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Gallotannins can be used both in medica l  p rac t i ce  and in some branches  of the national economy.  
Typical  r ep re sen ta t i ves  of this group of subs tances  a r e  the tannins of Chinese galls  (Rhus semia la ta )  and 
Turk ish  galls (Gallae turc icea)  and of the leaves  of Sicilian sumac (Rhus c o r i o r a  L.) and the common s m o k e -  
t r ee  (C otinus coggygr ia  Scop.). 

F i sche r  and Freudenberg  [1, 2] showed that  the tannin f rom Rhus s e m i a l a t a  was based on a pentadi -  
gal loylglucose.  Workers  of many  countr ies  [3-9] have continued to develop the c h e m i s t r y  of na tura l  tanning 
agents .  

Schmidt [5] and Sissi  et al .  [10] have shown that the tannins f rom the galls of Rhus s e m i a l a t a  and 
sumac  leaves  a re  c lo ses t  in s t r u c t u r e  and that  the tannin f rom Gallae t u r c i cea  apprec iab ly  differs f rom 
them.  

As has been shown prev ious ly  [10, 12], F i s c h e r ' s  Chinese tannin contained, in addition to the main 
subs tance ,  about 20% of gallic acid, 7~e of m-diga l l ic  acid, and a sma l l  amount ( traces)  of two unidentified 
subs t ances .  

In 1966, a group of worke r s  [11] using, in addition to chemica l  methods,  NMR spec t roscopy ,  e s t ab -  
l ished that  the gallotannin f rom Rhus s e m i a l a t a  consis ted  of 1 ,3 ,4 ,6 - t e t r a -O-ga l loy l - /3 -D-g lucose  with an 
m- t r iga l loy l  chain in posit ion 2. 

Recently,  publications have appeared  in which the resu l t s  of a s tudy of gallotannin and the substances  
accompanying it in the leaves of the sumac  have been given [10, 12], and it has been shown that  sumac  tan-  
nin contains eight or  nine galloyl  r e s idues .  

The p re sen t  pape r  d i scusses  information re la t ing  to a de terminat ion of the s t ruc tu r a l  fea tures  of the 
tannins of the leaves  of sumac  and the s m o k e t r e e  and of Gallae tu rc i cea  and Rhus s e m i a l a t a  gal ls .  

On acid or  alkaline hydro lys i s ,  the tannins fo rm D-glucose  and gallic acid (Table 1). Judging f rom 
the amount of gall ic acid in the hydrolyza te  (after  the comple te  c leavage of the tannin) it can be shown that  
the tannins f rom s m o k e t r e e  and Chinese galls a r e  the c loses t ,  each having an average  of seven galloyl 
r es idues ;  in the tannin f r o m  sumac  six acyl groups have been found, and in Turkish  tannin five.  

To de te rmine  the gallic acid res idues  in the ma te r i a l s  invest igated,  in addition to chemica l  methods 
we used PMR spec t roscopy  (Fig. 1). F o r  all four tannins the PMR s p e c t r a  a re  s i m i l a r  in genera l  outline 
and contain three  groups of s ignals :  1) a broad signal with unreso lved  components  having its cen te r  at 
4.38-4.28 ppm due to the three  protons of a suga r  res idue ;  2) s ignals  of a mult iplet  broadened group with 
poorly  reso lved  components  with its cen te r  at 5.8 ppm, ass igned to the other four protons of the suga r  c o m -  
ponent; and 3) a complex,  we l l - r e so lved ,  mult iplet  with its cen ter  at 7.19 ppm due to the a romat ic  protons 
of gaUoyl r e s idues .  Fo r  the sumac ,  s m o k e t r e e ,  and Chinese gall  tannins, the s ignals  of the suga r  protons 
a re  identical  and the ra t io  of the intensi t ies  of the f i r s t  group of s ignals  to those of the second is c lose  to 
~ .  We assume  that the f i r s t  group of s ignals  is due to the protons of a methylene group and an equator ia l  
proton in posit ion 5, and the second group to axial protons in posit ions 1, 2, 3, and 4. In Turk i sh  tannin the 
ra t io  of the two groups of s ignals  is somewhat  different  ~ which may  apparent ly  be due to the p re sence  
in i t  of hydroxy groups not subst i tuted by galloyl  r e s idues .  
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TABLE 1. Results  of a Dete rmina t ion  of the Number  of GaUoyl Residues in the Gallotannins 

Source of the 
gallotannin 

Region of s ignals  for  
definite mul t ip le t  
groups of a romat i c  
pro tons ,  ppm 

7.75-7.43" 
Sumac 7A3-7.117 

7.11-6.85 $ 

7.65-7.40" 
Smoket ree  7.40-7.10 

7.10-6.95 $ 

7.80-7.37* 
Turk ish  gal ls  7.3 7-7.12 

7.12-6.905 

7.75-7.42 * 
Chinese  galls 7A2-7.10 ¢ 

7.10-6.90 5 

• In te rmedia te  galloyl  r e s i d u e s .  

No. of 
gal loyl  
r es  idues 

0.5 
3.81 
1.85 

0.8 
4.2 
2.3 

1.04 
2.06 
1.40 

1.25 
4.45 
1.70 

Total  no. 
of gal loyl  
r es  idues 

6.16 

7.35 

4.60 

7.40 

¢ Galloyl res idues  at tached d i rec t ly  to the ca rbohydra te  components .  
$ T e r m i n a l  gal loyl  r e s i d u e s .  

Amt.  of gall ic acid in a 
hydrolyza te  (determined 
by the c h r o m a t o s p e c t r o -  
photometr ic  method 
[13]) 

% 

92 -93 

95-96 

87-89 

95-97 

No. of 
galloyl  r e s .  

6.2] 

7.15 

4.91 

7.28 

To de te rmine  the number  of gal loyl  res idues  f rom the in tegra l  s p e c t r u m  we used the signals  of the 
suga r  protons as an in te rna l  s t andard  (see Table 1). The figures of the table show that the number  of 
gal loyl  r e s idues  in the var ious  tannins va r i e s  f rom 4.6 to 7.4. The resu l t s  of spec t r a l  de terminat ions  
agree  well  with those of the chemica l  method and with l i t e r a tu re  information for  Chinese tannin [11]. 
Br i t ton et  al .  [11] were  the f i r s t  to a t tempt  to ass ign the s ignals  in the a romat i c  pa r t  of the s p e c t r u m  of 
the methoxy der iva t ive  of Chinese  gallotannin to the protons of the gaUoyl res idues  occupying nonequiv- 
alent  posi t ions in the molecule ,  i .e. ,  t e rmina l ,  in te rmedia te ,  and at tached d i rec t ly  to the s u g a r  component .  

In the PMR s p e c t r a  of the t r ime thy l s i l y l  der iva t ives  of the tannins,  which we have studied, there  a re  
l ikewise th ree  c l e a r  mul t ip le t  groups of s ignals  in the region of a roma t i c  protons (see Fig.  1 and Table 1}. 
It  is na tura l  to a s s u m e  that  the protons of the in te rmedia te  galloyl  r es idues ,  i .e. ,  those located in the 
cen te r  of a polygaUoyl chain, undergo the g r ea t e s t  sc reen ing  and the re fo re  the i r  s ignals  should be p resen t  
in the weakes t  f ield.  Thus, the protons of the in te rmedia te  galloyl  res idues  of di f ferent  s amp le s  of tannins. 
give s ignals  at 7.80-7.37 ppm.  The s ignals  of the protons of the t e rmina l  galloyl res idues  a re  found in the 
7.12 -6.85 -ppm reg ion .  

As c o m p a r e d  with the resu l t s  of Brit ton et  al .  [11], the protons of the t e rmina l  galloyl r e s idues  give 
s ignals  in a s t r o n g e r  field, which is apparent ly  due to the influence of the t r ime thy l s i ly l  g roups .  

F r o m  the in tegra l  s p e c t r u m ,  a calculat ion was made of the number  of nonequivalent  units of galloyl 
r e s idues .  It  can be seen  f rom Table 1 that  the number  of res idues  d i rec t ly  at tached to the glucose var ies  
f r o m  2.06 to 4.45, the number  of in te rmedia te  res idues  f rom 0.5 to 1.25, and the number  of t e rmina l  r e s i -  
dues f rom 1.40 to 2.3. 

The mos t  impor tan t  s tep  in the s tudy of the c h e m i s t r y  of the tannins is the determinat ion of the de-  
g r ee  of es te r i f i ca t ion  of the ca rbohydra te  component  with galloyl  r e s idues .  

Af ter  the exhaust ive  methyla t ion of all four s amp le s  of tannin and subsequent  alkaline hydrolys is  of 
them,  3 ,4-dimethoxygal l ic  acid (rap 167°C, A max 262 nm, tool.  wt. 198.5} and 3 ,4 ,5- t r imethoxygal l ic  acid 
(rap 197-198°C, Amax 267 nm, mol .  wt. 213.5} were  isolated.  The ca rbohydra te  res idues  of the methyla ted  
tannins f r o m  s m o k e t r e e  and Turk ish  galls  were  reduced with Fehl ing 's  solution, which shows that the s e m i -  
ace ta l  hydroxyls  a r e  subst i tu ted by gaUoyl r e s idues ,  while the ca rbohydra te  moie ty  of the tannins f rom 
sumac  and Chinese  galls  did not pos se s s  reducing p r o p e r t i e s .  This conf i rms  that  the s e m i a c e t a l  hydroxyls  
a re  not subst i tu ted  by gaUoyl r e s i d u e s .  
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I t  was found by acid hydrolysis  of the carbohydrate  r e s i -  
dues of the methylated tannins that the sugar  f rom sumac and 
Chinese galls gives a positive Fehling reaction and shows the 
presence  of free D-glucose on ch roma teg rams .  Consequently, 
all the hydroxy groups of the carbohydrate  components of 
these tannins are  substituted by gaUoyl residues,  with the ex-  
ception of the semiaceta l  hydroxyl.  The sugar  residues of the 
tannins from the smoket ree  and Turkish galls differ f rom D- 
glucose, which shows the methylation of one of the alcoholic 
hydroxy groups.  

The resul ts  of a compar ison with an authentic sample 
of methylated glucose showed that for the tannins from the 
smoket ree  and Turkish galls the carbohydrate  component is 
3 -O-methyl -D-glucose  in each case .  

J 

I I I I I ! 

8 8 4 

Fig.  1. PMR spec t ra  of the gallotannins 
of sumac (I), smoket ree  (H), Turkish 
galls (IlI), and Chinese galls (IV). 

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

Preparat ion of the Samples of the Tannins. The gal lo-  
tannin was extracted from the comminuted leaves of sumac 
and the smoket ree  with water and was deposited on a column 
of polyamide sorbent .  The eluates containing the tannin were 
t reated with ethyl acetate, and the es te r  extract  was evaporated 
to smal l  volume and precipitated with methylene chloride.  

The tannin was likewi~e extracted from the Turkish and 
Chinese galls with water;  they were t r ans fe r red  into e t h y l  
acetate and purified by the method descr ibed by Makarevich 
et al. [14]. 

The individuality of the tannins was checked by two- 
dimensional paper chromatography.  The samples were dried 
over phosphorus pentoxide in vacuum (10 -2 mm Hg) at l l0°C.  

Quantitative Acid Hydrolysis of the Tannins. An accu-  
ra te ly  weighed sample of 1.000 g of the tannin was hydrolyzed 
with 20 ml of 5% sulfuric acid in the boiling-water bath for 

10 h. The completeness of hydrolysis  was checked by paper chromatography.  The amount of gallic acid 
in the hydrolyzate was determined by the chromatospect rophotometr ic  method [13]. To obtain the ca rbo-  
hydrate components,  the hydrolyzates  were t reated with AV-17 anion-exchange resin (in the OH- form) 
until they were neutral,  the gallic acid was extracted with diethyl ether,  and the aqueous residue was 
evaporated to 0.5-1.0 ml and chromatographed with an authentic sample of D-glucose.  

Methylation of the Tannins. A sample of tannin (3 g) was dissolved in 150 ml of absolute acetone, 
and 7 g of potass ium carbonate and 2 ml of dimethyl sulfate were added. The mixture was s t i r r ed  at 40- 
45°C for  14 h and filtered, the solvent was distilled off, the oily residue was dissolved in 20 ml of 
methyl iodide, 0.2 g of s i lver  oxide was added, and the mixture was again heated (40-45°C) with continuous 
s t i r r ing  for  14 h. The react ion mixture was then fi l tered and evaporated to an oily Iesidue,  which was d is-  
solved in chloroform and was purified on a column of alumina. The eluates were evaporated, the dry 
residue was dissolved in 5 ml of acetone, 25 ml of 5% caustic soda solution was added, and hydrolysis  was 
per formed on the water bath for 7 h. The hydrolyzates were treated f i rs t  with a cation-exchange res in  
(in the H + form) and then with an anion-exchange res in  (in the OH- form).  The methoxy derivatives of 
gallic acid were extracted from the neutral  solutions with diethyl ether,  and the aqueous residue was con-  
centrated to 1-2 ml and subjected to Fehling's  react ion.  

Recording of the PMR Spectra of the Tannins. For  this purpose,  their  t r imethyls i lyl  ethers were 
prepared by the method descr ibed by Mabry et al. [15]. The spec t ra  were recorded  on a Hi tachi -Perkin-  
E lmer  R-20A instrument  with a working frequency of 60 MHz. Carbon te t rachlor ide was used as the so l -  
vent and te t ramethyls i lane as internal s tandard.  
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SUMMARY 

1. It has been establ ished that the semiace t a l  hydroxyls  of the carbohydra te  components of the tan-  
nins of the smoke t ree  and of Turkish  galls a re  subst i tuted by galloyl res idues and the C 3 hydroxy group is 
f r ee l  on the other  hand, in the tannins f rom sumac and Chinese galls all the hydroxy groups of the sugars  
a re  subst i tuted by gaUoyl res idues  with the exception of the semiace ta l  hydroxyl .  

2. It has been found that in the tannin f rom sumac,  of the six gallic acid res idues  four are  in the 
fo rm of digalloyl and two in the form of monogalloyl groups ; in the tannins f rom the smoke t ree  and Chinese 
galls,  of the seven gallic acid res idues  three  are  in the form of a t r igal loyl ,  two of a digalloyl, and two of 
monogalloyl groups.  In the tannin f rom Turkish galls,  of the five gallic acid res idues  three  are  in the form 
of a t r igaUoyl and two of a digalloyl res idue .  
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