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(54) Title: VITAMIN D PRECURSORS, METHOD AND INTERMEDIATES

{(57) Abstract: The invention relates to precursors of the A-ring of vitamin D, of for-

A

mula (I); in which A, R, R, andRzarcasdeﬁnedmthcspec:ﬁcauon. The invention also

relates to a method of preparing compounds (I) comprising the enzymatic asymmetri-
sation of 3,5-dihydroxybenzoic acid derivatives, as well as intermediates of preparation

of said compounds,




sation of

of .preparation of said conpounds. 8 June 2004 WO 01/42251 VITAMN D
PRESCURSH&01/42251HH0D AND | NTERMVEDI ATES PCT/ EP00/ 12225 5 ThPSTER¥RM22HN
di scl oses_
19-nor-vitam n D anal ogues, as wel |
preparation thereof Mre specifically,
of the A -ring of said vitam n D anal ogues,

3, 5- di hydr oxybenzoi ¢ acid derivatives, as well as Si/ne?dRi at es

precursors that can be used effectively for the synthesis of

as a nethod and internedi ates for
the invention relates to precursors
which A-ring is represented by

t he

the structure bel oW 10 X3 prrl¥ursS8E, MRfudonatAnEeEdMEIATESt al ., Tetrahedron

Letters 1995, 2987).

Cyclohexgn
9

(45), 82

‘rearr angerrerggm

potenti al

e-tri by M
- 8302& ‘Hﬁﬁ"@“ﬁ% & BFFcERersvéhat -qanohh used) milestivsiy: for the

of "this rearrangenent In matdral vitamn
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e synthesis of bicyclo[3.1.0] hexane derivatives, as
-19-nor- A-ring precursors has been devel oped from.(-)-quinic acid or
. Va %Ecgal le et al. a&Tetrahedron Letters, 1995, 36

~denonst r at edhéprepazanion ¢heredf. Moopspecifitally, théninwintion Reitey & Sreair@s iof tiid om
2, 4- pent ane-di.one was, al sqQ reported (S..Z Zhou, S. Anne, M Vandewal | e,

Tet r ahedr on A-80g &fsSaid) yggnn Dy agalogues, pghich Asring Is reprspentes byiithe strucitee al so

used as 20

Synlett,

desoxygenation which is difficult to control

of toxic
conduct ed
reactions
-avai |l abl e.
10
15
Ji)
20

25

cursor for this preparation (W Yong, M Vandewall e;

" :
93’8 9, 911- 912). These net hods however present the foll ow ng
di sadvant ages - The preparation from (-)-qui¥nt acid involves a radical ar

25 tributltinhydride ; - The pr
via a | arge nunber of steps (1
; - The starting material, 3-c
It nust

) and needs two enzymatic

X0
(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
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
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
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

on |large quantity, and the use
ss from cycl ohexane tri 0]

S

| opentenol is not commercially .



be prepared from cycl opentadiene via a low yielding (30 % BdanoBdidati on A
8 Jung 2004 WO 01/42251 PCT/EPOQ/ 12225 step. Furthermore the

cycl oY% on and the introduction of the fornyl gr BGREPAYR2Eunber sone.
- The synthesis starting from 2, 4-pentane dione (10 steps) suffers froml ow
yields in the first step for preparing the internedi ate bis epoxide.
Furthernore, due 5 to their |ow nolecular weight sonme 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 sitprFirii@nhoenthe chcibplopaimy MAZRE tneftfubisiebt tfo)‘lﬁ?l gou hei r
4-al kyl substituted honol ogues. These precursors can be obtarned on a
| ar ge scahié cH{bgrsomg ;net hod which is nore-efficient than previously

di scl osed neth . us, .according to a first feature, the invention

relates to a 'rrgﬂig%fﬂc':?s's ﬁ?@ﬁ%ﬂ%gﬁ‘m ﬁ"%ﬂ%f%?ﬂ*ihﬁ‘&ff‘ffi)ﬁqmb\fYﬁ in which -
: R, Riyields in th® firSt stepdfoPHRena 0=k fﬂi@d‘&@% g@?l_- or, an et hvnvi
;20 --Ryi s hydrogen ﬂbaﬂ(g’%) e{?lgy' ;l - ,epiog_ yd?%%egﬁlsr%d(’&,

- 0B) alkyl toaheia){@mumccu@@mighmme interfiediates dny eniegamlailc and doffieut OP ; - R
a hydroxyl, a (G -C6)al kyl,

¥ C, - 1 Ky henyl : R' is hyd ,
:as(?:,fce)‘ |€?2’S€X/?’“%&E?<E?S-°%6)%g¥%§ﬁ-thi ol,S 2% g?g:ndg (C -C3)alkylanino ; - Pis
hydrogen ; a f Gas ndbadrkRARN that abrOI AW of 10-RAV-A e \Sre BIENN caih §c OPL i Onal 1y

prepared starting from 3,5-dihydroxybenzoié acid derivatives or their 4-alkyl

substituted homologues. These precursors can be obtained on a large scale by a

10 method which is more-efficient than previously disclosed methods.
Thus, according to a first feature, the invention relates to a method of

preparing a compound of formula (1) :

15
(M

in wh;ch :
- 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,-C(,)alkyl, a (C;-Cg)alkoxy, a (Ci-Ceaikylthio,
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 6r a nitro ; a (Cy-Cg)alkoxycarbonyi ; a
group -Si(Rg)g in which each R; independently represents a (Cy-Cglalkyl or a
phenyl ; a mono- or di-(C;-Cg)alkoxy(C;-Ce)alky! ; a tetrahydrofuranyl ; or a
.30 tetrahydropyranyl ; '



substituted by a (C -C4)al kyl, a halogen or a nitro ; a 8 June 2004

(C -Co)al tbonyl ; a group -Si(R3)3 in which each ' ntly
represent‘§8§¥’§%5{)06)al kyl or a phenyl ; a nono-. or %&%ﬁgﬁﬁ@g " :
.di-(GC -C6)al koxy(C,-C6)al kyl ; a tetrahydrofuranyl ; or a 30
tetrahydropyranyl ; 2 8 June 2004 WO 01/ 42251 PCTI EP00112225 - n is 0, 1,
2, 3 or 4, preferably 0 or 1, which nethod conprises the steps of (i)
reacting a conpound of formula I A5 in which Ais a (Cl-Co)al koxycarbonyl,
preferably a nmethoxycarbonyl, or a di(C, - 10 C3)al kyl ani nocarbonyl and Ris
as ‘defined ab®ied, h&t%oé“mfffﬁ@él)ﬁ thoml, vi nyl al kanoate or an acid anhydri de,
-and (ii) con i | ound of formula 2 or 2' 15 2 2' in
which Z is aﬁﬁ%k@%hégg%&gﬁﬁg%%%p%gl kyl, preferably a (Cl-C3)al kyl 20
to the corregpgadinga eonpeunddf @mfu@d ful a (1). As shown in general schene 1,
“the starting material for the preparation of the A-ring precursors is

obt ai ned by hydrogenation of a netthyl 3,5-di hydroxy- benzoic acid or an
ester thefeof or of - their 4-al kgl substituted honol ogues followi ng a
nodi fi ed procedure fromthat ded by P. Wang and J. Adans in J 25 Am

Chem Soc 1994, 116, 3296-3305. T st step conprises the enzyne catal yzed
asymetrisation of 1-al koxy (@ "o, = '

di al kyl am no) car bonyl - 3, S- di'frydr 0%y- cyPHohexane or its 4-al kyl -substituted
honol ogues in a solvent. such as @ vinyl al kanoate, for exanple

vinyl acetate, vitiylpropionate or vinylbutyrate or an acid anhydride, for

exanpl e acet jnowhid AW ATLOalkeHyRRIDBAYIC pRMIIBH LifieMbxRutddryE cRRhiET L de and
using a |ipase such as
) 10 Gj)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!

A

| . . .
© )K /u\ .
| HO" YT Yo7 Nz z7 Yo" Y Tow

2.

"

13}

=111
e

N

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
3 - :



SAM 11 (lipase from Pseudononas fluorescens), CCL (lipase fRdmé&2eMi da 3' 8
June 2 ?j \i\gé%;ll/ 42251 PCT/ EPOO/ 12225 cyl i ndracea), PPL (* se from por ci ne
pancr eas (l1'i pase from Pseudononas cepaci a), #@g

Gotri chum candi dum, at a tenperature between 10 and 40C pr ef erably ZOC
during 6 to 72 hours, which affords the corresponding al kyl (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 correspanding al kyl (or dialkyl)

(1S, 3S, 5R) Blindnege @a?ﬁgﬁ Npass from hqrdmwncreas), PSL (lipase from Pseudomonas -

1S, 3S, 4R, 5R | ba d | oh b | at
(or oar bowarPiash 8L e oy e ik 38 S SpPRBN peREReRCkD v -
enzyme- cat ani ¥66C, é:@fdi‘:}ﬁlif Qd)%@'cﬁmﬁé ﬂb%tﬁhﬁﬁ %:h‘ﬂfhtﬁf(ﬂ'as ﬁ@g&:%g&cﬁ\tdﬁ;énzy”e

can take place to conduct to the same fam conpounds 2 and 3 -

descri be t lakkydyar H@e‘,k}%) oS, 38, SRBB-aﬁ{y@admnymngShﬁrogene(m ISHRIRY-£ (1) with

2' described in schene 1. 15 As shown

Rl=H and R2
in thgg% séﬂgﬁé‘a*kﬁ Ounﬁ&ﬁ'@ﬁ%ﬁ‘ﬁb@@ﬁﬁ%ﬂ@w&t@ (or garbergraidel (1) is
carried Oulor thecOré&sp eﬁmﬁg\éﬂ@ﬁgommm?ﬁ*hg ns'igr dﬁe"H@Mﬁﬁ&fé% which can be .

. perfornmed partially or total I na’var
event ual dioas{is, ES),ﬁBdrI@M—alkj{ll-5—a&ybhﬂmhymﬂy0ihm¢w&c!tﬂfeﬁmﬁi§ﬁ8@%, TBDPS

for exanpl r,,saponi fication, (3) inversion of a 3 or” 5-hydroxv
group, (4)%‘@%‘&5 ®-of a | eavi ng group (L = Olos, ®OBros, Ows for
exanple), (5) Eﬁhg? | S t he deS| red

bi cycl o] 3. 1. 0] exéne 9‘?‘6 'Ifr?%rgls orna |(L)éh%(‘)t¥°??%°§dcﬁté Voo Rl sedy bam)yl
functi th ( Aydrotysishef diessérs Sowithiatapbttpiate/snzPineREn (e FAEE (Fdorudt 1o :
conventional reactions well known to those skilled in the art. Step ( )

can be car MGHTGURMIY OO FIMAGUNGS. J. Am Chem  Soc. 1972, 94, 6190 25 or
Protective gro | S T. W ene, John W Sons, New
York. Step ?3) ggg%m% %“g@p i ‘géa@% n'gcégo'pﬁf"ﬁd)fta? %FWB?P?GFQ% generalyr py a

two-step formulAa (D) with Ri=H and R,=OP, from compounds 2 and 2' described in scheme
1.

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 5- 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 Orgamc Synthesis, T.W. Greene, John Wiley Sons, New
York. Step (3) can be carried out according to Synrhes:s 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. oarried 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



process (elimnation, hydroboration). Step (5) can be carri &unei20@&kccor di ng
ron Letters, 1995, 36 (45), 8299-8302. Step (6) can be carried

to Tetragﬁﬁ 7
out accor AYAYM%33Y . Gen. Chem USSR 1964, 34, 1021. 30 SchRGEEP00/12225
specifically describes the synthesis of all diastereoisoners with a 3aS

configuration (a oriented cyclopropyl ring). L 8 June 2004 WD 01142251
PCT/ EPODY 12225 Schenme 3 specifically describes the synthesis of all :
di astereoi soners with a 3aR configuration (3 oriented cycl opropyl ring).
As shown in general Schenme 4, the 3a hydroxynethyl substituted

bi cycl o[ 3. 1. 0] hex&ahemechsnsaiiigally dyscribesthRsynthtsinof Al dialeROioars with@ be 5

-useful for t synt.hesi:.s A-ri recursors for vitam n D anal ogues

modi fi ed at crfaf.‘y ‘igg"db‘BEEé8F‘F?¥£9Y°§°l%9%>ﬂﬁing)-i ed froml.a (R=H, P=TBDPS,
A=CH2CH) via ket [ i ate.~.. .G gnard reaction (for
‘exanpl e R =Me or -%F)es}él“éagg idgge:sg%eg%ﬁét ?%elz’)? thgg'fO%ngé’P'?i Saﬂb§"l§§"'é§lohoI s

|.i, with corhigyriafaritOlhexany alompbundsh@) mrict RCE iMGn@ A & CHUOH EANalsPbet he
ot her hang met hﬁ?nﬁbi ogwgf 4.2 gives 43. 10 The best result (68%yield)
-was obt ai Aed WL EQT{BE SEHBENHIO Hrivigatesuasors farvitamin Dhanalegnes pasiRfiedd,

4293) . Alternayi RN r tg.on, (J. o _Sxra. e 5,. 50,
1212) gave r Egégtﬁ!sy\’éa%?)g'!gé?gﬁ@g%gnd&ﬁj% ?%'ﬁygf‘&%?&m%ﬁ&s"'&f fords
the expect ed kdiomk 4.2 s ackeyt inermediote. Brigdad! readtfonl (foCetRpIEM  TRfe §r fp(ratio
85: 15, not shown). On the other hand, the 15 hydroboration of 4.3 3. ves 2R

and 2S hydr oX§aAdsdiastereasalsatively tq the sertigrydcahats ki, Widodoncdiae repovalrofc
al cohol s wer lve | A .and .| .k after TBDRPS ether formation:-
(5509 “and < RS BRBAE Lsle? eiin; O B Byl ki sraion k42 iveaidobiec
waber addoti aMeobest. Zshiragssss oyiei  vas YorMiRe Wit the B mbhiiobrdclagke 75 25
ratio. 20 This new net hod of@freparatlon of" 19-nor A ring precursors from
3, 5- di hydr oxisesfiedren bew.d 1884.i 34208k Alershivetye Wittishen Tebise raxetidioq/.
revi ousl Chi bed . nokh tical inmportance of {he above route mainl
Pesi dos | % . gfe;%T g}é&(,jl%g, 50,1212) gave respedive yields of 300 and 54%. ‘ Y
, Dihydroxylation of 4.3 affords the expected diol L.m. as the major product
next to the epimer 4.4 (ratio 85:15, not shown). On the other hand, the
15  hydroboration of 4.3 gives 2R and 2S hydroxymethyl 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 ki 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.



that the majority of the internediates are crystalline and cSa}unbéomlerified

by crystallisation which is nore easy on a larger scale that th

traditi SH@API4AIPY fication 25 by chromat ography on silica d’@T’EP&ﬂ’a”dﬁar ant ees
a high degree of enantioneric purity. 5 8 June 2004 WD 01/42251 Schene 1 A
6 PCT/ EPOO/ 12225 A WD 01/42251 2' 21 on 2 29 AR 24 25 2.3 8 June 2004

PCT/ EPOQ 12225 OP La O—| it OP 8 June 2004 WD 01/42251

Schemre 1
A
HO OH
R
A A
HO T OH I—D ; ‘.'OJ\Z
R R
1 2

A0, 100
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HO'* 22" "'Cp.PhOCO Y "OP HOY/ "' OP RIuBe20®. 2 A
"*O R 3-9 PhOCO 3.10 HO PCT/ EP00112225 "OP OP R Le

ZWP U?Q%PI: =0OTos, OBros, OV , PCT/EP00/12225
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P TBDWVS, TBDPS WD 01/ 42251 Schene 4 Cli20COPh CH20OCOPh La ' OB J4n@2@b43 4. 1
.mOP 1. 8 June 2004 PCT/EP00112225 1.i 1.1 RI 8 June 2004 WO

01/ 4225‘Y%‘FH§POO’ 12225 All of the conmpounds (1) thus pr&FEERMAA2E novel

except those of configuration 2S, 3aS, 4aS where Ais a fornyl, a

hydr oxynet hyl , an ethynyl or a nethoxycarbonyl, R and R2 are both hydr ogen

and R, is a group -0Si (R3)3 - These novel corrpounds therefore represent

anot her feature of the invention. 5 Preferred conpounds (1) include those

where - Ais a group -CH20H, . CH 000R, -COR' or an ethynyl ; - R is a
(Cl-C6)al kyl or a group -(CH2)"-OP ; - R is a phenyl. ; - R' igs hydrogen
; 10 - P is.hydrogen or a group -Si(R3)3 ; -nisOQOorl. :
Scheme 3 O\op
' R
P
2 A A A
= O 0~ O~ O
HO“ 'OP PhOCO : ‘OP HO Y "aop L ; ‘0P a,OP
R A A '
a1 32 33 1

A
— O e
“OAc PO" 7 “oAc
- E

T o
NP — N 3|||-<:>-nl>

—p

“OH PhOCO

:nmb--b
o
31
= —
=~

310 S an a2 213
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P=TBOMS, TBDPS
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The compounds (1) can be used for the synthesis of vitam n BJuh®20@%, 1cc,
25(0H) 2-D3) according for exanple to the follow ng schene as described in
Tetrahedron Letters, 1996; 37 (42) : 7637-7640: 15 40 8 June 2004 WO :
01/ 42251 WOWIAREF/ 12225 The invention further rel ates to tHIEEPMNERREdI at es
for the preparation of the conpounds (I). Especially, the invention
relates to the.diastereoi sonmeric conpound of fornmula (11) : OR5 10 in-
which : - A and R are as defined above - R4 and R5 each i ndependently
represent a group P as defined aboveSghefne gesy! . tosyl, brosyl or ,
trifluoronmesyl group, under the proviso that when A is a nethoxycarbonyl
.and Ris hydrogen the 15 configuration of conmpound (11) is not I R 3R
5R. Also within the scope of the i.nvention are the conpounds of fornula 2
“or 22 A'ORRZ2 i which . - A gmgdcdkrare as debcomd above 4 - Z is an

-al kyl, as wel |l ag, he conpounds of fornmula I 4 30 A 2°
4-,’"OH O

l.a 41 42

1j 1K



OH 44 8 June 2004 WO 01/42251 PCT/ EPOQ 12225 in which A is &kmgdfihed
above and Ris a (CL-C6)alkyl. In the present descripti "b appended
Cclaims, YR m (- c3)al kyl ",  "(C -C4)al kyl" or "(c%‘g‘i 3%’55 is
understood as neaning a linear or branched 5 hydrocarbon chain having | to
3 (respectively 4 or 6) carbon atons such as for exanple a nethyl, ethyl,
propyl, isopropyl; butyl, isobutyl, tert-butyl, pentyl, isopentyl or hexyl
radical. The term " (C, -C6)al koxy" or "(Cl-C6)al kylthio" is understood as
meaning a group OR or respectively SRin which Ris a (Cl-C6)al-kyl as
defined above. AID ofhéhei wompounsis () | thusoprepareil| higs npwtiedxdept t thesd afl owi ng

ti d les. , P ARATI OF | NTE DI ATES OF FORMULA |
G B R e R e AR S D S R R A
A=COOCHS) . rdephd¥pt4rbbnyd; Rafll wgfewmﬁ 88drLantis, i?\ﬁ%‘i-&ﬂ?—'@ﬁigg,g},.” MeOH i n

simlar  conditions as described by.Peng Wang and ~Jul'i an ms-in J. Am
Chem Soc. 193aeselrdel GageusdOthelefore répredeptiamglea d¢drave offthe invention.

3, 5-di hydr oxybenzoi c, aci d. yl . 3, 5-di hydr oxybenzoate (57.6 g, 0.629 not,
97 %, é% Rh/ A?fé%”ect?“’f%’“&%ehﬂxﬂééﬁﬂl%o%ﬁﬂ containing 0.1 % of AcOH was
added into an _a0; Ly, u_@m% eamed two times wth
hydr ogen (from %318%%@?%@24%&&:#1%5@%% hy ?%‘Sagm@géure reached 130 atm
and t enper at ur e Rnasa (CaCgalttyl ar afte@b-(CH,),FOPhe process of raising the
tenperature, the, pressure of hydrogen decreased. Wen the pressure
decreased to 90 [grﬂP R ‘hydrogen pressure was brought to 130 atm agai n.
The hydrogenat i gm ié"ﬁfdr&%rn“i ed out for 12 25 h at 80-85 C and 130 atm, then
the tenperature was raised to 150 C and the corresponding pressure reache
about 165 at m - Pliehydragdn @ gwasp SHRhnued for 36 h. The catal yst was o
filtered off. The filtrate was concentrated and the residue was e
crystallised fr8nA# ﬁPD&c_li sooctane to give 1. A (31.1g, yield 50%.

The compounds (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



np: 135. 9C;

30 UW(EtOH): 211. 4nn(r=90.9); AL 8 June 2004 WOhd2a5B1

PCT/ EPOCO (KBr) : 3284, 1734, 1259, 1015 cm'; 'H NWVR (DMSO-d6) : S
s
6

1.13 (3H,

(3H M ; 230 (1H M ; 3.47 (2H m ; 3.BETE 1“?"55!154 70

"(2H,d) ppm S m larly as descri bed above, but replacing nethyl
3, 5-di hydroxybenzoate 5 by : - Methyl 3,5-di hydroxy-4-nethyl benzoate or -
‘Met hyl 3, 5-di hydroxy- 4- et hyl benzoate, the follow ng conpounds were obtai ned

- Met hyl

al | -cis-3,5-di hydroxy 4- et hyl - cycl ohexanecar boxylate : LB 10

(R=Me, A=COOCH::) np : 123 *C. ' H- NMR (500 MHz, CD3OD) : 6 3.698 .
(2H, dt , J=4. 0, 12. 0The jnventiorsather BHate3 tq me m&n('né’rliatck [fdrthe GrdphrA}ionZaf the 2. 23

(itH M ; (2H,

Hz 54 =13.0 Hz) ; 0.88 (3H,d, J=7.08
-Hz) ppm 15 - P‘I’*lunld9 ﬁ? %ISE %al@t héﬁf “BP'FlyEﬁlféfﬁ? @é%%h@ﬁﬁﬁ@@@ﬂ@gﬁyl ate :
1.C (R _ Et, compsiadds Xorﬁﬁ}]a?gHQG ); "H- NMR (500 MHz, MeOD) : 83.72 (2H,
s

-dt, J= 10.9, 4.1 Hz), 3.66

2.42 (1 H n), 1.86 (1 H bs), [.79

(2H, dt, J= 12.8, 4.1 Hz), 1.59 (2H, 20 d, J=9.0 Hz), 1.46 (2H, m), 1.02

(3H, t, J:__,f75

schene |

Met hyl (1S, 3S, SR) 3- acet oxy- 5- hydr oxy-
(REH Z--Me, A=COOCH3). Methyl cis, ci
1. A (R=H, A=COCCH3)

15

30

5 Hz) ppm PREPARATI ON OF | KTERVEDI ATES OF FORMULA 2 AND 2'

diols with general formula (1) la)
Qhexanecar box ylate : 2. A 25
di hydr oxy- cycl ohexanecar boxyl at e

()

Enzymatic esterification of

R,O

in which :

- A and R are as defined above

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

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

ZALO

wt ‘1

>=o

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

HO 0
i
2
in which :
- A and R are as defined above ;
- Zisan alkyl,

as well as the compounds of formula 1

)

OH

w

HO

3. WIIH-OHII>
3
=+




(15.2g, 87 mml) and |ipase from porcine pancreas (PPL -16.88ukkogn4 9. 12 g)
were placed in a round-bottomflask, followed by additi ﬁewﬁ,ﬁ/ 2# acetate
(450 nMPOIEE2Moom tenperature. The flask was purged wit hCH; 6{} The
suspension was 30 stirred in dark for 22 h, then filtered through a pad of .
celite to renove.the lipase. The filtrate was concentrated by evaporation.
The residue was separated by A3 8 June 2004 WO 01/42251 PCT/ EPOQ 12225
filtration through a pad of silica gel (70-200 Mesh, 45 g). Elution with
toluene (210 m) followed with a m xture of tol uene/ethyl acetate 75/ 25
(WVN, 210 m) then 50/50 (V/V, 210 mM) and finally ethyl acetate (240 m)

fforded aft trat 22.3 .

guaﬁ[| ?at ?vee;lﬂe‘r’ﬁnﬁgwégdépﬁﬂb&#avﬁ lFR’Y&fW)Af?( 1734g 1243 cm'

(o Va7 e phesnd eifion’antt he Hpnded clhify2ndllom € Cafly, B 1

E:RB Ngs 48, m-ciaéam'mry{érgywwelqﬁyfmmrmd ag/uiaahmgamhnearammrmydhaﬁe . 2. B
-- = an, t ] _' .

(1R 3S,%S, m%afa%t:@@ hé‘"ﬁﬁd'r B%é {oespaotiyelycd o ém@ﬁ@caaq%ﬁwhaﬁfor 2'.C

- (R=Et, LS r S er, but
Eepl aci ngl\%gnepby SAM 11 PSL %@Hﬂa IsWrg%@?eggg ﬂt}ﬁ?ﬁ pﬁ@?hy uaI I

ci s- 3, 5- di sppemydyorherytradicalcycl ohexanecar boxyl ate : 1 B (R = NMe, A=COOCH3)
- Methyl all CI s di hydrox%-4 et hyl 3 5-cycl ohexanecar boxylate ;. LC (R = Et,

A=COOCH3), 20 TR afisaﬁﬁ -GrerlkylEpea is,widerstood\as mpanipg a

R 35, 45 SR p%@wwm HrlR R Y IR Qe BRY! ate 2 B (R

- IZO The invention will now be illustrated by the following 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

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



IR (film) : 3434, 1731, 1439, 1243, 1027 cm' 25 'H NMR (50® Mz 20@DC13) :
5 4.84 (1 =4.3, 4.3 Hz) ; 3.82 (1H M ; 3.69 (3Hs) : 2.45 (1H m
: 2.32 (1&3,”(}}52:’6;4 Hz) ; 2.05 (3H,s) ; 1.92 (2H dt, J=4.0, d@@"ﬂwg; 1.77

(3H,mM ; 0.96 (3H,d, J=7.0 Hz) ppm; M5 (mz): 231 (M, 1);213; 199; 186;
.170; 152; 127; 11183; 87; 67;43 (base peak) ; 30 [aJu2 : -22.7 (c=0. 38,

- CHC13). 14 8 June 2004 WO 01/42251 PCT/EPOQ 12225 - Methyl (1

R, 3S, 4S, 5R) - 5- acet oxy- 4- et hyl - 3- hydr oxy- cycl ohexane- carboxylate : 2'.C (R
= Et, Z=Me, A = COOCH3) : IR (film : 3421,2958,2360, 1733, 1437, 1239,
1027, 739 cmi' ' HL b 08281 734,023%)10158m?' ;98 (1H, t, J=4.1 Hz), 3.87
<(1H, m, 3.69 (3H, : "(1H, bs 2.16 (2H, m, 2.02 (3H, s), 1.84
(2H, m, 1.72 (1H, Hb@@ipg‘!}égf‘ﬂ{ 5nl)1,3)@.%m)(,12|-96 (AH.M) ;9%3Q gHim) ; 347. 5 Hz)
ppm ;. MS (n z)og Matid).: 42 84, 166, 141, 125, 111, 95,.87, 57,
+43 (base peagljl’r@g’]sjﬁéﬁ ; Q)Sggﬁ?(gg&%pgé CHC13). 10 11) Enzymatic |
saponi fi cati on of Sinilariy es desafibEo nboreq bt rdptacidde iyl 3,5-dihydroxybenzoate
(1S, 3S,5R) - 3- %cgt oxy- 5- hydr oxy- cycl ohexane-car boxyl ate : 5 A (R:H, Z=Me,
=COOCH3) .° To4*sol uti on of meso-diacetate 3. A (R=H, Z=Me, A=COOCH3)

(92. 1ng, 0.36nmo1) M&wgsgjag??&foxwg%m%&% ed 27.0 m of buffer pH =

7.0, followed 15 by t I on- of g ng, 46.8 U ng). The
resul ting mxture wdetnti3(5-dllydioxy-acsthiibemene! ure and the pH was nai ntai ned
at 7.0 by the neasured addition of a 1.0 M NaCH solution. The reaction was

moni t ored by TLC Hidpileuue compoundsavere ohtajned :t er mi nated by the addition of
The action m xture was extracted

I R A R
brine (3 10 10(R3MedaE€OOLHY) MySO4 and
" 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 - Methyl ali-cis—d-ethyl-3,5-dihydroxy-cyclohexanccarboxylate :LC(R=
Et, A=COOCHa) : : ’
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 diols with general formuia (I)

i

o Ia) Methyi (15,3_S,SR)—3-acetoxy-s-hydroxy-cyclohexanecarbqgg_yiate : 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% |



concent rated. The residue was purified by HPLC eluting wt hSiJaﬁ@mD(ane/ Et OAc
(6:4) to give nonoacetate 2. A (R=H, Z=Me, A=COOCH3) (30. as a
col or | e¥Q@W{4E251) | b) Met hyl (1S, 3R 4R, 5S) - 3- but anoyl oxy- ?@E?@Qﬁnﬁ met hyl .-
cycl ohexane- carboxylate : 2B (R=Me, Z=n-C3H7, A=COOCH3). To a sol ution of

LB (R=Me, A=COOCCH3) (0.2g, 1.10 mmol) in 2 m of CH2A 2 was added butyric
anhydride (538 I, 3.29 mol ) at roomtenperature, followed - by a solution

of TMSoTf (trinethylsilyl triflate) (25 pl, 1M. The nmixture was stirred

at roomtenperture for 30 min. and then 2.5 mM of MeOH were added and 30

t he mi xt ur filtvaionsthiougkd pai ofasititahgel (zn-zoarrdequemg)ecﬁmamwwmeee The
reaction sol ution was washed with brine (3 dvmth S and .

.ts 8 June(ZifoaDvipliowed yit a WQ@M%‘E@%&?@WW 35@@ (tvdvg V@ M 1 esi due.

The residu Y qﬂltm e W th

| sooct ane :ﬁ)eﬁa@?ﬂ (9\} Cbtlg glf)ve di out{/ g&gtfﬁéﬁg%g %ﬁ@ﬂ&%ﬁ{#}& =COOCH3) .
(3.9 g, 98c&9&nmcﬁ: ml R:KSZ=Me| A=TDOCHS) (21. @rg,afuaﬁﬁmﬁven?m) & gster (110
myg, 0.34 mmol) in 2.0 m of CH3CN was added 22 of buffer (pH5 = 7.0),

fol | owstl byeHaveolddition of SAM 11 (37 ny, 46.8 Ung). The resulting

m xture vvaigz%wdeﬁ‘;gtﬁﬁo @e@)erature and the pH was maintained at 7.0 by

the neasu h o1’ a M NaOH sol ution. The reaction was m)nl tored
by TLC aniipweeR (€LY €884 OA,MA2.1 @HR)NABSHL), Bheais] Blvgruprm to
the reaction solution. The reaction m xture was extfacted with c (3 x
50 m), dr#ddlmppmo; SO+ and concentrat ed to give a residue. The resi due
was purified hy HPLC eI with |sooctane/EtOAc (7 3) to give

el 2SRl

rmlnobutyr?[‘é]DZ B’ A=COOCH3 ny, % as a col orI ess
(cooral? | 1Pye @f?‘%ﬂﬁ%ﬁ{eﬁrﬁ%g@é&?ﬂ%ﬁéf %12%%@%9%“? > 30 08
EflsTl rr)m Zc&&o&?ldteirBEWWIQEJZ-E%%eJA%OCE}Hq)ﬁhd 1.82-1.62 (5H, ,.0.95

- l\iet]u% (I-RJS 48 SRS -acemxy—Sgljyt}lgi)xyA-ethyl cyclohexanecarboxyiate :
- 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



M5 . 259 (M++1), 227, 214, 187, 170, 152, 127, 111, 93, 71, 43ndpa)4 Met hyl
(1S, 3R 4R@§2} cet oxy- 5- hydr oxy-4- net hyl - cycl ohexane- car box¥l ate : 2.C
(R=Me, Z= ) 20 From neso-di acetate 3.C (R=Me, Z%E ) as
described under Ila). [a]u25: +20 (c=2.9, CHC13) Ild) Methyl '
(1R 3S, 4S, 5R) - 5- acet oxy- 3- hydr oxy- 4- net hyl - cycl ohexane- carboxylate : 2'.B
(R=Me, Z=Me, A=COOCH3) From neso-di acetate 3.C (R=Me, Z=Me, A=COOCH3) as
described under Ila) 25 but with PPL as lipase. [a]ny -19.5 (2.88, CHCO 3)
EXAMPLE 1 : (2S, 3aS, 4aSé 2-1-but yldi nmet hyl si | yl oxy- 3a- car bonet hoxy-

bi cycl of 3. 1. 0] heMatayl(1R,3 éRr)é@!?@F@YMyFMTWch)wMthyl

(IR 35573 BamhRtke PN SR pEl A SiaseRo Y 2te | 24,0 90 (e

p- Tol uenesul f gRy(fiA) 0342(1679.5932@’60917:730 149P! p3yemadagsdo a sol ution of
-methyl (1S, 3S, 5R) - 3- ar et oxy- 5- hydr oxy- cycl ohexanéc. - ar boxyl ate 2A (R=H,
Z--Me, . A_Cog@fw;m (W01MElz, CBCls)rmripd 98 §1H, dumumi)amanmym)ds 189 (sﬁ 19)

t f d methy hi 1 t 0
< e 8! b LS B LA e TR GB i o e o o
The reaction RS4RI d@m{ ghj.ggolqﬂr:ﬂ and extracted with nethyl ene

chloride. The  organic 1ay e was" was wat er, dried over MgSO4,

filtered and Mﬁ)(m.tzl)ut r..dﬁéhll*ﬂl);lé?::&,rlﬁﬁe 184 omﬁguz;wamscqnstgg g7z 67l Jjeﬁ&éft OH
affording 2.4 a  (R=H L=Ofos, A=COOCH3) (13.2 g, 81.6 9% . 10 np : 83.1 C ;
IR (KBr) : 178801175 cm* ;' H- NMWR (CDCI3) : b 1.5 (3HmM, 2.0 (3H s),

.28 (4H,m E’a]j}* Q?%%_‘l@gﬁp 3H, s), 4 4 (1 Hm, 4.68 (1 Hnm, 7.35 (1

H-d, J=8. 5Hz) Z) ppm
L 10 Enzvmatic saponification of di-esters of formula 3

1la) Methyi (18,38,5R)-3-acetoxy-5-hydroxy-cyclohexane-carbuxylate :

2.A (R=H, Z=Me, A=COOCH3;).
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$



b) Methyl (1R, 3S,5R) 3-hydroxy-5-tosyl oxy-cycl ohexanecar boxglJahe€200422. 5. a
15. (R=H, L= OTos, A=COOCH3). To a suspension of 2.4.a (R=H, L=0TI0s,
A=COOCHWPO #232935 g, 63 * mmol) in MOH was added pot asBCTEPRA2ESnat e
(4.36-g, 31 mml). The suspension was stirred for 30 mn. 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 %9. 20 nmp : 98.4 C; W (EtOH) : 225 nm(r =
11935) ;° IR (KBr) : 3447, 1719; 1176 cm ; "H NWR (CDCl13) : b 1.52

(4H, M, 2.25 (4H n), 2.45 (3H,s), 3.6 (IH M, 3.68 (3H,s), 4.42 (1H M,
 7.35 (2H, d, com@nirhtefl, to &ive 4 2tdidue. Ih8.rbsidilrd) wap Purified b cohuditatographyt &n 00,
EOH). c) Methyl (iR.3R 5R)3- benzoxl oxg- 5-tosyl ox_\é- cyci ochexanecar boxyl ate : .
2.6.a (R=Hsilicagrbeluting-withryqertancpAGOER(Yil) torgryt diputyraie 3B-(R=Me.Grens | E

banzor b net SGARGOULIT Do RACI colBHESRIL A 4 SSlutlofor % B 00
C was added digset vl (e Aol inad @ mll bt OH;CN'Rasaddel 22Tl of bifisr gpMas

stirred at roomtenperature for 30 min, after addi ng 47 8 June 2004 WO
01/ 422515 PCH EPpdollowed blidhe additipn 25 SAM H1(3ame.f 46.8 d/ag).ahke resuling| trat e

was concentrated. Tol uen dded to_t cride product .and fhe sol ution
has 111t or oteRre s HFREe Fom BRGNS ahd o GPH ity T oy 1 "
t ol uene t hemegkirbd Aaditoh Wiea 210 MPINAOMESOMREDY. TRE redehibR Wademanitstedieg af ter
concentration a residue which was crystallized fromEtOHd 5 to give 2.6.a

(ReH, L=OToFLCrraiysesiIhe ramtion was t@minased bythe additinof NaGy tq Bre@epction227 nm
.5 5 sl 4B g R (25, b 07

Ry

10 MgSO, and concentrated to give a residue. The residue was purified by HPLC
eluting with isooctane/EtOAc (7:3) to give moncbutyrate 2.B (R=Me, Z=n-C3Hj,
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 meso-diacetate 3.C (R=Me, Z=Me, A=COOCH;) as described under IIa)

25  butwith PPLas lipase. -~ . |
[oh® - -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



10 (1H M, 3.18 (3H,s), 4.75 (1H ,m, 5.43 (1H M, 7.2 (2H, & de2004Hz),
7.5 (2H, d, -OIQ%SHZ), 7.6 (1HmM, 7.75 (2H d, J= 11.4 HZ%’ 7.94 (2H,d,

- J=8.5Hz) p 911 ZS: =65.8 (c=0.98, EtOH). d) Methyl (1R, BRIT&RP0/I12225

3- hydr oxy- 5-t osyl oxy- cycl ohexanecar boxylate : 2.7.a (R=H, L=0OTos.

A=COOCH3). 15 To a suspension of 2.6.a (R=H, L=OTos, A=COOCH3) (19.77 g, 46

nmmol) in MOH (260 m), was added potassium carbonate (3.16 g, 22.9 nmol).

The mxture was stirred for 6 h at roomtenperature and poured into water

(I L). The -aqueous |ayer was extracted with diisopropyl oxide. dried over

MySO4, filter @dloluenesedemytahioridedd3 f ¢,Gl0dinnml R wis addddd a saIGTISS of ARfyPCH3)
-(17.45 g, quarzi% Sﬁg_ as an_31| Id. W (EEOH) : 224 nm (s = 12262) '; " IR
(KBr) : 3525, 3-9R)Paectofy-B-ydroxyrpyeiohexsmeaarboxsdate . 62A( 3R=R, Z=Me( 3H, n) ,
2.45 (3H s), A: a .1 4.82 .(1H m., 7.35 (2H,d,
. J=8. 5I(-{z) , s)7. 83&(%5'?8@13}110%% )‘%ﬁ E“;ﬁ%’)zénfa“f'm%?ﬂmg%-}wn%@s 0@1 @1023?.( e)
Met hyl (1, R 3Rigmye 8f tridsiytiyrhihen@0hml)sindymethyieae tdﬂ&iﬂdéxéll_o‘im;' RNE*@Nehe
car boxyl atg : éillg'aw&ls?:H’ :C)Tog, P=TBDMS, A=COOCH3). To a’sol ution of
2.7.a (Rzkg,’3 L3BYH_n _&ﬁﬁt@‘k Pt 95 Gythen @21 joosm tempendtoraz The rdadtidn g, 57
1) ind j ABg dded t- 30 butyl dj nethyl silyl
Chloti do (86 o HuBiChel TR (6D Bl il B BOcHE wifh gl sblogida s 2004

WO 01/ 42251 POPagieObytP2@5s twashed atwithe vder, Ldfed). oV e MdBOL ef1:Q0q Waher and
extracted with toluene._The organic |layer was washed With water water then

concent r at ed. “AHENERER TR 6BEPrRduct wes) stvstallizedd frbmo EOHp tisweliripo 24 or d
(e iy s TR ST oo sl 0 0020 = rmiohxd
10 mp:83.1°C;
IR (KBr): 1734, 1175 cm™ ;
‘H-NMR_ (CDCly) : 8 1.5 (3H,m), 2.0 (3H.s), 2.28 (4H,m), 2.47 (3H,s), 3.68
(3H,s), 44 (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=COOCH3). -
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,s), 4.42 (1H,m), 7.35 (2H.d, J=8.5Hz), 7.8 (2H,d, J=8.5 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=OTos, A=COOCHs) (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
17 |



IR (KBr) : 2853, 1726, 1436, 1359, 1173, 831 cni' ; H—NNR @cma_zoozt so 02
(3H,s), 0.05 (3H,s), 0.82 (9H,s), 1.55 (4H,m, 1.85 l‘f{? 245(

2.8 (1HVERVA2SE7 (3H s), 4.2 (1H bs), 4.7 (1Hm, 7. 33 ( ’%"“’1’6% 8 5Hz)
7.8 (2H,d, J=8.5Hz) pprn ; falD25 : -41.6 (c=1.00, EtOH).

(2S, 3aS8, 4aS) 2-t-butyl d| met hyl si | yl oxy- 3a- car bonet hoxy-

bi cycl o] 3. 1. 0] hexane : b. 1(R=H, P=TBDMS, A=COOCH3). To a sti rred sol ution

of 2.8.a (R=H, it=0Tos, P:TBDIVIS, A=COOCH3) (378.5 g, 15 856 mmol) in
t-butanol at 64 C was added slowy during | h a. IMsolution of potassium
t-butyl at e heprahe (Z33nd) it(RasOfilterpd abd Mxtnfiltaﬁe afak eontdneraeedd Tofuehdravasddi t i on

t he suspenS| on.was cooled fo 30 C a a satyrated solution of_ anmmoni um

chl ori de (3ddsd @he sps product and thes HO“ vaeiikiersd Sereugiha sad phsligaesdact ed

with diis ﬁi\ﬁﬁn ried over
MySO4, 20 ?ﬁ? ? gﬁé‘%@h?“&%ﬁ%ﬁ%%@? g@ h@ﬁ@h}%’g? ue V\gg)f%glgﬂymﬁﬁ{gnatg ographed -
on sili ::abgglalonlgv_ml:a;ﬁmr%dr%net uomﬁnfé%ogﬂﬁmm aast(ﬁﬁzxﬁﬂgcth @ﬁ@t@kﬁ&)&ﬁd €lout E[(ﬁ{sm velnt
gi vi ng = . as a yell ow oi
o Bsestwta o e il Tk e Tidds
c , m cm cm'; : s), O.
(9H AR ! 7?% 1.8 (2Hm, 2.11 (3Hm, 3.65 (3Hs), 3.9 (1H M

ppm ; [a] Dy £E .12ﬁ4lmt?é£1-’lb84(§XENPLE 2:
(28, 3aS 4aS) - 2-t - but yl di net hyI si I'yi oxy- 3a- (hydr oxymet hyl ) -
bi cycl o[ 3. IRUKRr)ah@09, 117hcm”’ (R—H P=TBDMS, A=CH20OH). 4S 8 June 2004 WO

?%é4§§§14§?’-§§?1%®ﬁ§x b ng (8 g st Aacattel 48 e 28
e 007, ARG 2 oty ESTAN By O L6055 Gl )

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

A8



hydride in toluene (1.25 L) over 1.5 h. After conpletion of 8&Juecd@¥Hition, a
5 saturated solution of potassiumsodiumtartrate was slowy added and the
t enper at WO 8432 aji sed to 0 C. After stirring for 2 h the BCEAEROPBR2Ri xt ur.e
was extracted with toluene, the organic |ayer was dried over MpSO4 and
concentrated to give 142.9 g (88 % of the title conpound Lb.2 as a yell ow
oil. IR (KBr) : 3355, 1471, 1255, 835, 774 cm1 ; 10 "HNMR (CDCI3) : 80
(6H,s), 0.32 (1H M, 0.5 (1H M, 0.83 (9H,s), 1.16 (IH M, 1.87 (5H M,
354 (2H, M), 4.0 (IH m ppm EXEMPLE 3: _ ~
(2S, 3aS, 4aS) temperdtutey fati heth)ythen Ipplired yorB svatedr and exthicedcivith Jolueld. TRxane :

-1 .b.3 (R=H, P=TBDNS, AzCH}E)). To |.b.2 (R=H, P=TBDWMS, A=CH20OH) (69.6 g, 287
ol ) in net ATERBIGaYasWRs, Wathed avitty Bates{themeonceptrited niher erude proguct wasled

pyridi niumc HOTRIE 0, a3 e . The 411 X{ URS Was, St d
-vi gorously fcta)‘:)ﬁlaﬂﬁa The tehéeréet utPe]a%\?eﬁ\r?h'gbatE‘%@ CLngﬂs’d}c'ﬁéé@S’to 25
C. The suspensiGIVOGHS) (13194 et 681%)hr ough a pad of celite and washed with

met hyl ene_chl ori de and dii sopropyl oxi de. The organic |ayer was washed
succesi vely WPHP8ies, a saturated sol ution of sodi um 20 hydrogencar bonat e

and with wat .G» The | ned organic |ayers were dried over
MySOH4, ,filte?gdéégn é(‘)’%(raln ré"tlgzg.gml’he residue (66.8 g) was purified by

f | ash-'chr omaIRYK®RY2838, 126! 1436, 1349, h1fremzang{ et hyl acetate 95/5 (V/V) as
eluent to give |.b3 (R=H, P=TBDMS, A=CHO) as a yellow oil (50.33g, 73%.
i oy oy (S0 B2eg 03 (I ATMORRENLY, A2 ToHIpSRSS (i sty om '
' : 4, S)., S . ,m, 1. ' . 2.

(rsjﬁ, M, 4 (@é’ﬁ‘): 2-35 éﬁﬁih?s%ﬁﬂﬂmé@a@ﬁs» 4-24&)H4’51=&1(%W)E?-@4I®HEXANPLE
4:/ (2R

bi cycl 0?3’?14%%%;’%’n2‘*t‘“?q’h”%%%ﬁdﬁ%a EirTg%gE; hog_ 838 une 2004 WO

01/ 42251 PCT[HpY0/-4R825:1.00, EIOH). ' -
f) (25,3a8,4aS)-2-t-butyldimethylsilyloxy-3a-carbomethoxy-
bicyclo[3.1.0}hexane : 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 thé 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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a) Methyl (1R, 3S, SS) - 3- acet oxy- 5- benzoyl oxy- cycl ohexanecar b&¥ynai@4: 3. 9. a
(R=H, A=COOCH3). As described for 2.6.a (R=H, L=Olos, A:COOCH%% nmet hyl
(1S, 39VOMIAR51 3cet oxy- 5- hydr oxy- cycl ohexanecar boxyl at e BCTERG 257\,
A=COOCH3) 5 (25 g, 111.3 mml) was converted to nmethyl (IR, 3S, SS)
3- acet oxy- 5- benzoyl oxy- cycl ohexanecar boxyl ate 3.9.a (R=H,. A=COOCH3) (32.4

, 91 %. "HNWR (CDC13) : S 1.68 (3H M, .2.05 (3H,s), .2.34 (3H M, 2.92
(1H,m, 3.70 (3H,s), 5.18 (1H, M, 555 (L1 HmM, 7.50 (3H, M, 8.05-(2H M ppm
; MDD 2S : +42.3 (c¢=0.82, CHC13). 10 h) Met hyl , ‘ : '
(I R 3S, 59)Th- beswudoxof- 3- (RpcHadyédpSy 2 atbubddmmairy sibydoy-3i-earb8méthogy{ R=H,
A=COCCH3) ., .Me I R, 3S, SS) - 3- t - - benzoyl oxv- cycl ohexanecar boxyl ate .
3.9.a (R:#P,lcycﬁééfﬁ%‘)“% &S:ﬂ(l&&iéaf@mw QCH G073 ed/7esmaedcr i bed for
2.5.a (R= = -f:qg}@_ £ by flash
chr omat ogﬁgﬁﬂi;ll}e%@c@)ln[' i1'i I ca ggas}ﬁg%cfgg(ﬁgg? E@ﬂ“ﬁ%g@f‘ %@iﬂ%’f“?‘g"‘gﬁe 3.10.a -
(R = H A hydfi@Ochi3pluct@ BA5gL) 09e151%) h. 'AftdNMEOMBEIENEB)of - th8 ddddidon| 4H M, 1.92
(1H,s), 2.3 (2HmM, 2.86 (1H m, 3.7 (3H's), 4.1(1H mM, 553 (IHmM, 7.5
(3H m) 5 8 sewyaied plusion of (pefassium sadigmy tarraie; wasy plow)y argled ) ande they |
(1S, 3S, 59),2.9- - O/ W VA e : .3 a (R=H,
. L=0OTos, A:t%M@%@wﬂs )(% éo{ &)3.615'(.? ?ﬁ%ﬁ%%@é@@%‘n%@e&%mml ) was
tosyl at ed extracteld sdthi toldnd, ahe Brgnia 14yer vasldridiasver MES0GENR) conbéritfited

purification by flash chromatography (heptane/ethyl acetate 7/3) - and
crystal | i 288iv6nRPEm(885haltha e comppurd Lb2 asarisow®iB. 11. a (R=H, L- OTos,

1175 oab TRKER: Hedtir, Qa8 EROTMeguant | | LIV el d. nip s 1264 7C
10 ‘H-NMR (CDCl;) : & 0 (6H.s), 032 (1Hm), 0.5 (1Hm), 0.83 (SH,s), 1.16
(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



WD 01/ 42251 PCT/ EPOQ 12225 'H-NMR (CDA3) : 6 1.7 (3H m, 2811811@@@411)

(3H,s), 2 “},E%gp 285 (1H, M, 3.68 (3H,s), 476(1Hrr) 5.43
19(2H?}36‘3'1 (2H, d), 7.58 (1H m), 7.77 (2H d), 7.96 (DEL/EPO

[a] D25: +69 (c=1.014, CHC_13). 5 d) Met hyl

(1S, 3S, 5S5) - 5- hydr oxy- 3-t osyl oxy-cycl ohexanecar boxylate : 3.12.a (R=H,

L=0Tos, A=COOCH3). From 3.11.a (R=H, L=OTos, A=COOCH3) (38.25 g, 88.4

nmol ). as described for 2.7.a (R=H,  L=0Tos, A=COOCH3), nmethyl

(I S, 3S, 5S) - 5- hydr oxy- 3-t osvi oxy- cycl ohexanecar boxylate 3.12.a (R=H, :

. OTos, A=Guddethyl (2B.35:55)33- Moxﬁﬁ)-hebz@qucydnlmaﬂédai-hbxﬂﬂew 3ch as a

. II 'I. 15 1.6 (41-1, .08 (3H, 2.47 (3H, 2.83
{)iHNE)ZVhO% ??;ﬁgg\ﬁi%g%;lg | 4t%)21__| (1AHmr‘r) 7, 36((2an1) 7.8 EZH 33 ppm
e &§}b—e C e-
~carboxy?/ate : 3.13.a (R=H, L'\’i Pc?ijl‘B %3%&}%’%% %

"(R=H, L=OTos ammmcmcmhgxarﬁemaaxyml R.AS (mens:rzbmé fp,&cobéﬂg) (R—H
L=COros, PTB[@E ﬁ(%[ﬂ-iﬁ urification ‘é/fla chromat ogr aphy on S|I|ca
gel (hept Ane/(éP Byl H Ll SRl Wap Senvsaicd ta methvl (HR3F,5S) B-Aovioay-SFhenaoyisyy-
A=CO0CH3) (3 3, 2855, 1725,
1278, 11)77( 9 9°g%§a%§?a£°’@ﬁ ﬁ?/?%%)mbg% %9%’)912% 85 (9H,s), 1.55
(3Hm, 1.88 HENMK (CDG) &Lﬂsaﬁﬂrﬂ)ﬂﬁﬂgjﬂ%zﬂ (@2—1&:}*29&(11?1%:7) (337@%

4.2 (1H, , 1H H, d ; I'D2’
(c= 1(06 ?EG@ ;5 gzﬂ?féxah 1lﬁﬂ1ﬂrbﬁﬂ(ﬂfﬂm)e$ﬁ§/(%iﬂmlrgpny,[ ga car bonet hoxy-

L =0Tos, pTiBE, “ﬁ%& BT 75 oty asdescribed Tor | boa(trom
§ 1). 15>ur||{)| okt QY -5296 : IRSLRRPY eloh& L hﬁﬂéa-n.e/ et hyl
gcet ate 9515) afforded (2R 4aR) @but&ﬁ’?‘?&@hﬁ sﬁ'%%o%éga- i
car bonet hoxy3bloe%/61=dﬂ34?tc@ﬁfékhne .h.1 (R=H, P=TBDMS, A=COOCH3) (15.5
Methy! ( 1R,3S,SS)-S-acetoxy-a—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_:,)
(22.38 g, 79.5 %).
'H-NMR (CDC];) : 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™' :

21



30 g, 78 % as a yellow oil. z2. 8 June 2004 WD 01142251 PCEJERCZIN2225 IR
(film : 2952, 2856, 1724, 1113, 837 cni -, 'H NWR (CDd 3) . 9 g6H, s),
0.85 (OMOSMH22P111 (1 H d), 1.27 (2H M, 1.6 (3H s), 1.8‘?‘%%,%%{1 3511

(3H, M, 3.65 (3H, 's), 3.9 (1H mM ppm; [alD25 :+38-3 (c=1.122, EtOH). 5
EXAMPLE 5: (2R 3aR 4aR)-2-t-butyidi nethyl siiyl oxy-3a-(hydroxynet hyl) -

bi cycl o[ 3. 1. 0] hexane : Lh.2 (R=H, P=TBDM5, A=CH , OH). S

(2R, 3aR, 4aR) - 2-t - but yl di met hyl si | yl oxy- 3a- car bonet hoxy- bi cycl o[ 3. 1. 0) hexane
U-1 (R=H, P=TBDM5, A=COOCH3) (15.15 g, 56 nmol) was converted to |.h.2 -
(R=H, P=TBOMSNMRGQEIE])) ¢ 511.8538,my 7248 2Hmy), t438 (3Hg),t1 D sHaax A.8ed for
10 I.b.2 (R=H P=T gl\@ A=CH.O-. IR S‘fi | ) 3354, 2928._ 2856, 1255, 835 .
cm' ;' H NYR-E i‘_‘g YSHsy 478 ((Bny)3-4p RHmp .19 4 7oH28.d),5-86 (9H, s),
1.17 (1H, S)qey. . , 4.0 (1H, ™ ppm; lab 25: +17.4
(=1, 15, NGy JeTAGHM RO CrL.A Bk |

(2R, 3aR 4aRgFt +59|&¢dldjmpchw1§1 | yl oxy-3a-fornyl- bicyclo[3.1.0] hexane :
Lh3 (R=H, P=TBDMS, A=CHO . From Lh.2 (R=H, P=TBDMS, .A=CH2CH) (11.3 g, 46.6
mol ), Bol |HnwMeshylh &SI, ydroxy-3tosylaxyicycloligppaarbeghioe 1 3H2.a R=H,

P=TBDVS, A= K t A 6.2 g, 55 0 X il. .20 W (Et
. 204.5 m@%&%ﬁ%’?gﬁém 95930, gsgg,azége,oiv?gls, 1119, 10&7,08-?36
cm ;1 H NYem(£PEh3R=H, E=@T((J§,H9\§QZO(§CI$§ (3@.@5%2 g%.ﬁ-(rlﬂxam().lh‘; descridedfr (2H M ,

1.85 (2H,m, 2.1(3H, m, 4.0 (IH quintunlet), , 's) ppm; [a]D25:
+53. 6 (c=1.208, (REHL=009s EXNFOBCH;3),( arilgh J1838)59)-S-hyxdroyy-ditosytiduyt si | yl oxy

3a- car bomtc@%f%éxa@e%ﬁ&%ﬁé ' 9]&}:1(3)(1?2&, L:LST(;LS( RKECO%:JESN?Z&@S:%O)OEQE) '

10  obtained in quaﬁtitative vield as a yellow oil.

'H-NMR (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-butyldim_ethylsiIyloxy-3-fosyloxy-cycloherkane- |
. carboxylate : 3.13.a (R=H, L=0OTos, P=TBDMS, A=COOCH3).

15 From 3.12.a (R=H, L=0Tos, A=COOCH3) (29.2 g, 89.07 mmoil) 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=COOCH,) (34.8 g, 88 %) as a yellow oil.

IR (film) : 2953, 2855, 1725, 1278, 1177, 949 cm™* ; | .

20 'H-NMR (CDCl) : & 0 (6H,d), 0.85 (9H,s), 1.55 (3H,m), 1.88 (2H.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.l1 (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,4aR)—2—t—butyldimethylsilyloxy-Sa—
carbomethoxy-bicyclof3.1.0Jhexane Lh.1 (R=H, P=TBDMS, A=COOCHs:) (15.5

30 g, 78 %)asa yellow oil. | B

12



a) Methyl (1R 3S,SR) 3-t-butyldimethylsilyloxy-5-tosyl oxy- cpdrenddne-
car boxyl a X a (R=H, L=OTos, P=TBDM5, A=COOCH3). The hydroxy function
of nethyl %Wég?ISR)-S- hydr oxy- 5-t osyl oxy- 30 cycl ohexanec%‘F%&‘i}/’ﬂ&Pé 23. a
(R=H, L=OrTos, A=COOCH3) (29.3 g, 89.2 nmol) Z3 8 June 2004 WD 01/42251
PCT/ EPOQ 12225 was protected as described for 2.8.a (R=H, L=OTos, P=TBDVE5,
A=COOCH3) to vyield 2.3.a (R=H, L=0Oros, P=TBDMS, A=COOCH3), (36,75 g, 93%.
np: 70.9C, IR (KBr) : 2957, 2855, 1734, 1174, 923 cms ; 5 'H NWR (CDC13) :
'S 0 (6H,s), 0.82 (9H,s), 1.41 (3H n), 2.16 (4Hrn), 2.46 (3H,s), 3.54
(1H m, 3.69 FRlm): 2952, 2866 H M), 11433837 ah'd), 7.8 (2H,d) ppm; [a]n25:

--8.2 =1. 2, 2R, 3aS, 4aS) - 2-t - but yl di et hyl si | yl

3a- caE (t;omet ho‘ﬁfgl_\%‘k@? P isﬁlﬂg)(?gr@ (9H=33a.¥-i€:§£ﬁd)}lé:§l ?);%\h@@l@lﬂx) . 10
From 23.a (Rs F(IRO0S ;1 1 Px o 3 1l g, 78.6 mmol) a

~descri bed %ﬁ&ﬁ%@ﬁﬁmsm}ﬁ éhg??'ig’cat i on by fl)asfl

chr omat ograle}.sfﬁ:sBB.BQa:gmz,@f@Hy_ane/ ethyl acetate 515) gave |.a.1l (R=H,
P=TBDM5, A=COOCH3 16.6 g, 78 %9 as a yellowoil. IR (film : 2953, 2855,
1726, 1148, Mﬁ&éq@w -Zibueyldimethgisilgla -(by8foxysitdtsyl)- 1. 5
(5H M, 2.1 (1ch%?d2_8ﬁ§ 1H, qp X%Gﬁ_iﬁﬂﬁg ,Aiglcﬁ?f::(;fH, ty) ng ;@[ac] D 25
©-60.1 (c=0. 988 ’é&ﬁ\ﬂt 2 R-H, P=TEDMS,'A=CH.0H). "

(2R, 3aS. 4as) ~ ZREhRWaH)Iﬂ-ﬁ&ithiﬁéth%&%%ﬁa%@%ﬁ%ﬁ?&?&%&g&_I()]hgxin

bi cyclof 3. 1. g hexane [.a.2 {R=H. P=TB e(RzH,
P=TBDVS, - A=CHzo1 {R=H1B=FBPMS,7ATCOMNEIH;) (k5. feg,c56 inawhiy wis cdaveded f3h.2

e s Y et A = AT TR I ST
2.’47’2‘ . HoNVR i SPELA) péTﬁD@li%@QzQﬁj.S (1Hm, 0.88 (9H's), 1.19 (3H m,
IR (film) : 3354, 2928, 2856, 1255, 835 cm™ ;
'"H-NMR (CDCl;) : 8 0.1 (6H.5), 0.35 (1H,1), 0.5 (1H,t), 0.86 (9H.5), 1.17 (1H.s),
1.85 (SH,m), 3.52 (2H,m), 4.0 (1H, m) ppm ; I -
falp™ : +17.4 (c=1.15, EtOH). |
15 EXAMPLE 6 : (2R,3aRd4aR)-2-t-butyldimethylsilyloxy-3a-formyl-
b'icyclﬂ[S.l.O]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 Lb.3 (R=H, P=TBDMS, A=CHO) Lh.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 (CDCl) : 8 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 EXAMPLE7Y : (2R,3a8,4aS)-2-t-butyldimethylsilyloxy-3a-carbomethoxy-
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=OTos, A=<COOCH) (293 ¢, 89.2 mmol)
2%

e
T
o



25 (2H, ), 2.1(2H M, 3.6 (2Hs), 4.34 (1Ht) ppm; [a]o25 312@6@%:1.062,

EtA{) 9 (2R 3aS, 4aS) - 2-t - butyl di nmet hyl si | yl oxy,

bi cyclo‘i“’§>§®>{g'43 exane : Lai (R=H, P=TBDMS, CHO). 24 8 Jur're&%%’ 1 01/42251
PCT/ EPOO 12225 From La. 2 (R=H, P=TBDMS, A=CH,OH) (11.1 g, 45.5 mmol), as
described for Lb3 (R=H, P=TBDM5, A=CHO, La-3 (R—H P=TBDV5, A=CHO (8.8

, 80% vvas obtained as a yellow oil. UV (EtOH) 204 7 nm(e = 6991) ; 5
IR ( f i m) : 2928,2855, 1702, 1255, 1072, 837 cm' ; 1HNWR (CDA3) : 8
0 (6H,s), 0 85 (9H,s), 1.45 (1H, rr), 1.78 (3H M, 2.02 (2H nm, 2.5 (1H, m
435 (1 H, m) w8 paate¢tediasespribad fof 28 (R=H,IL-80Tos; PrTRIBVISEASHDOCHANBLE 10:

bi cyci o é‘%«fﬁé@ﬂ@ﬁ Lo bR EMS iR AT & 23 ny

(IR 3S, 5R) %@Cﬁjgxa .5-t-butyl di met hyl sil yl oxy-cycl ohexane- carboxyl ate :
3.7.a (R=H, 'P=TBDMS. A=COOCH3). The hydroxy function of nethyl

( S 3S 5R) 1R-(KBz) 02357528’@5(;11163(@4 llwcﬂz@hmxa;necar boxyl ate 2. A (R-H A=COOCH3)
(45 0,210 as described for 2.8 a (R=H, L=0Tos,
P:TBDI\/SS A-HeNM F%)(C)Dﬁh)u ¥ ﬁc%t(ﬁﬁﬁ b%«’-l(ﬁ@kii)cﬂaﬂdn@%@ﬂaéﬂ? 6‘rH§li)=I 248 gel with

(o perobi AR e GRETF . 1 o038y Tt ey 5
2953, 2856 [afp?368.2@402CRI0OH).20 ' H NVR (CDC13) : 6 0 (6H,s), 0:8 (9H,s),
1.33 (4H, rr) 2 (3H S), 2.1 (2H ), 232 (1H ), 3.55 (IH M, 3.62 (3H s),

4.66 (1H, n')b) Wa&ﬂaﬁbz-lﬁﬁutyldlmethvls:Iyloxy-3a-carbomethoxy- : .
(1 3S,5R)-5-t: | met hyl I oxy cl.Qhexane- carboxylate :
(13 35 o R A (R P BIS AL
10 From 23.a (R=H. L=0Tos, P=TBDMS, A=COOCH,) (34.81 g, 78.6 mmol) as
described for Lb.I (R=H. P=TBDMS, A=COOCHs;). 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 (CDCl3) : & 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 ' ’3
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)

24



From 3.7.a (R=H, P=TBDMS, A=COOCH3) (63.67 g, 0.1926 mmvl): 8dynei2@¥r i bed.
25 for 2.5.a ﬁR-H L=0Olos, A=COOCH3). Purification by flash: chromatography
on silicWHWA2 h heptane/ ethyl acetate (7/3) as el uent RSERBPOYIZ2E ™ (R-H,
P=TBDVMS, A=COOCH3) (46,24 g, 83 % as a.yellowoil. IR (film-: 3404,
2952, 2856, 1736, 837 cm ; 1H NWR (CDC13) : 8 0 (6H,s), 0.81 (9H,s), 1.3
(3H, M, 1.67 (IH M, 2.13 30 (4H M, 3.56 (2H M, 3.63 (3H,s) ppm; 2.S 8
June 2004 WD 01/42251 PCT/EPOQ 12225 [a]D : +6.8 (c=1.036, CHC13). c)

Met hyl (1S, 3S, 5R)-5-t-butyl di met hyl si | yl oxy- 3-tosyl oxy-cyci ohexane-

car boxyl at e : FentLa.2((R=H. RB=IBIMS, R=CTHHOH) (ALOGEED) mnﬁipm; aeﬁmaed o
-P=TBDMS, A= (45..9 .15 ) as described 5 f .4.a (R=H,
(=0os, * Acocckbe) (Rt PFTBRMSABG o La-L ko g Ry, drCi) (64 el i tr
hept ane/ et hyl g@g jfollowed by crystallization from EtOH
-af forded 3. 6. a (&%&L@O%%Sagm ,  A=COOCH3) (53 749, 76%9. nmp : 71 *C
| R (KBr) :° 290V,(EfOHY; 204{3Am (¢ 6091923 cm1 ; 10 '"HNWR (CDCI3) : SO

(6H,s), 0.82 (9H 2.16 (411,m, 2.46 (3H, 3.54 (1H M,
g. GQS%BH )., (4‘5) 1@2&28%313%2@55)107 &31% d) ppm([a] fn)zs +6. 8( "

bi cyel o[ 3. 1 %i%aézvimf&?@@f TR, Dilootdd il B iatastion
(L R—OlT—losp TBDNEBzlszﬁ A-W Lﬁa hé%ﬂ@h[)f\%}bm A??:oogﬁé)c r \INgng]l;? (rau neg '
(24.48 g, 74.164>as7LB (nalletOtj,elEtm{/y oi | . | R (film : 2953, 2856. 1726, 1148,
836 cm ' ;- HW (6H. St) d86 (9H.s), ]-.5(5Hr‘r) 2-] (1H, m,
2. §18 (1H m |.(p§,)33RJa§3-2(~ thutyldigethylsilvioxy Ba-carbomethoxy |
10 bicyciof3.1.0Jhexane : LL.1 (R=H, P=TBDMS, A=COOCH3).
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
yellow oil (69.97 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 (CDCL) : 6 0 (6Hs), 0.81 (9H,s), 1.3 (3H,m), 1.67 (1Hm), 2.13
30 - (4H,m), 3.56 (2H,m), 3.63 (3H,s) ppm ; |
5



[a] D2-5.: +62.9 (c 1.066, EtOH). EXAVPLE 11 : 8 June 2004

(2S, 3aR, 4aR) 2-t-butyl di net hyl silyl oxy-3a-hydroxynet hyl
bi cycMP8I4228) hexane : Lf.2 (R=H, P=TBDVB, A=CH2OH). P%?H‘%P“?’”Pi R=H,

P=TBDMS, A=COOCH3) (10 g, 0.037 nmmol) as-described for 25 1.b.2 (R=H,
P=TBDM5, A=CH20H). 11.2 (R=H, P=TBDM5, A=CHZOH) was obtained in
quantitative'yield (10 g) as an oil. IR (film : 3331, 2927, 2855, 1254,
1094, 1006, 835.cm 1 ; 1HNWMR (CDC13) : S O (6H,s), -0.5 (IH m, 0.88
(9H,s), 1.19 (3H M, 1.72 (2H M, 2.1 (2H M, 3.6 (2H,s), 4.34 (IHt) ppm

, 30 [a] D3q) 2-“+~2,,3'¢;g(‘{;91:@3,@@H(ﬁi;,)c]-i) 2~ 8 June 2004 WO 01/ 42251
PCTI EP00112225 EXAMPLE 12 (.2S, 3aR, 4aR)-2-t-Butyl di net hyl si |l yf oxy- 3a- forrryl - .

bi cycl o[ 3¢€1. O heddethyl (18,3 -ﬁzﬂ-bﬂﬂ!’kllmlﬂ @iye)-tosxipxiyenyclahegageR=H,

P=TBDVE. A-QO P= e 0.037 mol

transf or m8F Ftﬁf§g#£r_ﬁﬂﬂ%MA gggg?red as.a pale i/e\ll\?gw il -
(5.39, 59.Ffom-3.8.8 REH, 'PLTB&@ Rsé@ddﬁﬁ (3355 1@7139 r&%&)%@descnbeh" NVR
(CDCI3) : 80 (6H's), 0.85 (9 . S e B, 2.02. (2H M,

2.5 (I H, mfor 2435R=4H, In:)QTcis &]?—C(Q(BCH);) munﬁcatibh(tstﬂl#l chr@ﬁﬁtogmphybﬁ [a] n? B
+70.4 (c=

1
E) 25, 3ias[ géé&mg@{ “’E)‘E} E%;P'GPE%AE/P &?@Fﬂ‘??‘/&@“‘ %"&911%‘??&‘%(09@5@;@“0" ff‘l)m(l " s -
icyclo @gﬁ? :
5R)y3 acet oxy- %ﬁ? rgﬁo(genzenesul Tony: oxy;-AAcyc 0 x(a%ec%r boxylate : 2.4.Db

(R =H, L=@k 0Bl *@sCOOCH3) . 15 From 2AA (R—H) (1.4 g, 6.47 mol ) and
4- br onbbenzenesul forlyégchl oride 16. 19 mmol ) as descri bed for

2. 4. a (R=MR(KBOrod957. 285, h73RIA7 911_3503ros A=COOCH3) (2.6.9, 96% was
obtai pgd ap MR DAY A5% (gﬁ,s%,lﬁsiléﬁ,s), 141 (3Hm), 2.16 (4H.m), 246 ’
(3H.5), 3.54 (1H.m), 3.69 (3H.5), 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 (CDCl3) : &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). Lf2 (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), L.72
(2H,m), 2.1 (2H,m), 3.6 (2H,s), 4.34 (1H,t) ppm ;

30 o™ : +23.2(c=0.99, EtOH).

(=%



IR (film : 2956, 1734. 1363, 1246, 1188, 822, 742 cni'; 20 ' H NVR JuBo@04dz,
CDC13) : . H d, J=8.6Hz), 7.70 (2H, d, J=8.6Hz), 4.68 (1H dddd,

- J=11. 6, 13"%“@’% 4.37Hz), 4.46 (1H, dddd, 11.6, 11.86, 4.1’6{””&‘?’61423, 3.69
(3H, s), 2.37 (1H, m, 2.28 (2H, m, 2.02 (311, s), 1.58 (2H, m, 139 (1H,
dd, J=24.0, 12.4Hz) ppm; M5 (mz) : 419 (M+ 1), 405 (1), 363 (3), 221
(10), 157 (34), 138 (70); 107 (15), '25 79 (68) ;.[a]n25: -10.65 (c=1.5.0,
CHCI 3). b) Methyl (1R, 3S, SR)-5-(4-bronpbenzenesul f onyl oxy) - 3- hydr oxy-

cycl ohexanecarboxylate : 2.5.b (R=H, L=0Bros, A=COOCH3). 27 8 June 2004 WO
01/ 42251 ' PCM&LIEEﬂﬂarrom 2.(2S BaR@aR)-2-t-Bityldimeth{IsibdoRy-3a Jofdyl, 6. 08

- ol d b Ware 2.5, S . .2.5b (R=H, L -OBros,
E:T_Dcooms) ) S\/Zgrbé‘fﬁecg‘?[%@g“]{‘%aé‘ﬁ%dgf&g@% Pl BRNS ASCHCn o m : 95.08 C 5 IR
film: 3397, AR9Rf L : 6 ot 5 ,

a3 ey SO LB IR, SEIRONED AT, T G, PoTEONE PR

J=11.5, 11.5, (B0 % G0ZHmmol}. w8 (rBisformed &t@4.ﬂ|ﬂR=ﬂ,P£[?ﬂ5N(Sﬁle=CHgg 1.60
1H, dd, J=24.2, .12 5Hz), 1.48 (1H. dd. J=23.0, 11.5Hz), 1.35 (1H, dd,
5:23.8, 12{55H?%“'H}F%i‘.aﬁ#f@"‘ﬁ\)@“eméﬁgﬁgsggﬂ?q%;1), 328 (3%, 235 ((10), 221
) 5108, (BoAR ik (3098) 28 1 602hoss 7o @y i 2l P -~ 1713 (€= L8

CHCI 3). c¢) Methyl R 3R, 5R) - 3- benzoyl oxy bt omobenzenesul f onyl oxy) -

cycl ohexanecatHeNMR(EDCIY). 6300 (&4)), 0.8OR9H), A @mﬁ? . 23 b
(>I'i>=H, L=0Br os, ?:qgooémzd ?1. 15 { J??) 05 smliol ) )asadescr’i ,63137?0@?}3@,6’_3_22( R=H,
Lri =OTos, A= 2.5(hH.m), 4138 (gg,m)., 881 1HA ppm ;np: 131-133C;, IR (film

13420, 2948, 17}% 13BRy) . 5b8Gm, 817, 707 cnt
) 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, CDCl;) :  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, 4.37Hz), 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, CHCl). _
b) Methyl (IR, 38, 5R)-5-(4-bromobenzenesulfonyloxy)-3-hydroxy-
cyclohexanecarboxylate : 2.5.b (R=H, L=OBros, A=<COOCH3). '
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; "H-NWR (500 MHz, CDCI3) : 6 7.95 (2H, d, J=7.4Hz), 7.72 (821|umea0041_

8. 5|—|z)W 20 7.60 (1H t, J=7.4Hz), 7.58 (2H, d, \]:8.5|—|z)P (2

7. 7Hz) QOYE2EY |y "1y - 4 81 (1H, dddd, J=11.3, 11.3, 4.4 PCI/ERMy§2225 85 (1H,
dddd, J=12.5, 125, 3.7, 3.7Hz), 2.47 (1H, m, 2.20 (2H, m, 1.73 (3H m
ppm ; M (rﬂz) . 497 (Mr 1), 391 (4), 377 (10), 260 (100), 237 (8), 221
(25) ; [alJo2 : -59.32 (c=1.79, CHC13). 25 d). Methyl .

(1R, 3R, 5R) - 5- (4 br ombbenzenesul f onyl oxy) - 3- hydr oxy- cycl ohexanecar boxyl at e
: 2.7.b (R=H, L=0Bros, A=COOCH3). From 2.6.b (R=H, L=0Bros, A=COOCH3) (240
mg, O0.483 Knwh)2.4b (ﬂe‘sbrl#wos *=CQOCHa) (Rsﬂ,g, b-88Tmmol Ya(Cd¥schBgd fofhe yi el d

1365, 1187 230 BIE-QTeS) 25 BReth JOtioh. AvEDOGHES s obpERAGH 62255

"H NVR (50@g é;s wis. S 7. 78 (2H, d, J=8.6Hz), 7.70 (2H, d, J= 8.6Hz),
4.87 (1H, d.dd!!ELésl 10.9,10.9,4.5,4.5 Hz), 4.31 (IH m, 3.69 (3H s), 2.86. -
(1A, ddddmp]:-—%29&°C12 1 3 7, 3.7Hz), 2 24 (IH d, J=12.7Hz), 2.04 (1H, d,

J=11. 7THz), 1. 65 pm ; SI\/B(rﬂz) : 394 (M++1,
1), 295 (2fF é‘zﬁ 15597 1{?54(1?%5‘ 12?? é&%B 3 7[“:9]6@ P38 7 (c=0.80, CHC3). e)

Met hyl 1Rg (aﬁlae Z

but y|>/d| E)heilyl sﬁﬂl(oxy cyclo e gngnfzérjk) éyéﬁzi g78 @H‘Iq it &&Fbs

- P=TBDPS, AzQ6QTH3ddd, Q=18 L5743, ¢BHZ &9@3 AF4E 1% 0. 760
nol ) as descri be)c?I| f%r 2. mla R-Hél )O'I'j(;s s S'I‘S)bPS A-CO&:I%?QHJSEB b (R=H,
L=0Bros, POTBOPSIHAdEA2HR) 12 b@)m’g“g 6,944, ﬂﬁ&@bﬂhﬁﬁ@}ﬂ k35 @lHiddous ol .
IR (fi I,rr) aﬁgﬁ,ﬁggjs 1577, 1472, 1370, 1180, 947, 821, 703 cm'' ; 'H NWR
(500 MHz, f’p‘f‘l(ZH d, J=8.8Hz), 734760(12H rn), 4.87 15,)

(1H mo 4MS (rﬁﬂzb" b iM* ), A8((3)1238) 102298 ({HHiselgsy, 157Q0d), 99-(¢2),3- 5 3
e, 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 (ﬁhﬁ) : 3527, 2954, 1732, 1577, 1365, 1187, ©40, 818 cm™ ;
29



2.39 (1 H d, J=11.9Hz), 1.89 (IH, d, J=13.9Hz), 1.79 (1H, (SJuﬂe:Z(EMBHz)
1.63 (IH, nz 1.34 (2H, m, 1.02 (9H, s), 0.91 (3H, s) ppm; ggz ;
599 (M, WOOLMR3SY o8y 337 (34), 293 (8), 199 (46), 139, (REHEPOOL (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-

bi cycl o[ 3. 1: 0] hexane : 1.b.4 (R=H, P=TBDPS, A=COOCH3). As described for
l.b.1 (R=H, P=TBDMS, A=COCCH3), conpound 2.8.b (R=H, L=0Bros, P=TBDPS,
A=COOCH3) (206 ng, 0.344 mmol) was converted to |.b.4 25 (R=H, P=TBDMS5;

A=COOCH3) (79%Mk%oqhﬂmme¢1;gsaa7wtml(gs&sm) 150 (Bul @)1= g8fRR, 1725,
.1428, 1113, 703 cmi' ; HNNR%@ CDCI3) : 8°7.64 (4H . dd, J=26. 20,
6. 20Hz), 7. 35:87 G &ldd. J#40.9,306) 451 A5 Hed,3UEH, ), 3.69, (3H,3), 2BG ], 3. 65

(5 I R 3050 59 ot

PCTI EPCO 1222_,5157@14;)1,943(1&1%(;1;@09@5 B3, 1.02 (9H, s), 0.44 (1H,
dd, J=5.1, 5.1Hz) 94 (W, 363 (4), 337 (65) 259 (3),

213 (100) 3 19MS((EU;) 3335(1\( 1(8)1) 2957(2), 2L} (4) 55%110,2%7 €10)73. 14 (c= 1
CHC13). EXAMPL

(2S, 3aS, 4a8) E L&%r?%{cﬁﬂéﬂy?gqg'l oxy- 3a- (hydr oxynet hyI

-bi cycl o] 3. 1. Qhhexane : p (R=H. . R=H
P=TBDPS, A= ) (15% rrg, 1.253 @m“ﬂi?gﬁ% Sﬁascr ﬁt&’ﬁ“ 'B"‘g"y%’ Eﬁ
P=TBDNS, A_amm;pwﬁwmmulohyxﬁdeammwmt agregby (R&H 10=6Brbs,a gel

(i sooct ane/ eth tate 17) gave |.b.5 (R=H P=TBDPS, A=CH2O0H) (240
96% as d’-é@%%ﬁs‘\oﬁ:ﬁ) GHR)-(filnm) : 3322.2932, 1428, 1113, 702 cm'

TN ( 300 WHBm £PHIREH, 1306042 AtDOM:) (B9 el 660 Brnoi} 28 dedciibe AGdd:

28.a (R=H, L=OTos, P=TBDPS, A=COOCH;). 28.b (R=H, L=OBros,
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) : 8 7.71 (2H, d, J=8.8Hz), 7.34-7.60 (12H, m), 4.87

15 (1H, m), 4.17 (1H, bs), 3.78 (3H, m), 2.98 (1H, dddd, J=9.1, 9.1, 3.5, 3.5 Hz),
2.39 (1H, d, J=11.9Hz), 1.89 (1H, d, J=13.9Hz), 1.79 (1H, d, J=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) ;

Y 20 [alp® : +1.49 (c=1.75, CHCly).
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=COCCHs), compound 2.8.b (R=H,

L=0Bros, P=TBDPS, A=COOCH;) (206 mg, 0.344 mmol) was converted to Lb.4

25 (R=H, P=TBDMS, A=COOCH;3) (79 mg, 76%) obtained as a colorless oil.
IR (film) : 2952, 1725, 1428, 1113, 703 cm™ ; |
'H-NMR (500 MHz, CDCls) : & 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, J=12.9, 7.1Hz), 1.91 (2H, m), 1.77 (1H, ddd, J=8.6, 5.0,

13



J=7.1, 7.1, 7.1, 7.1Hz), 356 (2H, bs), 1.84-2.05 (3H, nm), 187mng3494 nm,
1.03 (9 ), 0.34 (1H, dd, J=7.8, 5.4Hz), 0.13 (IH _dd. J=4.6, 4.6H)
ppm ; n}g"(%}“%ﬁ 365 (Me-1, 1), 201 (3), 231 (10), 199 ( 1BEVEP®ARIS] oy  “139
(27), 93 (77), 79 (24) ; [aJu' : -25.74 (c=2.16, CHC13). EXAMPLE 15

(2S. 3aS, 4aS) - 2-t - but yl di phenyi siiyioxy-3a-fornyl- 20 bicyclo[3.1.Q hexane :
Lb. 6 (R=H, P=TBDPS, A=CHO). From|.b3 (R=H, P=TBDPS, A=CH2OH) (230 -nmy,
0.627 mml ) as descri bed for Lb.3 (R-H P TBDMS, A=CHO). The yield of Lb.6
(R=H, P=TBDPS, A= (film : 3439, 3061, 2954, 2858,

211 210rrg£12 .

1704 158950024 1-IP1ALH, ddobe.6598Hz),7 gzc(ﬂﬂ s), 0.4% (1H}- dVR=550 (. M), CDCL3)
:SSSS(%ﬁZs) 7.68-7.60 (4H, m), 3.99 (1H, q, J=7.4Hz), 2.30 (1H, dd,
J=13.1, 8.0}’ 2.03-1.98 (211, n), 1.93-1.87 (21-i, m, 1.22 (IH dd,

J=8.4, 6.0Hq QZ%M*, 4
290.00 (¢ 1. gémh&acfgq ASE 34 ths) o éﬁSZl% (158, 490 PR 139 ARY) S
(28 3as, 4a8y ~(§1)t,- but yI di phenyl si i yi oxy-3a-et hynyl - 30 bicycl o[ 3. 1. J hexane

: .h. 7 3a 8 J 2004 WO 01/ 42251 PCT/ EP00112225
To a so l(JtI B?BE%EQZ‘%@&@(?BB’ rr;,ne1253 nmmol) in THE (3 n) cool ed

to -78 C t

S 75, MR 00 i ATl o R

persi st ed. bityc®[3.R-0thexand BDBS, (R&HLHITRIES, ASCHIOAR3 nmmol ) in THE (3 m) 5
was conti nued overnight, the tenperature

dded t
\r,\g;ssgd ena mfaﬂy'grgﬁgoﬁ] b 7I§B@ "Bo ASEHOC %bﬁkﬁ@r@gui 3T¢m09@adesmbev!/as
hed b d { th
henched Yot (RCA LPADRLS LA ABD Mkl B Al Ao Phoerip esex"éga”'f
and dried eilies gamifaéc:afrdﬁahvlrmuafws %&Q@HW&EDPPSIW—TEB% Ahgégﬁﬁéa 50%
% as

96:4), affarding corrpound l..b.7 A=C
a col or | es &40 mg, 96%) as a viscous oil.

IR (film) : 3322, 2932, 1428, 1113, 702 cm”
. 'H-NMR (500 MHz, CDCl;) :  7.75 (4H, m), 7.58 (6H, m), 3.97 (1H, dddd,
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
15 5),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-
20  bicyclo{3.1.0}hexane : L.b.6 (R=H, P=TBDPS, A=CHO). . : f’)
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™ ;
25 'H-NMR (500 MHz, CDCL) : & 8.85 (1H, s), 7.68-7.60 (4H, m), 3.99 (1H, g,
3=74Hz), 230 (1H, dd, J=13.1, 8.0Hz), 2.03-1.98 (2H, m), 1.93-1.87 (2H, m),
122 (1H, dd, J=8.4, 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-
30 bicyclof3.1.0Jhexane : 1b.7 (R=H, P<=TBDPS, A=C=CH).
h



ER (filn') : 3291, 3072, 2932, 2143, 1590, 1473, 1428, 1114, 10$7ung2W04 741
cm' ;. "H-NWR 555’00 MHz, CDC13) © & 7.61-7.63 (4H, m, 7.34-7.43 (6H,
3.81 (1H WOPIA3ESE 61y 2,16 (1H, dd, J=123, 7.13Hz), 2.02PCT/ERSUIQYS
J=12.5, 8.1, 0.9Hz), 1.95 (1H, m, 1.93 (1H, s), 156 (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]a25 :
-86.30 (c= 1.60, CHG13). EXAMPLE -17: ° .

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

bi cycl o[ 3. 1. 0] hexane : 11.4 (R=H, P=TBDPS, A=COOCH3). a) Met hyl

(1R 3R, 59)-3-To bwmmmfem@dcmn(m)ﬁmsiwdfgpxmmm%m (PRipashary! at e
.. 3.8.b (R—H P= ga%z %Fromz A (R=H ) and . TBDPSC ,
via 3.7.b (R -7B=fMes ad )t BUQK (126 mbeld26 o1mal, 8.06M RoiktiorPinT BDVS,
A=COOCH3 n C obta n a oil;
oooe) | FARIPIR ol Sk iU P e! B 85 BN Db
1112, 1049, §@fsisred L. h.mth P=TBBPS>A20Wt) (38DHB)1 0438m n(ﬁﬁ: ﬁ;ﬁ"‘) 7. 40

(6H, r’r),365(3 s), 3.60 (1H dddd, P50, e 3. 41
(1H m, 2. 11vgupfided) Slowlysend stiyring gvas qoatipued ovemizheisthe t&mpar(m-t; raised)=5. 2
1.

(Hiz)b) 24513(? tmqggm('ﬁl?@ %(’Z%BS" é;“%ﬁﬁ“‘f J)'D'ﬁ% 'eacfgndﬁas?@fé@@) bb%ﬁ%?s) 31

8 June 2004 \dditivh/a¥Xbdte PAD fifQat F2A2 d))nlj\/mdﬁmleo phase
(1S, 3R 59) 3-t- butyI di phenyl si 'yl oxy- 55% osyl oxy- cyc%anﬁcexane-wagasfg%r?(tﬁ?ate :
3.6.b (R=H, UbeAgns E"VBDP Et:0r(3 m ) 81)andRred oRPerMABB0,. TirrCOOCH3)

et o Sl B MG e R o ot o
Zg') 7. 25310 2|SNMR, ﬁ?@yﬁ?%@( 1&@?35%&&25‘%@;18&5 o 2112) 6, 7452&?13- 62
( 3H, s), 3.4dR((film)daaeM, 303::;293;°m 1139041473 4438 Hax4, m9478:£43l7141 em' ;
15199 (g NRhr Boo e, Updis 5 V61763 can, my, 7.34.7.43 6k, m), 3.81 (1H,
g, J=7.6Hz), 2.16 (1H, dd, }=12.5, 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=COOCH,) in Example
4. The title compouhd was obtained as a viscous oil; the yield for the two steps is
92%.
25 IR (film) : 3404, 2952, 1738, 1428, 1112, 1049, 807, 710 cm™ :
'H-NMR (500 MHz, CDCL) : § 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 %3%9%&"5 Mme70), 79 (16)

S AR e B e o m en e, O
139(32),91 (100) 79(77);
[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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bi cycl o[ 3. 1. 0] hexane : 1.f.6 (R=H, P=TBDPS, A=CHO). From 1185’u1(1¢8ﬂ@4
P=TBDPS, @ a—li% as .described for 1.b3 (R=H, 10 P=TBDMS5

yieldis Y4B i - 2956, 1704 1590. 1472, 1428, 11‘1‘21"1‘311‘!9'?2225822
702 cmt' ; 'H NWR (500 MHz, CDCI3) : 6 8.85 (1H, s), 7.61 (4H m, 7.43
(2H, dt, J=7.0, 10Hz) 7.37 (4H, dt, J=7.0, 1 AHz), 4.40 (1 H, t,
J=6.OHz), 2.39 (1 H, -dd, J=14, 6.0Hz),-1.89 (1 H. d, J= 13.0Hz), 1.86 (1
H d, J=14.0H), 1.53 (1 H m, 1.04 (9H, 15 s)ppm [a]o025: +34.4 (c=1.86,
CHClB) EXAMPLE 20 (2S, 3aR, 4aR) - 2-t-butyi di phenvl silyl oxy 3a-ethynyl-
bi cycl o[ 3.1 . OFrdMR(S00 MHz 7CPEEMH; SF-GREPS ddpk<%01).SHE), dr.ﬁ9l(6H 6m, A=,

'5, 18P ,SS ng ?.lr—%,e%ﬁz v} Ssbbl b0\t 31, Ty, TR 1w, 0 SE TSR 120

3071, 2931, 28 2 1 1234, 1198,
-1113, 10286, 33512%1515% 5“45; i g%?gﬁ’s?’sﬁg@}ﬁ‘?%W‘%@oo MHz, CDC13) 6

7.60 (4H, m AMS @wz) 2865 (M" Uiz 2%8HgE), 231 @7),( 9, (100, 181<17),8139) (284 B2 (1H,
m, 2.06 21 ”79%&‘54 (1H, dt, J=6, 14Hz),. :L90 (IH, s) 25 1.80 (1H d,
J=14Hz) 5(7?3 J=5. 10Hz), 1.49 (1H, t, J=5Hz), 1.03 (9H, s), |

1.03(I1H mM ; [ 545358 CHC13). EXAMPLE 21 : _
(2R, 3aS, 4a95) Ezellgzbartyl %rAIhenyl S|fyl oxy- 3a- car bonet hoxy- ‘

bi cycl o[ 3. 1. GEXAMPEE: 11%.4: (R‘—ﬁsmm?ﬁz-th@mﬁ’e\wlsﬂ loky-Ba0Rrsigf4 VO
01/ 42251 PCT/ EPOQ 12225 a) g i)

(IR 3S,5R)-3 l%'ﬂﬁi?? lcmb??@ﬂ'?l §rf+6y(ll%>!'§ﬁﬁ3'r35§§8 Mﬂ?&»l ohexane- car boxyl at e :

23.b (R=H, Lz T, R=H
swdescri bed % &DEH L—giogs A‘I‘-'.’FPEF%S % )h"'ﬁg’%/ @ is 91%
AR (il p:ﬂ@jmszggeﬂa)wﬁe .@%,96%’364 1177 1107, 929, 822, 703, 665
cm' . "H NVR (500 MHz, g 6 7.69 (2H d, J=8.3Hz), -7.57 (4H, dm
J=THz), IR (film): "956 1704 1590, 1472, 1428 1112, 1072 822, 702cm
'H-NMR (500 MHz, CDCl3) :  8.85 (1H, s), 7.61 (4H, m), 7.43 (2H, dt, J=7.0,
L6Hz), 7.37 (4H, dt, }=7.0, 1.0Hz), 4.40 (1H, t, J=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



7. 44 (21 L q, J=7Hz), 7.36 (4H, t, J=8Hz), 7.28 (2H, d, J 88411-'&920% 16 (1H,

tt, J=4 3-63 (3H, s), 3.46 (1H, tt, J=4, 11Hz), 2.13
(1H dm oﬁ’lﬁ&) 1.00 (91-1, s) ppm; 10 [a] D25 : -3.0'?%1-2& &’?{613 CHCl3)
b) (2R, 3aS, 4aS) - 2-t - but yl di phenyl si | yl oxy- 3a- car bonet hoxy-

bi cycl o[ 3. 1. 0] hexane : I.a.4 (R=H.. P=TBDPS, A=COOCH3). From 23.b (R=H,
L=0Tos, P=TBDPS, A=COOCH3) as described for I.b.1 (R=H, P=TBDMS5,
A=COOCH3). The yield is 75% 15 IR (film: 2932, 2857, 1723, 1589, 1472,
1428, 1297, 1148, 1112, 1088 702 cm -1; H-NI\/R(SOO MHz, CDCl13) : 6 7.61
(aH, dd.. o8k, Methyl 7. GRISER)3-t-butyldiphenyisilyloxyi-osyloxy cyelopexaness ( 1H,

LSy &-%ﬁ'f%d%abé* H Jrfros PoTepes; aseboubiels) - 6540 a,

J=14Hz), 1. 6ork hw.aQH_HJ EA0TekizA=COOEH;} lakldegbﬁbeé T&HZR.a RSP 1(,.9@1‘0§) 20
ppm; [a] u : -30.8 =0.46, CHC13). EXAMPLE 2

(2R 3aS, 4aSP=TBDMS: F@Q@@h})vl'glel}yﬁdwg%— ( hydroxyrret hyl ) -

bi | H JR=H,
0 CyeL ol BN iy HE ol TR PO s A s el
titat oRME4, 3 2 1092,
?3?2, ! 1833&?2%@%510 cm' dﬁmﬁf Nﬁ/g 6925239 i ]Jag%’miﬁg-f (%ﬁ’zﬁ% i’iﬁ?)’dd, J=1,
7Hz)' , 7.41 724, (2H, q.J=7Hz),, 7.367(435 ¢ (J4=Bin], 7.2B(2H; W, J<B.88z), 4H6 (1H, ﬂt—.ﬁ=43Hz) ,

P (2 o, B 5 i, 1 I ol S 1
[a?g §$9H ] ;)_é ; E)l_@%kt%ﬂwg) ; ?éiAf/Pilén(2332904 WO 01/ 42251 PCT/ EPOO 1222{5
(2R 3aS|maSQaR,'5t --BIO(icei . pneEE).| vl oxy- 3a-fornyl - bicycl o 3. 1. 0] hexane : %.;
]I= 0? Eb( 3R_ I(_I RbEgZ-Il-%I?SDESS 43'86\)?2(??%1iyIdFlrp?lrpnI;I?ll\?lm(:ﬁ.;icafbglgg?gxy-p\_CH2O-D as descri bed
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; : : ' _)
[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 ; |

3y




5 P=TBDMS, A=CHO). The yield is 93% IR (film : 2931, 17018 Jugg20041472,
1196, 1008, 822, 702 cm'; 'H NWR (500 MHz, CDC13) : 6 8.85 (IH, s), 7.61
(4H, ), WO . J=7Hz), 7.37 (4H, t, J=THz), 4.41 (REFEPO/IP2BH7),
2.39 (1H, dd, J=6, 14Hz), 1.04 (9H, s) ppm; 10 [a]D : -35.3 (c=1.6,
CHCl 3) . EXAMPLE 24 (2R 3aR 4aR)-2-t-butyidi phenyl silyl oxy-3a-car bonet hoxy-
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-tosyloxy-cycl ohexanecar boxylate : 3.13.b
(R=H, 1..=0Tos, P=TBDPS, A=COOCH3). 15 From 3.12 (R=H, L=0OTos, A=COOCH3)
(4. 8g, 14. 63n[t£3b35 -a5.6¢esk’, |(H@@13jor 2.8.a (ReH, L=OTos, P=TBDS, A=COOCH3).
.The yield is 90% IR (fil 2954, 1731, 1272, 1176, 1107 945, 813, 713,
664 cm' ; ' HEKSMPEER3)4ER. -2-t-l@ptyl(bghenﬂsjly(lmql-ﬂa-ﬁ9rmyl- 84 (1H m,

3.68 (3H, 1 2.37 (1 H d.
_J=12.Ele) °) ’é‘&y‘t‘?é{éﬂe"‘g‘if J‘J"IE@FE[ g'ms(%ﬂé ) 123)(311, n’§ ppm ; MB
(mz) : 566 (Mom 4lds 399['B§l55;3 A?ﬂ?ﬂc%%? asl Mscrddd: £ (RISEREAAK)

21 [a]0 : +7:82 (c 1.31, CHC13)
(2R, 3aR, 43R) - E-TBBMSJMCF;H@)QSIhsMcyd 3:93%a- car bonet hoxy-

p-Toges, *a-cd I 930 10k sHRclire VA SR L S P
1215, 1112, o35 MG ML O, f"hf‘ﬁ%&t‘é%i%nﬁé?ﬁ%&ﬁ% @3 e,

(10H, m), 3.8B37HH, DY=TH2)08.4( It §)=6HZ), U39 (im du, J=4, ﬂﬁﬁ)mer(bH § 77

(1H, m, 1.14 (2H m, 1.02 (9H s),- 0.45 (IH, 30 ppm : 3S 8 June 2004
wo}oy 42251 FREMREPOQ 12225 ‘

10 [alp®:-35.3 (c=1.6. CHCI;).
' 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=COOCH}). -

15  From 3.12 (R=H, L=0Tos, A=COOCH3) (4.8g, 14.63mmol) as described for 2.8.a
(R=H, L=0Tos, P=TBDS, A=COOCH;). The yield is 90%.
IR (film) : 2954, 1731, 1272, 1176, 1107, 945, 813, 713, 664 cm” ;
'H-NMR (500 MHz, CDCl3) : 6 7.53-7.25 (14H. m), 4.84 (1H, m), 3.68 (H, s),
295 (1H, dt. J=3.3. 12.7Hz), 2.45 (3H, 5), 237 (IH, d. J=12.4Hz), 1.84 (1H d,

A 20 J=12. 7Hz) 1.60 (1H, m), 1.29 3H, m) ppm ;
MS (m/z) : 566 (M"), 477, 431, 399, 353, 283, 225, 198, 139, 91 (base peak) ;
[aJo® : #7:82 (c=1.31, CHCL3).

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 c:rl_l'I ;
'H-NMR (500 MHz, CDCls) : 6 7.66-7.38 (10H, m), 3.89 (1H, 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; '

35



MB (mz): 394 (M, 393 (M+1), 363, 351, 337, 296, 259, 213 8Jyaed0ffeak),
183, 135, 105, 77. [a].' : +72.58 (1.08, CHCI 3). EXAMPLE .25: .

(2R, 3aN@amy228L t - but yI di phenyl si | yl oxy- 3a- ( hydr oxynmet hy [BCI/EP00/12225

bi cycl o[ 3. 1. O hexane : LhS (R=H, P=TBDPS, A=CH ,COH). FromIl.h.4 (R=H,
P=TBDPS, A=COOCH3) as described for |.b.2 (ReH, P=TBDMS, A=CH2OH). The
yield is 98% IR (film: 3327, 2929, 2856, 1470, 1426, 1279, 1112, 1087,
1030, 822, 739, 700 cm' ; 10 'H NWR (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, 11\&5 (n?lﬂ,397}(MI) 393 (M.1)1363, 8502331, 2196, 939, A3{BadelfdakyN830- 13 (1H
- m ppm; i 365 (M+-1), 322, 281, 237, 189 (base peak) 181, 139, .
99, 77 ; lé DlO F4.77 (c= 1. 18, CHCL3). 15 EXANPLE 26:

2R3aR4a lylo 3a-for I-b'ccloBtheane:
(-h 6 (R—H bzg‘%gh"é%?a’@l myl )r(\y5 (R=H, ch TBDIPSy AR[CH ) hoxane
descri bed fgxa R;ql;ﬂgb@ 63@3@., . 9%;5,“2 1708,
1472. 1388%“%?3 1093, 1036 kﬁllg’ ?fawé %ﬁ;‘Zm H NVR
(500 MHZ, mim:a)[S LGhexE : d3:5 (B3H, H—'BBDPSBA-C}BB,H)W) 3.98 (IH m, 2 29

(1H, dd, J=12.9, .8, 1 . H, 2H,

EgH, s), é‘%‘?‘ﬂ! dﬂz‘)ﬂ é‘%?ﬁ’% %Q%?I(Iﬁf( desg?s@ed( anléb-zségzﬂem (base
k), 289, _ 25 151, 139, 121, 91, 77, 57, 41

peak) . 289 p ABOMCASCREBI e idills Bl 2

(1R, 2S, 3aSIRa@)lni}a3827,29201 183§,- P40, uRg) dI’.‘M}eIIM2§IIIOB170w30 822, 739,
| -met hyl -bicycl of 3.1.. O hexane I.a.7 (R=Me, P=TBDPS, A=COOCH3) a) I\/bthyl

(1S 3S, 4R, SR em s butyI di phenyl si | yl oxy-4- net hyl - 5- acet oxy- 30 cycl ohexan_',___‘ '
- C 46 Men RS0 MIESENER) - 3%.65.7.35 (100, 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’ ; | | S
" '"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:)
26

o



8 June 2004 WD 01/42251 PCT/ EPOQ 12225 To a stirred sol uti of Jope 2008 (R=Me,

A=COOCH3) ) 352 mmol ), imdazole (0.72 g, 1057 mmol, 99 % and DVAP
- (4-di et h;h"&??’%%’%&'mm ne ; 22 ng) indry DV (15 nm) was 3@8’@8’0%76% se .

TBDPSClI (1.8 ml, 7.04 nmmol, 98 % . The mxture was stirred for 20 h at
roomtenperature. After corrpl etion, the reaction 5 solution was poured into
water-Et OAc (80 nl).-The-organic | ayer was separated..and then the aqueous
| ayer was extracted with EtOAc (50 ml x 3). The conbined extracts were
washed with brine (3 x 10 m), dried over MJSO4 and concentrated to give a
resi due. The rBepstimedaciupion of 2" Sd(RsMeRALCOUCHY (MBE £ 3 SPthrfolY, Jimidableor di ng

2.1.c (ReMe, P& 84 9% . 10 (aclD = +9.9 (CHO 3, c =
0. 65;: (1H- NMVR ( omﬁ '}m)%)(%ﬁéﬂ&(%gu?m@gmpég&nwe Mmg {nLdry, df
J=12.4, 4.5

-2.02 (3H, s), F%Mgléﬂ&k?( e ag%ﬂdlgrog&&%H%CI ilgf}m%]ﬂu @ml 9%' )(]ﬁig‘

1.05 (3H, d, JFBEEWFGHZ?)S smmed(fm POh ar re@BAempdiditire. AR, cohipition] B Geackibhl,

1037, 822, 740,702 cm 411 (M¢-57), 369, 351, 317, 291,
259, 258, 541, Solign ‘I%ﬁP°"I%%'““i&T‘ef'%QA%@O('BBsEhmmyw lagermsmpparated

(IS, 3S, 4R, 5R) ﬁdtmmwlﬂh%Q%}Péuﬁlc%%ﬁﬁbA% ??‘?‘1}?&3@%0' 0 ex

carboxylate 2.2.¢c (R=Me

2.1.c (R=Me, m&erawmmﬂu@)h bﬂﬂe(:m Ioenls%edzﬁe Sbfdaﬂdjegn@ntrﬁfcddr y
After 10 mn a

MeOH at roomte eratur a éj K2C03 (30 rrg@6

second portiod® Pm)msé ‘l?ta’las P“ﬂ'@“—ﬁd’)’ HPL G5 (iseestane/EiQA cadtdid. The
m xture was st f le tp9h t20 (70 m :50

' rﬂ) The organdlﬂcr:‘:}’“?lgllyeZ(r:1 V\g{J}\geépar ate ’an%?ﬁ?hé‘me%i%’@%‘f r was extracted
wi-t'h Et-) @0( Sqadd =»93) (CHA,,dr+ 6@spver - MySO4. Separation by flash

chromat ography_25 on silica (isooctane/ EtOAc) 9:1), gave hydroxy conpound
2.2.c (R=Me,  B=NABRGOMBEOOHEP I ppnny, 7.687F5 (48HAmY0.52 (HEsdtoi412.4,R

b, e 8t S 05,2 36T, 4300 0, 268503 i
(1H, dt, J=12.6, 4.1 Hz), 1.61 (1H, m), 1.08 (10H, s), 1.05 (3H, 4, J=6.4 Hz).
IR (film) : 2954, 1737, 1428, 1364, 1239, 1111, 1037, 822, 740, 702 em™
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 mmol)

_ 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, 611cm
'H-NMR (500 MHz, in CDC13, 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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rH NVR (500 MHz, in CDC13, ppm) : 7-65 (4H m, 7.44 (2H n)SJvnea?zOO(MH ,
30 3.69 (IH, . 3.64 (3H, s), 351(IH, m, 2.16 (1H, , ng rr) 177
(1H, dt,WoRIE22Mne 2004 WD 01/ 42251 PCT/ EP00112225 J= 12 eP‘-TAE ROb{13225

(2H t, J=8.9 Hz), 1.56 (1H, q, J=12.4 Hz), 1.37 (1H, d, J=5.3 Hz), 106
(9H, s), 1.02 (3H, d, J=7.0 Hz). M5 (mz) : 337 (7), 309 (5), 291 (35), 199
(100), 156 (85), 181 (17),, 153.{34),. 121 . (23), 93 (68), 57 (47). 5 [alD
+33.0 (054, CHG 3) c) Methyl

(IS, 3S, 4R, SR) - 3-tert-butyl di phenyl siivl oxy-4-nethyl -5-tosyl oxy- cycl ohexane
car boxyl ate X126 4.RHA), 188T2DPS, J=8:9Hea) ,1.56- (A hi3)=120t Mz KBR(EHOH, 2. 2. C

R=Me, P= TB 279 0.828 I t ol | f | chl de .
E323 my, &%@%’Mﬁzn&@dﬁ%ﬁ; 10 ol ;Jepﬁsgo %nyofcdrsrl -
Cl2 at O bay t
o o Sl s X720 G 296 B Mo (00, Srbast o R g ol 1

1.69 mmol, 9@3%)93 (BW}\I37((57)1 ng, O. 042 mmol) and Et3N (500 ,UL) .were

added. The resu t|n sol ution was refluxed for two days, p- toluenesulfonyl
chl ori de X 32Mdny : +B38(crda#, CdEL)y . DVAP (5.1 ng, 0.042 nmol) and Et 3N (500

Fostiting et esff‘ Qe CAREE I T D L
the aqueous cﬁﬁﬁ&aﬂ@éamkyla&tMcmémEP@BDPé L_o‘iﬁs R3cobig,yonbi ned

organi c phases were dried over MJSSOA. Filtralion of the solv nt,
concent r at i oho armdixturaoif 2.2 (Rl 0B ERRMSo A-=COOEH ) (Elﬂmlgaﬁmuﬂﬁol) 9:1),

[l ght yel | oubSIFEnERHions chipEE (55 ool maph It fapsMAduEl mes 004000
955 7040 B8] in 10 bt Myind G9CN e 0* LG waPRgen EICHEML. B39=8 30D

"Hz), 758(H , n')',737(4H , g1 H),
4.27 (1H, dt l;nmlrt)lﬂe mlmui'cm; ;ef&x&![for(tﬂddg: days ; ﬁleﬁb-(olﬂdnesidﬂmyﬂetﬁﬂmﬁ: 5.1,

15150 T o bl oo o oo iy 12
(3H,d, J=6.6 ¥ added. The resulting solution was refluxed for two days, p-toluenesulfonyi
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,.l-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 (n/2) : 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¢



MS (nfz) : 523 (25), 507 (1), 463 (1), 409 (3), 353 (94), 387uge)04 293

(18), 213 33%2, 199 (32),135 (35), 91 (100), 77 (30). [a)n25: -10.0 (c--
1.22, CHCFSY 05E25 PCT/EP00/12225 .

(1R, 2S, 3aS, 4aS) - 3a- car bonet hoxy- 2-t - but yl di phenyl si | yl oxy-1 - net hyl

bi cycl o[ 3. 1. 01 hexane 1a.7 (R=Me, P=TBDPS, A=COOCH3) 38 8 June 2004 WO
01/ 42251 PCT/ EPOQ 12225 To a sol ution of tosylate 23.c (R=Me, P=TBDPS,
L=0OTos, A=COOCH3) (240 ng, 0.415 mmol) in a mxture of tert-BuCOH (5 m)
and THE (2.8 m) at 45 C was added dropw se tert-BuOK (540 pL, 0.54 nmol,

| Msolution To d esolutioBuGH)tosyHee 21Bast @Rﬂdwas»__qmjpgad@g%slSAhC@Oéﬁ )C -t hen
.poured into t§ 811‘5‘5 Et OAc (100 m :50 m ). The organi c phase was
separated, th S apeh) ifagnixgre phtareBuQH: (5 mbhand THF Q. 5ml)7ht)45§.’nd

dried over | ash.chro raph

(i !sooct \a/me/ I\E/?% . 1&%8 %?b‘q#? txx@?sr?éﬁgg?%gﬁng% pmo Sl Ik‘ﬁa ¥ p ‘¥
A=COOCH3) ( 12Bu@H). T2 RiMfreasasastierddol 255h apub° C 1%&%&&&& mm wagn%?’ajnd 1724,
1428 1288, 1224, 1147, 1111, 1073, 1015, 933, 822. 740, 702

“H- NMVR (500 NADAG (0853 mi)y The -organip piase vasrsppardted 2the 2hjecus jayer 3¢as( 4H, t

J=7.2 Hz 4. 3 2 1.97 (1H, d,

J=14. 2 )Hz) f’}‘%géé{“l‘”ﬂ‘ Er]‘r?g‘cl("’Hi)ﬂ%ﬁ? "P‘(-' ‘?i%’s év%@%943§111(: ?eﬁuﬂ“%dvasg =8. 7,

7132 (e=1, 01 OO 3) EXANPLE oo ey {SBodtaiROAS {Md02y detfhdfig®

(IR ZS, 3aS, 4&13)11?930@1 rldRyMs, Ry TBRRS, BrGOQCHRE(RP mg, 72.0 %) as a colorless

SI | yl oxy- 1- yl -bi cyci o[ 3. 1. O] hexane |.a.8 (R=Me, P=TBDPS, A=CHZOH) 20 To
olution of "La.7 (R=Me, P=TBDPS, A=COOCH3) (136 ngy, 0.33 rrm)l) in THE

gél Utml Lnapnegﬁmﬁhggﬁgaﬁ ?ﬁgﬂ ?npftbhfie#\’/\ég%??rl?egngt ﬁ?ﬁ% enper aq ure for
1.5 h, . 702,609 cm"
"H-NMR (500 MHz, in CDCl3, ppm) : 7.61 (14H, m), 7.42 (2H, m), 7.36 (4H, t,
}=7.2 Hz), 4.19 (1H, 1, J=6.0 Hz), 3.62 (3H, 5), 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™

'H-NMR (500 MHz, in CDCls, 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),

33



then water (0.1 m) was added. The reaction mxture was fil 8dbeel2@Mr ough
Celite and was concentrated. The residue was purified. by flash
chr omat od¥@PH§228ki | i ca 25 gel : isooctane/ EtOAc : 7:3) toPEHER0NA25. 8

(R=Me, P=TBDPS, A=CH20H) (124 ng, 97.8 % as a colorless oil. IR (film
3420, 2930, 1427 1111, 1078, 1014, 701, 611, 504 cm' 'H NWR (500 MHz, in

CDCI 3i ppm).: 7.63 (411, m),.7.42.(21L n), 7.36.(4H, m),..
4.21(1H t, J=6.0Hz), 3. 54(1 H, dd, J=11. 4, 5.6Hz).3.50(1 H dd. J=11.4,5.6 30 Hz),
2.29 (IH m), 1.95 (1H, ddd, J=13.7, 6.0, 1.4 Hz), 1.23 (IH t, .J=4.12 Hz),

35 8 June 20Q44WDH) ) 2TBIOFCE), mqsmzzhmm)(omém dd.,ﬁ%4(,9,+3 H?iﬂ 0. 99
(3HdJ788I82%041(IH dd, J=8.4,4.3 Hz) 0 (1H, m. ;
381 (M+1, 1 H 337 (1), 323 (22), 305 (5), 285 (9) 267 (24)

2 63 3 0 00), 9
(gg)( 729 5 m;‘ﬂ)z%ﬁ?gé@%f()’?@ & 2%335@ 3%%%2)( %&g(séxﬁscﬁ 12267((11%905\?\/PLE129
© (1R 2S, 32 23 _
ma'g hyl - bi cyclgs(@asz hglfgﬁregmlldssj Ibgal_@)dl:l 1;389 w,bl\?xmho?)) 9145‘? t|on of
(cocl)2 (A8, G ﬂ@ﬁ,rﬂfrdl )lﬂCHClZ(lS m) at -78 Cwas 10 added dropwi se

DVSO (kA, 0 (glpmm )6 (%E 3100 uL). The m xture was stirred "at -78 C
for 20 mry. ol’l o\e Edltlon of alcohol La.8 (R=Me, P=TBDPS,

A=CH) OH) (40Emm1:l§)@mv I I @ﬁ)“ ponhit e
suspensi on was stirred at H%’ ngaagég“m na X'I t*nﬁﬁu tﬂ@‘é‘“ ¥ owed
to warm t o rsethyldrgyaelBJ:Bhexane lld? (ReMdes BETBDPS, AacHM)enched by the

fayer vas  eRPAaRBiPtpt (e 1B BBl Ficlh e CHACR G ) IR C v
eoldue WS sama s DYISECS W obs il B S P, eGP oL D)
3420, 1- 930, 1ﬂl}ibdlt!:1ﬂ’81®378)r12mm,m /Gillowed hy5thé idition of alcohol La.8 (R=Me,
=TBDPS, A=CH,0H) (40 mg, 0.105 mmol) in CH>Cl (1.5 ml). The resulting
\;vhite suspension was stirred at -78° C for 20 min. Then the mixture was ailowed
to warm to room temperature over ‘Ih. The reaction was quenched by the addition
15 -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"' _
20 'H-NMR (500 MHz, in CDCl;, ppm) : 8:80 (LH, s), 7.62 (4H, m), 7.42 (6H, m), £y
4.24 (1H, t, J=5.8 Hz), 2.32 (1H, dd, J=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). _
MS (m/z) : 378 (M*, 1), 361 (4), 321 (100), 303 (10), 285 (10), 267 (24), 263
25 (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, CHCly)
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)
30 a) Methyl (18,38 4R,5R)-3-tosyloxy-4-methyl-5-acetoxy-
cyclohexanecarboxylate 3.4.c (R=Me, L=0Tos, A=COOCH3)
o



n CDC13, .ppn) : 8:80 (1 H, s), 7 62 (418 Jupg 2004 42 (6H
8 Hz), 2.32 (1H, dd, J=14.4,. 2H
Hz),)1.36 (1|(4, M, 1.08 (9H, s) 1%’?@?&%
8 Hz) M5 (mz) : 378 (M, 1), 361 (4), 321 (100)
67
9

20 " H NVR (500 VHz,
, 4.24 % t, 1=

1 84 (| WOOH4I2SH=1,

Hz), 0.91 (IH d, J=

303 (10), 285 (10), (24), 263 25 (16), 243 (74), 225.(39), 199 (100),

183 (76), 165 (39)- (72), 135 (48), 105 ¢59), 91 (34), 77 (60), 57

(95), 41 (80). [a]lnz' = -16.2 (c--0.59, CHC13) EXAMPLE 30:

(1S, 2R, 3aR, 4aR) - 3a- car bor net hoxy- 2- tent- but yi di phenyl -

si |yl oxy- | - rEroimy2'Bi(Reivix, ZFMelA@O@ﬂ@H@) (IlEB g,%mnnﬁsr)mme&ny&a@sm&) 30 a)

3as (Reve (ReMSr RS TBRRSOEAADY A= 850 5@%%%@1%1%5%5@5%3?5 EEBE?%E?EG |
F 2'B i 2. 3.
(Rone. - TROREIRT (st TR, 1983 1209, 15 {0 TSk, S50, BBV ER VR (11 -

2954, 1736 ‘HSHMR sMBMleZﬁQCDﬂﬁ 02’569 d, 9:192 77.88Y3H, d, =R (500
MHz | 3( me} &)51} ‘&2 8“( =7.2 5 Hz),

CDCl 3
4.74 (1H5 dtHZ)aéj?é ()1H4d5 -'Hi%‘ ﬂ5462)( ﬁH*9 GYH, @»121211 M?I{:F)z)? 693(38D s):3H,  s),

Je1s. 6, 4 824G DA, i 1%#&%&512*‘4?%A”%dqﬂz@raéié%%%“ 0,57
(3H d, J=6.Hx)E31 (”[ﬂ{ﬁd(MIZZ)S Hz)38£53((m, ddar:12%287), @m(BQOQ;J%@PIZ 58, 213,

170. 152. 111, 93, 43 &‘S eak) . ajn2s = +5 1.1 (c=0.59, Cl z) b)
NEt hyI (15 %Sim/sﬂﬁﬂst >32ﬁ ?ﬂal &%ayaﬁ&ﬂ}s 8@ 2edahe¥hrdBoxy| at e

|
5.
4
6.
2.
13

§ A-COOCH3) From 3.4.¢c (R=Me, L=0OTos, A=COOCH3) as
Vdescrlbed fcﬁ’”ﬁpﬁ P=TBDPS, A=COOCH3). The yield is 90 % 15 IR
CEI I m :103439),229881. 1](23(259,2@@@[3) 1353, 1176, 1097, 1021, 945, 667 cm

b) Methyi (15.3S,4R,5R)-3-tosyloxy-4-methyl-5-hydroxy-
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 CDCls, 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 20 MS (m/z) : 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=OTos, P=TBDPS, A=COOCHj3)

25 From 3.5.c (R=Me, L=0Tos, A=COOCH:) as described for 2.1.c (R=Me,
P=TBDPS, A=COOCHs5). The vield 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 (1'4H, 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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"H- NMR (500 MHz, in CDC13, ppm) : 7.78 (2H, d, J=7.2 Hz), 7831211?%@94 d,
J=7.2 Hzé 4, 52 (1H, dt, J=10.8,43 Hz), 3.69 (1H m, 3. 68'li4§ s%, 2.45
(3H, s) W “3’&225{1H M, 2.25 (1H, n), 1.94 (2H, n), 1.87X :
J=13.2,4.5 Hz), 1.75 (1H, bs), 1.66 (1 H dd. J=11.9 Hz), O. 91 (314. d,
J=7.0 Hz). 20 MBS (mz) : 340 (M+-2), 295, 278, 247, 220, 194, 170, 155, 127
(base peak), 91, 87, 57. [alD :-+18:8-(c=0.41, CHC 3) c) Methyl

(1S, 3S, 4R, SR) - 3-t osyl oxy-4- met hyl - 5-t ent - but yl di phenyl si | yl oxy-

cycl ohexanecar boxyl ate 3.6.c (R=Me, L=-OTos, P=TBDPS, A=COOCH3) 25 From
3.5.c (R=Me, (100124 @D83) 1.33 (tHsdd, Jad.7f He), 2.63 2H,RajykL.01 S‘HB?P

= % fil :

fl%él T‘S@%g@q‘gj-%g%)ézol R7511I rr)703 222? crlr1736 Hlﬁf/?e (égo MHz, in
CDC13, 7. 60+ 7 i

4. 8Hz), gp?l(hgﬁ (g)ﬁ 9% g%:?pﬁ é% 4@4‘%@1%%@# fg% ﬁq’l’_h%ﬁz]’t?é( %gf’aﬁf Peaklgs 41 g

June 2004 WID1/ 42251 PCT/ EP00112225 (1H dt, J=12.5 4.3 1.73 (1H,
dd, J=12.7 Hz),,s1.63 ( %101(% s), 099(3HdJ72Hz)I\/B
(mz) : 523 lce~573 6(917633,9 B53, 351, 293, 227, 213, 135, 91 (base

15800 sl A SR R e ilghe S

Bi cycl of 3. 1.ikydaiaueofiexshe( IF8/R-We IREFSDPACCE00DY;) From 3. 6.¢ (R=Me,
L=0OTos, P=TBDPS, A=COOCH3) as described for La.7 Fg-l\/e P=TBDPS,

A=CO0CH3) .  Trem; B-e (Bamodmm@, dHTRDRS Ancaa)aﬂw &l desclibedifon Ladl or | ess
26'7 3, I Tog.];l I( \.Me %Qggl%D%dZ 9@;}%}%%%84 q_clggrzpo&n%sg ob]thzlggd 1n16184 ‘7%': yljéil-dll

10  as acolorless oil. fj}
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 (IH,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, s), 099(3H d, J=6.9 Hz), 0.91 (1H, m).

MS (m/z) : 408 (M"), 351, 323, 273, 213, 199, 153, 121 (base peak), 77.

[alp® : +13.9 (c=0.65, CHCly)

EXAMPLE 31 : (1S,2R,3aR.4aR)-3a-hydroxymethyl-2-t-butyidiphenyisilyloxy-

20 i-methyi-bicyclo(3.1.0]hexane 1.£.9 (R=Me, P=TBDPS, A=CH,0H) D
From Lf8 (R=Me, P=TBDPS, A=COOCH3) 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™. ‘

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=11.3, 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.

i



' H NVR (500 MHz, in CDCl 3, ppn) : 7.62-7.31 (10H, m), 4.19 @Ippe20043-5 9

Hz) 3. Saolaif 2.31 (2H dd, J=13.7, 6.3 Hz), 1.96 (I 5Hz)
1.84 15™O9¥: ?r’)‘ 1.64 (1H t, J=4.6 Hz), 1.35 (1 H dd, I%r{%“g'lﬁééo

1-25 (1 H, br . ), 1.07 (9H, s), 0.99 (314, d, J=6.9 Hz), 0.91 (1H m). I\/S
(mz) : 408 (M), 351, 32313 273, 213, 199, 153, 121 (base peak), 77.

[a] n25: "+ 13.9 (c=0.65, CHO 3) EXAMPLE 31 :

(1S, 2R, 3aR4aR) - 3a- hydroxynet hyi - 2-t - but yi di pbenyl si i y| oxy- 20

1- net hyl - bi ¢ ch[B O] hexane 11.9 (R=Me, P=TBDPS, A=CH/CH) Froml.f 8
(R=Me, P=TB A+BAACFB I3 LHd cribed for La .8 (ReMe, P=TBDPS, A=CH2OH)

1o 5167 aRAMPLIR 66" () s R%in £HR, %ﬁﬂ-z%w#aﬁée e
CDCI 3, ppm meﬁlﬁﬁﬁcéfcﬂli (lltﬁﬁbxam: ,I.r‘loiﬁ_Mer =TBDPSSASCH) . 3 54 (1H, dd,

-J=11.4, 6.0 Hz HzZ), 2.29 (1H, dd, J=11.3, 8.1
Hz) 1.94 (1Hrotn .9 J(Ri:Mca ~'QBB|£$, A=C6.QH), asddesgribgl Foriha.d [(RAMELH, t,

J= 1Hz 7 099 3H, d, J=6.9 Hz), 0.89 (1H,
m), %(ddp}gaék’g Agké*dlz& é@ﬂl\}ﬁi% 523 (M-57), 305) 267, 2215, |
199, 181 13%] 07, ﬁ/ﬁ %p’r@ﬁﬁ%m WO 01/ 42251 PCT/EPOQ 12225 [al n25: +3.1
(c=0.93, CH3 LE 32 -

(1S, 2R, 3aR, 4&RNM& (Soommzaacnmg y,ipix‘n)pheml(m, ys) o'k@}- 35 (10H, m), 4.24 -

met hyl - bi cycl o] 3. 1. Olhexane Lf.10 (R=Me, P=TBDP bﬂFr om 11.9 (R=Me,
P=TBDPS, A=Cik tiaﬂa J3%8 clé?s)cm%e(&ﬂf &1): 198 @B penidd, J-§ 1P5198 5, L8hLBI, The

%jg;;{ A Jéfﬁ[ﬂ*??f%}ﬁ?ﬂ@&?rwwﬁ*ﬁ%lﬂ{é% "5‘8’%“}49?'@9%“13(2H

1. 961(11I—_+, mqm §3%6.9H5. 9 Hz), 1.84 (1H d, J= 14 3 Hz), 1.37 (1H,

ad, J=1L IR (ﬁln)l) 99529{52 %%* 17‘5')%I 1af‘119 1391, 1383 1%74 1215 1(1991 1111, 1109,
1009, 963, 823, 701 cm™'.
MS (m/fz) : 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,

' 3=75 Hz). | 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 (18,3S,4R,5R)-3-t-butyldiphenylsilyloxy-4-ethyi-5-hydroxy-

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




10 s), 1.04 (3H, t, J=6.9 Hz). 1R (film : 2959, 2857, 17038 Juag300413091,

1383, 1274, 1191, 1111, 1109, 1009, 963, 823, 701 ¢ . 377
(M- 1, é‘;’,é"éé‘%’jsiw) 321 (M+-57, 8), 319 (10), 309 (10), B@ﬁ?‘@‘gﬁ) g
259' (12), 231 (20), 215 (16), 199 (100), 181 (30), 153 (20), 139 (60), 121
(95). 15 EXAMPLE 33 :

(1R, 2S, 3aS, 4aS) - 3a- car bonet hoxy- 2-t - but yl di phenyl si | yl oxy-
1-et hyl -bicycl o[ 3. 1. 0Olhexane |.a. 10 (R=Et, P=TBDPS, A=COOCH3) a) Met hyl

(1S, 3S, 4R, SIE) 3-t- butKI di phenyl si | yl oxy-4- et hyl - 5- acet oxy- cycl ohexane
2.1.d (R=Et Fram1Rbds ﬂ%@ﬂ%‘? e?m(-’ég QCHR)-Bs , deeritvs]  foir- QQUCHB):=Ms

descri bed f%@Di’SC@%éH ?‘r}‘e 1e%12| gg 20 [a1n25 :+7.5 (c=0.59, CH3C)

" H NMVR (500 o7 (ép Vel %06 (10H, ). 4.62 (1H dt, J=12.2,
4.4 Hz), 3. g1 I:L,zgdjgc-giglcﬁqz 3 Hz), 3.61 (3H, s), 2.08 (2H tt, J=8.8,

3.9 Hz), 2.01 (3H s . m, 1.60 (3H, m, 1.51 (1H, m, 1.06 (9H,
s), 1.02 (3HH-NMR {500 MHz )n CINClsRorirh) | 7)68: (1085 4n), 2&%(1}11,7(&,91 814682 1428

452 (M52 éﬁ%gé?(éﬁfi 357 b 2358 1 B0 (. mia 5. kT 2
?gg)(wéo s (1??29}%3;1%@0&.0 316880, 119211.82).0 H331.6290m, t}§_§9_§7,5) 1_07

(1S, 3S, 4R, SIR)59$1H Mﬂrl)ab)jllpsﬂe(ﬂlﬁl, bs)| YUBXVH Ang 108 (931, RY,dr. , 1, J=1.5).
ol f a905n POIRBER) 3 5355 204,45 F*Y'i’asqpﬁsﬁ Ui50736P8, 1 ICHBOHADR KB o1 bed
Egrozis' CCHE%\{;’E mﬁ%—%%o%% %@@ Y el . 87928%2 o] °m . Zss 1H
((jf HJ % 2 1.41\&15 ((rﬁ/z)‘l2383 @31637(%1,351)(16;2 353 ((8;H°051t90)~1¢'131(133) %3q1bk p272. 07 %
(50, 199 (‘100), 183 (70), 153 (80), 107 (98). |
) Methyl (18,35,4R,5R)-3-t-butyldiphenylsilyloxy-4-ethyl-5-tosyloxy-
éyclohexanecarboxylate 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=85, 4.1 Hz), 1.91 (1H, t, J=4.2Hz), 1.84 (1H, dt, J=8.5, 4.1 Hz), 1.77 (1H, m),
20 L.73(1H, m), 1.53 (2H, m), 1.47 (1H, m), 1.02 (9H, s), 0.97 (3H, t, }=7.5 Hz). )
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.2.10 (R=Et, P=TBDPS, A=COOCH3)
From 23.d (R=Et, P=TBDPS, L=OTos, 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, 5), 2.26 (1H, m), 2.06 (1H, m), 1.98 (1H, d, J=14.3 Hz), 1.92 (1H,

Lt



Hz), 1.77 (IH dt, J=8.6,4.0 Hz), 1.71 (1H, tt, J=11.0, 4.0 8Hxpe280%64 (2H,
t,1=9.0), 1H overlap), 152 (1H, bs), 1.45 (1H n), 1.06 (9H, s),

1. 05 (3H, ¢ "!L’ 8 1R (film : 3435, 2995, 2858, 1736, 1EBEHEPMNEE25 1427,
1363, 1271, 1236, 1172, 1111, 1050, 915, 875, 823, 740, 702, 647 cm'. 10
M (mz) : 383 (Me-57, 14), 351 (16), 323 (18), 305 (90), 273 (18), 253
(10), 227 (50), 199 (100), 183 (70), 153 (80), 107 (98). c) Methyl

(1S, 3S, 4R, 5R) - 3-t - but yl di phenyl si | yl oxy- 4-et hyl -5-tosyl oxy-

cycl ohexanecar boxyl ate 23.d (R=Et, P=TBDPS, L=0Tos, A=COOCH3) From 2.2.d
(REt, P=TBDPS1), AfZCibELE)I=4s3 Has dr4S0@H, my 13631H, ﬁﬁ{-]%? 31BHz), 1.05 91-{

. P=TBDPS, - L=0Tq Wm—?% he yield is 82 % [a]D2S : -17.9 (c=039
CH3d ) ! H-NIVRf 13, ppm : 772730(14H m, 4.28 1H ‘
dt, - J=125, 41ﬁ (ﬁﬂn} 319@@ ia’ﬂij 1%)27 ?56%5 1&%‘ #"%‘ j;ngzl f'og% 2@%1%%415 (3H,

-s), 1.96 (1H, ’dt
J=8.5, 4.1 Hz)821,174076IQ,I§07|¢)n, 20 1, 73 (1H rr) 1.53 (2H, rr) 1. 47 (1H,

1.02 (9H, s), 3 2957, 2858, 1738, 1598
1487, 1462§ 138§%'“ﬁé EEZEMW?) %9?18@ 3P§1 -SEGQ 33@@),2%‘8612),8259(10)4225704
(1:?5 .(7(|\)/;5 g;nr 2)8y, lgejgﬁswgsqf@m@@s@%?s (100), 293 (22), 227 (5), 199 (48),
(IR 2S, 3aS, 4am (1528, 33R4aR)Oa-clirbpivethoxgid-¢ oxy- | - et hyl - 25

bi cycl o[ 3. 1. Oéheﬁ .a, 10 (R—Et P=TBDPS, A-CO&HS From 234 (R=Et,
P=TBDPS; L=OT8¥%Y loxy- LrethyirhigycloBdi0lhexare  KfFHMER=BL TBEPBDPS,
A=COOCH3) . Tha ishel, % [a]D2s : -333 (c=0.27, CH3C) 'H NVR (500
Mz, in CDCL3, (%) ls763735(1an m, 4.18 (1H, t, J=5.9 30 Hz), 3.61

3H, . 20 26a) 1 Methyl 6 361H4 1, 4%
z(a JunZ) 2004 \%D 0112%25211%CT/S épogm 125%42);&%&% 'i'x%i?' %ﬁﬂgs gcaig’)”’;ld ‘?%"9‘"%
(2H, nm), 1.36<3rhoxylate 3.449RFELI-OMs)A= @O@K:I(IQH s). O. 89 (3H J=7.4 Hz)

IR (film : 2938 solulgﬁ’ of %%Zacc?a% §"C (]Jg 9@00 3 R IE%,AiMe ?J]lg 04614rnm:tLJ(I)),28

020 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 yleld is 90 %.

&S



821, 740, 610,507 cm'. 5 M5 (mz) : 422 (M-, 2), 391 (4), Zeyngifls7  40),
337 (8), 287 &12) 259 (10), 225 (8), 199 (65), 135 (10012 105 (38).
EXAVPLE WR 0I#BI5R 35R 4aR) 3a- car bonet hoxy- 2-t - CI/EP00/12225

but yi di phenyi si |l yl oxy-1-ethyl -bicyclo(3.1.0] hexane I.f.11 (R=Et, P=TBDPS,
A=COOCH3). 10 a) Methyl (IS, 3S, 4R

SR) - 3- mesyl oxy- 4- et hyl - 5- acet oxy-cycl ohexane carboxylate 3.4.d (R=Et, L
--OMs, A=COOCH3). To a solution of nonoacetate 2' C (A=COOCH3, R=Et, Z=M)
(0.1 9, 0.41 mol), E3N (0.30 M, 2.10 mol) in 5mM of CH,d., was

added dr‘opwiH?é(MniJ (389)UR957,11729, rmBS,) 12381, ria0m tienhesst, B E, SBge 7sesul ting
m xt ure was | owed to stir at 15 roomterrperature for 10 h. The reaction
sol ution was’Pdtted into ice-water, extracted with AcOEt (3 x 50 ni). The

mbi ned ext SO4 and
Concent rated o RS0 MBS IS, ] a7 (e ‘%E?@r LI A
\Cﬁ tovr\]/"sl) S(()gCtliﬂd WOGPL 9}2]03]1?1)R(1P]9lsg,l3/59 r(r%’élzﬁ’t%% (2‘:1%@?_@1241 1175,
655 o 3 @R LbEY A dth&éeﬁ?H@pwl(zmm S b %)
4.75 (1H, dt 5 9, 9 0, {:3H 4
2. 23 ng bs S@ﬂ%a ?Efll-ﬁﬁ i 2?1242 zjfiggorf)zg)‘* 156 @1 éi’és@;l %, gﬁi%HH d,
J=8.8 Hz), Ybak éj:},dtJlSS 45 Hz)183(1Hr’r)158(2H M, 1.01

(3H, s). 25 Ns,gmfz : 322 M& 309, 291, 248, 227, 199, 166, 135 107,
78, 43 (basdaﬂmak')'5 3[egl6$HAE) 6 (c=1.08, CHCI3) b) Methyl (1S, 3S, 4R

RE . Lo MR 1S s A S es o d iz hubddivbeny bdtionys, o
(P E-TfEP(L%@I 03 gloﬁ@x:ﬁ:mi@ate o ety LoMROPABBPS, R-GHSCRY04 VIO 01/ 42253
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 )
-~ peak). | -
[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,

4



IR (film : 3439, 2957, 1729, 1438; 1351, 1277, 1174, 944, &7pnc3¥@ 757,
530 cmis ' H- NVR (500 MHz, 'in CDC13, ppm) : 4.87 (1H, t, J=3.1 Hz), 3.91
(1H, t, YOPIg22M,) 3,74 (3H, s), 3.00 (3H s), 2.69 (| RCIHEPE0/12284 (1H,
bs), 2.17 (1H, bs), 2.00 5 (2H, m, 1.84 (2H, dt, J=14.3, 4.7 Hz),
1.71.(2H, m, 1.03 (314, t, J=7.4 Hz). M5 (mz) : 281 (Mr+l), 263, 249,
236, 200, 184, 166, 141, 125, 111, 87, 78, 55_ (base peak). [a] D25 -.+51.3 -
(c=0.61, CHCI3) ¢c) Methyl (IS, 3S, 4R _

'5R) 3-nmesyl oxy-4-et hyl -5-t- butyI di phenyl S|Iyl oxy- 10.cycl ohexanecar boxyl ate-:

3.6.d (ReEt.m m(mirm —COR8)m 1038 @b -dd, S dj COOCH3)
.as descrl bed 2.8.a (R=H, OTos E D@ Cm%?m}he yi'eld is 86
% IR (fil S),OEB@H Jzé’547HZ)1738 1588, 1462, 1427 1358, 1276, 1177 1111

_;10‘3’065 3435 0 Ot S BT 90, SR b iy B %5 2P

1.6, 4.2 Hz)8)3936$3M1B5 a0333314 s), 2.09 (IH dt, J=12.9, 3.9 Hz),
2.06 (1H, r‘r)()Z o?(-)3 M) g 1H, r‘r) 1.79 (IH, dd, J=12.8 Hz), 1.65,

1H, dt, F=13cdp™4+8 Hz(;c-uswwlm m, 1.06 (9H, s), 1.04 (3H t, J=7.5

Hz) . 20 M5 ( NEREZZ;? ‘%R 65 351, 305, 277, 231, 199, 167, 135,
M[é + -

ﬁgé)fgg_sﬁar yis o?itu:étm P WQ 'SY 2R 3aR, .

bi cycl o(3.1.0] exane l}y (R=Et Wﬁ@g% ‘ﬁ\ M (B‘SAE’&Jm'%B%P%I’ (R=Et,

- L.=0Ovs, P= TBDESOO@W—B) as descrlbed for 1.a.7 (R=Me, P=TBDPS,
A—COOCI—B) The vield is 71 % IR (fi : 2958, 1723 1427, 1366, 1298,

1224 1148 a)1 MethylylS, 480 dR, 9%‘@-3-f-92!yidmnvlsdﬂoxzi9%nm!-5 Hydrd®R (500
T N N W T N
(1H, 14 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,

¥



8 June 2004 WD 01/42251 PCT/EPOQ 12225 nm), 1.67 (1H, t, J=483Jupe30041 48
(211,-n), 1.36 (1H, dd,1=8.7, 3.9 Hz), 1.05 (9H, s), 0.89 (3H, J=7.4 Hz).
S (rﬂz)w W2\ 2), 391(4), 365 (M+-57, 40), 337 (8), POVEPI225 D59
(10), 225 (8), 199 (65), 135 (100), 105 (38). 5 [a]nzs : +28.4 (c=0. 75,
CHC13) EXAMPLE 35: (1R, 2S, 3aR, 4aR) - 3a- car borret hoxy- 2

but yl di phenyl.si | yl.oxy-1-net hyl -bi cycl o[ 3. 1. 0].hexane I e.1l (R=Me, P=TBDPS,
A=COOCH3). a) Methyl : (1S, 3S, 4R 59)

3-t- butyldlphenyIS|Ionxy4 met hyl - 5- hydr oxy- 10 cycl ohexane carboxyl ate
3.2.c (R=Me,0.B25r mm& 1.5-cqp(hie3esuiiing aclatibnwastinéd 2or4 & o R OETHR-TRDPS.

A=COOCH3) (167 n%% i},gan{jrgoé @'EI calinic acid é257 , 2.092 mvol ) and ‘ i
tri phenyl phd§PRVELand mezivly ‘W}“qen e, 8:81.m@ol wesaddedebhalr opwi se
DI AD (di i sophfxayk é%@ﬁb&ﬂfi@mg 1 4@%? il QL th gn, The
reacti on sol UtIOI‘lWWaS 15 stirre 22 }ca%lﬁ g/a%? e fv)"s?o ﬁ‘ilfe Bt at ure
over ni ght . Timpetantreir exmsaed \mmrmmmzp XNAD erfl) il Ehé&\fbvééfmgsépf@ The
organic phase was separated, the aqueous |ayer was extracted wth Et OAc (3

x 50 ni) andc%lii?"ea’aé\ﬁéi’afﬂﬁ%@l flashchromatogaphives siligrarthere avasypurificd@ by
t ane/
oo P eheralER AL 47359 Simpmog e TBRES. oo

20 as. a col +COOTH;) (46 R4015%Ydsa Bk 356, 1738, 1428, 1247, 1168, 1111,
1068, 999, 893, 820, 41, 707, 614 cm 1. " HNWR (500 M, in CDCL3, ppm:

7.71 (4H,. mIR tilgs quply 311,53 2954828585 1787, 1462, 3928 11579)1272, PBOY, UH11bs),
3 60 (311, 9 , 2.19 (1H, 2.13 (1H, 25 2.04 (1H,
1(75 (13)03%’(2193% 8%]7@2 125Hz) , 1(66 (g)H bs) 1(08 (9H, 3 VS ( rﬂ(z

?% (1) 490 SEAMER IS0, in BRI T 2786l m b R )7 08 m e
_ 4.17 (1H, dt, J=10.7, 47Hz) 388 (14, bs), 3.62 (3H s), 2.61 (1H, m), 1.85-1.65
(SH, m), 1.06 (9H, s), 0.96 (3H, d, J=7.2Hz).
[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=0Ms, A=COOCHS;). The yield is 84.5 %
IR (film): 2952, 1732, 1470, 1427, 1357, 1275, 1177, 1112, 1029, 929, 904 cm™'.
A "H-NMR (500 MHz. in CDCl,, ppm) : 7.65 (4H, t, J=8.0 Hz), 7.40 (6H, m), 4.80
20 (IH, bs), 4.06 (1H, m), 3.65 (3H, 5), 2.70 (3H, 5), 2.58 (1H, m), 2.04 (IH, bs), S
1.98~1.76 (4H, m), 1.06 (9H, s), 1.03 (3H, d, J=7.2 Hz). h
| [alo®. +30.3 (c=0.52, CHCl3)
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=COOCHs3) 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
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To a stirred solution of this cyclohexene (110 ng, 0.27 mmoBuH2804y of
diglyme 30 at 0C was added dropwi se a borane- THF conplex solution (1.0 M
325 [d, WOBIARAL 2004 WD 01/42251 PGT/ EPOQ 12225 0. 325 nREWEP§R22S)) . The
resulting solution was stirred for 4 h at 0C. THE was renoved and TAO
(trimethyl am ne N-oxide, 90 ng, 0.81 nmol) was added. The m xture was
heated and refluxed for 2h. The resulting m xture was cooled to room
tenmperature, extracted with EtOAc (4 x 40 nl) and dried over MgySO4. The '5
resi due was separated by flash chromat ography on silica, then was purified
by HPLC (Cycl ohexane/ EtOQAc: 9:1) to afford corrpound 32. ¢ (R=Me. P=TBDPS,

. A=COCOCH3 46 asca coI I cm,5:. 3453, 2954,
2858, 17%7( 11%@%—;@ @ifz’e“%s?&%"""?‘f@lﬁ 'ﬁ!glfz““ééz!“'dﬁ%'mﬁbzl- 10
"HNVR (500 Misicycld]3! |lﬁan|1gA=§(§H( ;R@Mc {shfrdeZys ™M, 7.38 (4H m,

-4.17 (1H, dt, J=10.7, 4. 7Hz) H, 3.62 (3H, ’s), 2.61 (IH, n'),

1.85-1.65 (SH) @R,Z'@SGESQ-meda';txy-ﬁa%e(lﬂﬁloxy)nﬂ:ﬂ?vl?Hic}vclo[ﬁlﬂ]lﬁaxang%

(c=0.95, CI%) b) Met hyl

(1S, 3S, 4R, SS) }. but yl di phenyl si | yl oxy- 5- rresyl oxy- 4- net hy I- 15

CRon, poteopat A eiinr EaSTlGH, befMbrs Al RO s °$§?@%oia) .

The yield is- WBP%QERn(g‘,L.lZ’?)mmBBEﬁd EENZIG.EMQIZIJ.MHmo[)fﬁCHa@J%Orﬂ 7,
1112, 1029, 929 nt1 00 MHz. in CDCI3, ppm
J=8.0 Hz), 7.4bD @F e%deBWISzdﬁe(laqsrl chlopde 4 Thgmixmare ws smr@sfc(reaah as)

SHENY <§)H : mﬂ"’ﬂ'ﬁatﬂ? ing s Vs Baleg w0l Br g e 9BER oy

S)
3as car bombo hoxhase- WaﬁxtbxﬂafédphﬁmHSMWbﬁW(lewtﬁb}|aninrE)iQJv@[ ﬁz% Dﬁlsﬁﬁéa”e
Le 1(R=Me, P= TBDPS A=COOCH3) 25 From 3.3.¢c (R=

A=COOCH3) as W, pasg pusified - hy 7flash chromatography (s:hca 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, IM in THF), and the resulting solution was stirred at
15 room temperature for 14 h. The soivent -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,
20 808.3,7il5cm™. |
'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



(R=Me, P=TBDPS, A=COOCH3). The yield is 68.8 % IR (film: 2951¢200ks5,
1428, 1259, 1238, 1111, 880, 814, 742, 702 cm1l. tH NWVR (500 MHz, in CDC13,
ppm) : MWEBWPRSL ), 7.45-7.35 (6H, m), 3.84 (1H m, I3.WAELEWI2ZES 2 23
(IH m, 2.02 (1H, ni), 1.93 (1H, M, 1.60 (IH m, 30 1.17 (1H m, 1.04
"(12H, bs), 0.56 (IH, m. Sti 1+S 8 June 2004 WO 01/ 42251 PCT/ EPO0/ 12225
EXAMPLE 36 . (2R 3aS, 4aS) - 2- et hyl - 2- hydr oxy- 3a- hydr oxynet hyl -
bicyclo[3.1.0] hexane : Li.1l(A=CH20H, R --Me: schene 4) a)

(2R, 3aS, 4aS) - 2- hydr oxy- 3a-[ (benzoyl oxy) met hyl ] - bi cycl.o[ 3. 1. 0] hexane 5 4 1

To a sol uti othrofnalogeapBy ((Siica ger B AFSHRAHiséchifR 2
(250 ng, 2.77.mol) and ‘E‘Z“mfla 5m, 1211 mmol) ol EoAK "lﬁé%‘%% at oc,

was, added difpdingeopweund f-2dhPDmes 85%) hea aolotlesseilvas stirred for 22h at
t h 70 i f CH2Cl 2. Th
B?S?m gnggrg as@v\gs?s@ﬁ%’r ;?gg‘gmﬁggﬂgd%g fi l}&??'ré 435 Od‘lm‘)?” a1r9(§9t?ﬁei ed

over MgSO4. Fhencmdsi due was purified by flash chromatography (silica gel,
| sooct ane/ Et OAc: 100:2.5 , affording the correspondi ng benzoate (5.51 g,
96.5% a$ a dHNMRe§H0MHz, o CDCo) ppinkin805 (IH,SdpesxOHEE 1.882AH).t, 4. 72

oL TR AR B o DR A Lt £, S0l vent
Gol. et (Soberanel o e PILL U TRAREC AN L T PR PR, ' el

gel colum (i sooctane/ Et 7:3).7The
(i sooct ane/ EBOAH. t7I=$)1Hz)f f or di ng corrpound 4.1 (1.03g, 94.0% as a

lor (1, 4 2928.3, 1714.1. 1602.1. 1452.1. 1277.5,

Th8 1 07O, e"g%-éb%oﬁségzgh 203 (653,488 . TR, L4D6MES (I)n1@DCL3, _

6 1H, t, J=7.3Hz), 7.45 (IH t, J=7. 7THz)™

gp?s (1HlQ’ n§@k5 195 (ﬁml_)il%k) sﬁgm( 11. 5Hz), 2. 2?0, (2H, n’§ 1.94 (IH, d,)‘"
J=14. 0Hz) , J{ay.ss(aaﬂsaxp=as:z4caﬂzg) '1.38 (1H, ddd, ' ,

¢) (2R3aS, 4aS)—2-methyl-2-hydroxy-Sa-hydroxymethyl b:cyclo[S 1.0Thexane
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 Et,O (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



J =8.3, 4.3, 4.3Hz), 1.30 (1H, bs), 1.06 (1H, t, J=4.4Hz), 0878n¢3494 my 25

MS (m z):, 232 214 (1), 199 (1), 189 (1), 161 (1), 149 (1 127
(1), 110WVQ¢¥ 52%/"{05 (100), 77 (43). 67 (14). [a]a: -27.96TF5'£EP3!$’112??5 CHO 3).
b) (3aS, 4aS)- 3a-[ (benzoyl oxy) net hyl ] -bi cycl o[ 3, 1, 0] hexane-2-one : 4.2 To a
solution of alcohol 4.1 (209 ng, 0.904 mmol) in CH2CI2 (30. M) was added
30 pyridiniumdichromate (PDC, 1.072 g, 4.97 mmol ), and the m xture was
stirred at roomtenperature for 16 h. The resulting solution was dlrectly
purified by flash . 45 8 June 2004 WD 01/42251 PCT/ EFOQ 12225

chr omat ograplﬁmm&é_gan,aasm&)-zmﬂhms-h@dmeaamw QAc: 9:1 to 8:2),
_affordi 959 | or . IR (fil 17450,
'i?lg.rgl, n%4gg. E@%@ﬁhé@gyﬁg(kﬁl@ ﬁfcﬁlpﬁ gr igggolg 711(olcm

' H NVR (500 tg;}cgis
- J=T. 4Hz§ 7 }?Z(ZH o eSS Kr@“‘i“@ ‘g"?“é%g (2§deﬂﬁ§@ ’Bb o @ﬁ;ﬁ@g é“s (2H,

,2411001 2500 ad B 25 L 1H,
m 15 0Hz§ kb PL- 1HHL%, 4 58‘11.\(H§) ﬁ 179. |ﬁ_,|‘j2)a séi(uﬁgn(éﬁl.l. &R,(]f_\v%@ (202

t,

(6.9), 183 f9=CP1 L) eq,liﬁgmgl)“ss nRE) (1I1)3M$06 CmC(,lcspo WIn35@ 1400)and77
46), 51 (20 p5: -3 =4. 07, CHC13

ng 3as, 4515))"3% 13“}*1'38 %8 &ﬁgjy%%t%rwyrmlﬁ@yéﬂbi{ts-l?@}mei&ae
|.i.1(R =M

THE (4 mé“sﬁgdgi“e‘?‘”“&é‘?%%“é?’?"ﬁﬁﬁéﬁ A e Yol e VRS TR

M over 5 mi Aftgr emoﬁnonﬂmé ties sbiveny  diextresidusa®ast parifest Ty @hurdh t hi S

tenperature, then al %ﬂgl\éve? vvarm tQ roomtenperature overnight. A
sat urat ed NHE®P EtOsistasang L. Eyo: 'm§tﬂa§dé’deﬁl@ﬂQiUe(ﬁHbCh he

AT WO ST Qo 7 K4
IR (film) : 3441, 2929, 1694, 1435, 1258, 1105, 1049, 963 893 cm'™
"H-NMR (500 MHz, in CDCls, ppm): 8.81 (1H, 5), 2.47 (1H, d, J=14Hz), 2.03
(2H, m), 1.91 (1H, 1, 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, 5). |

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, q, 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)
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20'(isooct ane/ Et OAc: 5:5), affording conpound I.1.1 (Rl=Me, 3Aue3fd84) (55

'13%0 2

(500 MHz,
(1H, dd, J=13.8, 5.0Hz), L88 (1 H, d, J=13.7Hz), 1.76 (1H, d, J=13.8Hz),
1.34 (3H,
s), 0.57 (IH, dd, J=8.4, 4.5Hz). M5 (mz): 124 (2), 109 (6), 93 (12), 81

(12), 71(10),

0, i .
74/%!5%@/&239““3 solid. IR (film: : 3288.4, 2931.3, 2858.5, 1459.1,

1183.9, 1135.7, 11115, 1064.0, 1016.0, 92BCHERMA2225 | \\R

in CDC13, ppn): 358(2H s), 2.08 (IH, d, J-13.7Hz), 2.03 25
s), 1.29 (1H, bs), 1.21 (1H m, %.14 (IH t, J=4.3Hz),1.11 (1H,

10), 55 (11), 43 (100). [a]D25: -33.10 (c=l. 17, MeOH)

So 8 June 206m IR%A%Q% et 7ibed FANELI(R3 £Me, A=CHO). The yield

(2R 3aS, 4aS):
(R =Me, A=CHY

5 A=CH2

%O%t hyl - 2- hydr oxy- 3a-f ornyl - bi cycl o[ 3. 1. 0] hexane Li.2
a solution of S03-pyridine conplex (2.5 eq, 140 ny) in

CH2Cl 2 (500 L: 250 JAL)

DVBO: CH2C12 1% 2o L32ﬁa.02bé5 3B Eltﬁh' 10%7539% 63ty @ solution. of Ul

(R =M,

and ‘Et 3N (2 HlWM@DOLMHmam mnmg, ﬂim}m (Hﬂ,tgr zslglh(rm 1), 102 Flm @t -10C

to -5C,
dried (M

-~ purified b
nmet hanol :

ayer was

d - T
g5 g 3 5GP G a2 3R, £68 (1E1c8) bt on)Ed‘)sive&%ﬁa) 49

T SR S o o e

col orl ess 0|[a]ﬁ§7 -6831 (&6%0 CHO%, (f| | ) : 3441, 2929, 1694, 1435, 1258,
1105, 1049, 963 893 cml H—N (500 MHz, in CDCI3, ppm: 8.81 (1H, s),

2.47 (1H, d,E

J=13Hz),
15 [a] o:
(2R, 3aS,
(A=CHZ

N QZR,Sas 4aS_)-E—I(t(ﬂuﬂvl(hphe}w&iiyhjxy)-hdiﬂylﬂ-tib# d

1 8&,74 Meﬂng—b“%d@é%ﬁgﬂglgé ALen0n, P_TBDP%) (Schome %) "
S 1PS) 288 2 ..mtgueaecﬁmmmme%q bRy &5 U loTnekank A e Ll@

15

30

(Sch
Toa snrrcd suspension of zinc dust (5.75 g) in CH>Br. (2.02 ml) and THF (40 mi)

-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 of

the active species (Lombardo reagent).

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

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, 1451.5,1269.7, 1111.0, 1069.0, 1026.1, 741.9,

710.7 cm™.

'H-NMR (500 MHz, in CDCl;, ppm): 8.07 (2H, d, J=7.3Hz), 7.56 (1H, t,

+ J=7.4Hz), 745 (2H, t, J=7.THz), 4.81 (2H, d, J=12.4Hz), 4.38 (2H, 5), 2.68 (2H,

m), 243 (1H, d; }=15.4Hz), 2.28 (1H, 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 (2), 169 (1), 141 (1), 123 (5), 105

(100), 91 (88), 77 (57), 65 (7), 51 (20).
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From 4.2 as described for 1.11(Rl=Me, A=CH2OH). The yield i 8Jem ¥ R
(film: : 3275.4, 2921 3, 2858.5, 1431.8, 1284.3, 1237.3 ‘%éﬁ,ﬁ‘gﬁn%OGS.O,
20 1027 VOOH4BSY cm rH-NVR (500 MHz, in CDCI3, ppn): 3 “4Y, -
J=5.6Hz), 2.03 (1H, d, J=13.6Hz), 1.99 (IH, dd, J=13.9, 4.9Hz), 1.83 (IH,
d, J=13.7Hz), 1.72 (1H, d,J=13.8Hz), 1.55 (2H, q, J=6.4), 1.23 (2H, m,
1.16 (1H, t, J=4.2Hz), 1.04 (IH--s), ©.92 (311, t, 7.4Hz), 0.54 (I H dd,
J=8.4, 4.3Hz). 25 MB (mz): 138 (2), 123 (4), 109 (12.9), 97 (2), 91 (6),
79 (20), 72 (6), 67 (12.9), 57 (100), 43 (8). [a]n' : -34.90 (c=0.928,
MeOH) EXAMP[d]p3:-50 2R, (G=iS/ALIICR) et hyl - 2- hydr oxy- 3a- f ornyl - bi cycl o.

. [3.1.0] hexane 1. | =Et ). 51 8 June 2004 01/ 42251

PCT/ EPOQY %2925 Fr msgg)ﬁhﬁ - myﬁgm&mﬁ;@ﬁ -$ahydroxymethyl\p )
632 om - levfloi aaBneRie L Ao ke TR s SiSheretle
1.92 (1H, t bﬂ'gf'dl eﬂyﬁnl%ﬁ}}—m@tlﬁﬁ 3eﬂ-hbrdlq)xi Mg) lo[% -lgghefaué' 191

|
J=10. OHz) ; 2 L49 H, t, J=7.4Hz).
[a] o' : 568(A=CHSOH @PSBEXAI\/PLE 40 .

hyor oxy ot P AP e e 10 Y el @Bhessesy Cosasieds) 10

al (3a$, 4as>mgmwamemaaﬂn(Jaw,ev\b@mtmmhgeﬁdup& Borb Shheyane 43 To
a stirred suspension of zinc dust (5.75 g) in CH2Br 02 m) and THE (40

m) . at -78aCliomwasddesthed wpmsamra‘rctt}im.leo&aeNaHGOm(h‘) tﬂlm endTHQOhJ(.?@ %R s
aIIovvedto rmto 8 C and t|rred 'gg(?ste erature for h to give a
{h ok gray ). The reite@isofivion v&g aflbwed io Wi oo rosgRRERe 27 1S o
uti Oy Of <L PRR ris 2 T3 1B solfid? QalBRkkidd Bt Er.613,66 o) bnBf0AEd=d by
ar do t

port i ons the reagent at room tenperature, etone
di sappear ed (2x20 ml). The combined organic layers were dried on MgSO, and concentrated.

The residue was passed through a short silica gel column, the crude product was
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



(TLC). The reaction mixture was diluted with Et20 (40 ), $8dvug2004d NaHCCB
was added, and stirring was continued for 30 min, giving tw clear phases.
The aqW¥M42¥ase. was extracted with Et20 (3x25 m) an§CEHEPYI2R25, o5 i) .
The 20 conbi ned organi c phases were dried with MgSO4. The resi due was
purified by flash chromatography (silica gel: pentane/ether: 100:1),

. affording conpound 43 .(66 ng, 67.9% as a.colorless oil.- IR (film:
2925.8, 1715.6, 1451 .5,1269.7, 1111.0, 1069.0, 1026.1, 741.91 -710.7 cm.
25 "H- NWR (500 MHz, in CDCl 3, ppm: 8.07 (21, d, J=7.3Hz), 7.56 (1H, t,
J=7.4Hz), WistecaaefEtQAC: JI5725)dforded eampaudds d.j.LIECHION, PATBBPSKR4 s), 2. 68

2H, , 2.43 O, . J=15. , d, J=15 6Hz), 1.36 (1H, :
((). 68 (?H, t?g’éﬁ%%ﬁ* ‘3&%‘3"%@0‘?3"%@&%@%@ %S:as)fz@ﬂewlfﬁ), r2r)13 '
1), 199 . 1G9 3 1(88), 77
(4 450 OO e R IR PR TR o T
2R, 3aS, 4aS).- 2- [ (t - but vl di |si Lyl oxy) . met hyl ] - 3a- hydr oxviret hyl -

| l(ai cyc?o[’B?l&@THé&%gyjXﬁ?@%&ﬂéﬁ&g S'Iai?sP%)iy)TBBES)ya]nd ?23?13;(§T(Zan§,)-g-[(t-
but'yl di ph Y I t ' -k I . k!
P Y S A e, P U B T
m) at -5 G385 7atldesh’.BH3. THF and the reaction mixture was stirred at this
tenperature for 3.5 h. The reaction was quenched wth saturated aqueous

Nﬂ-lCCBd(- 3. 9 BrNMR({(500:dthiz, drs 6D, ppan)o 7464 (4HTHel 778k 1), 5n15s613§t(gﬂm nv)%s] .
. , t
S0l ut on et ok fiogd Ty R il 51880 4 ozt el Uy Tig2age

combi neg or@pnkA, LR, WY £ 1drs, ackre, YUSQIeng, J0nEEnkIsRLEC 26 ThA, T esi due,

was passed through a short silica gel” colum, the crude product ‘wa
pur.ified byshHALE (1Kodici=hé/ £80MSHzY,: BY2Z (S o) OL62y(1d, ndd tleBal, df7HER) neri C

Eiyfj-roxyl at e(gsg){ﬁe%cjtﬁ.‘*(&ﬁ: 2S; rat i_o, 75:25, 39 ng, 73.7% as a colorless

[a]p™ :-13.05 (c=1:40, CHCL)
- 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, t, 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 uL, 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



15 To a solution of this mxture (35 ng, 0.142 nmol), ini daBdree 208 ny,
0.720 m g.) and DVAP (7.8ng, 0.064mmol, O0.45eq.) | 3ml) was
added dr(%‘é\nms’az%DPSCI at - 0 C the resulting mxture vvab%%f 53t room
tenperature for 19 h. The reaction solution was poured into Et20/water (50
m /40 m ), and the aqueous phase was extracted with Et20 (3x20 m) and 20
Et CAc (2x20 rnI). The conbi ned organic |ayers was dried over MgSO4 and
concentrated. "The. residue was purified by flash chromatography (silica
gel, isooctane/ Et OAc: 100: 2), afford| ng the corresponding silylethers (56
my, 81.3 o additionef eald water and theasganie phase avhssoparated the aqudous layexwas e (50

‘ '?gnpgrégﬁr?mmg% a%&é‘%&?‘%ﬁ"ﬁgd‘%ﬁ Efgl n%ﬁgoiﬂ HZ%QP%Wré'ggg?méﬂ rred

for 20 h at rppHPLENRKAIME®OAL DS:55,0bi dfor@ombbidel £8 @ECHG te was
Cdiluted with B30 (50 m) veshed i tH Terhs nré’ij 552 (o 10 TBDRSP ©

I\/ESO4 alnd t hed me 2Behfo)ag colpsdesyail-ed. The resi due was passed thro;Jgh a

8 J 2004 WO 01/42251
poT) Epcy oo B (G 2981, 288k, AR08 Ak BB A S Bttt 1.1 1 (ASGHOOH,
P=TBDPS) (24 'MMRHS@O%H@,“H ¢BCIL( W 6ﬂ{T§D?§% _;éﬁ &531..72%5{} %%Bas

colorless oils. MS (mz): 379 (M- 199
(47), 181 (7)7-33¢6H( mp03.43 (74, té,slg)s,sf&),chﬁwﬂﬂdm) 218((AH%Q102R¥HB | R

b3, 7 32327?5961%?@%8&%%01#@1@ ééé?%f?@#“a%?h 2d
J=7.8Hz), 7. 4T, 2 d,

1= arg) 2 ens iR SANY G388 AR 2478 fop e R op13iEn.

4. 8Hz), U047 (0151(39) 9ad10fz) 13.6, 4. 6Hz) 1.26 (1H,- bs), 1.18 (1H, dt. J=8.86,

31:2' 4ﬁ|2§aﬁz) ey (59%(_027 CH%I(lH dd, J=8.4, 4.7Hz), 0. 35_ (1H, t,

EXAMPLE 42 . (ZS,SaS,4aS)-Z-I(t-butyldiplienylsilyloxy)-methyl]-3a-foi'myl-
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

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%



](c) :-13.05 (c=1.40, CHC13) Conpound 1k.1(A=CH3CH, P=TBBFSRC 31804 R
ilm: 929.9, 2856.7, 1471.6, 1427.7, 1388.8, 1111.9. 1086.1,
315, 13@@@?’%5%.7, 739.3, 701.5 cm'. 'H NMR (500 Mz, %’&@B&%‘s’,mppn): .
.64 (4H, d, J=6.7Hz), 7.39 (6H .m), 3.64 (IH d, J=11.2Hz), 3.57 (3H, d,
=7.8Hz), 1.97--1.87 (2H, m), 1.80 (1H, dd, J=12.3, 7.0Hz), 1.56 (2H, m),
1.22 (1 H m, 1.15 (1H, -ddd, J=8.3. 4.1, 4.1Hz), 20 1.02-(9H, s), 0.52
(IH, t, J=4.3Hz), 0.41 (1H, dd, J=8.0, 5.0Hz). [a]D': -6.16 (c= 1.65,

CHC13) EXAMPLE 41: _ o
(2R 3aS, 4as) Product wzs Pyrificdbre FPLE (cyeloharpnerEtOwe:] 6245) S affunding chinpyerida
[

(301 0 244 L30T e 9 kit “TAEE Sl Ki-Bi) dnens et oparees Dvso

(36.6 L, 051%6(6%) 3s 4 col6dttdCon. (100 .tL). The mixture was stirred at 78C
for 20 mn., followed by the addition of | .j.1 (A=CHZOH, P=TBDPS) (14 ng,

0.37 mol) i ARCHEm)Y 0: 533884, PHB1.Bes2BIAT g MBD.Me 1370 eng60.m, WeEs3y,i r red
at -78C fer L. t 3 ) , ‘435 mol ) was added dropw se and
1 2‘935717%3%5’ ?@kr‘t(@&%rlrgh 9i%éﬁm ’t-he m xture was 30 allowed to warm

stirring was conti

2004 WD 03/ 3290 P ooy 15 B UBCE PP A S RRERIONEY SHE Afpdn o

2004 WO 01/ 42251 PCTI EPOO 12225 addi Vat er’ an
phase  was sepathiHa), 200 (Abumhubes {1 bs)as. 526 H; alc Terb.8viE)) 1372GH, R0 M)

and dried over X egi dus separated by HPLC (hexane/ Et OAc
95:5), to af ?t?;ggggﬁl)p&mglh’ ﬁq’ﬁg&%)sm)tvj%@%, 28.7.% as a
colorless oi EXAMPRETI I49) : 293 ﬁgﬁ% 1699, yi— 28, 111 824, 740, 613
cmfl . ' HNVRT{B00 WFZ i n CDdaz S5 tas) 3268‘%3@ ﬁ?""é?’;‘y'sf"é%ﬂ?!ﬁ‘cl%ﬁ"' 3}
J=7. 4Hz) 10 7. [B1.0The3@ng G2 (A)-CHO A8, =0ad),(SehembHSHz) , 2. 68 (2H, m, 2.18 (¥ .
m, 2.02 (1H 159 (1 m, 1.51 (1H d "J=8.Oz), 1.25 (1H bs), 1.02
(9H, s),.0. 95" Ll1A=CH,OH, R,=Me) as described for L,j.2 (A=CHO, P=TBDPS). The
: yield is 48.2%.

IR (film) : 3429, 2967, 2929, 1691, 1377, 1249, 1102, 1036, 668 cm™'.

"H-NMR (500 MHz, in CDCl3, ppm): 8.90 (1H, s), 2.66 (1H, dd, J=14.3, 2.41-1;), -

15 198 (2H, m), 1.88 (1H, dd, J=8.5, 5.2Hz), 1.65 (1H, bs), 1.51 (2H, 1, J=14.2Hz),
131 (3H, s), 1.14, (1H, t, J=5.2Hz). ' ' ‘

- MS (m/2) : 140 (M, 2), 123 (10), 111 (10), 97 (15), 85 (25), 71 (25), 67 (30), 48

[a
(f

10
7
J

(100)..
[alo™: -99.3 (c=1.06, CHCl;) ,
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.
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- M8 (miz): 337 (4), 307 (2), 293 (4), 259 (2), 217 (9), 199 @fduye 203 (20), |
135 (24), 5 (30), 93 (100) [a]D : -52.6 (c=0.27 fﬁ@gVPLE 42:
" (2S, 3aS, 4ag)3091522%?t but yl di phenyi si |l yl oxy) - nmet hyl ) - 3a- forrcrzylﬁIell.’?F)m“‘r
bi cycl o[ 3.1. 0] hexane |.k.2 (A=CHO, P=0TBDPS) (Schene 4) Froml.k.1
(A=CH2CH, P=TBDPS) as described for |.j.2 (A=CHO, P=TBDPS). 15 The yield
is.92.8% IR (filny: 2932,2858, 1703, 1471, 1427; 71112, 824, 741, 702 cni"'.
"H NVR (500 MHz, in CDC 3, ppm: 8.96 (1H, s), 7.63 (4H, nm), 7.48-7. 35 (6H,
ny, 358(2H rr) 2.05;1.8 134 (1H, dd, J=8
5 ro) 1 od® i S 0308, Teua 0o is 8 i 2tk Ll 10593 bso
-(14), 231 (3 9 7 (20), 93 (60) 77 (70). EXEMPLE 43
(2S, 3aS, 4aS) 0‘?2 sz EBfggﬂﬁ;d%gxy 3a- hydr oxynet hyl bicycl o[ 3. 1. 0] hexane '
1. 11(A—CHon*1mm soosnmz;ranm)m, pm;t L&@mmzm dHJEDBELS, (7350( 1rm, 1 10

“mmol) in water ( se a_saolution of olefln 3 (164

e e anFY"’]‘#)ﬂEg(z\fAﬁ; fincita it (1115%1“1;15% RGP RN 5&),30 i

0. M NBEHA | NP ST ey TR w8 1o sl 2 SRR, Y

was stirred flet4.2, 16.3Hz) m@m (tl!elcrnﬁr!awmz)untsg (TRst, Bfl4.1Hx, mescuHy d)ad
coagul ated. - The solid wa The filtrate was extracted wth

E120 (2x30 mJ‘fI’z!l#HZEt@'fA(dPleé%s‘ﬁSm?3%‘}%(1%511&&@6%5 added K2CO3 (500 30

ng, 5.05 mol u S 5 room
t enper at ur e. ﬁﬁgﬂggggﬁé m@?ﬁ‘%@mﬁ@sggd@ ﬁét@ 29? (g);lég(ﬂ)c fd‘arm The
crude SS 8 J ) 129Q16))\D Y] &7 12225 product was purified by - -
'HP C (cycl ohex)eal g C))A 5%(2}9% @522”0(?15% conmpounds 1.1.1 (A=CH2COH,

Me) ad@ Lilado Ad(lk%C(FFl 53, skratio: 3:1, 68 ny, .66.6% as a -
coI orless oil. IR (film: : 3288.4, 2931.3, 28585, 1459. 1, 1370.2, 1260.7,
1183. 9, -

L
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5 1135.7,1111.5, 1064.0, 1016.0, 922.6 cnm''. ' H-NVR (500 NMHB Jupei2@HEC13,

ppn : d, J=10.7Hz), 3.07 (IH d, J=10.7Hz), 1.65
(1H, bs)&Bfﬁgngs l1H d, J=12.SHz), 1.37 (3H, n), 1.25 (3&9%"“’1’%%( |
dd, J=8.0,.4.8Hz), 0.49 (IH t, J=4.3Hz). EXAMPLE 44 :

(28,-3aS, 4aS) - 2-nmet hyl - 2- hydroxy 3a-fornyl-bicyclo 10 [3.1.0] hexane 1.1.2
(A=CHO, R =Me) (Schenme 4) From 11.1 (A=CH OH, R =Me) as described for | j.2
(A=CHO, P=TBDPS). The vyieldis 48.2% IR (film : 3429, 2967, 2929, 1691,
1377, 1249, 1102, 1036, 668 cnil . 'H NWR (500 MHz, .in CDC 3, ppm: 8.90
(IH, s), 2.66 (IH, dd, J=14.3, 2.4HELAIMS] 98 (2H, m), 1.88 (IH, dd, :
J=8.5, 5.2Hz), 1.65 (IH, bs), 1.51 (2H t, J=14.2Hz), 1.31(3H, s), 1.14,
(1H, t, J=5.2Hz). M5 (mz) : 140 (M, 2), 123 (10), 111 (10), 97 (15), 85

. (25), 71 (25).A figtHoB0f prepring 2 @6npotra] BBFGmmIA™3 (c=1. 06, CHC13) 20 EXAMPLE
45 (12S, 3aS, 4aS) - 2- hydr oxy- 2- hydr oxynet hyl - 3a- .
[ (benzoyl oxy) met hyl ] - bi cycl o[ 3. 1. 4] hexaete Lm ( A=CH20OCOPh) (Schene 4) To a
sol utiongof 4.3 (65 ng, 0.285 mmol A and NMO (48 ng, 0.344 mmol, 1.21 eq)
in acetone/water (5nl:2.5m), an 404 aqueous solution (121, 0.02 mol, 4
w% 0.07 eq) was added at 0 C. Thgd#esulting solution was stirred. for 39
h at 25 roomtenperature, then4 dlthl onite (70 ng) and Florisil (150
ng) were added. The bl ack preci|p RS, I.enmov by filtrati on and washed
with Et20 (200 m). The sol vepf\was s« apo“rat ed Under vacuum The residue
was di ssolved in Et20 containing g sial IR{armunt of acetone (100:5) and
filtered over Florisil. The crude m xture was separated by HPLC

(cycl ohexane/ Et OAc: 7:3), affordin® 30 conpound Lm next to the C2 epiner,
as the rinor product (ratio 85.15) in 64% conbined yield as col orl ess i)
oils. Fla 8 lﬁ%l'ﬁctgooll WO 01/ 42251

- 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 ;
15 - Rzis 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
20  substituted by a (C;-Cy)alkyl, a halogen or a nitro ; a (C.-C;,)alkoxjcarbonyl ;a

e
&

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,
25 \ﬁhich'method comprises the steps of

(i) reacting a compound of formuia 1

HO “'O"' OH
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PCT/ EPOQ 12225 IR (film: 33855, 2927.8, 1713.7, 1451.6, 13%dune2008#74. 6,
1114.7, 10703, 1026.2, 934.5, 711.5 cml . 'H NWR (500 - Mz, ' in CDCL3,
ppm : 8. O8VQO422Y  J=7 3Hz), 7.57 (1H t, J=7.4Hz), 7.46 POUEP00{12225
J=7.6Hz), 4.48 (1 H, d, J=11.5Hz), 4.21 (1H, d, J=11.5Hz), 5 3.49 (2H m,
258 (1H, s), 2.36 (1H, s), 2.16 (1H, d, J=14.6Hz), 2.12 (1H, dd, J=14.2,
6.3Hz), 1.94 (111, t, J=14.1Hz), 1.89 (1H, t, J=14.1Hz),.1..65.(1H, d,
J=14.2Hz), 1.07 (1H, dd, J=8.4, 5.3Hz), 0.47 (1H, t, J=4.6Hz). M5 (mlz):
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 8 Jun %004 0 142251 1. A method of reparl ng a co und of
formula (1) -"5“’3!9( Ays xysarhonylonadige-C 3) tha

-"CH2- OCOR' firietahRo CG) aI kyI ;
-Rl s hydrogen a (O %g@t@aﬁfﬂﬁé‘}ﬂa?:g&ral@{l@&?}/%& ’{jlygn%elﬁc%l s hydrogen
or a group - Ofi),convétting theaesuliing@onagdapd o formupi®oy? ; - R' is hydrogen, a
hydroxyl, a (G -0C6)alkvl, a (C, -C6)al koxy, a (G - CB) al kylthio, or a
di(C,-CB)a:fkyI amno ; - F—\ls hydrogen ; a (C, -Ch)al kaaoyl ; a benzoyi in
whi ch the phenyl is optignally 20 substituted by a (& -C4)al kyl, a hal ogen
or anitro; a (C-Coa carlgonyl ; a groyp -Si I n which each R3

i ndependent | y represen C -@@6)al kyl or a)L @
07 Nz z~ o™ " " oH

W

HO

Mieres

R
=)
N>

N

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 II, PPL, CCL, PSL and 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
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phenyl ; a'mono- or di-(C{-6)al koxy(Cl-C6)al kyl ; a tetrahgdbat2@¥nyl ; or
a.tetrah dro1oyranyl ; -nis0,1,2,30r4, 25 which nethod conprises the steps
of (WOP@&% ng a conpound of formula 1 A -30 58 8 JunBCHEEWARES01/ 42251

* PCT/ EP00/ 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,. wwth a lipase in a

vi nyl al kanoate or..an acid anhydride, and (ii) converting the resulting
compound of formula 2 or 22 R2" 2 in which Zis an alkyl, preferably a
(CG-C3)alkyl to the correspondi ng conmpound of fornmula (1). OH 2. The
met hod according to claim1 which conprises reacting a conpound 1 in 15

which A i, met hoxycar honyl . 3. . The thod according to claiml or 2 .
wherein t .'e'ﬁ}ﬁ Wﬁ&&?éﬁ‘ﬁ’é&?’g}‘? E“%Bfé&'t“é{ﬁa t"f—?b‘mef%sﬁt’&ﬂbﬁ@ﬂ!ﬁdﬁm Nig of - :

vi nyl acet glcfar sévéil Hf QAlh 8P e FoMbWing! butyrate. 20 4. The nethod according
to one of clains 1 to 3 wherein the acid anhydride is selected fromthe .

group conspretectign of hydrexy grompd)ydr i de, . propi oni ¢ anhydride and butyric

anhydride. 5. The.pethod according to one of clains | to 4 wherein the

lipase is réﬁ?%ﬂﬁm‘m’ :
o - 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,

- conversion of the carboalkoxy or carbamoyl function to the desired substituent

DA

0



25 fromthe group consisting of SAMI1, PPL, CCL, PSL and G&Jung200fne

met hod according to one of clains 1 to 5 wherein step (i) is carried out at
a tenperature in the range of 10 to 40C. 30 7. The nmethod according to one
of clainms 1 to 6 wherein step (i) is carried out for 6to72h. 5t 8 June
2004 WO 01/ 42251 PCTI EPO6n2225 8. The net hod-according to one of clains |
to 7 wherein step (ii) is carried out via one or several of each of the

foll owing steps : - protection of hydroxy groups, - ester saponification,
+ inversion of a 3- q?r o-hydroxy_group, - formation of a leaving group, -
base-i ncl (bef cormguat gEfarmitas2 662 t he desired bicycl o(3.i.d hexane, -

.conversion of the. cagboal koxy or carbarnoyl functjon to the desired
subsstituent A G0 8 June 2004 9 _ A conpound of fofnmula 2 or 2°: A ACH2
2" is which - Ais a grqup -CH,0OH -CH - OCOR

7 , -CE2RK, -CSR' ar an ethynyl
; - Ris hydrogen or T -CByal kyl ; - R §s-a ¢6) al kyl or a phenyl ;
-YR* is hydrogen, a, pxvl Ha (Cu-C6)al kyld a Ca) al koxy, a
(Cl- C6) al kyl t hi o0  or & di (@, - C3}¥al kyl ai nrfio o~ " oK

R R
2 s
in which ‘
- Aisagroup -CH,0H. -CH,-OCOR’, -COR", -CSR’ or an ethynyl ;
"y - Ris hydrogen or a (C,-Cg)alkyl ;

- R'is a (Ci-Cg)alkyl or a phenyl ;
- R is hydrogen, a hydroxyl, a (Ci-CoJalkyl, 2 (Cr-Coalkoxy, a (Cr-Cojalkylthio,
' ora di(Ci-Cy)alkylamino ; |
- Zisanalkyl,

6l



- Zis an alkyl. (1 8 June 2004 WD Ov42251 10. A conpound of8 JuBea94a 1. oH
R.in which A is as defined in claim9 and Ris a (Ci-CG)PaCITk I.f12225

PCT] Eﬁb’ﬁﬂ’é?ﬂs 17 2

10. A compound of formula 1:

N

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

23



