
P M R  S P E C T R A  O F  C A T E C H I N S  A N D  T H E I R  D E R I V A T I V E S  

S h .  Y u .  I s l a m b e k o v ,  A .  Ko K a r i m d z h a n o v ,  
A .  I .  I s m a i l o v ,  F° G .  K a m a e v ,  
a n d  A .  S.  S a d y k o v  

UDC 547.978 

Pro ton  magnet ic  resonance  (PMR) spec t roscopy  is widely used in the invest igat ion of the e lec t ronic  and 
spat ia l  s t r uc tu r e s  of polyphenols.  However ,  there a re  few publicat ions devoted to the s t e r e o c h e m i s t r y  of the 
ca techins ,  and the informat ion given in them is contradic tory  [1-5]. In the p resen t  pape r  the s t ruc tu re s  of (+)- 
catechin,  (+)-gal locatechin,  ( - ) - e p i c a t e c h i n ,  ( - ) - ep iga l loca tech in ,  and ( - ) - ep iga l loca tech in  gal late ,  i so la ted  
f rom Polygonum c o r i a r i u m  Grig.  and Calligonum minimum Lipsky [6-8] and the i r  acetyl  der iva t ives ,  as studied 
with the aid of their  PMR spec t r a ,  a re  considered.  

In the PMR spec t rum of (+)-catechin (Ia), the ass ignment  of the s ignals  of the a romat ic  protons  of r ings 
A and B (Fig. la)  was made by analogy with the PMR spec t r a  of the flavonoids [9-11]. 
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A broad signal at 8.1 ppm that d i sappears  when the s amp le  is shaken with DzG belongs to four hydroxyl 
protons of the phenol type, a signal at 6.86 ppm to H-2 '  and a signal at 6.72 ppm with an in tegra l  intensi ty  co r -  
responding to two protons  to H-5 '  and H-6 ' .  The H-8 and H-6 protons resona te  at 5.98 and 5.84 ppm,  r e s p e c -  
tively, in the fo rm of doublets (Js,8 = 2.4 Hz). The signals of the pro tons  of  the he te rocyc l ic  r ing C a re  located 
in s t ronge r  fields.  A doublet at 4.53 ppm re l a t e s  to H-2 ,  and a mult iplet  with a width of 21.7 Hz at 3.97 ppm to 
the H-3 proton.  The J2,a spin - s p i n  coupling constant is 7.9 Hz, which co r re sponds  to the t rans or ientat ion of 
the H-2 and H-3 protons  in ring C [4, 11]. The pseudoaxial  or ientat ion of these protons also follows f rom the 
values of the s p i n - s p i n  coupling constants J3,4e = 5.6 Hz and J3,4a = 8°2 Hz. The H-4e and H-4a protons r e son-  
ate in the fo rm of quar te ts  at 2.87 and 2.48 ppm respec t ive ly  (Jgem = 16.5 Hz). Thus,  H-2 and H-3 occupy pseudo-  
axial posi t ions  in r ing C, which has  the ha l f - cha i r  conformation,  and the s t ruc tu re  of  (+)-catechin cor responds  
to that given in [4, 11], but not in [1]. 

An a t tempt  has  been made previous ly  [11] to de te rmine  the conformation of r ing C of catechins ,  but 
ne i ther  of the theoret ical  "ha l f -cha i r "  conformat ions  agreed with the dihedral  angles de te rmined  f r o m  the 
Karplus  equation on the bas i s  of the exper imenta l  values  of the vicinal s p i n - s p i n  coupling c o n s e n t s .  This  is 
apparent ly  due to the fact  that the obse rved  constants  a re  averaged  values of the constants  cor responding  to 
severa l  equi l ibr ium f o r m s .  

The acetylat ion of catechin led to a downfield d i sp lacement  of all the signals (Fig. lb) .  The H-2 ' ,  H-5 ' ,  
and H-6 '  a romat i c  protons  of r ing B a re  located in the 7.2-7.4 ppm region. The H-6 and H-8 a toms resona te  
at 6.55 and 6.64 ppm, respec t ive ly .  A complex mult iplet  in the 5.15-5.35 ppm region is  fo rmed  by the supe r -  
posi t ion of the s ignals  of the H-2 and H-3 protons .  The H-4e  and H-4a protons  also fo rm second-o rde r  s ignals  
located at  2.60-2.90 ppm.  In double - resonance  exper imen t s  with the action of a s t rong high-frequency field on 
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Fig. 1. PMR spectra:  a) (+)-catechin (100 MHz); b) catechin penta- 
acetate (100 MHz); e) ( - ) -ep ica tech in  (60 MHz); d) ( - ) -ep iga l loca techin  
gallate (60 MHz), 

the signals of the C-4 protons,  the H-2 and H-3 protons form an AB spin sys tem J2 ,3  = 8.1 Hz, which shows the 
trans orientation of these protons° When a hydroxy group is acetylated, the signal of the geminal proton usually 
shifts down.field by 1.0-1.2 ppm [11, 12], as in the case for H-3° The substantial downfield shift for the H-2 
signal (~ 0°7 ppm) is explained by the action of the equatorial 3-acetyl  group, since it is just at this orientation 
that the neighboring H-2 axial protons (and also H-4) have the maximum downfield shift [12]o 

The signals of the four acetyl groups are  located at 2.22 ppm, and the signal of the fifth is displaced up- 
field (6 1.87 ppm)° It may be assumed that this signal belongs to the acetyl group at C-3, since in the spectra  
of flavonol acetates [10] the acetyl groups of the sugar moiety resonate in a s t ronger  field than those of the 
aromat ic  fragments .  Fur thermore ,  the anisotropy of ring C affects the shift of the signal of the C-3 acetyl 
group [10]. 

In the spectrum of (~:)-gallocatechin (Ib) the presence of an additional hydroxy group in ring B leads to 
the equivalence of H-2'  and H-6'  signals (6 6.43 ppm). The H-6 and H-8 signals are  located at 5.83 and 5.97 
ppm, respect ively .  The pa ramete r s  of the H-2, H-3, and H-4 signals are identical with those of (~)-catechin, 
which shows the identical s t ruc tures  of ring C of these compounds° 

The PMR spectrum of acetylated gallocatechin repeats  the spectrum of ( , )-catechin acetate in broad 
outlines, with the exception of the fact that the signal of one aromatic  proton - H-5 - had disappeared and an 
additional acetyl group signal has appeared in the 2.2 ppm region° 

Figure l c  shows the PMR spect rum of ( - ) -ep ica tech in  (IIa)° In the 7.5-8.1 ppm region there are  the 
signals of four hydroxy groups of the phenol type° The signal at 7.0 ppm corresponds  to H-2 '  and that at 6.76 
ppm to H-5'  and H-6'  [9, 10]. The H-6 and H-8 signals resonate at 5.88 and 5.99 ppm, respectively.  The H-2 
signal in the form of a singlet is located at 4°85 ppm and has a width AW ~ 4 Hz. Such a width of the signal 
shows the eis orientation of the H-2 and H-3 protons [11], since the vicinal constant is small .  If the equatorial 
orientation of the aryl radical  is assumed [4, 11], this is apparently connected with the pseudoaxial orientation 
of the hydroxy grot~p in ring C of the epioatechin, which agrees  with l i terature information [1,4].  The H-3 
proton resonates  at 4.18 ppm in the form of a poorly resolved triplet having a width AW = 9 HZo The signals 
of the H-4a and H-4e protons form a second-order  spectrum in the 2°7-2.9 ppm region. 

: The spect rum of ( - ) -ep iga l loca techin  (IIb) contains a two-proton singlet at 6.53 ppm relating to H-2'  and 
H-6 ' ,  but it is  otherwise identical with the spectrum of ( - ) -ep ica tech in  and, consequently, the s t ructure  of ( - ) -  
epigallocateehin is analogous to that of ( - ) -ep ica techin .  

In the spectrum of ( - ) -ep iga l loca techin  gallate (IIc) (Fig. ld), the signals of the hydroxy groups are  locat-  
ed in the 7.8-8.5 ppm region, In 6.0-7.0 ppm region there are three singlets which may be assigned in the 
following way on the basis of a compar ison with the compounds already considered.  The singlet at 5.98 ppm is 
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due to the H-6 and H-8 pro tons ,  the s inglet  at  6.57 ppm to the H-2 '  and H-6'  p ro tons ,  and the singlet  at  6.98 
ppm to the H-2"  and H-6" a roma t i c  protons  of  the additional r ing. The dis tr ibut ion of the H-2 and H-3 s ignals  
in the spec t rum of ( - ) - ep iga l l oca t ech in  gal la te  is d i f ferent  f rom that in epigal locatechin.  The broad signal 
of the H-3 proton (AW = 9 Hz) is located in a weaker  field (5.47 ppm) than the compara t ive ly  na r row H-2 s ig-  
nal (5.0 ppm). This  i s  due to the influence of the carbonyl -conta ia ing  subst i tuent  located jus t  in the C-3 pos i -  
tion; a s im i l a r  effect  is  obse rved  in the PMR spec t rum of the acetyl  der iva t ive  of ( - ) - ep iga l loca tech in ,  in 
which the H-3 signal is  found at 5.26 ppm and the H-2 signal at 4.97 ppm. 

Thus,  when the OH group at  C-3 of epigal locatechin is acetylated,  the H-3 signal shifts downfield by 1.3 
ppm, as  has  been obse rved  in the case  of catechin,  but in cont ras t  to the la t ter  the chemical  shift of the H-2 
proton changes inconsiderably ,  which is  due to the axial or ientat ion of  the substituent° 

The remain ing  signals  of  ( - ) - e p i g a l l o c a t e c h i n  aceta te  a re  a r r anged  in the following way: The equivalent  
protons  H-2 '  and H-6 '  r e sona te  at  7.03 ppm and the H-6 and H-8 protons  at  6.46 and 6.57 ppm, respec t ive ly .  
The signals  of the two pro tons  at C-4 a re  located in the 2 .84-ppm region.  The protons of the five acetyl  groups  
give signals  at 2.23 ppm and the signal of one acetyl  group is  located at 1.86 ppm.  

The spec t rum of ( - ) - ep iga l l oca t ech in  gal la te  contains the following signals:  H-2 '  and H-6 '  at  7.36 ppm; 
H-2" and H-6" at 7.17 ppm; H-8 at 6.64 ppm; H-6 at  6.53 ppm; H-3 at 5.58 ppm; H-2 at 5.1 ppm; and H-4 (2) 
at 2.98 ppm. The s ignals  of  the eight acetyl  groups a re  located at 2.20 ppm, and in this spec t rum there is no 
signal of an acetyl  group at 1.8-1.9 ppm such as has  been obse rved  in the s p e c t r a  of  all the acetyl  der iva t ives  
of catechins cons idered  prev ious ly .  This conf i rms  the hypothesis  that the s ignals  of an acetyl  group at C-3 
a re  located in the 1o8-1.9 ppm region.  

A compar i son  of  the PMR s p e c t r a  of  the catechins and their  ace ta tes  shows that in the la t ter  the s ignals  
of all  the a romat ic  pro tons  a r e  shifted downfield in compar i son  with the corresponding signals  in the spec t r a  
of the initial compounds.  

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

Recording of the PMR Spect ra .  The samples  used for  recording  the PMR spec t r a  were  8-10% solutions 
of the subs tances  under invest igat ion in deuteroacetone  and deu te roch loroform.  The chemica l  shif ts  a re  given 
in the 5 sca le  r e l a t ive  to the signal of HMDS as internal  s tandard.  The spec t r a  were  r eco rded  on Hitachi H-60 
and Var ian  XI.,-100 s p e c t r o m e t e r s .  

Isolat ion of the Catechins.  The chromatographic  separa t ion  and isolat ion of (Q-ca techin ,  ( - ) - ep i ca t ech in ,  
( - ) - ep iga l loca tech in  g a l l a t e ,  ( :e)-gallocatechin, and ( - ) - ep iga l loca tech in ,  and their  p rope r t i e s ,  have been r e -  
por ted prev ious ly  [6, 7]. 

Acetylation of the Catechins.  A catechin {0.1 g) was dissolved in 3 ml of pyr idine."  With constant  s t i r r ing ,  
5 ml of  acet ic  anhydride was added to the solution. The mixture  obtained was left for  24 h: Then i t  was poured 
into ice wa te r  with s t i r r ing  and a f t e r  2-3 h the p rec ip i t a te  was f i l tered off and dried in a vacuum des icca to r  
ove r  P205. The acetyl  de r iva t ives  obtained were  r e c r y s t a l l i z e d  f rom a c e t o n e - p e t r o l e u m  ether  (1 : 5}. The 
e l emen ta ry  analys is  cor responded  to the calculated f igures .  

S U M M A R Y  

The PIVIR spec t r a  of ea techins ,  gal locatechins ,  epigal locatechin gal late ,  and their  acetyl  der iva t ives  have 
been analyzed and the s t ruc tu r e s  of the compounds invest igated have been conf i rmed.  

The p a r a m e t e r s  of  the s ignals  of the H-2 and H-3 pro tons  that have been fotmd and also the nature  of their  
change on acetylat ion enable a compound invest igated to be ass igned unambiguously to the normal  or  to the epi 
s e r i e s .  
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E S S E N T I A L  O I L S  O F  M O N G O L I A N  P L A N T S  

A STUDY OF THE ESSENTIAL OIL OF A r t e m i s i a  rut ifol ia  

A .  Lo S h a v a r d a  UDC 547.913 

The a im of the p re sen t  work  was to study the essent ia l  oil of Ar t emis i a  rut ifol ia  Stepho ex Spreng. The 
mater ia l  was col lected by the Division for  the Study of Resources  of the Combined Sovie t -Mongol ian  Compre -  
hensive Biological Expedition in 1972 in the budding-  f lowering phase  in the Ubsunur Iamak,  close to lake Dz~r~n- 
Nut in sect ions of a pebbly-sandy dese r t .  The essent ia l  oil of A r t e m i s i a  rut i fol ia  growing in the P a m i r  was 
invest igated by M° I. Goryaev  in 1959 [1]. 

According to p r e l im ina ry  r e su l t s  which we obtained by means  of an analyt ical  gas  chromatograph ,  the 
composi t ion of the essent ia l  cil of  the A r t e m i s i a  rut i fol ia  growing in Mongolia is fa r  more  complex (Fig. 1). 
By p repa ra t ive  gas  chromatography  in column I (Table 1), we obtained a f ract ion of the readi ly  volati le c o m -  
ponents p r e s e n t  in the oil in t r ace  amounts .  Its composit ion was studied by analytical  gas chromatography  on 
column V (see Table 1), identification being made by the addition of authentic compounds. The ch roma tog ram 
of the monoterpine f rac t ion  is shown in Fig° 2. Six compounds were  identified: O~-pinene, camphene,  fl-pinene, 
l imonene, /3-phel landrene ,  and p-cymeneo 

The oxygen-containing compounds were  isola ted by p repa ra t ive  gas  chromatography  using column I and 
were  identified by physical  and chemical  methods [2, 3]; the pur i ty  of the compounds i so la ted  was checked by 
analyt ical  gas  chromatography  in columns II,  III ,  and IV (see Table 1). 

The complete  composi t ion of the oil is shown in Table 2o The compounds cor responding  to peaks  11-16 
could not be identified f rom their  IR spec t ra .  

The IR spec t rum of substance (11) showed the absorpt ion bands of a monosubst i tuted a roma t i c  r ing (700, 
760, 1500 cm -1) and of a carbonyl  group (1715 cm-1)o According to i ts  m a s s  spec t rum (M + 148), the substance 
had the formula  C10H120o In i ts  NM.R spec t rum,  in addition to the protons  of  the a romat ic  r ing and of an acyl 
group, there is a mult iplet  (2.80 ppm, 4 H) of the protons  of two neighboring methylene groups .  On the bas i s  
of this spec t ra l  informat ion,  substance (11) was identified as  4-phenylbutan-2-oneo The IR spec t rum of 4- 
phenylbutan-2-one which we obtained by the hydrogenat ion of the produc t  of the condensation of benzaldehyde 
with acetone proved  to be comple te ly  identical  with the IR spec t rum of the natural  compound (11)0 

Compound (13) is  an a romat i c  alcohol.  I ts  IR spec t rum contains absorpt ion  bands of a monosubst i tuted 
a romat i c  r ing (700,750, 1500 cm -1) and of a hydroxy group (1060, 1130, 3390 cm-1)o The NMR spec t rum has  
the s ignals  of  a roma t i c  protons  and of a CH3-CH(OH) grouping (see Exper imenta l ) .  In addition there a r e  two 
mult iplet  s ignals  cor responding  to two methylene groups° The m a s s  spec t rum has  a s t rong M + -  18 peak (70%), 
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