8 MARCH 2006 WO 03/022853 PCTI EP02/ 10062 -1 METHOD FOR THE PREPARATI ON OF
HEXAHYDRO- FU RO 2,3-B | FURAN 3-OL The present invention relatgﬁwég(&k 06
nmet hod for the preparation of hexahydro-furo- 5 [2, 3-b]furan-3- #9965
novel internediates for use in said nmethod. More in particular the invention
relates to a stereosel ective nethod for the preparation of

hexahydr o- f ur, furan-3-o0l, and to a nethod anenabl e ndustrlal
scal i ng up. ﬁgégﬁiggé furo[ 2, 3- b]furan 3-ol is an |nportan¢ 5?%§colog|cal
noi ety present in the 10 structure of rédtroviral protease inhibitors such
as those described in Ghosh et al. in J. Med. Chem 1996, 39(17), 3278-3290,
EP 0 715 618, WD 99/ GMﬁnmR\fﬁEeﬁt@ﬁmm&wmmwoms are her eby

i ncorporated by referénce. Sever e preparatton of

hexahydr o-furo[ 2, 3- b] f ur an- 3- ol ' ‘%&E%éﬁ? are known. Ghosh et al.
inJ. Med. Chem 1996, 39(17), 3278- 3290 describe an enanti osel ective
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mal at e and respec process comnprises severa
steps such as B#ticer &repgf\{eathndﬁlatgf o SP?S‘iOPFéecPYet’ﬁ?thﬂﬁ f@ﬁ thepispasstion &fi de, fol | owed
by a reducti onh&kakyiro-funef2,3 bifutahSrol,canSrweamakadchaiehabie t6 irdpstfidlstatingdp.by an
ozonol ytic cl eavage and a hydroboration step using
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synt hesi s bot h as, aR
o?hexahydrg fffFLﬁf"?%frétfoﬁF Rroseasg "'Pg'lt‘?rf) osﬁlqcséﬂ ﬁ‘h&?‘&s dftution of the

final product. JMadsChan. Ila%t,é9(17§y3ﬂ7&é§903589515é18tW%ElalaWdrofuran and

conprises the wWE@po/eds7d.r SAd publcHivhshre hefdb§intBhoAted bydfdted¥el 0dosucci ni m de and
allyl al cohol followed by a radical cycllsatlon in the presence of a

catal yst i. duction
step furni shedg hell?‘g{gg%lfghﬁe@%aﬁpagi XB r%?%)[ygr%gg’gﬁf%@?ﬁgb%g‘ &&aﬁ)a(@ |1y active
conpound (3R, 3aS, 6aR) hexahydr o- fur o[ 248-b]furan-3-0l is obtained after
enzymatic 30 resolution followed by sil gel chromatography. Pezeck et al.
Tetrahedron Lett. 1986, 27, 3715-3718\aljso)describes a route for the

synt hesi s of hexahydro-furo[2,3-b]- furapn-8-ol using ozonol ysis.

Hexahydr o-fl&iro[ 2, 3-b] furan-3-ol is also Bescribed as an internediate in the
synt hesi s of optkoaw. \Glwsh etak imé M. dPhefua9p.396-7h PR TR-3290 diesdriba tn ves
(Uchiyama et abani&ibiaeinngs Lidiain RA0GR 42 6k ARSCAGHR, bes) Rianget Step in

this 8 MARCH 2919 QZW]RJ%/I\% %élsnS(‘;gpt]Ezﬁ:lT /plérlzqz Qanmg from 3(R)-diethyl malate and
3(S)-diethyl malate respectively. This process comprises several steps such as an

20 allylation step using lithium diisopropyl amide, followed by a reduction step, and
further a Swern oxidation step followed by ah ozonolytic cleavage and a hydroboration
step using 9-borabicyclo[3.3.1]nonane (9-BBN). Ghosh et al. also disclose a racemic
synthesis of both the (3R,32S,6aR) and (38, 3aR, 6aS) enantiomers of hexahydro-
furo[2,3-]furan-3-0l followed by an enzymatic resolution of the final product. This

25 latter synthesis starts from 2,3-dihydrofuran and comprises the step of treating said
intermediate with N-iodosuccinimide and allyl alcohol followed by a radical cyclisation
in the presence of a catalyst i.e. cobaloxime. An ozonolytic cleavage followed by a
reduction step furnished the racemic hexahydro-furo[2,3-b]furan-3-0l. Optically active
compound (3R,3aS,6aR) hexahydro-furo{2,3-bjfuran-3-ol is obtained after enzymatic

30 resolution followed by silica gel chromatography. Pezeck et al. Tetrahedron Lett.
1986, 27, 3715-3718 also describes a route for the synthesis of hexahydro-furo[2,3-b]-
furan-3-ol using ozonolysis. Hexahydro-furo[2,3-b]furan-3-ol is also described as an
intermediate in the synthesis of optically active perhydrofuro[2,3-b]furan derivatives
(Uchiyama et al., Tetrahedron Lett. 2001, 42, 4653-4656.). The key step in this



-2 procedure is the oxysel enenyl ation of 2,3-di hydrofuran. This procedure is
suitable for wuse at the |aboratory level, yet not anenable for scali r}g up.
Al t hough the two synthetic routes described by Ghosh et al. proquéRC 2006
(3R, 3aS,6aR) and (3S, 3aR, 6aS) hexahydro-furo[2,3-b]furan-3-o0l in
reasonabl e yields and high 5 enantioneric excess, they both are only
feasible on a | aboratory scale, but, for a nunber of reasons, are not
anenabl e to WRIWYRPSRI scaling up. For exanple, these knoVI/EFEYIMEL suffer
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rare conpounds, such as the N-iodosuccinimde, the catal yst cobal oxine,
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hexahydr o- f ur o]'&y bevhiemperatyres. dhe ragemisyouts nerds ayenzymaticaesglutionindbfingbt hods 25
and t heir drawstagkfthe $yinthesis followdidty sidiop g purti ficapiero \HuetBermorepthbiaderhio routen e

synthesis qb  BewaWel B s @agag d2h oW Varal-ilss balabl BrikifatmyifbAhEREOT

i ndustrial scall ntggep A furtlhe({i&gt OﬁJﬂ%Ct of the. ahesent Inveption.is to
provide with a%lBFECYRIWAP, EdRE B?Jr?ﬁ?‘\“gi“ﬁ‘bg LPERLREP GiCR“ TR

st er eocheni st r yheddst sten efithresynthesisswhgreby prinh manmpouef$8%ivield ofdesitdd] ed, whi ch

ﬁ' | O\fllvsdt hef SYNem@fibriier@hn bd\dbtsikedl BOthIAIREWn Mlutes also produce a lot of waste suchas g
exahydro-furo - nan- 3- ol t t t rovi de

With a method \%\ﬁ}legxﬁéja]g{j F%t\%gh ?ﬁsgin‘ésr %’gﬁﬁ%‘hﬁo E’ﬁlé)sf Ihgge l&g&'n %Qémgfs are ot Etﬁtaﬂe

hexahydr o- £20r of? the-nsedugtionpfgptinally ppresteerisomers of hexahydserfpapl23rolfragrks! t han for

t he above- desonabmdusméd balds and with an enanti oneric excess higher than 50

% Another object of the present invention is to provide with a process for

manuf act uri ng hexABMAbRet of tHePredend trértivh Ao Broide Wlinfkovied® mefhedlseed from
readily available starti.n LJTRL

o2l |y et oo UNR TR Sl nef SRR CORLUSL gt 0 11
are useful 28s prdbeir davhackn It kanafien ohiecs fospreyideemethydforthe synghegisof 3 -1 fu
ran- 3-ol . hexahydro-furo[2,3-b]furan-3-ol, which is suitable for industrial scaling-up. A further

object of the present invention is to provide with a stereoselective method comprising

steps wherein the stereochemistry of intermediates or final compounds is controlled,

which allows the synthesis of the stereoisomers of hexahydro-furo{2,3-b]furan-3-ol.

30  Another further object is to provide with a method which allows the production of
hexahydro-furo[2,3-b]furan-3-ol in a overall yield equal or higher than for the above-
described methods and with an enantiomeric excess higher than 50 %. Another object
of the present invention is to provide with a process for manufacturing hexahydro-
furo[2,3-b]furan-3-ol which is produced from readily available starting materials and

35 reagents. Another object of the present invention is to provide with novel intermediate
compounds, which are useful as precursors in the synthesis of hexahydro-
furo[2,3-]furan-3-ol.



8 MARCH 2006 WD 03/022853 PCT/ EP02/10062 -3 The authors of the present

i nvention have surprisingly found a novel and inventive nethod &Eﬁf‘)%

synt hesi s of stereoisomeric mxtures or stereoisonerically pure forns o h
ex ahydro-furo [ 2, 3-b] fiuran-3-o0l . 5 Thus, the present nethod involves

the synthesis of hexahydro-furo[2,3-b]furan-3-0l starting from an

i nt er medi atevg)é]o%)?{sg}ll a (1) wherein P1 and P2 represent e%go%/ﬂggpendently

a hydrogen, a hydroxy-protecting group or may together for I"nal - di ol
protecting group, transforning said internediate of fornmula (1) into a
nitromet hane 10 derivative of fornula (3) wherein RL represents al kyl, aryl
or iar al kyl, | Eﬂmem&mﬁemqse préfllinGationtavéupakioRs found a hew amdmteatian al kyl ,

aryl or aral ky . . R . atons to
whi ch they ar elméettht%gg ed Sk%@&isﬁff%g}émé&&g”@‘%ﬁéﬁgﬁ %g‘)?%‘{?"?’gyé{'ﬂr%ﬁ%ﬁ‘ \L;I\Efl ch maybe
optional Iy subdeahydredrei2oiblraesiol aral kyl, or aryl, P30 OP2 R2 15
subsequently transform ng said nitronethane derivative into a

t et r ahydr of @r afThug] éweipreatnt wethod infaresuhesy(tbysiswii bexahyircoRo[2 A1 fomeitd an

al cohol at e sucRaaRe #mHNKMbiAENiate OF PHRula AY wheEinlP" Bl GEpresBftichddd Use of a Nef
reaction, HO CH

1 OR4 6. and then transforn.ng the internediate of. fornula (6)
[ nto hexahydr o Pty ARyiroeeta Bresy grotesting mwpia or oy e (RE 2 BFinal
i ntranol ecul ar dio) protesting E0vPy wansiormping sapd intpreediateonf dormplal{bdnta agutromethang t her
advant age of using readily avail abl e star%biagg material, such as an
r

O-protected gl yceral dehyde. The reagents ther used in said nethod are
safe and avail able in bulk. Furthernﬁ‘é,\/énﬁxﬁstep of said nethod provides

with the 25 desired conpound in good yieldAMreover, each step of said
met hod can be perforned stereoselective, v%i ch allows the synthesis of pure
st er eoi SONENI C dévatiee affforSiuNARGrheAOR' DeBtk ARIISEF] dPEBIR®2 rpph&ids - 4 sai d

conpounds When pysbas or BARHORAME FRIskr a9 hiyF & draficy W R S fbdehNgharr@L er i al
and reagents.  Thus he . et hod ccgrm ng to tne 11t1)refsent i nélenf on, is
amenabl e to i ndAYER PFgﬁler wg@itreiagodr_lsﬁ%}w ich they are attached may form a 6 to 8-membered

cyclic group which may be optionally substituted with alkyl, aralkyl, or aryl,

OP2 R2

1
P10 COOR?1

3 “NO,

15  subsequently transforming said nitromethane derivative into a tetrahydrofuran
derivative of formula (6) wherein OR* represents an alcoholate such as an alkyloxy
group, by for instance, making use of a Nef reaction,

HO

21/\/%
o

g OR4

and then transforming the intermediate of formula (6) into hexahydro-furo{2,3-b]furan-
20  3-ol of formula (7) by way of an intramolecular cyclisation reaction.

oo

00
7

The above method has the further advantage of using readily available starting material,

such as an O-protected glyceraldehyde. The reagents further used in said method are

safe and available in bulk. Furthermore, each step of said method provides with the

25  desired compound in good yield. Moreover, each step of said method can be
performed stereoselective, which allows the synthesis of pure stereoisomeric forms of



5 1n a preferred enbodi nent, the present invention relates to a nethod for
the synthesis of hexahydro-furo[2,3-b]furan-3-ol of fornmula (7),_which
conprises the steps of a) condensing an internediate of formula §YWAREH 2006
P10, -H1 O resulting in an a.43-unsaturated ester of forrmula (2), wherein
P, P2, R and R2 are 10 defined as above, OP2 R2 P10~ ,,, ~ORlL 2 2 O b)
reacting said ester of formula (2) with nitronethane resulting in an
i nternedi ate BP34%8%%ul a (3), P10 OP2 R2 15 c) submitti ngPSHEH216%r nedi at e
of formula (3) to a Nef reaction |leading-4-0 internediates of fornula (4)
and (4') OCOORL OR4 _ 'OR4 4 4 d) transformng said internedi ates of
formula (4) and.,(4.hnd ks | . : 20 e)
converting int g?%&%gﬁghﬁ@g&%’ﬁ&aﬂ%G &%%ﬁlgpt%gﬁ%ﬁségﬁ%g %?nnﬁljlls@ (37) by an
i ntranol ecul ar "R sYF e’r“%‘é‘rﬁj‘i"&‘ﬁ.'“ tO\PGREESCHIBENNRD 1B 2Nensdlg kogindustrial
PCTI EP02/ 10062 sc8ingiypa nore preferred enbodi nent, the present invention
relates to a nethod for the synthesis of hexahydro-furo[2, 3-b]furan-3-ol of
formula (7),5 Wih @ prefédidB einb&fimért @heSpree invehtion relates to a method for the synthesis

of hexahydro-furo{2,3-b]furan-3-ol of formula (7), which comprises the steps of:

a) condensing an intermediate of formula (1)

oP2
P10 H
1o
resulting in an o, B-unsaturated ester of formula (2), wherein P', P?, R' and R? are
10 defined as above,
OP2 R
P10. = ORt
2 9
b) reacting said ester of formula (2) with nitromethane resulting in an intermediate of
formula (3),
P2 R2
]
Pio COOR!
3 "NO,

15 c¢) submitting said intermediate of formula (3) to a Nef reaction leading to
intermediates of formula (4) and (4°)

o)
HO R2
R2
COOR!1

4 ORé 4 OR4

d) transforming said intermediates of formula (4) and (4°) into an intermediate of
formula (6) and,
HO

g\/OH

OR#
20 6

e) converting intermediate of formula (6) to the compound of formula (7) by an
intramolecular cyclisation reaction.



a) condensing an internediate of fornmula (1) wth a suitable
oxycar bonyl net hyl ene 5 reagent of fornmula CHRZR5-C(=0) -OR whe ﬂ%‘&lzﬂ&g]
R2 are defined as above and R5 represents a hydrogen, a car boxél ester, a
phosphonium salt or a phosphonate ester, P2 Pro H~Oresulting in an a4
-unsaturated ester of fornula (2), wherein PP, P2, R and R2 are 10 defined
as above, 102 10~ ORL 2 Ob) reacting said ester o royla (2) with
ni t romet hanev%%,g%lﬁ%slsgg in an internediate of formula (3)§C1f| R2 15 c)
subnmitting said internediate of formula (8) to a Nef reaction by treating it
with a base and subsequently with a strong acid resulting in a m xture of
i ntermedi at es ai a mof piferded (efbodithent( the Ppresentifvedtioh fdates & abethelf forteel above, HO
R2 COORL 4 CRA (g (R4 s fkaiRfablfubd]2, §-Bfifrafis-ol St fBHnlula7E Which ORI AHOGER.
decar boxyl at i nsé.ntt'?]e i nt e?%&?{atdlsf of‘ﬁr for mu éla?(Zf arfhc?@) tﬁus orm ng
i nternedi ates of fornula (5) and (5") respectively, 8 MARCH 2006 WD
03/ 022853 PCT/ EPG21ide0ghean intgrmedidé of Hribyla Q) withla seijablegdparbogylmathgienedi at es  of
Eg;mﬂg Eg) )sand géég}mmh%gmacﬁazn%c(emmg@ﬂereigm' aﬁm’earra&din_eambwedfornw?
an ") wit sui t e.r cing .agent resulting.in .intermediate o
formila (6) and. "BORyHPieRRs S FOHG AR el R Bio el Fhe Compound of
formula (7) by arPhosphenatessiPlecul ar cyclisation reaction.
OP2
P10, H
156
resulting in an o, B-unsaturated ester of formula (2), wherein P!, P?, R! and R? are
10 defined as above,
OP2 R2
P10 Z OR1
2 90

b) reacting said ester of formula (2) with nitromethane resulting in an intermediate of
formula (3),
OP2 R2

1
P10 COORt1

3 NO»

15 ¢) submitting said intermediate of formula (3) to a Nef reaction by treating it with a
base and subsequently with a strong acid resulting in a mixture of intermediates of
formula (4) and (4’), wherein R? is as defined above,

0
0O HO R2
R2
COOR1
5 OR¢ 5 OR4

d) only in case R? is different from hydrogen, decarboxylating the intermediates of
20 formula (4) and (4°) thus forming intermediates of formula (5) and (5°) respectively,



The order of the above nentioned steps in said process may be different from
the 10 al phabetical order cited above. For exanple, step (a) and_(b f said
process may be inverted provided that an oxycarbonyl net hyl ene ré Hgz006
formul a CHR2R8-(-0)-ORS is used instead of one of fornula CHRZR5-C(=0 -OR
whereby Rs differs fromR5 in that R8 can not forma Wttig or Honer-Enmmons
reagent such as a phosphoniumsalt or a phosphonate ester. Also, in case R2
i s hydrogen, ﬁ'or"éfﬂ{%&?i on of the C(=0)-OR 15 noi ety anal o§6TEPEIMhe one
described in step e) may be perforned pri-6+ to the Nef reaction of step
(c). Oxycarbonyl net hyl ene reagents of fornmula CHRZR5-C(=0)-OR wherein R5
represents a carboxylic ester are ffbr instance dicarboxylic esters of
formula RO C(=0-CHR2 20 C(=0 - (R Oxycar@bdnyl net hyl ene reagents of

formul a CHR2R5- C(=0) - OR wherein represlents a phosphoniumsalt may for

i nstance have the fornmula (R6)3F wherein R6 is al kyl, aryl or
aral kyl . Oxycar bonyl et hyl ene r mulCQOEHR2R5- C( =0) - ORS wherein
R5 represents (R70)2P(=0) - may f@ N nstance Qave the formul a

(R70) 2P(=0 - CHR2- C(=0) - ORS whereinsR7 i s al%yt, aryl or 25 aral kyl.

Suitably, the invention rel ates a hod wherej n,PT and P2 together form
a vicinal - diol gpfegv%%lrﬁgneafa&aﬁ? %awdgﬁ?imtem@mﬁ‘ hydEeR. A5 - di of
protecting group intermediziesof formalsi($)end (S0k it 4 wiable mdyxinghagent reswitingi® unaf f ect ed
during the base t [Rah8BAt ofSb@RuLl6) idae 30 Nef reaction. Preferably, said
vicinal -diol protecting group is selected fromthe group 8 MARCH 2006 WD O
3102 2 8 5 3 PCIT/ EPQ2/ 10062 -7 consi HQ ng of nethyl ene, di phenyl net hyl ene,
et hyli dene, 1-t-butylethylidene, 1-p i dene,

(4- met hoxyphenyl ) et hyl i dene, 2,2, 2-tr\chl oroethylidene, isopropylidene,

cycl opentyl i dene, cyclohexylidene, cyciql yl i dene, benzyli dene,

p- met hoxybenzyl i dene, 2, 4-di met hoxybenzyl i dene, 3, 4-di met hoxybenzyl i dene and
5 2-ni trobenzyl fydeRRertihSinRr&phke S6hRIa" (6o ARRELbSBALS foRdulf (M bf 3 t 0get her
forma dial kyl rren%h Ilen? sucf.h 23 Al sopr opylidene or a 3-pentylidene
radical . Interestl §¥9/F%“|aﬁ§¥°-'5q O "BF'8Pecti ng groups are those protecting
groups that do not cause an additional stereogenic center in the

i nt er medi at es ofheasdergf the abpye mentionedhweps B said process nwiyibe different fram ghed R3 each

i ndependent |y alphabetichladrdey titedabiyle. B6r extinyipl€] step @d) land (b) bfsajdPirddehadbe

N e °§°|a?"agylg OB SPRAER CHICRT LTI
pentyl, and p’reilsélf‘ﬁﬁ?ﬂtﬁgxﬁmﬁﬁ 0 ““’gg@ raehe é’ﬁfrw srdé}f%é"?fi}hi et hyl or

iert-butyl. that R® can not form a Wittig or Horner-Emmons reagent such as a phosphonium salt or

a phosphonate ester. Also, in case R?is hydrogen, a reduction of the C(=0)-OR'
15  moiety analogous to the one described in step €) may be performed prior to the Nef
reaction of step (c).

Oxycarbonylmethylene reagents of formula CHR2R5~C(=O)-ORl wherein R represents
a carboxylic ester are for instance dicarboxylic esters of formula R'0-C(=0)-CHR2-

20 C(=0)-OR'. Oxycarbonylmethylene reagents of formula CHR’R*-C(=0)-OR' wherein
R? represents a phosphonium salt may for instance have the formula
(R®);P=CR2-C(=0)-OR' wherein R® is alkyl, aryl or aralkyl. Oxycarbonylmethylene
reagents of formula CHRZRS-C(=O)-ORI wherein R’ represents (R7O)2P(=O)- méy for
instance have the formula (R’0),;P(=0)-CHR?-C(=0)-OR! wherein R’ is alkyl, aryl or

25  aralkyl.

Suitably, the invention relates to a method wherein P' and P? together form a vicinal-

diol protecting group, and particularly, the vicinal-diol protecting group is an acid

labile protecting group that remains unaffected during the base treatment step of the
30 Nefreaction. Preferably, said vicinal-diol protecting group is selected from the group



R and R3 when taken together, denoted as -R -R3-, preferably are -CH2- or
-CH2-CHZ- optionally substituted with qg.6al kyl, aryl or arylCl_ §ﬂ;§1¥bH2006
Suitably, R4 is a Cl-6alkyl, in particular, R4 is nmethyl, ethyl,

i sopropyl, n-butyl, 20 isobutyl, sec-butyl, iert-butyl and pentyl and

preferably, R4 is rret hyl or ethyl. In a pref erred enbodi nent, the present
invention relygy t?, g, a stereosel ective process for the pg Aob@n of pure
stereoi sonmers o ﬁexahydro furo[ 2,3-b]furan-3-0l, in particular,

(3R 3aS, 6aR) hexahydro-furo[ 2, 3-b] furan- -0l . 25 The term

"hydr oxy-protecting group” as used herein refers to a substituent which
prot ect s hydr oxgisisgngefpeettyirae, mighenyirdetkylenebétleylidersct-i-butglettiylidengg synt heti ¢
procedures s uqtbhasylétMaaermﬁé&I&%Hem)ed&ma 2d_>| zsalcma%@hhy]ﬁueﬁz eene,

(onnsstue, O uRepief? ARyl BEBongbl SRl Rt SRBTaheY oL K
exanpl e, net hoPymsh qubcnzwém2 tRyrrthopyhenzylidenged, rdimegonmenrtidengland

2- (trimethylssi Rydiededmokdenet iyl most prbfatrgd embo@ifeyi, Podnd P? togethéraont adhikyl ;

t et rahydropyr awmﬁhpﬁfcﬁr Hﬁiﬁgﬂé‘eﬁx@? Eéﬁ?lﬂ r{%‘?{ld?cal for exanpl e,

2,2,2-trichl oroe trinethylsilyl,

t- butyldlnethyIS|I and but yl di henyl IyI and esters epared by
reacting the h§’d?r6g}/‘§7$ °\H"ft¥f“&g 8“R§éf°oth pfogectipg goups dhat &%ﬂ%ﬁ?“é"' acetate,
pr opi onat e, beraz@tailt@nalrsterOBellct ¢ekter mTTkeentbmemat'evoﬁﬁonmﬂa €1).d¢?) gpd 6¥ect i ng gr oup”
as used herl@i n ref ers to protecting groups in the acetal or ketal form and

in the orthoestseft mndﬁci%dhfm& aiaemlaasc.quﬂh&ymﬁ@:ty&gganag mgﬁrﬂélﬂar' n the

acetal or ketal for i,nchbu |l ene, 8 MARCH
5606 V0 03 225 ek TRe TSR 4 ea‘im#éﬂe“ﬂe‘%yt“ R ﬁ%}’m&&
1- phenyl et hyl i dReRePYl( byt nda%n%wyletprﬁyhﬁﬁ@emﬂzm@ pcht:ruablbrﬂ @mb&t hyl i dene,

i sopropyl i dene eachyindepgidertlylarectactieyl, ethytdrabrekythl. dene, cycl oheptyl i dene,
benzyl i dendgs p- nmet hoxybenzyl i dene, 2, 4- dinethoxybenzylidene

?h4 g' met POX%/b@{“%Xd Rﬂﬂ%tak%\ﬁh&ﬁe?ﬁﬁﬂ&%’d dsdRNR3. ﬁ{:ﬁll' %Eﬁcblfl Ct ﬁxfmp' es of
e 5 protecting,.graup i.n fhe.or nc oxyne yl ene,
et hoxynet hyl ene&'I éﬁ Wﬁﬂf‘l‘tg‘ﬁ‘éﬁ"ﬁ "ﬁ’%i’ hBXVE ARy r"ﬁlgﬁ

- et hoxyet hyl i dene, -dlnethoxy et hyl i dene, al pha- nethoxybenz | i dene,

| - (N, N- di et hylstvrﬁtlbilua)1 sttt isallpd i partieuiscR ls(meﬂwlm%tmnyhmon@yylkye utyl i dene,

2- oxacycl opent ydobateinec-batyl; seributyllasd peatyinandprsfetablyaR’ i sethyh@retiyh al one or as
part of a group refers to saturated nonoval ent hydrocarbon radicals having

straight or brgng) %%fln@é/élﬁ%%ﬂﬁ Bﬁle éxﬁ'ﬁwggim'ré‘atesttg'?st ééS’s’éfect‘iJégufroc fréast 3

carbon atons arge oresent, C S or _coppi nat i reof and
contains | to 3t REcparslien ofip t e@i‘” ydrofprolayt- rf“b P “b%f‘r"‘lﬁ‘} 'at ons
(G _ioal kyl), [¥RsBas;B) hexphydeo- 8r0¢é3-blfwalaﬁtolrs (G _salkyl), nore preferably I
to 6 carbors

The term "hydroxy-protecting group" as used herein refers to a substituent which
protects hydroxyl groups against undesirable reactions during synthetic procedures
such as those O-protecting groups disclosed in Greene, "Protective Groups In Organic
Synthesis," (John Wiley & Sons, New York (1981)). O-protecting groups comprise

30 substituted methyl ethers, for example, methoxymethyl, benzyloxymethyl,
2-methoxyethoxymethyl, 2-(trimethylsilyl)ethoxymethyl, t-butyl, benzyl and
triphenylmethyl; tetrahydropyranyl ethers; substituted ethyl ethers, for example,
2,2,2-trichloroethyl; silyl ethers, for example, trimethylsilyl, t-butyldimethylsilyl and
t-butyldiphenylsilyl; and esters prepared by reacting the hydroxyl group with a

35 carboxylic acid, for example, acetate, propionate, benzoate and the like.

The term “vicinal-diol protecting group” as used herein refers to protecting groups in
the acetal or ketal form and in the orthoester form. Specific examples of the protecting
group in the acetal or ketal radical form include methylene, diphenylmethylene,



15 atons (Cl.6al kyl), and even nore preferably | to 4 carbon atons
(C _4al kyl). Exanples of alkyl radicals include nethyl, ethyl, éH

i sopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, pentyl, i 3@?, 2006
hexyl, cyclopropyl, cycl obutyl, cyclopentyl, cyclohexyl and the |ike. The
term"aryl" as used herein, includes an organic radical derived from an
aromati ¢ hydrocarbon by rennval of one hydrogen, and include nonocyclic and
20 polycyclld”?&HP€§?s such as phenyl, biphenyl, napht hyPCT/ER2/1¢0

"aral kyl" as used herein, relates to a gg-oup of the fornula aryl-alkyl in
whi ch al kyl and aryI are as defined above. Exanpl es of aralkyl radi cal s

i ncl ude benzyl g ?&%tlhyﬁutﬁ&ﬁylfdpfe lk)ife%yle{l; ?fhfr(ﬂhﬁﬁ% yny})@tg?'l ﬁg herein

al one or as part g Cﬁngﬁ}u refers o an 5 wherein the
termal kyl is 8t thyhdsoe isopzopylise WiAene, eyrlghexligeneal i ncl ude

met hoxy, et hox;cyclnhqprybpmWenzybégxeqpmwoxyherbmhdmy24rdsmetbevtxbwyh®ec; but oxy,

t ert - but oxy anch 4—h\ﬂmeﬁxbkﬁ>enz-l}h&n5 thob%b@he&s edte Ghi h‘;féclm Q%ﬁﬂ?es ofifhe

"stereosel e%t I é:?ot%t,t\ﬁg ﬁroué indReé c%hoes(e? k‘o@m i ?\?d% %e&ho&ﬁ ene e?hc?‘%r%gthﬁlgn a Process

or a step wher pure

st er eoi someric qifﬂ?th%"YB‘Ftht'lﬁ’éﬁ’ &ﬂ?ﬁ@ﬁ%&)’“é@% 'n?‘b?’%’gtbyl!ﬁe’éﬁ’ g’Btdamﬁb‘d‘yat the end of
said process Grthylidénd, zﬁﬁlﬂmem'Bhﬁaehmmnest-efH{dﬂh&lmlmhd))emyﬁdumrallphai orms" or

" st ereoi soneri b |l possible isonmeric as
wel | as confor r%g{]\?gl% or %ﬁ&%@gﬂeﬁpgﬁcy@lﬁpeq 1!#%@}{%@ bonded by the sane
sequence of_ bonds but _hayin ff.erent three-dinmensional structures which
are not i nt@cﬁ&'ﬁé@b? y %‘?E‘ﬂhﬁfﬂﬁﬂ%ﬁﬂié’s%‘?m? faEEREders fosetiitdai ned  duri ng
sai d process nuyorpwgvebﬂiroearbbeydlcgls h&1ing straighteon bianehed hydrodarigin clairsdr, it he

chem cal desi gnmd évemt i atde8OIRBA tofR GRTRAER S clid W dfbtarbdHs Or &fmbidatioR0SSi bl e 8

VARG 200600 (gl 0420 T} PR AORG2 1 ShEheRs (A kG © 1o

whi ch said conpou

di ast er eoi soner(§r- 'Oéh‘é{hﬂe@iﬁﬁ’%l Qrfrasen algmf Grinelky), B’I"r"cﬂﬁ%fe’lﬁhlé’lléo BRI ar
structure of5 saitansqCngathyhchnd benendreprpirablycub drcarbet aoeo@hralkyllc dxteples may have
the R or & C%Hk@%ﬁ&dlﬁﬂelu&'xﬁéﬁﬁre i, %%W Ropfspil, '?ﬁdﬁ?y] ﬂso‘iﬁii}r sé}[but 1,

anti-configurat i t d radjcal s may
have either t hé”&ggty ]SB‘I”“%[E'T%WY}CEW] §¥ﬁ]°éfcfpé' ¢ ﬁtk?i’“&gfwg?&?f%ﬁ %ﬁf’g a‘?’fiay have
the E or Z- confthgiikeaiTheierm Aryl” as usedlredininciudes 3n dreanipapdical d¢r0'|e¢r§0mfansal d
conmpound bot h idforfdiic @ydro¢aiBofi by remoRsl b ¥idHy@rogéd, anﬁﬂéﬂiﬂeﬁﬁdiﬂ&yoﬂé ald ntended to

be enbrace dZdM tl{a 8)3%3@ $?d$c%ﬁ ps%cl‘P;s é)thgh 1, B %§r§i] tn]gﬂ?%'? nh‘}eq ;Lpallf) qu

st er eoi soneri c

material or red§EHt Elade t?reﬁliovrbﬁfébe ihewéf #YLAY! oy hipheadk gnq %faslrﬁéfrass
substanti al | y fdefredaboveoERanplestd atalkyhmadicas includhi teszyd pbenethyl sdftierliks. of t he
sane basic nol ecul ar structure of said conpounds, starting material or

reagents. Suit afteYermt“BRotye affused h@ i AloBOSTRE b&bbfl azroup refers to an alkyl ether
25  radical wherein the term alkyl is as defined above. Examples of alky! ether radical

the starting

include methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, iso-butoxy, sec-butoxy,
tert-butoxy and the like.

The term “stereoselective process” and “stereoselective step” as used herein, essentially

30 relates to a process or a step wherein when using an optically pure starting material,
pure stereoisomeric forms of the compounds of interest are obtained at the end of said
process or said step.

The term “stereochemically isomeric forms” or “stereoisomeric forms”, as used herein,

35 defines all possible isomeric as well as conformational forms, made up of the same
atoms bonded by the same sequence of bonds but having different three-dimensional
structures which are not interchangeable, which compounds or intermediates obtained
during said process may possess. Unless otherwise mentioned or indicated, the
chemical designation of a compound encompasses the mixture of all possible



pure" conpounds, starting material or reagents relates to conpounds,

starting material 15 or reagents having a stereoi soneric excess &{A 'ﬁ@qﬁ
50% (i. e, mninmm 75% of one isoner and nmaxi mum 25% of t he oth M e

i somers) up to a stereoi soneric excess of 100% (i. e. 100% of one isoner
and none of the other), preferably, conpounds, starting nmaterial or
reagents haviwrtg 3%zz%gsereoi someric excess of 75%up to 100?/quTr/E}|;j§wMgreferabl Y,
conmpounds, start] ng material or reagents having a stereoisoneric éxcess of
20 90% up to 100% even nore preferred cdnpounds or internediates having a
stereoi soneric excess of 94%up to 100% and nost preferred, having a

st er eoi soner i c steerdemialdy is@éhicfprmisovhidiG8id cdimuhd map posesnaadnimir€aiy y pure”

and "di astereO@tﬁﬁah bisteredidbirfers, SRl ORNERFRE9dr hEpRicThdTidudF WYy, but

t hen havi ng reg:s; to %ipe enant | OJrer.i C .e>l<cess, resge%ctlvel t he
di ast er eoner i ¢ SBEREEY sgf compound., Maredn pati AL @genio m'ﬁﬁﬁéﬁ“{‘ﬁg'%t hods
for preparing Steentmrationghiastereeoisgmersmay kaymp axm dsarafcohfigumation, siisyituentscor di ng t o

the present si nygBivhie cyéliclsatardied PAdRAR @14§ hiveRithd: @ Bl 6F ARisONBLlaGS) 4 PUre

starting materials, it nmay be desirapblecto furthe rif.y the conmpounds and
I nt er medi at es SGQ%readlacf)lﬁ |§§?Vie%hes%?ralgﬁnﬁ é“rf%t\lfx%)' pAE] rslgefr%’g}éetn}lééll}y b‘c’f"élg%lur es. For

i nstance, 30 &7asef Gideemponngd bpd iz pyse fosm oFinfadwinture with gach etherare infradede| ect i ve
crystallizati om fentbheeed witldh s sepe ofthe preseatihtention.t h optical ly active acids.
Alternatively, enantionmers may be separated by chronmat ographi c techni ques

using chiral sballsRAMYmERASER of PRIMEdnAiERE AR uld BPdnd of the starting

hexahydro-furo[ 2, 3-b] furan-3-ol . has three siereogenic centers_an 35
theoretical ly atﬁ’#f%#@ﬁ"t‘“%"ﬁ%%‘?%@%‘?‘g ar§|48’{1ﬂeﬁa§) (48 ) o S@ﬁ‘f"gﬁahy QF%‘%eoi SONers
are deened to ethesenantiphiesc pryliajtereomeri¢ foamy ofdhiechamg bastc méleculsr stpetureof

ringst ][uct gre isdid bR bxydémmﬁﬂgr@ater{azor%&ghﬁts{rm@y,qhemediblrsoaddﬁ;feﬁcanpebl ol
trans-fused st Q e. y
st er eoi soner.s ﬁ{ér\%i %og&gﬁiﬁssttﬁige t%r%ﬁ?lik}gagr@% %&r@@%&ﬁ%ﬁ%@%@%&%% -10

PCT/ EP02/ 10862 Ohieagepis b2 Y& Tt rrisomeris excess Of & leatn2e (& ypinimypm frd AlRfBer of
st ereoi soner s dsomehad aayishum 25% of] tRg @hdp pbssiblerisdinetd) up ® 4 depedisomennexegs: 6. 5
Cormpoundconf i ggf ﬁdo%)@ & OI0b Y bR isGHier &R HonB UF (RS bRE), Brtdr Y, Refbdudls, at om 3at om
3aat om 6adescr Istg;[‘n‘r)lg mafe%alzf%lr?reage%@’h%\?i% 9 geRr)eoisomeric excess of 75% up to 100%, more

preferably, compounds, starting material or reagents having a stereoisomeric excess of

20  90% up to 100%, even more preferred compounds or intermediates having a

stereoisomeric excess of 94% up to 100% and most preferred, having a stereoisomeric

excess of 97% up to 100%. The terms “enantiomerically pure” and ‘‘diastereomerically

‘pure” should be understood in a similar way, but then having regard to the enantiomeric

excess, respectively the diastereomeric excess of the mixture in question.
25

Although the methods for preparing stereoisomerically pure compounds of formula (7)
according to the present invention will advantageously employ stereoisomerically pure
starting materials, it may be desirable to further purify the compounds and
intermediates by the application of art-known purification procedures. For instance,

30 enantiomers may be separated from each other by the selective crystallization of their
diastereomeric salts with optically active acids. Alternatively, enantiomers may be
separated by chromatographic techniques using chiral stationary phases.

Despite the fact that hexahydro-furo[2,3-b]furan-3-ol has three stereogenic centers and
35 theoretically 8 different stereoisomers should occur, only 4 stereoisomers are deemed
to exist. This is due to the rigidity of the bicyclic ringstructure in hexahydro-furo-
[2,3-b]furan-3-0] which causes the trans-fused stereoisomers thereof to be
thermodynamically unfavorable. Only stereoisomers having a cis-fused configuration



7. 2RR3R, 3aR 6a5 7. 3SRS ( 3S, 3aR, 6aS) 7.4SSR(3S, 3aS,6aR) 5 The nethod of the
present invention may be further understood by reference to Sch

wherein Pt and P2 represent each independently a hydrogen, %ﬂﬁAR%HIum6
hydr oxy-protecting group or may together forma vicinal-drol protecting
group, Rl represents a alkyl, aryl or aralkyl, R2 represents a hydrogen or
COORS, R3 represents a al kyl, aryl or aralkyl, or R3, resent, and R

t aken toget heVORPHt he atons to which they are attached VERE 8 m 2 6 to
8- menbered cyclic group which nmay be optdlénal ly substituted with an al kyl,
aryl or aralkyl; and R4 represents al kyl. Schenme | depicts a synthetic

met hod for the aﬁeytﬂérﬂleqm&nrztaumwmg Rdidifghenutnblel dfiétepddisomeRbf (7) starting

W th |nterrrted|eilte)h aj %85&%' ﬁ& g& ? r& and P2 represent each 15
ydr

i ndependently a ogen r'oxy- pro ect I'ng group or may together forma
vicinal - diol protecting group. The abgve-‘-ntroned hydr oxy- protecting group
and vicinal-diol protecting group can B -%dily cl eaved by nethods know in
the art such as hydrolysis, reductiongg¢ and 20 are appropriately

sel ect ed dependi ng on the protecting groupf3sed. According to a nore
preferred enbodi nent, the vicinal- drdP prof ecting group is an acid labile
protecting group, mherein the term "aci § 13abpe” as used herein refers to
vicinal -diol protecting groups that are readily cleaved using acidic

condi ti ons. 8 |\AREbLR0DGoMRuRREDP 28FRuratlch [RedhRAIEHEO, RSteHo&ﬁﬂﬂﬁE | P ocox
CH N2 2 Pl dgVW VW " Igotn@)dﬁ- Gz, GH NRQL, DO A ,delieﬂ)treac fion i)
base ii) acid <

7.1 R S R (3R,3a5,6aR)

7.2 R R S (3R,3aR,6a8)

7.3 S R S (3S,3aR,6aS)

7.4 S S R (3S,3a8,6aR)

5  The method of the present invention may be further understood by reference to Scheme
1, wherein P' and P? represent each independently a hydrogen, a hydroxy-protecting
group or may together form a vicinal-diol protecting group, R' represents a alkyl, aryl
or aralkyl, R? represents a hydrogen or COOR?, R represents a alkyl, aryl or aralkyl, or
R?, if present, and R' taken together with the atoms to which they are attached may

10 form a 6 to 8-membered cyclic group which may be optionally substituted with an
alkyl, aryl or aralkyl; and R* represents alkyl.

Scheme 1 depicts a synthetic method for the synthesis of hexahydro-furo{2,3-b]furan-
3-0l (7) starting with intermediate of formula (1) wherein, P! and P? represent each

15 independently a hydrogen, a hydroxy-protecting group or may together form a vicinal-
diol protecting group.

The above-mentioned hydroxy-protecting group and vicinal-diol protecting group can
be readily cleaved by methods know in the art such as hydrolysis, reduction, etc., and

20 are appropriately selected depending on the protecting group used. According to a
more preferred embodiment, the vicinal-diol protecting group is an acid labile
protecting group, wherein the term “acid labile” as used herein refers to vicinal-diol
protecting groups that are readily cleaved using acidic conditions.



PCTI EPO2/ 10062 Rs = H Reduction step OH Cyclisation 7 Several of the
protected gl yceral dehydes of fornula (1) used in the present in$¥ARGH 2004 ¢
known compounds. Enanti osel ective as well as racem c versions of the
synthesis of 5 these protected gl yceral dehyde derivatives have been
described in the literature. For exanple, the preparation of

2, 3- O i sopr op¥2 392818 S- gl ycer al dehyde is described in C PAUHEE¥WIREr | en,

Synt hesis 1986, 962, the preparation of -21-3-0-i sopropyl i dene-

R-d yceral dehyde is described in CR Schmd et al., J. Og. Chem 1991, 56,
4056- 4058, and the preparation of 2, 3-&4ksopropylidene-(R S)-glyceral dehyde

is 10 described gen A. Krief et glp,pTetrahedron etk 1998, 39, 1437-1440.
Sai d interrrsdi\a)j'e}(}of_f_or_m ( y b < ci available qgr prepared
prior to the réaclli oR®<oF or med, "n SPARUTRecordi

tPO8 praferrec
enbodi nent, said, onpound is fornmed in situ. nbj rst st Ut |a
preferred nmethod|for the preparatjon of a congound of formula (7),/] 15 an
z, 13- unsat ur at ed | estko,0f f of ul 2) i

: red |f}r! nt er nedi atje of
formula (1) by a condensati on rem Wth an appriogei ate
oxycar bonyl net hyl ene reagent in® he presence of sui tabl e solverit at a
suitable tenperature. 8 MARCH 2006 WD 03/ 022853 P(':T/ EPO2/ 10062 _-12 In
general , any reaction procedure introducg a ) C( O)CR’ |ety in the
starting material of fornul e Rz todrn s th H
conversion of internmedi ate arbcMmr“rul af{l) toi rmedi at e of 9f rmul a (2)
can be performed using a reaction procedu t hat ostekes use of an'®

oxycar bonyl met hyl ene noi etyjof fornula 5 CI%RZRS—C(PQ)HC]?’ such gs, for
exanple, via a Wttig reactl on usi ng phosphorus yllk&&ss0f the |fornula

(R6) 3P=CR2-C(=O OR ; via - Emmons reacti on_ @si ng ph,Q,semg,Hnates of the
forrrula(R?O)ZP( =0 - CH C( =OOR.__in the presefice of ab'z)a'ssga or via a
Knoevenagel type of c nsat ory r €&€ti_an_usi.n Fle-d2¥ivdtives of the
formul a ROC(=0) - CHRZ- ,onn the prisénce

a base, wherein R1, R2, R6
and 10 R7 have the sans nﬁ'énl ng,%{"s that ‘definede¢ab®ve. Another alter nat| ve
may be to use a Reformatsky reagent such as oxycarhopyl met hyl enezi nc

hal i des. Yet another alternative involves the usi of precursors of

-C(=0 -0 noieties such as a cyanide. These t f reaction procedures
are described in detail in Jerry March's handbo f> Advanced Organic
Chemi stry. o” . ©

7

Several of the protected glyceraldehydes of formula (1) used in the present invention
are known compounds. Enantioselective as well as racemic versions of the synthesis of

5 these protected glyceraldehyde derivatives have been described in the literature. For
example, the preparation of 2,3-O-isopropylidene-S-glyceraldehyde is described in C.
Hubschwerlen, Synthesis 1986, 962, the preparation of 2,3-O-isopropylidene-
R-Glyceraldehyde is described in C.R. Schmid et al., J. Org. Chem. 1991, 56,
4056-4058, and the preparation of 2,3-O-isopropylidene-(R,S)-glyceraldehyde is

10  described in A. Krief et al., Tetrahedron Lett. 1998, 39, 1437-1440. Said intermediate

of formula (1) may be commercially available, or prepared prior to the reaction or
formed in situ. According to a preferred embodiment, said compound is formed in situ,

In the first step of a preferred method for the preparation of a compound of formula (7),

15  an o,B-unsaturated ester of formula (2) is prepared from intermediate of formula (1) by
a condensation reaction with an appropriate oxycarbonylmethylene reagent in the
presence of a suitable solvent at a suitable temperature.



15 According to a preferred enbodi nent, said oxycarbonyl net hyl ene reagent is
selected fromthe group consisting of (alkoxycarbonylnethylene)yhos hor anes
such as, for exanple, (carbethoxynethylene)triphenyl phosphorane] CH 2006
met hoxycar bonyl net hyl ene) - tri phenyl phosphor ane,

(car bet hoxynet hyl ene) t ri net hyl phosphor ane, (carbet hoxy 20

nmet hyl ene) -tri et hyl phosphor ane,

(car bet hoxyneVa&E}t ri cycl ohexyl phosphor ane or PCT/EP02/10062

(car bet hoxynet hyl ene) tri but yl phosphor ane;i2al kyl di al kyl phosphonoacet at es and
al kyl di aryl phosphonoacetates such as, for exanple,
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Examples of suitable bases include, but are not limited to, alkylamines and aromatic
amines such as: pyridine, pyrrolidine, piperidine, morpholine, N-methylmorpholine,
1,4-diazabicyclo[2.2.2]octane (DABCO), 1,3-diazabicyclo[3.4.0Inon-5-ene (DBN),
30 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU), N,N-diethylaniline, N,N-dimethylamino-
pyridine(s), quinoline, triethylamine and N,N-diisopropylethylamine; as well as
sodium-, potassium- or lithium hydride; sodium-, potassium-, lithium- or cesium
carbonate; sodium-, potassium-, lithium- or cesium carbonate and alkoxide bases such
as sodium, lithium or potassium methoxides, ethoxides, butoxides, t-butoxides, and
35 t-amyloxides; butyllithium and lithium diisopropylamide.

Suitable solvents for this reaction are any hydrocarbon, ether, halogenated hydro—
carbon, or aromatic solvents known in the art for the condensation reaction. These



triethylamne. Preferably, such base is added in small anounts.
Alternatively, a 15 Knoevenagel reaction nmay be perfornmed using #Cigé 2006
Sui tabl e tenperature for the condensation reaction ranges bet wed 4
tenperature and refluxing tenperature of the suitable solvent, a condi tion
readily determ ned by one skilled in the art of organl o synt hesi s. i's
preferred to reaction at room 20 tenperature. nthetype
of condensat |‘%&n&fé§‘c fion and on the reagent used, oc, p- @‘2‘%"0?53
nono-esters of fornmula (2) (when R2 = H)-1»r ", p-unsaturated di-esters of
formula (2) (when R2 = COOR 3) can be synthesized. oc, 3-Unsat urated

nono- esters 25 weludfifluie] tat 4réhot(litdted td;ipertdne, Hkan€ Hepthse, wﬂeflehmeﬁ@s and R are

difiierent . cansheeAPhal 0V huef) dhePISPARRINAL Kudh Qg he doubl e

bond. The E/ Z i i‘on reagent
and the reacti sﬁhercemwbqnm mq%me@eweoﬁhl@ef%m@r mtr&élﬂqrsdeapfar 30 The
next step of surﬁﬂlemeﬂc&dsﬁeﬂx:énerﬂichmbedﬁﬁes trivh®roethaiid) eychotiebtahé, @thylaéetare, t r onet hane

as a fornyk gﬁs‘ayxﬂpﬁra%éfé Yetiah dﬁc%}uﬁaﬁ'%x&m%bfﬁ% ot leftafil, a%ﬁﬁs%ﬁoba%lerm?d' ate of

formula (2), presence of a sult ase, resu gina

1, 4-addi ti on product of for Thj s t han dd| tign step occurs
di ast er eosel ecﬁri (A g KN GFH%““ °§8fnﬂ@aat§>?ésr i‘@'ﬁ‘?eﬁ'may so &F%F\m%{‘(tf?m nunber 3
(G 3) of the pestamncidashydikdd, e\thlas acstichydrigle] aed dBlyydtating &8ntso heeochemi stry at

t he oxygenat ed cgpashsalidtedttiot: arriaqw MaOMR I RAbved Hobr the readtdn Redi8mMARRCH 2006 WO
03/ 022853 PQT/ E %%ﬂele?]g@g?u%%ﬂ thcta re ctl?é)toxéagﬁ r'llie B%nsaglratgd Juys{er re?ultu?%nw ol l ed by

the type o the type
of base used aﬁ‘éf“P ﬁeonwéﬁeﬁaewncﬁﬁrdw%ﬁgdesrnwea@%%a ‘ieEﬂWd@B!”’}Féont and
reacti on tenpemnhabathydmoiphelirg)on isapipylacetate. Phoadidition ufalbdst mapfnexdisaﬂmaliems. 5

Exampl es of suiuf @bkGodes §1 réddGor! #€anids iiRle Rittusd 6fr£\ktyﬁiﬂnﬁ

(I, 3-Di azabi cyc bi c

[ 5. 4. 0] undec- 7”@%@64‘”’9? F@%ﬁ‘ﬂ?’?yaﬁ‘icﬁgas)e‘i){aa?ngS’aélLﬂmuﬂfspéﬁ y’ mor phol i ne,
N- met hyl norlgholKinpevenagelreattiermay koynstfofmed 2siag TiGhet ane ( DABCO)

di met hyl am nopyri di ne (DVAP), sodi um hydroxi de, potassium hydroxi de,

|i t hi um hydr oxisgiabletahpdrativd ifdr Y Bidedl atiod R dtid R EhinBas e ebitiRomI@sbetiird O

carbonate, POt apleHILAARBARLS of BT O dondiRh SR BN B ones O U

met hoxi de, lit 9ithium
tert- butoxi deSkillestin thnartof prepic Hpmhges. IbBPéFé%TCGFﬂ‘PéF‘FTt?ﬁ't‘MH’@m

t et rabut yl @20momempenatdré.uor i de, tetrabutyl amoni um hydr oxi de. Exanpl es of
suitabl e solvents include, but are not I|imted to pentane, hexane, heptane,

tol uene, xyl en@eﬁéndm enaR omu&ﬁéét%ﬂeéaéﬂon ahd bx\lth)élreaée"m H&a hyl et her, dial kyl
ethers ( et hyI oa,twu sal ateg ono-e ers oft t}c}rmdla &Nw%r OReniﬁ or d,B-unsa ateci.l c‘lal esters
of formula (2) (when R? = COOR?) can be synthesized. o, B-Unsaturated mono-esters
25  of formula (2) (R* = H) and di-esters whereby R® and R! are different, can be obtained
with E or Z stereochemistry around the double bond. The E/Z isomer ratio depends

from the applied condensation reagent and the reaction conditions, the reaction solvent
in particular.

30 The next step of such preferred method consists of the addition of nitromethane as a
formyl group precursor, to the o,-unsaturated ester intermediate of formula (2), in the
presence of a suitable base, resulting in a 1,4-addition product of formula (3). This
nitromethane addition step occurs diastereoselectively. The newly formed stereocenter
at carbon atom number 3 (C-3) of the pentanoate skeleton is controlled by the

35 stereochemistry at the oxygenated position at carbon atom number 4 (C-4).

p2 R?
p' 3
4 COOR'

NO,



chloride, chloroform carbon tetrachloride, acetonitriJe, dichlorobenzene,

I, 2-di chl oro- ethane, and 1,1, 1-trichl oroet hane, cycl ohexane,
tetrahydrofiran, dioxane, nethanol, ethanol, isopropanol, di mat’r‘]%ARCHzO%
sul foxi de (DMSO, dinethyl formam de (DVF), N-nethylpyrrolidone (NW). The
reaction tenperature is set in the range of about 0 to 20 about J 00 C
preferably in the range of about 10 to about 50 C, nore preferably at about
room t enper at W33 /B3er nedi ate of formula (3) nmay be al telPﬁa‘fEf’Q?é‘PQ//“prepar ed
by a process conprising the steps of firBt condensing internedi ate of
formula (1) with nitronethane, resulting in an. 25 internediate of formnula

(8) and secondl Yhe s8R A&k ragh i§ Airfher Ah@IIRE 6, ik B/pe bf & 8ruAtHndattPdster(d) (E oz, SUI t abl e
oxycar bonyl et h%l ene roula lting in said

e of f | a2, CH - C(=0) . ORS resuy
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The next step i Bxdniplesdbiitasisbaeciaclaiedyt irondt Nimitpd @ TIBN (1, 13PRR4biGEloi S to form
an intermedi at 04 ( t ant i k N1sE j formul a
(3). 35 cne vayl ot B &y BLeDlfiy o Sl bR RBiindle o
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Nef reaction. ToataesDABCO} dipmatiybanrimgytidine (DMAR), sediumitydroxidd) mtassigh f or nmul a
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pCT/ EP02/ 10052 &% tﬁ"ﬁ’é’ aﬁa‘* r ac_"f'l on’ e ual?‘&/ dlélf'i ed ’a§ 'f_’ﬂle conver si on of
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Intermediate of formula (3) may be alternatively prepared by a process comprising the

steps of first condensing intermediate of formula (1) with nitromethane, resulting in an .

25  intermediate of formula (8) and secondly, reacting said intermediate of formula (8) with
a suitable oxycarbonylmethylene reagent of formula CHR?’R®-C(=0)-OR ' resulting in
said intermediate of formula (3).

It is to be understood that a person skilled in the art may employ other art-known
30 reaction procedures to arrive at intermediate of formula (3) starting from an
intermediate of formula (1).

The next step in the methods according to the present invention is to form an

intermediate of formula (6) starting from an intermediate of formula (3).
35

One way of achieving this involves the transformation of an intermediate of formula (3)
to the corresponding formyl derivative via a Nef reaction. This step is performed by
treating intermediate of formula (3) with first a base and then with a strong acid
resulting in intermediates of formula (4) and (4°).



DBN (1, 3- Di azabi cyclo [3.4.0]non-5-ene) and DBU (1, 8-Di azabi cycl o
[5.4.0]undec-7- ene), 1, 4-diazabicyclo[2.2.2)octane (DABCO), po83EARGH 2006
carbonat e, sodium carbonate. The term "strong acid" as used herein, refers
to any conventional strong acid such as 20 the strong, inorganic acids,
e.g., hydrochloric acid and sulfuric acid, and the strong organic acids,
e.g., benzen®W3{0¢§5 acid and trichloroacetic acid. The B§Ta&Pe¥Y0ed strong
acids are concentrated sulfuric acid or -.fsgdrochloric acid. The use of a
strong acid causes the deprotection of the acid |abile protecting groups,
25 thus formng a diol internediate of which the primary al cohol condenses
with the for L0 j ] - . rg;g??SUsing
anhydr ous congih‘%’? géfg&gﬂgﬁgﬁs‘%ﬁ% ﬁgﬁ%qﬁ‘%&ﬁ‘%@d‘cﬁf‘g&ﬂ%ﬁg%ﬁ .or et hanol
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oxi di zing as well .as .reducing, age own.in the.art. According to a
preferred embodiRdPtion gﬁ”@&%‘? B %fdg%?%&fze@@'}ggo@mssotfg\‘é&?@éft '.B{ioygoﬁqtht he group
consi sting of Ma@Adine to astrengreid peesent inspass frogiv the earbanRcarivaive WO 03/ 022853
PCTI EPO2/ 10062 -16 Said Nef reaction can be carried  -out at tenperatures
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range up to about ours and, s range, . hetween about our and
about 24 hoursmeg’l’ﬂ%ﬂ?ﬂ?‘}ﬁﬂ“gb‘h%‘ analiosies i ?mfs,alw%wﬁé’af ¥fe of
formula (3) isnetlesitedth, wietzhammidgsagealkd hichiwush Faeguplet dfpuitdidstiotgbaseserncent r at ed
st { ong ?ﬁ' d al ﬁﬂrlid_\ﬂrllﬂifso ﬁ}l{aﬂnma, éo_ﬁ:iafllaﬂﬂdeﬁ é}cédﬁhﬁ?etﬁdimé?ﬁ&dsg&?@-ﬁutbfﬁe,

ni tronmet hane radjcal of..inter iate.of for ornyl group.
Goncurrenty, " eitigoudrios MATEMAbEE bl Slidkbpitlmefuliphdl ™ U1

pr ot ect i ng 1510 bytylithiun, hexyllithivmophepdlithiugm, fng quaternpiry sk ylapmonaey hydroxadess al
formati on | eadDBY @1 3-Diezabieydie (5.4 a-Hénef ardBA((84Diazabity(ld [.4.0lihdecR4
substituent ingihe 4 KHE6REGRLTocRhe (DAH fdsdhim@Modatt, JodRin] GiRALE from the
al cohol R4-OH The'bicyclic intermediate of forrmula (4) is the expected
reaction produ romthe 15 internediate of fornmula ( in. n

Conti gorati on dht e FPRE e 5 P el ey 5 Al o it | cacti on
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The use of a strong acid causes the deprotection of the acid labile protecting groups,
25  thus forming a diol intermediate of which the primary alcohol condenses with the
formyl group to a cyclic hemi-acetal of formula
H 2

COOR!
OH

Using anhydrous conditions and an alcohol solvent such as methanol or ethanol
(generically denoted as R*-OH) the cyclic methyl acetal or ethyl acetal of the formyl

30  group is obtained instead. Besides this classical base/acid procedure, Nef-conversions
can be accomplished using a broad variety of oxidizing as well as reducing agents
known in the art. According to a preferred embodiment, suitable alcohol solvents are
selected from the group consisting of methanol, ethanol and isopropanol.



formula (4') prevents the second lactone ring formation as in internediate
of formula 20 (4). 3 "COOR OR At this stage of the synthesis procedure,
when R2 is COOR3, a decarboxylation step is inplenented. Said 8MARCH?2006
decar boxyl ati on step consists of the renoval of -C(=0-0ORS in internediates
of formula (4) and (4'). In a preferred enbodi nent, the decarboxyl ation 25
step is perfornmed by treating intermedi ates of forrrula (4) and (4') with a
sui t abl e baseYO¥¥#H54s sodi um hydroxi de or potassi um hy drigXF e 1% der
heating conditions, resulting, after aci-th-fication, in the internediates of
formula (5) and (5') respectively. Concurrently, R in internediate of

fornula (4") lssalameaféeambyadwtmg@aut@&eﬁﬁaat&es thBIQBr%@ bbthveddodtafgl @ in

internediate (5 e o 5) is the
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from i nt er medi ab&weén dboutMHodr dnd ahout I4iutst ans- confi guration of the
substituentssat C3 and G4 on the tetrahydrofuran ring of internediate

f la 35 (5
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art-known chr 0%%99@&&%&t1&&ﬁ@£&&#&§nend aﬂ‘so@:dtdly&és% dedvdph BPﬁKBP{a&E
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1
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of fornula (5') irtamedjatesoftforgudadd) apf (47). he Ba substituent sgbesintegnediatesef such as a
sodi um bi car bong@rRuk @)uhi o) driginmedrom thé aléaboli*-ORNt er medi at es of fornula (5)
and (5') in an organic non-water m xable solvent. Suitable organic

non-wat er m sci SQLY BlitdS r ed 10
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At this stage of the synthesis procedure, when R? is COOR?, a decarboxylation step is
implemented. Said decarboxylation step consists of the removal of -C(=0)-OR® in
intermediates of formula (4) and (4°). In a preferred embodiment, the decarboxylation
25  step is performed by treating intermediates of formula (4) and (4°) with a suitable base,
such as sodium hydroxide or potassium hydroxide, under heating conditions, resulting,
after acidification, in the intermediates of formula (5) and (5°) respectively.
Concurrently, R' in intermediate of formula (4°) is replaced by hydrogen as can be

noted in the formula in intermediate (5°).
30

The bicyclic lactone derivative of formula (5) is the expected reaction product from

intermediate of formula (4), while the carboxylic acid derivative of formula (5°) is the

expected reaction product from intermediate of formula (4°). The trans-configuration

of the substituents at C-3 and C-4 on the tetrahydrofuran ring of intermediate formula
35 (5°) prevents the second lactone ring formation as in intermediate of formula (5).



addition of water m scible salts may increase the yield of the extraction.

20 Alternatively, a mxture of internmediates (4) and (4'), or ig gﬁgl% S
(5) and (5') can be used w thout further separation, particula W i ey

were stereosel ectively synthesized. In the follow ng step, internediates of
formula (4) and/or (4') wherein R2 is hydrogen, 25 or the internedi ates of

formula (5) W43%528g35') are reduced with a suitable red”?{%ﬁﬂ’@%ﬁ%’

resulting ininternedi ate of formula (6). The reduction

conveni ently be acconplished by treatnent’-of internediates of fornula (4)
and/or (4') wherein R2 is hydrogen, or (5) and/or (5 ) with netal hydrides
30 such as borane conpl exes, diborane, lithium borohydride, sodium
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et her, t et r ahydtesmediate of formdulal(Sixcambe segBated ford lastontiofifomiutealSkhy merds ph gener al
any anhydrous SQd/sRB extRdEdHe ybidAlR, infereiaRd obfofflull (5°) @n 6B eHa6ed wftﬂl;ﬁiUCti o
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d nt, th
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conpri si ng t he a&di@fasof Mtef infsiblelsAtbukdyitrdatt tB¢ yTEld iofihe eRfacticdl Mul @ (3) with a
suitable reducing agent, resulting in an internediate of forrmula (9) and

secondly sypm tting.the i i nt i of. form Nef
reaction b;Bt reAgatf'ﬁ%H/f R'(/\fi‘ ?‘ﬁ‘%‘%ﬁ@%’%“ﬁ@g ﬁg%%gt?{lrgerg}%gﬁgﬁ;%)dcfgﬁé:gnul ting in
an i nt er medi at & wed PihoN fusthetspparation, pagicplady whendhey wsrsstageoseletivelynver t i ng an
i nt ernedi at e ofynftesized a (6) to the desired compound of formula (7) by a
cyclisation reaction. The cyclisation reaction occurs via

In the following step, intermediates of formula (4) and/or (4°) wherein RZis hydrogen,
25  or the intermediates of formula (5) and/or (5°) are reduced with a suitable reducing
agent, resulting in intermediate of formula (6).

The reduction step can conveniently be accomplished by treatment of intermediates of
formula (4) and/or (4?) wherein R? is hydrogen, or (5) and/or (5?) with metal hydrides

30  such as borane complexes, diborane, lithium borohydride, sodium borohydride-LiCl,
diisobutylaluminum hydride or lithium aluminum hydride in suitable anhydrous
solvents. Examples of suitable anhydrous solvent include but are not limited to
dichloromethane, toluene, xylene, benzene, pentane, hexane, heptane, petrol ether,
1,4-thioxane, diethyl ether, diisopropyl ether, tetrahydrofuran, 1,4-dioxane,

35 1,2-dimethoxiethane, and in general any anhydrous solvent susceptible to being used in
a chemical reduction process using the reagents cited above. Said reduction step can be
carried out at temperatures that ranges between about -78 °C and about 55 °C, the
preferred temperatures lying between about -18 °C and about room temperature. The
reaction time may range up to about 24 hours, and suitably vary between about 2 and



an intranol ecul ar transacetalisation reaction and can be perforned in any
aci d- conpati bl e organic solvent or a conbination of a water

solvent and water and in the presence of a strong organic or |ngb€%\l§?52006
acid. Said reaction is suitably 20 perforned by treatnment of internediate of
formula (6) with a catal yt'ic anount of a strong acid. In a preferred

enbodi ment, the strong acid is selected fromgroup consisting of

hydrochl ori c ¥QY8EF sul furic acid. Said cyclisation stefCT&R2H8%%2arri ed
out at tenperatures that range between abmit -78 C and about 55 C, the
preferred tenperatures |ying between about -18 C and about room

and 1 nt e nodi at i 2L RSBl e O R B g
pr ocedur es. For“ﬁ"f?ga‘éﬁ@g’om%}é/‘ﬁ‘éiﬁﬂ %??S‘Vqreéf Aﬁﬁ?é“ﬂya?ﬂg?%aﬂ ray B‘?l als will be
erpl oyed. 30 Acewomplisgedusing Cptaleﬁelnyd@de@ma]atabm hyhogenativo wey damblyibeed nmet hod
i's suitable forpdfemedUsBRM, 3t édbifior with Bass,GaRiding Pd, Pt, Ni and carbon.

hexahydr o- fuso[% 3-b]furan-3-o0l of fornmula (7.1) 7.1 1n a first st ep,

an internedi ate ocf seflg Snﬂ@?h 1a)an6§maggecltogema togfo‘:‘ilovsv‘é'dtabl e 9 aEﬁcar bonyl -
nmet hyl ene reagent as urated ester

of fornula 35 (Dgmegiale ofi farmmla (6pfom pp ineraedige %49@“1!4{3) slaﬁ@’ Qfé%ﬂ{i?ﬁﬁ’ as that
defi ned above. ditemaGves)aRTH p2ddSdurd/efimlb a2 8bis, m@fbrﬁa@ﬁhbﬂﬂ&ﬂneme ofeacti on

conditions are fhgug ﬁ&r&n&@ﬁ@ofqﬁ'ﬁﬁfa lg,eﬁlapseeweﬁw se%nﬁéa Qrsteqsat i on
st ep. | nter di ate atgl’e ate rl or oeven%% reactl on.
Sui table  prlnesht ln%ﬁﬁﬁ5¥%?f SRS BeTP ] 1 pRle (AL HFYE 50 650, The
i nternedi ate mumﬁmemgewmemarbemeéiatemf fqmaatat(?)@nd sePhmslhyosubimutting theddi ng
the reagents maybtiindd ibteiseliafe of Rtmila @) G HNet BR1i6EREkdatiient Wi a bAA§hANCE, 1N
case a Knoe"e”aﬂlgnr/é{ggnq%éaé’&’%}&ﬂﬁ lia mtén% iale § rn%l}la y be convenient to

add t he oxycar bonyl ne erne la) prior to adding
t he dehydrating rea ent. The manner of addl ng the dehydrating. reagent may

i nfl uence t A& y7%qlastsiep eansists ghconyesting apjintermedivig ohformya K iR ASiEd be added
slowy i.e. by cwogiongl of Aérimata (Z)ki anyclisht@ndeduiictr. dEhe wyrlisamgy exattjontdeeurs @act i on

may be 10 perf Oﬁmgaﬂ]e&ﬁgﬁﬁs%wlﬁﬁod 1Radtibf aldeafl 6e pPfoRR& in RAyRIcRE @bl y in the
range 35-55C. (@ EJ] H i S
ompatible orgamc solven or a combination of a water miscible solvent and water and

in the presence of a strong organic or inorganic acid. Said reaction is suitably

20 performed by treatment of intermediate of formula (6) with a catalytic amount of a
strong acid. In a preferred embodiment, the strong acid is selected from group
consisting of hydrochloric acid and sulfuric acid. Said cyclisation step can be carned
out at temperatures that range between about -78 °C and about 55 °C, the preferred

temperatures lying between about -18 °C and about room temperature.
25

Pure stereoisomeric forms of the above-mentioned compounds and intermediates may
be synthesized by said above-described synthesis procedures. For instance,
enantiomerically pure starting materials will be employed.

30  According to a preferred embodiment said above-described method is suitable for the
preparation of (3R,3aS,6aR) hexahydro-furo[Z 3-b]furan-3-ol of formula (7.1)

Q )
I,/ /

In a first step, an intermediate of formula (1a) is reacted with a suitable oxycarbonyl-
methylene reagent as described above resulting in an o,B-unsaturated ester of formula
35  (2a) wherein P!, P2, R' and R? have the same meaning as that defined above. The



0 OR In a second step, said ester of fornula (2a) is reacted with
nitromethane in the presence of a suitable base, resulting in h Eﬁﬁﬁ%% es
of formula (3a) and (3b), wherein R, R2, P1 and P2 are defined as

Q2 RRr COOX 3a 3b N2 N2 COOR The reaction conditions are the sane as
t hose previously described for the nitronethane addition step. The reaction
I's preferabl out in an alcoholic solvent in the of a

non- nucl eophiy\?’{l‘;g;/%gfg such as DBU or sodi um net hoxi de, at JrE)](E)/glrgf)?m{}]errperature
Dependi ng on the starting material and rd8ction conditions, this step can
20 be perfornmed stereosel ectively. The next step consists in the
transfornati on redctiorndonditiBrdiatd thssame af hosedescribébyrednsly(fatthe cdnBerisition

correspondi ng fy %F)n}ﬂtenqg({lﬁtg fl g)sbevﬂra)e?t WOr"tfgﬁﬁ é?‘%ﬁ?tr @%ﬂgta{)fg a

preferred enb I nte S O are treated
With a base andros ‘é‘ﬁb“é‘&’ﬁﬁ&ﬁ"ﬁlr?‘g& BRA0T G, PET Qdﬂget PERPIRS d
al cohol i ¢ sol utmayrthdnéadoaigg tefore thereagmnyBresirdenofddding éhemeagerosmahinfieencadi cal of

i nternmedi at S Gfe §iQ8 Btth@rebdRdh. AP Histarte) inleRed KnBaremgel Moné;%ﬁw@ent ly, the
acid treat nent aI ava

ups P and
55 resulting iHEan TP Sl 308 e SRl i s
i nt er medi at es dia)maprrfela@du(mtm d%m@at(n@faagemr@m@wf\ﬂéﬁ%n chydiatie, R2 and R4
ar eI 38 def i : ]Eled réager Aoy énflubnoa el yeedd ﬁftheareﬁdhbﬂﬁge aﬂiydraﬁxlngcrekgbhtirﬁay&@laudeidonh
i ncl ude sul furi nt wwth a
strong acid al cgor‘;ﬁﬂéjbs&fsm?_%n Fds&{r hLﬂ {h\A%qggO}]S’gaggg
PCTI EP02/ 10062 PEBMEL AJEPRErAiNEs it eFEﬂﬁéP 6ﬁ>rCeP@F*‘é &lnthet{é“&eéﬁrﬁér%ture i s
below 15 C, nore preferably, thee?reaction is geérfetmed bel ow 10C. COORI 4a

4" a P'o\/’\n/ﬁ P‘W\,\T(OR'
1a 5

(o} 2a

In a second step, said ester of formula (2a) is reacted with nitromethane in the presence
of a suitable base, resulting in intermediates of formula (3a) and (3b), wherein R', R%,
P' and P? are defined as above.

op

3a =\

15
The reaction conditions are the same as those previously described for the nitromethane
"addition step. The reaction is preferably carried out in an alcoholic solvent in the
presence of a non-nucleophilic base such as DBU or sodium methoxide, at room
temperature. Depending on the starting material and reaction conditions, this step can
20  be performed stereoselectively.

The next step consists in the transformation of intermediates of formula (3a) and (3b)
to the corresponding formyl derivatives via a Nef reaction. According to a preferred
embodiment intermediates of formula (3a) and (3b) are treated with a base and

25  subsequently added to a concentrated strong acid alcoholic solution leading to the
conversion of the nitromethane radical of intermediates of formula (3a) and (3b) to a
formyl group. Concurrently, the acid treatment also catalyses the cleavage of the
protecting groups P' and P?, resulting in an intramolecular acetal formation leading to
intermediates of formula (4a) and (4°a), respectively, wherein R, R? and R* are

30 defined as above. Examples of a strong acid alcoholic solution include sulfuric acid in
CH;0H. The temperature during treatment with a strong acid alcoholic solution is room



5 The reaction conditions are the sane as those previously described for the
Nef reaction. At this stage of the synthesis procedure, when R2 is COOR3
decar boxyl ation step is inplenented for internediates of fornulsdw("ﬁé:)ﬂ%m&
(4'a). The decarboxylation step consists of the renoval of the -C(=0-OR3
ininternediates of formula (4a) and (4'a). 10 In a preferred enbodi nent

t he decarboxyl ation step is perfornmed by treating internmedi ates of formula
(4a) and (4' DO WRWSH suitabl e base, such as sodi um hydr oKGTHPO2Z/YP62pot assi um
hydr oxi de, under heating conditions, resgbting, after acidification, in the
decar boxyl at ed pr oducts of formula (5a) and (5'a) respectively.

Concurrently, r ré {Fl%%é;aglyotf}w fef, Q?:Hufgc i Beldw ! h 5o %r@‘%ﬁfa%am&, &Xdr ogen,

resulting in a c

|et in internediadte .
Decar boxyl at i oﬁeaﬁtécﬁ’ '%1 %ﬁﬁg’t”‘f Wrﬁgd usi ng halides. Suitable reagents
include Ki, Nad, Lil, LiBr and KBr, preferably KI. Kl can be dissolved in

a solvent such as N rret hyl pyr' rol fdone. Al terznati vel y, decarboxyl ation can
be perforned in buffered agueou | uti onsgy A 20 suitable buffer includes
citric acid buffer at pH = 6. Tﬁe boxyl a opilaction is then

perfornmed at el evated tenperat suita etween 50C and refl ux
tenperature. Preferably, the r actlon tenRerdture i s above 80C. The
decar boxyl ated m xture can be né&ut rajptzed OSi hggstrong acidic resins
i ncl udi ng DQ/\EX— H+(r) or mild adtdic resins 4|°ncl udi ng AMBERJET(r). Said

resins can E‘??ﬁ)acti%gf Ponﬁ&%tﬂe@%ﬁé’s@#d&?ﬁeb@?s}ya fe@&{beﬁ”ibr NS QG ¢ Tesins

of type AI\/B are sul't neu Izing the reaction. ORa
"O-\OR OR 8 MARCH 2006 }[\O 022853 PCT/ EPQ2/. 70062, -21 | n the next step,

i nter medi at e of\fiETREESL @ eSS RRRedpss: VienR H%/G?Bﬁeﬁdé‘iamylbtf"“tsﬁé 1s

i nternedi at e oﬁmﬁlancrmetdafor(iﬁteax)edna&esséfwamaa ed) dnddfta). ifhedeedioaylatiafstdpor mul a ( 4a)

or (5a) respeghisktlof theRdndBESTIhIC (S ORI QPERRMYteHSf foraiut @RS @thy act i on.

| nt er medi at % Of ?prlgferrcc; ggtgoﬁlr?%lt %e décgrbﬁ)ylﬁlonsgﬁlsge% (tig)étrg L the reaction

m xture using ar > feohs sol ution |ike
sodi um bi car bortrerediaiesef fornula(4a)and G Y arithe saﬁwlweeﬁucma&tqdmh@m%m The
reaction i s funtpesssioahydegidguhdavhéding somdibes] resultiige iftee deidifieatioh, ihaenul a (4a)

or (5a). Inter %@&&t@&ﬂaté@ﬁrbd&%rbf%nﬁfa)(ﬁ)%d dsZa?flasHe%H@y Qf&@&l’re%tl?%"ﬁ?nt S-

Sui tabl e sol vents 1ncl 0 acet anol and
met hyl i sobut yl @?’Bﬁd'atﬁ\ﬁ oﬁf'é? éél'? Eeﬁ ag 18 Og‘?nsref‘é'd{ﬁ’ﬂﬁﬁ? ‘i”‘é’BﬁB‘f' In the
next step, 15nt enoisylindntermgfliafedd’@ul a ( 4a) or (5a) is reduced with a suitable
Decarboxylation can also be performed using halides. Suitable reagents include KI,
NaCl, Lil, LiBr and KBr, preferably KI. KI can be dissolved in a solvent such as N-
methylpytrolidone.
Alternatively, decarboxylation can be performed in buffered aqueous solutions. A
20  suitable buffer includes citric acid buffer at pH = 6. The decarboxylation reaction is
then performed at elevated temperatures, suitably between 50°C and reflux
temperature. Preferably, the reaction temperature is above 80°C.
The decarboxylated mixture can be neutralized using strong acidic resins including
DOWEX-H+® or mild acidic resins including AMBERJET®. Said resins can also be
25  used for the cyclization reaction. Mild acidic resins of type AMBERJET® are also
suitable for neutralizing the reaction.
0

: & (?j(COOH
O 4



reduci ng agent resulting in internmediate of fornula (6a), wherein R4 is
defined as above. OR4 15 6a The reduction step can be acconpl $ YRCH2IM0fy
the sane conditions as previously described for the reduction step.
According to a preferred enbodinent, this step is perforned using lithium
borohydride in tetrahydrofuran. Alternatively, the reduction can be
perfornmed usiW@o¥R®H4 or NaBH4 in the presence of LiCl. REGEROYIPE 20

hydr ogenati on can al so be used. Catal ytig@i-hydrogenati on can be perforned
using hydrogen gas in the presence of a suitable catalyst. Exanples of
catal ysts suit aDing nf:Qktep, Gitbedible Of RVHNL ELHAAAR LY BTabth e dle P2l | adi um

and platina. Suitabl. e catalyst 1Is resent on ap. inert surface such as
Char boal |25 TiReRHe of BRSPS eresied B AR A GPRIBIARE O For mil
(6a) to the comgspestivelnby nfegpsrafi cromh#togryphiyyer acidhase practioon Intermediatonf The
cyclisation rediuRN4QF6153) ddnde Xtracied Frbom IR reftbamixtur@nsmtetidbwaat i on

reaction. Said I | S er . . . . of

i nt er nedi atg of"{ eﬁ%ﬁ%ﬁ%ﬁﬁ@%ﬁiﬁf ﬁﬁgb%gggfléﬁ%%gdﬁ‘g%uRi%?ﬁgerggﬁl%lﬁm cid. Ina
preferred embodrgBisnon-watsr Wiseibls golyent- dThedeastnds fustierrcamsisd getaith i i sting of

hydro 30 chl or iiteraedidteafifbraulh {day oraSa)ci d. 1 n one enbodi nent, the cyclization
is performed at low tenperature. Preferably, the tenperature is bel ow 15C,

g!e)r ter Pr ef er abl )Inter%’chﬁi@’_(?ﬁgan r!%%wsamz&gusﬁ{giosﬂgahrc%aw?%ismtasta%ollm X iga@%ei ;A O
utralized using a sui e e an conpoun is,isol ated.

5006 W0 03185248 arRRAh A istls <BYorati R bioh, A BB TR s s abl e
for the prepar atisemorylalobsk 3aR 6aS) hexahydro-furo[ 2, 3-b] furan-3-ol of

B 06 m7llg g 7.Tﬁ), hbﬂxeheit|st@Wiﬁt$?1fehl€teseﬂ>fﬁtﬂE@apdc)r (ad)eﬁ@ﬂlicemitflesﬁtrablb;dt ra;lbove. HO
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ni tromet hane acﬁ%ﬁ?’%%& gflg% gl%éplggegﬁtd#até{(ﬁéﬁ%gugﬁﬁ?wﬁ%? gt grgﬁ%r%?a?e of formul a
(3b) is obtai néP¥en the hi ghest possible vyield, by changing for exanple the
type of base used, the solvent and ti& r@a&tﬁ n tenperature. After the Nef

reaction, the next step consists of i \ating internedi ates of fornula
(4'"a) or (5 a) and then reducing sai d\jpkernpedi ate to obtain internedi ate of
10 formula (6b), which is further cycl?sGeOORto conpound of forrmula (7.2).

15 a

The reduction step can be accomplished using the same conditions as previously
described for the reduction step. According to a preferred embodiment, this step is
performed using lithium borohydride in tetrahydrofuran. Alternatively, the reduction
can be performed using LiAlH, or NaBHy, in the presence of LiCl. Catalytic

20  hydrogenation can also be used. Catalytic hydrogenation can be performed using
hydrogen gas in the presence of a suitable catalyst. Examples of catalysts suitable for
catalytic hydrogenation including nickel, palladium and platina. Suitably, the catalyst is
present on an inert surface such as charcoal.

25  The last step consists of converting intermediate of formula (6a) to the compound of
formula (7.1) by a cyclisation reaction. The cyclisation reaction occurs via an
intramolecular transacetalisation reaction. Said reaction is preferably performed by
treatment of intermediate of formula (6a) with a catalytic amount of a strong acid. Ina
preferred embodiment, the strong acid is selected from group consisting of hydro-

30 chloric acid and sulfuric acid. In one embodiment, the cyclization is performed at low
temperature. Preferably, the temperature is below 15°C, more preferably, below 5°C.
Following acid treatment, the mixture is neutralized using a suitable base and
compound 7.1 is isolated.



Simlarly, (3S, 3aR 6aS) hexahydro-furo[ 2, 3-b)furan-3-ol of for 7
can be 15 obtained by a nethod according to the present |nventr%haA®F§?%wW
fromoptically pure internediate of forrmula (Ib). HO7.3 alb In a first
step an internediate of fornula (Ib) is reacted with a suitable oxycarbonyl-
met hyl ene reagent resulting in an a, p-unsaturated ester of fornmula (2b),
wherein P, 03/"26]5%%1 and R2 have the sane neani ng as t T F&’@?’f“ﬁ@d above.

P2 R2 OR The reaction conditions are th@sane as that previously described
for the condensation step. 8 MARCH 2006 WD 03/ 022853 PCT/ EP02110062 -23 In

a second step, Sadiabowsdesiribed méthéd bl buiitable oy tHeprépeassmesd (IR, B4R, 6HS) r oet hane i n

t he presence i I I i, 4 i formula (3c)
and (30). wher arkarti B ARG ols? Wbl (. B RO RERELAMERL B 1" (™02
NC2 5 The reactr?aﬁ'r‘n""édﬁiﬂi"?‘idéh%"eare t he éarre as that previously described for
the nitronmethane addition step. The _action is preferably carried out in

an al coholic solvent in the presence g on- nucl eophilic base such as
DBU, at roomtenperature. The next st%sts in the transformati on of
internedi ates of fornmula (3c) and (3d) 0 the corresponding fornyl
derivatives via a Nef reaction. Accordingzto a preferred enbodi nent
intermedi ates of fornmula (3c) and (3d) are treated with a base and

subsequent | y addetragtipngorditinne pf thegandensatiop sigp. 484 te gitreardrieaddipnsterone The
acid treat mentomttobled Seh thhyisetnddhae offamviagsb)af obltah&d}ilfmé Righdstygpsgbleups P and

P2, resulting i 1@9 ot ﬁﬁgﬂ%kﬁﬁweﬁ @éf%kse W9ddTRE k&i{?en ﬁﬁ%é‘n@acrngn

i nterrredl at es res , R2 and

R4 are defined g%pe%g?, e?wtlon st%cong sts otl 1so?at1¥1g mtennec? ates o

formula (4°a) or (5’a) and then reducing said intermediate to obtain intermediate of

10 formula (6b),
4

0~ TOR
6b

which is further cyclised to compound of formula (7.2).
Similarly, (3S,3aR,6aS) hexahydro-furo[2,3-b}furan-3-ol of formula (7.3), can be

15 obtained by a method according to the present invention, starting from optically pure
intermediate of formula (1b). )

HQ -
p2
7.3 © b ¢} .
In a first step an intermediate of formula (1b) is reacted ‘with a suitable oxycarbonyl-

methylene reagent resulting in an o,B-unsaturated ester of formula (2b), wherein P', P?,
20 R'and R? have the same meaning as that defined above.

p2  R?
P'o\/u\\"/ow

2b o

The reaction conditions are the same as that previously described for the condensation
step.



4"b The reaction conditions are the sanme as those previously described for
the Nef reaction. At this stage of the synthesis procedure, whe®M&REH 2006
COORS, a decarboxylation step is 20 inplenented for internediates of
formula (4b) and (4'b). The decarboxyl ati on step consists of the renoval of
the -C(=0-OR in internediates of formula (4b) and (4'b). 1In a preferred
enbodi nent t HEO G2 hoxyl ation step is perforned by treatPGREPRHOE nedi at es
of fornmula (4b) and (4'b) with a suitablgsbase, such as sodi um hydroxide or
pot assi um hydroxi de, under heating conditions, resulting, after
acidification, e 0 raul and (5'b)
respectively. E(‘c‘:{(ftr}r‘ﬁi 3% g%ceg{epg?%maat&bﬂg %‘ga%‘%lﬂ*&?&ge ? Lgigg')esencse repl aced
by hydr ogen, r€§E|F‘t'ﬁaH§bi‘sﬁ’ rgsulting frbiriprmediates ofiforpgp @lcgla“idr@q)n‘t"éfi'%& &e (5'b). 8
MARCH 2006 WO (P34RPPafe3ieRiEl/ aERPRE10062 -24 x0 O-\OR4 \OY~-OR 5b 5'b In the
next step, internediate of forgeil ag{4' b) wherei pR2 R%s a hydrogen atom or
internmedi ate of fornula Wparategl fro rmedi ate of fornula
(4b) or (5b) by neans o grapby or i Se~eodrtacti on. The
reaction is further carried 5 o with internedi atfe of fornula (4'b) or
(5'b). In the next step, mté‘frredi%ﬁe of fornmul a3q % or (5'b) is reduced
with a suitable reducing agent lting in internmedfate of fornmula (6c),

wherein R4 Ras ﬁbﬁ‘eaamond;mmre%e%é Ratat gt%t'lbﬂs@)ddé%‘&%\é@form nitfnetfaAuICt i on
step can be acg&gg I sh e usin

on c It1qQns as. those
ot evi ousl y des CAPBIREPorThE FRCHBRREFAHY SPBG outdn RO lESAReTL Bkt ot s of
converting i nt @rasendt off anonfnutleephrilickaseBuch as ®BUh et rcontsoperdtucef 15 fornul a (7. 3)
by a cyclisation reaction. The cyclisation reaction occurs via an

i ntranol ecul ar The aHs aeLkonbibts 2 thORank AR 0N B intSMkdiales 3tfoirAa {35) dedgr abl y
performed by tf &@w‘f’egéfnﬁ&g lfd?—&?f dEﬁQz{tf%sew N%f‘%éé&i'édla A(r?g&gmpr"ét pr@{eﬁ'g& alytic

anount of a stro e strong

acid i s sel ect && P‘F‘B‘ﬁﬂtgﬁtﬁ'ﬂ’ﬁd‘étﬁ%%flf%'ﬂuﬁfﬁfand Fglare teatedryith aéI?F"an dnd sul furic
acid. 20 The prepaqadtiymddalto @ 8G)ceaBted aiR)ngheid akeylthlio sdlution| ThBadid f ur an- 3- ol  of

fornula (7.4) GRRmestishaRhlysedtheRREVa@E HBRE protecting groups P' and P2, resulting in an
intramolecular acetal formation leading to intermediates of formula (4b) and (4°b),
15  respectively, wherein R', R? and R* are defined as above.

0
o
R, HQ }——COOR'
0™ Nogr# 0~ “or*
ab ab

The reaction conditions are the same as those previously described for the Nef reaction.

At this stage of the synthesis procedure, when R? is COOR?, a decarboxylation step is

20 implemented for intermediates of formula (4b) and (4’b). The decarboxylation step
consists of the removal of the —C(=0)-OR in intermediates of formula (4b) and (4°b).
In a preferred embodiment the decarboxylation step is performed by treating
intermediates of formula (4b) and (4°b) with a suitable base, such as sodium hydroxide
or potassium hydroxide, under heating conditions, resulting, after acidification, in the

25  decarboxylated products of formula (5b) and (5°b) respectively. Concurrently, R' in
intermediate of formula (4°b) is replaced by hydrogen, resulting in a carboxylic acid
moiety in intermediate (5°b).



by follow ng the sequence of reactions described above for the synthesis_ of
conpound 25 of formula (7.3) and controlling the conditions of AARCH 2006
condensati on step, and the nitronethane addition step, such that
internmediate of fornula (3b) is obtained as the 8 MARCH 2006 WO 03/ 022853
PCT/ EPO2/ 10062 -25 nmmjor isoner, by changing for exanple the type of base
used, the sol YENBY24¥ t he reaction tenperature. After thé‘ﬂ@?”%&&%tion, t he
next step consists of isolating intermedeates of formula (4b) or (5b) and
then reducing said internediate to obtain internediate of formula (6d), 5
which is further cyclised to conpo@nd of fornmula (7.4). Another aspect of
the present invention relates t em/intqrng iates and methods of producing
the same. The present inventiorf repates to n§fé§ifépﬁ%diates havi ng the 10

formula (3), wherein Pt and P2/arg defined a pbove, R2 is COORS, and R and
R3 are defined as above, sai d er medi at es ng,the formula (3.1). 2
COORS COORL 3.1 NO2 Said interrediakes of forﬁhlaogé.l) are obtai nabl e by
the nethods of the present invemtion. 15 Al sospnternedi ates of formula (3)
wherein R2 is hydrogen, said internediates having, the formula (3.2), are
deemed novel pr &theBekt ftrR intediatpef @W‘W’Wé{‘i@éﬁ"ﬁ’ogﬁ hydrogen ata, @in

i sopropyl i dene, iff€rmediate bhformiili ¢rb))ie kdpydated fromtiltyrimedidte GOARMuI2 (dbAecBbYli Ng t 0 a

preferred embodiphplnslPenrithg loP ¥ M O ysh GloAt P 1k bl Nireliafleas havi ng
t he stereoch nis?ﬁﬁ»63%%éd%3§§§;é§cc,gﬁh %gd ? ere?ﬁ Pl,r%%,aR', R2, R3
have the sare AEaHhiptearedials pRED AP, sp2 2 9p2 2 Pt COORtpt  3a
NO2 COORI

In the next step, intermediate of formula (4°b) or (5°b) is reduced with a suitable

reducing agent resulting in intermediate of formula (6¢), wherein R* has the same

meaning as that defined above.
OH OH

0

4
10 6c OR
The reduction step can be accomplished using the same reaction conditions as those

previously described for the reduction step.

The last step consists of converting intermediate of formula (6¢) to the compound of
15 formula (7.3) by a cyclisation reaction. The cyclisation reaction occurs via an
intramolecular transacetalisation reaction. Said reaction is preferably performed by
treatment of intermediate of formula (6¢) with a catalytic amount of a strong acid in
water. In a preferred embodiment, the strong acid is selected from group consisting of

hydrochloric acid and sulfuric acid.
20

The preparation of (3S,3aS,6aR) hexahydro-furo{2,3-b]furan-3-ol of formula (7.4) can
suitably be performed,

il

W

(0]
74

H

by following the sequence of reactions described above for the synthesis of compound
25  of formula (7.3) and controlling the conditions of the condensation step, and the
nitromethane addition step, such that intermediate of formula (3b) is obtained as the



NO2 OP2 R2 [ 1 PI'" \/~ COORS "COORS P'---Y 3c NO2 NO2 8 MARCH 2006 WD
03/ 022853 -26 PCTI EP02110062 According to a nore preferred enbogli a06s
present invention relates to internmediates of formula (3a), (3b), c) and
(3d), wherein PI, P2 formtogether a vicinal-diol protecting group, R2 is
COOR 3, said internediates having the formula (3a.1), (3b.1), (3c.1) and
(3d. 1) respegid yh¥ss Suitably, R and R3 each i ndependentllészfi,o%og ,5€el ected
fromthe group consisting of nmethyl, ethyl, propyl, isopropyl, n-%utyl,

i sobutyl, sec-butyl, tert-butyl and pent¥y}, nore interestingly, R and R3
are the sane. roR3/ 2 OOR3 OOR3 2 (11111t -~ T | cOR3 _ COORI COORI COORS
COORI 3a. 1 NO2 ni¢foR isBmer] by $i@Rgihmfoacsagiplertizrtgpgufbhseusedthe sdhogit andnke t he present

I( gveg i ondr ?|3g-tré‘a@ti&Qeduﬁ&ﬂragﬂﬁéttgeg%eflgfa\fﬁdﬂgth% &t %tﬁ;g Eﬂﬁ%igts ?5@013{)% ( 3|bi<1|) ,

C. an a er ei.n aken et her. . rm a_dial ky

net hyl ene, sai d"jlwtﬁse s (%&ﬂrﬁ%’)f‘?fﬁtﬁ‘?"cf?ﬁ%l"ﬁ S?'géf’.t"?rﬁ'f‘,?'atf’ ?o‘?lﬂ?aé’) ., (3c. 1a)
and (3d.la) repaoedigiepffomgla(6dbly, R and R3 each independently are
selected fromthe group consisting ofpumet hyl°H ethyl, propyl, isopropyl,
n-butyl, isobutyl, sec- butyl, tert-bltyf—and pentyl, nore interestingly, Rl
and R3 are the sane. In a nore )

0

4
s ga OR

which is further cyclised to compound of formula (7.4).

Another aspect of the present invention relates to new intermediates and methods of
producing the same. The present invention relates to new intermediates having the
10  formula (3), wherein P! and P? are defined as above, R? is COOR?, and R' and R* are
defined as above, said intermediates having the formula (3.1).
P2 COOR?

Pl
COOR!

31
NO,
Said intermediates of formula (3.1) are obtainable by the methods of the present

Invention.
15

Also intermediates of formula (3) wherein R? is hydrogen, said intermediates having
the formula (3.2), are deemed novel provided that when P' and P? taken together form
an isopropylidene, R! is other than methyl or ethyl.

p2

P'
COOR!

32
NO,
20  According to a preferred embodiment the present invention relates to intermediates
having the stereochemistry (3a), (3b), (3¢) and (3d), wherein P', P2, R', R?, R? have the
same meaning as that defined above.

la A Plo > P 'o\/'\/l\ P!
P > “COOR! COOR! v~ “COOR! COOR!
3b
NO,

3a 3¢ N 3d

2
NO, NO, NO,



preferred enbodi nent, R and R3 each independently are nethyl, ethyl or
tert-butyl and 15 nore interestingly, R and R3 are the sane. {kil alil\éél
alkyl ~OOR3 ~ OOR3 0 0 /I~ COO COORI K COORI 3b.1s\NO02 3a. 20
~OOR3 3c.la \ OOR3 COOR 3d.1la 'NO2 Another preferred enbodi nent of the
present invention relates to internediates of formula (3a), (3b), (3c) and
(3d), wherein Pt, P2 formtogether a vicinal-diol protectin roup, R2 is
H, said interod41%8¥ having the formula (3a.2), (3b.2), g’EQ‘?‘”&‘f?Ed) (3d. 2)
20 respectively. Suitably, R is selecteeéromthe group COI’ISI sting of

met hyl , ethyl, propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl
and pentyl. n ZAEHordh\MMﬁLre%nmmmeﬁt thé ekt iflentiorirelafe Rl 3a. 2 NO2 3c. 2

ntermedi at oo Pagagiest Robia ik T8 *559 PGS P oLk E 8" ) Sk er el
Pl and P2 takenwslaglé{?qi@fotezsns gev B 1§ {Saﬁ‘é’ﬂtﬁweé’ﬁ@s hayiiehe forrayl ﬁedl at es
havi ng t he forn3aa),(®a1)28:.1) a(tﬂbi&tﬂﬂ)rcsp&yike]ﬁl Sujthbly,H 'layd R® each independently

5  are selected from the group consisting of methyl, ethyl, propyl, isopropyl, n-butyl,
isobutyl sec-butyl, tert-butyl and pentyl, more interestingly, R' and R? are the same.

0\/\/EOOR3 e
> COOR' > COOR' COOR!
3c.1 =\

In a yet more preferred embodiment the present invention relates to intermediates
having the formula (3a.1), (3b.1), (3¢c.1) and (3d.1), wherein P! and P?taken together
10  form a dialkyl methylene, said intermediates having the formula (3a.1a), (3b.1a),

(3c.1a) and (3d.1a) repsectively. Suitably, R! and R? each independently are selected

from the group consisting of methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl, sec-

butyl, fert-butyl and pentyl, more interestingly, R' and R? are the same. In a more

preferred embodiment, R' and R? each independently are methyl, ethyl or rert-butyl and
15  more interestingly, R' and R are the same.

lkyl alkyl alkyl alkyl
alkyl alkyl alkyl alkyl
\;\/ﬁmé 0 OOR? O\jo\):\oon3 OOR?
= = fe)

0
COOR! COOR! COOR! COOR!

da N\ b. Ja N
3a.la NO, 3b.1a NO, 3c.la \NOZ 3d.1a NO,

Another preferred embodiment of the present invention relates to intermediates of
formula (32), (3b), (3¢) and (3d), wherein P', P? form together a vicinal-diol protecting
group, R? s H, said intermediates having the formula (3a.2), (3b.2), (3¢.2) and (3d.2)

20 respectively. Suitably, R' is selected from the group consisting of methyl, ethyl,
propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl and pentyl.

y P 1
Y ™ COOR COOR
3a.2 KX 3b.2 3c.2 ~N 3d.2

NO, NO; - NO, NO,
In yet another preferred embodiment the present invention relates to intermediates
having the formula (3a.2), (3b.2), (3¢.2) and (3d.2), wherein P' and P? taken together
25 form a dialkyl methylene, said intermediates having the formula (3a.2a), (3b.2a),



8 MARCH 2006 WO 03/022853 -27 PCT/ EPO2/ 10062 (3c.2a) and (3d.2a)
respectively. Suitably, R is selected fromthe group consistin |,
et hyl, propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-bu?ﬁ‘LchﬁtﬂW
pentyl, nore interestingly, R is nethyl, ethyl or tert-butyl. Ikyl alkyl
,alkyl 0 kyl alkyl COORI COOR 3a.2a ' 3 N2 alkyl v -. COOR 3c.2a \NO 2 5
I nternedi ate la (3c.2a) and (3d.2a) wherein R | | have been
descri bed i %@éﬁ/({zg&éﬁl o et at., Synthesis (1994), 5, 474?%&@%?(’[0%bl e, in
the internediates of fornula (3a.la), (3#7a), (3c.la) and (3d.la), and
(3a.2a), (3b.2a), (3c.2a) and (3d.2a), al kéls I's Cl_6al kyl, preferably,
C -0al kyl , and (ha2) andl@GdRayregeatively. Saitably R 0is sedéched|from the goREonkistidge
synthesis of t enfsPl Ih gyl .8, )y ) or (3d)
tl’@il/, Sh?'éknﬁ)?gf.s {’éﬁ Aty xfofb%, cSufyb Iy b&tgf%m?g

can be perforne opt icall ure 1'nterne of formul a
(1a) or (Ib) r"é’é%@&‘f‘?s%ﬂle.Rgi%mWL Wé?rﬁﬁﬁ")é‘é‘g ect of the invention relates

to internedi atespof fornmula (@), (4'), (5)akand (5 k¢h are deened novel .
Sai d interneﬂ?‘é‘?éggare oﬂf/ﬁv%;%gl e by é'k)ﬁfei;@d accof’ to the invention.
20 According tola preferred /erBodi nent th gesent i nventy on relates to

i nt er nedi at es of~Torfmtmr( me Ny dom? S dook' the group
consi sting of meghyls. ethyl, RpLAPY!, isoprryk, n- butyl,, ,itsobutyl,
sec-butyl, tert-butylNand pentyl. N% a nore pr¥erred e

hyl hyl f d f ng)fﬂ%nt’ R4isb
25 T i i i 5 5
e L onvent et Hediaie o BUnE Bste ing R h VESHRTE R St ThndatnBlt ot e of

formula (1 a) atPqtioginiore8loSynthesis (J994Feddhpounds of fornula (7) find their
particular use in the preparation of a nedicanment. According to a preferred

enbodi ment, t heujiaes éithe hesmedineiof Brmiiaf3aad, (3b.1a), (3c.1a) and (3d.12), and
(3a.2a3), (3b.2a), (3¢.2a) and (3d.2a), alkyl is Cy.salkyl, preferably, C,4alkyl, and most
10  preferably methyl or ethyl.

In general, the synthesis of the stereoisomeric forms of formula (3a), (3b), (3¢) or (3d)
can be performed by starting with optically pure intermediate of formula (1a) or (1b)

respectively.
15

Yet another aspect of the invention relates to intermediates of formula (4), (4°), (5) and
(5%) which are deemed novel. Said intermediates are obtainable by a method according
to the invention.

20  According to a preferred embodiment the present invention relates to intermediates of
formula (5a), (5°b), wherein R* is selected for the group consisting of methyl, ethyl,
propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl and pentyl. In a more
preferred embodiment, R* is methyl or ethyl.

25 The synthesis of intermediates of formula (5a) or (5’b) are conveniently carried by
starting with optically pure intermediate of formula (1a) or (1b) respectively.

The compounds of formula (7) find their particular use in the preparation of a
medicament. Accordihg to a preferred embodiment, the present compounds of formula

30  (7) are used as precursor in the preparation of anti-viral drugs, in particular anti-HIV
drugs, more in particular HIV protease inhibitors.

The compound of formula (7.1) and all intermediates leading to the formation of said
stereoisomerically pure compound are of particular interest in preparing HIV protease
35 inhibitors as disclosed in WO 95/24385, WO 99/65870, WO 00/47551, WO 00/76961



30 (7) are used as precursor in the preparation of anti-viral drugs, in
particular anti-H'V drugs, nore in particular H 'V protease inhibitors. The
conpound of fornmula (7.1) and all intermediates |eading to the FRYARG S 2006f
said stereoisonerically pure conpound are of particular interest in
preparing H'V protease 35 inhibitors as disclosed in WD 95/24385, WD

99/ 65870, WD 00/4755 1, WD 00/76961 8 MARCH 2006 WD 03/ 022853 PCT/ EP02/ 10062
-28 and US 6,Y929¥%2%3 WO 01/25240, EP 0 715 618 and WO 99FEVEROZ/14)6}
incorporated herein by reference,and in.ggarticular, the follow ng

H V-protease inhibitors. [(1

sI 2R) - fhh?/droxyan§tf8[6§1‘ﬁ7r§?i *Wes)oﬁ) 'ﬁ}gyb 5%%'311 %d@mllfglpﬂfrm%f?] - phe|n
gst elr‘mS {H? {)/r S%Jé'bgygré ef?ﬁf GUF efol?owx g F\I-pro}leasexnlﬂgxt uran-3-y

S, 2R) - 3-[[ (4- anﬁ(lrﬁo%ﬂ)érkwﬂr)osyrﬁf[Hﬂyﬁe}l(ozyphewh)yllﬂimyiw+n)®h19ilmq1yl)2mhryhiWnyl— ( phenyl
- met hyl ) propyl duetsﬁrph@m]xémaﬁmd akid Rsﬁ@gs ERRhe a8 YR DI Yirehe-331 Bdrur an- 3-yi

ester (HIVpr Se. | [(1
S, 2R) - 3-[ (1% KIS Bipreast] f‘hg‘m‘éulfon Vi Z ey p ami no] - 2- hydr oxy- |
10 (p henyl rret r{ﬂSﬂﬁ)@d{(ﬂ]anwbgM)@lfaal -methylpropy ammo]- -hydroxy-1-(phenyl-

(3R, 3aS, 6aR) - haxahylproplHearpanid-akifl { 3R, 243;63R yhex alg@tofiiro[213-BIfipara3-gaser | nhi bi t or

3),or any phar ngge olt&ggi 1b1?&§?pt able addition salt thereof Thus t he
present inventi Sagﬁ o relate ase .i nhi bi tor 3 or any 15
phar maceut i cal |[§‘ ﬂf‘aﬁ (g?’i(’?ér ksﬁlrf@HB{}q‘“?tmﬂPrQW)mb‘B’t] k’P(@ré?’%y usi ng a
conpound of10 f(ipmmb'lale(hi'l)nr))plﬂ}-eqnbaImdaqxtémﬁlsrﬁgRl exalipdrqfureRSb] furanv®mt i on i n
the chenical sy&RitP@ayprddéase mbibHodd) M My%hﬂﬂz%&uh&hybé&%lﬂe additfoll sehem cal
synthesis is di gcl ed in the art, for instance in 01/ 25240, EP 0 715
618 and WO 99/ 674 20 The followi ng exanples are neant to be illustrative
of the present invention. These exanples are presented to exenplify the

i nvention and ar@sHbaPressntipyeptinnalsoelaresie HIY prateseighibtiss 17y 8AE3N' s scope.
Experi nment al5 s ephtuingceuti2dlyGeceptable syt @pedinrgakered®rabtained hyviisgpeatmpaumiife

rﬁc?r ded on a Bouked (7AY pRp&ediEordAg tdMhE p Mm%ﬁ%ﬁm%xcalpgﬂﬁ&ﬁ oghemi cal
500, Anal 5??%%%%%%”59&1? tarﬁr%vét Kevid oere et B e uaing.
silica gel 60 AngaggingVeAII6249, BPQﬂé%é](BOmQBVQrPH/ﬁMl%kness) TLC Rf 30 val ues

are reported. Visualization was acconplished by staining with a solution of
KMhO4 i n acEt orEhedsllomidgdexampled até meiht @f beViludtrhtive @ f the pieseht invéntih XThése of wat er

and _concent r alggr gl {UEiGntexcABR R RhiHABa G IBLONRRN L OO vas
performed usin imiting the invention's scope.

Experimental section

25  General procedures:
Proton NMR spectra were recorded on a Bruker Avance DPX 400 MHz NMR
spectrometer. Proton chemical shifts are reported in ppm (J) relative to internal
tetramethylsilane (TMS, & 0.0). Analytical thin-layer chromatography (TLC) was
performed using silica gel 60 A Fas4 precoated plates (0.25 mm thickness). TLC Rf
30  values are reported. Visualization was accomplished by staining with a solution of

KMnO; in acetone or with a solution of vaniline in a 1 / 1 mixture of water and
concentrated sulfuric acid. Analytical gas chromatography (GC) was performed using
a DB-XLB column. Analytical chiral GC was performed using a cyclodex-§ column.
Detection on both columns was accomplished by employing a flame ionization

35 detector. All solvents and reagents were retrieved by commercial suppliers and used
without any treatment or purification prior to their use. L-5,6-O-Isopropylidene-
gulono-1,4-lactone was prepared from L-ascorbic acid according to C. Hubschwerlen
Synthesis 1986, 962-964.



a DB- XLB colum. Analytical chiral GC was perfornmed using a cycl odex-f3

colum. Detection on both colums was acconplished by enpl oyi ngl\g ﬁhﬁnﬁ)%

ionization 35 detector. Al solvents and reagents were retrieve '§7

commerci al suppliers and used w thout any treatnment or purification prior
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of 1.3 Potassium periodate (0.25 nol, 57.5 g) and potassi um hydrogen

carbonate (0.2FExamplelI 5 25 g) were slurried in water (100 nml) and cooled to

0C. L-5,6-0Isopropyl,idene- gulono-1,4-lactone (1.1, 0.12 nol, 26 g) was

di ssol ved in tetrahydrofuran (100 n nd waterg (100 mM) and added dropw se

over 20 minutes to @he pgriodate solfublan at @Q\“/\Ajd@{ a}mltlon t he

m xture was sti rrethen’ﬁ@fatLﬁe'for 4eitburs and ¢théh cooled to 0C.

The solids were renoved fiM«ad8db] ogn an shength tet\/'hyﬁ'”@mﬁtan (100

m). 10 The conbi ned &Pgar?? filtrat s cont i ning ™ °

2, 3-0-isoproylidenegl ycgﬂal de- hyde (1. Z) were used wt hout ﬁl& qr at [ on of

the solvents in the next step. Triethyl phosphonoacet ate

was added to the conbinedQfiltrates at Qg Potassi um carb\opz e"F. 6 m)l 83
e

g) was di ssol ved; nn vvat er m )) tased d | SBHPV 33 hour at OC to
the reaction m ha__lae utio was stirred 4 . hours. The
organi ¢ phase s separﬁged a oyg phase was ext act®B wi th

et hyl acetate (3x 100 m). The ON" 1.4

Synthesis of 1.3
Potassium periodate (0.25 mol, 57.5 g) and potassium hydrogen carbonate (0.25 mol,

5 25 g) were slurried in water (100 ml) and cooled to 0°C. L-5,6-O-Isopropylidene-
gulono-1,4-lactone (1.1, 0.12 mol, 26 g) was dissolved in tetrahydrofuran (100 ml) and
water (100 ml) and added dropwise over 20 minutes to the periodate solution at 0°C,
After addition, the mixture was stirred at room temperature for 4 hours and then cooled to
0°C. The solids were removed by filtration and washed with tetrahydrofuran (100 ml).

10  The combined organic filtrates containing 2,3-O-isoproylideneglyceralde-hyde (1.2) were
used without evaporation of the solvents in the next step. Triethylphosphonoacetate
(0.114 mol, 32 g) was added to the combined filtrates at 0°C. Potassium carbonate
(0.6 mol, 83 g) was dissolved in water (160 ml) and added dropwise over 1 hour at 0°C to

. the reaction mixture. The two-phase solution was stirred for 4 hours. The organic phase

15  was separated and the aqueous phase was extracted with ethyl acetate (3x 100 ml). The
combined organic phases were washed with water (2 x 100 ml) and the solvent was
evaporated to give a pale yellow oil. This crude oil was filtered through silica, eluting
with n-hexane/ethyl acetate (10/90) to yield compound (1.3, 14.3 g, yield = 60%) as an
E/Z mixture in a ratio 96/4 (determined by 'H NMR). The 'H NMR spectrum was

20  consistent with that of the desired structures.

Synthesis of 1.4

Compound (1.3, 0.1 mol, 20 g, E/Z : 96/4) and nitromethane (0.11 mol, 6.7 g) were

dissolved in acetonitrile (200 ml) and cooled to 0°C. A solution of 1,8-diazabicyclo-
25  [5.4.0]undec-7-ene (0.15 mol, 22.8 g) in acetonitrile (50 ml) was added dropwise over

5 minutes. The reaction mixture was stirred overnight at room temperature. Then,

most the solvent was removed under reduced pressure. The oily residue was diluted

with water (200 ml) and extracted with ethyl acetate (3x 200 ml). The combined
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g) was added p@ﬁé&l&%\/&fﬁ&aw-ﬁxra@ﬁ@ﬁlf&m&eﬁl g 7zom tenperature. The bas
uthIlO

sol uti on was transt. el addi n dded .dropwi se over 10
mnutes to a cgg)l ed f mpo‘fndtdfraow [ﬂ;@t %"gfm’&mre en?of’at ed (37%

hydrochl oric a@pep! (3. r@ZPstafmqm tep-bytogidy (0.4 32 wbﬂé@we# addedpprHignwisePer r eact i on
m Xt ure wa0st i30 meshtésar rodmhenipesanart. Thedasié sihpion alasitrmsfeiradn antaddigérhy | am ne

(0.022 mol, 2. 3ugh MBIIRAIRTwHE SR 6 RirkAY S Dol ANCHEkoro Ry Sinked

mixture of concentrated (37%) hydrochloric acid (0.0275 mol, 2.3 ml) in isopropanol

O o1

(20 m]). The reaction mixture was stirred for 2 hours at room temperature, then
triethylamine (0.022 mol, 2.2 g) was added dropwise causing Et;N.HCI salts to

25  precipitate. The reaction mixture was diluted with ethyl acetate (50 ml) and filtered to
remove the salts, The solvent was evaporated under reduced pressure. The residue was
diluted with ethyl acetate (50 ml) causing more Et;N.HCI salts to precipitate. The salts
were removed by filtration and the solvent was evaporated under reduced pressure.
The residual oil was further purified by silica gel plug filtration with ethyl acetate as

30 eluent to afford a mixture of compounds (7.1/7.2, 1.03 g, yield = 72%) in a ratio of
78/22 (determined by '"H NMR). Analytical samples of the pure compounds (7.1,
Rf7.1=0.27) and (7.2, Rfy; = 0.15) were obtained by means of silica gel chromato—
graphy using ethyl acetate as the solvent.
(3R, 3aS, 6aR)-Hexahydro-furo[2,3-b]furan-3-o0l (7.1): "H NMR (400 MHz, CDCl;) :

35 §1.80-1.91 (1H, m), 2.28-2.34 (1H, m), 2.83-2.89 (1H, m), 3.11 (1H, broad s), 3.35-
3.59 (1H, m), 3.85-3.98 (3H, m), 4.38-4.45 (1H, m), 5.66 (1H, d, ] = 5.2 Hz).



25 precipitate. The reaction mxture was diluted with ethyl acetate (50 m)
and filtered to renpve the salts. The sol vent was evaporated uSMARCHR(6@d
pressure. The residue was diluted with ethyl acetate (50 ml) causing nore
Et 3N. HCl salts to precipitate. The salts,, were renoved by filtration and the
sol vent was evaporated under reduced pressure. The residual oil was further
purified by silica gel plug filtration wwth ethyl acetate as 30 eluent to
afford a m r-£40 / Y- 2 tio of
81 22 (det el Rl B IPRIRS ifolfo i 130 (P i SiRTaaE ML LaCkR © O )
Rf,.3 = 0.28).68H76 112, mRR,12-2 230111,5;1) \Rér2e(lebmade)i zw-&sanwm,)ss Blca gel

SaR) T anydrn GH B HaE L ML BEEL S AL B s RO (R 08 o 3) - 35 6
1.80-1.91 (1H m, 2.28-2.34 (1H, n), 2.83-2.89 (1H, m, 3.11 (1H, broad s),

3.35- 3.5%9 EibmpMII 3.85-3.98 (3H, m, 4.38-4.45 (1H m, 5.66 (1H d, J =
5.2 Hz). MARCH 2006 - 31 (3R aR 6as) - Hexahydro f @ o[ 2, 3-b] furan- 3-ol

(7.2):'H (400 Mz, CDC13) 1. 68 L35 (1 m, 2.12-2 83 ( (g%

2.42 (1 Br g 83 2CHH02 8 . 3.81-H85091 4¢3 Y2%6./1. 01

m, 4.23 (1 %8%981 _4303» 5 Pxa 110" t CHBNOZ
H2SO4 O HO r COCEt | . Et "/ OEff OX'QH. 3%@ 3" 0 2 Synt hesi s
of 113 and 118" A sol ution forh‘trdmat hane (0 011 nBl, 0.67 g) jg ethanol

(5 M) was cooled to OC. 1, 8-Diazabicyclo[5.4 0]undec"3 ene| (0.015 nmol, 2.3

g) in ethanol (5 m) was added 1) LiBH,
2) HCI
HQ HQ
amy - 0
o~ ™0 0~ 0
7.4 7.2

Synthesis of 11.3 and I1.3°
A solution of nitromethane (0.011 mol, 0.67 g) in ethanol (5 ml) was cooled to 0°C.

1,8-Diazabicyclo[5.4.0Jundec-7-ene (0.015 mol, 2.3 g) in ethanol (5 ml) was added

10  dropwise and the reaction was stirred for 30 minutes. Compound (I1.1, 0.01 mol, 2 g,
E/Z = 96/4) was dissolved in ethanol (5 ml) and added dropwise to the solution at 0°C.
The reaction mixture was stirred overnight at room temperature, then transferred into
an addition funnel and added dropwise over 30 minutes to a cooled (0°C) vigorously
stirred solution of concentrated sulfuric acid (0.03 mol, 0.8 ml) in ethanol (10 m1).

15  After stirring at room temperature overnight, the reaction mixture was diluted with
water (100 ml) and extracted with dichloromethane (3x 50 ml). The combined organic
phases were washed with a saturated sodium hydrogen carbonate solution (100 ml),
dried over MgSO;, and evaporated under reduced pressure to afford a crude mixture of
products (I1.3/11.3°, 1.27 g, yield = 58%) as an oil. Using 'H NMR analysis, compound

20  I1.3 was identified as the major component in the product mixture. The crude product

mixture was used as such in the next step.

Synthesis of (7.1) and (7.2} from crude (11.3/11.3”):
The crude product mixture (11.3/11.3) (0.006 mol, 1.27 g) was dissolved in tetrahydro—
25  furan (20 ml) and cooled to 0°C. Lithium borohydride (0.009 mol, 200 mg) was added

in portions over 5 minutes and the mixture was stirred overnight at room temperature.

The solvent was evaporated under reduced pressure and the residue was dissolved in
1sopropanol (25 ml). Concentrated (37%) hydrochloric acid (1 ml) was added dropwise
and the mixture was stirred for 4 hours at room temperature. Then, triethylamine



10 dropwi se and the reaction was stirred for 30 m nutes. Conpound (11.1,
0.01 mol, 2 g, E#Z = 96/4) was dissolved in ethanol (5 nl) and

dropwi se to the solution at 0OC. The reaction m xture was sti rrgﬁgggm%ﬁt
at roomtenperature, then transferred into an addition fimel and added
dropwi se over 30 mnutes to a cooled (0C) vigorously stirred solution of
concentrated suI f#gc acid (0.03 nol, 0.8 m) in ethanol 10 m%o 15 After
stirring at Ao erature overnight, the reaction m xt i 1 ut ed
with water (100 m ) and extracted with -d%¥chl or onet hane (3x 50 m). The
conbi ned organic phases were washed with a saturated sodi um hydrogen
carbonat e sol ut(s ml) wat@dettidjopwise causiclg BUNHOVIBEHo pracipietea(The sdactibnumigiere r educed
pressure to af ok dided¥itfeniThattat Goh) apm@eeé‘dttér&;lo%é(hl;ﬁw Te Slvefl Y1 eld =

58% as an oil. Sl S, entified as

t he maj or corrpd‘f‘i‘éﬁ‘fap rﬁtefl °pte ‘(‘.ﬁﬁ?: refsLE; &gg&#’f‘f’e‘"@r"ﬂﬂﬁd HP‘E) tace?ffxt ure was
used as such i rf1Q0mel) prasing mpEELNIOL sakisto pregipitgte . The saltsgvefe/rempvedrbym cr ude

(11.3/11.3" ' TFikgatioh eetrhOSoPRHGhas & Bmeauﬁdlemdﬂcﬂed%relsufeo TROResidd] il ad 7 9) Was
di ssolved in t trah rfoedagghfur q legata)g?yé ﬁnyfacft?tegselu%g@adgrdtnq ium

bor ohydri de (0. nut es and
the m xture wagnismrerof eempopedsi(i-4fii2, @68 g.isH Q7é(ﬁp‘é?@tlﬁlpfa87/13‘l(ﬁ%§er§’éﬂ°9éht was
evapor at ed undéH NMRI)ICRE 1) NS speetruminlast dofsistens withl that/\of Shediesi 0 ktvietlrésn

i sopropanol (25 m). Concentrated (37% hydrochloric acid (1 m) was added
dr opw se d t re was stirred for 4 hours at roomtenperature. Then,
triethyl amal?e Sﬁ—}lvﬁg‘%i—ZPOOG WO 03/ 022853 PCT/ EP0O2/ 10062 -32 (5 m) was added
dr opwi se causi ng EtSNoHGé salfs to precipitate. The reaction m xture was

di | uted vvit bhyl aCetate g@om ndfllteredt femove the salts. The
sol vent qr att@gM Emd °pres@bl@  Thie fei dgeoMms| diluted with
et hyl acet at e\/%o m ) causi rC@OEE3N HEbsgal t : bBiut pt e. The
salts were reHﬂv@d by 5 f||tram20n and the sol vent| was @vapor at pd under
reduced pressure. The residual oil was further purifoid HY®sildca gel plug
filtration with ethyl acetate as eluent to afford a mi xture of conpounds
(7.1/7.2, 0.68 g, yield 87% in a ratio of 87/13 (detgrtiNa@d by 1H NWVR).
The 1H NWVR spectrum was consistent with that of the d s%q_‘eég) structures. 10

Exanple 111 C“&VE COOw O'0 ~CoOwe -- 'Cme CH3
H: COOH MeQOOC
— OMe
A
L'O}\OMe #) AcOH C—>\0Me o’ OMe
n.s fi.s* 0.4 .4’
1) LiBH,
2) 1N HCI
HQ
("j,..\\>
0~ 0
71

Synthesis of IT1.2
2,3-O-Isoproylidene-glyceraldehyde (IIL.1, 0.1 mol, 65 g of a 20% w/w solution of

I11.1 in tetrahydrofuran) was mixed with dimethyl malonate (0.15 mol, 19.8 g), acetic

15  anhydride (0.3 mol, 30.6 g) and pyridine (0.05 mol, 3.95 g) and stirred at room
temperature overnight. The reaction mixture was evaporated under reduced pressure.
The residual oil was diluted with dichloromethane (200 ml), washed with a saturated
sodium hydrogen carbonate solution (3x 100 ml), dried over MgSOy and evaporated
under reduced pressure. Fractionated distillation afforded (111.2, bp: 88-94°C/

20 0.03 mmHg, 14.2 g, yield = 58%, purity by GC: 83%). TLC (ethyl acetate / hexane
20/80) : Rtz = 0.43 (KMnO, in acetone). '"H NMR (400 MHz, CDCl;): 8 1.39



COOMe COOMe 111.3 COOH + r' 1) Nun Q Owe 111.5 HQ 1) Li8H4 2) 1IN HC Ve 2)
AcOH 111.5' Owe 111.4 2) H2SO4 Me000 HQ rCOOME + 7.1 Synt hesi 8 VWARCH|2006
2,3-0-1soproylidene-glyceral dehyde (I11.1, 0.1 nol, 65 g of a 20% wW w
solution of 111.1 in tetrahydrofuran) was m xed with di nethyl mal onate
(0.15 nol, 19.8 g), acetic 15 anhydride (0.3 nol, 30.6 g) and pyridine
(0.05 nol, 3WO3PR28Jnd stirred at room tenperature over nPGHEPOZIHE2 r eact i on
m xture was evaporated under reduced pressure. The residual oil was diluted
wi t h dichl oronet hane (200 ml), washed with a saturated sodi um hydrogen

carbonate sol U(ismpgy(s %3408, §T17?37§|(1'HEQ1 AVRI(31Y] %33 s?\a%w@t(@ﬁ gnder

reduced pressu ti i on affor 111.2, b 8-94C 20
0.03 rmH'S 14. &8%4 5?1 882?‘5;‘8‘3)* éair.*tv%éy e 83% . TLC (et hyl P acetate 1

hexane 20/ 80) Rf1,11.=1= 0.43 (KMhO4 in acetone). 'H NVR (400 MHz,
CDCl 3): 8 1. 30Symthesis pf MIB%000Me 8 MARCH 2006 WD 03/ 022853 PCT/ EP02/ 10062

-33 5  To astirred solution of (I11.2, 2 mmol, 490 mg) in methanol (20 ml), was added first

nitromethane (2.2 mmol, 134 mg) and then 1,8-diazabicyclo[5.4.0]Jundec-7-ene
(0.5 mmol, 76 mg) and the reaction mixture was stirred at room temperature for
3 hours. The solvents were evaporated under reduced pressure. The residual oil was
diluted with a saturated ammonium chloride solution, extracted with dichloromethane,

10 dried over MgSO, and evaporated under reduced pressure to afford crude (IIL.3) as a
syn/anti mixture in ratio’s ranging from 90/10 to 97/3 (determined by 'H NMR). TLC
(ethyl acetate / hexane 20/80) : Rfi3) = 0.29 (KMnOjy in acetone) : the syn/anti-(111.3)
isomers do not appear as separated spots on TLC. The structure of compound syn-
(I11.3) was identified from the 'H NMR spectrum of the crude reaction mixture: syn-

15 (I1L3): 'H NMR (400 MHz, CDCL) : § 1.23 (3H, s), 1.31 (3H, s), 3.13 (1H, ~ quintet,
J=5.5Hz), 3.55 (1H, d, ] = 5.5 Hz), 3.66-3.69 (overlapping, 1H, m), 3.68 (3H, s), 3.70
(3H, s), 4.05 (1H, dd, J, = 8.8 Hz, J, = 6.7 Hz), 4.22 (1H, ~ q, ] = 5.9 Hz), 4.60 (1H dd,
Jy =148 Hz, J, = 4.8 Hz), 4.67 (1H, dd, J, = 14.8 Hz, J, = 5.9 Hz).

20  Synthesis of (I1L.4/111.4%) from (IT1.2):
To a stirred solution of (I11.2, 0.05 mol, 12.2 g) in methanol (50 ml), was added first

nitromethane (0.055 mol, 3.36 g) and then 1,8-diazabicyclo[5.4.0Jundec-7-ene
(5 mmol, 760 mg) and the reaction mixture was stirred at room temperature for 4 hours.
The reaction mixture was cooled to 0°C and a solution of sodium methoxide 2N in

25 methanol (0.05 mol, 25 ml) was added dropwise over 30 minutes. The mixture was
then transferred to an addition funnel and added dropwise over 45 minutes to a cooled
vigorously stirred solution of concentrated sulfuric acid (0.125 mol, 12 g) in methanol
(25 ml), keeping the internal temperature < 10°C. During the addition, a white
precipitate was formed and the suspension was stirred overnight at room temperature.

30 The reaction mixture was evaporated to half of the original volume and then slowly
poured into a cooled saturated sodium hydrogen carbonate solution (200 ml), keeping
the internal temperature < 10°C. The aqueous phase was extracted with ethyl acetate
(4x 50 ml), the combined extracts were washed with water (50 ml) and evaporated to
afford a mixture of crude compounds (IIL4/I11.4°, 8.37 g, yield = 78%) as an oil. The

35 'H NMR spectrum of the crude reaction mixture showed compound (IIL4) to be the
major reaction product. An analytical sample of compound (IIL4) was obtained by
flash chromatography on silica gel, eluting with ethyl acetate / hexane 50/50. TLC
(ethyl acetate / hexane 50/50) : Rfunqy = 0.45 (KMnOj in acetone). (1I1.4): 'H NMR



(3H, s), 1.45 (3H, s), 3.71-3.75 (1H, m, 3.81 (3H, s), 3.83 (3H, s),
4.25-4.29 (1H, m, 4.90-4.95 (1H, m, 7.04 (1H d, J = 7.1 Hz) esi
of (111.3): 5 To a stirred solution of (111.2, 2 nmol, 490 np) pﬁ%@@@g?
(20 M), was added first nitronethane (2.2 nmmol, 134 ng) and then

1, 8-di azabi cycl o[ 5. 4. O undec-7-ene (0.5 nmol, 76 ng) and the reaction
mxture was t roomtenperature for 3 hours. The vvere
evapor at ed uﬁ‘gte)rg@gs gced pressure. The residual oil was %’E‘[ﬁ%

sat urat ed ammoni um chl ori de sol ution, extBfacted with dichl oronet hane, 10
dried over MJSO4 and evaporated under reduced pressure to afford crude
(111.3) as a sy(nﬂ(am-liz ORI B8 .33r3H,a),i339%1 H,ald g rF.0f Hon=914 Hf), 1.68 QH, 3

(determ ned by jty NMB) 3 8T 145, sf @'917! Iy, a&:gfﬁalth_d 12@%999) 29680, ;1 Ri{ Rz, 3) =
0.29 (KMhO&4 § !
separ <(31t ed spe[]sf&oser{[l@L%)s Zﬂ{iﬁsqdrsﬁct% cl‘f r‘?% unhsggﬁfs(lilng) ﬁgear as

|dent|f|ed fr o igsis & (¥ spectrum of the crude reaction mxture: syn 15
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H m, 3 68 (3HZ2 mi) A®lm@n0(@de(w4/lﬂ405)0@1meﬂ sacg) injmethan@l (80 Bl) wap2 =

Hz), 4.22 (1 H, added%nd theTeadtidch thi%fure was Batédunbibr réflix for 2 to 3 hours. TLC anal s1s

J, =14. 8Hz, J2 4
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g) in nmet hanol r(nstslrerwas wm@ra&dd’e@rﬁd%e@ Pregsure 1 st of Aeorigmalonlimen The 3 36 g)
and then 1,8 diraddial jutibowas Mix€] witdeetic/acki(@0 cb andrstirred d60ommempreraturé he

reaction M xt Urg: Y@ irhed, 6 r@kidiORhAMRRNARH B h8ks do bty extra}tgezgeact i on

m xture was cool. d t tion sodi m nmet

met hanol (0. 05 yg%"ef"f‘fe’)a(gﬁé@mgd% Hﬁéfr%m% é?“%'emafmgé@ 8The mi xture
was then transhwratedgodiem Aydregtd carbenatefsoltias (28 md), drirdoderdylgishiané over 45
mnutes to a canhpeh ted\/thﬂé?erMSéd)br&Edrétrofhﬁ”oﬁQbednmﬂ (nf.s, Q@SCgemlaaat&%)any uric

201 4 (0, 125,310l Bl {rﬁm@gaogic?méo%ﬁd fit)3 Jﬁ?gﬁ&ﬂgiéngergs%ﬁsra@@n?m 4

t enperat ure <
t he suspensi on ijpREopanql Mag@ T RPES GOMEPYn zﬂ DAl ?Q—.ﬁﬁ)’@fﬂ%}?ﬁjr CEPANE react i on
m xture was evakfoset 849.t GILERI'H NMR (408 M3tz GDAk) : S/ I(YH, ddydi + HeMHs lpwl v

Eggrleg Int ﬁeal PHED. mr@ct@ FOtHE M Dy ds Hgﬁgo%rob@ﬂ@txﬂ $9 gy, gngsrss;g?egﬂ)
W tﬁ e'?hyl acet ;ﬁ % g?ﬁ@ }gﬁg gtei' E‘t@g@t%%@?‘e”ﬁzﬁ@ﬁmh wat er
(50 M) ancPOevedﬁoJrlaﬂéHH%’éz éf’ﬁé}d a mxture of crude conpounds

(111.4/111. 4", 8.37 g, yield = 78% as an oil. The 35 '"H NWR spectrum of the
crude reacti on Svnthidiy ¢ (Bded(Id@pound (I11.4) to be the nmmjor reaction

product. An anajyy ofigh sy u%o&{,f&amuraﬂbé D1 1438 SRt lAGH Ry [ | ash

chr omat ogr aphy ca icet ne 50/50. TLC
(ethyl acetate (%ﬁ‘zx'é"h J Qﬁ“dc %@H%’w 3% I'YXSA@% N/ﬁeﬁm?srf"'ﬁ'c& one) .
(111. 4): ' RSNVRnigutks\RGeis@paGion was stirred overnight at room temperature until TLC analysis

indicated the complete conversion of starting material (IIL.S). Then, the reaction

mixture was cooled on ice and quenched by addition of water (5 ml). The reaction
mixture was evaporated under reduced pressure (bath temperature = 40°C,
P = 200 mbar) until most of the tetrahydrofuran was evaporated and the residual

30 aqueous solution was acidified with 2N hydrochloric acid to pH = 0-1. The reaction
mixture was stirred for 1 hour at room temperature, saturated with sodium chloride and
extracted with ethyl acetate (5x 20 ml). The combined organic layers were dried over
MgSO, and evaporated under reduced pressure to give compound (7.1, 1.01 g, yield =
71%) as a colorless oil. The structure of (7.1) was confirmed by the '"H NMR

35 spectrum. The enantiomeric purity of compound (7.1) was determined by GC analysis
of its acetate. Therefore, compound (7.1, 0.5 g) was mixed with acetic anhydride (2 g)
and N,N-dimethyl-4-aminopyridine (100 mg) and stirred at room temperature
overnight. The reaction mixture was diluted with hexane (50 ml) and washed with a



WD 03/ 022853 PCT/ EP0211 Ws2 -34 (400 MHz, CDCI3) : S 3.33 (3H s), 3.39 (1
H dd, J, = 7.0 Hz J2 = 4.4 H), 3.58 (1 H d, J =4.4 Hz),
3.97 (1H, dd, J,= 11 Hz, J2 = 3.9 Hz), 4.10 (1H, d, J = 11 Hz), %\%égﬂ(z}iﬂ)ﬁ
s), 5.23 (IH, dd, J, = 7.0 Hz, J2 = 3.9 Hz). Synthesis of (111.5): 5
Pot assi um hydr oxi de (0.025 nol, 1.42 g) was dissolved in nmethanol (10 m)
and water (3dW3oz2sés solution of crude (111.4/111.4', 0. Ggg/EFdmoee2- 2 9) i n
met hanol (10 m) was added and the reactjion m xture was heated under refl ux
for 2 to 3 hours. TLC analysis indicatéett the conplete conversion of all
starting material (111.4/111.4') and the reaction mxture was concentrated
under reduced pAtwaEdhydregsn qarbpngte splqond2x 6 i jand, hen with water(5q ml)r Edirefual
sol ution was nﬂmﬂalyalstdsftmgkarre saloiich dlidWed b Hetanndnesthé énantibnadric exu@ss df enper at ur e
for 2 hours. Tp&.ﬁb ARl g3, M xture was diluted with water (20 ml) and
extracted wth et hyI acet ate (3x 20 m ). The conbined organic |ayers were
washed with_a Esat ed sodi um hydrogen carbonate solution (20 m), dried
over MgSO™4 3nd—%‘9§5@ der reduced pressure to afford conmpound (111.5,
An anal ytG-blP2 sa f conmpoupd (111.5)

2.35 g, yield = 65% an\\ sol
was obtained b gryst alddgad i o or&od,\;ﬁeoprcapaml a or e| conpound
(o]

(111.5) as col edtes ™ TILC (CEt ~N49~cobdkd |{5): 'H
NMR (400 MHz, Wszsl(l , dC,Me-186Hz 32— 0 Hz), 2.84
(1H, dd, J, = 1¥% I8, = 11.3MN2), 3.00-3.06 (IH "m0

4.

| 33Vi31-1, 9),
3.95 (1H, dd, J, =10. 9Hz,J2 3.9Hz), 4. 10(1H, d, J=10.9Hz), 4. 88(1H,s), 5. 14(1H, 20
dd, J, = 7.0 Hz, J2 = 3.9 Hz). Synthesis of (7.1) from(111. 5)NaOMe a cool ed
(0C) solution of conpound (111.5, 0.011 nol, 1.88 g) in tefr@ ofuran (20

m ), lithium borohydride (0.017 |, 370 rrg) wag, added in portions over 10
25 m nut es. Thelosusperiél-@'rh was siirred OweHni ght at_roomMm rature until
TLC anal ysis i ow} c‘i”Fré*C(':orﬁ?pl gt e cofePH QQlfe | gy €PPME
(r1rr.5). Then, RHQ action m e was cool ed ice and | nched by

addi tion of watef (@ M). The reafti¥ nixtur oY apor OMeler reduced

pressure (bath tefderature = 4085 P = 200 nbar ) Bn}vll nost of whe
tetrahydrofuran was eyaporated and the residual 30 aqueous sol ution was
acidified Wth—@ﬁﬂ%@ﬂéﬁ@orlc acid to pH = 0-1. The reaction mxture was
stirred for 1 B3«D- Isaproyli]imm glgcopaddehyder(BV.1,9454mal;, £75Wigiofia 2036 wwnsaltitionr i de and

SXt r 3Ct ed wi t hoftry] indGhréfufan wng%l%d)wuhMeLgﬁm&% (pé anigsd AYer s We(rje
g o 0ver g VOB 50D SLRPCR. IRIEL PSRHORS s Sol s 8 A oo
confirmed by t pdsdedandiie @gctlgpéwtt\dre iias heated téh‘b?n@ |Amb,iﬁ tempgrature; § salition @frpound
(7.1) was det eadgtioatiydride@ equing 4962 hiol, 306 ki)if ter@idadferan (F0e kg)fvak addeg orrpound
(7.1, 0.5 g) Weer %é—ﬁ)q o% BMQ@H’ ffeaﬁxwphi lgﬁrs (ag4£él, most of the solvent
(1200 kg) was removed by vacuum evaporation and the residual oil was diluted with '
15  toluene (2500 kg). The organic solution was added over a period of 2 hours to a
vigorously stirred aqueous sodium hydrogen carbonate suspension previously prepared
by mixing solid sodium hydrogen carbonate (190 kg) with 1N sodium hydrogen
carbonate (1760 kg). After phase separation, the aqueous phase was removed and the
organic phase was washed with 1N sodium hydrogen carbonate (1760 kg). Then, most
20  toluene was evaporated under reduced pressure to a residual amount of about 450 kg.
Further removal of toluene and solvent switch to methanol was performed by
azeotropic distillation with methanol by repeated (twice) addition of methanol (500 kg)
and evaporation of the same amount (500 kg) under reduced pressure. Finally,
methanol (830 kg) was added to yield intermediate IV.2 (1280 kg of a 23.6% solution
25 in methanol). Intermediate IV.2 was used as such in the next step.



and NN-di met hyl - 4-am nopyridine (100 ng) and stirred at room tenperature
overnight. The reaction mxture was diluted wth hexane (50 m) 3&8 \é\/ﬁls%%g
with a 8 MARCH 2006 WD 03/022853 -35 PCT/ EP02/ 10062 sat ur at ed h)§ 5
carbonate solution (2x 50 m) and then with water (50 m). Chiral GC

anal ysis of the hexane solution allowed to determ ne the enantioneric excess

of conpound ‘(’Z%éég be > 99% 5 Exanple I'V Cone ~9 O\&C{)Mml 0 CH3NCZ

cat. DBU 0 O ~~ ~ ~ 'COOWMe IV.2 O~ 1-0~~ 1[ 1] 000 ONIV.3 i
z 1) NaOVe 2) H2S04 HO 1) LIBH4 A 1) KO¥MOOC 2) conc. HCOl O = 2) AcCH

Q' -000Me HQ).-000Me 0-110 7.1 0 -0 IV.5 OMe Synthesis of (11'.2)

2, 3- O | sopr oy| iSyathesigd Y BEA/BY 48 1fiote(IY2Y. 1, 1654 not, 1075 kg of a 20% w w

solution of (Ipfeddediaft (NERY@0YHOD5201GDf a VREY%NIAVRH TV rhm&thart) Wk mighonat e (1

equiv., 1654 anEith nitromethane (1.1 equiv., 553 mol, 62 kg of a 55% w/w of nitromethane in

methanol) and to the stirred reaction mixture 1,8-diazabicyclo[5.4.0Jundec-7-ene (0.1
5 equiv., 50.3 mol, 7.6 kg) was added over a period of 30 minutes under cooling, keeping

the internal temperature < 25°C. Stirring was continued at room temperature for 3
hours. The reaction mixture was cooled to 0°C and sodium methoxide 2N in methanol
(1.1 equiv., 553-mol, 100 kg of a 30% w/w solution of sodium methoxide in methanol )
was added dropwise over 30 minutes, keeping the internal temperature at 0°C. After 30

10 minutes at 0°C, the reaction mixture was dosed over a period of 1 hour to a cooled
(0°C), vigorously stirred solution of concentrated sulfuric acid (2.5 equiv. 1258 mol,
128 kg of 96% sulfuric acid) in methanol (200 kg), keeping the internal temperature
< 10°C. The reaction mixture was further cooled to 0°C and added to a vigorously
stirred, cooled (0°C) biphasic system of ethyl acetate (450 kg) and 1IN sodium

15 hydrogen carbonate (1.9 equiv., 1905 kg) over a period of 1 hour, keeping the internal
temperature < 15°C. The reaction mixture was filtered to remove most of the
precipitated sodium sulfate. After phase separation, the organic phase was collected and
the aqueous phase was extracted four times with ethyl acetate (total amount of ethyl
acetate: 2250 kg). The collected organic phases were washed with brine (300 kg of a

20  23% w/w sodium chloride solution) and evaporated under reduced pressure to a
residual amount of 750 kg (containing ca. 66 kg of intermediate IV.4). Intermediate
IV.4 was used as such in the next step.

Synthesis of (IV.5) from (IV.4)

25  To astirred solution of (IV.4) (750 kg of a solution ca. 66 kg IV.4 in methanol) was
added water (38 kg) and potassium hydroxide (553 mol, 68 kg of 45% aqueous
potassium hydroxide) and the reaction mixture was heated to reflux for 2 hours. After
rapid cooling to 35°C, acetic acid (830 mol, 46 kg of 96% acetic acid) was added and
the reaction mixture was evaporated under reduced pressure over a period of 10 hours

30 to aresidual amount of ca. 200 kg. After cooling to room temperature, more acetic acid
(354 kg) was added over a period of 1 hour. After stirring for 2 hour at room
temperature, most acetic acid was removed by vacuum evaporation over a period of 10
hours to a residual amount of ca. 250 kg. Water (800 kg) was added and the aqueous
solution was extracted three times with ethyl acetate (3x 700 kg). The combined

35 organic layers were washed twice with 1N sodium hydrogen carbonate (2x 586 kg). A
third washing with 1N sodium hydrogen carbonate was performed with pH control; 1N
sodium hydrogen carbonate was added until a pH of 6.8-7.2 (ca. 410 kg IN sodium
hydrogen carbonate was used). A solvent switch from ethyl acetate to isopropanol was



10 218 kg) and stirred at 20C for 3 hours. Pyridine (0.5 equiv., 827 not,
65.5 kg) was added and the reaction m xture was heated to 45C. @%%tg 006
tenperature, a solution of acetic anhydride (3 equiv, 4962 not, gz) I'n
tetrahydrofuran (506 kg) was added over a period of 4 hours. After heating
for 12 hours at 45C, nost of the solvent (1200 kg) was renmoved by vacuum
evapor ati on angleddisss esidual oil was diluted with 15 tol ughgeroZad& kg). The
organi ¢ solution was added over a period_of 2 hours to a vigorously stirred
aqueous sodi um hydrogen car bonate suspen‘é ‘on previously prepared by m xing
sol id sodi um hydrogen carbonate (190 k%) wi th I N sodi um hydrogen carbonate
(1760 kg). Aft ®eriosmedby sbsrquent psporaiqneol g gesanis sntipnandgr seduesdpiessiraiod t he
organi ¢ phase wassidsalsiwdntwi 260 kg\adiitibn b fisbpreranel€550da), eodpatatiof dfthd kg) . Then,
most 20 tol uengryps scﬂﬂﬁn%\gﬁla&%hu&{a%g%ss&@glAQ&%uWﬁ%%{&26@k§1anrd%§<?1ig6’r?tlf amount
t

of about 450 kg.~ Fur repova 1ol uene an t Swtc o net hanol
was per for med gﬁ?r’maaz’@ k) Theireaction ’H‘t"f“b%wﬁﬁfﬁe ﬂ:égfaws"rp@ﬁ & (twice)
addi ti on of Snetfirthendvagdsged 4 ¢)at tempefatoreapdar aeduced pofssuréite agesidakbamyunt of( 500 kg)
!Jnfler rg_dUtCEdl25.2345Héé@rﬂe};ﬁlﬂaﬂidrb/mgéd?ggﬂ%ﬂ?{utefv&ggodi@toWoﬁﬁiﬁiﬁaioﬁ‘élfyjtsmd 4 at
internediate |V, . .6% S In et hanol ). |Intermediate
S e ased Yairs aheiing E9s@lidtof o e hER) Filialn S R bl

PCT/ EP02/ 10062 dryiep ab§oiCh ekthe crystals yiglded iptgrmedjatg Q¥ (27 \wep Intermpdiate kEFi at e

(1'V.2) (503 nDlwas b2® aksiaclodn the 23t $&h W w of 1V. 2 in nethanol) was mxed wth
nitromethane (1.1 equiv., 553 nol, 62 kg of a 55% w w of nitronethane in

met hanol ) and %%th&% o@}-}.f)_r ed reaction mxture
1, 8-di azabi cycl0] 5. 4.. ndec- 7- 0 5 equiv,, 50. |, 7.6 kg) was
added over a pdPirsube %@twtgzﬁué?é@r&%ﬁ%ﬁﬁ%fn tﬁt@gﬁgﬂ%})‘mﬂékﬂht er nal
t enper at ure < 2gium Brphydridey(1vieequive h8 meleds. ke ofesotntiemqfd P%tlithiemf or 3 hours.
The reacti on mb¥iohydeidé/iStettabOdroftrdnPwhkadadachvadi rifute® Thévehdiion Aiktird waet hanol
(1.1 equiv,s 5ﬁ§at§31> 3°°§0° ekagge%défﬁ%g%x}(d%é% alfhlaﬁt'gmgzratﬁr%qhmoﬁf& boxide in
met hanol ) “was_adde ropw se over mnutes, keepl n? the 1nternal
tenperat ure at obleinedguspensiamwagroples, ipr-d 8°Gand hydroghipricagid {1 -2 spivirslatlyed® was dosed
over a period ®iBHs, BABunolf2y.2kgafGR¥hydrodric avidpwasaiesédyovertd periediofoliauts, on  of
el dy i 1ot hanglP e Al dpoull yoc, AaiRiga PE (o AR 2 e

. u :
reaction mi xt u?‘g‘”@vg%e yﬁﬂ“ﬁ%ﬂéeghce@g Ve‘gla?‘be%é%itﬁgpﬁ’ahégggé) ‘535\79%81"53531 y
stirred, c@8l ewed@Qf ! bpywhwhilegnaigteiniagthsfinterns yempgeatire £ 8°¢. 459 Menf)swatakito] N sodi um
15 hydrogen cakthgrizttate whs ferfoetedby, distififtonl@the 631 Gdntstunf&@ fatndpliehic prebate , keepi ng

the internal  |epakal khSufoftaCoo IHGERBRSHI Mkl it Witd ddeder ed 1o remove
nost of the pregfk@lta S t

€
odi .um stl e. A?F'er hase separation,.the
organi ¢ phase istllgtigpp ?@Haj}iﬂﬂ’%r ?éhyiﬁ?fé’&%’ Vﬁﬁd‘g‘émﬁﬁa@ et %@‘tPBur times
wi t h et hyl acetb#ethyl@tatateo mamszing cofstapttvielume. This procedure was continued until a
25  tetrahydrofuran/ethyl acetate ratio of 4:1 (checked by gas chromatography). The

resulting mixture was cooled to 0°C, filtered and the filter cake was washed with two

portions of ethyl acetate (2x 30 kg). The collected filtrates were evaporated to yield
compound (7.1) (18 Kg). The identity of compound 7.1 was confirmed using HPLC,
NMR and chiral gas chromatography using reference samples from Example II1.

30



acetate: 2250 kg). The coll ected organic phases were washed with brine (300
kg of a 20 23% w w sodi um chl ori de sol ution) and evapor at ed undgﬁm&ﬁgﬁgﬁﬁi
pressure to a residual anount of 750 kg (containing ca. 66 k

intermediate IV.4). Internediate [V.4 was used as such in the next step.
Synthesis of (IV.5) from(I1V.4) 25 To a ggirred solution of (IV.4) (750 kg
of a solution ca. 66 kg IV.4 in nethanol) was added water (38 kg) and

pot assi um hydr oxi de (553 nol, 68 kg of 45% aqueous potassi um hydroxi de) and
t he reacti og)dfnst ure was heated to reflux for 2 hours. After rapid cooling

to 35C, d 6% d d th
rgactlonaﬁ‘le té’r%%%@g(f 6?’%@8%]3 Bﬁg‘?%ﬁai’}"z" G 1§r g‘gr(ﬁ:tll @%%a ‘gg?ﬁgg of 18

hours 30 to astﬁﬁ&igdﬁl@dn aarmteﬂhedtttecbafoxﬁﬁﬁa wiki81P’ A0 IPF Rgrésent e

t enper at ur e, ad%eﬁ aa{ tﬁﬁ 8’% was added over aqp {b§ ? of 1 hour.
ATLOT Sti rr1 nEIeBFIOsHHY YO8 BTG R BIAEH RS Bt BELIGEEEE {9 s 1 enoved
by vacuwm evamh&ﬂidwip@mctmgpenpod of 10 hours to a residual anount of ca.
250 kg. Water (800 kg) was added and the (H_I_ous sol uti on was extracted
three tines with ethyl acetate (3x 700 kg) he conbi ned 35 organic | ayers
were washed twice with IN sodi um hyd?P nate (2x 586 kg). A third

washing with I N sodi um hydrogen carbonate performed with pH control; IN
sodi um hydrogen carbonate was added unti |l aOpH of 6.8-7.2 (ca. 410 kg IN

sodi um hyd n_carbonate was us l.vent fr,om et hyl ace ate to
i sopr opanol {r@\%‘i Iﬁ@alﬁﬁ%e d’g%%%@lﬂfﬂaéﬂ g@%‘iden‘ff‘? by
subsequent e\)aqdmrathirrepresetdnealkylganﬂ or salkyi, |R)2rrepmdarts hedtugedoxpﬁe:éﬁ)m@ a
resi dual anpan 0 3i.3Qpropanol , ( tlon of
the or ganlng S&r usten% aﬁ(&ﬁdaryﬁgr Aégllk 0P?‘e’sl% 1%36’&&? Irlet’:a?g%{aq%)eahﬁgw%g 200 kg
and addi®t i oatonis toivdugh thesad at(agbal IIngy forfthe 6 te §ant¢robernd xyalicegrans Whechtmay t o
60- 70C and r r d at that tenperature under
reduced prelgezgxme&%gg}%}rﬂe%?tggajlﬂllaénlgﬁn%&g%p%%}ﬁ’144 kg. After filtration, the
reaction mxture was cooled to OC over cpzpgei od of 4-5 hours, allow ng
crystallisation of intermediate (LY 5). Filjtration and drying (vacuum
drying at 40C) of the crystals vyiel Imtercedrate (IV.5) (27 kg).
Internediate V.S was used as such in t e next step. 10 Synthesis of (7.1):
To a solution of internediate (IV.5) (180 MoL, 30 kg) in tetrahydrofuran

(160 kg), lithium borohydride (1.1 equiv. 198 nmol, 43.1 kg of a solution
of 10% | 1t yyqhong et ofifin rtatdealﬁahxﬁl@.eé Héﬁv@tlv@%oaaqgﬁﬂ% A0 M nutes.
The reaction m(§<ture was I%ea ted over a period 1 hour and
stirred at ¢eTBRtive ﬁﬁ@-’rratuh @fwherezn Q&rrgpresmés an alcbholate,
HO
QI\/OH
© ¢ OR4

15
and then transforming the intermediate of formula (6) into hexahydre-ﬁxo[2,3-b]furan-

3-ol of formula (7) by way of an intramolecular cyclisation reaction.

20 2. A method according to claim 1 wherein the intermediate of formula (3) is

transformed into an intermediate of formula (6) by making use of a Nef reaction.

3. A method according to claims 1 or 2 for the synthesis of hexahydro-furo{2,3-b]-
furan-3-ol of formula (7), which comprises the steps of:

25 a) condensing an intermediate of formula (1)



obt ai ned suspension was cooled to -10C and hydrochloric acid (1.2 equiv.
‘relative to LiBH4, 238 nol, 27.2 kg of 32% hydrochloric acid) gﬁﬁAgﬁﬁfﬁW6
over a period of 4 hours, keeping the internal tenperature < -5C

stirring at -10C for an additional 2 hours, triethylamne (1.1 equiv.
relative to HCl, 261 nol, 26.5 kg) was added over a 20 period of 1 hour,
while maintaining the internal tenperature < OC. A solvent switch to ethyl
acetate was perfornmed by distillation of the sol vents under atnospheric
pressure to a residual anmpunt of ca. 100Q¢%, addition of ethyl acetate (360
kg) and further distillation of thePt@tr Hof ur an/ et hyl acetate sol vent

m xture with continues addition of ethyl pdletate to maintain a constant

vol une. This procedure was continued until & 25 tetrahydrofuran/ethyl
acetate ratio of 4:1 (checked by gas chromatography). The resulting m xture
was cool ed to @Gultiplihah @d3-aNshthBRdldstel 6F forRied (0§s washed with two portions
of ethyl acetate (2X 30 kg). The collected filtrates were evaporated to
yield compound (7.1) (18 Kg). The idergpa geof conmpound 7.1 was confirned
using HPLC, NMR and chiral gas cgﬁénat gr hyo§§ing reference sanples from
Example 111. 30 8 MARCH 2006 - 38 . met hod for the synthesis

of hexahydro-furo[ 2, 3-b]furan-3-ol of foRmulan(7) starting from an
internediate of forrmula (1) wherein P1 and P2 represent each independently

a hydrogen, . a hydr.oxy-.protectin roup.or.my together forma 5

i o) nal Sdi oS pPOCHEE Vb e oy ot (Hnid mifh e TP e SR at e
of formfda (1) foraduda é8)Ni tronet hane derivative of fornmula (3) wherein R1 -
represents al kyl, aryl or aralkyl, R2r resents hydrogen or C(=O OR3, R3
represents al kyl, aryl or aral kyl,_ or , It present, and R taken together
wth the 10 atons to which they aP®o edcapgiforma 6 to 8-nenbered
cyclic group which may be optionally sulstituted with al kyl, aral kyl, or
aryl, OP2 R2 PiO COORL 3 N2 subsequedtyotransform ng said nitronethane
derivative into a tetrahydrofuran derivative of formula (6) wherein OR4

represents é‘)n ?lllbcrg]ft]tci)xllgaga‘i:’d inlt_|eorm]é§iate of formula (3) to a Nef reaction leading to

a)

C

intermediates of formula (4) and (4°)

O
0 - HO R2
R2
COOR1
O .0
4 OR4 4 OR4

10 d) transforming said intermediates of formula (4) and (4°) into an intermediate of
formula (6) and,
HO
e
\
o ome
e) converting intermediate of formula (6) to the compound of formula (7) by an
intramolecular cyclisation reaction.
15
4. A method according to any one of claims 1 to 3 for the synthesis of hexahydro-
furo[2,3-b]furan-3-ol of formula (7), which comprises the steps of:
a) condensing an intermediate of formula (1) with CHR?R’-C(=0)-OR' wherein R’
 represents a hydrogen, a carboxylic ester, a phosphonium salt or a phosphonate
20 ester,



OH and then transformng the internediate of fornula (6) into
hexahydro-furo[ 2, 3-b] furan- 3-ol of fornula (7) by way of an |ntr ?f %r
cyclisation reaction. 20 2. A nethod according to claiml wher ei8 200
internediate of forrmula (3) is tmmﬁommdinu)aniMeHmmauaoffmnma
(6) by making use of a Nef reaction. 3. -Apnethod according to clainms 1 or 2
for the synthesis of hexahydro-furo[2,3-b] furan-3-ol of forrmula (7), which
conprises the steps of: 25 a) condensing an internediate of fornmula (1) 8
MARCH 2006 -39 1OP2 P10- J\ ,HresultingQ Pt an a, (3-unsaturated ester of
formula (2), GQRZHC/_LGHZlnmwgﬂﬁmedeﬂeroffmmﬂa(m W th
nitromethane resulting in an internediate p 5 formula (3), OP2 R2 P10
COOR1L 3 N2 c) submitting said internediateCf fornula (3) to a Nef reaction
| eading to intermediates of fornmula (4) and (4') O 0-"/ HO COOR1 4 OR4 10

d) transform n&:sﬁﬂindmﬁh@[[ﬂf@ﬂkaﬁ@&dféfstef@ffﬂﬂhﬁla((é) and (4') into an
intermedi ate of fornula (6) and, OH e) converting internedi ate of

formula (6) to the conpound of forrrul a dpb) /Ry an intranol ecul ar cyclisation
reaction. 15 4. A nethod accordlng,¢ ne F claims 1 to 3 for the
synt hesi s of hexahydro- furo[2, 3-D] an- formula (7), which

conpri ses the steps of.

b) reacting said ester of formula (2) with nitromethane resulting in an intermediate of
5 formula (3),
OP2 R2
;
P10 COOR!
3 “NO,
¢) submitting said intermediate of formula (3) to a Nef reaction by treating it with a

base and subsequently with a strong acid resulting in a mixture of intermediates of
formula (4) and (4),

OR4 » OR4
10 4 4

d) only in case R? is different from hydrogen, decarboxylating the intermediates of
formula (4) and (4°) thus forming intermediates of formula (5) and (57)

gié oo

5 ORrR*

respectively,

15 ¢) reducing intermediates of formula (4) and (4°), or intermediates of formula (5) and

(5) with a suitable reducing agent resulting in intermediate of formula (6) and,



a)condensing an internmediate of formula (1) with CHR2R5-C(=0)-OR wherein R5
~represents a hydrogen, a carboxylic ester, a phosphonium salt ore ARCH 2006
phosphonat e 20ester, 8 MARCH 2006 -40 OP2 P10- ,Hresulting in
(x,(3-unsaturated ester of forrmula (2) OP2 R2 P10, /_ .OR1L 2 0 b) reacting
said ester of formula (2) with nitronethane resulting in an internedi ate of
5 formula (3), OP2 R2 10 P10 ¢c) submtting said internediate of fornula (3)
to a Nef reaction by treating it with a base and subsequently with a strong
acid resulting in a mxture of interngdiates of formula (4) and (4'), 4 OR4
R2 d) only in case R2 is different fr n, decarboxyl ating the
internediates of formula (4) and (4 hus formng internedi ates of formula
(5) and (5') respectively, OH5 O 415 €e) reducing internedi ates of
formula (4) and (4'), or internedi ates Bf fornul a (5) and (5) with a

sui tabl e reduci ng agent resulting in internediate of fornula §6) and, 8
MARCH 2006 41 cprysingmiesediats phiprmpladphodhacenpeundnfformila 67) ByRn he

conmpound of f offidrRolecllartdyycBsktiontdctiaR] ecul ar cyclisation reaction.

5 5. A method according to claim 1 for the synthesis of hexahydro-furo[2,3-b]furan-3-ol
of formula (7.1) starting from an intermediate of formula (1), wherein P’ and P?

taken together form an isopropylidene,

condensing said intermediate of formula (1) resulting in an intermediate of formula (2),
10  wherein P! and P? taken together form an isopropylidene, R? represents —C(=O)OR?,
wherein R? is methyl and R’ is methyl,

% COOM
o 2 ©

N COOMe

reacting said ester of forrula (2) into a nitromethane derivative of formula (3) wherein

P' and P? taken together form an isopropylidene, R? represents —~C(=0)OR?>, wherein R?

>L COOM
S @) e

COOMe

15  is methyl, and R"is methyl,

O,N

transforming said intermediate of formula (3) using a base and subsequently an acid to
yield intermediates of formula (4) and (4’), wherein R? represents ~C(=0)OR?, wherein
R? is methyl, R'is methyl and R* is methyl,

)‘OK/ MeOOC
o . COOMe HO COOMe
OMe
o OMe o

decarboxylating intermediates of formula (4) leading to an intermediate of formula (5),

20

wherein R* is methy],



5 5. A nmethod according to claim1 for the synthesis of

hexahydro-furo[ 2,3-b]furan-3-ol of fornula (7.1) starting from an
internediate of fornula (1), wherein P and P2 taken together fHMARGH 2006
i sopropylidene, 0 O- HO condensing said internmediate of fornula (1)
resulting in an internediate of fornmula 42), 10 wherein Pl and P2 taken
together forman isopropylidene, R2 represents -C(=0)OR3, wherein R3 is
methyl and R is nmethyl, 0 O COOMe Z QPOWe reacting said ester of fornula
(2) into a nitronethane derivative of figrrmula (3) wherein P and P2 taken
together form an isopropylidene, R2 rgpresents -C(=0)OR3, wherein R3 15 is
methyl, and R is nethyl, transform ngrs&id intermediate of fornula (3)

usi ng a base and subsequently an acid G)&y@@ d intermedi ates of forrmula (4)
and (4'), wherein R22 represents -C(=0) GR3, erein R3is nethyl, R is

_mBE hyl g_ndt Péhub%ﬁxg?’@idhﬁierm?%@@ mg%@ﬁlwﬁant s s?iQMé\%dM\fmg%g@f]gtb@@wt:@i?g)a
intermedi ates of for a eadi ng 1,0 an internedi ate of fornula :
wherein R4 iermsdase g%whéﬁ}é%%em& 1§ methyly edyci ng said internediate of
formula (5) with a suitable reducing agent resulting in an internmediate of
formula (6), wherein R" is methyl, yQg OMe £--O 5 transformng the
intermediate of fornmula (6) into conpoug—A1 by way of intranolecul ar
cyclization reaction. HO t?>\OMe

o
5  transforming the intermediate of formula (6) into compound 7.1 by way of

intramolecular cyclization reaction.

HQ
OIS
O~ D

7.1

6. A method according to any one of claims 3 to 5 wherein intermediate of formula (3)
10 1s submitted to a Nef reaction using acidic quenching while keeping the temperature

below —10 °C during said quenching,.

7. A method according to claim 4 or 5 wherein the decarboxylation of intermediates of

formula (4) and (4’) is performed in a buffered aqueous solution.

15
8. A method according to any one of claims 3 to 5 wherein intermediate (6) is prepared
via reduction of intermediates of formula (4) and (4°) or intermediates of formula (5)
and (5°) using lithium borohydride in tetrahydrofuran or NaBH, in the presence of
LiCl
20

9. A method according to any one of claims 3 to 5 wherein the cyclisation of
intermediate of formula (6) to the compound of formula (7) is performed by adding
a strong acid to the reaction mixture containing intermediate of formula (6).

25 10. A method according to claim 9 wherein the cyclisation reaction is performed at a

temperature lower then 5 °C.

11. A method according to claim 10 wherein the temperature of the reaction mixture

while adding the strong acid to the reaction mixture remains lower than —-5°C.



6. A method according to any one of clainms 3 to 5 wherein internedi ate of
formula (3) 10 is submtted to a Nef reaction using acidic quenching while
keeping the tenperature below -10 C during said quenching. 15 2006
met hod according to claim4 or 5 wherein the decarboxyl ati on of
internediates of forrmula (4) and (4') ig3perfornmed in a buffered aqueous
solution. 8. A nethod according to any one of clains 3 to 5 wherein
internediate (6) is prepared via reduction of internediates of fornula (4)
and (4') or internediates of fornmula (5) and (5') using lithium borohydride
in tetrahydrl@f u arethod abledsbihgito ahhenpodeineel ©f3 whe@ln arPintefmedéiateost faemds di ng
to any one of wher ei n_t he. cye i.sati i ntermedi ate of

(i%a.ims 3 L 5 I|t of d

formula (6) to )hlép(r%)%eoﬁwaa%rfoc?sgrc%llpgs%qg) ﬁ%e%se?f%%rc'tn%)& %Iifmeﬁﬁll ng a strong

acid to the reanttimediate of foreuto(l) avithi mgomatheneyeekivdting infanfistermédiate®f. 25 10.

A et hod: accor gj i I: . i i { QR ¢ or med

at a te?rper at gé%%&%}%h? ﬁg;n()%%}y(’]:?ga?wg %?%r{q%@dé dza?%:S?gﬁnﬁlggf@ gllriltgi m wher ei n
t he tenper at ur £EOHIR weaemiRoris hiydiogensor avdrbexydgdisiey t he strong acid to the
reaction m xture remains |ower than -5COP3 MARCH 2006 -43 12. A net hod

according to any one of clains 1 @OWQfan i nternedi ate of formula.
(3) is prepared by a process conpri'simag t stePg of first condensing an
intermediate of fornula (1) with nitrom® hane, resulting in an internediate
of 5 formula (8) and secondly, reacting said internediate of formula (8)

w th CHR2R8 = rein i [.ogen or a.car Vil er. OP2
P10~ NO 8 2_11% I%?r’egf?a?)%x@glg 5?81:‘3?%1? gq%ég%l?%%lcf?bv@{( rheiers'nt%%ngéJ e?%?%%%(yl ic ester
is defiHed as CIBOG@%-CR’. 14. A method according to any one of claims 1
to 5 wherein an internediate of formula (6) is prepared by a process
conprising the steps of first reducing internmediate of fornula (3) wherein
R2 is hydrodgénAinetod aseirding te apeertcefifdeimgdio,5 vheginanigtermediateiof formula
i ntermedi ate ofe)fi9praphedt9)a Iﬁe&:@esﬁgﬂémg SR st d TR stirb@uck Ritdiediate of
internediate o f?r |% 91)1 t0 gé}le re%(l:tlo.n lfé’ treatment with a.base and
then with a st %ﬁﬁl%‘gga&l erein R” 1s hydrogen with a suitablé€ reducing agent, resulting in an

15 intermediate of formula (9) and secondly submitting the obtained intermediate of

formula (9) to a Nef reaction by treatment with a base and then with a strong acid.
oP,

P,0 OH

NO,

15. A method according to any one of claims 1 to 14 wherein hexahydro-furo[2,3-
20 blfuran-3-ol of formula (7) is isolated by adding a small excess of a tertiary amine,

followed by the removal of water and removal of formed salts.

16. A method according to any one of claims 1 to 15 wherein R' and R? each
independently are C;.¢alkyl, aryl or arylC,.salkyl or together with the atoms to
25 which R! and R? are attached form a 6 to 8-membered cyclic group optionally
substituted with C,.galkyl, aryl or arylC,_¢alkyl, and wherein R*is Ci.ealkyl.

17. A method according to any one of claims 1 to 16 wherein R!, R? and R* each
independently are methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl, sec-butyl,
30 tert-butyl or pentyl.

18. A method according to any one of claims 1 to 17 wherein P' and P? together form

an acid labile vicinal-diol protecting group.



IOP2 PO 9" "OH ~' e v N® 15. A nethod according to any one of clains 1
to 14 wherein hexahydro-furo[2,3 20 b]furan-3-ol of formula (7) is isolated
'by adding a snmall excess of a tertiary amine, followed by the r H 2406
wat er and renoval of forned salts. 16. A nmethod according to any one of
claims 1 to 15 wherein R and R3 each isndependently are Cy6al kyl, aryl or
ary1Cl. 6al kyl or together wth the atons to 25 which R and R3 are attached
forma 6 to 8- nenber C_group optiona bstifuted amith,. 6al kyl ,
aryl or aryigifﬁﬁpt chéﬁ gwﬂgpépﬁ clam h‘%éﬁ%@qulé.m%f%e§ﬁdHa cor di ng
to any one of ehahyisnelrad@allé wherein R, R3 and R4 each independently are
nmet hyl , et hyl, propyl i sopropyl, n-butyl, |sobutyl sec- butyI

tert-butyl ent nethod ac ordl one of 1 to 17
wher ein b1 SR Blrsgatnamedp Y 2R Ghr BRsBRRE 30 L1 R By %@%&Fﬁ ng
group. 8 NARmpzooe(—eM (Rg)gPAvﬂﬁstéiﬁd{6a§§lQ5/I;ilaf}got arality, @R’ 0F,PCH@)-"Eheteih0 18
wherein P1 and P2 %@y dlaI%&¥L met hyl ene radical. 20. A nethod according
to any one of a@ﬂﬁ“ 11 wherein R5 is hydrogen, 5 R O C(=0)-,
(R6) 3P= wherein R6 is alkyl, aryl or aralkyl, or (R70)2P(=0)- wherein R 7
is al kyl, apyl Ardhadriygdiatehbvirdnhe féretui@@)at e having the fornula (3), OP2 R2
P* COOR NO2 10 wherein P' and P2 repregsent each independently a hydrogen,
a hydroxy-protecting group or may togetfér form a vicinal-diol protecting
group, R represents al kyl, aryl po R2 represents hydrogen or
C(=0) OR3, R3 represents aIkyI, aryl kytcoar! R3, if present, and R
taken together with the atons to which they are attached may forma 6 to
8-menbered cyclic group which may be optiovally substituted with alkyl, 15
aral kyl, or aryl; provided that when R2 i s H9drogen and P1 and P2 t aken

to ether forman _isopr | i dene, then R ther than nethyl or, ethyl.
d 10 wherein PIl cP Pp x@éresent each }ndependently a%ydrogen a hydroxy—%)/rotectmg y

group or may together form a vicinal-diol protecting group, R’ represents alkyl, aryl or

aralkyl, R? represents hydrogen or C(=O)OR?, R? represents alkyl, aryl or aralkyl, or

R if present, and R’ taken together with the atoms to which they are attached may

form a 6 to 8-membered cyclic group which may be optionally substituted with alkyl,
15  aralkyl, or aryl;

provided that when R? is hydrogen and P! and P* taken together form an

isopropylidene, then R' is other than methyl or ethyl.

22. An intermediate having the formula (4) or (4?),

@]
O HO R2

R2
COOR1
O O

OR#4 + OR4
20 4 4

wherein R’ represents alkyl, aryl or aralkyl; R? represents hydrogen or C(=0)OR’; R
represents alkyl, aryl or aralkyl, or R if present, and R! taken together with the atoms
to which they are attached may form a 6 to §-membered cyclic group which may be

optionally substituted with alkyl, aralkyl, or aryl; OR* represents an alcoholate.
25

23. An intermediate having the formula (5) or (5°),



22. An internediate having the formula (4) or (4'), 20 wherein R represents
~alkyl, aryl or aralkyl; R2 represents hydrogen or C(=O)OR3; R3 represents
al kyl, aryl or aralkyl, or R3, if present, and R taken toget herd MARGCH pQpo
atons to which they are attached nmay forma 6 to 8-nenbered cyclic group
whi ch maybe optionally substituted wtha4alkyl, aralkyl, or aryl; OR4
represents an al coholate. 25 23. An internediate having the fornula (5) or
(5'), 8 MARCH 2006 -45 OH 5 'OR4 5,004 wherein OR4 represents an

al coholate. 24. An internediate acgording tgyclaim23 wherein the
internediate has the formula 5 25. A internediate according to claim
24 in crystalline form 10 26. meyhod f the synthesis of an HV protease
i nhi bitor wherein said nmethod ri ses\t heyasSe\of a compound of formula
(7) which has been prepared afcorgling t t hodCed@scri bed in any one of
claims | to 20. 27. A nethod ac ‘alg‘,to cl®i m 26 wherein the conpound of
formula (7) is a 15 conpound of §ornula (& IR 28. A nethod according to
claim26 or 27 wherein the H 'V protease inhibitor is [(1

S, 2R) - 3- [ [ ( 4vlengin @Rfenplcyats foalgbldl@enet hyl propyl ) am no] - 2- hydr oxy-1 20
(phenyl - et hyl ) propyl ] -carbam ¢ aci d (3R, 3aS, 6aR) - hexahydr of ur o[ 2, 3- b] f ur an-
3-yl ester; or [(1 S, 2R)-2-hydroxy-3-[[(4-nmethoxyphenyl)sul fonyl ]

( 2- et hyl pr @y |Arawmiteroiediate {qohusiinyg torndaitma3) whapinl the odetpsediae hay e formula

(3R, 3aS, §aR)-h?§§)hydrofuro[2,3-b]furan- 3-yl ester; or 25

[(I'S, 2R)-3-[(1,3-"benzodi oxol - 5-yl sul fonyl ) §2- met hyl propyl ) am no] - 2- hydr oxy- |
8 MARCH 2006 -46 (phenyl net hyl) propyl]-carfpam c acid

(3R, 3aS, 6aR) - hexahydr of ur o[ 2, 3- b] f uran | ester ; or any pharmaceutically
acceptabl e addition salt of any of sai & cogpounds. 5 29. A nethod according

to claim28 wherein the HV protease inkipitor is [(1S 2R -3- [
[ (4-am nophenyl ) sul fonyl] (2-nethyl pr@pyl ) am no] - 2- hydroxy- | -(phenyl -
O

OR*
Sa

25. An intermediate according to claim 24 in crystalline form.

10 26. A method for the synthesis of an HIV protease inhibitor wherein said method
comprises the use of a compound of formula (7) which has been prepared

according to a method described in any one of claims 1 to 20.

27. A method according to claim 26 wherein the compound of formula (7) is a

15 compound of formula (7.1).
H

Lt

: 7.\\0

o g
7.1

28. A method according to claim 26 or 27 wherein the HIV protease inhibitor is
[(1S,2R)-3-[[(4-aminophenyl)sulfonyl](2-methylpropyl)amino]-2-hydroxy-1-

20 (phenyl-methyl)propyl]-carbamic acid (3R,3aS,6aR)-hexahydrofuro[2,3-b]furan-
3-yl ester; or
[(1S,2R)-2-hydroxy-3-[[(4-methoxyphenyl)sulfonyl](2-methylpropyl)amino]-1-
(phenyl-methyl)propyl]-carbamic acid (3R,3aS,6aR)-hexahydrofuro[2,3-b]furan-
3-yl ester; or .

25 [(1S,2R)-3-[(1,3-benzodioxol-5-ylsulfonyl)(2-methylpropyl)amino]-2-hydroxy-1-



met hyl ) propyl ] -carbam ¢ acid (3R, 3aS, 6aR) - hexahydr of ur o[ 2, 3- b] f ur an- 3-yl
~ester or any pharmaceutically acceptable addition salt thereof. #R ﬁ% AQ

H V protease inhibitor obtained by using a conpound of formula (8 REH 302
synthesis of said HV protease inhibitor and which conpound of formula (7)
has been prepared according to a nethod4es described in any one of clains 1
to 20. 31. An HV protease inhibitor according to claim30 wherein the

D ofease | nhi bUERSTIREBY iy F6ELRRIHCED (3365 SRR P G dide
o S il oy o anel e
3-yl ester; or [(1 | | .,
Cpomyl -ivet Ror 3 sop FoonRy BRGAR Wb S bR s BRR it SIS B0ET T ur an-
25 3-yi ester; [[(4-anfnophenyl)sulfonyl](2-methylpropyl)amino]-2-hydroxy-1-(phenyl-

S, 2R)-3-[(1, 3- ' - I t i = 2-h y-1 -
T R e R e
(3R, 3aS, 6aR) - hexamyrheonacwiically #cepipblg-additiph sel thareofor any phar maceutical |y
acceptabl e addition salt of any of said conmpounds. 30 33. An HIV protease
inhibitor a 8ordi ng to clajim_32 wherein the H'V protease inhihitor is [(1
s, 2R) -3 [ ( 5--aﬁ=in Bi9l925 hki ey Iepleneddy P IS ey d i fomula (7) in the

hydr oxy- | - ( phegytithésat dfsh)dH DD Bt dtessa ilabits a6 ivchi¢BEmpsundaiRformula (7) has

hexahydr of ur of .3 bLEUEan: 3 4]0 €51 e ROLLRAATRSSYLL G bt BOPRRIRD! ©
31. An HIV protease inhibitor according to claim 30 wherein the compound of formula

15 (7) is a compound of formula (7.1)
HQ

32. An HIV protease inhibitor according to claim 30 or 31 wherein the HIV protease
inhibitor is .

20 [(1S,2R)-3-[[(4-aminophenyl)sulfonyl}(2-methylpropyl)amino]-2-hydroxy-1-
(phenyl-methyl)propyl}-carbamic acid (3R,3aS,6aR )-hexahydrofuro[2,3-b]furan-
3-yl ester; or
[(1S,2R)-2-hydroxy-3-[[(4-methoxyphenyl)sulfonyl](2-methylpropyl)amino]-1-
(phenyl-methyl)propyl]-carbamic acid (3R,3aS,6aR)-hexahydrofuro[2,3-b]furan-

25 3-yi ester; or
[(1S,2R)-3-[(1,3-benzodioxol-5-ylsulfonyl)(2-methylpropyl)amino]-2-hydroxy-1-
(phenylmethyl)propyl]-carbamic acid (3R,3aS,6aR)-hexahydrofuro[2,3-b]furan-3-
vyl ester;
or any pharmaceutically acceptable addition salt of any of said compounds.

30

33. An HIV protease inhibitor according to claim 32 wherein the HIV protease
inhibitor is [(1S,2R)-3-[[(4-aminophenyl)sulfonyl](2-methylpropyl)amino]-2-
hydroxy-1-(phenyl-methyl)propyl]-carbamic acid (3R,3aS,6aR)-
hexahydrofuro[2,3-b]furan-3-yl ester or any pharmaceutically acceptable addition

35 salt thereof.



