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Chemoenzymatic enantioselective synthesis of
(-)-enterolactone

Robert Chénevert, Ghodsi Mohammadi-Ziarani, Dave Caron,
and Mohammed Dasser

Abstract: Enterolactone, a lignan isolated from biological fluids of animals and humans, was synthesized via
enzymatic desymmetrization of 2-(3-methoxybenzyl)-1,3-propanediol.
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Résumé: L'entérolactone, une lignane isolée des fluides biologiques des animaux et des humains, a été préparée via
une désymétrisation enzymatique du 2-(3-méthoxybenzyl)-1,3-propanediol.

Mots clés: entérolactone, synthése, lipase, désymétrisation, lignane.

Introduction composition of3 was measured b¥F NMR (282 MHz, in

. . .._benzened;) analysis of the corresponding (éxmethoxyea-
Lignans, naturally occurring secondary plant metabOI'.teﬁrifluoromgthyla—phenyl acetate (MTPA, Mosher's ester).

consisting of two phenylpropanoid units, are widely dIStI‘Ib-The enantiomeric excess was determined to be 94% (10).

uted in th(_e plgnt kingdom (1). En;erolactone and enterodioh-he accuracy of this method is +3%.) The absolute configu-
were the first lignans to be found in humans and animals (zration of monoeste8 (R; [0]p2° +26.8 € 2.26, CHCL)) was

3). Enterolactone, like other lignans, exhibits a wide rang&yatermined b : :

- . Ly e . : y correlation with enterolacto®ief known ab-
of biological activity (inhibition of cardiac Ng K*™-ATPase, ¢, ta configuration (the absolute configuration of entero-
antiestrogenic properties, platelet activating factor antagor, tone was established by X-ray crystal diffraction (11)).

nist, inhibitor of human estrogen aromatase) and has atrpsse ofPseudomonas fluoresceligase gave similar re-
tracted great interest on account of its cancer-protectivg o (quantitative yield, ee = 92%, reaction time = 6.5 h).

properties (4). Epidemiological studies reveal a lowered risk Monoester R)-(+)-3 was treated with mesyl chloride in

of hormone-dependent cancers (breast, prostate) among veg, presence of triethylamine to give mesyla®-()-4

. : ) . . FScheme 2). Displacement of the mesylate with cyanide in
and ente(0d|ol are formed in the m'gestlnal tract by the actiorfhvso afforded nitrile R)-(-)-5. Hydrolysis of the nitrile
of bacteria on precursors present in the diet (5). and the acetate groups in acidic medium was followed by

Many syntheses of racemic enterolactone have been re- ; ) ; i
ported (6) but only a few enantioselective syntheses hav?Ir}gz%IisGurl?%aI%%e réo:'&:)o %?tdLj(;ee;()[g]lvglgcgéﬁz((;)g%
been achieved (7). We report here a chemoenzymatic enantip ' o ' o> e

selective synthesis of enterolactone via enzymatic desym-

3/ .
metrization of 2-(3-methoxybenzyl)-1,3-propanediol, The anion of lactoné was generated by treatment with

lithium diisopropylamide and stereoselectively alkylated
. . with m-methoxybenzyl bromide €J to give lactone R,R)-
Results and discussion (5)-7, [a]p?° =89.0 € 2.5, CHCY) (it. (7a) [a]p? -39.2 €
The known diestet. (8) was reduced to the didlby lith- ~ 9:/8, CHCY). Demethylation of lacton@ with boron tribro-
ium aluminum hydride in ether (Scheme 1). Diivas sub-  Mide provided enterolacton&R)-(-)-8. Comparison of the
jected to enzyme-catalyzed esterification (for relategoPtical rotation values {f],™-38.4 € 0.37, CHCY)) for the
desymmetrization of propane-1,3-diol derivatives, see ref. 9fample obtained with those reported in the literatura) (7
by treatment withPseudomonas cepaclgpase using vinyl .[G]D ._38'4 € 0.25, CHCY) cqnﬁrmed _the absolute con-
acetate as acyl donor and solvent to give the optically activé9uration of (-)8 to be ®R), which requires that the enzy-

monoester R)-(+)-3 in quantitative yield. The enantiomeric matic des_ymmetrlzatlon of leads to diol (4?)3 with R
configuration at the newly created stereogenic center.

In conclusion, we have completed the enantioselective

Received August 4, 1998. synthesis (ee = 94%) ofR(R)-(-)-enterolactone in seven
steps and 35% vyield from diestér The key step is the en-
R. Chénevert! G. Mohammadi-Ziarani, D. Caron, and M. zymatic desymmetrization of diestér

Dasser.Département de chimie, Faculté des sciences et de
génie, Université Laval, Québec, QC G1K 7P4, Canada. . .
Experimental section

tAuthor to whom correspondence may be addressed.

Telephone: (418) 656-3283. Fax: (418) 656-7916. e-mail: Melting points were recorded on a Thomas—Hoover appa-

robert.chenevert@chm.ulaval.ca ratus, and are uncorrected. Infrared spectra were recorded

Can. J. Chem77: 223-226 (1999) © 1999 NRC Canada



224

Can. J. Chem. Vol. 77, 1999

Scheme 1.
OMe OMe OMe
LiAIH, Enzyme
EtOEt AcO
EtO OEt \—
(0] (0] OH OH OH OAc
1 2 (R)-(+)-3
Scheme 2.
OMe OMe MeO
MeSO,ClI NaCN
NEt; DMSO
OH OAc OMs OAc CN OAc
(R)~(+)-3 (S)-(+)-4 (R)-(-)-5
H2304 Hzo
AcOH | 110°C
OMe
OMe
1) LDA, -78 °C
OMe
2)
R,R)-(-)-7
(R,R)~(-) 5 3
BBr, CH,Cly Br
(R)~(+)-6

OH

(R,R)-(-)-8

using a Perkin Elmer 781 spectrometer. NMR spectra wergvere washed with saturated agueous NaH@Dx 50 mL)

recorded in CDGJ solutions at 300 MHz '), 282 MHz
(*F), 75 MHz ¢3C) on a Bruker AC-300 instrument. Opti-

and brine (2 x 50 mL), dried (MgS@Q and evaporated. The
crude product was purified by flash chromatography (ethyl

cal rotation values were obtained from a JASCO DIP-300acetate:hexane 2:3, to pure ethyl acetate) to yield 2ad a
polarimeter. Column purifications were conducted by flashwhite solid (1.76 g, 75%); mp 82°C (recrystallized from

chromatography on silica gel 60 (230—-400 medPgeudo-
monas cepacidipase andPseudomonas fluorescetipase
were purchased from Amano and Aldrich, respectively.

2-(3-Methoxybenzyl)-propane-1,3-diol (2)
Lithium aluminum hydride (1.825 g, 48.0 mmol) was sus-
pended in anhydrous ether (100 mL) at 0°C under a dyy N

ether) (lit. (@) mp 81-82°C). IR (KBr): 3350, 3020-2800,
1605, 1588, 1491, 1264, 1036, 873, 778, 695%AH NMR
(MeOD): 1.90 (1H, m), 2.61 (2H, d] = 7.0 Hz), 3.54 (4H,
d,J=5.6 Hz), 3.74 (3H, s), 6.76 (3H, m), 7.15 (1H, MjC
NMR (CDCly): 34.17, 43.75, 55.03, 64.49, 111.17, 114.77,
121.55, 129.28, 141.49, 159.49.

atmosphere. Diestedl (3.37 g, 12.0 mmol) was added Lipase-catalyzed acylation of diol 2. 3-Hydroxy-2-(3-
dropwise and the reaction mixture was stirred at 25°C formethoxybenzyl)propyl acetate (R)-3)

4 h. The mixture was cooled and acidified wi8 N HCI To a solution of diol2 (40 mg, 0.167 mmol) in vinyl ace-
(65 mL), filtered through a bed of Celite, and then extractedtate (3 mL) was addeBseudomonas cepadiipase (35 mg),
with ethyl acetate (2 x 100 mL). The combined extractsand the mixture was stirred at room temperature. The prog-
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ress of the reaction was monitored by TLC and the reactiotdlRMS (El) calcd. for G,H,;0;N (M¥): 247.1208; found:
was stopped after disappearance of the starting materi@47.1200.

(26 min). The enzyme was filtered and washed with diethyl

ether. The solvent was evaporated and the crude product was|(3-Methoxyphenyl)methyl]dihydro-2(3H)-furanone

purified by flash chromatography (ethyl acetate:hexane((R)_(+)_6)

10:90 to 50:50) to give monoesteR)((+)-3 as a colorless  Nitrile 5 (114 mg, 0.461 mmol) was dissolved in water
oil in quantitative yield (ee = 94%). The use Bseudomo- (5 m|), acetic acid (10 mL), and concentrated sulfuric acid
nas fluorescenslipase gave similar results (quantitative (1 mL). The solution was stirred at 110°C for 2 h. Ethyl ace-
yield, ee = 92%, reaction time 6.5 hp]p*® +26.8 € 2.26,  tate (300 mL) ad 2 M NaOH (60 mL) were added to the so-
CHCL); IR (neat): 3425, 1738, 1605, 1588, 1491, 1043°cm jytion and the layers were decanted. The organic layer was
H NMR (CDCly): 2.07 (3H, s), 2.10 (2H, m), 2.62 (2H, m), washed with water (3 x 50 mL), dried (MgSQand evapo-
3.50 (1H, dd,J = 11.2 Hz,J = 6.2 Hz), 3.60 (1H, ddJ = rated. The crude product was purified by flash chromatogra-
11.2 Hz,J = 4.5 Hz), 3.79 (3H, s), 4.07 (1H, ddl =  phy (silica gel, ethyl acetate:hexane, 1:4) to afford lactone
11.1Hz,J=6.5Hz), 418 (1H, dd) = 11.1 Hz,J = 4.6 Hz),  (R)-(+)-6 (89.4 mg, 94%) as a colorless oit]? +6.15 €
6.76 (3H, m), 7.21 (1H, t) = 7.5 Hz); ®*C NMR (CDCk):  1.86, CHCY) (lit. (7€) [o]p2* 6.06 € 7.92, CHCY) (lit. (7d)
20.71, 34.25, 42.22, 55.01, 61.95, 63.92, 111.39, 114.7qa]D20 +6.41 € 2.08, CHC})). IR (film): 3100-3000, 3000—
121.31, 129.32, 140.86, 159.63, 171.45; HRMS (El) calcdpg00, 1775, 1601, 1584, 1492, 1300-1000-cmH NMR

for C13H1604 (M™): 238.1205; found: 238.1199. (CDCL): 2.24 (1H, dd,J = 17.5 Hz,J = 7.2 Hz), 2.57 (1H,
dd,J = 17.2 Hz,J = 7.6 Hz), 2.71 (2H, ddJ = 9.3 Hz,J =

L scaony - omenospens Hmesyooypopne 32 12, ZLL m) 375 OnL o), 400 1t~
(S-4 6.74 (3H, m), 7.22 (1H, m)33C NMR (CDCh): 34.10,

A solution of 3 (296.4 mg, 1.244 mmol) in anhydrous 36 o5 "33 78 '55.06, 72.53, 111.73, 114.47, 120.85, 129.68
THF (10 mL) was prepared under nitrogen. The solutlon139.7é 159.'75 176‘;.77. ' ' ' ' '

was cooled to 0°C and triethylamine (0.184 mL, 1.32 mmol)

was added first, and then methanesulfonyl chloride _ .

(0.152 mL, 1.96 mmol) was added dropwise. The solution3:4-Bis[(3-methoxyphenyl)methyl]-dihydro-2(3)-

was stirred for 2 h while the temperature was increased té/ranone (3R,4R)-(-)-7 .

25°C. The solvent was evaporated and the residue was tak?nTo lactone6 (40.2 mg, 0.195 mmol) in anhydrous THF
up in ether. The organic phase was washedaitt N HCl ~ (1:5 mL) at —78°C was added LDA (2 M solution in G5,
solution, with a saturated NaHGGsolution (three times), 0-176 mL, 0.351 mmol) and HMPA (0.105 mL,
dried, and concentrated. The crude product was purified bY->85 mmol). The solution was stirred for 0.5 h at —78°C
flash chromatography (silica gel, elution with hexanes:ethy ”g 3-me1futl):xygesnzyll_ bromld%g%@ mg, 0.35'[1' mm_?rll) In an-
acetate, 3:1) to yield3-(+)-4 (380 mg, 97%) as a colorless nvdrous THF (0.5 mL) v;as a he In oné por 'OE' € mix-
oil. [a]p?® 5.40 € 2.34, CHCY); IR (neat): 3100-3000, ture was stirred overnight (15 h) at —=78°C and then warmed

3000-2800, 1738, 1602, 1587, 1490, 1350, 1155 cAr  Slowly to 0°C. The excess of base was neutralized at 0°C
NMR (CDCly): 1.99 (3H, s), 2.32 (1H, m), 2.63 (2H, d,= with a saturated aqueous NEl solution (3 mL) and the

7.4 Hz), 2.91 (3H, s), 3.71 (3H, s), 3.93-4.16 (4H, m), 6.69MIXture was extracted with ether (5 mL) and ethyl acetate (2
(3H m)’ 714 (1H' t)=7.8 HZ).’lsc’ NMR (CDCL): 5058  * 10 mL). The combined organic layer was washed with wa-
33.78, 36.85, 39.32, 54.96, 62.78, 68,57, 111.83, 114.638" (3 * 20 mL) and brine (10 mL), dried (MgSP and
121.16, 129.52, 139.47, 159.68, 170.54; HRMS (EI) calcg€vaporated under reduced pressure. The crude product was

+ - : . purified by flash chromatography (pure hexane, to ether:hex-
for CyaHzg06 S (M): 316.0980; found: 316.0990. ane, 15:85) to give lactoriz(38 mg, 60%) as a colorless oil.

[a]p25 —39.0 € 2.5, CHCY) (lit.(73) [a]p® —39.2 € 0.78,

4-Acetoxy-3-(3-methoxybenzyl)butyronitrile (R)-(-)-5) CHCl3)). IR(neat): 3100-3000, 3000-2800, 1770, 1600,

To a solution of mesylaté (152.8 mg, 0.483 mmol) in 1585, 1490, 1300-1100, 870, 782, 696 tmH NMR
anhydrous DMSO (5 mL) was added finely pulverized so-(CDCl): 2.43-2.64 (4H, m), 2.91 (1H, dd,= 13.9 Hz,J =
dium cyanide (31.9 mg, 0.651 mmol). The solution was/-0 Hz), 3.06 (1H, dd) =13.9 Hz,J = 5.0 Hz), 3.76 (3H, s),
stirred at 45°C for 12 h. Ethyl acetate (200 mL) was added-78 (3H, s), 3.78 (1H, dd) = 15.0 Hz,J = 6.2 Hz), 4.10
and the organic layer was washed with water (8 x 50 mL)Y1H, dd. J = 9.0 Hz, ] =68 Hz), 6.76 (4H, m), 6.56
dried (MgSQ), and evaporated. The crude product was puri{2H, m), 7.20 (2H, m).~“C NMR (CDCk): 35.01, 38.43,
fied by flash Chromatography (s|||ca ge|, hexane:ethy| aCe_4114, 46.22, 55.00, 55.03, 71.05, 111.74, 112.24, 114.39,
tate, 3:1) to give nitrile R)-(-)-5 (118.4 mg, 99%) as a 114.72, 120.77, 121.47, 129.53, 129.59, 139.42, 139.17,
colorless oil. f]p?°~10.77 ¢ 1.96, CHC); IR (neat): 3100~ 159.70, 178.32.
3000, 3000-2800, 2250, 1742, 1604, 1589, 1493, 1250-
1040 cm® H NMR (CDCL): 2.07 (3H, s), 2.13-2.42 3,4-Bis[(3-hydroxyphenyl)methyl]dihydro-2(3H)-

(2H, m), 2.38 (1H, m), 2.66 (1H, dd] = 13.7 Hz,J =  furanone (enterolactone, 8)
7.4 Hz), 2.76 (1H, dd) = 13.7 Hz,J = 6.3 Hz), 3.77 (3H, s), A solution of BBr in CH,CIl, (1 M, 0.421 mL,
3.98 (1H, dd,J = 11.5 Hz,J = 6.7 Hz), 4.17 (1H, ddJ =  0.421 mmol) was added dropwise to a solution of lact@ne

11.5 Hz,J = 4.4 Hz), 6.72 (3H, m), 7.22 (1H, m$3C NMR  (34.3 mg, 0.105 mmol) in anhydrous GEl, at 0°C. The so-
(CDCly): 18.94, 20.62, 36.44, 36.61, 55.05, 64.99, 112.06]Jution was stirred at 0°C fol h and then at —18°C for 12 h.
114.62, 117.73, 121.13, 129.71, 138.94, 159.80, 170.5MVater (1 mL) was added to the solution and the aqueous
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layer was extracted with Cj€I, (3 x 5 mL). The combined
organic layers were washed with brine, dried (Mgg@nd
evaporated. The crude product was purified by flash chro-
matography (ethyl acetate:hexane, 3:7) to vyield
enterolactone8 (26.9 mg, 86%) as a white solid; mp 140-
142°C (lit. (d) mp 141-143°C). ¢],>® -38.4 ¢ 0.37,
CHCIl,) (lit. (7a) [a]p?® =38.4 € 0.25, CHCL)). IR (KBr):
3350, 3100-3000, 3000-2800, 1760, 1595, 1485, 1460,
1350, 1230, 875, 785, 698 cinH NMR (acetoneds):
2.46-3.01 (6H, m), 3.85-4.08 (2H, m), 6.5-7.2 (8H, m),
8.34 (2H, s);°C NMR (acetonedy): 35.20, 38.57, 42.04,
46.69, 71.38, 114.15, 114.36, 116.34, 117.01, 120.51,
121.36, 130.19, 130.28, 140.72, 141.21, 158.32, 178.65.
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