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On the bas i s  of an ana lys i s  of the PMR spec t r a  of f lavons and its 3 -  and 5-hydroxy  and 
methoxy de r iva t ives  by means  of the method of pa ramagne t i c  addi t ives ,  it is a s s u m e d  that  
the re  a r e  different  r e l a t ive  or ienta t ions  of the A, B, and C r ings  in flavone and its 
de r iva t ives .  

In the p resen t  pape r  we r e p o r t  the r e su l t s  of an ana lys i s  of the PMR spec t r a  of flavone and its 3-  and 
5 -hydroxy  and methoxy der iva t ives .  The l i t e ra tu re  contains f r a g m e n t a r y  data on this p rob lem without 
p resen ta t ion  of the comple te  in t4rpre ta t ion  of the spec t r a  [1, 2]. 

The protons of the A, B, and C r ings  of the flavone molecule  r esona te  over  a r e l a t ive ly  nar row range 
(6.5-8.2 ppm). and this hinders  the unambiguous in te rpre ta t ion  of the spec t r a .  The re  is no doubt about the 
a s s ignmen t  of the s ignals  of the protons of the m e t h o x y a n d  hydroxy groups  and of the s inglet  of the 3-H 
proton a t  6.5-6.9 ppm. 

When the doub le - r e sonance  method was used, the two doublets in the s p e c t r u m  of 5-methoxyf lavone 
at  6 6.71 and 6.98 ppm w e r e  ass igned  to the 6-H and 8-H protons ,  with 68 > 6~. The doublets of the 6-H and 
8-H pr0tons in the s p e c t r u m  of 5-hydroxyf lavone were  s i m i l a r l y  ass igned.  

In o r d e r  to obtain a m o r e  comple te  in te rpre ta t ion  of the PMR spec t r a  d i scussed  in the p r e sen t  paper ,  
we used the method of pa ramagne t i c  addi t ives  with t r i s (d ip iva loy lmethana to)europ ium [Eu(DPM)3], inas -  
much  as  this  compound can induce g r e a t e r  pa ramagne t i c  pseudocontact  shifts  without substant ia l  b roaden-  
ening of the r e sonance  l ines [3]. On the bas i s  of data on the bas ic i t i e s  of f lavones [4], we suppose that  
these  compounds should be coordinated  with Eu(DPM) 3 at  the acyc l ic  oxygen a tom.  

The s p e c t r u m  of 3-methoxyf lavone  with (B} and without (A) the Eu(DPM} 3 addit ive is p r e s e n t e d  in Fig. 
1. The  concent ra t ion  of the Iigand was  m o r e  than i0  t imes  higher than the concent ra t ion  of the complexing 
sal t .  Inasmuch as  the pa ramagne t i c  shif ts  a r e  inve r se ly  propor t iona l  to the cube of the dis tance (r) f r o m  
the coordinat ing ion to the resona t ing  nuclei,  it follows f r o m  an ana lys i s  of the s t ruc tu re  of 3 -methoxyf la -  
vone in Stuart  models  with a l lowance fo r  the angula r  f ac to r  (3 c o s 2 0 -  1) [5] in our  case  that the s ignals  of 
the 5 -H and CH30 protons  should exper ience  the g r e a t e s t  shift .  We t h e r e f o r e  ass igned  the doublet a t w e a k  
field (Fig. 1, s p e c t r u m  B) to the 5-H proton.  Consequently,  this proton in the PMR s p e c t r u m  of 3 - m e t h o x y -  
f lavone without the addit ive a lso  r e sona t e s  a t  weakes t  f ield causing the appea rance  of a doublet of quar te t s ,  
jus t  as  in the s p e c t r u m  of flavone, because  of s p i n - s p i n  coupling with 6- ,  7- ,  and 8-H. The signal  of the 
5-H proton,  which is c lo se s t  to the s i te  of coordination,  exper iences  the g r e a t e s t  broadening when Eu(DPM) 3 
is added to the sample .  I ts  split t ing t h e r e f o r e  does not a p p e a r  in the s p e c t r u m  in Fig. 1B because  of 
s p i n - s p i n  coupling with 7- and 8-H. 

When a s ample  of 3-methoxyf lavone  containing the pa ramagne t i c  addit ive was  exposed  to an addi-  
t iona l  r ad io - f r equency  field cor responding  to the s ignal  of the 5-H proton,  we ass igned  the mult iplet  
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TABLE 1. P a r a m e t e r s  of the PMR Spectra of F lavones  

i 5; ppm* 
Compound !~-"~ i 5-~ 6-1t 841 

Flavone 

3-Hydroxy~qavone 

3-Methoxyflavone 

5-Hydrox)fftavone 

5-Methoxyflavone 

6,81s 8,23dq 

4 

8,19r 

8,24dr 6,73dd16,88 ddll 
6,76sl 

6,49s i 16,71 ddl 6,98dd! 
, i i 

2"-H ! 6'-H rOCH3 I OH 

800  i 
I 

8A9 ~_~ 7,01s 

8,05 n~ 8,05 n~ i 3,94s! 

i ' i 
7,89 m 12,39s 

F 
7,80 n~ [ I 3,90si [ 

J, H z  

Is8 7,5; Ire 7,5; 
J57 1,8; ]68 2,0; 
Js8 0.8 

]ss 7,5; 167 1,7; 
]ss 0,7 

]st  8,5; ]Ts 1,8; 
1~8 1.0 

1s7 8,0; ]Ts 8,0; 
Js8 'I,0 

* The following abbrev ia t ions  were  used: s is singlet ,  d is 
doublet, dd is doublet of doublets,  dq is doublet  of quar te t s ,  and 
m is mul t ip le t .  
t T h e  5-H, 2 ' - H ,  and 6 ' - H  signals  over lap  and f o r m  an unsep-  
a rab le  mult iplet .  

O C H  3 

5 - H  2 ' - ,6 ' -  H 6 

5 -~  2 L , 6 ' - H  
, t  i - ~ i 

'" '~ ,L ppm 

Fig.  1. PMR spec t rum  of 3 - m e t h o x y -  
f lavones  at r o o m  t e m p e r a t u r e  with (A) 
and without (]3) the Eu(DPM) 3 addit ive.  

cen te red  a t  6 8.63 ppm, which is twice as intense as the doublet 
at weak field, to the 2 , -  and 6 ' - H  protons .  Using the double-  
r e sonance  method,  one can a l so  ass ign  the signals  of the r e -  
maining protons in the PMR s p e c t r u m  of 3-methoxyf lavone con-  
taining the Eu(DPM) 3 additive.  Thus the t r ip le t  is due to the 
6-H proton,  and 3 ' - ,  4 ' - ,  5 ' - ,  7-,  and 8-H resona te  fu r the r  to the 
weakfield side (Fig, 1, spec t rum B). 

The use of the method of pa ramagne t i e  addit ives led to 
good r e su l t s  in the interpreta.~ion of the spec t r a  of f lavone and 
5-methoxyf lavone and made it poss ib le  to de te rmine  the s p i n -  
spin coupling constants  (Table 1). Unfortunately,  we were  un- 
able to thoroughly ana lyze  the PMR spec t r a  of 3-  and 5-f lavones  
in this manner ,  inasmuch as  when Eu(DPM) 3 was added to the 
s amp le s  of these  compounds,  the expected shift  of the s ignals  
was not obse rved  in the i r  PMR spec t ra ,  al though the resonance  
l ines b roadened  marked ly .  Inasmuch as  the broadenings ob-  
s e rved  in the spec t r a  because  of hyperf ine in teract ion and shift  
of the r e sonance  l ines depend on the t e m p e r a t u r e  [5], we r e -  

corded  the PMR s pec t r a  of 3-hydroxyf lavone  at va r ious  t e m p e r a t u r e s .  However,  an  inc rease  in the t e m -  
p e r a t u r e  does not improve  the f o r m  of the s ignals ,  and the spec t rum,  jus t  as  at r oom t e m p e r a t u r e ,  r e -  
ma ins  v i r tua l ly  uninformat ive .  One' s at tention is d i rec ted  to the fac t  that  the signal of the  protons of the 
t e r t - b u t y l  g roups  of Eu(DPM) 3 is not shifted to s t rong f ield with r e s p e c t  to hexamethyldis i loxane when it is 
added to solutions of 3-  and 5-hydroxyf lavones  but a p p e a r s  at  weake r  field. Thus the PMR spec t ra  of 3-  
and 5-hydroxyf lavones  do not undergo changes c h a r a c t e r i s t i c  fo r  pa ramagne t i c  complexes  with exchanged 
l igands,  inasmuch as Eu(DPM) 3 p robab ly  f o r m s  s table  diamagnet ic  complexes  with these  compounds.  On 
the bas i s  of the r e su l t s  of the a b o v e - p r e s e n t e d  expe r imen t s  and with a l lowance fo r  the in tegral  in tens i t ies ,  
we a s s u m e d  that  the 5- ,  2 , - ,  and 6 ' - H  protons ,  the s ignals  of which ove r l ap  and give a poor ly  r e so lved  
mult ip le t ,  r e sona t e  a t  weakes t  f ie ld in the PMR �9 of 3-hydroxyf lavone.  

It s e e m e d  of in te res t  to c o m p a r e  the PMR spec t r a  of the f lavones by compar ing  the paramagne t ic  
shif ts  (5') induced by Eu(DPM) 3. Comparab l e  5' va lues  we re  taken f r o m  the spec t r a  r e c o r d e d  in the p r e s -  
ence of a p p r o x i m a t e l y  identical  exce s s e s  of the l igands,  inasmuch as  it did not seeIn poss ib le  to cons t ruc t  
the concentra t ion  dependences fo r  5' because  the europium compound that  we used contained an insoluble 
f rac t ion.  

The 6' s ignals  of the 2 , -  and 6 ' - H  protons  in the spec t r a  of f lavone and its de r iva t ives  coincide; this 
m a y  be a consequence of averag ing  of the induced pa ramagne t i c  shif ts  because  of f r ee  ro ta t ion  about the 
C 2 - C  i bond. A qual i ta t ive examina t ion  shows that  the 5~ and 6~ values  m a y  a lso  be identical  when ro ta t ion  
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about the C2-  q bond is h indered in the case  of equali ty of r and 0 for  the 2 ' -  and 6 ' - H  protons .  It was  
found that  the 65]'62, s, ra t io  in the s pec t rum  of the f lavone is g r e a t e r  than six, a s  c o m p a r e d  with th ree  in 
the s p e c t r u m  of 3-methoxyf lavone .  The 6~/6~,~, ra t io  for  f lavone is ~4 .5 ,  whe reas  it is g r e a t e r  than five 
fo r  5-methoxyf lavone .  In addition, m a rked l y  di f ferent  6 OCH values  " " ' " c o r r e s p o n d  to ident ical  62,6' values m 
the  spec t r a  of 3-  and 5-methoxyf lavones .  The s ignals  of the33 ' - ,  4 , - ,  and 5 - H p r o t o n s  off lavone and its 3-and 
5 -methoxy  de r iva t ives  a r e  shifted app rox ima te ly  ident ical ly when Eu(DPM) 3 is added to the invest igated 
s amp le s .  At the s a m e  t ime ,  the 6' va lues  of the s ignals  of the protons  of the A ring proved to be different;  
th is  d i f ference  is e x p r e s s e d  to a l e s s e r  degree  for  f lavone.  One ' s  at tention is drawn to the fact  that  
6~ > 6~ and 6~ in the spectrum of 3-methoxyflavone (Fig. i, spectrum B). 

It follows from a comparison of the observed paramagnetic shifts and the values expected on the basis 
of a qualitative examination of Stuart models with allowance for the angular factor and the distance from 
the coordinating ion to the resonating nuclei that the conditions for coordination do not change on passing 
from flavone to its 3- and 5-methoxy derivatives. The above-noted differences in the absolute and relative 
values of the observed paramagnetic shifts of flavones can therefore be ascribed to the different relative 
orientations of the A, B, and C rings. We also noted these peculiarities in the geometrical structures of 
the investigated compounds during an investigation of the physicochemieal properties of 3- and 5- 
hydroxyflavones. 

E X P E R I M E N T A L  

The phys icochemica l  constants  and methods for  the synthes is  of the compound l is ted in Table  1 we re  
p re sen t ed  in [4, 6, 7]. The PMR spec t r a  of CCI 4 solutions of the compounds w e r e  r e c o r d e d  with a BS487B 
s p e c t r o m e t e r  with hexamethyld is i loxane  as the in ternal  s tandard  (6 scale) .  
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