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KUWANON M ,  A NEW DIELS-ALDER ADDUCT FROM THE ROOT BARKS OF 

THE CULTIVATED MULBERRY TREE (MORUS LHOU(SER. ) K O I D Z .  ) 

Taro Nomura*, Toshio Fukai,  Yoshio Hano, and Hisato Ikuta  

Faculty of Pharmaceutical Sciences,  Toho Universi ty,  2-2-1, 

Miyama, funabashi-shi ,  Chiha 274, Japan 

Abst rac t  - Kuwanon M ( I )  , a  new Diels-Alder adduct of two 

prenylflavone d e r i v a t i v e s ,  has been isola ted  from t h e  c u l t i v a t e d  

mulberry t r e e  (Morus Lhou(ser.1 Koidz.). The s t r u c t u r e  was shown 

t o  be I on t h e  b a s i s  of s p e c t r a l  da ta .  The compound ( I)  produced 

a hypotensive e f f e c t  t o  spontaneously hypertensive r a t  ( 2  mg/Kg, 

i . v . ) .  

In t h e  previous p a p e r s l r 2 ,  we repor ted  t h e  s t r u c t u r e  determination of a s e r i e s  of  

n a t u r a l  Diels-Alder adducts and isoprenyla ted  flavanoids,  i s o l a t e d  from t h e  roo t  
1 I 

barks of c u l t i v a t e d  mulberry t r e e  and t h e  Chinese crude drug "Sang-~ai-pi"  (Japanese 

name "~Ghakuhi")  imported from t h e  People ' s  Republic of China. Some of t h e  Diels- 

Alder adducts showed a s i g n i f i c a n t  hypotensive e f fec t .  In  t h e  course of our s tud-  

i e s  on t h e  constituents of t h e  Morus r o o t  barks ,  w e  examined t h e  phenolic cons t i tu -  

e n t s  of t h e  roo t  barks  of Morus Lhou(ser.1 Koidz. (Japanese name " ~ 0 ~ 6 " ) .  The e t h y l  

a c e t a t e  e x t r a c t  of t h e  roo t  barks was f r a c t i o n a t e d  by repeated  s i l i c a  g e l  column 

chromatography (benzene-MeOH, CHC13-AcOEt) and repeated prepara t ive  t h i n  l a y e r  

chromatography on s i l i c a  g e l  (CHC13:AcOEt=1:1, C H C l  .MeOH=15:1). Consequently, 3  ' 

kuwanon M ( I ) ,  a  new Diels-Alder adduct type flavone,  was i s o l a t e d  i n  9 .2x10-~  Y 

y i e l d ,  and was found t o  have hypotensive ac t ion  i n  spontaneously hyper tens ive  r a t  

(2 mg/Kg, i .v.1.  We repor t  here in  t h e  s t r u c t u r e  determination of t h e  compound, 

based on comparison with t h e  s p e c t r a l  da ta  of t h e  known compounds. 

Kuwanon M ( I ) ,  mp 252-254 OC and 1 & ] i 5  -2.0e (MeOH), showed t h e  molecular ion  peak 

a t  m/z 840 i n  i t s  FD-MS spectrum. The 13c nmr spectrum (&so-d ) of I revealed  t h e  6 

presence of  t h e  followlnq f i f t y  carbons: twenty four a l i p h a t i c  carbons (CH3- x7, 

, -CH2- x3, >CH- x3, >c( x l ,  ,c=cCH x3, ;c=c: ~ 2 )  , twenty four  aromatic carbons 

(CH x8, C x8, C-0 x 8 ) ,  and two carbonyl carbons. These r e s u l t s  suggest  t h e  compo- 

3 s i t i o n  of kuwanon M (I1 t o  be C50H48012 . This substance ( I )  gave a dark green 

co lo r  wi th  methanolic i ron  (111) c h l o r i d e ,  and was posxtive t o  t h e  magnesium 



Fig 1 
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Table 1 13c nmr chemical shifts (ppm) 

I d v e n t ;  dmso-d6 

=able 2 'H nmr spectra 

solvent; acetone-d 
6 

EtOH 
hydrochloric ac id  t e s t .  The compound ( I )  showed the  following spec t ra :  W Amax 

nm(1og 6 ) :  208l4.99). 265(4.84),  310(sh 4.39).  326(4.40); hz:F+A1C13 nm(lo9 61: 

210(5.02),  275(4 .87) ,  320Csh 4.34),  332(4.36),  380(4.27). IRV;:!' an-': 3480(b r ) ,  

3220(brI ,  1655, 1620(sh ) ,  1615. The W spec t ra  were s i m i l a r  t o  those  of kuwanon C 

1II)la suggesting t h a t  I possesses a p a r t i a l  s t ruc tu re  w i t n  kuwanon C type of chro- 

mophore. On t h e  b a s i s  of molecular formula and the  W s p e c t r a  of I ,  kuwanon M 

seems t o  be a dimer of kuwanon c type of prenylflavones. The t rea tment  of I with 

dimethyl s u l f a t e  i n  acetone gave t h e  heptamethyl ether (13) a s  an amorphous powder. 

which was negat ive  t o  t h e  rnethanolic iron(111) chloride t e s t  and showed t h e  



following spec t ra :  UVX~: nmllog 6 ) :  205(5.16) ,  222Csh 4 .93) ,  260(4.89),  296 

Et0H+A1C13 nm(1og t 1 : 20615.16), 222lsh 4.95). 26014.90). 296 14.53). 316C4.54); Amax 

14.53), 316C4.56). I R V ~ ~ ~ ~ ~  m - l :  1644, 1 6 3 7 ( s h ) ,  1616lsh) ,  1610(sh ) ,  1605, 1583 max 
+ 

( s h ~ .  FD-MS spectrum: m/a 9391M + I ) ,  9 3 8 ( ~ + ) .  'H nmr, & i n  C D C ~ ~  a t  50DC, 0.55, 

0.93leach 3H, s ,  C -CH3), 1.3011H, m ,  C18-HI, 1 .38 ,  1 . 4 2 ,  1.58,  1.59leach 3H, s ,  19 

Cll-CH3 and Cll,,-CH3), 1.51(3H, s ,  C16-CH3), 1.80-2.0011H, m ,  C18-H), 2.5511H. m,  

C22-H) ,  3.00(2H, m ,  C9-HxZ), 3.06(28, m ,  C9.-HxZ), 3.60, 3.78, 3.79, 3.81, 3.86, 

3.92, 4.001each 3H. s ,  0CH3), 5.10-5.25128, m ,  ClO-H and CIO,,-HI, 5.2511H, b r  s ,  

C15-HI, 5.64(1H, d ,  J=10, C 2 3 - H ) ,  6.1111H, b r  s ,  C 6 - H ) ,  6.30-6.42(3H, m ,  C 3 , - ,  

C 5 , -  and C6.,-H),  6.53118, d ,  J=2, C3.,, - H I ,  6 .55(18,  dd, J=2 and 8, C5,,, - H ) ,  7.00- 

4 7.1011H, m, C 6 , - H ) ,  7.29118, d ,  5=8, C6, , , -H)  . 
In the 13c nrnr spectrum of I ,  a l l  t h e  carbon atoms were assigned by t h e  off-reso- 

nance decoupling technique as wel l  a s  by comparison of t h e  13c nrnr s p e c t r a  of t h e  

model compounds, kuwanon C (ll)la, morusln 1111) la. The chemical s h i f t  va lues  of 

t h e  carbon atoms of t h e  two prenylflavone skele tons  were s i m i l a r  t o  those of t h e  

relevant carbon atoms of I1 and I11 except t h a t  t h e  s i g n a l s  of carbon atoms a t  C-5, 

-8, -4a, -5" 5 , and - 8 "  were a f f e c t e d  by add i t iona l  s u b s t i t u e n t  e f f e c t  (Table 1) . 
This  r e s u l t  indica ted  t h e  presence of two p a r t i a l  s t r u c t u r e s  with kuwanon C 1 1 1 )  

and morusin (111) type of cnromophores. This assumption was f u r t h e r  supported by 

1 de ta l l ed  a n a l y s i s  of t h e  H nmr spectrum 1270 MHz, acetone-d of I using sequen- 6 

t i a l  decouplmg and by comparison of t h e  spec t ra  with those  of  llla and lllla 

6 (Table 2 )  . From t h e  above r e s u l t s ,  t h e  p a r t l a l  s t r u c t u r e  ( 1 ' 1  was proposed. The 

EI-MS spectrum of I showed t h e  following fragmentation specres :  m/z 486 I I V I ,  471 

7 IIV-CH3), 354 I V ) ,  311 IV-C3H7, base peak) . This.fragmentation was i n t e r p r e t e d  

reasonably by t h e  p a r t i a l  s t r u c t u r e  1 1 ' ) .  

The remaining p a r t  (C H ) of t h e  C10 s i d e  chain consis ted  of the following t e n  10 1 5  
, ,0- H. I a l i p h a t i c  carbons: -CH3 x3,  -CH2-, ;CH- x Z ,  >c<  , ,C,H , ,C=C, . In  o rde r  t o  

1 c l a r i f y  t h e  complete s t r u c t u r e  of t h e  C10 s i d e  chain ,  t n e  H nmr spectrum of I was 

analysed wi th  t h e  a id  of sequen t i a l  decoupling experiments, and t h e  deduced s t ruc -  

t u r e  of t h e  C10 s i d e  chain is  shown i n  Fig.  2. This p a r t i a l  s t r u c t u r e  was support- 

ed  by t h e  comparison of t h e  'H nmr spectrum and t h e  13c nmr spectrum of I with 

those of dimoracin CVI)8  a s  shown i n  Flg.  2 and 3 .  The EI-MS spectrum of I a  showed 

8 t h e  following fragmentation spec ies  : m/z 477CVII). 4761VIII) .  462lIX).  This f rag-  

mentation was i n t e r p r e t e d  reasonably by assuming t h a t  t h e  r eac t ion  was i n i t i a t e d  

by retro-Diels-Alder r eac t ion  followed by cleavage of t h e  benzyl-carbon and oxygen 
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8 
bond a s  shown i n  Fig.  4 . 
Fromthe above r e s u l t s ,  we propose t h e  formula I wi th  t h e  ind ica ted  ( r e l a t i v e )  con- 

f igura t ion f o r  kuwanon M .  Kuwanon M ( I )  is  o p t i c a l l y  a c t i v e  and is  considered t o  

be  formed by a Diels-Alder type  of enzymatic r eac t ion  process of kuwanon C ( I l l L a ,  

9 coexist ing i n  t h e  same r o o t  barks , and its dehydro d e r i v a t i v e  and subsequent 

10 
cyclodehydrogenation . 
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