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Zusam~en/assung 
Die optischen Drehungen einiger 20e, 25D; 20e, 25L; 

20fl, 25D; und 20fl. 25-L-Sapogenine wurden best immt.  
Die ersten drei Serien gaben fibereinstimmend links- 
drehende ~Verte, abet  die Ietztere Gruppe erwies sich als 
rechtsdrehend. 

Die S t ruktur  der vier Serien der Sapogenine folgte 
aus der Analyse dieser Befunde. Der mSgliche Mecha- 
nismus bei der Ents tehung  dieser Verbindungen aus 
Pseudosapogeninen wurde besprochen. Die Autoren 
gelangen zum Schluss, dass sterische Faktoren  an C20 
und C,5 die Rieh tung  der Ringsehliessung beeinflussen. 

Electrolytic Behaviour of Some 
Carotenoids in Strongly Acid Media 

Some t ime ago, in the course of quite  a different 
invest igation 1, we dissolved caro tene  in isobutylalcohol 
which was saturated with a solution of 25 % sulfuric acid 
in water, and we electrolysed this solution in an inver ted 
V-tube S between two beakers containing 25% sulfuric 
acid in water into which anode and cathode were im- 
mersed. A bluish-green compound migrated towards the 
cathode and accumulated at the cathodic end of the 
isobutylalcohol layer. L. CHOL~O~Y, to whom we are 
indebted for the gift of carotene and for discussions 
told us, on inspection of the experiment ,  t ha t  his caro- 
tene probably contained epoxides and he thought  their  
salts were involved in the electrolytic migration.  As a 
mat te r  oI fact, the yellow carotene itself did not  migrate. 

To identify the green, ionized compound, we prepared 
authentic  fl-carotene epoxides with perphthalic acid 
following I£ARRER'S 3 method and resolved the resulting 
mixture by chromatography on a Ca/OH/2 column with 
petrol-ether.  Eight  different zones were isolated and 
zones 6. and 7. were identified as KARRER'S luteochrome 
and fl-carotene-diepoxide respectively. The maxima of 
their  absorption spectra in carbon disulfide were: 454 
and 480 m# for luteochrome (KARRER'S values: 451 and 
482 m/~) respect ively 470 and 502 m#  for /~-carotene- 
diepoxide (KARRER'S values:  470 and 502 m/~). Both  
compounds were dissolved in the acidified isobutyl alco- 
hol ment ioned above. The init ial ly yellow colour of the 
solutions tu rned  gradually into blueish-green, as de- 
scribed by IgARRER, in chloroform containing hydro- 
chloride acid. These green compounds migrated towards 
the cathode in the above-ment ioned inverted V-tube ap- 
paratus, applying 90 V to the 3 cm port ion of the tube 
(internal d iameter  2 ram) which was filled with the 
isobutyl alcoholic solution. The current  was 5 mA. The 
green compound did not pass into the aqueous sulfuric 
acid but  accumulated at the cathodic end of the alco- 
holic phase; it followed the current  after reversal of the 
electrodes. 

Other chromatographic fractions of the oxidized 
carotene behaved similarly, a l though their  colour, which 
developed after a t ime in the  acidified alcohol, var ied 
between lavender-blue, v io le t  and green. The coloured 
compound in some cases weakly passed the phase border 
into the aqueous kcid at the cathodic side. 

1 F. K6R6SY and GY. SZ~KELY, Nature 168, 77 (1951); 
Magyar K~miai Foly6irat. 67, 110 (1951). 

" F. KSROSV and GY. SZJ~KELY, Magyar K6miai Folydirat. 68, 
474 (1952). 

a p. KARRER and E. JUCKER, Helv. Chim. Acta 28, 427, 470 (1945). 

The cathionic behaviour of these carotenoids may be 
due either to  their  loosely bound ~-electrons or to  the 
formation of oxoniumsalts  on the r ing-oxygen atoms. 

To test  these hypotheses,  we performed some fur ther  
experiments.  First  we tr ied to electrolyse the chloroform 
solution Of the blue product  from carotene and SbC15 of 
the Carr-Price reaction, but  failed to detect  any migra- 
tion of the blue boundarise between coloured and un- 
coloured chloroform. This colour reaction is given by 
carotenoids irrespective of whether  they are pure hydro- 
carbons or contain oxygen. They are held to be dative 
compounds of the electron-donor carotenoids and the 
acceptor Lewis-acids (SbC1 G, SbC18, A1Cla, BF~, etc). In 
our case the dative compound evident ly  did not  dis- 
sociate into posit ive and negative ions in chloroform 
solution. 

Then we invest igated the deep blue compounds which 
are formed from earotenoids and strong acids. I t  is welI 
known tha t  the hydrocarbon carotenoids yield these blue 
compounds with concentrated sulfuric acid, while 
carotenoids containing oxygen, e.g. violaxanthine,  react  
even with dilute hydrochloric acid. Not  much seems to 
be known, however, about  these compounds.  

We separated ~- and fl-carotene chromatographical ly  
from each other and examined their  reaction with 
sulfuric acid of varying concentrat ion,  They dissolve in 
concentra ted acid to a beautiful  peacock-blue solution 
which however  fades through ul t ramarin to an unsight ly 
violet. Using sulfuric acid di luted with increasing 
amounts  of water,  we found tha t  the peacock-blue 
colour is relat ively stable at and beyond 15% water  
con ten t  and the blue colour develops up to about  28 % 
water  contents.  Using a solution of carotene in benzene 
and shaking it  with sulfuric acid of different concentra-  
tion, we found tha t  a part i t ion equil ibr ium is established 
between the acid and benzene phase. At about  84% 
H~SO 4 and above all carotene passes into the acid, while 
below 72 % all of it remains in the benzene or reverts in- 
to benzene solution if a stronger acid is diluted with 
water. At concentrat ions between 72 and 84% H~SO4, 
the carotene is distr ibuted between the yellow benzene 
and the blue acid phaserevers ib ly .  I t  should be proved, 
however, whether the reverted yellow pigment  is genuine 
carotene or a der ivate  therefrom. We also wish to in- 
vest igate the part i t ion equil ibrium between these phases 
quant i ta t ively .  I t  is interest ing to note t h a t  the upper 

a n d  lower concentrat ion limits of the sulfuric acid at  
both sides of this par t i t ion equil ibrium approximate  
very  closely to the composit ion for I-I2SO ~ • H~O and 
HzSO ~ • 2H~O respectively, al though in view of the fact 
t ha t  carotenoids containing oxygen sometimes give the 
blue colour even with dilute acids, this agreement  may 
prove to be a mere coincidence. 

These blue solutions were subjected to an electric 
field s t rength of about  1 ¥ / c m  in the inver ted V-tube 
apparatus.  To stabilize the boundary between coloured 
solution and the underlying strong sulfuric acid, the 
former was slightly diluted with water  or methanol.  To 
our great  surprise these blue derivates of the carotenes 
migrated to the anode. Their  ionic mobilities were of the 
order o f  10 -~, which may  be regarded as normal in 
viscous sulfuric acid media. The fractions of the chroma- 
tog ramm of oxydised carotene mentioned above were 
t reated similarly and this t ime they  too all migrated 
towards the anode! The cationic or anionic behaviour 
thus depends upon whether  we work in aqueous acid 
solutions or in acidified isobutyl alcohol (or amyl  alcohol). 
The 6th fraction (luteochrome) dissolved to a grayish- 
green colour, the 7 th fraction (diepoxide) to greenish- 
blue while the others varied between brown and violet. 
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The an ionic  b e h a v i o u r  could  be exp la ined  s imply  by  
assuming  t h a t  sulfur ic  acid is a d d e d  t o  t h e  c o n j u g a t e d  
sys t em and  conveys  an  acidic c h a r a c t e r  to  t h e  caro- 
tenoids .  H o w e v e r ,  such  a reac t ion  shou ld  n o t  i nvo lve  t h e  
change  of  co lour  f r o m  ye l low to  blue,  no r  would  i t  be 
easy  to  reconci le  th is  v i e w  wi th  t he  reve r s ib i l i ty  of t he  
reac t ion  by  s imple  add i t ion  of wa te r .  

N o t h i n g  was known  unt i l  now a b o u t  t he  exis tence  of 
an  e l e c f r o c h e m i s t r y  of ca ro tenoids .  Our  e x p e r i m e n t s  
revea led  no t  on ly  its ex i s tence  b u t  also i ts  r a the r  com- 
p l ica ted  na ture .  We  wish to  e x t e n d  these  inves t iga t ions  
to a la rger  n u m b e r  of well  def ined ca ro teno ids  in acids 
of d i f fe ren t  s t r eng th  in d i f ferent  solvents ,  and  we should  
be glad if special is ts  in c a ro t eno id  c h e m i s t r y  would  join  
in th is  inves t iga t ion .  We  hope  to  be able  to  inves t iga te  
also t he  magne t i c  b e h a v i o u r  of t he  yellow, green and  
blue solut ions .  

I wish  to  express  m y  g r a t i t u d e  to  Prof .  P. T u z s o N  for 
h a v i n g  m a d e  me  a c q u a i n t e d  wi th  ca ro teno id  c h r o m a t o -  
g r a p h y  and  for  his  va luab le  adv ice  concern ing  pur i f ica-  
t ion  and  iden t i f i ca t ion  of ca ro tenoids .  I a m  also g rea t ly  
i ndeb t ed  to  Prof .  P.  KARRER for his va luab le  and helpful  
cor respondence .  

F. K6R6SY 

Ddlibdb d. 28, Budapest, August 3, 1954. 

Zusammen/assung 
Carot ino ide  und C a r o t i n o i d - E p o x y d e  bi lden mi t  ver-  

sch iedenen  S/iuren und Salzen in tens iv  b lau  gef / i rbte  
P r o d u k t e ,  deren  N a t u r  u n b e k a n n t  ist.  Das e lek t ro-  
ly t i sche  Verha l t en  dieser  Stoffe  wird un te r such t ,  und  
es wird  festgestel l t ,  dass  die W a n d e r u n g s r i c h t u n g  in 
h o h e m  Mass  d a v o n  abh/ ingt ,  ob  die B e h a n d l u n g  der  
Caro t ino ide  m i t  S~iuren in w~isseriger oder  in wasser-  
freier  a lkohol i scher  L/Ssung v o r g e n o m m e n  wurde .  

The  colour  r eac t ion  w i t h  ferr ic  chlor ide was e x h i b i t e d  
iden t i ca l ly  by  t h e  two  spec imens  in respec t  of colour,  
in tens i ty ,  and  dura t ion .  V incama io r id ine  has Ee]D- 
104 ° 4- 4 ° (pyr id ine) t ;  we now f ind  t h a t  a k u a m m i n e  has  
[~]~-105-3 ° (c, 1-31 in pyr id ine) .  

The  U.V.  abso rp t ions  of  a k u a m m i n e  2 and  v i n c a m a -  
jo r id ine  1 are  t h e  same  wi th in  e x p e r i m e n t M  er ror  and  
the  c o m p l e t e  co r respondence  of t he  I .R .  spec t ra  is 
qu i te  r emarkab l e .  The  curve  has  a l r eady  been  r eco rdedL  
I n c i d e n t a l l y  th is  a g r e e m e n t  in spec t ra  of spec imens  iso- 
la ted  f rom d i f fe ren t  p lants ,  b y  two  groups  of workers ,  
and  t a k e n  on d i f fe ren t  i n s t rumen t s ,  shows t h a t  even  
a p p a r e n t l y  ins ign i f ican t  de ta i l s  are cha rac te r i s t i c  a n d  
signalize real  p roper t ies  of t he  molecule .  

M . M .  JANET 3, J. L~ 1V[EN 3 
I(.  AGHORAMURTHY 4, and  
R.  I~OBINSON 4 

Laboratory o/Galenic Pharmacy, Faculty o/Pharmacy, 
University of Paris, a n d  Dyson Perrins Laboratory, 
Ox/ord University, June 3, 1955. 

Rdsumd 
Les uuteurs  d ~ m o n t r e n t  que  la v i n c a m a j o r i d i n e  

C**H~O,N2; F.  258; (~ )D-104- t -4  ° (py) r 6 c e m m e n t  
ex t r a i t e  de la Grande  P e r v e n c h e  (Vinca major L.) es t  
idcn t ique  ~ l ' a k u a m m i n e  an t6 r i eu remen t  d6couver te  
dans  les graines  d ' une  au t re  Apocynac6e  Picralivna 
nitida (STAPF) T. e t  H.  I)URAND. 

1 M. M. JANET and J. LE MEN, C. r. Acad. Sci. 240, 909 (9155). 
2 IV[. RAYMOND-HAMET, C. r. Acad. Sci. Za0, 1183 (1950). 
a Laboratory of Galenic Pharmacy, Faculty o f  Pharmacy, 

University of Paris. 
4 Dyson Pcrrins Laboratory, Oxford University. 

T h e  I d e n t i t y  o f  V i n c a m a j o r i d i n e  
a n d  A k u a m m i n e  

A k u a m m i n e ,  C**H2604N ~, t he  ma in  a lkaloid in t he  
seeds of Picralima Klaineana x and  P. nitida ~ was re- 
cognized as a 5 - h y d r o x y - N - m e t h y l i n d o l i n e  as a resul t  
of a s t u d y  of i ts  r eac t ions  and  of i ts  U.V.  and I .R .  
spec t ra  *. 

I n d e p e n d e n t l y ,  v incama jo r id ine ,  r e cen t l y  i sola ted  
f rom Vinca major L., was s imi la r ly  cha rac te r i zed  as a 
5 - h y d r o x y - N - m e t h y l i n d o l i n e  of t he  fo rmula  C~2HI604Nt s. 

The  descr ip t ions  of the  two  subs tances  lef t  l i t t l e  d o u b t  
in our  minds  t h a t  t h e y  were  iden t i ca l  and  a d i rec t  
compar i son  has  es tab l i shed  t h a t  th i s  is indeed  t h e  case. 
The  spec imen  of v incama jo r id ine ,  s e p a r a t e d  c h r o m a t e -  
g raphica l ly ,  was s l igh t ly  more  pu re  t h a n  t h a t  of a k u a m -  
mine.  B o t h  spec imens  c rys ta l l i zed  f rom e thano l  in short ,  
s lender,  mic roscop ic  needles  of iden t ica l  appearance .  

H e a t e d  t oge the r  in capi l lar ies  in the  same  b a t h  
v incamajo r id ine  had  (uncorr.) m.p.  258-260 ° (decomp.) ,  
and a k u a m m i n e  had  m.p.  255 ° (decomp.)  ; a m i x t u r e  had  
m.p.  255-256 ° (decomp.) .  The  m.p.  va r i ed  w i t h  t he  ra te  
of h ea t i ng  b u t  a m i x t u r e  of t he  two  spec imens  neve r  
me l t ed  lower  t h a n  did t he  a k u a m m i n e .  

1 T. A. HENRY and T. M. SHARP, J. Chem. Soc. 1927, 1950. - 
T. A. HENRY, J. Chem. Soc. 1932, 2759. 

2 M. F. MILLSON~ R. ROBINSON, and A. F. THOMAS~ Exper. 9, 89 
(1953). 

M. M. JANET and J. L~ MEN, C. r. Acad. Sci. 240, 909 {1955). 

O r i e n t e d  C r y s t a l l i z a t i o n  o f  I n o r g a n i c  S a l t s  

i n  C o l l a g e n  

I n  an  a t t e m p t  to s t u d y  in deta i l  the  r e p o r t e d  "add i -  
t ion  c o m p o u n d s "  of col!agen wi th  a lkal i  x, t he  au thors  
observed  some in te res t ing  p h e n o m e n a  which  are re- 
po r t ed  here. All  t he  expe r imen t s  descr ibed be low were 
p e r f o r m e d  w i t h  kangaroo  ta i l  t endon .  

A fibre of co l lagen  abou t  1 m m  d i a m e t e r  was k e p t  
unde r  t ens ion  in 0-25 N sod ium hydrox ide  for a b o u t  
15 h and  was t h e n  dried.  An x - r ay  p h o t o g r a p h  of th i s  
spec imen  is r ep roduced  in F igure  1. I n  add i t ion  to  t h e  
col lagen  pa t t e rn ,  t h e  f igure exh ib i t s  a n u m b e r  of spots  on  
def in i te  l aye r  lines, sugges t ive  of t he  ex is tence  of wel l  
c rys ta l l i zed  ma te r i a l  al l  o r ien ted  para l le l  to  t h e  f ibre  
axis .  The  spots  (excluding those  due  to  col lagen)  cou ld  
be indexed  on the  basis of an o r t h o r h o m b i c  un i t  cell  
w i th  a = 5.25 A, b (fibre axis) = 6.45 A, c = 10.7 A. On  
r epea t ing  the  e x p e r i m e n t  a second p a t t e r n  was ob ta ined ,  
which  aga in  cor responded  to a well  c rys ta l l i zed  mater ia l ,  
o r ien ted  wi th  one of its axes a long the  f ibre,  b u t  whose  
uni t  cell was monocl in ic  wi th  a = 20'4 A, b (fibre axis) 
= 3.5 A, c = 10.3 A, fl = 106 °. The  pos i t ions  of t he  spots  
closest  to the  d i rec t  b e a m  in the  first  p a t t e r n  agreed w i t h  
those  r epor t ed  earl ier  1, b u t  those  in t h e  second p a t t e r n  
were  qu i t e  different .  The  sharpness  of  t h e  ref lec t ions  a n d  
also the  fac t  t h a t  t h e y  could  be obse rved  r igh t  up  t o  
O = 90 °, ind ica ted  t h a t  t h e y  c a n n o t  be ascr ibed  to  an  

I G. L. CLARK and A. SCIIAAD, Radiology 27, 339 (1936). 


