« 5 e3e?%" " #\ $@BYBXxYT% v .i War zooz 5 (z> 10 15 20 A PROCESS FOR THE

PREPARATI ON OF 13-ClI S-RETINO C ACI D The present invention relateggto a
process for the preparation of 13-cis-retinoic acid. Said conpoun ’M@rHM2
formula | :OO0H is a nedi canent (alsolknomn as "isotretinoin") with

keratol ytig prbtNEsYroRSedEPaREPARAREDY bEr 18beTbL gariRBEcORhcapne (see for
further information, e.g.in "The Merck ITndex™, 11th Ed., page 1299). A

nunber of processes for the preparation of conpound |I are known. Thus, G

Paddenten et al (3o CHel %o t30h AL d 30lind tasvlest s

[ 3- met hyl -Sf2pHr bt L 6h MRIthyl 3 leysl phenesid- Wcid 4- 9&Dd adicriund,r | @henyl - pho
sphoni um halide which is condensed according to Wtting with

5hydr oxy- 4f ey - 2(5- H) - f ur anone (= 4- hydr oxy- 3- et hyl but enol i de). Said
process yields, however, a mxture of the desired product with

11, 13-di-cis-retinoic acid (I1) and 11, 13-di-trans-retinoic acid (I11)
isoners 25 COOH 30 (I ~ 7 MAY goos 2 \ \ \ CCH 5 (Ill) Therefore,
conmpaound (1), which is obMd ned~+n g haLketiytomsdy anount than (I1) and in

the sane anount as (111 @ to b& separated fromthe m xture by

chromat ography or fracti rystallization, with @@%®nsatisfactory
yi el ds.

(1)
10 is a medicament (also known as "isotretinoin") with
keratolytic activity, used particularly for the

treatment of acne (see for further information, e.g.in
"The Merck Index", llth Ed., page 1299).
A number of processes for the preparation of
15 compound I are known. Thus, G. Paddenten et al. (J.
Chem. Soc. 1968, 1984-1997) disclose its synthesis
starting from a [3-methyl-5(2,6,6-trimethyl-1-
cyclohenen-1-yl-2,4-pentadienyl] -triphenyl-phosphonium)
halide which is condensed according to Wittig with 5-
20 hydroxy-4-methyl-2 (5-H) -furanone (= 4-hydroxy-3-methyl-
butenolide). Said process yields, héwever, a mixture of
the desired product with 11,13-di-cis-retinoic acid (II)

and 11,13-di-trans-retinoic acid (III) isomers
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EP 0 111 325 discloses an inprovenent in the nmethod by Paddenten, in which

the Wttig condensation is carried out at tenperatures ranging from-10 to

-50C, in alcoholic solvent and in the presence of alkali metal 13 puy

hydr oxi des, such as potassi um hydroxige. A reaction product containi n9?0(f2r om
10 to 30 % of the desjred isomer (lI) and from70 to 90% of the isonmer (I1)
is thereby obtained, W ¢ 90% on the starting

hydr oxy- met hyl - f ur anon& Bbé i soner (l1) separated
therefrom is subjeqted ﬂ
pal I adi um catal ysts, to

&presence of rhodi um or
ansform 11, 13-di-cis-retinoic acid into the
desired 13-cis-retind dChd. Said process, which provides 13-ciis-retinoic
acid 25 in yields higher than those according to Paddenten, has however a
drawtmck in that the isomerization of XIIx3di-cis-retinoic acid involves
the use of metals, such as rhodium and palladium _ which are not only very
expensi ve, but Bl ERFei camMR(IKEpdlate VRoAR13ii ot3E eS| ABi ¢ aci d.
Fur Eher MDrg, il 018 Pr 8SEREE Qlodiac82, 07 (33) 0 R aln (he MR GfpsLALlY, of
heavy neta SS In13cis-retirnoic acid, iS hot only in contrast wth the 1
7 MAY 20023 r@pi)red ay i tty cbiet eskparbukdal §poms ahéachdxtenat rbputing to
the known instability o= the praoduct (evidenced, inter alia, by X Tan et
al . in Ph& MR THPREs. o92 Fragfiongds- 19685 apal FaBLaR t r a8 can al so
reme 0 (ang, dsual i N ess a thorough purification is carried out,
V\/ningjhdqi S gg})nom c%%??ﬁgn}g%%gg%ébl e) when operating according to the
process cl ai mecE®P n0 DPL113059d960lasdsDER 1in@Goven@Eht( and toesonetiend by P. S.
Manchard et al., . J. 10 Ch"'1. SOC., 1965 20]%?%,.0 t he, synt hesis O
retinG dS ¥ arf3HERT S vi Al - BBESh oFRsl  iSHi@ o q9R i hS, in
,act, been.gbtalped,from be rﬁ%épé‘t%‘?eé’y ra8dGhione Mid h-agetod engpdd, Aner .
Chem Soc. , 71, 200'2 (1 9"-_9) and subsequent reduction On O W:e Sri D1
a ~O':d Gn mpxohbobic lsglténpoasdned palel pdiasarca dfystlkak heette D. . .

=, 31.C Q89 \discloses a process for the preparatjon of 13-Cl1S-r2tinG C
261 T WHREP PR Rt U b eI ATt By S ES TRy | BucRATT P o - d

[ 3met hyl - 3srdBuctd, cnthihing~teblhylio kHyEds QorcRhan-degited idomer 20
p....ta i.... pentadienytriaryl phosphoniumsalt is carried out in the
presence ofl)l i ahdurhrdepdrte decasd ¥di nef hybieor wsenete 4L I wisertherslyy r angi ng
from 10 to ,90C tcﬂ give a mxture of .13-cis-zeti ng}[lc ang o

11, 13- di - GR=FHShoi T d | OGRS s PLREEn 5PE"suBL¥ PRt 1§ % onvert ed

into the Zsd@speet hyerasydmedhylll-eairi@dnar t Basyl frvinttcuC] doxrThend esul ting
m xture i S solubilised In alcoholic solvent and subjected t0O

pht @Cthenmasely - 1someamef T Lht isepar@test akhe18LePs. r ¢t n6HDIgeLed TP s
process i s a renmarka

process ! Sidhd FIBAN o33 | hPRRISIL COEPYBA IR n 408 prigy art 11

series of «Hrwbhanks, asot he-phaineheni cab-4508BEL ZatiABitS aedld | Bko
the desired 13-cis-retinoic acid.

Said process, which provides 13-ciis-retinoic acid
25 in yields higher than those according to Paddenten, has
however a drawback in that the isomerization of 11,13-
di-cis-retinoic acid involves the use of metals, such as
rhodium and palladium, which are not only very
expensive, but also difficult to separate from 13-ciis-
30 retinoic acid. Furthermore, the presence of traces of

said metal (or, more generally, of heavy metals) in 13-

cis-retinoic acid, is not only in contrast with the



7 7 1rtAY ~ 4 out on the mxture of retinoic acids which are per se poorly
soluble in the reaction solvents conpatible with said photochem cil7 MA

i sonerization: as a matter of fact, solutions containing the abov Y 2002
mentioned m xture of 5 acids in concentyations bel ow 10% have to be used.
On an indu L& al he, pr herefgpe r L Les jremagkabd unts
of sol vent :}édt“gniﬁg d turl?l nt ggg?%éllgdono% of t eépro‘csesséas V\az?l?&gs t he
safety of tdmntwwilketsnglCd-urdheer kaoen sdalcriilute obfactde isrodudter
unstabl e in sajd organic solvents, also due to traces of palladiumfrom

vi nyl - bet a- | BRAREAD ) Sai PR BWb XS havePar th-al | Faeenebver 8bme byfit he
Italian Pat Jol Lon 9 00 2 1 16 plicant's name, in
whi ch phot oﬁ%ﬁ% Mt Rygér%'oﬁ%%dn Jtr%&ey:lq%og%ﬁg solution of a

11, 13-gli - ci s-retpabledaehd aklkakis sajdn Holewer rekBiis preeess whsliyvol ves
the drawback due to the presence of palladiumtraces. It has now been found
a novel prdc&¥%siMmhi BR12§Spravicdesorgici BLFéEiAdréoaci s | Aaariieghigutst abl e
and pure state,, thanks _ tic, pat . which avoids at_any step the
use of pal I“g:{d'lcuhm o?got hetecfoﬁ%rg%//%%al é‘%.“c%ard'°\g}n‘tc)hes}”§‘8onb?31e‘s¥rt1fég

advant ages ffcqphbingheri cehe i $tRId st cQrigRd hen 1brk3- di osbsovetidipic acid
alkali 25 salt (or on alkali salts of the m xture of acids fromthe

precedi ng Wit ik ¢ohdéhdalrod) depcrsesst oY n§t Sbhetanehskd( Y adbtaithed -

accor,dj ng to the ppventiqe f eta-iopgne and..a vinyl .magnesi um hal i de.
M cas Shitor SRS 1 3 | RORREI G tah Be S0 SORAT ) 260 S T e,

The proces ‘t g—tre’ i nvénti on Ttan be
bet a-i ononesqd\)ing [feast ediwylhbacki-n¥rdTagnesiam fadédeed Vicbchay, de,
i odide or - preferably - bromde): ~ 7 MAY 2002 5 0 | + CH2=CH MgX -. |

\~ ~ ~/~ G 53F%) Peen(9PFaired dromyoeiayi@ionesilt khgoFEin Midta- i onol

VI) is suljes /1tig.cqnde fonw.th 4zhydr 5 3- hy|! - but enol i de
gVI?) acco%ﬁ'ﬁ' '?ed%%)h\ém' L tdhadan “\gc"se%-glébog&e(¥2 10{55%"‘%()1) hE

di scl osed igudRAISHB27ectbe ilovacs f oahpr ottt £0BSIRGt idW 8f gadddne of

13-cis-retinojic acid (I%l, .11,13-di-cis-retinoic acid (11) and

11, 13-Xi - t RSB hIFP R BeE 4Pl FRF21YSE- / + O~ C + Il + 111) OHH
Furthermore, D= 4,314,085 discloses a process for

the preparaticn of 13-cis-retinocic acid in which the

reaction Detween 4-hydroxy-3-methyl-butenolide and [3-

metnyl-5-(2,6,6-trimethyl-l1-cyclohenen-1-yl)-2,4-
20 pentadienyltriarylphosphonium salt is carried out in the

presence oi lithium hydroxide and dimethylformamide at

temperatures ranging iIrom 10 to ¢0°C, to cive a mixture

of 13-cis-retinoic and 11,13-di-cis-retinoic acids

lithium salts, which are subsequently converted into the

25 respactive acids, by treatment with sulfuric acid. The

resulting mixture is solubilised in alcoholic solvent

and subjected to photochemiczl isomarization to obtain
13-cis-retinoic acid.

This process is a remarxable improvement compared

30 with the prior art, in that the iscmerization requires

no use of said catalysts, but it also has a series of

drawbacks, &as the photochemical isomerization is carried



Ocvl) (vlil) © the alkali nmetal salts of the resulting m xture of 20 the
three acids, dissolved in water, are subjected to photochem cal 7

i sonerization in aqueous solution, to give 13-cis-retinoic acid !I)M§X@WM
high purity and stability. Step A) of ghe process of the invention is 25
carried ou nder ignard reaction_conditians {wel].known to those skilled
in the art ?Eafn%eﬁ%%rgFagggeréﬁ%iHSE P8ﬁ%- ) ﬂéb ' 5?5?6?%5I§§from
-15C to 30fooAlpr &forfiAd sphVERE ieaketibahybiafdHd, chbaOi BEE @likers may
al so be used. The vinyl magnesi um 30 halide used is preferably the brom de.
At the endSaidt mhateshigawitalr b8ABETLYRF1PE : r écovar &dtkieth @bnfenti onal

t echni ques T Y 6.9t ep , re i;0n be .carried
out foIIomf%éuFﬁgng§n5§ﬁggéﬁéﬁgprSgéduggog% ngﬁgggg%dbr%gﬁE%Q%od?Fied

di scl ssed &8ifP 1h5c3Azenthatapesabeteowdana havel tt ¢ Qsaar.e those cl ai ned
5inthe already cited Italian Patent application (M96A 0027S2) in the
Appl i cant's nanB? with tiFevsdriftlagescadhpar € wi PROERES pr fBRTgLPTE

di scl osed | i.d_appli i an e folJ ows. . hi gher
stability %gq??¥gglkg%%&§%%%§l?n gﬁﬁ@%ﬁﬁpso?EP?§%6 g%%%barégjmjfﬁgthee
free aci d datetgancc 0l tient szohbghen fr edod | phrocake; alki ghelrl eggnety and,
above all, |lower risks on an industrial scale; operative advantages
deriving fFdheEReChsEREf S6KEEFons of nearly triple concentration conpared

wi thyphose usedpyitHe@rg28! C 133p! Vrﬁ%&éurérheoﬁfo' | Qi 9 efé”pk‘éf_/hfe%”her
illustrate the process according to the I nvention. Exanple 1 - Vinyl

bet a-i onol udsBabbks iof spEghesigamitaurstingntas e Pl axwedue nta 8ka2ésf odir - necked
flask. 100 nL%of,tetrah drofurag %;HF) anﬂ a.iodine crystal are added
thereto. 5Pahfagivud fEeR, VAPY1pPErRd&C8SUEVon in tetrahydrofuran are added

With stirring agg;HndelJydigeh & ”BéPB%fl%TB%e%O'dJ}éberhémB i ahely

decol ouri zes, while the Gignard starts to 25 formw th an exothermc
reaction: ThelmaxrtuPetiestcoelped itcati30C Mid chee Mol 092H8L a- ionohke

di ssol ved in ioo m of THF and 9§%E: q% the above  15% vinyl brom.de

sol utPon afBPaddedtat PRECsand t4 MR IS T Bppt g FEnfBFEicdt such a

rate that LREPLAIURE LYRING D&ODWi30 3% -a-20Ci3ARtericommkehibop of the
addition, the cooling bath is renoved and the reaction m xture i s brought
to room t eapidataliaaliAf sedt2 hiewsvehe tddest i proceds] dldvAYiRubEvasxture is

poured | 10,2100 feervaler conte 1A 10,0, of e m ahloyde under
i's washed tw cerw t Rag00 iy OhelkiPo sAindN Chl ofd el agPeedsss which
20 provides 13-cis-retinoic acid in a highly stable and
pure state, thanks to a synthetic pathway which avoids
at any step the use of palladium or other heavy metals.
Said synthesis combines the advantages of photochemical
isomerization on the 11,13-di-cis-retinoic acid alkali
25 salt (or on alkali salts of the mixture of acids from
the preceding Wittig condensation) by use of vinyl-beta-
ionol (IV) obtained - according to the invention - from
beta-ionone and a vinyl magnesium halide.
The process according to the invention can be
30 summarized as follows.
A) beta-ionone (IV) 1is reacted with a vinyl magnesium

halide (V) (chloride, iodide or - preferably - bromide):



5'solution and dried over sodiumsulfate. Solvent is evaporated off under
reduced pressure and the resulting thick oil,is distilled under va
collecting 202 g of distillate, consisting of vinyl beta-ionol df Wﬁ“?ﬁ
hi gher than 95% as determ ned by NVRsanal ysis (yield: 10 87.5% . Exanple
2 - Vinyl beta-ionol A solution of 6.9 kg or vinyl bromde in 42 kg of
tetrahydrofuran is addeg under nitrogen, with stirry

magnesi um tN¢nings in the presence o. 4 kg 15 of te such a
rate that janer tesperatyye does not exceed 50C. PhgtiOn of the
addi tion gaction mxture i.s Stirr for 1_ho is mxture is added
with 8. ‘@ bet a-i onone at CZIIIEEIH;EMea e Tha? tenpe 4r e does not exceed
30C, 20 and i s left at this tenperature for 8 hours with stirring;

subseguent | y thei VL5cti on mxture ig,poured, into a coldg xture of 3.6 kg
of ammoni um chl grite ﬂnd 2.5 tg of acetic acid in 48 kg of water, with
stirring. 16.5 B¢ th??’a(: tate are added and the o=ganic 25 . phase is
separ ated @f t er- 950l ©098d $1hyliBgeat onOFYIaNYE) Phase ighsepaLat ed,and
repeatedly washed w tﬂﬂ%at er %hen e?/aporat edmtjm)der vacuunfto 0 tg‘?(r)l 9.4 kg
of a resi dife it adondenswt idmssvithan 471 dgpaf - 34 mett hyoket ko oewd 1 { dby

gaschr omat phi c_and.NVR _anal,ysi s ield: 30 .75% . anpl e 3 Vinyl

bet a- i onol Rgf% C?)SFgrgf‘nﬁaﬁﬁe_stik{ﬁnQ%‘?%% sPAr g’aglggagﬁ&eg(xq 5¥Pove) 77 vay
~p~ son ofr HE endct aeatedsuit Anseme 1d50R9 s0f heSAUdid b 0fpLodidotrol s Of

vinyl bromde in 100 mM_of THF with stirring and under nitrogen atnosphere.
As soon asarnmigyigmaraf searmsxteréorqfy fLBechisxtr@tdniodd sacodl etfxp 5 5 10C

and added with the remajning solution of vinyl _brom.de j 0 mn. The

ni xt ur e isﬂ'h%n‘%bb‘fje%'f%t%’gﬁf an&cégded(ﬁ)th 6789 r?g'i’si%‘%o'ert%al?%hone in
100 M of ddfindi@20did. (The) m xture is left to warmto roomtenperature,
then heated at 40C for 2 hours. After 10 that, the reaction is quenched as
i i is recovered by double distillation
ct, corresponding to an about 84%
an- 98%( det ebmiped by NVR 1% Exampler4rs

M xture g noic aci¥s from mi ny erai onol and

4- et hyl -3 ‘ -butenolide 7.5 kg of vinyl beta-ionol, with a 98% NVR
purity, in 35 kg of ethanol are added w.th 9 kg of triphenyl phosphi ne then
with gas hydr@&Rloric acid until 20 (HIIIIdf the solution remains acid. The
solution is cooled to -40C and added sinultaneously at this tenperature
with 7 kg @of hyhoxylbal enakicde ardt® kgf of hpotkassiluimby dictude idr 27 kg of
et hanol, using two separate funnels. After conpletion of the addition, the
reacdd on Z9n kbhee jacidmpt dissadveforim Vakeker aXf EYbIscteRertadded
with 34 k Nexane.and ; : er... Th e I S se ated and
t he aqueo%gﬁ{)%ase |§caal/ashlé§d&%%%%% flur}thggngéﬂEg 0 qgtxia%é'. l[I}%ge cold
basi ¢ aqueans phaseiiss- tateiieit widdiConcent nattstd 3idrydrmehlof i cargdi d under
stirring, in the presence of a 6:4 hexane-ethyl acetate m xture (30 kg), to
mar kedl y &&aPipHtYhe procedure is repeated with 10 kg nore of

Step A) of the process of the invention 1is
25 carried out under Grignard reaction conditions (well
known to those skilled in the art), at temperatures

ranging from -40°C to +50°C, preferably from -15°C to -

30°C. A preferred solvent is tetrahydrofuran, but
other ethers may also be used. The vinyl magnesium
30 halide used is preferably the bromide. At the end of the

reaction, product (VI) 1is recovered with conventional

techniques.



~ 7 MAY 2002 9 the m xture. 'The organi c phase containing the desired

m xture of retinoic acids is evaporated to dryness. The typi cal qlomi Eﬂth
of this crude is: 13-cis-retinoic acid: 25-35%5 11, 13-di-cis-ret'i

acid: 50-65% 11, 13-di-trans-retinoic @acid: 5-10% others: 5-10% Exanple 5 -
13-ci s- Reti noi | dyyThe ;i t.al ve 1SS LN 0
solution of 1. %t%%' ﬁ) bo??sgluwnﬁ%r%rﬁﬁggoﬁﬁgizcﬁg g‘%é\/\g%g?ge#hﬁ%ueous
sol ution Esladdedon the2 goonfreBengaklr osroeadutde Wy xtRadddrstgat acad in a

gl ass container tqq be subjected to the action of netal halide |anps of
1800 Watt tgﬁamoﬁ%éﬁ@:ﬁﬁéqw&ﬁiw'r%ﬂ on requires 15 on the
avergae 8 hour piir adiatd on e The: R 08r 83S Lfed MO 22t LARSLS Bhagked by HPLC
anal ysis, controlling that the final content in 11,13-di-cis-retinoic acid
doesSnot éxceste 184 r&hdyr ezidiednIpbktane Haserttenappbiedt and t(Ma@tead under

stirring w I d, 25% sul furic acid to 20 acid pH. The m xture is then
extract ed\sﬂﬁﬁgpﬁg% Y B%ecﬁﬂgt}ﬁé??éﬁe S ¥R hb’tthTlfé“ecyﬁiiﬁﬁﬁiﬁﬂ@Ssdl ution is
cool ed tocghbai-ada Griude Whheh peibecrwstal lizedi o1 gb¥8 3iK0 QYaiq
13-cis-retinoic acid, containing less than 0.5% inpurities. The

crystal |l i 2apiléanasdlovent endarcdie B8 cyoiwheizatk besefdl bows ol beeror

al cohol s such.as_ et hanol,,.isopr ol , or_higher alcohols, or esters such
as net hyl ,sléggﬁglltgr i opr%fdyl %@g‘i‘ag essair'ﬁ% sdiveREUAPRBur 8136 ed above
are1al so usgbeledExamM aHee fhdLiscROIiNObegagid 38143n8s0f Hil@aH xture of

retinoic acids fromthe condensation of hydroxy butenolide, vinyl
bet a- i onokeasdien phehgl phbiphehe @garenyil cxidle iabPd® maldf, etlioasa 17

MAY ~ to are,Lr e%tned avl\,/ilth. nl(? sthfag 50% pot ascs)i um Exgr OXi e .aqueous

sol uti on, *3868eqT&nt 13 di 1AFRE T 62200t Wi t hOREF&F Y Edd8E VATRISE ng of

Bengal rogerithes i eradi atied widd arl8s¥éhitibasp dor nkd gur $rip1Ehe final

conposition of the mxture is typically the follow ng: 13-cis-retinoic acid

1% 11, 13- BPRFPARFALEOTNOICOMREITE 2 Wi 1 tNPS@i - sisedr ewiltdi ¢ cagieati@. 2% 10

The,teact| B?VQ%tsure is acidified with sulfuric acid, as in the above

exanpl e, extracted with hot cycl ohexane and subsequently cooled to give a

crystalline crutde weighidwid® gexdhplesnp@Eirdtht of i1hhst pPaOLdUC hieS

typically the 15 follow ng: 13-cis-retinoic acid 97.8%

11, 13- di - PFRASSFerROFE1AE ¢ 2% EL 1Ty Sditi@rs-reti noi ¢ acid 0.2% The

resul ting t.s q | v crystallized 20 from et hanol or ethyl

acetate t%ﬁ%ﬁé}ﬂ% }3- Ci%';i?l?g[ %%(r}ltac)iggﬁ&é' with purity higher than 99.5% 25
1.3 mols of magnesium turnings are placed in a 3L

20 four-necked flask. 100 ml of tetrahydrofuran (THF) and
a 1lodine crystal are added thereto. 50 ml of a 15%
vinyl bromide solution in tetrahydrofuran are added with
stirring and under nitrogen atmosphere. The solution
immediately decolourizes, while the Grignard starts to

25 form with an exothermic reaction: the mixture is cooled
to -30°C and one mol of beta-ionone dissolved in 500 ml
cf THF and 950 mL of the above 15% wvinyl bromide
solution are added at the same time through two dropping
funnels, at such a rate that temperature remains below -

30 15 - -20°C. After completion of the addition, the
cooling bath 1s removed and the reaction mixture 1is

brought to room temperature. After 2 hours the reaction



~ 7 ~Y 2002 11 CLAIM5S 1. A process for the preparation of 13-cis-retinoic
acid (I') 5~/ \~/ \~/ \'~ COON (1) 10 conprising the follow ng steps: A)
reaction of beta-ionone (1V) with a vinyl magnesium halide (V): a7 MAY M/
, \ 0s + cgz=ca-~gx (zv) (v) (vz) (X=71, Br, I ) 20 to give
vi nyl - bet a-hDeohré Vi s, p%)méfdtng:@omdensatapnw@é MeBYk- Relnt-dionielg (M) wth
4- hydr oxy- 3- net hyl - but enol i de (VI1) according to conventional nethods to
give a m>d§quo@mm9néP§r@h1MMMﬁaﬂﬂmﬂ%I)Stll*lsgdlt@ﬁ@w%ﬁleﬁnxﬂQﬁﬁﬁ (1)

I

5 i S Sithe! 78 rad ket 1)

washed twice with 100 ml of 15% sodium chloride agueous
5 solution and dried over sodium suliate. Solvent is

evaporated off under reduced pressure and the resulting

thick oil is distilled under vacuum, collecting 202 g of

distilléte, consisting of +vinyl beta-ionol of purity

higher than §5%, as determined by NMR analysis (vield:
10 87.5%) .

Example 2 - Vinyl beta-ionol

A solution of 6.9 kg of vinyl bromide in 42 kg of
tetrahydrofuran is added uncder nitrogen, with stirring
to 1.45 kg of magnesium turnings in the presence oI 4 kg

15 of tetrahydrofuran, at such a rate that inner
temperature does not exceed 50°C. After completion of
the addition the reaction mixture is stirred for 1 hour.

This mixture is adcded with 8.75 kg of beta-ionone
at such a rate that temperature coes not exceed 30°C,

20 and it is left at this temperature for 8 hnours with
stirring; subsequently the resaction mixture is poured,
into a cold mixture of 3.6 kg of ammonium chlorice and
2.5 kg of acetic acid in 48 kg of water, with stirring.

16.5 kg of ethyl acetate are added and the organic

25  phase is separated after prolonged stirring. The organic
phase is separated and repeatedly washed with water,
then evaporated under vacuum to obtain 9.4 kg of a
residue containing not 1less than 7.5 kg of vinyl beta-
ionol (by gaschromatographic and NMR analysis) (yield:

30 75%) .

Example 3 - Vinvl beta-iocnol

0.1 mols of magnesium turnings are suspanded in 50



''12 G008 5 (z) w.:..--~~y cca8 to (Il) ooH 15 (1I11) © photochenical

| soneri zation~ in an acrueous solution, of the alkali netal salt the
acids fromB), 2. A process as clainmed in claim1, wherein step A ;

carried out with vinyl nmagnesium bromgde. 3. A process according to clalns

1-2, wheredm Sterud dr?d Cé‘féé@@do%tﬁt écﬁr@e&%;&% eger and i, { 1M 5 £0C to
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THF in 20 min. The mixture is 1left to warm to room
temperature, then heated at 40°C for 2 hours. After

10 that, the reaction is quenched as above described and
vinyl Dbeta-ionol is recovered by double distillation
undexr vacuum, to obtain 166 g of a product,
corresponding to an about 84% yield, with purity higher
than 98%, determined by NMR.

15 Example 4 - Mixture of retinoic acids from vinyl beta-

ionol and 4-methyl-3-hydroxy-butenolide

7.5 kg of vinyl beta-ionol, with a 98% NMR purity,
in 35 kg of ethanol are added with 9 kg of
triphenylphosphine then with gas hydrochloric acid until

20 pH of the solution remains acid. The solution is cooled
to -40°C and added simultaneously at this temperature
with 7 kg of hydroxy butenolide and 9 kg of potassium
hydroxide in 27 kg of ethanol, using two separate
funnels. After completion of the addition, the reaction

25 mixture is kept at -40°C for a further two hours, then
added with 34 kg of hexane and 150 kg of water. The
hexane phase 1s separated and the aqueous phase is
washed again with further 20 kg of hexane. The cold
basic aqueous phase is treated with concentrated

30 hydrochloric acid under stirring, in the presence of a
6:4 hexane-ethyl acetate mixture (30 kg), to markedly

acid pH. The procedure is repeated with 10 kg more of



~yt oi b[ Ukfa\WJ] ca U] c"a

U c”a] cha] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cal ca]f?]m] %] ca
]caV]c"a]cabV]calcalJcRa "

+. . @Q\G Xy?0J} xr mhb\ WQoi bUj ca] cal] caUlga] ca] cal] ca] cal] cal] ca] cal] cal] ca] caU

calcal c a al] c c ¢ o
{J] cl\aU]U]ca]a'lc"%U} rﬁ% c‘g "(L‘:J]a] 3] -rg%ﬂ/ﬁl [Rr{avsqﬁ gE\"W%&P&&@] cal ¢ ]dcefé] é] ca]cal c
aU]1 ca] ;amhmm@] el G:%]t(ial]dla:] cealaslicaloabicaltal saldahosdd ca] call cal cal ca
ca X
al~t11cp E@ﬁkﬁmaéamamléa]%]%fa]t&aﬁaqw def ca] ca] ca] ca] ca] ca] ca
] ca] caj ca] cajc a C ca] ca] cal] ca] cal % UK YBRMEP &EEEEEEEE
=EI'J'N ();’% %* ]g]e(i%‘l]réq\?a]%]cc’?ﬁ% c’\}a] cl\a] 'E:J]a] CL] caﬁ i a) cal ca] ca] cg] caJ ca] ca
] ca] ca] ca] ca] cahgahcalictd]scalecalrealc altiaj :ca) ca] calam]amd cal ¥ *FFrxrx 44\ W -
.8/9/ B/ C/v1lx1z1~111122| wql gb] W wr mhb\ Va] ] c”ha] ca] ca] ca] caU] ca] caU] ca] ca]
ca] ca] ca] ca] ca]léa]lékg]lc’ta‘]aéysa:]r@aﬂlé]a]lch]ac%‘] aV] ca U\% &élﬁ
UV] ca] ca] ca] cal) %
4455QR5] 5k555 84% H6d6e6y62z66667* 7+7S7TT7Z7[ 7777| wr nqnc"Ya] ]]1ca] ca] ca]ca] ca
] ca] ca] caEgapial (Sa]-CaBG-&]i@-]Rba:]iﬁﬁiiQﬂ]dcﬂ@a] ca] ca] ca] cal]ca] ca]ca]ca]ca]ca]c
a]ca]ca]ca|77799
lip;s;; ,T,h,e— MpXEEsy = | kA ined—abaYg o) £S5 [ A} E8PENPEa] d&] c& ca] ca] ca

Ul C%bcaUl geh%hea] cad cal galcal 62l cakeakeahcalydl & &6 algalcal ggl ¢al cal cal ¢

Wg I pas;ar 'IthezFazp;amgs:I sgtutlcor=—ts—ayideide WiMd] ca] gapcalpealgad] ca] ca] ca
oo Slseied esialoaledalracn ol selsalealeaieil ol o o
{ é%ﬁgg&( § be%@ﬁ/%f%&ﬂewww%ei&&@é%éﬁéq (haBi3@ 140%Rb&E( 1roo3@
10%bé&' ()Watss&r{ﬁaéﬂey#aﬂé/aa& ( rhé- 11998l 19610 % nedt € jonl@eqilres
10b@ 0% &' ()- .8s10%&

o atb ity (yotd; $ dwur uarﬁdaa'if@s&io&aﬁ&3130%@%@#9@ Boug ()- & |
Wy #10%1U&y L& LMY 10 % e bl G) 1y UWKe" o sis, con
+f yr S1! 339$10%& ()-15339%10%& ()-f5! 339$10%¥S& () f 5l 339$10f%?] & () f5y&y10%
& ()- 10obel@dinal content in 11,13-di-cis-retinoic acid does not

exceed 1%. The reaction mixture 1is then cooled and
treated under stirring with cold 25% sulfuric acid to

20 acid pH. The mixture is then extracted with 19 kg of
cyclohexane in the hot. The cyclohexane solution is
cooled to obtain a crude which is recrystallized to give
3 kg of 13-cis-retinoic acid, containing less than 0.5%
impurities. The crystallization solvents can be

25 cyclohexane itself or toluene, or alcohols such as
ethanol, isopropanol, or higher alcohols, or esters such
as methyl, ethyl or isopropyl acetates. The solvent
mixtures reported above are also useful.

Example 6 - 13-cis-Retinocic acid

30 43 g of the mixture of retincic acids from the
condensation of hydroxy butenolide, vinyl beta-ionol and

triphenylphosphine hydrochloride in 10 ml of ethanol
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l3-cis-retinoic acid 1%
11,13-di-trans-retinoic acid 22.5%
11,13-di-cis-retinoic acid 0.2%

10 The reaction mixture is acidified with sulfuric

acid, as in the above example, extracted with hot
cyclohexane and subsequently cooled to give a
crystalline crude weighing 19 g.

The composition of this product is typically the

15 following:
13-cis-retinoic acid 97.8%
11,13-di-trans-retinoic acid 2%
11,13-di-cis-retinoic acid 0.2%

The resulting product is subsequently crystallized
20 from ethanol or ethyl acetate to yield 1l3-cis-retinoic

acid with purity higher than 99.5%.

25
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10
comprising the following steps:
A) reaction of beta-ionone (IV) with a vinyl magnesium
halide (V):
o :
15 L\\ N =
N OH
+ CHZ=CH-MgX —_— '
(IV) V) (vVI)
(X = Cl, Br, I)
20 to give vinyl-beta-ionol (VI);
B) Wittig condensation of wvinyl-beta-ionol (VI) with
4-hydroxy-3-methyl-butenolide (VII) according to
conventional methods to give a mixture of 13-cis-
retinoic acid (I), 11-13-di-cis-retinoic acid (II) and
25 11,13-di-trans-retinoic acid (III):
™~ = + O/LZi::i>==0 —> (I + II + IID)
CE H o
30 (VII)

(vI)
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15 o (1I1)
C) photochemical isomerizatioq,in an agqueous solution,
of the alkali metal salts of the acids from B).
2. A process as claimed in claim 1, wherein step A) is
20 carried out with vinyl magnesium bromide.
3. A process according to claims 1-2, wherein step A)
is carried out at temperatures ranging from -40°C to
+50°C.
4. A process as claimed in claim 3, which is carried
25 out at temperatures ranging from -15°C to -30°C.
5. A process according to claims 1-4, wherein step A)

is carried out in tetrahydrofuran.



