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Abstract -- Mulberrofuran L, a new 2-arylbenzofuran 
derivative, was isolated from benzene extract of the cultlvated 

mulberry tree (Japanese name " ~ 0 ~ 6 " .  a cultivated variett of 

Mcrrus lhou (SER.) KoIDZ ) ,  and the structure was shown to be -- 
on the basis of the spectral and chemlcal data. The structure of 

mulberrofuran B was reversed from the structure (2) to 2' 

on the basis of the formation of 3 from ? ' .  

In the previous we reported a series of 2-arylbenzofuran derivatives 

obtained from the root barks of mulberry tree and the callus culture of Morus 

alba L. In this paper, we report the structure of a new 2-arylbenzofuran 

derivative, mulberrofuran L obtained from the cultlvated mulberry tree (Japanese 

name "ROS~", a cultivated variety of Morus lhou (SER.) KOIDZ ),' as well as the 

revlsed structure of mulberrofuran B. 6 

The dried root bark of the cultivated mulberry tree (Japanese none "Ros6") was 

extracted successively wlth hexane and benzene. From the benzene extract, 

mulberrofurans R B (2),6 a n 2  a new compound, mulberrofuran L (3) were 

isolated. The known compounds (1 and 2) were identical with authentic specimens. 
+ Mulberrofuran L ( 2 )  was obtalned as colorless needles, mp 148-152 'C, M = 

378.1861, C24H2604, exhibiting a negative ferric chloride test. The ir spectrum 

disclosed absorption bands for hydroxyl and benzene ring, and showed the absence 



of carbonyl function as follows: V:::'3 cm-I, 3600, 3350 (br), 1620, 1610, 1580, 

1490. The uv spectrum exhibited maxima at 2441sh). 254 lsh), 280 linfl.), 315, 

and 3 M  (sh) nm, and resembled those of mulberrofurans A (i),7 D and other 

6,3',5'-trioxygenated 2-arylbenzofuran derivatives8 suggesting that 2 possesses a 

6,3',5'-trioxygenated 2-arylbenzofuran skeleton. 

Treatment of 3_ with dimethyl sulfate and potasslum carbonate in acetone effected 

exhaustive methylation to glve trimethyl ether (!a), m/z 420 IM') as an oily 

substance. The 'H nmr spectrum of 2 1100 MHz, acetone-d ) showed the signals 6 

correspondmg to six protons in the aromatic reglon. A sharp singlet at 6 7.02 

probably due to C-3-H suggests that C-7 positlo" of the benzofuran rlng is 

occupied by a substituent, slnce a small long-range coupling was observed between 

protons on C-3 and C-7 in C-7 unsubstituted 2-arylben~ofuran.~~'~'~ An AB 

system, 5.2. two doublets at 6 6.85 (lH, d, J = 8, C-5-H) and 6 7.25 (lH, d, J = 

8, C-4-H) indicates that the hydrogen atoms in the A-ring were replaced by the 

substituents in the 4- and 7-positions or in the 6- and 7-positions and the 

chemical shift values were slmilar to those of 6-oxygenated benzofurans. 3c in 

the 13c nmr spectrum of 3, all the carbon atoms were assigned by the insensitive 

nuclear enhanced by population transfer (INEPT) technique as well as by 

comparison of the 13c nmr spectrum of 2 with those of the model compounds, 

- mulberrofurans D (+) ,3C G (5)3d and the benzofuran derivatives.1° The chemical 

shift values of the carbon atoms of the A-ring were simllar to those of the 

relevant carbon atoms of 4_3C (Table 1). These resulis suggest that mulberrofuran 

L has a 6-oxygenated-7-alkenyl substj.tuted-benzofuran partial structure. 

The 'H nmr spectrum of 3 showed the meta-coupled two proton doublet (J = 2 Hz) 

at 6 6.91 IC-2' and C-6'-H) and the meta-coupled triplet IJ = 2) at 6 6.38 

(C-4'-H), and also showed the presence of geranyl (or neryl) group as follows: 

6 1.53, 1.57, 1.91 leach 3H. br s ,  C-3"-CH3 and C-8"-CH3 x 2). 2.01 (4H. br s ,  

C-5" and C-6"-H x 2, overlapping with the solvent), 3.65 (2H. br d, J = 7, C-1"-H 

x21, 5.05 11H. m, C-7"-H), 5.48 (1H. br t, J = 7, C-2"-H). The possibility of 

geranyl group was supported by comparing the chemlcal shlfts of the signals of 

the C-4" and C-5" of 2 with the shifts of the relevant carbon atoms of 

geraniol and nerol. 11 

The substituent Pattern of the A-ring was confirmed by thefollow~ng results. 

After the mixture of 3 and 2.3-dichloro-5.6-dicyanobenroquinone (DDQ) was kept in 
dry benzene at room temperature. the reaction mixture was purifled by preparative 

thin layer chromatography to give compound ( 5 )  .3c'12 The presence of 2-methyl-2- 
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Fig. 1 

(4-methylpent-3-eny1)chromene ring as a partial structure of 6 was supported by - 
comparison of the 'H nmr spectrum and mass spectrum of 6 with those of kuwanon F - 
(!)12 and compound (8)3C as follows: 5 ,  6 1.43 (3H. s. C-3"-CH31, 1.57, 1.64 

(each 3H. br s ,  C-8"-CH3), - 1.76 (2H. m, C-5"-H x 2). - 2.17 (2H. m, C-6"-H x 



solvent; A : acetone-d6, B : CDCl 
3 

: The carbc I shift assignment is based an the use of selective 'H decoupling 
and LSPD technique; " : Assignments may be reversed. 

Table 2 Mass sbectral data of 

tO - ?? 

compound M+ - C H 
3 7 M+ - C4H7 

10 m/z 151 ( 1 W l  139, (1001 "- 
11 -- none 8 (20'1 

12 -- 179 (28) , 167 (811 

13 -- none ' 167 (23) 
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2). 5.13 11H. br t, J = 6, C-7"-H), 5.85 11H. d, J = 10, C-2"-H), 6.92 11H. d, J 

+ 
= 10, C-1"-HI; m/z 376 IM 1,  293 19, base peak), 83. From these results, we 

propose the formula 13) for the structure of mulberrofuran L. 

We proposed the formula 121 for the structure of mulberrofuranB on the basis of 

spe~tral data.6 In the paper, two possible structures I? and 2') were suggested, 

and the formula (2) was proposed on the basis of the following examination of the 

mass spectrum of mulberrofuran B. If a geranyl side chain was adjacent to a 

methoxyl group, the mass spectrum would exhibit fragment ions at m/z 281 (M+ - 
C8H15) and m/z 269 1MC - CgH15).7'13 AS a fragment lo" at m/z 281 was not 

observed, the formula 12') was excluded. Recently, the mass spectrum of 

prenylphloroglucinol derivatives l ~ ~ ~ ~ ,  1115, &?16, and 12) were examlned (Table 

2). The compounds 1;; and &31, having a prenyl side chain adjacent to methoxyl 

groups on bath sides, showed no fragment ions,at m/z 193 IM' - C H ) and m/z 179 3 7 

IM+ - C3H7), respectively. These results suggest that the formula (3) for 

mulberrofuran B should be relnvestigated. In the 13c nmr spectrum of 

mulberrofuran B, the chemical shift values of the carbon atoms of the A-rmg were 

similar to those of the relevant carbon atoms of mulberrofuran D trimethyl ether 

(?a)3c (Table 1). This result suggests that mulberrrEuran B bas  he substituent 

pattern on A-ring as 4s. Further supporting data for the structure were obtamed 

by the following long-range selective 'H decouplmg ILSPD) technrque17 and 

nuclear Overhauser effect (NOEl measurements: When the signal at 6 3.62 IC-1"-H x 

2) and 6 7.34 IC-4-H) were weakly irradiated, the signals at 6 154.5 IC-7a) 

and 6 155.6 IC-6) were altered. The irradiation of the signals at 6 7.34 IC-4-H) 

and 6 3.86 IC-6-OCH ) altered the signals of the carbon atoms at C-6 and C-7a 3 

positions (Fig. 2). The NOE experiment was carried out as follows: Irradiation 

of the methoxyl hydrogens at 6 3.86 IC-6-0CH3) produced 20% enhancement of the 

slgnal at 6 6.92 IC-5-Hl, whlle irradlatmn of the signal at 6 3.62 IC-1"-H x 2) 

produced no observable enhancement on the aromntlc procon signals. From these 

results, the 7-oxygenated-6-geranyl substituted benzofuran partial structure was 

excluded. Final proofs for the structure (Is) were obtained by the following 

results. When mulberrofuran B was treated with pyridlne-hydrochloride, 18 

demethylmulberrofuran B I?'$) was obtained, which was identical with mulberro- 

furan L 12) by the thln layer chromatography an? the ir spectroscopy. Mulberra- 

furan B dlmethyl ether I?'!), obtalned by treatment of 2' wlth dimethyl sulfate 
and Potassium carbonate in acetone, was identical wlth mulberrofuran L trimethyl 

ether 13s) by the thin layer chromatography and the ir spectroscopy. From above 



( c )  irradiated at 4-H 

and 1"-H x 2 

1 ( a )  gated H decoupled 

spectrum 

Fig. 2 LSPD spectra of mulberrofuran B ( 2 ' )  
The sample (20 mg) was dissolved in acetone-d6. The cbnditions for (b) and (c) 
were as follows, flip angle 45'. repetition time 1 sec ,  10000 accumulations, data 

points 32K, spectral width 2 KHz, power level for LSPD (YH~/zT) 80 Hz. 

results, we propose the revised formula (2') for the structure of mulberrofuran - 
B. 

gXPBFLWXNTAL 

All melting points were uncorrected. The nmr spectra were measured with tetramethylsllane as 

the internal reference. Abbrevletlons: s = singlet, d = doublet, t = triplet, m = multiplet, dd 

= double doublet, br = broad, sh = shoulder, mfl. = inflection. The following instruments were 

used: uv spectra: Hltachi 340 W Spectrometer, ir spectra; Hitachi 295 IR Spectrometer, mass 

spectra ( m s ) ;  JEOL JMS OISG-2 Mass Spectrometer, 'H nmr spectra; JEOL GX-400, FX-100 FT NMR 

Spectrometers, JEOL JNM 4H-100 NMR Spectrometer, and Varian XL-200 NMR Spectrometer. nmr 

spectra; JEOL FX-100 and FX-270 NXR Spectrometers, and Hitachi R-900 FT NMR Spectrometer. 

Long-range selective 'H decouplmg technique (LSPD); JEOL GX-400 FT NMR spectrometer, nuclear 

overhauser effect (NOE) measurement: JEOL GX-400 FT NMR Spectrometer. FLIP thin layer 

chromatogra~hy (TLC). Wakogel 8-5F and Merck Kieselgel 60 PF254 were used. For column chromato- 

graphy, Wakogel C-200 was used. 
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Isolation of mulbermfwans A (J). B (z'), and L(2) 

The dried root bark of the cult~vated mulberry tree (4 Kg, Japanese name "~oso", a cultivated 

variety of Morus lhou (SER.) KOIDZ.), collected in the nelghbourhood of Takasaki. Gunma 

P~efecture. Japan. ~n December 1981, was extracted succeas~vely with phexane and benzene. 

Evaporation of the benzene solutlon to dryness ylelded 27 g of the residue. This benzene extract 

was dissolved in methanol and the methanol solution was evaporated to give residue (15 g). The 

methanol extract (15 g) was chromatographed on deactivated silica gel1' (4.5 x 40 cm) vlth 

benzene (saturated wlth water) as an eluent, each fraction (500 ml) being monitored by TLC. The 

fractions (No. 13 - 15) vere evaporated to give the residue (2.7 g), which was fractmnated by 
preparative TLC (benzene:methyl ethyl ketone = 7:1, benzene:acetone:ammonia water = 100:20:0.2) 

to give mulberrofurans A (J, 94 mg) and 8- (?', 107 mg).   he fractions (NO. 23 - 28) were 
evaporated to give the residue (0.35 g), vhlch vere fractionated by preparatie TLC (acetone:n- 

hexane:benzene = 2:l:l) to give mulberrofuran L (3, 20 mg). The known compounds (&  and ? ' )  were 
1 identical wlth authentic specimens by comparison of TLC and H m r  spectra. 

mlbermfuran L (3) 
The compound (3) was obtained as colorless needles, mp 148 - 152 OC (fmm benzene-n-hexane). 

MeOH nm 
High-resolution rns : Calcd. for C H 0 (M+. d z )  : 378.1836. Found: 378.1861. uv Am,, 24 26 4 CHC13 
(log E l :  244 (sh 3.851, 254 (sh 3.791, 280 (infl. 3.81), 315 (4.301, 330 (sh 4.19). ir Vma, 
-1 

crn : 3600, 3350 (br), 1620, 1610, 1580, 1490. 'H nmr (100 MHz, acetone-d6) : 6 1.53, 1.57, 1.91 
(each 3H, br s, C-3"-CH3 and C-8"-CH3 x 2). 2.01 (4H, br s, C-5"-H x 2 and C-6"-H x 2, overlapp- 

ing wlth the solvent), 3.65 (2H.b~ d, J = 7, C-1"-H x 2), 5.05 (IH, m, C-7"-H), 5.48 (IH, br t, J 

= 7, C-2"-H), 6.38 (lH, t, J = 2. C-4'-H), 6.85 (lH, d, J = 8, C-5-H). 6.91 (2H, d, J = 2, C-2'-H 

and C-6'-H), 7.02 (lH, s ,  C-3-H), 7.25 (IH, d, J = 8, C-4-H), 8.37 (lH, s, OH), 8.48 (2H, s ,  OH:. 

ms (75 ev) m/z (relative intensity): 379 (M+ + 1. 201, 378 o:+, 78), 293 (29). 256 (22). 255 
(84). 254 (loo), 239 (lo), 225 (lo), 137 (50). 123 (29). 109 (131, 81 (ll), 69 (581, 41 (77). 

Treatment of mulbermfwan L (3) with D W  

A mixture of 3 (4 mg) and DDQ (5 mg) in dry benzene was allowed to stand for 3.5 h at room tem- 

perature and the solvent was removed under reduced pressure. The product was purified by prepa- 
CHC13 cm-l, 

rative TLC (n-hexane:acetane = 2:l) to give the amorphous powder ($. 2 mg). ir Vmax 

3600, 3300 (br), 1640, 1610, 1580, 1480. 'H nmr (400 MHz, acetone-d ).6 1.43 (3H, s, C-3"-CH ) ,  6 '  3 
1.57, 1.64 (each 3H, br s ,  C-8"-CH ) ,  - 1.76 (2H, m, C-5"-H x 2), - 2.17 (2H, m ,  C-6"-H x 21, 

3 
5.13 (lH, br t, J = 6, C-7"-H), 5.85 (lH, d, J = 10, C-2"-HI, 6.38 (lH, t, J = 2, C-4'-HI, 6.72 

(1H. d, J = 8, C-5-HI, 6.89 (2H, d, J = 2. C-2'-H and C-6'-HI, 6.92 (lH, d, J = 10, C-1"-HI, 7.06 

(1H, s ,  C-3-H), 7.33 (lH, d, J = 8, C-4-H), 8.49 (2H, s, OH x 2). rns (75 ev) m/z (relative 

mtensity): 376 (M+, 26), 294 (20). 293 (100). 123 (131, 111 (13). 109 (IS), 98 (191, 97 (27). 95 

(28). 93 (161, 85 (221, 84 (131, 83 (331, 82 (14). 81 (25). 79 (14), 71 (411, 70 (12). 69 (48). 

66 (13)s 67 (271, 59 (201, 56 (15). 57 (67), 55 (60). 45 (26). 44 (47), 43 (761, 41 (68). 

Uulbermfuran L trimethyl ether (a) 
A mixture of 3 (6 mg), dimethyl sulfate (0.1 rnl), and potasslum carbonate (5 g) in acetone (30 

ml) was refluxed for 40 and treated as usual. The product was purlfied by preparative TLC 

(benzene:~-hexane = 1:l) to glve olly substance ( g .  3.5 w). me compound (-*) was identical 

with mulberrofuran B dimethyl ether (zqa) by TLC (benzene:;-hexane = 1:l) and the ir spectrosco- 

py. ir ~3 m-' : 3010, 2960, 289, 1610, 1600, 1580, 1500, 1340. 

Demethylati~ of mulbermfuran B ( ? ' I  (Pornation of mulbemfwan L (3) fro. Z ' )  
Mulberrofuran B ( 40 mg) was added to pyrldine-hydrochloride (190 mg) and the mixture was 

heated at 215 O C  for. 15 min.18 ~fter the tube was cooled, the reaction mixture was dissolved in 

ether and diluted with water .  After extractions with ether. the combined ertract w a s  washed vith 



water. � he solutmn evaporated under reduced Pressure and the residue was purified by 

preparative TLC (c-hexene:acetone = 2:1, benzene:acetone = 4:l) to give ?'a (2 mg). The compound 

(2 'a )  - - thus obtamed was identical "ith 3 - by TLC (I-hexane:acetone = 2:1, benzene:acetone = 4:l. 

ch1oroform:methanol = 10:l) and the ir spectoroscopy. 

Yvlberrofuran B dimethyl ether ( 4 ' ; )  
A mixture of z1 (28 rng) ,  dimethyl sulfate (0.1 ml), and potassium carbonate (5 g) in acetone (25 

ml) was refluxed for 40 d n ,  and treated as usual. The product was purified by preparative TLC 

(benzene:"-hexane = 1:l) to give oily substance (z';, 19 mg). ms (75 eV) m/z (relative intensity) - 
: 421 (M+ + 1, 42). 420 (M+. loo), 352 (7), 351 (18). 334 (81, 333 (281, 321 114). 298 115). 297 

(23). 165 (23). 151 (lo), 123 (171, 69 130), 41 (33). The compound l?'b) was identical with 35 
by TLC (benzene:n-hexane= 1:l) and the ir spectroscopy. 

mlbermfuran D trimethyl ether (4a)3C 
~ ~ 

A m l x t u ~  of 9 (12 mg). dimethyl sulfate (0.5 ml) and potassium carbonate I5 g) in acetone 130 

"1) was refluxed for 30 mi", and treated as usual. The product was purified by preparative TLC 

to give oily substance (4a, 5.5 ma). ms (75 eV) m/z (relative intensity): 489 (M' + 1, 371, 488 - 
(M', 100). 473 (6), 445 (3). 419 (61, 377 13). 366 ( 3 ) .  365 (91, 364 16). 216 1611, 123 (71, 69 

(24). 58 l39), 43 (83). 'H nmr (200 MHz, CDC13) : 6 1.54, 1.62 (each 3H, br 8 ,  C-3" or C-8"-CH ) ,  
3 

1.71 16H, br 5 ,  C-3" or C-8"'-CH 1, 1.86 13H, br 5 ,  C-3"'-CH ) ,  - 2.01 14H. br, C-5"-H x 2 and 
3 3 

C-6"-H x 21, 3.52, 3.66 (each 2H, br d, J = 7, C-1"-H x 2 and C-~"'-H x 2). 3.86 (6H, s ,  OCH x 
3 

21, 3.92 13H, s ,  0CH3), 5.07, 5.22, 5.42 leach lH, br t, J = 7, C-2"-H, C-Z",-H and C-7"'LH). 

6.52 IlH, d, 3 = 2, C-4'-HI, 6.79 (lH, 5 ,  C-3-H), 6.91 (IH, d, J = 2, C-6'-H), 6.91 (lH, d, J = 

8, C-5-H), 7.37 IlH, d, J = 8, C-44). 

Renylphloroglucinol (10) 14 
~ ~ 

A mixture o!' phloroglucinol (10 g), 2-methyl-3-butene-2-01 '8.3 ml), and boron trifluoride 

etherate 13 ml) ln dioxane (70 ml) was allowed to stand for 22 h at room temperature, and treated 

as usual. The product was column chromatographed on silica gel with benzene as an eluent to give 

colorless needles 110, 1 g), mp 95 - 97 OC (from benzene). 'H nmr (100 MHz, acetone-d6):6 1.58, "" 
1.69 (each 3H, br s ,  C-3'-CH3), 3.19 (2H, br d, J = 7, C-1'-H x 2). 5.18 (IH, br t, J = 7, 

C-2'-HI, 5.87 (2H, 6 ,  C-4 and C-6-HI. ms (75 eV) m/z  (relative intenslty): 195 (M+ + 1, 81, 194 
(Mf, 62). 179 (401, 151 (101, 139 (loo), 138 (18). 126 (19). 123 (15), 110 (141, 69 (191, 58 

(33). 43 (88). 

Methylation of prrnylphlomglvcinol (??) (Formation of 5;. 52, and 13) -- 
A mlxture of 10 (100 mg), dimethyl sulfate (0.2 ml), and potassium carbonate (5 g) in acetone 130 - - 
ml) was refluxed for 20 m m ,  and treated as usual. The product was purif~ed by preparative TLC 

(benzene:ether = 8:1, phexme:acetone = 6:l) to give 11 (52 mg), g (74 mg). and 9 114 mg). 
Trimethyl prenylphloroglucinol - ir v:: cm-': 1610, 1590. 1490. 'H nmr (100 MHz, 

CDCl 1. 6 1.63, 1.73 (each 3H, br s, C-3'-CH3), 3.23 IZH, br d, J = 7.5, C-1'-H x 2). 3.74 (9H, 3 '  
=, 0CH3 X 31, 5.10 (lH, by t, J = 7.5, C-2'-H), 6.05 (2H, s ,  C-4 and C-6-HI. ms (75 .eV)  m/z 

I~elat~ve intenslty): 236 IM+, 30). 222 (121, 221 (loo), 207 (121, 205 (14), 191 (20). 181 IZO), 

179 (10). 168 (581, 167 (24). 69 (25). 

3,5-dimethoxy-2-p~.nrlphenol (12)16------ -- KBr Cm-': 3600, 3420, 1610, 1590, 1490. 'H nmr 
"max 

(100 MHz, CDC13): 5 1.68, 1.76 (each 3H, br s ,  C-3'-CH 1, 3.28 (ZH, br d, J = 7.5, C-1'-H x 2). 
3 

3.68, 3.72 (each 3H, s ,  0CH3), 5.15 (IH, br t, J = 7.5, C-2'-HI, 5.97, 6.01 (each lH, d, J = 2, 

C-4 and C-6-HI. ms (75 eV) m / z  (rerative intensity): 222 IM', 47). 193 (25), 207 (100). 179 1281, 

167 (83). 154 (34). 69 1361, 55 (23). 43 (18). 

3.5-dimethoxy-4-prenylphenol (13) - - - High-resolution ms: Calcd. for C13H1803 (MI, m/z):  

222.1257. Found: 222.1223; Calcd. far C12H1503: 207.1022. Found 207.1025; Calcd. for 0 H 0 . 9 11 3' 
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167.0709. Found: 167.0670. Ir !I :zf d: 3380, 1620, 1600, 1490. 'H Mlr (100 MHz, CDCI ) . 5 
3 '  

1.62, 1.71 (each 3H, br  s ,  C-3'-CH ) ,  3.19 12H, br  d ,  J = 7,  C-1'-H x 2 ) .  3.69 (6H, s ,  O C H ~  3 
21, 5.08 ( l H ,  b r  t ,  J = 7, C-2'-HI, 5.97 (2H, s, C-2 and C-6-HI. ms 175 ev)  m/z ( r e l a t i v e  

m t e n s i t y ) :  222 ( M I ,  46) .  207 (100). 191 (151, 177 (15 ) .  167 (231, 154 133). 69 (441, 53 (17).  

ACMMYL6DGE4EIFP We are g r a t e fu l  t o  D r .  S. Urano, Tokyo Netoropolitan Institute of Gerontology. 

for 'H nmr spec t r a l  (200 MHz) measurement, and a l so  gra te fu l  t o  M r .  H. Takani and Mlss H. Tanaka 

fop t h e m  technical a s s i s t ance .  
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