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Abstract - Two novel stilbene derivatives named kuwanons Y 
and Z were isolated from the acetone extract of the reddish 

violet powder (lenticel) from the surface of the root bark of 

cultivated mulberry tree (Ichinose, a cultivated variety of 

Morus alba L.). The structures of kuwanons Y and Z were shown -- 
to be & and 2, respectively, on the basis of spectral and 
chemical evidence. Kuwanon Y is regarded biogenetically as a 

Diels-Alder type adduct of a chalcone derivative and a dehydro- 

prenylstilbene derivative, while kuwanon Z as a variation of a 

Diels-Alder type adduct. 

Previously we reported several 2-arylbenzofuran and stilbene derivatives from 

the reddish violet powder (lenticel) obtained from the surface of the Morus root 

In this paper, we report the structure determination of two novel stil 

bene derivatives, kuwanons Y ( t )  and Z (2). isolated from the powder. 

The acetone extract of the reddish violet powder was fractionated sequentially 

by silica gel column chromatography, and then by preparative tlc, resulting in 

the isolation of kuwanons Y (t)  and Z (21. 

Kuwanon Y ( A ) ,  amorphous powder, [a]? +172' (ethanol) gave the FD-MS showing a 

molecular ion peak at m/r 582, and 13c nmr spectrum indicating the presence of 
thirty-four carbon atoms: nine aliphatic carbons, twenty-four aromatic carbons, 

and one carbonyl carbon (Table 1). These results indicate the composition of 

kuwanon Y to be C H 0 . The compound & gave a dark brown color in the metha- 34 30 9 

nolic ferric chloride test, and its ir spectrum showed absorption bands due to 

hydroxyl, conjugated carbonyl, and benzene ring moieties. The uv spectrum of 



F i g .  1 

F i g .  2 'H nmr chemical s h i f t s  (ppm) and coupl ing cons tan t s  (Hz) of 

methylcyclohexene r i n g s  of  1, 4, and 2. 
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1 exhibited maxima at 218, 285, 300 (sh), and 326 nm, and showed a bathochromic - 
shift in the presence of aluminum chloride. These uv characteristics were similar 

to those of oxyresveratrol (a)7 and kuwanon X ($),8 suggesting the presence of an 

oxyresveratrol moiety and a chelated carbonyl group. The 'H nmr spectrum of kuwa- 

non Y ( 1 ) .  analysed by comparison with the spectra of 4 and mulberrofuran C ( 5 ) .  9 

showed the signals of the following protons: 1) protons in a stilbene moiety, 

6 6.36 (lH, dd, j=2 and 8, C-5-HI, 6.44 (2H, s, C-2'-H and C-6'-HI, 6.50 (1H. d, 

J=2, C-3-H), 6.77 (lH, d, 5=16, C-I)-HI, 7.22 (lH, d, 5=16, C-U-H), 7.34 (1H. d, - 

J=8, C-6-H), 2) aromatic protons in a 2,4-dihydroxyphenyl moiety, 6 6.30 (lH, dd, - 

J=2 and 8, C-19"-H), 6.40 (lH, d, J=2, C-17"-H), 6.98 (lH, d, 5=8, C-20"-HI, and - 

3) aromatic protons in a 2.4-dihydroxybenzoyl moiety, 6 6.24 (1H. d, 5=2, C-11"-HI, 

6.35 (IN, dd, J=2 and 8, C-13"-H), 8.52 (lH, d, 5=8, C-14"-H). The chemical shifts 

and coupling constants of protons of the methylcyclohexene ring are shown in Fig. 

2. Comparative examination of the 'H nmr spectra of 1, 4, and 5 revealed that the 

chemical shifts and coupling constants of protons of the methylcyclohexene ring 

of 1 resembled those of 5 better than those of (Fig. 2). The 13c nmr spectrum 

of 1 was analysed as shown in Table 1. Assignments of the carbon atoms in 1 were 
performed by comparison of the 13c nnr spectra of 2, 4, and 5. The chemical shift 

values of the carbon atoms of the A ring of 1 were similar to those of the relevant 
carbon atoms of 3, while the carbon atoms of the B ring of 1 showed the chemical 

shift values different from the relevant carbon atoms of 2. Moreover, the chemical 

shift values of the carbon atoms at C-2' and -6' positions were equivalent, and 

the chemical shift value of the carbon atom at C-4' was markedly shifted downfreld 

as compared with that of the relevant carbon atom of 3 (Table 1). These results 

indicate that 1 is a 4'-substituted oxyresveratrol derivative. The chemical shift 

values of the carbon atoms of the 2.4-dihydroxyphenyl, 2.4-dihydroxybenroyl, and 

methylcyclohexene ring moieties were similar to those of the relevant carbon atoms 

of 5 (Table 1). The above results suggest that kuwanon Y is a stereoisomer at the 

C-3" position on the methylcyclohexene ring of kuwanon X ( 4 ) .  
In order to corroborate the structure, kuwanon Y (t)  was correlated to kuwanol A 

3 
( 5 )  by means of the following reaction.1° A solution of 5 in ethanol containing 
sulfuric acid was kept at room temperature. The products were purified by prepara- 

tive tlc to give 5. The ir and 'H nmr spectra of the product are in fair agreement 

with those of kuwanol A ( 5 )  .3 From the above results, we propose the formula I 
for the structure of kuwanon Y. 
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Table 1 13c nmr chemical shifts (ppm) of 1, 2. 3, 4, 5, and 1 
C NO. 1 5 2 - 3 - 4 - - 7 ,- 

116.9 117.8 116.2 116.7 
157.1 156.8 156.0 158.1 
103.2 102.2 102.0 103.2 
158.3 158.6 158.1 158.3 
107.9 108.5 107.0 107.9 
124.1 124.6 123.1 123.6 
125.5 126.4 125.2 125.8 
127.6 128.5 127.1 127.7 
138.5 142.0 137.2 130.9 140.5 132.1 
106.1 105.7 103.4 104.8 107.0 104.9 
156.8 159.0 155.6 156.5 160.2 160.2 
113.3 103.4 114.9 113.6 109.7 109.9 
156.8 159.0 155.6 156.5 154.3 154.6 
106.1 105.7 103.4 104.8 107.2 107.4 

F i g ,  3 nmr chemical shifts (ppml and coupling constants (Hz1 
of methylcyclohexanone rings of 2 and 7 (acetone-d6). 
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Kuwanon Z (z ) ,  amorphous powder, [a] 2 t40.5' (ethanol) gave the FD-MS showing a 

molecular ion peak at m/z 594, and 13c nmr spectrum indicating the presence of 

thirty-four carbon atoms: nine aliphatic carbons, twenty-four aromatic carbons, 

and one carbonyl carbon (Table 1). These results indicated the composition of 

kuwanon Z to be C34H26010. The compound 2 was negative to the methanolic ferric 

chloride test, and its ir spectrum showed absorption bands due to hydroxyl, car- 

bonyl, and benzene ring moieties. The uv spectrum of : exhibited maxima at 208, 
283, 304, and 327 nm, and was similar to those of oxyresveratrol !z),7 kuwanons 

X (i),' and Y (1). These results suggested that 2 is one of the 4'-substituted 

2,4,3 ' ,5'-tetrahydroxystilbene derivatives. The 'H nmr spectrum (acetone-d6) of 

kuwanon Z ( z ) ,  analysed by comparison with the spectra of oxyresveratrol deri- 
vatives' and mulberrofuran Q (I),6 showed the signals of the following protons: 

1) protons in a stilbene moiety, b 6.24 (lH, br d, J=1, C-2'-H), 6.35 (lH, br d, 

J=1, C-6'-HI, 6.36 LlH, dd, 5=2 and 8, C-5-HI, 6.57 (lH, br d, 5=2, C-3-H), 6.83 - 

(1H. d, 5=16, C-p-HI, 7.26 (lH, d, 2=16, C-@-HI, 7.43 (lH, d, 5=8, C-6-HI, and 2) 

aromatic protons in two 2,4-dioxygenated phenyl moieties, 8 6.34 (lH, dd, 5=2 and 

8. C-19"-HI, 6.42 (1H. d, 5=2, C-17"-H), 6.65 (lH, d, 5=8, C-20"-HI; 6 6.16 (lH, 

d, - J=2, C-11"-H), 6.54 !1H, dd, J=2 and 8, C-13"-HI, 7.36 !1H, d, J=8, C-14"-H). 

The chemical shifts and coupling constants of protons of the relevant methyl- 

cyclohexanone ring are shown in Fig. 3. The "onequivalency of the chemical shift 

values of the protons at C-2' and -6' positions suggested that one of the hydroxyl 

groups in the B ring formed ether The chemical shift values and the 

coupling constants of the protons in the D, E, and F rings were similar to those 

of protons of 6'11 (Fig. 3). The 13c nmr spectrum was analysed by comparison with 

the spectra of ;?3 and z6 (Table 1). In the spectrum of 2, the chemical shifts of 
the carbon atoms of the stilbene skeleton, except those of the carbon atoms at C-4' 

and -5' which were affected by additional substituent effect, were similar to those 

Of the relevant carbon atoms of 3. On the other hand the chemical shifts of the 

carbon atoms of the 0, E, and F rings as well as the carbon atom at C-8" were es- 

sentially the same as those of the relevant carbon atoms of I (Table I). From 

these results, we propose the formula 2 for the structure of kuwanon Z. 
Kuwanon Y (1) is regarded biogenetically as a Diels-Alder type adduct of a chalcone - 
derivative and a dehydroprenylstilbene derivative, and an interesting intermediate 

to kuwanol A ( 5 ) .  while kuwanon Z (2) seems to be derived from the Diels-Alder type 

adducts, such as kuwanons X (1) and Y (1). through the hemiketal intermediate (8) 



and kuwanol B ( 9 )  as shown in Fig. 4. 6 

EXPERIMENTAL 

The general experimental procedures used are described in the previous paper. 
10 

The following instruments were used: uv spectrum; Hitachi 340 UV spectrometer, ir 

spectrum; Hitachi 260-30 IR spectrometer. optical rotation; JASCO DIP-4, ms; JEOL 

JMSOlSG-2, 'H and 13c nmr spectra; JEOL GX-400 FT NMR Spectrometer. 

Isolation of Kuwanons Y (1) and Z ( 2 )  

The reddish violet powder (lenticel, 100 g) obtained from the surface of the root 
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bark of cultivated mulberry tree (Ichinose, a cultivated variety of Morus alba L.) 

was extracted with acetone. Evaporation of the acetone solution to dryness yielded 

8 g of residue. The residue (4 g) was chromatographed on silica gel (200 g) with 

chloroform-acetone as an eluent, each fraction being monitored by tlc. The frac- 

tions eluted with chloroform containing 20 % acetone were evaporated to give the 

residue (430 mg), which was fractionated by preparative tlc (solvent system: chlo- 

roform:methanol=6:1, benzene:ethyl acetate=3:5, benzene:acetone=l:l) to give kuwa- 

nons Y (1 ,  12 mg) and z (2. 8 mg). 
Kuwanon Y (1) 

Compound 1 was obtained as an amorphous powder. 1a1i2 +172' (c=0.129, ethanol). 

KBr 
FD-MS m/r: 582 (M+). FeC13 test: positive (dark brown). ir vmax cm-l: 3370 (br), 

1680 (sh), 1620, 1600 (sh). uv I::? nm (logE): 218 (4.60). 285 (4.40). 300 (sh 

4.34). 326 (4.44); t",E+A1C13 nm (log E ) :  218 (4.60). 286 (4.39). 300 (4.37). 

326 (4.43). 

Kuwanon Z ( 2 )  

Compound 2 was obtained as an amorphous powder. [ a ~ f  +40.s0 (c=0.0543, ethanol). 
KBr -I 

FD-MS m/?: 594 (M'). FeC13 test: negative. ir v,,,,, cm : 3350 (br), 1690, 1610. 

uv 2",:? nm (log r ) :  208 (4.751, 283 (4,29), 304 (4.271, 327 (4.38). 

Formation of Kuvanol A ( 6 )  from Kuwanon Y (1) 

A mixture of 1 (10 mg), ethanol (5 ml), and 10 % sulfuric acid (1 ml) was kept at 

room temperature for 1.5 h. The reaction mixture was purified by preparatrve tlc 

(benzene:ethyl acetate=3:5, chloroform:methanol=8:1) to give an amorphous powder 

(5, 3 mg). The compound 5 thus obtained was identical with kuwanol A (6)  on the 

basis of ir and 'H nmr spectral comparisons. 
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