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I t  is e x t r e m e l y  difficult to es tab l i sh  the posi t ion of a t tachment  of the ca rbohydra te  res idue  to the 
aglycone in flavone C-monoglycos ides  in view of the i r  exis tence  in nature  in the fo rm of two i s o m e r s  in 
each case  [1, 2]. Original ly [2, 3], the c r i t e r ion  for  this cons is ted  of the phys icochemica l  p r o p e r t i e s  of 
the subs tances  and, in pa r t i cu la r ,  the r e su l t s  of p a p e r  chromatography .  La te r ,  NMR spec t roscopy  came 
into p redominant  use [4-7]. Other  methods have also been proposed  [8, 9]. 

In  the p r e s e n t  p a p e r  we Kive the resu l t s  of a de te rmina t ion  by the NMR method of the posi t ion of 
a t tachment  of the ca rbohydra te  res idues  to the aglycone in two r ep re sen t a t i ve s  of the C-monoglyeos ides ,  
or ient in  and homoorient in ,  that  we isolated some t ime ago [8, 10]. 

Analys is  of the spec t r a  with in tegra t ion  of the a r e a s  of the s ignals  showed the p r e s e n c e  in each c o m -  
pound of five a roma t i c  and seven  aliphatic protons  (Table 1). The in te rpre ta t ion  of the s ignals  of the hy-  
drogen protons  was p e r f o r m e d  in accordance  with the l i t e ra tu re  [4-7, 11-13]. In orientin,  the hydrogen 
protons  a r e  p r e sen t  in the 2 ' ,3 ,5 ' ,6 ,6 '  posi t ions ,  and in homoorient in  in the 2 ' ,3 ,5 ' ,6 ' ,8  posi t ions.  The same  
a r r a n g e m e n t  of the hydrogens in vi texin and saponare t in  has  been given prev ious ly  [12]. According to 
avai lable  information,  the al iphatic  protons  belong to the ca rbohydra te  s u b s t i t u e n t -  glucose [4, 5]. F r o m  
a compar i son  with the aglycone luteolin [4, 11, 13], or ient in  has no hydrogen l~roton in posi t ion 8 and homo-  
or ient in  none in posi t ion 6, which shows the i r  probable  r ep lacemen t  by ca rbohydra te  r e s idues .  However ,  
in our  opinion, it is difficult to agree  with this.  In the f i r s t  p lace ,  up to the p r e sen t  t ime the ass ignment  
of the s ignals  of the hydrogen pro tons  has been p e r f o r m e d  provis ional ly .  In luteolin, for  example ,  the 
signal of the p ro ton  at 5 6.50 ppm has  been a sc r ibed  to the hydrogen in posi t ion 8 of r ing A and the signal 
at 6.30 ppm to the hydrogen in posi t ion 3 of r ing  C [4}. In another  paper ,  the a s s ignment  of the s ignals  of 
these  pro tons  was  made differently,  and theore t i ca l  base  s for  th is  in te rp re ta t ion  were  given [13]. In the l i t e r a -  
tu re ,  an ass ignment  of the s ignals  of the hydrogen protons  in the reg ions  of the spec t rum considered  is 
found both in the new and in the previous  t r e a t m e n t  [6, 11]. In the second place ,  according  to the theory  
of the recyc l i za t ion  of C-g lycos ides  in nature ,  the re  should be two i somer i c  C-monoglycos ides  of one and 
the same  aglycone formed accord ing  to the W e s s e l y - M o s e r  t r ans fo rma t ion  [14]. But if the exis tence  of 
two C-monoglycos ides  can in fact  be explained by this t r ans fo rmat ion ,  the re  is no place  in this hypothesis  
for  the four i s o m e r s  appear ing  a f te r  the mild hydro lys i s  of the C-dig lycos ides  [15]. Abroad,  the s t ruc tu re  
of only one of the four i s o m e r s  for  each of the C-dig lycos ides  of two aglycones  has been de te rmined  by 
NMR spec t roscopy  [5, 13], which also shows some a r b i t r a r i n e s s  in the in te rpre ta t ion  of the spec t ra .  There  

TABLE 1. NMR C h a r a c t e r i s t i c s  of Orient in and Homoor ient in  

Substance 
Aromatic protons Aliuhatic urotons 

B c A glucc~e 
H-2' H-6' I H-5' " ~ - 3  H-8 H-6 H-1 I 6orotons 

Orientin 

Homoorientin 
(J=3 I J=4 Hz[ 

7,28 6,89 d[ 6,45 d 
m (J=5 Hz I (J=3 Hz 

i 

N o ~ .  d - doublet; m - mult iplet .  

6,24 4,75 

-- 4,79 
i i 

3,30 m 

3,45 (I)~-3,29 (5) 
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is informat ion in the l i t e ra tu re  [16, 17] which indicates the exis tence  in nature  of more  than two C - m o n o -  
g lycos ides  of one and the s ame  aglycone,  and this once again conf i rms  the inconsis tency of the theory  of 
recyc l iza t ion .  And, in the th i rd  p lace ,  in the spec t rum of homoorient in ,  in compar i son  with that  of orientin,  
without taking into account  the chemica l  shif ts  ass igned to the 6- and 8 - i s o m e r s ,  a d iamagnet ic  shift  of the 
signal  of the H-2 '  proton by 0.21 ppm is observed .  

In actual  fact ,  if the loss  of the H-6 pro ton  and its appearance  at H-8 (as follows f rom the r e e y e l i -  
zation theory)  is cons ide red  as a pa r amagne t i e  shif t  of the H-6 proton,  it is equal in our  case  to 0.21 ppm 
(see Table  1). Fore ign  sc ien t i s t s  have a lso  shown that the ~ransit ion f rom one i s o m e r  to another  c h a r a c -  
t e r i z ed  by the loss  of the pro ton  at H-6 and its appearance  at H-8 ,  o r  converse ly ,  is n e c e s s a r i l y  a c c o m -  
panied by a shif t  in the signal  of the H-2 '  p ro ton  [5]. Consequently,  the t rans i t ion  of a p ro ton  f rom one 
posi t ion to another  (according to the recye l iza t ion  theory) causes  a change in the magnet ic  sc reen ing  of 
s e v e r a l  p ro tons .  In such a case ,  the whole molecule  is respons ib le  for  any pro ton  t rans i t ion  and then the 
a s s ignment  of the C-g lycos ides  to the 6-  and 8 - i s o m e r s  f rom the p r e s e n c e  o r  absence  of the s ignals  of 
pro tons  of only these  posi t ions  is e x t r e m e l y  quest ionable .  

In de te rmin ing  the s t r u c t u r e s  of or ient in  and homoorient in ,  as a working hypothesis  we adopted Vo 
I. L i tv inenko ' s  ro ta t ion  theory  of the s t ruc tu re  of flavone C-g lycos ides  [1]. According to this hypothesis ,  
the appea rance  of i s o m e r s  is due to the rota t ion of the ca rbohydra te  subst i tuent  around the C - C  bond and 
the subsequent  a s sumpt ion  of a h indered conformat ion  with the fixation of its hydrogen bonds: the syn po-  
s i t i o n a r i s e s w h e n  the oxygen of the ca rbohydra te  r ing is turned to the hydroxy group in posi t ion 7 and is 
r emo te  f rom the he t e roa tom of the aglycone,  and the anti ca rbohydra te  r ing  is turned in the opposi te  di -  
rec t ion .  F o r  the 6 -C-g lycos ide s  the syn and anti a r r a n g e m e n t s  re la te  to the hydroxy group in posi t ion 5. 
In the syn posi t ion,  a g r e a t e r  number  of hydroxy groups par t i c ipa te  in the fo rmat ion  of hydrogen bonds, 
which is e x p r e s s e d  in a dec rea se  in the po la r i ty  of the flavonoid on p a p e r  chromatography .  Fo r  the anti 
pos i t ion  the opposi te  conclusion is logical .  Rotat ion i s o m e r s  will have a single magnet ic  cen te r  of the 
molecule .  

In or ient in  and homoorient in ,  the t rans i t ion  f rom one i s o m e r  to the other  takes place through the r o -  
ta t ion of the ca rbohydra te  subst i tuent ,  which is shown by din- and pa ramagne t i c  shif ts  of the s ignals  of the 
H-2 '  and H-6 protons  as the m o s t  r emo te  f rom it. The shif ts  of the s ignals  of the o ther  protons  (H-3, H-6 ' )  
a r e  weake r  (see Table  1). 

On the bas i s  of the r e su l t s  of a phys icochemica l  ana lys is  [8, 10] and the p r e s e n t  invest igat ions ,  
or ient in  can be c h a r a c t e r i z e d  as luteolin 8 -C-syn- f l  -D-gLueopyranoside and homoor ien t in  as the 8 - C - a n t i -  
f l -D-g lucopyranos ide .*  Orient in  and homoor ien t in  a re  ro ta t ion  i s o m e r s .  The dif ference between the c h e m -  
ical  shif ts  of the las t  and f i r s t  s ignals  of a roma t i c  protons  in or ient in  is 1.25 ppm (see Table  1), and in 
homoorient in ,  it is 0.83 ppm.  Thus,  the 8 - C - s y n  i s o m e r  has a g r e a t e r  sp r ead  of the a roma t i c  p a r t  of the 
NlV[R s p e c t r u m  than the 8 -C-an t i  i s o m e r .  The range  of dist inction of the i s o m e r s  is 0.42 ppm.  

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

The NMR s p e c t r a  we re  taken on a Var ian  HA-100D ins t rument  in comple te ly  deutera ted  methanol .  
The chemica l  shif ts  of the protons  a r e  given in the 5 sca le .  TMS was used as internal  s tandard .  

The c h a r a c t e r i s t i c s  of the NMR spec t roscopy  of or ient in  and homoor ient in  a re  given in Table  1. F o r  
convenience in analyzing the r e su l t s  obtained, the a s s ignmen t s  of the s ignals  of the pro tons  have been made 
by analogy with l i t e r a tu re  data. 

SUMMARY 

1. A sa t i s f ac to ry  explanat ion of the s t r u c t u r e s  of or ient in  and homoor ient in  has  been  obtained in an 
evaluat ion of the r e su l t s  of NMR spec t roscopy  f rom the point of view of the ro ta t ion  theory  of the s t ruc tu re  
of flavone C-g lycos ides .  

2. On the bas i s  of the invest igat ions p e r f o r m e d ,  or ient in  has  been c h a r a c t e r i z e d  as luteolin 8 - C -  
syn-fl -D-g lucopyranos ide  and homoor ien t in  as luteolin 8-C-ant i - f l  -D-g lucopyranos ide .  Orient in  and homo-  
or ient in  a r e  rota t ion i s o m e r s .  

* In  the mode rn  fore ign l i t e r a tu re ,  the t e r m s  "syn" and "anti" to denote the conformat ions  of sa tu ra ted  
compounds have been r ep laced  by the t e r m s  ncisoid" and " t ransoid"  to dist inguish them f r o m  i s o m e r s  at 
C = N. (E. El ie l ,  P r inc ip l e s  of S t e r e o c h e m i s t r y  [Russian t rans la t ion] ,  Moscow (1971), pp. 6, 40.) 
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