Title: VITAMN D PRECURSORS, METHOD AND | NTERVEDI ATES [ er B]June 24 r act :
The invention relates to precursors of the A-ring of vitamn D, of for-
mul a (1) WORH4RFth A R Rerr] and R err] areas defined F&TETE0/12225
specification. The invention also relates to a nethod of preparing
conpounds (1) conprising the enzymatic asymetri- sation of

3, 5-di hydroxybenzoi c acid derivatives, as well as internedi ates of
preparation
' VITAMIN D PRESCURSORS, METHOD AND INTERMEDIATES

5 This invention discioses precursors that can be used effectively for the
synthesis of 19-nor-vitamin D analogues, as well as a method and intermediates for
the preparation thereof. More specifically, the invention relates to precursors of the
A-ring of said vitamin D analogues, which A-ring is represented by the structure

below
Y

L/

10 : X0 (8.4
(see for instance Mazur et al., Tefrahedron Letters 1995, 2987).
The synthesis of bicyclo[3.l.0]hexahe derivatives, as lé-nor- A-ring
precursors has been developed from (-)-quinic acid or cyclohexane-triol by
M. Vandewalle et al. (Tetrahedron Letters, 1995, 36 (45), 8299-8302) and is
15 based on the well-known sigmatropfc rearrangement of cyclopropylic alcohol into
homoallylic alcohol. The potential of this rearrangement in natural vitamin D has
been first demonstrated by Mazur et al. (op. cit.). An alternative synthesis from
2,4-pentane-dione was also reported (S.Z. Zhou, S. Anne, M. Vandewalle,
Tetrahedron Letters, 1996, 37 (42), 7637-7640). 3-Cyclopentenol was also used as
20  a precursor for this preparation (W. Yong, M. Vandewalle; Synlett, 1996, 9, 911-
912). |
. These methods however present the following disadvantages :
- The preparatioﬁ from (-)-quinic acid involves a radicalar deéoxygenation
which is difficult to control on large quantity, and the use of toxic
25 tributltinhydride ; '
' - The process from cyclohexane triol is conducted via a large number of
steps (12) and needs two enzymatic reactions ;
- The starting material, 3-cyclopentenol is not commerciafly avéilable. It must

be prepared from cyclopentadiene via a low yielding (30 %) hydrobbration-
. A 4



of said conpounds. 8 June 2004 WO 01/42251 VI TAM N D PRESCURSGRSZ0METHOD
AND | NTERVEDI ATES PCT/ EPOO/ 12225 5 This i nvention discloses precursors that
can b¥ UM fectively for the synthesis of 19-nor-vPEEBPAVI2E Al ogues, .
as well as a nethod and internedi ates for the preparation thereof Mre
specifically, the invention relates to precursors of the A -ring of said
vitam n D anal ogues, which A-ring is represented by the structure below 10
Xo_ -ox see for instance Mazur et al., Tetrahedron Letters 1995, 2987).
The. synthesi s of bicycl o[ 3.1.0] hexane derivatives, as 19-nor- A-ring
pr-ecur sor step.aEurtireoaue lcoEesrobh (- tHA B Gl e-triol by
M Vandewal ?_Le et al. (Tet ?ahgrdpoﬁwfgta{ngrtggh%dgg?ﬁ%rgo€%§¥ﬁhgg§@g§02) and is .
15 based #% cumbememesknown si gmatropi ¢ rearrangenent of cycl opropylic o

al cohol into |Lylhi | cqhol ., . The potential of this rearrangenent in
natural vitam ?ﬂggﬁ‘a“%éé‘%%%‘ﬁngi(%{”ﬁ Z&emtﬁvr ?'é"dat?y"tmiﬁvff@? feam lgwp. cit.).
An al t er npikidéen feTirletdpStol bRBhride fie ﬂﬂ&ﬁ [ \ orted (S Z
Zhou, S: %nne_, M Vandep\j\f/gl Ee?}hné’get regﬁtg r'ona[ggﬁ%ro\gﬁl @93@%??5}25:

7637- P40, their Gyw Inpjeqarnvdightcsome mermedidteaard Gatlierprotaile 38d dificulk hi S

~preparatiton (‘iﬁfiYO@g?g M. Vandewal | e; Synlett, 1996, 9, 911- 912). These
met hods h® N} BEEERAERIOGESY-| owi ng di sadvant ages - The preparation from

(-)-quint acigrhHSF B i.cal 1at i pn. Whi s . difficult to
control on |arge qqan?ﬁ%?ﬁ&alﬂicfetar@éa@gﬁ%g?gj;ﬁ%R%’%’? YT ANYari de ; -
The proceprepdredratarting den ahe-diltyidedxybenzoin duidt @etivdiived oramheR nunger of

st eps (1g%llpan~d r&e@ds t WO ﬁﬁ@gmtic reactions ; - The starting material,
3- cycl opeHP¥HBied ompeteshhsse ipspqupsory 30 hploblained orustlatge soalepnr 2d from
cycl apent Agingd &hidtAs tdrO¥trtient fafl Pedvilustd oL ANRLABEON A

Thus, according to a first feature, the invention relates to a method of

preparing a compound of formula (1) :

15
2 M

—

- in wﬁfch :
- A is a group -CH;OH. -CH»-OCOR?’, -COR ", -CSR or an ethvnyi :
20 - Ris hydrogen or a (C,-Cg)alkyt ;
- Ry is hydrogen, a (C,-Cs)alkyl or a group -(CH,),-OP ;
- Ry is hydrogen or a group -OP ;

'A,R' is a (Cy-Cg)alkyl or a phenyt ;
- R" is hydrogen, a hydroxyl, a (C,-Cg)alkyl, a (C-Ce)alkoxy, a (Ci-Ce)alkylthio,
25  oradi(C-Cs)alkylamino ; '
- P is hydrogen ; a (C;-Ce)alkanoy! ; a benzoyl in which the phcnyl is optionally
substituted by a (C;-Cy)alkyl, a halogen or a nitro ; a (Cy-Cg)alkoxycarbonyi ; a
group -Si(Rg)g in which each R; independently represents a (C,-Cgalkyl or a
phenyl ; a mono- or di-(C;-Cg)alkoxy(C;-Ce)alky! ; a tetrahydrofuranyl ; or a

30 tetrahydropyranyl ; '



8 June 2004 WO 01/42251 PCT/ EPQQ 12225 step. Furthernore the June 2004

cycl opro | and the introduction of .the fornyl group rsone ;
- The sy%ﬂgi‘ﬁ'@ggtarti ng from 2, 4- pentane di one (10 steps)l)('?r&ﬁ?ogjlll?2 rom | .ow
.yields in the first step for preparing the internedi ate bis epoxide. '
Furthernore, due 5 to their |ow nolecular weight some internediates are
rather volatile and difficult to purify in a large scale process. It has
now been found that a broad range of 19-nor-A-ring precursors can be
prepared starting from 3,5-di hydroxybenzoic acid derivatives or their

4-al kyl  subsBit tb@s%@hﬁimﬁfﬁ@gb’&ﬂ%be precursors can be obtained on a

-l arge scal e . ' I.Ssnore-efficient than previously.

di scl osed mpﬁggsméﬁﬁggag%gorgﬁ%gs?% a first feature, the invention

rel ates to a(iyriabisk &tompala fatehuda gonpound of fornula (1) : A 15 in which
R, R (lI) - Ais agroup -CH2O4 -CH2-OCCOR, -COR, -CSR or an ethvnvi

;7 20 - Ris hydrogen or a (C, -C&®alkyl ; - R is hydrogen, a (C

-C6)al kylcor a group -(CH2)"-OP ; T - R _is hydrogen or a group -OP ; - R
is a (C -%6) al kyl or a phenyl ; R ™s hydrogen, a hydroxyl, a (g -Co6)al kyl,
a (C, -06)al koxy, a (C, -0C6)al kyl 25 or aldi(C,-C3)aIkyIarrino; - Pis
hydrogen ; a (C, -C6)al kanoyl ™~a_behg

Oﬁ| I nwhi ch the phenyl is optionally
substituted bya(C,-C4)aIk>H0, a@alog@ or a nitro; a _ |
(C, -Co6) al koxycarbonyl ; a group fSi(R3)3 in which each R3 independently

represents a (G -C6)al kyl or a phenyl ; a nono- or
di - (G - C6) al fowdichA i @ kG d)alkoxdy ch®oh TR hbIY A Wkthox Partbnyl, or a di(Ci-
' ) 10 Cs)alkylaminocarbonyl and R is as defined above, with a lipase in a

vinylalkanoate or an acid anhydride, and
.. (ii) converting the resulting compound of formula 2 or 2
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in which Z is an alky! such as a (C,-Cs)alkyl, preferably a (C,-Cs)alkyl

20  to the corresponding compound of formula (I).

—

As shown in general scheme 1, the 'starti'ng material for the preparation of
the A-ring prccurSors is obtained by hydrogenation of a methyi 3,5-dihydroxy-
benzoic acid or an ester thereof or of - their 4-alkyl substituted homologues
following a modified procedure from that described by P. Wang and J. Adams inJ

25 Am Chem Soc 1994, 116, 3296-3305. | , -
| The first step comprises the enzyrné catalyzed asymmetrisation of I-alkoxy
(or dialkytamino)carbonyl-3,5-dihydroxy-cyclohexane or its 4-alkyl-substituted
homotogues in a solvent such as a vinylalkanoate, for example .vinylacctate,
vinylpropionate or vinylbutyrate or an acid- anhydride, for example acetic
30 anhydrde, propionic anhydride or -butyric anhydride and using a lipase such as

SAM II (lipase from Pseudomonas fluorescens), CCL (lipase from Candida
, 2 '



30 tetrahydropyranyl ; 2 8 June 2004 WO 01/ 42251 PCTI EP0011328ke 2004 i s O,

1, 2, referably O or 1, which nethod conprises steps_of (i)
reactiﬁ‘a%néa%ound of formulal A5 in which Ais a (Cli-'@f:g? ﬁﬁﬁcar bonyl ,
preferably a methoxycarbonyl, or a di(C - 10 C3)al kyl am nocarbonyl and Ris
as defined above, with a |ipase in a vinylalkanoate or an acid anhydri de,
and (ii) converting the resulting conpound of formula 2 or .2' 15 2 2' in
which Z is.-an al kyl such as a (C, -C6)al kyl, preferably a (Cl-C3)al kyl 20
to the correspondi.ng conpound of formula (I). As shown in general schene 1,
t he starti iylindnaces)aPPE @lipase éropr peraimatpaocrear), PShdipase from PseadumbRas i S
obt ai ned by, h&%oq?@ﬁtiion &f agret.h’}ll 3,5-,_{9i hﬁdroxy- benzoic acid or an
ester ther &§P2%) SfCL (fipass trom QIR Garqidie) 3t RIRBPEH3NES betwsenolll ng a
nodi fi ed praa8adeCeprefeedbiy hatc, [ WA , i.nJ 25 Am
Chem Soc 1994, 116,?3296-%3%? qj‘lagﬁgéftgiqrggitzq?tugﬁ) conpri sgssdltehdég'g zoyr%ngcat alyzed -
asymet r i satkyd{ootialkyd) &3B,5Rp3-alkylcarbonyloxy-5-hydroxy or '(1§,35,4R,5R)-4-
di al kyl am n r | - 3, S-di pydroxy-cycl ohexane or its 4-al kyl -substituted
ol agoos TRy AR e R o oS herRaaatraIats Gor GrRmeimidd) 2

vi nyl acet atye theV bddr ' ALY, te i hydride, for
. exanpl e actgt I C %Owggﬁ?g’é? ?g‘? ?%rﬁiol%llycg i(gg’gﬁf%ggrf’?%}gﬁg@% 8@?‘9?’(‘?&5’%‘5‘9‘&“ de and
using a | i pasélSITHRIR)GANKYIS-blkyamenflorpRnrliconBytishekhnies dospar) . CCL

(l'i pase fr%?c%%‘é’x'a%ﬁde 2,.8 June 2004 WO 01/ 42251

Also, asymetrisation via an enantiotoposelective- enzyme-catalysed

10  hydrolysis of diesters 3 with an appropriate enzyme can take place to conduct to
the same family of compounds. _
Schemes 2 and 3 describe the synthesis of all diastereoisomers of general
k formula (I) with R;=H and R,=0P, from compounds 2 and 2' described in scheme
1. A
15 As shown in these schemes, the conversion of compounds 2 or 2' to
compounds (I) is carried out via.one or several of each of the following steps
which can be performed partially or totally in a varying order depending on the
eventual diastereoisomer : (1) protection of hydroxy groups (P=TBDMS, TBDPS
for example), (2) ester saponification, (3) inversion of a 3 or S-hydroxy group, (4)
20  formation of a leaving group (L. = OTos, OBros, OMs for cxamplej, (5) base
included ring closure to the desired bicyclof3.1.0}hexane, (6) transformation of the
carboalkoxy or carbamoy! function (A) to the desired substituent A.
Steps (2) and (4) are conventional reactions well known to those skilled in
* the art. Step (1) can be carried out according to J. Am. Chem. Soc. 1972, 94, 6190
25  or Protective groups in Orgénic Synthesis, T.W. Greene, John.' Wile;_gt;ns, New
York. Step (3) can be carried out according to Synthesfs 1981, 1, or by a two-step
process (elimination, hydroboration). Step (5) can be carried out according to
Tetrahedron Letters, 1995, 36 (45), 8299-8302. Step (6) can be. éarried out
according to.J. Gen. Chem. USSR 1964, 34, 1021. - |
30 Scheme 2 specifically describes the synthesis of all diastereoisomers with a

3aS configuration (« oriented cyciopropyl ring).
' 4



PCT/ EPOO/ 12225 cylindracea), PPL (lipase from porcine pancr &she 20

(lI'i pase féﬁg} Pseudononas cepacia), GCL (lipase from Gotrichum candi dum,

at a tenpef@MUf&Shet wveen 10 and 40C, preferably 20C, duri RETEPIMI2IZS hours, |
whi ch-affords the corresponding alkyl (or dialkyl)

(1S, 3S, 5R) - 3-al kyl car bonyl oxy-5-hydroxy or ' (1S, 3S,4R SR -4 5

al kyl - 3-al kyl car bonyl oxy- 5- hydr oxy- cycl ohexanecar boxyl ate (or carboxam de)

2 or the corresponding al kyl (or dialkyl)

(1S, 3S, 5R) - 5- al kyl car bonyl oxy- 3- hydroxy or _

(1S, 3S, 4R, 5R) - 4- a3abgmes3 gnegifically denasibesxhe Syiheivodyalt giakiefeoicanreawhRy | at e

-(or car boxam'ygz%c 2'. Also, as.grreé)ricaq?tio via an enanti ot oposel ective -
enzyne- cat al onfiguriap LB PTFUed, FyqioRIep 83 with an appropriate enzyme
can take pl ace toagodduet iﬁoFe,gpzﬁ SanEnd M by o, %g,g}r)?gﬁg%ﬂ ?chler.rlg? 2 and 3

-descri be the synthesis of al | ast er eol sdéners “of ) with

R1=H and R2=rcyclefdrh@bemane rdmpAumist(IR witheRC itD@Ad A =S CPEOBI dan aik§ HAS Shown
in these schene -thtg cgoJ%er_si on of conpounds 2 or 2' to conpounds (l) is
carried odt WU, EY 18¢ SKUheNisPt AfrngRrpcussors far vimin) anpleguep snodifiidcdt can be

performed pargija I _ | der ,d i ng A e .
eventual di asc%‘-g'r gg?és%HnséiPﬁ&?(l % ¥Xdi§‘[r;tgﬁi g\g'?tfr %‘Jf]lqg‘* iﬁl‘{/ﬁ’r 8%@&?’%&&‘% TBDPS
for exanpl e) kefohE 43taera kkapintinhediatel Grignid) rehaib%rogbp&é?ﬁ 18 R%:%(%éf ﬁzpdr oXV
group, (4) 20 forpation of a |eaving group (L = 0s, I os, fo

exanpl e), ~ ( 5)eadsdiasterepspigauively tnde derganyraicahols hic witksianedimitant removal of

bi cycl of 3. 1. t f i £t boal k b |

Punti on’t ) e BrRRtng (er (L RRREONhE Dthe? hapd Sretiimagan B 412 Sives 45,

¢ohvent i a0al TheabkitoRsulte|(68% NGIM) t Rad ktﬂﬁﬁnéi(i\uﬂ?dth%n Hggrd%rg? §&§r§ (1)
75‘,0 , b6 56: or

can be carried out accordi ng to J. Am Chem Soc. 1
Protective glbupahedronaleranilB8Bydh HE9B) AlRriitivelyeWitig doMebbd teapidipQs, New

York. St b ' { ding.to Synthesis 1981, 1, b
Voo stop " pr QeBEERer iR 50 1ahD) Sy RraRtuE gk 4B and$4%an be barr i o out

according to TeDiRRE%RRidEst £3 eforRIR i - St ) can
be carri-ed out accg*tgi n}g to J. Gen. Che%e%égﬂgs%%gﬂ?%i%gé?i& égd'&iheme 2
spe]E:i fical | ynesér ithesepuer s‘f?t(mbi 8546, alot showm).e OpoitlsONRlics Wardd) de 3aS
contigurgll Orﬂycgr%bgrraltigg bf Q.BC ives IR atd !ZS rhlygl%gcjrmethyl compounds in a 75:25 ratio

(73%). These epimeric alcohols were separated to give Lj and Lk after TBDPS
ether formation (81%)_ and subsequent ester hydrolysis (81%). Mercury acetate
mediated water addition on 4.3 leads to tertiary alcohol L1 next to Li in a 75:25

ratio.

20 This new method of preparation of 19-nor A ring precursors from 3,5-

[T
© e

dihydroxybenzoic acid derivatives is shortest than the “method previously

~ described. The practical importancé of the above route mainly resides in the fact

" -that the majority of the intermediates are crystalline and can be purified by
crystallisation which is more easy on a larger scale that the traditional purification

25 by chromatography on silica gel, and guarantees a high degree c;;;;nantionieric

purity.



L 8 June 2004 WO 01142251 PCT/ EPODY 12225 Schene 3 speci ficald Jrmd@68@4 i bes
the synthesis of all diastereoisonmers with a 3aR configurati onﬁ%g oriented
cycl opr SFOP4228L) . As shown in general Schene 4, the 3a W Pyl
substituted bicyclo[3.1.0]hexane conpounds (I) with R=H and A = CH2CH
can also be 5 useful for the synthesis of A-ring precursors for vitamn D
anal ogues nodified at C1. This possibility is exanpiified froml.a (R=H,
P=TBDPS, A=CH2CH) via ketone 4.2 as a key internediate. Gignard reaction
(for exanple R =Me or Et) |eads diastereoselectively to the tertiary

al cohols 1.i, with concom tant regpugljof the protecting ester function.

On the other hand nethyl enation of 4.2 gives 43. 10 The best result (68%

yi el d) was obtained with the Lonbardo procedure (Tetrahedron Lem 1982, -
23, 4293). Alternatjvely Wttig or Tebbe reaction (J. Og. Chem, 1985, 50,
1212) gave respective yields of .;= d 54% Di hydroxylation of 43 affords
the expected-diol |I.m as the mj ¢ oduct next to the epiner 4.4 (ratio
85:15, not shown). On the othe he 15 hydroboration of 4.3 gives 2R
and. 2S hydroxynet hyl conpounds M ratio (73% . These epineric

al cohol s were separated to give | jrand |.k after TBDPS ether formation
(81% and subsequent ester hydrolysis (81%. Mercury acetate nedi ated
wat er addition on 4.3 leads to tert}ary al cohol 1.1 next to Li 'in a 75:25

ratio. 20 This new nethod of preparation of' 19-nor A ring precursors from
3, 5- di hydroxybenzdic acid derivatiyes is shortest than the 'nethod
previously described. The practical inportance of the above route mainly
resides in the fact that the mgj oﬁty of the internedif&ates are crystalllne
and can be purified by crystallisgtion which is nore easy on a | arger £

scale that the traditional purifi on 25 by chromatpgraphy gn silica geT‘,
jomeric purity. JU/KZO(M

and guarantees a hi gh degree of ‘
. : OH . . W T 0 i
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4.1 1. mOP 1.j I.k 8 June 2004 PCT/EP00112225 1.i 1.1 R 8 3umeec20B4 WO
01/ 42251 PCT/ EPQQ 12225 Al of the conpounds (1) thus prepared are novel
except those of configuration 2S, 3aS, 4aS where Ais a fornyl, a

hydr oxynreM@A1/42264 et hynyl or a nethoxycarbonyl, R and RZWH@tlﬁnﬁydrogen
and R, is a group -CSi (R3)3 - These novel corrpounds t herefore represent
anot her featur.e of .the.invention. 5 Preferred conpounds (I) include those

where - Ais a group -CH2OH, . CH 000R, -COR' or an ethynyl ; - R is a
(Cl-C6)al kyl or a group -(CH2)"-OP ; Sch@'mé% a phenyl. ; - R' is hydrogen
; 10 - P is hydrogen or a group -Si (R3)3 ; -nisOorl. The conpounds (1)

.can be used for the synthesis of vitamn D (19-nor, 1cc, 25(OH)2-D3)

according for exanple to the follow ng schene as described in Tetrahedron
“Letters, 1996; 374(42) : 7637-76a@ocafs 40 8 Junrec@®04 WO 014 42251
- PCT/ EPOO/ 12225 Thg i nvention fur i i

preparation of tg

1 1K



compounds (1). Especially, the invention relates to the di astknedd&bneric
conpound of forrmula (11) : OR5 10 in which : - A and R fined
~above -WRAYEFIRS each i ndependent|ly represent a group Iﬁg@lﬂg@fl? éd above
or a nesyl, tosyl, brosyl or trifluoronmesyl group, under the proviso that
when A is a nethoxycarbonyl and R is hydrogen the 15 configuration of
conpound (11) is—-pot |- R, 3R- 5R--Also within the scope of the invention

are the conpounds of forrmula 2 or 22 A'ORR 2 in which . - Aand R are as
defined above ; - Zis an al (é as well as the conpounds of formula I A
30 A 2° OH 44 Alhofetiz0gampuwnds1 (D 2thes m@iﬁmoa:vemﬁa excephi thoseA dfs as

appended o EaTEatGS RS RS0S4 ook AT et iads a0 Ghvy 6 25) al Kyl
i's under stmca{%cimaﬁmnﬂaadma&aaozmﬁy&amﬁ% éagmr am)pg's Cha' n having |
X

to 3 (respectivély 4 or 6) carbon atons”such as f a net hyl, -
ethyl, propyl: Tﬁlsmm'pymmmngis theiefarb mepresent andthdy deathre ofi et mlve,nndnsope ntyl

or henyS radi C%referred compounds (I) include those where

- A is a group -CH;OH, -CH,OCOR', -COR" or an ethynyl ;
- Ry is a (Ci-Cy)alkyl or a group -(CHy),-OP ;
-R'is z.l‘phcnyl :
-R"is hfdrogen ;
10 - P is hydrogen or a group -Si(R3)s ;

-nisOorl.
The compouﬁds (I) can be used for the synthesis of vitamin D (19-nor, la,
25(0OH),-D;) according for example to the following scheme as described in
' Tetrahedron Letters, 1996 ; 37 (42) : 7637-7640 :

15 : HO

A0



The term " (C, - C6)al koxy" or "(Cl-C6)al kylthio" is understood Jagepe@ni ng a
group OR % {31?% ctively SRin which Ris a (Cl-C6)al kyl as defined above.
10 The invéh Il now be illustrated by the foll owi ng BEEERIAZ2EN and
“exanpl es. PREPARATI ON OF | NTERMVEDI ATES OF FORMULA | a)

cis, ci s-3,5-D hydroxy-1-(methoxycarbonyl)cyci ohexane : 1.A.(R = H
_A—COOCHS) 15 Methyl 3, 5-di hydroxybenzoate was hydr ogenat ed in MeOH in
simlar conditions as described by. Peng-Wang and Julian Adans in J. Am
Chem Soc. 1994, 116, 3296-3305 for the hydrogenation of

3, 5- di hydr oxybenz 8he inyengon ﬂﬁthhyrclaﬁﬁmmhydneunydmmdaﬂﬁac(;ﬁt?pa%tﬂm&tﬁ@g ot ,
‘97 9%, 5%Rh/ rég’un 5156\%2, IVE%( g4 0.m) containing O % of AcOH was
.added into an £ ‘fcﬁ_sy nxengen awa%st%tt%n@ast@mwomms with
hydrogen (fr oopmgéhndtonforiful I)a}tm) The hydrogen pressure reached 130 atm
-and tenperature was raised to 80-85 C. In the process of raising the
tenperature, the pressure of hydrogen decreased. Wen the pressure .
decreased o 90 atm the hydrogen presddre was brought to 130 atm agai n.
The hydrogenation was carried out for 1 25 h at 80-85 C and 130 atm, then
the tenperature was raised to 150 C a correspondi ng pressure reached

filtered off. The filtrate was conce trate and the r¢fi due was
crystallised from Et OAc/i sooct a ) 31.1g, yield 509%.

mp: 135.9C; 30 UV(Et OH): 211. 4nn?f090 AL 8 Rae 2004 WO 01/ 42251

PCT/ EPOQ/ 12225 IR (KBr) : 3284, 1734, 1259, 1015 cm'; 'H-NMR (DMBO-d6) : S
1.13 (3H,m ; 2.06 (3H,m ; 230 (1HmM }3.47 (2Hm ; 3.61 (3Hs); 4.70
(2M, d) ppH Sini liavhictas descri bed above, but replacing nethyl

3 5-di hydr oxybenzogt ﬁaré/asdeﬁml\:/gggg\le 3, 5-di hydr oxy- 4- met hyl benzoat e or

- R4 and Rs each independently represent a group P as defined above or a

mesyl, tosyl, brosyl or triffuoromesyt group,

under the proviso that when Ais a methoxycarbonyl and R is hydrogen the

15 configuration of compound (1) is not 1R, 3R, 5R.

Also within the scope of the invention are the compounds of formula 2 or 2

ZJ\O

wt ‘1

>=o

IN :Ulu-.<:>-u|>

20 HO 0
o) R
2
in which :
| - A and R are as defined above ;
25  -Zisanalkyl,

as well as the compounds of formula 1

)

OH

w

30 : HO

= . mn-@«ul ]
N
=




- Methyl 3, 5-di hydroxy-4-ethyl benzoate, the foll ow ng conpogidac 2es4e
obtained : - Methyl all-cis-3,5-di hydroxy-4-net hyI-cycI%@b«?%g%éjoxyl ate :
LB 1OWPF9’WEZSIA—CCDCH ) mp : 123 *C, ' H NMR (500 MHz, 1228 3.698 .
(2H,dt,J=4.0,12.0 Hz) ; 3.666 (3H,s) ; 2.40 (2Htt,J=4.0,13.0 Hz) ; 2.23 .
(iHm ; (2Hdt,J=4.0,13.0 Hz) ; 1.54 (2H q,J=13.0 Hz) ; 0.88 (3H d, J=7.08
Hz) ppm 15 - Methyl all-cis-4-ethyl- 3 5-di hydr oxy-cycl ohexanecar boxyl ate :
1.C (R _ Et, A=COOCH3) np: 94-96 C, 'H- NWR (500 MHz, M=QD) 83.72 (2H,

dt, J=10.9, 4.1 Hz), 3.66 (3H s), 2.42 (1 H m, 1.86 (1 H, bs), [.79
(2H, dt, J= 12.8, 4.1 Hz), 159(2H 20 d, J=9.0 Hz), 1.46 (2H, m, 1.02

3H, t, J=7.5 Hz J1,ON OF ES OF FORMULA 2 AND 2' -
gcheme I 1) EH'z‘%fH'ﬁ"B REE& 3bgye anpd Bf‘sdl(‘ Eﬁgﬁf general formula (1) Ia)
Met hyl (1S, 3S, thc&tmﬁdﬁrﬁ% sp{@n%@émﬁ&%bwd 812l v 25

" (REH. Z--Me Cls,Cis hydroxy- cycl ohexan carboxyl ate -

1. A (R=H, myl" c(rl!BCQCg),aJl@V' 'rmuicb:rsemtﬂ hs peasingroiingorori branghadcr eas
PPL -16.8 |na ttomflask, followed b
ld i o omvrpetsbar SRaif bayHe o T 3 Uesecrigel, § Sh R0 a0 dtom Siah aierwes

- purged wit h S | 3 f t hen
filtered ~t%§ Lﬁl%qg?%zgh m(?glﬂﬁ}%gﬁ ng \}e%%lﬁltl FSBSQ@ %Hjﬁ]@l ?’F &éte was
concentr at sdpéjyyle)rapxyla'hdmﬂ The resi due was separated by A3 8 June 2004

WO 01/ 42251 PCT/EPOQ 12225 filtration through a_pad of sjlica gel (70-200

Mesh, 45 g) Eﬂ]? -Fslaé‘f%‘ﬁef "@1@6)## Rigl ipyRAETIPId A MEINRG Re Of

oL uene! o e WELEL ot Ay B0 ) RSBl ) 2
Z=Me, l‘KFm')'hé ARvéntign \quanbwt bé Illhﬁsmitrﬂl By tas fallowing preparation and
examples. _ ' -
PREPARATION OF INTERMEDIATES OF FORMULA 1
.a) cis,cis-3,5-Dihydroxy-1 -(methoxycarbonyI)cyclohexane LA R=H, '
A=COOCH,).
15 Methyl 3,5-dihydroxybenzoate was hydrogenated in MeOH in similar

i

conditions as described by Peng Wang and Julian Adams in J. Am. Chem. Soc.
1994, 116, 3296-3305 for the hydrogenation of 3,5-dihydroxybenzoic acid.
Methyl 3,5-dihydroxybenzoate (57.6 g, 0.629 -mol, 97 %), 5% Rh/ALO;
(5.76 g) in MeOH (400 ml) containing 0.1 % of AcOH was added into an
20 autoclave (1L). The autociave was steamed two times with hydrogen '(from 130
atm. to 40 atm.j. The hydrogen pressure reached 130 atm. and temperature was ‘} _
raised to 80-85 °C. In the process of raising the temperature, the pressure of
‘hydrogen decreased. When the pressure decreased to 90 atm. the hydrogen
" pressure was brought to 130 amm. again. The hydrogenation was carried out for 12 -
25 | h at 80-85 °C and 130 atm., then the temperature was raised to 150 °C and the
corresponding pressure rea¢héd about 155 atm. The reaction was continued for 36
h. The catalyst was filtered off. The filtrate was concentrated and the residue was
crystallised from EtOAc/isooctane to give LA (31.1g, yield 50%). |
 mp:135.9°C;
30 UV (EtOH) : 211.4 nm (£ = 90.9) ;

AL



low oil. IR (film : 3447, 1734, 1243 cm' ; 'H NVR (CBQL3} 20046 1.4

: 2.3 (SHmM, 3.7 (3H,s), 3.75 (1H M, 4.7 (IH, ppm ;
5: +2‘§'°W-- 1.25, CHC13). 10 1b) Met hyl PCT’éP“"’lé?Z‘S .
S, 4S, SR) - 5 acet oxy- 3- hydr oxy- 4- met hyl cycl ohexane carboxylate : 2'.B
Z--Me, A=COOCCH3) and Met hyl

S, 4S, 5R) - 5- acet oxy- 3- hydr oxy- 4-ethyl cycl ohexanecar boxylate : 2'.C
Z=Me, A=COOCH3) By a simlar process as described under La, but

Ci ng PPL by SAM 11, PSL or 15 CCL from respectively : Methyl all
, 5- di hydronyR(ri%BrhyM%de@hdzéﬁd@asm’w ate : 1.B (R = M, A=COOCH3)
hy

. | all q 5-cycl oh boxylate : LC (R = Et,
A-m)a 20"t e PN M OMSE ot A deT L AL 0 G L8 KL, 3.&7 -

R, 3S, 4S, 5R) - 57Age4 1968 I Qx t -cycl ohexane- carboxyl ate : .B (R
= Ve ZeMe, AE c&)jmsmygl? (?quﬁw Yaq’ 1731, 1430 1943 1097 cmi’ 25

' H NVR (500 |sz Gﬁ)@ﬂﬁi‘)y as BestriBdd @Bbdve, bt replefng3methyd 3tsza1h drdx§enzddte M
3.69 (3Hs) . 2.45 (1Hm ; 2.32 (1H d, J=6.4 Hz) : (3R 2o 92
(2H dt, J=2.0P%Y%4.0 Hz) : 1.77 (3H, M : 0.96 (3H, d, J7OHz)ppm VS

mz): 231 (M, 1 127:11183; 87 67:43 (b
éea@ .30 Ea] u2 ) ﬁz%hg%%gd'g%gg”‘ %F[%‘i‘?;’%%w Ee‘ﬁ'une 2004 VIO 01/ 4225(1 aee

PCT/ EPOQ 12225 - I\/EMlellylGJS-dlhydroxy-Al—ethylbenzoate

R 3S, 4S, 5R) - 5- acet oxy- 4- et hyl - 3- hydr oxy- cycl ohexane- carboxylate : 2'.C (R
= Et, Z=Me, A = C@&f}ég?wmg compounds were obtained :

e

—mw
;U AT I
wma—

@

1 O ﬂAA/-\/‘\l—/—\m
hzoo ¥
r

T W

- Methyl all-cis-3,5-dihydroxy-4-methyl-cyclohexanecarboxviate : LB
. ) 10 (R=Me, A=COOCH>) ’
“mp: 123 °C;
'H-NMR (500 MHz, CDs0D) : & 3.698 (2H,dt.J=4.0,12.0 Hz) ; 3.666
(3H.s) ; 2.40 (2H,1t.J=4.0,13.0 Hz) ; 2.23 (IH,m) ; (2H,dt,J=4.0,13.0 Hz). ;
1.54 (2H,q,J=13.0 Hz) ; 0.88 (3H,d,J=7.08 Hz) ppm.
15 - Methyi ali- c15—4-ethyl 3 5-dzhydroxy-cyclohexanccarboxylate 1LCR=
Et, A=COOCH,)
mp : 94-96 °C;
'"H-NMR (500 MHz, MeOD) : 8 3.72 (2H, dt, J=10.9, 4.1 Hz), 3.66
(3H. 5), 2.42 (1H, m), 1.86 (1H, bs), 1.79 (2H, dt, §=12.8, 4.1 Hz), 1.59 (2H,
- 20 d, J=9.0 Hz), 1.46 (2H, m), 1.02 (3H, t, J=7.5 Hz) ppm.
PREPARATION OF INTERMEDIATES OF FORMULA 2 AND 2' (scheme
D | -
' I) Enzvmatic esterification of diois with general formuia (I)

i

o Ia) Methyi (IS,3S,SR)—3-acetoxy-s-hydroxy-cyclohexanecarboxyiate : 2A
25 (R=H, Z=Me, A=COOCHy>). ‘
Methyl cis,cis-3,5-dihydroxy-cyclohexanecarboxylate 1.A (R=H, A=COOCH;)
(15.2 g, 87 mmol) and lipase from porcine pancreas (PPL -16.8 U/mg, 9.12 g)
were placed in a round-bottom flask, followed by addition of vinylacetate (450 mt)
at room-temperature. The flask was purged with nitrogen. The suspension was -
30  stirred in dark for 22 h, then filtered through a pad of celite to remove.the lipase.

The fiitrate was concentrated by evaporation. The residue was separated by
A% |



IR (film : 3421, 2958, 2360, 1733, 1437, 1239, 1027, 739 cm '8 Juhk DMR (500
MHz, CDC1l3) : 8 4.98 (1H, t, J=4.1 Hz), 3.87 (1H, n) 3.69 (3H 5 s), 2.60
(1H b¥O MBI (o1 ny. 2.02 (3H, s), 1.84 (2H n), 1. 7PCHEPIOH232S 1 59
(2H, . m), 1.47 (1H, m, 0.97 (3H t, J=7.5 Hz) ppm; Ms (mz) : 245 (M++l),
233, 206, 184, 166, 141, 125, 111, 95,.87, 57, 43 (base peak). [a]n25 :
-50.2 (c= 1.08, CHC13). 10 11) Enzymatic. saponification of di-esters of
Formula 3 1la) Methyl

(1S, 3S, 5R) - 3-acet oxy- 5- hydr oxy- cycl ohexane- carboxylate : 2. A (R=H, Z=Me,
A=COOCH3) . ﬁﬁam@nabhu@hampmﬁomnhargﬂaﬁﬂ&moau&mA4ﬁaﬂiEhﬂakbunwFﬁm§ﬁkB)
(92.1ng, 0.36mol) in. 3.0 M o CN was adde of huffer pH = -
720, 1ol 1 oW mSlchigwen vidsiRiRe oF ety mEet a2 g NV Uy The

resul ting t Vﬁfﬂr r e s I nt ai ned
at 7.0 by mé 5rr,(tsa/gg ed’ézlégl lFj?soﬁﬁo 1%!\)%%61%1%3?9% Wﬁéﬂar%eggt I on was .
noni tored ByncEhicational s eR=H THeMe( %ﬂ@@ﬂl—%&ﬁ Broyiquakradtivy yvield® &dgi tion of

NaCl to saturate the reactlon sol uti on e reaction m xture was extracted
with AGOEt Y¢lwol0 ni). Thé conbined 20 organic extracts were washed with

brine (3 x Le SO4 and concentrated. The residue was
purified bﬁ&ﬂ"}? ﬂ“ 1%Wwwﬁl\§%obct ane/ Et QAc (6:4) to give nonoacetate 2. A
(R=H,  Z=MNe!gARMRXEBLLL) 29 $2.8 (SAGhRRLESH,9. B.75!(LR)m)Vet hyl

(IS, 3R, 4R, 5S) - 3- but anoyl oxy SHFﬁﬁr ox@{ﬁrrettg |2 g cl ohef?ane cari)oj:(/S | ate :
2B (R=Me, #Fr(1H3HyppmsCOOCH3) . To a sol ution of LB (R=Me, A=COOCH3) (0. 2g,

1.10 mmol) of cH was added butyric anhydride (538 |, 3.29
mol ) at erlmte‘"r’r’ﬁé’r@f&rg%ﬁghpomed by a solution of TMSoOTf

t I
terper 101 o TP ety (R3S Rlegor v P TIUBFL "2 oo LR o
M xture wagarbokyraesl: 2B (l&ﬁMt:J‘@-EMEhA-aOd)(Ingaﬁhed wi th 5% NaHCGS. The

reaction solution was washed with brine (3 x 20 m') dried with MgSO™ and
ts 8 JuneMuthyl Mﬁﬁ§§g-§-acetoxy-3-hydroxy-4-ethyl cyclohexanecarboxylate :

- 2'.C (R=Et, Z=Me, A=COOCH3)
By a similar process as described under La, but replacing PPL by SAM II, PSL or

15 CCL from respectively :
- Methyl all cis-3,5-dihydroxy-4-methyl-cyclohexanecarboxylate : 1.B (R =
Me, A:COOCH;)
- Methyi all cis dihydroxy-4-ethyl-3,5-cyclohexanecarboxyiate : 1.C (R = Et,
A=COOCH3),
20  the following compourids were obtamed

- Methyi (1R,35,4S,5R)-5-acetoxy-3- hydroxy-4—methyl-cvclohexane-

carboxylate : 2'.B
(R = Me, Z=Me, A = COOCH) :
IR (film) : 3434, 1731, 1439, 1243, 1027 cm”
25 'H-NMR (500 MHz, CDCl;) : 3 4.84 (1H, dt, =4.3, 4.3 Hz) ; 3.82 (IH,m) 3.69
(3H.5) ; 245 (1H,m) ; 2.32 (1H,d, J=6.4 Hz) ; 2.05 (3H,s) ; 1.92 (2H,dt, J=4.0,
4.0 Hz); 1.77 (3H,m) ; 0.96 (3H.d, J=7.0 Hz) ppm ;
MS (m/z) : 231 (M+, 13 213 ; 199 ; 186 3 170 ; 152 ; 127 ; 111 83;87;67;43
(base peak) ; '
30 [alo® :-22.7 (c=0.38, CHCl).

44



PCT/ EPOO/ 12225 concentrated to give a residue. The residue \Baanppeds i ed by
chr omat og h silica gel eluting with isooctane : AcCOEt to give
di but yr at ?@“ﬁ"g&-m Z=n- C3H7, A=COOCH3) (3.9 g, 98.8% XCT PE%&% ess .
oi-l. To a solution of this nmeso- diester (110 ng, 0.34 muol) in 2.0 m of
CH3CN was added 22.0 ml of buffer (pHS5 = 7.0), followed by the addition of
SAM 11 (37 ng, 46.8 U nyg). The resulting mxture was stirred at room
tenperature.and the pH was maintained at 7.0 by the neasured addition of a

1.0 M NaCH solution. The reaction was nonitored by TLC analyses. The
reaction was t er MatBYId4R39.4SR)enetaxyrt-othy N3 Blydioayicyelohexanei on  sol uti on.

«The reaction ) tr Wt h (3 x50 m), dried with 10
MySO4 and con(@é@”‘é&gd tge(gl v%g?‘%es&”g’%%3 Fesi due was purified by HPLC

el uting WIth fiRG aslellEb@scz:(sb $733,9487 \/193?011}2‘?“’?36&5‘* 2.B (R=Me,
-Z=n- C3H7, %%I&]I\f 099 as a colorless’oil. IR (film : 3495,
a

2964, 2878, 1 3’8)0 MEB;LCDﬂm 5 498 (I:Hj L, J_zl_ltl- (3@[@@13},1) 34;9&33;{ 1H,

dt) 383 {1My D dsPibel Fho P, 25 80f Hit. D165 @8 oot o . (2

16. 2 209 22 4, 187, 170, 152, 127, 111,
;3 71(C43 0 gzr@wf&g)ttl7WH m3 2001 {91 ) 3=73 ﬁz)&pjm

(15, 3R 4R, 55) MS trmizd o245 My, 455, 206728 Ry166; 121 OIESKATE- ORBTOIIPGes 2. C
(R=Me, Z=Me, A=COOCH3) 20 From meso- di acetate 3.C (R=Me, Z=Me,’ ) as
descri bed undBaKp a). [aJu25: +20 (c=2.9, CHC13) Ild) Methyl

(iR 3S,4S, 5R) Tce <3 - 4- met hyl - cycl ohexane- carboxylate : 2'.B
(RsMe, Z=Me, —&CXIZ?—@?)(Eﬁéénglnesoy)di acetate. 3. C (R=Me, Z=Me, A=COOCH3) as
descri bediunder 1IR) 2BnBhatid sapoificadion bf BReGersldlfidmathd 5 (2- 88, CHA 3)

EXAMPLE 1 : (2S, 3aS, 4aS)-2-t-but - bomet hoxy-
bi cycl of 3. 1. 0] hexHak Methy (lﬁmﬂomﬂﬂ-hﬁh"ﬁmlﬂh@amm”late :

(1RO':I%'§S5R?A—3 acet?Ay(RSﬁ %s_leeow &Gbmexanecar boxylate : 2.4.a 30 (R=H,

To a solution of meso-diacetate 3.A (R=H, Z=Me, A-COOCH;) (92.1mg,
0.36mmol) in 3.0 mi of CH;CN was added 27.0 mi of buffer pH = 7.0, followed
15 by the addition of SAM II (13.8 mg, 46.8 U/mg). The resulting mixture was stirred
at room temperature and the pH was maintained at 7.0 by the measured addition of
a 1.0 M NaOH solution. The reaction was monitored by TLC analyses. The
reaction was terminated by the addition of NaCl to saturate the reaction solution.
The reaction mixture was extracted with AcOFt (3 x 50 ml). The combined

20  organic extracts were washed with brine (3 x 10ml), dried with MgSO, and

RN~

concentrated. The residue was purified by HPLC eluting with isooctane/EtOAC
_ (6 4) to gtve monoacetate 2.A (R-H Z=Me, A-COOCH;) (30. lmg, 389 %) as a

colorless oil.
Iib) Methyl (lS,3R,4R,SS)-3 butanoyloxy-s hydroxy-4-methyl—
25 cyclohexane-carboxylate 2B (R Me, Z-n-C;H-,, A=COOCH;).

To a solution of 1.B (R=Me, A-COOCH;) (0.2g, 1.10 mmol) in 2 mi of CH,Cl,
was added butyric anhydride (538 l, 3.29 mmol) at room temperature, followed
by a solution of TMSoTH (trimethyisilyl triflate) (25 pl, 1M). The mixture was
stirred at room temperture for 30 min. and then 2.5 ml of MeOH were added and
30 the mixtu_rc was stirred for another 2k, and quenched With 5% NaHCQ;. The

reaction solution was washed with brine (3 x 20 ml), dried with MgSO, and
A$



8 June 2004 WO 01/ 42251 PCT/ EPOQ 12225 p- Tol uenesul f onyl chl @rjiude2¢m3. 3 g,
70 mmol ) was added to a solution of nethyl
(1S, 3S, BQUA22F et oxy- 5- hydr oxy- cycl ohexanec. - ar boxyl at e EW’PWZZZZ--NE
.A=COOCH3) (10.1 g, 43.7 mvol ) and di et hyl am no-pyridine (0.1 g) in a
m'xture of triethylamine (50 m) and nmethylene chloride (10 mM) at 0 C. The
5 solution was. stirred for I h at OC then 22 h at roomtenperature. The
reaction was quenched with water (300 m) and extracted with .nethyl ene
.chloride. The organic |ayer was washed with water, dried over MgSH,

~filtered andonceafrardttogdivda rdsiduec Mhe aegidadvas mﬁcarbysdtwdarlmmgd hy ofn Et OH
affording 2.4.a (R=H, L=0Tos, A—COOCI;%&»B 81.6 % . 10 rrp 83.1 C; .
IR (KBr) : siliga gelelntingwith isooctanppAcO to.giye filbstqu‘-ﬁ@ (R=Me 23+, 5),

23 0 D R A EPRCH) o3P onlgh) Ba coloficdbit 1 a selfifh bt Ao - 3% (1

3- hydr oxy- Sﬂte@@ytmmngsmmpmhﬂwmgwwas 5dc&d 22 m( Mhﬁd;g@Tos -
A=COOCH3) . To_a suspension of 2.4.a (R=H L= , 63 *

nmol ) inS MeCHO),igHowed by tlpma@gpm of cSeﬂ:MoHa(B% neg, %8 Yimg). rqsultmse

{. h
o onr ot ot e Migwre ab i oo Pneraffe aRE eSSty Whs Blifairked 57 210/ by, 80 1y )
(18.5 g, 89 pihsuréd aﬂﬁmon&ﬁ #19 M NYOFEsSHRion. PRS réddtibn waslh8midred by! R (KBr)
© 3447, 1719, 1176 cnf : " H-NVR (CDC13) : b 1.52 (4H.m. 2.25 (4H M, 2.45

(3H,s), 3.6TUCHyses The reacspp was termimatdiby the additem of NaG to thegegmiop, 7. 8

2H d, J=8. . 00, ) [, . .
R IR R 3s@gﬂ%@%@@*&giﬁwwﬁﬁ%ﬁfgg SinCERAs ¢k Y oged ity
L=CTos, 16-CRRA) und Gorsfoki) L' a sk, (Reesib NS poATERHAPLCLE. 35 Q)

eluting with isooctane/EtOAc (7:3) to give moncbutyrate 2.B (R=Me, Z=n-C;H;,
A=COOCH;) (78 mg, 90 %) as a colorless oil.
_ IR (fitm) : 3495, 2964, 2878, 1731, 1438, 1281, 1183, 990 cm™,
'H-NMR (CDClL) : 4.83 (1H, dt), 3.83 (1H, m), 3.68 (3H, s), 2.45 (1H, m), 2.32
15 (1H, m), 2.28 (2H, t, J=7.9 Hz), 1.91 (2H, m), 1.82-1.62 (5H, m), 0.95 (6H, m).
oo™ : +16.2 (c=2.09, CHCl,)
MS : 259 (M*+1), 227, 214, 187, 170, 152, 127, 111,93, 71, 43
IIc) Methyl (1S,.3R.4R,5S)-3-acetoxy-5-hydroxy-4-methyl-cyclohexane-
carboxylate : 2.C (R=Me, Z=Me, A=<COOCHS)
20 From meso-diacetate 3.C (R=Me, Z=Me, A=COOCH;) as described under Ila). S
' folp® : +20 (c=2.9, CHCl3)
iId) Methyl (1R,35,45,5R)-5-acetoxy-3-hydroxy-4-methyi-cyclohexane-
carboxylate : 2'.B (R=Me, Z=Me, A=COOCHj;)
‘From mesa-dlacetate 3.C (R= Mc Z=Me, A—-COOCH3) as descnbg_t_i under IIa)
25  but with PPLas llpase |
[alp® :-19.5 (c=2.88, CHCI3) _
EXAMPLE 1 : (28, 3aS, 4aS)-2—t-butyIdimethy!si.lyioxy-.'ia-ca_rbomethoxy-
bicyclo[3.1.0]hexane : L.b.1 (A=COOCH;, R=H, P=TBDMS). :
a) Methyl (IR3S,5R)-3-acetoxy-5-tosyloxy-cvclohexanecarboxylate : 2.4.a
30 (R=H, L=OTos, A=<COOCHj,).

Al



phosphine (18.4 g, 70 mmol ) and benzoic acid (833 g, 70 nmmoB)Jun2@6l uene

- (180 30 r{H’O%THE (70 M) at 0 C was added di et hyl azodi car boxyl ate (11
, m xture was stirred at roomtenperature PER/EROVIR2 after

addl ng 47 8 June 2004 WO 01/42251 PCTI EPOQ 12225 heptane (735 m) it was
filtered and the filtrate was concentrated. Toluene was added to the crude
product and the solution was filtered through a pad of silica gel (30-70
Mesh) _ Elution with toluene then with a m xture of toluene/nethylene
chloride afforded after concentration a residue which was crystallized from

EEOH 5 to gi welgluenesulfomykehlarideyas.2 ga_mm whd 9dde8 @ a SRuldn ome&y@ 2 C
KBr) : 1709, 1177 cm 1 :

-, W (Et X

(CDClg) OH) (§§'§§§E>ﬁ(3'3°§‘°ﬁ'ﬁﬁ>ﬂfw O%SX*{T@FFrbl,i’xletMSL(\ll—l(m:}H 278Me, 10
1H. ,318 mhoh3 114Hz 7.5

o 2 3ZgPEEoc, (ol a3t miohad, dilfkoy fnfnd i tidipe 51y sy 4

J=8.5Hz) ppm mix®resf m@isn(mz(ﬁogﬁl) drid G thytbhe Matdhde (%_Rnfj%tgr%)wc The

3- hyd t by te : 2.7.

]S U B B SRR omn e e o 3, 4
in M ) nat 22 9

The i xture vas aphched with8agfiess T} SRF EUAGRL RERTnEnbae chlice e vt e

(I L). The aqugaows ldyxy ewasvawashed r a.dﬂhedvam,rt hddéd smomégyl dﬁltcrg{l\' over

MySO4, filtered andﬁo,ggeentrated affording 2.7.a (R=H L=0Tos
(17. 45 g, quaficf dg; produgy WEEga)staihzezzxfmm EOH AF@dd)s 2.4.a | R

2105 (o9, S RNGEPAMGL TR o) " 4 62 (i 7 5 (aie
3=8. 5Hz) , 1r. 8mp2183d, °A; =8. SHz) ppm; 25 | a] n25: -36.7 (1.06. CHCl13). e)
Met hy! (1, R 3&(8&03 1t73EUt gl di net hyI si |yl oxy-5-tosyl oxy-cycl ohexane-
‘H-NMR_ (CDCly) : 8 1.5 (3H,m), 2.0 (3H.s), 2.28 (4H,m), 2.47 (3H,s), 3.68
(3H;5), 4.4 (IH,mj, 4.68 (IH,m), 7.35 (1H,d, J=8.5Hz), 7.8 (2H,d, J=8.5 Hz) ppm.
_ b) Methyi (1RJS,SR_)-3-hydroxy-S-tosyl(_)xy-cyclohexanecarboxylate : 254
15 (R=H, L=0Tos, A=<COOCH,).
To a suspension of 2.4.a (R=H, L=0Tos, A=COOCH;3) (23.35 g, 63 mmol) in
MeOH, was added potassium carbonate (4.36 g, 31 mmol). The suSpension was
stirred for 30 min. and poured in water (1.5 L). The precipitate: was filtered and
dried to give 2.5.a (R=H. L=OTos. A<COOCH3) (18.5 g, 89 %).
.20 mp:984°C;
UV (EtOH) : 225 nm (= = 11935) ;
IR (XBr): 3447, 1719, 1176 cm™ ;
'H-NMR (CDCly) : & 1.52 (4H.m), 2.25 (4H,m), 2.45 (3H,s), 3.6 (1H,m), 3.68
' (3H;5), 4.42 (1H,m), 7.35 (2H.4, J=8.5Hz), 7.8 (2H,d, J=85 Hz) ppm ;
25 [alp®:-19 (c=1.00, EtOH).
| ¢) Methyl (1R,3R,SR)-3-benzoyloky-5-tosyloxy-cyclohexanecarboxylatel: 2.6.a
(R=H, L.=0Tos, A=COOCHj3;).
To a solution of 2.5.a (R=H, L=0Tos, A=COOCH;) (18.35 g, 56 mmol), triphenyl
_phosphine (18.4 g, 70 mmol) and benzoic acid (8.53 g, 70 mmol) in toluene (180 -
30 ml) and THF (70 mi) at 0 °C was added diethylazodicarboxylate (11 m! 70

mmol). The mixture was stirred at room temperature for 30 min, after adding
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carboxytate : 2.8.a (R=H, L=0OTos, P=TBDMS, A=COOCH3). To a $duun¢ 2@ of
2.7.a (R=H, L=0OTos, A=COOCH3) (17 45 g, 46 mol) and |mdazolﬁﬁg3 9 g, 57
mol ) i WOSB2H et hy| f or mami de (80 m ) was added t- 30 HRff Byl silyl
chloride (8.6 g, 57 mml). The m xture was stirred at room AS 8 June 2004
WO 01/ 42251 PCT/ EPOQ/ 12225 tenperature for 1.5 h, then poured on water and
extracted with toluene. The organic |ayer was washed with water water then
concentrated. The crude product was crystallized fromheptane to afford
2.8.a (R=H, L=Oros, P=TBDM5, A=COOCH3) (13.94 g, 69.%9. 5 np:68.2C, W
(EtOH) : 2hepmane (‘BS:nﬂ)Zﬁgﬁ:)s filtérey (akBrihe ﬁlt%ﬁ&;as]cﬁﬁﬁ:ntrkmﬂﬁ'l‘onﬁﬁe wa$l73, 831
cm'' ; '"H NWR (CDC13) 002(3H s), 3H, s 0.82 (9H,s), 1.55
(4H, m), 1.@dde @mhﬁf—mdz prosiuctand th csczlusor( wps ﬁftereé ?U%HP# of sjlica gel 1 ps)
41 g“(_lc n)l (.‘6%763\48«%}‘ %Lsnoillowf}ﬁ%lﬁaﬁ) thef With 25 dixrote %‘fqgﬁj)enameﬁ\yienf:al D25
(2S, 3aS, 4aghlodde abﬂwtdddohﬁmtbxydcatrht}dm yesitiae adiidtowas bystallized from EtOH
bi cycl o[ 3. 1. 0] hexane_: 1(R=H, P=TBDMS, A=COOCH3). To a stirred solution
of 2.8.3 (reBiveiZGafBsi. b=¢§9ﬁxs\—%@§ﬁsjﬁ)9-7(7£z§.2%);, 15 856 Mol ) in
t - but anol ar‘:% 6?1 gplas added slowy during I h a. IMsolution of potassium
t-butyl ate B dnol (1.02 L). 5 Mnutes after the end of the addition
t he suspenwpﬁmcpy,ﬁﬁl(gezamq-and a saturated solution of ammoni um
.chloride (3 L) was added After O min. the aqueous phase was extracted ,
with dii sd&(ﬁﬁﬁoﬂ@&aliﬁaﬂor, anic layer was washed with water, dried over

SOt 20 R A0 BT T VB 42 (5, R b TR0, aphed
%Ib\r”ong 1935(@*@:? &Qﬁﬁ%{ (Wﬁ?quﬂ‘} 72 RHALIS AHAS 73 pH.4 oW Of | o
" 1=8.5Hz), 7.6 (1H,m), 7.75 (2H.d, J=11.4 Hz), 7.94 (2H,d, J=8.5Hz) ppm ;

[alo® : -65.8 (c=0.98, EtOH).

d) Methyl '(lR,3R.5R)-3-hydrox_v-5-tosyony-cyclohexanecarboxylate : 2.7.a

(R=H, L.=0Tos. A=COOCH; ).

15 To a suspension of 2.6.a (R=H, L=0Tos, A=COOCH,) (19.77 g, 46 mmol) in
MeOH (260 ml), was added potassium carbonate (3.16 g, 22.9 mmél). The

- mixture was stirred for 6 h at room temperature and pouied into water (1 L). The
aqueous layer was extracted with diisopropyloxide. dried over MgSQO,, filtered
| and concentrated affording 2.7.a (R=H. L=0Tos, A=COOCHa;)} (17.45 g, quant.)
20 asanoil , ' )
UV (EtOH) : 224 nm (e = 12262) ;
IR (KBr) : 3525, 1731, 1174 cm™ ;
‘"H-NMR (CDC13) :-d 1.67 (3H,m), 2.1 (3H,m), 2.45 (3H,s), 2.85 (1H,m), 3.7
(3H,5), 4.3 (1H.5), 4.82 (1H.m), 7.35 (2H,d, J=8.5Hz), 7.8 (2H,d, }=8.5Hz) ppm ;
25 [alp® :-36.7 (c=1.06, CHCL).
e) Methyl ( 1,R,3R,SR)-3-t_-butyldimethylsilyloxy-s-msyloky-cyclohexane-
carboxylate : 2.8.a (R=H, L=OTos, P=TBDMS, A=COOCH.).
To a solution of 2.7.a (R=H, L=0Tos, A=COOCH;) (17.45 g, 46 mmol) and
imidazole (3.9 g, 57 mmol) in dry dimethylformamide (80 ml) was added t-
30 butyldimethylsilyl chloride (8.6 g, 57 mmol). The mixture was stirred at room
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25 IR (film 1726 cm, 1458 cm', 1437 cm', 1254 cm, 837 &dung 2004 NVR
(CDC13) : .6 0.01 (6H, s) 0.83 (9H,s), " 1.28 (2H M, 1.8 (2H 2. 11

(3H M, WEPHEALs), 3.9 (1H M ppm; [a]D S -43 (1.04, é@@““@?@ﬁ/PLE 2:
(2S, 3aS, 4aS) - 2-t - but yl di met hyl si | yi oxy-3a- ( hydr oxymnet hyl)

bi cycl o[ 3. 1. 0] hexane : L.b.2 (R=H, P=TBDMS, A=CH2OH). 4S 8 June 2004 WO
01/ 42251 PCT/ EPOQ 12225 To a sol'ution of .

(2S, 3aS, 4aS) - 2-t - but yl di et hyl si | yl oxy- 3a- car bonet hoxy-

bi cycl o[ 3. 1. 0] hexane 1.b.1 (R=H, P=TBDM5, A=COOCH3) (207.5 g, 768 mmol) " in
tol uene (2. 1tdnpeasture7 forQ.Sts :aem@dmdlmﬁwmoduat eftfactdd withS©Richy! Them ni um
~hydride in tol uene 1 25 }J over 5 h. After conpletion of the addition, a
5 saturated SERMSG B¥eOYVag, P%t@eﬂ’afh w3 dhen @mﬁme%@esmm progudewasnd t he

terrperature e fter r 2 _ m xture
- extractzgﬁ§ ?ﬁa q‘%'gng?p%'ﬁé %r gagﬁ)l}é: ?'asr;)agr @/as d?’l‘é@ r‘%’and

concentrat ed A=COQCHs) (13249, 09¢08 %9 of the title corrpound Lb.2 as a yell ow
oil. IR (KBr) : 3355, 1471, 1255, 835; 774 cm1 ; 10 "H- NWR (CDC3) : 8 0
(6H s), 02 32mPr#84.Co. 5 (1H ), 0.83 (9Hs), 1.16 (IH m), 1.87 (5H m),

354 (2H, M, ¢ - 3:
(28, g}aS, Z)aS) ﬁép{étgﬁ) 69 @(ﬁ;%@? oxy-3a-fornyl - bicyclo[3.1.0J hexane :

. b. 3 (R=H, mfﬁmeﬁ,-sﬁaqm 1438, k34D 21(73?@31,1 cheTBDMS, A=CH2OH) (69.6 g, 287
mml) in nethylene 15 chloride (700 n) room tenperature was added

pyri dini um ;:Fﬂld\iMﬁh(Gﬁé:h& 6(682q3H3),50 ﬁﬁniBH s), T&G% r(smsggr asgvgsﬂaﬁ),rr%ﬁ -

Vi gor ous re . went up_to hen decreased to
gThe sugpea{ﬂ B ‘wﬁg?ﬁf g%eéﬁ{' }’ﬁt@f{3§’s)p (34, @bl‘ﬂ elEhma, Wa3 k&d.dwni t h

'mag hyl engy chj.qmrjg) aiRq2Hid, §o@5g9}y‘gefgtp de. The organic |ayer was washed

succesively with water, a saturat Sol uti on of sodium 20 hydrogencar bonate

“and with vvatm],ﬁso—‘pl-.lﬁﬁc-ﬂ.OOTE@Hpnbl ned organic |layers were dried over
centrated. The residue (66.8 g) was purified by

MySO4, filtered_an n

fI ash-chr orrat)daﬁéﬁgﬁ3§h2-ﬁ1!%ﬁtyl§4mewlsﬂylnwﬁambomythoaxet ate 95/'5 (V/V) as

eluent 10 picycio[3.1.0Jhexane : Lb.1 (R=H, P<TBDMS, A=COOCH}). | |
To a stirred solution of 2.8.a (R=H, L=0Tos, P<TBDMS, A=COOCHj3) (378.5 g,

15 856 mmol) in t-butanol at 64 °C was added slowly during 1 h a. IM solution of

potassium t-butylate in t-butanoi (1.02 L). 5 Minutes after the end of the addition
the suspension was cooled to 30 °C and a saturated solution of ammonium
chloride (3 L) was added. After 10 min. the aqueous phase was extracted with
diisopropyloxide. The organic laver was washed with water, dried over MgSO,,

s 20  filtered and concentrated. The residue was flash-chromatographed on silica gel

with a mixture of heptane/ethyl acetate as eluting solvent giving Lb.1 (R=H,

P=TBDMS, A=COOCH) (211.3 g, 91.3 %) as a yellow oil.

Ebseo : 135 °C; |

UV (EtOH) : 201 nm (& = 742) ; _

IR (film) 1726 cm™, 1458 cm™, 1437 cm™, 1254 cm™, 837 cm! ;

'"H-NMR (CDCl) : 6 0.01 (6H,s), 0.83 (9H.s), 1.28 (2H,m), 1.8 (2H,m), 2.11

(3H.m), 3.65 (3H,s), 3.9 (1H,m) ppm ;

[edn® : -43 (c=1.04, EtOH).

EXEMPLE 2 : (25,3a8,4aS)-2-t-butyldimethylsilyloxy-3a-(hydroxymethyi)-

30  bicyclof3.1.0lhexane : Lb.2 (R=H, P=TBDMS, A=CH,OH).

49
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give |.b3 (R=H, P=TBDMS, A=CHO) as a yellow oil (50.33g, 73‘3@JUHWQ4EtG-|)
204 nm (a = 6292) ; 25 IR (KBr) : 1726, 1253, 1119, 838 cm'

( CDC1W 00182251 (6H, s), 0.87 (9H,s), 1.3 (2H,n), 1.85 (2+?WEP°27‘i22€3H m, 4
(1H, M, 8.9 (1H,s) ppm; [a]D" : -49.4 (c=1.06, EtOH). EXAMPLE 4:

(2R, 3aR, 4aR) 2-t - But yl di rret hyl si | yl oxy- 3a- car bonet hoxy- 30 .

bi cycl o[ 3. 1. O hexane : |.h.1(R=H, A=COOCH3,. P=TBDMS). 10 8 June 2004 WD
01/ 42251 PCT/ EPOO/ 12225 a) Met hyl

(1R, 3S, SS) - 3- acet oxy- 5- benzoyl oxy- cycl ohexanecar boxyl ate : 3.9.a. (R=H,
A=COCCH3) .ToAsa dsdutiotbesf f 0f25Bab, @sl-aamummnvlsimm@@amomhw

h=Coccie) bl firase Lol S RrIOMCARGO O A i e ety -
L L) U RS S SRR (2

, _(1H, m, 3.riyandé3hhst));ue5e 2(8 26 1H) wyer 335h( hﬂd;rn&om;ﬂeﬁ& (0BHh8) addBtid¥-o 2H, m) p'pmf

. MD 2S : +42.3 0.82, CHCL3). 10 h) Methy
(I R 3S35S)samuryes, ﬁﬁi@y%ﬂ%ﬁ'&ﬂyﬁe%%H@%aﬁeé‘é?ﬁbﬂﬁwiht@deé agl ghe( R=H,

A=COOCH3 3 I hex | at
5 o ( reipBipiis frara o) 0 ST A Qe S0 1O IGIBRRIE DY 3 P
2. 5. a ( R=Hxtrati=dnhdth, tol%em-i&)ganiEhey&rwuieir&HQﬂJ@eMgm4 andl édncertrapad 1 ash

chromat ography 15 on silica_gel (hept ane/ et hyI acetate 515) to give 3.10.a
(R = H, Ategiedd2de (§8%xef e titto camppund LpR/graeow)il.: 8 1.63 (4H n), 1.92

0T g e, ), S0 5 85 (7
(1S, 35053)'}§th2@3ﬁ@§)/ % VOEBH, 0.3 ¢l RAS) ans catdax b 88691, S, 16
(1H,m), 1.87 (SH,m), 3.54 (2H,m), 4.0 (1H,m) ppm.
EXEMPLE 3 : (25,3aS,4aS5)-2-t-butyldimethylsilyloxy-3a-formyi-
bicyclo[3.1.0] hexane : Lb.3 (R=H, P=TBDMS, A=CHO).
To Lb2 (R=H, P=TBDMS, A=CH,OH) (69.6 g, 287 mmol) in methylene

15  chioride (700 mi) at room temperature was added pyridinium chlorochromate

(68 g, 315 mmol). The mixture was stirred vigorously for 1 h. The temperature
went up to 35 °C then decreased to 25 °C. The suspension was filtered through a
pad of celite and washed with methylene chloride and diisopropyioxide. The
organic layer was washed succesively with water, a saturated solution qf sodium

20 hydrogencarbonaie and with water to pH 6-7. The combined organic layers were

dried over MgSQ,, filtered and concentrated. The residue (66.8 g) was purified by
flash-chromatography on florisil with héptane/ethyl acetate 95/5 (V/V) as eluent to
give Lb.3 (R=H, P=TBDMS, A=CHO) as a yellow oil (50.33¢g, 73%).
UV (EtOH) : 204 nm (¢ = 6292) ;
25 IR (KBr): 1726, 1253,1119,838 cm™ ;
"H-NMR (CDCls) : & 0 (6H,s), 0.87 (9H.s), 1.3 (2H,m), 1.85 (2H,m), 2.1 (3H,m),
4 (1H,m), 8.9 (1H,5) ppm ; |
[alp™ : -49.4 (c=1.06, EtOH).
EXAMPLE 4 : 2R, 3aR,4aR)2-t-Butyldimethylsilyloxy-3a-carbomethoxy-
30  bicyclo{3.1.0]hexane : L.h.l (R=H, A=COOCH,, P=TBDMS).

10



(R=H, L=OTos, A=COOCH3). Al cohol 3.10.a (R=H, A=COOCH3) (2538Zuge2¢¥. 88
nmol ) was 03%{;9#1% as described for 2.4.a (R=H, L=0OTos, A=COOCH3 %
purificat "éh | ash chromat ogr aphy (hept ane/ et hyl acet aFeTAEpai22 2f‘an
crystallization from25 heptane/EtOH, title conmpound 3.11.a (R=H, L-OTlos,
A=COOCH3) (39.75 g) was obtained in quantitative yield. nip : 128.4 'C
1175, 939 cm' IR (KBr) : 2950, 1715, zI 8 June 2004 WO 01/42251

PCT/ EPOQ 12225 ' H NWR (CDCI 3) : 6 1.7 (3H M, 2.18 (2H M, 2.38 (3H,s), 2.5
(1H M, 2.85 (1H M S3H,S), 4.76 (1H, M, 5.43 (1H M, 7.19 (2H d),
7.5 (2Hd), mIMethy] MIR)35 “BradeRok yaj-bedz@oxy2tycihexpnecarbotylete:: 3.0%

-(c=1.014, CH hyl
E"lS_, 3S, 59) - 5?#3_(@0‘%(&% Eglté I>/oxy cycl ohexanecar boxyl ate : 3.12.a (R=H,
e A At TR ORI d ot
'(I S, 3S5,.59)-5 mxmyh)@mm'samcmhyxarmmbmk}&manMr PRxH| azemz, 1}3,-@(1((5{311
. Olos, A—C(%Iﬁ;;@ él;w%% tained in quantltatlve yield as a
yeI | ow 0i P é:ﬁ&‘} Soqveslﬁélqmﬁtw (1B.388S) 3racaipxyd-tenzogeny) , 2. 83
1H, 3. 68 dydich 64 7.8 (2H,d m
<(a) I\/gzhyl (1873S, ?S) St xg ‘?%I r{g{thyl sﬁbgb“ﬂgﬁt‘ éﬁ_{% cycl ogexanza- PP
car boxyl ate HBNMRE(CO@;H 8.1 SS)'EQH,mP'—"T(ED(@{ : % z f?gmz)s
as escri be

(R=H, L=0Orlos, g a (R-H
L:OTos P= TBIﬁh‘B’S) ;&r’(&ﬁﬁv@) Sﬂﬁﬁ md,aluﬁfbfﬁl'bm)ﬂ a5 fRH.alppras ogr aphy on silica

gel (hept ane/.et hy| 3 %{&l ave 3.13.a (R=H, L=0Tos, P=TBDMs,

A= ) (34@? g',*‘ggfk/% é? Prow oil . IR (film : 2953, 2855, 1725,

1278, 1118, O Methyl: (IR3S,55)- -5-benzoyloxy-3-hydroxy-cyclohexanecarboxylate
3.10.a (R=H, A=COOCH}).

Methy! ( 1R,3S,SS)-S-acetoxy-S—benzoyloxy—cyclohcxanécarboxylate 3.9.a (R=H,
| =COOCH3) (32.4 g, 151.9 mmol) was saponified as described for 2.5.2 (R=H,
. L=0Tos, A=COOCH;). The crude product was purified by flash chromatography
15 . on silica gel (heptane/ethyl acetate 5/5) to give 3.10.a (R = H, A = COOCH_:,)
(2238 g, 79.5 %).
'H-NMR (.CDCh) : 8 1.63 (4H,m), 1.92 (1H,s), 2.3 (2H,m), 2.86 (1H,m), 3.7
(3H.s), 4.1 (1H,m), 5.53 (1H,m), 7.5 (3H,m), 8.0 (2H,m) ppm ;
[alp™ : -13.5 (c=1.43, CHCl3). _
.20 ¢ Methyl (1S,3S.,SS)-S-benzoyIOxy-3-tosyloxy-cyclohexanecarbo'xylate :3.11.a
(R=H, L=0Tos, A=COOCHj3;). |
Alcohol 3.10.a (R=H, A=COOCH;) (25.2 g, 90.88 mmol) was tosylated as
o described for 24.a (R=H, L=OTos, A=COOCHs;). After purification by flash
chromatography  (heptane/ethyl acetate  7/3)- and crystallization from
25  heptane/EtOH, title compound 3.11.a (R=H, L=OTos, A—COOCH3) (39.75 g) was
obtained in quantitative yield.
‘ mp: 1284 °C;
IR (KBr) : 2950, 1715, 1175, 939 cm™' :

——
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20 "HNWVR (CDC13) : S O (6H,d), 0.85 (9H,s), 1.55 (3H ), 1838n¢2M4m), 2.38
(1H,s), 2.48 (3H,s), 2.82 (1H M, 3.7 (31-1, s), 4.2 (1 (1Hrr)
7.8 (2HV0<9}"427§'!3 09 (2H,d) ppm: [al D25: +29.5 (c=1. 06, EE’G'%"““?‘}Z”

(2R, 3aR, 4aR) - 2-t - but yl di met hyl si iyl oxy 3a-car bonet hoxy- 25

bi cycl o[ 3. 1. 0] hexane : |.h.1(R=H, P=TBDM5, A=COOCH3). From 3. 13.‘a (R=H, L
=0los, P=TBDM5, A=COOCH3) (33.2 g, 75 mmol) as described for I.b.1(from
2.8..1). Purification by flash chromat ography on silica gel (hept ane/ et hyI
acet ate 9515) afforded (2R 3aR 4aR)-2-t butyi di et hyl silyl oxy- 3a-

car bomet hox{H- NN!RC(QIPGL;)]. @]hé)(éhlan) h13 (2Rmh), ZBETEBHE), 25 QEmH3)2.8515. 5 30
g, 78 %9 as_a yell ogvg une_ 2004 WD 01142251 PCT/ EPOO’ 12225 IR
(film : 29(%&“‘@8356 (3Hs), 41&1@“@8756%1(1&@,@%'(1@0@ Hd), 7-3&%H, s),

(3. 5 K8 W%@*@g???@*% RIS RCLY T

EXAVPLE 5: 3&89{@!?)(}12 CHaQM)yyi di net hyI si iyl oxy-3a- (hydroxynet hyl) -

bi cycl of 3. Llhexane . Lh.2 (R=H, P=TBDMS, A=CH , OH).

(2R, 3aR>4aR;) qthﬂu(&ﬂ%ﬁ#@r yaroxy-drigsyixyecyclabesanesaybanyiate | BA22 0) hexane
U1 (R=H, _%DXE q;gJ)S 15 g, 56 mmol) was converted to |.h.2
(R=H, P= TRINE ™ AS = g, 87% usi ng t he conditions described for

10 L. b. 2. (Ribm ¥, B?NSH 6_61!‘09 A=CU®(Crfu %558 428m81), sSa@cribetbfor 835
cm' ; "H NWR (CDCL 1(6Hs , 0.5°(LHt), 0.86 (9H,s),

1.17 (1H, 5)2-7-31(536'1,( 5HQ:ﬂDS AO0CH ) mezhyb ((ISBS 58)-Sohydroxy-abogfoxy+17. 4 -

(c=1.15, Et
(2R 3aR 4aiPoPheSBEEPORTEE nA2A (Rolly LRTow rIFCORCHY 61923 9) Hekane : .
Lh3 (R’lp RibtRREn fiafiiive FERMsWVeflofitl P=TBDMS, A=CH20H) (11.3 g, 46.%6
ol | ow ng the procedure of° Lb3 (R=H, P=TBDMS, A—CHO) . h3 (R=H,

P TBDIVIS AFBHNMR (CDCly) : & 1.6 (4H.m), 2.08 (3H,m), 2.47 (3H,s), 2.83 (1H.m), 3.68

(3H,s), 4.3 (1H.m), 4.82 (1H,m), 7.36 (2H,d), 7.8 (2H,d) ppm.

e) Methyl (1S,SS,SS)-S-t-butyldlmethyls:Iyloxy-3-tosyloxy-cycloherkane-

carboxylate 3.13.2 (R=H, L=OTos, P=TBDMS, A—COOCH;)

15 From 3.12.a (R=H, L=0Tos, A=COOCH3) (29.2 g, 89.07 mmol) as described for

28.a (R=H, L=0Tos, P=TBDMS, A=COOCH;). Purification by flash

chromatography on silica gel '(heptane/ethyl acetate 8/2) gave 3.13.a (R=H,

L=0Tos, P=TBDMS, A=COOCH3) (34.8 g, 88 %) as a yellow oil.

IR (film) : 2953, 2855, 1725, 1278, 1177, 949 cm '
20 'H-NMR (CDCly) : & 0 (6H,d), 0.85 (9H,s), 1.55 (3H,m), 1.88 (ZH m), 2.38 3

(1H,s), 2.48 (3H,5), 2.82 (1H.m), 3.7 (3H, 5), 4.2 (1H, m), 4.7 (1H,m), 7.8 (2H, d),

-8.09 (2H,d) ppm ; .

- [alp® : +29.5 (c=1.06, EtOH).

) (2R,33R;4aR)-th-butyldimethylsilyony-Ba-carbomethoxy-
25  bicyclo[3.1.0]hexane : Lh.l (R=H, P=TBDMS, A:COOCH3).

From 3.13.a (R=H, L=0Tos, P=TBDMS, A=COOCH;) (33.2 g, 75 mmol) as

described for L.b.1 (from 2.8.1). Purification by flash chromatography on silica gel

(heptane/ethyl acetate 95/5) afforded (2R,3aR 43R)—2—t—butyldimethylsilyloxy-Sa—

carbomethoxy-bicyclo[3.1.0}hexane Lh.1 (R-H P=TBDMS, A-COOCH;) (15.5
30 g, 78 %) as a yellow oil.
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was obtained (6.2 g, 55 % as a yellowoil. .20 W (EtOH) 8’2'9146%0%11(5 =

6600) |%%‘ﬁ+zg% 2930, 2880, 2856, 1705, 1119, 1097, 836 cmi : H NMVR
(CDCl 3) s), 0.83 (9H.s), 0.95 (1Ht), 1.22 (2H n';CTf_ELP@QZ%Z’z'H m ,.
2.1(3H,m, 4.0 (IH quintunlet), 8.87 (IH s) ppm; [a]D25: +53.6 (c=1.008,

Et OH). 25 EXAMPLE 7: (2R 3aS, 4aS)-2-t-butyl di net hyI si |yl oxy

3a- car bonet hoxy- bicyclo[31.0]1iexane : La.1l(R=H, P=TBDM5S, A=COOCH3). a)
Met hyl (1R, 3S, SR) 3-t-butyl di nmethyl silyl oxy-5-tosyl oxy-cycl ohexane-
carboxylate : 23.a (R=H, L=0OTos, P=TBDM5, A—COOCHB) The hydroxy function

of nmethyl (I FIJBS}IBR):JSILMSGQM-ZB 1]d§y82b3«ym 30 cycl ohexanecar boxyl ate 23.a
-(R=H, L=0OTos June 2004 WO 01/42251

PCT/ EPOOY 12223iA mg& e@s&gﬂak@éﬁ (t%%ﬁ)f b‘fllilg‘da: REQGH,mOr6 3HB: TBDVS,

'Arr\];: 70. 9C? | R (%ﬁ?%%&?%k%ﬁg{%ﬁ ﬁﬁﬁD‘g{g@”@ms ; 5) H(ﬁﬁ/hﬂ(sc%blgfty? ,'
S 0 (6H, s), qo@.;’-‘(gsssxc—ﬂ.lzw,mﬂ;m 2.16 (4H,rn), 2.46 (3Hs), 3.54

1H, 3.69 (3H,s), 4.41 (IH, 34 (2H,d), 7.8 (2H,d m a] n25:
E8 2m( c=132, é&éﬁal)’_ﬁé R(rMS“n;lEB?-IM;iﬂ!myﬂ)hdlsﬂmlobx§'+3s|-(h§rdggtymethy[rl)-]

From23.a | il i Ry (i) SN, A=00CH) - 10
described for2RBak 4dRj3-t- Mﬂmﬁh¥1eﬁmﬁmb8ﬂ,euﬁk9 gogegera& PLO 4&%&

chr omat ogr ap on silica ge hept ane/ et hyl acetate a.1l (R=H,
P=TBDNVS, - A_cc!z!x;lr@-me-ﬁBQMS@aﬂ\%D@ﬁh) VE. 15y 56 inmol)Rvéd édnvirred IBR2 2855

B2 TR O LA e i
10 Lb.2 (R=H. P=TBDMS, A=CH,OH).
IR (film) : 3354, 2928, 2856, 1255, 835 cm™ ;
'H-NMR (CDCl3) : 6 0.1 (6H.5), 0.35 (1H,t), 0.5 (1H,1), 0. 86 (9H s), 1.17 (IH.S),
1.85 (5H,m), 3.52 (2H,m), 4.0 (1H, m) ppm ;
[or.]n : +17.4 (c=1.15, EtOH).
15 EXAMPLE 6 : (2R,33R,4aR)-2-t—butyld1methyIS|lyloxy-Sa-formyl-
bicyclo[3.1.0]hexane : Lh3 (R=H, P=TBDMS, A=CHO). ,
From Lh.2 (R=H, P=TBDMS, A=CH,0OH) (11.3 g, 46.6 mmol), following the
procedure of Lb3 (R=H, P=TBDMS, A=CHO) L.h.3 (R=H, P=TBDMS, A=CHO)
was obtained (6.2 g, 535 %) as a vellow oil.
- UV (EtOH) : 204.5 mm (& = 6600) ;
IR (film) : 2930, 2880; 2856, 1705, 1119, 1097, 836 cm™;
'H—NMR (CDCl3) : 6 0 (6H,s), 0.83 (9H,s), 0.95 (1H,t), 1.22 (2H,m), 1.85
(2H,m), 2.1 (3H,m), 4.0 (1H,quintuplet), 8.87 (1H, s) ppm ;
[alp™ : +53.6 (c=1.008, E1OH). e
25 EXAMPLE 7 :'(ZR,SaSAaS)-2-t-butyldimethylsilyloxy-Ba-carhomethnxy-
bicycio[3.1.0lhexane : La.1 (R=H, P=TBDMS, A=COOCH;). |
a) Methyl (1R,3S,5R)-3-t-butyldimethylsilyloxy-5-tosyloxy-cyclohexane-
carboxylate : 23.a (R=H, L=OTos, P=TBDMS, A=COOCH). |
The  hydroxy function of methyi (1R,3S,5R)-3-hydroxy—5-tosyioxy-
30 cyclohexanecarboxylate 2.5.a (R=H, L=0OTos, A=<COOCH;) (29.3 g, 89.2 mmol)
2%

e
T
o



[ac]D 25 :-60.1 (c=0.998, EtOH). EXAMPLE 8-: 8 June 2004

(2R, 3aS t - but yl di net hyl si | yl oxy- 3a- ( hydr oxynet hyl ) -

bi cycl o é%i a%ﬁexane |.a.2 (R=H. P=TBDMVS, A=CH20H). 20 F‘)r‘EW‘l’“.“QWS(R:H,
P=TBDV5, A=CH201-).(15.6 g, 57.7 mmol) as described for Lb.2 (R=H,
P=TBDV5, A=CH2CH). la.2 (R=H, P=TBDM5, A=CH2OH) was obtained as a yellow
oil (11.7 g, 83.7 %. IR (film 3331, 2927, 2855, 1254, 1094, 1006, 835
cm'~; "HNWR (CDC1l3) : 6.0 (6H s), 0.5 (1Hn, 0.88 (9H,s), 1.19 (3H M,
1.72 25 (2H M, 2.1(2H M, 6 (2H,s), 4.34 (1Ht) ppm; [a]o25 :-23.5
(c=1.-062, M¥asipf tec@(pmln_sgnlged for 2.8.a (R-H, I=0Tos, P=TBDMS, A=COOCH,) to

e MR e e e

LaZ(R_HDI\% A—CH- OH) (11.1 g, 45.5 nmml), as described for Lb3
A=CHO

P

(R=H, P=TB , La-3 (R=H, P=TBDMB, A=CHO) (8.8 g, 80% was -
~obt ai ned aisz(K&)iZﬂﬁ?’oB&SS Y34, Eﬂﬂ-,l)9232614' 37 nm (e = 6991) ; 5_ IR( f il m
) 2928 22}55 1702 1255 1072, 3 % 6H s),
0.85 (9¥, (Fm ;810 mﬂ(szme: (9%214(12@% 2.1§ 41Lm)a) 2483
I H m, NPLE 10
gzs 3aR 4a§§“§’ 131?‘5} égﬁﬂ);’?'s @%ﬁ&@*%ﬁjgf}g@ﬁ@?’ho@ﬁf
bi cyci o[ 3. eg%;olg{oﬁj_R-H P=TBDM5, A=COOCH3). a) Methyl
(IR, 3S, 5R) 3- acet oxy-5-t - but yl di net hyl si |l yl oxy-cycl ohexane- carboxylate :
3.7.a (R—Hb) k2R.8ahdaSh2-chotyigimethisilplpsy-Saycarbomeitoxyof methyl .
1S, 3S,5R) - 3-a d ar ate 2. A (R=H, A=COOCH3
E45 5 g, %bﬁafoﬁiﬁ‘%‘hmg is"y]s@l'ﬁ/ g’rﬁ?ﬁ\ggd‘gséﬁﬁgdﬂf or 2. 8(a (ReH, L= OTo)
=T
a

TBOMgy eAW‘?n RN g%cmk' POTRYMS 2ROCHSEHB! R4'EPRY 798 rimbl)cR ge! Wikl
described for Lb.l (R=H. P=TBDMS, A=COQOCH,). Purification by flash
chromatography on silica get (heptane/ethyl acetate 5/5) gave La.l (R=H,

P=TBDMS, A=COOCHS) (16.6 g, 78 %) as a yellow oil. |
IR (film) : 2953, 2855, 1726, 1148, 836 cm™ ;
15 - 'H-NMR (CDCls) : 6 0 (6H,s), 0.86 (9H.s), 1.5 (SH,m), 2.1 (1H,m), 2.48 (1H,m),
3.68 (3H,s), 4.33 (1H.t) ppm ; |
fap™ : -60.1 (c=0.998, EtOH).
EXAMPLE 8 : (2R.3aS.4aS)-2-t-butyldimethylsilyloxy-3a-(hydroxymethyl)-
bicyclof3.1.0}hexane : L.a.2 (R=H. P=TBDMS, A=CH,0OH).
20 From La.l (R=H, P=TBDMS, A=CH;OH) (15.6 g 57.7 mmol) as described for ' ’j
Lb.2 (R=H, P=TBDMS, A=CH,OH). La.2 (R=H, P=TBDMS, A=CH,0OH) was
obtained as a yellow oil (11.7 g, 83.7 %).
- IR (film) : 3331, 2927, 2855, 1254, 1094, 1006, 835 cm™ ; .
| 'H-NMR (CDCl3) : 8.0 (6H,5), 0.5 (1H,m), 0.88 (9H,s), 1.19 (3H,m), 1.72
25 (2H,m), 2.1 (2H,m),.3.6 (2H,s), 4.34 (lH;t) ppm ;
folp® : -23.5 (c=1.062, EtOH).
EXAMPLE 9 : - (2R,3aS, 4aS)-Z-t-butyldlmethyls:lyloxy-Sa-formyl-
bicyclo[3.1. 0]hexane La3 (R=H, P—TBDMS CHO)
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acetate as eluting solvent (9/1) gave 3.7.a (R=H, P=TBDVS, AJomZi® as a
yel low oil (69.97 g, 92 %. IR (film : 2953, 2856, 1736. 1240 cni : 20
"H NVR (COM42251 0 (6H,s), 0:8 (9H,s), 1.33 (4H ), 2 (FGLEPOK2RS oH 1y
232 (1H,m, 3.55 (IH, M, 3.62 (3Hs), 4.66 (1H n) ppm b) Methyl

(1R, 3S,5R) - 5-t-butyl di met hyl si |l yl oxy3-hydroxy-cycl ohexane- carboxylate :
3.8.a (R=H. P=TBDM5, A=COOCH3). From 3.7.a (R=H, P=TBDMS, A=COOCH3) (63.67
g, 0.1926 nmol ): as described. 25 for 2.5.a (R=H, L=0Tos, A=COOCH3).
Purification by flash chromat ography on silica gel with heptane/ethyl -
acetate (7/3)Fmm badoR=HyR-TBDMSaACRHDID(TRDNGS 45.55ma00 ks edcfibe@4org, 83
% as a.yello i | R (fJ .3 952, 2856, 1736, 837 cml ; 1H NWR
(CDC13) : 8 ﬂ%ﬁ%ﬁﬂ%ﬁﬁb@% %Té%)sf\a%ﬁﬁfﬂ, P=FBOMB, $)=CHO) $8.80g, 4H, n)’,
3.56 (2H, M, ﬁ)q’w : . 8 June 2004 WO 01/42251 PCT/ EPOQ 12225
[a]D: +6.8 (%Ozl.og%&%)ﬁﬁ%?ye&"a’n@'hyl

(1S, 3S, 5R)- 5- UVHEr@HYIt BB Nyiinge £8991Y;- 3- t osyl oxy- cyci ohexane- carboxyl ate :
.3.6.a (R=H, L=0OTos, P=TBDM5, A:CCDCH?-. From 3.I8.a (R=H, P=TBDMS, A=COCCH3)
(45.99 g, 0. 1BO(fHm I P92 2885 d70BddSS 51073y 83 ama; (R=H, L=OTos, A=COOCH3).

Purification | h il | _with _heptane/ et hyl :
roetat o 8/ 5 aB-MEEICH Ok 065 928 o Dirt (Hidn IR AmS0RdEY 3. 6. a
R=H, L=0OTos, = HAQW,.Np : 71 *C IR (KBr) :
(2957, 2855?1@2?%%&4{*3%3;cgmwfl";g‘i%ogl' HI\’I%)%MII)B) . 'S 0 (6H, g),r%}. 82
(9H,s), 1.41 fodst m71.2(cx6.406/R0H), 2.46 (3H,s), 3.54 (1H,m, 3.69 (3H. s),

4.41 (1H M), 7.34 (2H.d), 7.8 (2H d) ppm [a]n2s: +6.8 (c=1.032, EtOH). d
(2 ,3<(aR, 4?R) - 1 ')=m,ﬁﬁ‘é‘?R%nggffskiig@]ﬂudﬁbtlhm%-(carbomethoxy- -9

bi-eyel of 391 UiBRiSRA. oinkMde i REBREBENMSREDocHs).
' a)  Methyl . (1R3S,5R)-3-acetoxy-5-t-butyldimethylsilyloxy-cyciohexane-
carboxylate : 3.7.a (R=H, P=TBDMS. A=COOCH3).
The hydroxy function of methyl (1S,3S,5R)-3-acetoxy-3-hydroxy-
cyclohexanecarboxylate 2A (R=H, A=COOCH;3) {45.5 g, 0.210 mmol) was
15  silylated as described for 2.8.a (R=H, [=0Tos, P=TBDMS, A=COOCHj;).
Purification by flash chromatography on silica gel with a mixture of hcptanc/etﬁy[
acetate as eluting solvent (9/1) gave 3.7.a (R=H, P=TBDMS, A=COOCH;) as
yeilow oil (6997 g, 92 %).
IR (film) : 2953, 2856, 1736. 1240 cm™' ; -
L 20 'H-NMR (CDCl;) : 5 0 (6H.s), 0.8 (9H,5), 1.33 (4H,m), 2 (3H;5), 2.1 (2H,m), 232
. (1H,m), 3.55 (1H,m), 3.62 (3Hs), 4.66 (LH,m) ppm.
b) Methyl (1R3S,5R)-5-t-butyldimethylsilyloxy-3-hydroxy-cyclohexane-
. carboxylate : 3.8.a (R=H, P=TBDMS, A=COOCH,). |
From 3.7.a (R=H, P=TBDMS, A=COOCH;) (63.67 g, 0.1926 mmol).as described.
25 - for 2.5.a (R=H, L=OTos, A=<COOCH). Purification by flash chromatography on
silica gel with heptane/ethyl acetate (7/3) as eluent gave 3.8.a (R=H, P=TBDMS,
A=COOCH;) (46,24 g, 83 %) as a.yellow oil.
IR (film): 3404, 2952, 2856, 1736, 837 cm™* ;
'H-NMR (CDCL3) : 6 0 (GH,s), 0.81 (9H.s), 13 (3H,m), 1.67 (1H,m), 2.13
30 - (4H,m), 3.56 (2H,m), 3.63 (3H,s) ppm ; |
5



15 From 3.6. a (R—H L=OTos, P=TBDMB, A=COOCH3) (53.7 g, 0.12¥upef04 as
described for I.b.1 (R=H, PTBDIVIS A=COOCH3) . LL I (R-H P=T PI%
A=COOM¥R 1/4gast obt ai ned (24.48 g, 74. 6% as a pale yell& T ERER0IS (film .
2953, 2856. 1726, 1148, 836 cm'; 'H- NMR (CDCI3) :,5 0 (6H.s), 0.86 (9H.s),
1.5 (5HmM, 2.1 (1H M, 2.48 (1H M, 20 3.68 (3H,s), 4.33 (1H,t) ppm;
[a] D2-5.: +62.9 (c 1.066, EtOH). EXAMPLE 11 :

(2S, 3aR, 4aR) - 2-t - but yl di et hyl si | yl oxy- 3a- hydr oxynet.hyl ) - -

.bi cycl o[ 3. 1. O]hexane : Lf.2 (R=H, P=TBDM5, A=CH2OH). FromI.f.1 (R=H,
P=TBDVS, AgpPOCHR B (¢210038, CPI17 mmol ) as descri bed for 25 1.b.2 (R=H,
P=TBDMS, A_C'_'ZOe_R@ 11. 2%§R-H P=TBDMS, A=CHZOH) was obtained in

quantit aticve vyi tigyl 61 S,ég)ént-billl"ldlmﬂ(sfhllylﬁ@?(r:‘ “B53loxyagyzivheg®ss, 1254,

094, 1006, .83 0 0. M, 0. 88
(19H4s)1 1 SREPRy SH'Ctm ]-‘Glae}gt"'[\"\@éﬁi)q’ )F?D(@w iég@%’ 2H55§| N (1H t) ppm -
, 30 [a] D25 omﬁ@.a%REPF@—%DhES%CObCﬁ,)J(%%%Oﬁﬁsmlﬂé{)%%éécnbed

PCTI EP00112225 EXAMPLE 12 (2S, 3aR 4aR) - 2-'t - Butyl di met hyl’si | yf oxy- 3a- f or myl -
bi cycl B[ 3 .fdr ZHlac(Retd L—OTdB3A(#G)OCH;}FBDNBcatmmﬂlashAﬂammatogmpﬁy ©OR=H,

'ItD r ;—Eg‘vgr néH’CPﬁ%{)WE‘P%‘C?'R’S%Eﬂ—%g?%%@S _mzp-?ob‘ﬁ'&iﬁyrfgﬁs 3 037 T@h)yer?zwlm I
b Rl s ot e o o e
2.5 (IH mmpA7BYCE(1H m, 8. 81 (1H,s) ppm; W(EtG—i) > 205 nm; 10 [a]n? :
Zzg ga(SC4le)(K§fl %%%i—%ﬁ%h%ﬂéw,y?w Sa- car bonet hoxy-
0 gl o MR R, AL GRS A R 1 SRUMILIESe
, (3H.5), 3.54 (1H,m), 3.69 (3H.s), 4.41 (1H,m), 7.34 (2H.d), 7.8 (2H,d) ppm :
[olp® : +6.8 (c=1.032, EtOH). |
~d) (25.3aR,4aR)-2-t-butyldimethyisityloxy-3a-carbomethoxy-
bicyclof3.1.0}hexane : 1.1 (R=H, P=TBDMS, A=COOCH;).
15 From 3.6.a (R=H, L=0Tos, P=TBDMS, A=COOCH3) (53.7 g, 0.121 mmol) as
described for Lb.1 (R=H, P=TBDMS, A=COOCH;). L1 (R=H. P=TBDMS,
A=COOCH;) was obtained (24.48 g, 74.6%) as a pale yellow oil. |
IR (film) : 2953, 2856. 1726, 1148, 836 cm™ ;
'"H-NMR (CDCl5) : 6 0 (6H.s), 0.86 (9H.s), 1.5 (SH.m), 2.1 (1H.m), 2.48 (1H,m),
20 3.68 (3H,s), 4.33 (1H,t) ppm ; | ‘ 9
[l : +62.9 (c 1.066, EtOH).
. EXAMPLE 11: (2S,3aR.4aR)-2-t-butyldimethylsilyloxy-3a-hydroxymethyl)-
“bicyclof3.1.0]hexane : 1.£.2 (R=H, P=TBDMS, A=CH,OH).
. From L1 (R=H, P=TBDMS, A=COOCHS,) (10 g, 0.037 mmol) as described for
25 Lb.2 (R=H, P=TBDMS, A=CH,OH). L£2 (R=H, P=TBDMS, A=CH,OH) was

obtained in quantitative yield (10 g) as an oil.
IR (film) : 3331, 2927, 2855, 1254, 1094, 1006, 835 cm™* ;
'H.NMR (CDCl3) : & 0 (6H,s), 0.5 (1H,m), 0.88 (9H, s), 1.19 3H,m), 1.72
(2H,m), 2.1 (2H,m), 3.6 (2H,s), 4.34 (1H,t) ppm ;
30 [abp”: +23.2 (c=0.99, EtOH).
(R



. cycl ohexanecar boxylate : 2.4.b (R =H, L=0Bros, A=COOCH3). 1% Rnead®hA (R=H)
(1.4 g, 6. and 4- bronobenzenesul fonyl chloride (4.22 , 16.19
ol ) as ﬂé@%@iﬂ for 2.4.a (ReH, L=OTos). 2.4.b (ReH, - P‘@ﬁ%@!mzs
A=COOCH3) (2.6.9g, 9699 was obtained as white crystals. np:110-111C, IR
(film 2956 1734. 1363, 1246, 1188, 822, 742 cni'; 20 'H NMR (500 MHz, CDC13)
. 6 7.76 (2H, d, J=8.6Hz), 7.70 (2H, d, J=8.6Hz), .. 4.68 (1H,.dddd, J=11.6,
11.6, 4.37, 4. 37%&) 4.46 (1H, dddd, 11.6, 11.6, 4.6, 4.6Hz), 3.69 (3H,
s), 2.37 (1H 2. 28 (2H, m, 2.02 (311, s), 1.58 (2H, m, 139 (1H, dd,
J=24.0, 12.4 z} (MaMaR)Q—;—M@ﬂd(methyﬁﬂﬂo@-Ba-fae.i.y(.10)

-157 (34), 138 15 2 25. -10.65 1.5.0,

CHCI g) )b) I\/Ethﬁu c\l?[i%ﬁﬁgé( “él?)l‘f‘o3 é&zgpgﬁg@ﬂ§£]e§m)onyl oxy)(g hydr oxy- '
| oh | = STEOMK. ALe9Rh 8 04 WO
O azaet e et S (RoR. FoTENS, ACCHOR LR R RS apb 0RO

nml ) as descKlbad 0.037 nindl) awgsRekhsfom@tomo RIS (R=ERIHTBDMS ASCHO
A=COOCH3 bt d whi t t al . 95-98 51R
(film: %3 > %?Fldn"%%’%ﬁ" @98’0"1(%%) 5@%@) I748 g;nys a SH— &plvR (500 MHz,

CDCI3) : 8 8.6 6 dddd,
J= 1|1 )5 11. g ig(g?rhbél gbgthzﬁsﬁWQz( égﬁq)oﬁi%gft-.?% n)HZ)z 23 ?4H(1H . 1.60

1H, dd, J= 24‘H-Nmm 13)1: 480 ,dal B30
ANy St e s (o «gﬂ” 8573’(9 ) LS. 11850 205,
(13), 156 (85} Hﬂ!)s-éiétl)m) ¢:35(2Hym), 8:83 ( Has))ppm[,a]p : -17.13 (c= 1. 48,

CHCI3). c) Me 'F)],B 3 3- benzoyl oxy-5-(4- bronobenzenesul f onyl oxy) -
' Ig:y-gl ohexaneca&'@gh é“&gﬁg’. b (R=H, L=0Bros, A=COCCH3). }

10 [a)o™ : +70.4 (c=1.1, EtOH).
EXAMPLE 13 : (2S,3aS,4aS)-2-t-butyldiphenylsilyloxy-3a-carbomethoxy-
bicyelo[3.1.0Jhexane : Lb.4 (R=H, P=TBDPS, A=COOCH).
a) Methyl (IR, 38, 35R)-3-acetoxy-5-(4-bromobenzenesulfonyloxy)-
cyclohexanecarboxylate : 2.4.b (R=H, L=OBros, A=COOCH3)."
15  From 2.A (R=H) (1.4 g, 6.47 mmotl) and 4-brom0bénzeﬁesulfonyl chloride 4.22
g, 16.19 mmol) as described for 2.4.a (R=H, L=0Tos). 2.4.b (R=H, L=OBros,
A=COOCH;) (2.6 g, 96%) was obtained as white crystals.
mp : 110-111 °C; |
IR (film) : 2956, 1734, 1363, 1246, 1188, 822. 742 cm!
oy 20 'H-NMR (500 MHz, CDCl3) : & 7.76 (2H, d, J=8.6Hz), 7.70 (ZH d, J=8.6Hz),
4.68 (1H, dddd, J=11.6, 11.6, 4.37, 4.37Hz), 4.46 (1H, dddd, 11.6, 11.6, 4.6,
4.6Hz), 3.69 (3H, 5), 237 (1H, m), 2.28 (2H, m), 2.02 3H, 5), 1.58 (2H, m), 1.39
(1H, dd, J=24.0, 12.4Hz) ppm ;
MS (m/z) : 419 (M”, 1), 405 (1), 363 (3), 221 (10) 157 (34), 138 (70), 107 (15),
25 79(68);
[a]p® : -10.65 (c=1 .50, CHC!_:,)
b) Methyl (IR, 3§, 5R)-S-(4-bromobenzenesulfonyloxy)-B-hydroxy-
cyclohexanecarboxylate : 2.5.b (R=H, L=OBros, A=<COOCH3). '
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15 From 2.5.b (R=H, L=0Bros, A=COOCH3) (1.15 g, 3.05 mmol) &Jude2@d bed for
2.6.a (R=H Lri=0Tos, A=COOCH3). The yield is 1.13 g (730 :131- 133C;

| R (ful(‘YR 0L/42281y 59481717, 1362, 1186, 817, 707 cmt : M NF’!%BS MHz,
CDCI3) : 6 7.95 (2H, d, J=7.4Hz), 7.72 (2H, d. J= 8 5Hz), 20 7.60 (1H t,
J=7.4Hz), 7.58 (2H, d, J=8. 5Hz) 7.49 (2H, t, 7.7Hz), 5.46 (1H, m), 4.81
(1H, dddd, J=11.3, 11.3, 4.4, 4.4Hz), 2.85 (1H -dddd,.J=12.5, 125, 3.7,
3.7Hz), 2.47 (1H, m, 2.20 (2H m, 1.73 (3H, m ppm; Ms (mz) : 497

(M, 1), 391 (4), 377 (10), 260 (100), 237 (8), 221 (25) ; [a]Jo2 : -59.32
(c=1.79, CHGY8)2.4.RIReH, U=OBrbs, A=COOCH:) (2.55 g, 6.08 mmol) as described for

1 (R %AER%SQB‘F” e T i e DRUHY mabpBucAsasE o) (240
ng, O. 483 g’gq,l)),s ﬁ&falsbed for 2.7.a (R=H, L=OTos, A=COOCH3). The yield

s 167 (8879 . rrp 107 108 C. 30 IR (film : 3527, 2954, 1732, 1577,
1365 1187mp4.195 -9818; cm’ ;o ZQ 8 June 2004 WO 01/42251" PCT/ EPOQ 12225

"H NVR (50 , 13) : S.7.78 J=8.6 7.70 (2H, d, J= 8.6Hz),
4.87 (14, gﬁgﬂﬁm)i%’%% 1934, 53%( él%ﬁiiﬂ"@ Hl% m 3(69 (3H s), 2. 8%3
IH,  dddd 7 7 04 (1H, d,
S THz) | EHM&?O&&%Z f’i"éﬁ?zsa ﬁ%?*ﬁs‘fﬁ %d% 765@&5 (Hri&?ﬁz 94((|v|++1
1), 295 (2 fidd U5 Cl 3

Vet hyl (LR SRR ?“‘34 E?gi%%ﬁni’gngfﬁ?z?oiﬁ“‘m K ITCH, G 200 (A 3) - e)

but yi di phem)l é—iﬁp)(llﬂx d,ol2it3hd R ahke).chd® 6Ky dd, d=23.9, 81.5HzRIBS (HOBIds,
P=TBDPS, w(jﬂ]{zéo From2.7.b (R=H, L=0Bros, A=COOCH3) (299 ng, 0.760

ol ) as dESErvoet PP 8 2 (ReH, L=OTos, P=TBDPS, A=COOCHL). 2.8.b (Rek
L=CBrosp  RESBRRES: 3’?’7‘@3@3‘@28((39@35!110)9 2841 9REs ORI TEF(108), G7\sspous Oi lh
79(53) ;

[alo® : -17.13 (c=1.48, CHCl5). _
c) Methyl (1R,3R,5R)-3-benzoyloxy-5-(4-bromobenzenesulfonyloxy)-
cyclohexanecarboxylate : 2.6.b (R=H, L=0OBros, A=COOCH3). A
15 From 2.5.b (R=H, L.=0Bros, A=COOCH3) (1.15 g, 3.05 mmol) as described for
2.6.a (R=H, L=0Tos, A—COOCH3) The vield is 1.13 g (73%). |
mp: 131- 133°C;
IR (film) : 3420, 2948, 1717, 1362, 1186, 817, 707 cm”* ;
"H-NMR (500 MHz, CDCl3) : 5 7.95 (2H, d, J=7.4Hz), 7.72 (2H, d. J= 8.5Hz),
20 7.60 (1H, t, J=7.4Hz), 7.58 (2H, d, J=8.5Hz), 7.49 (2H, t, 7.7Hz), 5.46 (1H, m), )
4.81 (1H, dddd, J=11.3, 11.3, 4.4, 4.4Hz), 2.85 (1H, dddd, J=12.5, 12.5, 3.7,
3.7Hz), 2.47 (1H, m), 2.20 (2H, m), 1.73 (3H, m) ppm ;
: l'MS (m/z) : 497 (M",1), 391 (4), 377 (10), 260 (100), 237 (8), 221 (25) ;
' [a)o® :-59.32 (c=1.79, CHCL).
25 d) Methyl (1R,3R,5R)-5- (4-bmmohenzenesulfonyloxy)-3-hydroxy—
cyclohexanecarboxylate : 2.7.b (R=H, L=OBros, A=<COOCH3).
From 2.6.b (R=H, L=OBros, A=COOCHS3) (240 mg, 0.483 mmol) as described for
2.7.a (R=H, L=0Tos, A=COOCH;). The yield is 167 mg (88 %).
mp : 107-108 °C.
30 IR (ﬁlﬁl) : 3527, 2954, 1732, 1577, 1365, 1187, ©40, 818 cm™ ;
29



IR (film

(500 MHz, CDC13) .

2955, 1738, 1577, 1472, 1370, 1180, 947, 821, 783Junn?004;
8 7.71 (2H, d, J=8.8Hz), 7.34-7.60 (12H,

" H- NVR

4.87 15

(1H m, M?lf‘tl)iﬂ bs), 3.78 (3H, m, 2.98 (1H, dddd, J= 110'1"/!"92'“1"12@55 3.5

Hz), 2.39
J=12. 3Hz),

(1 H d, J=11.9Hz), 1.89 (IH, d, J=13.9Hz), 1. 79 (1H, d,
1.63 (IH, m, 1.34 (2H, m, 1.02 (9H, s), 0.91 (3H, s) p

pm; M5

(mz) : 599 (M, 1), 419 (28), 337 (34), 293 (8), 199 (46), 139, (100), 107
(50), 79 (72) ; 20 [a] A25: +1.49 (c= 1.75, CHC13). f)
(2S, 3aS, 4aS) - 2-t - but yi di phenyi si | yl oxy- 3a- car bonet hoxy-

blch0310‘ BMRe(500 MHzAC 8PEIB @@@&337 des
Y : P}I‘FBDVBG( A-CO%%I—BDBE'TI oungmg %6; R= 7?_@{.3r%8p-r I%G'?'%BP

.b.1 (R=H,

A—CCIIZHS

A_COOCHs) ( 7

°1428, 1113,

AL AR Lsdyrie 220dE & gttt anle 0032 5

6.20Hz), 7. 35J=11451z()6f§4(1md ﬁi&@f&wssctgmm)% fy/, 7.7, 7.7, 7.7Hz),

(3H, s), 2.28 (1H dd, J=12.

H dd, J=12.9, 7.1Hz),

(2H, m, 3 7™M g:nézncﬁ% (MEalsl), 3950(é’z) 223.3 ég)eslﬁzﬂsazﬂ?mulmoglé ga251) 0. 44 (1M
S . \
'%B)pm&ﬁé%pnéﬁpﬂ 394 (Mr, 1), 363 (4), 337 (65), 259 (3).

PCTI EPCOI 1223
dd, J=5.1, 5
213 (100),

CHC13) . EXAMPLE 14:
(2S, 3aS, 4a8) -Hutyidipherytiilyloapsdyelohykzmey -cAsbdiyyate 0%y 1B8.bY (R=H, L=OBros,

bi cycl o] 3. 1.
P=TBDPS, A=

P=TBDVE,

(1 sooct ar%g g}‘ﬁ a'(]:'gttgt_ fg g’“ﬁ% %\Sfed@ég‘ ga?%gﬁt’ 8%@%&’%‘? gi\d E‘%—é kot

my, 96% as &.8hSqReH,0iLOTos, P=TBDPS, A=COOCH:). 2.8.b (R=H, L=OBros,

15

P=TBDPS, A=COOCH:;) (198 mg, 53 %) was obtained as a viscous oil.

IR (film) : 2955, 1738, 1577, 1472, 1370, 1180, 947, 821, 703 cm”™' ;

'H-NMR (500 MHz, CDCl3) : & 7.71 (2H, d, J=8.8Hz), 7.34-7.60 (12H, m), 4.87
(1H, m), 4.17 (1H, bs), 3.78 (3H, m), 2.98 (1H, dddd, J=9.1, 9.1, 3.5, 3.5 Hz),

20%877(;1H0d®¢41=ﬁ1ﬂ-3? )mag éSvHE), em (dH, ), 3. 692(5}1( B); 2.86°ATRDVE,

1725
6.

3 65
1.91

199 (20) Meanyi8) . 771RBR,5R)-3-UdrBhivbenzenesdifodyiaxy):37e:

0] hexan a@ P&R_H P=TBDPS, A=CH2(H). Froml ‘b. 4 (R=H,
ccéﬁ%’?%%c Chp).253 nmol ) as described for b2(R-H

a gel
(240

2.39 (1H, d, J=11.9Hz), 1.89 (1H, d, J=13.9Hz), 1.79 (1H, d, ]=12.3Hz), 1.63 (1H, -

m), 1.34 (2H, m), 1.02 (9H, s), 0.91 (3H, s) ppm ;

MS (m/z) : 599 (M, 1), 419 (28), 337 (34), 293 (8), 199 (46), 139. (100), 107
(50, 79 (72) ;

[afp® : +1.49 (c=1.75, CHC;).

f) (25,3a5,4a8)-2-t-butyldiphenyisilyloxy-3a-carbomethoxy-
bicyclo[3.1:0]hexane : Lb.4 (R=H, P=TBDPS, A=COOCHS).

- As described for Lb.1 (R=H, P=TBDMS, A=COCCH;), compound 2.8.b (R=H,

L=0Bros, P=TBDPS, A=COOCH;) (206 mg, 0.344 mmol) was converted to Lb.4
(R=H, P=TBDMS, A=COOCH3) (79 mg, 76%) obtained as a colorless oil.

IR (film) : 2952, 1725, 1428, 1113, 703 cm™ ; |
'H-NMR (500 MHz, CDCl;) : 6 7.64 (4H,-dd, J=6.20, 6.20Hz), 7.35-7.45 (6H,
m), 3.89 (1H, dddd, J=7.7, 7.7, 7.7, 7.7Hz), 3.65 (3H, s), 2.28 (1H, dd, J=12.9,
8.2Hz), 2.12 (1H, dd, }=12.9, 7.1Hz), 1.91 (2H, m), 1.77 (1H, ddd, 1=8.6, 5.0,

13



IR (film

7.75 (4 0@4&5'58 (6H m), 3.97 (1H, dddd, J=7.1, 7.1,

(2H, bs

291 (3),
. -25.74

'(28. 3aS, 4aS) - 2-t - but yl di phenyi si i yi oxy-3a-forny

3322.2932, 1428, 1113, 702 cm' ; 'H NWR (500 MRAunggRoH3) : S

1Hz), 356

7.1, 7.
2.05 (3H, n), 1.12 (1H n), 1.03 (9H, 15PCVEPAZRS 11 g
J=7.8, 5.4Hz), 0.13 (IH, dd, J=4.6, 4.6Hz) ppm; MS (mz) :365 (M1, 1),

Lb. 6 (R=H, P=TBDP = . From|.b3 (R=H, P=TBDPS, A=CH20H) (230

S, A=CHO
0. 627 mmol P-%Z)déslé‘r(%d!dz &78.6, H8BIz).REDR (PHTBDNGHM (HGHE,. J=Fhig /1M)d

(R=H, P=TBDPS,. A=CHO) is 210 ng (92%. IR (film : 3439, 3061, 2954
1704, 1589,PPI#71, 1111, 1036, 823,..703 cni' ; 25 'H NMVR (500 Mz

5,05, U DR By, (SS90 1 08, 0

J=13.1, 8

J=8.4, 6.0

-90. 00 gc

.OHz), 2.03-1.98 (211,
21);, 02 (9H, s), 0.74 (1H, dd, J=5.3, 53Hz) Ppm; [a]D s:

(2S, 3aS: 4a§??&19§%3%’rm¢ -?Si oxy- 3a- et hynyl - 30 bicycl o[ 3. 1.

To' a sol ut IAAMPTLTE: G R0 28 pHrltbheabhil I dirdgmeli”
to -78 C whicysti3d.thexpm s EbtS @+EK R-TEIBPSI A=CHAGHM! , 1.0 M sol u

THF) . The
persi st ed
was added

) Xt yr.e irred at -78 C for 20 mn. until the yello

. rpE?ﬁT‘ g"(ﬂzﬁ«g‘f‘;&?ﬁ%g Aj@@?CwBolﬂﬁgmg;Llaﬂg m\!lnol))asidft)s/&iﬂﬁd
1 AR \NE [ I t the t t

TR (RAEL BLTBONS ARSI, P iea o by DO shuO P EioptaPhh ofas.

rai sed natur
quenche@ byilichgel (abdtthcitheil aceiees3: { Hlhavt 1.9 IR EH28-TBBP

phase was
and dried

@A;@Eid ?@
separ at ed t he aqueous | ayer was extracted wth Et ép
ms@%@.as?w&cwwi-due ‘'was separated by HPLC ' (hexane/

96:4), - af f pRYNg) SOOI 142k 1113, 702 cm™
- 'H-NMR (500 MHz, CDCl) : 8 7.75 (4H, m), 7.58 (6H, m), 3.97 (1H, dddd,

15

30

J=7.1, 7.1, 7.1, 7.1Hz), 3.56 (2H, bs), 1.84-2.05 (3H, m), 1.12 (1H, m), 1.03 (9H
s), 0:34 (1H, dd, J=7.8, 5.4Hz), 0.13 (1H, dd, J=4.6, 4.6Hz) ppm ;

MS (m/z) :365 (M™-1, 1), 291 (3), 231 (10), 199 (100), 181 (12), 139 (27), 93
(77), 79 (24);

[alp® : -25.74 (c=2.16, CHClS).

EXAMPLE _ I5 :  (253aSdaS)-2-t-butyldiphenylsilyloxy-3a-formyi-
bicyclo{3.1.0}hexane : I.b.6 (R=H, P=TBDPS, A=CHO).

From Lb.5 (R=H, P=TBDPS, A=CH,0H) (230 mg, 0.627 mmol) as described for
Lb3 (R=H, P=TBDMS, A=CHO). The yield of Lb.6 (R=H, P=TBDPS, A=CHO)

.15 210 mg (92%). _

IR (film) : 3439, 3061, 2954, 2858, 1704, 1589, 1471, 1111, 1036, 823, 703 cm”! ;
"H-NMR (500 MHz, CDCL) : & 8.85 (1H, s), 7.68-7.60 (4H, m), 3.9 (1H, q,
J=74Hz), 230 (1H, dd, J=13.1, 8.0Hz), 2.03-1.98 (2H, m), 1.93-1.87 (2H, m),
‘122 (1H, dd, =84, 6.0Hz), 1.02 (9H, 5), 0.74 (1H, dd, J=5.3, 5.3Hz) ppm ;

[ : -90.00 (c 1.00, CHCL).

el

'EXAMPLE 16 : (253aS,4aS)-2-t-butyldiphenyisilyloxy-3a-ethynyl-

bicyclo[3.1.0thexane : Lb.7 (R=H, P=TBDPS, A=C=CH).
a0

231 (10), 199 (100), 181 (12), 139 (27), 93 (77), 79 (24) ; [a]u
(c=2.16, CHC13). EXAMPLE 15 :
| - 20 bicyclo[3.1. Q hexane :

_rrg1 -
of Lb.6
, 2858,

, CDC13)

dd,

J hexane
0112225
cool ed
tion in
w col or
(3 mM) 5

e or gan@
x 50 m)
Et OAc



10 (R=H, P=TBDPS, A=C CH) (338 ng, 90% as a colorless oil. SEJRn%?G)O%

3291, 3072, 2932, 2143, 1590, 1473, 1428, 1114, 1091, 824, 741 cm' ; '"H NWR
(500 Mz, WEORM351. ¢ 7. 61-7.63 (4H, n), 7.34-7.43 (6H, n),PGI/EROIIAS ¢
J=7.6Hz), 2.16 (1H, dd, J=123, 7.13Hz), 2.02 (I H, ddd, J=12.5, 8.1,
0.9Hz),  1.95 (IH m), 1.93 (1H s), 156 (1H m, 1.02 (9H, s), O. 70 (1H,
dd, J=8.3, 155 1Hz}, 0.31 1H t, J=5.0Hz) ppm; [a]a25 : -86.30 (c= 1.60,
CHC13). EXAMPLE 17:

(2S, 3aR, 4aR) - 2-t - but yl di phettyl silyl oxy-3a-carbor net hoxy-

bi cycl o[ 3. 1. 0T¢le>sahsmn dfmmm(a)CHNrtamEmgA;mm) id) THER i) cooled

~(I R 3R 5S)-3-t di yl. oxy hydr oxy- cycl ohexane- " 20 car boxyl at e
3.8.b (R=H,® °P9 E’E‘Eﬂs%gwseﬂr%vﬁné (A-26raH, m@mmo MhsbluticiBPSCl ,

V|a37b(R=ﬁ,IFf : d d_for H PTBDI\/S
-A=COOCH3) i n Exafipl e 4 Tﬁ title c%tm?gu %"?BO‘B‘E%‘H{}H 3& lowseqlets oi | -

the yield forpesimedvibh.St(@Rps, PsTBOX%, A-ZfH(bﬂBGDlrﬁ 104 3%@%, 1428
1112, 1049 807, FJ 0 ¢cm'; "H NWR (500 MHzZ, CDCIL (4H 7. ,
(6H n), 3 esvgsspfidedsslowly endl stiripg wasdepntipuad ogemmgme@mpcmme eiried 3. 41

1H, , 1-560 d 2 12. 6 Hz 1.41 d, J=5.2
I(—|z), 1 a4 (31‘]#“ l{)'ﬁcm K% Ergﬂ_l')oogl [EEIB%I(E%}#’B \ﬁl’he é%agnngwas%n%@%b
(100), 153 ( AHitichOSF wat) (107l @86)E0 (2D )a:lda’zée mézﬁnéﬂhz(s%as@gpargé@ 3. 31

8 June 2004 WO 41142251 PCT/ EPOQO 1222 bé
(1S, 3R, 59) 3- ttheagyacys fyenyrseAmpcEdyvits E }(B@@ﬂmy)dndhkwdmer MgB0QxXTHeat e :

s, doscr i bed P SwFS Sk bf FILE ksnAcoc ) atopting compainibibds o
vidcous 0], (ReH, b AR she 2968 pd 2Bl 3Ty 1178 1111, 824

704 cnt ; H—NNR (500 MHz, CDC1 311z), 7.58 (414,
rn), 7.28 (2HR @ilm)J3291 8672, 2&32,821(131—[5%614123 sz& 181411099, 824, §41 dmBHz) 3. 62

(3 0o ATk S8y s $hdings b ot F 13 G S i
q, J=7.6Hz), 2.16 (1H, dd, J=125, 7.13Hz), 2.02 (1H, ddd, J=12.5, 8.1, 0.9Hz),
1.95 (1H, m), 1.93 (1H, s), 1.56 (1H, m), 1.02 (9H, s), 0.70 (1H, dd, J=8.3,
15 5.1Hz), 0.31 1H, t, J=5.0Hz) ppm ;
[a]o™ : -86.30 (c=1.60, CHCI;).
EXAMPLE 17: (25,33R,4aR)-Z-t-butyIdiphenylsilyloxy-Sa-carbomethoxy-
bicyclo[3.1.0Jhexane : L4 (R=H, P=TBDPS, A=COOCH;). |
a) Methyl (1R.3R,58)-3-t-butyldiphenylsilyloxy-5-hydroxy-cyclohexane-
, 20  carboxyiate : 3.8.b (R=H, P=TBDPS, A=COOCH,).
- From 2.A (R=H, A=COOCH;) and TBDPSCI, viz 3.7.b (R=H, P=TBDPS,
A=COOCHs), as described for 3.8.a (R=H, P=TBDMS, A=COOCHS,) in Example
4. The title compouhd was obtained as a viscous oil; the yield for the two steps is
929,
25 IR (film) : 3404, 2952, 1738, 1428, 1112, 1049, 807, 710 cm™ ;
'H-NMR (500 MHz, CDCL3) : § 7.66 (4H, m), 7.40 (6H, m), 3.65 (3H; s), 3.60
(1H, dddd, J=10.9, 10.9, 4.3, 4.3 Hz), 3.41 (1H, m), 2.11 (4H, m), 1.50 (1H, dd,
1=12.6, 12.6 Hz), 1.41 (1H, d, J=5.2 Hz), 1.34 (3, m) ppm ; |
MS (m/z) : 412 (M, 1), 355 (5), 323 (67), 199 (100), 153 (37), 105 (21), 79 (85) ;
30 [aJp®:-16.44 (c=1.60, CHCL).
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5.57, 5.6Hz), 1.42 (IH ddd, J=12.0, 12.0, 12.0Hz), 0.98 (918 Juss 200 :

MS (mz) : 567 (M 1), 509 (9), 451.(1), 353 (49), 337 38 213
(47§, ‘3"% %52§ .91 %100), (79)(77) ;([2':1] D25 :(+2?39 (cé&i’l}"“"%( ) |

(2S, 3aR, 4aR) - 2-t - butyI di phenyl si |l yl oxy 3a-car bonet hoxy- ‘

bi cycl o[ 3. 1. 0] hexane : 1.1.4 (R=H, P=TBDPS, A=COOCH3). 15 From 3.6.b (R=H,
L=0Bros, P=TBDPS, A=COOCH3) as described for .Lb.1 (R=H, P=TBDMS5,
A=COOCH3). The yield is 81% IR (film : 3287,2934, 1732, 1457, 1281, 1017
cm' ; ;HNW (500 MHz, CDCI3) : 6 3.73 (2H, m, 3.72 (3H, s), 2.53 (IH,
dddd, J=12bp, 1Methgh, alsMS)-&t-mqmipmen;us-lghm—saokylpxy-emah(ﬁup- d,

J=11.7 Hz l 30 20 1 .23 (1H, ddd, J:11.4, .
11. 4, 11.4 ) %ﬂ((ﬁfglgh-&}%@ﬁ %\ﬂﬁb% ,«%%98@@ 259((5) 199 (55),
153 (48 9 EP’Z_.}rB 7 MPLE 18:
(2S, gaR) 4aF§ B{@g d| éhenlem oxy- %CH?% a%r%és;%nrr% QE)‘, (}@(ﬁ .
bi cycl o[ 3. 1L£-J(])1]i‘es<,aMO(DCLB,) GE6biis dhﬂ'BEP&aﬁsﬁdsSiﬂ-M%&&lErom Lf.4 (R=H,
P=TBDPS, A= as _described fo P—TBDI\/B A=CH2OH) .

(2S, 3aR54aR§R (ﬁlm)b&%@dﬁéﬁeﬁﬁﬁsﬂ'&ﬁb ék%:@&‘-’f 704 cm’ ;

S géé?k%MﬁéﬁW@&H# %‘%@ngd% %'331;? ﬁﬁgﬁﬂ&%%zz 702

cm's.; 32 85=Bunez)2444 (Y0, &dddd 226216, AG T4, BR)Q 612 2562 5 CDCl3) :
6 7.62 (4H1dd 255 Min Hz), 7.39 (6H, éﬁ% Mw% %w??dﬂz) 3.57

(2H s), 1 Bd134,02. l(sia,, 4rly Hz)l 280 (@ms),@ 19558 (mmn) L.52 (1H184d.0=56-4. | Hy) ,

201" (6), 2] é?ﬁz%é%'?ﬁéoedd"hﬁzéf%ﬂ BB B Y b7 T (16, -

3 AT 08k NN O DIRG9 1 e
.f. 6 (R=H, 1«(BBpP3, (10QCHO77) ;
[alp™ : +2.39 (c=1.17, CHCL).
c) (ZS,.33R,4aR)-2-t-hutyldiphenylsilyloxy-3a-carbomethoxy- '
bicyclof3.1.0]hexane : L.f.4 (R=H, P=TBDPS, A=COOCH;).
15 From 3.6.b (R=H, L=0OBros, P=TBDPS, A=COOCH;) as described for Lb.1
(R=H, P=TBDMS, A=COOCHj3). The yield is 81%.
IR (film) : 3287, 2934, 1732, 1457, 1281, 1017 cm™ ;
TH-NMR (500 MHz, CDCly) : 6 3.73 (2H, m), 3.72 (3H; s), 2.53 (1H. dddd,
J=12.2, 122, 34, 34 Hz), 2.26 (lH d, J=11.3Hz), 2.17 (2H, d. J=11.7 Hz), 1.30
20 (2H,ddd. J=12.0, 12.0, 12.0 Hz), 1.23 (1H, ddd, J=11.4, 11.4, 11.4 Hz) ppm ; 7 )
MS (m/z) : 394 (M", 1), 337 (31), 259 (5), 199 (55), 153 (48), 107 (100), 79 (52);
[alo® : +31.97 (c=1.71,CHCl3).
EXAMPLE 18: (ZS,SaRAaR)-Z-t-butyldiphenylsilyloxy-}a-(hydrdxymethyl)-
bicyclo[3.1.0]hexane : L£.5 (R=H, P=TBDPS, A=CH,OH). i | .
From Lf4 (R=PL P=TBDPS, A=COOCH;) as described for 1b2 (R=H,
=TBDMS, = A=CH,OH).  (25,3aR.4aR)-2-t-butyldiphenylsilyloxy-3a-
(hydroxymethyl)-bicyclo[3.1.0]hexane LE5 (R—H P=TBD?PS, A—CH20H) was
obtained in 98 % yield.
IR (film) : 3332, 2031, 1428, 1111, 1008, 822, 702 cm”’

5
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From 11.5 (R=H, P=TBDPS, A=CH, OH) as .described for |.b3 (R&FuneAW4pP=TBDIVE,
A=CHO) . G’ I%%ﬁ(iils 96% IR (film : 2956, 1704, 1590 1472, 1428, 1112,
1072, 822° "H-NVR (500 MHz, CDCI3) : 6 8.85 (1HPCHEPOOAZEE (44
M), 7:43 (2H, dt, J=7.0, 1.0Hz), 7.37 (4H, dt, J=7.0, 1 AHz), 4.40 (1 H,
t, J=6.0Hz), 2.39 (1 H, dd, J=14, 6.0Hz), 1.89 (1 H d, J= 13.0OHz), 1.86
(1 H d, J=14.OHz), 1-53 (1 H, rr)-,---l.04-~-(79H, _.15 s)ppm .[a].025: +34. 4
(c=1.6, CHC13). EXAMPLE 20 (2S, 3aR 4aR)-2-t-butyidi phenvlsilyl oxy

3a- et hynyl - |c cIo[3 I . !hexane - 1.1.7 (R—H P=TBDPS, A=C=CH). From 1.1.6
(R=H. P=TBDP 0g M PChe 01762 (441, 1id( R=1.9, 1 FPHIBOMD, (61RGn)A4G7CH) .

gg?lyizglsg '225(3% 113‘%13(3%% ’14%(5@4538 %é‘?é’?i@é’é b dP0 (1hab J=138H2), 12g,
7060 (ab Ok GIEISHERTISE, migL O3, 0.60 (PAMRARZ) Meri) - 432 (1H
A (oot s aled iy e it g1
1. 03(I1 H, ny f’bg"?(%'zl 4 (c= 1.2, CHCL3). EXAMPLE 21 : S
E)?Sygﬁg[ gaf) &ﬁ%ﬁgﬁgm&p‘hﬁw{%ﬁl gx¥_[3?6%-sca’&l3c&ge&2§;<y-33 8 June 2004 V\D"

01/ 42251 PCT/ERQMBPE2S H) ' :Met(283aR,4aR)-2-t-butyldiphenyisilyloxy-3a-formyl-
(IR 3S,5R)-3-t- butgl di phenyl SI| | ox -5 t osyl oxy- cycl ohexane- car boxyl ate :
23. b (ReH,: Ltigysdol3d BBF‘-"Q - AFHO)R=H, L OTos, A=COOCH3)

as descri bed (R=H., S 91‘V
5R (film ﬁrg 3?'%3%&1?323%8‘“‘%% 1f§7',desﬂ qiﬁ%zﬁi%s 6650
o75: I | 5 Nmmﬂswzcr@mﬁa¥nelcﬁlsbsw (2H, d, J=8. 3H2) -7.57 (4H, dm

J=THz), 7.44 (21-L J=7Hz 36 (4H t, J=8Hz), 7.28 (2H d, J=8.4Hz),

4.16 (1H, tt JR@m): 194&61)170@4530(13%2 A28, B1105 107138201 7020cnf, ; 11Hz) , 2. 43

(3K s), 2. 13‘}1(11:'1?9111?%0 MHz, CDCl;) : & 8.85 (1H, s), 7.61 (4H, m), 7.43 (2H, dt, J=7.0,
LOHz), 7.37 (4H, dt, J=7.0, 1.0Hz), 440 (1H, ¢, 1=6.0Hz), 2.39 (1H, dd, J=14,
6.0Hz), 1.89 (1H, d, J=13.0Hz), 1.86 (1H, d, J=14.0Hz), 1.53 (1H, m), 1.04 (9H,

15 s) ppm ;
[alp® : +34.4 (c=1.6, CHCLy).
EXAMPLE 20 : (2S3aRd4aR)-2-t-butyidiphenylsilyloxy-3a-ethynyl-

bicyclo[3.1.0}hexane : L£.7 (R=H. P=TBDPS, A=C=CH).
From L£.6 (R=H. P=TBDPS, A=CHO) as described for Lb.7 (R=H. P=TBDMS,
) 20 -A=C=CH). The yield is 88%.
IR (film) : 3310 (s), 3071, 2931, 2857, 2113, 1590, 1472, 1428, 1378, 1362, 1299,
1262, 1234, 1198, 1113, 1026, 933, 913, 865, 822 701 cm™ ;

* 'H.NMR (500 MHz, CDCl3): & 7.60 (4H, m), 7.42 (2H, td, J=2, 8Hz), 7.37 (4H,
- td, J=1, 8Hz), 4.32 (1H, m), 2.06 (2H, m), 2.04 (IH, dt, J=6, 14Hz), 1.90 (1H, s),
25  1.80(1H, d, }=14Hz), 1.65 (1H, dt, J=5, 10Hz), 1.49 (1H, t, J=5Hz), 1.03 (%H, s),

103 (1H,m);"
{aJp™ : +21.4 (c=1.2, CHCly). ,

- EXAMPLE 21 : (2R,SaS,4aS)-2-t-butyldiphenylsilyloxy-sa-carbomethoxy-
bicyclo[3.1.0)hexane : La.4 (R=H, P=TBDPS, A=<COOCH,).

33



-J=12Hz), 1.00 (91-1, s) ppm; 10 [a]D25 : -3.07 (c= 1.04, CBA¥Ry2004

(2R, 3aS but yl di phenyl si | yl oxy- 3a- car bonet hoxy-

bi cyclo["g}(}? I@%ﬁtxane: |.a. 4 (R=H. P=TBDPS, A=COOCH3). FASH MR-,
L=OTos, P=TBDPS, A=COOCH3) as described for 1.b.1 (R=H, P=TBDWS,
A=COOCH3). The yield is 75% 15 IR (film: 2932, 2857, 1723, 1589, 1472,
1428, 1297, 1148, 1112, 1088, 702 cm-1; 'H NVR (500 MHz, CDC13) : 6 7.61
(4H, dd., J=1, 7Hz) 742 (2H t, J=7Hz), 7.37 (4H, t, J=7Hz), 4.36 (1H,
t,61Hz)363¥£1E (1H, ddd,. J=1, 6.4, 14Hz), 1.99 (1H, d,
J=14hz), 1.8 thifhy 61&35&3%@ jt-butyliphensisilyloxyS-tosylomyicyclobegane: 114, d,

opm ;L] ugé*ﬂ‘"%g‘aéé’ 23 hett g PRTpBS Aot - 102 (9 9 20

(2R, 3aS, 4aSFra tzswt(ul:w RReTwh,SALZOOCH Bgas dbysibed Yore.R (R=H, L=OTos,
: P=TBDPS, A=CH2CH). From La. 4 (R=H,

bi cycl o[ 3. 1. 0] hexane : La-5 (R=H,
P=TBDPS, A-m aé‘“@@&ﬁﬂsbéﬂleﬂbﬂd is BL%. (R=H, 25 P=TBDVS, A=CH2CH) in

076, 1031, TXBmf9R8 287, Phe kbl i, Miedd oo, B0 865 ity 389% .,
THz) . 7.41 iz 7

3.5)7 (2H, S§ﬁh§ oo(j?lz ddC[gC%)G 6%9 2HJ(”H@3HZ% 2%?((%57,&" 7§iz§"’1 92
(1H, d, J:14HE)(2H1q,8[3=7ﬂzb:J73ﬁ:I(4lﬂt]JA=Biﬂ)z) 7].82@[—(,21l-ll-84§€lz)cr)1 16X 1B 1t 34, ),

1.04 (9H, 0. 60 m June 2004 WO 01/ 42251 PCT/ EPOO’ 12225
[a] p' gs S)l e 36%'3_&7' %ﬁ@)aﬂmw‘é 13Ez), 243 (3H, s), 2.13 (1H,

(2R 3aS, 4aS) wi\ﬂl‘cﬁgﬁm .Silyloxy-3a-fornyl- bicyclo[3.1.0] hexane X
l.a.6 (R=H, P= From La.5 (R=H, P=TBDPS, A=CH2COH) as descri b

for Lb- @) (Riddp™ 53BIYEOM, GHCHY) . The yield is 93% IR (film @ 2931, &g
1701, 1589, 1472, 1196, 1008, 822, 702 cm'; 'H NWR (500 MHz, CDC13) : 6

8.85 (IH, s)’) (2R.3aS, (Ia,ﬂ-z-,q-)butyjdypgle{lglﬂlvlva-,}a-ml)omethoxy-
bicyclof3.1.0lhexane : La.4 (R=H. P=TBDPS, A=COOCHj).
From 23.b (R=H, L=0Tos, P=TBDPS, A=COOCH,) as described for I.b.1
(R=H, P=TBDMS, A=COOCH;). The yieid ié 75%.
15 IR (film): 2932, 2857, 1723, 1589, 1472, 1428, 1297, 1148, 1112, 1088, 702 cm’;
'H-NMR (500 MHz, CDCl;) : § 7.61 (4H, dd, J=I, 7Hz), 7.42 (2H, t, J=7Hz),
7.37 (4H, 1, J=THz), 4.36 (1H, t, 6:1Hz), 3.63 (3H, s), 2.37 (1H, ddd, J=1, 6.4,
14Hz), 1.99 (1H, d, J=14hz), 1.96 (1H, dd. J=6, 14Hz), 1.87 (1H, dt, J=5. 9Hz),
1.82 (1H. d, J=14Hz), 1.63 (1H. dd. J=4, SHz), 1.50 (1H, dm. J=9Hz), 1.03 (9H. s)
20 ppm: o )
[alp® : -30.8 (c=0.46, CHCl,).
EXAMPLE 22 : (ZRJaS 4aS)-2- t-hutyldlphenylsﬂyloxy-.ia (hydroxymethyl)-
bicyclo[3.1.0]hexane : I.a.5 (R=H, P=TBDPS, A=CH,OH).
| . From Lad4 (R=H, P=TBDPS, A=COOCH3) as described for, Lb.2 (R=H,
25 P=TBDMS, A=CH>0H) in quantitative vield. _ | |
IR (film): 3346, 2930, 1589, 1472, 1428, 1111, 1092, 1076, 1031, 822, 701 cm™ ;
TH-NMR (500 MHz, CDCI;) : 8 7.26 (4H, dd, J=1, 7THz), 7.41 (2H, t, J=THz),
7.36 (4H, t, J=7Hz), 4.38 (1H, t, J=6.3Hz), 3.57 (2H, s), 2.00 (1H, dd, J=6, 13Hz2),
1.95 (1H, dd, J=7, 14Hz),'71.92 (1H, d, J=14Hz), 1.80 (1H, dd, J=14Hz), 1.22 (2H,
30 m), 1.15 (1H, m), 1.04 (9H, s), 0.60 (1H, m) ppm ; |
| 34
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7.37 (4H, t, J=7THz), 4.41 (1H, t, J=6Hz), 2.39 (1H, dd, J=68Teus£004 1. 04
(9H, s) ppm; 10 [a]D : -35.3 (c=1.6, CHCl 3). EXAVPLE 24

(2R 3aR, 49 0B42@51hHyt yi di phenyl si | yl oxy- 3a- car bomet hoxy- ~ PCI/EP00/12225

bi cycl o[ 3. 1. 0] hexane : Lh.4 (R=H, P=TBDPS, A=COOCH3). a) Met hyl

(1S, 3S,5S)-3-t-butyl di phenyl -5-tosyl oxy-cycl ohexanecar boxylate : 3.13.b
(R=H, 1..=0Tos, P=TBDPS,.. A=COOCH3).. 15 From 3. 12 (R=H, L=OTos, A=COOCH3)
(4.89, 14.63mml) as described for 2.8.a (R=H L=0OTos, P=TBDS, A=COOCH3).
The vyi eId |s 90% IR (film : 2954, 1731, 1272, 1176, 1107, 945, 813, 713,
664 cm' ; ' HdVR: (56(.‘(@11142,@@31@.3) . 6 7.53-7. 25 (14H, M, 4.84 (1H m,
.3.68 (3H, s), 2. 95 1H, dt, J=3.3. 12.7Hz), 2.45 (3H, s), 2.37 (1 H d.
J=12. 4Hz) , @BﬁﬁSmSle)butxltbph(wlsllyﬂ«)xy-le-eo:(mm m ppm; M

1.
(nfz) : 566 (%%y ‘4[571 gﬁ% Q%G%ETH PERnnpe5A-tifhy, 139, 91 (base peak) ;

.21 [a]0 :

(2R, 3aR, 4aR) I e 0
~bicycl of 3. 1. ofrﬁgﬁ'iej:@km. rnd(-%_ﬂiaﬁ P&BD@A%E@ d for Ih3 s By (reny

P=TBDPS, A=COBTBPMS; A HOL The gBidisI9P%s descri bed for Lb. 1( R=H, P=TBDMVS,
A=COOCH3) . Th el.d 52 2858 1723, 1428, 1370,
1219, 11)12 8@3{#1 _b%ﬁ(ﬁﬂw%({ Zmﬁﬁ 58%‘3 7 . 6 7.66-7.38

(10 114 (R 00 METRCE)  Bha (i&*l% ﬁ%“ﬂg&f %% (s B oo

VO 01/ 42251 PC37 EA0Q, 12425, MB1 (0Hz), J=8H4), Y9 (893id, Nkslmﬂza &04?(5@1 sp37,
296, 259, 213 (base peak), 183, 135, 105, 77. [a].' : +72. 708,
101 3) . EXANFIRM ; 25

(2R 3aR, 43R R Uy E’Mf&?ﬁﬁcﬁéﬂ yl oxy- 3a- (hydr oxymet hyl ) -
' EXAMPLE 24 : (2R.3aR.4aR)-2-t-butyldiphenylsilyloxy-3a-carbomethoxy-

bicycio[3.1.0]hexane : Lh.4 (R=H, P=TBDPS, A=COOCHj).
a) Methyl (1S38,55)-3-t-butyldiphenyl-5-tosyloxy-cyclohexanecarboxylate :
3.13.b (R=H, L=0Tos, P=TBDPS, A=COOCHj). -

15  From 3.12 (R=H, L=0Tos, A=COOCH3) (4.8g, 14.63mmol) as described for 2.8.a
(R=H, L=OTos, P=TBDS, A=COOCH:). The yield is 90%.
IR (film) : 2054, 1731, 1272, 1176, 1107, 945, 813, 713, 664 cm”™ ;
'"H-NMR (500 MHz, CDCl;) : & 7.53-7.25 (14H, m), 4.84 (1H, m), 3.68 (3H. s),
2.95 (1H, dt. J=3.3. 12.7Hz), 245 (3H, 5), 2.37 (1H, d. J= 12.4Hz), 1.84 (1H d,

A 20 J=12 7Hz) 1.60 (1H, m), 1.29 GH, m) ppm ;
MS (m/z) : 566 (M"), 477, 431, 399, 353, 283, 225, 198, 139, 91 (base peak) ;
[a]o® : #7:82 (c=1.31, CHCI;).

b) (2R,3aR.43R)-2 t-butyIdlphenyls:iyloxy-3a-carbnmethoxy-
bicyclo[3.1.0Jhexane : L.h.4 (R=H, P=TBDPS, A=COOCH;). -.um

25  From 3.13.b (R=H, P=TBDPS, A=COOCH3) (7.3g, 12.89mmol) as described for
Lb.1 (R=H, P=TBDMS, A=COOCHS). The yield is 79%.
IR (film) : 2952, 2858, 1723, 1428, 1370, 1219, 1112, 823,741, 702 cm™' ;
‘H-NMR (500 MHz, CDCls) :  7.66-7.38 (10H, m), 3.89‘(11{, m), 3.65 (3H, s),
212 (1H, m), 1.92 (2H, m), 1.77 (1H, m), 1.14 (2H, m), 1.02 (9H, s), 0.45 (1H, m)

30 ppm; '
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5 bicycl o 3. 1. O]hexane . LhS (R=H, P TBDPS, A=CH-, OH). Fr om8Juhe 20Q4R=H,
P=TBDPS, A=COOCH3) as described for I.b.2 (R=H, P TBDVS, A=CH2OH). The
yield vooeBa2251 R (filn): 3327, 2929, 2856, 1470, 1426, FEXEPOA2R2S 1087,
1030, 822, 739, 700 cm' ; 10 'H NMR (500 MHz, CDC13) : 6 7.65-7.35 (10H,
m, 3.97 (1H, ddd, J=7.0, 7.2, 7.0),.3.55 (2H, bs), 2.04 (IH .m, 1.93
(1H, m, 1.87 (2H, nm, 1.39 (IH mM, 1.02 (9H s), 0.45 (1H, m, 0.13 (1H,
m ppm; Ms (nlz) : 365 (Mk-1), 322, 281, 237, 189 (base peak), 181, 139,
99, 77 ; [a]D +24.77 (c= 1. 18, CHC13). 15 EXAMPLE 26: :

(2R, 3aR, 4aIMSI{ﬂi/z)369yKW*)}BOB)(NE*L!)yB@x)Bs?:asj'prmI xwlmqbgég,eakcﬁblngane :
“1-h.6 (ReH, P=TBDPS, A=CHO). From/. h5(R-H PTBDPS
described fi8f10%73 (R=H, P=TBDVB, A=CHO). IR (film) : 2931, 2857, 1708,

1472. 1388, 1362 93, 1036, 901, 20 823, 742, 612 cm  H NMR
(500 Mz, 472%9@%0131%61 '7.65-7.35 (10H, ny, 3.98 (IH, m, =2.29

Eéﬂ dg) Jﬁ;m:pﬁngm? kHza(xati-tJﬂ,t 1dighe & g%ﬂylo’% Maﬁﬁ)ﬁ&eég}ﬂ 3370(2base
peak), 289 bl@lhil’o;lﬁ!ﬂheml@ IM(R&HSP-’EBDPS A&CEBD,H)J.BQ 121, 91, 77, 57, 41
( 1[Ra]22 325 FAI 4?§af c&%@nﬁ%ﬁ?’gz ‘%=G&1Q@1é3)pﬁén9q8§nb§d doy-Lb.2 (R=H,
'(igeégyLRb?"ﬁéﬁ“gbut D e S ot hyl -5 acetoxy- 30 cycl ohexane
. ¢ (R=MIR @H#&BDBS27,/29290C8S5, BA705 1426¢ 129941 MO, QbR%22640, A3/ BRGD 12225
To a stirred solution of 2'B (R=Me, A—COOCI—B) (0. 81 g, 352 mml) |mdazole
(0.72 g, 1G§9°ﬁ‘m>l 99 9% and. DVAP (4-di net hyl ami nopyridine ; 22 ng) in dry
' 10 'H-NMR (500 MHz, CDCl;) : § 7.65-7.35 (10H, m), 3.97 (1H, ddd. J=7.0, 7.2,
7.0), 3.55 (2H, bs), 2.04 (1H, m), 1.93 (1H, m), 1.87 (2H, m), 1.39 (1H, m), 1.02
(9H, s), 0.45 (1H, m), 0.13 (IH; m) ppm ;
MS (m/2) : 365 (M"-1), 322, 281, 237, 189 (base peak), 181, 139, 99, 77 ;
{alo™ : +24.77 (c=1.18, CHCly).
15 EXAMPLE 26 : (2R,3aR 4aR)-2-t-butyldiphenylsilyloxy-3a-formyl-
* bicyciof3.1.0}hexane : Lh.6 (R=H, P=TBDPS, A=CHO). '
From Lh5 (R=H, P=TBDPS, A=CH,OH) as described for Lb.3 (R=H,
P=TBDMS, A=CHO). |
IR (film) : 2931, 2857, 1708, 1472, 1388, 1362, 1200, 1113, 1093, 1036, 901,
20 823,742,612cm’ ; | | )
" '"H-NMR (500 MHz, CDCl;) :  8.87 (1H, s), 7.65-7.35 (10H, m), 3.98 (1H, m),
2.29 (1H, dd, J=12.9, 8.1Hz), 2.01 (2H, m), 1.89 (2H, m), 1.22 (1H, m), 1.02 (9H,
" s), 0.74 (14, t, J=5.4Hz) ppm ; | _
~ MS (m/2) : 363 (M*+1), 332, 307 (base peak), 289, 277, 263, 229, 211, 199, 181, L
25 151,139,121,91,77,57,41 ;
[alo® : +91.49 (c=0.47, CHCl;).
EXAMPLE 27: (1R,253aS 4aS)-3a-carbomethoxy-2-t-butyldxphenylsnlyloxy-
I-methyl-bicyclo[3.1.0]hexane La.7 (R=Me, P=TBDPS, A=COOCH,) _
a}  Methyl (18,38,4R,5R)-3-t—butyld|phenyls1lyloxy-4~methyl—5—acetoxy-
30 cyclohexane 2.1.c (R=Me, P=TBDPS, A=COOCH:)
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- reaction

DVMF (15 ml) was added dropwise TBDPSCI (1.8 ni, 7.04 nmmol, $8dung200he

m xture St] d for 20 h at roomtenperature. After corrpl etion, the
W?’?&ﬁ)ﬂﬁsgn was poured into water-EtQAc (80 ). TW@T@PQWZES | ayer

was separated and then the aqueous |ayer was extracted with EtOAc (50 m x
3). The conbined extracts were washed with brine (3 x 10 ml), dried over
MySO4 and concentrated to give a residue. The residue was purified by HPLC
(i sooctane/ EtQAc 9:1), affordi ng 2.1.c (R=Me, P=TBDPS, A=COOCH3) (1.34 g,
84 9% . 10 (aclD = +9.9 (CHCI 3, ¢ = 0.65) 1HNWR (500.MHz, in CDC],, ppm :
7.65-7.35 (10HT0 R}Sﬂmdwu(lanfZ'&(R-Md,%zﬂCOOCPﬁ r«m 3332n{,.a¢1; mdazaleez

R e e e
, : I dd :
i S e G fh i A
0 Y I S BB o el
f/b%ﬁca'g Rr_(l\)/ﬁm fﬁgﬁpﬁg?g%h Sre was addé%g %r%@ﬁ%ﬂ%sﬁ%&m%fé)e i(foﬁ’ibﬁle‘idry

second porti omxmcmmwaif&dmg)h btind €3 x 1048%0)/AtiedbvP Mg®M)| ahd dﬂﬁ&nﬁﬁéﬁd The
m xture was stirr.ed for t hen poured into water and Et20 (70 m:50

m). The orgardf & Y%fefes\ﬁﬁg‘ I@ﬁ)éﬁ’%‘!‘@d“’éﬁd’“ﬂﬁédﬁuggh@ (isgpstaneAROALt 9:a);t ed
with Et-)O (58 @‘]rgi ti fl ash
"~ chr omat ozgraéhy 25dﬁ(§n§)sll Ni%l sooct aﬁelj}\%quagf ’983 éPKydroxy corrpound

2.2.¢c (R=NB, [BHB8BPY (CHEQQGHEXS5)344-my, 98 % as a colorless oil. IR
(film : 3448, 2954, 2858,. 1737, 1654, 1472, 1362, 1279, 1240, 1173,

1008, 852, 822, HyYMR (380 Mz in €DClgmpm): ﬂmsﬁammmum(m& mpm :
oo £y ™ 4y P . b S sy B, Sl o 303G Sl
81/ S‘nglfﬁlﬁ Empd:%l%’ﬁs A;imz)@,l 64-(1H), 1.08 PROM, 3)11.05 3858, ﬁs'ﬂlz).l- 56 (1H,
IR (film) : 2954, 1737, 1428, 1364, 1239, 1111, 1037, 822, 740, 702 cm™
15 MS (m/z) : 411 (M™-57), 369, 351, 317, 291, 259, 258, 241, 199, 181, 135, 121,
93, 43 (base peak).
b)) Methyl (1S,I_&S,4R,5R)-3-t-butyldiphenylsilyloxy-4-_methyl-5-hydroxy-
cyclohexane carboxyiate 2.2.c (R=Me, P=TBDPS, A=COOCH,)
To a stirred suspension of 2.1.c (R=Me, P=TBDPS, A=COOCH;) (392 mg, 0.992
20 mmol) in 10 ml of dry MeOH atroom termperature was added dry K»CO; (30 mg). -
After 10 min., a second portion of K,CO; (19 mg) (total : 49 mg, 0.496 mmoi)
_ was added. The mixture was stirred for 6 h, then poured into water and Et,O (70
- ml:50 mi). The organic layer was separated and the aqueous layer was extracted
with Et;O (50 ml x 3) and dried over MgSOs,. Separation by flash chromatography
25 on silica (isooctane/EtOAc) 9:1), gave hydroxy compound 2.2.c (R-Me
P=TBDPS, A=COOCH;) (344 mg, 98 %) as a colorless oil.
IR (film) : 3448, 2954, 2858, 1737, 1654, 1472, 1362, 1279, 1240 1173,
1008,852, 822, 795, 741, 702, 611 cm™
'H.NMR (500 MHz, in CDCls, ppmy) : 7.65 (4H, m), 7.44 (2H,m), 7.37 (4H, m), .
30 3.69(1H, m), 3.64 (3H, s), 3.51 (1H, m), 2.16 (1H, m), 2.08 (1H, m), 1.77 (1H, dt, -
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J=5.3 Hz), 1 06 (9H, s), 1.02 (3H, d, J=7.0 Hz). MBS (m z) :%‘BI?@%W, 309
(5), 291 g, 199 (100), 156 (85), 181 (17), 153 (34), 121 93 (68),
57 (47).WOQI#?S51 - 133 0 (054, CHO 3) c) Methyl PCT/E Wl 125 S
(IS, 3S, 4R, SR) - 3-tert-butyl di phenyl siivl oxy-4-nethyl -5-tosyl oxy- cycl ohexane
carboxylate 2.3.c (R=Me, P=TBDPS, L=0OTos, A=COOCH3) To a m xture of 2.2.c
(R=Me, P=TBDMS, A=COOCH3)- (279-hg, 0.828 .mmol)., p-toluenesul fonyl chloride
(323 ng, 1.69 mmo, 98 %, DVAP (5.1 ng, 0.042 10 mol) in 10 m of dry
CHyCl2 at 0 C (ice bath) was added Et 3N (308 4uL, 2.54 mmol). The m xture
was refl uxedl#l@6,thi diz)dd$y8 (2H! hek=89 Ha), Uese $1H S @nis120hH),i 187 ({824, no,.

1.69 mol , 042 pnmuol ) and Et 3N (500 ,UL) .were
added. The r%ﬁ%&aﬁbmgm%ﬂﬂ@éﬂﬂfor two days, p-tol uenesulfon |

o o) “ver o Msfine): 297 Ok P2 o8 o SBieed A TaTRE 8 2 (500

resulting n{28),W3g68pS7¢4Tuted with 20 mM of CH2ClI 2, washed with brine and
t he aqueous phgse was extracted with EtOQAc (4 .x 50 m ). The conbi ned
or gani c |§hasB§ werd3. e d4-fdELMSSOL. Filtration of the sol vent,

trati f] I t Ft :9:1),
e teg e D MRty G S RIS AR Aty ity RS- C@ 2
light yell OV\&:_/ﬁIdhexhi?e tdrboRYlate 2@5@_2@518:1'1;139‘34 L18Fss, A-?ééo ¥|i3 7, 1106
955: 704, 66 H NVR (500 MHz, in ppm 58 d, J=8.3

"Hz), -7.58 (Teda mixturv 0f2.2.¢ PrMnm) P—VBBMS(, mccapcrm 31‘79( mg, Orszsjmaom Hz)

R G T SR T
(3H, d, Jag ﬁz"foj'ﬁ" mmlq’ﬂ%’ @H@”até 307 (‘”3 wa%%‘g&(dl@ﬁ@gk(“éy g (94)

307 ( 20) 29®n'(01)8)1‘,he stturt( @@3 refmg@d (cﬁzwu;cﬁiﬁys( Sthen potbhehefifonyi/c{cide
(TR 23, 325, 4420 e £A7 Bimel R A, 6,1 mren 0HA mmo) smg EoV L)
bi cycl of 3. 1. QdrehiiiadeTH redulbiRy MBlutiSiT $29Fetiuxed TP ayd pﬁto‘iﬁgﬂgsﬁﬂ)géi
chloride (320 mg, 1.69 mmol, 98 %), DMAP (5.1 mg, 0.042 mmol) and Et;N (500
15  puL) were added again and reflux was continued for another day. The resulting
mixture was diluted with 20 m{ of CH,Cl,, washed with brine and the aqueous
phase was extracted with EtOAc (4 x 50 mi). The combined organic phases were
dried over MgSO,. Filtration of the soh.;ent, concentration and flash
chromatography on silica (isooctane/EtQAc : 9:1), afforded 23.c (R=Me,
20 P=TBDPS, L=0Tos, A=COOCH;) (316 mg, 83.5. %) as a light yellow oil. J
IR (film) : 2954, 2858, 1737, 1365, 1246, 1177, 1106, 955, 704, 667 cm™
'H-NMR (500 MHz, in CDCl5, ppm) : 7.71-(2H, d, J=8.3 Hz), 7.58 (4H, m), 7.43
- (2H, m), 7.37 (4H, m), '7.31‘(2H, d, J=8.1 Hz), 4.27 (1H, dt, J=12.0, 4.7 Hz), 3.61
(3H, s), 357(1H,ddd,1—106 5.1,4.6 Hz), 2.45 (3H, 5), 2.17 (1H, m), 2.01 (1H,
25 m), .81 (1H, dt, J=12. 8, 4.2 Hz), 1.74 (1H, dd, J=12.6 Hz), 1.64 (2H,m), 1.02
‘ (9H, 5), 0.99 (3H,d,J=6.6 Hz).
MS (m/z) : 523 (25), 507 (1), 463 (1), 409 (3), 353 (94) 307 (20), 293 (18), 213
- (30), 199 (32), 135 (35), 91 (100), 77 (30).
- {alp®™ : -10.0 (c=1.22, CHCI;)
30 d)  (IR,253aS4aS)-3a-carbomethoxy-2-t-butyldiphenylsilyloxy-1-methyl-
bicyclo[3.1.0] hexane L.a.7 (R=Me, P=TBDPS, A=COOCH3) '
3¢



WO 01/ 42251 PCT/ EPOQ/ 12225 To a sol ution of tosylate 23.c (RInes2004TBDPS,
L=COrlos, A:COOCHS% (240 ng, 0.415 mol) in a mxture of tert-BuOH (5 m)
and THE .(2Y@OH#2Shit 45 C was added dropwi se tert-BuOK (54BCHEPOOI2ZEYS ol
| Msolution in tert- BuOH). The m xture was stirred for 15 h at 45 C, then
poured into water and 5 EtOAc (100 m :50 m). The organi c phase was
separated, the aqueous |ayer was extracted with EtOAc (3 x 50 m) and
dried over MJSO4. The residue was separated by flash chronat ography

(i sooctane/ Et QAc : 100:2) affording conpound I.a.7 (R=Me, P=TBDPS,
A=COOCH3) (12Po nay,solttiod &f tosylae CB.or (Ragde, @i:frBI)’IPS,lB:@frbé,”MCo%?(gm 1724,
1428, 1288, 1224, 1147 1111, 1073, 1015, 933, 822. 740, 702, 60 c,)m"
"H- NVR (500 M40 mg, b@é@l@{noﬁdﬁ? mixfure of teryBuOH) (5 mi)4nd (THE (1§ miya&°( 4H, t,
J=7.2 Hz), 4. Al =65 3H, , 2.30 ( . 1.97 (1H, d,
J=14.2 Hz), %%%ﬁdﬁ,d%??lsg.tﬁb(“ﬁﬁ?gﬂ #?:J?_?%* PH‘j‘gl i.@%“?‘% iy dert-y=g. 7,
3.9 Hz), 1. 09B¢OH). ThEmureOxA%stirdd, fofl 1.5k G B5HD), thd¥Shduild into WadG 10RS
-13.2 (c=1.61; CHCl 3) EXAWPLE 2.: )

(IR ZS, 3a8, 4@9%(@&%5&1?&- e opganigphast avastseparated, the aqueous fayer was

si |yl oxy- 1- _bi i 101 h | .a,8 (R=Me, P=TBDPS, A=CHZOH) 20 To
a sol ution of ﬂéktﬁg(%ﬁ/bﬁb%g@*ﬁ iﬂMcd( % MpSQa- %ﬂ FeeYe (Was' THE _
(15 m) at OGefarard agddtisklr elrohat ok isoBctine/ - 85100 1 a

solution in 'THI%. Théewr esulting m %@ZH\ZXEE st rjgieodAgt' t}n S tearrff)oer!rﬁélgure for
1.5 h, then Sparepnd dad (ReMe,Bs TRRRSI A=OQOECHa{R2 mgyi72 M pasmsotbilédser ed

t hrough Celit and was concentrated. The residue was purified. by flash
cggzomat ography " (silica 25 gel : isooctane/EtQAc : 7:3) to afford I.a.8
(REMe, PTDBDAR ((AMPHRGH), 1024428112887 1 540 | " ILE
3420, 2930, 142(7, ?1-'1_, 1078, 1%?14,88'7%)1,4’/%&?? Igéﬁqc%'ﬁﬁﬁmg(zg&ﬁm in
CDCl 3i ppm) :70Z.@¥emll, m), 7.42.(21L nm), 7.36 (4H, m,

4.21(1H t, J=6 dd,J=11.4, 5.6Hz), 3, 50(LH,dd, J=11.4,5.6 30 Hz),
2. 29( (IH m, *ﬁ%ii‘iﬁ In Qi’é:* PP“’@F(Y,{H I&H»w;),g T4243H, my, 786 (4Hat, 12 Hz§ ,

1=7.2 Hz), 4.19 (1H, 1, J=6.0 Hz), 3.62 (3H, s), 2.30 (2H, m), 1.97 (1H, d, J=14.2
Hz), 1.85 (1H, m), 1.64 (1H, t, J=4.6 Hz), 1.35 (1H, dd, J=8.7, 3.9 Hz), 1.09 (9H,
15 s),0.99 (3H, d, J=6.9 Hz).
" MS (m/z) :
falp® : -13.2 (c=1.61, CHClL) |
EXAMPLE 28 : (IR,25 3aS,4aS)-3a-hydroxymethyl-2-t-butyldiphenyl-
silyloxy-1-methyl-bicyclo[3.1.0Jhexane L.a.8 (R=Me, P=TBDPS, A=CH,0H)
) 20 To a solution of La.7 (R=Me, P=TBDPS, A=COOCHa) (136 mg, 0.33 mmol) in
THF (15 mi) at 0° C was added dropwise LiAlH, (0.85 ml, 0.85 mmol, 1 M
solution in THF). The resulting mixture was stirred at this temperature for 1.5 h,
then water (0.1 ml) was added. The reaction mixture was filtered through Celite
and was concentrated. The residue was purified by flash chromatography (silica
25 gel : isooctane/EtOAc : 7;3) to afford I.a.8 (R=Me, P=TBDPS, A;'éﬁzom (124
. mg, 97.8 %) as a colorless oil.
IR (film) : 3420, 2930, 1427, 1111, 1078, 1014, 701, 611, 504 cm™
- TH-NMR (500 MHz, in CDCl,, ppm) : 7.63 (4H, m), 7.42 (2H, m), 7-36 (4H, m),
4.21 (1H, t, J=6.0 Hz), 3.54 (1H, dd, J=11.4, 5.6 Hz), 3.50 (1H, dd, J=11.4, 5.6
30 Hz),2.29 (1H, m), 1.95 (1H, ddd, J=13.7, 6.0, 1.4 Hz), 1.23 (1H, t, J=4.12 Hz),
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35 8 June 2004 WO 41/42251 PCT/ EPOQ) 12225 1.14 (1H, n), 1.08Jeos20GH
(3H, d, J=7.0 Hz), 0.41 (IH dd, J=8.4,4.3 Hz), 0.80 (1H m. M (m z)
381 (M+-+WO V422363 (22), 337 (1) 323 (22), 305 (5), 285 POY/EPSYN2RD4),
245 (63), 225 (19), 199 (83), 179 (19), 153 (29) 139 (51), 107 (100), 9
(72), 57 (86), 41(78). [a] D25: -2.6 (c=0.69, CHC13) EXAMPLE 29
(1R, 2S,.3aS, 4aS)-3a-fornyl-t-butyldi phenylsi.lyl oxy- 1-

(58), 79 5

met hyl - bi cycl o[ 3. 1. 0] hexane 1.

(Ccocl)2 (18,
DVSO (kA, 0.
for 20 mry.

A=CH) OH) (400

0.

99

1

a.9 (R=Me, P=TBDPS, A=CHO) To a sol ution of

uL, 0.21 nmml) in CH C12(1S m) at -78 C was 10 added dropw se

A2 4nGHEL, )m), 1.08HORL 2), (QI990(36, )i, JTNG H)XO U1 qmaa%_ﬁkur w'HngP -78 C

foI b‘ \%d by the addition of alcohol La.8

5 mol) in CHC2 (1.5 mM). The resultlng white

o parm 10 ?@Ssmﬁ%"e’-r SRR Tt (L aesien. (i Byt B Bene
addi tion 15 @45 ¢H)d22Rm(1e), mﬁi(SBj]Q’iQr(%mlﬁ 1S £39\63) Sﬁﬁa(flggl\)gg&g@lrﬁgqueous

| ayer was
resi due Vs
La. 9 (R—Ne

extracted with Et20 (3 x

m ) and dried over

&0t 86y HIy8MPLC (i sooct ane/ Et OAc: 95:5), to afford conmpound

TBDP , 5% as acolourless oil. IR (f
3420, 1- 930, 1@? 11%f(f'€g§§‘c%ﬁl§? 701, 611,504 cm"' 20 !H NWR (500 MHz,

CDClS ppr‘r)
1=5.8 Hz),
1=14. 4 Hz),

d, J=6.8 361 (4), 321 (100), 303 (10),
(10), 2. 67H%£1)a S@@?')%ﬁ@(% ;20 m f@‘(ﬁt)"(ﬁﬂ}ﬂv(l(dgs) gl&':s%»(ase)

JEXAMPLE 19 SIlR,_7 262 481 45%433%3@,? g:?utﬂ}ilphfﬁglg‘i{l?&ﬁl

i 1'm

in -

meﬂw (bieyclofp,1. Q}he:ea-(egm,9 @-M&, BSTBBPS, A=CHed. 0 Hz), 0.91 (1H,

39). 13 (7 7 57_(95
E 3 %Z 3R (1 62¢)2ded (ﬁ&é@bmdiﬁ?z LEEXA@ E@@g@ CHACL PN iy 7rh$ m&ture i
(1S, 2R 3aR 4aR;cd3a o8? lﬁbfmezmnmy Driloeret] -Byuthyi adidfhmny alcohol 1.a.8 (R=Me,

15

20

=TBDPS, A=CH,0H) (40 mg, 0.105 mmol) in CH>Cl (1.5 ml). The resulting
white suspension was stirred at -78° C for 20 min. Then the mixture was ailowed

to warm to room temperature over 1h. The reaction was quenched by the addition

~of cold water and the organic phase was separated, the aqueous layer was

extracted with Et;O (3 x 50 mi) and dried over MgSO.. The residue was separatcd
by HPLC (isooctane/EtOAc : 95:5), to afford compound L.a.9 (R=Me, P.-’I‘BDPS
A=CHO) (30 mg, 75%) as a colouriess oil.

IR (film) : 3420, 2930, 1427, 1111, 1078, 1014, 701, 611, 504 cm"'

'H-NMR (500 MHz, in CDCls, ppm) : 8:80 (1H, s), 7.62 (4H, m), 7.42 (6H, m),
4.24 (1H, t, J=5.8 Hz), 2.32 (1H, dd, }=14.4, 6.1 Hz), 1.96 (2H, m), 1.84 (1H, d,

J=14.4 Hz), 1.36 (1H, m), 1.08 (9H, s), 1.00 (3H, d, J=7.0 Hz), 0.91 (1H, d, J=6.8

. Hz).

30

MS (m/z) : 378 (M*, 1), 361 (4), 321 (100), 303 (10), 285 (10), 267 (24), 263
(16), 243 (74), 225 (39), 199 (100), 183 (76), 165 (39), 139 (72), 135 (48), 105
(39), 91 (34), 77 (60), 57 (95), 41 (80).
falp® =-16.2 (c=0.59, CHCl,)
EXAMPLE 30: (18,2R,33R,4aR)-Sa-carbomethoxy-z-tert-butyldlphenyl-
snlyloxy-l-methyl-bncyclo[ﬁi 1.0lhexane L.£.8 (R=Me, P=TBDPS, A—COOCH3)
a) Methyl (18,38 4R,5R)-3-tosyloxy-4-methyl-5-acetoxy-
cyclohexanecarboxylate 3.4.c (R=Me, L=0Tos, A=COOCH3)

o

285
80) .

16¢

-



si 'yl oxy- | - met hyl - bi cycl o[ 3, 1. § hexane LES (R=Me, P=TBDPS, AJtreéifsh 30 a)

Met hyl S, 3S 4R, 5R) - 3-t osyl oxy- 4- net hyl - 5- acet oxy cycl o r boxyl at e
3.4.c (E!” APsbros, A=COOCH3) 40 8 June 2004 WD 01/ 4225?’%@’%@% 12225

From 2 B(R—I\/E Z=Me, A=COOCH3) (1.05 g, 4.57 mml) as described for 2.3.c
(R=Me, P=TBDPS, L=OTos, A=COOCH3). The yield is 151 g, 89 % IR (film :
2954, 1736, 1557, 1363, 1242, 1189, 1025, 956y -919, 667 cm1 'H NWR (500
MHz, in CDO 3: ppm) : 7.69 (2H, d, J=7.2 Hz), 7.38 (2H, d, J=7.2 5 Hz),
4.74 (1H, dt, J=12.) 4.5 Hz), 4.49 (1H, dt, J=12.1, 4.7 Hz), 3.69 (3H, s),
2.46 (3H, s)Fro. 2B (R3Me, £-Me]l ASECOCEH; A1, OSJ§ 4157 thd)a%ddsc)nbeii f9828LkH, dt,

.J=12.6, 4.6 1 J 63 (2H, dd. J=12.6 Hz), 0.97
(3H, d, J= 6@% P""%é’%«n‘-zﬁq“ﬂs m@@%FHs fBhe 3321@(183:151 g, §%&> 2609, 2?38 213,
170. 152. 1 1 59, CHCl z) b
-Met hyl (1S, ?&@?@é&ﬁs tgz?/ﬁg%qgk %38%%%36 %lglgéﬁoggyanecar bo>Z<§ll a% e
3.5.¢c (R=Me, ‘Mmqsommﬂmif @P‘D? 4’69((2H:|HB1 1.2@3_987 3DCHPAHRY 2as :

descrlbedfor f-{ A=COOCH3) . yield is 90 % 15 IR
(film : S303%), 33851H1 AbJ=12.2585 T 449 (178, dt1é=9172 1167120359 68% dm

) (Hi? | 4\4%9}{_%@[5?1@,}5@237 % i E@)’L 12 68 (%@7 1?3%%' gk gf’#%ZH dz 45

(3H, s), 2.3k, (.8H(2H)Ad, 2= 1258 [Z}i1. es)(zmda41=(12+rmﬂ) 0.9%.(84, aljis gitiz),
J13245Hz§175:2£§41H bs) 1.66 (1 H dd. J=11.9 Hz), 0.91 (314. d,
J=7.0 Hz). MSNBYDn (M‘§4é4-’( MR62$11,2300, 2698258243, 220, 1509411198 43155, 127
(base peak), 7, 57. [alD: +18.8.(c=0.41, CHO 3) c) Methyl

(lg 3S, 4R, SI%’aSE-pFo yI oxy-4-nmet hyl - 5-tent - but yl di phenyl si | yl oxy-

eyel ohexgneqalfoxwsan cé’gggcc}ﬁ@:jve, L=-Oros, P=TBDPS, A=COOCH3) 25 From
3.5.¢ (R—Neq [[Pb E(COO(’:HS ds described for 2.1.c (R=Me,

b) Methyl (IS.SS 4R,5R)-3-tosyloxy-4—methyl-5-hydr0xy-

cyclohexanecarboxylate 3.5.¢c (R=Me, L=0Tos, A=COOCH;)
From 3.4.c (R=Me, L=0Tos, A=COOCH;) as described for 2.2.c (R=Me,
" P=TBDPS, A=COOCH}). The yield is 90 %.
15 IR (film) : 3439, 2988, 1732, 1439, 1353, 1176, 1097, 1021, 945, 667 cm™
'H-NMR (500 MHz, in CDCl, ppm) : 7.78 (2H, d, J=7.2 Hz), 7.32 (2H, d, J=7.2
Hz), 4.52 (1H, dt, J=10.8, 4.7 Hz), 3.69 (1H, m), 3.68 (3H, s), 2.45 (3H, s), 2.34
(1H, m), 2.25 (1H, m), 1.94 (2H, m), 1.87 (1H, dt, J=13.2, 4.5 Hz), 1.75 (1H, bs),
1.66 (1H. dd. J=11.9 Hz), 0.91 (3H. d, J=7.0 Hz).
e 200 MS (m/fz) : 340 (M*-2), 295, 278, 247, 220, 194, 170, 155, 127 (base peak), 91,
‘ 87, 57.
[alo® : +18.8.(c=0.41, CHCI;) ,
- c¢) Methyl (15,38,4R,5R)-3-tosyloxy-4-methyl-5-tert-butyldiphenylsilyloxy-
cyclohexanecarboxylate 3.6.c (R=Me, L=0Tos, P=TBDPS, A=COOCH3)
25 From 3.5.c (R=Me, L=OTos, A=COOCH,) as described for 2.1.c (R=Me,
P=TBDPS, A=COOCH;). The yield is 86 %.
IR (film) : 2955, 1736, 1598, 1427, 1363, 1177, 1031, 955, 914, 863, 820, 741,
703, 667 cm™ ‘
'H-NMR (500 MHz, in CDCl;, ppm) : 7.69-7.38 (14H, m), 4.27 (1H, dt, J=12.1,
30 4.8 Hz), 3.61 (3H, s), 3.56 (1H, m), 2.44 (3H, 5), 2.17 (1H, m), 2.02 (1H, m), 1.83
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P=TBDPS, A=COOCH3). The yield is 86 % iR (film : 2955, 17§6‘unq%%4 1427,
1363, 1177 1031, 955, 914, 863, 820, 741, 703, 667 cnf' ' H NVR (500 Mz,
in COCLVOIMAIL 7. 69.7.38 (14H 1), 4.27 (1H, dt, J=12. RCT/ERgoN2225 :
4.8Hz), 3. 61(3H, s), 3. 56(1 H, M), 2. 44(31L s), 2. 17(1H, ), 2. 02(111, ), 1.83 41 8
June 2004 WO 01/42251 PCT/ EPOO112225 (1H, dt, J=12.5, 4.3 Hz), 1.73 (1H,
dd, J=12.7 Hz), 1.63 (2H, n), 1:01 (9H s), 0.99 (3H -d, J=7.2 Hz). MBS
(mz) : 523 (M-57), 463, 403, 353, 351, 293, 227, 213, 135, 91 (base
peak), 77. 5 [CEJD25: -2.6 (0.94, CHC13) .d)

(1S, 2R, 3aR, 4AH, Bl ok Hyx .72 (1Hbdd, y.lI=d2ﬁhHﬁ)u1563 PHDe), | LOR(9H] s),

Bi cycl o[ 3. 1&&%&%% P=TBDPS, A=COOCH3) - From 3.6.c (R=Me,
L=COTos, Jas described for La.7 (R=Me, P= TBDPS

A:COOCHB) e 6, | I I orI ess
oil. IR (fi m“% 3% 85?6PI 46%4%13'52%%32%?821‘;8312?’1]%?36?ﬁ -
1073, 1015, 77934 822 740, 702, 609 cm1 'H NMR (500 MHz, in CDCI 3 pprr) ;
7.62-7.31 (10H t, J=5.9 "Hz) 3.59 (3H, s) 2.31 (2H, dd,
t

) 19
J=13. 7, éslpﬂzslzéé ?4(C<HCL3 E14.5 Hz), 1.84 15 (IH, ,164(IH, ,

Ey Ll e (Jfbﬁﬁ%?ﬁ“o%'%?ﬁﬁﬂ% S i el onyiestls 33

213, 199, 15ﬁcc’l¢2{31(.b]&&ﬁalim$3(ll3h7[e, pimm% AZCHHEHCc=0. 65, CHA 3) EXAMPLE

31 : (IS, 2R 3aR4a£ dr oxyrmet hyi - -butyi di pbenyl siiyioxy- 20

1- met hyl - bi djremop cl(Bf o, g’=(Ier§ Mms)ﬁaswﬁﬁ-ibed:rfOMJaT 8
(R=Me, P=TBDBS S ibed for La .8 P=TBDPS CH20H)
The yi el d dRay! @ch%f?@u%caﬁi%h-,b%a@e C%B‘?““dl'éﬁﬁ’m"lwm 6812’?!7!6‘(‘1363 .
1194, 1107, Q%lorkdddil. &

IR (film) : 2931, 2857, 1724, 1428, 1367, 1288, 1223, 1147, 1111, 1073. 1015,
934, 822, 740, 702, 609 cm”
'H-NMR (500 MHz, in CDCl;, ppm) : 7.62-7.31 (10H, m), 4.19 (1H, t, J=5.9
Hz), 3.59 (3H, s), 2.31 (2H, dd, J=13.7, 6.3 Hz), 1.96 (1H, d, J=14.5 Hz),' 1.84
15 (1H,m), 1.64 (1H, t, J=4.6 Hz), 1.35 (1H, dd, J=12.8, 5.0 Hz), 1.25 (1H, br.), 1.07
(9H. 5), 0.99 (3H, d, 1=6.9 Hz), 0.91 (1H, m).
MS (m/z) : 408 (M"), 351, 323, 273, 213, 199, 153, 121 (base peak), 77.
falp® : +13.9 (c=0.65, CHCl,)
EXAMPLE 31 : (1S,2R,3aR.4aR)-3a-hydroxymethyl-2-t-butyidiphenyisilyloxy-
20 i-methyi-bicyclo[3.1.0]hexane I.f.9 (R=Me, P=TBDPS, A=CH,0OH) 0
From Lf8 (R=Me, P=TBDPS, A=COOCH;) as described for La.8 (R=Me,
P=TBDPS, A=CH,OH). The yield is 98 %.
- IR (film) : 3324, 2929, 2857, 1654, 1471, 1427, 1363, 1194, 1107, 1078, 1011,
. 822,740,701, 610 cm™. A
25 'H-NMR (500 MHz, in CDCls, ppm) : 768—7 37 (10H, m), 4.21 (lH t, 1=6.0
Hz), 3.54 (1H, dd, J=11.4, 6.0 Hz), 3.52 (1H, dd, J=11.4, 6.0 Hz), 2.29 (1H, dd,
J=113, 8.1 Hz), 1.94 (1H, dd, J=14.6, 5.9 Hz), 1.86 (1H, d, J=13.2 Hz), 1.23 (1H,
t, J=4.1 Hz), 1.14 (1H, m), 1.07 (9H, s), 0.99 (3H, d, J=6.9 Hz), 0.89 (1H, m),
0.41 (dd, J=8.1, 4.3 Hz).
30 MS (m/z) : 323 (M*-57), 305, 267, 245, 199, 181, 139, 107.
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822, 740, 701 610 cm'. 25 'H-NVR (500 MHz, in CDCI 3, ppn) 8Juned¥47 37
(10H, m) , t, 1=6.0 Hz), 3.54 (1H, dd, J=11.4, .52 (1H,
dd, J= 1“’9 {3‘%%)" Hz), 2.29 (1H, dd, J=11.3, 8.1 Hz), 1.9 ‘Mﬁ’)'%’ -
J=14.6,5.9 Hz), 1.86 (1H d, J=13.2 Hz), 1.23 (1H, t, J=4.1 Hz), 1.14 (IH
m, 1.07 (9H, s), 0.99 (3H, d, J=6.9 Hz), 0.89 (1H, nm), O0.41(dd, J=8.1,
4.3 Hz): 30 MB (mz) : 323 (M-57), 305, 267, 245, 199, 181, 139, 107. 42 8
June 2004 WO 01/ 42251 PCT/ EPOO’ 12225 [al n25: +3.1 (c=0.93, CH3Cl) EXAMPLE
32 . (1S, 2R 3a 4aR) 3a-i_ornyl -2-t-butyl di phenyl silyl oxy- 1-

met hyl - bi cyc[Od{) 1—301(%5183\,42&!1010 (R=Me, P=TBDPS, A=CHO) From 11.9 (R=Me,

PTERRS, A HRRpRR, 99571 L0gHl Sl Al e SR BB R R T
ppm : 8.80 &.&tﬂ.ymeyc?o[ﬁl ﬂhééné'l@t‘l)(l(lMc“P2“ﬁBDﬁ’$|‘h-CH0}) 5.8 Hz), 2.31 (2H

"m, 1.96 (1H m Hz), 4 (1H, d,” J=14.3 Hz), 1.37 (1H,
dd, J=11. o 7F:‘1‘Jm—|zl).£.9 ](R%Mf( 1PI=TBBPSJ #OH,QHB aﬁlz;igscmbﬁi? fopH.a.9 1(R=Me, 1. 04

3H, t, . 2989, 2857, 1703, 1471, 1391, 1383, 1274,
(1215 119‘51 %’Eébpﬁﬁg&ﬂ@%@”'@'@éﬂ% , 701 cm MS (m2) : 377 (Me-1, 5),
337 (75 309 (10), 293 (6), 259'(12), 231 (20),
215 glag, 19@‘]{’106’)51?'8(%6?&])@@1@3 (20), (1329 (60),(1)21 (95).(15) EXAI\/PL(E 3%),

(1R, 2S, 3aS HNWIR3 (S00aMbEz i M;,%ﬁm)bUS)SDCUIHbe)lyT.SLU.)BlSoQWH, m), 4.24 -
1-et hyl -bi cycl o[ 3. 1. 0lhexane g& P=TBDPS, A=COG]—IB§$aLHI\/Et hyl
(1S, 3S, 4R, SF()U'Q -ty JpuB\Ha; Bﬁér@ﬂsm)yﬂ y(llri.é? rd: J58de 8188, k¥t i(tHedane

descri bed { o B-4gh L1 SR A-1E00 2ctedy L 2R R, G5 8. AR TSI OR
“H NVR (f00 W_ml(mgpmagmprr) : 7.45-7.36 (1OH, m), 4.62 (1H, dt, J=12.2,
IR (film) : 2959, 2857, 1703, 1471, 1391, 1383, 1274, 1215, 1191, 1111, 1109,
1009, 963, 823, 701 cm™'.
MS (m/z) : 377 (M*-1, 5, 337 (75), 321 (M*-57, 8), 319 (10), 309 (10), 293 (6),
259 (12), 231 (20), 215 (16), 199 (100), 181 (30), 153 (20), 139 (60), 121 (95).
15' EXAMPLE 33 : (lR,ZS,33S;4aS)-3a-carbomethoxy-z-t-butyldiphe_nylsilyloxy- '
_1-ethyl-bicyclof3.1.0)hexane La.10 (R=Et, P=TBDPS, A=COOCH;) '
a) Methyl (15,35,4R,5R)-3-t-butyldiphenylsilyloxy-4-ethyl-5-acetoxy-
cyclohexane 2.1.d (R=Et, P=TBDPS, A=COOCHs3)
From 2'C (R=Et, Z= Me, A=COOCH3) as described for 3.4.c. The yield is 92 %.
20 [alp® : +7.5 (c=0.59, CH;Cl) |
'H-NMR (500 MHz, in CDCls, ppm) : 7.45-7.36 (10H, m), 4.62 (1H, dt, J=12.2,
4.4 Hz), 3.69 (1H, dt, J=11.5, 4.3 Hz), 3.61 (34, s), 2.08 (2H, tt, J=8.8, 3.9 Hz),
2.01 (34, s), 1.85 (2H, m), 1.60 (3H, m), 1.51 (1H, m), 1.06 (9H, s), 1.02 (3H, t,
| =15HD). | e
25 IR (film) : 2954, 2848, 1739, 1462, 1428, 1364, 1238, 1194, 1178, 1110, 1034,
986, 812, 740,702 cm™!. |
MS (m/z) : 482 (M*, 2), 468 (5), 451 (7), 425 (M'-57), 391 (1), 365 (80), 351
(25), 305 (15), 273 (20), 241 (100), 213 (88), 199 (92), 153 (56), 135 (75), 107
(85). '
30 b) Methyl (18,35,4R,5R)-3-t-butyldiphenylsilyloxy-4-ethyl-5-hydroxy-

cyclohexanecarboxylate 2.2.d (R=Me, P=TBDPS, A=COOCH;)
4y




, 3.69 (IH, dt, J=11.5, 4.3 Hz), 3.61 (3H, s), 2.08 fIppeq04 y=g. g,
3H, s), 1.85 (2H, n), 1.60 (3H n), 1.51 06_(9H,

s) 1. ozw?i’ilﬁ}{si J=7.5 Hz). 25 IR (film) : 2954, 2848, 1‘%’2“‘@4%’2% 1428,.
1364, 1238, 1194, 1178, 1110, 1034, 986, 812, 740, 702 cm'. M5 (nfz) :
482 (M, 2), 468 (5), 451 (7), 425 (W57), 391 (1), 365 (80), 351 (25),
305 (15), 273 (20), 241 (100), 213 (88), 199 (92), 153 (56), 135 (75), 107
(85). .30 b) Methyl .
(1S, 38 4R, Sg) 3-t-but Id| ph S|IyI oxy- 4- et hyl - 5- hydr oxy- .
cycl ohexane&&modedidai( —EL1%F'(!¥Q 3 AsCscBd £613 2.2.8 (ReMe, 2004 WO

01/ 42251 P 1.4 P=TBDPS, A=COOCH3) as descri bed
for 2.2.¢c (CE-%E%’SI}’%T@@E&Q 9%% yield is 98 % [a]o: +28.7

(c019 Clmnﬁhgl‘dr\@ 290c |nCDCIB ppm) : 7.68 (10H, m, 3.68 (1H,
dt, J=8.2 3.62 %‘E%) 3.57 (1H, dt, J=11.1, 4.6 Hz), 2.07

(| H, Jn)ll (1) éﬂmmm(sao M}m;ncmzu p;ﬁn)??7(68liﬁégﬂt m;sasssufﬂ Qit,l-lh?L8522 Mﬁ (%H
s 1 i Dbl Lt gl 15306 ey 307 bk i 1.8 (i3 sch 1 oot

S ok O T U AT i i i S0

Eégg ?8? E@ﬁ?(lﬂ]@!c(rthﬁ), 1.523H( B€)) 1.42TH, Q)06 (BIR s§, 1009 (3HL8I=GAY) , 153

(1S,3S, 4R, 5%}) §i"E£ bg/gﬁ] é??ﬁve?%ﬁlgsﬂ?%ﬁ dR§241460n 2% 1363y 13%1,-1236, 1172,

| oh b $, L=OTos, A=COOCH3) F 2.2.d
Lo SRR 0.5, 75, 8od Ak v BIPHES: LSOO e O
P= TBDPSIG L= M&ﬁn/zﬁ*mﬁv mwessm (ﬂbﬂ 328 (@750}5 Egdgp;(?‘fsllgsxﬁ?s?(}lé)gg@?gh (2

CH3d ) ,m,
dt, -J= 125 (5£)519Hi}00)31%’9(7pbl4535($0), 86%@80 1H dt, J=11.4, 4.3 Hz), 2.45 (3H,
s), 1.96 (15 ttMethyl (18,35,4R,5R)-3-t-butyldiphenylsilyloxy-4-ethyl-5-tosyloxy-
' cyclohexanecarboxylate 23.d (R=Et, P=TBDPS, L=0Tos, A=COOCH,)
From 2.2.d (R=Et, P=TBDPS, A=COOCHs3) as described for 2.3.c (R=Me,
15 P=TBDPS, L=0Tos, A<COOCH). The yicld is 82 %.
" falo® : -17.9 (c=0.59, CH;Cl)
'"H-.NMR (500 MHz, in CDCl;, ppm) : 7.72-7.30 (14H, m), 4.28 (1H, dt, J=12.5,
4.5 Hz), 3.59 (3H, s), 3.55 (1H. dt, J=11.4, 4.3 Hz), 2.45 (3H, s), 1.96 (1H, tt,
J=8.5, 4.1 Hz), 1.91 (1H, 1, J=4.2Hz), 1.84 (1H, dt, J=8.5, 4.1 Hz), 1.77 (1H, m),
20  L.73 (1H, m), L.53 (2H, m), 1.47 (1H, m), 1.02 (9H, s), 0.97 (3H, t, }=7.5 Hz). B
IR (film) : 2057, 2858, 1738, 1598, 1487, 1462, 1428, 1360, 1277, 1189, 1111,
1030, 953, 885, 822, 741, 704 cm'. | |
- MS (m/z) : 357 (M*-57, 45), 353 (100), 293 (22), 227‘(5) 199 (48), 135 (70).
d  (AR2S3aS ,4aS)-3a-carbomethoxy-2-t-butyldiphenylsilyloxy-1-ethyl-
25  bicyclo[3.1.0]hexane L.a.10 (R=Et, P=TBDPS, A=COOCH;)
From 23.d (R=Et, P=TBDPS, L=0Tos, A=C00CH3) as described for La.7
(R=Me, P=TBDPS, A=COOCH). The yield is 71 %.
[alp® : -333 (c=0.27, CHsCh)
'H-NMR (500 MHz, in CDCl,, ppm) : 7.63-7.35 (10H, m), 4.18 (1H, t, J=5.9
30 Hz), 3.61 (3H, s), 2.26 (1H, m), 2.06 (1H, m), 1.93 (1H, d, J=14.3 Hz), 1.92 (1H,
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J=8.5, 4.1 Hz), .1. 91 (1H, t, J=4.2Hz), 1.84 (1H, dt, J=8.5813na2¢p4 1. 77

(1H, m, m, 1.53 (2H, m, 1.47 (1H m, 1.02 ., 0.97
(3H, 't 33’9081’;?2’7 1R(f||n) .. 2957, 2858, 1738, 1598, 148?‘(31'@1'6‘211215428

1360, 1277, 1189, 1111, 1030, 953, 885, 822, 741, 704 cni'. M5 (mz) : 357

(M- 57, 45), 353 (100), 293 (22), 227 (5), 199 (48), 135 (70)-d)

(IR 2S, 3aS, 4aS) 3a- car boret hoxy- 2-t - butyl d"t phenyl si |yl oxy-1-ethyl- 25

bi cycl o[ 3. 1. Olhexane |.a. 10 (R=Et, P=TBDPS, A=COOCH3) From 234 (R=Et,

P=TBDPS, - L=0Tos, A=COOCH3) as described for I.a.7 (R=Me, P=TBDPS,

A=COOCH3) . Théﬂ)ylleﬁ7c{1HsL F4dh Hepn]lE8s(2H, n833.36q2H, 2d, J=8t53Gl9 Hz};HM¥RoE500

.MHz, in CDC13, %(1){9 }‘?86‘&@35(1&' m, 4.18 (1H, t, J=5.9 30 Hz), 3.61

(3Hs)226 (#l 1H, m,1.98 (1H, d, 1=14.3 Hz), 1.92 (11-1, 4*

8 June 2004 ' \tﬁ a4 2 P 19225 7 48
ot o Jgn B0 1708, Tagly 180 11g 40l o) epey o)

-(2H, ), 1.36 3.9 'Hz),
IR (film : 28 &74;07%@ Smazm 1366, 1298, 1224, 1148, 1111, 1064, 1028,

926, 821,_74 5 422 391 (4), 365

(M- 57, 407, gﬁ?'(‘g“? Qg%&fft ’1?3);912@@ Mr -3540),( 7(8)1@7 (1@5.)2591(36) 2280) ,

105 (38) (1 3 ) 3a-car borret hoxy- 2-t -

but yi di phenyi W%%QBS)II-:’%(%&?) g(%é% '0(3.1.0] hexane |.f.11 (R:Et, P:TBDPS,,

A=COCCH3) . 10M { (lS,ZR%SaRABR)-ZSa—carbometho -2-t-

SR) - 3- mesyl oxy- S‘ng - 5-acet oxy cycl ohexane xgoxyl ate 3.4.d (R=Et, L

- - O\Vs, A—cooc}(’ls idipyenylsifyloxy-dret Ul-bmwé%[éét@hex@ec IfAHC(RERS, PREBDPSZ=ME)

(Olg 0419@1@ 3N (0.30 m, 2.10 mol) in 5 mM of CH,d., was
%0 |

added dr opwi se I\/BCI fl 6' U 1.23 rrm)l) at roomtenperature. The resulting

miXture W@ ah) oMethylbo arsl,r 38, AR, GRPI-RIBALR ULAhIS-addoty tion
sol ution was poured into ice-water, extracte vvlthJ,Aca 0 *ﬁ@ber"ﬁﬁ’? he

conbi ned ext r SREbOxKlate3 da Wt i T OMs, ARGOQGHY. 5 m ), dr| ed over MySO4 and
concentrated g ,3h}fioR of fithierad 2 (ESCOBEHPR=Er, Z=Me) (0.1 g, 0.41 mmol),

Et3N (0.30 ml, 2.10 mmol) in 5 ml of CH»Cl, was added dropwise MsCl (96 ul,
1.23 mmol) at room temperature. The resulting mixture was allowed to stir at
15 room temperature for 10 h. The reaction solution was poured into ice-water,
extracted with ACOEt (3 x 50 ml). The combined extracts were washed with brine
(3 x 5 ml), dried over MgSO0, and concentrated to give a residue. The residue was
purified by HPLC eluting with isooctane/EtOAc (90:10) to give mesylate 3.4.d
(A=COOCH;, R=Et, L=OMs) (0.11 g, 85 %).
- 20 IR (film): 2954, 1737 1641, 1357, 1241, 1175, 952 cm’!
" " "H-NMR (500 MHz, in CDCl,, ppm) : 4.87 (1H, dt, J=10.9, 42Hz) 4.75 (1H, dt,
J=4.5, 10.9 Hz), 3.69 (3H, 5), 3.00 (3H, s), 2.48 (1H, m), 2.23 (1H, bs), 2.13 (1H,
- dt, J=4.2, 11.8 Hz), 2.05 (3H, s), 2.01 (1H, d, }=8.8 Hz), 1.96 (1H, dt, }=13.3,45
| Hz), 1.83 (1H, m), 1.58 (2H, m), 101 (3H, 5). |
- 25 MS (m/z) :322 (M"), 309, 291, 248, 227, 199, 166, 135 107, 78, 43 (base peak).
[alp®: +2.6 (c=1.08, CHCl,)
'b)  Methyl (1S, 3S, 4R,  5R)-3-mesyloxy-4-ethyl-5-hydroxy-
cyclohexanecarboxylate 3.5.d (A=COOCH;, R=Et, L=OMs)
From 3.4.d (R=Et, L—OMs A=COOCH3) as described for 2.5.a (R=H, L—OTos, :
30 A=COOCH;). The y:eld is 90 %.
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purified by HPLC el uting with isooctane/ Et OAc (90:10) to gi WeURediht e
3.4.d (A=COOCHS, R=Et, L=OMs) (0.11 g, 85 %. 20 IR(fiIlynZT: 2954, 1737,
1641, 13‘3’?“1@%1 1175, 952 cm' 'H NWR (500 MHz, in CDCIECT/ERI22254 g7
(1H, dt, J=10.9,4.2 Hz), 4.75 (1H dt, J=4.5, 10.9 Hz), 3.69 (3H, s), 3.00
(3H s), 2.48 (1H, m), 2.23 (1H, bs), 2.13 (IH dt, J=4.2, 11.8 Hz), 2.05
(3H, s), 2.01 (1H, d, J=8.8 Hz), 1.96 (1H, dt, J=13.3, 45 Hz), 1.83 (1H,
m, 1.58 (2H, n), 1.01 (3H, s). 25 M5 (mz) : 322 (M), 309, 291, 248, 227,
199, 166, 135, 107, 78, 43 (base peak). [a]0 25: +2.6 (c=1.08, CHC 3) b)
Methyl (1S, HBRS(fitR) : SAB93205%y1 708y -1438] 1351, STy N7, 944, 877, 838, 757,

cycl ohexanecgr boxyl ate 3.5.d (A=COOCH3, R=Et, L=0MWs) From 3.4. d (R-Et
L=OMk, A-CCI%QBC)‘“as described for 2.5.a (R=H, L=OTos, 30 A=COOCH3). The

ieldis 90 2 3439,
Jo57. 1720, 1AM Q0] 4R, STRE PPt 35%&*?%5 AR, 8y S
(atzaga |v|;z74 |( B;ﬂCBU)&K{BI-bp}rB .00 (BP§)75)(159 (tH, 85}3214161% ﬁ 9117((1H b"s) ;b}g ?1H
- S
bs), 2. oe 5(2{*2111) Wg@*aﬁﬁﬁ?’ G{fH%l)—lﬁiléZHAm%' lh(i?)(BPﬁ,t,ﬂ*f?(«#sz) m, 1.03

314, t, + 3., 24 0 166,
(141 125, 1 E@) é‘g‘ﬁ)’bﬁﬁs,%%g’a%% 5%’%]@ 166,114, iif-cté %Z AT 3) c)
Met hyl (1S, (B&e péik). 5R) 3-nmesyl oxy-4-et hyl -5-t- butyI di phenyl si 'yl oxy- 10

cycl ohexanecar gpxyl ate 3.6.d (R=Et. L=0OVs. P=TBDPS, A=COOCH3) From 3.5.d
(R=Et, L--G\fEl]DA- . eribed for 2.8.a (R=H, L:-OTos, P=TBDPS,

0.6k
Ta27, 1355, LoMERY A8, 35, AR, Gy i mghygo xssi%zhsgési%m%ﬁ%s%iﬁigxéffz 15
JEFISINZR 1600 %hetﬁe%yla@@ﬁ‘x d (R=H5r Z0RR, ﬁ’i%bpén)v—cﬁdéﬂﬁ)l'* dt, &
' From 3.5.d (R=Et, L=OMs, A"COOCH3) as described for 2.8.a (R H, L-OTOS
P=TBDPS, A=COOCH}). The yield is 86 %.
IR (film) : 2957, 2857, 1738, 1588, 1462, 1427, 1358, 1276, 1177, 1111, 1030,
949, 885, 823, 741, 703, 614 cmt™ _
15 'H-NMR (500 MHz, in CDCl;, ppm) : 7.65-7.35 (10H, m), 444 (1H, dt, }=12.2,
4.6 Hz), 3.67 (1H, dt, J=11.6, 4.2 Hz), 3.63 (3H, s), 2.79 (3H, s), 2.09 (I1H, dt,
3=12.9, 3.9 Hz), 2.06 (1H, m), 2.02 (2H, m), 1.85 (1H, m), 1.79 (1H, dd, }=12.8
Hz), 1.65, 1H, dt, J=13.1, 4.0 Hz), 1.49 (1H, m), 1.06 (9H, s), 1.04 (3H, t, J=7.5
Hz). ,
20 MS (m/z) : 461 (M'-57), 401. 365, 351, 305, 277, 231, 199, 167, 135, 107 (base )
e ,
[a]n® : -2.3 (c=0.35, CHCls) _
" d) (IS, 2R3aR, 4aR)-3a-carbomethoxy-2-t-butyldiphenylsilyloxy-1-ethyl-
bicyclo{S.l.O]hexa_ne L£.11 (R=Et, P=TBDPS, A=COOCH;).
25 From 3.6.d (R=Et, L=OMs, P=TBDPS, A=COOCHj) as described for La.7
- (R=Me, P=TBDPS, A=COOCHj;). The yield is 71 %. _
IR (film) : 2958, 1723, 1427, 1366, 1298, 1224, 1148, 1111, 1064, 1028, 926,
821,740, 610, 507 cm™.- |
"H-NMR (500 MHz, in CDCls, ppm) : 7.63-7.35 (10H, m), 4.18 (1H, t, J=5.9
30 Hz),3.61 (3H, 5), 2.26 (1H, m), 2.06 (1H, m), 1.98 (1H, d, J=14.3 Hz), 1.92 (1H,
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4.6 Hz), 3.67 (1H, dt, J=1 1.6, 4.2 Hz), 3.63 (3H s), 2.798/B1a2064 2 09
(IH dt, J=12.9, 3.9 Hz), 2.06 (1H 2.02-(2H, m, 1.85 (1H, m, 1.79
(I'H, dd, WORHM2Es1 ;) 1,65, 1H, dt, J=13.1, 4.0 Hz), 1.4PCTER00/32251. 06

(9H, s), 1.04 (3H, t, J=7.5 Hz). 20 MB (mz) :461 (M-57), 401, 365, 351,

305, 277, 231, 199, 167, 135, 107 (base peak). [a]D S -23 (c=0.35, CHC13)
d) (1S, 2R 3aR, 4aR).- 3a- car bonet hoxy-2-t - butyl di phenyi sil yl oxy-1-et hyl -

bi cycl o(3.1.0] hexane 1.f.11(R=Et, P=TBDPS, A=COOCH3). 25 From 3.6.d (R-Et
L.=0vs, P=TBDPS, A=COOCH3) as descri bed for I.a. 7 (R=Me, P=TBDPS,

A=COOCH3) . Ting, 6BTH, 51413 Hz), Fug {3H 71 1 29
1224, 1148, 1111 goa’lf 1028, )926 @ 821 740‘El 610 50734%12) ﬁﬁfﬁﬁ%{ (500

Mz, in cDC1®; 08B6H: I=74H2)7. 35 (10H, n), 4.18. (1H, t, J=5.9 .30 Hz

500
GiH, 14 8 SMS G0 48 OF) D3 et 13 . a1 a 9 10028 3 he),

1.48 (211, - ngg), 169365), 185 (100, 488 (T8). 3. 9 Hz), 1.05 (9H, s), 0.89 (3H J=7.4
Hz). M5 (rﬂnz 422 (M, " 2), f 2) 365 (Me-57, 40), 337 (8), 287 (12),
259 (10) 5 22 ]nsz}ZSQQ?Q'GS)(JH@B)S (100), 105 (38). 5 [a]n2s : +28.4

(c=0.75, CHW M %’) R4aR) 3a- car bonet hoxy- 2-t -
but yl di phen ( ia‘i cf Mepe¥atd- | e. 1 (R=Me, P=TBDPS,

A=COOCH3) . 3,5“1_
3-t-butyl di %enyl St | yI o?&fyrret ﬁﬁlﬁﬁ)ﬁcﬂ[ 'mhﬁ.’ﬁ’ y!é?'(l)t{&%ee c%&’%’l ate
- 3. 2. ¢ (R=Me, ARCDBIORE). A=COOCH3) . Toasolutlon of 220(R—|\/e P=TBDPS.

A=COOCH3) (167 0. 392 _mmuol picolinic acid (257 ng, 2.092 mmol) and .
tri phenyl pho@pmn"ﬂg vk £ky 39, 4R’ 593-frbutyl lnhenﬂelﬂpxy-éanetmhs -hyelatexiy-dr opwi se

DI AD ( diyjgSORt@R¥kexane carboxylate 3.2.c (R=Me. P=TBDPS. A=COOCHS,).

To a solution of 2.2.c (R=Me, P=TBDPS. A=COOCH3) (167 mg, 0.392 mmot),
'piéoiinic acid (257 mg, 2.092 mmol) and triphenylphosphine (548 mg,
2092 mmol) in THF at -38 °C was added dropwise DIAD (diisopropyl

- azodicarboxylate ; 412 ul., 2.092 mmol) over 4 min. The reaction solution was

15 | stirred for 4.5 h and warmed to room temperature overnight. The mixture was
poured into water and EtOAc (50ml:50ml)_ The organic phase was separated, the
aqueous layer was extracted with EtOAc (3 x 50 mlj and dried over MgSQ,. The
residue was separated by HPLC (iscoctane/EtOAc 98:2), affording (4S,6S)-4-
carbomethoxy-6-t-butyldiphenylsilyloxy-1-methylcyclohexene (142 mg, 88.8%)
. fj.) 20  as a colorless oil.
IR (film): 2953, 2856, 1738, 1428, 1247, 1168, 1111, 1068, 999, 893, 820, 741,'
702, 614 cm.
"H-NMR (500 MHz, in CDCls, ppm): 7.71 (4H, m), 7.43 (2H, m), 7.38 (4H, m),
5.39l(1H, m), 4.25 (1H, bs), 3.60 (3H, s), 2.39 (1H, m), 2.19 (1H, m), 2.13 (1H,
. 25 m), 2.04 (1H;:m), 1.75 (1H, dd, J=22.3, 12.5Hz), 1.66 (3H, bs), 1.08 (9H, s).

MS (m/z): 387 (1), 361 (1), 351 (75), 319 (5), 273 (5), 273 (5), 213 (100), 183
(70), 137 (65), 105 (30), 77 (85).

Joko™: +8L9 (c=1.91, CHCly)

To a stirred solution of this cyclohexene (110 mg, 0.27 mmol) in 2 ml of &iglymc

30 at 0°C was added dropwise a borane-THF complex solution (1.0 M, 325 ulL,

¥



azodi carboxylate ; 412 L, 2.092 nmol) over 4 nin. The react 8dangsddt i on was
15 stirred for 4.5 h and warned to roomtenperature overnight. The m xture
was pouMO¥4RY wat er and Et OAc (50nt: 50ml). The or gani cPORERSNIA25
separated, the aqueous |ayer was extracted with EtOAc (3 x 50 m) and
dried over MJSH. The residue was separated by HPLC (i sooctane/ Et CAc
98:2), affording (4S,6S)-4- . _
car bonet hoxy- 6-t - but vl di phenyl si |l vl oxv-1- met hyI cycl ohexene (142 ny, 88.8%
20 as a colorless oil. IR«(film: 2953, 2856, 1738, 1428, 1247, 1168, 1111,

1068, 999, 9325 smaol, ¥4%kq). Tieresifidg sohufion wﬂsmdmmmcnm& ppm :
7.71 (4H, 7.4 7.38 (4H,. m, 5.39 m, 4.25 (1H,_ bs),
3.60 (311, s")"m"ﬁ‘*‘g9‘&%?&?9?‘%?‘6‘“2?1@"6%0"# 90 E!gs_g 8l apmol)gasydded. The (| H,

M b7 (it wishindd ailipled for o, eshithe e &%iso%%wm%? 2
(70), 137 ( Gbinperafifie,(SAacicd wRB)EIO/A] ?&04&8&1 ) arldC dridd Dvdy nﬁgﬁé 3)THO @

stirred solutign of this c%clohexene 0.27 mml) in of diglyne
30 at 0C wadcHtdfe¥ag SepAfree by fashsheomaperaphy loaxsilicd, uhcmwa(sjpszwu 825 [d,

Fesul 11 ng AR eCIbASRRUERTRETTI 25 futbohnl T (e warBsrao

(trimethyl aaOOOKEHY) (46, @&%%sa@o&irle@ﬁil) was added. The nmixture was
heated and refl uxed fpr 2h. The resulting m xture was cooled to room

t enper at ur e IRe(ilPa e : dfah B66A8I8) 173201462 1428, 137%d202,11983@41, The '5
resi due was t fl ash chromat ography on silica, then was purified
by HPLC (OJer T ane e n

2656, 1337, 4?&%2’“33‘%@8”*1‘5,%@8%%1‘?'6‘5 i W’?%‘é%ﬁmg‘iﬂ 33 55

'H NVR (500 -m:rzaH t, GBOP3, 4.3H), 3878(16{ 45369 (3H] s 2.6 RELH, ), 178538 d5AH, rr)
417(1H dt 1H bs), 3.62 (3H s), 2.61 (iH m,

T a5 165 (S0l %6 it dolsaan o) 07, 2t
[alp™ : +39.4 (c=0.95, CHCL)
b)) Methyl (1S,BS,4R,SS)-3-t—butyldiphenylsilyloxy-s-mesyloxy-d-methyl—
15 cyclohexanecarboxylate 3.3.c (R=Me, L=OMs, P=TBDPS, A=COOCH;)
From 32.c (R=Me, P=TBDPS, A=COOCH;) as described for 3.4.d (R=Et,
L=0OMs, A=COOCH3). The yield is'84.5 %
IR (film): 2952, 1732, 1470, 1427, 1357, 1275, 1177, 1112, 1029, 929, 904 cm”'.
~ 'H-NMR (500 MHz. in CDCls, ppm) : 7.65 (4H, 1, }=8.0 Hz), 7.40 (6H. m), 4.80
20 (1H, bs), 4.06 (1H, m), 3.65 (3H, 5), 2.70 (3H, 5), 2.58 (1H, m), 2.04 (1H, bs), )
1.98~1.76 (4H, m), 1.06 (9H, s), 1.03 (3H. d, J= 72Hz)
| [als™: +30.3 (c=0.52, CHCl;)
c) (lR,ZS,SaR,4aR)-3a-carbomethoxy-z-t-butyldlphenylsﬂyloxv-l-methyl-
bicyclo3.1.0]hexane Le.1 (R=Me, P=TBDPS, A=COOCH;)
25  From 33.c (R=Me, L=0OMs, P=TBDPS, A=COOCH3) as described for La.7
(R=Me, P=TBDPS, A=COOCHj;). The yield is 68.8 %.
IR (film): 2951, 1725, 1428, 1259, 1238, 1111, 880, 814, 742, 702cm
'H-NMR (500 MHz, in CDCls, ppm) : 7.63 (4H, m), 7.45~7.35 (6H, m), 3.84
(1H, m), 3.64 (3H, s), 2.23 (1H, m), 2.02 (1H, m), 1.93 (1H, m), 1.60 (1H, m),
30 1.17(1H, m), 1.04 (12H, bs), 0.56 (1H, m).

s

L
Nos

9:1) to afford conpound 32.c (R=Me. P=TBDPS, _ o



[a] D25 : +39.4 (c=0.95, CHC3) b) Methyl 83111162004

(1S, 3S, 4R_SS) 3-1 - but yl di phenyl si | yl oxy-5-nmesyl oxy- 4- net hyl -

cycl ohexarf¥@ H‘ﬁ}ﬂ/l ate 33.c (R=Me, L=OMs, P=TBDPS, A—COCI:I-IQFTﬁPB‘PﬂszZﬁ'Q c
(R=Me, P=TBDPS, A=COOCH3) as descri bed for 3.4.d (R=Et, L=0vs, A=COOCH3).
The vyi eldis 84.5 %IR (film: 2952, 1732, 1470, 1427, 1357, 1275, 1177,
1112, 1029, 929,904 cnm'l .. 'H.NMWR (500. MHz. in CDCl 3, ppm : 7.65 (4H, t,
J=8.0 Hz), 7.40 (6H, n), 4.80 20 (1H, bs), 4.06 (1H m, 3.65 (3H, s),
2.70 (3H, s), 2.58 (1H, m, 2.04 (IH, bs), 1.98-1.76 (4H, m), 1.06 (9H;
s), 1.03 (3H, d, J=7.2 Hz). [all) ; +30.3 (c 052, CHCI3) c¢) (1R 2S, 3aR 4aR)

B rurichms i LTt

A=COCCH3) as dseid[Bah ﬂﬁs‘aﬁea;.ﬁ W) The y| eld is
-68.8 % IR (film: [295E 1725, 14 8 1259 1238 1111, '880, 814, 742, 702

cml. tH NWR (ﬂ06284535,4a5)-@a@m9x3p@wi(bmiomﬁdthm b.c}cmps i xafél, .rr)

3.84 (1H, n),4§.64(3H s), 2 23 (IH m, 2.02 (1H, ni), (1H, m,

1.60 (IH, , =30 1.17 (1H, , 1.04 (12H, bs), 056(IH rr) Sti 1+S 8

J 2004 WO 0, 2

(gge3a8 4a5) - (Za‘gdngfsﬁg% oﬁ%lﬁg (ylﬂ%? ﬁ@@(gﬁg\‘hﬁf 1OF?, 1% 16] mm)ane :

. 1( A=CH2OH, IIVAPNES0 sy @8 minoB)and Et;N (16.5 mi, 121. 1 mmog in CHaCla (50 mi)

(2R 3as, 4aS) - 2- hy roxy a- [ (benzayl ox )rret hyl ] -bicycl of ‘hexane "5 4.1 .
To a sol ution beC_J ‘F@-‘{’{%PWS‘F § INIYIE yas ide_thQﬂaﬁ!h)at DVAP

\(Nggo ggdeczj (7jr70pW| stéemgé}?ltzu? I?tm: %ﬁiﬁtu?n Was F%lat]edlw ur e)%ek:lgf gﬁ-ﬁlédﬁ\ﬁo‘? TE3LIR g’i o
FOdM t enpedat phese wmcpmiatem aashaaswic biihee (51400 i Qnfldrizfi &E?ﬁ%
organi ¢ 10 phase was separated. washed with briné (3x 10 | ed
over MySO4. Tigsidue was purified by flash chromatography (silica gel, 1sooctane/EtOAC'
100:2.5), affording the corresponding benzoate (5.51 g, 96.5%) as a coloriess oil.
.To a solution of this benzoate (2.22 g, 4.72 mmol) in THF (40 ml) was added
TBAF (14 ml, 14 mmol, 1M in THF),'anc_i the resulting solution was stirred at
15 room temperature for 14 h. The sclvent was evaporated under vacuum. The
residue was passed through a short silica gel column (isooctane/ EtOAc: 7:3). The
crude product was purified by HPLC (isooctane/ EtOAc: 7:3), affording
compound 4.1 (1.03g, 94.0%) as a colorless oil.
IR (film): 3413.8. 2928.3, 1714.1, 1602.1. 1452.1. 1277.5, 1115.1, 1070.0, 958.3,
20 8083,71l.5cm’. |
'H-NMR (500 MHz, in CDCl,, ppm): 8.06 (2H, d, J=7.8Hz), 7.56 (1H, t,
J=13Hz), 7.45 (1H, t, J=7.7THz), 4.48 (1H, m), 4.34 (2H, dd, J=19.4, 11.5Hz),
- 223 (2H, m), 1.94 (1H, d, J=14.0Hz), 1.78 (1H, d, J=14.2Hz), 1.38 (1H, ddd,
J=8.3,4.3, 4.3Hz), 1.30 (1H, bs), 1.06 (1H, t, J=4.4Hz), 0.75 (1H, rh)
25  MS (my/z): 232 (M', 1), 214 (1), 199 (1), 189 (1), 161 (1) 149 (1), 127 (1) 110
(13), 105 (100), 77 (43). 67 (14).
[ado™: -27.96 (c=1.47, CHCl).
| b) (3aS 4aS)-3a-[(benzoyloxy}methyI] blcyclo[3 1,0]hexane-2-one : 4.2
To a solution of aicohol 4.1 (209 mg, 0.904 mmol) in CH,Cl, (30 ml) was addcd :
30  pyridinium dichromate (PDC, 1.072 g, 4.97 mmol), and the mixture was stirred at

room temperature for 16 h. The resulting solution was directly purified by flash
g



resi due was purified by flash chromatography (silica gel, iS088¢a¥& Et OAc:
100: 2.5), affording the correspondi ng benzoate (5.51 g, 96.5% as a 7
col or| esWO®IM2251 To a sol ution of this benzoate (2.22 g, LCIZEMIERRSin THE -
(40 mM) was added TBAF (14 m, 14 mmol, 1IMin THF), and the resulting
"solution was stirred at 15 roomterrperature for 14 h. The. solvent was
evapor at ed under vacuum The residue was passed through a short silica gel
colum (isooctane/ EtOAc: 7:3). The crude product was purified by HPLC
(i sooctane/ EtOAc: 7:3), affording conpound 4.1 (1.03g, 94.0% .as a

col orl ess oi thromBogfaphy(silidd 121 &ol 202 Bx35 clﬂ)lﬁséocmlé%témlw t& 8: 7.5,
1115.1. 1070.0, 958.3, 20 808.3, 711.5 cni' , 13,

ppn) : 8.06 (&Ferding compoprg$.2 (188! glﬂﬁ‘?’ot)asasdwlesszm 7 45 (IH t, J 7.7Hz)

4.48 (1H, 4 d 9. 1 3 1.94 (1H d,
J=14. (()Hz) m"‘i&“ﬁ‘ﬁh( ?’7&5@’, lnjsz_%iz)ﬁﬂliaéﬁﬁ%—f 182%3 1§§'§78 1113, 1068%%), 1.30 .
(1H, bs), 1.PA.Gak. t, J=4 4Hz), 0.75 (1H, 25 MG (mz):.232 (Mr, 1), 214

(1), 199 (1), 189 (1), 161 (1), 149 (1), 127 (1), 110 (13), 105 (100), 77
(43).. 67X 14 3HB{M gﬁﬂzwll@@ (rncﬁucmppﬁpicsm)s (:m d, J=8.9Hz), 7.58 (1H, t,

3aSs, 4aS) - 3a bi ¢ h 2- 4.2 To
go?ut i gn) of m%‘@ﬁ’?% 9% Oéﬁzégi %H{@ Igb%/l ‘5‘1 J &%E%E%Wﬁﬁﬁ)(zbh@)addgd
30 pyri di ni wmdinirdg e 0BG (1@%1?{]@.%@916%)“1 alnﬁ? L,t o‘g] was

stirred at room tenperature for frectly
purified by 3.BagH.t, B5.8Hz)une 2004 WO 01/ 42251 PCT/ EFOQ 12225

hr omat i ] I cql 3x15 tane/ EtOAc: 9:1 to 8:2
ar'ordi ng. oy 238 (tion’ 343 (B 303 g@ﬁﬂ’lgékafﬁégiﬂim (DRIZS (05 1745, 0,

1715. 9, (45 55 1111.3, 1069.9, 711.0 cnd'. 5 £
' H NVR (%go](lvﬁz lé§§ﬂ)c%g71@3%ﬂ (26% 05 (2H d, J=8.9Hz), 7.58 (1E t, s

J=7. 4Hz), 7.[afo3 2+36.90 (c34DTHEHECI,)4. 41 (2H, dd, J=29.6, 12.7Hz), 2.75 (2H,
m, 2.41. (1H, 190;,228&1HdJ93H2)168(1H m, 1.10 (1H,
t, J=7.0Hz), o) (2R,338 4aS)-2-methyl-2-hydroxy-3a-hydroxymethyl b:cyclo[S 1.0]Jhexane

Ll (R.-Me A=CH,OH) -
To a solution of ketone 4.2 (120 mg, 0.52 mmol) in THF (4 mi) was added
15  dropwise a solution of MeMgBr in EO (1.5 ml, 3.0 M) over 5 min at -78 -°C;

The resuiting mixture was stirred for 6h at this temperature, then aliowed to warm
to room temperature overnight. A saturated NH,Cl aqueous-ice solution'(O.Z ml)
was added to quench the reaction. The mixture was passed through a short silica
gel column including MgSOs. The residue was separated by HPLC
20 ‘ (isooctane/EtOAc: 5:5), affording compound Li.l (R\=Me, A=CH,0OH) (55 mg,
74%) as a white solid. ‘
IR (film): : 32884, 2931.3, 2858.5, '1459.1, 13702, 1260.7, 1183.9;
1135.7,1111.5, 1064.0, 1'016 0,926cm™.

25 (IH, dd, J=13.8, 5.0Hz), 1.88 (1H, d, J=13. 7Hz), 1.76 (IH d, J=13.8Hz), 1.34
(3H, 5), 1.29 (1H, bs), 1.21 (1H, m), 1.14 (IH, t,J-4 3Hz), 1.11 (1H, s), 0.57 (1H,
dd, J=8.4, 4.5Hz). ,
MS (m/z): 124 (2), 109 (6), 93 (12), 81 (12), 71 (10), 67 (10), 55 (11), 43 (100).
[alp®: -33.10 (c=1.17, McOH)

Co



0.37 (1H, t, -J=5.1Hz). M5 (miz): 230 (M+, 1), 212 (1),'202 @dugg200ﬂ83 (1),
161 (1), 149 125 (1), 106 10 (13), 105 (100), 77 (46 20

| a) D25 !“%‘J’% =4.07, CHC13) c) PereHot 2

(2R, 3aS, 4aS) - 2- et hyl - 2- hydr oxy- 3a- hydr oxynet hyl - bi cycl o[ 3. 1. 0] hexane _
1. 1(R =Me, A=CH, OH) To a solution of ketone 4.2 (120 ng, 0.52 nmol) in
THE (4 m) was added 15 dropwi se a solution of MeMgBr in Et20 (1.5 m, 3.0
M over 5 mn at -78 C The resulting m xture was stirred for 6h at this
tenperature, then allowed to warm to roomtenperature overnight. A

sat ur at ed NHW (2R, 388 4a8)-2methyl2-tyliroxyada-Adnd- t o quench the

) t ed.th h hort | | |

T hetuding wyBiseloratiSane 3R e ASCs®Iny “pLC 20 (1 saoct anel Bt Onc

5.5 ffordi t

- sol i)d % ROEf."P% : 3zggf lfdjz"é'é’%ﬁ% é%'é%’p"gj 14 ’9(“?6 8, i ﬁw@gﬁéﬁ}c 1|18§ 9,

1135. 7, 11115(5000Ge.:250 110} €arid, ERRR (B.5CE 120 ,H%)Nl\d?sééﬂgnwzr.mna@@@lé ppm)
3.58 (2H,_s), 2.08 (IH d,_J-13.7Hz) 1H, dd, J=13.8, 5.0Fz), L88

(1 H d, 3=1A=GE0 (17eq,(5131+ngd35 m@) &Hi)MSﬂ) 3¢H2c&r(sos)uusmmow bs),
1.21 (1H, 0,57 (IH —8. 4,
4. 5Hz§ " F‘f‘h& 1?9 Uf‘@éag@)at 13 ﬁﬂﬁcfﬁimfﬁz@f Hllfﬂrd}?c @:7— Y

e T e

‘bi cycl of 3. 1. @ffteexavapotatiod (OR, tivk soRefliOtheT oresidae®| whi OpurdfiedSORy paﬂimelhne
conplex (2.5 %g 140#3) *En DVBO, CH2C12 (500 L: 250 L) and Et3N (2.5 eq,
120 L), a softoraiperaphy) (FhpPrscqpne d:laJtorfitpf:isopciage: spethanol35CHeCh i n

E]'evfsgr sﬂ-‘r?ﬁl %gﬁ ?g@lbﬂi r&ﬁ%&?ﬁ@l &%NAQ%HED)E&W co%grle!‘sg ovﬁ§7 %dgc,igg% .t -15C
. IR (film) : 3441, 2929, 1694, 1435, 1258, 1105, 1049, 963, 893 cm™
'H-NMR (500 MHz, in CDCl;, ppm): 8.81 (1H, s), 2.47 (1H, d, J=14Hz), 2.03
(2H, m), 1.51 (1H, ¢, J=5Hz), 1.88 (1H, d, J=13Hz), 1.81 (1H, d, J=14Hz), 1.49
(1H, ddt, J=9,5, 1Hz), 1.36 (3H, s).
15 [odo™:-79.7 (c=1.22, CHCly)
EXEMPLE38: (2R,3a8,4aS)-2-ethyl-2-hydroxy-3a-hydroxymethyl-
bicyclo[3.1.0]hexane L.i.3 (A=CH,OH, R,=Et) (Scheme 4)
From 4.2 as described for Li.1 (R;=Me, A=CH,O0H). The yield is 66.6%.
IR (film): : 3275.4, 2921.3, 2858.5, 1431.8, 1284.3, 1237.3, 1122.3. 1068.0,
20 1027.8,930.7.cm
'H-NMR (500 MHz, in CDCls, ppm): 3.59 (2H, d, J=5.6Hz), 2.03 (1H, d,
J=13.6Hz), 1.99 (1H, dd, J=13.9, 4.9Hz), 1.83 (1H, d, J=13.7Hz), 1.72 (1H, d,
J=13.8Hz), 1.55 (2H, g, J=6.4), 1.23 (2H, m), 1.16 (1H, t, J=4. 2Hz) 1.04 (1H, s),
0.92 (3H, t, 7.4Hz), 0.54 (1H, dd, J=8.4, 4.3Hz).
25 MS (m/z): 138 (2), 123 (4), 109 (12.9), 97 (2), 91 (6), 79 (20), 72 (6), 67 (12.9),
57 (100), 43 (8).
[a]o® : -34.90 (c=0.928, MeOH)
EXAMPLE 39 : (2R,3aS 4aS)-2-ethyl—2-hydroxy-Ba-formyl-blcyclo
[3.1.0]hexane Li.4 (A=CHO, R,-Et)

51



the mixture was poured into Et20 : brine. The organic | ayer Svtge 244ed
(MgSH4) . evaporation of the .. solvent, the resi due was rified by
“col um g’ﬁf@?ﬁ#&graphy (Et 20:isooctane 1:1 to Et20:i sdoct B PEPé‘F Fnol
CH, Cl 2 10 100:100:1:20) affording Li.2 (R =Me, A=CHO as a col orl ess oi |
(37 mg, 759 . IR (film : 3441, 2929, 1694, 1435, 1258, 1105, 1049, 963,
893 cm1l 'H NWR (500-MHz, in CDCI3, ppm: 8.81 (1H, s), 2.47-.(IH d,
J=l4Hz), 2.03 (2H, m, 191(1H t,,J=b5liz), 1.88 (IH d, J=13Hz), 1.81
(IH, d, J=14Hz), 1.49 (1H, ddt, J=9,5, IHz), 1.36 (3H, s) 15 [a]o: -79.7
(e=1. 22, CI-lCFBl)m EIBI(RIFE38=CH,OH) as described for Li.2 (R1=Me, A=CHO). The yield

(2R, 3aS 4aS) hyI 2- hydr oxy- 3a- hydr oxynet hyl - bi cycl o[ 3. 1. 0] hexane L13
( A=CHZCH, R °(Scheme 4) From 4.2 as described for 1.11(Rl=Me, A=CH2CH).

The yield is 7 -2858. 5, 1431.8, 1284.3,
1237y3 11221§§ﬁ%3#& Qﬁg%"l}sg% 134, g)\’ssg ?gf%%z%n}’ H NVR (500 MHz, in CDCl 3,

ppn): 3.59 (JIHNMR (560. M) in z:nm,(ﬂm) c880 @H.J.,ssg)aam)g l Q@S(ﬂgj (ﬂql L 3 E1334?

4. 9Hz 83 d, THz

1.23 %ZH]S = g1‘511%) (11‘31%\(1" dsJ%fi%ﬁ!il)Z) 116%411(14 Hy J=10. OHz), 9257((?.11 m),,1494Hz)

- 0.54 (1 H, d 138 (2), 123 (4), 109 (12.9), 97
(2), gl (6), 7}54’?26)45(%352‘%93@( ﬁiﬂﬁ}) 57 (1803 43 (g)) [a]n (: -321. 90

(c=0. 928, Meﬁil-]}, EXE8VP =039, CHCI;?)
(2R, 3aS, 4aS) 2-ethyl - 2- hydroxy a- for nyl -bicyclo [3.1.0] hexane |.i.4
(A=CHO, RI = PRE 2@04(ma&ﬁasnz-1(tmmnymm@mthﬁwa =Et,

0 i s R st
S, ) g Gkt 1
-15 ( 1H s) To 8 s@i3ed Slispertsionlof ZintHigst (5.75 g) in CHyBr» (2.02 mi) and THF (40 m)
-at -78 °C was added dropwise TiCl, over 10 min. The mixture was allowed to
warm to 8 °C and stirred at this temperature for 72 h to give a thick gray slurry ef
the active species (Lombardo reagent).
153 To a solution of ketone 4.2 (98 mg, 0.426 mmol) in CH,Cl, (8 ml) was added by
portions the Lombardo reagent at room temperature, until the ketone disappeared
(TLC). The reaction mixture was diluted with Et-O (40 ml), saturated NaHCO;
was added, and stirring was ‘continued for 30 min; giving two clear phases. The
aqueous phase was extracted with Et:O (3x25 ml) and CH,Cls (2x25 ml). The
20 combined organic phases were dried with MgSO,. The residue was purified by :}
- flash chromatography (silica gel: pentane/ether: 100:1), affording compound 4.3
(66 mg, 67.9%) as a colorless oil.
IR (film): 2925.8, 1715.6, 145 1'.5,1269.7, 1111.0, 1069.0, 1026.1, 741.9,
7107 cem™. o | '
25 'H-NMR (500 MHz, in CDCl,, ppm): 8.07 (2H, d, J=7.3Hz), 7.56 .(IH, t,
- J=7.4Hz), 7.45 (2H, 1, J1=7.7Hz), 4.81 (2H, d, J=12.4Hz), 4.38 (2H, s), 2.68 (2H,
m), 2.43 (1H, d; J=15. 4Hz), 2.28 (14, d, J=15.6Hz), 1.36 (1H, m), 0.68 (1H, t,
J=6.5Hz), 0.39 (1H, t, J=4.5Hz).
MS (m/z): 228 (M", 1), 213 (1), 199 (1), 181 (4.) 169 (1), 141 (1), 123 (5), 105

30 (100, 91(88), 77 (57), 65 (7), 51 (20).
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[a]o' : -68.1 (030, CHC13) EXAMPLE 40 . 8 June 2004

(2R, 3aS,4aS) - 2-[ (t-butyl di phenyl silyioxy)-nethyl] 3a-

hydr oxy @R 1‘2-25* cycl o[ 3. 1. 0] hexahe 1 j.1(A=CH2OH, P=TBDPEFTESMIAE 4) 10
a/ (3aS, 4aS)-2-net hyl ene 3a-[ (benzovl oxv) net hyl ] -bi cycl o[ 3. 1. 0] hexane 43 To
a stirred suspension of zinc dust (5.75 g) in CH2Br2 (2.02 m) and THE (40
m) .at -78 C was -added-dropw se- Ti C14 over 10 min. The m xture was
allowed to warmto 8 C and stirred at this tenperature for 72 h to give a
thick gray slurry of the active species (Lonbardo reagent). 15 To a

sol uti on of [&hFonE1807c£ BT, MHCR) 426 mmol ) in CH -Cl2 (8 M) was added by

. portions the Lonbardq é’eaégni at room tenperature (Lﬂ]ti | the ketone
di sappear edD) ( TLC{2RAa2-4p2)s¢ (trhutpidinhepyisilsloxy)-methy --hydeymethy)- o ) |

ur ot ed 0 AT L o i vi

Too chear phasbs YUARIECL IS o 8- CIBPRE eSSBS B DY O

CHd, ( 2><2Sufshanfp_hE(h}ylsﬂﬂo]gfmbﬂml]-m-ﬁ?dki&yﬁkﬂma;wﬁws.dm]ﬂ_slxaﬂet PS4 The
e as

resi due was purifi b}cirB h chromat ography (siliica gel: pentane/ether:
100: 1), &f f ¢AdCHgOELRpdBRPSI3 . (66 ng, 67.9% as a colorless oil. IR

film: 2928 8, 1715.6, 145 1269 7, 1111 9.0 6.1, 741.91
f7|10Tﬂ)7 cm . ﬁ'%“ SOiEW%%‘EGC%}FEE“Qi'H& @W“bﬁﬁ)or.*[%?‘g'fﬂ)(ﬂéi,gqéwﬁ%aﬂdé ), 7.56
(1H t, J=BHPIF afd 4R (e%bﬁoﬁmixlﬁ%-@dd@ﬁneﬂ-ﬁ%hi&%&#gp&am&fﬂ&-s‘}m:I'hé- 38 (2H,
), 2.68 (2H, ° ), 2.43 (1H d, J=15.4Hz), 2.28 (1H d, J=18. 6Hz), 1.36
(1H, m), 0. eSclidMwas quenthédmith saprael duepus NaHEOZKEY miyend k:0) GRBS ( M-,

1{88). 17 (B9Ibeeapacincotyion sisgibyyeticsem usoam ABPEATPEERELY 12555
(G Bas!Gasr e (05 P heioiion s suipeed v PO, (e mp and oA
bi cycl of 3. 1(DiJ0emB0Tht combinedatidaidHaydis weBRDRTRd 6m MgTH, niScohadnrated. ( t -
butyl df phemyl ot Lyl oxy); meLhyL] - Sa-hydr oxyret iyl bicyel ol 3.1 Ol hexane 1.k
purified by HPLC (isooctane/EtOAc: 7:3), affording a mixture of epimcric-
hydroxylated iaroducts (2R:25; rato, 75:25, 39 mg, 73.7%) as a colorless oil.
15 To a solution of this mixture (35 mg, 0.142 mmol), imidazole (49 mg, 0.720
mmol, 5 eq.) and DMAP (7.8mg, 0.064mmol, 0.45¢q.) in DMF (3mi) was added
 dropwise VTBDPSCE at - 0 °C; the resulting mixture was stirred at room
temperature for 19 h. The reaction solution was poured into Et;O/water
(50 ml/40 mi), and the aqueous phase was extracted with Et;O (3x20 ml) and
2 20 EtOAc (2x20 ml). The combined organic layers was dried over MgSO, and
~ concentrated. ‘The. residue was purified by ﬂésh chromatography (silica gel,
tsooctane/EtOAc: 100:2), affording the corresponding silylethers (56 mg, 81.3 %)
. as a colorless oil.
To a stirred solution of this mixture (50 mg, 0.106 mmol) in MeOH (6 mi
25  including 0.2 mi H;0) at -room temperature was added K>COs (50 mg, 0.505
mmotf). The miiturc was -stirred for 20 h at room temperature, the solid was
filered off, the filtrate was diluted with ‘Et30 (50 ml), washed with brine
(2x20 mt), and dried over MgSO,, and the soivent was evéporated. The residue

was passed through a short silica gel column and separation by HPLC -

§3



To a solution of alkene 43 (49 ng, 0.21 mol) in THE (6 nl) 8dume W was
added BH3. THF and the reaction mxture was stirred at this tenperature for
3.5 h. YRWL3M i on was quenched with saturated aqueous R&HEBRY{222%H 1) and
H2Q2 (30 %9 (3.9 m). The reaction solution was allowed to warmto room
tenperature and was 10 stirred for 1.5 h. Then the solution was extracted

- with Et,0 (2x20 m) and -Et OAc (2x20 ml ). The -conbi ned-organi c | ayers were
dried on MgSOX and concentrated. The residue was passed through a short
silica gel colum, the crude product was purified by HPLC

(i sooct ane/(’ﬁomanc/ﬁt@&c Bt33)s afforgechcompeunds Igﬂ (ebm(aHfOH, PAYBDFSY (24 ed
products (2R 2 75; 2 orless oil, 15 To a
sol utlon of™ 8*({%58% g?‘@"(@?%ﬁy%ﬁﬂ)r&ﬁ%/& mg, %cp@glcggms@ 720

mnol , 27 ) s added
dropW| se TBDPS(%‘D I?M“l gr%gsgefs)%%mg zmgégﬁ?ggv%?]s}t@?/r%p(é a

t enper at ur €79 (GB). 19 h. The reaction solution was poured into Et 20/vvater (50

m /40 m), and the ﬁ’bil rdréﬁgéase was extracted with Et20 (3x20 ml) and 20
 Et OAc (?x2 pmpound- H: Er{BRES) | ayers was dried over MySO4 and

concent rateﬂ{{] %@t_—g&{z ;g%@%w%% ghzi gdy{ﬁﬁj Ilgggsctﬂﬂngtﬁ%%a,plg?%gm l'ica

gel, 1isoocta g’correspondi’ng SiT hers (56
ng, 81.3 %7396\37916(ﬁroﬂess 0|I To a stlrred soI ution of this mxture (50
ng, 0.106 mool) in I\/EO—I( 25 including 0.2, M H20 at room

t enper ature Rd§ Mmcpﬁssmm)()'fééf{‘mnﬂnh'f 8Hi)e 7rﬁ5x-t713|5e(ﬁﬂam)st irred

ot U?Sd“WZE#fEE%%: SEER A 1 tklo 3R SRR THT R mymiond o L e

sS4 £
Short” SO Gk "’c*"é?lﬁ‘“mq““?%dﬁé’%@;?i% A R T e YLD
PCT/ EPOO/ 12825118 £Hd,cdtaﬁpeﬂ &t 4:&:4 3112),2692 (9] )y @R (idypdil) Jek8.4] 4. 7THz)( A=CH2CH,

P=TBDPS) (24 {’i‘h,@l 8.9 and Lk.1(A=CH2OH, P=TBDPS) (8 my, 20.4 % as
col orl ess dM3 = 379 (M1, 1), 305 (1), 275 (2), 229 (2), 199

(47), 181 (@) 19906 %@_13}40, cHtif)®3) -
- Compound Lk.1 (A:CH;OH, P=TBDPS)
15 IR (film): 33425, 2929.9, 2856.7, 1471.6, 1427.7, 1388.8, 1111.9, 1086.1,
1031.5, 1008.5, 823.7, 739.3, 701.5 cm ™.
'"H-NMR (500 MHz, in CDCls, ppm): 7.64 (4H, d, J=6.7Hz), 7.39 (6H, m), 3.64
(1H, d, J=11.2Hz), 3.57 (3H, d, J=7.8Hz), 1.97~1.87 (2H, m), 1.80 (1H, dd,
J=12.3, 7.0Hz), 1.56 (2H, m), 1.22 (1H, m), 1.15 (1H. ddd. J=8.3, 4.1, 4.1Hz),
20 1.02(9H,s), 0.52 (1H, 1, J=4.3Hz), 0.41 (1H, dd, J=8.0, 5.0Hz). | g
[alp®: -6.16 (c=1.65, CHCl5)
EXAMPLE 41 : (2R,3aS,4aS)-2-{ (t-butyldiphenylsilyloxy)-methyl]-3a-formyl-
- bicyclo [3.1.0Jhexane L.j.2 (A=CHO, P=TBDPS) (Scheme 4) |
" To a solution of (COCI); (30 pl, 0.344 mmol) in CH.Cl, (1 ml) at.=78°C was
25  added dropwise DMSO (36.6 pL, 0.515 mmol) in CH,Cl, (100 uL). The mixture
was stirred at —78°C for 20 min., followed by the additidn of Lj.1 (A=CH,OH,
P=TBDPS) (14 mg, 0.37 mmol) in CH,Cl> (0.5 ml). The resulting white

suspension was stirred at —78°C for 20 min., EtsN (0.2 mi, 1.435 mmol) was

added dropwise and stirring was continued for 20 min. Then, the mixture was

- 30  allowed to warm to room temperature over 1 h. The reaction was quenched by the

Sl



5 Compound | j.1(A=CH20OH, P=TBDPS) IR (film: 3342.5, 2930. 8 Jupg¥dp,
1471.8, 1 lde£89 8, 1111.9, 1008.2, 823.7, 739.7, 701P%WZZQSHNNR
(500 MHz, | ppm: 7.64 (4H, d, J=7.8Hz), 7.45-7.35 3. 54
(2H, dd, J=14.4, 11.2Hz), 3.41(2H, d, J=7.4Hz), 2.61 (1H , 2.19-2.09 10
(2H n), 1.64 (1H, dd. J=13.5, 4.8Hz), 1.47 (11-1, dd. J= 13 6, 4 6Hz), 1.26
(1H, bs), 1.18 (1H, dt. J=8.6, 4.3, 4.3Hz), 1.02 (9H, s), 0.62 (1H, dd,
J=8. 4, 47Hz) 0.35 (1H t, J=4.4Hz). [a](c) :-13.05 (c=1.40, CHC13)

Conpound 1k. 1( ASCH3OH, P=TBDPS) 15 IR (filmn): 3342.5, 2929.9, 2856.7,
1471.6, 1427. wditi%ef ¢pld yater and theggganic phase s sepayaed, the aguedys h?ﬁr ®as 701. 5

o AR (SR M AR PR i S S o il rfmé;?%vgﬂse dg "
(1H, dd, J=1gy BPLT Qidkine/Btie 028, B)affold %am audﬂ I.gﬁz Z{A]-CTPED ﬂﬂms?gh i

-+ J=8.3. 4.1 41Hz 20 1.02 (9H, s), 0.52 ) 3Hz)
8.0, 5. 0H2)(4rp§]2:87%)@swot0¢le5810185 CHC13) EXAI\/PLE 41;

k f’%f’hi%i)ne (Gl P 2 i dack B AE Y by S ol onblofcy(ClC%CI )2
0 b O ot T (USNAZn(CoL) it 27 Bt s mdderk g g DUEO
;

( 3720 mln 7.35 (@) b343 Iﬁm,a@i_dTFﬁliﬂz)Di 68 (2H, fn){ 231€HTBHm), Eezqms)ﬂ),( 14 gg,
2t 78C for 2bSRHD ML & iR 0 hab ﬁﬁﬁ%%@?ﬁﬁ@i&sﬁfﬁﬁﬁsah&fe
b oo o RTINS Ly RPCR s Bass e T 10T o 3D o

to. roomtenperature over
20@4 WO Oy 42125!5](39):PBEFQ&D’ 12225 addition of cold-water and the organic

phase was se a;sed u | ayer was extracted with Et20 (3x50 m)
and dried ovg[l%‘] a2r &P@é was separ at ed

EXAMPLE 42 : (ZS,SaS,4aS)-Z-I(t-butyld|phenylsilyloxy)-methyl]-3a-formyl-
picyclo[3.l.0]hexane I.k.2 (A=CHO, P=OTBDPS) (Scheme 4)
From L.k.1 (A=CH,OH, P=TBDPS) as described for Lj.2 (A=CHO, P=TBDPS).

1S The yield is 92.8%.

IR (film): 2932, 2858, 1703, 1471, 1427, 1112, 824, 741, 702 cm”*.

'H-NMR (500 MHz, in CDCl;, ppm): 8.96 (1H, s), 7.63 (4H, m), 7.48-7.35 (6H,
m), 3.58 (2H, m), 2.05-1.88 (SH, m), 1.62 (1H, ﬁ1), 1.34 (1H, dd, J=8.5, 5.5Hz),
1.20 (1H, t, J=5.4Hz), 1.02 (9H. 5). '

20 MS (m/z): 337 (15), 259 (14), 231 (30), 199 (100), 137 (20), 93 (60), 77 (70).
EXEMPLE 43 : (25,328,438)-2-methyl-Z-hydrox&-Sa-hydroxymethyl-
bicyclo[3.1.0]hexane LL.1 (A=CH,OH, Ry=CHj) (Scheme 4)

To a solution of Hg(OAc),; (350 mg, 1.10 mmlo[) in water (1.5 ml) was added
dropwise a solution of olefin 4.3 (164 mg, 0.719 mmol) in THF (1.5 mi). After

J
(
[
(
(
f

O WwwnN I

25  stirring the mixture for 30 min at room temperature, an aqueous NaOH solution
(1.5 ml, 3N), followed by 0.5M NaBH, in _3N l\iaOH solution (1.5 ml) were
added. The resulting mixture was stirred for 2 h at room temperature until most of
the mercury had coagulated. The solid was filtered off. The filtrate was extracted
with Et,0 (2x30 ml) and EtOAc (2x30 mi). To the residue was added K,CO; (500

30 mg, 5.05 mmol) and MeOH (2 ml). The mixture was stirred for 20 h at room

temperature. The reaction mixture was passed a short silica-gel column. The crude

5%



by HPLC (hexane/ Et OAc 95:5), to afford conpound | j.2 (A=CH8Jupe3¥Hps) (4
Ny, 28. 79 colorless oil. 5 IR (film: 2931, 2858, 1428, 1112,
824, 740,“@?@3?%‘1 . "H-NMR (500 MHz, in CDQ 3, ppm: 8.%%%%?@”2375, 7.63
(4H, d, J=7.4Hz), 7.68- 7.35 (6H, 'm), 3.43 (2H, d, J=SSHz), 2.68 (2H m,
2.18 (1H, m), 2.02 (1H, m), 1.59 (1H, m, 1.51 (1H d, J=8.0OHz), 1.25 (1H,
bs), 1.02 (9H, s),~0.90 (tH, m.- M (nfz): 337 (4), 307 (2), 293 (4), 259
(2), 217 (9), 199 (54), 183 (20), 135 (24), 10 .105 (30), 93 (100) [a]D :
-52.6 (c=0.27, CHCI3). EXAMPLE 42: o -
(2S, 3aS, 4aS) PO WS PyTiticdhe RPLE (cy¢lohexane/BtOWt:)62315) f affoging comEounds
1

bi cycl o] 3. 1. EXR0e . (AT P= - (Schene 4) From . .
( A=CH2OH, P:%EPE)éz g?—??gi‘%‘r@%m ‘1"?%@0&*%)3@9}32 3:h568megyiel d -
is 92.8% | R66I6%)Ys a 2818desd®TS, 1703, 1471, 1427, 1112, 824, 741, 702 cni'’'.

"H NMR (500 NHz, in CDOI'3, ppm: 8.96 (1H, s), 7.63 (4H, m), 7.48-7.35 (6H,
‘m, 3.58 (2HIRm(flmps: 1328@4{:5@,931@; 2858, ( 1M59.1) , 13782, ( 1R60.4d, 11835,

 5.5Hz), .2 \ T . (9H, . 20 M5 (mMz): 337 (15), 259
(14) ,)231§ (31)1',&?915}&8f%éi?‘:’f@}}"@o%z-ésm(’sgg, 77 (7o§ . Z‘)EXEI\/PLE( 43)
'2S, 3aS, 4aS) “A-NMMViso8- r h t [ I . anpe
(1. 11(A:CHZO)—|, R1:CH§§ Oasrg%’ne%f)ﬁ%’ gﬂ é“m{“?o%f%%@@ %@2]03% 1. 10
ol %) i n9vvat érlq.zﬂg)T,rﬂ. 5 (RH, :au;jhas f(tﬁpbw)izésszq_lsp!dum':mﬁmﬁ), alxf (3@1"4")’%38 164
, 0.71 ter stirring the mxture for mn
g? room tem‘rzét(éﬂe,Sﬁir{)(siaéeg%s":ﬁ@dr%%@-&#%ﬂ%L.JE AHz).3N), fol | oned by
0. 5M NaBH4 i x3dwmg@ sqigut i.on re . d.. The,resul ting mxture .
was stirred Ilgor a %om‘tengesgséitgﬁ%aeﬂ%ﬁ ﬁh@?ﬁ)é Yaspxy-3ay; owlélﬂf&{/crpﬂad 3
coagul at HY. [hb0dexade A2 (A=CHO Ry =0kd). (Sdte4)l trate was extracted with O
E120 (2x30 a 3_ Et O Ac (2x30 nl). To the résidue was added K2CO3 (500 30
my, 5.05 mm %""éﬂ' 1 HHy B\ =Me)easdeserihed fomkj-2 (A-CEID, fRETRIIPS). The r oom
tenperature. ;i I ion m xture was passed a short silica-gel colum. The
e |

crude SS 8 JuUne
- - IR (film) : 3429, 2967, 2929, 1691, 1377, 1249, 1102, 1036, 668 cm™.

"H-NMR (500 MHz, in CDCl;, ppm): 8.90 (1H, s), 2.66 (1H, dd, J=14.3, 2.4Hz),
15 1.98(2H, m), 1.88 (1H, dd, J=8.5, 5.2Hz), 1.65 (1H, bs), 1.51 (2H, t, J=14.2Hz),
1.31 (3H, 5), 1.14, (1H, 1, J=5.2Hz). | | |
- MS (m/2) : 140 (M, 2), 123 (10), 111 (10), 97 (15), 85 (25), 71 (25), 67 (30), 48

(100)..
[aln®: -99.3 (c=1.06, CHCl3) |
20 EXAMPLE 45 : (25,3a8,4a8)-2-hydroxy-2-hydroxymethyl-3a- “)

[(benzoyloxy)methyi]-bicycio[3.1.0]hexane L. m (A=CH,0COPh) (Scheme 4)
To a solution of 4.3 (65 mg, 0.285 mmol) and NMO (48 mg, 0.344 mmbl, 1.21
. eq) in acetone/water (5ml:2.5ml), an OsO4 aqueous sofution (121 i, 0.02 mmol, 4
wt%, 0.07 eq) was added at 0 °C. The resulting solution was stirred_for 39hat
25  room temperature, then sodium dithionite (70 mg) and Florisil (150 mg) were
added. The black precipitafe was removed by filtration and washed with Et;O (200
mi). The solvent was evapora_ted under vacuum. The residue was dissolved in
Et;0 containing a small amount of acetone (100:5) and filtéred over Florisil. The
crude mixture was separated by HPLC (cyclohexane/EtOAc: 7:3), affording
30 compound Lm next to the C-2 epimer as the minor product (ratio 85.15) in 64%

combined yield as coloriess oils.

50



- WD 01/ 42251 PCT/ EPOQ 12225 product was purified by HPLC (cyélJemeidie/ Et OAc:
62: 45), EJ corrpounds 1.1.1 (A=CH2OH, R =Me) and LIP Mgﬁ@

"R =Me) (rati 1 68 ny, .66.6% as a colorless oil. il

3288. 4, 2931. 3 28585, 1459. 1 1370.2, 1260.7, 1183.9, 5 1135 7 1111. 5,

1064. 0, 1016.0, 922.6 cnmi''. ' H- NVR (500 VHz, in CDC13, ppn): 4. 02 (IH,,d,

J=10. 7Hz), 3.07 (IH d, J=10.7Hz), 2.05 (2H, 'm), 1.65 (1H, bs), 1.52 (1H,

d, J=12.SHz), 1.37 (3H, m, 1.25 (3H, s), 1.05 (IH dd, J=8.0,.4.8Hz),

321 of myl - bf AN . PRLEard 1 Ir % 5 05 3T (LI s o
-11.1 (A-CH ?flzgezhg(ggs,g?%ge%nbed for I j 2 ( A=CHQ, PTBDPS) The vyield

i's 48. 2% 67,2929, 1691 1377, 1249, 1102, 1036, 668

en'l . H- Nl\m NMRB (860, MHz, GDGEBCI:,pmshl) 83M(2HHd 9x7. 321:@67(5ﬂk(11md;,
- J=14.3, 2.4Hz), . 15 g%i, 4 ﬁg &7[1 dd, J=8.5, (1
bs), 1.51 (2H 7t4HZJ:71&6 ) I=T74t @(4} ( iﬂ—ilﬁﬂe:m lt(lf@fdstL&ﬁHz)«s (mz)

0 (O a0 i o i S0 A b ke i@

(2S, 3aS, 4aS) -121pd 6Bz 2 1)9ddnbl ynes by i HAa-1.89 (1H, t, J=14.1Hz), 1.65 (1H, d _
[ (benzoyl oxy) nmet h&& bi cycl o ?flnﬁm;;hexaete Lm (A—CHZOCCPh) (Schene 4) To a

sol ution of 4=34 igf7 @H24 MWW&%@}&@)344 nmol , 1.21 eq)
% 0. 89623@5'“&“@”&6%“5‘?119 280 9% PSRRI OR 1B 1o B s ¢

~h at 25 roo én)armgr(m)p[(ﬁ mhﬁm?@szj;mm,ythl onlte (70 nmy) and Florisil (150 .
% wer e The bl ac 5frem pitate was renoved by filtration and washed

h Et 2(10(2(fG]nrr1)11 8f(e=5b) . fHflshas evaporated under vacuum The residue
was di ssolved in Et20 containing a small anount of acetone (100:5) and
filtered over Florisil. The 'crude m xture was separated by HPLC
(cycl ohexane/ Et QAc: 7:3), affording ,

L
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30 conmpound Lmnext to the G2 epiner as the minor product @Jan¢20®5. 15) 'in

pcTl EPONTRAVIEH R (111 m : 33855, 2027 8, %%J?”eli??“ev‘qf%é"*ﬁaf’%zl 3

1114. 7,

10703, .

ppnm): 8.06 (2H, d, J=7.3Hz), 7.57 (1H, t, J=7.4Hz), 7.46 (211, t,

J=7. 6Hz)

258 (1H,
6. 3Hz)

J=14. 2Hz) |

- 4.48 (1 H, d, J=11,5Hz), 4.21 (1H, d, J=11.5Hz), 5 3.49 (2H,

s), 2.36 (1H, s), 2.16 (1H, d, J=14.6Hz), 2.12 (1H, dd, J=14.

1.

94 (111, t, J=14.1Hz), 1.89_(1H, t, J=14.1Hz), 1.65 (1H d,

1026.2, 934.5, 711.5 cnf1 . "H NWR (500 - MHz, ' in CDC13

m,
2,

1.07 (1H, dd, J=8.4, 5.3HELAMSE7 (14 t, J=4.6Hz). MBS (n 2):
262 (M+, 1), 244 (1), 232 (3), 213 (4), 203 (3), 176 (1), 163 (4), 145
(4), 123 (16),.105 (100), 77 (52), 67 (13). 10 [a]02 5: -11.86 (c=1.53,

. CHC13). 57 81 Mmﬂﬁﬂ@fpV@aﬁﬁééZ&ﬁi:oﬂnddffﬁﬁhﬁl@Ql)Qf preparing a conpound of
formula (1) : 5 10 (1) PCTIEPOQ 12225 in which - Ais a group -CHLOH, .
-CH2-OCOR', -COR, -CSR or an ethynyl ; - Ris hydrogen or a (CL-C6)alkyl ;

R is hydrogen,
or a group

hydr oxyl ,

10

30

15

-OP; - R is a (C -0p)
a (G-c6)alkvl, a (C, -
: 4

| kyl or a phenyl ; - R' i-s hydrogen,
¥ koxy, a (G -C6)al kylthio,

R

in which :
- A is a group -CH,OH, -CH>-OCOR’, -COR’, -CSR’ or an ethynyl ;
- Ris hydrogen or a (C;-Cq)alkyl; '
- Ry is hydrogen, a (C,-Ce)alkyl or a group -(CH,),-OP ;
- Rz is hydrogen or a group -OP ;
- R'isa (Ci-Ce)alkyl or a phenyl ;
- R" is hydrogen, a hydroxyl, a (C;-Cg)alkyl, a (Ci-Ce)alkoxy, a (Ci-Ce)alkyithio,
or a di(Cy-Cs)aikylamino ; -
- P is hydrogen ; a (C,-Cg)alkanoyl ; a benzoyl in which the phenyl is optionally
substituted by a (C;-Cy)alkyl, a halogen or a nitro ; a (C,-Cs)alkoxycarbonyl ; a
group -Si(Rj); in which each R independently represents a (C,-Cg)alkyl or a
. phenyl ; a mono- or di- (C;-Cﬁ)alkoxy(cl -Cs)alky! ;-a tetrahydrofuranyl ; or a
tetrahydropyranyl ;
-nis0,1,2,30r4,
\ﬁhich'method comprises the steps of

(i) reacting a compound of formuia 1

HO “'O"' OH

58

vl

=

=11 E ]

a (G-cCo)alkyl or agroup -(CH2) -OP ; 15 -. R is hydrogen

a

e
&




or a di(C -C3)alkylamino ; - Pis hydrogen ; a (C, -Ch)al kan8ymne 2@4penzoyi
i n which the phenyl is optionally 20 substituted by a (C -C4)al kyl, a
hal ogen oWQO¥A22¥lp : a (C, - C6)al koxycarbonyl ; a group - PEHRBPE/RR5Wi ch

each R3 independently represents a (C, -C6)al kyl or a phenyl ; a nono- or
-(¢-Co6)al koxy(Cl-C6)al kyl ; a tetrahydrofuranyl ; or a
tetrahydropyranyl ; -nisoO,1;2,30r4, 25 which nethod conpri.ses the steps of

(i) reacting a conpound of fornula 1 A -30 58 8 June 2004 WD 01/ 42251

PCT/ EPOO/ 12225 A HO o R 10 in which Ais a (Cl-C6)al koxycarbonyl or a

di (G -C3)al kyl arni nocarbonyi and Ris as defined above, with a lipase in a
vi nyl al kanoat and (ii) converting the resulting

e% naCIPa&ﬁlg”de

conpound -of f gt il G- oxysarbopyh#f (G- yalkylaminggarbopyband Blis y a
(¢t -C3) al kyl The

- met hod accord?%geqﬂgaéﬁgfgmgq@%lfﬁ ché)ﬂﬂfiég%né’ié%é %I‘g%}ﬁ)ﬁﬁgﬁrﬂ?‘%l in 15
which Ais a (re)tdqumagtimrry:tmm’gcoﬂmuﬁatohﬁﬂnmmz'ng toclaiml or 2
wherein the vinylal kanoate is selected fromthe group consisting of

vinyl acetat e, vinyipropi @nate and vinyl butyrate. 20 4A The nethod according
to one of clains 1 to 3 wherein the aci d anhydride isZ

/‘k)t

OH

-1
Mieres

) 10 2
in which Z is an alkyl, preferably a (C;-Cs)alkyl

)

to the corresponding compound of formula (I).

2. The method according to claim 1 which comprises reacting a compound 1 in

15 which A is a methoxycarbonyl.

3. The method according to claim-1 or 2 wherein the vinylalkanoate is selected

from the group consisting of vinylacetate, vinylpropionate and vinylbutyrate.

| ) 20 4. The method according to one of claims 1 to 3 wherein the acid anhydride is
R selected from the group consisting of acetic anhydride, propionic anhydride and
butyric anhydride.

5. The method according to one of claims 1 to 4 wherein the lipase is selected
25 - from the group consisting of SAM IL, PPL, CCL, PSLand GCL.

6. The method according to one of claims 1 to 5 wherein step (i) is carried out at a

temperature in the range of 10 to 40°C.

30 7. The method according to one of claims 1 to 6 wherein step (i) is carried out for
6t0c72h

£%



/

sel ected fromthe group consisting of acetic anhydride, profilen¢e0Qnhydride
and but¥r| ¢_anhydride. 5. The method according to one of clains | to 4
wher ei'fP }pase is selected 25 fromthe group consi S¢TRECBRZBAM | |

“PPL, CCL, PSL and GCL. 6. The nethod according to one of clains 1 to 5
: V\/nereln step (i) is carried out at a - tenperature in the range of 10 to

40C. 30 7. The nethod according to one of clains 1 to 6 wherein step (i) is
carried out for 6to72h. 5t 8 June 2004 WD 01/42251 PCTI EP0O6Nn2225 8. The
met hod- according to one of claims | to 7 wherein step (ii) is carried out
via one or several of each of the following steps : - protection of

onlf i.nversion_of a 3- or 5-hydroxy

hyd t at
ot oup, R taeiten SBroing BR60 of it to 7 peuSh Mep it coried o ur & 1 o

form the geSddsderll S5GLR bBtHe-fli\GI1RE conversion of the. carboal koxy or
carbarnoyl function to the desired sulggstltuent A QO 8 June 2004 9 _ A -

conpound -gfrofestinmofhydroxy group®y A OH 2 2° is which - Ais a group -CH, OH.
-CH, - OCCR’ CORK,..- CSR' or an ethynyl ; - R is hydrogen or a (C, -C6)al kyl

3 - R jgster (‘@’“%‘f"é‘ﬁ’ﬂy or a phenyl ;

- inversion of a 3- or 5-hydroxy group,

- formation of a leaving group;

- base-included ring closure to form the desired bicyclo[3.1.0]exane,

- ;convcrs,i(-)n of thc_mi’boélkoxy or carbamoyl function to the desired substituent

0



-YR* .is hydrogen, a hydroxvl,.a (Cu-C6)al kyl, a (CE-C6)al ko®yung2004
(€l-Co)alkylthio, or a di(C -C3)alkylainino ; - Zis an alkyl. (1 8 June
2004 WO Ov42251 10. A conpound of foryula 1: OH R in which Ais as defined
inclaim9 and Ris a (G -C6)al kyl. PCTI EP00112225 !'7 2

9 . A compound of formula 2 or 2';

O ) 0

S

“OH

=
.o‘

1N zlnuOnll -
o\

‘r\z ﬁt-uuDull >

in which )
- Aisa group “CH,OH. -CH>-OCOR”, -COR", -CSR” or an ethynyl ;
"y - Ris hydrogen or a (C,-Cg)alkyl ;
- R'is'a (C-Cg)alkyl or a phenyl ; :
- R" is hydrogen, a hydroxyl,.a.(Cl-C(.)allcyl, a (Cy-Ce)atkoxy, a (Ci-Ce)alkylthio,
' ora di(Ci-Cy)alkylamino ; |
- Zisanalkyl,

6l
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10. A compound of formula 1:

fer] .
.
e
:uun-D-n] ;.' .
fout

in which A is as defined in claim 9 and R is a (C;-Cg)alkyl.
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