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CONSTITUENT OF THE CHINESE CRUDE DRUG "SANG-BAI-PI" (MOROS ROOT 

BARKS) 1 1 1 ~ ' ~ .  STRUCTURE OF A NEW FLAVANONE DERIVATIVE, 

SANGGENON F. 

Taro Nomura*, Toshio Fukai,  Yoshio Hano, and Koj i  Tsukamoto 

Facul ty  of Pharmaceutical Sciences,  Toho Universi ty,  Funabashi- 

s h i ,  Chiba 274, Japan 

Abst rac t  - From t h e  benzene e x t r a c t  of t h e  Chinese crude 
3 %  

drug "Sang-Bai-pi" (Japanese name "sohakuhi"),  t h e  roo t  barks of 

Morus sp. (Moraceae), an  i soprene subs t i tu t ed  flavanone der iva-  

t i v e ,  named sanggenon F, was i s o l a t e d ,  fo r  which s t r u c t u r e  ( I )  

was proposed on t h e  b a s i s  of i t s  s p e c t r a l  and chemical evidence.  

In  t h e  previous papers,  we r epor t ed  t h e  i s o l a t i o n  and s t r u c t u r e  determination of 

a s e r i e s  of f lavonoids  s u b s t i t u t e d  with i soprenyl  groups from t h e  Chinese crude 
0 ,  

drug "sang-Bai-pi" (Japanese name "sohakuhi") imported from t h e  People ' s  Republic 

3  Of China . Some o; them seemed t o  be n a t u r a l  Diels-Alder ad duct^^'^^'^ and showed 

significant hypotentlon3c'd.  In  t h e  course of our  s t o d i e s ,  a new f lavanone,  named 

sanggenon F ( I ) ,  was i s o l a t e d  from t h e  benzene ex t rac t  of t h e  Chinese crude drug. 

In  t h i s  paper,  t h e  s t r u c t u r e  determination of t h i s  new flavanone is  descr ibed.  
8 9 

The Chinese crude drug "S&?g-Bai-~i",  t h e  roo t  barks of a species  of imported 

from t h e  People ' s  Republic of China, was cu t  and ext rac ted  wi th  hexane and then 

wi th  benzene. The benzene e x t r a c t  was f r a c t i o n a t e d  sequen t i a l ly  by t h e  s i l l c a - g e l  

column chromatography and by p repa ra t ive  t h l n  l a y e r  chromatography. Thls  procedure 

y ie lded ,  sanggenon F ( I )  and cyclomorusin (11). the  l a t t e r  being i d e n t i f i e d  as an 

a u t h e n t i c  sample. 

Sanggenon F ( I )  was obtained as c o l o r l e s s  prisms, mp 181-184'C, to(]: - 2 4 '  (c= 

0.032 i n  chloroform) , C20H1806, m/z 354(M+) , exh ib i t ing  an  in t ense  reddish  v l o l e t  

co lo r  wi th  methanolic i r o n ( I I 1 )  ch lo r ide  and both  pos i t ive  i n  t h e  magnesium-hydro- 

4 
c h l o r i c  a c i d  t e s t  and sodium borohydride t e s t  . The W spect run e x h ~ b i t e d  maxlma 

a t  228, 288, 319 nm, while a t - 2 2 7 ,  310, 370 nm i n  the  presence of aluminum ch lo r ide .  

These f ind ings  suggested t h a t  I would be  a flavanone d e r i v a t i v e  having a hydrogen 

5 bonded hydroxyl group . This assumption was subs tan t i a t ed  by t h e  'H nmr spectrum 

of  I ,  in which t h e  s l g n a l s  were observed a t  '%2.82(1H, dd,  J=3.5  and 18Hz. C3-H), 



Table 1 Chemical Shifts ( ~ m )  

Ia 6.71 7.20-7.25 Va 6.84 7.32 / V I a  6.85 7.37 / IXb 6.77 7.61 

A -0.32 -0.34-0.39 A -0.16 -0.24 A -0.39 -0.29 A -0.29 -0.36 

in CDClj in acetone-d6 in acetone-d 6 in CDCl., 
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Chart 1 

3.16LlHI dd, J=12 and 18Hz. C3-HI, 5.54(1H, dd, J=3.5 and 12Hz. C2-H), 11.96(1H, 

s, C -OH). The 'H nmr spectrum of I showed tne two proton hroaa singlet at 6 6.00, 
5 

5 which indicated that the A r m g  was not substituted at the 6- and the 8-position . 
1 

Arrangement of substituents in the B ring was deduced from the H nmr spectrum 

of I: two doublet- signals at 6 6.39(J=8Hz, C ,-H) and 66.89(J=8Hz, C6.-H)5 support- 5 

ed that the B ring of I was substituted in the 2'-. 3'-, and 4'-positions. The 

biogenetic analogy to other prenylflavonoids isolated from Morus species6 suggests 

that B ring has the 2'-, 4'-dloxygenated function. The presence of a 2,Z-dimethyl- 

1 chromene ring was supported by the H nmr spectrum of I as follows: 6 1.43(6H, s ) ,  

5.63(1H, d, J=lOHz), 6.66(1H, d, J=lOHz). The mass spectrum of I showed the signif- 

icant peaks at m/z 187 (111) and m/z 153 ( 1 ~ ) ~ .  These results indicate that the 

structure of sanggenon F is possibly represented by I or I' 

The structure (I) for sanggenon F was supported by the changes in the chemical snifts 

Of the C5,- and Cb,- protons in sanggenon F, compared wlth the chemical snifts 

of the relevant protons of its diacetate lra).   he same comparison was observed 



f o r  kuwanon A ( V 1 6 ,  B (V1l6 and t h e  compound IX (Table 1) 

(+I-Trimethylsanggenon F ( I b ' )  was prepared according t o  t h e  process  shown i n  

Chart  1. Condensat~on of IXa with Xa i n  a l k a l i n e  so lu t ion  gave a chalcone ( X I 1  

which was converted i n t o  Ib' i n  a l k a l i n e  s o l u t i o n .  The compound Ib' t hus  obta ined 

was l d e n t i c a l  wi th  sanggenon F t r ime thy l  e t h e r  derived f r o m  n a t u r a l  source by t h e  

1 thin- layer  chromatography and the  H nmr s p e c t r a .  

7 On the b a s i s  of t h e  s p e c i f i c  o p t i c a l  r o t a t i o n  ( - )  and t h e  CD spectrum, I has  t h e  

8 (s ) -conf igura t ion a t  C-2 . From t h e s e  r e s u l t s ,  sanggenon F i s  represented by t h e  

formula (1) 

EXPERIMENT& 
1 

A l l  melting p o u t s  were uncorrected. H nmr spec t r a  were measured wlth t e t r ame thy l s i l ane  (TMSI as 

the i n t e rna l  re ference .  Chemical s h r f t s  were expressed m ppm d-fleld from TMS, and caupllng 

constants ( J I  in  Hz. Abbrrvlatmns:  s r s m g l e t ,  d=doublet, t = t r l p l e t ,  m=mul t~p l e t ,  br=broad, sh= 

shoulder. The following mstruments were used fo r  t h e  phys ica l  da ta :  uv spec t r a ;  Xi tachi  340 W 

spectrometer: ir spec t r a ;  Hi tachi  295 I R  spectrometer:  'H nmr spec t ra ;  JEOL FX-270, JEOL.JNM 4H-100 

NMH Spectrometer, and Hltachi  R-900 FT NMH Spectrometer: mass s p e c t r a  (msl; JEOL.JMS OISG-2 and 

H ~ t a c h l  RMU-6E Mass Spectrometer: o p t i c a l  r o t a t i o n ;  JASCO DPI-4: CD spec t r a ;  JASCO J-20 ORE Spectrom- 

e t e r .  For t h in - l aye r  chromatography (TLCI and prepara t rve  TLC, Wakogel 8-5FM was used, and f o r  

col- chromatography. Wakogel C-200. 

I s a l a t l on  of sanggenon F (11 and ~ y c l a m o r u s ~ n  (111~ 
, , 

The crude drug m m ~ i n g - ~ a ~ - ~ ~ m *  ( ~ a p a n e s e  name "szhakuh~" .  8Kg), a spec ies  of  t ~ o r a c e a e l  . 
imported from the  people 's  ~ e ~ u b l l c  of ch ina ,  was f i ne ly  cut  and ex t r ac t ed  with hexane and then 

wlth benzene. Riaparation o f  t h e  benzene so lu t i on  t o  dryness y i e ld  359 of t h e  res idue .  This res idue  

(209) was chromatographed on s i l i c a  g e l  (300g1, benzene-methanol be ing  used as an e luent  and each 

f r ac tmn  being checked by TLC., rrom t h e  f r a c t i on  e lu t ed  wlth benzene, cyclomorusin (11, mp 231-241 

T, 38mg) was obtained by prepara t lve  TLC (hexane:acetone=3:l l .  

Cyclomarusin (11) obtained here  was proved t o  be  i d e n t i c a l  with an au then t i c  specimen by TIC, W 

and '13 n m  spec t r a ,  and mixed m e l t ~ n g  po in t .  Frac t ions  e l u t e d  wi th  benzene conta in ing  1% methanol 

ohtamed by t h e  s i l i c a  ge l  column chromatography were evaporated t o  g ive  t h e  residue (2 .19) .  This 

residue (2.191 was rechromatographed on s i l i c a  ge l  1409) wrth hexane-acetone as a n  

e luent .  The f r ac t i ons  e lu t ed  with henane containing 7% acetone were evaporated t o  g ive  53mg of t h e  

residue.  ~ r o m  t h ~  res idue ,  sanggenon F (I, mp 181-184'~. 23mgl was oh t amed  by prepara t lve  TLC 

(hexane:acetone=5:2l, henane:ether=l: l l .  

Sanggenon F (I) 

The compound ( I )  was r e c ry s t a l l r z ed  f r o m  ether-hexane t o  give co lo r l e s s  prisms,  mp 181-184 'C. 

[%I: -24' ( - 0 .~32  i n  ch l a ro fo rm~ ,  rec13 t e s t :  reddish vxo i e t ,  ~g-HCI t e s t :  v i o l e t ,  N ~ B H  t e s t :  
hEtOH 

4 
Orage .  max nm(logE1:  228(4.621, 288(4.331. 319(sh 3.771; Amax Et0H+A1C13 nm(log t I : 227(4.681, 

310(4.321, 370t3.421. lryzF1 : 3430, 3404, 1661. 1644(sh l ,  1611 ( sh l ,  1607, 1592(sh l .  

High-resolution mass spectrum: Calcd. f o r  C H 0 (M', m/zl: 354.1103. Found: 354.1145; Calcd. 
20 18  6 

f o r  C19H1506 (M+-CH 1 .  339.0867. Found: 339.0909; Calcd. f o r  C H 0 ( I I I i :  187.0759. Found: 
3 '  $2 11 2 

187.0770; Calcd. f o r  C,H5O4 (IVI: 153.0187. Found: 153.0194. H nmr (90 MHz, CDCl 1 .  1.43(6H, s ,  
3 .  

C -CH x2).  2.82(18, dd, J=3.5 and 18,  C3-H. e l ,  3.16(1H, dd, J=12 and 18,  C3-H, - 1 .  5.54(1H. 11 3 
dd, J=3.5 and 12, C2-HI, 5.63(1H, d,  J=10, C - H I ,  6.00(2H, b r  s ,  C - and C - H I ,  6.39(1H. d ,  J=8 .  10 6 8 
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C ,-HI, 6.66(1X, d,  J=10, C -HI, 6.86(1H, d,  J-8, C6 ;HI . 11.96(1H, s ,  C5-OH). CD spectrum : 5 9 
+3218; I ~ I ~ ~ ~  -13677; +2575 i c  o . o n e ,  E ~ O H ) .  

Sanggenon F Diace ta te  ( I a l  

Sanggenon F ( I ,  1.3mgl was ace ty l a t ed  n t h  a c e t l c  anhydride 10.5mll and pyr id lne  (0.05mll a t  room 

temperature f o r  3 min. The product was p u r l f l e d  by prepara t ive  TLC (hexane:acetone=2:1) t o  g ive  

an amorphous p d e r  ( l a ,  O.&g) which showed only one spo t  on TLC. The compound (1a1 was p o s i t i v e  

t o  FeC13 t e s t  ( reddish  v i o l e t ) .  ms d z :  438(Mi), 423, 381. 187. nmr 190 ma, mc13):S 1.41(6H, 

s ,  C -CH x 2 ) .  2.25, 2.28ieach 3H, s, OCOCH 1, 2.8111H, dd, J=3.5 and 18. C -H, e), 3 . 2 6 ( 1 ~ ,  dd, 
11 3 3 3 

J=12 and 18,  C -H, t r a n s ) ,  5.36ilH, dd, J=3.5 and 12 ,  C - H I ,  5.64(18, d ,  J=lO, C - H I ,  6.19(1H, d,  
3 - 2 10 

J=2, C - H ) ,  6.24ilH. d,  J=2, C - H I ,  6.30(1H, d, J=10, C - H I ,  7.20-7.25(1H, C ,-H, ove r l app~ng  with 
6 8 9 6 

t he  s i g n a l  of  t h e  s o l v e n t ) ,  11.98(1H, s, C5-OHl. 

Sanggenon F T r m e t h y l  e t h e r  I Ib)  

A mixture of sanggenon F ( I ,  9mg1, dlmethyl s u l f a t e  (0.5mll and potassivm carbonate (591 i n  acetone 

i30ml) was re f luxed  fo r  3 h ,  and filtered. The f r l t r a t e  was evaporated. Water was added t o  the  

residue w h ~ c h  was then ex t rac ted  w i ~ h  chloroform.   he chloroform l aye r  was t r e a t e d  as usua l  and 

f m a l l y  evaporated. The res idue  was p u r i f l e d  by preparative TLC (benzene:ether=5:2) t o  g ive  t he  

amorphous powder ( I b .  5mgl whnh showed only one spot  on TLC. FeC13 t e s t :  nagative.  ms m/z: 396 

(Mil, 381, 365, 201. l a ] ?  -19. ic=o.21 i n  chloroforml.  nmr (270 M H ~ .  :S 1.44, 1.45 

leach 3H. s, C -cH31.  2.69(1H, dd, J=3  and 16.5,  C3-H, & I ,  3 . 0 9 ( 1 ~ ,  dd, J=13.5 and 16.5, C -H,  11 3 
t r a n s ) .  3.78, 3.81, 3.911each 3H, 5 ,  0CH31, 5.65ilH. dd, J=3 and 13.5, C2-HI, 5.6811H. d,  J=10, 

ClO-HI, 6.1011H, d,  J=2. C - H I ,  6.12(1H, d ,  J=2, C8-HI, 6.57(18, d ,  J=10. C9-H), 6.67(18, d. J=8,  
6 

C5,-H), 7.28(1H, d,  J=8,  C ,-HI. 
6 

I soprenyla t ion  of VII 

A mixture of VII LlOgl. boron t c i f h m r i l e - e t h e r a c e  ( 3 r d ) .  1.1-dimethyl-2-propen-1-01 (4 .99) ,  and 

dioxane (70ml) was kept  a t  room temperature for 2 h.  The reaction mixture was ext rac ted  with 

e the r  and t he  e x t r a c t s  were s u b p c t e d  t o  t he  usua l  work-up and evaporated. The r e su l t i ng  o i l  (2Og) 

was chromatographed on s i h c a  ge l  1250g1, and t he  e l u t m n  wlth benzene gave a c r y s t a l l m e  so l i d .  

Rec rys t a l l i z a t i on  from hexane-ether afforded co lo r l e s s  needles ("111, 540mg19, mp 125'C. rns m/z: 

2061~') .  191, 163. 151. 'H nmr (100 mHz, CDC13) : S 1.66, 1.77(each 3H, s ) ,  3.33i28, br d ,  J=8 ) ,  

5.25(1H, b r  t ,  J=8) ,  6.30(1X, d, J=81, 7.30(1H, d ,  J = 8 ) .  9.88(1H, s l .  12.08(1H, a ) .  

CO"VBI5~0" VII I  t o  I X  

A mixture of  VIII  (212mg) and 2,3-dicyano-5,6-dichl0ro-~-ben~ogu~nnnn (DDQ, 273mgl in  dry e the r  

(7mll was kept a t  room temperature overnight .  The r eac t i on  mixture was f i l t e r e d  and the f i l t r a t e  

was concentrated.  The res idue  was p u r i f i e d  by preparative TLC (benzene) t o  g ive  a c r y s t a l l i n e  

s o l i d  11x1. Rec rys t a l l i z a t l on  from water-ethanol a f forded  co lo r l e s s  needles  I I X ,  160mg), mp 70'C. 

m s  m/z: 204(Mt1, 189. 'H nmr (100 MHz, CDCl31:S1.43(6H, s ) .  5.57ilH. d,  J=101. 6.48LlH. d,  J=91. 

6.76(18,  d,  J=101, 7.2511H, d ,  J=91, 9.73(1H, s ) ,  11.8311H. sl. 

Methylation of I X  (Formation of IXal 

A mrxture of I X  (55mg1, dunethyl s u l f a t e  (0.3ml) , and potassilrm carbonate(5g) m acetone i40mll was 

re f luxed  f o r  1 h ,  and t r e a t e d  as mentioned above.  he reaction products were pu r i f i ed  by prepara t ive  

TLC (benzene) t o  glve t h e  amorphous p d e r  (1Xa. 52mq1, whzch shared only one spot on TLC. ms m/z: 

z ~ B ( M + ) .  203, 160. 'H nmr (100 MHz, CDC131: S 1.43(6H, 5 ) .  3.90(3H, 5 ) .  5.6OIlH. d,  J=10), 6.53 

(lH, d,  J=91, 6.54(1H, d.  J=10) ,  7.5111H, d. J=9) ,  10.02(1H, s ) .  

Acetylat ion of x (Formation o f  IWI 

Compound IX 116mg) was ace ty l a t ed  with a c e t i c  anhydride (2.5ml) and ~ ~ ~ i d i n e  I h l l  a t  room temper- 

a t u r e  f o r  2 h.   he products were pu r i f i ed  by p r epa ra t i ve  TLC (benzene1 t o  g ive  t he  amorphous 



powderl~x,,, 12mg), which showed only one spot on TLC. m s  m/z: 2 4 6 1 ~ + ) ,  231. 'H nmr (100 MHZ, 

CDC1 ) .  6 1.4616H, 8 ) .  2.39(38,  a ) ,  5.72(1H, d ,  J=10),  6.38118, d ,  J = 1 0 ) ,  6.77llH. d ,  J=9),  7.61 
3 '  

(1H. d,  J = 9 ) ,  9.72(1H, s ) .  

Methylation of  X (Formation of Xa) 
10 

A mixture of X (2OOmg1, dimethyl  s u l f a t e  I O . h l ) ,  and potassium carbona te  (59) i n  ace tone  (40ml) was 

re f luxed  f o r  30 mi". The r e a c t i o n  mlxture was t r e a t e d  as u s u a l ,  and p u r i f i e d  by p r e p a r a t l v e  TLC 

(chloroform) t o  g ive  a c r y s t a l l i n e  solid (Xa).  R e c r y s t a l l i z a t i o n  from hexane-ether a f f o r d e d  c o l o r -  

l e s s  prlsms ( X a ,  5 b g ) .  mp 79-8O0C, ms m/r: 1 9 6 1 ~ + ) ,  181. nmr (100 MHz, CDC13) : 6 2.59, 3.78, 

3.83(each 3H. s ) ,  5.89118. d ,  5 = 2 ) ,  6.03(1H, d ,  J = 2 ) ,  14.32118. 5 ) .  

Condensation of  IXa and X a  (Formation of XI) 

To a mixture o f  IXa l30mgi and Xa l3hng) m e thanol  (2ml) .  25% aqueous potasslum hydraxide(o.5ml) was 

added,  and t h e  mixture was allowed t o  s tand  overn igh t  a t  room temperature.  The r e a c t i o n  produc ts  

were p u r l f l e d  by p r e p a r a t l v e  TLC (e ther :hexane=l : l )  t o  give X I .  C r y s t a l l i z a t i o n  from methanol gave 

yel low prisms ( X I .  26mg). mp 141-142-C. W hEtoH nmllog E): 29613.32). 372(3.62);  ' A 2 F 3  : 306 
max 

13.17).  41513.68). m s  m/z: 3 9 6 1 ~ ~ ) .  381, 365. 'H nmr (100 MHz. CDC13): 6 1.44(6H, a ) ,  3.78, 3.81, 

3.90(each 3H. s ) ,  5.66118, d ,  J=10) ,  5.94118. d ,  J = 2 ) ,  6.1011H, d ,  J = 2 ) ,  6.62(18, d ,  J=10) ,  6.63 

IlH, d, J=8) ,  7.44(18, d ,  J = 8 ) .  7.83LlH. d ,  J=15) ,  8 .05(IH, d ,  J = 1 5 ) ,  14.75(1H, s ) .  

Conversion of X I  t o  Ib' 

A mixture of XI I14 mg), e t h a n o l  (5ml1, and 0.5% aqueous sodium hydroxide s o l u t i o n  (2nd) was 

re f luxed  for 5 h and then  allowed t o  s t a n d  f o r  48 h at room temperature.  The r e a c t i o n  produc ts  

were p u r i f l e d  by p r e p a r a t i v e  TLC Lhexane:ether=2:1) t o  gxve an amorphous powder (Ib'), which showed 

o n l y  one spot on TLC. The 'H nmr spectrum (270 MHz. CDCl of  I b '  was found t o  be superimposable over 
3 

t h a t  of sanggenon F t r ~ m e t y l  e t h e r  ( I b )  . 
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