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Syntheses of Lignans from 2,3-Diaroylbutanes 
By Tesfaye Biftu, Braja G. Hazra, Robert Stevenson,* and John R. Williams, Department of Chemistry, 

2.3-Diaroylbutanes can be selectively converted with high stereospecificity into 2.5-diaryl-3.4-dimethylfurans or 
2.3-diarylbutanes. The racemic forms of the dibenzylbutane lignans, dihydroguaiaretic acid dimethyl ether (2), 
austrobilignan-5 (1 2). and austrobilignan-6 (1 4) and the diaryltetrahydrofuran lignans, veraguensin (3) and its 
piperonyl analogue (1 0) have been readily synthesized. A short convenient synthesis of the aryltetralin lignan. 
galbulin (5) and the all-transtetrahydrofuran lignan, galbelgin (6) are also reported. 

Brandeis University, Waltham, Massachusetts 021 54, U S A .  

A HIGHLY efficient preparation of ( &-)-2,3-bis-(3,4- synthesized by a less direct Stobbe synthesis pathway.2 
dimethoxybenzoy1)butane (1) ,  involving alkylation of In contrast, when this reduction was performed with a 
the sodium enolate of propioveratrone in liquid ammo- lower catalyst substrate ratio, the product, isolated in 
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nia,l was developed for the synthesis of the food anti- 
oxidant nordi hydroguaiaretic acid. We describe here 
the conversion of this diketone and analogues to reyre- 
sentative members of the diarylbutane, tetrahydrofuran, 
and aryltetralin classes of lignans by one or two step 
procedures. 

Catalytic hydrogenation of (1) with palladium- 
carbon, using a high catalyst : substrate ratio, gave by 
direct crystallization from the reaction mixture (&)- 
dihydroguaiaretic acid dimethyl ether (2), previously 

C. W. Perry, M. V. Kalnins, and K. H. Deitcher, J .  Org. 
Chem., 1972, 87, 4371. 

A. W. Schrecker, J .  Amer. Chem. SOC., 1957, 70, 3823. 
K. V. Sarkanen and A. F. A. Wallis, J.C.S. Perkin I ,  1973, 

1869. 

6 M e  OMe 
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ca. 60% yield, was readily identified from the highly 
characteristic n.m.r. spectrum as the tetrahydrofuran 
lignan, ( j-)-veraguensin (3), which had previously been 
synthesized in very low yield3 or by a more involved 
~ a t h w a y . ~  (+)-Veraguensin was first isolated from 
the wood Ocotea veraguensis and subsequently from the 
leaves of Trimenia papuana. 

Reduction of the racemic diketone (1) with lithium 
aluminium hydride yielded a diol whose n.m.r. spectrum 
exhibited non-equivalent secondary methyl groups, and 

R. Ahmed, F. G. Schreiber, R. Stevenson, J .  R. Williams, 
and H. M. Yeo, Tetrahedron, 1976, 52. 1339. 

5 N. S. Crossley and C. Djerassi, J .  Chem. SOC., 1962, 1459. 
6 J. B. McAlpine, N. V. Riggs, and P. G. Gordon, Austral. J .  

Chem., 1968, 21, 2095. 
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1148 J.C.S. Perkin I 
is accordingly formulated as (4). The n.m.r. spectrum 
of the non-crystalline diacetate derivative also revealed 
non-equivalent methyl and acetoxy groups. On hydro- 
genation of this diol in acetic acid, two products were 
readily isolated by crystallization. The first, obtained 
in 22% yield, and identified as the aryltetralin (-+)- 
galbulin (5) had previously been synthesized prior to 
the isolation of the (-)-form, as a constituent of the bark 
of Himantandra baccata.8 Several other syntheses of 
this product or interconversions from other lignans of 
known structure have been r e ~ o r t e d . ~ - l ~  The second, 
a dehydration product obtained in ca. 50% yield was 
identified as (&)-galbelgin lo (6), the all-trans sub- 
stituted tetrahydrofuran isomer of veraguensin, which 
has also been obtained previously in low yield or by a 
more circuitous route.14 

Alkylation of 3,4-methylenedioxypropiophenone (7) 
with the a-bromo-derivative (8) yielded (-J) -2,3-bis- 
(3,4-methylenedioxybenzoyl) butane (9). When this was 
hydrogenated in acetic acid solution, it behaved in an 
analogous manner to the veratroyl analogue, to give 
r-2 ,c-5-bis (3,4-me t hylenedioxyphen yl) -t-3, c-4-dimet hyl- 
tetrahydrofuran (lo), readily identified from the n.m.r. 
spectrum. This particular stereoisomer has not yet 
been reported as a natural product. The all-trans isomer 
is known, however, in both (-)- and (+)-forms l5 and 
both meso-forms have been synthesized.16 The diketone 
(9), when an increased catalyst ratio was used, similarly 
gave the butane (12), the (-)-enantiomer of which has 
recently been isolated from Austrobaileya scandens and 
designated as austrobilignan-5.17 The hydrogenolysis 
product (12) is accordingly formulated as (&)-austro- 
bilignan-5. Like the natural product, it was isolated 
as an oil, but was readily characterized as a crystalline 
dibromo-derivative. When the diketone was reduced 
with lithium aluminium hydride it gave the diol (11) 
which on hydrogenolysis in acetic acid also yielded (12), 
unexpectedly in view of the previous result, (4) + 
(5) + (6). The diarylbutane, austrobilignan-6 (14) and 
the tetrahydrofuran, austrobilignan-7 (15) whose struc- 
ture had been established l7 by conversion into calopiptin 
(16), a constituent of Piptocalyx moorei represent 
lignans with dissimilar aryl ring substitution. We 
wished to determine if the foregoing general procedures 
were readily adapted to synthesis of such structures. 
The required diaroylbutane intermediate (1 8) was 
obtained by reaction of the methylenedioxyphenyl 
bromo-ketone (8) with the anion derived from 4-benzyl- 
oxy-3-methoxypropiophenone (17) .19 When this was 
mixed rapidly with (8) there was obtained a mixture of 

7 A. Muller and M. Vajda, J .  Org. Chem., 1952, 17, 800. 
G. K. Hughes and E. Ritchie, Austral. J .  Chem., 1954,7, 104. 
A. W. Schrecker and J.  L. Hartwell, J .  Am.er. Chem. SOC., 

lo A. J. Birch, B. Milligan, E. Smith, and R. N. Speake, J .  

l1 B. Carnmalm, Acta Chem. Scand., 1954, 8, 1827. 
l2 M. S. Adjangba, Bull. Chim. SOC. France, 1963, 1942. 
l3 P. L. Majumder, A. Chatterjee, and G. C. Sengupta, Phyto- 

l4 R. Stevenson and J.  R. Williams, Tetrahedron, 1977, 33, 285. 

1955, 77, 432. 

Chem. SOC., 1958, 4471. 

chemistry, 1972, 11, 811. 

all three diketones ( l ) ,  (9), and (18). On the presump- 
tion that the symmetrical diketones had been formed as a 
consequence of competitive displacement on bromine 
versus carbon,20 the complication was consequently 
readily obviated by slow addition of the bromo-ketone 
after which the desired unsymmetrical diketone (18) 
was isolated in 77o/b yield. Hydrogenation of this dike- 
tone in acetic acid with a high catalyst : substrate ratio 
readily gave the vanillylpiperonylbutane with a lH n.m.r. 
spectrum identical to that reported for austrobilignan- 
6( 14). 

When the reduction was performed with a lower 
catalyst : substrate ratio, i.e. conditions conducive to 
tetrahydrofuran formation, the crude product had a 
lH n.m.r. spectrum in excellent agreement with that 
that reported for austrobilignan-7, except for the 
appearance of two methoxy signals in a 1 : 1 ratio. It 
was concluded that the formation of (15) was accom- 
panied, as would be expected, by the closely related 
structural analogue (19) with identical configuration. 
Our attempts a t  chromatographic separation of these 
isomers (silica, alumina, and Vpolyamide) were unsuccess- 
ful. A partial separation of the acetate derivatives 
(20) and (21) was effected on silica gel, but neither was 
obtained crystalline or pure. We conclude that this 
methodology of synthesis of dissimilar substituted 2,5- 
diaryltetrahydrofurans will be limited by the isomer 
formation and separation difficulty. With similar or 
dissimilar aryl substitution, hydrogenolysis of 2,3- 
diaroylbutanes with catalyst : substrate ratio of 1 : 4 
provides an excellent pathway to diarylbutane lignans, 
whereas a ratio of ca. 1: 2 leads stereospecifically to 
2,5-diaryl-3,4-dimet h yltet rahydrof uran lignans. 

EXPERIMENTAL 

N.m.r. spectra were determined for solutions in C2H]- 
chloroform with tetramethylsilane as internal standard. 
Peak integrated intensities were consistent with assigned 
numbers of protons. 

( -&)-Dihydroguuiuretic Acid  Dimethyl Ether (2) .-Pal- 
ladium-charcoal (10% ; 500 ms) was added to a solution of 
the diketone (1) (500 mg) in ethanol (50 ml) and stirred 
under hydrogen for 20 h. On crystallization of the residue, 
obtained by removal of catalyst and solvent, from methanol 
gave 1,4-bis (4-hydroxy-3-methoxyphenyl) - 2,3-dime thyl- 
butane (2) as prisms (260 mg), m.p. 71 "C (lit.,2 m.p. 7 0 . G  
71.2 "C), 6 0.84 (d, J 6.5 Hz, 2 x sec-Me), 1.5-1.95 (m, 
2 x CHMe), 2.3-2.65 (m, 4 benzylic H), 3.80 (s, 2 x OMe), 
3.82 (s ,  2 x OMe), and 6.55--6.85 (m, 6 x ArH). 

( -+)- Veruguensin (3) .-Treatment of the diketone (1) 
(500 mg) in acetic acid (25 ml) with palladium-charcoal 
(lo%, 200 mg) as above gave ( f)-veraguensin (280 mg), 

l5 D. Takaoka, K. Watanabe, and M. Hiroi, Bull. Chem. SOC. 
Japan, 1976, 49, 3564. 

l6 J.  G. Blears and K. D. Haworth, J .  Chem. SOC., 1958, 1985. 
l7 S. T. Murphy, E. Ritchie, and W. C. Taylor, Austral. J .  

Chem., 1975, 28, 81. 
N. V. Riggs and J .  D. Stevens, Austral. J .  Chem., 1962, 15, 

305. 
lB R. Stevenson and J.  R. Williams, Org. Prep. Proc. Internat., 

1976, 8, 179. 
2O W. G. Kofron and C. R. Hauser, J .  Amer. Chem. SOC., 1968, 

90, 4126. 
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m.p. and mixed m.p. 120-122 OC, on one crystallization 
from methanol, with a n.m.r. spectrum identical to that 
r e p ~ r t e d . ~  

2,3-Dimethyl-1,4-diveratrylbutane-1,4-diol (4) .-Lithium 
aluminium hydride (0.5 g) in tetrahydrofuran (10 ml) was 
added to a solution of the diketone (1) (500 mg) in the same 
solvent; the mixture was stirred at room temp. for 1 h 
and then worked up in the usual way. Crystallization of 
the product (500 mg), once from ethanol, then from 
chloroform-light petroleum, yielded the diol (4) as flakes, 
m.p. 125-126 "C (Found: C, 67.6; HI  7.7. C22H300, 
requires C, 67.7; H, 7.7%), 6 0.59 (d, J 7 Hz, sec-Me), 
1.05 (d, J 7 Hz, sec-Me), 1.80-2.45 (m, 2 x CHMe), 3.88 
(s, 4 x OMe), 4.2-4.7 (m, 2 ArCHOH-), and 6.65-6.95 
(m, 6 x ArH). 

Acetylation with acetic anhydride-pyridine gave a non- 
crystalline diacetate, 6 0.66 (d, J 7 Hz, sec-Me), 1.03 (d, J 
7 Hz, sec-Me), 2.03 (s, OAc), 2.07 (s, OAc), 3.78, 3.82, and 
3.88 (all s, 1, 1 and 2 OMe respectively), 5.51 (d, J 3.5 Hz, 
ArCH), 5.67 (d, J 3.5 Hz, ArCH), and 6.58-6.86 (m, 6 x 
ArH) . 

Hydrogenation of 2,3-Dimethyl- 1,4-diveratrylbutane- 1,4- 
dioZ(4).-Palladium-charcoal (lo%, 120 mg) was added to  a 
solution of the diol (4) (150 mg) in acetic acid (12 ml) and 
stirred under hydrogen a t  room temperature for 24 h. 'The 
catalyst and solvent were removed, and the residue crystal- 
lized from methanol to give (+)-galbulin ( 5 )  as short 
needles (30 mg), m.p. 116-118 "C (1it.,l2 m.p. 116-117 "C), 
6 0.87 (d, J 5.5 Hz, 2-Me), 1.08 (d, J 5.5 Hz, 3-Me), 2.65 
(m, ArCH,), 3.57, 3.81, 3.84, and 3.87 (all s, 4 x OMe), 
6.23 (s, 8-H), and 6.60-6.82 (m, 4 x ArH). 

Evaporation of the filtrate and crystallization of the 
residue from diethyl ether-light petroleum gave (*)- 
galbelgin (6) as prisms (70 mg), m.p. 125-127 "C (lit.,l* 
m.p, 124--127 "C) with concordant n.m.r. spectrum. 

3,4-Methylenedioxypropiophenone (7) .-A solution of 
piperonal(40 g) in ether (100 ml) was added during 15 min to 
a solution of ethylmagnesium bromide, prepared from mag- 
nesium (7.6 g), and ethyl iodide (31 ml) in ether (100 ml). 
The mixture was stirred for an additional 15 min, worked up, 
and the product (45.9 g) dissolved in acetone (200 ml) and 
oxidized with an excess of Jones reagent (1.4~). The dark 
oil product (35.5 g) was distilled at 120 "C/25 mmHg to 
give the ketone (7) as a white solid (31 g), m.p. 38-39 "C 
(lit.,21 m.p. 38-39 "C), 6 1.20 (t, J 7 Hz, Me) 2.91 (9, J 7 Hz, 
CH,), 6.03 (s ,  OCH,O), and 6.73-7.65 (m, 3 x ArH). 

u-Bromo-3,4-methylenedioxypro~iophenone (8) prepared in 
quantitaive yield by bromine addition in chloroform solu- 
tion, crystallized from methanol as needles, m.p. 54--55" 
(lit.,,, m.p. 52-53 "C), 6 1.89 (d, J 7 Hz, Me), 5.56 (q, J 7 
Hz, COCHBr), 6.07 (s, OCH,O), and 6.82-7.78 (m, 
3 x ArH). 

( f)-2,3-Bis-(3,4-methylenedioxybenzoyl)butane (9) .-To 
liquid ammonia (ca. 100 ml), ferric chloride (a few m g )  was 
added, followed by sodium (430 mg); the mixture was 
stirred until disappearance of the blue colour when the 
ketone (7) (3.0 g) in tetrahydrofuran (100 ml) was added to 
i t  and stirred for 15 min; this was followed by the addition 
of the solid bromo-ketone (8) (4.35 g). Stirring was con- 
tinued for 1 h after which solid ammonium chloride was 
added; the ammonia was then allowed to evaporate off. 
The mixture was filtered, washed with chloroform, and the 
solvents removed. Crystallization of the gum from methyl- 

21 I. Hiroi, J .  Pharm. SOC. Japan, 1953, 73, 1224. 
22 M. Ohara, J .  Pharm. SOC. Japan, 1951, 71, 1244. 

ene chloride-methanol gave the dihetone (9) as fine needles 
(3.0 g), m.p. 206-207 "C (Found: C, 67.8; H, 5.2. C2,- 
H,,O, requires C, 67.8; H, 5.1%), 6 1.26 (d, J 7 Hz, 2 x 
sec-Me), 3.67-4.03 (m, 2 x COCH), 6.05 (s, 2 x OCH,O), 
and 6.82-7.77 (m. 6 x ArH). 

r-2,c- 5-Bis- (3,4-methylenedioxyPhenyl) - t-3, c- 4-dimethyl- 
tetrahydrofuran (10) .-To a solution of the diketone (9) 
(500 mg) in acetic acid (100 ml) was added palladium- 
charcoal (10%; 250 mg); the mixture was stirred under 
hydrogen for 24 h and then worked up. Crystallization of 
the product from ether-hexane gave the tetrahydrofuran (10) 
as needles (250 mg), m.p. 113-114 "C (Found: C, 70.4; 
H, 6.0. C,,H,,O, requires C, 70.6; H, 5.9%), 6 0.65 (d, J 
7 Hz, 4-Me), 1.02 (d, J 6 Hz, 3-Me), ca.  1.8 (m, 2 x CHMe), 

OCH,O), and 6.75-7.08 (m, 6 x ArH). 
2,3-Dimethyl- 1,4-dipiperonylbutane-1,4-diol ( 1  1) .-A sus- 

pension of the diketone (9) (1.0 g) in tetrahydrofuran (20 ml) 
was added to lithium aluminium hydride ( 1  .O g) in the same 
solvent (20 ml) and the mixture was stirred for 1 h and then 
worked up. Crystallization of the product from chloro- 
form-hexane afforded the diol (11) as rosette clusters (650 
mg), m.p. 141-142" (Found: C, 67.0; H, 6.25. C2,,- 
H,,O, requires C, 67.0; H, 6.2y0), 6 0.54 (d, J 7 Hz, sec-Me), 
1.02 (d, J 7 Hz, sec-Me), 2.00-2.57 (In, 2 x CHMe), 4.32 
(d, J 9 Hz, ArCHOH), 4.53 (d, J 8 Hz,  ArCHOH), 5.93 and 
5.97 (both s, 2 x OCH,O), and 6.67-6.95 (m, 6 x ArH). 

( -J-) - 1,4-Bis (3,4-methylenedioxyphenyl) -2,3-dimethylbutane 
[(f)-Austrobilignan-51 (12). (a) A solution of the diol 
(11) (300 mg) in acetic acid (50 ml) was stirred under 
hydrogen with palladium-charcoal (10% ; 200 mg) over- 
night, and worked up to  yield (*)-austrobilignan-5 (12) as 
an oil, the n.m.r. spectrum of which was in excellent agree- 
ment with that reported for (-)-austrobilignan-5. 

A solution of bromine (2 equiv.) in chloroform was added 
to (12) (260 mg) in the same solvent and the mixture heated 
under reflux for 5 min., treated with charcoal, filtered, and 
evaporated. Crystallization of the product from methanol 
gave ( f ) -  1,4-bis-(2-bromo-4,5-methylenedioxyphenyl)-2,3-~i- 
methylbutane (13) as prisms (150 mg), m.p. 135-136 "C 
(Found: C, 49.6; HI 4.2. C,,H,,Br,04 requires C, 49.6; 
H, 4.2%), 6 0.88 (d, J 7 Hz, 2 x sec-Me), 1.50-2.25 (m, 
2 x CHMe), 2.33-3.00 (m, 2 x ArCH,), 5.93 (s ,  2 x 
OCH,O), 6.60 ( s ,  2 x 6-ArH) and 6.97 (s, 2 x 3-ArH). 

(b) Hydrogenation of the diketone (9) (201 mg) in acetic 
acid (50 ml) with palladium-carbon (10%; 460 mg) gave 
(12), identical to that prepared in (a). 

( *) - 2- (4-Benzyloxy- 3-methoxybenzoyl) - 3- (3,4-methyZene- 
dioxy)butane (18) .-To liquid ammonia (250 ml), ferric 
chloride (20 mg) was added, followed by sodium (880 mg) 
and the mixture was stirred until the blue colour disappeared. 
A solution of 4-benzyloxy-3-methoxypropiophenone l 9  (9.3 
g) in tetrahydrofuran (150 ml) was then added and stirred 
for 15 min. A solution of the bromoketone (8) (9.8 g) in 
tetrahydrofuran (100 ml) was added dropwise during 90 min 
and stirred for a further 30 min before ammonium chloride 
(4 g) was added, and the ammonia allowed to evaporate. 
The mixture was filtered, washed with tetrahydrofuran (50 
ml), and the combined filtrate evaporated under reduced 
pressure to give a residual light brown solid (16.3 g), a 
portion of which (10.5 g) was dissolved in benzene (ca. 50 ml) 
and chromatographed on a column (12 in x 18 in diameter) 
of silica gel (Merck 60). The column was eluted with 
benzene (100 ml) and the benzene-chloroform (25 : 2, 500 
ml), to give a gum (2.04 g, not further examined) ; benzene- 

4.33 (d, J 9 Hz, 2-H), 5.08 (d, J 9 Hz, 5-H), 5.97 ( s ,  2 x 
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1150 J.C.S. Perkin I 
ethyl acetate (1 : 1, 500 ml) gave a solid (7.6 g) which on 
crystallization from methanol gave the butane (18) as spiked 
prisms (7.1 g), m.p. 113-116 "C (Found: C, 72.4; H, 5.9. 
C2,H2,O6 requires C, 72.6; H, 5.9%), 6 1.25 (d, J 6 Hz, 
2 x sec-Me), 3.67-4.17 (m, 2 x COCH), 3.88 (s, ArOMe), 
5.22 (s, OCH2Ph), 5.98 (s, 2 x OCH20), and 6.78-7.77 (m, 
11 x ArH). 

In an experiment in which the bromo-ketone was added 
in one portion, the three diketones ( I ) ,  (9), and (18) were 
detected in the residual product. On chromatography on 
alumina, elution with benzene-chloroform (10 : 1 to 4 : 1) 
gave the dipiperonylbutane (9) and with chloroform a 
mixture of (1) and (18), readily separated by fractional 
crystallization from methanol, (18) being the more soluble 
constituent. 

dioxyphenyE)-2,3-dimethylbutane [( f)-Austrobilignan-6] 
(14).-A solution of the diketone (18) (510 mg) in acetic acid 
(100 ml) was stirred with palladium-carbon (lo%, 2 g) under 
hydrogen for 34 hr. Filtration and solvent removal gave 
(f)-austrobilignan-6 (14) as a gum (390 mg); the lH n.m.r. 
spectrum was identical to that reported in the 1i terat~re . l~ 

Attempted Synthesis of A ustrobilignan-7 (15) .-A solution 

( & ) - 1- (4-Hydroxy-3-methoxyphenyl) -4- (3,4-methylene- 

of the diketone (18) (2 g) in acetic acid (200 ml) was stirred 
with palladium-carbon (10% ; 800 mg) under hydrogen for 
34 h, filtered, and evaporated to give a pale yellow gum 
(1.65 g), which was purified by t.1.c. [benzene-ether (2 : I) ,  
saturated with ammonia]. The n.m.r. spectrum was similar 
to that reported for (15), except that in addition to an OMe 
signal a t  6 3.87, another of equal intensity at 6 3.90 [attri- 
buted to the OMe of (19)] was found. Attempted separation 
by chromatography on silica, alumina, and polyamide with 
a variety of solvent systems was unsuccessful. Acetylation 
with pyridine and acetic anhydride gave a gum with n.m.r. 
spectrum siniilar to that reported of austrobilignan-7 
acetate (20) except that in addition to an OMe signal a t  
6 3.83, another at 6 3.87 [attributed to the OMe of (21)] was 
present. A partial separation of these was obtained by 
t.1.c. on silica gel [benzene-ether (15 : l)] with the ratio of 
(20) : (21) increasing in the lower third of the plate and 
decreasing in the top third (as measured by methoxy inte- 
gration). Neither fraction could be crystallized. 

A research grant from the National Institutes of Health 
(General Medical Sciences) is gratefully acknowledged. 

[7/1807 Received, 14th October, 19771 
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