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Abstract - Two new isoprene subs t i tu t ed  flavanone de r iva t ives ,  named - 
s a n g g ~ o n  H and I, and two new isopr-e subst i tu ted flavone de r iva t ives ,  named 

s a n g g ~ o n  J and K, were i s o l a t e d  from t h e  benzene e x t r a c t  of t h e  Chinese , , 
crude drug "sang-Bai-pi" (Japanese name "sohakuhi"1, t h e  root barks o f  Morus - 
sp. (Moraceae). The s t ruc tu res  I ,  11, 111, and N were proposed f o r  these  

compoun3s on t h e  basis  o f  t h e  spectroscopic evidence, respectively. Photo- 

oxidat ive  cycl izat ion d id  not  occur with sanggenon K ( N l  but  with sanggenon 

J (1111. 

In t h e  previous papers2, we repor ted the  s t ruc tu re  determination of a s e r i e s  of isoprenylated flavo- 
8 ,  

noid der ivat ives  obtained from the  Chinese crude drug " s i g - ~ a i - p i '  (Japanese name "s~hakuhi ' l  

imported from t h e  People ' s  Republic o f  China. In t h e  course of  our s tud ies ,  four  n w  flavonoid 

de r iva t ives ,  sanggenon H (11. I I I I ) ,  J (111) , and K ( IV) ,  were i so la t ed  from t h e  benzene e x t r a c t  

of t h e  crude drug. In t h i s  paper, t h e  s t r u c t u r e  determination of these  new flavonoid de r iva t ives  

is described. 

The benzene ex t rac t2  o f  t h e  crude drug was f ract ionated sequentially by t h e  s i l i c a  g e l  c o l m  chro- 

matography and by preparat ive  th in  l aye r  chromatography. This procedure yielded four new flavonoid 

de r iva t ives ,  sangg-on H ( I ) ,  I (11). J (1111, and K (IvI. 

Sanggenon H (I1 was obtained as amorphous powder, M' 354, C20H1806, Id.]? -31.0'. which showed 

pos i t ive  methanolic f e r r i c  chloride(iln in tense  reddish violet  c o l o r ) ,  magnesium-hydrochloric ac id ,  

and Sodium borohydride t e s t s 3 .  The W spec t ra  of I [ A =  nm: 21B(sh). 227, 289, 318(sh);  
XEtOH+AICl 2f  1 

max 3 nm: 223, 282( in f l . ) .  309, 3721 c losely  r e s e d l e d  those of sanggenon F IVI . The H 

nmr spectrum of I showed t h e  cha rac te r i s t i c  s ignals  fo r  flavanone skeleton 162.67(1H, dd, J=3 and 

17.51, 3.13(1H, dd, J=12.5 and 17.5).  5.70(1H, dd, 5 4  and 12.511 and 2.2-dimethylchromene r i n g  
4 

161.43168, s ) ,  5.G7(1H, d, ~ = 1 0 ) ,  6.11(1H, d, J=10)] . The arrangement of subs t i tuen t s  in the  A 
1 

and B r ings  was assumed as follows by the H nmr spectrum of I (Table 1 ) .  The biogenet ic  analogy 

t o  o the r  prenylflavonoid der ivat ives4 i s o l a t e d  from species suggests t h a t  t h e  B r ing  has t h e  
2f 

2',4'-dioxygenated pattern. ~h~ mass s p e c t r m  of I showed the  s ign i f i can t  peaks a t  m/z 187(VII 

and 1 5 3 ( ~ 1 1 1 ~ ~ .  Hence, sanggenon H ( I )  is s t r u c t u r a l  isomer of sanggenon F (Vl. In comparison of 
1 

t h e  H nmr s p e c t r a  of I and V, t h e  s igna l  of t h e  C-5'-H of I wag s h i f t e d  t o  an about 0 .1  ppm lower 

appl ied magnetic f i e l d  than t h a t  of v (Table 1 1 .  The formula I f o r  sanggenon H was substant ia ted 
5 

by examination of t h e  13c nmr spectrum using some model compounds (Table 2 ) .  Om t h e  bas i s  of t h e  
6 7 s p e c i f i c  o p t i c a l  ro ta t ion  (-) and t h e  CD spectrum, I has the  (Sl-configuration a t  C-2 . From t h e  

above r e s u l t s ,  t h e  s t r u c t u r e  of sanggenon H could b e  a s s i p e d  t o  I .  

sanggenon I 111) was obtained as amorphous powder, M+ 422, c H 0 1 ~ 4 1 ~ ~  -7G.g0, which showed 
25 26 6 '  D 

pos i t ive  methanolic f e r r i c  chlor ide(an in tense  reddish violet  c o l o r ) ,  magnesium-hydrochloric acid .  - - - ~. 
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Table 1 'H NOI spectra ( S in acetone-d61 

I I1 v 

IX 
Table 2 13c mw spectra 

solvent: acetone-d 
6 



3 
and sodium borohydride t e s t s  . The W spectra  of I1 closely  resemble those of s a n g g ~ o n  F (vl 

2f 

and H 111. The 'H nmr spect- of I1 shared the  charac te r i s t i c  s igna l s  f a r  a 2-methyl-2-(4-methyl- 
4 

pent-3-enyllchromene r i n g  as f o l l w s : b 1 . 3 8 ( M ,  81, 1.56, 1.64leach 3H. s l ,  2.00-2.2014H. ml, 5.13 

I l K ,  ml, 5.6711H, d, J=101, 6.75(1H, d, ~ 4 0 ) .  Other proton s igna l s  are shown i n  Table 1 and 

resemble those of  relevant protons of I. In the  13c nmr spectrum of  11, the  chemical s h i f t  values 

o f t h e  carbon atoms of the  flavanone skeleton were s imilar  t o  those of t h e  relevant carbon atoms 
7 of  I (Table 21. The configuration a t  C-2 was supported by the  CD spectrum of I1 . From t h e  above 

resu l t s ,  the  s t ruc tu re  of sanggenon I muld  be assigned t o  11. 

Sanggenon J lIII1, M+ 488, [MI? -16.9'. which showed pos i t ive  methanoli'c f e r r i c  chlor idela  brown 

color1 and magnesium-hydrochloric acid  t e s t s .  The W spectra  of 111 nm: 209, 235, 261, 

282(shI, 320; Amax Et0H+A1C13 nm: 209. 220(shI, 270, 300(shI, 3701 closely  resembled those of  kwanon 
4 4 1 

A IVIIII and B (1x1 . The H n m  spectrum of I11 showed the  charac te r i s t i c  s igna l s  fo r  X,r-di- 

methylally1 group and a 2-methy1-2-(4-methylpent-3-enyllchromene r ing  as follows:61.28(3H, s l ,  

1.40, 1.42, 1.57, 1.65leach 3H, 81, 2.10-2.35148, ml, 3.13128, b r  d,  J=7l, 4.95-5.20128, ml , 5.70 
4 4 

I l H ,  d, J=101, 6.801lK, d, J=101 . Comparative examination of the  h nmr spectra  of 111, V I I I  , 
4 

and IX . revealed t h a t  t h e  chemical s h i f t  and coupling constants of  protons of  f l a m e  skeleton 

of I11 resemble those of  I K  betber than those of  V I I I  (Table 1) .  The mass spectrrrm of I11 showed 

the  s ign i f i can t  peaks a t  m/z 405, 337, 185(Xl, and 153lVIIl. From these  r e s u l t s ,  the  s t ruc tu re  of 

Sanggenon J could be assigned t o  111. 

Sanggenon K (IVI was obtained as  amorphous powder, 2 488, C30H3206, I M l D  l6 -21.4-, which showed 

pasi t ive  methanolic f e r r i c  chlor ide(a  bmwn m l o r l  and magnesi-hydrochloric acid  t e s t s .  The W 

spectrum of  I V  c losely  resembled those of  sanggenon J (1111, and the  mass spectrum of  N a l s o  
1 shoved the  s imilar  fra-tation species t o  those of 111. In comparison of the  H nmr spectra  of  

I11 and I V ,  t he  s ignal  of  the C-5'-H of N was s h i f t e d t o  an about 0.2 ppm l w e r  applied magnetic 

f i e l d  than t h a t  of 111, and the  other  proton s ignals  of IV closely  resemble t h e  relevant protons 

of I11 (Table 1 ) .  Hence, the  s t ruc tu re  of  sanggenon K muld  be assigned t o  N. 
4 

Final proof f o r  the  discrimination of 111 from I V  was obtained by the  photooxidative j c l i z a t i o n  . 
When a solut ion of 111 i n  chloroform was i r r ad ia ted  with a high-pressure mercury lamp fo r  3 h ,  

sanggemon J hydroperoxide I I I Ia I  was obtained. The mass spectrum of I I I a  shared the  following 
4 significant peaks a t  m/z 5 0 4 1 ~ 1 ) ~ .  445tXII) . The s imi la r  f r aqwata t ion  species were detected in 

4 
the  mass spectrum of morusin hydroperoxide I X I I I I  . m t h e  o the r  hand, t h i s  photooxidation did  not 

occur i n  sanggenon K (IVI. The s t r u c t u r a l  requirement i n  the  photooxidative cyclization of morusin 

( ~ 1 ~ 1 ~  leads  us t o  a conclusion t h a t  sanggenon J (I111 has the  hydroxyl group at the  2'-position 

and the  Try-d imethy la l ly l  group a t  the  3-position. W e  thus propose the  formula 11111 for spng- 

senon J and the I I V I  fo r  sanggemon K. 

EXPERIMENTAL 

lH.nm spectra were measured with tetramethylsilane (TMSI as a n  in te rna l  reference. Chemical 

s h i f t s  were expressed in ppm d m  f i e l d  from T m ,  and coupling m n s t a n t s  (J l  i n  Hz. Abbreviations: 

s=singlet ,  d=doublet, t = t r i p l e t ,  m=multiplet, br=broad, sh=shoulder, in f l .= in f lbc t ion .  The follow- 

ing instruments were used f o r  t h e  physical data: W spectra ;  Hitachi 340 W Spec t rmete r ,  ir spec- 

t r a ;  Hitachi 295 Spectrometer, % nmr spectra ;  JEOL.JNM 4"-100 NNR Spectrometer and Hitachi R-900 

ET NIlR Spedr-ter,  m a n  spectra ;  Z E 0 L . m  OISG-2 and ~ i t a c h i  m - 6 ~   ass S p d r o m e t e r ,  o p t i c a l  

rota t ion;  JASCO DPI-4, CD Spectra; JASCO J-20 ORD Spectrometer. For thin-layer chromatography 

(TIC1 and preparative TLC, Wakogel B-5FM was used, and f o r  coluwr chromatography, Wakogel C-200. 
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I s o l a t i o n  of Sanqenon H ( I ) ,  I (111. J (1111, and K (IVI 

, , 
The benzene ex t r ac tZf  (2091 of t h e  crude drug "s&g-Hai-~i" (Japanese name " s ~ h a h h i " 1 ,  a spec i e s  

of  (Moraceael, imported from the People 's  Republic of China, was chromatographed on s i l i c a  

g e l  (30091 us ing benzene-methanol as an e l u e n t ,  each f rac t ion  tieing checked by TLC. The f r a c t i o n  

e l u t e d  wi th  benzene m n t a i n i n g  1% methanol were evaporated t o  g ive  t h e  res idue  (2.191. This  

res idue  (2.191 was rechromatographed on s i l i ca  g e l  (4091 using hexane-acetone as an e luen t .  The 

f r a c t i o n  e l u t e d  wi th  hexane mnta in ing  5% acetone were evaporated t o  g ive  84mg of res idue .  From 

t h i s  res idue ,  sanggenon H ( I  , amorphous powder, 2Omgl. I (11, amorphous powder, 15mgl. J (111. 

amorphous p w d e r ,  5mgl. K ( Iv .  amorphous p w d e r .  5mgl were obta ined by us ing p repa ra t ive  TLC 

22 
The compound ( I )  was obta ined as amorphous parder,  I C4 I, -31.0•‹ lo0 .026 in chloroform1 , FeC1, 

. - 
t e s t :  reddish v i o l e t ,  Mg-HC1 test: v i o l e t ,  NaBH test: orange. W 'AEtoH 

4 max 
nm(l0g €1 : 218(sh 4.51). 

22714.541, 289l4.311, 318(sh 3.801 ; %:?3 : 223(4.62), 282 l in f l .  3.991, 309(4.361. 374 

(3.521. i r  v::? an-': 3270(brl ,  1639, 1603, 1595. High-resolution mass spectrum: Calcd. f o r  

C20H1806 (M+, 4 z ) :  354.1102. Found: 354.1131; Calcd. for C H 0 (M+-CH 1 .  339.0867. Found: 
19 1 5  6 3 '  + 

339.0867; Calcd. f o r  C12H1102 I V I I  : 187.0758. ~ o u n d  187.0755. EI-MS m/z: 354 (M 1 ,  339, 187 (VII,  

153 [VIII . CD spectrum (EtOHl : 101330 t1517, -8597. Ie3250 +2023. 

sanggenon I (I11 

The compound (11) was obta ined as amorphous parder ,  IN]: -76.9" (c=O.O21 i n  c h l o r o f o m l ,  FeCl 
hEtOH 3 t e s t :  reddish  v i o l e t ,  Mg-HC1 t e s t :  v i o l e t ,  NaBH t e s t :  orange. 

4 max nm ( l o g 6 1  : 214(4.401, 

228(4.431, 289(4.19). 319kh  3.711 i ~ z ~ ~ ~ ~ ~ ~ ~ 3  : 205C4.411. 225(4.491, 282 l in f l .  3.861. 309C4.241, 

364(3.451. ir yzy cm : 3280lbr1, 1657(sh) ,  1642, 1610(shl, 1602. High-resolution mass spec- 

trum: Calcd. f o r  c ~ ~ H ~ ~ ~ ~  IM+, m/zl: 422.1727. Found: 422.1726; Calcd. f o r  C H 0 I M + - H ~ O I :  
25 24 5 

404.1622. Found: 404.1623; Calcd. f o r  Cl9Hl5O6 ( M + - c ~ H ~ ~ ) :  339.0867. Found: 339.0855; Calcd. f o r  

C H 0 I V I I :  187.0758. Found: 187.0755. EI-MS m/z: 422 (*I, 339, 187 (VII, 153 (VIII .  CD spec- 
12 11 2 

trvm (EtOHl: +639, -4475, 101250 +-5. 

Sanggenon J (1111 

The compolmd (1111 was obta ined as amorphous p w d e r ,  1 ~ 1 :  -16.9' (c=0.030 in ch lo ro foml ,  FeCl 
%EtOH 3 

t e s t :  brown, Mq-HC1 t e s t :  orange, nmllog E l :  209(4.521, 235(4.471. 261l4.351, 282(sh 
ma* 

4.121, 320(3.991; ?.zxHCA1C13 : 209(4.66),  220(sh 4.551, 270(4.471. 300lsh 4.091. 370(4.031. 

i r  v Nujol 
man 

: 3380(br l ,  3310, 1661(sh) ,  1654, 1623, 1590. EI-MS m/z: 488 (~ '1 ,  405 ( M ~ - C ~ H ~ ~ I ,  

337 (405-C5H.J, 185 (XI, 153 (VIII . - - 
Sanggenon K ( N l  

16 
The compound ( N )  was obta ined as amorphous powder, [(*ID -21.4' lc=0.042 in c h l o r o f o m l ,  FeCl 

3 
t e s t :  brown, Mg-HC1 test: orange. W 3rEtoH nm(1og e l :  208(4.521, 22814.421, 260(4.311. 282(4.051, 

max 
320(3.931; a 2 Y l C 1 3  : 2 0 ~ ( 4 . 6 1 1 ,  270(4.401, 286(sh 4.051, 315(3.901, 373~3.901. i r  vNUjol 

-1 ma* 
m : 3320(brI,  1663(shI,  1653, 1623(sh) ,  1617, 1560. High-resolution mass spectrrm: Calcd. f o r  

C30H3206 (EL+, Wzl:  488.2196. Found: 488.2175; Calcd. f a r  C2.,H2506 IN+-c H 1 .  445.1649. Found: 
3 7 '  

445.1644; Calcd. f o r  C24H2106 (MI-C&J: 405.1336. Found: 405.1363; Calcd. f o r  ClgH1306 IM+-c H - 
6 11 

C5H81: 337.0711. ~ o u n d :  337.0723; Calcd. f o r  C H 0 (XI: 185.0602. Found: 185.0612. EI-M5 m/z: 
12 9 2 

488 I M + I ,  405, 337. 185 (XI, 153 (VIII . 
Photooxidation of  sanggenon J (1111 and K IIVI 

a1 Sanggenon J (1111: A so lu t ion  of I11 (lmgl i n  chloroform (0.2mll in a Pyrex test tube  wi th  a 



loow high-pressure mercury lamp f o r  3 h. After evaporation, t h e  res idue was pur i f i ed  by prepara- 

t ive  TLC t o  give sanggenon J hydroperoxide ( I I I a ,  amorphous powder). I I I a  shwed  t h e  following 

mass spectrum: EI-MS m/z: 520 ( ~ ' 1 ,  504 (M+-0, XI),  445 (M+-0-c H 0 ,  XIII,  421 (base peak, M+-0 
3 7 

-C H ) , 403 IM+-WC H -H 01. 
6 11 6 11 2 

b) sanggenon K (m) :  A solut ion of N (0.5mgl i n  chloroform (0.2mll in  a Pyrex t e s t  tube with a 

loow high-pressure mercury lamp for 3 h. TLC analysis  revealed t h a t  the  s t a r t i n g  mater ia l  was 

recovered unchanged. 
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