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Abstarct - A new isoprenoid-substituted flavanone, kuwanol C, 

and a new isoprenoid-substituted chalcone, kuwanol D, were iso- 

lated from the root bark of a mulberry tree redifferentiated from 

the callus tissues along with eight known phenolic compounds. 

On the basis of spectral evidence, structures of kuwanols C and 

D were shown to be ? and 2, respectively. 

We have already reported a series of isoprenoid-substituted phenolic compounds iso- 

lated from the root bark of mulberry Some of those phenolic compounds 

showed interesting biological acti~ities.~ While from the callus tissues5 induced 

from seedlings of Morus alba L., six natural Diels-Alder type adducts of prenyl- 

chalcone derivatives and dehydroprenylphenols have been isolated along with phyto- 

sterols. In continuation of these studies, we examined the constituents of the root 

bark of a mulberry tree redifferentiated from the callus tissues induced from the 

seedlings of M, e. This paper describes the isolation of phenolic compounds and 

the characterization of two new phenolic compounds kuwanols C and D. The tlc and 

HPLC ~rofiles of the methanol extract of the root bark of a mulberry tree rediffer- 

entiated from the callus tissues were similar to those of a cultivated mulberry 

tree described in the previous papers. 

From the methanol extract of the root bark of a mulberry tree redifferentiated from 

the callus tissues, kuwanols C (1) and D (2)  were isolated along with eight known 
2 phenolic compounds, morusin 2 r 3 ,  kuwanons U ($) 3 ,  S (2) 3 ,  morachalcone A (6-1 , 

2,2' ,4,4'-tetrahydroxychalcone (2)  6, moracins M (8 )  7, O (9 )  7, and P (10) '. 
Kuwanol C (I), an amorphous powder, [ali2 -loD, gave the EI-ms spectrum which - 
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showed the molecular ion peak at m/z 422. Tieatment of 1 with acetic anhydride in 

pyridine yielded the triacetate (5. M+ 548). The compound 1 exhibited positive 
ferric chloride reaction, magnesium hydrochloric acid test, and sodium borohydride 

test. The ir and uv spectra of A disclosed following data: ir vmax KBr 3350 (br), 

EtOH 225, 268 (sh), 275, 2900, 1640 lsh), 1620, 1600 (sh), 1570 (sh) cm-l; uv lmax 
295 (infl), 308 (sh) nm. The 'H nmr spectrum of 1 showed the characteristic proton 
signals at C-2 and C-3 positions of a flavanone skeleton [ 6 2.75 (1H. dd, J=3 and 

17 Hz), 3.21 (1H. dd, J=13 and 17 Hz), 5.73 (lH, dd, 5=3 and 13 Hz)], and showed 

the hydrogen-bonded hydroxyl group 1 6  12.30 (lH, a)]. These data suggest that 

kuwanol C (1) possesses a flavanone skeleton. The nmr spectrum also revealed 

the presence of a 2-methyl-2-14-methylpent-3-eny1)pyran ring 1 6 1.41, 1.56, 1.65 

(each 3H, s ) ,  2.04-2.07-(28, m), 2.08-2.15 (ZH, m), 5.11 IlH, m), 5.58 (lH, d, J= 

10 Hz), 6.63 IlH, d, J=10 Hz)], ABC type aromatic protons [ 6 6.44 (lH, dd, 5=2 and 

8 Hz), 6.48 11H. d, 5=2 Hz), 7.31 (lH, d, J=8 Hz)], and an aromatic proton [ 6 5.91 

1 ,  1 Compound 1 did not show aluminum chloride induced shift and it suggests 
that the artho position of the hydrogen-bonded hydroxyl group is occupied by an 

isoprenoid substituent.' The ms of 1 showed the significant peak at ?/? 203 (Q)  

arising from the A ring by a retro Diels-Alder fragmentation. The linear structure 

for kuwanol C was supported by the changes of chemical shifts in the pyran olefinic 

protons in 1 compared with those in triacetate 15) (Table 1). These changes sup- 

ported that the hydroxyl group is peri to C-9-H.'" From the above results, the 

structure of kuwanol C is represented by formula except the stereochemistry. 
13 

Kuwanol D ( ? I ,  a yellow amorphous powder, gave the EI-ms spectrum which showed the 

molecular ion peak at m/z 408, and exhibited a positive ferric chloride reaction. 

The ir spectrum of 2 disclosed absorption bands for hydroxyl and conjugated 
KBr 3400 (br), 1660 (sh), 1640 carbonyl groups, and aromatic ring as follows: Ymax 

(sh), 1610, 1590, 1560 (sh). The uv spectrum exhibited a resemblance to those of 

chalcone derivatives,1° showing absorption maxima at 260, 291 and 386 nm, which 

1 
showed the red shifts in the presence of aluminum chloride. The H nmr spectrum 

showed the characteristic signals of the protons at C-0 and C-p positions of the 

chalcone skeleton I 6 7.76, 8.22 (each lH, d, J=15 Hz)], and revealed the presence 

of ABC type aromatic protons 1 6  6.36 (lH, d, J=2 Hz), 6.45 IlH, dd, J=2 and 9 Hz), 

7.96 (lH, d, J=9 Hz)], two aromatic protons [ 6 6.56, 7.56 (each 1H. s)l, a gereanyl 

or neryl group 1 6 1.59, 1.64, 1.75 (each 3H, s), 2.00-2.10 14H, m), 3.29 (2H, d, 

5=7 Hz), 5.14, 5.39 (each 1H. m) I, and a hydrogen-bonded hydroxyl group [ 6 13.80 



LlH, s)l. The 2',4'-dihydroxyphenyl structure nerol 

for the B ring was supported by comparison of 

the chemical shift values of the ABC type protons 

of the model compounds ( 5 ,  Z, isoliquiritigenin 11 

and broussochalcone A l2 1 .14 The 2.4-dihydroxy-type 
geranio1 

phenyl structure for the A ring was also support- 11 " O 7 . J  I 
/ 

ed by comparison of the chemical shift value of 

the C-p proton of 2 with those of the relevant "",h 
protons of the model compounds (Fig. 2). Discri- B., 5.3 3.2 s. ,  

mination between a geranyl and a neryl group was 
C-8-H 2 C-13-H 

confirmed from the following results. Comparing 

1 the H nmr spectrum of 2 with those of geraniol 

and nerol, the shapes of the olefinic proton 
P P H  

signals in the side chain of 2 were more similar 5.4 5.3 5.2 5.1 5.0 

to those of the relevant proton signals of gerani- Fig. 3 

01 than those of nerol (Fig. 31. From these results, 

we propose the formula 2 for the structure of kuwanol D. 

EXPERIMENTAL 

Abbreviations: s=singlet, d=doublet, dd=double doublet, m=multiplet, br=broad, 

sh=shoulder, infl=inflection. The general procedures followed and the instruments 

used are described in our previous papers. 5 

Isolation of Kuwanols C (L), D (21 and Other Phenolic Compounds from the Root Bark 

of a Mulberry Tree Redifferentiated from the Callus Tissues 

The mulberry tree redifferentiated from the callus tissues5 induced from the seed- 

lings of & & had been cultivated for eleven years in the herbal garden at Kyoto 

University. The dried root bark (60 g) of the mulberry tree was extracted with 

methanol at room temperature. Evaporation of the extract to dryness yielded 7 g of 

the residue. This residue was extracted with acetone. The acetone solution was 

concentrated to afford the residue (4 g), which was chromatographed on silica gel 

(120 g) with benzene-acetone as an eluent, each fraction being monitored by tlc. 

A part of the fraction eluted with benzene was evaporated to give a residue (630 

mg), which was fractionated by preparative tlc (solvent system, 1-hexane:acetone= 

2:1, n-hexane:ether=l:l, benzene:ethyl acetate=3:1, ch1oroform:ethyl acetate=5:1) 

and by HPLC analysis (solvent: g-hexane:ethyl acetate=4:1, flow rate: 3 ml/min, 
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column: Senshu Pak SSC-Silica 4251-N, detector: uv 280 nm) to give kuwanol C (l-, 

5 mg), morusin (3, 20 mg), kuwanons U (4, 5 mg), S (5 ,  2 mg). A part of the frac- 

tions eluted with benzene containing 10% acetone was evaporated to a residue (140 

mg), which was fractionated by preparative tlc (solvent system, n-hexane:acetone= 

1: 1, benzene: ethyl acetate=l:l, and 2: 1, 1-hexane:ethyl acetate=l: 1) to give kuwa- 

no1 D (2. 5 mg), morachalcone A (6. 2 mg), 2,2',4,4'-tetrahydroxychalcone (7, 1 mg), 
moracins M (8, 2 mg), 0 (9 ,  2 mg), and P (12, 2 mg). 
Kuwanol C (1) 

Compound 1 was obtained as an amorphous powder. -10" (5=0.31, ethanol), 

FeC13 test: violet, Mg-HC1 test: violet, and NaBH4 test: orange. Uv m (log 

E): 225 (3.69), 268 (sh 3.991, 275 (4.40), 295 (infl 3.59). 308 (sh 3.45). Uv 

1Et0H+A1C13 nm (logE): 224 (3.87). 275 (4.02). 284 (sh 3.93). 316 (infl 3.59). 
max 

KHr cm-l: 3350 (br), 2900, 1640 (sh), 1620, 1600 (sh), 1570 (sh). EI-Ms: m _ / ~  Ir max 

422 (M+), 203. 'H Nmr [acetone-is): 6 1.41 (3H, s ,  C-11-CH3), 1.56, 1.65 (each 3H, 

s, C-16-CH3), 2.04-2.07 (2H, m, C-13-H x 2), 2.08-2.15 (2H, m, C-14-H x 21, 2.75 

(lH, dd, 5=3 and 17, C-3-H), 3.21 (lH, dd, 5=13 and 17, C-3-H), 5.11 (1H. m, C-15- 

HI, 5.58 (lH, d, :=lo, C-10-H), 5.73 (lH, dd, 5=3 and 13, C-2-HI, 5.91 (lH, s ,  C- 

8-H), 6.44 (lH, dd, J=2 - and 8, C-5'-H), 6.48 (1H. d, 5=2, C-3'-H), 6.63 (lH, d, J= - 

Acetylation of (Formation of l&) 

Kuwanol C (L, 5 mg) was acetylated with acetic anhydride (1.5 ml) and pyridine 
(0.5 ml) at room temperature overnight. The product was purified by preparative 

tlc (solvent system, ben2ene:ethyl acetate=l:l) to give the triacetate (12. 1.5 mg). 

The compound 2 was obtained as an amorphous powder, negative to FeCl test. EI- 3 

Ms: m_//z 548 (~'1. 'H Nmr (acetone-d61 : 6 1.43 (3H, s ,  C-11-CH3), 1.56, 1.64 leach 

3H, s ,  C-16-CH3), 2.05-2.15 (4H. m, C-13-H x 2 and C-14-H x 2), 2.28, 2.30, 2.35 

(each 3H, s, COCH3), 2.63 (1H. dd, 3=3 and 17, C-3-H), 3.06 (lH, dd, 5=13 and 17, 

C-3-H), 5.10 (lH, m, C-15-H), 5.74 (lH, dd, 5=3 and 13, C-2-H), 5.77 LlH, d, ?=LO, 

C-10-H), 6.30 (IH, s, C-8-HI, 6.53 (lH, d, J=10, C-9-H), 7.05 (1H. d, 5=2, C-3'-HI, 

7.17 (lH, dd, 5=2 and 8, C-5'-H), 7.76 (1H. d, 5=8, C-6'-HI. 

Kuwanol D (2) 

Compound 2 was obtained as a yellow amorphous powder. FeC13 test: brown. Uv 

Et0H+A1C13 nm (log e ) : nm (log E ) :  260 (3.771, 291 (3.841, 386 (4.08). Uv lmax 
KBr 

280 (infl 3.76), 312 (3.84), 442 (4.16). Ir vmax cm-l: 3400 (br), 1660 (sh), 

1640 (sh), 1610, 1590, 1560 (sh). 'H Nmr (acetone-d6): 6 1.59 (3H. s ,  C-9-CH3), 



1.64, 1.75 (each 3H, s ,  C-14-CH31, 2.00-2.10 (4H, m, C-11-H x 2 and C-12-H x 21, 

3.29 (ZH, d, 5=7, C-7-HI, 5.14 (1H. m, C-13-HI, 5.39 (lH, m, C-8-HI, 6.36 LlH, d, 

J = 2 ,  C-3'-H), 6.45 IlH, dd, J=2 and 9, C-5'-HI, 6 . 5 6  IlH, s, C-3-HI, 7.56 (lH, s, 

C-6-HI, 7.76 (lH, d, J=15, C-a-H), 7.96 (lH, d, J=9, C-6'-H), 8.22 (lH, d, J=15, 

C-pH), 13.80 (LH, s ,  C-2'-OH). 
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