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Abstract-Two 2-arylbenzofurans have been isolated as insect feeding deterrents from the roots of the forage legume, 
samfom They have been ldentlfied as 2-(2’-hydroxy-4’-methoxyphenyl)-5-hydroxy-~methoxy~nzofuran (samfuran) 
and 2-(2’,4’dunethoxyphenyl)-5-hydroxy-6-methoxybenzofuran (methylsamfuran) Theu synthesis 1s de-bed 

INTRODUCDON 

In recent studies on the susceptlblhty of pasture plants to 
the subterranean larvae of the beetle, Costelytra zealan- 
dzca White (Coleoptera Scarabaeldae), several legumes 
including the forage legume, samfom (Onobrychrs 
uzczzfolza Stop), were resistant to the insect [l, Farrell, 
personal communication] Extracts of the roots of reslst- 
ant legumes have been found to deter feeding by 3rd mstar 
C zealundzca larvae when tested m a standard feeding 
assay [2, 31 and similar feedmg deterrent activity was 
found from root extracts of samfom In common with 
other resistant legumes [4, 51, it was the phenohc com- 
pounds from the root extracts which accounted for most 
of the feeding deterrent activity of the plant and we wish 
to report here the structure of two 2arylbenzofurans, 
isolated as msect feeding deterrents from samfom They 
have been gwen the common names samfuran (1) and 
methylsamfuran (2) 

In a previous exammatlon [6] of the antifungal com- 
pounds elicited m response to fungal mfectlon, the leaves 
of samfom were found to produce a number of ISO- 
flavonolds including vesbtol and medlcarpm, already 
recognmed as phytoalexms and insect feeding deterrents 
[S] Although 2-arylbenzofurans have been Isolated as 
phytoalexms from several plants [7-111, they were not 
recognized m the leaf exudates of samfom 

RESULTS AND DISCUSSION 

Extra&on and solvent partition of samfom roots gave 
an ether phase which slgnlficantly (p < 0 05, Wilcoxon’s 
Rank Sum Test) reduced larval feeding of C zealandzca in 
the standard feeding assay [2, 3) Repeated chromato- 
graphy of the residue gave a setles of fractions, each of 
which showed sqnificant feeding deterrent acbvlty and 
two compounds were finally obtained crystalhne On 
TLC, both compounds exhibited a blue fluorescence 
under UV light and when the plates were sprayed with 
tetrazotlsed o-dlamsidme (Fast Blue B), purple-brown 
spots were obtained The UV spectra of the two com- 
pounds were characterlstlc of 2-arylbenxofurans [7, 81 

with maxima at 326 and 342 nm which shift in alkali to 
346 and 355 nm respecttvely 

The mass spectra of the two benxofurans were simple, 
with molecular ions at m/z 286 (1) and 300 (2) respectively, 
correspondmg to molecular formulae of C16H1405 and 
Cl,H1605 These compositions indicated that samfuran 
(1) had two hydroxyl and two methoxyl groups attached 
to the 2-arylbenzofuran skeleton, while methylsamfuran 
(2) had one hydroxyl and three methoxyl groups This was 
confirmed by the preparation of a dlacetate (3) from 1 and 
a monoacetate (4) from 2 and from the ’ H NMR spectra 
which showed two methoxyl signals at 6 3 79 and 3 92 for 
1 and three methoxyl signals at 6 3 86,3 92 and 4 01 for 2 

A detaded analysis of the ‘H NMR spectra, including 
spm slmulatlon of the aromatic regon, identified the 
benxofurans as 1 and 2 Both spectra showed three sets of 
peaks m the aromatic regon-a singlet, an AB sub- 
spectrum and an ABC subspectrum The low field double 
doublets at 6 7 80 (1) and 6 7 88 (2) formed the typlcal ‘C 
portion of the ABC multlplet and the chemical shifts are 
consistent with reported values for a C-6’ proton of 2- 
arylbenxofurans [12]. Spectral slmulatlon indicated that 
the A and B protons of this multlplet were ortho and puru 
to H-6’ (J = 8,1 Hz) and meta to each other (J = 2 5 Hz) 
Therefore, the 0-substltutlon pattern of rmg A, m both 
compounds, can only be 2’,4’ In benxofurans a long range 
coupling (0 8-09 Hz) exists between the C-7 and C-3 
protons [12] This coupling was apparent m the AB 
subspectrum of methylsamfuran (2) and the peaks at 
6 7 09 and 7 15 can be asslgned to H-7 and H-3 respect- 
ively In samfuran (1) the chemical shifts of the two 
protons were almost comcldent and the signals appeared 
as singlets (6 7 15 and 7 17) Hrlth the outer lines of the AB 
subspectrum not observed The remauung singlet m the 
spectrum of both compounds (6 7 00 and 66 99) was 
assigned to H-4 which has been observed as a singlet m 
benxofurans of similar subsntutlon [9, 133 

Having estabhshed the substltutlon pattern, the pos- 
ition of the methoxyl groups can be deduced from a 
comparison of ‘H NMR spectra of the acetates In the 
spectrum of samfuran (1) all the aromatic protons are 
displaced on acetylatlon mdlcatmg the presence of an OH 
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group on both rings A and B On the other hand, only rmg 
B protons are shifted m the spectrum of methylsamfuran 
monoacetate showing 4 (and 2) has methoxyls at C-2’ and 
C-4’ The acetylatlon shifts of H-3’, H-S and H-6’ m 1 
allow the hydroxyl group to be assigned para to H-S, since 
this shows the greater displacement (A0 39 ppm) and 
ortho to H-3’ (displacement A 0 25 ppm) [ 143 This assign- 
ment for samfuran (1) IS supported by a positive test to the 
Gibbs reagent The C-4 proton of 1 and 2 1s displaced by 
A 0 29 ppm and A 0 26 ppm, respectively, on acetylatlon 
mdlcatmg that the hydroxyl group m ring B must be ortho 
at C-S The remaining methoxyl group for both com- 
pounds must be on C-6 

The structures of samfuran and methylsamfuran were 
confirmed by synthesis This en&&d chemical modifi- 
catlon of a suitable lsollavone (8), a route which was used 
successfully to make lsopterofuran [ 1 l] 2’, 5’-D~benzyl- 
oxy-4’, ‘I-dlmethoxyaofiavone (9) was synthesized uza 
Tl(NO& oxldatlon of the corresponding chalcone 7, 
prepared by standard methods Base hydrolysis of the 
lsoflavone gave the deoxybenzom, 10, which was meth- 
ylated to give 11 Catalytic hydrogenation of 10 and 11 m 
acid solution gave 1 and 2 which were identical to the 
natural products 

The two benzofurans showed antifungal and insect 
feedmg deterrent activity In a TLC bmassay [15] they 
mhlblted spore germination of Cladosponum clado- 

sporordes and when mcorporated into agar-cellulose 
medtum at 2 pg/g, the feeding of Costelytra zealanhca 
larvae was sigmficantly reduced 

EXPERIMENTAL 

Mps were measured usmg a Kotlec block and are uncorr TLC 
was camed out on Merck precoated plates (sdlca gel 60 F2,J 
with petrol-Eta0 (1 5) and the compounds were vuuahzed by 
spraymg mth tetrazotuzd odmmsldme soln (0 25 %, Fast Blue 
B) ‘H NMR were measured at 80 MHz (Vanan FT 80-A) with 
TMS as Internal standard MS were obtamed on AEI MS 30 or 
AEI MS 902 usmg a direct msertlon probe at 70 eV 

Insect feeding deterrent assays These were performed as 
d-bed previously [Z] Field-collected 3rd mstar larvae of 
Costelyrra zeahdrca which had been starved for 24 hr were en- 
closed m&v&ally in Pe-tn d&es with a 4 % agar4 % cellulose 
powder disc (15 cm) contammg a standard feedmg stmmlant 
(0 1 M sucrose + 0 01 M ascorbic acid) plus the test plant ma- 
tenal Feedmg deterrent actrvlty was assessed by comparing 24 hr 
faecal pellet counts of larvae offered Qscs contammg the teat 
material (TC) with smllar counts of larvae offered standard discs 
contimng feeding stunulants only (C) and of a third group 
offered blank discs prepared with water Twenty larvae were 
tested Hnth each me&urn Wdcoxon’s Rank Sum test was used to 
determme whether TC was slgnlficantly less than C (p < 005) 

Isalatgon oj constgtuents The dried roots (3 kg) of samfom 

1 R’=R2=H 

2 R’= H, R’=Me 

3 R’=R’=Ac 

4 R’=Ac,R’=Me 
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5 6 
7:: 

8 AC 

bBZ 6BZ 

9 R 
10 H 
11 Me 
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(Onobrych~s o~tlfoha) were milled and extracted by contmuous 
percolation with EtOH The EtOH extract was coned m uacuo to 
a small vol and partmooned between petrol and MeOH-Hz0 
(4 1) The aq phase was coned tn vacua and repartitioned 
between Et@-Hz0 The Et,0 phase was coned m uacuo and the 
residue (50 g) was percolated through AlzOa (2 kg 10% HzO) 
with EtOAc and 10 x 11 fractions were collected Fractions l-5 
were combmed and re-eluted through sdlca gel (5oOg) with 
CHzClz collectmg 30 x 2OQml fractions Those fraons (4-6, 
7-17) showmg spots of the same R, and stammg purple-brown 
with Fast Blue B were combmed Fractions 4-6 were chromato- 
graphed m slhca gel with petrol-EtzO (9 1) to gwe 2 (50 mg, R, 
0 66) Fractions 7-17 were chromatographed on Sephadex LHzo 
with CHzClz and those fractions contammg benzofuran were 
rechromatographed on s&a gel with CH,CI,-EtOH (9 1) to 
gve pure 1 (70 mg, R, 0 29) 

2-(2’-Hydroxy A’- methoxyphenyl) -5- hydroxy -C methoxybenzo- 
firan (samfuran, 1) Mp 150-152” (MeOH) Gibbs test 
blue-green, I, nm 656 Found M 2860833, C16H1401 re- 
quires 2860841 IEH nm 213 (83x), 243sh (24x), 251 sh 
(20%), 275 (41x), 284 (45%), 291 (32”/,), 311 sh (59x), 326 
(100x), 342 (99%) L~H+~OH nm 213 (loo”/,), 248 sh (56%), 
257 (55 %), 277 sh (48 %), 284 (50x), 315 sh (37 %), 328 sh (52 %), 
346(80x), 355 sh (75%) MSm/z (rel mt ) 286 (M, 59), 271 (lOO), 
143 (18) ‘H NMR [(CD&CO, 80 MHz] d 3 79 (s, OMe), 3 92 
(s,OMe),659(dd,J=8,25Hz,H-5’),661(dd,J=25,1Hx.H- 
3’), 7 00 (s, H-4), 7 15 (s, H-7 or H-3), 7 17 (s, H-3 or H-7), 7 80 (dd, 
J = 8, 1 Hz, H-6’) Daacetate (3, pyndme-AczO, 2 1) mp 
160-161” MS m/z (rel mt ) 370 (M, 27), 328 (39), 287 (19), 286 
(lOO), 285 (lo), 272 (17), 271 (92) ‘HNMR [(CD&CO, 
80 MHz] 6 2 25 (s, OAc), 2 40 (s, OAc), 3 86 (s, OMe), 3 88 (s, 
OMe), 6 86 (dd, J = 2 5,0 2 Hz, H-3’), 6 98 (dd, J = 8 8, 2 5 Hz, 
H-S), 7 29 (s, H-4), 7 31 (s, H-7 or H-3), 7 32 (s, H-3 or H-7), 7 88 
(dd,J=88,02Hz,H-6’) 

2-(T,4’-Dzmethoxyphenyl) -5- hydroxy -6- methoxybenzofiran 
(methykau&on, 2) Mp 147-148” (MeOH) Gibbs test, no 
reactlon Found M 300 1005, C17H1605 requires 3000998 
$$jH (nm) 211 (80 %), 242 sh (32 “/,), 251 sh (17 %), 275 (37 %), 
284 (42X), 298 (34x), 312 sh (59x), 326 (100x), 342 (98 %) 
AzH+NaoHnm 211 (100x), 245sh (18x), 282sh (42x), 291 
(46 %), 317 (38 %), 346 (55 S:), 355 sh (52 %) MS m/r (rel mt ) 300 
(M, 77), 285 (lOO), 257 (3), 242 (8), 227 (8), 150 (20) ‘H NMR 
[(CD&O, 80 MHz] S3 86 (s, OMe), 3 92 (s, OMe), 401 (s, 
OMe), 6 66 (dd, J = 8,2 5 Hz, H-S), 6 70 (dd, J = 2 5,1 HZ, H-3’), 
699(s,H-4),709(d,J=O8Hz,H-7orH-3),715(d,J=O8Hx, 
H-3 or H-7), 7 85 (dd, J = 8, 1 Hz, H-6’) Acetate (4, pyn- 
dm*AczO, 2 1) mp 13&139” Found M 342 1103, C19H1806 
requires 342 1103 MS m/z (rel mt ) 342 (M, 52), 301 (13), 300 
(74), 286 (17), 285 (lOO), 242 (4), 227 (4) ‘H NMR [(CD&CO, 
80 MHz] 6 2 25 (s, OAc), 3 87 (s, OMe), 3 88 (s, OMe), 4 01 (s, 
OMe), 6 68 (dd, J = 8,2 3 Hz, H-5’), 6 71 (dd, J = 2 3,1 HZ, H-3’), 
716(d,J=O8Hz,H-7orH-3),725(s,H-4),728(d,J=O8Hx, 
H-3 or H-7), 7 88 (dd, J = 8, 1 Hz, H-6’) 

2,5-Dtbenzyloxy4methoxybenzaldehyde (5) Van&n was 
oxldlzed to methoxyqumol by a modficatlon of the procedure 
d-bed by Surrey [16] Mp 85-86”, ht mp 89” [17] 
Methoxyqumol was converted by the Gatterman synthesis to 2,5- 
dihydroxy4methoxybnzaldehyde [18], mp 203-205” (lit mp 
2015206” [19]), which was benzylated to gwe S, mp 12+131” (ht 
mp 123124” [19]) MS m/z (rel mt ) 348 (M, 5), 258 (2), 257 (2), 
168 (4), 167 (5). 91 (100) ‘H NMR (CDCIS) 6 3 83 (s, OMe), 5 03 
(2H, s, ArCHz), 5 10 (2H, s, ArCHz), 6 50 (lH, s, ArH), 7 34 (1 lH, 
br s, ArH), 9 85 (lH, s, CHO) 

2,5-Dtbenzyloxy-4,4’-dzmethoxy-2’-acetyoxychafcone (8) A 
suspension of 2-hydroxyl4methoxyacetophenone (6,2 6 g) and 
5 (5 g) m n-BuOH (75 ml) was refluxed with 25 % NaOH (w/w, 

150 ml) for 10 hr and stirred for a further 12 hr Steam dlstdlatlon 
of the reaction mUtture gave a dark yellow otl-sohd which was 
recrystalhzed from HOAc to gve the chalcone 7, 3 g, mp 
202-206” Found M 4% 1878, C3,Hz806 reqmres.496 1885 MS 
m/z (rel mt ) 496 (M, I), 91 (100) ‘H NMR (CDCI,) S3 83 
(s, OMe), 3 90 (s, OMe), 5 12 (4H, s, ArCHz), 6 4-6 6 (2H, m, 
CH=CH), 7 09-7 86 (15H, m, ArH) The chalcone 7 (3 g) was 
suspended m dry pyndme-AC,0 (45 ml, 2 1) for 18 hr to @ve 8, 
mp 147-149” MS m/z (rel mt) 538 (M, 3), 405 (5), 191 (19), 151 
(15), 91 (la0) ‘H NMR (CDCl,): 62 21 (s, OAc), 3 84 (s, OMe), 
3 85 (s, OMe), 5 09 (4H, s, ArCHz), 6 54-6 78 (2H, m, CH=CH), 
7 03-7 96 (15H, m, ArH) 

2’,5’-Dlbenzyloxy4’,7dunethoxy~soflavo (9) A suspension of 
8 (2 g) m MeOH (800 ml) was stlrred with Tl (NO,), 3HzO (3 g) 
for 18hr when KOH (4g) was added and the nuxture stn~ed for 
1 hr After neutrahsatlon with cone HCI, 10% HCl(lO0 ml) was 
added and the mixture refluxed for 1 hr ExtractIon with EtOAc 
and concn m uacuo gave 9 (177 g), mp 132-134” (MeOH) MS 
m/z (rel mt ) 494 (M, 2),403 (lo), 314 (3), 313 (3), 312 (3), 269 (5), 
151(g), 91 (100) ‘H NMR (CD&) 63 8 (s, OMe), 3 86 (s, OMe), 
4 98 (ZH, s, ArCHz), 5 09 (2H, s, ArCHz), 6 65-7 35 (15H, m, 
ArH), 7 86 (lH, s, H-2) 

2’,5’-Dzbenzyloxy-4’-methoxybenzyl-4_met 
nyketone (10) A 10 o/o soln of KOH (60 ml) was added to a stirred 
suspension of 9 (168 g) m hot EtOH (120 ml) The mixture was 
refluxed for 1 f hr, cooled, coned m uacuo and acldtied with ddute 
HCI ExtractIon with EtOAc gave 10 (129g), mp 
(CHCl,-MeOH) 126-127” Found, M 484 1873, &Hz806 
reqmres 484 1884 MS m/z (rel mt ) 484 (M, 2), 391(2), 179 (35), 
151 (28), 91 (100) ‘H NMR (CDCI,) 6 3 81 (6H, s, OMe), 409 
(2H, s, COCHz), 5 02 (4H, s, ArCHz), 6 367 77 (15H, m, ArH) 

Hydrogenation of the phenylketone 10 (150 mg) over Pd-C 
catalyst (lo%, 15Omg) m EtOH (15Oml) contammg 1% HCl 
ylelded samfuran, 1 (48 mg), which was obtamed as crystals after 
chromatography on slhca gel with CHzClz The synthetic 
samfuran was ldentlcal (mp, mmp, MS, ‘H NMR, TLC) to the 
natural product 

2: S-Dd~~yloxy-4’-methoxybenzyl-2,4dunethoxyphenylketone 
(11) A suspension of 10 (173 mg) and K&O, (18 g) m DMF 
(17 ml) was stirred with MezSO. (50 mg) for lf hr at 60 
Chromatography on sd~ca gel with CHICI, gave ll(90 mg), mp 
78-82” MS m/z (rel mt ) 498 (M, 3), 347 (3), 179 (30), 165 (73), 91 
(100,65 (15) 

Hydrogenation of the phenylketone 11 (66 mg) over Pd-C 
catalyst (60 mg) m EtOH (60 ml) contammg 1% HCI gave 
methylsamfuran, 2 (10 mg) after chromatography on s&a gel 
with CHzCIz The synthetic methylsamfuran was identical (mp, 
mmp, MS, ‘H NMR, TLC) to the natural product 
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