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Descr iPetgamion Pless utdg $@xibrd) GB)MAIBER- 1 § a process for the condensation of a

bi cyclechettd et@al,CHornecWadsworthgEmamonal deljyde function at what is known as the

(| err Jregstion: useof Ihium chlodde agl andin (I ), with a [err]-ketophosphonate (11)

t o~f oraming for hasewensttive sbmpeunde”, (1 1 1) {which is a useful intermediate in the
synt hegges 218386 st agl andi ns. The al dehyde | actone (1) containing the

al dehyde function at what is known gs the Cerr] position of a

pr ost fIrerfiher- 5% 19581 26242688n to t hosq skilled in the art. It is known as the
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10 4, 210,669, 4,212,811, 4,191,823 and 4, 321, 275. These patents report
yields of 13.4, 14.7, 44, about 60, 64 and 90% The Corey Al dehyde is known
to be quite unstable, elimnating to the enal, see J. Am Chem Soc., 96,
5855 (1974) and Tet. Letters. 3275 (1976) particularly under basic

condi tions (potassium carbon- ate/nethanol), see Tet. Letters, 1319 (1973).
This elimnation reaction is what is generally responsible for 15 the poor
yrel ds of the Emons reaction. It would be highly desireable to be able to
react the Corey al dehyde (1) with the appropriate reagent in a Wttig
Reaction to produce the desired side chain at CJerr] in the [err]
configuration. The problemis that the Corey Al dehyde (1) gives substanti al
elimnation; 10 - 50% to the enal under standard conditions. 20 The
use of lithiumchloride and an am ne in a Horner-Wdswort h- Enmons reaction
i nvol vi ng base




sensitive readily epinerizable al dehydes is known, see Tet. Letters, 25,
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Di scl ostelipwed by lopg Qféf@sleavmgroume/hlph walidoequise a sffong baset tolam Et typewitif inifiab foniedtion (11 1)
wher e xpidhe Ipaving grogpyfaiewepl bpp o@nr wrvérce "thp base Jplaysnoopleinothe Fakeydetanrhising ste"e d
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limyi wrth a goo | ér} evyr}il reactlon is greatly slowed by use of
C( CH[ e;; %e )F]: is no raprd y converted but exposed to the basic
O er rT la |n | r- c]sw%}@@.‘-lr S I% o ing simple, stable
-C(CH ey 2 4 j’ "B'b°8ﬁfeg?f‘ i Rod §§
cyc IQ.hexy he. r@get oiC nrpre'caﬁ tearA éée 'aﬁ%O”e dok OF
(1) W t ba@ podbds o Shd e q.m%r.r °ﬁ i'%%f "féfg Ehl] ( )
wher e X{;@H 5od., 3058 1r( 98 er r] er r or - er r
X[ err] isnaas sioh diB@Nerad @M, thd zﬁ)piobrﬁtaoﬁ %ﬂ&ﬁhdﬂgte antd &&HU%Q Eies??ed ketolactone
() is contacted with a lithium or magnesium salt, a trialkylamine and the aldehyde lactone (I), the
45 ketolactone is produced in excellent yields.
Disclosed is a process for the production of a ketolactone of formula (lI) where
Xis is -CHz-O-¢ where -¢ is optionally substituted with -Cl or -CF; in the meta position,
-CHz-CHz-¢ where -¢ is optionally substituted with -Cl or -CF3 in the meta position,
-C(CHs)s,
50 ~(CH2)4-CH3,
-C(CH3)2~(CH2)3-CHg,
~CHz2-CH(CHs)~(CHz),-CHs where n is 2 or 3,
-C(CHs)2-CH2-0-CH2-CHg,
cyclopentyl and
55 cyciohexyl,
which comprises
(1) contacting an aldehyde lactone of formula (l) with a g-ketophosphonats (X -0-)2-PO-CH2-CO-X35 (1)
where Xy is C1-Cs alkyl, -¢ or -CHz-¢ and where X35 is as defined above, in the presencs of a lithium or

3



EP 0 394 263 Bl magnesiumsalt and a trialkylamne. It has been discovered

that if a [err]-ketophosphonate él ) is contacted with a lithium or

magnesi umsalt, a trialkyl ani ne BR@ 33283 Bdhyde | actone (1), the

correspondi ng ketolactone (III) i's produced in excellent yield. The
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about 6 fdberts h@z}(etol actone (I 1) is isolated and purified by nmeans known
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I Nt er medasat @8 sidé cHalneat Whd BkedwnGB Cof of frHagvdRgiaidini i€ aldby tousedidshydd Tactone (1) by the

pr ost agl goudssd thepeadent MmtiSH the 316 Dhainldd T4 s attied bl kv 2bdndisigli THe nambbring system
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of the perestaglabdinsras el hecappaent toi anb ekilled dh the ed Tihe double honda 4 arginCiofs in the trans
prost agl @nidiuraion. After the side chain at what is known as Cferr] of the
prostaglandin is added to the al dehyde | actone (1) by the process of the
present PERMHONBAND CONVENHANS hain at C[err] is added by known chemistry.
The néfrberi_ng siyst em 30 used in identi f}ll ng the variabl e substituents
(except jnThnee SZP'?“?W’F]Q?'WbF'et Retheiteras a8 usefl Rroughodsthis gniip dortenests
Wi I\:/be '5?5‘55‘9@?\’{'“198"?%'8 O P BRCFPS-t he art. The double bond at CJerr] and
Clert] N S. GO F AND CONVENTI ONS 35 The
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this entir ?hed&SMféﬁ I?J\'mulas representing various compounds or molecular fragments in the specification and

claims may contain variable substifuents in addition fo expressly defined structural features. These variable

substituents are identified by a letter or a letter followed by a numerical subscript, for example, "Z:" or "R;"

where "i" is an integer. These variable substituents are either monovalent or bivalent, that is, they represent

46 a group attached to the formula by one or two chemical bonds. For example, a group Z; would represent a

bivalent variable if attached to the formula CHs-C(=Z:)H. Groups R; and R; would represent monovalent

variable substituents if attached to the formula CHs-CH2-C(R)}Rj)H2. When chemical formulas are drawn in

a linear fashion, such as those above, variable substituents contained in parentheses are bonded to the

atom immediately to the left of the variable substituent enclosed in parenthesis When two or more

50 consecutive variable substituents are enclosed in parentheses, each of the consecutive variable substituents

is bonded to the immediately preceding atom to the left which is not enclosed in parentheses. Thus, in the

formula above, both R; and R, are bonded to the preceding carbon atom. Also, for any molecule with an

established system of carbon atom numbering, such as prostaglandins, these carbon atoms are designated

as C;, where "i" is the integer corresponding to the carbon atom number. For example, Cs represents the 9

55 position or carbon atom number in the prostaglandin nucleus as traditionally designated by those skilled in

the art of prostaglandin chemistry. Likewise the term "Rs" represents a variable substituent {sither
monovalent or bivalent) at the Cs position.



i ncl udi ng both the specification and the clainms. |. CONVENTI ONS FOR
FORMULAS AND DEFI NI TI ONS OF VARI ABLES 40 _The chemi cal fornulas representing
various conmpounds or mol ecul ar frBAPE283Bt he specification and clains
may contain variable substituents in addition to expressly defined
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the "Ci-Cj" designation in parentheses and placing it immediately (no intervening space) before the portion
50 of the definition being defined. By this optional convention (C1-Cs)alkoxycarbony! has the same meaning as
C2-C. alkoxycarbonyl because the "C1-Cs" refers only to the carbon atom content of the alkoxy group.
Similarly while both C2-Cs alkoxyalkyl and {C1-Cs)alkoxy(C1-Ca)alky! define alkoxyalkyl groups containing
from 2 to 6 carbon atoms, the two definitions differ since the former definition allows either the alkoxy or
alkyl portion alone to contain 4 or & carbon atoms while the latter definition limits either of these groups to 3
55 carbon atoms.




15 alpha (a) configuration and is indicated by a broken, dashed or dotted
line attachnment to the carbon atom i.e., by the synbol "- - -" or "...
The corresponding substituent &EPt0384283BJove the piane of the ring is
identified as being in the beta ([err]) configuration. Wien a variable

SUbStIélb%pl}\l!ﬁ&qé)l val ent, the valences may be taken together or separately
or

efinition of the variable. For exanple, a variable R err]

at t ached pl RrBera@iel 29 irBdeBiSL A8 ds, RLerr])- mght be 20 bivalent and be
defi ned agcgatgﬁ"ﬁ:gjep: enEf%r% ng a carbonyl group (-CO) or as two

separ at elHpL GlekerCih Bigh H@gggpéqih@@ hrohfdidg P,I,ye substituents a-Rerr] and
[ ev1f] - Rl aHE leferd M @dvaydfval ent vari ab Rlerr], is defined to consist of
t wo nmMonoval edkrs wag-didzhisicysibe 3 bjuhdsefis. t he convention used to define the
bi val ent DeRkdi@blocs 5-Gazatlicybibe.4bmbmb-edecr r] - Rl err]:[err]-Rerr] or sone
vari ant Beretsed to triethylamih a case both [err]-Rerr] and [err]-Rerr] are
at t ached TMG référe tociar I®bwetranethyigtamidineel d - C([err]-R err])([err]-Rerr])-. For
exanpl e, DAB@O refeneto B i4viiazabivyclo[@2.Pladine. Rl err], -C(= Rlerr])-is defined to
consi st EGIPEAyRiere ® diispprepylethwiaminevar i abl e substituents, two nonoval ent
vari abl e¢geferstarhemyhCsHsdre [err]-Rlerr]:[err]-Rerr], ..
[er r] R ¥hern sqlvapt ppirs arg wepé.the ratjog of s?l"@ﬂ’fsdisﬂ@afe @('T'@/WOPU‘R[(‘M r] Y([err]-Rerr])-
) &('err!-R[err])([err] R[err]) etc. Likew se, for the bival ent
var| a R[ er r]) tvvo nonoval ent variable substituents are
err r|n su stltuent for which se arateaand
[err} (?EW% t's gs

gecyfino feesply

ticg the pr sen mventl |t U e m&g? T]gf’g'sﬂ‘g\%‘? awtto rgtoafe
g et t.f%'utnﬁs" i e@g@iﬂ" it R S
but thtﬁe nfptiy i roc 6?%(1 teuenﬁrg

flied in " 2bl e

may e,eg;@gd &ﬁ&lﬁa Vt&:h a e m)nova ent abl e substi
separate nonoval ent vari abI e substituents nay be defined to be taken
t oget heaMpeef or m a Ql)JS@-EBéﬁioy ;@? 5,849, 45,6, 838 her@M7AINIY 583-0koM-SHBRox] - PE-BM i )-2H-

- J er rdycitfentaidiuEnlors aip (Rl err] )H (Jerr] and err] define arbitrarily a
first and second carbon atom respectively) Rerr] and R err] nay be
def i ned Dimethg!(2axb-84phdnoyipkdp@)phbsphdnate NI, (A.824ag) Se avir {10 @indis adssewndriciitiilufn]  and
C[ er r | chBbdeo(0.46429) falloed/ iy @ rivse it THF $10crhl). THetbylamife- (D01 giricladdee ad @ sslutionint her eby
deser i BiFs(1amicipiowpdiby a\them of RIHF @] min The Rixbre s capled toalde nantl gelulier oft(9-5&-0r m a
nor e clBenpevoxy)eftiermyl-3,3¢8,4.5,6.6a8-Nokabydye-Bidrpycloperialbliutahr@rong Ile 2660 ghiramethplensf t he
ent i t yehloddesiQdp) if jagded dfopwipq ovendd-4§aniayinsellowest by A rinsq of metiwigeaichioideald &2 i s
bondedfe3cHonys stired &t 105 unil capelpte ok hrt byeTLE € HBHR The eaction mixygre jsythengiluted fitr r | ar e
t aken IRyl ehloridy, (ZP&'M?W det"th hy @f'? cidd] Ap2 x 20 mi), dried quer sodiugrgulieieandn whi ch
t he®cd® H ted; yodey 4] P8 ss;g °" °hr%?§’ﬁ’aﬂ'@§| e gel eluting withednr | gnd

e 3 R S e ST e ot Sl T

cont ent OF variable substituents is indicated in one of two ways. The first
et o o §E§ £ | f 5

o B 2 Aoy RS ey DR SRR SR prers,

m ni rrum and maX| mum nunber of carbon atonms in the variable. The prefix is

separ at egolibwifthé BéherPrbRBIrE o BKARPER R &R mdKME nEnGHITY Fariatiokd ik LdingWirfdity-2l Kyl ™

I epr esféh-hophi)shosptohatel (It 5880 Aheitie 6rsdinchik @pBined? PLA RNE 88 biRgl absifdRdxide f Or N5
t hesseqbo/sopl ess an express indication to the contrary is given). Wenever

this single prefix is given, the prefix indicates the entire carbon atom
cont erBXAMPLE he d/ar i(-atb&-@ehmillmg)-maﬂsi4rsesc$aﬁ-ﬂ'éxalwdﬁf4$¥(4.l]~diﬁ[amylm]oxai Eosengipelpony |
descr idyelepeptathiiap2-oM @ r] - (CH err])[err]-O-CO- where n is zero, one or 2.
By the second nmethod the carbon atom content of only each portion of the
def$ni t i tAiowirg the, generat erecedrp ot BXAMRLE yand meakiegs hangriicalevatiaionsjut usihgsdirgetled-i on i n
par entfr&digethy2.px %ﬂ?ﬂ%@hqﬂ?ml‘*}ﬁﬂdﬂ 8} e title) corpromnd, g ebtaigeds HEE B) =BE2 ethd t he
port| gretaphexgre B4R def i ni ti on being defined. By this opt| onal convention

MR s e el e s fn e T

con ox roup Simlarly while both CJerr]-(err] al koxyal kyl
and (Ct elEJIJWIrg tﬁér A&A.g, & BlavALE rééd t%' ﬁc.l.tttf VRlidf8 y%t fakind 1P

cont a|cnéngg;, dntiitd 'FABL é{ah d "QBQA nce t he

da
former definition allows elthg@ﬁtﬂée'so% oxy
6



alkyl pbrtion alone to contain 4 or 5 carbon atons while the latter

definition limts either of these groups to 3 55 carbon atons. 5 EP O
394 263 Bl I1. DEFINITIONS Al teRPO38826¥81are in degrees Centigrade. TLC
refers to thin-layer chromatography. 5 HPLC refers to high pressure

l'iquid cg$9@ﬁ%ography. THF refers to tetrahydrofuran. DBU refers to
1, 8-diaz 0[ 5.4.0]undec-7-ene. DBN refers to

1, 5-di azabi cycl o[ 3. 4. 0] non-5-ene. TEA refers to triethylam ne. 10 T™C
refers to 1,1, 3, 3-tetranet hyl guanfdi ne. DABCO refers to

1, 4-di gzabi cycl o[ 2. 2. 2] oct ane. PEA refers to diisopropylethylamne. [err]
refers to phenyl (Cerr] Het \ Wien solvent pairs are used, the ratios
of solvents used are vol umefvol u (v/v). 15 EXAMPLES Wt hout further

el aboration, it is believedsthat ®dne skilled in the art can, using the
precedi ng description, praeties'the present invention toMts fullest
extent1 The foll ow ng devail ed exanpl es descri be how to prepare 20 the

vari ous conpounds and/on\ perfprmthe- vari ous processes of the invention and
are to be construed as etNillustrative, and not limtations of the
precedi ng di sclosure,in any wqy whatsoever. Those skilled in the art will
pronptly recognize ﬂ%ﬂmd%riatemwariations fromthe procedures both as to
reactaffts and as to reaction conditions and techni ques. 25 EXAMPLE 1
(-)-5a-(Benzoyl oxy)-3,3alerr], 4,5, 6, 6a[err]-hexahydro-4[err]-(3-0xo0-4-pheno
xy-1 E-butenyl)-2H cycl openta-[b]furan-2-one (I11)

Dinet hyl ( 2- oxo- 3- phenoxyl ps opyl ) phosphonate (I, 2.824 g) in THF (10 m) is
added fo dry lithiumchloride (0.464 g) followed by a rinse with THF (10
m). Triethylam ne . D81 I Sspaglded as a solution in 3@y THF (10 ml)
followed by a ri nse{%fa%lgg%cb?ﬁo)'gﬁhe m xture is cooled to 10[err] and a
solution of (-)-5a-

(benzoyl oxy)-4[err]-fornyl-3,3alerr], 4,5, 6, 6a[ err]-hexahydro-2H cycl opent a|
b] furas-2-one (1, 2.500 g) §n nethylene chloride 10 m) is added dropw se
over 30-45 mnutes followedlby a rinse of nmethylene chloride (2 m). The
reaction is stirred at 10[ ef¥ithiwmtdr magoepivetd1t3-6 hr by TLC or HPLC). The
reaction mixture is then di|tiietkydasinertasbyl ene chloride (20 m), extracted
with hydrochloric acid (1 Nt 2 x 20 m), dried over sodiumsulfate and 35
concentr at ed under reduced pressure to an oil. The oil is chromatographed
on silica gel eluting with n ethyl acetate/hexane gradient. The
appropriate fractions are pooled and concentrated to give the title

35

\_ (111)

40

45

50

55



compound; HPLC Rt 5.73 mn on 5[err] silicagel at 1 m/mn wth

met hanol / met hyl t-butyl ether &1/ 9:(9;4 at 230nm 40 EXAMPLE 2

(-)-5a- (Benzoyl oxy)-3, 3alerr], A@8B B | - hexahydro-4[ err] - (3- oxo- 1E-oct e
nyl ) -2Hcycl openta-[b]furan-2- one (l111) Follow ng the general procedure of
EXAMPLE 1 and nmaking non-critical variations but using dinethyl(2-

0X0- n- Aepipd ) phosphonate (11, 3.889 g), the title conpound is obtained; TLC
R[err]—3—54 et hyl acet at e/ hexane 45 (50/50). EXAMPLE 3
(-)-5[err]-(Benzoyl oxy)-3,3a[err],4,5,6,6alerr]-hexahydro-4[err]-(4, 4-di net
hyl s3- oxo-1 E-octenyl)-2H cycl opelﬁ\gtE[b]fur an-2-one (111) 50 Fol | ow ng
tﬁ‘egeneral procedure of EXAMPLE 1 and nmaki ng non- criti cal vari ations but
usi ng dinmeth ey = 2= gxo==hep rosphomat 4.38 g), the
tit Ig corrpou%i P@WFM Rl | T840 p Adgylasty (§§ ‘%/“F ad8PRyilef 'Pé('?i'n (50/50) .
EXAMPLES 4-1 Licl | DBU lactone | CHsCN | 20-25° | 5.25min
(-)b[err]-( Benzoyﬁl oxYy|) LG, JaPEA ]|, fcones, |6 HHeCN || - 2026ay 820 mit @rr] - ( 3- 0x0- 4-p
henoxy- 1E- but ¢nyl )6- 2H| B8 dyTM@pgntagtofieh] [f GHe®N 2- 2025 (|| BB) mivol|| owi ng t he
general proceflure 7of BXARPLETEA ar|dlaatahs njg GhigPN ¢r2035¢ gl S¥aminati ons but

maki ng the change$ i dgnii¥!f i eHV"Fn Theee 1 {THE {i4035°cofydmind |i s obt ai ned.

TABLE 1 is folind % Chidigt g T fptorp 394 THE3 | B20-BHART4AmMner] 10 15 25
litfH um or magnesifum JaH¢! t rT%ﬂ Wy [2siatene bA¥E 30 85 [|ePA2Mi0 (45 50 55 EP
0 394 263 Bl 11 LiCl |act0ne THF -20° 5. min

12 LiBr TEA lactone THF 20-25°¢ | 5.48 min

13 Lit TEA lactone THF | 20-25° | 5.50 min
N\ 14 Licl | TEA base THF 10° | 474 min

20 * 5u. silica gel column eluted with methanol/methyl t-butyl ether (1/99) at 1 mi/min at

254 nm

25 Claims

1. A process for the production of a ketolactone of formula i}

30 O
36 z & (I11)
N\ X
5
40 /
3 0

$0-0

45 wherein Xis is -C(CHs)s, -(CH2)+-CHs, -C(CHs)2-(CH2)3-CHs, -CH2-CH(CHs)-(CHz)2-CHa, -CH2-CH-

(CHs)-(CHz)3-CHs, -C(CHz)2-CH2-0-CHz-CHs, cyclopentyl, cyclohexyl or -CHz2-0-¢ or (-CHz)2-¢ where
¢ is optionally meta-substituted by Ci or CF3;
which comprises contacting an aldehyde lactone of formula |

50

55



CHART B TABLE 1 EXAMPLE Sal t Base Add | ast Sol vent Tenp HPLC

Rerr]* 4 Li Cl DBU | act one CHerr]CN 20-25[err] 5.25
mn 10 5 EPO3BA@E3IB1 DI PEA | actone CH err] CN
20-25[ err] 5.25 mn 6 Li Cl TMG = lactone CH err] CN

20-25[ err] 5.3 mn 7 LiCN TEA | act one CH err] CN

20- Z%I!Rﬁftb‘ 5.31 min 8 Li Cl T™MG | act one THF

20-2 549 mn 9 Li Cl "TEA | act one THF

20-25[ err] 5.43 min 15 10 Li Cl TEA | act one
THF 0 [err] 5.42 min 1llyaget¢ LiCl TEA | act one THF
-20 [err] 5.43 mn 12 Li Br TEA | act one THF  20-25
5.48 mn 13 TEA tactqne THF 20—25f err 5.50 min
14 Li ¢ EXAM'T'fL—%A Sait | hege | Addlasty Toren dr HPLC R 4. 74] mn 20

attol m/mn jat 264 nnLih :ImlPEms Dactdkep @o0-25hgq pe®amcti on of a

ket ol act one {of f@r nu| &iC | lactone 20-25° | 531 min [err] 35 40
45 ~wherdin Xferr] LGN - G(EGH[ ¢riedirpertr PHsCN [CH05r ||) patmin- CH err ],

-C(CH err])[lerr]8(CH m] GHEtherH THF 20-25° | 5.49 min

;_|§olvent

*5[err] silijca gel cpluom|aBu edl métbde echannl /avashyl 525 kit Y1 et her (1/99)
OCHSCN
CHsCN

e

-CH err]-CH(CH ePr]) { HEH &rTER) [ ¢rlpgtoneH]| er THE %éf r|] 5-¢Hmin
(Cﬁ-l[err])-((:l—l[el’?])[a_ - CHE8r r |, lactone e 542"""

-c(CH err]) [|err ]} CH pik] - prehtef r -@Pi[ehrrIHFc./cl' et g .| ohexyl or
-CI-l[err]-O[err]isor P el [erPiiPerr] e @ r] f‘%mﬁpilonally

met a- subst i tlut eq, by [;pr ert] i ¢h i do 'Bi"l \g an al dehyde

| g&t one of flermH-a—i &}q 24 I'—tEs?\ 394 2 :11 AF :
TABLE 1 EXAMPISE silica @épaiumn eluBaionith methebl/inetsyl t-butfethers(fyeg) at fl'mlim_m at HPLC Rlerr]*
4 Li Cl_254 npBU | act one CH err]CN  20-25[err] 5.25 nmin 10

5 : Li Cl DI PEA | actone CHerr[]CN  20-25[err] 5.25 mn 6

Li Cl T™MG | act one CH err]CN  20-25[err] 5,31 min 7 Li CN

TeA claims | act one CH err]CN  20-25 5.31 min

1. A process for the production of a ketolactone of formula lii

30 ' ' 0
0/\
35 'l" ' :\‘ ' ( TII )
X
w© / is
g 0
$€0-0

~

45 - .wherein Xis is -C(CHs)s, -(CHz2}-CHa, -C(CHa)2~(CHz2)s-CH3, -CH.-CH(CHa )-(CHz)2-CHa, -CH2-CH-
(CHs)~(CHz)s-CHs, -C(CHs)2-CH2-O-CH2-CHa, cyclopentyl, cyclohexyl or -CHz-O-¢ or (-CHz)z-¢ where
¢ is optionally meta-substituted by Ci or CF3;

which comprises contacting an aldehyde lactone of formula |

50

R

T

5

(33



8 " LiCl T™MG | act one THF 20-25[ err] 5.49 min 9

Li Cl TEA | actone . THF 20- 25 5.43 mn 15

10 "Liad TEA | act orfeP 0 394 36381 O[err] 5.42 min 11
LiCl® TEA | act one THF -20 [err] 5.43 min 12 Li Br
TEA | act one THF 20-25[ err] 5.48 mn 13 Li |l TEA

| act one THF 20-25[ err] 5.50 mn 14 Li Cl TEA base

THF - 10 2 4.74 mn 2 *5[err] silica gel columm
eluted with nethanol/nethyl tAQutyl ether (1/99) at 1 m/mn at 254 nm 25
d ai 1. A process for thesproduction of a ketolactone of fornmula Il 30
04err] 35 40 45 wher@in Xerx] is -C(CHerr])[err],

-(CHerr])[err]-CHerr], -"(,}(CH[er:f])[err]-(CH[err])[err]-CH[err],
-CH err]-CH(CH err]) (CH er r] erY]-CH err], -CHerr]-CH

(CHerr])-(CHerr])[err]- (I)
-C(CHgerr])[err]-CH err] -
-CH err]-OJerr] or (-CH =

-CH err], cyclopentyl, cyclohexyl or

. err] where [err] is optionally

nmet a- substituted by d or CHE® conprises contacting an al dehyde

| actone of forrmula I 50 8 p 263 Bl [err] 10 with a
[err]-ketophosphonat e OféE I’.§IJ|8. Il (X[err] Oferr] POCHerr]-CO X err]
(I'l) ®0 wherein X[err] i @[ rr] -Cferr] alkyl, phenyl or benzyl and Xf err]
is as defined above, in the presence of a |ithiumor magnesiumsalt and a
trialkyl am”'ﬁ:aa. p-petophosphengtagbioapiadt di ng to claim 1, where the Iithium or
magnesiumsalt is LiCl, LiBr, Lil, MCJ[err], Br[err] or 25 I [err].
IA roceQ%OBB%'BF’HPﬂac‘sto @ aim2, where the sg/lgt i[s L% Cl, LibBr orlvg [ ]

MBI (1] . 4. A DLACESS, ACCOr AL NG 0, GLAT DL 2eentASh el e Hebnch 8 il 030 5.
A &E%%’f\érﬁ 110 2 olat °er§“2,>{ an F‘gs-' defi o, in the presence of 2Hithidm o
fprece R SR T T T
N, N-di mej hxlppdcgs%ra%%’to DziREt RidrERE R of RagrdsitR sdivis DI, Ligf, LiliMyer., MgBr. or

25 Mgl..
3. A process according to claim 2, where the salt is LiCl, LiBr or MgBr2.
4, A process according to claim 2, where the salt is LiCl.
30
5. A process according to any preceding claim, where the trialkylamine is selected from DBN, DABCO,
DBU, TMG, N-methylpiperidine, N,N-dimethylpiperazine, N-methylmorpholine, N-methylpyrrolidine,
N,N-tetramethylethylenediamine, NR1RzRs and NRiRz¢ where R, Rz and Rs are each C1-Cs alkyl.

a5 6. A process according to claim 5, where the trialkylamine is triethylamine, DBU, TMG or
diisopropylethylamine.

o 7. A process according to claim 5, where the trialkylamine is triethylamine.
40 8. A process according to any preceding claim, which is conducted at -40 to 65°C.
9. A process according to claim 8, which is conducted at -20 to 25°C.

10. A process according to any preceding claim, which is conducted in a solvent selected from methylene
45 chloride, THF, acetoniirile and mixtures thereof.

11. A process according to claim 10, where the solvent is methylene chloride or THF or a mixture thereof.

12. A process according to any preceding claim, where Xis is ~CHz-0-¢, -(CHz):-CHs, -C(CHs)2-(CH2)s-
50 CHjs or -CHz-CH(CH3)-(CH2)3-CHa.

18. A process according to claim 12, where the ketolactone (lll) is selected from
(-)-5a-(benzoyloxy)-3,3a8,4,5,6,6a 8-hexahydro-48-(3-oxo-4-phenoxy-1E butenyl-2H-cyclopenta[blfuran-
2-one, _

55 {-)-5a-(benzoyloxy)-3,3a8,4,5,6,6a 8-hexahydro-4 8-(3-oxo-1E-octenyl)-2H-cyclopenta[bifuran-2-one, and
{(-)-5a-(benzoyloxy)-3,3¢8,4,5,6,6a 8-hexahydro-48-(4,4-dimethyl-3-oxo-1 E-octenyl)-2H-cyclopenta[b]-

furan-2-one.
T % c L M S *




N, N-t etranet hyl et hyl enediam ne, NRerr] R err] Rerr] and NRerr] Rerr]
where Rlerr], Rerr] and Rlerr] are each Clerr] -Cferr] alkyl. 35 6. A
process according to claimb5, VERG34288BY|alkylanine is triethylan ne,

DBU, TMG or dllsopropyl ethylam ne. 7. A process according to claim5, where
t he ”bﬂ cﬂg is triethylamne. 40 8. A process according to any

pr ecedi n I'm which is conducted at -40 to 65 [err] C. 9. A process
accordun%h&r 8 oMU RD hiSa R i Foifhy L -20 L0 25 [err] C 10, A
process according t y prece ng clarm which is conducted in a solvent
selgcted from net hyl ene 45 chloride, THF, acetonitrile and m xtures
thereof. 11. A process accoréji ng to claim 10, where the solvent is

nmet hyl ene chloride or THF orMa m xture thereof. 12. A process according to
any preceding claim where err] is -CHerr]-[err]-[err],
-(CHerr])[err]-CHerr], - err])[err]-(CH err])[err]- 50 CH err] or
-CHerr]-CH(CH err]) - ( rr])[e&r]-CH err]. 13. A process according to
claim 12, where the ketol.actone £111) is selected from

(-)-5a-(benzoyl oxy)-3,3[etr],4,8,6,6[err]-hexahydtBLB] err] - ( 3- 0xo- 4- phenoxy
-1 E butenyl - 2H cycl opent # an- 2-one, 55

(-)-5[err]-(benzoyl oxy)-2,3[err\4,5,6,6[err]- hexahydro 4[ err] - (3- oxo- 1E-oc

2 p ah'§dro Al err]- (4, 4-di net hyl - 3-
0Xo0- 1E— octenyl)-2H cycl opendaf b] - furan 2-Bne. EP 0 394 263 Bl

at ent anspriche 1. Verfahrenfzur Herstel |l Ulg ei nes Ketol actons der Fornel
11,0 10 $C0-0 o', v* ~~~~(111)
15 ' X S

AT

Aals
banan%@dednymLcmb@dr Faimgggebenenf alls durch Cl oder
CF3 neta-substituiert ist, 25 durch I nber Unhrungbri ngen ei nes

Al dehydl actons der Fornel | 3 30 C~~~CO 40
s VCO-6 mt einem 8-Kat opho&ohonat der Fornmel 11

0]

35

(I)

CHo

QO tn

#o-

mit einem g-Ketophosphonat der Formel Il
%1 0)2PO-CH2-CO-Xi5 ()]

worin Xi flir Gi bis Ci: Alkyl, Phenyl oder Benzyl steht und Xis die oben angegebene Bedeutung
besitzt, in Gegenwart eines Lithium- oder Magnesiumsalzes und eines Trialkylamins.
50
2. Verfahren nach Anspruch 1, wobei das Lithium- oder Magnesiumsalz aus LiCl, LiBr, Lil, MgClz, MgBr.
oder Mgl2 besteht.

3. Verfahren nach Anspruch 2, wobei das Salz aus LiCl, LiBr oder MgBrz besteht.
55
4. Verfahren nach Anspruch 2, wobei das Salz aus LiCl besteht.

A



45 (XI 0)2 PO CH2-CO- Xl s (11) worin Xi filr C, bis C4 Al kyl, Phenyl odor
Benzyl steht und X15 di e oben ange ebene Bedeoutung besitzt, in Gegenwart
ei nes Lithium oder Magnesi umsaFR 3941368 Bl nes Trial kyl anins. 50 2.

Ver fahren nach Anspruch 1, wobei dlas Lithium odor Magnesi umsal z aus
Licl, LiBr ' e I esteht . _Verfahren S ch 2,
wobei daf %%’tgie%%pﬁé ar Eﬂiﬁﬁz‘%‘gn Yo]={m %% %tf?{ éasgga(?lﬁ’fam{? P @;EB‘ ﬁédj
RISDTUch 2gwiGsalonA & A SRRl ety o S o
nach ei nemgder vor het gehenden Anspr ﬁ‘e’, wobat PR 9T ST RY PRATH “49SEN,
DABCO; DBU, TMG, N-Met hyl pi peridin, N, N-Di nethyl pi perazin,

NEWBL hy l6TDVEHaRbA Rach MnddRlch s Woeer dab rekiiam 4 T - Db isopronyleth-

t hyl et hyl eﬂdﬁiﬁﬂﬁs@ewéhﬂ% Ra und NR, l&RZ# drhnl'ét ﬁélgfyﬁﬁ%? DBLrjdeMRqso?eé%siofrgpyé thei ch
C, bis C4 Al kyl ausgewahit ist. 6. Verfahren nach Anspruch 5, wobei das

Tri al kyl7anvVenfararsnalli Amsplugh 8 Wobesi désBitdalkyldim adariethiidnsOpysepy| et h- yl am n
ausgew~hlt ist. 7. Verfahren nach Anspruch 5, wobei das Trial kyl am n aus
Tr i et hyl8anVenfalyersnagh einerd @er Sorhévgahéraibm Ansprticiehdasibsien €65  Catulthgefimh esralen
AnsprUche, das bei -40 bis 65 1 C durchgefahrt wird. 9. Verfahren nach
Anspr ucl§- gVerighyen nagh Anspcth, daii 20 Os @61 @ tyehbeftimtwingi rd. i 5  10. Verfahren
nach ei nem der vorhergehenden Anspriche, das in einem Losungsmttel,

aus gefig P Vesigrenypach pinam (der warhepgehendpn Anzpdichen Hasy in |singm d-Sangenvitteh crasgeiviidr apen,

dur chgef ontighyjgnpieridHHF, Agsfonitrih und Mischungemplensony duschgefihriiidei  das L6sungsni tt el
aus Met q¥l\(;e chlenorig Inderc Tﬁl‘: oger ei ger M,schunﬁI dersel ben besteht. 20 12.
Ver f ahr ercl:l_‘g%gﬁ e@% enﬁ%ﬂ‘s h  HePY R aRRosRIteh Avs Methvignshierd sdps THF oderceiper 0. 4
“(CH) 4- U BIP PSP 0) 3- CH3 oder - CH2- CH( CHB) - ( CHR) 3- CH3 best eht .

13, Ver hahag,, 3 K 08l dorl S, -
st ol Lt i s

(-)-5a-(

ydr o- 4j 8- ( 3- 0X0- 4- phenoxy- -but'enyl - cycl opent a[ b] f ur an- 2- on,

(-) - Sa- aEievaaéraE Arsprigh $, hobdi BasO@iactol B Y BEeR-(BdnboyloRy) 3%95.45,6,6x-hexah-

E- octeny| ) ydddpc3-axorshiehony-PE-beiény Bpenta[blfuran-2-on, (-)-5a-(Benzoyloxy)-3,3a8,4,5,8,6a 8-
und( - ) - 5a-Hekhipdr Oy 5-@okd-1BoctehyiB2idcyiopsn®ifuran-2-on  und(-)-5a-(Benzoyloxy)-3,3a8,4,5,6,6a 8-
hexahydr o-hexdbydrd-4#+caci-diradthyy-5-oxb-1E¥0atedy-2RIGk Q6hshth b RUrMaH a@ébewm[z&] furan-2-on
ausgew~hlt ist. Revendications 30 1. Proced6 de production d'une

cet ol acRevendidationsr nul e |1 |
30

1. Procédé de production d'une cétolactone de formule il

: A
_ 0

S ' (X11)
40

45

$00-0

dans laquslle Xis représente un groupe -C(CHs)s, -(CHz2)+-CHa, -C(CHs)2-(CHz2)s-CHs, -CH2-CH(CH3)-
50 (CHz)2-CHs, -CH2-CH(CH3)~(CHz)3-CHs, -C(CHs)2-CH,-0-CH-CHa, cyclopentyle, cyclohexyle ou -CHx-
O-¢ ou (-CHz)2-¢ dans lequel le groupe ¢ est facultativement substitué en position méta avec Cl ou un
groupe CF3 ; .
qui comprend la mise en contact d'une aldéhydelactone de formule |

55
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z~,~0. 45 U et iarias 0 dans | aquelle X15
represente un groupe - C(CH3)3, ER@3#H23B13, - C( CHB) 2- (CH2) 3- CH3,
_ CH2- CH(CH3) - 50 (CH2) 2- CHB, - CH2- CH( CHs) - ( CH2) 3- CH3,

- C(CH3) 2- CH2- O CH2- CH3, cycbopent yle, cyclohexyle ou -CH2- 0-# ou (-CH2)2-#
dans | equel le groupe # estyfacultativenent substitu6 en position nbta avec
Cl ou un groupe CFs; qui c rend la mse en contact d' une al déhydel act one
de fornule I 55 EP O 3 Bl 0 :5 s05

' .1Q 15 avoc un 8-cdtofhosphonate de formule 11 (X 0)2 PO-CH2-CO- Xl 5

() 20 dans Iaquel?—,‘e Xi r&prasente un groupe al kyle on C, a C4, .
phenyl e ou benzyle et XI epond a la définition précitée, en presence d' un
sel de lithiumou de ng ' et d'une trial kylam ngr) 2. Proced6 suivant

| a revendi cation 1, d | e sel de lithiumou de nagnesi umest LiCl,
LiBre Lil, MC 2, MBr 25 a Procede suivant |a revendi cation 2,
dans lequel |le sel est |¥& ¢!, LiBHOu MgBr2. 4. Proced6 suivant |a
revendication 2, dans lequgl le sel est LiCl. 30 5. Procedd suivant |'une
guel conque des revend}d?g_ié)ns pr6cedentes, dans loquel la trialkylamne est
choisie entre | e DBN, ABCO, |le DBU, |a TI\/Glla N-rrB';]hlyl pi pelr!g! ne, :a
N, N’di n6t hyl pi perazine, |la N-methyl norpholine, la N-nmethyl pyrrolidine, |la
N, N-t6trd t”ﬁf? PpRoFRfReARtA dadermele lun conpos6 de formu- e NRi - R2R3 et un

conpose I \ + dans lesquels Rl, R2 et R3 repr6sentent chacun
@r-rgroup%gizgé'l ez'gzﬂ% Kg'bél 35 6. Proc6de suivant |a revendication 5, dans

leayel | dads bbbl abR&n8Skh dé, riqt_hxlcar’g e,.le DBLé la T 5o.uI .
i Sopr oggPArRRcs SeRR i eieh il WA P opiTiiyloan e one e
P
la trialkylamne est 'a triethylamne.

2. Procédé suivant la revendication 1, dans lequel le sel de lithium ou de magnésium est LiCl, LiBr, Lil,
MgClz, MgBr2 ou Mgls.

25
3. Procédé suivant la revendication 2, dans lequel le sel est le LiCl, LiBr ou MgBr2.

4. Procédé suivant la revendication 2, dans lequsl le ssl est LiCl.

30 5. Procédé suivant I'une quelconque des revendications précédentes, dans lequel la trialkylamine est
choisie entre le DBN, le DABCO, le DBU, la TMG, la N-méthylpipéridine, la N,N-diméthylpipérazine, la
N-méthylmorpholine, la N-méthylpyrrolidine, la N,N-tétraméthyléthylénediamine, un composé de formu-
le NR1Rz2R; et un composé de formule NR;R2¢ dans lesquels Ry, Rz et Rs représentent chacun un
groupe alkyle en Cy & Cs.

35

6. Procédé suivant la revendication 5, dans lequel Ia trialkylamine est la triéthytamine, le DBU, la TMG ou
, la diisopropyléthylamins.

7. Procédé suivant la revendication 5, dans lequel la trialkylamine est la triéthylamine.

8. Procédé suivant I'une quslconque des revendications précédentes, qui est mis en osuvre 2 une
température de -40 4 65°C.

9. Procédé suivant la revendication 8, qui est mis en oeuvre 2 une température de -20 4 25°C.
45
10. Procédé suivant I'une quelconque des revendications précédentes, qui est mis en oeuvre dans un
solvant choisi entre le chlorure de méthyléne, le THF, I'acétonitrile et leurs mélanges.

. 11. Procédé suivant la revendication 10, dans lequel le solvant est le chlorure de méthyléne ou le THF ou
50 bien un de leurs mélanges.

12. Procédé suivant I'une quelconque des revendications précédentes, dans lequel Xis représente un
groupe -CHz-0-¢, -(CH2)s-CHs, -C(CHs)2-(CHz)3-CHz ou -CH2-CH(CHg)~(CH2)s-CHjs.

55 13. Procédé suivant la revendication 12, dans lequel la cétolactone () est choisie entre
la (-)-5a-(benzoyloxy)-3,3a8,4,5,6,6x 5-hexahydro-45(3-oxo-4-phénoxy-1E-butényl-2H-cyclopentalb}-
furanne-2-one,
la (-)-5a-(benzoyloxy)-3,3a8,4,5,6,6a8-hexahydro-4 8-(3-oxo-1 E-octényl)-2H-cyclopenta[bJfuranne-2-one,

icinonnsining
G [y Illl[l M



40 & Proc6de suivant |'une quel conque des revendi cati ons pr6cedentes, qu
est ms en oeuvre & une tenp6rature de -40 a 65 C. 9. Procdd6 suivant |la
revendication 8, qui est nmis en EBRAOSPL28 Bhe tenpb6rature de -20 a 25 * C.
45 10. Procedd suivant 1'une quel conque des revendi cations precedentes, qu
est ms en_oeuvre dans un solvant choisi entre |le chlorure de nethylbne, le

THE, |' acelopid ri | | Py i | di cat i
10, danic%ﬁfﬁdﬁ‘;ﬂ’fg”_9° Rl oo 25 PR AR aro b0 L RARTE R BB A S SRSHRLES | "

bi en un de leurs ndlanges. 12. Proced6 suivant |'une quel conque des
revengli cations precedentes, dans |equel X15 represente un groupe -CH2-0-4,
-Ft€H2) 4- CH3, - C(CH3)2-(CH2)s-CH3 ou -CH2-CH(CH3)-(CH2)s-CH3. 55 13.
Proc6d6 suivant |a revendication 12, dans |equel |a c6tolactone (Il1) est
choiaie entre |l a

(-)-5a-(benzoyl oxy) - 3, 3ap, 4, 5, 6, 6a, 8- hexahydr o- 4, ( 3- 0x0- 4- phenoxy- |

E- butdnyl - 2H- cycl opent a[ bJ- furanne-2-one, la

(-)-sa-(benzoyl oxy) - 3, 3a#, 4, 5, 6, 6as- hexahydr o- 4f 8- ( 3- oxo- 1

E- oct enyl ) - 2Hcycl opent a[ b] f ur anne- 2- one, 12 H
#DI1ID 11D, | DII EP O 394 263 Bl et |a

(-)-5a-(benzoyl oxy) -3, 34, 8, 4, 5, 6, 6afi - hexahydr o- 4, 8- (4, 4-di mt hyl - 3-oxo-1
E- oct™nyl ) - 2H-cycl openta[ b] - furanne-2-one. '5 70 15 20 25 30 35 40 45 50

55 I 1 I 1 13
K/’

20

2

30

85

40

45

50

. O N

13



