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The determinat ion  of the posit ions of the acyl groups in the es te r  alkaloids of Vera t rum (false hellebore) 
p re sen t s  g rea t  difficulty.  As a ru le ,  an unknown alkaloid is subjected to var ious  t r ans format ions ,  e .g . ,  complete  and 
par t ia l  hydrolys is ,  es te r i f i ca t ion ,  oxidation of the individual alcoholic hydroxyls ,  and c leavage  of glycol groups [1]. 
These  operat ions  occupy much t ime  and a re  prac t ica l  only if a l a rge  amount of the s ta r t ing  ma te r i a l  is avai lable.  
Having analyzed the s t ruc tu re  and p rope r t i e s  of the Vera t rum alkaloids ,  we have noted some cha rac t e r i s t i c  fea tures  
which can be used in the study of the chemica l  s t ruc tu re  of e s t e r  a lkaloids .  

The e s t e r  alkaloids of Vera t rum a re  based on the polyhydric amino alcohols  zygadenine (I), ge rmine  (II), and 
pro tover ine  (III) [1]. Mono-,  d i - ,  t r i - ,  and t e t r a e s t e r  alkaloids a re  dist inguished according  to thei r  degree  of 
es te r i f i ca t ion  {Table 1). 

Table 1. Es t e r  Alkaloids of Plants  of the Genus Vera t rum 

Alkaloid 

Zygacine 

Veratroylzygadenine 

Angeloylzygadenine 
Germbudine 
Neogermbudine 
Germidine 
Germerine 
Germitrine 

Neogermitrine 
Germanitrine 
Germitetrine 
Desacetylproto- 

veratrine A 
Desacetylproto- 

veratrine B 
Protoveratrine A 
Protoveratrine B 
Escholerine 

Mp of the 
Alkaloid, o C Amino Alcoho 

Zygadenine 

Zygadenine 

Zygadenine 
Germine 
Germine 
Germine 
Cermine 

Germine 
Germine 
Germlne 
Germine 

Protoverine 

C~ 

Ac 

Acyl groups* 
References 

C6 Cr t" C~ 

-**] [21 

- -  [3] 

- [4] 
MB [5.6] 
MB [7] 
MBI [8] 
tMB [6,9, '01 

tMB [10,11] 
M B  [ 1 1 ]  
MB Ill, 12] 
MB [7, 13}. 

Ac MB 

Ac MB [14] 
Ac MB [15] 
Ac MB 
Ac MB 

233--236 (ethanol) 

278--280 (absolute 
ethanol) 

1235(absolute ethanol" 
159--161 (benzene) ' 
149-- 152 (benzene) 
202--203 (ethanol) 
203--205 (benzene) 
220--222 (petroleum 

ether) 
234--235 (acetone) 
228-229 (acetone) 
299-230 (benzene) 

191--192 (benzene) 

182--183 (benzene) 
259--262 (ethanol)" 
25~--255 (ethanol) 
235 (ethanol) 

Protoverine 
Protoverine 
Protoverine 
Protoverine 

Ve 

An 
t-DMB 
e-DMB 
Ac 
MB 

MB 
Ac 
An 
AHMB 

HMB 

t-DMB 
HMB 
t-DMB 
An 

[14] 

[15I 
[16] 

* Ac) acetyl; Ve) veratroyl, An) angeloyl; MB)(l)-2-methylbutyryl; HMB) (d)-2-hydroxy-2-methylbutyryl; e-DMB) (l)-erythro-2,3-dihydroxy-2-methylbutyryl; t-DMB) (d)-threo- 
2,3-dihydroxy-2-methylbutyryl; and AHMB) erythro-3-acetoxy-2-hydroxy-2-methylbutyryl. 
**Alcoholic hydroxyls not acetylated. 

CM~ 

OH R 

I R=R~=H, II R=H,R, =OH, (I] R=R,=DH 

We see  f rom Table 1 that in the natural  e s t e r  alkaloids of Vera t rum the r e s idues  of eight acids  appear  as acyl 
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groups. They are located in the C3, C6, C7, and CI~ positions. Only acetic acid residues are found in positions C6 and 
C~, while in position Ci5 there may be a (-)-~-methylbutyric or (+)-(~-hydroxy-a-methylbutyric acid residue and in 
position C 3 there may be a residue of any one of the acids mentioned. For these, acyl-containing monoesters are in 
position Ca, diesters in positions C a and C15 , triesters in positions Ca, C7, and Ci5 (for germine) and C3, C6, and Ci5 
(for protoverine), and tetraesters in positions Ca, C~, C7, and C15. An exception is neogermidine (isogermidine). Its 
acyls are found in positions C7 and C15 [17]. However, from the method of hydrolysis described by Myers et al. [6], 
neogermidine may form the product of partial acid hydrolysis of neogermitrine [17] and is not a native alkaloid, as is 
confirmed by the reactivity of the hydroxyl groups of germine. The hydroxyl group in position C a is more reactive than 
that in position C7 [17,18]. Consequently es te r i f ica t ion  at C7 with a f r ee  hydroxyl at C a is unlikely. 

An in te res t ing  in te r re la t ionship  has been observed  between the s t ruc tu re  of the substituent at C7 and the melt ing 
point: alkaloids with a f r ee  hydroxyl at C7 mel t  below 220 ° C and alkaloids in which this hydroxyl is es te r i f ied  or  is 
absent mel t  above 220 ° C. An exception is p ro tovera t r id ine ,  the es te r  of ge rmine  and ( - ) - ~ - m e t h y l b u t y r i c  acid 
(rap 266-267 ° C), with a f ree  hydroxyl at C 7. This is a product of the par t ia l  hydrolys is  of g e r m e r i n e  [9] and, 
apparently,  like many other  synthetic e s t e r  alkaloids [19] or  other  alkaloids subjected to the crude action of exist ing 
methods of isolat ion [6,9,17,20],  has modif icat ions in i ts  fine s t ruc ture .  Consequently,  we do not include it in the 
group of native alkaloids.  

Table 2. Scheme for Determining the Posit ions of the Acyl Residues  and 
the Nature of Some Amino Alcohols in the Es te r  Alkaloids of Vera t rum 

;Number of Mp, 
ester groups , o C 

Monoesters 

Diesters 

Triesters 

Tetraesters 

> ~20 ! { <~20 
< 220 

< 220 
< 220 

> 220 

< 220 

> 220 

Amino alcohols 

Zygadenine (I) 
Germine (II) 
Protoverine (In) 

Germine (n) 
Protoverine (In) 

Germine (n) 

Protoverine (Ill) 

AHMB, Ac, Ve, An, MB, 
HMB, e-DMB, t-DMB 

.Ac, Ve, An, MB, HMB, 
e-DMB, t-DMB, AHMB 

Ac, Ve, An, MB, HMB, 
e-DMB, t-DMB, AHMB 
Ae, Ve, An, MB, HMB, 
e-DMB, t-DMB, AHMB 

Ac, Vc, An, MB, HMB, 
e-DMB, t-DMB, AHMB 

C~ C r 

Ac 

AC 

Ac' Ac 

MB, HMB. 

MB, HMB 

MB, HMB, 

MB, HMB 

*From the solvents listed in Table 1. 
**Abbreviations of the names o f  the aeyl radicals as in Table 1. 

***The alcoholic hydroxy ls  of the amino alcohol ment ioned,  which maynot contain an acyl 
radical in this type  o f  native ester alkaloid. 

In view of the fea tures  of the s t ruc tu re  desc r ibed  above and p roper t i e s  of the alkaloids mentioned,  we have drawn 
up a scheme (Table 2) f rom which it is possible  to de te rmine  the posit ions of the acyls  in a study Of the s t ruc tu re  of the 
Vera t rum alkaloids without having r e c o u r s e  to the labor ious  methods of par t ia l  hydrolys is ,  oxidation, etc . ,  which are  
genera l ly  used [1, 17]. It is m e r e l y  n e c e s s a r y  to de te rmine  the nature of the amino alcohol and the acyl rad ica l s ,  and 
the number of e s t e r  groups,  which can be done compara t ive ly  eas i ly  in invest igat ing the s t ruc tu re  of the es te r  alkaloids 

[21]. Then the data f rom Table 2 must  be used. 

For  example,  a d i e s t e r  alkaloid of ge rmine  has been isolated in hydrolys is  products  in which the p resence  of 
angelic and ~-methy lbu tyr ic  acids has been establ ished.  According to the scheme for  the determinat ion  of the acyl 
rad ica ls  (see Table 2), an angelic acid res idue  in ge rmine  must  occupy position 3 and an o~-methylbutyric acid res idue  

position 15. 

If a di-  t r i - ,  or  t e t r a e s t e r  alkaloid s imul taneously  contains the acyl rad ica l s  of ( - ) - a - m e t h y l b u t y r i c  and (+)-c~- 
methylbutyr ic  acids ,  i t  is  imposs ib le  to state in which posit ion,  C 3 or C15,each of them is found. However ,  it may be 
stated with confidence that both posit ions (C 3 and C1~) a r e  occupied by these acyl rad ica l s .  

The scheme that we propose pe rmi t s  the determinat ion not only of the posit ions of the acyl rad ica l s  but, 
s imultaneously,  the fo rm of some of the amino alcohols upon which the mono- ,  t r i - ,  and t e t r a e s t e r  alkaloids a r e  
based.  For  this purpose one must  be guided by the following ru les :  monoes te r  alkaloids with mp above 220 ° C contain 
the amino alcohol zygadenine,  and t r i e s t e r  alkaloids the amino alcohol ge rmine ;  t r i e s t e r  alkaloids with mp below 
220 ° C, and also all  t e t r a e s t e r  alkaloids,  contain the amino alcohol pro tover ine  (see Table 2). 
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C O N C L U S I O N S  

1. On the basis  of l i t e ra ture  data on the s t ructure  of the Veratrum alkaloids,  a definite lawfor  the arrangement of 
the acyl radicals  in these es ter  alkaloids and an interrelat ionship between the me~ting point and the s tructure of the 
substituent in the C7 position, and between the melting point and the types of amino alcohols upon which the es ter  
alkaloids are  based,has been found. 

2. The features mentioned may be used in studying the s t ructure  of the Veratrum es ter  alkaloids according to 
a scheme which we propose.  
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