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relates to a process for the synthesis of
3, 3a, 6, 6a-tetrahydo-2H 5 cycl opentan[b] furan-2-one,

a ol epROTHIIHOR THIS §YNTHIESISOF @mrer@mmmnm 2H-
synt hesi s of prostagl andi'ns. BACKGROUND

prost agl andi ns ar eCEELORENEANIBJ$&RASN- 26®NEDI ecul es
that have a wide variety of uses. There are many

k S st agl andi ns and 3, 3a, 6, 6a 10
t§ﬁ£ﬂ9¢§€&gﬁfﬁ@%€%ﬁgﬁgan[b]furan-2-one is a known
internediate in several such syntheses.

3, 3a, 6,fifs E@Eﬁ@dwﬁme%hb QYO RRERE &Rl yhihesia bf 2,38/8%a-tetrahydo-2H-

(l actone) has been prepared by a nunber of neans.
Raxyelopentarbgfiran-2ean, Heofpcelodhatds wefullae an sdenmedinten the
di chl or.oket ene cycl opent adi ene fol |l owed by

desé’ﬂ'ihfi?l?ﬁ Iioé'iz}gkﬂipélﬂsm nc followed by a Bayer-WIIiger
oxidation (Gieco, P.A, J. Og. Chem 1972, 37,

2393cklGrRADND 15 pr ocess suffers fromthe pr obl em of
formation of black tars in the dichloroketene step

and re r
( Cor ey, %83@%5&584 e ﬁgmﬁ&jeﬂﬁ’ ?}IJ&%%@ E%Z%Qﬁéf @ﬁ ha&e a w1de
256Giri8ty dlamed dlieie ark. any&:tnoazln synt]ﬁ&tels ahprbsaglahéing and_9,88 5 6a-

3125- 3128 Carrell’, A J., et J, Chem Soc
q@mhy@gr%ﬁyclq@g@n[@@lraq Z,gg).egs a ggqurb ;né%rgned@te n sgyeral such

e AR RO st b ari e e dps been
3, [ﬁr@pzﬁecﬁay b atimdbysfanéids. Rycdneip emttertd] bl be prep@ed bp therreact1on of

enantionmerically enriched forminvolves an asynmet
hyachi@wkawn@ Wl@fc}’@?mlﬁﬁ@ﬁﬂeaf@il@W%Eléti?@k?ﬂ:f}a&on Yith zinc followed

(7§>arlt§ 11]1% 10%.51 @‘(Gne(f gf‘tge?ﬁcwgglﬁ 33699, This

Vi lbrocé’sg 9ut$é¥5 fromTi[hb proviated ﬂirﬁlahaﬁ of blaclathveainttagdichloroketene step
avoi ding a resolution but has a nunber of operational

2sangiegiieays respdietian s has peen gesedhpd; (GoreysEd - 1Saidss-B8alleOrg.

ORISR, 8. ARs: it R 00 R NG £ 1983, 3125- 3128;

O theestLN., &l i, 91 ERerh SSYC!, TRHTERhENAN 1996, 2:6)51458% 9 Bert01a51 V.,
nmonoacet at e have been descri bed (Launmen, K., et al .

J. et@heRetrabsdronCAsymmesiniR001 g8 10 b9 1#83Y:  Launen,
K., et Mﬁl tg.FrT %%{hola %or iy pre %Eulatmr} 3F éBa %%’a tét%ﬁgldg 8B

Nar a,
cyclopentan[b]furan-2-one in enantiomerically enriched form involves an asymmetric -

hydroboration of cyclopentadieneacetic acid (Partridge, J.J., et al., J. Am. Chem. Soc.
1973, 95, 7171-2; Partridge, J.J., et al., Org. Syn. Coll. Vol. VII, 339-345). This
procedure has the advantage of avoiding a resolution but has a number of operational
problems that limit its potential as a large-scale production process.

A third method is Claisien rearrangement of a 3-acyloxy-5-
hydroxycyclopentene. Orthoester Claisien rearrangements on the 3S,5R monoacetate
have been described (Laumen, K., et al., J. Chem. Soc. Chem. Comm. 1986, 1298-
1299; Laumen, K., et al., Tetrahedron Lett. 1984, 25, 5875-5878; Nara, M., et al.,
Tetrahedron, 1980, 36, 3161-3170; Takano, S., et al., J. Chem. Soc., Chem. Commun.
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use of high tenperature (160C) which is difficult to

achi eve on a production scal e. Accordi ngl t here

nelQa 65 rl 89- 1§D}@;t§e%@ﬁb¢m5§mf h‘ljglbi@gg)grapgp ({dﬁ)eC) wh1ch is dlfflcult to

uct i

3 a§ 1o8° %%apqupﬁ%%%c% cycl opent an[ b] f ur an- 2- one whi ch

i s economi r.ovi des. enantionerica enr i d

pr oduct %ﬁﬂﬁ‘%lystg?‘géw gegddfpr p symple %%O&Pguiﬂll éfﬂfﬁﬁs fglht%

t{J}Mﬂgﬁ JehAL EHT}EEJ SRAGAID Y RDIduRhich i al,

provi egpg_f%-?lggess P@alt%yg}éogé ct ?Er% of ,na lc6 Is economic

t girodtysckmaibragridatly entietrediprdducamdis aniablé-fir hargers¢ald production.

conprising the steps: a) Reacting a

3- acyl ox 0 ntene of Fornmula I CQAc 10
lﬁ@%féxw ﬁéﬁjﬁf acetal of Fornula Ila or a

ket ene am noacetal of Formula lib RL.Ne 1 RL,N,.R 1

o2 "~ ese%vétﬁldﬁ%'rgﬂhé’s d#n%cé:s@ rf@ivth@ p%ddﬁctldﬁ‘@fr £34)6,6a-

Rl and R ,” are t aken

t dgleﬂiydo-Qﬂ-bcynl@entamﬁ)]ﬁfralﬁﬂome ?chramﬂﬂef\é), com?zlsu@ thBd stejos:

C4 alkyl; 20 Ac is C1 to C4 al kanoyl; at 90-120C in a

sol ve nta)vml | ReadBhfE ala@ym@yamyﬂk@@bydloﬁeﬁ%)of Formula I

concentration of |ess than 3% by volune to give an

acyl hydroxycycl opent eneacet ami@e of Formula IIl; -2

H

QOun

Formula I

with an amide acetal of Formula ITa or a ketene aminoacetal of Formula ITb

Ry, R ,
N/ R1 \N/R 1
OR, /I\
OR,
OR,
Formula Ila Formula ITb

wherein; |
R and R'; are C; to C4 alkyl or
R; and R'; taken together form a ring of 3 to 7 members;
R, is C; to C4 alkyl,
Ac is C; to C4 alkanoyl;

at 90-120°C in a solvent while méintaining an alcohol (R,OH) concentration
of less than 3% by volume to give an acylhydroxycyclopenteneacetamide of

Formula IIT;
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=1'"ll Formula Ill b) Adding an alkali or alkali earth
whyanosi7de, carbonate, or quaternary 5 amoni BOT/1B2003/005978

hydr oxi de solution to give a honbgeneous or biphasic

m xture; and c) Adding a strong acid of pKa < 2 to

give the lactone of Formula IV. O RO~ Cf Forrmula IV

10 DETAILED DESCRI PTI ON OF THEj | NTI ON The present

i nvention provides a pr oces€§ oﬁ/( production of

3, 3a, 6, 6a- tetrahydo-2H cyc b en an[%]fur an- 2-one

conprising the steps: a) Rea ng a 3S, 5R

3-acyl oxy- 5- hydr oxycycl opent of Formula I QOAc 15

OH Formula | with an am d ac%ﬁablof Fornmula Ila or a

ket ene anmi noacetal of For ™ 44" 1. NAl RLLNR 1

OR2 '"~-OR2 OR2 20 Formula Ha Formula Ilb wherein; Rl

and R1 are Cl to C4 al kyl or

b) Adding an alkali or alkali earth hydroxide, carbonate, or quaternary

5 ammonium hydroxide solution to give a homogeneous or biphasic mixture;
and

c) Adding a strong acid of pK, < 2 to give the lactone of Formula IV.
' 0

@uuo

Formula IV
10
DETAILED DESCRIPTION OF THE INVENTION
The present invention provides a process for the production of 3,3a,6,6a-
tetrahydo-2H-cyclopentan[b]furan-2-one comprising the steps:
a) Reacting a 3S,5R 3-acyloxy-5-hydroxycyclopentene of Formula I
OAc
Formula I
with an amide acetal of Formula ITa or a ketene aminoacetal of Formula IIb
I:{1 . /RI1 '
N RLN/R 1
/EORZ )\
OR,
OR,
20 Formula ITa Formula ITb

wherein;

R; and R'; are C; to Cy4 alkyl or
-3-
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sui tabl e solvent of boiling point >90C while

mai ntai ning an 5 alcohol (R20H) concentration of |ess
t han 3% by \FolanfR 't igkeji tpgether form a ring of 3 to 7 members;

acyl hydr oxy cll pgon{:e?& etam de of Fornula Il1l; Rl
ACO \R 1 rint & Tt b) Adding an alkali or

al kal i eart wdhpdrqyicdelkagg@fibonate, or quaternary
ammoni um hydr oxi de sol ution to give a honpgeneous or

bi phasiat 995140 i a suitable splvaiaifhgilingoinyOcfe whilg fmagiaining an

< 2 to giye actone of For a : -~ Of' 15
For nul é‘%%"lﬁg&ﬁ) Cgﬂceélﬁfl%%ré%@f’gﬁ%h%l% g%obry n&l%lg? foaglo% %a
ket ene R0 ERIpeMbndagétamic JfiHdrmba mf f ect t he
Claisien rearrangenent in Step a leads to the

surprising result that the rearrangement under these
conditions requires a tenperature 4 only 90-120C, a

20 tenperature readily achi ev(g(goﬁTQr rmal production

equi pnent. A further unexpeﬁ X r‘\esullf‘1 is that

mai nt ai ni ng an al cohol (R2OH) /goncentration in the
reaction m xture bel ow 3% m ni\efzes racem zation. As
shown in Chart 1, concentratiops_of alcohol greater
than 3-5% | ead to extensiv OFQBEHI ation of the

starting acyl oxyhydroxycycl opentene of Formula |I. The
chart depicts the 25 racem zation that occurs after 1
hour regcti akddihgren aikeh oc alkelli e4riinigydsoxide,aationhte, or quaternary
di met hyl acet.am de di nethylacetal (DVA) in tol yene,. a. )
bat h t HRYEPBELE hydsixidestatigno sy 3R %%}mog%aﬂlam mixture;

met hanoaln.d

c) Adding a strong acid of pK, < 2 to give the lactone of Formula IV.
0

@Illo

Formula IV

Use of an amideacetal of Formula ITa or a ketene amino acetal of Formula Ib
to affect the Claisien rearrangement in Step a leads to the surprising result that the
rearrangement under these conditions requires a temperature of only 90-120°C, a
temperature readily achieved in normal production equipment.

A further unexpected result is that maintaining an alcohol (R,OH)
concentration in the reaction mixture below 3% minimizes racemization. As shown in
Chart 1, concentrations of alcohol greater than 3-5% lead to extensive racemization of
the starting acyloxyhydroxycyclopentene of Formula I. The chart depicts the
racemization that occurs after 1 hour reaction time when conducting Step a with
dimethylacetamide dimethylacetal (DMA) in toluene, a bath temperature of 120°C and

varying amounts of methanol.
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toluene (v/v) Chart 1 As Chart 1 shows, it is
inmportant to maintain an al cohol concentration in the
reactijon m xture bel ow 3% ? @I\@Aef erabl . bel ow 2%
Thi s can be accorrplmgﬂ%ﬂc%t?e §ﬁ??%z ‘?'bw

concentration of alcohol in the starting materi al s,
£ oA,
1 \v)

di stil|l & i4onof t-fe—-product—al-eohet—from-t-Re reaction
m xt urje,—agtlonally. "~ the | or_Ket ene
acetal| i& el |- portions, and, option® 1y, |purging the
head spa§e of the reactor wethe®a® inert gds such as
ni trogerg Arpgon and Xhe TTKe TH Step &, otjher

sui t abl e€ Sl vents—besi-des—tot-uerme-inct uue Xy | ‘@'féenantlomer|
mesi ty|l eheis |-40—-ani-sel-e—ehl or-ebenzene—brgnobenzene,
o- di chl dg ofgehzene, ’Pt hyl benzene, indan, _ tetralin,
decal i n,&h%p ane, *octane, isooctane, and hi gher

al kanes, &nmet hyl. ficl ohexane, di nethyl cycl ohexanes,

et hyl cyaR ofexane br onobut ané or

er higher boiling
hal oal kanes @t hyl enegl3col di net®y| ether, 30

et hyl gnegl ycol di etshyletihbBn tolbér#@f) et hyl ene gl yco
et hers|, diethyl eneglycol ethers, propyl ether, butyl
ether and simlar 15 higher boiling ethers,

di met hyl tetrahydrof uran, 1, 4CGhaokhne,

2, 2-di m?\t h(E’Ihart T s%_ows, it is important to maintain an alcohol concentration in the
reaction mixture below 3%, and preferably below 2%. This can be accomplished by
ensuring a low concentration of alcohol in the starting materials, distillation of the
product alcohol from the reaction mixture, optionally, adding the acetal or ketene
acetal in small portions, and, optionally, purging the head space of the reactor with an
inert gas such as nitrogen, argon and the like.

In Step a, other suitable solvents besides toluene include xylene, mesitylene,
anisole, chlorobenzene, bromobenzene, o-dichlorobenzene, ethylbenzene, indan,
tetralin, decalin, heptane, octane, isooctane, and higher alkanes, methylcyclohexane,
dimethylcyclohexanes, ethylcyclohexane bromobutane or other higher boiling
haloalkanes ethyleneglycol dimethyl ether, ethyleneglycol diethyl ether, higher
ethylene glycol ethers, diethyleneglycol ethers, propyl ether, butyl ether and similar
higher boiling ethers, dimethyltetrahydrofuran, 1,4-dioxane, 2,2-dimethyl-1,3-
dioxolane, acetaldehyde diethylacetal and similar higher boiling acetals,
triethylamine and higher boiling tertiary amines, dimethylaniline, pyridine, lutidines,
collidines, n-methylpiperidine, quinoline, quinaldine, lepidine, isoquinoline
propionitrile, benzonitrile, and similar higher boiling nitriles and the like having a
boiling point of >90°C at normal pressure. Non-limiting examples of amide acetals
include dimethylacetamide dimethylacetal, dimethylacetamide diethylacetal,
diethylacetamide dimethylacetal and N-1,1-dimethoxyethylpyrrolidine. Non-limiting
examples of ketene aminoacetals include 1-methoxy-1-dimethylaminoethylene, and 1-

methoxy-1-diethylaminoethylene, 1-ethoxy-1-diethylaminoethylene and 1-methoxy-1-
-5-



di oxol ane, acet al dehyde di et hyl acetal and siml ar

hi gher boiling acetals, triethylamne and higher
wheiokiofg4d erti ary am nes, dinmethylaniline, pyrpdi/mB2003/005978

| utidines, collidines, n-nethyl piperidine, quinoline,

qui nal di.ne, | epidjine, i{soquinoline propionitrile,

be RYBRIYIRYIEdYleasq The amnides OEF@W&M H&mav?b@ isplateq prckpygiied by

PSP, St T LR 196 B

pressure. m de acet
i ncl ude IdlStept) yhicabid st dRcllideeddiymasdtalide, potassium hydroxide,
di net hyl acet am de_ di et hyl acetal , diethyl acetam de

di Mg caghonate, easiopcaronate, tefrabutykniparin kxdoxde andqke like in
Non- | i i t.i e | f : ' |s..
5. %%{1%10%( %@1}]{51%?. ngﬁﬁ%%lbg&naglgé:?ﬁélﬁgﬁsé?@gﬁ%atga%tsﬁr Rath)§? 408 as
e bemastridelilGhiyphian RRsAN¢ £itEthe like may optionally be used. The
1- et hoxy-| -di et hyl am noet hyl ene and 1-nethoxy-1 -5 WD
20 O esBirie prdyet d200dy hokolyss iyarmelly aphigelatedy b deconverted

oy SERIRSlselh Y Bl IEEY g0 StcBGORbE P aiufibydioBs

crygdenik@rm for Step b. In Step b, suitable bases

i ncl ude sodi um hydroxi de, potassi um hydr oxi de,
10] i t hi umie thednedBtep cc switable asidsed it ©f <2 for acidification include

but yl.amoni. i d he |ike i .
acueBE PO T Obien An@Rho o R b B g robitpifoene
{r Q06RE, halkBIfoRiCHiTBodRe? Khd ficlaeyh ATHRA wélution. The title

hydroxi de and the Iike may optionally be used.
i ntcempewidais ésqbatediwith cofiveational tenharquley such as sxmaation| | y

not , i sol ate but i onverted directly to the
|a8PWt%%faﬁUy%§|céy$%ﬁWoﬁci dification of the alkaline
1shydr ol y Sy ghout it @labdRitibf, drid@killeAdh thel #cah; usthd IdPk@eding
acids of pKa of <2 for acidification include
. hyldsasiptiboypractics whef present invgoliarbtodisi follesp otepia drtiedpllowing detailed
fl uoborj Cu %%el[acﬁl oric, toluene., sulfonic th%ne h .
SuFRGAPIES SE TP (o4 Biepire i riqes Cpmpguids ad pertn the various
SOlpdde@fds of i ihventiBn GRIRRUS Be konst®0d 84 Bre¥ HRistrative, and not
conventional techniques such as extraction,
c hliomtetiogs apithy pecddiog vischisiiezmanoway $hatvdeveouThdserskilled in the art
el ahqration, one.skilled.in the arf canp, usi t he
200 r SO G TBPIECRRTi R SRREOPT A AT DAY oM BERFAUER TR Foip
£ 0 rbdcPants @S o RAEGMH conliftfonk @hd RhAGueet ai | ed
exanpl es describe how to prepare the various conpounds
and performthe various processes of the invention

bt 8 AR BTl SR o

way what soever. Those skilled in the art
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1S, 5R—2 oxabi cycl o[ 3.3.0]oct-6-en-3-one. 25 OCH3 OAc
- OCH3 N(CH3)2 0 AcO Y 1. K(}|O]6£)_SN(CI—|3)22 HCl OH
C &2@; «i9) 47-Ganstrlox DN dmrs by basuclgperiteng,1-acetamide.
(1R &

5 At ex?artsoxy%s W Rl_agetox¥ ﬁyl}ydﬁoxg y¥:cllo ente IgAlqucaCel}emlca(lj Co., 17.55

1 XBuR/Iol, 98.8%0¢R) 3d1ﬁ1é&ty¢b2éytaﬁnﬁkydiﬁmh§@ac@iao peldtiel €hemical Co, 2
( drich Cheni cal Co., 17.55 g, 123 mmole, 98.8% ee),

di ot Igy I 82 wwenle)d andi? nembyaf selueng is (mat@ri incam @heath smintdped at 130°

2 457 182 , heat
2 it Wi a e acah et o bad cph G Attt b R
of JRBNNANST hdthHed froth $B %&tuP@ﬁ Eloﬁf‘}ﬁﬁ@%b?l%eeﬁw& begitand

initial distillation of nethanol fromihe mXxture a
s| additipnal o@memeqddvmss mg@mtoandntaadﬂhﬁtonrngml volomge keating was

was adde ded to maintain the or
mﬁ?fft%leﬂié%f it Feiotcteqvas rmarel i dislion S give a crude

di -1-
. gféﬁgt& %@%ﬁ?ﬁ%@ﬁ@?gﬁ%& é% (akét?fo'x?ﬁN"I@ erhé’tﬁyIQQ E{/élgﬁentene 1

[ ( Beetamiet hWaobeen-desditbaiinimhyT.; &- atyI;DmgxélhbmndQ% 161, 8610]
acet am de ha al

S B R Ca00e0! 653 h b2 2 Rt A6 BaI-36 ) 208,
Hg %déji}?zrﬁ%(é%c}gj%)*%ae%%%%%(?gz éﬁ}é';{) Jﬁg éQx 1H), 546 (m, TH)S,73

3(}32}3) 3H), 338 (m 1H) 5.46 (m 1H)573 (m
2H)3 13C NVR (CDCL3) 6 21. 32. 30,
CEANMR(GRACY § 2442, 1&@0@@7713é5%139 5&5417407%‘32 128 46, 133.41,

17 D (1R
ﬁz/(gg%ji?%g)%ycl(opeﬁlt ZLe | -acetic acid, potassium

salt The crude amde from Step a was di ssolved in 50
m. of MIBE. A solution of potassium hydroxide (16.2
g Seepeh: nfliR-¢iy) §-hydBxyrd-cyslopeatene-lraceticcavid) potassivme salo

st [ i‘l?’l rF‘r'e]ﬂéi\é\%s ‘2 ﬁ?%%ﬁ?Pga was glg%ogy%ﬂt fS% m]:_li 0? WB]W E\ solution of

potassium hydroxide (16.2 g, 246 mmole) in 160 mL of water was added and the

mixture was heated in a 65°C bath for 1 hour with stirring. The mixture was cooled
and the phases separated. The aqueous phase was washed with MTBE (50 mL) to

give an aqueous solution of the title compound.

Step c: 1S,5R-2-oxabicyclo[3.3.0]oct-6-en-3-one.

The alkaline solution of Step b was acidified to a pH of 1.0 to 1.5 with concentrated
hydrochloric acid and stirred for 1.0 hour. The mixture was extracted with methylene
chloride (3 x 50 mL) and the organic extract concentrated to 50-70 mL and filtered
through silica gel (10g, 230-400 mesh). The silica gel was washed with additional
methylene chloride (75 mL). The combined filtrates were concentrated at 30°C (bath)
under reduced pressure (100 mm) to yield the lactone which crystallizes on standing.
'HNMR (CDCls) §2.17 (d, 1 H, J=18 Hz), 2.39-2.55 (m, 4H), 3.26 (m, 1H), 4.87 (t,
1H, J= 5.6 Hz), 5.33 (m, 1H), 5,52 (m, 1H).

3C NMR (CDCls) 8 33.71, 39.85, 45.83, 83.41, 129.9, 131.7, 177.1.

-7



and the phases separated. The aqueous phase was washed
with MIBE (50 nL) to give an aqueous solution of the

wao paokesecaenpound. Step c: PCT/IB2003/005978
1S 5R- 2- oxabi cycl o[ 3.3.0] oct-6-en-3-one. 25 The

| | St fied f
Sapple 3 Sl AdaRian ot Dinrshs gt Dimethlacetahng
t i i
ﬁe'rs-%%%e%n@‘*“%‘%% SEECHRAI ﬁ'{%“""?a%’@f%@g’ﬁm%%a?%c%ﬁﬁ“&
exB0@qt of AT FR atarcampLsuqdﬁ@(ywcmpenmmd vidsldissoled irt M(Dmgh)f

silica gel 400 nmesh). The silica gel
m%@@%ﬂflﬁhwﬁvtﬁqn@ﬁ%ﬂ filtered thyPushemagiessliteesnaoys afﬂn}all amount of
Th |

?ns% bl 1?12 Il}%le I%?‘gf;’ezelﬁr’%ﬁtﬁhogx%%ﬁ;{ya eattg QO(?’SZ @rﬁ&n@p@ﬁ%rature)
| a@h@l@olwﬁbl@ bf 64. ﬁ CUEN dlﬁﬁﬂlyMCl&hﬁde(ﬂlﬁ@thyl id:étzNI\BS% (v/v)
(CDC13) 6 .2.17 (d, 1 H, J=18 Hz 2.39-2.55 ﬁ
3. 2&thanpD) ipp4.54nkg pf foluene pyas agdedsingopons oyens

o3 Hpitt g st Wl S He BaciiinThiitd v Rgaﬁéd §o3r’ an additional

PCH/HoBr0ARF 66aPIéBon bx@bplEitidh. howiAdel Wadme®Etoncentrated under
D net hyl acet.am de Di net hyl acetal Step a: (1R-cis)

10 5. vaeuey foosslyl the ]odnehas Ryrtkoiby cl opent ene- | - acet ani de.
30.0 g of 3S,5R 3-acet oxy-5-hydroxycycl opent ene was
di ssolved in 240 nL of toluene and the solution was-

filstegred % RIEISSH Ry AREHEEBY cld et @IV c i ST, potaRitih salt.

5 1nsoluble material. The filtered sol utlon was heat ed
t o Theod V(asnh@oWQd in &ﬁpﬂér@ftMiFB,E angdrd . 7ag gf)pcuassnm bydrexiide and 109

i et hyl acet anmi.,de_di net h acet al 8%

e e M Faged s o i S i psatefriate et for 1 bour
15 OV gthe BhixRy v rdMebhted HRH Paﬁ@aqwea& fhaSd %é sixtﬁictédlvﬁm 98'mL of MTBE

rate. The reaction m xture was heated for an

add give aalaquepuk selngoméf the titlowphpoumsh of t he addition.

The m xture was then concentrated under 10 vacuumto

yield the product as a dark oil. Step b: (1R cis)

5- Ry, @Xlng%l&iﬂﬂg’H 88; &Qﬁ&ﬁ-@ difel d, potassium

sa he "oi | s(fsfol\-?é?:l in 85 nL of MIBE and 27.7

g 69 nfd@bﬁwcclrhyldy@hhh)mdmctmds adgied tortheafjucuas phassenf Step b (final pH

207 o By apg e “%Qhases%"sﬁ# T SRaR Emetrotn Theanixture was
a0 URRARePRAR B I thlRde ] xI2bBP THe c‘%ﬁllMe%ﬁneth ene chloride

gi ve an aqueous ‘sol ution of the title conpound
c: sdl8fi6end RereXateiahtbtonB siBicd | bk g,-230et003neshe. The flltrate was

evaporated to yield 23.91 g (91.2% overall yield).




50 nL of concd. hydrochloric acid was added to the
aqueous phase of Step b (final pH 20 1.0) and the
worRoosseE4avas stirred for 1 hour at room t enperBCTIIB2003/005978

The m xture was extracted with nethylene chloride (3

x 120 nlL). The conbi ned nethyl ene chloride solutions
we@afms| t ered through silica (17 g, 230-400 nesh). The
filtrate was evaporated to yield 23.91 g (91. 2%

ovér al | Aypreces for @epDingGoxH@5BXFBNRET AR P0G/chnEoEae-1-

d ai cess for. reparlnga

5- ES%EWB%ﬂ%RIPIRﬁ ICQ?IPH? eycl opentene | - acetani de of
Forrmula 111 ri sing Reactln?

3- acyl oRpagi n?asoglewﬁ@pf@%%@ qpentege pifgmulalbac 5
OH Formula | with an am de acetal of Fornula Ha or a
ket ene am noacetal of Fornul a @IA‘B Rl. 1 RL.L.N'IR1 OR2
OR2 OR2 10 Formula Ila Formul ib wherein; Rl and
R1 are Cl1 to C4 alkyl or RL a R 1 taken together
forma ring of 3 to 7 rrenbers,O R2 is C1 to C4 al kyl;
515 Ac is C1 to C4 al kanoyl ; Bo-140C in a suitable
sol vent of boiling point >90§6ﬂ[ﬁm § mai ntaining an

al cohol R20OH concentration o ess than 3% by vol une

to givevdth armxmﬂhycbtd@fpuhm}aﬂatc&mdmmmannmcaﬁl of Formula IIb
Formula 1ll; R1

R,. _RY .
N/ R1.N/R 1
/&ORz )\
OR,
OR,
10 Formula Ila Formula IIb

wherein;
Rj and R'; are C; to C4 alkyl or
R; and R'; taken together form a ring of 3 to 7 members;
R, is C; to C4 alkyl;
15 Ac is C; to C; alkanoyl;
at 90-140°C in a suitable solvent of boiling point >90°C while maintaining an
alcohol R,OH concentration of less than 3% by volume to give an

acylhydroxycyclopenteneacetamide of Formula II;

R;

ACCE)OE/N\R'1

20 Formula III

2. A process according to Claim 1for preparing (4R, 5S)-3,3a,6,6a-tetrahydo-2H-

cyclopentan[b]furan-2-one further comprising the steps of:

-9.



AcO( NR1 20 Forrmula Ill 2. A process according to
Claimlfor preparing (4R, 5S)-3, 3a, 6, 6a-tetrahydo-2H

w@eyBhopems an[ b] f uran- 2- one further conprising PORIBRDEIHS9I7S

5

10

15

20

of : -9 WD 2004/ 056749 PCT/1B2003/ 005978 Addi ng an
al kali or al

|| earth_hydroxi de, carbopate .
bi car bonat e, Filnéﬁtailfar]t‘d{r lieabirrarth iriow e osar enals, pisarhomate, or
to give ' 1.C: Y : i : :
10 o0 ong PR O Oy LRI fiqnTo B ShqulEnellR!  biphasic

For mul amlixture;@néd-~ 5 ci  Fornmula IV 3. A product

prepared by a process conprising: Reacting a

3- acyl oxy- 5- WfdigaE5aE apidnf ke <ok tordYqitie gltlp lactgye of djqrmula IV.
10 Formula- | with an am de acetal @f Fornmula Ila or a

ket ene am noacetal of Fornmula | :Tg RIL.NNR1 RL NN'R 1

OR2 "~IOR2 OR2 Forrmula Ila Forndlaxllb wherein; 15

Rl and R1 are Cl to C4 alkyl or/Rf and R 1 taken

together forma ring of 3 to 7 ers; R2is Clto
C4 alkyl; Acis Cl to 4 al ka%%%n;ula IV
3. A product prepared by a process comprising:
Reacting a 3-acyloxy-5-hydroxycyclopentene of Formula I
(:)Ac
J
o
Formula I
with an amide acetal of Formula Ila or a ketene aminoacetal of Formula Ib
R1'N/RI1 R1.N/R'1
/(\on2 /l\
OR, OR,
Formula Ila Formula IIb

wherein;

R; and R'; are C; to C4 alkyl or

R; and R'; taken together form a ring of 3 to 7 members;

R, is C; to C4 alkyl,;

Ac is C; to Cy4 alkanoyl;
at 90-140°C in a suitable solvent of boiling point >90°C while maintaining an
alcohol R;OH concentration of less than 3% by volume to give an

acylhydroxycyclopenteneacetamide of Formula III;

R

/ 1
(0] N\
AcQ Y e,

J

Formula ITI
-10 -



at 90-140C in a suitable solvent of boiling point >90C
whil e maintaining an 20 al cohol R1OH concentration of
wo e®s/05d13n 3% by vol une to give an PCT/IB2003/005978

acyl hydr oxycycl opent eneacetam de of Forrmula Ill; RL O
N ACO ( "R

Formul g | -10 WO 2004/ 67 9 .
Pd/ | BZ@O%‘P%%@?@aEFdﬂW apvraa%a@ccaréag\%g Aéafuahefc@ggorlsmg the
g@ﬁgbpg to Caim3 further conprising the steps of:
Adding an al kali or alkali earth hydroxide, carbonate

bi car bonat e, Aaldingopmed]leslinarr afkeAingapthihydrdxydiy oaﬁ'bd[mte bicarbc;nate or
solution to give a honbgenequs or  bi phasic m xt

and Add nﬁﬁe@agt FRRGNIHE] lwdes?mé@@p wion o@ivf a/%olaogeaewr% ‘biphasic
of Fornﬂhﬁmk:ando CS Formula IV 10 -11

Adding a strong acid of pK, < 2 to give a lactone of Formula IV.
o)

@Illo

Formula IV

10

“11-



