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CONVENIENT PREPARATION OF 9-CIS-RETINOIC ACID

Jotham W. Coe* and Thomas O'Connell
Central Research Division, Pfizer Inc., Groton, CT. 06340

Abstract: 9-cis-Retinoic Acid was prepared in 5% yield by photoisomerization of all-trans-retinoic acid
and simple recrystallization of the resulting isomeric mixture.

Retinoids have an important role in the control of cell differentiation and vertebrate development.
Their activity is believed to be mediated through two classes of retinoid receptors:12 retinoic acid
receptors (RAR) and the recently identified retinoid "X" receptors (RXR).34:5 The RXRs appear to have
a bifunctional role: they serve as ligand-dependent transcription factors and as heterodimerization partners
for other members of the nuclear receptor superfamily, including the vitamin D receptor, thyroid hormone
receptor and RAR. The role of RXR in transcriptional regulation has attracted considerable interest,
particularly since the identification of an endogenous ligand of RXR, 9-cis-retinoic acid (9-cis-RA).6.7:8
Quantities of 9-cis-RA sufficient to support studies of RXR and its role in the regulation of gene
transcription are therefore desirable, and disclosed herein is a convenient method for its preparation.

Historically 9-cis-RA has been obtained fortuitously as a result of non-selective olefination
reactions in retinoic acid syntheses. The 9,10-Z-olefin has been formed as the minor isomer from
Reformatskii®»10 and Wittig!! condensation reactions. Typically, these mixtures have been carried
through subsequent operations to provide mixtures of isomeric retinoic acids. Purification in all reports
has exploited the selective crystallization of 9-cis-RA or synthetic intermediates from mixtures.9-12 The
present method again exploits crystallization to enrich 9-cis-RA from a mixture of isomers, however total
synthesis is not required: commercially available trans-retinoic acid serves as the starting material.
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Accordingly, trans-retinoic acid is photoisomerized in acetonitrile using a tungsten filament lamp
until equilibrium is achieved (this contains ~14% 9-cis-RA, 24-36 h).7 Concentration to half volume and
standing at ambient temperature results in crystallization of a mixture of retinoic acids enriched in 9-cis-
RA.13 Attempts to alter the isomeric equilibrium or to achieve this selective enrichment by crystallization
in other solvents have been unsuccessful (ether, ethanol). Filtration and a single recrystallization from
ethanol provides 9-cis-RA, whose HPLC retention times and melting point are identical to published
values.”-10 Recycling of the mother liquors through photolytic re-equilibration allows significant
quantities of the material to be prepared. Each cycle produces ~5% yield of 9-cis-RA.
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Experimental:

Trans-retinoic acid (4.0 g, 13.3 mmol, Fluka) was dissolved in HPLC-grade acetonitrile (1.5 L) in
a 3-liter single neck Pyrex flask equipped with a condenser, a nitrogen inlet tube and a magnetic stirrer.
The stirred suspension dissolved at reflux under exposure to a 300 Watt tungsten filament lamp for 24 h
(equilibration monitored by HPLC7 or 1H NMR14). After cooling, the solution was concentrated on a
rotary evaporator (bath temperature 35-40 °C, aspirator vacuum) until 800 mL of solvent had been
collected. On standing at ambient temperature for ~30 min crystallization began and was allowed to
proceed for 10 minutes. Filtration provided 564 mg of a yellow solid.!5 Recrystallization from ethanol
provided 197 mg of 9-cis-retinoic acid (mp 187-189 °C, lit. mp 189-191 °C;!0 97.8%, HPLC,14 5%
yield). Re-equilibration of the mother liquors under the above conditions provided 177 mg of additional
material. 16
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15. This mixture contains ~63% of the theoretical 9-cis-RA present at equilibrium,
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vary as a function of concentration, light intensity and light placement. (c) Overexposure to light or
air leads to decomposition of the mother liquors.
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