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Abstract - A convenient synthesis of enterolactone is outlined
consisting mainly of a ruthenium carbonyl-hydride complex cata-

lysed hydrogenation of bis(3-methoxybenzylidene)succinic acid.

The recent discovery of enterolactone {2,3-bis(3-hydroxybenzyl)-4-butanolide) 1in

. . . 2-6 . :
human and various animal excretions has prompted a renewed interest in the

lignans, a well-known c¢lass of plant natural pz:oducts-]_lO to which the above
mentioned compound of animal crigin can also be ascribed.

Many plant 1lignans exhibit a wvariety of biological activities11_13 the most
important being proven anticancer capabilitiesl4_23. Consequently, a great wealth

of research has been undertaken in the last five years on the role of enterolactone
in human metabolism, which has also firally been regarded as a sort of endogenous
protective agent connected to¢ certain types of cancer24. Shortage of synthetic
enterolactone for extensive biological tests has been, however, a common complaint
in almost every paper concerned with this topic, To meet this requirement several
syntheses based on multi-step procedures have been promptly proposed25_27.

In order to obtain enterolactone (1) we exploited the ability of the soluble

ruthenium carbonyl-hydride complex H

Ru, (CO),(PBU.), to catalyse the gamma-lactone
28,29 48 34
r

4
starting from the succinic acid moiety, obtained via the Stobbe

ring formation
condensation, in one step under wusual high pressure catalytic hydrogenation
conditions.

Bis(3-methoxybenzylidene)succinic acid (2} (mp 1B83-185°C from MeOH; ir ({(nujol}:
3200-2200, 2683 cn 1; lH nmr (60 MmNz, DMSO-A6): 7.85(2H, =CH), 7.5-6.8 (8H, Ar-H),
3.70 (6H, OCEH)’ ms: M 354(4), 336(56), 291(19), 264(12), 229(100), 108(65} m/z)
was obtained by an improved Stobbe condensation in 50.5% vyield (13.1g9) by
refluxing (2 h) in anhydrous toluene 3-methoxybenzaldehyde (21g,154mmel), dimethyl
succinate (10,7g, 73mmol) and NaH (3,6g, 150mmol, dry powder). A catalytic amount

30
of prepared Ru-catalyst (50mg) and 2 (12.59) were dissclved in toluene and the
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solution placed in a high pressure autoclave., After 24 h at 170°C under hydrogen at
'270—300 bars, a complete conversion to 2,3-bis{3-methoxybenzyl)-4-butanolide (3)

+. .
(Found: M'° 326.1518. requires M ° 326.1518) was achieved by the

€20822%
simultaneous occurrence of double-bond saturatien and butanolide formation. The
reaction course was advantageously followed by mass spectrometry in the "direct
electron impact” mode3l allowing direct pericdic monitoring of the c¢rude reaction
mixture (Mf' of 2 = m/2 354, M+' of 3 = m/z 326). Gas chromatography (fused silica
capillary column and_PTV injector) and mass spectrometry (EI)} revealed 3 as a 4:1
mixture of the trans- and cis-1somers the more abundant of which being the

trans-form.

/CHz0 s
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The toluene solution was dried and evaporated, the residue (11.5g) was treated with

celd 1% methanolic potassium hydroxide solution (24 h) to obtain a complete

conversion to the trans- formaz. The exhausted ruthenium—éomplex catalyst was

finally removed by solvent extraction (hexane, MeQH-ag 90%) giving trans-1

dimethylether in 49% overall yield (colorless gum from dry column chromatography
1

{silica gel and CHZCIZ); ir (neat); 2838, 1771 cm ; lH nmr (200 MHz, CDC13):

2.40-2.70 (m, H-2, H-3, H-5a, H-5b}, 2.50 (dd, H~6b), 3.06 (44, H-6a), 3.75 (6H,
~0cHj)), 3.86 (dd, H-db), 4.10 (dd, H-4a), 6.5-7.3 (8H, arom.); ms: mte 326038,
205(15), 191(3), 159(13), 147(27), 135(9), 122(100), 121(60), 117(7}, 107(8),

91(31), 77(12)}). Demethylation of this dimethylether with boron tribtomide25 gave
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trans-1 ({8,2g) with spectroscopic data in agreement with those reported in the
3

literaturezs’3 .

Further work is currently in progress for the full expleoitation of this process to

synthesize other lignans having a butanolide ring in their molecule,
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