WO 03/ 022853 PCT/ EP02/ 10062 -1 METHOD FOR THE PREPARATI ON OF HEXAHYDRO-
FURJ 2, 3- B] FURAN- 3-OL The present invention relates to a nethod for the
pr epar at iwp 09f023sexahydro-furo- 5 [2, 3-b]furan-3-ol as wel IPCaEPIDV®L2
internediates for use in said nethod. Mpre in particular the invention
relates to a stereosel ective nethod for the preparation of
hexahydro-furo[ 2, 3-b]furan-3-0l, and to a nethod anenable to industrial

scaling up. Hexah ?ﬁdﬁ@tﬁz%ﬁﬂmm@ﬂommmmwmo-

phar macol ogi cal no S N S g g Eg%tme of retroviral protease
i nhi bitors such as those descr - . in J. Med. Chem 1996,
39(17), 3278-3290, EP 0 715 618, WD 99/67417, and WD 99/65870. Said
publicatio are hereby. in r ods for the
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enant | %%ﬁ%:%fa#'t%q[lg%ito «?lht%s to% Qgreééeﬁkcg% Hleﬁtr%gf&qﬁe hraﬁﬂﬁlof 3S, 3aR,

6aS) hexah uro uran- 3-ol In optical é Qﬁg‘ﬁ ft arting from
3(R) - di et hyiexataidza-furaleB-byran-3pleandytp apagthedam dpil Sfla 931188 BPocess
conpri ses several steps such as an 20 allylation step using lithium
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and conprises the step of treating said internediate with

N- i odosucciSeveiatifethiods &rlthyd praparativl offhekAtydend fupy{ 263 -b Hiatiag-dholdfocmukafon i n
the presence of a catalyst i.e. cobaloxinme. An ozonolytic cleavage foll owed
by a reduction step furnished the rd&enic hexahydro-furo[2,3- b] furan- 3-ol .
Optically active conpound (3R, 3aS, 6a ahydro-furo[ 2, 3-b] furan-3-ol is
obt ai ned after enzymatic 30 resol utior fjol bowed by silica gel

chromat ography. Pezeck et al. TetrahedfonOLett. 1986, 27, 3715-3718 al so
descrihgs a route for the synthesis of ﬁexahydro furo[ 2,3-b]- furan-3-ol

using Oéonoiré/ ﬁh@wrh F@H@émﬁ LR WA?M Cheh) fs%a@@(?rm B27$32905 @e?:@lﬁ@ mhbed as an
e i e i e Bl 5r 155 S, LY ldat] 2
key step i nfufdiR3-tPENm-RVAT 6 caBPYurdoiB4taRing FdnPER)ERARY D462 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 an 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,3aS,6aR) and (3S, 3aR, 6aS) enantiomers of hexahydro-
furo[2,3-]furan-3-ol 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-ol. Optically active
compound (3R,3aS,6aR) hexahydro-furo[2,3-b]furan-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
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-2 procedure is the oxysel enenylation of 2,3-di hydrofuran. This procedure
is suitable for wuse at the | aboratory level, yet not anenable for scaling
up. Al thowgtespiessi wo synthetic routes described by Ghosh @CT&lPO2/pioeyi de
(3R 3aS,6aR) and (3S, 3aR, 6aS) hexahydyo-furo[2, 3-b]furan-3-ol in
reasonabl e yields and high 5 enantioneric excess, they both are only

feasible on a | aboratory scale, but, for nunber of reasons, are not
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hexahydr o- farp @y &:nn:]eramm Bhotacemnie ramtemn@ﬂwmrqnaymgmie@luﬁmémm finabj ect of

the present stéﬁ"?hetﬂé h%ﬁhés% fofloREPHY gﬁc@@el HHHQM%% Fahithdr&the REAHKGHRG

hexahydr o-f ur furan-3-ol,” when conpared to the art-known rret hods 25
and thely owd fﬁb%a%%t ¢ disgdyaniags ofet Lo verall mgsshabpry ergingEns e e fache
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i ndustrial scali rthe ect of .Lhe §ent vention is to
provi de wi ttﬁ iasg%}gp 88@&%‘&&?%‘”{’@? XBW@P‘H&RSQ{ élF’ i t he

st er eochem atantioraér dantberobvdi et GBDtIoart “knonsth rcmbemmsdmcs: adomﬁ’\mdstemij,ch awhi ch
all ows the n%gse

hexahydr o- f%‘go %lldssfgé \Dfsgﬁlgﬁ' 8§h§ not h‘é§r) ?ﬁ?%‘ﬂ%“rv“ %Eh()d? G nof smtarb%)ew de
with a et hf@dtlwﬂreducézpn@ﬁ@pmq@@ypum@mmmm of hexahydro-furo[2,3 b]furan- -ol
hexahydr o- f a4 & fddsthhif$ehi@n-3-0l in a overall yield equal or higher than for
t he above- described nethods and with an enantioneric excess higher than 50

% Another object of the present invention is to provide with a process
for manuf actig mAg qbé@@aﬁf/@ﬁ@resmfrl@‘{ezﬁen bﬂtf).pr%d%arbllrnmwéﬁn?téodp%duced from

readily av apﬂoabélﬁg ﬁé@hqu‘um Sfb]ﬁﬂr@ 304 wifen rcefmgmaso thdnet iefvnolk@eds of the
D s en T 20 R Pt A 0Bl L SR L SRIRBYEAS. 1
furo[ 2, 3- ] f hexahy®e-dliro[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.



WD 03/ 022853 PCT/ EPO2/ 10062 -3 The authors of the present invention have
surprisingly found a novel and inventive nethod for the synthesis of

st er eoi SOWPr0BO2285Xt ures or stereoisonerically pure forns ®CI/EP02/10062
hexahydro-furo[ 2, 3-b]furan-3-ol. 5 Thus,, the present nethod involves the
synt hesi s of hexahydro-furo[2,3-b]furan-3-ol starting froman internediate
of fornmula (1) wherein P and P2 represent each independently a hydrogen,
a hydr oxy- pFlut atlidrs gf the pogsentrinvanyion dget sugprisingl ynfemnd iagiomell and din@ntipe ot ect i ng

roup, tra t [ t
R T e B S AT S U
aryl or ar drghydredutobhd-difarns3-al dr ogen or C(=0) OR3, R3 represents an

al kyl, aryl or aralkyl, or R3, if present, and R taken together with the

atons t g whigh ﬁl@%}‘es@ﬁﬁn&h&@ﬁﬁggem sgzﬁh%ﬁoﬁxé{%ﬁm £8]fufMcd-bC_group
whi ch may be optlona Yy sub tlt#te Wi 1 h kyI ,aral2 |, or aryl, OP2 R2

P10 COORL 3arkps from 4 ipteamediate f?r.%l&fla T B YPPTG?Fé‘f ihe derivative
into a tet rmbm:h@émryamydwgelnvahydtex}of)rot&nﬂy gﬁm(a@))f rrvaiy%@tllfer% peRimsent s an

al cohol ate h t f Nef
reaction, I-%g%-lio %t"gé]@%ﬂp’ Oxgoﬁ[gﬁlgtslaﬁﬁgg}érpﬁqoﬁtﬁ ? oé%irl]l ey @ glﬁléon&? £?%Sr ?rul a
(6) into hexahydro-furo[2, 3-b]furan- 20 689 of fornmula (7) by way of an

i ntranol ecul ar cyclisation reaction. HO 0O 7 The above nethod has the
further advantage of using readily Bai Hstarting material, such as an
O-protected gl yceral dehyde. The reagents firther used in said nethod are
safe and available in bulk. Furthernore, edch step of said nmethod provides

with the 25 egﬁ/ﬁﬁv 5 q ﬂ%h&CIQ%QC}*b&hg Mraq‘ Vdt'aral Cﬁz rﬁg sai d
SRS T aralk

net hod can er, eosel ect’ ve, sy nt esi s, of

pure ster eoli%léﬁ@ﬂl% q(oﬁD)f%RefR vepresnts 2nghyl, P@/OEP@MO@@ it mesent 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, aralkyl, or aryl,

OP2 R2

1
P10 COORT1

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
OH

0
¢ 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.

HO

0~ >0
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



sai d conmpounds when usi ng, where appropriate, optically pure starting
material and reagents. Thus, the nethod according to the present invention
i s amenabWwe w3m2isaslustrial scaling-up. 5 In a preferred emoadiPommios2t he
present invention relates to a nethod fof the synthesis of
hexahydro-furo[ 2, 3-b]furan-3-ol of fornula (7), which conprises the steps
of : a) condensing an internediate of formula (1) OP2 P10 H Y10 resulting
in an (X, (Ssaithsanpouatiedhes teng, ofhefoappodmiafe? ppticaligperastiting Rterial amhd R2 are
10 defi ned 0

Formil & (2) SR vl eone i hirdEte e drbeabe EARINIGABBIES Bl o)
OP2 R2 PloscadmRar- 3 NO2 15 c¢) subnmitting said internediate of fornula (3)
to a Nef reaction leading to internediates of fornula (4) and (4') O O HO

R2  R2 GOORY}, 5 dhefodRd 4hbbiithett, thd ﬁ@%?fn%ﬂg)n%la%s't@ﬁﬁ{e@fﬁﬂ' f%I’fﬁ% s thés% mul a

(4) and (4) into an I nternedia orrruaée*ﬁ 60R4 €)
converting ¢ d}eéahyém -fire[ 2t b}fB’EaﬁT.ﬁ ‘él((fé?m%‘ﬁa thewbis B‘BHHS‘@th‘ %?Hﬁﬂfa (7) by an
i nt ranol ecud)acofdeasing ah imémicdatd bOBmY@(D3/ 022853 PCT/ EP02/ 10062 -5

OP2
P10 H
10
resulting in an o, B-unsaturated ester of formula (2), wherein P', P, R' and R? are
10 defined as above,
OP2 R2
P10 Pz ORt1
2 0
b) reacting said ester of formula (2) with nitromethane resulting in an intermediate of
formula (3),
OP2 R2
p1
° COOR!
3 "NO,

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

o)
O HO R2
R2
COORT
O
4 OR¢ 4 OR?
d) transforming said intermediates of formula (4) and (4”) into an intermediate of
formula (6) and,
HO
d\/OH
O
g OR4

20
e) converting intermediate of formula (6) to the compound of formula (7) by an

intramolecular cyclisation reaction.



In a nore preferred enbodi nent, the present invention relates to a nethod
for the synthesis of hexahydro-furo[2,3-b]furan-3-ol of forrmula (7), which
conpri seswDhg/0sx88ps of . a) condensing an internedi ate of PCamPad/anofd) with
a sui tabl e oxycarbonyl nethylene 5 reagent of fornmula CHR2R5-C(=0 -CR
wherein R and R2 are defined as above "and R5 represents a hydrogen, a
carboxylic ester, a phosphoniumsalt or a phosphonate ester, OP2 P10O\'"1
~/ H 0 r esulntd mgrei prefarred ehBodimeat, theqirestneigyentionfrelatss frud me(l@)i fovtherein P,

P2, R and 1%51@ of Fxg(a?géﬂonﬁ Q% lﬁﬁﬂé(r??a oi%)izfoﬁgupj(% Avhg.ﬂlconﬁ)n@e?t)he gt ng

sai d ester ornmu t'ronet hane resutlnglna I nt ernedl ate of
forrrula(3)0 OP2 R2 P10 COORL 3 NO2 15 c¢) submtting said internedi ate of

fornula (3)a)t @orﬁieNﬂflg b aférhRAiakyoft foRmd1h (D) With d\ﬂsdlﬁbﬁs ox93&BoAGheth thﬁequent ly

and (4 Sﬂgr%%hn e AL

OR4 d) only i andB3 eepFézemts adiydrfogemratcafhmyhhgsﬂarpsgghnsphkﬁumnbabtpf ating the
i nt er nedi at esﬁggseﬁggafté) Jyla (4) and (4') thus formng internediates of
r

formula (5) éspéctively, WD 03/022853 PCT/ EP02/ 10062 -6- 0 OH
OP2

P10 H
10
resulting in an o, 3-unsaturated ester of formula (2), wherein P! P2, R' and R? are
10 defined as above,
OP2 R2
P10 Z OR1
2 0

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

OoP2 R2

1
P10 COOR1

3 NO,

15 c¢) 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]
O HO R2
R2
COOR1
O

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,



5 OR4 5 OR4 e) reducing internmediates of fornmula (4) and (4') wherein R2
is hydrogen, or internediates of fornula (5) and (5') with a suitable
reduci ng woea21sesul ting in internmediate of fornmula (6) ®ad/EPHDI@E O 6
OR4 5 f) converting internediate of forrmula (6) to the conmpound of formula
(7) by an intranol ecul ar cyclisation reaction. The order of the above
mentioned steps in said process ey be different fromthe 10 al phabeti cal
order cited above. For exanple, syep (a) and (b) of said process nay be

i nverted provided that an oxyc ne reagent of formula
CHR2R8- (=0 -OR is used instead op one gih formul a CHR2R5- C(=0) - OR wher eby

R8 differs fromR5 in that R§ not @ Wttig or Homer- Enmmons
HRhosphsitdte ester. Al so, in case

reagent such as a phosphoniu

R2 is hydrogen, a reduction of - 15 noi ety anal ogous to the one
described in step e) may be perf5)r pr| r RS the Nef reaction of step
(c). Oxycarbonyl net hyl ene reagents of forrrula CHR2R5- C(=0) - OR wherein R5

represents e)arc&hchgiytkintediatest farreulh ¢4) and$4°andereth Rérstlgadydgeﬁ ®sters of

formula RO I reaq nt of
formul a CHRZCg"tﬁ%“ %_{t‘aﬁ%qv\%u;% 539??12? P&tﬁ%s%g@xe “ﬁ%ég %nl%lr%ls% 0% may for
i nst ance have inttrmnefdotorof farmylREZMACR2- C(=0) - OR wherein R6 is al kyI aryl
or aral kyl. Oxycarbonyl net hyl ene reagents of fornmula CHR2R5- C(=0) - R
wherein R5 represents (R 7 0)2P(=QHQmay for_instance have the fornula
(R70) 2P(=0 - CHR2-C(=0 - OR wherein , aryl or 25 aral kyl .
Suitably, the invention relates to thod wherein P and P2 together form
a vicinal- diol protecting group, a dsi cularly, the vicinal-diol
protectisng group is an acid labile prdtecting group that remai ns
unaffected during the base treatnent step of the 30 reactlon

Pref er abl y, s &pavegting intermediate Oglf%ré\&ﬁ{%& e somppwn 8’6’@%1%1 (DAt he gr oup
WO 03/ 022853 elanidPébalal @O8Ration're@ctivi. St i ng of net hyl ene, di phenyl net hyl ene,
ethylidene, 1-t-butylethylidene, 1-phenylethylidene,

- h I lid hI h lid lid
Cycl opent y| THEHEeT Sbr BB HoRT iRl SHABFTEREo: B FRaEe
p- met hob(ybeaiphziﬁedaﬂ@rd& pAed:lab"mrE hBatydxeanipid, s@p (0,and () disaEtproccybmny & i dene
and 5 2-nitg Q/Qf‘?endz @g({i" ﬁlat )%/cgl%%%yl% ﬁiy?éne%gag%gpﬁq'oﬁglﬂg CI—FIQZRanO?%)RI

t oget her forma ) s | ]
is used 1nstead of one of formula CHR?R’-C(=0)-OR' whereby R® differs from R in

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 CHR’R’-C(=0)-OR' wherein R’ represents
a carboxylic ester are for instance dicarboxylic esters of formula R'0-C(=0)-CHR*

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=CR>*-C(=0)-OR' wherein R® is alkyl, aryl or aralkyl. Oxycarbonylmethylene
reagents of formula CHR*R’>-C(=0)-OR' wherein R’ represents (R’0),P(=0)- may for
instance have the formula (R7O)2P(=O)-CHR2-C(=O)-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



nmet hyl ene such as a isopropylidene or a 3-pentylidene radical. Interesting
vicinal -diol protecting groups are those protecting groups that do not
cause arwaddiozisshal stereogenic center in the internedi ates/Erh2/imsnul a
(1), (2) and (3). 10 Suitably, R1L and R% each independently are Cl_6al kyl,
aryl or aryl Cl_6al kyl, in particular, 1 6al kyl, nore in particular, R
and R3 each independently are nmethyl, ethyl, propyl, i sopropyl, n- butyl,

i sobutyl, s@mSistjng/bfmﬁﬁ&b’tenmﬁighen&mﬂpémeytthymme,plr ebetyletyidelR®l and R3 each

| ndependent § gﬁetﬂﬁidé}ié (4 5hdtdx P@?eﬁlﬁ'éfhyﬁﬂ'érﬁél 2 2Jz5m'811rlo?d?:‘€he)'§%eﬂ@e“ t aken

t oget her, de ot as - are - - - optionally
subst i t ut ediSQPIPRY! @fnwyrzg?pentalp%nemyd&hymﬁe@ea|cxslphep9dld@a%|b§f'n2311aaielil% a
Cl_6al kyl , inhdﬂﬁfx b aaeneRzlmcﬁmembhyHenzﬁidhﬂé 3 mamyﬁox b n@mélandn butyl,

2w ﬁ;’%y'%n&r%%%‘/i%?%t@” D e AN BRN L, And el Salby Kifigy ™ y

st er eosel ecmicthglepe sudhsss ahmprop}hﬂemmm} ptntplident raplicak st er eoi soners of
hexahydro-furo[ 2,3-b]furan-3-0l, in particular, (3R, 3aS, 6aR)

hexahydr o- f 25 The term"h X ot ec up" as
used herei nH]}er% l’rng thflmaLf aagll?s?tg?tmgrﬁr MR cff'nt%ose %rf)%g{gsg%r g Stthg &gr oﬁ%%s(%agal nst
undesi r abl earr@bj@tmnahsemugqmrgmlyemumétenmelpm@@aémfégnmdw(:1) @é andh(ﬁ_:)e

O prot et i ng groups di sclosed in Greene, "Protective Goups In Organic

Synt hesi s )

conpri se SOSlglu%gn A b g:g\ @a@ﬁﬂﬁepew i %FE%(CWJ&&S% o lopaﬁ{a?h&%yrlr‘ggﬁg‘lmuﬁ?
benzyl oxyme€hsalkyl, morgdn nmy@lahax;@né gach lgdf(ptendermvmpq ®Bethy], )etéwhmmét hyl ,
t-butyl, bepg ﬂopﬁnﬁl buEﬁ'l%M'éE@MWl te;tt%fﬁlaﬂ&ip&ﬁw AW prefRidWy, R' appSt i t ut ed
et hyl ether qanﬁ é trlchlgrothyl silyl ether’s, for
exarrple tr?%’th"H{?P grdep Ya{efﬁﬂb | SEVEATTORIN and  t- but yl di phenyl sil yl ;
and estkYs prepared by reacting the hydroxyl group with a 35 carboxylic
acid, for ethwvva@rettaﬁé@so gBhED iEdaddeas PEIREOFrefeABE) &rbeCH,ker  The term

"vicinal - protectin u S in ref Q, pr ot ecting groups
in the ace’t éﬁzk‘&}tﬁpg}&r‘ﬁftﬁﬂﬁg H‘t(ﬁ‘eﬁaﬁ‘ry Egé’ y?(iE‘cﬁa Y-Speci fic exanpl es
of the protecting group in the acetal or ketal radical forminclude

met h% | e nde ﬁ\luml@”,l R*ried bylatiog, in\pertRa10 3085 ielGT,/ &B@,&fr&@;ﬂ Gidopropylek-bytyl,dene,
1-t-buty] et

2.2 2130 onf lpgglfﬁ% ?“égp%rp?‘ggl ﬁ”ﬁé’ﬁ‘tnygéﬂ%,{”eé%lgp nltsnp n%}gaggtet@f/i.' dene,

cycl ohexyl i dene, cycl oheptylidene, benzylidene, p- nethoxybenzylidene,
2, 4- di met hokybprefeyted datbedimeat, 4haipreminh owyitemzrglated em e steBeonelectniognaoekd fdene,

etc. and Spﬁ%‘)ﬁré@pﬁféﬁ%‘?é&% feﬁeoﬁib?ne?%é’{ﬁ’e&%ﬁ}dré‘%rg [R4B)Afnl 161, B pa&GaLST form

i ncl ude net %/
(3R,3aS 6aR) hexahydro furoé 3 b]furan 3-ol.
25

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,
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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
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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-3-0l which causes the trans-fused stereoisomers thereof to be
thermodynamically unfavorable. Only stereoisomers having a cis-fused configuration
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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

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-ol (7) starting with intermediate of formula (1) wherein, P! and P? represent each

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

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.
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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.
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amines such as: pyridine, pyrrolidine, piperidine, morpholine, N-methylmorpholine,
1,4-diazabicyclo[2.2.2]octane (DABCO), 1,3-diazabicyclo[3.4.0]non-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



woul d include, but are not limted to, pentane, hexane, heptane, toluene,
xyl ene(s), benzene, nesitylene(s), t-butylnethyl ether, dialkyl ethers
(et hyl, beoyB)2288s phenyl ether, chlorobenzene, mnethyl ene PChiEPOL/d@®62
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solvent in particular. 30 The next step of such preferred nethod consists
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ni t r omet hanskilieddntheart gtg @gaie synthesii dtisorefoed @d'un theirpactiphat i v f or rred
st er e0CRNt efmpRfatdr bON atom nunber 3 (C3) of the pentanoate skeleton is
controll ed by the 35 stereochem stry at the oxygenated position at carbon

atom nunber 4 (C-4). 9P2 R PP .3 4 COOR NO2 WO 03/022853 PCT/ EP02/ 10062
-14 Depending on the type of condensation reaction and on the reagent used,

o, B-unsaturated mono-esters of formula (2) (when R>=H)or o, 3-unsaturated di-esters
of formula (2) (when R* = COOR3) can be synthesized. o,-Unsaturated mono-esters
25  of formula (2) (R2 = 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).
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The syn / anti ratio is further controlled by the type of oc, p-unsaturated
ester (2) (E or Z, nono- or di-ester), the type of base used and the
react i on woridioeisshs such as reaction solvent and reacti orCr@popi@sur e. The
syn addition product usually predom nat ?% 5 Exanpl es of suitabl e bases
include but are not |limted to DBN (1,3 azabi cyclo [3.4.0]non-5-ene) and
DBU (1, 8- Di azabi cycl o [5.4.0]undec-7-ene), triethylamne, pyrrolidine,
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correspondla’tg)utmonylenmetaturatlve via a Nef reaction. This step is perforned
by treating internediate of formula (3) with first a base and then with a

strong acid I L0l j 0ff )
03/ 022853 Pl(gﬁr%%g@élcggggﬂﬂ{l ?@%z{m aq{e?rﬁltl%ly p?épql'l{aldao‘y(azlﬁrp@élg cénAlpl)i.smé/ﬂe
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 CHRZR3-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°).



The Nef reaction is usually defined as the conversion of a primary or a
secondary nitroal kane into the correspondi ng carbonyl conpound (N.

Kor nbl um Wogane28s3 react i ons 1962, 12, 101 and H W Pi nni c PCOEPAYil @62
Reactions 1990, 38, 655). In the 5 classkcal procedure, the nitroal kane is
deprotonated with a base in a-position of the nitro function, followed by
aci d-catal yzed hydrolysis of the internediate "nitronate' salt via
addition to a strong acid present in excess, to give the carbonyl
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procedure, Nef-conversions can be acconplished using a broad variety of

oxi di zi ng a " [ %qfe . ' . F dl] 0 a
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PCT/ EP02/ 10062nic adiflls,28¢. dodNebnck@fsid R3d eRNtrRRlosHcEti E5bi@ UThAbrefed@R BRI €S
t hat range beéween about - ;ﬁ&g@and a&&ﬁ%t ESC, tige preferred tenperatures
| yi ng bet wedAdsA56 Gencenged, GGt GroHiochioREEfidt ure. The reaction tines
can range up to about 24 hours and suitably range
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 p2
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.



bet ween about 1 hour and about 24 hours. 5 According to a preferred

enbodi nent, internediate of formula (3) is treated wwth a base and
subsequerwby3sezsesl to a concentrated strong acid al cohol i ecsaiPor/ion2 | eadi ng
to the conversion of the nitronethane yadical of internediate of formula
(3) to a fornyl group. Concurrently, the acid treatnent al so catal yses the
cl eavage of the protecting 10 groups P1 and P2, resulting in an
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| actone ring fofmation as In internmediate _of fornula ??/02 853
PCT/ EP02/ 10t9gpula (4% prevents the second lactone ring formation as in 1ntermed1ate of formula

20 ().

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 (§).



At this stage of the synthesis procedure, the internediates (4) and (4') or
the internediates (5) and (5') can be separated from one anot her using

art - knowwoahbzsat ogr aphi ¢ techni ques. In addition to chr @catErgr/aphi c
techni ques, the 5 internediate of fornula (5 ) can be separated from

| actone of fornula (5) by means of acid/base extraction. Typically,
internmediates of forrmula (5') can be extracted with a basic aqueous
solution such as a sodi um bi carbonate solution froma m xture of
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include but are not limted to dichloronethane, toluene, xylene, benzene,
pent ane, hexane, heptane, petrol ether, 1,4-thioxane, diethyl ether,
di i sopr&by!| Alematively,atmixhye pbmigrmediates (4)dind (40eor igsrmediatey (R anbES edmane,

and in geneﬁ@«hseawm%ﬁhﬂlﬁh@ﬂ&%pﬁﬁha@%anﬁuﬁ%mnem&ytwerbeaef&saé@@elyn a
chem cal reduction, process using the reagents cited above. Said'reduction

step can beSYPE%FZFdd out at tenperatures that ranges between about -78 C
and about 55 C, the preferred tenperatures |ying between about -18 C and
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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



about 24 hours. According to a preferred enbodi nent, the reduction step is
performed wusing lithium borohydride in tetrahydrofuran. Alternatively,
reduct i orwoag/0ke853 acconpl i shed usi ng catal ytic hydrogenat iPCR/EPCa1@bY/t i C
hydr ogenati on may suitably be perforne 8usi ng H2 in conbination with
metals, including Pd, Pt, Ni and carbon.®5 In case R2 is a hydrogen, an
alternative route may be followed in preparing an internediate of formula
(6) from ambont 24 heds.aAecollingoo aptedertct)embodiraent, thé rddnetsen stepis patfoeneht i ves,

a Nef STEN . i i ni h.at f
Formul o (3 licfn? BB ite | BelfnydiDfur i WRALRRL Led BUGE BBOLE © O ¢ ¢ o
by a proces#camphgied usisgegtatytie hydiogenagipns Catalytie Bydregengtipmmay weiddbdy be of

formula (3)pdfdried@usii HBP BombiBatH Wih AREIN, inchR Bd, P9 NiamdRattoher nedi at e
of formy a (9) and secondly submtting the obtai ned intermedi ate of

formula (9) to a Nef reaction by treatnment with a base and then with a
strong aci dinr@suRt isiduidreash, anvaliemaine eude Bay pefolomgd (prepamngi¥e | ast step

consi st 3 o;inmwlatteid(mo@gné (ﬁ)@fd@@ﬁ i@%@m@ﬂiafe(lfft%ﬂnﬁl_ 14 gg)] ﬁanrt}Jl‘l_ﬁf tH?‘éitWGd y
conpouna o or nul a Ccycll sall re 1 ONn. e CllS 1 on reactl on
cottranvi o ateEatiee 2 e oRedi T hRkel A Eaft SR em o OHERET RS e

pe [ formed iformnlp (Actodatennediatt b fcemukag(é_);irmyém altentatioely pefominddrint 4 procesh a

wat er Cl \/; . : : . organi Cc
or i no;Tf gni%@cﬁﬁgt g%tﬁwgfaq I%ﬁu@?g&%@g%ﬁ% 03{6 er%g’r) %ﬁ%ﬁ{aﬁggt ms%t of

i nt er medi atwedeging agamtiresult@)g injan intgrmeediage f foempladPandsecendlsiubsntingdhel. 1n a

preferred effgdedBidrmelifaf oM da 8Yit6la Nef BRL86T BptrédiRBhOr PP baseRd! sting of
hydrochl ori ¢ aci.d and sul furi ﬁi aclid. Said ¢ clf17f§at| on_step can be carried

out at tenp@FAPHPASTORSACiH Leylingdp qp dHersgifte ofAgrpulaq®)- about 55 C, the
preferred tenperatures |ying between about -18 C and about room

t enper afsur eThefastRtdpontists 80 e ngGnfifteRedte bhorRlVE) RhE desied conpounds
and internedi at es rr? bF ﬁiﬁt hesi.zed by said bovelrdescri bed synt hesi s

pr ocedur es. “EHOUPAQ ﬁoﬁﬁ‘é‘,a %ﬁf?%ﬁé?‘?%‘é?‘ftg}’npﬁé YERPEPHFAHEEITURY i |1 be
enpl oyed. 36 iAtempkiculgr transacgal shidorr reectomiandicaebé¢ parfirohed ower abédcr i bed

met hod 1s s . r 1on ofc (

nexanydr o- 1 rHEaoE dipinit WveRoPR B0 RAlr 4 A RRRE Yotvent and yatergnd
an i nt er nedingdh@eprgsence pfrabtaong erparie o iagrgenig agid Payd wagtioabs suittkipcar bony! -

net hyl efe rlge@ﬂﬁl%dﬁyﬁtx‘é@t%feh{ b AR Se 08 FHTuld @) WikthAtathl {ti dhbsuat Bf 4t ed ester
of fornula 35 (2a), wherei

PlL, P2, R and R2 haye the nme neani ng as that
Gef i ned. abcuRnt Hab. VB eRBIS bR Fome REgrisdARTLAoEBnd L | ons. ar o
the sanme ascdnbidfieg OfisRIrodhdsH qucalandusaliyri acid! Baidegcithatis@ite ban be carried
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[2,3-b]furan-3-ol of formula (7.1)

HQ
@.u\\\>
l,/ /O
7.1
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



step. Internediate (la) nmay be preheated prior to a Knoevenagel reaction.
Suitable preheating tenperatures range from 40-70C, preferably 50-65C. The
i nt er medi woa3/0mmy3 t hen be cool ed before the reacti on. The pard@o2/ofo6addi ng
the reagents may influence 5 the yield ?{) the reaction. For instance, in
case a Knoevenagel type of condensation used, it may be convenient to
add t he oxycarbonyl net hyl ene reagent to internediate (l1la) prior to adding
th feI dehydr ateh¢tipnrooadicivhs aréhiee samrenethwt daddibeadpichuslg fydhatomignsatieagent may
i nfluence t Y, t n e added
slowy i. Q%, ll(rjagegg ﬁ&ate,&? @er adfcgzl#n%ﬂeatt J‘;&g)q-?(%ikr&%%éﬁggéﬁ&%ﬁ? h #@e llrgeactl on
may be 10 pere @ﬁme@bnmeratemmlﬁmsw HO%@)@rfrf@mgle’ @Eﬁ%@‘«c heinsgrmediatey i n t he
range 35- 5519%&1%%6%&6:5%&%% the FeacHon; THE ordet 8f Qdd?tﬁ‘g @e'r&g@nﬁ%ﬂgﬂ%rﬁ,@ sai d

ester of_ for is reacted with nitronethane in t presence, of a
suitabl @ ba@éweﬂ%gﬁhﬁ 75961t FoRinsianediin £ase adenoeysngs émes%ecoa fensed®)is wher ei n

R, R2, P useddt idyaeofiehiched id t arbéiAnigthy(#ié réienfo ifferméd¥ik COOR

3 \ 3b 15 t It has
00 O b R o0 BB PR PR R PRR, o 1
pref er abl y wagant edy onfluenpe the yadld ofithk ireactoh. vidhetdehydratirez repg@S enydeafided

|
tenper at Efﬁﬁb%aﬂeeﬁﬁfﬁaﬁfé% 58 Qe fe RAOLUMIRROGE HE resbhiod BATbe . . o
this stéh cess ormed pletepperBierdn the @p%g%ﬁ@& ipvlpEablyTndhavange 3383 Consi sts i n

the transformati on of internegpates of fornul (Sagz and (3b) to the
correspondi ng fornyl derivativ¥es via a Nef re_acti Accordl ng to a

preferred enbodi ment i At Nat g8 of P ' R'3b) are treated
wi th a base and 25 subsequen Iy dded to a concentra ed strong acid

al coholic solution |eading t conver si on of24 hepni t r omet hane radi cal
of internediates of fornula (3a) and (3b) to a fornyl group. Concurrently,
the acid trinad seeodd sidys caid @btat (yﬁb&nullae&a)lieeeaatgémma ift@nethamd iacheé pgsapecoups P
and P2, result n ' {1 O 2

T ereaal or LU BB LR SaH Ay MO PR

and
R4 are 30 d%fandéﬁ agsdedingd @s awvanpl es of a strong aC| d al cohol i ¢ sol ut| on

i nclude sulfuric acid in OH. '[hetenperaturzg)flur'zngtreatnent with a
strong acid al coholic soluti®n ig room WD l03/0 _§53 CT/ EPO2/ 10062 - 20
p! ; P -
COOR!

3a
15 NO, NO,

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;30H. The temperature during treatment with a strong acid alcoholic solution is room



tenperature or lower. Preferably, the tenperature is below 15 C, nore
preferably, the reaction is perfornmed below 10C. O OH R2 RZ = COOK OR4
OR4 4a 4wve03/0T1883 reaction conditions are the sanme as tho®eTmrPevimoes!| y
described for the Nef reaction. At thig,stage of the synthesis procedure,
when R2 is COORS, a decarboxylation ste'g Is inplenmented for internediates
of fornmula (4a) and (4'a). The decarboxylation step consists of the
renmoval of tetnpera@reQ) lo®R8 Rreferablys tingtdinatretirofs beborwrld 2C(mane paefdraby), e, 10 I n
a preferre L Jdgoxyl ation step is performed by treating

i nt er medi aﬁg&%@d%%@;ﬁ%&%g@\ ‘(4'a) with a suitable base, such as

sodi um hydr oxi de or potassium hygroxi de, under heating conditions,
resulting, after acidification, i/ the decarboxylated products of fornula
(5a) and (5'a) respectively. @ﬂ@uent I yOHFR2 in internediate of formula
(4') is replaced by hydrogen, TresgH-Rrhg i® a boawglic acid 15 noiety in

internmediate (5" a). Decarboxy Fon can e perfornmed using halides.
Sui t abl e reagents include Kl Cl, Lil¢ LiBr and KBr, preferably K. Ki
can be dissolved in a sol vent::ih as N | pyrrolidone. Alternatively,
decar boxyl ati on can be perfornad iHRZEuffer edyp@Rieous solutions. A 20
suitable buffer includes citric acid buffer at pH = 6. The decarboxyl ati on
reacti ors i sThd Rediopeohitidhslarathedameads elibst praverslyutes&ibed forl tAbINef battieen 50C
and reflux tenperature. Preferably, the reaction tenperature is above 80C.

Thel udi g SO A A HHerd PREETE ¥ B g PR P s RRBRIOnCT  Sa o
resins c;cant impendeed 205 interatkdiates dffernnile (4ay atd EHa). ddetdecarbotylattbnastépdi c

eactton GEEHEREERCL A2 ARG hIRsTaeRie DR i Al ¥a), |,
t he nextO stlom prefetred swbodimend theidgearboxylqtionslep inperformrediby tegatiggir ogen at om

or the intgrRdiigls oPforhdWhPardd4®) with SERAPRLASE, S dMsisBa BB Of
formula (4a) or (ba) . . . . e
or potassium hydroxide, under heating conditions, resulting, after acidification, in the

decarboxylated products of formula (5a) and (5°a) respectively. Concurrently, R'in

intermediate of formula (4°) is replaced by hydrogen, resulting in a carboxylic acid
15 moiety in intermediate (5°a).

Decarboxylation can also be performed using halides. Suitable reagents include KI,

NaCl, Lil, LiBr and KBr, preferably KI. KI can be dissolved in a solvént such as N-

methylpyrrolidone.

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 AMBER]J ET®. Said resins can also be
25  used for the cyclization reaction. Mild acidic resins of type AMBERJ ET® are also

suitable for neutralizing the reaction.

O




respectively, by neans of chromatography or acid/ base extraction.
Internmediate of formula (4'a) or (5 a) can be extracted fromthe reaction
m Xt ur e uwiong/oazss3 known 5 net hods such as with a basi c aqreeaEPozoloa: i on
| i ke sodi um bi carbonate solution in an rganl c non-water m scible solvent.
The reaction is further carried out Wlt% isolated internediate of fornula
(4a) or (5a). Internediate (5a) can be crystall | zed using organi c sol vents.
Sui t abl e solnvtbeinextistep) mwnedlétel@chmmrbq/(ﬁh)cwﬂl@ﬂlll &t hiyydaegenaten, atthanol and
met hyl i sobulhyédﬁe&% of%amw& s)sl%' g&a&% ff@r‘ﬁtmte edlaeefg)%h? @9}@1 jn the
uce

next step, |nterrrE|aeo rrrul IS re aswtable
reduci ng ag@rechyayy BY mgansef pbrpwpawraﬁldfbaﬁwt@cfe%)lme\m@iléﬁew R4 is

defined as fo@erMG(4’ab‘|Br (3*h) din e edfadk&d fam tHORabRFHIGINNGS uSing Rrtd@dwae
acconpl hed S|n

conditi ons, ES ﬁ%ew ouspf destcrl bed for th
educti on SnelotichAtRf Thesi bt poulSh RSO bleasthf S pBfOp yin | €
per for med usigmmgc hom-Iwatﬂnrﬂumbila)sdlvente The reativabyfrtbéroaaied ot tthnstlated! y, t he
reducti on i AlH4 or NaBH4 in the presence of Lid.
Catal ytic 2@%%?8%?%% on Qgﬁib{-"&sk be used. Catal ytic hydrogenati on can be
performed using hydrogen gas in the presence of a suitable catal .
Exanpl es of Inteamadipter(§akenntbatsrystalbized ustngairganicsayatso §eiehle smventeingl ﬂg
ni ckel ,jgpal 1|s§19¥bb'§zlhl%81€’olpétﬁ§rlh&@ate %tﬂah@pérﬁﬂ m&tARlieBLEIRERIn, AP infRfRESD ol Rht an
i nert surface such "’iiﬂ arcoa 25 The |l ast” step consists of converting
i nt er medi at'8 1Prenytalenhal (sa) to the compound of formula (7.1) by a

cycli Sa]il Onllnrtﬁélﬁéﬂt@ﬂ:p, fﬁk@m@&i@ielcﬁf&@mﬂa (4%%15 (5apisaeduves withea suitable f o

i ntramol ecul gr .transacetalisation reac react i neferably
per for med bGP SETBRUBNE T LTt & OB R HRERR O HFRIB Al y | o
anount of aabmiveong acid. In a preferred enbodinent, the strong acid is
sel ected fromgroup consisting of Impdro 30 G ori c aci d and sul furic acid.

I n one enbodi nent, the cyclization i ST ned at | ow t enper at ur e.
Preferably, the terrperature is beloy 15C, nore preferably, bel ow 5C
Followi ng acid treatment, the m xturgy+sSsgeutralized using a suitable base

and conpound 7.1 is |soI ated. WO 03/022853 PCT/ EP02/ 10062 -22 Said
above- déscri bed net hod is suitable for ahe prepar ation of (3R, 3aR, 6aS)

h eX ahydro-f Jﬁlré Ol%ég%}_ Pt?ée(? c%ﬁ Bg ggcomphsfle({ using thg: sam(l, bon%Ytlons as prev1o(;'zlslt he sequence

reactio
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 LiAlH4 or NaBHj 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.



HQ C0) 7.2 5 The reaction conditions of the condensation step, and the
nitromet hane addition step are controlled such that internedi ate of
formul a (b)osiozssbt ai ned i n the highest possible vyield, gTarangiony for
exanpl e the type of base used, the solvgnt and the reaction tenperature.
After the Nef reaction, the next step cOfnsists of isolating internediates
of formula (4'a) or (5 a) and then reducing said internmediate to obtain

i nt er medi at $aid Abv@-desenmhedangtbiy) is skiQble foptleRtepBiontif¢BRj3gRf6abY her cycl i sed
t 0 conmpoun fOr | Fe Db
hexahydr o- %%%?}éd?%rfgifﬁ %ﬁ é%no?sbgy@glrl%ﬁl(gg)??% 10@??% ﬂt:?ese%%eng f) gi ned by a

met hod accofastigs ges €ent invention, starting fromoptically pure
internediate of forrmula (ib). HO P2 H@’l H O7.3 1 b Olnafirst step an
internediate of forrmula (ib) is reactgd wigh a suitabl e oxycarbonyl -

met hyl ene reagent resulting in an a,¢3-unsaturated ester of formula (2b),
wherein P1, P2, 20 Rl and R2 have t ne/neani ng as that defined above.
P2 R2 P1L ORL 2b O The reaction conditionSPare the sane as that previously
described for the condensation step. WD203/ 022853 PCT/ EP02/ 10062 -23 In a

second e said.ester..of formula (2b) is re ed with nitr t hane in the
oresence - omertadfichsniiogas el bF b finfe fEdPERGT e s ETR IR Srcho)
and (3d), wuatrelled Rich tiR@ intefhediateloP@manla (k) is nbelingd imbw\heghe@RDsgblEP2 R2 P!
P COR C%d, by changing for example the type of base used, the solvent and the reaction

temperature. After the Nef reaction, the next step consists of isolating intermediates of

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

10  formula (6b),
HQ H

0 OR*
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).
HOQ

(0)
7.3 1b 0]

In a first step an intermediate of formula (1b) is reacted with a suitable oxycarbonyl—
methylene reagent resulting in an o, -unsaturated ester of formula (2b), wherein Pl, P2,
20 R'and R? have the same meaning as that defined above.
P2 R?
p! OR!

2b o

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



3c 3d NO2 N2 5 The reaction conditions are the sane as that previously
described for the nitronethane addition step. The reaction is preferably
carried owDo32mn3 al coholic solvent in the presence of apaarepezcdoenphilic
base such as DBU, at roomtenperature. ng?e next step consists in the
transformation of internediates of forntifa (3c) and (3d) 10 to the
corresponding fornyl derivatives via a Nef reaction. According to a
preferred nnsedomiestep,isaitiesterdf fatrasia@2b)fioreaded witajitremdth@Bdin the pretaneat ed
with a base and. g 1y . { hd coholic
sol uti on. T?]lfga %&%@H%ﬁ r?eéget%grelﬁl "gﬁ‘g%%gg@ge?;?gg%ﬁ}%%eég glgv%ggaggreﬁg ’pl?jbt ecting
groups P ahnd®” aredafineil agabayean intranol ecul ar acetal formation |eading

to intermedi ates of formul a ¢efb) R&nd (4' b), 15 peS ively, wherein R, R2
and R4 are defined as Agove. 0 [R2 OR2 ~-
reaction conditions are S ddiose previo

OR4 OR4 4b 4"b The

[ eseri bed for the Nef
reaction. At this stage of thg synthesis procedurfe, when R2 is COORS, a
decar boxyl ation step is 28¢cinplenmented for inteydnkdi ates of formula (4b)
and (4'b). The decarboxyl ati on s¥ep consists of theNOenoval of the
-C(=0-OR ininternediates of formula (4b) and (4'b). In a preferred
enbodi nént Threredesivardoostijions drethestams as $has erevirusbdiessritied der the gitrametkangedi at es
of formul a (o, (Thetbadlohhs frefdvi RBArRePBSGN aft UBhAR AL thy dr oxi de

or potassi um hydroxi de, under heating, conditions, resulting, after
aci di fi cat i JESENEROt HBOmBUdeRPRast SHCB @S PRIGRE fOmytembsFatlifa (5b) and (5' b)
respectively. Concurrently, R in internediate of fornula (4'b) is

repl aced byThysix@ &8P corspsishntth@Garsformatioh BPMYdrinediates 9f forRuRE (Bc) dhd (3d)
intermedjate (5'b). '03{022F$3' PCT/ Epozé%goaz. -

24- 0.0 I 0 OR4
orR4  5b'Y5m Horthe eorEespnding fozmy! detvalivrsgiat Nebreagtignmdbogordingip Wﬁgéﬁeﬂ R2is a
hydr ogen at @fibodimenti inteanedatesad Efonhulh @3oyahd (Id' ab) tredts] walpabadecahdf r om

I nt er medi at sel'\lbgetqufegtﬁ}pycld%d Qg’ ? );o&fén&QQé strong acid alcoholic solution. 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 (4b) and (4’b),
15  respectively, wherein R', R? and R* are defined as above.

0
0 R
R, HQ }\—COOR'
07 Nor? 0~ TOoRr*
4b 4b

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 neans of chromatography or acid/ base extraction. The reaction is further
carried 5 out with internediate of fornmula (4'b) or (5 b). In the next
step, intwpredezwse of fornula (4'b) or (5 b) is reduced wPCh/EROFUIObADI e
reduci ng agent resulting in |nterned|at§4of formula (6¢), wherein R4 has
the sane neaning as that defined above” OH OCH O OR4 10 6¢ The reduction
step can be acconplished using the sane reaction conditions as those

previ ously described for the reouctlon step. The | ast step consists of
converting intermedi ate of f@r 1l a (6c) tagygd he coggﬁgnd of 15 formula
(7.3) by a cyclisation react The cyclisktieh tion occurs via an

i ntranol ecul ar transacetal igation reaction. a d reaction is preferably
performed by treatnment of wnternedi ate of Ia(GQ with a catalytic
anount of a strong acid in Rt 1N a pref@rre@Renbodlnent the strong
acid is selected fromgroup ggnsisting of hyggochloric acid and sulfuric
acid. 20 The preparation of (3S, 3aS, 6aR) hexahydro-furo[ 2, 3-b] furan-3-ol of

fornul a (7.®)theaext skpi inbdmediar dmsﬁmnwﬂb) wheteih R"-by aﬂq?ﬂﬂogm ;g Be sequence

of reactions, des or the t hesi.s o of .f.ormul a
(7.5 and coirngielet] oAt APt e Rt REReLh T ) Sl he

ni t r onet hankey adahstdfechranatpgraghyodr actidiase etteactiedi "éheereecftlofnos farther ¢(8bed i s

obt ai ned. as -25 major isoner, by changing
for exa(épl eoqt%ﬂ{mteweg%%ggzoﬁg%w%j(gqﬁvent and the reaction

t enperature. After the Nef reaction, the next step consists of isolating

i nt er medi at hlsthoflext@ter}vuinaer(n@bl)atem‘f fQ@b)la éaib) err(8ib) ieredusadgvithas suitabteer nedi at e
to obtain feﬁﬁ&ﬁ%ggéé@'?&uﬂlfn i d@@ﬁrﬁdfa@f’fogﬁ'ﬂ%c) Switeréin @has WRisahel s further
cyclised to conmpou ? a (7.4). Another aspect of the present

i nvention r®FHHRSas Hatdsiined @%Pﬁedlates and nethods of producing the sane.
The present invention relates to newH nter Hat es havi ng the 10 formula
(3), wherein P and P2 are defined , R is COORS, and R and R3 are
defined as above, said internedi ate ving the formula (3.1).

10 6¢c

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,

ey

’//, >

by following the sequence of reactions described above for the synthesis of compound

H

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



OP2 OOR3 P~ COOR'" 3.1 N2 ©Said internediates of formula (3.1) are

obt ai nabl e by the nethods of the present invention. 15 Al so internedi ates
of forrmulwo@O3)p2286krein R2 i s hydrogen, said internedi at es PoawpPny1006he
formula (3.2), are deened novel provide st hat when P* and P2 taken together
form an isopropylidene, R is other than nethyl or ethyl. P2 PI C OOR'
3.2 N2 20 According to a preferred enbodi nent the present invention

rel at es to majpersordi,dyebanginy forgxarmpleshetypoohizast ssady the3alvent(a@id)the (3¢c) and

3d), wherejn. P, ' def i ned
Shove. o hetiueerabite, e FENRRLRGH 1o SRR PARRA Aoty C 05,
3b 3c 3d NoErmegiatgee! foopuiaddbieGbiasl theredpeing sad germegimtoaoddtainng to a

nor e pref er pegmembedrf@ntuld (ga)pr esent invention relates to internediates
of formula (3a), (3b), (3c) and (3d)O wherei puP', P2 formtogether a

vicinal -di ol protecting group, R2 i HCOQBS,/sai d internedi ates having the
formula (3a.1), (3b.1), (3c.1) and d" 1) respectively. Suitably, R and R
3 each independently 5 are selected frogmthe group consisting of nethyl,

et hyl, propyl, isopropyl, n-butyl, F(é utyl, sec-butyl, tert-butyl and
pentyl, nore interestingly, R and R'3 o8*the same. | OOR3 f P2 OOR3 OOR3
COORS ~“P1 P (:)2 P~ COORS COORS S COOR 3a.1 3b.1 3c.1 3d.1

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).
OP?  COOR?

P]
COOR!

3.1
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

PI
COOR!

3.2
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.

1 A p! > P ‘O\/k)\ p!
P > COOR! COOR! . COOR! COOR!
3b
NO,

3¢ N 3d
NO, NO,



NO2 NO2 NO2 NO2 1In a yet nore preferred enbodi nent the present invention
relates to internediates having the formula (3a.1), (3b.1), (3c.1l) and
(3d.1), wwerogiozes®s and P2 taken together 10 form a di al kylpCrEPhyl®se, said
i nt ermedi ates having the formula (3a. la)g (3b.1a), (3c.la) and (3d.1la)
repsectively. Suitably, R and R 3 each mdependently are selected from
the group consisting of nethyl, ethyl, propyl, isopropyl, n-butyl,

i sobutyl, s@@,corfﬂingwaHtoe¢Prﬁ&mteslIeIr&)ndinpmﬂhtWIpreSﬁmrieV«imiperrégtestvgl Y, R and R 3
are the samﬁtenhedlategeffommaeqﬁr( @aﬁi (fsaptwhe% P”@z%rﬁn f%%@thera

I ndependent |y are peth rt butyl and rmre | %ere tingly, R
and R 3 are'ifigal- %lah@fote&rlkglgrogpk%usgi%ﬁl aiﬂmtemsﬂ ka}frs having the faepulay kyI 1 -
OOR3 O CU?3(33®) Q@&) BRI ar@ (\del)mn 1t£KD91<R £dACQ4ch irdiRpdlehiN2 3b. la
NCO2 3c.g)5a 1 c{%g_ NQP ot her. f ﬁim%gy‘q malnt 0 tlhe sent

i nventi on r%8F a7 &8¢ d° 8%&&8{% §f° “f‘%‘}y ey (38yY" tS@%r)Opywcb@ynd (3d),
wher ei n P',iséutylosantiudgetenebutyl and pentxl, mhr@intqzrcsmngb{, gnd oxgghe Riné.s H,
said inter i ates havin e formula (3a. (3b.2), (3c. and (3d.2) 20
respectlﬁd\%ltabl |s selectgdf Oom the group c '

Si st ng of qet hyl ,
ethyl, p opyIQ i's QPprI Gy | COORS obu yI 8- Q@lﬁ, tert- t WO

pentyl. P r<|:| 2 3c. 2
3d.2 NO2 NO2 Ner I\EEORI n yet ot QP preferred= enbﬁ(a?}ﬁent t he
i nvention ?éFat% to i nt er @kl akes havi ng 3the Tornul a (3a3¢), \3b.2),

(3c.2) and (3d.2)NOmherein P and©pP2 taken toget 2 25 form a di ypkyl

nmet hyl ene, said internediates having the formula (3a.2a), (3b.2a WO
03/ 022853 P& Ysbewre prserred ezrvboggﬁenzg)e PRERREN{ 1nYersion f?lé@ﬁgbﬁt%FQ‘ateSw tably,
R is sel ECHaQ'dqgfthemﬁlhﬂa graqqp(mqr),S(Ban) agl @8.1),wetidnsth P! ahdpt tak@ft@gyther

| ntor o5k gy dfliel RERHGHS. sl he¥la O RrmefCallgh iy i
y
al kyl alkyl(Galliayanda(3kylla) repseqiively. Suitably, R' and R’ each independently are selected
from the group consisting of methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl, sec-
butyl, terz-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 ters-butyl and

15  more interestingly, R' and R? are the same.

alkyl alkyl alkyl
alkyl alkyl alkyl alkyl
O~ P
¥ “COOR! COOR! COOR' COOR!
Ja N\ .
3a.la NO, 3b.1a NO,

o

3c.1a _\ 3d.1a

Another preferred embodiment of the present invention relates to intermediates of
formula (3a), (3b), (3¢) and (3d), wherein P!, P’ form together a vicinal-diol protecting
group, R? is 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.

1 PI 1 p 1
Y COOR b COOR COOR
3a.2 x 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),



0' COOK COOR COOR 0 COOR 3a.2a \ 3b.2a 3c.2a \NO 3d.2a NO2 NO2 2 NO2
5 Internediates of fornmula (3c.2a) and (3d.2a) wherein R is ethyl have
been descwDlwam2285n Patrocinio et al., Synthesis (1994), 5pPCA/EPoB1008uI t abl e,
in the internediates of fornula (3a.l a) (3b.1a), (3c.la) and (3d.la), and
(3a.2a), (3b.2a), (3c.2a) and (3d.2a), a?kyl is Cl_6al kyl, preferably,

C -4al kyl, and nost 10 preferably nmethyl or ethyl. In general t he

synt hesi s ofc2hpast Gdea) se:speqtlvclyf (Srurrtsblm‘R%l@rSnlﬁd:tad (rsm)the [410) CO(ISBSi)ngIrf (3d)

can be perf@éﬂﬁy ag,@&%h @&bré% 9&1 bhemwsueyﬂ S5-88A) & Ep&ikyif or mul a

(la) or (Ib et a pect “of the~inve tlon rel ates
to |nterrred‘ina’ﬁeé§teéff5t1f1&1b’n%I%in(l?ﬂ)‘yl ?thyl)‘)f “(’S}’u%( d (5') which are deened
novel . Said isdernmedi ates gre obtainable fy a nethod acegrding to the

i nvent i orkyl Accor di agyl a pr ef er r gl resent invention

relates to i pteenedi at es oformula (5 R4 is selected
for the growtln i n- but yl ,
i sobutyl, sec-buyl, C?C@rt- ard© . OR!
enbodi nent, R4 s\pgethyl or sehyl, 25 The By SI s of iztened ates of

formul a (5a) or (5 are conveniéntly carried starting wth optically

pure i ntsernﬁfén?%&ta fsoff?d’rﬂ%b a(g%'zﬁi aftf (38'298 Qx%ﬂleﬁtfs eﬁ{yYon e{}f‘eeﬁﬁ@%ﬁ pgs of

formula™(7) ul-a prepararti | cament .
Accor di ng thaitIpm@fcmtradeﬁrtbmﬁ(ﬁ@?ﬁ), 5,t44-%r esent conpounds of fornmula 30
(7) are used as precursor in the preparation of anti-viral drugs, in

Corpound of paric ] Vth?%f”%@‘edf%éﬁf‘f%nﬁﬁ%?a b2nita) B HRETsAR. Bd 70 ot
said stere@nr@hd3baa) (3€-2a)aad hdd &Y‘dﬁ@l@‘f qda?ltefeé%hllézrcwﬁlké(’r@ﬁ maqst

preparimg %yfm%ﬁ@g?l oB&hynhi bi tors as disclosed in WO 95/24385, WO
99/ 65870, 0/ 475 , WO 00/ 76961 WD 03/ 022853 PCT/ EP02/ 10062 -28 and US

6, 127,372, WO 01/25240, EP. 0_.715 618 and 99/ 67417 all incorpora
herein by r@f@n@ﬁﬁéheamtheﬁlsaémS&aﬁoawmqrw ory piFRImAY2 #a)- (Gibdt (@8 (53)

i nhi bitors. caﬁq(bb psrtaﬁhccﬂbmtd:mgmﬁl opftichl(ypure imtepmyabigeanyt fosthlfaqny) dr (1b)

(2- nmet hyl progl%: g! ‘%P nojl - 1- (phenyl - met hyl ) propyl]-carbam c acid

(3R, 3aS 6a fEy ydrofuro[Z 3-b]furan-3-yl ester 5 (H 'V protease inhibitor
1); [(155 2R) - 3-[[ (4- am nophenyl ) sul f onyl ]

(2- met hyl prvpydnptier aspeetbityelinozytionl relafep e imydrmediatel pif farmojny/(4),-(49y (amane aci d

(3R, 3aS, 6a|?5‘)r\9?§i%ﬁ¥per(%fe}ﬁre8 haval: RhidihRRnndtks §856 ainable 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, fert-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



(H'V protease inhibitor 2); [(1

S, 2R)-3-[ (1, 3-benzodi oxol - 5-yl sul fonyl ) (2- et hyl propyl ) am no] - 2- hydr oxy- |

10 ( phenywomlyisspr opyl ] - carbam ¢ acid PCT/EP02/10062

(3R, 3aS, 6aR) - hexahydr of ur o[ 2, 3- b] f ur an- 2 ester (H V protease inhibitor
3),or any pharnmaceutically acceptable a éltlon salt thereof. Thus, the
present invention also relates to HV protease inhibitors 1, 2, 3 or any 15
phar maceut i amall U 6422332 aWIC0 5252400EP Oriddroug ahd&v@ 89/674 bt ali medrpoyatetsi ng a
conmpound of fol? ﬁmﬁ}? r: i nvention in

t he chem ca er&ﬁ b&q Ef%re(nz%’fj’ﬂ dff %tﬂg?@rgg‘ggg |Htr11ﬂ p%(lf)\tg %S]r%s}aﬁg{tﬂ(?:r chem cal

synt hesi s |[<£1$1> Bi-Pdwdepxiyr- f[ﬁbn@rhoxyplwnyl)wh@nalﬂ.@empthymnyi)aMG -(pPng-715

618 and WO Q@h8harbpyl] %Qrb-ﬁﬁﬁc hal I(Qwsras 6@Kﬁﬁ@daﬁ§d@ﬁﬁo@eﬁmﬁlﬁaﬁ 306 dstek Ust rative

of the |nvent| Bg exanpl es are presented to exenplify the
|nvent|§;1 &E‘ Ahrateats ’(!?“8’(3 onstrued as limting the invention's scope.

Experi nent aj(1$ eRp B4(4- a&ﬁn@mmylaéulmnyalc}(eduethszlprdﬂymmmd}lmm@qt I -Gpheaye-

recor ded on., chem cal
shifts are T )t%gg/l %\Aﬁ’ hﬁ‘?%‘%%?%l?g% to | ter nat[é g@fur%%nrr% %%{1' ane
(TMB, 6 0. OOHIVAPTateyiellohiblchZ)‘l | ayer chromat ogr aphy (TLO was perforrred

using silicgigeR §g(lp‘3jﬁg§fbdﬁfx%?S%ﬁﬁoﬂﬁlﬁée{ﬁdﬁﬁp%ygﬁ%ma y-1-TLC Rf 30

val ues are repor Visuall zati on wa aCco talnlng with a
sol uti ot of (Phmrmethy hprepatiwaebagiic agid 3B, 3§646a 1-BexagydroRupl 2, drblfpgngd-yl / 1

m xture of as@erHI‘a@ebteasse MEBitora) Ol arBUpHarthceul€dlld. acdeprdbié hdddiorDest

chr omat ogr @“yr?g &C) was perfornmed using a DB-XLB colum. Analytical chiral
GC was perf P using a cycl odex-P colum. Detection on both colums was
acconpl i shed by enploying a flame ionization 35 detector. Al solvents and
reagents weTleust &Erpircs\zeuinbgmmnmrrelhah tsHPY brog¢ase athibimﬁed, 2,Bicr Aoyt any

gutono- 1 a-pabRiebUER ARamibE it & AOFAE IS, S5 aRUY LS SRb R
Hubschwer | ef@rrnsgar(ﬂm:srepamg&eqor@l@gi@&w.prwtom@masmthp@mﬁmlzsmd@siz of- 29-

Exanpl e | ~0ifXiPstorkddl iftibitdrOEudbélrical Ontidsh i&GisBseliint thelart fdr 2 CHINC2
instance in WO 01/25240, EP 0 715 618 and WO 99/67417.

20  The following examples are meant to be illustrative of the present invention. These
examples are presented to exemplify the invention and are not to be construed as

limiting 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 F,s4 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-3 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.



HO HQ base 0O 1) base OOH LiBH4 O"Op 2) acid COOEt 7.1 7.2 02N 02N 1.4
Synthesis of 1.3 Potassium periodate (0.25 nol, 57.5 g) and potassium

hydr ogen warldoezmse (0.25 nmol, 5 25 g) were slurried i n waCarEPOLO@®ez ) and
cooled to OC. L-5,6-0O1sopropylidene- g gbono 1,4-lactone (1.1, 0.12 nol, 26
g) was dissolved in tetrahydrofuran (100" ) and wat er (100 n1) and added
dropwi se over 20 mnutes to the periodate solution at 0OC. After addition,
the m xt ur eExmspktlirred at roomtenperature for 4 hours and then cooled to
0C. The solids were renoved by filtration and washed with tetrahydrofuran

(100 mM). 10 The}aﬁg‘oi ned organic fiser ates conbal ni ng
! (

2,3-0Oisoproyliagnegl yceral de- hyde 2) we &to. sfechd/q % evapor ation of
the solvents in the Gt epkiofr i y phos hagoacetate 0114 nol, 32 g)
was added to the% fw H Potasstunrcar b&na{\e/‘(w@o@E{ml 83
g) was dissolved imny H (1 ) Land dddef driep@sse over |3 hour at 0C to
the reaction mxture. | fhe two-phase ggl ution was stirred for @4 hours. The
organi c phase 15 was separated and the aqueous phase was extfreajd w th

ethyl acetate (3x 100 ml). The conbi ne%ganl c phases were shed with
water (2 x HQO m) and"(%he sol vent was _aporated to giv a aIe yel | ow

oil. This cr Dé r ed) bdse ou i L~ca®Hel wiBHRg

n- hexane/ et hz(rdja tat ) To yreld corgpound (ﬁ—14 = 60%
as an FE/Z m$% elnar |09§})%¥J(det rngd by HNNR)W

spect rum was 2@5 consi stent wi th that of fhe esired struct Synt hesi s

of 1.4 Conpound (1.3, 0.1 nol, 20 g, E#Z : 96/4) and nltrorré’ haké (0.11
nol, 6.7 g)Swuehais dilssol ved in acetonitrile (200 M) and cooled to OC. A

sol ution of 5 - 7 0 I in
acetonitri I%ojtfgﬁgnnﬁ§ \%ﬁg (gdzge d;‘%?\%f'a&i q@%f&g%él }O?Oﬁlggr gggt%imghg)
m xt ur e Swas2%sg) werecslevied i yhter altooml() and @?ﬁé@rf&tQﬁQe L-ShedrIsoprepslidenee sol vent

was renoved r H&e@ p h
wat er (200 ?‘qgnd‘ lggt ract 1 ()q§§ﬁme26 %—masgiééésgsg{eg% %{ﬁh%éfu%d Mt)@gﬂ)c%ﬂrgbl ned

WO 03/ ozzasvxatptfﬁpﬁmdmcb@@fd dromwﬁﬁ %ﬁ?‘& n)ipYies @ %P@Qféa?wef?t\wp@ho %ot
hydr ochl or i gftacdddit{oaQfhehixnae thas ffednit kdbor tengtdtiiRtfend Bowt did thed cogled to

b essure. af 5t ol PHELFRETeRPEc B oayShand VaREs SdBrari T SFUEED. i o
of 75/ 29 (dEbecombipet drganieifiNmR)s. coﬁmlhgﬂﬂk@hw&t}ﬂlﬂamglmratdmhy@ @) ware h
that of 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



5 the desired structures. Synthesis of 1.5 A solution of conpound (1.4,
0.03 nol, 7.8 g, syn/anti : 75/25) in tetrahydrofuran (100 m) was cool ed
to OC. Liwbioaneisss ohydride (0.045 nol, 1 g) was added in POTEPO2iI@HRS over
30 minutes and the m xture was stirred ?gernl ght at roomtenperature. The
reaction was quenched by the slow addition of a saturated ammoni um chl ori de
solution (100 mM) under cooling (0C), extracted wth ethyl acetate (I Ox 50
m ) and drorgahioleyersMxsOdasadapith Sl‘t/oilqdrasthkdaeilc acidc{@&@dﬂ)oandshwwithhf or ded
conmpound ( was
consi st ent lsv?nﬁ’[rﬁte? ﬁ&ﬁu&fh yﬁto?eg f%rbgem re néro-U%F dt\%gd %9%% AR
hexahydr o- fnds] rdgeds] greystie- ajf%qled(uztemn@da\@eﬂ ‘2)9 g, Tield = pring swnm rasie of
conpound ( lef575/£>5 @étkriPled by A I‘@MR?YWB@VH Nm&bé&ﬁh Wik donSiRfeAr wRB Rk of 20

m), pot ass T ert- but oxide (0.0132 nol, 1.5 g) was added portionw se over
20" 30 niPnut'BE d&tired SBHE W Sper at ure. The basic sol ution was transferred to an
addition funnel and added dropw se over 10 mnutes to a cooled (0C

vi gorously &tﬂﬂﬁdrsgd)flrﬂ xture of concentrated (37% hydrochloric acid (0.0275

l, 2.3 m I T i j Xt ti d f
> hour s at S bR RDEPRRIPE A4l by KB b ERrhe T8 s i Rt o) UGS
added dr opwi16@ ndhwss crg)lﬁ 8N ECLithaim bomhyd}ﬁiep(ﬂ@éﬁ pialak g). wagdwldedact i on
m xt ur Ei.p‘r’]"gs%o‘iﬂ bl Sl 96 bin LWl tﬁ‘&ﬁﬁ;?rgx% v(ré%t gM LttrSSr%%iﬁﬁf?eraﬁl%mve the

salts. ol'vent was evapor a ssure eS| due was
di | uted wi thhestiepstiongrastaaerched by ihg s @‘a@@dlﬁgn ﬁﬁa éatEta!m apmongamch

preci pi tat egolditd $@(bh§)uﬁ@%f EodlRER (wq? Etrablel Wi dt a8&Eket(hGX whmu vas
evapor at ed ‘%d) ]%Eg% ressure he r%‘%l dual 0| s furth { urified by
Sillca gol BIGGYEr ENORGTEPInggT rege e Al Dot G or o o

m xture of &olpoyisids- Q?]%)Ms?an&nl TS HONMR spedtram #2fcohsistentrvaitti thaodf thd 8/ 22
(deternilsned %%ec}s NI\/R Anal yt| cal sanples of the pure conpounds (7.1,

Rf 7.1 =70. de) het 0.15) were obtained by neans of silica gel

chr omat o- graphy usi ng et hyI acet ate as the solvent. (3R, 3aS,
6aR) - Hexahymmhdsisrafﬂlzxzﬂwﬂidﬁnqa ;33bldilrag-3-alY7.1'abid IR (400 MHz, CDCl1l3) : 35 8

5, 3 35 o b efA ST iy ?%"HO il ﬁ“ﬁ 506 oo br 020
J =52 HZ)P?‘—n w@bzmgumr tERXide) 1l {-8R) wagmdded port10nw1se over

635) H@Oah)’ﬁf RirfuddsClt Zoomn Qﬁz}i&ﬁlﬁl‘e?’ Tak bﬁs?e g&lutld'ﬁ WARr A4 ROr el an
1.68-1.75 ( 85 (1H

ad. s
m, 3.81- 3 e‘(agﬁagﬁiﬁ]a d@‘@’ée gvmloz%ﬂ“teﬁio a Ooi%d @1 20“81-‘/8“@“(3‘% d, J =
4.9 Hz). 5 fakaudelo€ cobhceftrated (37%) hydrochloric acid (0.0275 mol 2.3 ml) in isopropanol

(20 ml). 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.HCl 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; =0.27) and (7.2, Rf;, = 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-ol (7.1): 'H NMR (400 MHz, CDCl;) :
35 61.80-1.91 (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).



\~~- O OCOOEt 7\~ 0 CH3NO2 0 H2SO»4 HO: \-~,,-~COCEt COOP + KOH EtCOH
-t OCet 11.1 02N 11.2 ~OE 11 .3" 11.3 1) Li B4 2) HL HOh HQOOOO
7.1 7.2 Spnshesss of 11.3 and 11.3" A solution of nitromeChame2/(@sD11l nol ,
0.67 g) in ethanol (5 m) was cooled to g_C.

1, 8- Di azabi cycl o[ 5. 4. 0] undec- 7-ene (0. Oi mol, 2.3 g) in ethanol (5 m) was
added 10 dropwi se and the reaction was stirred for 30 m nutes. Conpound
(11.1, 0.01(3ReBaR26a§)-Hexahydrobira)2, vaifutinSisol (78 'HrNMN]@m@IMI(Ia @PEland added

dr OpwW Se t Op f lag. 1S9 Ui, ), 242063 (1ﬁh f?@féﬂ}?%réﬂd?g% (%H' f’nf)egg?vef ni ght

roomtengerature then transf erre |on unnel added
dropvm se oveP! §5Lhdi%st-0b (. apeftdd ( HC)‘)vSi%Oo@Hugi{/ 4% Hek ed sol ution of
concentrated sulfuric acid (0.03 nol, 0.8 m) in ethanol (10 m). 15 After
stirring atE;“gg elIgnper at ure over ni ght the reaction mxture was dil uted

with wa ) and extracted with dichloronmethane (3x 50 m). The

conbi ned (ganl ¢ phases wer shed wth sat ur at sodi um hydro

car bonatw on 101)13N09 ed over Seds@andy apor at & u (]%e {duced

pressure to f &P CO(pIEtO 1I 11. 3+, yi el d
58% as an oil. Usi ng H N ana y5| s, cpnpB@Hd 2 o%twas r?%tfl ed as

the maj or confdnent in the prodedt mipet ur The crud@ product ture was

from'crude
WligHl. 27 Q)

used as such in the next step. Synthesis of (7.1) andng7.2)
(11.3/11.3): The crude product m xture (11.3/11.3") (0.006
was dissolved in tetrahydro- 25 furan (20 m ) and cool ed tof@HciLi t hi um
bor ohydride (0.009 nol, 200 ng) was added in portions over'5 mnutes and
the m xture was stirred overnight at roomtenperati@e. The sid@vent was
evapor at ed under reduced pressure and the residue we dr> soI vegd—
i sopropanol (25 m). Concentrated (37% hydrochl oriv@ d (1 (% added
dropwi se and the m xture was stirred for 4 hours a roomterrpe ature
Then, triethylam ne WO 03/022853 PCT/ EP02/ 10062

Synthesis of I1.3 and 11.3°

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 (IL.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 ml).

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 MgSO4 and evaporated under reduced pressure to afford a crude mixture of
products (I1.3/IL.3°, 1.27 g, yield = 58%) as an oil. Using 'H NMR analysis, compound

20  IL.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 (I11.3/11.3%):
The crude product mixture (IL.3/I1.3”) (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
isopropanol (25 ml). Concentrated (37%) hydrochloric acid (1 ml) was added dropwise
and the mixture was stirred for 4 hours at room temperature. Then, triethylamine



-32 (5 M) was added dropw se causing Et3N.HC1 salts to precipitate. The
reaction mxture was diluted with ethyl acetate (100 m) and filtered to
renove twWolale2853 The sol vent was evaporated under reducedTmreyswse. The
residue was diluted with ethyl acetate 34100 m) causing nore Et3N. HC1
salts to precipitate. The salts were renoved by 5 filtration and the

sol vent was evaporat ed under reduced pressure. The residual oil was
further pur(Sfmbavasydded dropwige caysinggEtsNIHGlsaltole predipitate. ke geaioatmeixtige el uent

to afford ay,duinjed @queth‘ilPﬁ%@i'@ %O(n?l) &rlnd7ﬁ1¥ere@ tPRndve WeRas. 8784 sdivend ratio
of 87/13 (determ ned by H. N S ectrumwa consistent with
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0.1 nol, 5.&[%91%0%&9 ?de(ﬁeﬁ ?g% r%plel&%%@) d Atib %féﬂ*ﬂygae@é&

m xed with onat acetrc hy rlde(03
mol, 30.6 g hMR%y Wl\’{lbsn?strmwasw%stg)tva hat of thedesired ﬁtwwres
tenperature overnight. The reaction m xture was evaporated under reduced
pressurg  gRgmpeIrpual oil was diluted wth dichloromethane (200 m),
washed with a saturated sodi um hydrogen carbonate solution (3x 100 m),
dri ed over MySO4 aadmevapor ated under reduced pressure. Fractionated

distill aff ded(ll 2, bp: 88-94C/ 20 0.03 , 14.2 g, yield =
58% pur by GCC(EIW) (etFPMeacet atr,No,hexane)~qg  coom
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Synthesis of 111.2
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 o0il was diluted with dichloromethane (200 ml), washed with a saturated
sodium hydrogen carbonate solution (3x 100 ml), dried over MgSO4 and evaporated
under reduced pressure. Fractionated distillation afforded (I1I1.2, bp: 88-94°C/

20 0.03 mmHg, 14.2 g, yield = 58%, purity by GC: 83%). TLC (ethyl acetate / hexane
20/80) : Rfjjyi2) = 0.43 (KMnQy in acetone). 'H NMR (400 MHz, CDCly): § 1.39



20/80) : Rf(111.2) = 0.43 (KVMnO&4 in acetone). 'H NWR (400 MHz, CDC 3): 5
1.39 WO 03/022853 PCT/ EP02/ 10062 -33 (3H, s), 1.45 (3H, s), 3.71-3.75 (1H,
m, 3.81 WeH3osRs33.83 (3H, s), 4.25-4.29 (1H, m, 4.90- 2CTEPOA 10862 1) ,
7.04 (1 H d J=7.1H). Synthesis of ;£111.3): 5 To a stirred solution of
(111.2, 2 mmol, 490 ng) in nethanol (20°mM ), was added first nitronethane
(2.2 mmol, 134 ng) and then 1, 8-di azabi cycl o[ 5. 4. 0] undec-7-ene (0.5 mol,
76 mg) and @bk sk, datdt@BnshB i 8 (dk mot 3.81 6HH.a), I BoH, ehpetSat 29 €1 H.on), 3

hours. The @96_\4?3%3}1\/\@{97@4/@1@@@;@7 ypgder reduced pressure. The residual
oil was diluted with a)l sat urat éd anmoni um chl ori de sol ution, extracted

wi th dichl oronethane, 10 dried over MySO04 and evapor at ed under reduced
pressure toSythesispfdldd: (111.3) as a syn/anti mixture in ratio's ranging
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: ceto [11.3)
i soners do 'ﬁfHPm&g{ﬂB%Fz %\Em‘%‘@ ﬁ}‘aw a%‘cf”sl grﬁ*) &FE]@CY%@ 424]}1{} et e f conmpound
syn- (111. 3(0.3neadl,d&nhg )‘arﬁlcthé fsanmctmlxuhieMdRsﬁ@&tﬁtrrummoémpdsretufomde reaction
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acid (0.12 3@13'5 4103 (9N, ba retdang! 1, (&P HE), 4. 2K@eping JHBB9HI2§ arguali Y, dd,

tenperature < n he e pr tate was forned and
t he suspensJ‘onI’L‘*Agyz%l r?gd'i%v‘bgﬂ&d{\tdga{' rb%e{?pe e. 30 The reaction
m xture was evaporated to half of the original volunme and then slowy

pour ed 20t OS@tH&islﬂIHanlI aneebns @d.2yM hydr ogen carbonate solution (200 m),

wh oyl Eeaplred SugStR R b5 moldria mad riienat SO B T 1
wat er (50 mhijroarthaey €p@Famel 3t36 g) ahd thed 1:8-dinztbinyelods.4 Ofjuwrdiec-Gampounds
(rrr.a/1tnt. Qsmm%l 360%hg) %hﬁltﬁjeh ea& @m&&né‘& %f‘éﬁ?oo%?teg@ N.gﬁe%&eﬂlwm of

t he crude reactidn m ure s
reaction pr%@CtIWWWaﬁ@mle@% Udfa Glﬂﬁéoct@]}]!n@t}lomzﬁblﬂal ned by

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 (II1L.4/111.4°, 8.37 g, yield = 78%) as an oil. The

35 'H NMR spectrum of the crude reaction mixture showed compound (II11.4) to be the
major reaction product. An analytical sample of compound (I11.4) was obtained by
flash chromatography on silica gel, eluting with ethyl acetate / hexane 50/50. TLC
(ethyl acetate / hexane 50/50) : Rfi4 = 0.45 (KMnOy in acetone). (I11.4): "HNMR



flash chromat ography on silica gel, eluting wwth ethyl acetate / hexane
50/50. TLC (ethyl acetate / hexane 50/50) : Rf(l111.4) = 0.45 (KMhOX4 in
acet one) .w0Db3022853 1H NVR WO 03/ 022853 PCT/ EP02/ 10062 - 32CrA®02/Mes; CDC 3)
: §$3.33 (3H, s), 3.39 (1H, dd, J1 = 7. 3)4Hz J2 = 4.4 H), 3.58 (1H, d, J =
4.4 Hz), 3.82 (3 H s), 3.97 (1 H, dd, 3%1= 11 Hz J2 = 3.9 Hz), 4.10 (1 H,
d J =11 Hz), 4.95 (1 H, s), 5.23 (1 H, dd, J, = 7.0 Hz, J2 = 3.9 Hz).
Synt hesi s of400 MHz5YDCE) FoB 33 €3kism) 339 6H, did, {iG= DO5Iavol= 4.4 HaR 338 (ks d,

di ssol ved ip_npet I ter 11( X 0 [ fy C
(11147111 ﬁ mﬁ?ggz((%ﬁ @139@ % ?‘ 1”?7 393{? h%(ﬂgd‘géd yrjn %’he
reaction m‘k%(’é{v@é’é %Q}bdduhdﬂoﬁéﬂm Pé)2 to 3 hours. TLC anal ysis

i ndi cat ed tge conpl e onversion of all starting material (111.4/111.4")
and the re L ] ‘e was concentrated under reduced pressure to 1/5 of
the ori @i naPotussiumhydriﬁhxde {Q02Embjual? @avadidissolvediin metkenbl i @ inl)amdtwateraci d
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(1H, dd, J1= (1H, 20 dd,
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(0C) sol uti @ﬁp@ﬁateeiméw&éuqes!meselre@ affard ﬁempoqncta@I 4F g,éft%ﬁﬁér/dfaa @an
(20 )15 | i dohgummaiaphalr dafpld & Bhpotimd (Ilﬁﬁ)qvﬁ%tami @d@a@sﬂamsm{ﬂfr&ﬂs over
10 25 mi nutes. The sus e Si on was s(i) red overni t at I? erature
unt i 1 TLC alabrgastl i siid gpeommuab i s SbHesherds PO EEHARG mater i
(111.5). ThRfjyst=h@49 edtitd)olH NMK (400eMasCDOb) ed 2ai1 (il Hedddgd=d8enidide =by

addi tion Of4Wi‘-fz§ 2(%“3 lﬁ—d[)dd The, gﬁ%tj Q blc,ﬂ'lés %r®0%@§6§¥%ﬁﬁ a3t3etg §d§r9]5 t he

reduced pressur ‘tenp era ure’
t et r ahydr of Uthddwas E/Apar htetl9 &gl 4 He(1Hedi aap. 93‘@)61@}8&6% Si,o‘l 4 (Idh was
aci difi V\Mlj ZHd'nMergetyg)thy acid to pH = 0-1. The reaction mxture was

stirre hour at’'foom tenperature, saturated with sodi um chl ori de and
extract ed vvlth ethyl acetate (5x 20 m). The conbi ned organic |ayers were
dried over S 1 d under reduced pressure to give conpound

(7.1, 1.01 1;@ a¥béled (G"C $3%ioRsf @nsdufd (BES, ®011 méhe s3tg) ietetraRydbfurah 1) was
confirmed (yJ.O nf;ﬁ lltkilum borohydride (0.017 mol, 370 mg) was added in portions over 10
25 minutes. The suspension was stirred overnight at room temperature until TLC analysis
indicated the complete conversion of starting material (IIL5). 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



35 spectrum The enantioneric purity of compound (7.1) was determ ned by GC
analysis of its acetate. Therefore, conpound (7.1, 0.5 g) was m xed with
acetic arwgdsieassy2 g) and N, N-di net hyl - 4- am nopyri di ne @ECOEPIL)00end
stirred at roomtenperature overnight. The reaction m xture was dil uted

wi th hexane (50 m) and washed with a 03/ 022853 PCT/ EP02/ 10062 - 35
saturated hydrogen carbonate solution (2x 50 m%’ and then with water (50

m ). Chir al sat@Bedhpdrpgérnscagbontatessohutioariax §¢mi} angthert wishehtar 45¢aderGhired t he
%&&On{ar IOG%%E}E§I§ oPfhe lﬁ?%ﬂﬁloﬁﬁllé\\/e&fb&ﬁerﬁn&%{% elﬁnﬁéﬁféﬁk%xée\s{s gn"bl V.10
V. 2 02N |\F0§1p0151d&%b\78be?)9%so4 0 HO 1) |_| BH4 1) KOH o MeOOC 2) conc.
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V.5 O IsV. 4gfaMnfle IVSYNt hesi s of (IV.2) 2,3-0-1soproyli dene-gl ycer al dehyde

(Iv.1, 1654 nol, 1075 bg)owfeaZO%w/wsoluU§ (g; (rv.1) i
t et rahydr of uran) was xed w t{ /di net hyl hal (1 [eq &g@)’l ,
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218 kg) andstio@red at cursmé or S~Hoursoonyri 6:nBBY 0. § equis
kg) was adde \eyid\nyhe “r‘ea‘ct‘i’ono}ryyg%e was héated To 45& IGOMe
tenperature, a’solfution of acetic anhy8PMae (3 equi v 4962 mol .. 506 kg) in
t et rahydr of UVén (806 kg) was adged over a period of M@ er -heating
for 12 hours at 45C, nost of the solvent (1200 kg) was rem)ved by vacuum
evaporation and the residual oil was diluted with 15 tol uenj (1¥ROOVKT) . The

organi c solution was added over a period of 2 hours to a vilgeysausd,y
stirred aqueous sodi um hydrogen, carbonate suspension previodsly prepared

by m xing solid sodll)LLnihydroge car bon i 190 kg) with I%ﬁi&um hydr ogen

car bonat e ('1@60 kg) p \ separ t hel a noved
and the org “‘Bh se %Clm hed W|th I yodl gr ogen rb W%‘B'?imo
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Synthesis of (IV.2)

2,3-O-Isoproylidene-glyceraldehyde (IV.1, 1654 mol, 1075 kg of a 20% w/w solution

of (IV.1) in tetrahydrofuran) was mixed with dimethyl malonate (1 equiv., 1654 mol,
10 218 kg) and stirred at 20°C for 3 hours. Pyridine (0.5 equiv., 827 mol, 65.5 kg) was

added and the reaction mixture was heated to 45°C. At this temperature, a solution of

acetic anhydride (3 equiv, 4962 mol, 506 kg) in tetrahydrofuran (506 kg) was added

over a period of 4 hours. After heating for 12 hours at 45°C, 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 TV.2 (1280 kg of a 23.6% solution
25  in methanol). Intermediate IV.2 was used as such in the next step.



20 tol uene was evaporated under reduced pressure to a residual amount of
about 450 kg. Further renoval of toluene and solvent switch to nethanol
was perf owoed/oss3 azeotropic distillation with nmethanol bycrareztmd2 (tw ce)
addi tion of nmethanol (500 kg) and evapggation of the same ampunt (500 kg)
under reduced pressure. Finally, nethanol (830 kg) was added to yield
intermediate I V.2 (1280H§/g of a 23.6% solution 25 in nethanol).

| nt er medi at 2ynthesis GV 44Ve) &rom@AN.2)n t he next step. WO 03/ 022853
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The reacti i I L j: i hanol
O} Nthid rac 10%&?&?&%&3%&@?% ﬁ&?bmrﬁ%%@%s%%%ﬁnhh nﬂél?%lgﬁél .

(1.1 equiv., 553 no w solution o um oxide in
met hanol ) (lwla@Iuividedd mel O k& oby 89%30Wriohtftoaof sediumimefhexide infnethang! )
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ca. 66 Xy 132% W/ sedummstdenidesedutiony adievaneiated udenagyucsd pressia s um
hydr oxi de (&5iduiimouBoKI500g @5MaRMELRAUS6 kg@f ASEefatV HX Iflénedage t he

reaction m'Ngre was heatgd %o reflux for hours. After rapid cooling to
35C, aceti ch %@t (8% BED Yy REXIStePo6 %% acetic acid) was added and the
reaction m xture was evaporated under reduced pressure over a period of 10
hours 30 tosﬁtﬁe%ﬁsj &{g,siﬁlayggv% ca. 200 kg. After cooling to room

t enper at ur €, : _ )
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



(354 kg) was added over a period of 1 hour. After stirring for 2 hour at
room tenperature, nost acetic acid was renoved by vacuum evaporati on over
a period wbhos02288burs to a residual anmount of ca. 250 kg. POATEPO2/(@6D kQ)
was added and the aqueous solution extract ed three times with ethyl
acetate (3x 700 kg). The conbi ned 35 oraanl c layers were washed twice with
I N sodi um hydrogen carbonate (2x 586 kQ) third washing with I N sodi um
hydr ogen capdstomaeed byasbspeuend evapdrafion lof 81@1 oggani ¢ ssllutianNindsorgidueedipyensorgdn
carbonat e V‘@%sﬁqgleﬂnd’uﬁt bt 2@) lfg*ag’(im@n gt 1%0}?1’0&%1 (34519Q(glf g:vhfﬂ)rﬁf?&l &fhe hydrogen

car bonate was used .. A sol ve swtc rom aceta to IS ropanol was
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ne.c _so

dditi I f i
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pressure to re

reaction ni d@b’mgeatﬁﬁsc)chélﬂQe‘éIYﬁélSO’@lWéﬂteﬁn%@tF&H’ 8 (24 k). Intsunediatg|Vehi ng

crystal | i safhPike@fas kutheh MRkt &ef! V. 5) . Filtration and drying (vacuum
drying 40C) of the crystals yielded internediate (1V.5) (27 kg).

Internediate 1V.5 was used as such in the next step. 10 Synthesis of

(7.1): To aS¥uhensofd7d): internediate (1V.5) (180 nol, 30 kg) in
t et rahydr of ug a@olbﬂ;&ookmiermedhlatet{wm) PiB0anyigis0 ke )1ﬁ1etﬂah9mnﬁyram(1m8< , 43.1

kg of a solution, of, 10% th| um an vvas added
over 30 ni nﬁ{hggn bashyqride c(ltll ot hi xltggrnéonmgis %gohﬁé?lgéoq %%’g% lg‘}‘élp)a period of
1 hour and sarphydeaiean tettabydrofmps rveas added @ver 20 hooutes. Thhecachb siixtedt was
suspens;j i t t
Ciora, g MaRdB03pld gk ?‘H@%‘ﬂ%‘?‘."%& éﬁﬁhﬁﬁmg riyfe § %‘ﬁ LA
of 4 hours obtkl@ecbswgensm Wit 90 |tor Onsenst lyidgochlarg@cidafl 2e9quist. irelplivifoat - 10C
for an add'LiB}ﬁaB@mthWsz 6ff32% hydraémmc z{cld)]we@,Qié}sé’d O\Fe‘?la%hé{&offﬂ)hb@‘s 261

nol, 26.5 was, added over a |nta |ngthe
i nternal tehgsBIg S E‘t@“@@mﬁergﬁf‘?/énf c %l%leﬁﬁ‘rflﬂg a%ﬂ%&a ét“WéL? per f or med
by distill ahoups) méthylbmmec(lmaqﬁlw welgtere tatH@GisPienbl; 2p156s3 wae added over £si dual

arunt iﬁ i Oﬁerlo lﬁ%’ur %d gﬂt,ralm%tghh Y%ex%gfstté%gragu%g Q 0!5@) gﬂle{ﬂugv&ln:%rt? h

distill hetétra ate
conti nues acttiyltacotate vods mrﬁ@yme@bxedanléatm qfﬁlhemohqentsamdmlmmhevlg Iptassure Thi s

procedure V‘% IQQH{IAIQHﬁQana 1@1@%&&55&@&591‘&4@@{&/@5@1& afighaLg ratio of
4:1 (checke ure MS6<$£O| ed to

oc, filter e@l‘s%liﬁl%?‘rs?é t}fqr gttrrr%tryo Brg}?@néﬂ‘é’l ﬁ%éfﬁ% é‘ﬁg{;‘“{t It‘*i‘lnfrg mw)t(f cORtRES addidemy |
acet at e (2xoffih{Gketatthe na@ithiaGl@ddsthnt Vol Thivgiréceduapoisadontinied wrtiehd
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 III.
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conpound (7.1) (18 Kg). The identity of conmpound 7.1 was confirnmed using
HPLC, NMR and chiral gas chronmat ography using reference sanples from
Exanpl e 1WD.038228%¥ 03/ 022853 PCT/ EP02/ 10062 -38- C ai ns PCTAPI®IGveZ f Or

t he synthesis of hexahydro-furo[2, 3- b]erJ an-3-ol of fornmula (7) starting
froman internediate of fornmula (1) wheréin P and P2 represent each

i ndependent|y a hydrogen, a hydroxy-protecting group or may together forma
vi ci nal - 5 @laphs pr ot ecting group, OP2 P10 H 1O transformng said

| ntermedi at ¢ Rfmét%d‘wrgﬁmeﬁ%fﬂe%% ;’1 B%IJT@@% ﬂfr‘éﬂ Y& b forfilila é?f mula (3)

wherein R represents esents %gro gen or
C(=0) OR3, Wmé;ﬁioewmnéermeﬂwe oféewula)ﬁl)aﬁ‘h@rw’ aréﬂr Rgprepent gadisent, and R

t aken togetfh@é eré:’ﬁl drydtOzentl ®R%drbo t6d% prénadith gehé@dofmy f@ign a 6 to
8- rrerrbersed gléf ? %}}éuﬁ‘yv\%cﬁ gy Sa}()‘le%uopt |n%%§lmlyrsu%it??ut ed with al kyl ,

ar al kyl , P10 COORL 3 NO2 subsequently transform ng said
nitrorrethane derlvatlve into a tetrahydr@r2ran derivative of formula (6)
wherein OR4 represents an al cohol at g;oHO C]—I Hl5 060R4 and then transformng
the intermediate of formula (6) |nto% ro furo[ 2,3-b] furan- 3-ol of
formula (7) by way of an intranvol ecul ar c}dlsatlon reaction. HO OO0 7 20
2. A nethod according to claiml wherein the internediate of fornula (3) is
t ransf or rredtrimfcmrmng sand erterectdmtesofdbrniwda (1)livto(aGiitrometivarkd degivatee @ﬂfoamNef

reaction. e
hexahydr o- f 9 %/[l'%&irbgj r&?&gﬁtglag& ta?yl?ok?f “%I]qu%e‘)%sefnﬁh)ldﬁggceﬁwﬁas% t He st eps
of: 25 a) cBntr@m@ng aliyl, iapil oF pralkyhtos Rosif pessent] @d(&')taken together with the

10  atoms to which they are attached may form a 6 to 8-membered cyclic group which may

be optionally substituted with alkyl, aralkyl, or aryl,

OP2 R2

P1
° COOR?

3 "NO,

subsequently transforming said nitromethane derivative into a tetrahydrofuran

derivative of formula (6) wherein OR* represents an alcoholate,

HO

d\/OH
0

OR#4
15 6

and then transforming the intermediate of formula (6) into hexahydro-furo[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)



WD 03/ 022853 PCT/ EP02/ 10062 -39 OP2 Pl10OH 1O resulting in an

(X, P-unsaturated ester of forrmula (2), OP2 R2 PIO/ ORL 2 ODb) reacting
sai d est ewOomB/ofass3rul a (2) with nitronethane resulting in Z0TiEPORIMEZII at e of
5 formula (3), OP2 R2 P10 COORL 3 NO2 5) submitting said internediate of
formula (3) to a Nef reaction |eading té internedi ates of fornula (4) and
(4) O OHOR2Z R2 COORL 4 OR4 41 OR4 10 d) transform ng said

intermedi ates of formula (4) and (4') inorp2an internediate of formula (6)
and, HOOH 0 60R4 e) converting inpghnediatg of formula (6) to the
conpound of forrmula (7) by an intranol&culfar cyclisation reaction. 15 4. A
nmet hod according to any one of clains 1 tbo?, for the synthesis of
hexahydro- furo[ 2, 3-b]furan-3-ol of formula (7), which conprises the steps

of: a) CO”de”SﬂeE\ﬂnfg 'cﬂlt&ﬁrﬂélqgta}a?edoésteﬁ'8%?#)1(19'21'(%), W th CHRZRS- & =0) - CR

wherein R5 repres en, a car ester, a phosphonium salt
or a phosphonate 20 ester, WO 03/0228ys% BT/ EP02/ 10062 -40
P10 Z OR?1
2 0

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

1
Pio COORt

3 "NO,

¢) submitting said intermediate of formula (3) to a Nef reaction leading to

intermediates of formula (4) and (4”)

0]
0O HO R2
R2
COOR1
0]
4 OR4 4 OR¢

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

O

g ORY

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,



OP2 P10\-1~/H O resulting in an a,(3-unsaturated ester of fornula (2)

OP2 R PIO/ ORL 2 Ob) reacting said ester of formula (2) with

ni tromet oe3nesssting in an internediate of

COOR1L 3 NO2 c) submitting said intermedjate of fornula (3) to a Nef

reaction by treating it with a base ant

5 fornmul a (PCI/EPR2108R2 P10

subsequently with a strong acid

resulting in a mxture of internediates of formula (4) and (4'), O 0 HO
R2 R2 COORL 4 OR4A 0 41 OR4 10 d) only ioPecase R2 is different from

hydrogen, decarboxyl ating the interpgngi atles @f
formng internediates of fornmula (5) a ¥ ) respectively, O OH COCH
OR4 5, OR4 15 e) reducing internediates o

dgormula (4) and (4'), or

internedi ates of fornmula (5) and (5') with a suitable reducing agent

%%%Hg@ At & pAnsharAa Qede 8F £ tq}aa (\é\? 03/ 022853 PCT/ EP02/ 10062

resulting in i
-41- HOOH O

converting I ntermed a formula (6) to the

conpound of forrmula (7) by an OP2 R2
P10 yZ OR1
2 0
b) reacting said ester of formula (2) with nitromethane resulting in an intermediate of

10

15

d)

formula (3),

OP2 R2
P1
© COORT
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°),

0
0 HO R2
R2
COOR1
0]

4 OR 4 OR¢

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

O
OH
Q/\C OOH
o) 4
R
5 (@)

5 OR*

respectively,

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,

formula (4) and (4') thus

05



i ntranol ecul ar cyclisation reaction. 5 5. A method according to any one of
clains 1 to 3 wherein an internediate of formula (3) is prepared by a
process cwomsisisay t he steps of first condensing an inter PEXERVE 10062
formula (1) with nitromethane, resultingyin an internediate of fornula (8)
and secondly, reacting said internediate of fornula (8) with
CHR2R8-C(=0) -OR wherein R8 is hydrogen or a dicarboxyxlic acid. 10 6. A
nmet hod according to any one of clai 1 to 5 wherein an internediate of
formula (6) is prepared by a proces iO5i ng the steps of first
reducing internediate of fornmula ( erein R2 is hydrogen with a

sui tabl e reducing agent, resulting i 4 nternmedi ate of forrmula (9) and
secondly subnitting the obtained interfrediate of 15 formula (9) to a Nef
reaction by _treatment wth a base and then with a strong acid, 7. A nethod
according t9 a?fy“’ﬁ‘ﬁ’@géme’@lleéli‘%ogfe%‘ﬂ@ (Rhierths ?Prp?o%ﬁ@fﬁﬂmé‘i"cﬁ) by Alependent | y
are Cl_6al kyl , inatanbleetlapepdiSatiopatacyionor together with the atons to which R
and R3 are attached forma 6 to 8-nenbered cyclic group optionally
substituted with 20 C 1.6al kyl, aryl or arylC 1.6alkyl, and R4 is C

1. 6al kyl5. 85. A methtbakcankng wiany ohe oficlginmnietoct whérainrm idtetroediatelof feemulr | R3
and R4 each/qyi : ) I i f: D= et yl,

i sobutyl, S(gyl%[%t Qﬂﬁféﬁ/o_c usfcyf[ﬁ%?% eﬂﬁéta{}%% ofé?g%%\&e#gﬂ[nggg ug?:%%erdll?lgyto any

one of ci ai femulaid) withmiresethane, whdltinginagetereedipoffamua@ and abile
vi ci nal - di Oée_csﬁcny,%ﬁdtiﬂg sﬁﬁ%@rme&ate&mbmqsﬁ@ﬁ@megIQ:@Ptnw%&éincI ai s
1to?9 Wnerggn Pd and P2 lea dllal k}gc 30 nethylene radical. 11. A nethod
according t® Bdydengen gF 2 dicabpxyXlef§id) ains 6 to 10 wherein R5 is hydrogen,
ROC=0-, (R6)3P= wherein R6 is al kyl, aryl or aral kyl, or (R70) 2P(=0) -
\L\\her eihndR7 G.SAgh&htbd a®bitling @ra@b][oyib Iof Jaind0 ¥ Qﬂ%mﬁ?anl?ﬁﬁhﬁ&ﬁ&é bﬁﬁﬁ&lula 42 12.

met hod acgordi ng to. any one of cl ai to rein i rogen or
R "0 O <0 - Baprriges b ERbrodes SaetishedBe St e A B RE refgE (% po
R2 Pl C OCRrmulag3N@Rerein R? is hydrogen with a suitable reducing agent, resulting in an

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

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

7. A method according to any one of claims 1 to 6 wherein R' and R? each

independently are C;_¢alkyl, aryl or arylC,_salkyl or together with the atoms to which R

and R? are attached form a 6 to 8-membered cyclic group optionally substituted with
20  Cjalkyl, aryl or arylC,¢alkyl, and R* is C alkyl.

8. A method according to any one of claims 1 to 7 wherein R', R and R* each
independently are methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl, sec-butyl,

tert-butyl or pentyl.
25

9. A method according to any one of claims 1 to 8 wherein P! and P? together form an
acid labile vicinal-diol protecting group.

10. A method according to any one of claims 1 to 9 wherein P! and P? is a dialkyl
30  methylene radical.

11. A method according to any one of claim 4 and claims 6 to 10 wherein R’ is
hydrogen, R'0-C(=0)-, (R®);P= wherein R® is alkyl, aryl or aralkyl, or (R’0),P(=0)-

wherein R’ is alkyl, aryl, aralkyl.
35



wherein P1 and P2 represent each independently a hydrogen, a
hydr oxy-protecting group or may together forma vicinal-diol protecting
group, Riwpapnessents al kyl, aryl or aral kyl, R2 representSTHpdz/omen or
C(=O) OR3, R3 represents al kyI aryl or %al kyl, or R3, if present, and Rl
t aken together with the atons to which they are attached may 10 forma 6 to
8- nmenbered cyclic group which may be optionally substl tuted with al kyl,
ar al kyl , orlkr&lmetmmd@mgﬂoaanyMenmew toyi@rvchpeein Rids Pidrogen 022 t aken
t oget her foRr@S;re )c@@e, then R is other than nethyl or ethyl. 15
14. An intermediate haV| ng the formula (4) or (4), 0O HOR2 9 R2 COCR1 4
OR4 41 OR4 wherein R1 represents al k¥ aryl or aralkyl; R2 represents
hydr ogen or 135 Amjrtrmediate havang e dormila(3y| . aryl or aralkyl, or R3, if
present, and R taken together with thg:atgas to which they are attached
may forma 6 to 8-nenbered cycllc gr odp V\/mch may be 20 optionally
substituted with al kyl, aral kyl P! 4 represents an al cohol ate.
15. An intermediate havi ng the for mil a (b) orco(og'), OOHCOOH O5 O 5,
OR4 wherein OR4 represents an al cohol at 25 WD 03/ 022853 PCT/ EP02/ 10062
-43 16. 5A nethod for the synthesis of hexglydro-furo[2, 3-b]furan-3-ol of
formula-(7.1) according to claiml starti ng froman internedi ate of

)
e
i nt er medi at &8P of BRMitegthepformmurivahdipl prahfatmegrpakéﬁ rﬁe@é?rﬁ%%lkyleﬁm gh

[ soEr prlo} derikyl, R2 rélﬁweﬁfseiyaﬁogeﬁbr@%w RhespeisentiRalkiyk angohyfallgMbrR i s
nmet hy

R£,)1 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 alkyl,
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.

15 14. Anintermediate having the formula (4) or (4°),

0
HO  R2
R2
COOR!
0
4 OR4 4 OR4

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 8-membered cyclic group which may be
20  optionally substituted with alkyl, aralkyl, or aryl; OR* represents an alcoholate.

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

O
OH

COOH

wherein OR* represents an alcoholate.
25



COOVe reacting said ester of formula (2) into a nitronethane derivative of
formula (3) wherein 10 P1 and P2 taken together form an isopropylidene, R2
repr esentwo-0G0zFOR3, wherein R3 is nethyl, and R is netlayiEpPo/)eosd COOVe
O = COOMe 02N transforming said interngdiate of fornula (3) using a base
and subsequently an acid to vyield internedi ates of fornmula (4) and (4'),
wherein R2 represents -C(=0O) OR3, wherein 15 R3 is nethyl, Is methyl and
R4 is met hyl6. Aomythoddor thesbesisad hextvero-firalides bﬁmeédé@irfmme?tl)ng

i nt er medi at ggoRfind @A {tdtink SR ﬁlgmtté?m@@laterﬂf%ﬁfﬁﬁlé ) ewRéreinar' Al @2 ( 5)
wherein R4 | reducing said intefrmediate of fornula

(5) with a @ ?rité’SFtéerr@HH@Phﬁ’pé‘g@ﬁ‘ge%sul ting in an internediate of fornula
(6), wherein R4 is nethyl, WO 03/022 dDCT/ EP0O2/ 10062 -44 OH OH, Ow O
transform ng the i ntermedi ate of for | a=(6),,into conpound 7.1 by way of

I ntranmol ecul ar cyclization reaction. ! 57.1

O
5  condensing said intermediate of formula (1) resulting in an intermediate of formula (2),
wherein P' and P? taken together form an isopropylidene, R? represents —C(=0)OR?,
wherein R is methyl and R' is methyl,

(}LQ COOMe
\/'\/Lcoowle

reacting said ester of formula (2) into a nitromethane derivative of formula (3) wherein
10 P! and P? taken together form an isopropylidene, R? represents —C(=0)OR?, wherein R?

>LO COOMe

o, =
COOMe

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
15 R?ismethyl, R'is methyl and R* is methyl,

)J\/ MeOOC
COOMe HQ COOMe

[—}\OMe o’ OMe

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

wherein R? is methyl,
O

'S
QOMe
20  reducing said intermediate of formula (5) with a suitable reducing agent resulting in an
intermediate of formula (6), wherein R* is methyl,
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OH

E>\0Me

(0]
transforming the intermediate of formula (6) into compound 7.1 by way of

.,"Z\

H
i,

intramolecular cyclization reaction.

HQ
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