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The cons iderable  advances  of the l as t  few y e a r s  in the s t ruc tu ra l  analys is  of flavonoid compounds is l a r g e -  
ly due to the use  of  modern  phys icochemica l  methods ,  espec ia l ly  proton magnet ic  r e sonance  [1]. However ,  some  
quest ions of the s t ruc tu re  of flavonoid g lycos ides ,  espec ia l ly  a rab inos ides  and xy los ides ,  have been studied in-  
adequately.  This c i r c u m s t a n c e  has  induced us to subject  these  subs tances  to a m o r e  detai led investigation with 
the a im of elucidating co r re l a t ions  between the p a r a m e t e r s  of the PMR spec t ra  and questions of s t r u c t u r e  and 
s t e r e o c h e m i s t r y .  Here  one of the main  tasks  was to s ea r ch  for  a method permi t t ing  a choice to be made between 
the pyranose  and furanose  fo rms  of the pentoses .  

We have obtained the PMR spec t ra  of  a number  of na tura l  flavonoid O-arab inos ides  and O-xylos ides ,  and 
a lso  the i r  full ace ta tes  and t r ime thy l s i ly l  e thers  (TMS e thers) .  We have studied two herbace t in  8-g lycos ides  
[2] : rhodalgin (i) (vz-L-arabinopyranoside)  and aeetylrhodalgin II) (the 3 " - O - a c e t y l -  ~ -L-a rab inopyranos ide ) ;  
th ree  i somer i c  querce t in  3-g lycos ides  [3] : guaiaver in  (iII) {the ~ - L - a r a b i n o p y r a n o s i d e ) ,  polys tachoside  (IV) 
[the f l -L -a rab inopyranos ide  (some authors  cons ider  it to be the f i -L -a rab ino fu ranos ide  [4]), andav ieu la r in  C¢) 
(the ~ -L-a rab inofu ranos ide ) ;  and two kaempfero l  3-g lycos ides  [5]: juglanin (VI) (the ~ -L-a rab inofu ranos ide )  
and coumaroyl juglanin  (VII) (the 2 " - O - p - c o u m a r o y l - ~ - L - a r a b i n o f u r a n o s i d e ) .  

Among the xylosides  studied t he r e  were  four herbace t in  8-g lycos ides  [2, 6] : rhaodalin (VIII) (the f l -D-  
xylopyranoside) ,  acetyl rhodal in  (IX) (the 3 " - O - a c e t y l - f l - D - x y l o p y r a n o s i d e ) ,  d iacetyl rhodal in  (X) {the 2",3 " -d i -  
O-acetyl - f l  -D-xylopyranos ide) ,  t r i ace ty l rhoda l in  (XI) {the 2",3 " , 4 " - t r i - O - a c e t y l - f i - D - x y l o p y r a n o s i d e ) ,  and also 
myr i ce t i n  3 ' - O - f l - D - x y l o p y r a n o s i d e  (XII) and patuloside (XIII) 0uteolin 7 -O- f l -D-xy lopyranos ide  [7]. 

Analysis  of l i t e r a tu re  informat ion shows that a definite re la t ionship  exis ts  between the coupling constants  
of  the vicinal  protons and the conformat ions  of sugars  [8-11]. 

Four cha i r - shaped  conformat ional  fo rmulas  a re  poss ib le  for  L -a r ab inos ide s :  
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In the de terminat ion  of the anomer ic  configuration and p r e f e r r e d  conformat ion  of the r ing ,  the m o s t  informat ive  
p a r a m e t e r s  a re  the coupling constants  between the H-1 and H-2 pro tons ,  and a lso  those between I l -4  and I l -5  [12]. 
Thus,  f rom the PMR spec t rum it is easy  to dist inguish the ~ - a n o m e r  in the C1 conformat ion ,  s ince only for  this 
will an a x i a l - a x i a l  coupling constant  of  the anomer ic  proton be rea l i zed  with J = 7-8 Hz,  [2, 12-15]. Conformers  
with diequator ia l  or  a x i a l - e q u a t o r i a l  protons have a low coupling constant  (0-4 Ilz) of the anomer ic  proton [8, 13, 
15], and t h e r e f o r e  it is difficult to dist inguish between them.  In this case ,  the solution of the p rob lem can be 
cons iderab ly  s impl i f ied by studying the spec t r a  of the full ace ta tes  in which the s ignals  of  the protons at  C 5 can 
readi ly  be seen [13, 14]. For example ,  smal l  vicinal coupling constants  of the two I l -5  protons with the I l -4  p r o -  
ton, indicating the equator ia l  or ienta t ion  of the I l -4  proton,  pe rmi t  the possibi l i ty  of  ~-  and f l - anomer s  in the 
1C conformat ion  to be re jec ted  and, thus,  also pe rmi t  an unambiguous solution of the p rob lem in favor  of  the f l -  
a n o m e r  in the C1 conformat ion.  

Of the four cha i r - shaped  D-xylopyranos ide  conformat ions  
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TABLE 1. Chemical Shifts of 
the Signals of the Methylene 
Protons of Acetates of Flavon- 
oidArabinosides  (I-VIII) and 
Xylosides WIII-XII{) in Deu- 
t e roch lo ro fo rm,  100 MHz 

Compound 
Chemical shifts, 
6, ppm 

H-5 I 11-5' i"65>5 ' 

L-Arabinopyranoside~ 
Acetates (I)-(ID 4.23 8,60 
~au)~m ~,7ot 3.4~ I °'6~o. ~ 

D- Xylopyranosides 

Aceta~s (VIII-X~)I 4,20 I 3.30 I 0.9 } 
AcetateXII J 4,22 3.56 0.66 
Acetate XIII I 4,20 3,62 0,58 

L-A ra btnofura nosldes 

AcetateV t4,19t4,0310,16 
Acetate VT 4,13 4,00 0,13 
Acetate VII 4,12 3.98 0,14 
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Fig. 1. Fragments  of  the PMI~ spect rum of rhodalgin 
g) in deuteropyr idine  (a), of  the TMS ether  of R) in 
deuterobenzene  (b) and in CC14 (e), and of  the acetate  
of (i) in CDC13 (d). 
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Fig. 2. F ragments  of  the 1DMI~ spec t ra  of a ce ty l rho -  
dalgin (II) in deuteropyr id ine  (a), of the TMS ether  of  
(II) in deuterobenzene (b) and in CC14 (c), and of the 
ace ta te  of  (II) in CDC1 s (d). 

.~ -1] ( 81 ) .1~-~ ( 1C~ , ~ - D ( C l )  ,~ . -  1] (10} 

it is easy  to identify the f l - a n o m e r  in the  C1 conformat ion  f rom its PM1R s p e c t r u m ,  which has a l a rge  coupling 
constant  of  the anomer ic  proton with J = 6-8,  12, 14-16 Hz; the exis tence of a smal l  vicinal  constant  for this 
proton does not pe rm i t  an unambiguous choice.  However ,  a considera t ion  of the vicinal  coupling constants  of  
the protons at C-5 with the proton at  C-4 makes  it poss ib le  to answer  the question of the or ienta t ion of the B-4  
proton and, where  the constants  a r e  l a rge ,  pe rmi t s  a choice to be made  in favor  of  the C1 c o n f o r m e r s  which, in 
the case  of  smal l  values of Jr,2, s imul taneous ly  co r re sponds  to the ~ - a n o m e r .  

Let us cons ider  the region of the resonance  of  the ca rbohydra te  protons in the spec t ra  of the full ace ta tes  
of compounds (I-XIII) (Figs. 1-8). It is known that in the spec t ra  of the acetoxy compounds a pa ramagne t i c  shift  
of  the s ignals  of the g e m - a c y l  pro tons ,  in compar i son  with the hydroxy compounds,  is obse rved ,  and for the 
methine  protons this shift  is g r e a t e r  than for the methylene  protons .  Consequently,  in the spec t r a  of the pento-  
pyranos ide  ace ta tes  the s ignals  of  the anom er i c  and of the th ree  gem-acy lme th ine  protons  should be p re sen t  in 
the weak-f ie ld  region.  We do in fact  obse rve  such a pa t te rn  for  the ace ta tes  of compounds (I-IV) and {VIII-XIID 
(Figs. ld ,  2d, 3c, 6e, 7d, 8b, and 8d), where  the s ignals  of the ca rbohydra te  protons  f o r m  two nonoverlapping 
reg ions :  the s ignals  of the H - l ,  -2,  -3,  and -4 protons appear  in a weaker  field (4.9-5.9 ppm),  and the s ignals  
of the methylene  group a r e  located in the 3.3-4.3 ppm region,  fo rming  a pa i r  of quadruplets  with a l a rge  c h e m -  
ical  shift  between the H-5a and H-5e s ignals  (0.25-0.6 ppm for the a rab inopyranos ides  and 0.58-0.9 ppm for  the 
xy lopyranos ides  (Table 1). 
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Fragments  of the PM1R spec t ra  of gua iaver in  
(III) and of polys tachoside  (IV) in deuteropyr id ine  {a), 
of the TMS e thers  of {iII) and (IV) in CC14 (b), and of 
the ace ta t e s  of  (III) and (IV) in CDCI a (c). 

The spec t r a  of the ace ta tes  of compounds (V-VII} (Figs. 4c and 5c) a r e  dis t inguished by a di f ferent  a r r ange -  
men t  of the s ignals :  in the 4.9-5.9 ppm region the re  a r e  the s ignals  of only the th ree  methine  protons H - l ,  2, 
3, and in the 3.3-4.3 region appear  the s ignals  of the H-4 and two I t-5 pro tons ,  the shif t  between the Iq-5 and I t -  
5 T s ignals  amounting to not m o r e  than 0.16 ppm (Table 1). This is in ha rmony  with the furanoid fo rm of the 
a r ab inose  in these  compounds [3, 5]. 

Thus,  in de te rmin ing  the s ize  of the oxide r ings  of a rab inose  and xylose  the region of the s ignals  of  the 
pro tons  at  C-5"  and the spec t ra  of the complete  ace ta tes  {3.3-4.3 ppm) is diagnost ic :  for  the furanos ides  they 
give two quadruple ts  with a l a rge  in ternal  chemica l  shift ,  and for  the furanosides  the in ternal  chemica l  shift  of  
these  s ignals  is cons ide rab ly  s m a l l e r  and the signal of  the proton a t  C-4"  accompanies  them.  

F u r t h e r m o r e ,  the vicinal  coupling constants  of the methylene  protons Jtts,I-t 4 pe rmi t  the a rab inopyranos ides  
(J4,sa = 3-4 t tz ,  J4,se = 2 t-Iz) to be dist inguished f rom the xylopyranos ides  (J4,5e = 5 I tz ,  J4,sa = 8 ttz) having the 
s a m e  C1 conformat ion .  

In a study of the TMS e thers  of the g lycos ides ,  it was useful to r ep lace  the t radi t ional  solvent ,  CC14, by 
deu te robenzene ,  which pe rmi t t ed  the individual par t s  of the spec t rum to approach  a f i r s t - o r d e r  spec t rum {Figs. 
1, 2, 6, and 7). 

Let  us cons ider  the s p e c t r u m  of rhodalgin ((I), Fig+ 1). As has been shown above,  the pyranose  fo rm of 
L - a r a b i n o s e  is  shown by the mul t ip l ic i ty  of the s ignals  of the methy lene  protons {Jgem -- 13 Hz,  J4,m = 4 t lz ,  
54,5e = 2 I-Iz) and by the l a rge  shift  between the H-5a and H-5e  s ignals  in the spec t rum of the ace ta te  (Fig. ld).  
The sma l l  vicinal  coupling constant  of  the I-I-5 axial  proton (4 Hz) shows that  the t ] -4  proton is equator ia l .  In 
rhodalgin (Fig. la) and its TMS e ther  (Fig. l b ,  c),  the signal of the proton at tached to the anomer ic  carbon a tom 
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Fig. 4. F ragments  of the PMR spec t ra  of av icu lar in  
(V) in deuteropyr id ine  (a), of the TMS ether  of (V) in 
CCI~ (b), and of the ace ta te  of (V) in CDCls (c). 

t ] - I  is in the weakes t  field, fo rming  adouble t  through interact ion with the t t -2  proton (Jlfl = 6 Bz). The signal 
of  the I~-2 proton can readi ly  be seen in the spec t rum of the TMS ether  in deuterobenzene  at 4.0 ppm. It fo l -  
lows f rom the values of  its coupling cons tan ts ,  J1,2 = 6 I-]z and J2,~ = 8 I-/z, that the th ree  protons I-t-l ,  t i -2 ,  
and I t -3  a r e  axial .  Thus, in the compound (i) invest igated and its der iva t ive  the ca rbohydra te  par t  is r ep resen ted  
by a - L - a r a b i n o p y r a n o s e  in the cha i r  conformat ion  C1. 

We see a s i m i l a r  pa t te rn  for  the der iva t ives  of acetylrhodalgin ((79, Fig. 2). The PMB spec t ra  of the full 
ace ta tes  (I) and (II) a r e  identical.  In the spec t r a  of the TMS e ther  (Fig. 2b, c),  dis t inct  s ignals  of th ree  protons 
a r e  obse rved  in the weak field the mul t ip l ic i ty  and coupling constants  of  which pe rmi t  them to be ass igned to 
t ] - l ,  ]J-3, and I-I-2, respec t ive ly .  The values Jr,2 = 6 I-]z, H2, 3 = 8 tIz,  and J3,4 = 3 Itz show' that  the I-l-l,  I-]-2, 
and H-3 protons a r e  axial  and the R-4  proton is equatorial .  For L-arabinopyranose, this  co r re sponds  to the 
a - a n o m e r  in the C1 conformat ion.  The pa ramagne t i c  shift  of the signal of  the t t -3 proton in the f ree  glycoside 
and the TMS e the r ,  as  compared  with rhodalgin (D, shows the a t tachment  of  the acetyl  group to the 3-OI-] group 
of the a rab inose  in acetyl rhodalgin  (IT}. 

In the study of guaiaver in  (lIT) and of polys taehoside  (IV) we obtained absolute ly  identical spec t r a  both for 
the f ree  g lycosides  and for the i r  de r iva t ives  (Fig. 3). In these  compounds the a rab inose  has the pyranose  fo rm:  
this can be seen f rom the spec t rum of the ace ta t e ,  where ,  in the 3-4  ppm region,  t he re  a r e  only the s ignals  of 
the two geminal  t]-5 protons (Jgem = 13 tJz, J4,sa = 3 I-Iz, J4,~e = 2 tJz), and f rom the spec t rum of the TMS e ther ,  
where  the individual s ignals  of al l  six ca rbohydra te  protons a r e  seen.  In the f ree  gIycoside and in the  ace ta te  
the anomer i c  I-l-1 proton has a coupling constant  of  dl,2 = 7 Hz, which is poss ible  for  L -a r ab lnopy ranose  only in 
the ca se  of the a - a n o m e r  in the  C1 conformat ion.  This is conf i rmed by the axial or ienta t ion of the I t -2  and I t -3  
protons (J~ ft. = 7 I-lz, J2 s = 8 ~tz, Fig. 3a) and by the equator ia l  or ientat ion of the H-4 proton (small vicinal  coup-  
l ing constants  of the tw~ H-5 protons ,  Fig. 3c). 

In the TMS e ther  (Fig. 3b), the values  of the coupling constants  of each of the protons at  C-5 with the 
vicinal  proton at C-4 (J4,~a = 9 I tz ,  J4,~e = 5 I-lz) shows the axial  or ientat ion of the l a t t e r ,  i .e . ,  in this compound 
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Fig. 5. F ragments  of the PMR spec t ra  of juglanin 
(VI) in deuteropyr id ine  (a), of  coumaroyl juglanin  (VII) 
in deuteroace tone  (b), and of the ace ta te  of (VII) in 
CDC13 (c). 

the a rab inose  adopts the 1C conformat ion ,  and this is conf i rmed by an analys is  of  the s ignals  of the o ther  p r o -  
tons  (JI,2 = 2.5, J2,3 -- 5, J3,4 = 2.5 Hz). The coupling constant  of the anomer ic  proton with the vicinal  H-2 is 
2.5 Hz,  which is poss ib le  both for the a - a n o m e r  (ee) and for  the f l - a n o m e r  (ae). However ,  we excluded the f l -  
a n o m e r  on the bas i s  of a cons idera t ion  of the spec t ra  of the initial compound (Fig. 3a) :and of the aceta te  (Fig. 
3c). Thus,  in gua iaver in  and polys tachos ide  invers ion  of the conformat ion  of the py ranose  r ing  of the a rab inose  
takes  place  in the fo rmat ion  of the TMS e thers .  

The 1C c o n f o r m e r  of ~ - L - a r a b i n o p y r a n o s e  has th ree  axial  subst i tuents  and in these  c i r c u m s t a n c e s  the 
exis tence  of 1 ,3 - syn -ax ia l  coupling m a y  impar t  cons iderable  instabil i ty to the conformat ion.  However ,  t he re  
is a suf f ic iency  of examples  in the l i t e r a tu r e  in which the "unfavorable"  conformat ion  has proved t o b e  the  p r e -  
f e r r e d  one: for  e x a m p l e ,  the chlor ide  of t r i a c e t y l - f l - D - x y l o p y r a n o s i d e  adopts the 1C conformat ion  with all  
four subst i tuents  axial  [10, p. 97]. In our  case ,  we do not exclude the poss ibi l i ty  of the ex i s tence  of the TMS 
e thers  of (III) and (IV) in the 3,0Bboat conformat ion  (see Fig. 3b and the exper imenta l  par t ) .  

The invest igat ions p e r f o r m e d  show that polys tachoside  cannot be an a rab inofuranos ide  or  a f l - L - a r a b i n o -  
p y r a n o s i d e  but is an a - L - a r a b i n o p y r a n o s i d e ,  l ike guaiaver in .  The invers ion of the conformat ion  obse rved  for  
gua iaver in  c l e a r l y  shows that the es tab l i shed  t radi t ion of  the study of the s t ruc tu re  of  flavonoid glycosides  f rom 
the PMR spec t ra  of the TMS e the r s  alone m a y  lead to an inaccura te  conclusion concerning s t ruc tu re .  

In the  fu ranos ides ,  the methy lene  group is p resen t  outside the r ing,  and the  chemica l  shifts  of its p ro tons  
a r e  c lose  and form a fa i r ly  na r row  two-pro ton  signal in the spec t r a  of av icu lar in  (V) and its TMS ether  (Fig. 
4a, b). On acety la t ion ,  the s ignals  of  the CH2OAc group (Fig. 4, c) form two quadrup le t s  (geminal constant  13 
t-]z and vicinal  constants  4 and 5 Hz) with a chemica l  shift  be tween  the two H-5  s ignals  o f ~  = 0.16 ppm. The 
s ignals  of the g e m - a c y l  methylene  protons (2 H-5) undergo an insignificant pa ramagne t i c  shift  in compar i son  
with the s ignals  of the g e m - a c e y l  methine  protons and a r e  p re sen t  in the 3.6-4.3 ppm region together  with the 

22 



AcO~r~IAI , - 
t-5e H-I~t 

o _ _ f  .... ==, 
H-I 

4, I Ix. 
H-2 H-3 H-5P- 

.__.__j~)t H-5~ 

5 0 

i!ii]t A (x) 
, H-I~ 

.cj _Z Ijo6~ C: ]sg~tl 
2% ~ 0 

H-2 
H-3 
H-4 
H-Se 

(vm) 
H-5a 

~ t ~  OsBsN 

$ # a ppm 

Fig. 6. Fragments of the PMR spectra  of rhodalin 
(VIII) in deuteropyridine (a), of acetylrhodalin (IX) 
in deuteropyridine (b), of diaeetylrhodalin (X) in 
deuteropyridine (c), of the TMS ether of (X) in deu-  
terobenzene (d), and of the acetates of (VIII-X) in 
CDC13 (e). 

t t -4 signal,  which permits  the furanoside to be distinguished readily from the pyranoside.  In the spectrum of 
the aceta tes ,  all the signals a re  well resolved and their ass ignment  is unambiguous. A broadened I-l-1 singlet 
at 5.8 ppm agrees  with l i te ra ture  information for  1 ,2- t rans derivat ives [8], i .e. ,  for a - L - a r a b i n o s i d e s .  A 
doublet with J = 2 Itz cor responds  to the I-t-2 proton, and a doublet of doublets with J = 2 and 5 I-tz must  be a s -  
signed to the H-3 proton. 

The conformation of the arabinose  in the molecules of avicularin and its derivat ives was found in the fol-  
lowing way. By using the values of the vicinal coupling constants in the acetate of (V) (J1,2 = 0 Hz, J2,3 = 2 I-tz, 
J3,4 : 5 Ez) and the TMS ether of (V) (JI,2 = 2 I-Iz, J2,3 = 4 Ez,  J3,4 = 6 I-tz), we calculated the dihedral angles be-  
tween the neighboring hydrogen atoms by means of the Karplus equation [17]. Then on Dreiding models we m e a -  
sured the dihedral  angles for the 10 possible envelope (E) conformations and the 10 twist (T) conformations.  
The 1T 0 twist conformation in the acetate and the free glycoside (V) and the 4E envelope conformation in its TMS 
ether  showed sa t i s fac tory  corre la t ions  of the projection angles with the coupling constants of the ~-arabinose  
(see the experimental  part).  
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Fig. 7. Fragments of the PMR spectra  of t r i ace ty l -  
rhodalin (XI) in deuteropyridine (a), of the TMS ether  
of (XD in deuterobenzene (b) and in CC14 (c), and of the 
acetate  of (XI) In CDC13 (d). 

The signals of the carbohydrate  moie tyo f  the juglanin molecule ((VI), Hg. 5a) sca rce ly  differ from the 
analogous signals of avicular in  both for the free glycoside and for the acetate.  In coumaroyljuglanin {(VII), 
Fig. 5b), as compared  with juglanin, the signal of the I]-2 proton is shifted downfield, which permits  the con-  
clusion that the 2-OH group of o~- L-arabinofuranose  has been acylated. The values of the vicinal coupling con-  
stants (J1,2 = 0, J2~3 = 2, and J3,4 = 5 Hz) show the iT 0 twist conformation in compounds (VI) and (VII) and their  
acetates .  It mus t  be mentioned that for methyl a -D-a rab inofuranos ide  tr ibenzoate [18], which is enantiomeric  
in its carbohydra te  moiety  with the compounds (V-VII) that we have investigated, the al ternative °T 1 confo rma-  
tion has been shown, as was to be expected. 

The four herbacet in  xylosides studied - rhodalin (VIII), acetylrhodalin (IX), diacetylrhodalin {X), and t r i -  
acetylrhodalin (XI} - give the same acetate (Figs. 6e and 7d). The nature of the signals of the methylene p ro -  
tons (Jgem = 13 Hz, J4,~e = 5 Hz, J4,m = 8 tiz) shows the axial orientation of the It-4 proton, and the la rge  shift 
between the H-5a and H-Se protons (see Table 1) shows the pyranose form of the D-xylose.  

The coupling constant of  the anomeric  proton (J1,2 = 7 I-Iz) in compound (VIII) (Fig. 6a) cor responds  to the 
f l - anomer  in the C1 (D) conformation.  

The vicinal coupling constants J12 = 7 Hz, J2,3 = J3,4 = 9.5 I-lz of the H-1 and I-1-3 protons in compound (IX) 
(Fig. 6b) also show the axial orientat ion of the I-I-l, -2, -3, and -4 protons and thereby charac te r i ze  compound 
(IX) as the f l -D-xylopyranoside  in the C1 conformation.  At the same t ime,  the appearance of the signal of the 
It-3 proton in the weak field (5 5.6 ppm) shows the at tachment of the acetyl group to the 3-Ott group of the xy-  

lose.  
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Fig. 8. F ragments  of the PMB spec t ra  of the TMS 
ether  of myr i ce t i n  xylopyranos ide  (XII) in CC14 (a), 
of  the ace ta te  of (XII) in CDC13 (b), of the TMS ether  
of  patuloside (XIII) in CC14 (c), and of  the ace ta te  of 
(XIII) in CDC13 (d). 

In the spec t r a  of  d iacetyl rhodal in  ((X), Fig. 6c,d), the s ignals  of  the t t -1 ,  B -2 ,  and H-3 protons a r e  located 
in the weak field, and in the s pec t r a  of t r i ace ty l rhoda l in  ((XI), Fig. 7a ,b), the  s ignals  of the I-l-l ,  B-2 ,  t t -3 ,  and 
I-t-4 protons a r e  located in the s a m e  region.  This is explained by the acetylat ion of the 2-  and 3-OH groups 
of the xylose  in compound (X) and of the 2- ,  3- ,  and 4-OI-t groups of the xylose  in compound (XI). The ex i s -  
tence o f  only l a rge  vicinal  coupling constants  shows the axial  or ienta t ion of the I4-1, -2,  -3 ,  and -4 protons in 
these  compounds and a lso  c h a r a c t e r i z e s  them as f l -D -xylopyranosides in the C1 conformat ion.  

The spec t r a  of the TMS e t h e r s  of compounds (XII) and (XIII) we re  obtained in CC14 (Fig. 8a,c) and the 
spec t r a  of thei r  ace ta tes  in CDC13 in CDC13 (Fig. 8b,d). The constants  of the coupling of the anomer ic  protons 
with H-2 in them show the axial  or ienta t ion of the H-1 and t]-2 protons ,  and the mul t ip l ic i ty  of the signal of the 
methy lene  proton shows the axiai  na ture  of the H-4 proton,  while the l a rge  shift  between the signals  of the I-I-5a 
and I-t-5e protons indicates the pyranose  fo rm of the xylose  res idue .  Thus,  compounds (XII) and (XIII) a r e  l i ke -  
wise  f l -D-xy lopyranos ides  in the C1 conformat ion.  

No xylofuranosides  were  avai lab le  to us,  but it m a y  be predic ted  that the PMR spec t r a  of  the i r  ace ta tes  
will a lso contain the s ignals  of  t h r ee  protons (H-4 and two H-5) in the 3.3-4.3 ppm region that  have been ob-  
s e rved  for the ace ta tes  of the a rab inofuranos ides  {V-VII). 
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EXPERIMENTA L 

The physicochemical constants of the glycosides (I-XIII) corresponded to those given in the literature 
[2-7]. Generally-accepted methods were used to obtain the full acetates of the glycosides (acetic anhydride, 
pyridine) and the trimethylsilyl ethers (pyridine, chlorotrimethylsilane, hexamethyldisilazane). 

The PMR spectra were obtained on a Varian H-100D, i00 MHz, instrument with tetramethylsilane as in- 
ternal standard. The figures show fragments of the spectra that include the region of resonance of the carbo- 
hydrate protons. The following conventional symbols have been adopted: 

Hb - herbacetin (3,4',5,7,8-pentahydroxyflavone), 
Q - quercetin (3,3 ' ,4 ' ,5,7-pentahydroxyflavone), 
Kmp - kaempferol (3,4 ',5,7 -tetrahydroxyflavone), 
Myr - myricetin (3,3',4',5,5' ,7-hexahydroxyflavone), 
Lu - luteolin (3 ',4' ,5,7-tetrahydroxyflavone), 
Ae - CI-I3CO-, 
TMS - (CH3)3Si-, and 

H 
[ 

c o u  - 

I 
H 

Using the r ea r r anged  Karplus equation [8, p. 396], from the vicinal spin - s p i n  coupling constants we ca l -  
culated the approximate  values of  the dihedral  angles,  and these were compared with the dihedral  angles m e a -  
sured on Dreiding molecu la r  models  for the 1C chair  conformation and the six theoret ical ly  possible boat con-  
formations of ~ -L-a rab inopyranose  in the TMS ethers of (III) and (IV). A s imi la r  compar ison  was made for the 
ten twist  and ten envelope conformations of the ~-L-arab inofuranose  residues in compounds (V-VII) and their  
der ivat ives .  Table 2 gives the conformations showing sa t i s fac tory  corre la t ion  of the calculated and measured  
dihedral angles.  

A. A. Savina and V. I. Sheichenko (All-Union Scient i f ic-Research Institute of Medicinal Plants) par t ic ipa-  
ted act ively in the discuss ion of the investigation, the samples of polystachoside were provided by N. F. Komis-  
sarenko (Khar'kov Scient i f ic-Research Institute of Pharmaceut ical  Chemistry) ,  and the spect ra  were  taken by 
O. G. Bud' (All-Union Scient i f ic-Research Institute of Medicinal Plants). 

S U M M A B Y  

A comparat ive  analysis  of the PMB spectra  of a number of flavonoid O-arabinosides  and O,xylosides and 
of their  full acetates  and TMS ethers  has been made which has permit ted the determinat ion of the conformations 

TA BLE 2 

Compound 

TMS ethers of 
(lID and (IV) 

Victnal 
coupling 
collsta nto 
1, Hz 

J12=2,5 
J2,3=5 
J3,4=2,5 
J4,5=5 
J4,5' : 9  

Dihedral angles " 

measured on a 
Dreiding model 

ca Iculared from 
Karplus equation 

~l,2=55and 123" 
~2,3=38 and 138 ° 
?3,4=55 and 123 ° 
.~4,5=38 and138 ° 
~4,~" =0 and172 ° 

IC confor- 
mation 

60 

69 

60 

6O 

180 

s,~ confor- 
mation 

120 
60 
60 
120 

0 

(V), (VI),and { J1 ==0 
(VII), and their] j ' --2 
acetates ~ j2,~-- t 3'4= 5 

I ~,2=78and 99 ° 
~2,~=58 and 118" 
~3.4=38 and 138" 

{ J, 2 = 2  

TMS ether of J2.3=4 
(V) J3,4=6 

~t.2=58and 118" 
~2.3=44 and 131" 
~3,4=30 and 144" 

IT 0 conformation 

120 
140 

4E conformation 

120 I 135 
145 

26 



of the pentoses  and of the glycosidic  bonds. The region of the s ignals  of  the protons at C-5"  in the spec t r a  of  
the full ace ta tes  is diagnostic  for de te rmin ing  the s ize  of the oxide r ing of a pentose res idue .  

Polys tachoside  and gua iaver in  have been shown to be identical  ¢tuercetin 3 - O - a - L - a r a b i n o p y r a n o s i d e ) .  
Invers ion  of the conformat ion  of the pyranose  r ing of the a rab inose  res idue  has been detected for  the TMS e thers  
of guaiaver in  and polys tachoside .  
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