarRleRy (otheawiseasigtady i calppay cyclic
t
w80y Rl B B 000 oo REh ol EISRYR' AR o inchude

multipROfikéd Bhe:ot/demnly ﬁnbelhlrﬂngﬁ fmea:lxammeIZes'is oo#hfised siags. The term

sromil ity nc DR Blo1 e ) SRR D e GV incigens 67 or

8 mahﬁéﬂaﬁfj@toniﬂh toh® |c§cIE mﬂés SOMRh %mlb%slmah@ed but B@Snot limited to,

for exanple, 2, fused rings. The term aromatic

cylcopnsadiemd) uabenydd kyamha}enyl Ty ;ﬂl@hmnvlenyir{é 36 dP syshoderppentaenyl-),

11 DA, ey Pt S RSB .2

benzcé}ﬂﬁnmhrehd:)mﬂlﬁékaﬁmle of yih atipéari/heiodaty lis balwyhyThe main chain of the
napt hal enyl -

cyclie ByJrRRFPB Aficty fmay; gimless ofeEVisn ki he AZpy Jgneth and contain any
numﬂe}%fal%&b%ﬂs as [fgil Wc@rﬁll O aRDNaEBMSIcs of such heteroaromatic

(peri napht hene), di hydropyrene, chrysene (1, 2-
moelbean(mipbte a@rkrmveh@) ﬂlemrsenask}jleé infthaarth incjudgr hut areinet yimited to,

QGG drp R sERRkin Sy spufidhaibty SARERAT, pymoly-

qumcﬂﬁﬁl Qﬁﬁﬁtﬁb@.uﬂ(ﬁlﬂ‘ly?-o gﬂhﬁﬁﬁﬂ[ny@-f ilygr, pehgindolyRSinti@szolyl-, oxazolyl-,
i NSt ance 0 and | es of such heteroaronmatic
oxonifyks pmvsnxlwhe@wxgp@Yknmlrwb thaepindr, seleneminylr.¢hiongyi+ azecinyl-

(azac?'klliagtleﬁ1 gny’ff&lsrl ?fgg:]d ﬁ?e%l Rap hta%‘bc%ﬁfédbgfqa’- 1f,3‘,5;57[§ﬂ I-hexaene-5,9-diyl-,

urany
azoziagt-Nr diabocnylenybenzagmypiriyth, n;alzec,mgdy,r r sdayhdecinytiyli ribiaf Iannulenyl-,

ht hoqui | ' - |
SN SURCES s t%&%%y?ﬂm DS oy -
g{éﬁ)e@nyl ebt%%gxeﬁqlﬁ%ptw“ aze ﬂ%:hyggotcg}b% mg1ety, in which one or

more( ﬁ%ﬁ’ﬁﬁf |n&ﬂ@t?@peﬁ'9tsﬁ€§?ﬁfﬁtea ’WlfH 85€ 6t Mre aliphatic groups. Thus the term -
azacycl ododeca-1, 3,5, 7,9, 11- hexaene-5, 9-di yl -

"arylalipdaticl hlso xmlaéasdnydycbcarbd@emmzloa;unywhlch awecnrnym:e aryl groups are
connec%g‘dJ \r/]i(zjleocﬂen()\élmdre alﬂpﬁlitll h%{]nngr &a}/ns of any length, for instance a methylene

group. Typically, the hydrocarbon (main) chain includes 5, 6, 7 or 8 main chain atoms in

cach ring of the aromatic moiety. Examples of arylaliphatic moieties include, but are not
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oxacycl otri deca- 2, 4, 6, 8, 10, 12- hexaenyl - or
triazaant hracenyl -noieties. [0052] By the term
"arylaliphatic" is meant a hydrocarbon noiety, in
whi ch one or nore aromaticipoieties are substituted
with one or nore aliphatic groups. Thus the term 30
11m1ted;rw aLeﬂp;hafaphthalah@ol |1 nmlemgmtahy%me berisdmmgtlmﬁr,acem& 1,2,3-
two or gps are connected via .on

mwlé)eaaﬂqnﬁhﬁtpiheméh st rhlQsp-3atlymedisthyl)- quipoline, 3- heptyl—
I
S e v Y S ee—

quingivgi n atonms in each ring of the aromatic noiety.

Exanpl es of arylaliphatic noieties include, but are

{6653]2 Edchnoft the, tetoms I'ali;il'lhigiat" r’fal;iﬂyblidl &ammatic”" and "arylaliphatic" as
used iue?ngr{;{r?: @ﬁg;:ﬁiggﬁg %sgfg | Sﬂ'& uxps}éL%ﬁ{ltga Cr%gqeof the respective

| dulyefulitio flg h'for eRaliSR! Wht ndk Wndfed
mom@hS%Bgﬁgaﬁ%Fg?%ylphenylfgt ? 4- efhyl gﬁlngggllne oﬁo amino,

a:lmd@, &zmllobwtashonﬁl,, mamcewhypyaHQOJSWM| dithdanes Habuss] hwdwopryl, nitro,

organog?%}? Zloltrer mﬁ?rgal | Qr?ot ! éfl Sél%%ﬁl) ﬁé’u%o'n&% E{:H{oart g@%&é‘%u géaﬁ]uoromethyl
sulfoB I, hp—‘EdlbédeBﬁlﬂir@ﬁ afvinmaz&@gulfdmygdnﬁl@beﬁzeﬁésxﬂfhﬁyl and methane-
respective noiety. Substituents ny be any functi onal

sulfogy¥loup, as for exanple, but not I|n1ted to, am no,

am do, azido, carbonyl, carboxyl, ano |socyano
dﬁ@f‘mlanwlthh@ﬁg@gie o thy deapfiguration o, ihe Bl¢ohards) included in the
1sopr8{%&ggb§glﬁ5ﬂﬁht 3@%6 23 %[lh%l Z- 1%&&/ g gﬁyﬁ#&‘gﬁéﬂs. 1t ﬁ'lenmethod of the

presqni tinvanting sthé flmptbnmdb raom;ioam enz@s uﬂldlmlw kither of these configurations.

nitrobenzenes fon t Ifon 054,
RegaylEs Pog AORTEFABRCoh APUF domdh TaLogL T s isePBRftiscompound,
carryhd}f b e ?fbcésﬁeaccbﬁﬁ'bﬁg ¢ qhsl psségemomnenudm@é‘sﬁnw aeaycﬁgauon and
in Z- and E-configurations. In the nethod of the

formptiesseia mulidering sompeund dysr amidlugirativmss ampllenafererial fomenla (VIla)
ther r 1 t
m =B RSB GRlL AY BEhEE g RGB! A ol B proen
invan&mpren0|d conmpound, carrying out the process
according to the gpresent invention results in a

cyclisation and Rformation of a multiple ring
compound. As an |Illustrativie exanple, |where in formula
(MIla) m= 24 f oW co ungsxar e ualgl'y
wel |l suited r thé& purposes t he”pr esgnt R

invention: R RA\ \' \ R RS R6 20 R4 \ \

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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R5 R6 4 As already indicated above, the term
"i soprenoi d conpound” as used herein, thus refers to
all respective isoners of for instance general
formulas (Vla) to (Vle) or general fornmula (VI1). 13
[0055] As a further illustrative exanple, in sone
0088)i nentas ﬂlﬂ&&:rl Bloptiahel dxangsiep onndmies embodifenge fter adoprenoid
forrrula VITI): R7 CH3 HHCH2 C=CH+ CH2 \ n such as
compoypd Es.0f; r}é ge@falé@ﬁwl%\(‘”fﬂar mula (Villa): 5 whereinnis
an integer between 1 and 3. R7 may begwsel ected from
the group consisting of H  aliphatig, cycloaliphatic,
aromatic, arylali phat R and ary gizoal i phati c groups

(e.q. hydrocar ups R? I B ically of a main
chain length df?@ iT%ﬁ% Hgab 15 or about 20
carbon atons, and may incluBe O to about 3 heteroatons
sel ected from the group N, 0, S, Se and Si. R7 may
such a £ ekaplede goidislrfopmhla(VII)n- pol ar, saturated or
unsaturated groups. 10 As an exanple, where n =-1, the
i soprenoid conpound is an aromatR
4- et hyl - 3- pent - sdch as
2- met hyl - 5- phenyl - 2 ‘il Abstracts No.
33501-90-5), 1-|net <-penteny|) benzene
(Chem cal Abstra : 2- (4- et hyl -
3- pent enyl ) - phenol (CAS—Non 143700 87-2) or
p- (4- nmet hyl - 3- pent enyl ) - anlsole (CAS- No. 4586-91-8).
wheréﬁl pisfanrinfeger tesxeeqml EandieR emay be 2eledtbd fromothe @rmipctonsisting of H,
npound is an aronatic iﬂ
ahphptc% Efveloginteiet Ryematicy. anialiphatis pod oApdanlpalishrtiy ggoups (e.e.
hydr(Sc.r %m@sy'@fs%wgﬂf BEBYhaif Sain"RASE GNE td TN, about 15 or

abmmzqcaﬁbnamﬁwdmwbnmyhmBMEﬂnomhdméhyﬁ@nwnnsmdym36@mzeﬁsgKmpTJ

0, 5583 bl R G it o other polap; oA oSASEIRA Oy VBRTERS Eroups.

As ah @H&H’%@a{vhetétiﬁﬂla@ﬁesls enci8d @dAp8indBis, an aromatic 4-methyl-3-pentenyl-
di nmet hyl 7-nonadi enyl ] - 4- (1- et hyl et F

compqyg 3;1@1;1 as(bm@thy@yi_m@gﬂs’l pentenje, (Chemical Abstracts No. 335%1 90-5), 1-
methy&&%—%et%gé%g%%eﬁ?ne (%%Qt%géaf Wkkacts WEL 4002 09 T €2 4-methyl-

3-peri161£)(1)3ﬁ)en61 gcAiSHEs. hy437301&7nz:)nad ipeAythdth - Bpehtemil Radyoel8-(MAS-No.
et hg/ 4- benzenedi ? (CAS- No 216225-99-9)
4586¢%Hy 8 Assa udheretapPles WA Rad e M )Sonreﬁ%@hmpozmﬁéf | aromatic

[(3E)- %Q Qliﬁ?%y]gé %ﬁéltla\ﬁ gﬁgé&néguﬁ) v such as trans-2,6-dimethyl-9- h};/hlenyl 2,6~

onadi enyl -ben20|c acl d "et
nonaés:he NCAGASe. B@Sﬁ@ﬁ@%} UE(BE)-4,8- dlmethyl -3,7-nonadienyl]-4-methyl-benzene

(CAé—E?@? %@éﬁ%@gd),nﬁ[(%)l—ﬁi,§-’d171{lentg&?'£j7-%gxgcﬁén§i]?3_—9nie oxy%eXzene rzéhermcal '
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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106625-40-5),

4-1 (3E) -4, 8-di net hyl - 3, 7- nonadi enyl ] - phenol ( CAS- No

331233-75-1), (E)-4 25

(4, 8-di net hyl - 3, 7- nonadi enyi4 - benzonitril e (CAS—No
di_nmet h

nonahdar ity REEB Ry PIU RS ((GASRl S1531578:5). In
embo%%%&%s %el?e)n ar3 %he[ isHrbndtd Soslpomid iy |ai1%rcznzgtﬂ: 4[89fﬁa€'in%ﬁhyl~3 7,11-

2-[(2-nitrophenyl)sel eno] -ethyl] -benzene
tﬂde‘(am@yl\)ecmam& F&hops [(3E,7Erh8dR2emethyld &1 6 -mdecarientyhebenzene

Ay RREIGI0or g TR 4 6P B R ectmetnuly i Licbidsetenyl benzene

(CAS MBS 06- 91 4), 1 2 3,4 tetramethoxy—S methyl-6- c[j(BE 7E)-4,8 12—tr1methy1 3,7,11-
[ (3E, 7E) - 4,8/12-trinethyl - 3 11-tri ecatrlen¥ J- benze
mdemlew@elsnme (CAS-No 697 86-42- 33 or 1-methyl-3-[(3E,7E)-4,8,12- tnmethyl-

2R el L BB B AT 52 s o

aromatie b@id e,l ﬁchad'ﬁefoh g}eﬁﬁi hy(2H-3] {-dfmethyl-2,6-octadienyl]-naphthalene
IE;A 12tr|methl- - tridecatrienyl]-benzene
(CAE( S7R6166G286- 42- 3) or
1-nethyl -3-[ (3E, 7E)- 4, 8, 12-trinethyl - 3,7,11
-[0056] e CBter nsepsﬂnpld— b@mz@tn@ pwsbmm@iﬂa@l 8«260@§ng9 ey method

kno al So‘gtse(‘ zl%] Ign 11'119 C 1 e)%mplgl ro %ﬁd‘fnﬁrda%;?sed SCHS&H%SI'C&CUOH for
d 02Bh- Alylhalideeiday b - tenbylac Gatinerly tdagaapht decatployed (see e.g.

CAS- No 372510-66-2 0056
B e 5o ROV st rap ey may also

“be 03?5‘1?‘1‘\5\25[5{1}1 n% ﬂ?ﬁrs{s infSivid ﬁhk: S bF RidiMBosaARR ﬁlchﬁmglr a recomblnant

ysed co pling reaction, for exanple
nucrem'gailism ) Hatt iedtemaled yaadveowz . i colex ¢xgxmsmgr eRAyBIes nﬁyanbesoprenmd

biosyEEe) a3, 5 5L ST THE Mol SPOTIRE RN aee et Biology

(zoo@lzsqz br-ehai ned froma synthesis involving the use
a mcroorgani sm including a reconbi nant 15

I’['OGS'HO r g apélisatiod fackorpIRbRIyERSthe prestnt ifGentio xpyeRspefprmed in
enzymes_of an isoprenoid _biosynt heS|s pat hwa gﬁsee

the péGS@I]C@]faEh ﬁatalwptchysomg‘emgggmqq& thg cpe 15\@9;&' lreéic catglysed by an
acid. & Pés?&%we (agﬂqg Be batﬁ’a ﬁ%ﬁst@&@md b:0DPAhisAcklY B h 8fa suitable

reacti on accor |ng o the present i nvention may
Bronptedf wdenicludﬁ tub erg nets Bragted ¢é, mfh@taaldygfgsogﬁs ﬁnerosulfomc acid,

PO, ooFRERROE el Eves e Bty bR RS By RSO,

hydraﬁbﬁlu@ama FEM fy@otBloriEeel) 1G], Qﬁﬂ@or&h&ehahicﬁi BI04t and bis-
acid incl ude but are not limted to, triflic aci d,

(triflerremetrnesulfonylymide, 66 HsSQlNH). FSO8H, net hanesul f oni ¢
acid, McSQB3H, trichl oronet hanesul f oni ¢ aC| d, CC13SQCBH,
H9ﬁ5$br%rﬁf€n§§%ﬂt acidriga comparrst iabisi c@pals af agiing as a proton 'donor. A

' I f cloct d
Lo ORI L 6 ol RS R it sy v cloions
form[ ® @b&{linAtBravaine dond.cldcértira embopionants theak.ewis acababére inorganic

of actln rotop donpor. A .Lewi s aci is a
Lewis i dh Diggoien Lets icithmay 16T Faamplgredry & Bt o gleggpt of Group
TIA %frﬂ?é perifdielrasie rdf@elﬁ&@ts, 19Kt 180 A teth O, SarAMA], enium, iron or
ond. In certain enbodi nents the Lewis acid is an

zine. |Erzaw| of an inorganic Lewis acid include, but are not limited to, AgBF4, Alls, AlF3,
AlCl;, AlBr3;, Al,Os, AsCls, Asls, AsFs, AsBr;, BFs, BCl;, BBr3;, Bl;, CaO, CoBr,, CoCl,,
CoF,, Col,, Co(NQO;3),, CuCl,, CuF,, Culp, Cu(NOs),, GaFi, GaCls, GaBrs, Gals, InFs, InCls,

InBrs, FeCls, FeBrs, Fels, FeF;, FeCly, FeBr,, Fely, FeF,, LiClOy, NiCly, MgCla, Mgls, MgFa,
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Lewis acid. A suitable Lewws acid may for exanpl e be
derived froman elenent of Goup IIl1A of the Periodic
Tabl e of Elenents, titanium tin, antinony, tantalum
rhenium iron or 30 zinc. Bsanples of an inorganic
Lewis acid include, but are not limted to, AgBF4,

MgBI’%lNBCkANE]gEz NIUIQP%,FZAQIB,[ CNl(IM)@Q&’C]AMz,F SMS, M‘ESSbIg,, SbBI‘g,
BF3 BC13 BBr3, B13, CaO, CoBr2, COC 2

SCID SEBABES, StuciE» SHHE, @@ﬁn%(s@é@ §nF4e§n§r4s ik, Ticw,

TiBry Ml TERD ﬁg“?ggﬁ %Lgrﬁgcb:tg%ﬁ IZ:%I%—'z ki 0104 Sy, BSHtEw further
examplpEio? 2 Mithlle IMyAE acilSmayzere, BINBCIES M, B SMIﬂzCBZ“,g SMez, BBr3-

svie B0 A e S SR St i S 0,
EtzAlé:?gEgmcgl% péb&éﬁ(c%FTﬁésTﬁoﬁ’A% di Eﬁ&oﬁ[b 1?@}136@435@0 AgOTH,
Al(O'ZﬁFZ Cef@@NznBABOTAs, aElﬂ@WﬂﬁurE}‘(é}Tﬂsex]@ﬁ@T@$ CHO(QTf)3, Ex(OTf)s,

Lu(Otl. SO IR @ Teh, TG SOTHS £ 0y RHGD T,

t Qg2 OHI balt (11
SIS, WOTGF O T, My (Rt (7

riflateqpbup) @&oios,a@@r% (C a@?@ﬁl} 3FORDSY dﬂ)) riflagdgy 9‘1‘1?1302 211) tosylate,

B e

used hlaa&of iBtheFo(nDbE h Iomphax@heeat, suSc (ﬁCﬂ' mﬁplegn@&ﬂ' & pﬁeml (1nclud1ng

o oE35 L SRS £ F, 38 COTLI2 B st

( peﬁéhésla!mmﬁﬁmﬁlﬁroﬁd GORPEE udell] &t may be desirable t
whena?é?@@?&l%@% Cm 2Ni, ni ckelc (IIS3 trlflgte Ianr?g  desirable to

convert d1ce¢yctl$qlg agemyntataea alymindem edblaridls-etlsgicomplaxgsokebe fea common
solvegé nge% ooﬁ'p efgr{a c':o Eacﬁg%fﬁlgé;] 5 %I ng} Qg%ognﬁrfgn%;ﬁ%%oulﬁy CA]S a further

exampReNiahay be-?\ddsiiéd)m% aggak€Ebus llehnsaai:uacsath 85 taoonl frifuoridt hiarthe form

of a g‘r@'@ﬁg" %zﬁlgrﬁu%fisl:%r Ilﬁnfgtna?%nc EIhIIPw)IH 0| g Cﬁeciylsérlgglg tq achieve or

1111er stB€o Tefo'tl(/ﬁ?l (§eel Ascl Belp@M¥ieihls Fe%ﬁrd‘},y £rbpeifl QDAL acid may be

Into an alummni'um chl ori de-ether conpl ex soluble in a
prov1dcxiT|tID the f;mllnv@ﬁm complexowith ef drieal compeaend, ig whieh demexample atoms

b AT M L 0 S0 5,
R S T

the chtalyst lURdvRtAE of Itlimfeﬁp’@tlsé eompswidsahay bt yartisd @uakmmltancously or
bel ow i n_t his regard) resp ective Lewis aci.d na

b
stepviige hou AMMBTARYE MR} NG {1SQDT &R CBRDQRAd MY i Pigpided first and
there%ﬁ’ Hﬁg’ee 'ﬁﬂ@e%e@fmtﬁﬁ%d%@tc%st %}Fiﬁktﬁfféer@ HiR€ adding the

W S aC| are part of a chiral center
acetallypl thetehftertthe catalygty enacelverempound is contacted with
the acetal initiator and the catalyst. Contacting of
t[0@60] esﬁgemhsmorcm@p@sa mdeprdiag then cabpiliens of the present invention, in

nmul t ane pW. se
iSRS RS o bR L B B
the féHfifition of a multiple ring compound. The multiple ring compound is at least a bicyclic
ring system, of which one ring generally is a 2,2-dimethylcyclohexane ring. In embodiments
where the isoprenoid compound is of general formula (VII) (see above), the cyclisation process

of the present invention can accordingly be depicted by the following general scheme (I):
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25 thereafter contacted wth the acetal initiator and
the catalyst, for instance by first adding the acetal
and thereafter the catal yst, or vice versa. [0060] A
cyclisation process according to an enbodi nent of the
present invention, in which an isoprenoid conpound of
the general 6rnul a (VId) (seqsﬁbove) i s reacted,
results in Ehe formati on of a nﬁltlple ring conpound.

The mul tigd €0 ,ﬂng is *Lﬁycllc 30
ring system ofla.\%#n cﬂna e ang general?y o a

2, 2-di met hyl cycl ohexane gﬂg I n enbodi nents where
the isoprenoid conpound | f general formula (VII)
(see above), the cyclisatign process of the present
i nvention can accordlnwﬁg e depicted by the follomﬁng
general schene (1) 5 ég ‘15' =CH CH2- (- CH2
CCHCH&R6 M (VH RA \AR21E AR2 R4
R5 (XIl) wherein in p{ér fornula XIl Eis an
al i phatic, cycloaliphatic aryl al i phatic bridge
contai ni ng about 3 to about 8| carbon atons (for
exanple, 5 or 6 carbon a wl eting a
non-aromatic ring that O up to about 2
het er oat ons. As fugrther pel ow, 5 above, Ais
- " R2 are i ndependently

selected fromthe gro 0 jsting of aliphatic,

cycl oal i phati c, arona&ﬁ%,ﬁgﬁgialiphatic, and

aryl cycl oal i phati c groups éﬁ g. hydrocarbyl groups)

that include O to about 3 h Qroatoms sel ect ed from

the group N, 0, S, Se and Si. Rl and R2 nay
whereitairpizendsdl frmulc KIHE s n@aﬂlpbatw@ rcaﬁl@nbpha&pkqn axaflﬂélph@,ﬂc bridge
contaal?Jg%_%{J?lgga‘)e(t%a 81\§/te§P otfﬂmé )&(‘tgl‘n% (es) ﬂﬁr&ﬂﬂ% ggk ﬁfﬁé}gh Qtto(fﬁsgb&rllnpletmg a
non-hroglaticlgin@ g inagdhelude 0ap-tpabaut,2 I&a&mataine dA® further explained below,

abovg,ﬂigﬁ% geégctt%id ﬁg{xgg(#,ﬁé 8?‘3- %pl lgﬁgl%lﬁﬂ arg%tq gpe g\g%]@gteggrio?n the group
consﬁﬁﬂ%%f gtﬁ’pl%lct SycRPiphati) aﬁfi‘ﬁeﬁfén aryﬁ{lfﬁﬁﬁtic l;Ad taYﬁb%ahphatlc groups

les of this enbodiment the reaction gro uc
(e g. hpdiogatbsl gouwd #hait moaudfrg) tO@}ogwehhetcwaﬁ@alstsp ated rfroain the group N, O,

%“%u ht u(i gH}agr'ng a¥nple be br l%cﬂl%%él\ adrr ri)agrlp th?aﬁ(ylechams 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 (I1):
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15

as a 2-substituted

1,1, 4a, 8a-tetranet hyl -t et radecahydr o- phenant hr ene
compound (including a 15 Podocar pane derivative), a
2-substi tuted 17

1,1, 4a-trimethyl -1, 2, 3, 4, 4a, 9, 10, 10a- oct ahydr o-

gahenant 7l ﬁyfkr?[gaggc&%dalﬁ% F?#ﬁ%glté@enﬂmcaﬁaﬁnd R

|OO6|11 Ais |furtheq il|ustrjatijon, | whefr qe |s}opr|en0||d

%ﬁﬂ@ cof—éhﬁcger@ cLar suga- ﬁbwe)o RC
process |of the prep [ nvention |c b|e depl cted|
by the HZO f—loI | owi ng génerdd schene H1I1): HH7 R5 R23H
R24 R25 R20 R26 R27 R28 R29 R30 R31 R22 R32 R33 R4
CC-i 41 -CCG i 41 - - i----~i -CC i +tR6 H

HHHHHH (Vigh AR2 RlI~ -RRAH AR2 RZ5 R20 24 R
23 1 RERAR 45 (&k¥g)| wherein, as above in

general formula X4, in genepglaiformula Xilg is an
al i phatic, cycl RITPhatj ¢ lor aryl al i phatic bridge
containing about 3 to uty 8 carbon atons (for

exanple, 5 or 6 carbon atonk), conpleting a
non-aromatic ring that may include O up to 5 about 2
heteroatoms. A Rl, R2, R4,2R5,,,R20 and R23- R25 and
in formula VIg R6, R2 4 R Rhd R26- R33, as well as
p - r, are as definedgdbove 0062] The term nating
noi ety R6 can virtuall t hat does not
interfere wth the cy getion, nmeaning its
purpose is to si 1y P i de the neefled fourth

val ency to the termywgz yonataomw of the respective
i soprenoid unit. The 1 At

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, R%, R% R, R?0 and R23— R2> and in formula Vig R6 R21 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 either be a single atom such as a hydrogen atom or alternatively it can be a
functional group or moiety. In case R® in formula (VI) is hydrogen, and p and g 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 Ré 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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10 R6 can thus either be a single atomsuch as a
hydrogen atomor alternatively it can be a functional
group or nmoiety. In case R6 in fornula (VlI) is
hydrogen, and p and q are lgth 1, then the isoprene
conmpound used in the cyclisation reaction could, for
the 1nee§ﬁim|(ﬁe the p?ocﬁl,cbeF igt 4 dept® h illusGatiee d@ﬂﬁ@@@ﬂ su€h én embodiment,
7681 , 1 ncl udj ﬂ% foy instance

i which el 9 el (VIGO0 B 16, BeyardRe el mof aed RS is OAc
(acetugg?gﬂésﬁ')sh&vs B I\Io%mg%’lég of fd atﬁ}i n%l@tjlé'sotﬁatlédn be expected to

triene 223-71-2). 10063
remait @nchanged dvymg)a eyqasitﬁ)nrmyceﬁmbf ﬂhe istention. Urved i'eypecmfb extegples are

.0 bab R b, TV B L SATRRL AL 19, e

tenmﬂa%m{g mdibtylis B8 aﬁﬁﬁ@-gﬁhpj Ehdi(z!ﬁ-lE)-Q[G?m,lf&'S@zlh%xhﬁ&hyl 2,6,10,14,18,22-
iple’ring conmpound formed during t he process of 18

tetracosabexaweﬂIZA@Imol((corepounﬂH‘é, ipride the sump of p andepinclosmala (VD) is 5,
i n which

e P2l o ”a?” gﬁwﬁ L Zf o BbE Ry SRS om0 o
ERBE" Reabhe R ATED b3, P i SRS EL18 b Cencray,

ternnﬁa@ﬂﬁ R0 60§ REC b the tnfbiethy GBI whicHIR B Bﬁ@.ﬂﬁlsﬂ:lﬂﬁlb@ .On#y then be present in a
I satl on Pr ocess of the invention. Two respect [ ve
i

CYChCeRQiﬁ}@lf ébe anultiple g romaewiks 93 Ashrated darfiguied’ ¢in adigh BS is 3-
brom@%ﬁﬂndgp}){l] géﬂr?él!)egl?glw %slge';c]:ﬁ\é n‘% np irpfo‘f@lh&rg}w% 1 and q is 0), where the

pheny( grbupEforths GatiDofl theliing Ry a]fEthé] yﬂlulﬂc}&llc’t @rddicfl 8ARRher example,

t et r acosahexaene- 1, 24- di ol u K,.in i C he .. .
where, SlcaR 3oBh it 6 IRGRGIE oy PRS o the bng Syifeimont g Typlicyeti
produtt £)sholvil 1ﬁ‘F1§h6 t]ﬂ%ohﬁj’o%@@%)r&cﬁ@' AHdY. h§fo'?%mula ( t) are 1, and the

hydr oxy-group. [O may altérnatively al so

ethylqpa @coupmfmeetemammanmsw o (CBalEei) m@n@maltqﬂ iniorhe Rvemenmbered
ring. j[,n tg?g] Sc?ag% Intg% mm3e %En%(%enﬂ)ggém] 1Ea“3tm:£?e{]f}h% ﬁlglte§rc 9 %glf%?ltlg?vgnverted

into atdmbmﬁohtiphg B ldegcﬁ@ﬁpmmﬂlrmﬁr e;tdmrﬂésr(ﬂ:tze@nhiﬂaﬁhgtﬂlb&:t}?that is in
(in which R6_is 3-, bronophenyl met hyl - and ben z%
part ipeasprrated igfoythe guvliipleqiing, cempqynd quring the syglisagiopprocess. In these

embomn?s {H%etenﬁfﬁgﬁﬂé ng-ﬁ&ws R Jo PR tmhylt lhﬁutEh-ngls i %ydroxy.

the nmulticyclTc product.” Anct her exarrpl e, ‘where at
propyll-e arsipeatlwy t(fiodt twoe ve.e thiidn aﬁtalchgl glepwpﬁdb,s 0{6 arlictpfant bthyloxy-part

becorbd S LR o T B oS % Rk ompond
(13) fe&value 8Nf ihh@rmetahWMIP Qe | HndUhe Ofalidhef tlaﬁm naiotig example of a
nojety (CHIG-CH) is incorporated into the five

terminpgsimganeigty, @i pagt of whichiis irceerorated dntethe multipls dings comppound, is 2-
oxopﬁoﬁ{{lm &;asgb&gl g% Aﬁ%&ﬁ%%é{l Harf B fn%{gtg( ¥ 1ﬁ?(ﬂ'}5§{?1i66r%qnto the ring

epicts yet
systeraXafphe Tycdlisation epirndmt inngoromiod't an tobtgéthy}snyllﬁparip aint the respective

comp{a%&"@?zh?tﬁgif@@ﬁt Brbadd (VD FoubSis SRR ® ifmula (VD

is 1 aﬁ@é élﬁkg ABRthfleY cé:?begfdﬁ}igi 10K B0. nﬁ{emélnzirl Pkt ERA I uding the

Xy- propyl -, respectively (first two vs
phen}tlhrlng ﬂemmf) dén fem olfed)ethqxﬁfplvﬂmwbmeﬁw sdistiesxyespir t(E,E)-12-(3-

methoxyphenyl)-5,6,9-trimethyl-5,9-dodecadienoic acid (compound G in Fig. 10, in which
each p and q in formula (VI) is 1) or (E,E)-2-(3-methoxyphenyl)-5,6,9-trimethyl-5,9-

dodecadienal (compound D, not falling under formula (VI)), can for instance be expected to

be included into the ring system of the multiple ring compound. In (E,E)-4,5,8,9-tetramethyl-
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beconmes a part of the ring systemof the nmultiple ring
conpound. In the respective conmpound (13) the val ue
of pinformula (VI) is 1 and the value of q is O.
Anot her exanple of a termnating noiety, a part of
which is incorporated into the nmultiple ring conmpound,
1,124idsphtni4, Smﬁé@melne-l lzsdishe(eonipoukd @, nbt faling under formula (VI)) RS
oxoet hyl - art of iety is i corporated into the
is 1oxg -P%% -eihans 2] e°€y31?¢%é G SFOpthYldREt cam o eRRestedafp become
n I C
1nco@?6¥féd1¥ht% We Bﬁﬂﬁple Hn%h;%lﬁp%ﬁﬁ@ Y eterrﬁﬁm?ﬁ’% Qﬁim&%'gun CfZ E,E,E)-

for mul are 1, whil
3,7 1(126)19memnfednmzl.6a1mm )8- elpesameramnocp acid Opom@burek M, in which p in

formgls T B Gy R e P RIS PG rp ey b Propenyl-part
in thgﬁ{alﬁpméﬁah@ﬁw@ éﬁgé&bﬂ toBcEik ?§1‘t ofithel rﬁulﬁgle&)ngje%n{p%uﬁ@

nmet hoxyphenyl) 6,9-trinet 9- dodecadi enoi'c aci d

(0080 UEﬁar&%lbsﬂdéfﬂl&ied ¥Drig Mo M’ b@l’ﬁpmﬁﬂ@ hinPwikeH tife fefninating moiety

formula (V
can Q@@pc@d gc@bmmtngbyypmgpgnayedsni@ the muiltipde n;ag cgmpound, are for instance

e JERE LS. CEPGUNG B 35 L B2l THif componnd

B withefcH fend |ang fopaille r(w);] bélhg 2whtwmb1e Rii iB @-goipetivid. (B ])-5,9,13-
tetranet

E, E)-4
triméthnlzz &l %@WF@@@%&E@H&P@H@@F @oingiligl epiohpstisén formula (VI)

grenger -
o R BB ) BRI GBS 007 peppametty
4.8,1Q4lr6, ijd@jongxehmdllﬂ enl hjemmptmndﬁ@dtqo@ea&:hqmndrq i fotraula (VI) are 2), in
u&ﬁ%%#aj %Ie rlggﬁffnpound. The term nating noi ety of

5 19-pe 6, 10,.14,.18-¢ei C en aeno .
00801 AR Re KRS i e AbAeRoRT Fghien aSs fp\orPjagatens below, in
emb@cﬁfﬁeﬂts' ﬁh&}: RS i @)t 3ndBRpdtited Cinf) @ROtiGg athudtutle Y -the Qhultiple ring
whi ch the propenyl-part” in the main chain can be

commwécﬁ!eajtenmnb@@g)mlqﬁmqr tlag molety inlie whistheit hasigansérrmednig generally

s I S e

pres@itt iot @byenico of apoetaylene-linkagetih ehmtdxmmmltmg mmgymﬂmdsomenmd
are for i nst an

compopadges forzeymle glietptsd1by she. pitignsiiyRe dngomauiss (¥l or VID
abovROSQR f‘a@l?'rlfe?e@ﬁ‘m{es W6 Rife 51%9 Hpﬂl'df‘ﬁné- Qﬂtﬁlﬁ/\!h% rﬂmﬁﬁﬁl@ rig@ediftt, which

in“formila % ') being 2), in whicCh
carrigs ﬁmmm@w or t}(ean@et)slrgo wdich RS has transforrned In embodiments where

trimeth tradecatrlene 1-t.hj
the (e ek %7 2, FORRRbl Boh Syt R Ry eyt
linkdg@ tb %asg’&érﬁﬁphﬁﬂtdﬂhe isoprenoid compound, the cyclisation process typically
4E, 8E, 12E, 16E) -5 13,17, 21- pentaneth | -

yields, agmubtipiesting cme@@dpéhwh@ gidging @QH% emn MOXigpibt © moiety RS or
the r‘é&% roo%/lg: (t%dl ﬁhsf%g#bg%cg\{g kgﬁ%glﬁﬁl)g reH ﬁrg eﬁts where no

suchthethplppetidieapef it guesest iarttle isopreopl anmoumdsa_ dhéﬂetmt nng size such as
for é\gtbpjgcgelt N ea\a%gﬁﬁg:&lﬂé’%éﬁg? q{?pﬁ%at e(g f tq% %Q%Vg\?errnoqu in this
regat®fit RRkbRE HRHRIMent®mdi&t§ ROELIN¢hidRE Qnivhi ‘Hi'x]g' &f ﬁh@smultlple ring

transtorned, is generally” bound to a rin
commnrﬂufpnneddmglgdmmum of the lnventlswnl(maﬂsedne?qw)vu ci n| ty

to such a ring. The

[0067] Cyclisation reactions of isoprenoid compounds occur in various biosynthesis

routes, such as the biosynthesis of cholesterol. Similar cyclisation reactions have been used in

the laboratory. Both the biosynthesis and conventional acid catalysed cyclisation reactions
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presence or absence of a nethyl ene-linkage in the
termnating noiety R6 of the isoprenoid 20 conpound,
as for exanple illustrated by the noieties CH2-Rd in
fornmulas (Vle) or VII) abage, generally determ nes
the ring size of that ring within the nultiple ring
are tHOLGHRILRE ocotfiag b tra@santip@allchaddiioaty th6 double henddbetlye isoprencid
into which R6 has_ transformed. In engﬁginents wher e
comppyad, fes s¥rple aegordingseyheligringsehenag fBhoi d compound
provi des a respective nethyl ene- |inkage to an
i soprenoigd unit of the isoprenoid conmpopnd, the
cyclisatijgn process %yplcally 25 yi el dsfa nultlple

ri ng ,eonpotrd—T nwii~ch said ring ( j
pro mty to noi ety R6 or tfe noi .,e nhi ch R631as
t r ghsfs 251 X- menbered ri

_ s
;uch met'hyl ene-|inkage Is pres nt in t%

i soprenoi d conmpound a different ring sizg such as for
instance a five-nenbered ring wl} typically be
obtained. It is however noted igthis regard that in
some enbodi ments noiety R6 isgncluded into a ring of
the nultiple ring 30 'onpound forgpd during the
process of the iR\ ce_als& bel ow). [0067]
Cyclisation reg |sopren0|d conmpounds occur in
vari ous bi osymi-+t ' - chh as the biosynthesis
of cholesterol. Simlaf cyclisation reactions have
been used in the |abo atory Bot h the biosynthesis

with gogndgﬁgele?%ﬂwl Onah?%%ggrg seg-g 2 ed G glg taF ﬁ?rgql{p ?t?é cg)r(r:loaliphatic,
arom&fd hlt)‘lé?g)hﬁﬁc tahe adadk] c%llppﬁié?r&fpst(g 8. hyiPEda85\Rigfbups).
conpoun for exanpl e according to the fol l'owm ng
e| i ge Whild h rgﬁ%tlg]g in lﬁg @Qesﬁ% i tb Bol Ry Qﬁ&lc%f'ted mechanism,

any |n epen ect ed group such as
expemherpaiadata; shaow dhasahé phattrocperfc'&mad ayelisation aeagtiahy fﬂhl@w & stepwise

moct S5m0 bR BHEafe b VBl BB 83 eap g3 ptaac
AccoldiRdlgNonipouh@d WanWbathenar2-esnfifeitinl Glequakisy éniploy@l in vitro.

dat a shom1that the in-vitro perforned, cycljsation
Sincerthe ethadsofithe Prowend ineation yisludeea Hesprdivie\ryelisglion &srdon, it can be

I

undeﬂsfb%ﬁltlgﬁg%ﬁﬁa% C\gi(’)dr? gﬁg b%i’}éug%}?%gaz 5 S&d\NI Y)ﬁ]&gfd cﬁ'ﬁéc?lsﬁﬁ%hé Bnit may

be erﬂplopﬂf i1y iy Avwewrer mtedeﬂplaal whilebtheenspiestied réacting tmadeculdincludes a
Si nce the nethod of E;es 6WVé ?ntlogglnclu

planaf 5GHeR PRk 18 4% POl IERGS clegs AOLRECeTNATLY B¢ oigtral. The
conﬁ%mﬁm{ %P%ea@&folé/\’bbﬁﬂsaiﬁﬁhé QB rn@ety mere%retdeeerﬂﬂieb{h@ enantiomer

he isoprene unit may enpl oyed. It is
produsedveihose Blgﬂefhlnt theart wiliin this maltdmmatw af thg@eqtplgnitiator used in

the mm’zhoedC u% ?hel ]:[J]l%sel{‘lq SRvéhtion may also determine the enantiomer produced in the

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

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

formula (II):
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pl anar reaction centre, the entire nol ecul e need
nevert hel ess not necessarily be achiral. The
configuration of the double bonds in the reactant my
therefore determ ne the enantioner 15 produced. Those
skilled in the art will in this regard appreciate that
the acetal initiator used i m—ttg? nethod of the
present invention may al so determ ne the enanti oner
produced in the cyclwsa%+g§ reacti on (see bel ow and
e.g. Fig. 16 or 23A). [006 If a catal yst such as an
acid is used, the cyclisati @—prRCess according to the
present invention accordingly includes contacting the
wherdis dprapd @B drec mdppendently sélected ésipmimhs' sele@@d deomalGys$ .andSe. The

initaipf [PHGPRUPEEOLET B O AeHE L T Cehe s S0 B BROTetL R, R and R
are irfdEpRALRY, Yéédled FrolNink] BbGS coﬂékyﬁnF rUftaulPha{c @Moﬁlﬁihatlc,r\;alromatlc,

exanpl e ‘be of the general” fornmu )
arylalaahat;c andearghcyclpaliphatie gaovps |(ngebﬁcha@aﬁby1ygr9wsecﬁéﬁ of R' - R® may
also IF@{')&&S@@P mlﬁxglr@%@g)?aéhm 9{%3 o al‘lélgfth‘ml‘s%d ag}?ﬁ]iaso ',3% éwte!ill asq{ to about 3
heterchtdifd SlaRsELéh - thReroufN, ands, 183 andlSe. T gternd hbve a main chain
sel ected fromthe group conS|st|ng 0 I| hati.c

of a lmh efill itpAkRutd O, oy d o8 ab@lténowaqunpqﬁ@nﬁ ‘achRd, R* and/or R* may
for ex%}"{é) C‘%( {g{l‘%lcf].l@g ﬁhéacf ogi)?alfr%ﬁeé 8}(81 dcehla}(}g ?%&J’ Qﬁ%.lmlp% &%ﬂ to about 10

main Blileﬁn REMbaR atoR@ mt&dtabéomlﬁtﬁmﬂpf ataadacgfoﬁlmﬁducasf e hlcolasl and an
to about 3 heteroatorrs sel ected. fromthe group N,
aldehli)de maydar gragnply be ysedip thepresent inveddioRave a main chain
of a length of 1 to about 10, about 15 or about 20
{078bn At twies Hlustiativerexanmess dayespectise pastal poppeiadngpy be of the
nclude |inear or branched alkyl chains of for
generg[e&)ﬁ{iﬁﬂe ‘about 1 to about 10 10 nmin chain carbon
atons. Anypacg?al conpound, i.e. a reggctd2on product of

an al cohoy and an al deh de nay for /exanpl e be used
(b} n tR esent inventi@llc) 007G’ two illustrative

exanpl es, pective acetal conmpourd may be of the
gener al o(Smﬁ?a; O R O-R (llb) R or (Ilc) RL

OR3 OH 15 Exanples of noieties that may define R2

Exan@[lﬁ d3nbiREE Bt nﬁl_‘}t defin® RFOind Rﬁhﬁcﬁ&l’lct ‘But %tﬂibﬂlmnted to, methyl-,
thyl-, n-prop 1- met hyl et h ,

ethyl-lnmmmﬂf p]r@qg%yi/ethy_l rrebyl- ,p} )Llpropyli, zhmﬁhl)ﬂmopyl- 1,1-dimethyl-
ethyl-, n-pentyl-, 1-methylbutyl-, 2-methylbutyl-, 1,1-dimethylpropyl, 2,2-dimethylpropyl-,
1,2-dimethylpropyl, 3-methylbutyl-, 1-ethylpropyl-, 2,2-dimethylpropyl, n-hexyl, 1-methyl-
pentyl, 2-methylpentyl, 3-methylpentyl, 4-methylpentyl, 1,1-dimethylbutyl, 1,2-dimethyl-
butyl, 1,3-dimethylbutyl, 2,2-dimethylbutyl, 2,3-dimethylbutyl, 3,3-dimethylbutyl, 1-
ethylbutyl, 2-ethylbutyl, 1,1,2-trimethylpropyl, 1,2,2-trimethylpropyl, 1-ethyl-1-methylpro-
pyl, 1-ethyl-2-methylpropyl, n-heptyl and n-octyl. In some embodiments R? and R’ are
identical. In such embodiments a respective acetal compound may for instance be of the

general formulas

OR2 SR2 Se R2

(1) R1‘< . IV R1‘< , or (V) R1‘£
2 2 2

OR ' SR eR
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ethyl-, n-pentyl-, 1-nethylbutyl-, 2-nmethyl butyl-,
1, 1-di net hyl propyl, 2, 2-di net hyl propyl -,

1, 2-di met hyl propyl, 3-nethyl butyl-, 1-ethyl propyl -,
2 2-di net hyl propyl, n- hexylzzl met hyl - pentyl,

whergml gha?;l]g ﬁgt%ﬁtlygepeaéeleal ?‘F‘E‘?‘%‘%ﬁl ﬁ%@lrrglt&qh % ent gnsmtmg of aliphatic,

1ol mef, laliph£id! SRE AR dliphat hyd 1
eycloplighiol it itarghdidl S MBI Mliphatic. groups (g, hydrocarby

groulif‘r) d’ldhymcﬂmdew to abo Ziheherqminhw%ﬂnctqdyﬁrqm the group N 0, S, Se and Si. As

t met hy!
noted, #0e, (oM Iy ROl b AT Hiids T oF Brenshed” kvl g of fo
anﬁ:'[@&tﬂiuﬂﬁ bbb maﬁ%m{@ca:bambhﬁqkee devé mxmpms) R! and R?

nmbodi nents a respect i ve acet al COﬁ'pOUﬂ 5
may alﬁeumhld@ dilkeer golar ron-ppdare painratedromiynsaiurarRd WSSEWIIWIS and R

ST N B A IN: L T

Exan@lﬂébscbfsehl d8taDbf PRI Cinclugy, (Hu@&Ie'ﬂéh Bidited t& rdﬁﬁahypbenzoyl acetal

hatic, and arylcycl oali phatic rougg
(CASr oB62B5A0-Oir bplytieRibuine | (S dio o 5% 1,i* [propylidene-

b1s(o§%hgtk§1%{1§ ﬁgn%egéeq Oﬂﬂat h?%gGg%ilgﬁl | éleEZSmet%Srl F[gogg)methyl]-

benzéﬂen@dis-(No t373m3-599), a@-Kddbth@hﬁhétﬁprhéMﬂﬁeﬁ EOREN @@%50-46 1),
about 10 mmi n chajn carbon atons Ssee above f

1- (d@ﬁmy@gf)hyl)ﬁa +anamryl-henzens SoAPiYe- (a8l PReD: Pop amsaldehyde di-
tert—‘tﬁ?ﬁaa%g affeas Aiirakes sl Uﬁﬁﬁﬁﬁggéb?ﬁ 4o Qﬁe?% fofIﬁé{}g&ﬁ'(W) include,

ave a main ha I n
but abawot ,limitedatmo th,l-]bﬁ(etlt)dtlnxbdmtan%(fms-ﬁ\hn 23984 60 14t bin@thylthio)-

op T e o B 55 b 1 bt s Qg 220112

) b@%&i’eh%@e ethyt: I%efihg&ig e X shg. ane 406358 e [ Q,gﬁﬁs(%ét@ﬂuo)ethyl]

[ propyl idene 1 i's(oxymet hyl en€) ] bi s-benzen

benZ@IEASA\‘J‘eNOZBSKQ ®)%2)4 Exaihbies pﬁaﬁelpmqacp plofoymiiat(BY) include, but are

not g Ry S A R e e F R Al R RBY ) RRETG CASTAG, 1R 36-D) [L.1-
bls(nﬂeﬂ( $elI@fo bémbﬁe Ztcsh.ssNbr llﬂHSW%hﬁnaqnﬁsﬁ(e%&eMﬁo) heptane

15-93- é&% anlsaldehyde di- tert butg '
(CAF( 6;&81@&971 11)41 123)1 1, Ekistpptbglselenalethane ebd-ao. §#417-53-5), 1,1

AR e AR50, ot 11

bls[(]].n'ibtl’qﬂ&hﬁbsl&}dnb]}heptalﬁ (ﬁA(Splﬁae IOBP\'.B*M}S) TRB8ZofiR- 8nbodiments the

Ideh e -tert- utyI aptal ( CAS- No.
moiedgnl} %ﬂ 2 WRTRE BLE Ay CtH’i?r%afﬁP‘ES’Fen(t@A@ s following
gaw%@ @@ and [ 2, 2- bls(nethylthlo)ethyl] benzene
CAS- No. " 15362-00-2). Exanpl es of a sel enoacetal of
formula (1V) include, but are not limted to,

1- [ bi s(met hyl sel eno) met hyl ] - A=met hyl - benzene ( CAS- No.
131141-36-1), [1,1- b| nEt yIs&?eno)pentyl]-benzene

( CAS- No. 147677-96-1) i s(8fhyl sel eno) - hept ane

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

cycloaliphatic or arylaliphatic bridge containing 1 to about 12 carbon atoms, such as 1 to
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20 (CAS-No. 103971-75-1),

1- phenyl -1, 1- bi s( et hyl sel eno) et hane ( CAS- No.
94417-53-5), 1,1 -

[ (phenyl et hyl ene) bi s(sel erpanet hyl ene) ] bi s- benzene

abouté]ﬁﬁ (qlsbﬂ)g%.ﬁ ﬁcg? lh?ﬂs o téa {]ﬁ?bq:%]’e%‘b%ec?%ﬁ@j%? non-aromatic ring that
1nclu@e@%qg$b&92%ter5ﬂtoﬁ9”e enbodi nents the noieties R2

forma bridg so as to forma cyclic structure as
g@qgfs‘fﬂfe%qllﬁéﬁaii &51{1 EWO@ stAEREL %thfep Aivk lbkdg@‘am a 1,3-
Bin aln is selecte romthe

dioxotpne gructores iasi Brtgoxnilesslmupﬂua& amd aclBdoedepgteastiuciure. Examples of a

romat i G, ryl al i phat i aryl cI. i phat j
respegfguftatcofy oyl $Bam)iteq BB 585 hof i, i LA L Sptgemy-1.3-
dioxoBROYL AS-KE! £108d-91- ?pI th(ﬁ)fdl’éﬁet (@%SJN@U%@\'SI-%), Beyclohexyl-

Se and Si (see above nd B are independentl

1,3-diswplate GARNEARAZHHS)S @r(édnetaylfz@megyl)g pheaylSh3-dipotane (CAS-
No. §P§@§; lg tzat?hﬁggl f¥dt1 %pﬂ?‘&§§\1 car %%Qla) f?i-énﬁcl}yl%gpyl) 13-

dloxaiie t(QASENo a&ﬂmt) 11406), 2-HeptydlQRutlioBay (GAS NalETODR- 4@-3)§lepéﬁtyl 1,3-
a non-aronatic rlnq that_ i ncludes

dioxepwatEAs Bonde et R, HtbaTipxerAr-2o-Eiayimadine. (CAS-No.
9651’%?%‘-_%’ 3?0 ngl{’ angﬁi,@ l’cﬁ&%&%"’k%ﬂ%%& | 09‘368' L)€ FRbn ?Es@ i aer&pectlve

struc Xxane ‘'structure an
thioacztal o8 fcﬂirmiee@}aimlmlb,rb;ﬂtam ot 1En&rd}1be%—(pifen§1hnﬁhyl)3§sﬁeilt}um (CAS-

No. SEBUk 1, £ Sh 3 Ll Yoy R S5 000 AL e R 1

d1th10¥ﬁ'n@h S-Ko3- QG’FB?SOi@ A ﬂla&fﬁ@h@&hﬁ) 1,3- d1th101ane (CAS-No.
ohexyl - 1, 3-di oon ane (CAS- No. 4362-48-

62358,_2( S Gy aotsthybh b3 iap S-I;tlos%ﬁ%oﬁoa% c(cussdltmana—yl)
sl SRR AT s h PR TN o goina )2
methcﬁ@@ﬂams;ﬂd@)wth?bﬁhmyl(msmdl 0 8AMS 8LLAF), No(1, EatibdetBY)[3-(1,3-
dithiag- *}119@%396533 33' e 3&3%@1%% %mé&aﬁg% Chghtgy1-13-diticpane

(CAS%@@ 11175@5 9& 2%;3%;%1&%%}4 5 Hit3del -0 4eRAREifHidvm OAS-No. 152656-59-

a reéspective thioacetal of
2) alﬁcbrzﬁptcaay( |1;3 (ﬂlﬂnﬂlﬂde (GHB-N. e 386669-99D). eExamples of a respective

selen(?aéﬁglﬁgﬁ/ %01111&&%41%1}] il%t?lg%egl?tc% nﬂéﬁég@fg!&s%%#ff&%nﬁzl %zdlselenolane

(CASNG. 1ser7t8byjze@)h>d phehyBi 3%&&1@@@«&(@8 Ne4002-13-9), -methyl 1,3-

26733-24-4 1- na ht hal enYI met hylz 3-dithiola
disel S _8 8-(1,1-dimethylethyl)-1,4- dlselenasp1r0[4 5]decane
oErs- 6

2 d 0
N6.2535 Ry : 13% ANNo.9536P2789;.0) .
(CA%%I Sg J(jjgngt %ﬁg%ﬁ@i }jlésiﬁ ﬁﬁﬁg’d‘&‘ g'egl—l- pycr) role (CAS)
16)78L L DREmE)the cyclisation process one of the ether-, thioether- or selenoether-
(1, 1-dimethyl et hyl )[5- (1, 3-di t hi an-2-yl ) - 2-
bonds@tthwgabtxesdm}hﬁmmmhy(ba@haﬁé) 010AS-anesal 8 2488l G8e 7, formulas
8] angdl(If)_ %or‘rfg} Q el gltsctn1 %Lﬁéﬂ?e- g‘}l)gﬁelow). In embodiments where the acetal is of
formula (II), only the other ether-, thioether- or selenoether-bond becomes incorporated into
the multiple ring compound. In embodiments where an initiator of general formula (II) is
used, the initiator may include different heteroatoms at the respective positions, which are
indicated by “A” and “B” (see above). As an illustrative example, A may be sulphur, while B

may be selenium. In the course of the cyclisation process, either of these two heteroatoms

may be included into the multiple ring compound. Accordingly, two different reaction
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di t hi an- 2-yl ) phenoxy] di net hyl - si | ane ( CAS- No.
877438-46-5), 2-phenyl -1, 3-dithiepane (CAS-No.
117203-56- 2) ,

3-cycl ohexyl -1, 5- dihydro 2 ﬁ¢benzodithiepin ( CAS- No.

152656- 59 20, 2 i epane
produgis My Aes)in %sﬁ é%do ik .f%@pswfbg% ehrn oduk capludes the
heterngt%ﬁlofagylhéﬁ l@l!i l"A)” M‘Céeﬂéiﬁl ﬁg}%ﬁulaar(a o!h'efn_;foﬁéiIblEoreactlon product

ny 3- di sel enol ane 7780- 32-
mcluQes;ihe hyuerolatcsn tibskebar R mcg@embfonmkm(on Asaﬁ)l,lustratwe example, 2

compigupd of et FoyutOr i Sagh oot PRpy b ST RiCE [ dinding 1) GEI45-

dimef IBa2097 83nd 19660 Asbey | Fik., Br shas Bcanepasan id
e gﬁs??&%n 103971- 78n4x P 507> %rﬁ]gw . ¢ isoprenol

_ comp@ynql i deing gn gseist e@gat@h ef @ﬁnqrhlef@mnhﬂr dl) e éhft‘ﬁ‘ér thedwo tricyclic

oIS B R A A g 2o

formulas (I) and (11) above, see al so schenme (V) R’

bel ow). I n enbodi nents where the acetal is of forpula
(I'1), only the other ether-, thioether- or

sel enoet her-bond becones incorporated into

mul tiple ring conpound. |In enbodi ments

initiator of general formula (Il) is

initiator may include different h1eter

respective positions, which are Rindiesated and

"B" (see above). ﬁqkﬁﬂ1l| lustrative exangl e, 2 nay be
sul phur, while B :
the cyclisati gf

het er oat ons :

0 Ce'?\ ther szt hese t
: |nto the nul tipl

conmpoung. sindi pgl y, fferent reaction

produ¢ts ne |n—s-uc-h-eﬁaod| ment s. e
react{on pr i ncludes the heterog g ed as
AT 1 8 ormula.(l1). Another ction
product | includes the heteroat oiﬁ abet in
general fornmula (I1). As an illustrative exarrple, a

conmpound of general fornmula (VIII), :
phenyl - substituted (including HR(BE)-4,8 5
di met hyl - I - phenyl - nona- 3, 7-di ene (1) (see also e.qg.

The gelrbn skilledBy tReartié@choAfevbh&asil$ ??Hdﬁfﬂ Q¥1tch HoaRa A be s Wil mostly
an acetal initiator of general fornmula (I11) (see

be faamedelakingniate wonsiderasian fhe propprbist ol shelspvestte leavinggroups and
heter&%@n&ﬁ‘\cﬂ&eﬁ‘f@%‘%gé\ﬁl ) ; _be obtained: R7 \ R~ R7

[0073] In embodiments where the heteroatoms of the acetal bonds are identical, such
as in formulas (IIb), (III), (IV) or (V), only one addition intermediate can occur. Accordingly
only one respective cyclisation product will be obtained. The same applies correspondingly
in embodiments were a semiacetal is selected as the initiator. In such embodiments the

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

7 R’
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Rt R3 B The person skilled in the art can however
easily predict which product will be, or will nobstly
10 be forned, taking into consideration the properties
of the respective | eaving gfoups and heteroatons
included in the acetal initiator. [0073] In

enbodi ments wher gyt he heteroatons of the acetal (3gends
are identical, such as in formulas (IIDb), (IIIS, I8I\/)
or (V), only one addition intermedi ate can occur.

@ﬁ?‘ﬂr ggﬂ%i{gﬁﬁs i 18 $E§g;b§)§?§8 ;btp}’lpﬁ%ggby itl)iﬁfgé‘%%gadd ?l‘li]ag ﬁbjg ti'%itiator is

assistddrbyetiib giaRNnSadd&petod EiblelsRidadf theisbpleasileBnddubd s illustrated
initiator. In such enbodinments the cyclisation

in the fllspeng schgmed¥ IHepi ct ed by the fol | owi ng schene V (see
al so above): RT R7 ARZR'-<AR21 2 RRAHRA25

(1) (XI11) [0074] Wt hout shi,ng bei ng bound by
theory it is believed gt t rnitiator is assisted
by the catalyst in addi g t@gia double bond of the

i soprenoid corrpoun[t;{1 Wrat ed in the follow ng
schenme (VI): 5 R20 1\\e3 R30 0) (79) [acid]
wherein (79) is an aceRdD as an exXerplary initiator
and (80) is a cut-qmg), ije. an inconplete fornmula for
illustration purposes, reresenting an isoprenoid unit

of the isoprenoid corrpou[bgid Overall the initiator
el ectrophilically adds to a AOUbIe bond of the

Whereh'ls %5 %18!'1 gcetal 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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10 conmpound. As a result a coval ent bond between the
i soprenoi d conpound and the initiator is fornmed. As
not ed above, the cyclisation reaction follows a
stepwi se mechanismvia catiggnic internediates. As a
consequence thereof, the isoprene units of the7

i soprenoi d conmpound nmay be of any configuratjon at
its double boRd(s). As further consequepe steric

LI

pren0| d compound, resultR°An the formation of a
s-decal in system (cf. schenme lto schene |

I

Agalr{ @@mleqtrbow petsen dhe BestFhdmitiator ad alafexsalprenwﬂtqoagpamd is formed.
s o B P L P Sniop The I fon SRCHFEALAS ! Jgtisaion
reactloh.l Thetantiteadadtipntdan be bl dnmticaity preserded My by schiz61eR7 abdRe.

AR A + RA R R2 Agai n a coval ent bond between the

tor 1SS0 0| d _compound is

RPREam koMt U PG oeS SRR E8 i Ries ore than one
isoprdnivhitadglich ia® ﬂlerdﬁﬂjbﬁhﬂéhtﬁ Bégictad GschBResHVh o BVITPS: in F1g 14 — the

reaction. The entire reaction can be schematically
cyclisatign @qi,lgmrbg/plyyﬂlﬁyn@&%r@glegstg@/wéoprglq wotss fypigally all'isoprene units

ppalele 'y e [ c e
present I u c% 3 rﬁe%t %oqnnﬁdglﬁlg élgt?lg% gnuﬁgtp&?{ﬂfgtb&iﬁ gelectcﬁl however a
byproﬂﬂﬁtaﬁ'l dyelnia.ﬂoﬁi ep bnltyaﬂlelmbmeﬂaanms of BWwernun\ier pf ¢ m()prane umts than

Fig. 14 - the cyclls n reaction t aII

presenf; 1’“I B SPmPRIRd %ﬂraé m&fx also dgy HF%QPP%B"Q@ICO B’F n8 e oceurs.
The éfﬁ'ré eacﬁf)l?g)?rg rds ecttlta‘é‘ Jnﬂﬁﬁﬁﬁ@dtvc%nm&iéﬁﬁtlczﬁﬁp?éﬁ?ésgﬂed by the

on e conditions selected, however a byproduct of
reactlog{s¢heamdepwt®ifmd?ug MAgne isoprene unit, or a |ower

nunber of isoprene units than 10 present in the

WUWPUTIﬂe (cbihedceadtidbngbiuddis tikéwisé Aeoipontid tai étheludes isoprene

npound often occurs. The entire reaction_of a
units.f g 5@3{%5%&0 hpduPrERtd campeEnds ek it the AFaciank ofbE dastioggproduct

mcluc%ﬁ allél’e B&nois 5%% B glgﬂélfet ﬁﬁté Fs!ogne bifibodiRiedil] the reaction

tal ned react! uct 1s eWI se a conpound
produich athwlnniaydnesthd: s@pr sretion product, mcludes solely cyclic isoprene units. The

reaction product is herein referred to as a ring terpenoid compound, i.e. 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 unmits. 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 fused to
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units. In contrast to the isoprenoid conmpound that is
the reactant, the reaction product 15 includes a
smal | er nunber of acyclic isoprene units. In sone
enbodi nents the reaction prxduct, which nay be the

mai n reaction prodyct, includes solely cycli sopr ene
a bi-, JRpt tetra-Tqrpentagyeliq Bre &%%cﬁmgstﬂwswﬂ r?OF’é?Plé’ilqcse‘&‘VF Strggtures that
dlffetathh N 148 sPENRIndt GRAIRAMPE antl- $de BhiA ad %ﬁtasﬁﬁrthbly basic carbon
cyclic compound, i1n particular a conmpound i nclud |ng
skelejous.y Tyrpengid nodrepduads otitiinible sbya the ryelmsationl eprbeess | afethe present

invenfiio BFpety RghBE VL iS5 BT Raiel el By Ripecfrpencia
compb &R 26 Btdduedtp@hatil§ MM WA Fietibfl Hantd Yild 6! thMudéd @ e.g. fruits
terpenoid conpounds are built by fusion of isoprene

and yegptebles,suharpsmain Penstituentaeo! infgri i pgoremis, G%?nﬁﬂl eoﬂs balsams,

tradit OH(%PIEF&Q% rFrHe(ile§ i X%o%{:sgl}s %Hr%iﬂﬁ I ng.ﬁcneggtpﬁﬂes va crofouling

and dn$ifidighl brop¥rtfed s e pwivide aaﬁwsta@srsem*@f ebpbials sueﬁla@ob@@fmds or
an unsaturated bond, typically a double bond. Such an

cannapiidsur at ed bond may still be present in the ring
terpenoid 25 conpound. In a ring terpenoid conmpound
{0058t e gihe cériny édeir‘sra@veé’msi wed héﬂe(:sﬂmi; séfenséo pavotnpofmd which differs

fiv or SiXx- ed r|n I N
from eitBs FOPOL BEURAIa S HE by R Gaiactmear gubsifiapet one motety
by anb8RP rI@é@Bé&w‘é ri'h&étléshﬁéluaé Gbu@ Qfe AdtURBHAL htdMS, Fadichls Y functional
Several such rings may be fused to 27 a bi-, tri-
groupsell cvrasxamplqo elydrogen atont diraycaypruahmay bﬂgswemp@d(hycaucyl carbonyl,

have ruct ures
scyl, SPRTHELE GRS JPBORES dh dredohE it o fos cobppofhd Respective
moiefidighélufor ntAcb Ao aSeBletli@NSroup eHad @R HE reMBPQLIaERr the selected
obt ai nabl e by the cyclisation process of the present
reactipp genditiens. t ypi cal |y i ncl ude a 1, 1-di net hyl - cycl ohexane
noi ety (see above). Ring terpenoid 5 conmpounds are
Pe0Y&Uced pu iiftestrakiye boxasple, dehara rthetiyopnénqduﬂ awnpoandl isrteans-2,6-

ed.in e. fruj and vegeta and i .
dime PR PP T ) e S, b Siumenien By B¢ Tollowing
schend@\e@ys, traditional herbal renedles ol eoresi ns of

plants bi ogeni ¢ netabolites wth antinacrofouling
and antj fungal properties, and providg various cl asses
nnds such as steroi ds or i noi ds. 10 O

e, |ve Jein thus

er s ) oe%ﬁgﬁﬁ%%%ﬁ% %ﬁ_ch di f
~cpmpound of sim | ar struehurer
fubs |tut|o%“§h(3ﬁ%a%blety X3
Di eti es i M Mie(0.0utM)ar e e
radi cal s or .fa@nctignal groups. For

a
hydf{bgen atom of a conpound naybéZkubst|tuted by (3}

aIkyI carbonyl acyl hydroxyl or am no functions
uc t ive of . that
i SO BES HrEe U54 Fhe 75 125 50l B iy e ard that the
reacti@h Q*ébﬁgituhﬁ& ﬁ@ﬂldﬂl% 1he "RYE AsddN ek Henﬁv)s 908 bR Ceffecf G thONield of
condi tions.

product (2) obtained. In the example depicted in scheme (VII) the use of tin(IV) chloride

result in particularly high yields. Fig. 1B depicts examples of the yields obtained with various
acetals under the indicated conditions. In all cases, the cyclised products are obtained in good
to excellent yields. Small amounts of monocyclised products are obtained in some cases (Fig.

1B, entries 1 to 4). Increasing bulkiness of acetals does not affect the excellent reaction rates
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[0079] As an illustrative exanple, where the

i soprenoi d conpound is trans-2,6-

di met hyl - 9- phenyl - 2, 6- nonadi ene (1), the reaction can
be represented by the foll oging schene (VIII)

CH 2 (3.0 20 Ph nCl4
and weﬂlze%gf) @I&%ﬂ%ﬂfsﬁ% I)Fflaﬁ“‘il‘w &Bgﬁv [‘5 Eypsdie by fp@wﬂb@)reawom
using @%&1 hgae f&yamoee@ta{r?@t% rtBO%Hﬁfes s (R0 kP gﬂi%@d Qﬁgoﬂhﬂz to give the

I'S not regard that the
desired eprotiugs it ogeshidt fooascellentc yistlisnyithing defedions ef thies ewno-cyclisation

produgy Sk et after sl bere oo denBie rRERId YTt g vields
obtairldd QsRb thd d%:llyﬁtm% rO&s§I8S the %%hﬁoﬂ Hre@.?%-ﬁﬁ@aﬂh? highePiH@h the yields
yields. Fi'g. epi cts exanpl es of yi el d

of a cohvenitiond Lavih amérqataiweti Byeltsation scagieiecartind ouhm tbatabsknce of an

initia§PR6S feoRegosa o 415 Io0he (b o) 821 87Tk moant s
P AR S A R AT e
came&‘cﬁltt al¢S, qaﬁ?%‘s re e ddIEGEd o %ﬁgﬁggéﬁﬁj Ia@&ﬁdlhg%t the nrefrfih‘ﬁﬁ'g reaction

and yi the in [ ecul ar ctions (Fig.
condﬂicms @it myy de. coBs e entht bptlmxsedsmm at llalyoratoezadml N emb@thglents the

core SRS EUEH & B55° L e R R BIAES ey

about 123 aXG6labetMt 30y i€l dheWeipadturd &aSCior QRadblet B selected in the range
nono-cyclisation products. The skilled artisan wll

betweem ﬁb‘bﬂir‘l“rﬁ$ ECagndr outiR® °Cn sudhi a5 me@arr@ngerith@fWealwuél—dk? °C and

o 3,81 3 DB RG] 04 SISPASE Rl Segomeg o i

tempe?at@&n\(ﬁﬂéﬂ RBhiqhe&bE réé‘cltldn§ amaal pre&de Cotc follvadt itk above 111ustrated
reaction carried out in the absence of an initiator

cyclisptiqne reaction, Rgay \bescarsjed ogt agjany dgsired éemme, (Hg@lggxg the same
tempe@z?ture]aégcgleétég ﬁ()r tlﬁeg &%ﬁgit?om@&%%h' ng the isoprenoid
conpoun

e catalyst and the initiator is

@%&g e g%i_u fql% Qolbgrﬂ%g b {lgeds\%%&c&ﬁl(ijﬁcgﬁgrtﬁg {SIO?IIGSLM cO pound

e renual ng reac ndittons

with tﬁﬁ%at?%mﬂ\tﬁdﬂir?ﬁmtdny whemleﬂm@dlaE Api@ticalmpale pivtic] dipslanprotic or
enpodl nents the respective I ng tenperature
dipolag rggelic- atheo ferpie| RAtAT %@érﬁ\g&‘a%fﬁr%ﬂe%ﬁe@htq §1ass§y liquids with

refereﬂc,een{%r @1' e r%&_%ﬁég 16121% BP S gﬁflﬁ%y Qﬁ 4 fisclififit) ﬁfﬁﬂed'tﬁérq{q‘%uds Polar

el ecte e range " betwe
llquldahppubally E&tﬁnamdleabl@mt\mﬂﬁaﬁ)urﬁumh d&ﬁ'lbumotlhcﬁ' elactgm density. The

bet ut,0 C. . Inty
polariBi b REEQe thdoBrvt BY dcRrGaricarsuatet 3 Giole moment. Polar
moleo'ﬁfe"sfa% ﬁ:a %fﬁrlme% clh3sitiSdTRES Pioticnd %H-%'i’oﬁ@fb? EPI%ﬁﬁﬁm@Iecules A
reactlons t recede or follow the above illustrated
fluid, e.g. a liquid, that contams 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, dicxane, diethyl ether,

diisopropylether, ethylene glycol monobutyl ether or tetrahydrofuran. Examples of dipolar
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cyclisation reaction, may be carried out at any
desired tenperature, including the sane tenperature
as selected for the cyclisation reaction. [0081] Any
sui tabl e sol vent may be useggvvhen contacting the

aprofic Ui A1 VRGTHe Fbr sy  HTORTE, HORBAraliagy dihene elyool

mongélﬂﬁl &ﬁmp Hﬁleofnet 1@bﬁ3ﬂjl AetdR! Qbdidne Eg’ﬁoﬁéfaﬁ&é’%lﬂﬂﬂ acetate,
and nonp ar are often used to classify [iquids Wt

isobytgl es@utseatteo ethydéne mlmgbrdlat@satc,n dtmtnth}slf@fnasud@bad:atmymle N,N-

dnn%yg %Qg Iﬂltt‘é[‘nr?&f?g‘ﬁg%h #dlgﬁ ookar Hdcl)ﬂeq umgtﬁanol ethanol,
propgﬁoit r 1seylto!peﬁb10f belaBeIL I WNd(ﬁﬁépxblé 1eﬁi9mmﬁé)l adridt Y dRdetiylsulfoxide.
nmol ecule is reflected by its dielectric constant or

Exarpples df palhepmtietiguids pes| water, mﬁﬂ@ml dsppaenanely pirc-duty} alcohol, formic

acid, %{d%?ﬁaigr?ﬁcﬁ Icf 'l@%c'a&ta‘; g@% %Lcdd algﬁélmoora%c?c %&1@ é@geg}ylarmmc acid

[(CPE%Ms@@H)]t Boeborli@il€) hendl @thipIpaknddr ot i C rml ecul es may
erefore be terned a polar protic fluid. Aliquid,

g0083]a Ralcvkqtids, tWitth fiRRtadone hisedoas! i@t Kidillylelvarnn organic
non- protic nolecules may be terned a pol ar, non-pratic .
catiop|ag@n apjosthat ey B eithes oBEMICeTNArZAYiGy ﬁ@f‘epp igmF diguids (cf.

o A S PSR ) S . e
halidegr mcidohatieg BFg's nththyd atlphate) NOT, suciOfiyae pglan iiqnide;shexaﬂuoro-
g BT LS ol Tk o e

Exaififig¢ 612 polClodRNR i Hichfle B 4 A& 1RARIALNASy1-3 methylimidazols
i g di ch or oet hg[hm “chloroform carbon’ tetrachl oryde, .

tetraﬂmlbbmram, sNI-Hutxzie4-n1e§1yilm&w1dnmhu rtetrafludiabosate, 18-diabylimidazolium-

rerafiighorgie deranpal Br A BeRRE B b Jaettytimidasotiom

bls(p%ﬁfaﬂhbl‘ée y?yh&@hﬁa@ matyidl-2hdeity llkrﬁﬂa&ﬁﬁumc hie&ﬁﬁﬁgrmls(mﬂuoro-
tetrah uran etﬁ | ene glycol nnnobuty et her,

me tbp@ghegyl ratﬁ;et ﬁgﬂabp@bgwm%ﬂap@ wremethyl) imide, ethyl-3-methyl-
oG AL SRR 1 AR Mh s SO i, 1

butyB8-efcnyliniidhenliubh N[ bt detyladﬁﬂt@mad& lm-bﬁ@'tFetxhahﬁJmMazohum

te&agg%;g%é% :Elxgqr@l;% ?cg%;g%%f {;g 4 o{;é{gg |r1]1%u1d inc u%n oLut aerfa I}I%t ?m‘uted to, 1-

ethyg %&%ﬁé@ﬁg@%ﬁpﬁg@ﬂﬂ F’tggﬁ c}g Qﬁmdt%gl%lgﬁ)fﬂfiﬁmmde 1-ethyl-3-

methyhlmdazphtmml b1s[(em1ﬂu0rmueiyﬂyl)aﬂﬁmlydjh1md'eo tonfiluoroaxetiatk, I—butyl -3-methyl-

r X gl,e&ﬂ}@fq@ a%m %ﬁwﬁﬁ;‘ﬁné 'accglzglgqxﬁ C{ns(tnﬂuoromethylsulfo-

nyl)lhﬁ@’B)l A bihy llﬁﬁ@JzQPﬁﬁlr 'bis%ﬂﬁﬁﬁﬁféthﬂiulfbﬁ&ﬂfnﬂﬂ@ eRghexyl(tetra-

[0083] 1onic I|qU|ds whi ch may al so be used

decyi;)phwhomm y bistasialajo(Ratherate, oi@&hﬂ@-m@ﬁ% atlmdazah@nanmS(penta-

b el t,h ¢ _or_inorgan
oo gDt tap et |1 e e Ep R POl umpplaptare, wis-
@entaﬂukfb@ﬁﬁl)hﬁhhﬁoﬂlﬂ;&ﬂﬂté; tﬂﬁé}@ﬂ(’f@tﬁﬁécyb)plhbﬂﬁoﬂﬁﬁlﬁc Netedieh1-N N, N',N'-
ani on. seudohal i des
ttremgtiguasidiib e bRGD ey ROl et ugethyD) trifluoro-
phos?ﬁﬁgtg,f ll%%ﬁ-l-methyl pyrrolidinium bis(trifluoromethylsulfonyl) imide, 1-butyl-3-
methyl imidazolium hexafluorophosphate, 1-ethyl-3-methylimidazolium bis(trifluoro-

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

[0084] Tt should be understood that suitable solvents will allow for a cyclisation
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phosphat es, AsF6 , bis(perfluoroal kyl)-im des, and
[ C4F6SQ3] - are non-polar liquids. Exanples of a polar
ionic liquid include, but are not limted to,
1-et hyI 3- net hyI i m dazol i urgpl5 tetrafl uoroborate,
N- but 4 t [ tetrafl
react@n gou gF Fnlfaaraﬁy“ rI]llng’l} pgrpilgéplg/g%tggggég&e but are not limited to,

hexan%i gP t?ﬂegylrgiﬁbﬁl daz éﬁ?@ﬁ%ﬂf hk&1QERDONtiBime, dichloromethane, 1,2-

i um
dichlchbst(lpmanbhlbi'ofmnmeiatbdn)tpmaél@ndwatzﬁbon disulfide, tetrahydrofuran, dioxane,

dieth] e SRRV EIbet S G5 MEpRRH AR Ff Pl dsofuran. Examplos

of dlfeﬁl'éf %Biﬁtﬂél sﬁmy'dz@n IHétﬁ?lt leftfyl Ll&"t&fEEtrﬂéth 1 isGb&§] ketone, acetone,
met hyl - i mdazoliumitrifl uor onet hanesul f onat e,

cyclollemm}d, 3etbrﬂt hycatatﬁd aisobityin nisetyretel f zateylene n ghol  diacetate,

e AR IR0 A, e,

methyy Al Rge, Oatndamﬂ@ﬂwmlfamde OHxGm 1e<a l#f‘ﬂ)ola@ @kaﬂﬁsohkws @ enethanol,
not limted to, 1- -3-nmet hyl i m dazol i um

ethangl, i eicohelo rfmt: iﬂylld) dumrtbylylrsymﬁa@d [6FBgnASQ(QH))a Pl elimethyl-

th 3- th d |
formagid. KNGO GRUEHY TG0 By oipRgack  PYHERP #fchoprglar protic
solveli-ts by yalcet:fc %Ich ytlert by A aERhbl rﬂﬂ&ﬁ&lafdfyﬁféh@ﬂﬁﬁﬁ PHebSiline. In some

-3-met hyl i m dazol i um bis(tfifl uoronmethyl sul fo
emonEnemysi ;unmlpniar s_olwlt,yin @m@ﬂmya mnnptd@roaprgm solvent such as hexane,

heptagtlaiéﬁlrr 1 u ﬁg[%ﬁlgﬁ% %E%l%ﬁ 57 lcﬁ yzmgl ne, d?chloromethane

clﬂoréfohﬁx)éhrban ntetrﬁuﬂlorida détZﬂiyﬂtU’ﬁJﬂah s dBRAt ahyl ketone, methyl isobutyl
fluoroethyl)trifluorophosphate

ketonmr anetope, sydiehearpnanen iy’ arqtaie seRuy) isobwprs shenage, diethyl ether,
r%ﬂet&ér??@&%%é@%§f@#ﬂu‘t SRR B S g
I(FisSF DML 3 ShIoHEh if- it TR hobidabed Ao Mencive

solvedts b @drythe | seleetidry lof ply¢ solverti mmmy be taken into consideration that certain
bls(tr|fluoronEthyIsquon

solventgmayAhs 4 lﬁﬁoHJéxggqu@B é %glaggh‘uon to thglglo}{ble%ongm % aIY 1soprenoid
comp&urﬁt h?{ ﬁﬂfeony‘t%ﬁﬂ:lﬂi%tg @ﬁéﬂ blel'priCﬁg)ﬁSr tfal, YRr Bidesired. While under low

m de and
temp&amrdsmylh silereadiiphi genelallp locaurs opaomr}orl&calshxfmt dllp@& these cases,

understood th ui tabl e | v ts wi | |
solvell aRsgit P Fptaf BEC SRS PoR st el Shicfmay react i
addltlﬂﬁ PERLiSEs BRIoAleboRy. WeRkftivelG] ilﬁdﬁesel%uies H1Bay'Bé sulffibieqtad choose
hexane, hept ane, cyclohexane benzene, tol uene,

olveptyrwzﬂh redectraphifdsop adlowan electrophilieify: Khasr thet nitinéor selected for the

oroform carbon tetrachl oride, carbon disulfide,
CYCII?E?I}EW &Fof uran, di oxane, di et hyI et her,

f@ﬂ%gpﬁ %Ifng egﬁ)r dg}?{ﬂ% |ﬂg“2 ?fgl%ai/aﬁag dgﬁ(ﬁh&bg{)%& IIS%prenmg compound,

1nd1c§céﬂ Y€ RO Sn FoendIR M@) Ty hndk eV N @ee ABS VY ImdySidbriblY lor consist of an
ket one, acetone, ycI ohexanone, ethyl acetate

alkyl i(egb bygocargyh whyma@f‘l@lctlemﬂﬁem of(ofhes | meieticEeapbove) that forms a
respe&&v%eéulﬂw 01581{.*.'%‘}%9 ?m{l@gtlﬂﬁaéc e ou ii'é'ﬂ%l’ ﬂie’l@fcm’z’hmn process. In some

trone
emboﬁiiﬁdfmé hy rtemimaimganomtydndy inetudy|os wbhisistiod@. mdﬁxarrtbhtas imfluded into
pol ar protic ents_are nethanol eriilhanol

the myltiRlp e CPTPRTRT GERTE thaiHELTHIPA PEICATS: TEREPPective Rhdiety may thus
becorhé gfﬁat%f‘ﬁgrgﬂ)al)le rhllgl\ko%ﬂyﬁh@ ¥hter 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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10 formam de, N, N-dii sopropyl ethyl am ne, or
chl or ophenol . Exanpl es of nonpol ar protic solvents
are acetic acid, tert.-butyl alcohol, phenol,
cycl ohexanol, or aniline. Ipisonme enbodinents a
nonpol ar solvent, in particular a nonpolar aprotic
Fig. $Rky alkenylsttolp @8e Rigxansnd a bebérph erovpdsdedig CB)SIﬂ dthetesmbodiments
benzene, tol uene, p-xylene, pyridine, anilin
the termipRtEEoMEtchameY Sivamies r Be r§ BOH & ’fétf‘re@mbswddeg structure in

v 485G LB T L MR oS 3R o st
conditfomis uhayt fqrsarxbmp;ﬂ' atoh;dedhoimtlodm'tmybmiﬂmred ring. An illustrative
di.i sppr et.her, ethyl.ene et her,
exanpl Pﬁ%ﬁ%fﬁwﬁmgﬂg 5 et St BB e | meent i on
is neither limted to non-reactive pnor to reactlve

sl9P%8nt 4n aﬁfetal thifenaebepiendn thepresrot GyPRian Inflpdesf lepst one chiral
centle®HRIE EifP ERES h%cﬁ%'tﬁ@ chibBhylCE&bA Bron® Qlaﬂ‘ﬁﬁgsto BY HRroatoms
abl'e to unéergo an e ectroph|Y|c addition
selectigaiu itoen ttban trodp amygep pelmnoinnd 20 swipolilds chrbosoatem for instance
ts such side reacti,ons gﬁy be.und

coraPNE (oer B, a0 g (56 PEORE] GOt o M b ER from which the

resp&ENE ra%Hal/ WEC HrfheN TRisTHAY! bS @adils sédn @ther! depidtingt A8 SRspective
cases, solvents may be seéelected that are not capable

hydrogenfaorian én the fellessing ékamplenhi ch may react in addition
reactions to double bonds. Alternatively, in these
cases it maybe sufficgient t®» choose ol vespits with
el ectrophiles of a |dger ectrophll ifﬁathan t he
initiator selected Qﬁ{?ﬂ? 25 cyglli s\t on process.
[0086] In sonme enbodi meygts the te na |n% noi ety of
t he i soprenoi d conpound, BR™ndi cat ed as n formul as
(Mg), (M) and (VIl') (see above) may |nclude or

Moi&REN,  afd R2K RALKYHs defindll aid¥dr ocar byl) chain,
functi dnal group or other noiety (see above) that

fratm%] ?r?eoéﬁf) Hfhestd ttﬁé btdiAnhitfortifQuas aﬂe%rqnsfermnher chiral
conpoun ter the cyclisation process. In sone
centersrb duli sveht smbbdintestsitreatcyclisation eprpcesay of rtbe Ludeentton may be an

0 t of e S inc d int t he .
enanfifetective e TBbmp iR GbF S ehdngior Podteed 4% s sgbodiments
enanfibIcBFRECt i ve moiety may thus becone a part of the

mul tiple ring conpound after the cyclisation process.
E6989) eanli ﬂt@h‘dﬁ@e exal?ﬁﬂle 8f 8 réRtiod Infidk&fo Q. chRfl REQAMRPr6vided by
grou (see e. , a hydroxynet hyl ene-group (see
the s8liemd-depict&) in Eag wﬁkenyl group (see Fig. 4) and a
carbonyl group (see Fig. 5). In other enbodinents the
t @090INakk adurthérdllystratiye gkatple] the ihitiatoh endydyensft the gewdralaformulas
flve menbered ring structure in the nultiple ring
(X)) ¢ und du%lng the cyclisation process.
StereoseIeB ive and/or steric ¢dnditions may for
exanpl eXcIude t he fornatlon a six-menbered rjin

ust ative 5 exanpl h a terntnat ng
(E@yﬁ al kynyl | gr oug) (Fl@ O 87] Aw (&

maybe in’the present ion |ncludes at 4,
one chiraly R'?
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. R? and R10 in formulas
(IX) and (X) and R!! and R12 in formula (XI) may independently be selected from the group
consisting of H, aliphatic, cycloaliphatic, aromatic, arylaliphatic, and arylcycloaliphatic
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centre. This chiral centre includes the carbonyl

carbon atomcarrying to the heteroatons selected from
t he group oxygen, selenium and sul fur. This carbon
atom for instance correspopgls to the carbon atom of

the carbhonyl group . of an, al dehyde om whi ch
group%@p%%ﬁvgz@x QHp lﬂg}nﬁéhto &yPH}“'sg ﬁﬁyroa@ngﬁf gﬁdifec% the group
incluff} A&Rkisting gr %) rse%@%hlmew I&yﬁﬂ% B%g&b‘lﬁélﬁée bﬂ‘lef gaar non-

ow ng exanpl & Mbi et |
POlavASafB(atalrmt matnmteasgrauw a"spldelﬂy R%tb RB@MEC a @8 8hain of a length of 1

to a5 20 FPPR IRy 4F X 765% Son BRPIS b b R ghched ey

chaids"é¥ foy erhﬁp?lta 'a.BJS‘utplr R}Cﬂﬁﬁt b nidie chaﬁﬁ QBtboA AR/ [bs include, but
enanti oselective cyclisation. Typically, the acetal

are rohilinpitedoto, Metute sthsir, seprhpdnbbuicthyitatkyl-, n-butyl-, 1-methylpropyl-, 2-

t 0089 1
metr§RORITT oh PP by RPeiiral 18eR b, ATRESIRY 1
dimetR@pep e NE2-daRktalpebpyl, Hi E-dml& 1p2dpyl, OQ%chﬁsutgl- 1 -ethylpropyl-,
further illustrative exarrpl , e initiator may of

2,2-dimethylosenyd mdrexil asl neqﬂ)c)lp@rtsyl( XI 3-mefiylrgtyki 1 3-1Aeﬂxylpenty1 4-

r4( " 1
e R b b, B A L Bl L,
2,3- d(ulnXﬂlyHmyl,( X3,3- dahemglbsqd addetdsibac]as2-ebolednds | Q&hmﬂﬁjdpropyl
respect noj ety as defi ned above.

1,2 %Waw@épmﬁyls érqﬁlabr%alsme@slp(r%&)l ]arﬁ@llY{ SomethpepyL ackerki zmd n-octyl.
In soh‘ﬂ: ¥ dBithéned %P Zmd.'ﬁy RESRRERe cﬁ@el ?:&%ﬁ edi r om the

group consi sting of alip ail cyc atic,

ti r )

SPOFTL ol el B A0S ey ﬁl‘gﬁﬁd b Ryl i ggpal. This
acetad i HBE g@{emrgoﬁﬁﬂs@tnq; fromthe group i ncI udi ng or

consisting of N, O, S, Sea?Si. RO to R12 may al so

i ncl ude ot her pol ar, non- rsg ar, saturated or

unsaturated groups. Typicgfly RO to R12 have a main

chain of a length of IA about 20 carbon atons. RO

to R12 may for exq be iglél ude Iinear or

branched al kyl A

NE

wherein R1, R14, R15 and R16 are independently selected from aliphatic, cycloaliphatic,
aromatic, arylaliphatic, arylcycloaliphatic groups (e.g. hydrocarbyl groups), including O to
about 3 heteroatoms selected from the group N, O, S, Se and Si. Any of R1, R14, R1°and 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 0O, S and
Se. In some embodiments R1 is phenyl. In some embodiments R14 and R13 are identical and
may for example be methyl or ethyl. R16 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 (48S,65)-4,6-
dimethyl-2-phenyl-1,3-dioxane.

[0092] A cyclic acetal of the general formula (XIV) may be produced by reacting an



10

15

20

5 chains of for exanple about 1 to about 10 main chain
carbon atons. Exanples include, but are not limted
to, nethyl-, ethyl-, n-propyl-, 1-nethylethyl-
n-butyl -, 1-nmethyl propyl -, 32- nethyl propyl -,
1, 1-di et hyl ethyl -, n-pentyl-, 1-nmethylbutyl-,
aldeh;zierm?t el Benleydl -forriuld - R HIH©t {3¢¢ pbowy lfer the definition of R!) with the

2-di met hyl propyl -, 1,2-dineth Iprop
respec@!fﬁéﬁrfi}ﬁ@ﬁ%’ 1gnal compmfﬁh%wer éﬂﬁet hyl propyl ,
n-hexyl, 1 -methyl pgptylaq2- nethylpentyl
3- nethylpentyl 4 1 nmet hyl pentyl , 1,1-dinethy|buty|,

1, 2- dlnethylbut 3- thyl butyl,

2, 2-di met hyl but 2,3-did§ hyl but yl ,

3, 3- dlnethylbutyl 1- g4yl butyl, 2-ethyl butyl,
1, 2- trinethylpropyl, 1,2,2-trinmethyl propyl,

1,
[tL xeghy 0
wheref'nn ep%%/lfl %n detujg 1L18§p%ﬁ¥énﬂlyﬁsez%%%d i n‘gfrgi n‘éll @é c%églstmdg ﬁE aliphatic,
cycloatipHatiR3 @0mhal), aryésliphetic,vehd/,arglcgclbalihhiic agroups0@OE1 hiytirocarbyl
this regard the present invention alsq provides, a

group%bfam@ws&t%éewaﬁ hetqneptoms sslegied frpm r-h§ BeuR sRsERg PEN. O, S,
I
Se anéﬁ&& I@éé gqng} Rle ipgﬁl n g%en etltC ﬁ?rogﬁﬁ e’cta%8 ?%ﬁrk,%} aryleyclo-

aliphati¢ |gpdna1 (ec:g loylodaaetyl pratpsy that andodedsi @ to abgutad hpteedatams selected

from 1) S5 GROST & S sPeitES $ORLOcs Gt Shohean bisbatts it the 13-
dlﬁJncEf)IQcﬂ' Borlhlpoﬁld Pay BRE(SH) D, FhentMeWitRib] (Rhefidi ABIPRRNGREG7898-4).

for  exanpl’e be or "include |inear or branched al kyl

nSAQEnﬁmsu%ﬁma?n 0P 3 dldp oﬁﬁfeugen&ql Mapgwn may be
on atoms (see above for “exanpl es) , and

mnpbﬁmﬁ may al so |nclude other pol ar, non polar

saturated or unsaturayed ghqups. Typically Rl, Rl4,

R15 and R16 have a inc aln of alength of 1 to

about 20 carbon ater Iected fromO, S and

Se. In some embodRnentSTRL iR éhenyl In sone

enbodi nrents R14 and R15 Be identical and 25 may for

exanple be nethyl or et . R16 may in sone

wherej P”?”tds%ﬁeyarg' s fﬁw@&‘% ity such as phenyl or an-
@h%‘hg | éi/aélﬁpqo {Spcﬂc{:lgq ii,? dﬁﬁ]ﬂzfﬁbml%k{/b é}rgg% gylt ge got limited

to, (S,8)- Qﬁll}lb%ltan%dﬂéh EOYemidal Bbstdits WA R345-0093) %SPS)CBI,ﬂ?Jh'eQanedlol (CAS-

‘acet of the general fornmul a roduced

No. }?Qﬁéi-lﬁﬂd)sar(sﬁi) ~ahenedol of CAR fg?a?i%?%llz 2%“!11(%3]31,@?4@'[&113‘1101
(CASSGEC1 RB9Y 8319 (4 8R4 88 dnhddiAN(@hs Ro. Mds85108%), (1R,38)-1-phenyl-

1,3-butanediol (CAS-No. 90026-44-1), (R,R)-1,3-diphenyl-1,3-propanediol (CAS-No.
77291-92-0), (8,S)-1,5-diphenyl-2,4-pentanediol (CAS-No. 135943-83-8), (8,3)-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 shiclded form a respective compound is typically of
general formula XVII:
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respective 1, 3-difunctional conpound of the genera
formula (XV) AHAH %", RR14 R16 wherein R14 and
R15 are independently selected fromthe group

consi sting of aliphatic, c3y4loaliphatic, aromatic,
aryl al i phatic, and arylcycloaliphatic groups (e.qg.
hydr ocarbyl 5 groups) that includes 0O to about 3

het er oat ons sel ected fromthe group consisting of N,
0, S, Se and Si. R16 is or ,an aliphatic,

cycl oal i phatic, aromati®B, arf aliphatic, or arylcyclo-
al i phatic group (e.qg. h*droc#rbyl groups) that
includes 0 to about 3 h&teroAtons selected fromN, O,
S, Seand Si. Ais sele ted from0O, S and Se. As an
illustrative exanpl eld« , if uncti onal conpound
may be (S,S)-2, 4-pentanedift hi ol ™(Chem cal Abstracts
No. 84799-98-4). 10 [0093haﬁs an illustrative exanple

Wher%g;%l‘*s _églifio' X ]gj grggasggeﬁfalab%g%%mg@ 19 %dp&e@dealﬁg/ selected
aliphk¥i& %&ﬁoﬁfph@ﬁé' %ﬁnﬁ&ovﬁrylaﬁ%gﬁ& %ﬁ@”ﬁlly?(%cfbfahﬁhatlc groups (e.g.

respective 1, f or mul i ncl'ude,
hydrevarbyil igndupe)d 1ncﬂ1¢;11ng Gixybont ahpwmamm:aj sedyﬁ:ctf((tfn@mthggroup mcludmg or

consipligpf Ny D fose A5 5 etk A RIT s AR5 BT a2 s R may atso

include 8&&Ppdar, hbn-pofar %)itlﬁatéd @ﬁﬁ@ﬁﬁﬁat@dl Mlcally R17 and R18 have a
129025- 63- - nonanedi ol

mamg@@ggoib&gle@é& t‘lhtog, g;cu.qt 29 atqmg So'(paj( fxsxpgple be or
mclu?%%é%{éo&‘ &%&1&{&@%@ %Sla?lng bP ﬁﬁrggaml)iega%?@acg efbe! 10, or to about 15

main(cBaiB)cathob-athmphienyl - 2, 4- pent anedi ol ( CAS- No.
135943-83-8), (S,S)-3-nethyl- 2,4-pentanedi ol (CAS-No.
10@9520- B&ﬂﬁ))lesajfckuitable protective groups include, but are not limited to, methyl-

rrethl-l phe anedi ol 0
ety AR AP FECB e O ga R0 RO Enp s yethoxy-
meth§t= ar IQHB’S SOﬁextaﬂﬁor%lsngipgrpn%ﬁl@t'ﬂz sil$lo)] ”'&iét’tﬁqs@ﬂ t’cl:l%sopropyl silyl-,
general” formula (XV) . the drox groug
diiscprap it sl haeaansbutyl Hime ity yiarsba bbb (s
ct I l,de
(oimpy RRDRNE bR, Johesfl R Sy Byt fegian-bucs,
meth¥ulfonyl, allylsulfonyl-, allyl-, allylsilyl-, pivaloyl-, methylthiomethyl-, 2-(dimethyl
(2-naphthylmethyl)silyl) ethoxy carbanoyl-, to name a few. Three illustrative examples of a
compound of formula XVII are (8,S5)-2,2,4,6,8,8-hexamethyl-3,7-dioxa-2,8-disilanonane
(compound 68, CAS-No. 107951-71-3), (5,S)-4-[[dimethyl(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 stercochemistry 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
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34 R18 RIL7 A A R4 R R16 wherein Rl14, R15 and R16
are as defined above. R17 and R18 are independently
selected aliphatic, cycloaliphatic, aromatic,
aryl al i phatic, and aryl cychealiphatic groups (e.g. 5
hydr ocar byl groups), including O to about 3

(e.g. dsﬁtgemeaspﬁfrs:o&@h effé@daafsécbﬁm tieDgvyalep dplictingdseege.gr Allemark, S.G.,

R ) e Baion i
r t t

com GG BRSNS VIR, SRSy e 20

NMR ctbclimqlm dtao aXanaﬂe dmsdibon ahe meicle®l Dvarhaum 8effm§4 zfsowell as X-ray

crystaip SRRy o5, SR IOV Bt & e DO No Dbt R GOP9) 66,
4609-0%14), SRBLAUILAIHO A tiFHon [&Q@ﬁbnﬁxmmﬁuﬁf théli thltd® selected,

profective groups include, but are not limted to,
modena:@et tnygood gﬁerppselectmtyrcgpyp acmexgdpm@,gyhe meghodtofthe present invention,
t et i y; t
e G SRURAN s TR YA i, s P HE! 00 ang
stereo*sd’lédfﬁiﬁ&ﬂdﬁécldﬁéd herbinl @tdaympick Yihve bdehiobtabmyargdyt reaétiof conditions
di -i sopropyl -nmet hyl -silyl,
that havemot hesp apiiseddi net hy! - s. | yI
tertiary-butyl-di phenyl -

R“P??lneﬁﬁw%p USfREY Wamylet mhrer% &%élurlﬁteﬁyfs (48,68)-4,6-dimethyl-2-

| . t I
phenyi- ‘??ﬁ?lﬂgﬁ'ﬁ gf;;[%ig (%%?y@)?@%%ﬁ&@ﬂ&l -2 phh%ﬂ | lﬁﬁibx@l»b&% the reaction

can hei vefresghted hpt thel stheoreetdapicted (Ejgnﬁﬁhyﬂn such embod1ments the

Ll e S SN e

obtamfe@ﬁﬂ'fhiﬁ VRIS, A9 1 example, if R, R®, R® and R’ are methyl and R" is phenyl the
S, S)- 24688hexameth|- 7-di oxa- 2, 8-di si | anonan

reactl@l yl@ Mﬁ@u%%dep@mi wgthe 1@%@101“ Fig. dpA.

[dinmethyl (1,1, 2-trinethyl propyl)silyl 2
n{)\g][rk@pt W@hgxg]\’[(g beligpnd by theosy y, 1gp§d£s¥ur)ned ﬂ};,t ]at legs],t for the use

e T P R g o

Figurasdfet extangfles) lobsayestiewhén ﬁsnmgrﬂnleane(th/Qf ﬂraprdsmtpnmmuo:e dre based on

starting from the res diols as illustrated in
there?—‘it‘ﬁnpft}lg SUOUGEY P.S?}bea“eg@f}‘f} 215 respective acetal is

ﬁﬁrﬁwt IB?] gg agdglgl S | on roc:frt@gofsm%{%g pre erlng opening can

proce&d @faeﬁeﬁﬂ @mo?t]ﬁ YRRg éﬂb%.lrfge&%@ht PatBNY eligafdtéOthePprodiftifig axial
may be anal ysed according to any nmethod known in the

stereoggpulsianuiotthe sydlisracetab mahh@cz > mpR fxewablenloregulting oxonium ion

is subgﬁeﬂﬁlgﬁtgzoéfacﬁﬁog theclg 1;11&.%1’3}2% ?%’ Q)?égg bglyel% via %ﬁﬁéﬁplanar, open

chain transition states (path Al and A2). The transition state leading from path Al is

presumed to be much less sterically demanding and lower in energy compared to that from
path A2, thereby affording the major isomer (2j) as determined by X-ray analysis.
Cyclisations proceeding through equally unfavourable paths Bl and B2 provided minor

isomers (2j*) and (2j”) respectively.

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

acetal initiator includes more than one chiral centre. As an illustrative example, as already
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308), electron ionisation nmass spectronetry,

polarimetry, circular dichroismspectroscopy 35 (e.g.

using the split Cotton-effect based on the Davydov

splitting, see e.g. Allemark S.G, Nat. Prod. Rep

(2000) 17, 145-155), enantiosel ective chromatography,
explaitesdi dbat ¢, Jiadyichisation reavaom o @réartaneidh Btcangand (1) (see e.g. Fig. 1A)

analytlcal t echnj ques such_as NVR

always fesialts i@ thefommw&fmrwedecm Smﬁe&%&um sabesfimens where the
acetamﬁ%eﬁ@tr gcsf’é 5&%{1 ok %ﬁ%ﬁgle%ﬁ 208k § n?ﬁat&f ars%épéted 16 Fig. 16 or Fig.

crysta or’ soll see e.
18 orJortaylaefIXal (X) od (Xmagovdﬂﬂmnonﬁg@l@ﬁym 68the Mﬁ@l&a@ﬂmy determme the

i TN A I T A—
prodifle® WRSRARS kvl irbeaRtRe oﬂséytaw?pcay@h@nbﬁey rRe(fed ©fFie. 16) is

the present invention, while yield$s can be maintaine
part qﬁagthral gentre witht (R of withi(Sscanfigarationhat t he yi el ds and
stereosel ectivities disclosed herein as exanples have
HeHI3] on asomed em’ménnqné%cwh@n denatictal ongiatoroist haeychigvacetal, the

stere%ilglinés H etqﬁt | m trgllg az’%rr@gf%lﬂe l%rllala 1%%%1’{0}/1 ce% 'Hl)e Cyclisation

reactidfERydonte énlﬁbdi?ﬁéﬁl@ ﬂibludmg embodiments where the acetal initiator is a cyclic
{48—(2a 4(x,. 5[ 3) 4 5-di net hyl - 2- phenyl - 1, 3- di oxol ane
acetal, {fee stergeelenHstreate Bwige s%aéeﬁ%u)uw tq e csthmykoarbon of the acetal

may %%%h@in%dﬂ{g Sﬁ:df‘g xf%g pgééct[haﬁ&'gyﬂ ﬁ?&%‘ll%ﬁsr&%m As an illustrative

examphlai riletehgblodimer(tsrmmbgel t}leZtcpﬁalemnatbr én of] dormnddsi (X),( ) ors(XI) (see
abov Raﬂé | ned Eyﬁtgaltt XI u%': e@t@ﬁe&%@%{oﬁ@é {:yézggelqogﬁ‘éacﬁon In
some)@n?do@ﬁn&rﬁ@oﬂ%qg WE kR Eﬁi@lﬁl wiedor IAdRARE tieGR ¥R RS eﬂ:ahﬂeselectlwty As
A. [0100 t hout w shing to be bound by theory,
an 1llgstea§1§g rrﬁzﬂaltlwia,t the pesidt ipigator hamaysde @f 0&9&1@@ 4—ﬁne-200t-
chenmi cal product yields
carbo(x Qfd%fc%; a%eéale ?a&tg?é&gafl 2‘2}8{1@? ex an‘pl es) observed
when u3|ng the nethod of t he present ipve tion are
based on 20 the reaction paths set out™ t he schene
of Fig. 21. [0101] The Lewis acid (i PaS exanpl e
SnCl4) - assi sted acetal ring openi proceed vi a
path A or B. Ring opening throdqg gl i m nat es
the pre-existing axial st sutsTon in the cyclic
acetal and hence is nore fg The resulting
oxoniun1ion i s subseque@Ty ed on the less

a5 degisi Berengin 4F SRLPE Pﬁwﬁ#%ﬁﬁe S B 1] 258 and Fig

26A tcfn?)'f‘ e R0t eAiftry 6@%@ %(ﬁét? W&eﬂlné@ thePERANORECLGity of the

be much less sterically demandi'ng and | ower in energy
cycligatiop aeation,owhtie thef steraochsmisiryrof twehethebghieel Centriisry thtiacetal ring

i SO 2 as deter ray .anal is. .
aid o W ¥ SRR ¥ e BB DG o PooRPRA Gy acctal rines
with Rilehs tﬁkaﬁﬂﬂm%dlﬁfe@mﬂdﬁsldﬁd e sanheS @Yﬁhﬁs@tlcﬁﬁpro)iuﬁnﬁs can be taken

respective
from(F Z)SA andpFlg 26A, tﬁe stereochemistry at position 4a and 10a of a respective tetra-

decahydro-/octahydro-phenanthren ring system remains unaffected by the stereochemistry of
the chiral centres of the acetal ring. In this regard also the stereochemistry of a moicty
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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30 [0102] As noted above, in sonme enbodi nents the

acetal initiator induces enantioselectivity in the

i ntranol ecul ar cyclisation reaction of the cyclisation

process of the present inggntion. Asymetric

induction is in particular observed in enbodi ments
isoprenbi) enit,He. tiec firflatiomiof iaadodalennBbuttl Btwet ¢hd Restal GARiator and the
. chiral centre, As an illustrative exanple, as already
isoprengid wit{chiplfedimgsde, a cyclisation reaction of a

reactant such_as conppound (1) &Fee_e.g. Fig. 1A . .

E0A), s As san be inferred fgmsthe akqvieothe dnitiatof padergess @g|addition reaction
with (¥ SecnoldoFn TR FRALS, HGE Brésl, infaiol Although any moler
ratio ofisopratad campdepd aheddhitiatofFimgy Hebused ikithe mefl®doof the invention, it

forml gs. (1X), or (X]) above, the configuration .of .
may by 863 o) s gy Riralsaloh et RecdsiaRtEn A o he iSoprenoid
comp®UrRIARsher Nint a8 &Y it #38 1&rel 866biafa uhfforkRYrod@ét composition as

) exanEI e affect the enantioner produced, whether the
illustreted gbeee: Bba initigar By derexampletie wsad iy thegamgireelgr agoynsdwice the

ot e AT A SRR AT v

also pobsble tb e Bedbsrendid to@beind i AmoYE lekEesaeelhidle tol the initiator (the
stereochem stry of the _acetal ring may determne the

acetalp vt paswnier ¥amle: b cppsidered Hythe pagialiip Availablerady in gpall amounts
| . o i bodi - .

or at a%:] el?%?%}rﬁlg?lﬁgﬁt glr?&]hg tghg;ﬂg : Cag%og?‘g]l‘ﬁ’gﬂtgﬁgglﬁ W‘&@&ﬁm‘gﬁ% in some

embodirendbhé emlatratyo of isapremoidtcpmpowal ®rdcktal sdurikke tangé frem about 1 :
carbonyl . carbon of the acetal may determine_the

10 to Gk Lbivby U5 G P EEIPIE S 005 S SEOPOADIElct P O 20 B 1. The

catalyt, bUShd adill (Re aB3P)RALs b el TP ALY ARG MMIA! Bndude (iA¢8EAdn to the

] initiator is of formilas (1X), (X) or (XI) (see

isopreapisvaomporndloss lohg anthetcarlisaipr reaceen efthe inygoleen is not prevented. In

nki osel LV . e L | ' ction.. din

some SAGALARE Ak ViRl obf isfa e SRDLASF AR P gl Bdea. 1n

other b??%ﬁnﬁ@uﬁﬂ%ﬁb%s fntha isopsalogrtimpdund ohdiighen are used, such
illustrative exanple, the acetal initiator ma e a

as thexsagleqmoles apPRRin MICE Hhe Dol ERBbLh Rhiyaes alwiy“afaf amopnt of the

isoprefdid@onipd@ndicetal initiator = nn~" "20S 1i 20 as

depicted in Fig. 25A. As can be taken fromthe

105P! €Re dRBEGE sk i FhntiéR AnaPdinthulle or2®R AWMLt BE various

stereochem stry of this noiety (R) determ ned the

modifemtion resstibes thxzinplesoiichutle the patiak at conpletsarsdingtinn odhithsaturated

bondsy oF (ALSHARIFECH, B el b Pafth (Rl S o lgdghfion of

unsat@htell NErBtCEdrbat VAR A WXidafbe WIT efkanAel adarbdi@fbon bonds to
with inverse chirality in this regard yielded the sanme

ketonesy by j aygatiie hygFo pgroxideasin s pyesepgk &F water apeh a-mygtal oeatalyst, an

epoxi%%nﬁ%fguns%%te& Q%b%h—%?nﬁ)%ﬁl otk §‘,t£ %y@ﬁos@ﬁﬁﬂi&ﬂ 8P ute@ald carbon-
a of a respective tetra-

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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decahydr o-/ oct ahydr o- phenant hren ring system remai ns
unaffected by the stereochem stry of the chira
centres of the acetal ring. In this regard al so. the
stereochem stry of a noiety3gcoval ently bound to
anot her carbon of the acetal ring of an acetal

convenikiitlyabe bbied dsigy MMpretshaccofianto tiefreseno dueston (see Fig. 22).
the cyclisation reactign. Furthernore, in _such

Furthepgramleyi{lestring fhe ranifid sythedic avemes gpesied g yfheypysation process
ofm%@%ﬁﬁﬁgﬁg}d D39k efkkh ﬁ'ohﬁ’th@%gﬁeﬁiﬁﬁ@ﬁ%}r%&! &% g&. ?EgFig. 9).

of the 37 1sopreno
f ti fti @0 CAV . fho e h I : :
(010 B e r8 RSN SR RURERR EPRERRE dooymept in his
specifiodiiod] shasldcnot ieeessafilr beethikeén asnah hekiaxbydedgentene that the document is

initiator. undergoes an additi.gn r ti wi th the
part g3 sBlCRLIE Bhst hcprior penssr gl Rl dofirbgiuiSied are hereby
incorpAMEAHeRAn bréfBRHEN nANYr BRYBfy. S ratio of isoprenoid
conmpound and initiator may bé used in the nmethod of

t{De07] NVEHY inGéhtionthalB¥erD@esdAbd Bdadly 58 HRnETHAN HRM. Fach of the
to use it in equinolar anpbunts to the isoprenoid

narrossrspesies 1d subgeraric graupiags falinguwithin the genede disclagurecalso form
e T M

nega$eBmitafiar reaiv ingt anytsubieet mieer froph dfe genns) regandlessvfaghether or not
ti.mes the nol ar, unt _of the isoprenoid conpound. It
the exdsqdgpaigas! lwea}ﬁﬁwﬁ%hwno use the isoprenoid

und.in a ] ar excess._relative to the.initiataqr.
BB et cpbodimrts A Ve SR b eding, e b Agitiop, where
featubdR@r AGRLAl ofitife AVaitloalir&dQBliNed 1 (SR df MERUEH Srou, titfse Bkilled in
hi gh price and should thus react al nost quantatively.

the apioeidl @roggtise, thitiths deeentienrrol soreherebyt descriteddn termsi of agfy individual
. sopr.enoi is_ In the range from

membg 3G GERBRYES of fredfEdin kb, L% or " exampie i n
t ange fr b G I t vl T .
A0fuh 8% ipb SR OUE b ror SRR vl efbrendlp f8 tligwing non

limitih@ekamaglesol ar amount (in relation to the isoprenoid

compound), as long as the cyclisation reaction of the
invention is not prevented. In sonme enbodi nents of

the i nveAXEBHP ENBODIMENESD Ot THE INVENIINS aci d

are added. In other enbodi nents equi nol ar anounts to

t{DE10]S ADHB}PAY HBTARHEAHRs OF pRdBBRE 206RAMERD, ths WEEntiaS as well as
the sanme nolar amount, tw ce the nolar anmount or three

reactantprard fshenprogessestbatraaie vied aroghopadp theappendingBieyers.
[0105] The process of the invention may include or be

fl811 dweltiguye LArshows an waemplasasihemerafant snonsimentnfhe syclisation
proce':sgcolf?pg‘gpaa%rgg P %%lﬂ{é}glle I‘gl{%lgﬁgy e ”Iﬁj%d fiéa;ﬁ%rdgé‘o%ess 0; etgis example

Unsa roxylation o atur a
includléy bevtRENP0N. Domem] HEPpy)Rdihelehbphenyl@bna-3,7-diene (1) (at a
unsat ur at ed _car bon-carbon bonds, an oxidati on of

conceiiEspn AP 98 NMhrshshleepistimng bhad-) peihan acgtebigliate/0-3 mmol) in the
prese&r}gttggf‘é.g ﬁg@;@g@;ﬂ’il(ﬂl@ﬁin'd?clﬁ%nﬁflﬁﬁ%ﬂﬁ%h@ie%tagfd QBflyR Tin(IV)
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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epoxi dation of unsaturated carbon-carbon bonds, a
hydrosil yl ati on of unsaturated carbon- carbon bonds,
as well as reactions of functional groups in the
obt ai ned t erpenoid conpoung9 As a further
illustrative exanple, a hydroxy group may be oxidi sed
cychstaﬁma oReb@peuirli)dn the @sRendel ofchonzhldcladealiaiethytiacetsli #@ instance
hrom c acid or ‘%rldln|un1chlorochronate (P

resultog 8 e SermyaoR joft B ledpertiaagh i b apeihyers! ér‘En’@é‘B’Wa'(methYD 2-
phenaﬁﬁ"réf?‘ﬁfﬁp%h@@ thHan 2838l ¥ 858, gé%@\éﬁfrsl q¢ @ fgoﬁleYsaﬁlhﬁEﬁ%omenc at the

Ically-active tricyclic terpene conpounds p
benzyﬂlch@Ht werti odaiosdufpl ) inhiaties droai 023N, 10t Comibined yield. ¥

,9,10,1
Dete%mﬁjgy %1, 1-di net hyl - 4a- (et hyl - d3) - 2(1H) phenant

2320 ) il W%#%tag%ﬁ'eﬁegbgswmgPﬁ?&wﬁlsaﬁ?l? PREF & preparing a

multifid HmB corRReMaN TRB tdylidfioR Hrddete df Wk '@aﬁgﬁr ®RERASs contacting 0.1
according to the present i nvention gsee

mmolF{HEM4e8-dimyesinyt lephenly]- u@tar%%dn@et Gié atffxﬁaldngwﬂr%{ém €0.2 mmol)

T e e
-78 °€i SHC1esvaé @dded thithk reBetn hixgure Q) -78[ WAk (Thend acetal Kk@r@ﬁnxed in

di scussion of a previously publlshed docunent jin
dichlosomptbang ataapmormperatireg Srsetionsears glowed Efeplpa%éﬁfoaéo aﬁn unless

statedagéﬁgﬁ)"éee qﬁﬁﬁ%niB tHas LNEbd AR lgs}he &f Efeﬂﬁ Al\.rs ng various

fe of art or 1s comon genera
mmetnhed{}mfrﬂle abdtslt initiatore(12)e Reipy brome bemhhhaﬂ:b dn:@taﬂa |pno\b@ed the same

ef erence thel r rety. [010 The ntio
selectrduser P RRHeBPahrY! SR HERE VLIS SRSyl oges (4b)
and (4&))3 Scfé%ﬁﬁ%‘(ﬁﬁﬁ&&ﬁ'a@&aﬁ%ﬁoﬁé@ﬂﬁﬂ%th %rcﬂﬁa&%nﬂ%pﬁﬁid dcB@ls were
hin the generic disclosure also form 10 part of

equallyhenﬁahlsceastmﬁﬁtorsm@nw%,l haed Si-nesyganetriceyghspsion psingrof a chiral
(stero?J t‘tg%”' Féggﬁt %Ohnr%a ?f ?Pég? % rr%%'aﬁg-ﬁ{mé{?) ok%ha de?an as the

m)v n’g ny su enus
mltlatof (eﬂt@t 6)e§hoﬁréd I@ﬁbd stlbetivityo(i83dd: QI)Eftblenlleahreb $bserved isomers Wlth an

fi recit her ei n. 108 her enbodj ments
overall Bt D 4oL SHBREAIFI B HHTOvsha s o repction using

this 1Iflﬁ§fbf‘ RS af? Ex;%%ﬁf‘e%rﬁe 8f 24 RQ va\LE1REte® Fordh& cHSSAIINRPidkdd in entry
terms of Markush groups, those skilled in 15 the art

6. wll recognl se that the invention is also thereby

&Uﬁ % in terns of n LN Vld
3 ot B S eom KoL Ch AQELEHOR GIYFs o ereparing 2

1tipIeUEIY EQRpMnl! bl id codpohimdethaviddudes far @A it
e ll!t) (f%?l oW 1J;fg&gnon ' diJl%rlrllotl ng fexarrpl gs 20 eEXEI\/P oup in 1ts

temlmmmmoﬂﬁmspmdmcpmmg Q»lem@llfalrgsoprenmd compound

o

o SRR B cAlmBOOSSRRES 507 b oL Bad B S0 O remic
Absﬁh@@NOaTBBSMOV\PMtﬁ thé ees@eaea dtéral ﬂﬁngmle@ 2 hiddl] ndFitigutesyis acid

ows an exenplary s of enbodi ment of the
C&t&lY@S,%]p(P]g £9.2@xmol, 1.0 M in CH2C12) in d1ch10romethane (2mL) at -78 °C. SnCl; was
added to the reaction mixture at -78 °C after the isoprenoid compound and the acetal initiator
were mixed in dichloromethane at room temperature. For the asymmetric induction of the
acetal initiator (4S,65)-4,6-dimethyl-2-phenyl-1,3-dioxanc 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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process of preparing a nmultiple ring conmpound. The
cyclisation process of this exanple 25 includes
contacting 0.1 mol
(3E) -4, 8-di net hyl -1 - phenyl -gtpna- 3, 7-di ene (1) (at a
concentration of 0.05 M in dichloronmethane (2 nL)
the 15@ Fdhoft capdid, istdh hﬁ(@ﬁ(ﬂ-@raﬁs-mﬁilﬂdol Nrefuls 1npth836ﬂ1¢a&10n of one
0.2, nmo %@dded at 1.0 Min dlchloronethan of th
PTOdlLCé\Fafl%n“é)éfled ag heaplipdic atvohol ghiral gentsy i(3p. e Sribe 2108kt %mid%ée of the
0 a d
struclf b SO Bl T M (S, T, B AP L B et mtiple ring
com;toanqbfsraammﬁ of hethiisimasol| ecul ar cyclisation reaction
30 was allowed to proceed for 30 min. Wiile in theory
t{oE 44y digezt 4 chowse axnd:mpimrymycttcels raf matyelis#ioneprotdse of preparing a

formation of one rin co ound ractj .
multlg&%%meogx HSEEr a0, eng ﬁp]@ﬂ?o&@d @pﬂmc G%ilg,!%gdouble bond in
its te AN LmbRR). @yéHéE'EEBﬁ ké.ﬂcﬁ&stdl;?ngcf@@' $ed 1 RERRHEA §,6‘,J}?] e)ikgiecamen.

vari ous aceta S. cyclisafi‘on of conpound

1-0l prnparmeterﬂ&)s(é}hcmmd Albetnm-ble HPA85 b 38} wyte gd pgofor Fig. 3.
instance resulted in the formati on of the
102153, Kigareos xbom@axmplaﬂyy@a@ions ofdi cmihqtion@ontotﬂyptrc)pm‘ing a

multi?ﬁe_eléig%%g'&@%% lqjilgg ;aé\ég{)ér\ellgql d ob}pé)sﬂi II]?{aé in¢ u&??eg q(e‘%) group in its
- I -feuile 0
tenmﬁ@cﬁ'ig’ rhéiefyH wcgﬁg?&g ?e??g’flg Oﬁs&§g)nmfée o %ﬂﬁcggdr@;n(ﬁg 20hemical

to 100: 0.
Abstii Ng ®h1172§3 -B) angt warppCapaiaceipnecBhiSihenyical AstracterNog 796-70-1)
s AEIT e DS 957 A SAAL BB AT e 456514
dxmethycaqﬂesylelqmﬁan;Mm gpe@lsb Fignid.

(3E) -4, 8-di net hyl - 1- phenyl -nona-3, 7-diene (1) with

JOEL6R| Kiguite atshdiws( ﬂ:ﬂs)m;(lﬁ)rerem:Hﬂnﬁ ofmcbfdlbaildnepmsesa@f @reparing a

tal yst Snd. 4 0 Mi
gl rosmnd seg A tgpreioid s eiealilons Camt finlpbond in
its tehﬁﬁlaﬁﬁé‘ﬁ{dl&? C}/é‘lk&ﬁ&l ?éacﬁglﬁ Ssidd t]%tlﬁ (d-hlrﬁ'&ﬂyl@?—tuﬁhecadlen— 1-yne

were ni xed di chl or onet hane at roomtenperature.

29) I(@h@mcglnsﬁbmﬂ'lt@s -Blol 8- 1501 o r(E¢-ddd -dimetiat 6t0rdodgerdisns2-yne (32)

(see ?;ﬁla%egcirolttsﬂ z%ew)??agﬂoag %ﬁ (ﬁ 8\?@@@1&?5 3 ﬁ%@%a%iélggggﬁ?tﬁ%r%%yl-silane
(35) (Zﬂhéfnad:al W’ﬂistracﬂ:i -Dlio 7(211)29-821:89hﬁd (e, 8o, 1bﬁﬂa&ﬂhﬁﬂfw-6§9,m3§éradtdecamen-
pr.ovi d same _selectivity as benzal g de  acet al

1-yned§) @aﬁmlﬁaéﬁl@rmsiﬁ ol 406&& 78 MreEep car Hgdet s
& b@ls and (4a)). Screening, of di ffe[ ent acet al s,
f d Higuxe Wséﬁélﬁﬁmre&%‘mél Blvt lisation piogess ugipge derivative

of (@y mgi»fnawlt 13@:1&gﬁﬁoaan3 t7'd'i‘é1{%r gjf),( ge%rmgea Iﬁ‘ote@te@”ﬁycfg%}ﬁ group at

tric ation ‘usi stero
positioBtI' (i.ex aﬁnﬂgemralr@naula av) = CHQOH) Cyclisation reactions using (E)-9-(3-

brompRAFT Pri SRR E BRTPyAHS TR LSt (o SERREET rsigns L1 and (B)-
—ph&ﬁ/YZ%ldlﬁ)etHﬂ-Q d-Réhatifeh O/QB 10661142 CoutFRITRIet YWkl AheqB3) (see below for

overal |l yield of 80 An extended reaction tinme
theﬂpr@mom@ﬁmgf@mﬁﬁ gsdpr Fige3.r eacti on using 20 this

initiator, and an exposure tine of 24 hrs was sel ected

fior18] heFlglpzﬂ 8 dapiciere embinaplatgd spnthasis gehegie of Malabricane derivative

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

posses antibacterial and anticancer properties and are thus valuable compounds, are inter alia
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[0113] Figure 3 shows exenplary reactions of a
cyclisation process of preparing a mnultiple ring
conmpound usi ng an isoprenoid conpound that includes an
OHgroup in its termnatigg noiety. Methods used
i ncl uded contacting 0.1 nmol isoprenoid conpound 25

found (ir the Swddar of thdotres A gnshih ﬁiﬂi‘id‘baicaAﬂ&t foafst Gf ﬂi@ Mediterranean weed
40716- 66- 3, and_Ger anyl acet ol

Pyrethxyay Sagéa!gopdss 1nd theosponge Jgspi %’éﬁfrcé gﬁ@@l%afa%@ﬂsw Reef and reefs

at Fiji é;ﬂét&@{sgfaggﬁﬁgfe{gﬂ%nge Waﬂrﬁ%né 3(‘—!1‘;@41:1@% e e%‘tS%hﬁé?tW et. al., Eur.

n CH2Cl12) 1 n di chloronethane
J. Org ZCk‘EIﬂ) (2999)73233-2&h Jalkuwerse, Jaddedl, Poyioblerisac (198d) 26, 5, 1536-

LA ST . b ot GBS TR TR0 A1 o

Chemrggm)tm%@%m@ THO(7-dABcAFHFORLE,6,0a-tdhdetHyRB- dBIor&ﬁ@thyhden-

acetal initiator

benzn(dﬁgylaﬁg»benzal @laobelh jsomges F(Héh;was 1013a1d¢<b>i‘mme coewound d39) or (40),
deplct&i g ip 5&186%'? gga;mg gn% (? s'lplﬂrlu#é Vag‘n%wtrlaﬁte 1-2j-72-75

deplcteﬂﬂppirgom; at the oxygen aton) at a smtabl e position
may |lead to the inclusion of the respective oxygen

M1e9) FipuPe ¥ &dpicteanleeemglafy Behthébid suh@inefofafe dehydroabietic acid
ether-bond. It is noted that using one enantione

derivatiyes ((B® (%p}-&,ﬁéila(]a@,ﬁé@m%ptetgq@@h groic acid methyl esterf Chemical
AbstricR N D7obT35%) K Ro) F1-0L B 37 5ti%) o Bielaetrge R8RS Ak Blephyl ester,

roduc he a e a
Chemmhtﬁ&fstr(uSSBIoel’g?SltM)c Iusggta bwlﬂatsmrd pragesst dveording to the present

imvenfigpis GerscTaicaopt ORBoRE (10DFR0 APigtvEd sduhd pbolgn A. & Miski,

M., JIWXL W64, C(flmqtda I1$91r1124813m%eﬁ O 141 echlgﬂffﬁ'at4P1$J&0¥\§)93) 56, 4, 461-
exenpl ary reactions of a cyclisation process o

472). Poepanidsd>52) and(60) gk key pt@gﬂf@@ﬁﬁ@ﬂﬁ@pmﬁlmomﬂg C aromatic steroids

(mcludl(ngp eélt%ge%lg f ?Ihrg?lo l'énd o&%&t@ig) ‘r;,l Saa?lé%% v & 8%’%%9 € Rl%&gﬁcgid and

minerflcofcoid, _hoilm&ne tdﬂa@h&)l -whibh 1h&red ddee apoived- shbw(mhg interesting

propanoate (18) (Chem cal Abstr cts No 10 -8
pharmizeolagisal PopHtigs e(%eef T gagiple Ab 1f51 efpplguf 93 (1988) 53,

3761_9%@3%%3 t6 %e;nbeﬁﬁis%um &Yt bﬁl@%e@}nﬁfe%&ﬁ@y efeans of the fungus

aring a tiple ring compound usi ng
CormusmprcénoﬁBjammmdeRd ¢thalt, .. n@l’g,ld@hena ) éﬁod% |4ﬂ162 ﬂ§66) The

S S0 L by YL A SO Sy Mgt o

Yorrephdhylf2%-d Ged-AcHad RS S} ANnex 1-sil 41
B9 §_g;tract sl}ll\ga37916 d{? IEMsv\?é‘re ggrfor}(ng?aﬁs@?mmy silane. (41)
E

using FONCly R~ 2 Jearrat iicater dt By oORIkBOm O hd ObWimcerla(gBﬁR) (R
(R 25 s AR fronf B Binechr DN B0 bty HaSh A ARRAREN S 3 440,

10,1 09)4‘0cﬁhydtolphsmdnﬂmn—pp;d}(phmy@ineﬂmagmrom-hol m@2)i pkigh r ipygdinium
' t.h | .
chloqehEs | gPeChanafs BT SeSaibat I Aoty -Cer-EityRipheny-
. | 1 _
s11y10%%§r|e'ﬂ?§?)toi gé‘d n?ﬁﬁ}fl 1@§45§,§2?a18|a ((e)ﬁtaliyc;/rophenar1th§ren(g dng%hg%y yme
thoxypirepanak (. I\Hydmhﬂss “BHglpotassium hydroxide then yielded ((1S,28,4a8,10aR)-

7-br01$10-1-(7(t t]-'btgylgepth Myls%?l&;gy)%% e‘f')afj Hlmeﬂ)(}q-el,é,g’,a,)4a,9,10,10a-0ctahydr0-

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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(see below for its preparation),

(E)-(6, 10-di net hyl -5, 9-undecadi en-1 -ynyl ) tri nmet hyl - si

ane 20 (35) (Chemical Abstracts-No 72039-82-8) and

(E, E)-6,10, 14-trimet hyl -5, 9213- pent adecatri en- 1-yne

(38) (Chem cal Abstracts-No 140677-79-8) were
2r7}pgmggbﬁﬁdnaggggr Fig. 3. [0117] Figure 7 shows

exenpl ary reactions of a cyclisation process using a

panoy aFgg\lﬁ!e 10fdeplcts examples of isoprenoid compounds that may be used in the
(3E) -4, 8-di net hyl -1 - phenyl - nona- 3, 7- di ene

methoal mf oﬂ@ctmﬁeﬁy dnﬁsevlogr otp GE) b%éi-me&lwxzpf(qnyé 5,3 tnwef%yl 5,9-
dodecg(glglﬁ%l@ @?g%&i\g}\%@tracts%.%sz %G BALEE [ BR¢6E)0418,13,17,21-

pentaiethaBABARYIG) 22 o sipertaby ] -2yifie nqGAG- Koy | B8ISEAX30-4L er€: (2Z)-

eSS 8 B e i 55
dodecydibatl '@KS’N@S ishae 4 ‘6?) E( %9@16391491'8 g taméthﬁl-n ox0-2 6,10,14, 18-

preparation) were ‘ormed” as
tricos#fiegtacwargidd d GIASEN 0 al 05697-8 aheedssstsmwh é‘éNé—dgnbtbmhnme has CAS-

No. g&g@g g%@ ge ¥ g %(Eﬁz#é@#ﬁ ép%t%%{}‘pﬁgﬁﬁﬁ g F7-tnnie%1'9y%)3 71 gecla&lenyl] 3-

methﬁazﬁoyﬁlo%éntbﬁilf N, 3413823@@1) 6: (B, E? -5,9, 13 -trimethyl-4,8,12-tetra-
3H benz| Jé nden- I [ dene% “di met h 6, 8- undeca
decatricaerla @il F6OHA-0b 3kl (ILSFAGEY 6B 515 Bhth Snpentamethyl-

4,8, 1 R[5 EIS AR a%h qgol%@h&ﬁ%a%iﬁ%tﬁa@{s N&‘Xé’s‘%ﬁolt% 3 L (B)-9:gthenyl-2,6-

I terpenes 0sses an
dimethyled, @ﬂbde‘ca&xeﬂe PCAPNd. i e]:ﬁZS@fﬂ-lﬁ-BQ; thusl Ovethyiidene-2,6 14—tr1methy1-

26 QRS ST ATAEE SR W QG 8208 .

2,6,10R01 § enl @R e- FY4-aldD (ERSTH! AIF580) 1468 Iﬁr(QIIIEP-QQ hgdroxy
dpdnde Jaspis stellifera of the Great Barrier Re

6,10,14el8t tstramethl-§.0,18f1grnanadedatotiaen-2ome of (CASDuGt | 1@9862-65-9); M:

ZERR) ?b/rlijlclaég{b P& fmiahy Iz’ggdgeﬁ 1%2%?%@@% dic \lj\é%@l(gﬁ-m 142695-

71-4)?[ (E[.E E)- E’Jﬁyﬂoolﬁihﬁ‘ﬁhﬁlzdll(ﬁ i;&&a'decaﬁl,enEA 3&5123?}) gcAS&&) 104465-89-6);
| e
O TabR) Bk $ S hexamethuded 10,12 8 2 tgiracorahhgenirol 1) (CAS-No.

: L 1-1,12-di 1-4,8-dodecadiene-1,12-dione (CAS-
79370??1- é}g‘ggﬁ@g‘%g%ga%ma%hg tetr z; enl){y -3 0c ﬁcao}%lr?et hyl llotljle (
No. 9608721 )nd@ny(BE.Z.EHoelhysioxmnethy)2, l(kdmmths(l%f) 1{vdedecatriene-1,12-

ol GRS 5EF 2B APR38R e St

(CAsawtﬂsg@M:sz-Qy,tse AkrZdhin’ B{7 SnetBigpi- g 7eqi1JuﬁmEthg1_2 3210 dlﬁecatnenyl)
19] Figure 9 depicts an exe synt hesi s

che
3-quitsRinoHeo ittty (heair AetragNo AGTISaE Vot (Y04 metosy-5-(1-

meth;ﬂ%e;l%ﬁgﬁ%eggt] 536 &ﬁlejthfﬁ)l 1Q- A0S AL EEART- x]}@a&g-lz@alg(?ﬂé%%mo 83569-80-

6). It (6d)) bé aﬂﬁarmaige&sliln 1@04 4psealtb atsatyebdteative iBicties tashidld functional
nmet hyl ester cal Abstracts-No 17751-30-3),

groupg 8f W@C"éﬂtémflgs%@dé‘% IBF@E@%‘%’%?%‘V’&I Ph'&elaﬁ t he present
i nvention (for the isolatiqgn of c (60

el aFiapee 14 depigtsgxamples of agstal 1igitiglory D4 maﬂae N}Fe% i the method
of thﬁ:g]%resééf Oigverél%g :]3% g‘%R) %}%&%{%%h@?ﬂéﬁ%@he 1-1% ro &noﬁE (bhemlcal
Abstr4c6@)~roa9@64@y71pe)ecﬁ:r gRo<l- ¢1ane@vbﬂma)-swm®f(qA$gIoc500198 -18-5);
C: (ﬁ[“ %5' [me oxyf)ll-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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(i ncludi ng gestagens such as progesterone anal ogues,
androgens, glucoorticoid and mneralcorticoid hornone
anal ogues), which have been proved showi ng interesting
phar macol ogi cal properties §see, for exanple, Abad,
A, et al., J. Og. Chem (1988) 53, 20 3761-3765).
methﬂ‘ﬂtﬂsz&:etaw(@mm rﬂ%328}617-@) SB: {aR)- @W(S) [blel&ytﬁéthjilﬁt}@ﬁdno](}pyn
Corticium sak

dinyihRimetByll-gmaphtpalcongetieny n?ce(ai%@}A%%Io 17033 ey (R%RY)-

eI SRR B NOIIF ARICO TG e (55
1- [[1e(E)hygh(o@-zmmnylphgmmem&mmhmmz GO eri;ﬁll]léil.—lbO), B¢
CodBipEhamAintapbeti Y ssgende GAiNg. o s £ bistoheny-
meﬂa?ztcﬁéél\%aé&aﬁ L4B)abfhb§é Riraditate (CAS ~No. 65784 59-0); K: [4s gza 40,5B)]-

1R, 2§, 4aS, | 0aR) - 7- br onp- 1, 4a- di met (tert.
2-ethyy, ﬂé@mﬂlﬁll%%}m@]ﬂh@/[CASZ\IQ W2045-99- 2% L: [4R (2a.40. SB) -2-phenyl-

R e N R M e A

(2a4d em)qaos arnﬁe(tl(qﬂi& Eﬁeﬁﬁﬁmg % 1I <3:| -dioxane (CAS-No. 141271-06-9); N:
oA B1-b et phensids e (CAS NG 68335764 O: [45-Cado,6p)l-

2-he 14%@%{) gg;%r(?@%@’é EE,SE ?{bysf,g%zélﬁ’gg%%z(ggglu -2-[(3R)-tetrahydro-
4-oxtn2Hli- thxopyeant hgti- iy3-dickethné@l BSdizG&bérdid Cabld BBls(l-methylethyl) ester

AL BT 8 0, 00 Sl By a R uiiadeny- 1Y disclenanc Uoas-No.

1771!9!9@@69‘)t hr @n- 24, )L&J%b)%ﬂxLalﬁi%ﬁﬁﬁQqh (ﬁ%ﬁénox?ﬁﬂéﬁ'ﬂﬁfg{p&l}l 3-dioxane

el i mination, oxidatlve cl eavage and” reduction

(CA%NOaﬂWéBﬁpS%%(St’ 2Vﬁ4+meth}él9h¢lwl}h3t¢iéleﬂ3@mMClA§nN@f162246 35-7);, T
-heygﬁqpyﬁﬂgﬁ?%@ran?h&gg NoTr1639Ji1e"7‘§H @%[@”94& ﬂﬁi 17228 -naphtha-

nproyeé synt hesis cor ’esp

lenyl3) [Bt-Hiekbland-0) ljt-cﬁyli}bdlé(inetliylcﬂe;]bi’é?lﬁaﬁ)m]?é e(dCAB-N. gdl 02869-81-0); V:
0120] = Fi ure 10 icts exanpl.es of iso nQ

e 16 R Yy o ee T Do\ GRS NG B 4-68-2); and W:

cis-2 &E%Feﬁ{ mgikE &As-No 54417-72-0).
f& 3- net xypheny y-5,6,9-trinethyl -5, 9-

a I
g[gg% gﬁél%gg’é @%&c‘d E@%ﬁé@’{ﬂ%@&fg@f@h&%@%—%ﬂ%og a c%rchsatlon process of

preppany ansultiple 4pg, @m@ﬁnQOTh@@bb@p@hDaéﬁff {steroidal) represents a 20-
meth&?@ggl\lgli%l -)%1519-%1021&)!4‘&]1 reactxS)nszgverefpet!:{jtE nXe(? w1tﬂ%he( respec%e [(3E,7E)-

4,810k ¥ Nedrae bonzend d&ivativegedipordd F) (0.1 1), the 3-
godgj)gg%?gnal %gﬁﬁb&@m%?’%nfl 19- 6211 HQ dﬂﬂ) ) (0.1 mmol), the

0Xo0- ﬁ&-py@ﬁeeﬁeam parboxeidehyde acesal i@, 1mmolband Sn((3)14 (0.2 mmol, 1.0 M in

o} SERRBRRERA e 450 LSRR g . 5001 s s

the rEAGR7mERuie) at F78 °C after the [(3E,7E)-4,8,12-trimethyl-3,7,11-tridecatrienyl]-
E, E) -.2- 10- t hox phe 3,4, 7- tripmet 3, 7-deca
benze r%rlyatg Ryfeci Cipil %@meé% TPIXGH ety é%h%methane at room

tempefohBé- THe ]r)e?,ch@ﬁ (ks Bhem sird B1bF 'lﬁefn@yﬁt ﬂ)GSSa}I?E Y &hpRature before
ecatriene-| -t (CAS- No. 162132-08-

quenflifg sﬁﬂn Na(ER) s@p@;eﬁssoiﬁt;@l -Figwrea 2B hsjabws a table summarising the
obtalggcg dlicgs é?su‘idgo %%13.::15)195 rthEﬁZ%tf %éﬁg‘lmnhf:?% fplsﬁ'ldaegatmslerll\lq] -benzene

deriveltiva&t (Qytpdurft S0 URE ashirevietiddChE- Nmds ¥ 8 abteteisomerdatio”. For entry
10- et ylldene 2,6,14-trjmethyl -
1 and 2, d.r.”was reported as benzylic isomers’ ratio based on 1H NMR integration of

benzylic CH; for entry 3-5, ratio was determined by 13C NMR; for all steroid acetal initiated
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2,6, 13-pentadecatriene (CAS-No. 18495-19-7); K
(all-E)-2,6, 10, 14, 18, 22- hexanet hyl 15 2,6, 10, 14, 18,
22-t et racosahexaene- 1, 24-di ol (CAS-No. 70854-61-4); L:
(all -E)-19-hydroxy- 44
6,10,14,18-tetranethy|-5,9,13,17-nonadecatetraen-2-one
cyclif4tR%; Pdudtd dbLedifved$d tdlldehyde via PCC oxidation, d.r. was represented by
11,15, 19- pent anet hy|.- 2, 6, 10, 14 18- ei cosa

ratio S@%H%?)k&nalé aﬂ\l{%ﬁ@e il“j}gm qg;;egymsqmers here refers to isomers

with ﬁgfeﬁ?@%@m@e 'ﬁ%ﬁ%ﬂ%ﬁ&grg M!%t“%e@ e AnBENE AL 65 bh beRzyHA Mfbioh and the

three(meil clifal RerBers Gorited i ﬂﬁBblhﬁ)h@erelhgdn Zhéthies dety Egrdl Zemtets formed

| - ol = . 79370-71-1): . P:
are cpfs i8035 850t Soph (TR el goiRahgi o wishin fhe xpnp ased on
the Sﬁ)rﬁqE%Ehéikh%@r fdsthte,No.  54960-87-1); Q
(E, Z, E) - 6- (hydr oxynet hyl ) -2, 10-di net hyl - 2, 6, 10- dodecat

r[DIf’.fBi ]Fléﬁre qB0{1Iusfedtes Mow b8kl 32-ah) iffermolecular acetal initiated
6-dinmet hyl -1, 5- hept adi'enyl ) - 2- cycl ohexene- 1- net ha

cychsfmon [{ronss Ngcord_@gztmm'hg ;prqs)ent gvemtigrpedyi reagily be modified to diverse
23 ( tr| do gatrienyl
exclcgSiRFamids id thel el i i PR OPLEP L' ' B8 demperature,
0venii@l&§'3461d—2787%, rabiof Bp- 9*1D§6 4tefl ibee TRIEXYIeOHVK OBD(7.5 M)= 4:2:1, 12 hrs,
nmet hyl et I)phen]é&] - di net hyl - 3- (1- net hyl, eth I|dene
stcp § =) ML B 2ol B RERS b 3) A8 2ed. BE, FRovpiy Ehfed = G, 78 °C.

advant ZI?GOUS in sone cases to use pr ot ect ive m)| eties
t[8124]; dfigure, b depistsl the geastion ssherpe &€ armxemplagy wyclisation process

I} t
that. FRC A JEHE o JORIEAID AP B St 5 L 1S Beptadece

tetramgrﬁdaanneﬂehdenﬁtived(confpoumb ¢ﬁr)e§l%h&t obtainahlei oespeokive multiple ring

-3-et ho hydr ox hen ropanone ( Chemni cal
comppyndernasng SRR R iy vt ”' P (

@@5] 1- ]gléulqee HR/ lslr(le(}vps ary gxemp gr?%'che&noa\sf a cychggtl%}lgp%ocess 0 preparmg
a muﬁt?‘[ n% nip@BAd QXK E Lhivet eth\é{a@tté?%mm)egrem%dcnanéw%wrmnea with

ohexen-| -one (CA

(3E)f58- @lmeﬂRﬂjl}P@nylln@tar?oWﬁdiMO i m@l)ph‘@ﬁ%}llméllﬂfﬂéir(@ﬁeﬁmoD and

SnCléi@?xm%f)]C é F%%F C? ’nhld:}ch 1P5>tthﬁue (?LB) )% I7 °C ess ?therwme

stated(ES0GL) jvab aﬂdfﬁ]rte tHéSreaammmnﬂhreaﬁ eTH L@ aficiAD) Mad acetal were mixed in
676328 67-9)
dlc]:ﬂ()léﬂ}eﬂéanF(aé)rotrI{l feqpquﬁ ﬂhegp@qoytwsﬂl@ sw?q for 16 hrs at the same

tempgfaﬂiﬂe R%lf&)é %eg%ﬁﬂé% 2wi'i:‘l§?‘ Q@ﬂ@b@ ns%ﬁﬁ%t@é‘ rb%lutﬁ‘ﬁe R orresponds to the

resper,n{/@ mpc(ntétfhgm tolfiitlnd ﬁnmr ]acdw.lo]?@g HyB @hpscug ﬁxmplemgthudcomblned)
9 S-
vield§ SR vt 0. fnsEinpis B6yRS i) e, insiwga. pamiony, * Tsomers

diastér@&ﬁeﬁ@ at ﬂfé]&ﬁ,’iylﬂogeﬂ) weﬂe ob'iamed for both 2 and 2’ in ratios from 80:20 to
22, 4(3,6(3)-4,6-dineth 1, 3-di sel enane
100: é mblne m@m Ree: me% byp M—}%@| = dwgﬁeppﬂwmer ratio reported as
s LSRR ol s gt (O
%B%Ajyl F}gu% Pﬁ rH%ﬁF%an(leﬁ%m%w 8%n )n e éfggﬁrc'ﬁgimon process of preparing

a mu]]upﬁe fingJ K@hpmmdﬁasﬁlgdis chitdioxytal mittatord anl inbt 4l 3 -pasitbon a heteroatom

contaetzlpg 44%&@3 lyqu %@h@f%t%ka@% (SRERGYHEThYT f 10 4- gpd2ppsition a
heter?%&%?ﬂ%ﬁgmﬁfﬁé?déﬁn%@ ﬁl}rcltg)engage denXat:lgvedl(ctompghuéd 8). Four possible
prodycCA®nies (260325) G@- th90remallybse(£12®teﬁa 6(3)]-

L
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2-heptyl -4, 6-di net hyl - 1, 3- di oxane ( CAS- No.
138842-38-3); P. (4R 5R)-2-[(3R)-tetrahydro-

4- oxo- 2Ht hi opyran- 3-yl]-1, 3-di oxol ane- 4, 5- di car boxyl i
c acid bis(1l-nmethylethyl) aster (CAS-No.
649721-38-0); Q

(04a7H ( Bighlr8)174, Bubtams iy p&pﬁﬁtﬁﬁﬁ lof lex3mgllase lchitgingetal initiators.
CAS- No.,  177186-89-9)

Trimeghpdsilyh ﬁe(l@qrome@aa@%fpwﬁ VQaS[ aglded t e s Heh the) #delpe and the

Mmetlz‘t}lﬁliyl tﬁ;‘{?ﬁﬂx}e ;&%?V%l?l olL trégg;(g gé%gg_nﬁgused were benzaldehyde

(compb6AR 4G) 3hd B)qxo@ﬁ-p&gl}éxeyie 2DoBeatbsaldehgia (rem(pCASd Md). Trimethyl-
silylet%lgr%?[?léad(? %reﬁ ﬁé’l 8 8485héxameﬁ1(y)f 357( gl)olia % 8-disilanonane (compound 68),

22,4, S @/Wyﬁaméeﬁlyfis FAbRAS; 74d1§11a%beéhé bi gdomgiound enﬁ)g% bi a§1‘dp| Per4.6,8,8-
di ne (CAS- No. 10486 V: [2a(E) 4a

hexamﬂ?yl&, Trétorg12, Szdr(sr_larpmm@ymponndﬂ@r oxepane ( CAS No.
186254-68-2); and W cis-2,4-dinethyl-1, 3-di oxepane
[0a28} NE;guSdA&zx s‘mwa)m eZ@nplamQ@perﬁp glirsydsatioepiasess of preparing

ol ST S S PR S B R e 16 oo

also Figt 17)( ﬁe@étﬁinﬁ&ﬁare r(ﬁﬁ{eﬂsﬁﬂta% inditlted for Fig. 15. R* corresponds to the
net hyl - pregn- 4- en- 3- one- noi et reacti ons wer

respegiivefaneped fofe pf ttlpféfqr@gp@gqtpld éllee(f@Ert]; gyamer that can theoretwally be

expec él i va{ ! Ve&%(}ccgﬁllﬁ% ﬁ‘x Cirt éjle l%eg&gl%r:r?r%f) rtf"&%ﬁh é’ 1§ :ff"%,e&?Flg. 16) was only

obserexiomAhepsredut 4nienee 20 Gacauhourds ded ydduaaet sHowrD Fig. 18B depicts

and SnCl4 mmol,,. . 1.0 Min.25 C in
xampiPLf B SRR A4 FFPRe VeRield ablae MG 4R EA G Liiethyl-2-pheny-
1,3-di§%%{e?¥§) 01S'P£§-—‘62(Wﬂw§ spoided-difethyne pheRaiil Rliokbkhé! (R)alsing various

after th
benzep¢ &@sﬁ&)tem 1s@p116201dr ¢arepcwpis. 3THeoretically deisamerseeapl he expected. The
benz n t ' '
rour OGEE RS PR TS 16 8L, LB DOk I Syt

reactmg)ﬁfSorHspm(ﬁﬁg fdh &tiryf 10 rFo% Gad&rcﬁ‘ vidw tlﬁﬁlssmmghdsethﬁefoaé tiotebeen further
_before uenching wt HCO3 saturated s tiaon. . b
consiqersg st onl SHEAS S Br SgHAT PETHELeRS. S0 GHbEH,gisld. ¥ The
| 1 ) D d
Tourt PR QRN Sorl i RhoHA: lsTor detsetsd by 'HINIR cxocptontry L Determine
by IHhaNMBer vlat |=vémst(srﬂorspm@ndatﬁy, refitreedah (24222 oMajor isomer 2j is
For :’1
betiei3t T G it b i g Seho lituRaion sBpeR iy pi bl roducts
75/750(seb mlgll\@)lxﬂéregibeaﬁmeanmois vhenery/|% Broirkt Wwig bemdeny ridgTyclised at
ratio was determned by 13C NWR, for all steroid
meta pesiiian tojQlYle ves ebtained ig & ¥ yigld avelbr oduct s were
converted to al dehyde via PCC oxjdation, d.r. was
3Pk s Eiguse laﬂepncﬁtan@xampw afslisabian DEpORRIRICSpIsiing farthe present
inven{iF, M Pleadt BRI HIOTBESmAEH Iud BleEfe (rcoBRRRY of o major
produehéfithd reaeidresftegns @6-Bimalyyli S plosybd)6-rmadiehe( 1) tiking ¢heanigitiator 3-

chiral centers fornmed in t.he bj lic skeleton. _The .
OXO-PEgENereRfa)- Eﬁ"PP’éa}lg‘a’g(E?er@’ gy n?ébf%g B?Iga%%h’gl dactap, asvig  X-ray
crystaeflﬁgf ghoupt?%l%r&s‘%él Jrieed clighidh IpY@du%Pnf' guration within

based on the Stork-Eschennoser postul ate.

F(ﬁ%ﬁfl FF%&H Al 1cj:t§ Hﬁto'kﬁfaﬁén IB?W BEBACES &mPiind obtained by a

nte uaraeta intiated
cyclisation process (see Fig. 18B). The absolute stereochemistry of the major isomer (2j)

(see Fig. 18B) was determined by X-Ray crystallography analysis of the corresponding
ketone derivative (72). PCC oxidation of cyclisation product mixture (2j)/(2j*)/(2j) followed
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cyclisation process according to the present invention
can readily be nodified to diverse cyclopol yprenoids
and their anal ogues. step a = PCC 3.0 eq, 0 Cto room
tenperature, 10 overnight,4¥ield: 78 % ratio:
66:18:10: 6, step b = THF/ MeOH KCH (7.5 M= 4:2:1, 12
by re&t&ﬁalhsﬁicﬁpoﬂthe d9rrevpéiding k@toﬁq mixhad @v@ thel, malpr iBuEK (72) in
rt overnij

h 03,
overalk% e @6@4 Taeaﬁ EpsCryHal &élts@ﬁr‘ Ghe %’ﬁ@h@z%f?"a%ﬂ 4é>e<e‘11$$ %010 mm’)

o USSR UL (TG 0D S T
representhtidir simetirds dfA2)eand adsipnentiof stefepohpuistrd agS)epictdan Fig. 20B.

obt ai nabl e respective multiple ring 15 conpound
[Odﬁ)li'po’ﬂln&:i steBochamsistry pefnthacythén mindrmosgsst was c{oﬁﬁﬁﬁf}d by chiral

HPLOef ke Fir 238 e Py HENRAR e RV, et e @ to

(73) (F&Ql 223' Tﬁ@é‘&ﬁ'erslcﬁfm‘ (QQRQ_. /AP tb@ﬁﬂﬁﬂﬁ%@ 9llgggﬁ-‘%ﬁﬁﬂdro 1,1-

dlmeﬂ@m-(mam dsha@&arphen:i/r'nﬁraiaé’rre B o mmpqundr(ﬁﬁ) Snc%xg 22) gave a
mixtulg ST et b S48 B9 B WG at Gyt with our

stereol:h?bnhbﬁ bﬁ%ﬁ&ah@ﬁ Mhitefdsre, die absolideatdrfigutationantl (ap’etmhst be S
mi xed in di chl oromethane at room t enper at ur

(tomplrted, § deneyl S (siag). (he fhres now birsl Genters IApaedire poRSidszofbas a chiral
n Oy r
oo SRS SR LSRG L OBV o5 b G Kchenmose
postulaer m of the forner acet al. Fig. 15B depicts exanples
of the (conbined) vyields obtained with two exenpl ary
[¢582]al Bigurnei2l db;lnetslamdheme edlicating ithiel wactiongattsdherwodld be in line

- with t‘g% tegx; ?ﬁécn%[géc lﬁll gqulglg? yz%ﬂq]s gb%d‘\é%ec{s%n%g%g% QF gwf a%rdition of the

acetal O‘?H@ sBReheY {sedxPected RS tHR! dPpliesh1dYo e %101ﬁbf Tyclic acetals only (as

di astereoi sonmer ratio réported as or benzylic

deplcat@o rEgnersi ;(ag) A isrbebevedetoz e ﬁ@vcj@a.}ql,@ ugfto(the)elintipatp) of axial
stereog-'::pg%réogls 16 %c(ifcsac%\'t]al eé%%)}oﬁllﬁ% I(%ﬁ Pilg nrfﬁe %a &r §6 gﬂe'r Si%hhg({] as the

par1ng oun
respeclive ﬁ’@h&ﬁﬁd)n ﬁ@tehﬁihouﬂltttd) bt etefically ﬁaﬂou’ted and 3-positi on a
het eroatom 30 contai ni ng 4, 6-di net hyl - cycl ohexane

ﬁ&ss]\/ aFiguee 22 depiotsritle FynctibnaAisation df cy@liihtﬁmﬁ:@@dlﬂc'tmbta'ned using

et er oat om cant ai ni n% 4,5-di met hyl - ent an

the raethed 2Pt vihe( dBYATEARA 1®) Varidisy tE‘BE%fiSbI leﬁ?l%ue? (2R,4R)-4-((R)-
¢ 45)))-

phns| GASBIE R 10, oD 9905, 6 bRy cn 45

methosypeplani2yolclepmaburat 2)) avith pyridiaiuor shlomchrematy [%Q@L/Melded (R)-4-

(@) el SR A R L2 A4 0By e e itpShmren-2-

yh)methBEPPehtaN.2- (Siie()'(ccﬁﬁpouﬁﬁ G2 A'Sﬂlﬁﬁﬁ(ﬂ@t& ysRte®el the formation of
benZal dehyde ound 6

(405, 195 Jo s pebpi-itans] Gt e%y«b@mwnmw@(tlééﬁp%@me? {gompound
73). iUy GuSabt et Haf RutaRi AR 100 tgrahytrophenapthren 2(1FL3E,
9H)-of€ qEPaPeehd683) was carried out using sodium hydride and selenium dioxide.
(2R AR)-4-((R)-phenyl((2S,4aS,10a8)-1,1,4a-trimethyl-1,2,3,4,4a,9,10,1 0a-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,9,10,1 0a-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((28,4aS,10a8)-1,1,4a-trimethyl-
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2,2,4,5,7, 7- hexanet hyl - 3, 6- di oxa- 2, 7-di si | aoct ane,
(conmpound 69), and 2,2, 4,6, 8, 8-

hexanet hyl - 3, 7- di oxa- 2, 8-di si | anonane (conmpound 70).
[0128] Figure 18A shows an gxenplary scheme of a
cyclisation process of preparing a nmultiple ring

1,2,30049, lllﬂd()&l@bt?ﬂy(ﬁﬁﬁﬁﬂhﬁfﬁfmSZ 910m%ih@x52)pbﬁta;h 2aget al (compound  72)
initiators o

hydreied + oo GROmbepRiE das 08S)as | A Sstud 26r4 #2.8,1048a-octahydro-
pheninthfedl3- e?gﬁﬁoLrﬁ (ﬁ]ﬂﬁ)&ﬁl?ﬁ@ﬁ% &sﬁ%%ﬁ?&sﬁﬂ{ rﬂyﬁ?oﬁ&‘e Subsequent

or mer |so
oxidatiomowithi p;a'ldngauime chlevophnmexﬂe (viahdeslr pengt(E2SeeaHmS- [1y4mﬂr1methyl-

12,3 S8 e Seb e St Dmbiabonsdoombbfia B hrount s

LS chigite 23 AaPrBB e ruidh SraCTBN -RaY SUfosphy data of
(2R, 4&@51(ﬁ§ 24)eﬁz53q Inﬁhilﬁﬁmgﬁl?lhﬁﬁ)g 4 4a59 10 30&“0 )é?lﬁ'o }%haﬂthrene

di met’h p eny di oxol ane
(Com(pmr)d Gé] nlgtamad |b<yL®rthtrefumem@a§sﬂ$m| afigosponnd rzu,ewbich was obtained

Theoretlcal e _ex
wsindg RERRARt o hF BEiEl B s T £ RS sRERLE g0 305 030
x 0.206ym%Mas however only observed for the reaction
corresponding to entry 1. For ease of view this isoner
hes3 Jhemgﬁpé e240tiepieRn thyr hearatioan fdqEe9- ;ﬁfedymls;dlmeﬂm 2,6~
adde entry 1 for sake of conpleteness. a) Conbined

nonagicayld-1-eny-(reré- fz@ylbfbmeﬂwl plansi heempawaeddh BR odueduplag reaction
hydrgtgﬁxl Eﬁ{fﬁ@%ﬁ%)(gﬁ Wk %%‘aeﬂt 2- %{% 51?11&1}'1- P%teﬁ{eﬂl3n&d(compound

ast ereol so report
82, AAS{N0-21'836238-0), I‘@qm) rwhielo ifE)- 4-2pethﬂ 7—pMmyb4éxépten01haami ethyl ester

(com%?ﬁnds 3 ey dfitd o symmesbigned Yo et Sy qRRE () ety 7
phen?ph-@lbﬁt%ﬂal' C?or%%ouﬁcy 8£! dASINE rml?% i hwhehzepe tr_ﬁhﬂ&med to (E)-
ycl i sed meta position to Ove was obtained in

2,6- d,nmelhorl -Spheryli2, 6-36na[d®emgq ackd ggthyl egerdepinpeund§5) ax ar‘rﬁlt@g-reactlon

wsing p, Bt e ST S BB FR R DR o BB Bl oRERREE, f 2005-68-D.

Redwisn! of ecosippued Cc(85)1 giclded Ot2E;6E)ijl LOrdimpthgtiophenfl-2,Gaonadien-1-ol
(con@%?gcij |§%2 égéﬁgqanrﬁ%ﬁ%%g 83 6ge E{eactlon WIPtle‘tnéert 2buty19c? &y? s&ylchlonde

resul@é&%@ﬁ@ﬁ)ﬁnétmﬁﬁ@f“c%gl @ﬁ@?ﬂ?l dehyde cyclic
0- (2, 4-pentanedi ylI" ace via X-ray

a
St RSLERY 441 gl st oy sy o o
as;nranemt umqmlcbon img cgdmpm;nuroomanfrthd plegerd ineaptibn sEwp Groxo-pregn-4-

ene q]éﬁ%gﬁe F%CE@B%B% prr-[tg.% Sa'%}até S q@’gseerv\%gg %ﬁuaﬁ% 'of the alcohol
in tHéeidéfaJIﬂ v@d RYd %s Ratiafory S teoisepeoid n@i}g@uﬁd qQBE}-08-dimethyl-1-
0]

correSfondln ket one derivative (72) X|dat|on
phenwf-n@@ac 7 sgricod) pEpelisetiomisaction (P2pys cayrieyl/qupjusing SnCly (2.0 eq),
acete{( g% (rjn é(l té(& rlkég)ig‘[‘é @ﬁél?s ég:"niil(igaétﬁ)'ﬁ I‘gg.ctli)g Z‘?)C&[lsr 1? Po%%P rﬁgmg PCC

3.0 2@ % ¥ P€lt6l roobh eemipetratyres byatught Gli¢ldciuy®. Ctybmlisativatveds performed

was 0.45 x 0.15 x 0.10
(yleld 48 %), a representation structures is depic %ed in Fig. 25 B. Cyclisation reaction (c)

was carried out using SnCly (2.0 eq), acetal 2.0 eq, -78 °C 16 hrs (yield: 62%). Crystalisation

was performed (yield: 50 %), a representation structures is depicted in Fig. 25 C. Both acetal
initiators yielded cyclisation products (4g) and (4h) with the same stereochemistry at the
multiple ring compound. Thus it can be concluded that the chirality of steroid aldehdye
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showed the depicted absol ute stereochem stry of (72)
(S (tenplate), R (benzyl), S (ring). The
representation structures of (72) and assi gnnent of
stereochem stry are depictggl in Fig. 20B. 5 [0131] The
stereochem stry of the other mnor isonmers was
dominaedf themesiclbytioni st@tochihlidtry( st aipo fidign dirboksFbearing both R
28), 1H NMR and 13C NMR anal yses after converting (2)
ConfOthP?B) (Fig. 22) The conversi on of (2])/(2] Y/ (2)")
%4a trans% 4, 4a, 9, 10, 10a- hexah%;lro I
' th%guneaZ Ashowys thesrheme pf 2 srelisal fhP‘@ﬁ%ﬁ%é‘SI(nEsﬂ)le gpme acetals

with f?‘%ﬁ’%ﬁ‘*‘“é‘%% (PeRRRR ity ) IR e TR e BT 810

trimethyl-ggi bmmacamylmbmzen& (Qccxnmlmdcﬂ)e@ydadanmbs@mxm l(a:)nwas carried

out usigE Yrda et o8 Guahied 1736 0 by el nis ik liodiah reaction (o)

was péi'ﬂirﬁﬁh uSIRB eI (. 0EaR s ®rE tEANSIHaLRI (Al daS@%)‘r @ystalllsatlon was
group, of fi xed relative confi gurati on vv|t 1IN

performed (not shawa} Gyslisationseantien Ee)ctaneassed outpmgﬁraile (2 0 eq), acetal

(.0 QLAY TS P 8% iR R 0 BB P 00

eq), 0 ecaswadfeﬁhgﬁe(s:@t& F568) rafib 0 @ﬂ?sttalﬁbzﬂioﬁ&wa%tpeﬁbﬁné&@@éldm %), a
centre of the addition of the acetal The s i S

represenipfinn eWUeHBe appinicab B Jog ROB: edbei brp o@btélpeci i #-substituted
(4aS 4gﬁflbﬁ‘ﬂ<§%é§lj Y2 4 3912 408K %ﬁtl‘i)dlz 158! 'aSHﬁéahgcfr (44, FOb-tetrgmethyl-

Ieve e favouta ue'tot lon o
chryseax |callnpo1mds r(%&rr) epd|(Z8k) @ossesseﬁehmsemha steraocétewsu}&i rtiomutiple ring

compauil CrRPHTTE RS RIS 5 ey e R s dyaigaes (780
and (7%@),[&19&3 leofitfidted téadiRRE Fngs thied %[h%dxﬁ‘éﬂﬂf&%dtl@ﬁ f8f six chiral
Ccyc

| ization products obtained using the nethod of the
centres.nlan rgsult i gonsigtend veith prepione sricyolr ¢xsteom apd verified that the chiral

caviropfGof P e ARG S5 Ry Igron, Thus, i i com b spacuded

that theatdréuchemBtry| of-theretdiisatiohpneratess o2 various componds (Z]; is m]_;ﬁdfted e.g.
ridiniumchl orochrorrate (PCC) yielded (R)-4-
in Flg(]{ 1s§§mn(e let $Qme|way.

AL e 27 SPowet i st aRARCHnBY (CBrCHian Meshire. liquid

e r I -
SR8 0 OLER I I 5 e, o 10

tﬂmethwit%#aem E(la ﬂd!rahﬂr@@heomhl(em%bﬂﬁwH)F@)e (@bmmmge 78%which was
e SRR b o TR R L 0 A B G387

obt'd;ln@&“uslﬂ%I the nsdsidusr e dirbsdat afvdnsel. an b:hm’irﬂm@dﬂafd:@ be taken from the
2R 4112‘ 4- ((R) - phenyl ((2S, 4aS, 1
SPecw@asﬂ}tat epealratipiofgiagntical cpnpoynd is 1, longer 50:50.
10, 10a- oct a%fjr ophenan 30
OK3%Un-Bigyre 8 sbyy pater aneciao pbainsfpbyinehizal ) high spressure  Liquid

chrom%%%yaiﬁl& (A hrg]tshéﬁirélagi’i;@sﬁ g g‘ﬁin @f(l,vws racemic phenyl((2S,4aS,10aS)-

1,1,4aé|tﬁmibﬂfyl-0Ql;ﬁh,y#d,@mﬂﬂ@ﬁafctdhyémphérmnﬂmﬂuwl)ﬁb)hdnyne (compound 76)

BT NN FT W e

I diatel
comp&.ﬁ'RA) ﬁﬁt{tﬁeﬁ)ﬁﬁp{ﬁgﬁ% ﬁ?e'(alglgtlﬁgg é)f %IOQa seseft invd?gu?r} | Frgan ga/%am immediately

be spotted that the peak ratio of the optical compound is no longer 50:50.




10

15

20

25

30

47

1,2,3,4,4a,9, 10, 10a- oct ahydr ophenant hr en- 2- yl ) net hoxy)
pent an- 2- one (conpound 72) hydrolysed to

(R) - phenyl ((2S, 4aS, 10aS)-1,494a-trinethyl -1, 2, 3,4, 4a,9

, 10, 10a-octahydro- phenant hren-2-yl)nmethano

(conpound 75/75') usi ng RKANMEILESN hydr oxi de.

Subsequent oxidation with pyridiniumchlorochromate

yi el ded phenyl ((2S, 4aS,1GaS)-1, 1,4a-trimethyl 5

IOEQ} AThgaft omngl@amplbahﬂmh@rﬂwéwamdm@mmpmymdmdmg to the

6 01 ur e 23 d
preschL SRGBRH ot b AT T &~ B REE AT aReispeaphfon gonsitve
compdhents were performed in oven—dned glassware. Commercial solvents and reagents
(2R_ 4aS, 10aS) - 2-benzyl -1,1,4a-trinethyl-1,2,3,4,4a,9,1

were(used owitlut aﬁﬂgﬁaeropmfﬁ%ﬁlpm@ﬁb thfe cf@%maoexmytl%ﬁt THteavas freshly
dlstﬂR%)ﬁt flt %ﬁ{unfl e tcﬁgz 1 WA dﬁ%& ﬁ&ﬂf&oﬂ&ﬂ éﬁH%}en%iC(ﬁ‘le\&’aEtzo was

usi ng resent 1 on
taker( fmjmmh&nt:ptglﬁ(%ﬂ)m sftem (PFI0als, Smm&amwsteﬂlrﬁﬂbgy BicJOHPLC grade

iso- p%ﬂ%@%cg‘lrvgﬁsl %%ﬁth%%ﬁgﬁgmayﬁ Ai(ﬂ%é(géﬁsﬁérg distilled before using.
Tﬁﬂﬁg' Le{{n]%alﬁgc)%i ﬂ}x}% teg %Bm#%&?@ m wassﬁelzr?onned using Merck 60

F254hﬁ1‘21359ﬁéd‘ @ﬁﬂi&' Qﬁrﬁ&t@ (@@”mﬂﬂﬁw‘kﬁéh‘éﬁrﬁtﬁﬂed&nt to elut10n '%oates were
hyl - 5- phenyl - | - penten-3-o0l (‘conpound 82,

v1sua113313u53@ U)V rafha@nm WwHidotm) on Spectrollne Model ENF—24061/F 254 nm. Further

i, AT i O 05 M S o
acidiResiutién efceyic thiﬁﬁﬁa(eﬁ} Bltodvedtiyiheatide opb @otyplaid- hept enal
(conmpound 84, CAS-No. 238736-71-5), which was

t[O]%ﬁZSf d?lm%ld:htmnétﬁgr-aphy was performed using Merck silica gel 60 with distilled
met h 2,.6- npnadi enoi ¢.. aci
solvegls b “(%ﬁ%% W@?@ﬁy}f’?w& et eapeed Wik h@we prior o use.
arbo ethylid ]tri ane
IR IRESEAZ R Ve bRRE o, o SeliG 1RogjdtEear Fm

SpecitbBE@e Cqul.ud samples were examined as film between NaCl or KBr salt plates.
( 2E, 6E) - 2, 6- di net hyl - 9- phenyl - 2, 6- nonadi en-| -ol 20

[01)41!} OWRt6to8 thucleASniN@netZ3ftéditan 62 {H—I NMByahd @arbohtduclear magnetic
S|Iylchlor|de r sulted in th

d hyl
resonaa?#af’ %)seéﬁ%&%a g performedan a-Pyikes Ay wC&é&Oc?@ and 500
NME Ffec{rgﬁgfekarﬂﬂl%nﬁéal dhitls IQFM@gQMﬁearE hipdetitad ih i€ ro'?"f;arts per

asymmetric i nduction in a clisation process of
milliemh @pm)erhmrrﬁeildwﬁremt Bidhes (3\@)3{16)«'@1&(3:{@ tmthe-signal of chloroform-d (J =

7264 Bt SHIRRPCUGeTeE B € (5 (LB R e  quarte ad

(douElB@oﬁ&@Ib@ét 3)wata@ (H&ﬂﬂet&ﬁ" ddﬁ'bldtsﬁlbﬂ AsubMtE}D ddbe (ﬂ@MétQﬁQioﬁibIets of
npound & 8-di net h (phen yl -nona- 3, 7- di ene

doubiefy o dplatSdi @hleber FleiL (aStblaeT m@det@urhwm@er of protons

0 Ll AR 0l 0 e

Hz. (Ca&b(ﬁh mﬁt)eSaS magﬁetg ﬁe@oﬂafl@em[ieemv ¢ramive) ?maep(:ijntejﬁms d in units of parts
. o) t

per niilony (pP) fappied o BoYSacr () thaasianse e sieal oiphisrgform-d ¢

= 1 carried out
77'§§’|tﬁ legyc% ek qe%m cég?g‘HELéng\éﬁaS?S C 16 hrs

(#1439 : L(ﬁ@%solu@f)ﬂ %’ia@é kSRiru@Nanalysis 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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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 stereochem sty at the nultiple ring
conmpound. Thus it can be concluded that the chirality
§614%) e 30Rdy Ireitdibgeaph andigsis nadsepbridied ol Bakbi M8 APEX X-Ray
stereochem stry with ring fusion carbons bearing both
diffratometétf or mati on. [0137] Fi gure 26A shows the schene of
a cyclisation process using the sane acet al s vvith
reverse chlrallty as depicted in Fig. fA {
| ongeExampial faenerabpyoceuredor nr@aﬂﬁmso polyene 1avit
trimethyl-3,7,11 -tridecatrienyl] -benzene (conpound

E_[01417‘]3/ CFheS@tdc&IUréaﬂ&‘d lf@l[bvﬁﬁﬁ tha Smebd i Me lb(ij,’l leugn Demuth
ns (yie

(Rosajes, 99., et@waé%rgoﬁh%a@f)p 5(>b§1%)7vxb]s70@eT‘? R Aeen-gaech {0 round-

boﬁo@f’ﬂ%ﬁﬁl rafa rgg%t?c m%gnfl%g?ﬁg n@ﬁ?i@h@ﬁ%@% (028 tfiol, 5 mol%) and

dry '[GE;R(ZOsmU) Ohher szﬂlmdmms( ojolmhm (10 18 pnejdtocﬁaﬂdm(m (ﬁf?aé@ﬂl@lb&omlde (5.0
78 C 16 hrs ggl e

mm0§axl1 %IQHSOTIh éfﬁetl% e & lrrwg@rpé PPEPiTE 410 STAiTREe wﬁ dh‘a Girignard
reageﬁgy’ 5 Qndol o A foM OMEF RbRHbn,(VE&] T%é ré&ctiroﬂ/; thﬁr)ture was allowed to

stallisation was performed ( | el
procaeépw emtttanpemu@t fonahothes24 doute me&re @uewhﬁl@mt}z 6&: water 30 mL.
Th tai ned 2- su% h}zg 91 1 3
© B(q&‘S@S B TOBR 9N ? gyl gthery ¢ ¥ 38 by, apd the cqrghingd, organic
extra€ts GRdtY dr2hdd Ivithawhidp -(BetiB)Tetd Brine ABO YBEN @nd @HBO WVES anhydrous

(78a) and (78b) possessed the same stereochenm stry at
sodiugh gulfatg, tiliered aqqq@ncgmwac%n’ﬁ]éﬁ Tegigusd qzqg&e product was purified

by cog.([er}fﬁélgtjto#l\%e gzg:@l a??ﬁf@rdgcﬁ%ﬁ%s? aldu@p products’

D), neV\Ay constructed
tetracyclic rings shared t ane conformation for six
chiral centres. This regul

b consistent with
previous tricyclic s tei. awd verified that the
chiral envi r onnent

tile sjeroid determ ned the
chirality induction. T} ¥ is can be concluded that
the stereochem stry of the cyclisation process of
vari ous conpounds (5) as dep| cted e.g. in Fig. 12Ais

QRS A P s R AR Gy O
ﬁg{;@ﬁé‘fﬁgghﬁ anal S.’zlﬁ?széwl ral HPLC). Fig. 27A shows

e Bt iy 0o S SP RO E 20 L -

6.77, 2138 THY, 061 0, /506 30Kz, BH, 229 It v 74/ SR 28, 2.08 (7 =

e T S
v 9 AL K8l 9 B, ks

123.63y\89.90,536. Y92 30,00 226184 28y74¢ 7.7l 15M09gh pressure |i quid
chr omat ography analysis (chiral HPLC). Fig. 28A shows

HRMSaEnindz pHeulgtied (@S, 465, [MJaS)28.1878 Found: 228.1868
FTIR (NaCl): v 3085, 2923, 1653, 1604, 1496, 1453, 1376, 1108, 1030, 836, 746, 698 cm™!
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1,1, 4a-trinmethyl -1, 2, 3,4, 4a,9, 10, 10a- oct ahydr ophenant h
ren-2-yl)net hanone (conpound 76), which was used as a
reference standard (ratio: 50:50). Fig. 27B shows
t heopti cal active 30 conpognd 76 obtai ned using the
met hod of the present invention. It can again
i mredi ately be spotted that the peak ratio of the
optical conpound is no | ongey 50: 50. 49 EXAMPLES
[0140] The follow ng exanpleg illustrate the
cyclisation process accordiff h O the present
invention. In these exanmyl e gxperiments invol ving
noi sture and/or air ' ¥~ conponents were
performed in oven-drie\ asgware. Conmmercial solvents

and reagents 5 were usgeg—w~hout further purification

with the foll ow ng exc:p%ions: THE was freshly

distilled fron1sodiun1mﬁr§, CH2C12 was freshly
(E)-1-(4,8-Dihledylhorons CatidnylpddsqrbpylbEnz20e (Hs): colatudess bilpsd % yield.

sol vent purification system (PS-400-5, innovative

[02491N 0ROV 1|(Hexdne :HRI(T=@gcBde i so- propanol was used

wi t hout” further purification. Al dehydes were distilled
'H NMR{4D0eMilzj 6PCL)014617. kb ehy 45 S120: (44,7 +£28; 0.99 Hz, 1H), 5.10 (tt, J

- coB LATHOMEN LS, S5 AR OHIE] 4718 gl 30 2

(m, 21%@.81@49.@9@2 OH® | 2)01-91D5 (Bd, 2LHS1.68(§ 3HY] BYRd, 280, UST (g 3H), 1.25
radi ation (254 rim on Spectroline Mde
(d,J 4 206H) F 254 ran. Further visualization was

13 Sj LN it [ ut | 0 i
¢ N3 it SRkl JaPT daS 8 Ll P R ol 1240
123.81,300l 284l 70y33mEa B RY, 26Y7R 2RO, P 20,67.110198 Fl ash
chr omat ography was perforned using Merck silica gel 60
HRMSWED: Aliztalclilaged foil 6,3B) it £70.2848) FoendweX70.28¢pi cal | y
packed as slurry and equilibrated with hexane prior to |
FTIR (]§Br): v P4462P60,7868s B 65 b 140 Wd P &1,r1d 0014648, YH 8821, 576 cm
Shi madzu IR Prestige-21 FT-1R Spectroneter. Liquid
sanpl es were exam ned as fil gmbetween NaCl or KBr salt
pl ates. [0144] Proton nucl eaj magnetic resonance (1H
NMR) and carbon nucl ear magi#ety c resonance (13C NWR)
spectroscopy were perfor a Bruker Advance 300,
400 and 500 20 NWR ggetdrometers. Chemical shifts 1H
NMR spectra are repor|t ed hs |n units of parts per
mllion (ppm downfieN§—£rem Si Me4 (6 0.0) and
relative to the signal |of chloroformd (J = 7.264,
singlet). NUItipIicities1here given as: s (singlet); d
(doublet); t (triplet); q (quartet); dd (doublet of
- hyIn654L3{(70@xehy I U-mbthdeyhdmbie Afl): dolebedsHil, 68t eld.
&) 1-?%313%%? VInGBASTRRYIG U- RETGRBIRLA (ll: corat s): dt s

mgggg% 031 (HekRhELRO J0:{yul tiplets) and etc. The

of protons 25 (n) for a given resonance is

'H NMR%Pau\ﬂdszohi): mgpllilr(gl, |<2®I)§(§.am€s333(rﬁ, e 61106l ds= 6.93, 0.83

J value in Hz. Carbon nucl ear gnetic res ce
Hz, 1Hpett 4t (136 NP @péﬁﬁe(a» 33% di (ffmf T 3702?%5&12}{{13 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)
13c 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 C;3H260 [M]*: 258.1984, Found: 258.1975

FTIR (KBr): v 2962, 2833, 1612, 1512, 1454, 1440, 1300, 1246, 1176, 1039, 821, 734 cm’
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per mllion (ppm downfield fromSi Me4 (d 0.0) and
relative to the signal of chloroformd (J = 77.03,
triplet). ee were determ ned by chiral HPLC anal ysi s.
[ 0145] Low resolution masssgpectrum anal ysis was
performed on Finnigan polaris Q 30 GCM5 XP nmss
spectroneter (Therno El ectron Corporation). High
resol uti on nass spectral analysis (HRVB) was

performed on Finnigan ML 950 nmass spectroneter
(Therno El ectron Corp on). 50 [0146] X-Ray
crystal | ography apallys As perfornmed on Bruker X8
APEX X-Ray di f fff act . Exanple 1: General

procedure for prlgparlati of polyene |la-1f [0147] The
procedure was fo o ™ t he net hod devel oped by Martin
Demuth 5 (Rosaleq, V., et al. J. Og. Chem (2002),

67, 1167-1170). To alMoven-dried 100 nlL round- bottom

E14H gﬁgﬂggﬁﬁ,@gfn{%wgﬁnl 'E%éﬁlﬁg%%%@?ydfﬁgsf i f%’ yield.
S R TR BTN D0 eq ). The sol ution was

g N@xi (&pggg&?:celgcm (5‘7917 51@;(@‘@@13 68%@‘%@" 3t}§|., E?@ {ta.J = 711,116

Hz, 1Hm.5§]13 Thd + éér'dt 136 Hﬂf Ay 2.8%vds 330) 266dt, Vo I@Bpﬂmﬂéﬁdz 37-2.35

(m, 215}, 2118008 G 2 2P p e 362 CrptR RS Jpm ity

bc MR @B | ohEL PRl 6112871 1( 43X 880 18136, 4 h?z4(3390 123.62,

ofgyani ¢ "extract's wet e washed Wt
120.9600)1427d1 1.9 S5(1303 99, 3zixd, 9.99;26)7/13@5&’4{13/2173;&6 03sodi um
sul fate, filtered and concentrat ed in vacuo. The

HRMS €BD duéicatsulagies for GaniibsO WM 2381 198 dFoung: 2381 197A

r th 5
FTIR @g% 2@9@%@% rm%gofgg% f'4789d gﬂzﬁ?%@ﬂggﬁ?ﬁgiﬁwé 747592 o™

colourless oil, 86 %yieldt [0148] Rf. 0.91 (Hexane :
Et20 = 9:1) H NVR( 400 CDC13): 7.30-7.20 (m 5H),
5.21 (tg, J = 7.10, 1.15 IH), 5.11 (tt J = 6.77,
1.38 Hz, 1H), 2.66 74 Hz, 2H), 2.34 (dt, J =
7.74, 7.56 Hz, 2H) 7 J = 20 7.05, 6.55 Hz,
2H), 2.01 (t, J=7 , PH), 1.71(s, 3H), 1.58 (s,
3H), 1.63 (s, 3H) MR(100 MHz, CDCl 3): 142. 45,
135.79, 131.36, 128.H2, 128.24, 125.68. 124. 39,
123.63, 39.76, 36.19, 80.00, 26.74, 25.74, 17.73,

: L z 7 %
(E)-1 %ﬂ%x@é@%ﬁ% -B; 72(5%@1%@ RIS &ﬁ!aﬁ} AR, GiL, 63 % yield.

[0152] Ry 0.91 (Hexane : Et;0 = 9:1)
'H NMR (400 MHz, CDCls): 7.13-7.11 (m, 4H), 5.24 (tq, J = 6.13, 0.99 Hz, 1H), 5.16 (tt, J
= 6.27,1.32 Hz, 1H), 2.65 (t, J = 7.43 Hz, 2H), 2.37 (s, 3H), 2.34-2.31 (m, 2H), 2.14-2.07
(m, 2H), 2.05-2.02 (m, 2H), 1.66 (s, 3H), 1.64 (s, 3H), 1.52 (s, 3H)
BC NMR (100 MHz, CDCls): 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 (ED): m/z calculated for CgHag [M]*: 242.2035, Found: 242.2039

FTIR (KBr): v 2966, 2922, 2654, 1514, 1448, 1375, 806 cm’
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FTIR (NaCl): v 3085, 2923, 1653, 1604, 1496, 1453,
1376, 1108, 1030, 836, 746, 698 cm1l 25 51 1k
(E)-1- (4, 8-D net hyl nona-3, 7-di enyl ) - 4-i sopr opyl benzene
(1k): colourless oil, 62 %yg3eld. [0149] Rf 0.91
(Hexane : Et20 = 9:1) 'H NVR(400 MHz, CDC13):
7.16-7.12 (m 4H), 5.20 (tg, J = 6.93, 0.99 Hz, 1H),
5.10 (tt, J 5 =6.93, 1.48 Hz, 1H), 2.89 (septet, J =
6.93 Hz, 1H), 2.59 (t, J = 7.60 Hz, 2H), 2..32-2.27
(m 2H), 2.10-2.03 (m 2 B4-1.95 (m 2H), 1.69
(s, 3H), 1.61 (s, 3H), s, 3H, 1.25 (d, J =

6.94 Hz, 6H) 13C N 0 , CDC13): 146.17, 139.77,
135. 62, 131.34, 12§ 36, |12 25, 124.39, 123.81,
39.73, 35.72, 33. 71,\3 3/ 26.73, 25.73, 24.10,

17.71, 15.99 10 HRMS |(El): mz cal cul ated for C20H30
[M+: 270.2348, Found: 4#70.2348 FTIR (KBr): v 3446,
2960, 2868, 1716, 1512, 1450, 1381, 1107, 1055, 1018,
(E)-Bal§-Dimetlniionav#, 7-didnyl)-3-methylbenzene (10): colourless oil, 62% yield.
(E)-1-(4, 8-Di net hyl nona- 3, 7-di enyl ) - 4- met hoxybenzene
([e153] cRthBﬂI(Hsmi [Et,(55 9%)yi el d. 15 [0150] Rf 0.91
Hexane : Et20 = 9:1) 'H NWR
4460 M7, @DClsk 7.25- @59611133H§rﬁ{ 05403 (=5n13§{)( 5&4 (tn, < = 6.77,1.20

N R A

(m, 2HY 2.28)2.02 (i, 1212), 2@5%1501 i) 2HY .1072- (2, 316), (165 (213H), 1.6Z Is, 3H)
1.63 (s, 3H), 1.58 (s, 3H) 13C NVR (100 Mz,

bc (EMBL’&}@O MHzsGDAS5.169.421 337.5%, 11370,3831.3R20129633, 128.16, 126.44,

7

125,35 13831, 575 39,2775 14703 2680 ek o s 12

RMER I GB8HR 258. 1975
T{%}{(ﬁ%gﬂcﬁg{eg%z gg%% %ﬁ%%fégg&dlgggﬁgﬁm

FTIRLEO®Y): 1295, 18086484,0R9, 18317818 em™ 1 52 1m
(E)-1-(4, 8- Di net hyl nona- 3, 7-di enyl ) - 3- net hoxybenzene
(1m: colourless oil, 65%yi eld. 5 [0151] R: 0.91
(Hexane : Et20 = 9:1) 'H NWR (400 MHz, CDC13):
7.25-7.15 (m IH), 6.84-6.77 (m g3H), 5.23 (tqg, J =
7.11, 1.16 Hz, IH, 5.13 (¢ = 6.74, 1.15 Hz, 1H),
3.83 (s, 3H), 2.66 (t, Hz, 2H), 2.37-2.35

Preparation of polyene 41, (E)-9-(3-bromophenyl)-2,6-dimethyl-2,6-nonadienyl]-1-oxy-
(tert.-butyl)diphenyl-silane
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(m 2H), 2.13-2.08 (m 2H), 2.04-2.00 (m 2H), 1.72
(s, 3H), 1.64 (s, 3H), 1.60 (s, 3H 13C NWR (100 Mz,
CDC13): 159.60, 144.11, 135.80, 131.36, 129.19,
124.39, 123.62, 10 120.96,54114.27, 110.97, 55.12,
39.76, 36.22, 29.90, 26.77, 25.74, 17.73, 16.03 HRVB
(El): mz calculated for C18H260 [ M +: 258. 1984,

nd: 25&#75,@3,@% v 29302833,

9, 145414363172 1045 6
QAc (Inﬂnd%z@é"@ié&’ Of\ BEyL) - 4- mEtyH Benzene
L,; col qyd ess oil, ﬁwﬁbf’ d. Y.e[a%dé%152] Byfeidpdl
ne : Et20 = 9:1) 1H 0G, mste

7.13-7.11 (m 4H), 5.24 (tq, J = 99 Hz, 1H),
5.16 (tt, J = 6.27,1.32 Hz, 1H), 265 (t, J = 7.43
Hz, 2H), 2.37 (s, 3H), 2.34-2.31(m 2H, 2.14-2.07
m 2H), p@r QFey 02 (M 2H), 56 {s, 3H), 1.64 (s, Br

. 1 eRolme- T pisC NE

'3'9‘—7"7‘"35. 77, Q0 R6. 77,
%ﬁéﬁs 16. 03 HRI\/IS (El): >~CarsyPat edleORITHEL8HX
. 282. Found ADTBOPS FTI Rt b¥&hight vV 2 66TBDPS
2922, 2654 W48, 1375, 806 cm Vhielgb87de 10
(E)-1-(88-D ﬁ ifona- 3(I@|dd?i1é/hyl) 3- net hyl benzene
(10): col ourl ess oi |, 62%gizétdps [0153] Rf. 0.91
(Hexane : Et20 = 9: 1) 5 '"H NWVR (400 MHz, CDC13):

) A 15 88 St i
togetier 6&itht imidazold . (5.15 hitnol2H).5 €9) 3t fodm Iédhperatusds - 2r3utyl-diphenyl-
silylcﬁdgl’ridéta‘BD%Ség (]( 2 rmgéxg,n 1 2% F%‘wa‘% a(?d§§0V151 gépnﬁét%é%é“ h%f]}gaction was

allowe®%d Drocdd2fot 24 hddrs Bofork3 ezlghlné%ﬂl%q”atéizgﬂ%gaqueous layer was
128.1 126. 44, 125.50, 1 123.76, 39.77, 36.14,

extraged O@th dddhl@ometBng 6, x 39 i), a11d7th¢4:ombeled @rg@lm0(s Prére washed

a fo 242. 2035, Eound:
with Sr 635) B¢ e e Bl s Ay s g filired and
concehBrited 60 8qewp. ThBrresi@BlORRe(fdduct was purified by column chromatography
to afford the desired product.

128. 3QaH 43,

[0155] The product was subject to MeOH and excess K,CO5. 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-terf-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, PBr3 (1.0 mmol, 1.0 eq) was added via syringe. The reaction was
quenched by pouring reaction mixture into NaHCO; saturated aqueous solution. The aqueous
layer was extracted with Et;O (2 x 30 mL), and the combined organic extracts were washed
with water (30 mL) and brine (30 mL) and dried over anhydrous sodium sulfate, filtered and

concentrated in vacuo. The residual crude product was purified by column chromatography
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Preparation of polyene 41,
(E)-9-(3-bronophenyl) -2, 6-di net hyl -2, 6- nonadi enyl]-1-0
xy- (tert: butyl)di phenyl-silane 54 YTBDPSCI 1.2 eq
K2CO3 OH QOAc Imda eq I LOsc MeOH OH THE OTBDPS
Yield: 50 % OTBDPS over 2 steps 1. PBr3 1.0 eq Br Br
to affhtd2e 0€sired brdnide prégueRO2Ph 1L - DPS McOHI T McOH THF
2. OIBDPS rt overnight OIBDPS Br S0213h Yield: 71/
Yo7yl 18%0&@@1@1eﬁy1§nm$11ﬁaﬂﬁﬂien8cdea)1 SyahicIx y.50&y) avasl dissolved
acet at e nmol was di ssol ved in THE

in THEgaether wvw @ﬁxmmﬁthbdﬁlw%h?r@@%wma Hmapgl, 20 gqpand the solution

was #E@g%at?%“’@ b{rlmg lﬂlﬂ%ﬁ‘%ﬂn %’B&ggﬁg%‘ag dd 5/# gﬁié ghgel 0 mmol, 2.0 eq)
was added nge.dry r@nngachﬁe]n 2@/amuﬁltal Itloeng2E, 6 B)- B{(Mﬂelﬁﬂylﬂmheﬁﬂsﬂyloxy)

hours hef or Chl vvater Teaueouslae o
geranip broraide sty B N erqosd R GYiRge Lot °C. The
reactlbﬁ' QN&%%W@@ do %I‘(Qfé@d @2 %ﬁfsat%&evlﬁ{eﬁcﬁi‘ﬁgc' Qed N, @Psa‘ﬁ@'ﬁf%ﬂ aqueous

and brine (30 nL) dried over anhy rous

solutlsndThenaguwuat layerf whs @K‘@@bt@h dv1thc dichlomomethant (% *v3@uvl), and the

combiihf G PR Yo BrR e auEh anELpRlinfet thme) and arie

over hﬂ@&uﬂﬁﬁhﬂhoﬂﬂﬁte Ve Sersd! lﬂh&cdonbﬁltﬁffﬂ"uﬁ@ﬁczﬁﬁ(cﬁﬁﬁremdual crude
After 24 hours reaction room tenperat ur

product wgg spugifier che golyma ehypmgtageanhy tonfénrécfh@dlﬁglmdamduwa@) ~9-(3-

e e T

silanayL) and brine (30 nL) and dried over anhydrous sodi um
sulfate, filtered and concentrated in vacuo. The
[(Hsa’S]:IuHhe mbtaﬁeedpm%met(l\ﬂaﬁnmurl 0icgyl wag chs:slolmﬁ 111 THF and MeOH

solutl R gg:ggltg (% ITB)E‘%, %% f2fOOerq v&alg %dge%sellt r0(:""(23 éi’lhf: reactlon was allowed to
procegd 5 'hBUIIg %‘éﬁ:lre Qhéiﬁﬁ%wﬁi LileMredqleslis %éi‘)(n}as Zx@acted with diethyl

oct adi en- The obtai ned al co 0 nmmmol ,

ether (2 & @mm@dah@ g@nb@dd orgagiceaxnarte (hase waEnezlomﬂa meatend30 mL) and
brine ggt? rnﬁé anﬁ#eg ove %&aﬁgﬁugsw SLﬁfaQe, ?@ere\ﬁaaﬁldac%gg&t%'te% in vacuo.

reac
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-(fert.-
butyl)diphenyldimethyl-silane

[0159] The synthesis route used in this example is shown schematically in Fig. 24
(see the appended figures). Hydrocinnamaldehyde (5.0 mmol, 1.0 eq, compound 81} in THF
solution was subject to prop-l-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

guenched by pouring reaction m xture into NaHCO3
saturated aqueous sol ution. The aqueous 20 | ayer was
extracted with Et20 (2 x 30 nmL), and the conbi ned
organi c extracts were washggd with water (30 nlL) and
brine (30 nmL) and dried over anhydrous sodi um sul f ate,

combihéd be¥afid exfidcts e nblicl ®ith iwatataB0anL)lae]l brixsd B0ahL), dried over
crude_product was purified by colum chromatograph

55
anhydf%ls spdismepulfpte, Hiteed apd pensandted rowsHe- Thegesigy eride product was

f 5
sl S O 9 OAEADILA AU A0k
6260 neT iy bipthimsd Ram etiyld &-phefiyPA - péitétrivol (5. Qn@nelq)l (ae) compound
52 v S P Gty AR Hot Pt g g
amourﬁd&egr }Sicﬁhéj %Uldsw @Bl ADLIR edQatdol @Smpdri\8re. The mixture was
-(tert- utyldlphenyIS|Ionxy) ger anyl

reﬂuxbd ot b °€ dor A hanisf whareaftarHEYOTS ovagtdigiiledendT Goterpagtion mixture.

he G4l Sf®ipupdits S aniien R e Bas BPAY A6 B RERRCoesied

produ&@ki¢t 8. The aqueous Iayer vvas extract ed with
di chl oronet hane (2 x conbi ned organic

[8%6Ha - %@P@Wﬁﬂsﬁé@wlvﬁ hwtwc‘eamql 3@1yw§teraﬁs:anwpv% 3,350 mmol,
1.0 eqfw%sa@igs %’édglq e ?ﬁd @Hgé@ﬁ%ﬁ t5 OF o Sl Ilenl hydride

concentrated 1 n vacuo. e resi

(D1B Adt-1j U X Mhimsheprane, f3i. (ﬁadmml téleqmwast'addadibggmaphyf tuary syringe. The
afford. the deS|re

reactigfy Wah P ;go?ﬂefg rfgq &Jﬁ Bﬁ?ﬁ%‘)@ qéeﬂgh%tq%’ﬁddﬁ‘lg MeOH at -78 °C.
A sam[§at9(? E?Qbﬁ@ydlﬂlﬁ&r SPP6rdskifht soﬂhﬂﬁ Ydrl)rﬁb m@ ﬁ?idle’d ﬁﬁ'vﬂﬁﬁed up to room

The obtai ned sul f one .0 nmol 0 eq
tempethitere dﬂ)/ é”dhelaququﬁglmdwme}tracl@ \mh dtf:hl@rpmwh 2(>23)0 mL), and the

combifEd S iRty wdre Bl 16, SRE CiEhntd iy PR, CR3E Rl arca
over Hhﬂiﬁ!&foug, ;d@ﬁul%g u;ﬁll?lﬁ |ﬁ&t§ﬁaﬂhmﬁ cﬁ%&eﬂ&gﬁeé dinwbddiro diThE Whldud crude

et her X m. and t he conbl pe or ani tra
produgieyas nugidied by splumin ehrematogrgphy jo affprd thy f‘ﬁ’éﬂf B@ﬁﬁﬂ)ﬁ%ﬁa&e 84.

d 18

e TS PR S RO TR ptcred FQRERUAET, 2.0 ol
1.0 eqpwas friirell togetber with yide (@ rogrlapAsaitio THH. dvfter réfluxing for 4 hours,
the scg?eeg%gﬂeagt {t%??vgt? %%gq%tg%%o’ﬁgeg remdu(af1 c}ude pr0§uct (was) purified by column

chrom(a@gr phenyifodd GEY2IEEMEthE-Splivaphoicaitnbdicdoioxycid tiagthyl ester
gm{ gdl phenyl di met hyl -si l ane [0159] The synthesis
(compopid 85lsed in this exanple is shown schematically in

lﬁ; r]o gﬁsﬁtﬁéﬁ% M&e %&? S %15399/8& "ﬁ??oluene and ¢ 801§c11 down to -78
°C. Dil$dbutylaluminium hydnde (DIBAL -H,1.0 M in hexane, 4.0 mmol 2.0 eq) was added
by means of a dry syringe. The reaction was warmed upto room temperature and allowed to
proceed for 12 hours before quenching by adding methanol at room temperature. Saturated
potassium sodium tartrate aqueous solution was added and the mixture stirred for 1 hour. The
aqueous layer was extracted with dichloromethane (2 x 30 mL), and the combined organic
extracts were washed with water (30 mL) and brine (30 mL) and dried over anhydrous
sodium sulfate, filtered and concentrated in vacuo. The residual crude product was purified
by column chromatography to afford the desired product alcohol 86.

[0164] (2E,6E)-2,6-dimethyl-9-phenyl-2,6-nonadien-1-o0l (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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sol ution was subject to prop- |-en-2-ylmagnesi um

bromde (7.5 mol, 1.5 eq) in THE solution at 0 C
The reaction was allowed to proceed 12 hours before
guenching by pouring into gater. The aqueous | ayer
was extracted with dichloronmethane (2 x 30 nL), and

(tert. tﬁl&yl&ﬁmeﬂ'@'ﬂ’@ilﬂeﬁbﬂd@ {MBSCEXLY aatdl, War &) Washidedvi THe reaction was
water (30 pL) and brine (30 nL dried over anhydr ous

allovgdytq, pfasged é@re 24 thquee .b@@rea e Withayair Bhe agipus layer was
extra-gﬁérﬁ a{r%glts%lgj}iap ngétftﬂ%l% a(? : ooﬂjéﬁt?ivﬁg éhstalO ﬂnﬁj 1{@3&]18 g%ﬂﬂﬁs yere washed
with mamh(ﬁ@ ndd). an[i(b]:ﬁ‘n@](?:l]’ i) alod driné dver anhydrous sodium sulfate, filtered and
ent n- 3-.0 5.0 l, 1.0 e
coneBFRs a2 g0 Tl g BN VE Ruthe hhcolmB gmatography
to OhffhRPCe(BL®pheirld 6fﬂli?1lethyy2 @ n%ﬁﬁd@ﬂﬂ] P—%k?—l(béhi.-ﬁutyﬂﬁﬁl‘i@ﬁyl-sﬂane
of proplonlc aC|d . oom
(compewpb4Bt ure. The n1xture mas refluxed at 150 C for 12
hours, whereafter EtOH was distilled off fromreaction
nixture. The residual crude product was purified by
col um cRreparatign ap E)-1.d1-dimethyl-6/18-diskecadien-2gymeduct
ester 83. 10 [0161] (E)-4-nethyl-7-phenyl -4-heptenoic
acid ethyl ester (conpound 83, 2.0 I, 1.0 eq.) was

af JOeq

|sobuuyl um nByh?
xan P mol, 1.5 eq. mas adde¢l b dr
3@. The q ) yTHEggﬁ??%r 1

r eﬁﬁ?leCzno ¥@S ! Q PYRfE
ours befor uenching-by a OHTst -/8 C.. A
sat ur at ed aqueous solu?lon f Ypot assi um sodi um
tartrate was addé@lda¥de war med yp to room 15 32

tenperature (rt). The aqueous Tayer was extracted with
C[M:ﬁﬂ]orp)t”tmhd‘laﬂﬁm@Egemﬁﬁl 0] maol] Lheq) andibeRadethylghssphoramide

h 3
(HMﬁffg ( %ﬁ%ﬁ@ﬁﬁeﬁ eq \)@frre é‘vigﬁ%lerr: a@%&qﬂ&rﬁ%fﬂdﬂatﬁgr H‘ ﬁpélr &ﬁ mmol,
2.0 e@Nea€ AEANS BRH1 bfon¥ids @2 sl Q@Sécg Ws tﬁédiaﬂﬁed B?%’ééﬁ‘sf of a dry

was purified by colum chromatography to af
Syrm@es The degntiod uwas alldwb@ de 8dceefl 012 Houshbefotst auwmhmg with NH4Cl

a5 Bl PRE s 58! PP aofiie =

mL ), the Corfligigd bfgaﬂd%xtréétb Sferd WhiHed ivwigh Water BONAUY Sad biide(30 mL)
sol vent was renoved i n vacuo. The residual crude

@F@d@ﬂ‘ﬁr apBxdrguy pediae %llyfat?o filired andr mgeriERtebityvacyo. The residual
cmde;‘ré{oggﬁ %pu?-lﬁ@? ﬁg %‘3&%‘ h%qgflﬁ%%%% 63@%9@ 8%9%&%1%841&.

g o S P A OB PR P! ol
1.0 ely) was Hszane] idTHF rd MeQH @omq))nvﬁsfﬂgc{ﬁécmolﬁy Orﬁemnml ,05.0 eq) was

scdefo Sl Vs crL B b B BB TG Eoeping vith water The

aqueB&S Rer GHSN&RhAB RiinAdiing é@fﬁ%"@nfab(ﬁhﬂ)oﬁﬁﬁ the combined organic
tenpérature. Saturated
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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pot assi um sodiumtartrate aqueous sol ution was added
and the mxture stirred for 1 hour. The aqueous | ayer
was extracted with dichloromethane (2 x 30 nL), and
t he conbi ned organic 30 exggacts were washed with
water (30 nmL) and brine (30 nL) and dried over
(Noyosin Ry,cbt @l sTereh@drom ISl (1386) 21,1 1362838 pad modidied &maﬁc&’cﬂeveloped
in vacug. The residual crude product was purifie

by MesSki RudreRPORTapi GoHaKRBNG. Phe -Geor dahep a0 68, 3415-
3415) agﬁﬁ’%]%ycﬁg aceg{ﬁl\%s] §}fnthe51s as foﬂlowmg To a sglutmnl of ]i’hCHO (1.0 mmol

I met h heny nonadi en
1.0 eq()cion(iidi(Pigl (BHL) Wad adﬁod (TM$O0:Re ().0 wasold it dsex. v dtheirsactib mixture

was co@fiE Lo & bhot B BRPrea YR OTERb DA gisel Bl Rizsection was

auowe(dT%Sf;rl)ceéd Pl m@bc fbr SvaEichNBsoRd qaéhchiﬁgewitﬁ%&id% (QaﬁlL) The

| owed to proceed for 24 hours before uenc |ng
mlxtumaweer diluthd vaduedafsl () el hweeshed wittaweted (39 vk} an brme (20 mL),

e ol DLt SHARRALRC) AP g PRI URGF FrORS Sy erce
produdilyyasaiueifidd b dlasty eslumn lwﬁbhmu@grﬁ i torfford fhetdesirddi debatsed
and 5 concentrated in vacuo. The residual crude

[mufesju gzo-m&lymmfég‘nuaen@yo@qicm (63l eBt ® & FighdB, dotnpound (10) in
artor
Fig. 12401 §igyH@hpereprepatedrating thesamerpsiberd wsigg 3 0§or9sl?>ypreg%ﬂtene-20&-

i AR 7L MG TMRLR o 4 ot

reagems. + BuLi 2.0 e TS | THE MOH rt  HWPA 2.0 eq
TSYi el d: 80% Br THE-78C Y|eId.55@681 32 10 [0165]
p-t ol uol sul fonyl -geraniol (0.1 nmol, 1.0 eq) and
hexanet hyl phosphor am de MPA, 0.2 mol, 2.0 eq) were
di ssolved in THE and g ed to -78 C. BuLi (0.2 mol,
2.0 eq) was added. ut YWyl bromde (0.2 nmol, 2.0
eq) was then addib meags of a dry syringe. The
reaction was allowed % roceed 12 hours before
guenching with NHACL satyrated aqueous sol ution. The
aqueous | ayer was extract & with di chl or onet hane (2 x
30 15 nlL), and the conbi ned organic extracts were

(45, 6853 e DimktHyl-2eitrnyl-83-dibyamen dolbuilese diBO0OMA yieldaind dri ed
over anhydrous sodiumsulfate, filtered and
- [0a6lenRy: ot6ddHeraneadithyl Adeeate egh ljual crude pr oduct was
purified by colum chromato aPBg to afford t

'H NMBJ#0@ MHiz, sach): 1 0186P (m, 2 P 347.20 m, 38, 5. 9 %, 1H), 4.48 (¢, J
= 6.7%?1_—1%?%1#}2 (42% {dgg,}’.{— r}ﬁ%&fs,z 60b; J4Te 8 1 39-88eF2dk®a; £1 %5, 6.06

Hz, 1H), 1.49 (d, J = 6.99 Hz, 3H), 1.48 (ddd, J = 13.58, 2.44, 1.04 Hz,1H), 1.27 (d, J = 6.18
Hz, 3H)

3¢ NMR (100 MHz, CDCLy): 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 C12H1s0; [M]": 192.1150, Found: 192.1137

FTIR (KBr): v 2976, 1071, 1456, 1377, 1132, 650 cm'!

-0
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20

1.0 eq) was dissolved in THE and MeOH sol ution. Na/Hg
(20 mol % 0.3 mmol, 3.0 eq) was 20 added. The
reaction was allowed to proceed 12 hours before
guenchi ng vvith wat er. The ggueous | ayer was extracted
eth t her 30 m_) and the conbi ned
Z'Phe’éflggﬁr WZ’@?@W&%@ led with water (30 ni) and
brine (30 nL) and dried over anhydrous sodium

[pufdlatR: 0k |(Hexad : Bigy] caprpentuahed in vacuo. The
resi dual crude product was purified by colum

'H NMRr(d6@ Mgz, aBB¢ L 07.64-T041d (hhBHY 6555 &l 1,042 (ddRY = 11.81, 5.02,

124 B B0 2T Ao hia L B B0CD 2R S R (B TR S o
U NYR/GOORAL BH @) WY 33108, (¥9XRII5, 8, 10600 Bei06, 25.20

HRMSERI wz@%@ﬂa%qgrc i ki 149083naFauridKus4 g, M, &
STH;EZnata , R d’%ﬁ[g«% (2003)° 68, 3413- 3415).

FTIR QRaClxl v GW:]I |3®6a,cm36 29675 289ht S| $64% 16084, IBMSNY238Td 1647, 1011,
sol utjion of PhCHO (1.0 mmol 1.0 eq.) in CH2C12 (5 nl)

749, 6%§madded (TMBO 2R (1.0 mml, 1.0 eq.). The reaction
m xture 5 was cooled to -78 C prior to addition of
TVSOTf (0.05 mml, 0.05 eq.). The reaction was
allowed to proceed at .78 C for overnight before

guenching with péﬁld ne 2 m.). The m xture was
diluted with CH2 , washed with water (20 ni)

and brine (20 nL), dr| ed over anhydrous Na2SO4i
filtered and .co centra %g cuo. The residual crude
2*“%?’0’(1@64‘%\%@“%&0 qurlesf ‘B[] "8 ol utm chromat ogr aphy to

]é);ﬁ':a?l?(ty %ﬂ’g & red taI gt%???]e. g. entry 6 in
g Nh!fkg4002 zceﬁ?ﬁéj“ﬂ gé 17% lﬁfest}@lég:ss%s’—ﬁfﬂu.'fb%.oé&ﬁ Mey e

pare using™t sane
Bc NI3IR0(>190 U3z eEOR):43¢188; 29603, 428, Q@xmscb@hwpsi @3ound
ai so enpl oyi ng TVSOCH2CH2CH2OTMS and TVBOTE  as

HRMS @gemzsealcﬂateﬁffer €§H16D;; ] 450.068), Féund: 150.0662

6-Di neth hen 3-di oxane: colourless oil, 90 %
FTIR (Naslly v 3({ 6, 3§ 5@2%613 2PROARB7 16&8%7,@1@731245 158y 734 em™

1IH NWR (400 MHz, CDCl3): 7.51-7.49 (m 2H), 7.38-7.29

(m 3H), 5.83(s, 1H), 4.48 (g, J = 6.78 Hz, 1H),

4.20 (dgd, J= 11.98, 6.00, 2.41 Hz, 1H), 1.99 (ddd, J=

13. 24, 11.85, 6.06 , IH, 1.49 (d, J= 6.99 Hz, 3H),
1.48 (ddd, J= 13.58\ 2.44, 1.04 Hz, 1H), 1.27 (d, J=
6. 18 o)
Ph—<
()

~

(Diisopropoxymethyl)benzene: colourless oil, 90 % yield.

[0172] Ry 0.64 (Hexane : Ethyl Acetate = 4:1)
'H NMR (400 MHz, CDCls): 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)
3¢ NMR (100 MHz, CDCl3): 140.34, 128.04, 127.95, 126.61, 99.14, 67.67, 22.96, 22.38
HRMS (EI): m/z calculated for Ci3H00; [M]*: 208.1463, Found: 191.0864
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20 Hz, 3H) 13C NWR (100 MHz, CDC13): 139.18, 128.65,
128.28, 126.24, 94.06, 68.67, 69.11, 36.77, 21.96,
17.24 HRMS (EI): mz calculated for CL2H1602 [M +:
192. 1150, Found: 192.1137 68TIR (KBr): v 2976, 1071,
1456, 1377, 1132, 650 cm-1 OD 25 Ph-{ 59
FTIR @N&1Eny308D, 3066050360863, 826,288 1i6d8, 190% Wise| t243[ 009207734 cm™
Rf 0.64 (Hexane : Ethyl Acetate= 4:1) 'H NWR (400 MHz,
CDC13): 7.64-7.41 (m 5H), 5.55 (s, IH), 4.27 (ddd, J=
11.81, 5.02, 1.24 Hz, 2H), 3.99 (td, J= 12.32, 2.24
Hz, 2H), 2.29-2.15 (m , 1.40-1.33 (m 1H) 5 13C
NVR (100 MHz, CDC13)P—138.52, 128.11, 127.58, 125.55,
100. 90, 66. 66, 35.—% HRVS (El): mlz cal cul ated for
CloH1202 [M +: 164. Found: 164.0825 FTIR (Nad):
v 3091, 3067, 3036, 296X, 2853, 1653, 1646, 1634,
1378, 1238, 1107, 1011, 749, 698 cm1 QA Ph- 10
(Dietlidxphethyhbnzéred calnudl @ enil, 80 %6 ureldss oil, 95 % yi el d.
[0171] R . 0.64 (Hexane : Ethyl Acetate= 4:1) 'H NWR
(0273 MR 0.68BE83ne :Eﬁﬁ-ﬁoemefml)&—l) 5 88 (s 1H)
| 4.19-4,.04 &r&@ 13C NWVR (100
H NMBd49EMHz ) 1587 B8 (mo3s3; 396%361111 ﬁﬁ)vé %55659 1H}ﬂ3z66 (dg, J

- 966 3 BHRARAS GG 5008 BT 20 B "33 e, -
Be N800 0811z, dBET): 13843, 12097,127 34, 161871 10026)%0.651 4. 90

(Di 1 sopropoxynet hyl ) benzene: col ourless oil, 90 %
HRMY () tm/z[calkvRtedRbr Q4 16146(DJ-IMHn &80.1 Emijbunf&: agal &58: 4 1)

20 1H NWMR (400 MHz, CDC13): 7.53-7. )—%7 (2
FTIR {NpCl)e,vgaSS( %963033329@ 8|L|zl652H)1646 114@,,( 1 135461 9%, 1114,
1054’%9’7@4)&111 20 (d, J 6.27 Hz, 6H)

ot
Ph—<
"\=
(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, J = 17.27, 1.61 Hz, 2H), 5.20 (dq, J = 10.04, 1.21 Hz, 2H), 4.09 (dt, J
=5.62, 1.61 Hz, 4H)

13C NMR (100 MHz, CDCls): 138.35, 134.44, 128.33, 128.10, 126.64, 116.59, 100.32, 66.01
HRMS (EI): m/z calculated for C;3H,50, [M]*: 204.1150, Found: 204.1092

FTIR (NaCl): v 3081, 3067, 3032, 2984, 2915, 2867, 1647, 1451, 1338, 1043, 922, 754, 709

cm’!
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13C NVR (100 MHz, CDC13): 140.34, 128.04, 127.95,

126. 61, 99.14, 67.67, 22.96, 22.38 HRMS (El): niz

cal cul ated for C13H2002 [M +: 208.1463, Found:

191. 0864 60 FTIR (Nad): 413089, 3066, 3035, 2963,
2926, 2887, 1648,1637, 1457, 1243, 1094, 734 cm [/ O/
Ph---( O\ (D ethoxynethyl)benzene: colourless oil,

80 % te=
2,3 $pAGa H ha SoaRB e i

7.39-7.30 , 5.55 (s, 1H), 3.66 (dq, J
#1335 Hn alt F.Bses, thegipta of majpr Gwmey 2y rﬁzortegi_f}‘ he g_angg)f isomers

wes il b@%ﬁ@?ﬁ”&?@%ﬁ‘%@?ﬁ&%@%@ T ED R

z calculated for Cl11H1602 180. 1150,
180. 1858 FTIR (Nad ): D64, 3033,
6BEhCHER ), 185 eq$71
49—'#94—em4_—|3h

xla &, H Ethyl Acetati¢g=4: 1)
7.55-7.3@)(m 5RO 5.97 (3)

4
15 1HN 7%% Q
(ddt , 6144 562Hz 2H) 5.67 (s, 1 H,

5%134(dq, J = 17.27, 1.61 He, . 5.20 (dg, J ¢3)
04, 1.21 Hz, 2H). 4.09 (dt, :562 1.61 Mz, 4H)

@gﬁl’fwﬁ% gal%)%étMﬁz%f gl?%éi i %%m%ﬁq d% %%?;;Ef?m%was added
acetalo@l 3cuinatl,e2l0feny) @reemgﬁmp[empme ﬁo’.bélscﬂmﬁm wEs;umied to ~78°C prior to
BN NT g LA O I i

78°C fok 30 minkicdHefde g uer@ﬁﬂx%f@ﬂth PAteREeAUNEICO) agydhs Satlie(S mL).The
In all cases, onI y the data of

reaction a-2f) [017
mixtupeyas gra@m&brwmeé up p Bt temprrAute s avas plLp wegior irreg fer another

1 houf:I e'Ith% Sébleug l&é w%gle ?&rvgféltl @f—l.g@ 25?1 C?chﬁfig%%@ '.ﬂ%eeceo(ar.ﬂsmed organic

layer ﬁmﬁlwﬂashéﬁ viggwiteP2(PmL), brine (20 mL) and dried over anhydrous Na;SOs,

filtered and concentrated in vacuo. The residual crude product was purified by flash column

chromatography.

(25,4a8,10a8)-2-(Methoxy(phenyl)methyl)-1,1,4a-trimethyl-1,2,3,4,42,9,10,10a-
octahydrophenanthrene (2a): colourless oil, 87 % yield. Diastercoisomer ratio 2a:2a’ =
84:16, isomer ratio’ 2a:3a = 88:12.

[0177] Ry 0.73 (Hexane : EL,O =9:1)
Major isomer:
'H NMR (400 MHz, CDCl3): 7.38-7.01 (m, 9H), 4.50 (s, 1H), 3.26 (s, 3H), 2.97 (ddd, J =

17.07, 6.63, 1.81 Hz, 1H), 2.84 (ddd, J = 17.47,11.24, 6.83 Hz, 1H), 2.27 (dt, / = 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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CH2ClI2 (0.05 M ROHH (+) ROH(+) -78 C, 1/2 h ~1)
(2) (3) 5 [0176] To a solution of alkene 1 (0.1 mmol,
1.0 eq.) in CHRC12 (2 nL) was added acetal (0.3 nmmol,
2.0 eq.) at roomtenperaturg2 The sol ution was cool ed
to -78C prior to addition of SnCl4 (1.0 Min CH2C12,
(m, THR 1/38+1.21 GuetH), 1.2Dhe. 25 ¢Re LHRMN . 2%8&, 31, 0Vids,3H)S 1108 (§B3H)
- 78C for 30 mnutes before quenching with saturated
Bc mcqsoacwgu@mawmrssgmwp TB\@OS,nﬂ?(& 2,e1288bl, 126.52, 126,19,

125870430, 1dSE R eBe 85, SE00MRE 8871 el M Tk 0B tpso. 2480,

19.55,aer9, weg4extracted with CH2C12 (3 x 20 ni), and the
conbi ned organic | ayer was washed with water (20 ni),

HRMS (BR: ¢2@akchlatedrfdr G5siesD £M¢r 4R RY5R, dlosndi3A8452
filtered and concentrated in vacuo. The residual crude

FTIR:(Nafelbtv wae61ndp28,i1602,0489) LASH, Ll 7uhhl0, d A$b AT BGH8pHIR cm™
Ph en OWw 2a 15

(2S, 4aS, | aS) - 2- (Met hoxy(pheny&net hyl )-1, 1, 4a-trimeth
yl-1,2,3,4,4a, 9, 10, 10a- octgh jhenant hrene (2a):
24T eoi soner ratio

colourless oil, 87 %yig
Ja: 3a = 88:12. [0177] R

2a:2a' = 84:16, isoner
f 0.73 (Hexane : BE»Q0 ) or isomer: 20 1H NMR

(400 MHz, CDC13): 7.%8-& Rif , 4.50 (s, 1H),
326(5 3H), 2.97 (e 17.07, 6.63, 1.81 Hz,
.84 (ddd, J = 17.2B, 11.24, 6.83 Hz, 1H), 2.27

e

octaliydi@pheiintbPene( (2b):1¢dlqurles8 3eil,. WY yieldl H)igstdre@Sertcr2ftio 2b:2b° =

S8 1RSI IRDEI3 140, 65, 143, 44, 135, 05, 128, 12,
A R0 Wlewiior F) =460 28, 71, 37,99, 37, 31,

Muilafi; 30, 35, 21 80, (1955, 18 19, 16,28 S (E1).

TH NMR. (366 2154 | EDCNRG 30-6928@0 019432 (@,6&2) 31}58(9111 J454.04, 7.03 Hz,
1H),1332717 ((dq1,119~ 8. E:;Ls? 864 98 :IL-IOz721H), §1§7 :?E) J —m16 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), 112 Gs,
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 CosH30 [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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=s HH OEt 2b
(2S, 4aS, 1 GaS) - 2- (Et hoxy(phenyl )nethyl )-1, 1, 4a-tri net hy
l-1,2,3,4,4a,9, 10, 10a- oct ahydrophenant hrene (2b):
colourless oil, 90 %yvyiel dg3Di astereoi soner ratio
2b: 2b" 10 88:12, isoner ratio5 2b:3b = 86: 14.
28, 4@1]173‘51—%@]@1&@@1&&»@&&thy1ﬁ&21@ a—t&n&ﬂlyl-ll/ﬂj,m,%,sglﬂam‘a- 1H
400 WHz, CDC13 1H)
octa gdlg)g H%Pthyen.e @cb4co e,ur s |_91 84} yleﬁ Eglaﬁtalﬁmsgmer gatg)SZc 2¢’ =
83: 17613%6111%&051@%293@ (dd, J = 16.85, 5.85 Hz, 1H), 2.76
= 15 18.710, 11.34, 7.26 Hz, 1H), 2.18 (dt, J

6 (dd, J = 13.98, 3.44 Hz,

#] ﬁéga?g@k%“ %1_%08(?%3 55 Hz, 1H, ), 1.68 (qd, J
Majorjlgorﬂ& 6.41 Hz, 1.50-1.48 (m 1H). 1.21 (dd, J
12.03, 1.72 He, 1H) 1.13-1.11 (m 2H), 1.15 (s, 3H),

' NNIR1@0( MHB,H)JDC];) 1229-%6.91 @hi) 9HD 5% (t&d, J3H)1 7130 ONVR S(200Hz, 1H),

521 (o 38710957282 155 poddae = 1030835 15 T 4 solopth 3 850

_ 7;5 _
= 12. §34 556& 155) 1%%, 1}'1")1 3% (daﬁ.f 1237§ @@9 3&7%@1 1%@6&& J =16.84,

5.85 w lejalZ a6i(dddef =Fd7 5@25}4341,07 @M{z 15522 E%(KID,,JIEOM 269 Hz, 1H),

192-BES . A Bk Ty sl 18ddusadoni2 Asp2 HamD: oea. s -

12.15 é%%:?mlﬁ@ﬁa 150731 (A59H), 132 (s/23), 171425, 3H); 0.93%s,Rr)H H
ly 2c
PC NMZB, 466, MBaS)CIXCIEAl 1491 85x VAR I8N B 181 hi§5.P5,1128.2%- 128.081126.54,

s 22 A 3 AR 050, 3725

3104231)?602437 BB54 78 4050y ratio 5 2c:3c = 97:3. [0179]
73 (Hexane : Et20 = 9:1)

HRMS (EI) miz calculated for Cy7H3,0 [M] 374.2610, Found: 374.2608

FTIR (NaCl): v 3097, 3083, 3061, 3023, 2963, 2945, 2913, 2872, 2836, 1646, 1602, 1490,
1449, 1376, 1067, 916, 759, 702 cm™

Ph

A
OiPr

2d
(25.4a8,10a8)-2-(Isopropoxy(phenyl)methyl)-1,1,4a-trimethyl-1,2,3.4,42,9,10,10a-
octahydrophenanthrene (2d): colourless oil, 94% yield. Diasterecisomer ratio 2d:2d* =
84:16, isomer ratio® 2d:3d = 80:20.

[0180] Ry 0.70 (Hexane : Et;0 =9:1)
Major isomer:

'H NMR (400 MHz, 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), 1.81-1.79 (m, 1H), 1.66 (dd, J = 12.37, 6.36 Hz,
1H), 1.54 (dq, J = 4.32, 3.55 Hz, 1H), 1.16 (dd, J = 12.14, 1.83 Hz, 1H), 1.13 (s, 3H), 1.11(s,
3H), 1.10-0.90 (m, 2H), 1.06 (4, J = 5.96 Hz, 3H), 0.99 (d, J = 6.19 Hz, 3H), 0.95 (s, 3H)
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5 Major isomer: 'H NMR (400 MHz, CDC13): 7.29-6.91 (m
9H), 5.86 (tdd, J = 17.18,10.54, 5.27 Hz, 1H), 5.21
(dg, J = 17.19,1.72 Hz, 1H), 5.06 (dg, J = 10.43, 1.53
Hz, IH), 4.58 (s, IH), 3.85gdt, J = 12.83, 5.04,

1.49 Hz, 1H), 3.68 (ddt, J = 12.72, 5.39, 1.47 Hz,
Be ﬁItle (ZO@MHQdCDU;) 11@9&4 145185131106 1H8.78. ma(ziqdnﬁ@ 126.30,

125.59, d@sgé 12fl|..§8 7’;[@0,16%%8,1568159 (5,’;;120,1@5 98,1338@, §7é@ %W3=13r€b22 24.96,
23.5%3‘?%3(9&4%;18@11%?.%1 6.42 Hz, 1H), 1.20 (dd, J =

1.15-1.11 (m 3H), 1.14 (s, 3H),
%E‘%(’% calchlated- f814C£7 6(3[;011;13%% EEK: g 276PCL3)
5, 143.59, 135.13 05, 128.70, 128. 009,
FTIRlzﬁam 30826088, 29655 2900, 25, 2831, 134259489] 1185921 778, 8120, 1103,
69,82, 56,07, 51,97, 38.74, 37.99, 37.35, 31.04,
1059395934390/3g702 419 54 18. 40, 16. 77 15 HRVE (El): mz
cal cul ated for C27H340 [M +: 374.2610, Found: 374. 2608
FTIR (Nad): v 3097, 3083, 3061, 3023, 2963, 2945,
2913, 2872, 2836, 1646, 160

et hyl - 1 2, 3, 4 4a 9,1 0| oct ahydrophenant hrene
(2d): coI ourI eseh wyi 2l d. Diastereoi soner ratio
2d: 2d' 84: rﬁatl 05 2d:3d = 80:20. [0180]
Rf O70(Hexan ot 20 = 9:1) Major isomer: 1H NWR

(400 MHz, CDCI 3 7.%91 (m 9H), 4.70 (s, 1H),

W AT IR A R e PO Y ME LI ea—

yl)mbﬁmx%ié'}han%l gﬁ):(&)tlourﬂes{ 011%_6?2 &szleﬁ ﬁﬁlsfé?em%‘f%g r%n% Z?e’ €390:10.

ZP( 32, 355Hz 1H), 1.16 (dd, J
:[01&111 f@lééHP&aneiﬁ}hylﬁCf@t@(s‘“éH) 1.11(s, 3H),
Maicki20-0. 90 (m 2H), 1.06 (d, J= 5.96 Hz, 3H), 0.99 (d,
33051506““{9 Hz, 3H), 0.95 (s, 3H 64 13C NMVR (100 Mz,

BB 85 090, 8, SR o i 5.5 .
J = B86,1922, 3428z, 38, 366 (aedOD BY3, 6645, U803z, 13D, 236 (ddd, J = 17.25,
6.46,21471? ?rz, 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)

3C 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 (CH>), 56.03 (CH), 51.90 (CH), 38.67 (CHz), 37.96 (C), 37.36 (C), 30.99
(CH,), 30.31 (CHa), 24.89 (CH3), 19.55 (CHa), 18,61 (CH3), 16.66 (CHy)

HRMS (ESI): m/z calculated for CosH340, [M]™: 378.2559, Found [M + Na]": 401.2450

FTIR (KBr): v 3369, 2958, 2873, 1653, 1489, 1448, 1375, 1116, 1053, 759, 723, 702 em™!,



10

15

20

23.58, 21.29, 19.45, 18.51, 16.84 HRVS (El): mz
cal cul ated for C27H360 [M +: 376. 2766, Found: 376.2767
5 FTIR v 3102, 3084, 3060, 2968, 2930, 2973, 2831,
1602, 1489, 1451, 1378, 1124y 1103, 1059, 759, 739,
723, 702 cm-1 Ph HOHH O 2e
2- (Phenyl ((2S, 4aS,10aS)-1, 1, 4a- Rt hyl -1, 2, 3,4, 4a,9,
10, 10a- oct ahydr ophenant hr en- ) Ht hoxy) et hanol
(2e): colourless oiI 72 % & DJast er eoi soner
rati o 2e: 2e' . 0.15 (Hexane :
Et hyl Acetate= 4: "H NVR (400 MHz,
CDC13): 6.97HP i 0 s, 1H), 3.80-3.60 (m
2H), 3.53 (ddd, 22 3.48 Hz, 1H), 3.36
(ddd, J = 9.93, : 1H) 2.96 (ddd, J =
17.25, 6.46, 1.74 2; 2.83 (ddd, J = 17.68,
11.50, 6.62 Hz, 1H), 7(dt J-1289 3.14 Hz, 15
1H), 2.05-1.85 (m 2H), 1.80-1.55 (m 2H), 1.40-1.20
3- (P](enyl((}ié])4aS110gé')-@d,,%em}met_hykl,%?sél 43,010,10a-@takydrophénanggen-2-
13 149, Q). 135
yOmQRchpEbaLF p38 b3lounat o qeysYipigp tasteedigdmerity 2far -
88:12(CH), 125.63 (CH), 125.16 (CH), 124.53 (CH), 80.80
(CH, 70.16 (CHL), 62.30 (CH2), 56.03 (CH), 51.90
g ; @Ys&@i&h E&X%cét@e,— £1)36 (), 30.99 20
0.31 (CH3), 89 (CH3), 19.55 (CH2), 18,61
Majof {sbidpr: 16. 66 (CH2) HRVS (ESI): mfz cal cul ated for
. C26H3402 I\gj 378. 2559, Found 1[M + Na] +: 401. 245
H NMR (200 Ry CRCBY6R38-2056m, 08Y., 10t6:59, (m3§9,419,@81H),384 (t,J=
5.5 13200, 25 (aak03%: 9.63% 687263 17 18] 347 88, SO, 6,49 4.63 1z,
1H), 396 P& ny+ (1723, 398 HAAH) - 21.81(@1- vt R8Oy 1.9, 2,48H4, Ba), 2,67 (dt, J
10, 10a- oct ahydr ophenant h - 2-
= 12.95, 3.24 Hz, 1H); 1.93-1.60 (m, SH), 1 60-1.50 (m, 2H), 1.40-1.10 (m, 2H), 1.22 (s,
3H), 1.21 (s, 3H), 1.03 (s, 3H)
B3C NMR (125MHz, CDCls): 149.66 (C), 143.28 (C), 134.97 (C), 128.80 (CH), 128.25 (CH),
126.71 (CH), 126.04 (CH), 125.63 (CH), 125.15 (CH), 124.53 (CII), 81.13 (CH), 68.67
(CHy), 62.46 (CH,), 55.89 (CH), 51.86 (CH), 38.56 (CHy), 37.94 (C), 37.33 (C), 32.33
(CHa), 30.97 (CHz), 30.35 (CHs), 24.85 (CH3), 19.55 (CHy), 18.22 (CH3), 16.75 (CHy)
HRMS (EI): m/z calculated for Co7H1602 [M]": 392.2713, 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-phencthylcyclohex-3-enyl)methyl)benzene (3a):
colourless oil, mixture of isomers

[0183] Ry 0.73 (Hexane : Et0 =9:1)
'H NMR (300 MHz, CDCls): as a mixture of isomers. Major isomer 7.38-7.01 (m, 10H),



yl) met hoxy) propan-1-ol (2f): colourless oil, 76%

yield. Diastereoisoner ratio 2f:2f, 5 88:12. [0182]

Rf. 0.15 (Hexane : Ethyl Acetate= 4: 1) Major isoner:

1H NVR (500 MHz, CDCl13): 7.688-7.17(m 6H), 7.10-6.84

(m 3H), 4.59 (s, 1H), 3.84 (t, J = 5.55 Hz, 2H), :
4.48 @ 516),(%@ 3H)=, 29631/2 546(n683H)4266 —122 (111H)ZH),31 ﬁ??—l(%i?d@n ), 1.75-

1.65 @@, d@i)H'izés @,B%H) 21 @31(%[@ 231)£1F%7r14@ (111,11}931 39 [N 3,&9 Lo (s, 3H)

e Nﬁ% (7%1\/@}7; %‘ﬂg‘dg)( Hf:s %ﬁ)l?@i 84})?619§£'éz§ #15') ]2'45‘)]]3%2%%? O{g%b 126.56,

126. 23H)25713» 23.30556. %5364, 8801, 56. BiH2.03C INR20 4aA5M 42, 20.14, 17.14
13)7 149.66 (C), 143.28 (Cj, 134.97 (C), 128.80

5 HRM(S(EBD mi2@l @fatéCidr CosHi26. [M ' :(388)24531 Mol d: 148:2452125. 63

, 125.15 124.53 , 81.13 68.67 15
FTIR((E&Q) véQGh@Q&%ﬂ 5@?894ét|-1)451,51[37§61(1@54)10883803% 758, 739, 701
1 (CH2), 37.94 (O, 37.33 (O, 32.33 (CH2), 30.97 (CH2),

30.35 (CH3), 24.85 (CH3), 19.55 (CH2), 18.22 (CH3),
16.75 (CH2) HRMS (El): nmz calculated for C27H3602

[ Mxim éﬁ«?@ Géreral ﬁi&@gufe'\ﬁim} mnﬁ]:aéc atior Ea&i&%&%ﬂ)
v 344 2945, 16 3, 1624, 1 9 144 1109, 1070

723, 702 cm' e FIl R 20 Ow
(03B4] v b e9es, qnluﬂ%t?r dateohinaios- 1§ma¢{é{ qug%qdo Mg rafioeef isomers

10 was deéeﬁﬁngr%g Ib%lgk‘i%éfééﬁtﬁﬁggf%e Iggeggﬁée ﬁéﬁaé?iil the N]“%fﬁesﬁgétra

(300 MHz, CDCI3): as a m xture of |sorrer% Maj or
|somer7387 (m 10H), 66 448fl—|) 324(s

2. 63- 30- 2.

(m 13y, f‘@(‘?ﬁ)

(m 2H), 13713 mlH) 1. S

/75l\/Hz f'Hei - ooty
7. d2HA28 560 12622t/

eb | %ﬁﬁﬁg:(%]g%]ﬁ @802, 36274, RS o1,

57,44, 22742, 20,14, 17.14 5 HRVG B ) iz

ted—f—o-r—@“SJI-Biﬁ—H\/] 348. 2453 _-Fgynd: 348. 2452

TIR (NaQl) 0 §27 1692
37%, 1118 %Q@“@&%‘? 758, 73 )
CHZCIZ 005M
-78°C, 30 min "N~z

cm

Procedures for asymmetric cyclisation are the same as cyclisation reaction of 1a, despite

using chiral acetal as initiators.

HO

15 (25,3R)-3-((R)-Phenyl((25,42S5,10a5)-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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Exanpl e 4: General procedure for asymetric
cyclisation reaction (2g-21) [0184] In all cases, only
the data of mmjor isonmer 2 is reported. The ratio of
isonmers 10 was determ ned gy the |ntegrat|on of the

Dlast{ar%g S;%.tal'- %’a%gsz' s +]g“”t—h§g>ﬁ' NcgnR?rgﬁg&‘ezd ,ﬁ”— 853,
M‘Hfﬂ:h S’adwrgéuct ('Si'u?ﬁ) maéeb@uwéén ?ér/“ &g&ﬁﬁ@é’mﬂ @ee Fiz. 22).

. i sati he sane as cyclisation reaction of
Rfo‘fg%hﬁ’éaél&]? g chiral acetal as initiators. O HO

Ph 2i 15
MaJofﬁgﬁlfg) 3- ((R) - Phenyl ((2S, 4aS, | GasS)- 1, 1, 4a-tri net hyl -

'H NMR 809, Mﬁz%ﬂ)@h?@@ﬁ-ﬁ .96 (m 9H),49 s, IH) 3. 64 (qumtet J=6.42 Hz 1H),
oct ahy dreséhenan hr en- 2- met oxy) but'an- 2-ol (2i

3.25 epingels ¥ es55HE, 188 20/%8y“l2€9[2dm a7, DPA6iddy &ol Bolndp- Q)6a6 #8 Hz, 1H),

2.30 @t*ﬁ' 12%1, S %4 Hz, n;gglgéﬁé éf@”?’fgsii‘%g’?éo 0. 3F) 1.30-1.20 (m, 28,

1.21 (575H751 1)7 (B3 R 1181 (A a0k= 61825z, BI)) Ew(&;srav\ebl Hzs8H), El@ (s 3H)
22). 0.15 (Hexane: Et20 = 9:1) Major isoner:

BC MMR (moMHaz CIUTi)t AM9775362)6.198. 6enﬁC),9w§ 0% (Y 128,81 eq;H) 128.28

o oot ettt AR} HAPRD 298 (o e

(CH)151 @ﬁﬁcﬁ%% Sﬂz(cH)Lusz 142tcfH; 38136 é@H) 2. %0)3123% kie), 238 98 (CHy),
30. 17( Ha)34.97 (CH3), 1% 45 (c@ ), 18. 34 (CH;), 18 85 (CHs), 17.07 (CHa), 14.21 (CHs)
HRMS (EI): m/z calculated for Cz3H330, [M] : 406.2872, Found: 406.2866

FTIR (KBr): v 3406, 2968, 2873, 1489, 1448, 1375, 1105, 1064, 758, 702 cm™

Ho\r\/o

(ZR,4R)-4-((R)—Phe11yl((2S,4aS,1OaS)-l,1,4a—trimethyl—1,2,3,4,43,9,10,10:1—
octahydrophenanthren-2-yl)methoxy)pentan-2-ol (2j): coloutless oil, 89 % yield.

gl

h

2j

Diastereoisomer ratio 2j+2j°°:2j° = 82: 18, isomer ratio® 2§:2j:2j°? = 66: 18: 16

[0186] Ry 0.15 (Hexane : Et,O = 9:1)
Major isomer:
'H NMR(400 MHz, CDCl;): 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)
BC NMR (100 MHz, CDCls): 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),



10

15

20

25

1.21 (s, 3H), 1.17 (s, 3H), 1.15 (d, J= 6.48 Hz, 3H),
1.10 (d. J= 6.01 Hz, 3H), 1.03 (s, 3H) 13C NVR (125
MHz, CDC13): 149.75 (C), 142.62 (C), 135.01 (O),

128 81 (CH). 128.28 10 (CHp3126.89 (CH), 126.84 (CH),
125.65 (CH), 125.16 (CH), 124.52 (CH), 75.33 (CH),

7068 TEEHL 61GCHLEDT BSED (CEH) 5203, AT W3 SRAATLEIUCHAR JW04 (C),
37565050 THER). 1610 ECH 25 B 16T0% A HA el 9 Gy 1861 (CHy),
Y4 4.21 (CH3 HRMS (BI)Y: m | | at ed

17‘56‘#@1-19) 1%%%512 M +: E'r06.)2872, FOl(,Ind? 406.2222602T?Re

FTIR (KKBf 2) v 24484062, 1368144887875, 1489).1034489, 187502 ¢405,
1064, 758, 702 cdi HO ~ /O5Y _HH 15 Ph 2]

(2R, 4R) - 4- ((R) - Phenyl ((2S, 4aS, | &q
,2,3,4,4a,9, 10, 10a
oct ahydr ophenant hr en- 2-yl ) net ho
col ourI ess 0| |, 89 %yield.
2] +2)":2)" 82 18, isoneg
66: 18: 16 [01861 Rf 0.15

7.32 Hz, IH,

I\/Iajor i so 1H NVRG
4.91 ?m\ﬁﬁ\/ 5
375355( H)52.9§ ,"'J=16 73, 6.27 Hz, |H),

h
2.81 (ddd, J = 16. 90, 10 96 7.32 Hz, 1H), 2.28 (dt,
J = 12.89, 3.48 Hz, 1H) ki. 95-1.85 (m 1H), 1.85-1.60

(2R ARY#-(@B) (25,4551 025)56-[swpropyiil, 1 4a-LOnbtR0-16215,4 M0,10,126

octah%&x"o@gﬁaéth%é—?%p%ylé%%ﬁaé%}ﬁ%@l—’@léb%ZS E%E’%% .1_0:118 88 %

yield. tﬂﬁst&%m@@ler ﬂaﬁa z%ﬁrsz)zk’ 134698 ibdoher rhRS 2kQKE QD = 73:14:13 (The
(CH), 126.50 (CH), 125.64

three 1@@ p@rqlcpgntémzfpr@@d(@pb corpidenag ecH chggl gp@p@g%(( d relative

64,20 ( 52,89 38. 83
confighiiiph ik thegoli) Holtd an BE sfohigisBhepmibe Aibshige) |
(80 B 0 ST
ry: v ,
Majoég(&gﬁ_w% 1448 1375, 1120, 1056, 759, 725, 702 cm'
Ph (2R 4R)-4-((R)-((2S, 4as, |
TH NNR 10O MISAITEN): 714317 42 (1, BARINN-618921m3 380 4009 (sL 9HI, Q27 (dd, J

= 14.28, 6.97 Hz, 1H), 4.00-3.60 (m, 1H), 3.55-3.45 (m, 1H), 2.93 (dd, J = 16.55, 6.27 Hz,
1H), 3.00-2.85 (m, 1H), 2.79 (dt, J = 13.94, 6.97 Hz, 1H), 2.32 (dt, J = 12.89, 3.14 Hz, 1H),
2.00-1.90 (m, 1H), 1.85-1.60 (m, 3H), 1.53 (dd, J = 13.07, 6.97 Hz, 1H), 1.50-1.00 (m, 3H),
1.27 (d, J = 6.27 Hz, 3H), 1.23 (d, J = 6.27 Hz, 3H), 1.23 (s, 3H), 1.21 (d, J = 1.74 Hz, 3H),
1.20 (s, 3H), 1.18 (d, J = 1.39 Hz, 3H), 1.08 (s, 3H)

13¢ NMR (100 MHz, CDCl3): 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 (CHy), 30.52 (CHy), 30.09 (CHs), 25.03 (CHy), 24.22 (CHj), 24.08 (CHs), 23.44 (CH),
19.50 (CH,), 18.61 (CH), 17.59 (CHj), 17.22 (CH,)

HRMS (EI): m/z calculated for C3;Hs602 [M]+: 462.3498, Found: 462.3481
FTIR (KBr): v 3446, 2962, 2870, 1450, 1377, 1120, 1103, 1056, 704 cm?

*1,1, 4a-trinmethyl -

entan-2-ol (2)):
_eoi somer rati o
J n :

7.42-6.94 (m

o
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oct ahydr ophenant hren- 2-yl ) (phenyl ) net hoxy) pent an- 2- ol
(2k): colourless oil, 88 % vyield. Diastereoisoner
rati o 2k+2k":2k' = 86:14, isomer ratio 2k:2k':2k" =
73:14:13 (The three new clgbral centers forned are
considered as a chiral group of (fixed relative 10
configuration within the group) based on the
St or k- Eschennoser postul ate.) [018FMeRf 0.15 (Hexane :
Et20 = 9:1) WMjor isoner: '"H NWVR (400 WHz, CDC13):
7.43-7.22 (m 5H), 7.19-6.89 (m (@A) y4.93 (s, 1H, .
4.27 (dd, J = 14.28, 6.97 Hz, 00-3.60 (m 1H),
3.55-3.45 (m 1H), 2.93 (dg 55, 6.27 Hz, 15

- 1H), 3.00-2.85 (m 1H), = 13.94, 6.97 Hz

1H), 2.32 (eb, J~_12089 4 1H), 2.00-1.90 (m
1H), 1.85-1.600m FH), 1.5
1H, 1.50-1.00km BH), ful

(8d,”J = 13.07, 6.97 Hz,
?d, = 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,

en i ot b ATl 190 s R Y 05y

octah¥ér n#uth -yl ftai-R-4IRY): colddlekS oiICH % yield.
Ry o ) B Bt By oy AT v
Diastegepiganeraatjo 2821"521° (<845 16, spmgy rtior2h:21° 35° gﬂ@é@ .
38.03 (C), 37.59 ((]:g, 34,00 (CH2), 30.52 (CH2), 30.09
[0288)) , Re9.163Hegms): Et2@ =221} CH3), 24.08 (CH3), 23.44
. (CH3), ~19.50 (CH2), 18.61 (CH3), 17.59 (CH3), 17.22
Majoriggm§r: HRVS (El): miz cal cul ated for C32H4602 [M +:

4 F N 1, 2 r):
o A O g T S, B gm0
6.65-§¥8 (HOLH), 4DYs, FE)FA.25 R, 1= 13.59, 6.62 Hz, 1H), 3.73 (s, 3H), 3.70-3.60
(m, 11%()2 B8O, 4 I B B LY, 293 (i 21672 1050695 ¥z, 1F, 2.23
act d antrhrieds 3-941 | 9418t t1adk_4-
o S b ) et s,
1301800, 2H) DB (d24= 6:2BHZ 1), 1 20rtdsJ Fat T087,3H)212024 3HD, 1.18 (s,

. %é%%g 5 10188] Rf 0.15 (Hexane : Et20 = 9: 1)
), r3H&onmer: ' H NMR (400 Mz, CDCL3): 7.40-7.20 (m

Be NRIR (15 MR8 cBe)M s 26D (cf 15P08E5 14B01%D), 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 (CHj), 52.12 (CH), 44.41 (CHy), 38.85 (CHy), 38.14
(C), 37.56 (C), 30.12 (CHs), 30.11 (CHy), 24.94 (CHz), 23.42 (CHs), 19.56 (CHy), 18.63
(CH3), 17.55 (CH), 17.22 (CHy)

HRMS (EL): m/z calculated for CaoH4O3 [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™

OMe
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6.65-6.48 (m 1H), 4.91 (s, 1H), 4.25 (dd, J = 13.59,
6.62 Hz, IH), 3.73 (s, 3H), 3.70-3.60 (m 1H), 2.89
(dd, J = 16.72, 6.27 Hz, 1H), 2.73 (ddd, J = 16.72,

10.80, 6.97 Hz, 1H), 2.23 %0 (dt, J = 12.89, 3.13 Hz,

AR ARy (25 A2 S30AT G MAhodih L g ptngehy- BES 4sdsR T 0a

250156 Q i %
T =
vield. Di)sterdGidorfdr r6@) 2mi-251° 82m €)§1: 19 Fopwker ()0’ 2meBm52m( CHp6:19:15

128.30 (CH), 126.49 (CH), 125.98 (CH), 110.88 (CH),
[D189]1 615%H)icld Tfo MRt (GHY) beriZzlnding Lcl{seias nida Pasii@Hq OMe was

55. 65 . 55.21 (CH3), 52.12 , 44,41 (CH2),
Obefsesg‘?"g@‘%%%t?z), 38. 14((0)? 37.56 (E:)C,Fbso. 12 (CI(-B),)SO. 11

o Bk b0 2 12 (0 58 (00, 1o
Majoﬁgédﬁ%‘lat ed for C30H4203 [M"': 450. 3134, Found:

21 FTIR (KBr): v 3500, 2976, 2873, 2252, 1608,

'H legsoolm&, CHO0): 71356,22131,75H) 2510—71083@n, 112)) 618558,06 (m, 1H),
1043, 650 cm -1 HOO NY, FI_FI __Ph 2m 70
6.58-0.4R (aR)LH, #8R)(s,( (D)5 4430541206y 1), Ma{h 632, 3782360 (e d KD, 2.90

Y1 1342, a = =
@8, RO R B0 T T 50RO F SR ] ~ 1295
3.24 {2 mH), tobouss ¢as1H),|1,8565.600(myi3eN).600i St (ar, d&)sbaerl.10 (m, 4H),

o5 G BT3P LTSS H LA B

e NEHE (B3P D), B804 HCR LS SYE). 102 3 AT R X5t A0 ca,
127.0Twemg@g%5%ﬂgg@puss§o (@}13,911573.(2% (gm),( 5H).88 1(:1133,— 7'30)33 (CH), 70.70
(o, 19822 (it S5 D, srpR (GIhh Pes® &y % 7000pa e TeH), 37.48

Y (D d ,175¢ )
©), 374t (@ 320, Erg B0 TCHD, DAy} 83 a1 e 1P (oM, 18.59
(CH;31284 KEH;)1Hj.22 (CE5- 1. 85 (m 1H), 1.85-1.60 (m

3 1.60-1. 45 1H), 1.45-1.10 4H) , 5(d, J
HRMS (BDiis galcuigd for ol @y IMT) 4505 6%, Fasndy 4503185 (o

o s H g oo 1. G, 135 B R M i, 02,

1055,(1937, 7086 8Dch TH) |,

(2R, 4R)-4-((R)-Phenyl((25,4aS5,10a5)-1,1,4a,6-tetramethyl-1,2,3,4,4a,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;0 = 9:1)
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127.00 (CH), 126.50 (CH), 125.60 (CH), 113.05 (CH),
111.88 (CH), 77.13 (CH), 70.70 15 (CH), 64.22 (CH),
55.68 (CH), 55.08 (CH3), 52.38 (CH), 44.37 (CH2),
39.03 (CH2), 37.48 (O, 37141 (O, 31.20 (CH2), 30.13
(CH3), 25.12 (CH3), 23.42 (CH3), 19.46 (CH2), 18.59
Major(iédiddr; 17.54 (CH3), 17.22 (CH2) HRMS (Bl ): mz
. cal cul ated for C30H4203 [M': 450. 3134, Found:
H NMB480 MHETIICE K217\ 9 %8 3 H).20%%:6. 7176(@16 3H)4980 (3,459, 4.35-4.19

(m, 15 380-3 5 Uns 1B 2,00 {atfr 1635, $93 e, 02 70, ffdazy 221732, 10.80,

7.03 HzZ FiH}R): 36 ((11( B= Bfﬁnsh@(ﬁﬁ 4a5214098) 3H), 1.9%a1 @5t (e, naryet 8o-1.60

(m, 3%btle§ﬁy&ﬂépﬁ1ﬁehﬁht1h4(bﬁ 19. (91 YRRt hék (4, dent/ -1z, dH)( bA3 (s, 3H), 1.19
(S3Hg g;usa lej58(§3%_;) %yleld D ast ereoi sonmer ratio

i somer rati o6 2n:2n':2n" =

Be NOR (111)011\711&2@1)@%'9@19 ﬂg@olﬂézé t%ce@ 81 (é§ 21@1%09{03) 1278]68 (CH),

] Or 1 soner

128.2% |€|§3H),61m956 (@H),( hg6. 5IHXCHJ, 125.4% (CH)Y) 12540]35011),1?97 1‘( WH), 70.69

(CH), 0 GHigsyaalony 2 D4csD, g 5 888 . 33587 gy 50 )

30.50 gﬂjﬂg), 40.50 @cﬂg %g g%@cﬂ;),, 24, gﬂ: H)(cﬁ3)4@1 23 (%im rar? 31 Q@H%), 88.61 (CHa),

17.56 {CH ?%‘g(@}h) 4H), 1. 24 (d, J = 7.66 Hz, , 1’ 22 (s,
HRM% E%]a fagale lt_lzjioké(é;ﬂ\%% 4334}1_%@5;%(9%6) 23‘!@@7813?5\'%
FTIR (805 %%29@@@@# 12 SBGTRER: 7714 (o

70. 69 64. 20 (C}D 55.72 (CH), 52.23 (CH), 44.42
(CH2), %6 b (CH2), 37.87 (C), 3z 10 30. 50
(CH2), 30.10 (CH3), 25.00 (CH3), {2 (cH3), 21.23
(CH3), 19.51 (CH2), 18.61 56 (CH3), 17.20
(CH2) HRVB (El): niz cal C30HA2QR2 [ M +:

434. 3185, Found; 43/ Br): v 3466, 2966,
1450, 13719 ZIINA05D

-

(2R AR)-4-((R)-Phenyl((25,4a5,10a8)-1,1,4a,7-tetramethyl-1,2,3.,4,4a2,9,10,10a-
octahydrophenanthren-2-y)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;0 =9:1)
Major isomer:

"H NMR (500 MHz, CDCL3): 7.39-7.23 (m, 5H), 7.11-6.97 (m, 1H), 6.88—6.78 (m, 2H), 4.90
(s, 1H), 4.30-4.14 (m, 1H), 3.70 (dd, J = 10.64, 4.62 Hz, 1H), 2.89 (dd, J = 16.88, 5.32 Hz,
1H), 2.77 (ddd, J = 17.10, 11.50, 6.47 Hz, 1H), 2.33 (d, J = 6.01 Hz, 1H), 2.23(s, 3H), 1.95—
1.85 (m, 1H), 1.85-1.72 (m, 3H), 1.60-1.50 (m, 1H), 1.40-1.10 (m, 4H),1.25 (d, J = 6.01 Hz,
3H), 1.20 (d, J = 6.47 Hz, 3H), 1.19 (s, 3H), 1.17 (s, 3H), 1.05 (s, 3H)

3¢ NMR (75 MHz, CDCL): 146.91 (C), 143.29 (C), 134.80 (C), 134.50 (C), 129.33 (CH),
128,30 (CH), 127.94 (CH), 127.00 (CH), 126.53 (CH), 124.45 (CH), 77.14 (CH), 70.65
(CH), 64.20 (CH), 55.72 (CH), 52.34 (CH), 44.47 (CHy), 38.92 (CHy), 37.65 (C), 37.54 (C),
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M HOOFI FI  Ph 20 15
(2R, 4R) - 4- ((R) - Phenyl ((2S, 4aS, 1 0aS)-1,1,4a, 7-tetraneth
yl-1,2,3,4,4a,9, 10, 10a-
oct ahydr ophenant hren- 2-yl ) met hoxy) pent an- 2-ol (20):
colourless oil, 85 %yield. Diastereoisoner ratio
30. 892((03![229,"302134 ((1—“Hg$,2251i87 (G044 @HHEANT6 @mg,zm 46—(CH2), 18.61 (CHa),
18: 11 0191] R 0.15 (Hexane : Et20 = 1) Mjor
17.58 (&Hﬁ%r” HaNMR (500 MHz, CDC13): 7.39-7. 23 (m 5H),

rrngs b S oed e .3 By 50y 38 % 1'£"H)
FTIR%@%})(@%fSé%%é@ﬁﬁ’m% 31%7*7'21’212%%1'@(53 §5577702€g1@" J =
2. 23(s, 1.95- 1.85 (m 1H), 1.85-1.72 (m 3H)

o, 3 SOE%‘%*{% F%nc‘h%g%ﬂ#%aéfﬂfﬁ@sak of profucts, ) °

1.17 (s, 1.05 (s, 25 13C NWR (75 Mz, IC_:DDC
10024 1 (C;n aﬂ@sgg opky) thel a @f mayr 1s_1:_)glgr 201§ @portq_cbnggag,ratlo of

som5es api R ik of F sk D iy 1281 SRR spec

unlesé Cterwisbstaed( CH), 52.34 (CH), 44.47 (CH2), 38.92
(CH2), 37.65 (O, 37.54 (¢, 72 30. (CH2), 30.14
(CH3), 25.07 (CH3), 23.44 (CH3), 20
(CH2), 18.61 (CH3), 17.58 (
(El'): mz calculated for C3gH ¥~ 434. 3185,
Found: 434.3164 FTIR (KBr): PO66, 1494, 1450,

1377, 1122, 1086 5,-0/Q4 6% : anpl e 5:
Functionalisatign of icycl Esg i/qn§ product s [01921 In
all cases, onlyithe dat a i J isonmer 2 is

reported. The ratio of |sorrers was determ ned by the
ration of the respdéjve signals in the 'H NWR

TR AP R B I R VTR R )

octahydrophenanthren-2-yl)methoxy)pentan-2-one (72):

[0193] To an oven-dried 25mL round-bottom flask equipped with a magnetic stirring
bar was added PCC (0.324 g, 1.5 mmol, 3.0 eq.), 4A MS (1.0g, oven-dried 48 hours), silica
gel (1 g, oven-dried 48 hours) and CH,Cl, (8 mL). The mixture was allowed to cool to 0°C
and alcohol 2j/2j°/2j** (0.21 g, 0.5 mmuol, 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:

IH NMR (400 MHz, CDCl3): 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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10
(R -4-((R -Phenyl ((2S,4aS,10aS)-1,1,4a-trinmethyl-1,2,3
, 4, 4a, 9, 10, 10a-
oct ahydr ophenant hren- 2- yl ) rpgt hoxy) pent an- 2-one (72):
[0193] To an oven-dried 25nL round-bottom fl ask

3H) equipped with a magnetic stirring bar was added PCC

i (0.324 g, 1.5 mmol, 3.0 eq.), 4A M5 (1.0g, oven-dried

C NMRh@00sMHzsiCDChR): 209190, 1149, 770\éd.6dy 186048 1A82,5) 2&hd 126.74,

1266 PS G, S o BN 4 851 PR s #8178, 9550, 100
31.04] 30.542¢12 (R4971p. MR $9.89dRIRG| oW y. The reaction
m xture was gradual 'y vvarmsd up to roomtenperature

HRMA (AN wak calduneiifor €,dH::0, ] 4153121&712@Foﬂr21 Hb22859 The
m xture was filtered throu pad of silica gel and
FTIR @aBr) Mughetd 14 4.1 63 2.0 501 1 Ul% 1G%% 155,600 %84 om™
concentrated in vacuo. The residual product was
purified by flash colum chromatography to afford the
desired product as a white solid in 81%yield. 20
Di astereoi soner ratio 72+72":72' = 81:19, isoner
ratio, 72:72':72" = 67:19:14 Rf. 0.66 (Hexane : Ethyl
Acetate= 4:1) WMajor product: NVR (400 MHz, CDCl3):
7.34-7.18 (m 7H), 709700 { PH), 4.83(s, 1H),
3.89 (sextet, J= 6.04 Hz, 94 (dd, J = 16. 40,
5.40 Hz, | H), 2.86-2.¢ 2. 65 (dd, J: 25
14.84, 6.64 Hz, 1H), = 14.95, 5.81 Hz,
1H), 2.23 (dt, J = 1H), 2.20-2.10 (m
1H), 2.19 (s, 3H),01.9 (m 2H), 1.77-1.68 (m
1H), 1.66 (m 2H), 1.24 = 12.04, 1.55 Hz, 1H),
1.24 (s, 3H), 1.22 (d, 381Hz 3H), 1.21 (s, 3H),
1.07 (s, 73 3H) 13C NI\/R_? 00 MHz, CDC13): 207.90,
(4aS, 10AR) 4 1,44 F ¢irhethyll$3236,104 260 Sy drbpBerdanthledO2(111,3H,9H)-one
(73); 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,
PA9ZP, TE4n 99en-d89ed# 95 mISrohfld-bdford flask 68 Bd&edHiRMne (7R 12717277 (42
nz cal cul ated for C29H3802 [M +: 418. 2872, Found;
mg, 04181pd5h0 Eg)FEqRaEsp Mg G EEnoly 3 44eq. ) 836l (48070 ¥8 msmmeral oil,

I
58 mih e, 3P 10 0, e ook B 108 B Rion b vi
syringanThe esacldr hiSiirOWps oefhixed 7&) 24 hGurk &ﬁ@@aquneaazhed with MeOH 5
mL) agé;ggé%é]%gxt%rgéw% Jll%%le%dxin%? %rtai%g]arfl %%é( ez\(l\tl?afcét %gdwl?hty? et%er (3 x20

mL), and the combined organic layer was washed with water (20 mL) and brine (20 mL). The

organic layer was dried over anhydrous Na,SOs, 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, CDCls): 217.23, 147.37, 134.87, 129.06, 126.10, 125.80, "125.40,
50.59, 47.39, 37.49, 37.37, 34.63, 30.81, 26.85, 24.68, 21.11, 20.16
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ng, 0.1 mol, 1.0 eq.), Se® (33 nyg, 0.3 mmol, 3.0
eqg.), NaH (0.2 g, 70 %in mneral oil, 5.8 mol, 58
eq.) and THE (10 nL). tBuOK solution was added to the
reaction mxture via syringge. The reaction m xture
was refluxed for 24 hours and was quenched with MeOH
HRMS(EINln)/z @lalddldted fHh€,{HXO UMG":\3a3.167 1, Hovdd vl 6mat er and
was extracted wi th diethyl ether (3 x 20 15 nl), and
FTIR: i aCOnvi 1761, 653ah647, V6lyen ' was washed with water (20
m.) and brine (20 nL). The organic |ayer was dried
The enagtiomahy dxass wis 88edninkd by dRdC analys® employmet BaicélChiral OD-H

T dual duct
and BRERY R SR Rt SrPBF a6 + b m{r?%a]acfe = 19.78
i ld, 52 % . 0.74
i @“?3‘3‘2%&?‘3?‘ P TR 2 Y5 1H RMR (400 W,

CDC13): 7.18-7.03 (m 4H), 3.01 (ddd, J = 16.84, 6.00,
1. 98 Hz, 1H), 2.90 (ddd, J =

1H), 2.75-2.67 (m 1H), 15. 68, 7.59,
4.12 Hz, 1H), 2.53 (ddd, 43, 5.96 Hz,
1H), 1.98-1.91 (m 2H), " 2H), 1.30 (s,
3H), 1.17 (s, 3H), 1.14 NVR (100 Mz,
CDC13): 217. 23, 1% 37 .06, 126.10,

125. 80, ' 125. 40, 7 37.49, 37.37,

34.63, 30.81, 26. 85 24 E, 2H. 11, 20.16 74 HRMB
(El): mz Calculated Pbr C17H220 [M +: 242.1671,

Found: 242.1672 FTIR (Nad )5 v 1701, 1653, 1647, 761
cm 1l The enantioneric excess was determ ned by HPLC

(R)-Birenly)(€1.54 25y 0a8)- Ligd Deiime thyGi L 2, 34, mw,lwtmmphenamhren-z-
olum in series (Hexane : i-propanol 99 :
yl)m%%agatﬁ_%%sﬁy tl =19.78 5 nmin (ninor), t2 = 26. .80

degosnetgd (s%%naaso &1 (RIEEY) den e 104 mmply 1 ca) in

THFM%ﬁQﬁhMM@J&@E@K@H 8duedus YAl %ﬁE' 7. 53/5 Tﬁe Yéaction was
951 To a solution of ketone (72172 72"

allov@adﬁo $tip it ropmOtemgenatirg foripdapsET M;@actqon vy Quqmyled/\}asg addmg 10 mL
wate{Nadlgme rgllxlggle W lsf%oﬁlg & Lvﬂb'érﬁogodl ! 2@‘ 20 Zrl CP%Hr?’%rd G&g&ﬂl@ Qlyer was

II' a enpera ure

wash€l &vitteaetet 010 ma; aﬁwbﬂﬁéleld) VAY aﬂﬁl (i'rgan'ié) layer wagtifed ovdreanhydrous
m xture was etracted 5 (f( 20 ) ﬁal?jqb
Nagsgblﬁypﬁ:@gce@;r@tg iiB VF%WeiI %%Sld e product was purified by flash column

chromatography to afford the alcohol as a white solid in 77 % yield.

Ry 0.36 (Hexane : Ethyl Acetate = 4:1)

Ratio: 83:17. Ratio was determined by 'H NMR.

Major isomer:

'H NMR (400 MHz, CDCl;): 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)

3¢ NMR (100 MHz, CDCly): 149.69, 146.07, 135.01, 128.85, 128.09, 126.58, 125.65,
125.35, 125.20, 124.53, 72.10, 55.55, 51.95, 38.47, 38.00, 37.32, 30.98, 30.09, 24.88, 19.43,
18.70,16.19

HRMS (ED): m/z caleulated for CpqH300 [M] *: 334.2297, Found: 334.2293
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washed with water (10 nmL) and brine (10 nlL). The
organic |l ayer was dried over anhydrous Na2SO4 and
concentrated in vacuo. The residual crude product was
purified by flash colum %5 chronatography to afford
the al cohol as a white solid in 77 %yield. Rf. 0.36
FTIR (Ri8XaNe3342 F1dey| 2040t 48 5 1448}:18Y 7R 5010583736 7068’0 was
determined by "H NVR  Mjor isoner: '"H NWR (400 MHz,
CDC13): 7.01-7.38 (m 9H), 5.21 (d, J =3.87 Hz, 1H),
2.97 (ddd, J = 20 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), 5 (s, 3H, 1.24 (s,
3H), 1.11 (s, 3H) 13C NWR (iﬂﬁ yHz, CDC13): 149. 69,
146. 07, 135.01, 128.85, 1X28]09, IL26.58, 125. 65,
125. 35, 125.20, 124. ' 55. 55, 51.95, 38.47,
38.00, 37.32, 30.98, .88, 19.43, 25 18.70,
16. 19 HRMS ( El )gam 4 gd for C24H300 [M +:
334. 2297, Found: 3£ 27 5 FTIR (KBr): v 3342,
2966, 2914, 1487, l144g \#877, 1215, 1051, 756, 700 cm
1 OHH Ph7e Fh
Phenyl ((2S, 4aS,1 GaS) -1, ¥Ba-trimethyl -1, 2, 3,4, 4a,9, 10
1 Qa-oct ahydrophenant hren-2- 5 yl) et hanone (76)
Phen)[I(IZS,G]lS,T@aS)ﬁl,badeftrmﬂthﬂ-lzwrﬂﬂa@%m Oaoctabpdraphepanthren-2-

ui with a magnetic stirring bar was added PCC
yanﬁ%. 88%8? 0.6 mol 3 0 eg.), 4A M5 (0.3 g, oven-dried

[ 0. d d 48..h
(R Rk 75 29 2 oo RIS A B BB s
X én-@i
o i e e i e

gel (0gren@uien- hewrskandi Gy doth mbhgcaniyfuse #iag aljgged to cool to 0 °C
f

ot P85 R (g1 D) i S I B oo

reactidrﬂ@amgradﬁilﬂg(:ibﬁnnaawey sotaoim mmpmﬁummmdamasr alosebditn stir for another

vac The resi rude .prod rif.i
12 hopys, dHe SBREHR %r%ﬁi Qi) = % i BelCang. i auty 100 mr
CH,CEOTRA!Ed18%h wad b&hcbﬂrsﬁ&l 9 Wchb drherésiihal @8ude 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, CDCls): 8.0-7.97 (m, 1H), 7.54-7.45 (m, 2H), 7.27-7.09 (m, 6H), 3.42
(dd, J = 12.56, 2.45 Hz, 1H), 2.99 (dd, J = 17.17, 6.11 Hz, 1H), 2.88 (ddd, J = 17.50, 11.07,
7.01 Hz, 1H), 2.45 (dt, J = 13.04, 2.97 Hz, 1H), 2.40-2.15 (m, 1H), 1.93 (dd, J =13.71, 6.27
Hz, 1H), 1.92-1.50 (m, 4H), 1.29 (s, 3H), 1.06 (s, 3H), 0.95 (s, 3H)

3C 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 C4H30 [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 ¢m™
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15 Rf, 0.70 (Hexane : Ethyl acetate = 4:1) 1H NWR (300
MHz, CDC13): 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 Hgg 1H), 2.88 (ddd, J= 17.50,
11.07, 7.01 Hz, 1H), 2.45 (dt, J= 13.04, 2.97 Hz,

The eddltiom@rid @x&sd Wag Bterhihed By B® L(thalydisetapldyin® DRitel Eliral AD and

) 1% 1,92-1.50 (m. 4H), 1.29 (s, 3H), 1.06 (s, 3H
DaicehChal(QJ calpngip series (Gvraney 5i-ppapanaipcidy:: G4l mp/mm): t = 16.84
. 49, 2072, 129.00, 128.58,
m‘n(’%‘z}%ﬂzg, é%%%%@%@?%iﬁ%ﬁ?sa, 54.38 52.24. 38.59,

38.06, 37.04, 31.42, 30.78, 25.21, 23.30, 18.58,
18.25 HRMS (El): mz calculated for C24H280 [M +:
332. 2140, Found: 332.2134 FTIR ( : v 3070. 68,
2868. 15, 1670. 36, 1653.00, 1629.f¢ B77.17, 1288. 45,
1120. 64, 25 1001.06, 873.75,§75 723.31 cm1 76

The enanti oner i 228
anal ysi s enpl o}
Q) colum in s
nm./mn): tl 18+84

(major) (see Fig. 28) 5 H
(2R, 4aS,10aS) - 2-Benzyl -1,1,4a-trinethyl-1,2,3,4,4a,9,1
0, 10a- oct ahydr ophenant hgne (74) 10 [0197] To a

hydr ogenat or fl ask was ed 2j/2j'2j" (42 ng, 0.1

(2R, 40500025)2-Bergyll, 1, FsHtridd thyid,,2,3,8,4%9, 1071 (Bcédtxiny drdphenididhirene
(74) O A nmmol, 0.1 eq.) and EtOH 10 nL. The flask was

connected to hydrogen . tank hydr.ogen. gas pressyr
(87 ke Te e oBeRAE e it SRS 260 (g 3z 011 maged, £0 eq), P
(11 n{% 1 bW, € oBgti ﬁé@\éﬁgoﬁ,oo.éﬂﬁﬁ%l,f(ﬁl e QUndd8003 10NAL. The flask was

19
xture was then filtered through "a pad of Celite(r)
connegted t6 hydogeh taik land bpdrogerEg@@resehre inside theoflaskamas maintained at 60

. ncentrated in vacuo,, The .15 residual. crude produyct
psi. BERRPFS PEhbe Rt O AN AT AR By R Y BeB e trouen
a pad bh€cle®and fAshel wiR 00 HIEBSOSThe shlition/Wadooncedtthted it vacuo. The

0. 90 (Hexane : Et%¥ acetate = 1H NWR (500

residugerydg produetonas pysi hqbysﬂqyl} C@Pms%aél?ﬂatgaanhss@ atfprd &'\%Za,lkene asa
°°buﬁggggﬁggpﬂﬁ%ﬁ%ﬂa7'40’ 6.46, 1.33 Hz, IH), 2.91 (ddd,

6.96 Hz, 1H), 2.24(dt, J= 13.09, 3.15
Ry: 0.90 (Hexane : Ethyl acetate =4:1)

'H NMR (500 MHz, CDCls): 7.40-7.05 (m, 9H), 3.05 (dd, J = 1.69 Hz, 1H), 3.00 (ddd, J =
17.40, 6.46, 1.33 Hz, 1H), 2.91 (ddd, J = 18.07, 11.60, 6.96 Hz, 1H), 2.24(dt, J = 13.09, 3.15
Hz, 1H), 2.16 (dd, J = 13.33, 11.23 Hz, 1H), 2.00 (ddt, J = 13.56, 6.78, 1.87 Hz, 1H), 1.85-
1.70 (m, 1H), 1.63-1.55 (m, 1H), 1.50-1.27 (m, 4H), 1.24 (s, 3H), 1.20 (s, 3H), 0.94 (s, 3H)
Be 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 CaqHso [M] *: 318.2348, Found: 318.2339

FTIR (KBr): v 2964, 2924, 1490, 1475, 1448, 1375, 1041, 758, 734, 721, 698 cm™'

b and Daicel Chiral
)panol = 99.2 0.8, 1
t2 = 21.88 mn
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20 Hz, 1H), 2.16 (dd, J= 13.33, 11.23 Hz, 1H), 2.00
(ddt, J= 13.56, 6.78, 1.87 Hz, IH), 1.85 1.70 (m 1H),
1.63-1.55 (m 1H), 1.50-1.27 (m 4H), 1.24 (s, 3H),

1.20 (s, 3H), 0.94 (s, 3H)7713C NMR (125 MHz, CDCl13):
149. 84, 142.47, 135.09, 129.20, 128.85, 128. 14,

Exapplee Utilisationpf thomethipd of the present inygntiegpimnatung] syhstance

37.94, 37.33, 36.92, 30. \th s 17, 24.85, 23.86,

19.55, 17.12. 25 HRVMS (EI z cal culated for C24H30

ey Riinoq foat %Eﬂsﬁg 19 %0 JET R, LB B g prsen
exampl®) Tha Feacksangnditns Wistd igeatrallp tretfoadmet thode elreidie described

present invention in natural substance synthesis
above[0198] Reference is made to Fig. 9, mhlch depi cts

@grégg el ?ZPph%ﬁglnf 3-d% t( Hl@e & ?r eagp 2.0 eq.)

gene Par] rrespon hose 4

was a&ﬂ%ﬂ% IaQSIﬂItloﬁ oﬁt]@)v@-(?) b&h&ﬁ)]heﬁylﬁz 66&)neﬂ1y1—2 6-nonadienyl]-1-oxy-(tert.
phenyl - - di oxane

butyl)Q1pbe1§a—S)lanq,\§§gm§g@gh4} cp ]ang%cplui 0 ( s)gfel dlg?orome%age mlll) at room
tempega@r& eré Qﬁ@{gﬁy%@@oﬁlgayﬁ@ d?'SrTE(tJ cr2eoPadififi 40?”3&1(:]14 19 M in

[") di n conpoun
dichlonemétharie, 0.2eqL) 2.0reqdi ‘Thd macimﬂt\hwrﬂloé@d b it -7 & Bhfor 2 hrs before

enperat ure. ution was, cool 78 C Bl
aquenchifdy 1t seipptegh SRR SO SSBUaR (1 BLE, T el ¥s ‘Faduatly
warm&i—up 4o roﬁﬂ tdmpeki@rd RACHAO ﬁll&‘@éd 2 L@Nask AR I hatlr, TRS aqueous
for 2 hrs be ore quench |n% w th saturated NaHCO3

layer wqu exasteslovith dmiﬂo(r@nnﬁbyne (Brve 2ftinxk)u ed Hhescogrbiendaregnic layer was

oS TR 5 ECTEOE TIPS 8 00 180 DA i

conceifritBd diC kb O RR [AR) €4 (((E) g(lRQZtSr;]rzla)S,, im&g&mmom -diecbthyl-1-(tert.-
0 washed wi er

butyl)gli@gewfﬂwe&mlé& Bt HhHipckidy Naé’s%ﬂﬂﬂrﬂn)lrw@%anﬁwthoxy}

propa%ughﬁjékgiﬁ%&%i?%@yzdag is¥BEddCn a yield of 46 % by flash column chromﬁicigaphy

(1R 2S, 4aS,"l GaR) - 7- brono- 1, 4a- di
FOR200) ePyr.ldImum chlorochromate (0.324 g, 1.5 mmol, 3.0 eq) 4A MS (1.0 g, oven-

i R ISR b kB et P8 B R e

to an(&emw DAL Yemdituba! 8dsk BgdpyddEwethod rifam¥idYtifingShar. The
col unmm chr omat ographﬁ d£ 0200] "Pyridi ni um

mixtugsh was ot lowesdatoe c¢d. B2 a_ndsalmhql 423 (@2écg,)054mnm 1.0 eq.) in
aenidfofrfis £458 s SR Bk bSRATES bt gl yormea v

to rooddl é@kberadlrel danaoulédwdll foedir Zbr mhoth@uhteolne! Tkm*rnﬁ}kta&kwas filtered
throug 4 BWbaT 56 B8 107D B h COMARL ihiegoimgbge. § 1§ sofifion was
conc e e Bl QIS b i st
affordt @ertmm (R)MEER 28408, 10aR)- Moromat- 1, éandichettyl t(ferz.-butyl)diphenyl-siloxy-
methy?—q ,i,?ﬁ,%fb, lrb?wa-octit} 1'or-n I)l(etnle'lllrlt en- -yf)tphenyl?mcthoxy)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
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t hrough a pad of silica gel and was flushed wth 200

nmL di chl or onet hane. The sol ution was 25 concentrat ed

in vacuo. The residual product was purified by flash

col um chromat ography to agford

(2R 4R)-4- ((R) - ((1R 2S, 4aS, 1GaR) - 7- br ono- 1, 4a- di net hyl
anhydréus(NgJIO, didt yonketpienitl vaiubOXie rd¥RIvBl trudc Protiudt 4as Purified by

LY R AT RS L L

o 5B Rl 2 G 1 By Sk s

The samaséquencendTeadtioayveddésoribat inrthtand elespreeivps patagraph faete used to

2 days. Th eacti.o uenc y addi ng .10 nL
conVefia CaPOUKe (39 ULl kOl i-éﬁwwpgg» ‘R“—Iﬁ‘t%ie@ﬁ?@%ﬁ‘é‘% dnethe (7-
dOdecé\lli%{dﬁo \%g?’gjrg b i[ 10 rfe%ﬁ gnd b?@%@yﬁ%ﬁﬁﬁ%ﬁﬂd@%@ﬁ oa r gan:l 1\(/:\5%11%@ isomet
(45) ahdyempovas! (@9) toccompennd 615) fefhlidy Sus Na2SO4 and

concentrated in vacuo. The residual crude product was

purified by flash colum chronmatography to afford

phenyl ((1R, 2S, 4aS, | 0aR) - 1, 4a-di net 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 ) net hanol 55. The

sane sequence of reactions as described in this and

the 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 or onet hyl i den-b

enzi ndenyl ) - a- benzyl al cohol isoner (45) and conpound

(39) to conmpound (45) (c Fig. 8). 10 79 CLAIM5S \What

is clained is: 1. Acyclic acetal of the genera

formula (X): RO /ARL--( A 5 R0 wherein RL is 20S

H
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i RO and R10 are independently selected fromthe
group consisting of H, aliphatic, cycloaliphatic,
aromatic, arylaliphatic, and arylcycloaliphatic
groups, conprising O to 10 about 3 heteroatons
selected fromthe group cofdisting of N, 0, S, Se and
Si, and A is selected f(gﬂ&ﬂ?g group consisting of O,
S and Se. 2. The cyclic acetal of claiml1, wherein RO
and R10 are independently selected al kyl chains

i.ng about 1 to about 10 main chain atons. 3.

What $2 rig ]
AFHBUNFCIFc acetal of clains 1 or 2, wherein RO and RI10

1.

2.

3.

are selected fromthe group 15 consisting of .nmethyl,

Btd¥lic adkt 0P MY generhl fRkbM @Hhy! -, n-butyl,

1- et hyl propyl -, 2-me- thyl propyl -,

1, 1-di met hyl et hyl -, n-peg®yl -, 1-nethylbutyl-,
2-met hyl butyl -, 1, 1-di n@- thyl propyl,

2, 2-di met hyl pr opyl -A—3452- di net hyl pr opyl
3-nmet hyl butyl - ;1 1- £t hyl Rropyl -, 2, 2-di net hyl propyl ,
n- hexyl , 1-netﬁy|p ntyl/ 2-nmethyl pentyl;

3- et hyl pentyl, 4- | pentyl, 1, 1-dinethyl butyl,

1, 2-di net hyl butyl, 1, 3- 'qgthylbutyl, 2, 2-di net hyl 20
butyl, 2,3-dinmethyl butyl R3,3-dinmethyl butyl,

l-ethyl butyl, 2-ethylbutyl, 1,1, 2-trinethyl- propyl,
whéreBi kT {smet hyl propyl, 1-ethyl -1 -nethyl propyl,

1- et hyl - 2- met hyl pr opyl , n-hep- g%l and n-octyl. 80 4.
The cyclic acetal of any one™®f ¢lains 1 - 3, wherein
the cyclic acetal is of thegfdeogla: (S) OSF Fi 5.
The cyclic acetal of clg ¥erein the cyclic
acetal is of general : Rl4 A Rl R16
""R15 5 wherein g
1, 3-di functi onal
AH AH R14 o)

gl 1s obtained froma
of the general fornmula (XV)

2

RY and R0 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 consisting of N, O, S, Se and Si, and

A is selected from the group consisting of O, S and Se.

The cyclic acetal of claim 1, wherein R% and R10 are independently selected alkyl

chains comprising about 1 to about 10 main chain atoms.

The cyclic acetal of claims 1 or 2, wherein R? and R10 are selected from the group
consisting of methyl, ethyl, n-propyl-, 1-methylethyl-, n-butyl, 1-methylpropyl-, 2-me-
thylpropyl-, 1,1-dimethylethyl-, n-pentyl-, l-methylbutyl-, 2-methylbutyl-, 1,1-dime-
thylpropyl, 2,2-dimethylpropyl-, 1,2-dimethylpropyl, 3-methylbutyl-, 1-ethylpropyl-,
2,2-dimethylpropyl, n-hexyl, l-methylpentyl, 2-methylpentyl, 3-methylpentyl, 4-
methylpentyl, 1,1-dimethylbutyl, 1,2-dimethylbutyl, 1,3-dimethy1bﬁty1, 2,2-dimethyl-
butyl, 2,3-dimethylbutyl, 3,3-dimethylbutyl, 1-ethylbutyl, 2-ethylbutyl, 1,1,2-trimethyl-
propyl, 1,2,2-trimethylpropyl, 1-ethyl-1-methylpropyl, 1-ethyl-2-methylpropyl, n-hep-

tyl and n-octyl.
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15

1k o I-T R16 , and wherein R14 and R15 are

i ndependently selected fromthe group consisting of

al i phatic, cycloaliphatic, aromatic, arylaliphatic,

and aryl cycl oal i phatic groups, conprising 0 to 10

about 3 heteroatonms selectdd fromthe group consisting

?fle I:\!fcl acetal oteng e oF claffddl L 3, \*Ther@iﬁ% ébc‘ﬁcﬁgétﬁﬁg 8fthe formula:
ron1t e group consisting of 0, S and

cyclic acetal of claimb5, whereigthe AH groups of the

1, 3-di functional conmpound of Yeneral fornula (XV)

are shielded by a protective gyoupysel ected fromthe

group 15 consisting of acé,) £

t et rahydr opyranyl -, net hoxymnmg - %KB nethoxyethoxy
met hyl -, 1,1,1, 3, 3, 3- hexs 3 opropyl

trimethylsilyl- [ tri-isopropyl-

silyl-, di-isopru4 yl,

(tris(trimet y trlfluorosulfonyl
t ol uenesul fonyl -, p-nmet hoxybenzyl - tertiary- butyl,
met hyl sul fonyl, allyl sul fonyl -, aIIyI-, al lylsilyl-

pi val oyl -, nethylthio- nethyl- and 2-(di nethyl

T8 BARRLEMAIG M) B iWhtkdin Blc9¥Nc SREA @s"@lﬁ)%eneraf forzﬁula (XIV):
cyclic acetal of tRe general fornula (I

Rt-/-( 5 ARIO0O wherein R4'4s 20S H R9 and RlO are

i ndependent |y selected fr t he group consisting of H,
aliphatic, cycloalip , aromatic, arylaliphatic,
and aryl cycl oal i phati ups..igconprising 0 to 10
about 3 heteroat el ect/ed Rrom t he group consi sting
of NN 0, S, Se and Si A-and A is selected fromthe
group consisting of 0, S &ﬁ@58€ 8. The cyclic acetal
of claim?7, wherein RO and™R10 are i ndependently

3 l%%% gglg‘gl%k alllénﬁtget I(i Vﬁnhtagtlg’tﬁ@%ctloﬂ I&Igfnou%dl ¢ g{ehgeneral
formula (XV)

AH AH

wherein R14 and R13 are independently selected from the group consisting of aliphatic,
cycloaliphatic, aromatic, arylaliphatic, and arylcycloaliphatic groups, comprising 0 to
about 3 heteroatoms selected from the group consisting of N, O, S, Se and Si,

R16is H, and

A is selected from the group consisting of O, S and Se.

The cyclic acetal of claim 5, wherein the AH-groups of the 1,3-difunctional compound
of the general formula (XV) are shielded by a protective group selected from the group
consisting of acetyl-, benzyl-, tetrahydropyranyl-, methoxymethyl-, B-methoxyethoxy-
methyl-,1,1,1,3,3,3-hexafluoroisopropyl-, trimethylsilyl-, triethylsilyl-, tri-isopropyl-
silyl-, di-isopropyl-methyl-silyl, frertiary-butyl-dimethyl-silyl-, tertiary-butyl-diphenyl-
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9. The cyclic acetal of clains 7 or 8 wherein RO and

R10 are selected fromthe group 15 consisting of

net hyl , ethyl, n-propyl-, 1-nethylethyl-, n-butyl,

1- net hyl propyl -, 2- nethylpropyl , 1, 1- dlnethylethyl
n-pentyl -, 1-methyl butyl -, 82-methyl butyt-, 1,1-di me-

4Ry Fth llnet ?lsﬁYQéﬂW}- hli‘llﬂﬁlf)fb@ﬂffcmyll ¢@u&ie§ﬁ¥&ﬂ-?f)gﬂéfh®xybenzyl-
3- neth buty et’hyl propyl 2,2 di met hyl pr opyl ,
tﬁrtt;ey—ﬂohtyl,lmﬁ‘b’h}a[fpeﬁt yllylstzlfmml-h)alllpbnag}ylsﬂyl- pivaloyl-, methylthio-

el A gy P R g1 Sl ) 20

butyl, 2,3-dinethyl butyl, 3, 3- dlnethylbutyl
A-cgbllfb’édé_thﬂ Mfthe%eﬁérbl}’ﬁohﬂﬁw(])()l, 1,2-trimethyl- propyl,
,2-trimethylpropyl, 1 -ethyl- 1 -nethyl propyl,
1-ethyl -2-nmethyl propyl, n-hep- tyl and n-octyl. 82
10. The cyclic acetal of agy one of claims 7 - 9,
wherein the cyclic acep ds of the fornula: (R (R
OS H Fi O 11. The cyclic\acetal of clains 1 or 7,
wherein the cycli & tal iys of the formula: 5 OS H
HO A

10

wherein R1 is
l”’h tg

AL

R? and R0 are independently selected from the group consisting of H, aliphatic,

208

cycloaliphatic, aromatic, arylaliphatic, and arylcycloaliphatic groups, comprising 0 to
about 3 heteroatoms selected from the group consisting of N, O, S, Se and Si, and

A is selected from the group consisting of O, S and Se.

The cyclic acetal of claim 7, wherein R® and R10 are independently selected alkyl

moieties with a main chain of a length of 1 to about 10 main chain atoms.

The cyclic acetal of claims 7 or 8, wherein R? and R10 are selected from the group
consisting of methyl, ethyl, n-propyl-, | 1-methylethyl-, n-butyl, 1-methylpropyl-, 2-
methylpropyl-, 1,1-dimethylethyl-, n-pentyl-, 1-methylbutyl-, 2-methylbutyl-, 1,1-dime-
thylpropyl, 2,2-dimethylpropyl-, 1,2-dimethylpropyl, 3-methylbutyl-, 1-ethylpropyl-,
2,2-dimethylpropyl, n-hexyl, 1l-methylpentyl, 2-methylpentyl, 3-methylpentyl, 4-
methylpentyl, 1,1-dimethylbutyl, 1,2-dimethylbutyl, 1,3-dimethylbutyl, 2,2-dimethyl-
butyl, 2,3-dimethylbutyl, 3,3-dimethylbutyl, 1-ethylbutyl, 2-ethylbutyl, 1,1,2-trimethyl-
propyl, 1,2,2-trimethylpropyl, 1-ethyl-1-methylpropyl, 1-ethyl-2-methylpropyl, n-hep-
tyl and n-octyl. |
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10. The cyclic acetal of any one of claims 7 - 9, wherein the cyclic acetal is of the formula:




