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Description

[0001] The present invention relates to an improved method of production of 9-cis-retinoic acid.

[0002] Asisknown forexamplefrom Nature 355(1992), pages 359-361, 9-cis-retinoic acid is a physiologically important
compound and can be used in a variety of applications, such as for the treatment of various skin diseases (e.g. WO
99/09969).

[0003] A method is known from EP 0 659 739 A1 for the production of 9-cis-retinoic acid (9-(Z)-RA) in which a B-formyl-
crotonic acid alkyl ester is reacted with a Cq5-triarylphosphonium salt by the Wittig reaction in the presence of a base
to the corresponding 9-(Z)-retinoic acid ester, which is then saponified with a base to the desired acid. In this process,
the mother liquor that arises in the commercial production of C45-triarylphosphonium salts is used as C5-triarylphos-
phonium salt, with the 9-(Z)-C,s-triarylphosphonium salt fraction being enriched, but not isolated, by treatment with
isopropanol while hot, cooling and separation of the crystallizing all-(E)-C,5-triarylphosphonium salt.

[0004] According to WO 2004/089887, a drawback of this method is that it is a two-stage process, in which in addition
a change of solvent is necessary for the saponification.

[0005] As animprovement, itis proposed to react an alkali-metal salt of 3-methyl-4-oxocrotonic acid with the isolated
(2)-isomer of a C45-triarylphosphonium salt in the presence of a base, by which the desired 9-(Z)-retinoic acid is obtained
directly.

[0006] However, both methods have the disadvantage of low yield of the desired acid. (EP 0 659 739: ~ 25%; WO
2004/089887: only about 16%).

[0007] The task of the present invention was therefore to find an improved method of production of 9-(Z)-retinoic acid,
which supplies the desired acid at much higher yields.

[0008] Accordingly, the present invention relates to an improved method of production of 9-(Z)-retinoic acid, which is
characterized in that

a) a B-formyl-crotonic acid-C4-C4q linear, branched or cyclic alkyl or phenyl ester is reacted by the Wittig reaction
with a 9-(Z)-C5-triarylphosphonium salt in isolated form in the presence of a base to the corresponding 9-(Z)-retinoic
acid ester, and

b) after the end of the Wittig reaction the reaction mixture is then saponified with a base to the corresponding
9-(Z)-retinoic acid carboxylate and then, following protonation with an acid, the desired 9-(Z)-retinoic acid is obtained.

[0009] According to the present invention, in the first step -formyl-crotonic acid -C4-C4q linear, branched or cyclic
alkyl or phenyl ester is reacted by the Wittig reaction with a 9-(Z)-Cs-triarylphosphonium salt in isolated form in the
presence of a base to the corresponding 9-(Z)-retinoic acid ester.

[0010] B-Formyl-crotonic acid methyl-C4-C4q linear, branched or cyclic alkyl or phenyl esters can be prepared for
example according to EP 0 421 271.

[0011] Linear, branched or cyclic alkyl denotes residues, such as methyl, ethyl, n-propyl, i-propyl, n-butyl, sec. butyl,
tert. butyl, hexyl or cyclohexyl.

[0012] Preferably the B-formyl-crotonic acid methyl or ethyl ester is used as educt.

[0013] 9-(Z)-C45-Triarylphosphonium salts are compounds of formula (1)

Aryl
+/ry X

P
Aryl” “Aryl

in which aryl represents an optionally substituted C4-Cq-aryl residue, such as phenyl, naphthyl, tolyl or xylyl and X
represents a halogen, such as chlorine, bromine or iodine. Preferably aryl denotes a phenyl residue and X denotes
chlorine or bromine.

[0014] According to the present invention, the 9-(Z)-C45-triarylphosphonium salt is used in isolated form.

[0015] A mother liquor that arises in the industrial production of C4s-triarylphosphonium salts is used for this. Thus,
for example in the production of the C,s-triarylphosphonium salt required for industrial vitamin-A syntheses, p-carotene
syntheses and canthaxanthin syntheses, and for the production of other vitamin-A derivatives, such as retinal and retinoic
acid, (see e.g. Angew. Chem. 77 (1965), 277-360) after separating the valuable product a mother liquor is obtained that
contains the 9-(Z) isomer as well as all-(E)-C45-triphenylphosphonium salt.
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[0016] For the method according to the invention the 9-(Z) isomer is first enriched, and then isolated.
[0017] For this, preferably

a) the mother liquor is extracted with methylene chloride, then

b) the organic phase is re-extracted with water and

c) the methylene chloride phase is separated from the aqueous phase, then

d) 50-70% methylene chloride is distilled off, and

e) ethyl acetate and seed crystals are added to the concentrated methylene chloride solution at 15-40°C, preferably
at 20-30°C, then

f) the solution is stirred at 15-40°C, preferably at 20-30°C, and the enriched 9-(Z) isomer precipitates and

g) then the enriched 9-(2)-C5-triarylphosphonium salt is separated by filtration while moist, and is washed with ethyl
acetate.

h) Next, the 9-(Z) isomer is dissolved in methylene chloride and this solution is added dropwise at 20-40°C, preferably
at 15-30°C, to a defined amount of ethyl acetate, then

i) the resultant suspension is stirred and

j) finally the enriched 9-(Z)-C5-triarylphosphonium salt is separated by filtration, washed with ethyl acetate and then
dried.

[0018] With this method of enrichment, which is improved relative to the state of the art, a 9-(Z)-C, 5-triarylphosphonium
salt in isolated form is obtained with a ratio of Z fraction to E fraction of 98:2.

[0019] If necessary, steps h - j can be omitted, obtaining a higher yield of 9-(Z)-C,s-triarylphosphonium salt, but of
somewhat lower purity (with a ratio of Z fraction to E fraction of 96:4). This quality is, however, also sufficient for production
of 9-(Z)-retinoic acid according to the invention.

[0020] The Wittig reaction of the B-formyl-crotonic acid ester (Cs- ester) with the 9-(Z)-Cs-triarylphosphonium salt in
isolated form is then carried out in a solvent mixture of a C4-C,4 alcohol, such as methanol, ethanol, etc. and a non-polar
solvent from the group methylene chloride, hexane or toluene.

[0021] A dichloromethane-alcohol mixture is preferably used.

[0022] The molar ratio of C45 salt to Cg ester is 1:1 to 1:5, preferably 1:1 to 1:2, especially preferably 1:1.1.

[0023] The reaction temperatures are from -40 to +40°C, preferably from -30 to -20°C, depending on the composition
of the solvent mixture.

[0024] The base used in the method according to the invention is an alkali-metal or alkaline-earth C4-C,4 alcoholate,
carbonate, hydroxide, hydride or amide. Li-, Na- or K- alcoholates, carbonates, hydroxides, hydrides and amides are
preferred, and sodium methylate, ethylate or propylate, sodium hydroxide and potassium carbonate are especially
preferred.

[0025] It is possible to start either with both starting compounds in the solvent mixture, then adding the base, or it is
also possible to add one of the educts, either the C,5 salt or the B-formyl-crotonic acid ester.

[0026] Preferably only the base is added.

[0027] The Wittig reaction leads to the retinoic acid ester. At the end of the Wittig reaction the mixture is heated to
room temperature and saponified with an agqueous alkali-metal or alkaline-earth hydroxide solution. For this, the reaction
mixture is heated further to 30 to 100°C, preferably to 50-80°C and all low-boiling substances are distilled off. Then by
adding an acid, such as HCI, H,SO,, acetic acid, phosphoric acid, etc., to the cooled alkaline reaction mixture, the
9-(Z)-retinoic acid is released and crystallizes out.

[0028] The 9-(Z)-retinoic acid thus obtained can then be purified by extraction, optionally in combination with recrys-
tallization. The preferred solvents for extraction are water and dichloromethane. Recrystallization is preferably carried
out in C4-C4 alcohols or C4-C, alcohol mixtures, preferably ethanol.

[0029] Using the method according to the invention, 9-(Z)-retinoic acid is obtained at much higher yields compared
with the state of the art, of more than 45% of the theoretical, and also at higher purities of > 98%.

Example 1: Enrichment of the C,5 salt according to the invention

[0030] 300 g of mother liquor (containing approx. 30% of valuable product) from the production of C45-triphenylphos-
phonium chloride was mixed with 240 ml dichloromethane and stirred for 30 min. Then the phases were separated and
the organic phase was washed with 450 ml water. 5g of table salt was added to the aqueous phase. The phases were
separated and the aqueous phase was extracted again with 150 ml dichloromethane. The combined organic phases
were concentrated at 40°C. Approx. 240 ml dichloromethane was distilled off, so that 150 ml dichloromethane remained
in the flask. The mixture was cooled to 25°C, 1500 ml ethyl acetate and a spatula tip of seed crystals were added, and
filtration was carried out after 60 min. The precipitate was washed with 150 ml ethyl acetate.
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Recrystallization:

[0031] The raw product was dissolved in 150 ml dichloromethane and then added in the space of 30 min at 30°C to
1500 ml ethyl acetate while stirring. After stirring for a further 30 min, the 9-(Z)-C,5-triphenylphosphonium chloride was
filtered off and washed twice with 150 ml ethyl acetate each time, and dried to constant weight. 9-(Z)-C5-Triphenyl-
phosphonium chloride was obtained at a yield of 69 g and a purity of > 97% (Z). The yield was 66.9%

Example 2: Production of 9-(Z)-retinoic acid
a) Wittig reaction:

[0032] First, a double-jacket reactor was gassed with nitrogen for at least 15 min.

[0033] Then 51.13 g C,5-vinyl salt (content of cis + trans C15 vinyl salt > 98.5%) and 14.24 g C ester (w = 0.99) were
added with a disposable syringe. Residues of substance in the funnel were rinsed with 276.85 g (350 ml) methanol (w
= 1.0) into the reactor and the slightly yellowish solution was cooled under a gentle stream of nitrogen to an internal
temperature of -7.5°C.

[0034] Then 50.42 g (52.0 ml) sodium methylate was fed in at-7.5°C internal temperature in the space of 60 minutes.
[0035] Then 157.80 g (200.0 ml) of ethanol (w = 1.0) was added. b) Saponification / hydrolysis

[0036] 48.52 g (37.14 ml) NaOH (28%) was fed in at 20°C and the orange suspension was heated to reflux. After
distillation of methanol/ethanol the suspension was cooled to room temperature and 265.00 g (200 ml) methylene
chloride, 299.40 g (300 ml) water and 71.00 g (67.7 ml) acetic acid were added.

c) Extraction

[0037] 662.5 g (500 ml) methylene chloride was added to the above solution and the organic phase was extracted
twice, each time with 199.6 g (200 ml) water WBI (w = 1.0).

[0038] Then the combined organic phases were concentrated in the rotary evaporator at 35°C, obtaining raw retinoic
acid.

d) Recrystallization
[0039] The raw retinoic acid thus obtained was suspended in 235.5 g (300 ml) isopropanol (w = 1.0) and refluxed.

[0040] Then it was crystallized and the crystals were filtered off. The crystals were washed with approx. 39.55 g (50
ml) isopropanol -10°C (w = 1.0) and then dried at high vacuum.

Yields
[0041]
Products Quantity Content(cis-RTA) | Quantity 100% | Molarmass | Yield (trans)
based on C-15 vinyl salt used
[0] [%] [o] [g/mol] [% of theor.]
Retinoic acid | Approx. 14g | Approx. 98 13.7 300.44 Approx. 46

Example 3: Comparative test according to BASF patent
[0042] The yields stated in the BASF patent (EP0659739) were verified in the laboratory (Table).
Example 4: Comparative test according to Roche patent

[0043] The yields stated in the Roche patent (W0O2004/089887) were verified in the laboratory (Table).

BASF Roche DSM
Yield Vinyl salt 46% 31% 67%
Content: 65.8% Z | 93.6% Z | 98% Z
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(continued)

BASF Roche DSM
19.0%E | 5% E 2% E

Yield Retinoic acid incl. recrystallization | 25% 15.5% 40-45%
Content: 99.5% ??% >99.5%

Claims

1.

Improved method of production of 9-(Z)-retinoic acid, characterized in that

a) a B-formyl-crotonic acid -C4-C, linear, branched or cyclic alkyl or phenyl ester is reacted by the Wittig reaction
with a 9-(Z)-C4s-triarylphosphonium salt in isolated form in the presence of a base to the corresponding
9-(Z)-retinoic acid ester, and

b) after the end of the Wittig reaction the reaction mixture is then saponified with a base to the corresponding
9-(Z)-retinoic acid carboxylate and then, following protonation with an acid, the desired 9-(Z)-retinoic acid is
obtained.

2. Method according to Claim 1, characterized in that a compound of formula (1)

Aryl
*/ry N

P
Aryl/ \Al'yl

in which aryl represents an optionally substituted Cg-C aryl residue and X represents a halogen, is used as the
9-(2)-C5-triarylphosphonium salt.

Method according to Claim 1, characterized in that the reaction in step a) takes place in a solvent mixture of a
C-C, alcohol and a non-polar solvent from the group methylene chloride, hexane and toluene.

Method according to Claim 1, characterized in that the reaction in step a) is carried out at a reaction temperature
from -40°C to +40°C.

Method according to Claim 1, characterized in that the reaction in step a) takes place in the presence of a base
from the group comprising the alkali-metal or alkaline-earth C4-C, alcoholates, carbonates, hydroxides, hydrides or
amides.

Method according to Claim 1, characterized in that the 9-(Z)-retinoic acid ester obtained is not isolated from the
reaction mixture, but after the end of the Wittig reaction the reaction mixture is if necessary heated to room temperature
and is saponified in step b) with an aqueous alkali-metal or alkaline-earth hydroxide solution as base.

Method according to one of Claims 1 to 6, characterized in that in step b), after adding the base, the low-boiling
substances are distilled off and then, by adding an acid to the cooled alkaline reaction mixture, the desired 9-(Z)-retin-
oic acid is released and crystallized.

Method according to one of claims 1-7, characterized in that the 9-(Z)-C,s-triarylphosphonium salt is obtained by
enrichment and isolation of 9-(Z)-Cs-triarylphosphonium salt from a mother liquor that arises in the production of
vitamin A and its derivatives, [}-carotene or canthaxanthin, wherein

a) the mother liquor is extracted with methylene chloride, then
b) the organic phase is re-extracted with water and
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c) the methylene chloride phase is separated from the aqueous phase, then

d) 50-70% methylene chloride is distilled off, and

e) ethyl acetate and seed crystals are added to the concentrated methylene chloride solution at 15-40°C, then
f) the solution is stirred at 15-40°C, and the enriched 9-(Z) isomer precipitates and

) then the enriched 9-(Z)-C5-triarylphosphonium salt is separated by filtration while moist, and is washed with
ethyl acetate.

h) optionally, next the 9-(Z) isomer is dissolved in methylene chloride and this solution is added dropwise at
20-40°C to a defined amount of ethyl acetate, then

i) the resultant suspension is stirred and

j) finally the enriched 9-(Z)-C45-triarylphosphonium salt is separated by filtration, washed with ethyl acetate and
then dried.

Patentanspriiche

1.

Verbessertes Verfahren zur Herstellung von 9-(Z)-Retinséaure, dadurch gekennzeichnet, dass man a) einen mit
linearem, verzweigtem oder cyclischem C-C,,-Alkyl oder mit Phenyl gebildeten Ester der B-Formylcrotonséure in
einer Wittig-Reaktion mit einem 9-(Z)-C,5-Triarylphosphoniumsalz in isolierter Form in Gegenwart einer Base zum
entsprechenden 9-(Z)-Retinsaureester umsetzt und b) nach dem Ende der Wittig-Reaktion den Reaktionsansatz
dann mit einer Base zum entsprechenden 9-(Z)-Retinsaurecarboxylat verseift und anschlieRend nach Protonierung
mit einer Saure die gewlinschte 9-(Z)-Retinsaure erhalt.

Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass eine Verbindung der Formel (1)

Aryl
/"y X

o
7 Ayl
Aryl Y ,

in der Aryl einen gegebenenfalls substituierten Cg-C4o-Arylrest und X ein Halogen représentiert, als 9-(Z)-C45-Tri-
arylphosphoniumsalz verwendet wird.

Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass die Umsetzung in Schritt a) in einem Lésungsmittel-
gemisch aus einem C4-C4-Alkohol und einem unpolaren Lésungsmittel aus der Gruppe Methylenchlorid, Hexan
und Toluol erfolgt.

Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass die Umsetzung in Schritt a) bei einer Reaktionstem-
peratur von -40°C bis +40°C durchgefiihrt wird.

Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass die Umsetzung in Schritt a) in Gegenwart einer Base
ausderdie Alkalimetall- oder Erdalkali-C,-C,4-alkoholate, -carbonate, -hydroxide, -hydride oder -amide umfassenden
Gruppe erfolgt.

Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass der erhaltene 9-(Z)-Retinsdureester nicht aus dem
Reaktionsansatz isoliert wird, sondern dass nach dem Ende der Wittig-Reaktion der Reaktionsansatz, falls notwen-
dig, auf Raumtemperatur erwarmt und in Schritt b) mit einer wassrigen Alkalimetall- oder Erdalkalihydroxidlésung
als Base verseift wird.

Verfahren nach einem der Anspriiche 1 bis 6, dadurch gekennzeichnet, dass in Schritt b) nach Zugabe der Base
die niedrig siedenden Stoffe abdestilliert werden und anschlieRend durch Versetzen des abgekiihlten alkalischen
Reaktionsansatzes mit einer Saure die gewilinschte 9-(Z)-Retinsdure freigesetzt und kristallisiert wird.

Verfahren nach einem der Anspriiche 1-7, dadurch gekennzeichnet, dass das 9-(2)-C,5-Triaryl-phosphoniumsalz
durch Anreicherung und Isolierung von 9-(2)-C,5-Triarylphosphoniumsalz aus einer Mutterlauge, die bei der Her-
stellung von Vitamin A und seinen Derivaten, B-Carotin oder Canthaxanthin entsteht, erhalten wird, wobei
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a) die Mutterlauge mit Methylenchlorid extrahiert wird, danach

b) die organische Phase mit Wasser riickextrahiert wird und

c) die Methylenchloridphase von der wassrigen Phase getrennt wird, danach

d) 50-70% Methylenchlorid abdestilliert werden und

e) die konzentrierte Methylenchloridldsung bei 15-40°C mit Essigsaureethylester und Impfkristallen versetzt
wird, danach

f) die Losung bei 15-40°C gerihrt wird, wobei das angereicherte 9-(Z)-Isomer ausfallt, und

g)danach das angereicherte 9-(Z)-C5-Triaryl-phosphoniumsalzim feuchten Zustand durch Filtration abgetrennt
und mit Essigsaureethylester gewaschen wird,

h) gegebenenfalls als Nachstes das 9-(Z)-Isomer in Methylenchlorid geldst und diese Losung bei 20-40°C in
eine vorgegebene Menge an Essigsaureethylester getropft wird, danach

i) die erhaltene Suspension gerihrt wird und

j) schlieBlich das angereicherte 9-(2)-C,5-Triaryl-phosphoniumsalz durch Filtration abgetrennt, mit Essigsau-
reethylester gewaschen und danach getrocknet wird.

Revendications

Procédé amélioré de production d’acide 9-(Z)-rétinoique, caractérisée en ce que

a) un ester d’alkyle linéaire, ramifié ou cyclique en C4-C,oou de phényle d’acide -formyl-crotonique réagit par
la réaction de Wittig avec un sel de 9-(Z)-C,5-triarylphosphonium sous forme isolée en présence d’une base
pour former 'ester d’acide 9-(Z)-rétinoique correspondant, et

b) aprés la fin de la réaction de Wittig, le mélange de réaction est ensuite saponifié avec une base pour obtenir
le carboxylate d’acide 9-(Z)-rétinoique correspondant et ensuite, aprés protonation avec un acide, l'acide
9-(Z)-rétinoique souhaitée est obtenu.

Procédé selon la revendication 1, caractérisé en ce qu’un composé de formule (l)

P
A{yg"f \Aryt

dans lequel Aryl représente un résidu aryle en Cg-C4q facultativement substitué et X représente un halogéne, est
utilisé en tant que sel de 9-(Z)-C5-triarylphosphonium.

Procédé selon la revendication 1, caractérisé en ce que la réaction dans I'étape a) est conduite dans un mélange
de solvants d'un alcool en C4-C, et un solvant non polaire dans le groupe du dichlorométhane, de I'hexane et du
toluéne.

Procédé selon la revendication 1, caractérisé en ce que laréaction dans I'étape a) est conduite a une température
de réaction de -40 °C a +40 °C.

Procédé selon la revendication 1, caractérisé en ce que laréaction dans I'étape a) est conduite en présence d’une
base dans le groupe comprenant les alcoolates en C4-C,, carbonates, hydroxydes, hydrures ou amides de métal
alcalin ou alcalino-terreux.

Procédé selon la revendication 1, caractérisé en ce que I'ester d’acide 9-(Z)-rétinoique obtenu n’est pas isolé a
partir du mélange de réaction, mais aprés la fin de la réaction de Wittig, si nécessaire, le mélange de réaction est
chauffé a température ambiante et est saponifié dans I’étape b) avec une solution d’hydroxyde de métal alcalin ou
alcalino-terreux en tant que base.
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Procédé selon une de revendications 1 a 6, caractérisé en ce que dans I'étape b), aprés I'ajout de la base, les
substances a bas point d’ébullition sont distillées et ensuite, par ajout d’'un acide au mélange de réaction alcalin
refroidi, 'acide 9-(Z)-rétinoique souhaité est libéré et cristallisé.

Procédé selon une des revendications 1 & 7, caractérisé en ce que le sel de 9-(Z)-C,5-triarylphosphonium est
obtenu par enrichissement et isolement de sel de 9-(Z)-C5-triarylphosphonium & partir d’'une liqueur mére qui est
obtenue dans la production de vitamine A et ses dérivés, f-caroténe ou canthaxanthine, dans lequel

a) la liqueur mére est extraite avec du dichlorométhane, ensuite

b) la phase organique est ré-extraite avec de 'eau et

c) la phase de dichlorométhane est séparée de la phase aqueuse, puis

d) 50 - 70 % du dichlorométhane est distillée, et

e) de 'acétate d’éthyle et des cristaux de Germain sont ajoutés a la solution concentrée de dichlorométhane a
15-40 °C, puis

f) la solution est agitée a 15 - 40 °C, et 'isomére 9-(Z) enrichi précipite et

9) ensuite, le sel de 9-(Z)-C45-triarylphosphonium enrichi est séparé par filtration a I'état humide, et est lavé
avec de |'acétate d’éthyle

h) facultativement, ensuite, 'isomére 9-(Z) est dissous dans du dichlorométhane et cette solution est ajoutée
goutte-a-goutte a 20 - 40 °C a une quantité définie d’acétate d’éthyle, puis

i) la suspension résultante est agitée et

j) finalement, le sel de 9-(Z)-C5-triarylphosphonium enrichi est séparé par filtration, lavé avec de I'acétate
d’éthyle et ensuite séché.



EP 2 066 624 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.
Patent documents cited in the description
e WO 9909969 A [0002] e EP 0659739 A [0006] [0042]
e EP 0659739 A1 [0003] e EP 0421271 A[0010]
e WO 2004089887 A [0004] [0006] [0043]

Non-patent literature cited in the description

*  Nature, 1992, vol. 355, 359-361 [0002] ¢ Angew. Chem., 1965, vol. 77, 277-360 [0015]



dra

R NN SR

WAY
(3t

finad
RE ¥

A

FRR

paoceenens,

PISSSSEN




2

LR L8

Hean

o
2R3




	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS

