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Abst rac t  - A nev C-geranylated flavanene, bonannione A ,  and two new 

C-geranylated dihydrof lavonols ,  bonanniol A and 8, were i s o l a t e d  from 

Bonannia Graeca (umbe l l i f e rae ) .  The s t r u c t u r e s  were deduced fmm spec- 

t r a l  da ta  and chemical  evidence. 

1 Recently., ve  repor ted  t h e  i s o l a t i o n  and s t r u c t u r a l  e l u c i d a t i o n  of a new i r r e g u l a r  

monocyclic d i terpene,  bonandiol ,  from Bonannia Graeca (L . )  Halacsy (Unbe l l i f e rae ) .  

I n  our  f u r t h e r  s t u d i e s  of t h i s  p l a n t ,  we now desc r ibe  t h e  i s o l a t i o n  of t h r e e  n w  

f lavonoids ,  whose s t r u c t u r e s  a r e  e s t a b l i s h e d  a s  (2s)-6-C-geranyl-5,7,4'-trihydm- 

xyflavanone (1 ,  bonannione A ) ,  (2R,3R)-6-C-geranyl-5,7,4'-trihydmxydihydroflavo- 

no1 (4, bonanniol A), and (2~.3~)-6-C-geranyl-7.4'-dihydroxy-5-nethoxydihydrofla- 

vonol (5, bonanniol 0 ) .  

The f i r s t  of t h e  new f lavonoids  (bonannione A ,  1). CZ5Hz8O5, had an IR spectrum 

which Showed t h e  presence  of hydmxyl  groups (3100-3450 cn - l ) ,  a che la t ed  carbonyl 

group (1640 cm-l). and aromatic r ings  (1583 cn-I) .  The W spectrum (A::: nm 335sh. 

EtOH + NaOAc 340) vas  c h a r a c t e r i s t i c  of 7-hydmxyflavanone s e r i e s . 2  The 295. Amax 

StruCtUre 1 followed from ' H  and ' 3 ~  NMR s p e c t r a l  d a t a  (Table  1 and 2 )  and those  oP 

t h e  d i a c e t a t e  2 and t r i a c e t a t e  2 obta ined by a c e t y l a t i o n  of 1. The ppn values  of r i n g  

C carbons were c h a r a c t e r i s t i c  of a 5,7-dihydmxyflavanone ~ t r u c t u r e , ~  wi th  C-2, C-3, 

and C-4 a t  78.8. 43.3, and 196.2 ppm, r e spec t ive ly .  and t h e  deshie ld ing o f  t h e  l a t t e r  

s i g n a l  i s  owing t o  c h e l a t i o n  e f f e c t  of t h e  5~011 group. I n  f a c t ,  it remained 



3 R = H ,  R' = R '  = A c  - 
1 4 R = O H ,  R = R ~ = B  - 
1 2  5 R - O A C ,  R = R  = A c  - 

2 
6 R = O H ,  R' r u e .  R = H  - 

1 2 7 R = OAc, R = Me. R = Ac - 

a t  197 .0  ppm i n  t h e  d i a c e t a t e  d e r i v a t i v e  2 whereas it was sh ie lded  i n  t h e  t r i a c e -  

t a t e  d e r i v a t i v e  2 by s. 7 ppm due t o  t h e  l o s s  of hydmgen bonding. The determina- 

t i o n  of t h e  s i t e  o f  a l k y l a t i o n  a t  C-6 was unambiguously made on t h e  b a s i s  of t h e  

m u l t i p l i c i t y  of t h e  s i g n a l  a t  95.7 ppm i n  t h e  p m t o n  coupled 13c  spectrum; i n  f a c t ,  

t h i s  s i g n a l  i s  a doublet  with 1 
JC,H = 163.8 Hz and must be a t t r i b u t e d  t o  C-8, a s  

an unsubs t i tu t ed  C-6 should show a l s o  a long-range i n t e r a c t i o n  wi th  t h e  hydmgen- 

bonded hydmxyl proton on C-5. 4 

nass  s p e c t r a l  fragmentation5 of bonannione A (1) ( s e e  Experimental)  was i n  agree- 

ment with t h e  ass igned s t r u c t u r e  1. The a b s o l u t e  s tereochemis t ry  of 1 i s  t h a t  depic- 

t e d  i n  t h e  formula because of i t s  CD curve  ( s e e  Experimental)  compared with those  of 

o t h e r  2s-flavanones. 
6 

I t  can be remarked t h a t  a product named sophoraflavanone A was r epor t ed  recent ly7 a s  

a c o n s t i t u e n t  of t h e  m o t s  of sophora tommtosa_ L .  and claimed t o  have s t r u c t u r e  1. 
7 However, t h e  phys ica l  and spect roscopic  d a t a  i n  t h e  above paper  a r e  s i m i l a r  but no t  

i d e n t i c a l  with those  found on our  product.  The same a u t h o r s  r e i n v e s t i g a t e d  t h e  posi -  

t i o n  of t h e  geranyl  chain  by using t h e  long-range s e l e c t i v e  proton decoupling method 
8 and concluded t h a t  t h e  geranyl  r e s idue  vas i n  sophoraflavanone A a t  C-8 i n s t ead  of 

c a .  

The o t h e r  of t h e  new f lavonoids ,  bonanniol A (4), was t h e  3 P -hydroxy d e r i v a t i v e  
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1 
T a b l e  1 .  H NHB d a t a  o f  compounds 1 - 1 (80MHz. CDC13, THS a s  i n t e r n a l  s tandard)  
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Table 2 .  13c NMR lchenical ShiPtS ( i n  ppm d o w f i e l d  from TMS) of  cornpounds 1 - 

+ SPORD mult ip l i c i ty  

* These as3ignments may be reversed. 
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0% bonannione A (1). It vas obtained a s  a co lor less  amorphous so l i d  and had a molecu- 

l a r  formula C25H2806. The nature  and s i t e  of t he  subst i tuents  on the  aromatic rings 

of compound 4 and corresponding te t raace ty l  der iva t ive  5 were obvious by comparing 
1 

t h e i r  H and I3c NMX spec t ra l  data (Table 1 and 2 )  v i t h  those of flavanone 1. The 

presence of a 38-hydroxyl gmup was deduced from the  chemical s h i f t  and t he  coupling 

constant (J2,3 = 12 Hz) of the  doublet a t  h H  4.56. The l a t t e r  was sh i f ted  dovnfield 

i n  t he  spectrum of t he  ace t a t e  5. The chemical s h i f t s  of t h e  carbon atoms of t h e  

r ing C ( a t  82.9, 71.6, and 198.3 ppm. respect ively)  were diagnostic f o r  a 5,7-dihy- 

dmxydihydroflavonol s t r uc tu r e  and the  mu l t i p l i c i t y  of t he  s igna l  a t  95.5 ppm (dou- 

b l e t  v i t h  JC-8,H = 162.5 Hz) indicated t he  s i t e  of a lkylat ion a t  C-6. The 2R.3R 

configuration of 4 i s  based on t he  magnitude of JH-2,H-3 and t he  CD curve ( see  Ex- 

perimental). 
6 

The l a s t  flavonoid vas named bonanniol B,  v i t h  formula C 2 6 H 3 6 p .  I t  possesses the  

s t r uc tu r e  depicted i n  6, vhich i s  i n  complete agreement with H and 13c NMR spec t ra l  

data (see Table 1 and 2). s imi la r  t o  those of compound 4. A s  above, t he  ppm values 

of t he  C-2 and C-3 carbons ( a t  82.4 and 72.6 ppm. respect ively)  agreed with a dihy- 

droflavonol s t ruc ture ,  vhereas t he  carbonyl C 4  resonance was sh i f ted  by E. 8 ppm 

upfield owing t o  removal of hydrogen bonding by 5-OH methylation. I n  t h i s  case, the  

s i t e  of a lkylat ion a t  C-6 was inequivocally indicated by the  considerable deshielding 

of t he  OCH s igna l  due t o  s t e r i c  cons t ra in t s  of t he  di-= subst i tut ion.  Purther- 
3 

more, t he  conformation change, i n  vhich t he  methoxyl bond deviates  fmm coplanarity 

v i t h  a ry l  r ing,  produced dovnfield s h i f t s  of carbon atoms C-6, C-8.and C-10, a s  a 

consequence of reduced and para e f f ec t s  of t he  methoxy group. 

A t  l a s t ,  i t  can be noted tha t  i n  a l l  the  a ce t a t e  der ivat ives  the  var ia t ion  of 13c 

chemical s h i f t s  was i n  l i n e  with t he  well  knovn acetylat ion e f fec t  ( i . e .  deshiel- 

ding of -- and =-carbons, shielding of ipso-carbon). 

The 2R,3R configuration of 5 again is  based on t h e  magnitude of JH-2,H-3 and CD 

curve ( see  ~ spe r imen t a l ) .  

EXPERIMENTAL 

Mps a r e  uncorrected. Assignments of 13c NMR chemical s h i f t s  were made with t he  aid 

of off-resonance and pmton coupled 13c NMR experiments. Plant  mater ia ls  w e r e  col- 

l ec ted  i n  Ju ly  1983, near  Palenno i n  S i c i l y ,  I t a l y ,  and voucher specimens were de- 

posited i n  t he  Herbarium of t h e  ' I s t i t u t o  d i  Botanical of t he  University of Palermo. 

I t a l y .  



Flxtraction and i s o l a t i o n  of t h e  f lavonoids .  Dried and f i n e l y  powdered Bonannia 

Graeca (L.)  Aalacsy a e r i a l  p a r t s  (200 g)  were ex t rac ted  v i t h  Me CO (7 1 )  a t  room 
2 

temperature  f o r  1 reek.  A f t e r  f i l t r a t i o n  t h e  solvent  vas  evaporated y i e l d i n g  a gum 

vhich was subjected  t o  dry-CC over  s i l i c a  g e l  (600 g Merrk No. 7734, deac t iva ted  v i t h  

15% H 0).  Elut ion v i t h  p e t r o l .  petrol-EtOAc mixtures ( 8 : ~ .  7:3, 6 : 4 )  y ie lded,  i n  o rde r  
2 

of e l u t i o n ,  bonandiol (5.3 g ) ,  bonannione A (1, 0.7 g). bonanniol  A (4, 2.5 g ) ,  and 

bonanniol B (6, 0.5 g ) .  1 was f u r t h e r  p u r i f i e d  by prep.-TLC ( s i l i c a  g e l  G) using 

CHCl -Et 0 (7 :3)  ( t h r e e  t imes ) :  compounds 4 and were a l s o  pur iP ied  by prep.-TLC 
3 2 

( s i l i c a  g e l  G) us ing  benzene-EtOAc (75:25) ( t h r e e  t imes) .  

Bonannione A (1 ) :  (2S)-6-~-Geranyl-5,7,4'-trihydroxyflavanone. Mp 11 8.C (fmm 

benzene-petroleum e t h e r ) :  [ a l l8  -2.6. (CHC13, c = 0.5): ' H  NMR (80 MHz, CDCl ): s e e  
D 3 

Table  1 ;  13c NMR (20.15 MHz, C D C l  s e e  Table 2 ;  EIMS ( d i r e c t  i n l e t )  75eV m/z 

'(56). 2 1 9 [ ~ ~ ~ ~ ~ ~ 0 ~ ] + ( 9 2 ) ,  1 6 5 [ ~ ~ ~ ~ 0 ~ ] + ( 6 6 ) ,  

41 (100);  CD cu rve  (EtOH) 

+1 .39 (max). &292nm -6.80 (neg. max). 

Found: C ,  73.12: H ,  6.72. CZ5Hz8O5 r equ i re s :  C ,  73.52: H, 6.86. 

Diace ta t e  2 from 1. Ac 0-pyridine t rea tment  of 1 f o r  2 h a t  room temperature y i e l -  2 
ded t h e  d e r i v a t i v e  2: mp 83°C (from acetone-petmleum e t h e r ) .  'H NMR (80 MHz, CDCl.,): 

s e e  Table 1 ;  13c NMR (20.15 MHz, CDC13): s e e  Table 2: EIMS ( d i r e c t  i n l e t )  75eV m/z 

( r e l .  i n t . ) :  4 9 2 L ~ 3  (45).  450(15). 449(12),  381(40), 369(32). 327(68), 219(100). 

203(18), 177(15),  165(40).  120(25) .  

Found: C, 70.91; A,  6.37. C H 0 r equ i re s :  C, 70.73; A ,  6.50. 
29 32 7 

T r i a c e t a t e  3 from 1 and 2. Ac 0-pyridine t rea tment  o f  1 and 2 f o r  24 h a t  mom ten- 
2 

p e r a t u r e  y ie lded  t h e  same d e r i v e t i v e  2 a s  a gum. 'H NMR (80 MHz, CDCl ) :  s e e  Table  1 ;  
3 

13c  m (20.15 m z ,  C D C l  ) :  s e e  T a b l e  2; EIMS ( d i r e c t  i n l e t )  75eV m/z ( r e l .  i n t .  ): 
3 

5 3 4 [ ~ 3  (1) .  493(3),  492(3).  449(2),  423(1),  381(2).  369(2). 327(4).  288(3)r  219(4). 

189(11 ), 161 (11 1, 134(16), 109(17),  43(100). 

Bonanniol A ( 4 ) :  (2R,3~)6-~-Geranyl-5.7.4'-trihyd~xydihydmflavonol. Amorphous 
n u j o l  c m - ~  

s o l i d ;  [QJ;' +11 . l o  (CfKl3, c = 0.7) ;  I R  vmaX : 3425(0H), 1625(C=0); W 

nn 325sh. 295: NMR (80 m e .  C D C l  ): see Table  7: 13c NMR (20.15 MHz, 
3 

DMSO-d ) -  s e e  Table  2; EIMS ( d i r e c t  i n l e t )  75eV m/z ( r e l .  i n t .  ): 424[MJ (35) ,  406 6 ' 

[M-H20]+(16 1, 301[M-~~A~ 5f (73 ), ). 219[C12H11 04f (17 ), 1 6 5 [ ~ ~ ~ ~ 0 ~ ] +  

(100). 1 3 6 [ ~ ~ ~ ~ 0 ~ T ( 1 8 ) ,  1 0 7 [ ~ ~ ~ ~ 0 ] + ( 6 0 ) .  69[c5H9r(85):  CD curve  ( E ~ O H )  &331 

+1 .7O ( m a ) ,  4 . 8 5  (neg. m a ) .  

Found: C. 70.93; H ,  6.12. C2+iZ8O6 requ i re s ;  C, 70.75: A. 6.60. 
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T e t r a c e t a t e  5 from 4.  Ac 0-pyridine t rea tment  of 4_ f o r  24 h a t  room temperature  
2 

y ie lded  t h e  d e r i v a t i v e  5 a s  a gum. ' H  NMR (80 MHz. C D C l  ): s e e  Table 1 ;  13c  NMR 
3 

(20.15 MHz, C D C l  : s e e  Table 2. 
3 

Bonanniol B ( 6 ) :  (2~,3~)-6-~-~eran~l-7,4'-dihydroxy-5-methoxydihydmflavonol. 

Amorphous s o l i d ;  [,]A8 +33 (CHC1 . c = 0.1 ); W iEtoH nm 325sh. 283: 'H NHR max 
(80 MHz, DMSO-d ) :  see  Table 1 ;  '3C NMR (20.15 MHz, DMSO-d ) .  s e e  Table 2: EIMS 

6 6 ' 

( d i r e c t  i n l e t )  75eV m/z(rel .  i n t .  ) :  438[~+] ( 9 ) .  420[H-H201+(12), 316[H-1227(15). 

302[c1 8~2204] t ( l  8 ) .  l 7 9 [ ~ ~ ~ ~ 0 y ( 7 8  1. 1 0 7 [ ~ ~ ~ ~ 0 ~ ( 1 0 0 ) ,  6 9 [ ~ ~ ~ ~ 7 ( 9 0 ) :  CD cu rve  

( E ~ O H )  t2.28 (max), As -3.04 (neg. max). 
305 

Found: C ,  71.47; H ,  6.32. C H 0 r equ i re s :  C ,  71.23: H, 6.85. 
26 30 6 

T r i a c e t a t e  7 fmm 6. Ac 0-pyridine t rea tment  of 6 f o r  24 h a t  mom temperature 
2 

y ie lded  t h e  d e r i v a t i v e  a s  a gum. ' H  NMR (80 MHz. C D C l  ) :  s e e  Table  1 ;  13c NMR 
3 

(20.15 MHz, C D C l  ) :  s e e  Table 2. 
3 
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