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Methods for  the quali tat ive analys is  of alkaloids in a thin layer  using va r ious  adsorbents  - alumina,  
s i l ica  gel, and o thers  - a re  widely known for  thei r  eff ic iency [1, 2]. 

Fo r  the indole alkaloids a number  of s y s t e m s  and cha rac te r i s t i c  reagents  for individual bases and 
groups of alkaloids have been proposed:  concent ra ted  ni t r ic  acid, ce r ium ammonium sulfate,  iron a m m o -  
nium sulfate, and many  o thers  [3-5]. 

Among them the reagen t  c e r i um  ammonium sulfate may  be singled out because of the sensi t iv i ty  and 
individual nature  of i ts  action; it has proved  ve ry  valuable in the analys is  of the alkaloids of Vinca r o s e a  
(Madagascar  periwinkle) [5]. In view of this,  we have a t tempted to c o r r e l a t e  the nature  of the colorat ion 
of alkaloids of the genus Vinca produced by the reagen t  ce r ium ammonium sulfate with the chemical  s t r u c -  
tu res  of the subs tances .  This will a s s i s t  in the p r e l i m i n a r y  determinat ion of the assoc ia t ion  of the bases  
with a given chromophore .  

The adsorben t s  used for th in - layer  ch romatography  were  k iese lguhr  G (Merck) and Silufol, which 
a r e  mainly  used for  compounds of a different  na ture  (flavonoids, coumar ins ,  etc.),  since the s t a rch  p resen t  
as binding agent  in the Silufol p la tes  does not pe rmi t  the spots of the alkaloids to be detected with the 
Dragendorf f  reagent .  Consequently, we decided to use the reagent  c e r i um ammonium sulfate for  these 
purposes .  Under these conditions, the sensi t iv i ty  for the individual ch romophores  did not change. 

In view of the fact  that the hydroxyindole alkaloids a re  not revea led  by this reagent ,  for majdine,  
isomajdine,  viner ine,  and vineridine we a t tempted  to use a 0.2 M solution of FeCI 3 in 35% perch lor ic  acid 
as  reagent  [6]. It was found that  the reac t ion  was posi t ive when the m a t e r i a l s  were  heated at 70-80°C. 

About 40 alkaloids were  subjected to quali tat ive analys is  and charac te r iza t ion .  The c r i te r ion  used 
was the colorat ion which they gave with the reagent  ce r ium ammonium sulfate, which was  observed  for 
24 h. To evaluate the colorat ion of the spots of the alkaloids,  we used A. S. Bonda r t s ev ' s  scale  of co lors .  

Color  on the Scale Color  Color on the Scale Color 

a-2  Blackish i-5 Bluish green 
a-3  Gray i sh  violet  j -1  Isabel la ,  pale yellow 
a-6 Pale  g ray ish  j-3 Pale  sandy 
b-1 Dark blue j-5 Walnut 
b-6 C r e a m  k-1 Smoky 
c-4 Dark  ash k-2 St raw-yel low 
d-4 Orange-pink k-3 Lemon-ye l low 
d-6 Ocher -ye l low I-5 Carmine  red  
d-7 Yellowish rus t  I-7 Golden yellow 
e-2 Yel low-orange m - 3  Pale  blue 
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Color on the Scale Color  Color  on the Scale Color  

e-4 Lea the r -b rown  m - 4  Pinkish  violet  
e-5 Pale  lemon yellow m - 6  Violet c a rmine  
g - i  Rusty n-  1 Plum 
g-3 Pinkish l i lac n-5 F le sh  pink 
g-5 Lead g ray  n-6 Dark  c r e a m  
h-2 Dark  violet  o-3 Pa le  honey 
h-3 Ocher  o-4 Orange red  
i -1  Gray-ye l low o-5 Yellow 
i -2  Yellowish green 0-7 Minium red  

In the invest igat ion of the quali tat ive color  reac t ions  of alkaloids with c e r i u m  ammonium sulfate, 
four main  groups of them were  dist inguished according  to thei r  chromophor ic  sy s t ems .  

The group of (~-methyleneindolines that  a re  der iva t ives  of akuammic ine  can, according to informat ion 
on the alkaloids analyzed,  be subdivided into two c l a s s e s .  The f i r s t  c lass  of compounds,  which is 
c h a r a c t e r i z e d  by the p resence  of an e s t e r  grouping in the chromophore ,  at the momen t  of contact  with the 
ce r i um ammonium sulfate reagent  gives a bright-blue colorat ion;  a f te r  an hour,  the edge becomes  light 
blue and the cen te r  walnut-colored;  and a f te r  24 h,a  light-walnut colorat ion appears .  The range of c o lo r -  
ation changes  in the per iod f rom 5 rain to 1 h. The alkaloid vinervine is  an exception in this c lass  of c o m -  
pounds. Obviously,  in this case  a decis ive  influence is also played by the nature of the substi tuent  in the 
a roma t i c  r ing (Table 1). 

Compounds of the second c l a s s ,  which a re  cha r ac t e r i z ed  by an aldehyde grouping in the chromophore ,  
f o rm a g ray-ye l low or ocher  color  a f te r  1 h. Here ,  again, the color  is  affected by subst i tuents  in the a r o -  
mat ic  ring. 

a -Methy lene indo les  that  a r e  de r iva t ives  of asp idospermine ,  may ,  like the compounds descr ibed  above, 
be subdivided into two c l a s s e s .  Of these ,  compounds without a subst i tuent  in the a romat i c  r ing acquire  in 
the f i r s t  mome n t  of contact  with the agent  a dark-blue colorat ion of the spot in which e i ther  an ocherous  or  
a dark  orange-yel low shade is i n t e r spe r sed .  The f i r s t  co lor  is  cha rac t e r i s t i c  for compounds having no 
double bond in the 6, 7 posit ion and the light color  for  those having a double bend in the 6, 7 position. To -  
wards  the end of the reac t ion ,  the f o r m e r  acquire  a pale- lemon and the la t ter  a pale-sandy shade. Com-  
pounds with methoxy groups in the a roma t i c  r ing and no double bond in the 6, 7 posit ion,  such as methoxy-  
vincadif formine become colored deep blue in the f i r s t  momen t  of contact  with the reagent ,  but l ess  inten-  
s ive ly  with a t rans i t ion  to pale blue, and for  compounds with a double bond in the 6, 7 posit ion, such as  
methoxytabersonine ,  the initial colora t ion is  the same,  but a f ter  5 rain i t  is  i n t e r s p e r s e d  with lemon. After  
24 h, both co lora t ions  change to the pale lemon-ye l low shade or d isappear  completely .  

F o r  compounds of this group including a carbonyl  function, when there  is  no subst i tuent  in the a r o -  
mat ic  r i n g , a  dark  colorat ion is  observed ,  and when the re  is  a subs t i tuent ,a  l e s s  intense one. 

In the group of indole alkaloids,  although not so many  compounds have been analyzed,  the same  de-  
pendence of the t rans i t ion  of the intensi ty of the colorat ion f rom light lemon-ye l low to gray-ye l low ac -  
cord ing  to the eh romophore  is  observed.  Vincamine gives a bright  lemon-yel low colorat ion and methoxy-  
v incamine  (vinicine) a l e s s  intense one which appea r s  during the f i r s t  5 rain. Apovincamine,  which has a 
double bond in the 14,15 posit ion, gives a ye l low-green  color  changing to gray-ye l low.  Der iva t ives  of 8-  
yohimbine also differ  in the nature  of the reac t ion  for  the chromophore .  Reserpin ine ,  with a substi tuent  
(-OCH3) in the a roma t i c  r ing,  gives a c r e a m - y e l l o w  color  and ervine ,  without a subst i tuent  in the a romat i c  
ring, a g ray-ye l low color .  

In the group of indole alkaloids,  va r ious  shades of orange-pink and c a r m i n e - r e d  co lors  predominate .  
Ajmaline de r iva t ives  can be divided, accord ing  to the colorat ion with the c e r i u m  ammonium sulfate r e -  
agent, into compounds giving an o r a n g e - r e d  color  at  the momen t  of contact  with the reagent  and those 
giving a c a r m i n e - r e d  color .  Thus, for example ,  cha rac t e r i s t i c  for  herbamine  is  a c a r m i n e - r e d  colorat ion 
and for  herbadine ,an o r a n g e - r e d  one. Herbadine is  a methyl  der iva t ive  of herbamine .  A s im i l a r  change 
in color  is  obse rved  in vincamajnine and major id ine .  The picr inine s e r i e s  is  cha rac t e r i zed  by the same  
range  of co lors .  

Thus,  the r e su l t s  of the invest igat ions  p e r f o r m e d  p e r m i t  the conclusion that  by using the reagents  
and adsorbents  given above , i t  i s  poss ib le  to make  a p r e l im ina ry  de terminat ion  of the chromophor ic  group 
of a lkaloids  and to p e r f o r m  the i r  cor responding  identification. 
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TABLE 1 

Alkaloids 

Vincanine (norf luoro-  
curar ine)  

Vincanidi ne 
Akuammicine  

Vinervinine 

Vinervine sulfate 
Ervamine  ( l -v incadi f -  

formine) 

Ervinceine  ( l -methoxy-  
vincadifformine) 

Tabersonine  

16-Methoxytaber  sonine 

Ervinidinine 

Ervincinine 

Ervinidine 

Copsinine 
Copsini lam 
Copsanone 

Pseudocopsinine 
Her  bamine 
Majdinine 
Ajmaline 
Vincamaj ine  

Akuammine 
Vincar ine 
Herbadine 
P icr in ine  

Vincar ic ine  

Vincarinine 

Color with a 1% solution of ce r ium ammonium sulfate in 85% orthophosphoric  
acid 

a f te r  I a f te r  5 rain a f te r  15 rain a f te r  1 h I af ter  24 h 
spray ing  I I 

~-Methyleneindoles  
g-5 

h-3 
b-i 

b-i 

a-3 
b-i 

b-i 

b-i 

m - 3  

b-1 

b-1 

b-1 

d-4 
d-4 
Pa le  

a-3  
l-5 
l-5 
l-5 
0-7 
l-5 

d-6 
0-4 
0-4 
g-1 

l-7 

/-7 

Edge g-5 
Center  i -1  
h-3 
b-1 in t e r -  

spe r s ed  with 
j-5 

b-1 

a-3 
b-i 

Light b-I 

h-2 
edge n-1 

ITi-3 

b-1 

m-3 ,  i n t e r -  
spe r s ed  with 
k-3 

b - l ,  i n t e r -  
spe r sed  with 
e -2  

i-1 

h-3 
Edge b-1 
Center  j-5 

Dark m - 3  

a-3 
b-1 inter- 

spersed with 
j-5 

m-3 

h-2,  i n t e r -  
spe r sed  with 
e-2  

m-3 ,  i n t e r -  
spe r sed  with 
k-2 

n - l ,  i n t e r -  
spe rsed  with 
c-5 

Edge m-3  
Center  k-3 

Edge m - 3  
Center  e-2  

Indoles 
d-4 
d-4 
Pa le  a-3  

Dark  d-4 
l-5 
l-5 
l-5 
/-5 

d-7 
0-4 
n-5 
g-1 

Edge d-6 
Center  g-6 
n-7 

d-4 
Dark d-4 
Pale a-3 

/-5 
l-5 
1-5 
l-5 
l-5 

d-7 
0-4 
n-5 
Edge g-1 
Center  e-2  
Edge d-6 
Center  g-6 
d-6 

i-1 

o-5 
Edge b-1 
Center  j-5 

Edge m-3  
Center  j -1  
n-6 
Edge g-5 
Center  j-5 

k-1 

5-3 

k-2 

k-2 

i-5 

Edge m - 3  
Center  e-2  

d-4 
Dark d-4 
Pale  a-3 

l-5 
l-5 
n-5 
n-5 
Edge n-5 
Center  k-3 
d-7 
Pale  o-4 
n-5 
Edge e-4  
Center  k-3 
d-6 

Pale d-6 

i- i  

0-5 
h-3 

Light j-1 

e-5 

Light j-3 

Light k-2 

Light k-2 

i-5 

Pale  e -2  

d-4 
Dark d-4 
Pale  a-3  

l-5 
b-6 
n-5 

k-3 

d-7 

d-6 
m - 4  

d-6 

g-3 
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TABLE 1 (continued) 

Alkaloids 

Color  with a 1% solution of c e r i um ammonium sulfate in 85% orthophosphoric  
acid 

a f te r  ] 
spraying  

a f te r  5 rain a f te r  15 rain a f te r  1 h af ter  24 h 

l l - H y d r o x y p l e i o c a r -  
pamine 

Aknmmmidine 
Tombosine  
Quebrachamine  

Vincamine 
Vincine 
Apovincaznine 
Erv ine  

Viner ine  

Viner idine 
Majdine 
I somajd ine  

a-3 
a-3 
m - 4  

k-3  
m 

i - i  
i - i  

m 

m 

Indole s 

a -2  
e-4  
m - 4 ,  i n t e r -  

s p e r s ed  with 
i -1  

k-3  
Pa le  k-3 
i -1  
i -1  

g-5 

g-5 
m - 6  
m - 6  

c-4 
c-4 
Edge m - 4  
Center  i -1  

k-3 
Pale  k-3 
i -1  
i -1  

t tydroxyindoles 
Edge g-5 
Center  b-1 

? !  TT 

n-1 
n-1 

Pale b-6 

a-6  
a-6  
Edge g-3 
Center  i -2 

k-3 
k-3  
i -1  
i -1  

n-1 

n-i  
h-2 
h-2 

Pale b-6 

a-6 
a-6 
Pale n-1 

k-3 
Pale k-3 
i - i  
i - i  

m 

So fa r  as  concerns  the hydroxyindole alkaloids,  the use  of Silufol has  c r ea t ed  the poss ibi l i ty  of thei r  
quali tat ive identif ication in a thin l aye r  together  with other  a lkaloids  by means  of the reagen t  0.2 M FeCI  3. 

EXPERIMENTAL 

To prepare the plates with the adsorbent kieselguhr G (Merck), an instrument of the Desaga type 
was used. The emuls ion  for  the p la tes  (150 × 150 ram) was p r e p a r e d  in the p ropor t ions  of 4 g of adsorbent  
and 9 ml  of dis t i l led wa te r  for  each plate.  The p r epa red  p la tes  were  f i r s t  dr ied  in the a i r  for  6 h and then 
in a dry~ng oven a t  105°C for  30 rain. 

The following s y s t e m s  of so lvents  we re  used for  chromatography:  1) b e n z e n e - e t h y l  a c e t a t e - m e t h -  
anol (2:3 : i); 2) benzene-ethyl acetate (2 : 3); and 3) benzene-methanol (3:2). 

The changes inthe colors of the spots of the alkaloids on the chromatograms with the cerium ammo- 
nium sulfate in 85% orthophosphoric acid reagent were recorded immediately after spraying, in the first 
5 rain, after 15 rain, after 1 h, and after 24 h. 

The second adsorbent used consisted of Silufol-prepared plates with dimensions of 150 x 150 ram. To 
reveal the hydroxyindole alkaloids on the Silufol a 0.2 M solution of FeCl 3 in 35% perchloric acid (freshly 
prepared reagent) was used. After spraying, the plates were heated at 70-80°C until the colored spots of 
the alkaloids appeared. The materials were deposited on the chromatograms with a micropipette in amounts 
of 0.005-0.06 ml. 

The alkaloids subjected to analysis were in the form of the free bases, with the exception of viner- 
vine sulfate. Solvents for the alkaloids were chloroform, chloroform-methanol, and methanol. The con- 
centration of the alkaloids was 0.0001 g in 10 ml of solvent. 

SUMMARY 

The qualitative eharacterization of 38 indole alkaloids has been performed by chromatography on 
kieselguhr G and Silufol with the reagents cerium ammonium sulfate and ferric chloride. 

The possibility of a preliminary determination of the ehromophoric group (~-methyleneindole, in- 
doline, indole, and hydroxyindole) of alkaloids by means of the reagents cerium ammonium sulfate and 
ferric chloride has been shown. 
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