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Abstract: Short and practical total syntheses of rhein (1)
and diacerhein (2) have been achieved via a Fries rearrange-
ment and bis-carbonylation strategy followed by cyclization
in molten salt, starting from dibromoester 7.

Isolated in the free state and as the glucoside in Rheum
polygonaceae species (rhubarb), Senna leaves, and several
species of Cassia (Peguminosae),1 rhein (1, Figure 1) is
well-known for its applications in antiarthritic drugs.2
Indeed, rhein is recognized to be the active metabolite of
diacerhein (2), which inhibits interleukin-1 activity by
reducing the collagenase production in articular cartilage.

Rhein (1) is also known to inhibit superoxide anion
production, chemotaxis, phagocytic activity of neutro-
phils, macrophage migration, and phagocytosis.2 Diacer-
hein (2) has been produced by semisynthesis on industrial
scale via oxidation of the natural occurring aloin (4).3
However, this route affords compounds which are difficult
to purify and, importantly, may be contaminated with
the mutagenic byproduct aloe-emodin (3). To overcome
this crucial problem, several innovative strategies have
been designed for the total synthesis of rhein and related
anthraquinones.

Approaches, based on Diels-Alder reactions,4 tandem
processes5,6 (Stobbe condensation or Michael addition
followed by cyclization), or organometallic routes7 (con-
densation of lithium salts with benzynes) are often
lengthy and low yielding. In this paper, we report an
efficient and practical synthesis of rhein (1) and diacer-
hein (2) using a highly convergent approach based on a

Fries rearrangement followed by bis-carbonylation. More-
over, our synthetic plan avoids any intermediates con-
taining the undesirable hydroxymethyl group at the C-8
position of the anthraquinone core, precluding mutagenic
aloe-emodin (3) as a contaminate. Scheme 1 outlines our
strategy toward the synthesis of the target.

The cyclization precursor 5 could be derived from
dibromobenzophenone 6 via a bis-carbonylation process.
This key building block 6 could conveniently be obtained
by a Fries rearrangement of precursor 7 which in turn
could easily be synthesized starting from the cheap and
commercially available materials 1,3,5-tribromobenzene
8 and anisic acid 9.

The synthesis began with the preparation of 3,5-
dibromophenol 10 from 1,3,5-tribromobenzene 8 by reac-
tion with potassium methoxide in DMF at 80 °C (Scheme
2).8 Methyl ether deprotection was performed by treat-
ment with BBr3 using a standard method (98%, overall
yield).9

Phenol 10 was then coupled to anisic acid 9 in the
presence of trifluoroacetic anhydride10 affording key ester
7 in quantitative yield.13 With 7 in hand, we were able

† Université Louis Pasteur.
‡ Laboratoires Pierre Fabre (Plantes et Industrie).
(1) (a) Rhein: The Merck Index, 11th ed.; Merck: Rahway, NJ, 1989;

p 1300, 8176. (b) Diacerhein: The Merck Index, 11th ed.; Merck:
Rahway, NJ, 1989; p 467, 2939. (c) Dictionary of Plant Toxins;
Harborne FRS, J. B., Baxter, H., Eds.; John Wiley & Sons Ltd.: New
York, 1998; p 337. (d) Murty, V. K.; Rao, T. V. P.; Venkateswarlu, V.
Tetrahedron 1967, 23, 515.

(2) Pencer, C. M.; Wilde, M. I. Drugs 1997, 53, 98.
(3) (a) Di Napoli, G. Eur. Pat. Appl. 636602, 01 Feb 1995. (b)

Carcasona, A.; Grimminger, W.; Hietala, P.; Witthohn, K.; Zaeske, H.
Ger. Offen. 4120990, 07 Jan 1993.

(4) Bloomer, J. L.; Stagliano, K. W.; Gazzillo, J. A. J. Org. Chem.
1993, 58, 7906.

(5) (a) Gallager, P. T.; Hicks, T. A.; Lightfoot, A. P.; Owyon, W. M.,
Tetrahedron Lett. 1994, 35, 289. (b) Unesh, R. Z.; Bipin, P.; Nagaraj,
R. A. Chem. Ind. 1988, 4, 124.

(6) Hauser, F. M.; Prasanna, S. J. Org. Chem. 1982, 47, 383.
(7) De Witte, P.; Lemli, J. J. Labelled Compds Radiopharm. 1988,

29, 23.

(8) Gingras, M.; Van Bierbeek, A. Tetrahedron Lett. 1998, 39, 6283.
(9) Vickery, E. H.; Pahler, L. F.; Eisenbraun, E. J. J. Org. Chem.

1979, 44, 4444.
(10) Hattori, T.; Mayashizaku, N.; Miyano, S. Synthesis 1995, 41.
(11) (a) For a rewiew of the Fries rearrangement, see: Martin, R.

Org. Prep. Proc. Int., 1992, 24, 369. (b) Gerecs, A. In The Fries Reaction
in Friedel-Crafts and Related Reactions; Olah, G. A., Ed.; Interscience:
New York, 1964; Vol. Pt. 1.

(12) (a) Harrowven, D. C.; Dainty, R. F. Tetrahedron Lett. 1996, 37,
7659. (b) Kobayashi, S.; Moriwaki, M.; Hachiya, I. J. Chem. Soc., Chem.
Commun. 1995, 1527. (c) Effenberger, F.; Gutmann, R. Chem. Ber.
1982, 115, 1089. (d) Martin, R.; Demerseman, P. Synthesis 1989, 25.
(f) Sharghi, H.; Eshghi, H. Bull. Chem. Soc. Jpn. 1993, 66, 135.

(13) See the Supporting Information for the optimization.

FIGURE 1. Structure of rhein (1), diacerhein (2), aloe-emodin
(3), and aloin (4).

SCHEME 1. Retrosynthetic Plan for the Synthesis
of Rhein (1)
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to evaluate our hypothesis on the feasability of the crucial
Fries rearrangement.11,12 Numerous conditions using
different Lewis acid (AlCl3, Sc(OTf)3, BF3‚Et2O) catalysts
have been tested to explore the reactivity of substrate 7.
Unfortunately, the desired product was not isolated
under these conditions.13 Either no reaction or ester bond
hydrolysis were observed. This lack of reactivity might
be due to the nature of the substituents on the phenolic
moiety of 7. Indeed, it is well established that the
rearrangement of substrates containing electron-with-
drawing groups such as nitriles, esters, or halogens are
often difficult to perform.11a Eventually, we found that
an excess of ZrCl4 in chlorobenzene at 160 °C converted
7 to the dihydroxy benzophenone derivative 6 in good
yield. During the reaction, the methyl ether was cleaved
and the desired deprotected dihydroxy ketone was iso-
lated in 63%.

Compound 6 was subsequently dibenzylated with
benzyl bromide in the presence of potassium carbonate
to afford 11 in 87% yield. Subsequent treatment of 11
with a catalytic amount of Pd(PPh3)4 or Pd(OAc)2 under
carbonylation conditions14 (CO (1 atm), MeOH, TEA) gave
unsatisfactory results.13 Mixtures of the desired product
12, monocarbonylated compound, and starting material
were obtained. Careful screening of palladium catalysts
allowed an effective carbonylation method to be identi-
fied. Indeed, Pd(dppf)Cl2 with an additional amount of
diphenylphosphinoferrocene (20 mol %) in DMF (80 °C,
18 h) furnished the desired diester 12 in 92% isolated

yield (8% of the monocarbonylated intermediate was also
isolated and recycled). Saponification of the methyl esters
(KOH, MeOH) followed by debenzylation (H2, Pd/C)
afforded the key diacid 5 (92% over two steps) which was
converted into rhein (1) upon treatment at 150 °C in
molten salt15 (AlCl3/NaCl) (50% isolated yield). Compound
1 exhibited chromatographic and spectroscopic data
identical to those of an authentic sample.16 Finally,
diacetylation of 1 (Ac2O, TEA) afforded diacerhein (2) in
75% yield.

In conclusion, we have reported a short and efficient
synthesis of rhein (1) (nine steps, 22% overall yield) and
diacerhein (2) via a Fries rearrangement followed suc-
cessively by a bis-carbonylation reaction and a cyclization
effected in molten salt. This efficient process should allow
for facile syntheses of rhein analogues, benzoquinones,
and anthracyclines derivatives.
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SCHEME 2. Total Synthesis of Rhein (1) and Diacerhein (2)
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