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Abstract - A Burvey of l 3 C  NMK spectroscopy data  of t h e  

var ious c l a s s e s  Of flavonoids i s  presented which shows t h a t  

t h e  carbon resonances of r i n g  C a r e  useful  i n  i d e n t i f i c a t i o n  

of t he  basic  Blreletal tyne. The appl ica t ions  of t h i s  data  i n  

s t r u c t u r e  e luc ida t ion  s t ud i e s  such a s  determination of t h e  

pos i t ions  of s l ky l a t i on ,  acy la t ion ,  glycosylat ion e tc .  a r e  

r evlewed. 

INTRODUCTION 

The conventional methods of molecular s t r u c t u r e  determination of n a t u r a l  

products by chemical degradat ive s t u d i e s  have undergone rap id  changes i n  t he  

l a s t  t h r ee  decades with t h e  in t roduc t ion  of new physical  techniques such a s  

NMR, Mass and X-ray e t c .  The soph l s t l c a t i ons  introduced i n  t he se  techniques 

i n  t he  l a s t  few yea r s  have been which have v a s t l y  enhanced t h e  

c a p a b i l i t i e s  of t h e  chemists working on na tu r a l  products. The 13c NNR 

spectroscopy introduced arollna 1975 i s  t h e  most recent  add i t ion  and even i n  

t h i s  shor t  period a rormldable ana useful  data  has been generated on almost a l l  

c l a s s e s  of n a t u r a l  products.  It was, the re fore ,  considered worthwhile t o  

comp~ le  and review t h e  13c NMA spectroscopy data  and i t s  applications i n  the 

s t r u c t u r e  e luc ida t ion  of flavonoids (Fiu.1) .  

The cha rac t e r l s a t i on  of f lavonoids  was accomplished by absorpt ion 

maxlma i n  UV and v l s i h l e  reg ions  and t h e i r  s h i f t s  on ada i t i on  of s u l t a b l e  

1 1 
reagents  . With t h e  advent of H NMR Bpectroscopy, app l i c a t i ons  of s p e c i a l  

techniques such a s  t r i m e t h y l s ~ l y l a t i o n  f o r  so lnb i l i z a t i on  of polyhydroxy 

2 Slavonolds , solvent-induced s h i f t s 3 ,  lanthanide-induced s h l f t s 4  and t he  

- 
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a p p l i c a t i o n  of nuc lea r  Overhauser e f f e c t  (NOE) have been extensively  and 

e f f e c t i v e l y  used i n  s t r u c t u r e  determinat ion s tud ies .  

'The "C wMK spectrum with  i t s  wlde chemical s h i f t  range of about 250 ppm 

(dcwnrie ld  from '?Ma) nas  proved of g rea t  he lp  i n  s t r u c t u r e  e l u c i d a t i o n  of 

5 complex molecules . Three types  of s p e c t r a  a r e  generated m "C N i W  spec t ru -  

scopy: t h e  proton-noise  decouplea (PND) spectrum provldes  t h e  inrormatlon about 

t h e  number and n a t u r e  of carbon atoms depending on t h e i r  r e s p e c t i v e  chemical 

s n i f z s ;  t h e  ainpJe frequency o l i  resonance decoupled spectrum (SfONl)) e l v e s  t h e  

hydrogen substitution p a t t e r n  where s i g n a l s  of carbons a r e  s p l i t  according t o  

t h e  number of a t t a c h e d  hydrogen atoms; t h e  proton-coupled spectrum g ives  

3 'J~,~, '.Jm and JCE coupl ing informat ion i n  aromat ic  systems. These s p e c t r a  

a r e  c o l l e c t i v e l y  used r o r  t h e  carbon resonance assi,mments of a molecule. Other 

assignment a i d s  such a s  s p e c i f i c    rot on decoupling and d e u t e r a t i o n  s t u d i e s  have 

w e n  r a r e l y  used so f a r .  
6 

The f l r s t  r e p o r t  of 13c NMR of ib.vone appeared i n  1974 and s m c e  then 

i t s  application has  been extended t o  a l l  types  of r lavonoids  such as  

f l avones  7-19,35,88 isof1avones7713,17c,lYd,20-26,35, rlavonols 8,9,11,13,27-33 

flavanones7,8'17b,17c'33-42, i sof lavanones  13,20,36,41c, flavanon- 

018 
8.28 

8,139 28$'G, 42-45, i ~ a v a n s ~ ~ ,  isof lavans13,  tlavan-3-01s , 
f l a v a n - 4 - 0 1 ~ ~ ~ ~ ~  f l a v a n - 7 , 4 - d i o l ~ ~ ~ ,  flavonoid-0-glycosi- 

des8'13,14916,1"c927*35947-60, acy la ted  flavonoid-0-glycoaides 14,55,61-66 

flavonoid-C-gly cosides  16,17,59,b0,67-77, biflavonoids34,74-78 and r e l a t e d  

compounds such a s  chalcones 798,11979, dihydroc2lalcones and t h e i r  

79a179b, a ~ r o n e s ~ " ~ ,  cyanidines  7781-85 ana f lavonol ignans  
17,86-88 

glycosid e s  

The wrbon  resonances of i l a v c n o i d s  appear between 40 ppm t o  201) ppm m 

17i: NiviK and may convenient ly  be divided i n t o  four  regions:  40-85 ppm - C-2 and 

U-3 resonances of f ~ a v a n o n e s ~ ~ ,  is of lava none^^^, f l a v a n ~ n o l s ~ ~  a s  w e l l  a s  

methoxyl carbons; 90-110 ppm - C-6, C-8 and the  two unsubs t i tu ted  carbons of the  
43 

t r l s u b s t i t u t e d  r i n g  B i n  flavones7, i s o ~ l a v o n e s ~ ~ ,   lavan nones^^, f lavanonols  , 
i so f lavan13  a s  we l l  a s  C-3 of flavone8; 110 t o  140 pprn - carbons of mono- or 

d i - s u b s t i t u t e d  r i n g  B; 135 t o  200 ppm - oxyaryl carbons, o l e i i n i c  C-0 (135-168 

ppm) and carbonyl carbons (168-200 pprn). Ln a l k y l  s u b s t i t u t e d  f lavonoids  t h e  

s i & a l s  of carbons of a l k y l  chain genera l ly  appear below 40 pprn (Fig .2) .  

In  t h i s  survey t h e  "C NMR data  of v a r i o u s  s k e l e t a l  types  have been 
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FIG. 2 CHARACTERISTIC SPECTRAL REGION IN CASE OF 
F L A V O N O I D S  A N D  RELATED C O M P O U N D S  
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consol idated i n  Tables 1-16. It is evident  t h a t  the  carbon resonances of 

r i n g  C could be used i n  i den t i f y ing  t h e  ba s i c  s k e l e t a l  type (Table 1 7 ) .  The 

pro jec t ion  of t h i s  data a s  a  valuable a i d  i n  s t m c t u r a l  e l uc ida t i on  s t ud i e s  

such a s  determination of pos i t i ons  of a l hy l a t i on ,  acy la t ion  and glycosylat ion 

e tc .  has been presented under t he  following seot ions:  

5 ,  I-Dihydro~yflavonoids 

Oxidation l e v e l  of r i n g  C 

Ring A carbons and determination of s i t e  of a l ky l a t i on  

5-Deoxyflavonoids 

Flavans ( inc lud ing  catechins ,  leucoanthocynidines) 

Flavonoid glycosides  

0-Glycosides 

S i t e  of glycosylat ion i n  flavonoid nucleus 

In te rg lycos id ic  l inkage  i n  flsvonoid-0-polyglycosides 

S i t e  of acy la t ion  i n  acylated flavonoid glycosides  

C-Gly cosid e s  

Determination of r i n g  s i z e  of t he  sugar and anomeric con f iwra t i on  

Biflavonoids 

Chalcones and dihydrochalcones 

Aurones and isoaurones 

Determination of s u b s t i t u t i o n  pa t te rn  

Acetylation-induced s h i f t s  

Determination of s i t e  of methoxyl group and methylation-induced s h i f t s  

Trimethyl s i l  y lu  tion-induced s h i f t s  

1. 5,7-Dihydroxyflavonoids 

Oxidation l e v e l  of Ring C - The 6 va lues  of carbons of r i n g s  A and 

C i n  5,7-dihydroxylated f lavonoids  a r e  given i n  Table 18. The chemical s h i f t  

of carhonyl oarbon d i r e c t l y  r e f l e c t s  the oxidation l e v e l  of c e n t r a l  pyrone 

r i ng ,  which appears  i n  5,7-dihydroqyflavanone and flavanonol a t  197 +_ 1, i n  

flavone and isof lavone a t  181  2 lZ6 and i n  f l avonols  a t  115-176 porn. These 

va lues  r e f l e c t  the effect  of t h e  2,: double bond on t he  carbonyl po la r iza t ion  

and being constant within a  given s e r i e s ,  serve a s  a  d iagnos t ic  t e s t  f o r  

determining r i n g  C oxidat ion l e v e l  (Fig.2).  The 5-OH group deshields  t he  



carbonyl resonance by ca. 5  ppm due to che la t ion  e f f ec t  and in t roduces  

coupling between phenolic H and r i ng  A carbons ( J C  OH =- 5.0; J C  OH = -  4.5; 

- - - 1 . 5 ~ z ) ~ ~ , ~ ~ .  
5  5  6 5 

J ~ 7 0 ~ ,  - 
The proton-coupled spec t ra  a f fo rd  a  c l e a r  d i s t i n c t i o n  between the 

carbonyl carbon resonances of f7avones and isoflavones. The l a t t e r  appears 

24 a s  a  doublet due t o  3 ~ c H  in t e r ac t i on  (ca.  7  H z )  with H-2 . On t h e  other  

hand, C-2 s i g n a l  i n  flavone appears  a s  a  sharp doublet due t o  absence of t h r e e  

bond i n t e r ac t i ons .  This da tb l e t  ha s  the l a r g e s t  C-H coupling (190-196.5 Hz) 

s i nce  C-2 experiences a  considerable pos i t ive  po la r i sa t ion  not only by the 

a-inductive e f f ec t  of the  oxygen but a l s o  due to a mesomeric e lec t ron  withdraw- 

i n g  of t h e  @-oarbonyl group 17d124. In f lavones the chemical s h i f t  of C-3 i s  

usually 104 1 but when methoxyl i s  attached t o  C-2' or C-6', a downfield 

s h i f t  t o  112 2 ppm i s  observed 10,18 

The chemical s h i f t s  of C-2 and C-3 a r e  s u f f i c i e n t l y  c h a r a c t e r i s t i c  

and could be used t 0 d i f f e r e n t i a t e  var ious ca tegor ies  of f lavonoids  (Fig.3).  

The sa tura t ion  of C-2,3 double bond i . e .  conversion of f lavones t o  flavancnes 

and f lavonols  t o  flavanonols,  e f f e c t s  the chemical s h i f t s  as: ( i )  m&a-oriented 

oqyaryl C-5,7,9 s i gna l s  exh lb i t  downfield s h i f t  in the  rage of 1.5-6.0 ppm, 

( i i )  the C-10 s igna l  shows upfield s h i f t  and ( i i i )  C - 1 '  s i gna l  shows downfield 

s h i f t  of t he  order of 5-9 ppm due t o  l o s s  of conjugation between r i n g s  B and 

C (Table 1 8 ) .  

1 .2  Hing A carbons and determination of s i t e  of a l ky l a t i on  - Among the 

C-5, C-7 and C-9 carbons rh ich  usual ly  appear between 157-167 ppm, t he  C-7 

s igna l  always appears a t  t he  lowest f i e l d  i n  5.7-oxygenated flavonoids 16-21 

For a l a r g e  number of cases ,  C-6 and C-8 resonances appear between 90-100 ppm 

and a r e  unambiguously d i f f e r e n t i a t e d  by considerat ion of t h e i r  m u l t i p l i c i t i e s  

i n  t h e  proton-coupled spec t ra ,  deuterat ion of  OH'^, s p e c i f i c   roto on 
d e ~ o u ~ l i n ~ ~ ~  and s h i f t s  due t o  sequent ia l  methylation of 7-OH and 5-OH pOUpS 

which showed t h a t  the C-6 s i gna l  i s  always a t  downfield pos i t i on  with respec t  

t o  C-8 (Table 1 8 ) .  The chemical s h i f t  d i f fe rence  is small ( ca. 0.9 ppm) i n  

flavanones and l a r g e r  (ca. 4.5 ~ p m )  i n  flavones and flavonols.  The assignments 

have a l s o  been made on t he  ba s i s  of re laxa t ion  time in case of 5 , ' / ,4 ' - t r i -  

91 bydroxyflavanone . 
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FIG.  3 CORRELATION OF R I N G  C  CARBON.  RESONANCES I N  - 
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The p o s i t i o n  of a l k y l  s u b s t i t u t i o n  i n  r i n g  A of f l avonoids  i s  deduced 

without any ambiguity by t h e  downfield s h i f t  of the  s u b s t i t u t e d  a r y l  carbon 

s i g n a l  by 6.0-9.6 ppm whereas t h e  s i g n s l  of t h e  unsubs t i tu ted  carbon (C-6 o r  

C-8) i s  not  e s s e n t i a l l y  a l t e r e d  (k 0.5 ppm) 92'97. The p o t e n t i a l i t y  of t h i s  

approach h a s  been success fu l ly  u t i l i z e d  i n  s t r u c t u r e  es tabl ishment  of 

C-methylated flavanone8 and f l a ~ a n o n o l s ~ ~ ,  C-benaylated f l a v a n ~ n e s ~ ~ ~ ~ ~  and 

36 f lavonolds  possess ing y,y-dimethyl a l k y l  group . This informat ion has  been 

app l ied  t o  r e v i s e  the  s t r u c t u r e s  of ohromeno and prenylated flavones i s o l a t e d  

from Norus a- 1y'94. The coupl ing of s u b s t i t u t e d  carbon with  H of a l k y l  group 

i n  t h e  proton-coupled spec t ra  a l s o  provide u s e f u l  information regarding t h e  

43 placement of a l k y l  s u b s t i t u e n t  i n  b o r  8 a l k y l a t e d  f lavonoids  . 
2. 5-Deoxyflavonoids 

The deshie lding e f f e c t  on t h e  carbonyl carbon resonance and t h e  

couplings of C-5,b,'l of r i n g  A wi th  H of 5-UH i n  5.7-dihydroxyflavonoids, a r e  

a l t o g e t h e r  absent  i n  5-deoxyflavonoids. The respec t ive  C-5 carbon i s  observed 

8 a t  ca. 128-129.5 ppm i n  case  of flavanones , isoflavanones13 and 

flavanonols28 and a t  ca. 126-127.5 ppm i n  case  of flavones2', i sof lavones7 and 

f lavonolsZ8,  hence suggesr ing the  a i e l d i n g  ( c s .  1-2 ppm ) of C-5 due t o  C-2,3 

double bond. A s  compared t o  12-5 hydrol~ylated products,  the  carbonyl C-4 s i g n a l  

now appears  u3f ie ld  ca. 5.0-7.5 ppm and h a s  been observed i n  i lavanones ,  

i so f lavanones  and f lavanouols  a t  ca.  190-192.5 ppm, i n  f l avones  and i s o f l a v o n e s  

a t  ca. 175.0-177.5 ppm and i n  f lavonols  a t  ca. 172.5 ppm. These va lues  c l e a r l y  

r e f l e c t  t h e  e f f e c t  of 2,3 double bond on carbonyl p o l a r i z a t i o n .  The l a c k  of 

in t ramolecu la r  hydrogen bonding a l s o  causes desh ie ld ing  (ca .  1 - 2  ppm) of C-2 

and C-3 i n  rlavanones and i'lavanonols, while i n  i s o f l a w n o n e ,  C-2 e x h i b i t s  t h e  

downfield s h i f t  of t h e  same order but C-3 shows a l i t t l e  more desh ie ld ing  

( c a .  3.0-4.5 ppm) . In isof lavone and f l avonol  the  desh ie ld ing  of C-2 and '2-3 

was remarkaDle where t h e  s h i f t s  were of t h e  order of 17.0 and 0.36 ppm, 7.0 an 

2.5 ppm respec t ive ly2 '  (F ig .4 ) .  

3. Flavans ( i n c l u d i n g  ca tech ins  and leucoanthocynidiues)  

There was so f a r  only one repor t  of 13c NMR i n  t h e  c l a s s  of f l avans  

( r i n g  C unsubs t i tu ted)  wherein C-2, C-3 and C-4 carbon resonances were observed 

46 a t  78.1, 25.1 and 31.3 ppm r e s p e c t i v e l y  . The isomeric i s o f l a v a n  having a r y l  
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FIG. 4 CORRELATION OF RING C CARBON RESONANCES I N  - 
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subs t i tu t ion  a t  C-3, exhibi ted deshielding ( - 7 ppm) of C-3 and sh ie ld ing  

13 
(c 8 ppm) of C-2 while C-4 remained almost unaltered . 

The in t roduc t ion  of OH function a t  C-3 a s  i n  flavan-3-01, caused 

downfield s h i f t  of a l l  the  r i n g  C carbon atoms. The i- carbon (i .e.  C-3) 

sh i f t ed  downiield t o  an extent  of 42.0-45.0 ppm (a e f f e c t )  but the  deshielding 

of C-2 (p e f f e c t )  was almost double than t h a t  on C-4 which was deshielded by 

c 1.5 pprn28. By t he  in t roduot ion  of anuthm OH at  C-4 1.e. i n  flavan-7,4-diol, 

C-2 was observed t o  be shielded by oa. 1.3 ppm whereas C-3 was deshielded by 

oa. 2.5 ppm and C-4 showed t h e  expected deshielding due t o  OH subs t i t u t i on .  A 

comparison of the chemical s h i f t s  f o r  C-5, C-7 and C-9 i n  t he se  compounds with 

flavonoids,  ind ica ted  t h e i r  higher  f i e l d  s h i f t s  (oa. 3.5-6.5 ppm) r e f l e c t i n g  

t h e  marked e f f e c t  of carbonyl on these  ( r i g . 5 ) .  

4. k'lavonoid glycosides  

4.1 0-Glycosides 

4.1.1 S i t e  of glycosylat ion i n  flavonoid nucleus - Glyoosylation of a  

phenolic hydroxyl induces upward s h i f t  in t he  resonance of the  carbon d i r e c t l y  

95 involved i n  de r i va t i a a t i on  . When t h e  7-hydrowl group is glucosylated t h e  

C-7 s igna l  sh i f t ed  upf ie ld  by 1.4-2.0 ppm whereas the s i gna l  of gGLQ carbons 

were sh i f t ed  downfield ( a  a f f e c t )  t o  a  l e s s e r  extent (0.5-1.0 ppm) than t he  

1 3  oars C-10 s i s a l  which sh i f t ed  downfield by 1.5-1.8 ppm . Glycosylation with 

rhamnose appeared t o  have a more marked e f f ec t  on t he  C-7 s i s a l  (-2.35 ppm) 

1 4  than with o ther  sugars  and t h i s  d i f fe rence  has  a  diagnost ic  value . 
The same general pa t t e rn  of s i gna l  s h i f t s  i s  a l s o  observed on glycosy- 

l a t i o n  a t  C-3,3' and 4 ' .  Glycosylation a t  C-3, however, produced a  l a r g e r  than 

an t i c i pa t ed  e f f ec t  on the  C-2 s i m a l  ( -. 9 ppm) i n  flavonols.  This l a r g e r  s h i f t  

is  more c h a r a c t e r i s t i c  of o l e f i n i c  than aromatic systems and i t  i s  l i k e l y  here  

t h a t  t h i s  r e f l e c t s  t he  semiolef inic  character  of 2.3 double bond i n  f lavonols .  

Glyoosylation a t  e i t h e r  of the  pos i t ions  i n  3  ', 4 '-dihydrowlated flavonoids 

produced up f i e ld  s h i f t  of t h e  respec t ive  glycosylated carbon analogous t o  those 

mentioned above. However, t h e  a-effect on hydroxyl-bearing zt& carbon was 

1 4  more marked and s i ~ i f i c a n t  than the o the r  o m  unaubst i tuted carbon . 
Glycosylation of the 5-OH group ha s  a  profound e f f e c t  on t he  e lec t ron  

densi ty  of t he  molecule due t o  absence of ohelation. Thus, a l t h m g h  the s h i f t  
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FIG. 5 CORRELATION OF CARBON RESONANCES OF RING C AND C - 5  IN - 
5 -  DEOXY - FLAVANS A N D  THEIR HYDROXY DERIVATIVES 
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obsellred in C-5 s igna l  (-2.1 ppm) i s  s im i l a r  t o  t h a t  expected f o r  o ther  s i t e s ,  

t h e  downfield s h i f t s  f o r  !&& and (Cd, lO,B) carbons were observed i n  t h e  

range of 3.0-4.5 ppm. A marked e f f ec t  is  a l s o  not iced i n  r i n g  C carbon s i p a l s  

due t o  t h e  l o s s  of che la t ion ,  t he  C-2 and C-4 move upfield by about 3.0 and 6.0 

ppm respec t ive ly  w h i l s t  C-3 appeared c-. 2.5 ppm downfield i n  flavone glyco- 

1 4  s i de s  . Indeed, t he  s h i f t s  of carbon toge ther  with those  of g&u carbons 

provide a r e l i a b l e  guide t o  t h e  s i te  of glycosylation. 

4.1.2 In te rg lycos id io  l inkage i n  f lavonoid-0-poly~ycosides - Glyoosylation 

of a sugar hydroxyl produces a s izeab le  downfield s h i f t  on t h e  resonance of 

t h i s  hydroxy-bearing carbon96 which is of g rea t  value f o r  e luc ida t ion  of t he  

i n t e rg lycos id i c  l inkages.  Thus, it can be decided i n  a s t r a i g h t  forward 

manner i f  t h e  rhamnosyl un i t  is  l inked  t o  glucose a t  C-6" such as ru t inos ides  

Lrhamnosyl (ll"-t 6" Jglucosidee]  o r  a t  C-2" such a s  neohesperidoside 

[ r h a m n o s y l ( l " ' ~ 2 "  )glucoside].  In ru t inos ide ,  t h e  glucose C-6" s igna l  i s  

s h i f t e d  downrield Dy 4.5-6.0 ppm whereas i n  neohesperidoside t h e  downfield s h i f t  

of glucose C-2- s i s a l  is  2.6-3.9 ppm8*l4. When glucose i s  the glycosylat ing 

sugar a s  i n  sophorosides, however, a much l a r g e r  domf i e ld  s h i f t s  of the order 

of 8 ppm i s  evident i n  t h e  C-2" The s h i f t  of such a magnitude 

appears  t o  be t yp i ca l  of p-glucosylation i n  disaccharides  and oligosaccharidea. 

The glucosylat ion a t  C-2" i s  a l s o  de tec tab le  by observing the  adjacent  C-1" 

signal which i s  usually s h i f t e d  upf ie ld  by ca. 2.9 ppmll. 

Assignments of sugar carbons can be made by t h e  comparison with t he  

reported da t a  f o r  monosaccharidesg7 and methyl glycosides98. The spectra  of 

d i -  and t r i g lycos ide s  were resolved by be s t - f i t  matching with t h e  appropriate 

monosaccharide spectrum. Hence, a compariaon of the spectrum of a glycoside 

with those of appropr ia te  suga r s  i n  conjunction with glycosylation-induced 

s h i f t s ,  could provide a considerable information on t h e  establishment of 

s t r uo tu r e  of i lavcnoid polyglycosides. 

4.2 S i t e  of a cy l a t i on  i n  acylated flavonoid glycosides  - The pos i t i on  Of 

acy l  subs t i tuen t  i n  acy la ted  flavonoid glycosides could be assigUed by 

comparative s t ud i e s  of t h e i r  spec t r a  with nonacylated equivalents ,  which 

c l ea r l y  r evea l  the  downfield s h i f t  of ca. 1.0-2.0 ppm f o r  ca ro iny l  carbon ( ca )  

while v i c i n a l  Carbon 10 J resonance is displaced upfieldYy (1.5-3.0 ppm) 
6 
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( a cy l a t i on  s h i f t  r u l e ) .  Sometimes the desh ie ld ing  of acylated glycosyl carbon 

was of much lower order but t h e  sh i e ld ing  of adjacent  carbons was good enough i n  

determining acy l a t i on  s i t e .  This r u l e  has  been successful ly  appl ied in the  

placement of a c y l  groups i n  acy la ted  g l y m s i d e s  61-66 

4.3 C-Glycosides - The most outstanding app l i c a t i on  of 13c NMR has  been 

i n  t h e  s t r u c t u r e  e luc ida t ion  of C-glycosides. The e a r l i e r  chemical degradation 

methods l i k e  f e r r i c  ch lor ide  oxidat ion or  ozonolysielo0 o r  mass s p e c t r a l  

ana ly s i s  of permethyl der iva t ives ,  a r e  usefu l  f o r  charac te r i sa t ion  of t he  C- 

l inked  sugars  and t o  decide t h e  pos i t ion  of linkage1''. However, it w a s  not 

f e a s ib l e  t o  determine the  s t r u c t u r e  of sugar moiet ies  by mass spectrometry. 

Generally, C-glycosides possess  sugar moie t ies  e i t h e r  a t  C-6 o r  C-8 

o r  a t  both pos i t i ons  i n  5.7-dihydroqyflavonoids. Whatever may be the case, 

C-glycosylation causes a downfield s h i f t  (8-11 ppm) of the s igna l  which 

77 general ly  appears  between 95-110 ppm . In conformity with t h e  e a r l i e r  

observation, t he  C-6 s igna l  i n  t h i s  c l a s s  a s  wel l  appears  downfield with 

respec t  t o  C-8 aimal. In add i t i on  t o  the  deshielding of i s  carbon, the  
16 &&and oars carbon a i p a l s  a r e  sh i f t ed  upf ie ld  by 0.1-1.4 ppm . Similar  

observat ions were a l s o  made i n  the case of xanthone C-glycosi.de, 

102 mangiferin . 
4.4 Determination of r i n g  s i z e  of t h e  sugar and anomeric configuration - 
The coupling constant of t h e  anomeric proton s igna l  i n  'H NNR (J 

H1,,H2,, 
) has 

l imi ted  u t i l i t y  i n  determination of a n w e r i c  configuration because t h e  anomeric 

proton s i g n a l  general ly  appeared a s  a broadened s igna l .  The configuration ha s  

a l s o  been a s s i g m d  by comparison of the molecular r o t a t i on  d i f fe rences  [(M)D 

glycoside - (M)D aglycone] with t h a t  of the corresponding methyl g l ~ c o s i d e ~ ~ ~  

o r  by t he  hydro lys i s  of glycosides  with s p e c i f i c  enzymes. 

Methyl furanosides  and methyl pyranosides of t he  same sugar have been 

found t o  be r ead i l y  d i s t i ngu i shab l e  by 13c NMR and bes t - f i t  matching could give 

t he  infarmation about t he  r i n g  s i z e  1041105. Generally t he  a igna l s  of C-1  " 
(anomeric carbon),  C-2", C-3" and C-5" i n  p-D-glycosides appeared a t  

remarkably lower f i e l d  than t hose  of the  corresponding n-anomer. Recently, it 

ha s  been repor ted  that i n  pyranoses the coupl ing constant of C-1" s i g n a l  

1 ( JCH) was l a r g e r  than thoae of the r e s t  of carbons which usua l ly  var ied 



between 143-148 Hz and did not depend much on stereochemistry. Further ,  

l.S showed a c l e a r  dependence on o r i en t a t i on  of t he  subs t i tuen t  a t  C-1" 
C1" El" 

1 e.g. i n  methyl glycosides JCH d u e  of 158-162 Hz was observed when H-1" was 

a x i a l  ( @ )  whereas those with equa tor ia l  A-1" ( a )  showed a higher  value of 

169-172 Hz 1069107. Thus, 'sCH value i s  h i g b r  by 10  Hz i n  t he  case of a 

glyoosides. Similar ly ,  the  sugar C-1" si:gnal of p-anomers appears  a t  100-102 
108 ppm whereas the  corresponding s igna l  i n  or-anomers appears  a t  ca. 95 ppm . 

This data  could be applied f o r  t h e  assignment of anomeric s t r u c t u r e  regard less  

of v a r i e t y  of t he  aglycone. 

5. Biflavonoids 

The majori ty  of na tu r a l l y  occurring bif lavonoids  conta in  C-C l inked  

monomers involving a t  l e a s t  one r i n g  A i n  inter-f lavonoid linkage. The combi- 

na t ions  so f a r  found i n  the  na tu r e  a r e  ( C d ,  C-6" ) ,  (C-6,  C - 8 "  ) ,  3 C-6'9, 

(C-8, C-8"), (C-4', C-8" ) and (C-3, C-8" ). Biflavonoids having e t h e r  

l inkage f a l l  i n  two groups - t h e  hinokiflavone type (C-4'-0-C-6" ) and 

oohanaflavone type (C-3'-0-C-4" )71. The solvent-induced s h i f t  of methoxyl 

a i p a l  on progressive add i t i on  of benzene-ds4 and t h e  use of Eu(F0D) 
3 

reagent log i n  'H NMR speotrosoopy had been appl ied so  f a r  f o r  t he  determination 

of biflavonoid s t ruo tures .  AMR has  now provided a r e l i a b l e  t o o l  of wider 

a p p l i c a b i l i t y  wherein t h e  f lavanyl  s u b s t i t u t i o n  usual ly  oauses deshielding 

(4.5-9.9 ppm) of t h e  s i g n a l  of subs t i tu ted  carbons ( a s  compared t o  monomeric 

model) but s i gna l s  of t he  remaining carbons a r e  not markedly e f fec ted  and, 

there fore ,  t h i s  spec i f i c  desh ie ld ing  i s  valuable i n  i den t i f y ing  t h e  i n t e r -  

flavonoid l i n k a g ~ ' ~ - ~ ' .  In s p e c i f i c  cases  of C-7.8" l inked  bif lavonoids ,  i n  

add i t ion  t o  t he  normal desh ie ld ing  of t he se  carbons, C-2 s i g n a l  i s  a l s o  

deshielded t o  t h e  ex ten t  of 3.0 ppm possibly due t o  s t e r i o  factors34.  In 

b i l u t e o l i n  octamethyl e ther  ( a  syn the t i c  5 I ,  5 " *  l inked bif lavonoid)  , t h e  C-5 I ,  

5 " '  resonances exhibi ted an unexpected downfield a h i f t  of 20.7 ppm whioh has  

a l s o  been e t i pu l a t ed  a s  due t o  s t e r i c  effects7'. Thus, comparison of 13c 
chemical s h i f t s  with monomeric equivalents  a long with considerat ion of i n t e r -  

flavonoid-induced s h i f t s  could provide u s e f i l  information In StructUFe deter-  

mination of biflavonoids.  
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6. Chalcones and dihydrochalcones 

The 13c NMR spectrum of c innanic  a c i d  provides a good model f o r  t h e  

assignments of chalcone carbons. *he carbonyl carbon s igna l  appears  between 

188.6-194.6 ppm and t he  resonances of a- and p-carbons a r e  i d e n t i f i e d  by t h e i r  

c h a r a c t e r i s t i c  appearance a s  a s i x  l i n e  mul t ip le t  i n  off-resonance decoupled 

-4.6 B B ~ P ' .  spectrum a t  1lb.a-128.1 and 136.2-145.4 ppm, each showing JCa,Cp(H)- 

It i s  of i n t e r e s t  t h a t  t h e  exis tence of 2-H group i n  chalcone nucleus has  

pronounced sh i e ld ing  e f f e c t  of 1.5-3.5 ppm on C and 0.4-1.0 ppm on Ca 

'1,8 
8 

ca rom . kbrther ,  i n  2'-hydroxy compounds the  C-2' s i gna l  is sh i f t ed  
'I upf ie ld  by 14.9-15.6 ppm on ace ty l a t i on  . 

In dihydrochalcones, t h e  ava i lab le  da t a  a r e  l imi ted  t o  only one 

substance and i t s  2 '4-glucoaide.  ,the s i gna l s  a t  ca. 44.5 and 3O.u ppm were 

a s s i e e d  t o  I: and (: carbons and it was observed t h a t  glucosidat ion a t  0-2' a 8 
pos i t i on  has  pronounced e f f ec t  on C=u and C carbons which were sh i f t ed  upr ie ld  a 

'1 9 by ca. 5.5 and ca. 5.5 ppm, respec t ive ly  . 
7. Aurones and isoaurones 

The 13c NMK of isomeric f i ve  membered he te rocyc l ic  r i n g  i n  aurones and 

iscaurones provides valuable  information i n  d i s t ing2ish ing  t h e  isomeric 
'1 equivalents  . In  aurones, the  o l e f i n i c  and C-3 carbonyl resonances general ly  

appear a t  113 2 and 183 * 2 ppm whereas i n  isoaurones t h e s e  a r e  observed a t  

137-140 and 169 2 ppm respec t ive ly .  The C-3 resonance a l s o  e x h i b i t s  

marginal d i f f e r ences  (1-2 ppm) i n  Z- and B-isomers enabl ing d i f f e r en t i a t i on  of 

t he  two s e r i e s .  However, t h e  exocyclic o l e f i n i c  carbon resonance was deshield-  

ed by ca. 9 ppm in E-isomer a s  compared t o  Z-isomer which provides  add i t i ona l  
81 data  t o  d i f f e r e n t i a t e  t h e  two s e r i e s  . 

8. Determination of auba t i tu t ion  pa t t e rn  

The deviat ions from t h e  predicted subs t i tuen t -addi t iv i ty  para- 

meters 110'111 a r e  f requent  s p e c i a l l y  i n  case of p o l y s u b s t i t u t i m ,  but  i t  is 

now poss ib le  t o  c a l cu l a t e  t he  chemical s h i f t s  of a r y l  carbons of any type of 

subs t i t u t ed  oxyflavonoid. The hydroxy and methoxy groups exe r t  s im i l a r  e f f e c t  

on the  resonauces of t h e  aromatic carbons112, but a ce ty l a t i on  and methylation 

of a phenolic hydroxy group in t ro&ced  c h a r a c t e r i s t i c  a p e d r a l  changes which 



usual ly  enable m e  i den t i f i oa t i on  of t h e  arrangement of t he se  groups i n  

navonoid  nucleus. 

8.1 Aoetylation-induced s h i f t s  - The methyl and oarbonyl carbons of a c e t o w l  

groups appear i n  a  very narrow range i .e.  18-21 and 168-71 ppm respec t ive ly  

and recen t ly  an attempt has  been made t o  determine a c e t o w l a t i o n  pa t t e rn  i n  

aoe ty la ted  iaof lavones based on the  pos i t ion  of  carbonyl resonance but no 

26 gene ra l i s a t i ons  have been recommended . In flavonoid nucleus a s  i n  other 

phenolic substances '13-115, ace ty l a t i on  causes an upfield s h i f t  (6.5-15.6 ppm) 

of carbon whereas s i gna l s  due t o  orthp and carbons get deshielded by 

4.0-12.2 ppm and 2-8 ppm respec t ive ly .  The carbon s i gna l s  a r e  s l i g h t l y  
7 a f f ec t ed  (0.9 t o  4.3 ppm) . 

The aoe ty la t ion  of r i n g  C hydrowl ,  however, did not follow the  above 

genera l i sa t ion  and i t s  e f f e c t  d i f fe red  s i p i f i c a n t l y  i n  magnitude a s  wel l  a s  

d i rec t ion .  In  flavonols, ?-OH aoe ty la t ion  induces sh i e ld ing  of C-3, C-4 (3-5 

ppm), C-1 '  (1-2 ppm) while the  C-2 s i m a l  i s  deahielded by 0.8-2.5 ppm and 

C-10 s i g n a l  is a l s o  s h i f t e d  downfield (2-7 ppm). In  flavanonols,  the  i p ~  

carbon s igna l  did not ahow not iceab le  e f f ec t  but C-2, C-4 s i gna l s  were s h i f t e d  

upf ie ld  (2-3, 5 6  ppm r e spec t i ve ly )  and a  downfield s h i f t  of C-10 by 1.2-1.5 
28 ppm was observed . In flavan-7-01, 3-OH ace ty l a t i on  d id  not a l t e r  the C-3 

resonance s i gn i f i c an t l y  (1.0-1.5 ppm) but introduced sh ie ld ing  of C-2 end C-4 

t o  the  ex ten t  of 3.2-4.5 ppm. The a h i e u i n g  of C-10 although not  more than 

1 ppm but was s t i l l  s i g n i f i c a n t .  The ace ty l a t i on  of both OH i n  flavan-3,4-diol 

exhibi ted an upf ie ld  s h i f t  i n  t h e  range of 1-5 ppm for  C-2, - 3 ,  C-4 and C-10 
28 resonames  . 

8.2 Determination of s i t e  of methoxyl p o u p  and methylation-induced s h i f t s  - 
Majority of t he  carbon s i g n a l s  of methoxyl subs t i t uen t s  i n  f lavonoids  appear 

i n  a  very narrow range (55-57 ppm) but i n  some cases  the  s i g n a l  g e t s  r e l a t i v e l y  

deshielded (4-8 ppm) when it i s  flanked by two bulky subs t i t uen t s  such a s  

hydroxy1116, m e t h ~ x y l ~ ~ ~ ,  alky1118, 0-aryl and C-awl. This chemical s h i f t  

va r i a t i on  was i n t e rp r e t ed  t o  be me r e s u l t  of a  conformational change i n  t he  

methowl group due t o  s t e r i c  cons t ra in t s .  In unhindered a r y l  methoxyl, t h e  

nonbonding e lec t rons  of t he  oxygen atom a r e  s t i pu l a t ed  t o  be i n  conjugation 

with rr e lec t rons  of t h e  aromatic r i ng  *ich r equ i r e s  t h e  Ph-OCHj bond t o  be i n  
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t h e  plane of r ing .  On d i -o r tho-subs t i tu t ion ,  s t e r i c  crowding presumably - 
p e r t u r b s  t h i s  methoxy-aryl i n t e r a c t i o n  i .e.  reduced e l e c t r o n  r e l e a s e  from t h e  

a r y l  r i n g  t o  owgen atom, such t h a t  t h e  p o l a r i s a t i o n  of 0-CR bond i s  inc reased  3 
l e a d i n g  t o  conformation i n  which t h e  methowl bond d e v i a t e s  from co>lenar i ty  

with a r y l  r in219'120 and hence deshielded. Similar  o b s e r w t i o n s  were a l s o  

made- i n  methoxylated xanthones117 and o the r  compounds121. Recently,  t h e  

abnormally h i &  chemical s h i f t  of d i - o m - s u b s t i t u t e d  methoxyl carbons h ~ v e  

172 been r e l a t e d  with  l o n g e r  r e l a x a t i o n  time . 
Methylation of a pheno l ic  OH l e a d s  t o  an u p f i e l d  s h i f t  (0.9-3.6 ppm) of 

t h e  ortho carbon resonances ( @ - e f f e c t )  while t h e  ipso carbon i s  s h i f t e d  (0.9- 

2.4 ppm) downfield (u-effect )wi th  t h e  e x c q t i o n  of 5-OH where a n  unexpected 

u p f i e l d  s h i f t  (0.2-2.0 ppm) of t h e  i p s o  carbon s i g n a l  and downfield s h i f t  Of C-9 - 
s i g n a l  (1.7-1.9 ppm) (y -e f fec t )  were observed. The carhonyl 5-4 resonance a l s o  

g e t s  s h i f t e d  by ca. 5 ppm u p f i e l d  which i s  a t t r i b u t e d  t o  t h e  r e d i s t r i b u t i o n  of 

93 e l e c t r o n  dens i ty  on removal of hydrosen bonding on 5-OH methylation . 
Methylation of 3-hydroxyl i n  f l avonols ,  s h i f t e d  C-3 and C-2 sisals 

downfield t o  ca. 2.4 and 8.4 ppm r e s p e c t i v e l y  du.e t o  C-2,3 double bond and the  

C-4 s i , p a l  was a l s o  shif teO downfield by 2.0-2.5 ppm. Thus, a l though t h e  s h i f t s  

of t h e  iz carbons on methylat ion a r e  folmd t o  be v a r i a b l e ,  t h e  u p f i e l d  s h i f t  

of ortho carbon s i q m l  i s  very s i g n i f i c a n t  f o r  providing informat ion about the  

s i t e  of 0-methylation. Fur the r ,  i n  t h e  proton-coupled s ~ e c t r s  of metkLoxylated 

f l avonoids ,  the s i g a l  f o r  t h e  i p s 0  carbon i s  observed a s  broadened m u l t i p l e t  - 
due t o  unresolved coupl ing ( g e n e r a l l y  3.5-6.2 Hz) wi th  0-CH hydrogens which i s  3 
a l s o  use fu l  i n  determining t h e  p o s i t i o n  of methoxyl group. 

The methylenedioxy carbon appears  a t  a very s p e c i f i c  p o s i t i o n  (100-102 

ppm) i n  a reg ion  where g e n e r a l l y  no o the r  methylene would appear3'. 

8 . 3  'P r imethyls i ly la t ion- induced s h i f t s  - In  flavonoirls such a s  C-glyoosides 

which a r e  uns tab le  i n  presence of a i r  and decompose i n  DMSO-d6, a oonvenient 

method of TMS e ther  formation i s  adopted. The t r i m e t h y l s i l y l a t i o n  s h i f t s  t h e  

i p s 0  carbon t o  upf ie ld  and and carbons to  downfield p o s i t i o n s  i n  5.7- - 
dihydroxyflavones. An upf ie ld  s h i f t  of 4-6 ppm and 2-5 ppm can a l s o  be 

observed f o r  C-4 and C-2 s i g n a l s  r e s p e c t i r e l y  whereas C-3 resonance i s  s h i f t e d  

16 2-4 ppm t o  downfield p o s i t i o n  . 



Table 1 - 13c Chemical S h i f t s  for Ylawnones  (I) 

No. s u b s t i t u t i o n  2 3 4 5 6 7 8 9 1 0  1' 2 '  3' 4 '  5' 6 '  Ref 

1 - 72.4 44.6 191.6 1 2 6 . 9  121 .4  135 .9  117 .9  l b l . 3  120.8 138.6  125 .9  128.6  128.6  128.6 125 .9  7 



No. Subst i tut ion 2 3 4 5 fi  7 8 9 10 1' 2' 3' 4 '  5 '  6 '  Hef 
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Table 3 "C Chemical Shifts for Flavones (111) 

No. Substitution 2 3 4 5 6 7 8 9 1U 1' 2' 3' 4' 5' 6'Xef 

1 - 163.2 107.6 178.4 125.7 125.2 133.7 118.1 156.3 124.0 131.8 126.7 129.0 131.6 129.0 126.3 9 

2 5(0H) 164.0 105.6 182.9 155.8 107.2 135.6 110.8 159.8 110.3 130.5 126.3 128.9 131.9 128.9 126.3 9 

3 5(0CH3) 160.6 108.7 177.8 159.4 109.8 133.4 106.2 157.9 114.0 131.9 125.6 128.6 131.0 128.6 125.6 10 

4 6(OCH3J 106.7 104.8 123.6 119.4 126.1 128.9 131.3 128.9 126.1 10 

5 7(OH) 162.6 106.5 176.1 126.3 114.9 161.7 102.4 157.3 116.0 131.1 126.0 128.9 131.3 128.9 126.0 13 

6 7(OCI13) 162.6 107.2 177.4 126.7 114.1 163.7 100.2 157.7 117.6 131.6 125.8 128.7 131.1 128.7 125.8 10 

'7 8(ilCH3) 162.6 107.1 178.0 114.2 124.6 116.1 148.8 146.0 124.0 131.6 126.1 128.7 131.2 128.7 126.1 10 

8 2'tOH) 160.8 111.1 177.3 125.2 124.8 174.1 118.5 155.9 175.2 117.8 156.7 117.1 132.6 119.5 128.6 18 

9 2'(05) 160.6 112.5 178.7 125.4 124.6 133.3 117.8 156.2 172.8 157.8 111.6 132.2 120.5 129.1 10 

I 
10 3'(OCHj) 162.8 107.5 178.0 125.4 124.9 133.2 117.9 155.9 123.7 111.5 159.7 116.9 129.8 118.5 10 

N 
N 11 4'(UH) 163.1 104.9 176.9 125.3 124.8 133.9 118.3 155.6 123.4 121.7 128.4 116.0 161.0 116.0 128.4 18 
0 
N 

I 
12 4'(OCH3) 163.0 105.9 177.9 125.3 124.7 133.0 117.7 155.8 123.7 131.9 127.7 114.2 162.1 114.2 127.7 10 

13 5,7(0H), 163.4 103.6 181.1 161.7 99.1 164.4 94.2 157.5 104.0 122.9 128.2 114.6 162.4 114.6 128.2 18 

14 5(OH),7(OCH3) 163.5 105.4 182.1 161.3 98.2 165.4 92.8 157.4 105.0 130.6 126.5 129.2 132.1 129.2 126.5 18 

15 594'(OH)2 165.4103.9 183.4156.4108.0 136.1 111.4160.1 110.4121.9129.1 116.7 161.6 116.7 129.1 9 

16 ~(oH),~'(ocH~) 164.1 104.0 182.5 155.7 106.9 135.1 110.5 159.7 109.9 119.2 128.1 114.5 163.3 114.5 128.1 9 

17 7,4'(OHI2 162.7 104.7 176.6 126.6 115.0 162.7 102.7 157.6 116.3 122.0 128.3 116.1 160.9 116.1 128.3 18 

18 7(0H),4'(OCH3) 161.9 105.2 176.4 126.5 114.6 162.7 102.6 157.5 116.2 123.5 127.9 114.5 162.1 114.5 127.9 18 

19 7,4'(0C~~)~ 162.4 105.3 176.4 126.2 114.6 163.9 101.0 157.5 117.2 123.4 128.1 114.6 162.1 114.6 128.1 18 

20 5(cB3),7(0H), 160.0 106.1 178.1 141.2 116.5 160.9 100.7 158.5 114.2 123.0 127.5 114.2 161.5 114.2 125.5 13 

4'(0CHJ) 
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No. Subst i tu t ion  2 3 4 5 6 7 8 9 10 1' 2' 3' 4' 5' 6' Ref -- 
36 5(OH),j1,4',5' 161.8 106.6 176.5 126.7 115.0 162.7 103.8 157.5 116.2 126.5 104.0 153.3 140.5 153.3 104.0 18 

(oCH3)3 

37 5,7,3',4',5' 164.2 103.2 181.6 161.6 99.0 164.2 93.9 157.5 104.0 120.9 106.0 146.5 131.9 146.5 106.0 14 

(OH)5 

38 5,7,4'(0~) , 164.0 103.6 181.6 157.2 98.7 163.5 94.1 161.3 120.8 139.7 104.3 148.0 164.0 148.0 104.3 15 

f 3',5'(0CH3 

39 5,7(OH) 2.31, 164.2 103.9 181.7 161.4 99.0 163.0 94.2 157.4 104.8 125.9 104.8 153.2 141.4 153.2 104.8 14 

4',5'(0Ca,), 
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T a b l e  4 ' 3 ~  Chemical Shif ts  for Plavonole (IV) 

-- - 

N O .  Substitution 2 3 4 5 6 7 8 9 10 1' 2' 3 '  41 5 1  6 '  R e f  
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- 
No. Subst i tu t ion  2 '3 4 5 6 7 8 9 10 1' 2' 3 4 '  5' 6' Ref 
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-- 

No. S u b s t i t u t i o n  2 3 4 5 6 7 8 9 1 0  1' 2 3' 4 ,  5 #  61 Ref - -- -- - 
43 151.6 124.9 175.4 126.6 114.7 157.0 109.0 152.8 118 .2  125.6 109.6 147.5 147.5 108.2 122.2 23 

F 

o Sab le  6 "C Chemical S h i f t s  f o r  Isof lavanones  (VI) 
I 

No. S u b s t i t u t i o n  2 3 4 5 6 7 8 9 10 1' 2' 3' 4 '  5 '  6 '  Ref - 
1 - 71.4 52.3 191.9 128.5 121.5 175.9 117.8 161.5 121.0 135.0 127.6 128.8 128.5 128.8 127.6 41b 



Table 7 '?c Chemical S h i f t s  for  Plavans and Bydroxy f l a v a n s  (VII.VII1, IX) 

No. Subst i tu t ion  2 3 4 5  6 7 8 9 1 0  1 '  2'  3 '  4 '  5 '  6 '  Ref 



No. S u b s t i t u t i o n  2 3  4 5 6 7 8 9 1 0  1' 2' 3 '  4 '  5 '  6 '  Ref - 
9 76.9 40.1 65.9 128.7 121.0 128.2 116.8 154.5 126.1 140.5 127.0 129.2 125.8 129.2 127.0 46a 

H ~ C O  m;,3°c~3 fl & 
- O C H ~  

\ \ 
- - - - - - - 
O C H 3  0 H OH 

7 9 - 10 
- - 

Table 8 13c Chemical S h i f t s  f o r  I so f l avans  (X) 

1 No. S u b s t i t u t i o n  
N 
N - 1 7 , 2 ' , 3 ' . 4 '  70.4 31.8 31.2130.1  107.1 158.9101.3  154.9 114.3127.2 151 .8142 .2152 .5  107.3 121.2 1 3  
N 

I (Om+ 
2 7 , 8 , Z 1 , 4 '  70.3 31.4 31.5 123.9 106.3 147.2 134.6 146.8 115.1 127.0 145.1 138.5 146.4 106.9 116.7 1 3  

(OCH3)4,3'(OH) 



Table 9 ' 3 ~  Chemical S h i f t s  for  Chalcones ( X I )  b Dihydrochalcones ( X I I )  

No. Subst i tu t ion  B a co 1 '  2' 3 4'  5 '  6 '  1 2 3  4 5 6 Ref 



-- - 

NO. Substitution 6 a CO 1' 2' 3 '  4 '  5 '  6 '  1 2 3 4 5 6 Ref 



Table 10 13c Chemical S h i f t s  f o r  Auronea ( X I I I )  

No. Subst i tu t ion  2 3 4 5 6 7 7a 3a =CH 1' 2 3 4, 5' 6'Ref - 
1 - 146.8 184.5 124.5 123.3 136.7 112.8 166.0 131.5 112.8 132.2 131.4 128.8 129.8 128.8 131.4 80 

2 5(CH3) 148.5 182.8 124.1 132.4 138.0 112.1 163.8 123.3 122.2 131.9 130.8 128.4 130.2 128.4 110.8 80 

3 6(0Q13) 147.6 182.6 125.5 112.0 167.2 95.5 168.3 114.6 111.6 132.2 128.6 131.1 129.4 131.1 128.6 80 

4 4'(0CH3) 145.8 184.3 124.4 123.1 136.4 113.2 165.7 121.5 112.7 124.9 131.3 114.4 161.0 114.4 133.3 80 

5 6(0QI3),4'(0H) 146.0 182.4 125.2 112.7 166.9 96.4 167.8 148.8 111.9 123.4 133.2 116.1 159.3 116.4 133.2 7 

6 416(CH3)2 i47.4 184.8 134.5 126.1 148.2 110.1 166.8 117.4 111.9 132.6 131.2 128.7 129.3 128.7 131.2 80 

7 4,6(CH )2~4' 146.4 184.7 139.4 125.9 147.8 110.1 166.6 117.7 111.6 125.3 133.0 134.3 160.7 114.3 133.0 80 
(0QI3)7Z) 

8 4,6(C~~)~,4' 147.5 183.0 139.4 125.3 147.8 109.7 165.9 119.3 121.5 125.0 132.8 113.8 161.1 113.8 132.8 80 
(OCX3)(E) 

I 
N 9 4,7(c~~)~(~) 147.0 185.8 137.0 124.5 137.1 119.5 164.8 119.1 111.5 132.7 131.3 128.8 129.4 128.8 131.3 80 
N 
w 
m 10 ~,~(cH~)~(B) 148.1 184.0 137.0 123.8 137.1 119.5 164.2 120.6 121.3 132.0 130.7 128.3 129.9 128.3 130.7 80 

I 11 4,7(cH3)24' 145.9 185.3 136.5 124.2 136.5 119.3 164.4 119.1 111.6 125.3 132.9 114.2 160.5 114.2 132.9 80 

C0QI3)CZ) 

12 4,7(CH3)2,4' 147.0 183.5 136.5 123.5 136.5 119.1 163.7 120.7 121.7 125.0 132.8 113.6 161.1 113.6 132.8 80 
(OcH3)(E) 

13 4,6,7(CIf3)3 146.4 183.3 136.0 126.5 147.6 117.7 165.0 117.0 110.7 132.8 131.1 128.7 129.1 128.7 131.1 80 

14 6(OCH3) 147.6 182.6 125.5 l12.0 167.2 96.5 168.3 114.6 111.6 132.2 131.1 128.6 129.4 128.6 131.1 80 

15 5(0H),6(0CH3) 146.0 182.4 125.2 112.7 lb6.9 96.4 167.8 114.8 111.9 123.4 133.2 116.1 159.3 116.1 133.2 80 

16 6(0~~),2'(0~) 146.8 181.7 124.9 111.9 166.8 96.5 167.7 114.4 105.9 119.0 157.5 115.6 131.1 119.3 130.9 80 



? I ? ? P P  
t - V I L n L n o o  
n L n w  r l S 2 r l d Z  

?Ps"2pP, 
N N N N  
W W W U I W I O  
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' 9 ? ? ? ' 9 ' 9  
c l m m m r l r l  o m m m m m  
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- - 
N O .  Moiety 2 3 4 5 6 7 8 9 1 0  1' 2 '  3 '  4' 5 '  6 '  R e f  

Flavanone-Flavone l i n k e d  

4 I 78.7 42.2 196.5 161.8 100.3  165.2 94.8 162.4  101.9 129.1 128.2 115.5 151.9 115.5 128.2 1 4  

I1 163.8  102.8 182.3 160.1 98.8 162.8 99.5 151.9 103.9 121.7 128.4 116.2 161.2 116.2 128.4 

Flavanone-Flavanone l i n k e d  

5 I 78.5 42.2 196.3 161.8 101.1 165.3 94.7 161.9 101.9 129.3 128.3 115.4 157.8 115.4 128.3 1 4  

I1 78.5 42.2 196.3 161.9 101.1  165.3 94.7 161.9 101.9 129.3 128.3 115.4 157.8 115.4 128.3 

6 I 18.6 42.3 196 .4  161.8 101.2 165.2 94.6 162.1 107.8 129.2 128.1 115.4 151.7 115.4 128.1 74 

I1 77.9 42.1 196.3  161.8 95.1 165.2 100.3 161.6 102.1 129.2 127.6 115.3 157.3 115.3 128.1 

I-A & 11-B r i n g  l i n k e d  b i f l avono ids  

Flavone-Plevone l i n k e d  

7 I 164.1 102.9 181.7  161.5 99.0 163.7 94.0 157.5 103.9 121.4 1 2 1 . 2  1.20.8 159.1 116.1  131.0 74 

I 
N 

I1 164.1 102.9 181.8 160.0 103.5 163.1 93.9 156.6 103.9 121.6 128.3 116.1 161.1 116.1 128.3 
w 
F 
4 

I-B & 11-A r i n g  l i n k e d  b i f l avono ids  

1 Flavone-Flavone l i n k e d  

8 I 164.0 103.2 181.8 160.6 98.9 163.9 94.2 157.6 104.0 121.3 127.9 121.6 159.6 116.4 131.6 74 

I1 164.3 102.8 182.2 160.8 99.1 162.0 104.1 154.1  104.0 120.3 128.3 116.0 161.6 116.6 128.3 

Flavanone-Flmanone l i n k e d  

9 I 18.7 42.3 196.7 163.6 95.8 166.7 95.1 151.1 102.1 131 .2128 .3  115.1  160.2 120.1 126.9 16 

I1 77.9 41.6 106.2  1.62.5 95.7 164.1  105.9  155.9 11)l.l 129.1 127.8 115.1 163.1 115.1 121.8 % 2 

I-C & 11-A r i n g  l i n k e d  biflavonoids E 
2 

Flavone-Flavone l i n k e d  0 
.z: 

1 0  I 164.4 103.3 182.3 162.1 99.3 164.4 94.3 157.1  104.2 121.4 112.7 145.9 148.6 120.6 122.7 1 7  .' - 
I1 164.4 103.3 181.9 161.0 99.3 161.8 104.2 155.0 104.2 122.4 114.1 146.2 149.8 116.1  119.1 p 

2 
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Table 1 3  l J c  Chemical S h i f t s  f o r  Flavonoid-O-glycosides + 
- 

CC No. Name 2 3 4 5 6 7 8 9 10 1' 2' 3 '  4 '  5 '  61 Ref 

Flavone-O-glycosides 

Plavone-O-monoglycosides 

1 Ap-1-glu 163.3 103.3 182.3 157.2 99.7 164.6 95.1 161.9 105.6 121.1  128.8 116.3 161.3 116.3 128.8 35 

2 Lu-5-glu 162.3 105.7 176.6 158.3 104.3  161.3 98.1 158.4 108.5 121.8 113.2 145.6 149.0 116.0 118.3 1 4  

3 Lu-1-glu 164.5 103.2181.6  161.1 99.7162.9  94 .9156 .9105 .5121 .6  113 .7145 .7149 .7116 .0119 .0  1 4  

4 Lu-3-glu 164.1 103.4 181.7 161.4 99.0 163.5 94.1 151.4 103.9 121.2 115.3 145.6 150.9 116.6 121.6 1 4  

F1avone-O-digly cos ides  

a .  with s u g a r s  l i n k e d  t o  one owcarbon  

5 Ap-7-glu- 164.2 103.3 181.9 161.3 98.8 162.8 95.0 157.0 105.6 121.3 128.5 116.1 161.2 116.1 128.5 1 4  
( 2 4 ) . e p  

I 6 Ac-7-rut 163.2 104.3 182.4 157.4 100.8  164.4 95.1 161.6 105.8 123.1 1 2 8 . 1  115.0 162.9 115.0 128.8 55 
N 
N 
I- 7 ~ s e u b a p +  153.1 123.4 174.5 126.9 115.6 161.4 107.9 156.9 118.2 125.6 109.3 147.0 147.0 101.9 122.2 8 

b. wi th  s u g a r s  l i n k e d  t o  d i f f e r e n t  oxycarbons 

8. Lu-7,3'-glu 164.2 103.3 181.9 161.3 98.8 162.8 95.0 151.0 105.6 121.3 128.5 116.1 161.2 116.1 128.5 

P1avone-O-triglycoside 

9 Ap-l-glu- 164.4 103.1 181.9 162.0 99.1 162.4 94.8 151.0 105.5 120.6 128.6 116.3 161.2 116.3 128.6 48 
( 2 "  , 4 "  )-rha 

. 
Flavonol-O-monogly cos ides  2 .G 



C* 
Bo. Name 2 3  4  5  6 7  8 9  1 0  1' 2 '  3 '  4 '  5 '  6 '  R e f  

a. with sugars  l inked  t o  m e  owcarbon 

25 ?fa-3-glu-(2" 1 5 6 . 4  1 3 3 . 1  177.5  161 .2  98.6 164.0 93.6 156 .4  104.2  1 2 1 . 1  130.6 115.2  159.7 115 .2  130.6 1 4  
-1"1 ) g l u  



No. ~ame** 2 3 4 5 6 7 8 9 1 0  1' 2 '  3 '  4' 5 '  6 '  Ref 

b. wi th  s u g a r s  l i n k e d  t o  d i f f e r e n t  oxyoarbons 

32 - 3 . 7 1 ~  156.1 133.8 177.7 160.9 99.6 163.0 94.8 157.0 105.9 120.9 130.9 115.2 160.1 115.2 130.9 1 4  

33 Ka-3-glu- 156.0 133.8 177.6 160.9 99.4 162.8 94.5 156.8 105.8 120.9 130.7 115.0 160.0 115.0 130.7 1 4  
7-rha 

. , 
i - rha  

38 Ka-3-rha-(2") 159.7 132.6 177.1 156.3 93.7 164.0 98.6 161.1 104.0 120.9 130.6 115.0 156.9 115.0 130.6 1 2  
rha-(6" )gLu 

Flavanone-0-glycosides 

39 Br-7-glU 78.3 42.2 196.2 163.4 95.7 166.6 94.8 162.8 101.7 129.4 114.2 145.1 145.6 115.3 117.8 58 

40 Na-7-glu- 78.6 42.0 196.7 162.9 96.5 164.9 95.4 162.7 103.5 128.7 128.0 115.3 157.7 115.3 128.0 8 5 m 
rn 

( 2" -. 1"' ) r h a  F! 



Table  1 4  13c Chemical S h i f t s  f o r  Acylated Plavonoid-0-glycosides 
* 

- - *+ 
NO.  Name 2 1 4 5 6 7 8 9 1 0  1' 2 '  3 4' 5 '  6 '  Ref 

Acylated flavone-O-glycosides 

Aoylated flavanone-0-glycowides 

Acylated flavonol-0-glycosides 

"C Chemical S h i f t s  f o r  Flavonoid-C-glycosides * Table  1 5  

** 
2 3 4 5 6 7 8 9 1 0  1' 2, 3 '  4 '  5 -  6 '  Ref NO. Name 

Plavone-C-monoglycosid es 

1 Ap-8-&u 164.0 102.6 181.9 155.8 98.9 162.5 104.2 160.6 104.2 121.8 128.5 116.0 160.9 116.0 128.5 1 6  

2 Apd-g lu  163.8 102.9 181.9 156.9 108.8 163.8 94.2 161.3 103.5 121.2 128.4 116.3 160.6 116.3 128.4 1 6  
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Table  1 6  13c Chemical Shifts f o r  Plavono-lignans 

- 
Carbon m 7 ) *  2( 87) ~ ( 8 8 )  4.(86) 5('38) l ( 8 8 )  8_( 88)  

NO. 

2 83.5 83.5 164.7 82.0 164.2 164.3 164.1 164.5 

3 72.1 71.9 103.8 71.0 103.8 103.8 103.9 104.8 

4 197.3 197.6 181.7 181.6 181.7 180.4 180.8 

5 163.6 163.3 157.4 162.5 157.3 157.3 157.7 157.3 

6 96.6 96.1 99.0 95.5 98.5 98.9 98.8 97.1 

7 167.0 166.8 161.6 165.9 161.4 161.4 161.5 161.3 

8 95.2 95.0 94.0 94.5 93.9 94.0 93.8 96.8 

9 162.6 162.5 164.1 161.6 162.8 163.0 156.9 161.3 

1 0  100.5 100.5 103.4 99.8 103.8 103.8 103.9 104.8  
I 

N 1' 129.0 122.0 123.6 142.9 123.6 122.3 127.1 120.3 
N 
N 
0) 

2 ' 115.3 109.8 116.6 146.2 119.3 104.1 112.1 113.7 
I 3' 147.4 150.9 130.7 146.2 116.7 149.0 145.3 147.2 

4 ' 140.4 141.6 141.6 147.2 136.0 147.3 148.2 

5 '  129.9 122.0 145.2 143.6 144.3 115.5 119.2 

6 '  115.8 110.0 114.4 114.6 108.1 113.4 133.9 

1 " 132.6 132.5 132.0 127.0 127.0 122.1 132.4 

2" 110.2 110.4 110.4 110.9 112.0 113.2 112.3 

3 " 147.6 147.8 147.8 146.8 147.7 147.7 147.8 147.9 

4" 147.4 147.1 147.7 142.5 147.0 147.2 147.2 147.6 

5"  115.1 115.9 115.7 115.4 115.4 132.5 115.7 

6" 118.7 119.7 119.2 120.6 120.6 119.2 127.2 
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Table 1 7  13c Chemical S h i f t s  of the  t h r e e  Carbons of Ring C* 

Category 5-2 c-3 c-4 
a+ b+ 

Plavanones 75.0 - 80.3 

Isof lavanones  70.0 - 72.0 

Flavanonols 83.0 - 84.5 

Flavone s 160.0 - 165.5 

I so f lavones  149.8 - 156.5 

Plavonols  146.0 - 148.5 

C -a c-P c=o 

Chalcones 116.6 - 128.5 136.9 - 145.4 188.6 - 194.6 

I Isoaurone s 168.6 - 168.8 137.0 - 140.7 137.0 - 140.7 --- --- 
*The chemical s h i f t  ranges  f o r  f l avans ,  i s o f l a v a n s ,  flnvan-3-015, flavan-3,4-diols and dihydrochalcmes,  could 
n o t  be inc luded  h e r e  s i n c e  t h e  examples repor ted  s o  f a r  a r e  i n s u f f i c i e n t  f o r  g e n e r a l i s a t i o n .  

a+ and b+ represen t  C-4 chemical s h i f t s  wi th  and without che la t ion  r e s p e c t i v e l y  i n  each c lass .  

7. 
Table 1 8  "C Chemical S h i f t s  of Ring A and C carbons i n  5,7-dihydroxy f lavonoids  

C-2 C -3 C-4 C -5 C-6 C -7 C-8 C-9 C-10 Ref 

Flavanone 78.3 42.2 196.2 163.4 95.7 106.6 94.8 162.8 101.7 34 

Flavanon 01 83.1 71.7 197.1 163.5 96.1 166.8 95.1 162.5 100.6 8 

Isof lavanone 70.1 44.6 198.0 164.2 96.1 167.0 95.0 163.5 102.4 35 
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