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Synthesis of Benzofuran Styrax Extractives 
By Fred G. Schreiber and Robert Stevenson,* Department of Chemistry, Brandeis University, Waltham, 

Naturally occurring arylbenzofuranpropanols, notably egonol and homoegonol, which may be classified as nor- 
lignans, have been synthesized by a short reaction pathway. 

Massachusetts 021 54, U.S.A. 

EGONOL (1), first isolated in 1915 by Okada from the 
seed oil of Styrax ja$onicurn, was formulated by Kawai 
as 5-(3-hydroxypropyl) -7-methoxy-2-(3,4-methylenedi- 
oxypheny1)benzofuran (1) after extensive degradative 

structure was supported by ~ynthes is ,~  and a second syn- 
thesis has been described r e~en t ly .~  Egonol has also 
been isolated from other Styrax species (S. formosanzts, 
S. obassin, and S.  americana), and its spectrometric data 
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were then reported.6 From the glycosidic fraction with malonic acid, to give the cinnamic acid (5),l8#l9 fol- 
obtained from the seeds of S. ojicinalis, Segal et aL6 lowed by catalytic hydrogenation of the derived methyl 
isolated, by acidic hydrolysis, egonol and the veratryl ester (6).% The acetylene (10) was prepared as recently 
analogue, which has been indexed as homoegonol (2).' described 21 from methylenedioxyacetophenone (8) by a 
Most recently, a demethoxy-analogue (3) has been re- Vilsmeier reaction to give the p-aryl-p-chloroacrylalde- 
ported as a constituent of S. obassia.* hyde (9), which yielded (10) on treatment with hot 

Although the structure of egonol did not initially lend aqueous base. Coupling in pyridine solution of the 

14 ) ( 5 )  R = H  
(6) R=Me 

itself readily to biogenetic classifi~ation,~ the structural 
relationship to the eupomatenoids strongly suggests 
that it is a bisarylpropanoid (' lignan ' lo or ' neolignan ') 
having lost one phenylpropanoid y-carbon atom. 

We report here a simple synthesis of egonol and con- 
geners based upon the method of benzoiuran construction 
introduced by Castro,13-16 and consisting of reaction of an 
o-halogenophenol with a copper(1) arylacetylide. 

The arylpropionate ester (7) was obtained from 64x0- 
movanillin (4) l7 by a Doebner-Knoevenagel reaction 
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copper(1) arylacetylide (11) [prepared from (10) by treat- 
ment with copper sulphate and hydroxylainine hydro- 
chloride in ammonium hydroxide] with the bromophenol 
(7) yielded methyl egonoate (12) accompanied by the di- 
aryldiyne (13). Reduction of the ester (12) by lithium 
aluminium hydride in tetrahydrofuran gave egonol (1) in 
high yield. In terms of economy and experimental ease, 
this synthesis is preferable to those previously reported. 

For the preparation of homoegonol (2), not previously 
synthesized, the same bromophenol (7) was coupled with 
the copper salt of 3,4-dimethoxyplienylacetylene (14) 22 
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to give the benzofuran methyl ester (16) and the diaryl- 
diyne (17) in the ratio ca. 4 : 1 as determined from the lH 
n.m.r. spectrum of the crude reaction mixture. These 
products were separated by chromatography on silica gel 

quence, the formation of the homoegonol precursor (16) 
by use of the iodophenol(25) instead of the bromophenol 
(7) was examined, and the anticipated improvement was 
realized. 

or by basic hydrolysis of the total product mixture fol- 
lowed by separation of a neutral (diyne) fraction and acid 
fraction, and re-esterification of the latter to yield the 
ester (16). Reduction of (16) with lithium aluminium 
hydride then cleanly yielded homoegonol (2). 

For the synthesis of the demethoxy-analogue (3), we 
employed the commercially available phloretic acid 
(@-hydroxydihydrocinnamic acid) (18) which on iodin- 
ation gave the known 4-hydroxy-3-iododihydrocinnamic 
acid (19).Z3p2* Coupling of the derived methyl ester (20) 
with the copper(1) salt (11) yielded, in over 90% yield, 
the benzofuran ester (21), reduction of which as in the 
previous cases yielded the benzofuranpropanol (3), 
characterized as the acetate (22) and with physical con- 
stants in good agreement with those reported. To com- 
plete the series, the dimethoxyphenyl analogue (24), 
although not yet reported as a natural product, was 
prepared by coupling of (20) with (15) followed by re- 
duction of the ester product (23). 

In those two coupling reactions which involved aryl 
iodides, the absence of the diynes (13) and (17) as 
products led to simplified isolation and higher yields of 
the required benzofurans (21) and (23). As a conse- 

EXPERIMENTAL 
N.m.r. spectra were determined for solutions in [2H]- 

chloroform (unless otherwise stated) with tetramethylsilane 
as internal standard. For t.l.c., silica gel PF 254 + 366 was 
employed. 

Methyl 3-(3-Bromo-4-hydroxy-5-methoxyphenyl)~ropionate 
(7).-Palladium-~arbon (10%; ca. 100 mg) was added to a 
suspension of methyl 3-bromo-4-hydroxy-5-methoxycin- 
namate 2o (6) (8.61 g) in acetic acid (100 ml) and the mixture 
stirred under hydrogen at atmospheric pressure. When 
uptake was complete, the filtered solution was evaporated to 
give the methyl ester (7) as a viscous oil which slowly solidi- 
fied (lit.,20 m.p. 81-82O) ; 6 2.41-2.97 (m, CH,*CH,), 3.65 
(s, CO,Me), 3.82 (s, ArOMe), 6.23br (s, OH), 6.68 (d, J 2 Hz, 
aryl H-6),  and 6.93 (d, J 2 Hz, aryl H-2). 

Copfier(1) 3,LMethyZenedioxyplzenylacetylide ( 1 1) .-Hy- 
droxylamine hydrochloride (764 mg) was added t o  a stirred 
solution of copper sulphate pentahydrate ( 1.37 g) in concen- 
trated ammonium hydroxide (6 ml) and water (25 ml) under 
nitrogen. After the dark blue-purple colour had faded to  
light blue, a solution of 3,4-methylenedioxyphenylacetyl- 
ene 21 (803 mg) in ethanol (30 ml) was added with vigorous 
stirring under nitrogen to disperse the yellow pasty preci- 

24 A. Nishinaga and T. Matsuura, J .  Org. Chem., 1964,29, 1812 
J. Runeberg, Acta CJzem. Scand., 1958, 12, 188. 
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pitate, which was collected, washed with water, ethanol, and 
ether, and vacuum dried. The dark yellow powder (1.09 g) 
was stored over phosphorus pentaoxide. 

Methyl 3-[7-Methoxy-2-(3,4-methylertedioxyphenyl)benzo- 
fu~.an-5-y2]Pro~anoate (12) .-To a suspension of copper(1) 
3,4-methylenedioxyphenylacetylide (236 mg) in pyridine 
(12 ml) was added a solution of the methyl ester (7 )  (365 mg) 
in the same solvent ( 8  ml) and the mixture was heated under 
reflux (nitrogen atmosphere) for 22 h. It was then cooled, 
diluted with ether, and washed successively with saturated 
brine, N-hydrochloric acid, saturated sodium carbonate 
solution, and brine. Evaporation of the dried ethereal 
extract yielded a brown oily solid (358 mg), crystallization 
of which from acetone-methanol, then acetone gave 1,4-di- 
$iperonylbuta- 1,3-diyne ( 13) as pale yellow needles (45 mg), 
m.p. 195-198" (Found: C, 74.4; H, 3.8. Cl8HI0O4 re- 
quires C, 74.5; H, 3.45%); 6 5.98 (s ,  OCH,O), 6.77 (d, J 8 
Hz, aryl H-5),  6.97 (d, J 2 Hz, aryl H-2),  and 7.10 (dd, J 8 
and 2 Hz, aryl H-6) .  Evaporation of the filtrate was fol- 
lowed by preparative t.1.c. of the residue [with benzene- 
acetone (I) : 1)J yielding a zone (RF 0.57) which, by elution 
with acetone, afforded a yellow oil which crystallized. Re- 
crystallization from aqueous methanol gave methyl egonoate 
as soft needles (23y0) ,  m.p. 1 1 A 1 1 5 "  (lit.,5 105-107") 
(Found:  C, 67.7; H, 5.2. C,,H,,O, requires C, 67.8; H, 
5.1%); vmax. (CC1,) 1 740, 1 620, and 1 600 cm-l; 6 2.43- 
3.25 (ni, CH,CH,), 3.67 (s, CO,Me), 4.02 (s, ArOMe), 5.99 (s, 
OCH,O), 6.63 (d, J 1.5 Hz, H-6),  6.78 (s, H-3), 6.88 (d, J 9 
Hz, phenyl H-5), 6.98 (d, J 1.5 Hz, H-4),  7.29 (d, J 2 Hz, 
phenyl H-2) ,  and 7.42 (dd, J 9 and 2 H z ,  phenyl H-6).  

5- (3-Hydroxypropyl) - 7-methoxy- 2- (3 ,  I-methylenedzoxy- 
Phenyljbenzofuran (Egonol) ( 1 )  .-A solution of methyl 
egonoate (104 mg) in tetrahydrofuran (10 ml) was added to 
a stirred suspension of lithium aluminium hydride (500 mg) 
in the same solvent (10 nil) a t  0 "C under nitrogen. The 
mixture was allowed to come to room temperature, stirred 
for 4 h, then worked up in the usual way. The product (91 
nig) was purified by t.1.c. [RF 0.31 in benzene-acetone 
(9 : 1)J  and crystallized from aqueous methanol to give 
egonol as needlcs, m.p. 112.5-113', A,,,. (R4eOH) 217 
( E  34 200), 302 (25 200), 317.5 (29 500),  and 330 nm (22 SOO) ,  
with i.r. and n.ni.r. spectra in agreement with those re~orded.~ 

Copper ( I) 3,4-Din?ethoxyphenyZacetylide ( 15) .-This was 
prepared as for the piperonyl analogue ( l l ) ,  as a bright 
yellow powder (4.01 g), from 3,4-climetl~oxyphenylacetylene 
(14) (3.15 g), copper sulphate pentahydrate (4.87 g), and 
hydroxylamine hydrochloride (2.7 1 g) . 

Coupling of the AcetyIide (15) and Methyl 3-(3-Bromo-4- 
l z ydvo~y-5 -me thox~~heny l )p~o~ iona te  (7 )  .-To a suspension 
of the salt (15) (251 nig) in pyridine (12 ml) under nitrogen 
was addcd a solution of the methyl ester (7 )  (324 mg) in the 
same solvent (8 nil) and the mixture heated under reflux for 
22 11. IVork-up as before gave a product which was dis- 
solved in benzene and chromatographed on a column 
(45 x 2 cm) of silica gel. Elution with benzene (500 ml) 
gave l,P-diverati.3?lbz.tta-1,3-diyne (17) as yellow needles, m.p. 
183-185' (from methanol) (Found: C, 74.55; H, 5.65. 
C,,Hl80, requires C, 74.5; H, 5.65%);  vm,. (KBr) 2 140 
cm-l ( E C )  ; 6 3.90 ( s ,  OMe), 6.82 (d, J 8 Hz, aryl H-5), 7.05 
(d, J 2 Hz, aryl H-2), and 7.20 (dd, J 8 and 2 Hz, aryl H-6).  
Elution with benzene+ther and ether yielded a solid which 
crystallized from methanol as needles, to give methyl 3-[7- 
ntethoxy-2- (3,4-dinzethoxy~tienylj benzo furan-5-yQpro$anoate 
(16) ,  m.p. 119-121" (Found: C, 68.05; H, 5.8. C,,H,,O, 
requires C ,  68.1; H, 6.0%); vmax. (KRr) 1 730, 1615,  and 

1 600 cm-l; 6 2.5-3.2 (m, CH,*CH,), 3.68 (CO,Me), 3.92 and 
3.97 (s, phenyl 3- and 4OMe), 4.03 (s, 7-OMe), 6.65 (d, J 1.5 
Hz, H-6), 6.83 (s, H-3), 6.87-7.00 (m, phenyl H-5, and 
H-4), 7.27 (d, J 2 Hz, phenyl H-2),  and 7.46 (dd, J 9 and 2 
Hz, phenyl H-6).  

In an alternative work-up procedure, the product (250 
mg) from (15) (225 mg) and (7) (290 mg) was dissolved in 
methanol (50 ml) and heated under reflux with sodium 
hydroxide (230 mg) in water (10 ml) for 1 h. Dilution with 
water and concentration yielded a solid (41 mg), which on 
one crystallization from methanol gave the diyne (17) as 
long yellow needles, m.p. 177-182". Acidification of the 
basic filtrate precipitated a solid, which was collected, dried, 
and heated with methanol (30 ml) and sulphuric acid (10 
drops) for 1 h. Work-up in the usual way gave the methyl 
ester (16) as needles (146 mg), m.p. 119-121". 

2- (3,4-Dimethoxyphenyl)-5( 3-hydroxypropyl) - 7-methoxy- 
benzofuran (2)  .-A suspension of the ester (16) (51 mg) was 
reduced with lithium aluminium hydride (as for egonol) . 
T.1.c. [RF 0.28 in benzene-acetone ( 9 :  l)] yielded homo- 
egonol (2)  as needles (27 mg) (from aqueous methanol), m.p. 
124.5-126" (lit.,6 m.p. 120-122") ; 6 1.93 (m, a-CH,), 2.42 
(s, OH), 2.77 (m, a-CH,), 3.68 (t, J 6 Hz, y-CH,), 3.88, 3.95, 
and 4.01 (s, 3 OMe), and 6.59-7.55 (m, 5 ArH); LL 
(EtOH) 216 (34 loo) ,  301 (28 300), 314 (32 goo), and 327 nm 
(23 400). 

3-(4-Hydroxy-3-iodophenyZ)propanoic Acid (19) .-This was 
prepared essentially by the method of Runeberg ; 23 
8[(CD3),C0] 2.35-3.00 (m, CH,CH,), 6.78 (d, J 8 Hz, H-5), 
7.06 (dd, J 8 and 2 Hz, H-6),  7.55 (d, J 2 FIz, H-2),  8.58br 
(s, O H ) ,  and 9.73br (s, C0,H). Esterification with meth- 
anol-sulphuric acid gave the methyl ester (20) as an oil, 
6 2.33-2.98 (m, CH,*CH,), 3.62 (s, CO,Me), 6.72 (d, J 8.5 Hz, 
H-5), 6.94 (dd, J 8.5 and 2 Hz, H 6 ) ,  and 7.42 (d, J 2 Hz, 
H-2), which was used without further purification. 

3- [2- (3,4-~et~zyZenedioxy~lzen~~l)benzo furan-5-ytj - 
propanoate (21) .-To a suspension of copper(1) 3,4-methyl- 
enedioxyphenylacetylide (145 mg) in pyridine ( 12 ml) was 
added a solution of the methyl iodophenylpropanoate (20) 
(218 mg) in the same solvent (8  ml). The mixture was 
treated as in the previous coupling experiments, yielding a 
solid (224 mg) which crystallized from methanol to give the 
methyl berrzzofurnnylpropanoate (21) as needles, m.p. 125- 
128" (Found: C, 70.1; H, 4.8. CISH,,O, requires C, 70.35; 
H, 5.0%);  vnulx. (KBr) 1 730, 1 610, and 1 575 cm-l; 6 2.3- 
3.3 (m, CH,CH,), 3.67 (s, CO,Me), 6.02 (s ,  OCH,O), and 
6.82-7.5 (m, ArH). 

5- (3-Hydrozypropyl) -2- (3,4-nzethylenedioxyp henyl) benzo- 
fuyan (3).-Reduction of the methyl ester (21) (58 mg) with 
lithium aluminium hydride (500 mg) as before gave a 
product (55 mg) which was purified by t.1.c. [RF 0.32 in 
benzene-acetone ( 9  : l)] to give the propanol ( 3 ) ,  crystal- 
lized from aqueous methanol as needles (820/,) ,  m.p. 124- 
125" (lit.,8 118-119") ; n.m.r. spectrum in close agreement 
with that reported;8 A,,,. (EtOH) 214 (E 35 200), 317 
(32 300), and 331 nm (26 200). Acetylation with pyridine- 
acetic anhydride gave the acetate (22) as shiny flakes, m.p. 
90-91" (from aqueous methanol or light petroleum) ; 
A,,,. (EtOH) 214 ( E  33 loo), 305sh (23 000), 320 (31 600), and 
335sh nm (25 SOO),  with the n.m.r. spectrum again in excel- 
lent agreement.8 

Methyl 3-[Z- (3,4-Dimethoxyphenyl)benzofuran-5-y2]pro~an- 
oate (23).-Coupling of the acetylide (15) and the methyl 
iodophenylpropanoate (20)  in the usual way gave, in 
quantitative yield, a solid product which crystallized from 

Methyl 
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aqueous methanol, affording the methyl ester (23) as needles, 
m.p. 113-115' (Found: C, 70.4; H, 5.75. C,,-,H,,O, re- 
quires C, 70.55; H, 5.9%); vmx. 1730, 1603, and 1572 
crn-l; 6 2.42-3.17 (m, CH,*CH,), 3.60 (s, CO,Me), 3.82 and 
3.88 (s, OMe), and 6.68-7.43 (m, ArH). 

2-(3,4-DimethoxypkenyZ)-5-( 3-hydroxyproPyZ)benzofuran 
(24).-Reduction of the methyl ester (23) with lithium 
aluminium hydride, purification as before (t.1.c. RF 0.2), and 
crystallization from aqueous methanol gave the benzofuran 
(24), m.p. 108-110' (softens at 102') (Found: C, 73.4; H, 
6.45. C,,H,,O, requires C, 73.05; H, 6.45%); vmaZ (KBr) 
3 630, 1 603, 1 590, and 1 570 cm-l; 6 1.74-2.08 (m, P-CH,), 
2.45-2.95 (m, a-CH,), 3.67 (t, J 6.5 Hz, y-CH,), 3.87 and 
3.93 (s, OMe), and 6.77-7.53 (m, ArH); Lx (EtOH) 214.5 
(E 33 000), 303sh (25 400), 317 (36 loo), and 331 nm (28 100). 

Methyl 4-Hydroxy-5-iodo-3-methoxydihydrocinnawate (25). 
-To a solution of dihydroferulic acid (1.29 g )  in concen- 
trated ammonium hydroxide solution (130 ml) was added a 
solution of potassium iodide (5.4 g) and iodine (1.7 g) in 
water (13.5 ml). The mixture was stirred for 2 h, then 

evaporated to dryness under reduced pressure ; the residue 
was redissolved in water (50 ml), acidified, and worked up 
via ether to give a mixture of starting and iodo-substituted 
acids which was esterified (methanol-sulphuric acid) to  
afford, after fractional crystallization from aqueous meth- 
anol, the methyl ester (25) as plates (45 mg), m.p. 113-114" 
(Found: C, 39.45; H, 3.8. C,,H,,IO, requires C, 39.3; H, 
3.9%); S 2.46-2.98 (m, CH,*CH,), 3.70 (s, CO,Me), 3.87 (s, 
ArOMe), 6.15 (s, OH), 6.72 (d, J 2 Hz, H-2), and 7.17 (d, 

Coupling of the Acetylide (15) and Methyl 4-Hydroxy-5- 
iodo-3-methoxydihydrocinnamate (25) .-Reaction of the 
acetylide (15) (123 mg) and the iodophenol (25) (168 mg) in 
the usual way yielded a product (182 mg) which on crystal- 
lization from methanol gave the methyl benzofuranyl- 
propanoate (16) as needles (135 mg), n1.p. 116-120". 
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J 2 Hz, H-6). 


