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Configurations and correlations of y- and c~-hydroxyamino acids and their lactones deduced from chemical and, for IX, X, XI, XV and 
XVI, rotational data. The designations DG and LG refer to D- m~d L-glyceraldehyde and Ds and ts to D- and L-serine [cf. H. B. VICKERY, 

J. biol. Chem. 169, 24~ (1947); Chem. Eng. News 25, 1365 (1947)]. 

W i t h  ou r  i n c r e a s i n g  u n d e r s t a n d i n g  of t h e  s t r u c t u r e  
of co l lagen  TM t h e  c o n f i r m a t i o n  of t h e  a b s o l u t e c o n f i g u r a -  
t i on  of ~ -hyd roxy -L- ly s ine  is of c o n s i d e r a b l e  i m p o r t a n c e ,  

It  is a pleasure to thank Mrs. EVELYN G. PEAKE for the measure- 
ment of the rotations. 

B. WITKOP 

National Institutes o/ Health, Washington 14, D. C., 
July 27, 1956. 

Zusammen/assung 

Die A n w e n d u n g  y o n  H u d s o n s  L a k t o n - R e g e l  a u f  e ine  
Re ihe  y o n  L a k t o n e n  y o n  r -  u n d  6 -Oxyaminos~ tu ren  be-  
s tXt ig te  dic unabh~ .ng ig  au f  c h e m i s c h e m  W e g e  bewiese-  
n e n  K o n f i g u r a t i o n e n  a n  den  X- u n d  6 - K o h l e n s t o f f a t o m e n .  
I m  Fa l te  des  e r s t m a l i g  d a r g e s t e l l t e n  L a k t o n s  des  ~, e-Di- 
benzoy l -O-hydroxy-D- lys in s  f f ih r te  die A n w e n d u n g  de r  
Rege l  zu r  erythro-Struktur X V ,  u n d  fotgl ieh  f i i r  n a t i i r -  
l iches  6 -Oxy lys in  a u s  Col lagen  zu r  F o r m e l  X I a ,  d e r e n  
Beweis  a u f  c h e m i s c h e m  XYege n o c h  a u s s t e h t .  

lactone hydrochloride (i), whereas the hydrobromides of the Iactones 
IIIa, IVa, VIIa and XtIIa  show rapid mutarotation with the rate 
of ring-opening increasing qualitatively in the order I I I a ~  IVa <: 
VIIa < XlIIa.  

16 A. RICH and t% H. C. CRICK, Nature 176, 915 (1955). 

Electrochemical  Behaviour of  f l - C a r o t e n e  

with Strong Acids 

I n  p r e v i o u s  c o m m u n i c a t i o n s  we d e a l t  w i t h  t h e  e lec t ro-  
ly t i c  b e h a v i o u r  of some  c a r o t i n o i d s  in  s t r o n g l y  acid 
m e d i a  1. W e  n o w  p r o c e e d e d  to  e x a m i n e  w h e t h e r  i t  was  
poss ib le  to  o b t a i n  " b l u e "  s o l u t i o n s  of f l - ca ro tene  w i th  
o t h e r  s t r o n g  ac ids  bes ide  su l fu r i c  acid,  w h i c h  was  k n o w n  
u p  to  now,  b y  c h o o s i n g  s u i t a b l e  c o m m o n  s o l v e n t s  for 
ac id  a n d  c a r o t e n e .  W e  succeeded  in  d o i n g  so a n d  were 
t h u s  ab le  to  e x a m i n e  t h e  e l e c t ro ly t i c  b e h a v i o u r  of these  
b lue  so lu t i ons  as well. 

Ou r  a p p a r a t u s  was  e s sen t i a l l y  t h e  one  d e s c r i b e d  -° , w i th  
t h e  d i f f e rence  t h a t  t h e  i n v e r t e d  V - t u b e  was  i m m e r s e d  
i n t o  vesse ls  of a n  i n t e r n a l  d i a m e t e r  of 14 m m  t o g e t h e r  
w i t h  *he P t  e lec t rodes .  

Hydrogen chloride i n  g lac ia l  ace t i c  ac id  s lowly  t u r n e d  
b lue  w i t h  a d r o p  of c a r o t e n e  in  b e n z e n e ,  a n d  t h e  co lour  
m i g r a t e d  t o w a r d s  t h e  c a t h o d e .  P r e s e n c e  of some  wa te r  
d id  n o t  a l t e r  t h e  resu l t .  I t s  t o t a l  exc lu s ion  w i t h  acet ic  
a n h y d r i d e  y ie lded  a b lue  so lu t i on  o n l y  if  a i r  was  exc luded  
also. As  i n  all  s u b s e q u e n t  cases,  t h e  c o l o u r  g r a d u a l l y  
c h a n g e d  a n d  f a d e d  a t  l a s t  a f t e r  s o m e  t i m e :  t h e  mobi l i t i es  
a n d  in  s o m e  cases  e v e n  t h e  d i r e c t i o n  of m i g r a t i o n  were 
a p t  to  c h a n g e  w i t h  t h i s  c h a n g e  of colour .  VCe a re  ev iden t -  

1 F. K6R6SY, Exper. 11, 342 (1955); Magy. k~m. Foly. 61, 155 
(1955). 

F. KbRbSY and G. SZ~KELY, Magy. kdm. Foly. 68, 17;I (1952). 



[15. X. 1956] Kurze Mitteilungen - Brief Reports 375 

ly deal ing  wi th  a series of co loured  d e r i v a t e s - i s o m e r s  
and /o r  h o m o l o g u e s - - w h i c h  are  fo rmed  as t he  11 double  
bonds  reac t  beside and one af te r  another .  

Trichloroacet~c acid in concen t r a t ed  aqueous  solut ion 
dissolves ca ro tene  wi th  a b lue  colour ;  in i sobuty l ic  
alcohol,  t he  colour  is green.  B o t h  mig ra t e  towards  the  
ca thode .  

Formic acid in glac. ace t ic  acid or  b u t y l  a lcohol  yields 
blue, ca t ion ic  ca ro t ene  solut ions.  The re  appears  to be 
a t  leas t  one  second co loured  c o m p o u n d  in solut ion,  
because  a f a in t  g rey-b lue  zone r ema ins  s t a t i o n a r y  where  
t he  bu lk  of t h e  b lue  colour  has  m o v e d  away.  

Perchloric acid reac t s  in a r e m a r k a b l e  w a y :  if shaken  
w i t h  a benzene  so lu t ion  of caro tene ,  t h e  la t te r ,  no t  the  
fo rmer  t u rn s  blue. So far  as I know,  th is  is t he  first  
epiphasic ,  l ipophi l ic  b lue  c o m p o u n d  of a ca ro t ino id  wi th  
a s t rong  acid. A second case is descr ibed in m y  subse- 
q u e n t  no te  in this  s ame  issue. I f  the  ca ro tene  so lu t ion  is 
no t  e x t r e m e l y  di lute ,  a solid w i t h  go lden  lus t re  separa tes  
f rom t h e  b lue  benzene  solut ion 3. This  b lue  benzene  solu- 
t ion  does n o t  m ig ra t e  in an  electr ic  field. 

Howeve r ,  5 e e l . %  HC1Oa in acet ic  acid  or  20 vol.  % in 
b u t y l  a lcohol  y ie lded ca t ionic  b lue  solu t ions  which  chang-  
ed the i r  d i rec t ion  of m i g r a t i o n  twice  in t he  course  of 
some hours.  H i g h e r  concen t r a t i ons  (of the  67% HC10,  
used) i m m e d i a t e l y  gave  anionic  p roduc t s .  

Phosphoric acid s lowly evo lves  a b lue -g reen  co lour  
w i t h  ca ro t ene  in b u t y l  a lcohol ;  th is  m o v e s  to  t he  anode.  

Sul[uric acid 1 also r eac t ed  qu i t e  d i f fe ren t ly  accord ing  
to  its c o n c e n t r a t i o n  and  to  t he  t i m e  of react ion .  Thus  
2.5 e e l %  in ace t ic  acid  g a v e  a blue, ca t ion ic  solut ion,  
whereas  H~SO,-HaO wi th  a b o u t  20% m e t h a n o l  y ie lded  
a blue co lour  t h a t  m o v e d  to  the  anode.  S o m e  c o m b i n a -  
t ions  d id  n o t  show m i g r a t i o n  a t  all,  a t  l eas t  in t h e  be- 
g inning .  Af t e r  a t i m e  v io l e t  and  b rown  colours  deve loped  
and  t h e  t e n d e n c y  b e c a m e  anionic .  

To  s u m  u p :  t h e  ions fo rmed  w i t h  monobas i c  s t rong  
acids and  f i -earotene are  pr imar i ly ,  t h a t  is in t h e  be-  
g inn ing  and a t  lower  concen t r a t i ons  of acid,  all  cat ions .  
Po lybas ic  acids  y ie ld  s o m e t i m e s  anions,  pe rhaps  because  
t h e y  are  a t t a c h e d  to t h e  molecule  and  m a k e  i t  an ionic  by  
the i r  second dissociat ion.  H o w e v e r ,  as seen w i t h  sma l l  
a m o u n t s  of sulfur ic  ac id  in acet ic  acid,  t he  f o r m a t i o n  of 
ca t ions  m a y  be the  p r i m a r y  e v e n t  in th is  case also. I t  
is n o t  c lear  f rom this  po in t  of v i ew h o w  anions  could 
h a v e  been  gene ra t ed  in some cases b y  the  m o n o v a l e n t  
perchlor ic  acid. I t  m a y  be  t h a t  anions  and ca t ions  can 
be b o u n d  w i t h  a l t e r n a t i n g  s t r eng th  to  the  con juga t ed  
sys tem.  

I gratefully acknowledge the help of the Hungarian Academy 
of Sciences, the accomodation provided by Prof. G. ScIIAY and the 
assistance of Mr. G. SZ~KEL'¢. A detailed account will appear in ths 
Acta Chimica Hungarica. 

F.  K6RbS'¢ 

Department o/ Physical  Chemistry, Technical Uni- 
versity, Budapest, Hungary,  February 6, 1956. 

Zusammen/assung 
Die E i n w i r k u n g  yon  s t a rken  S/iuren au f  /%Carotin 

in gee igne ten  L 6 s u n g s m i t t e t n  f i ihr te  zur  B i ldung  yon  
b lauen  Farbs to f fen .  Bei  A n w e n d u n g  y o n  mono-  und  
po lybas i schen  S~uren  w a n d e r t e n  diese neuen  Stoffe  mei -  
s tens  ka thod isch ,  w e n n  die S ~ u r e k o n z e n t r a t i o n  sehwach  
war.  Manchma l ,  v e t  a l lem bei s t~rkerer  K o n z e n t r a t i o n  
oder  n a c h  l~ngerem S tehen  der  Lbsungen ,  w a n d e r t e n  
sic anodisch.  

3 Note added in the proo# This solid is diamagnetic. 

A c t i o n  of Sulfuric  Ac id  on f l - C a r o t e n e  

Concen t r a t ed  solut ions of r - c a r o t e n e  in benzene  were  
shaken  w i t h  ice-cold H~SO, .H20 unde r  CO~ and  the  blue 
so lu t ions  were  decomposed  wi th  i ce -wa te r  as qu i ck ly  
as possible .  Ti le  ye l low products  were  t a k e n  up in ben-  
zene, washed ,  driest and  e v a p o r a t e d  in vacuo to  dryness .  
T h e y  were  d isso lved  in benzene,  a n d / o r  benzene  pe t ro l -  
e the r  mix tu re s ,  and  c h r o m a t o g r a p h e d  on a h y d r a t e d  
l ime c o l u m n  or  on a compos i t e  co lumn  m a d e  of  a sac- 
charose ,  a c a l c i u m  c a r b o n a t e  and  a h y d r a t e d  l ime  sec- 
t ion .  W e  used  p e t r o l e t h e r  (b.p. 60-70°C) or  a m i x t u r e  
of t he  l a t t e r  w i th  }~ pa r t s  benzene  as developers .  

T h e  sugar  d id  n o t  r e t a in  any th ing ,  t he  ca lc ium car-  
bona t e  l aye r  r e t a ined  an ochre -b rown  zone a t  i ts uppe r  
end,  t h e  res t  d e v e l o p e d  severa l  zones wi th in  the  l ime  
section. D e v e l o p m e n t  w i t h  pe t ro l e the r  spl i t  the  m i x t u r e  
in to  more  zones t h a n  was the  case wi th  benzene,  es- 
pecial ly  a t  t he  b o t t o m  of the  co lumn.  An upper  red, 
th in  zone was fo l lowed by  a th in  ochre  one, t h e n  c a m e  
a deep ye l low-ochre ,  a t h in  red  and  two  ye l low zones 
one af ter  ano the r .  

None  of t he  zones showed  the  s p e c t r u m  of r - ca ro tene ,  
despi te  the  fac t  t h a t  t h e  sulfur ic  acid  r eac t ion  las ted  
only  for 3 min.  in one case, The  boron  t r i f luor ide  blue 
complex  decomposed  b y  ZECHMEISTER 1 did n o t  b e h a v e  
in the  same w a y ;  he  cou ld  r egene ra t e  ca ro t ene  if t he  
r eac t ion- t ime  was o n l y  a few minu tes .  The  lowes t  zone 
showed spec t ra l  m a x i m a  in CS¢ a t  498, 467 and 440 m/ ,  
which  cor respond to  a c o n j u g a t e d  cha in  of 10 doub le  
bonds :  1 less t h a n  caro tene .  As no sul fur  was d e t e c t e d  
in t he  e lu ted  compound ,  a hydro lys i s  of t h e  p r i m a r y  
add i t i on  p roduc t  m u s t  h a v e  occur red  resu l t ing  in ad-  
d i t ion  of one H20  on a t e r m i n a l  doub le  bond or  in a~, off- 
pos i t ion  as in ZECHMEISTERS BF~ e x p e r i m e n t s  ~. T h e  
o t h e r  zones were  e x a m i n e d  in  p e n t a n e  so lu t ion  a n d  
showed  m a x i m a  a t  426 (faint),  400, 375 and  345 m p  
respec t ive ly .  The  zones d id  n o t  seem to  be  suf f ic ien t ly  
pu re ;  the i r  m a x i m a  were  a t  t h e  same  w a v e l e n g t h  i rrespec-  
t i v e  of the  fac t  t h a t  t h e y  be longed  to  d i s t inc t  c h r o m a t o -  
graphic  zones of the  eolumn,  b u t  the  r e l a t ive  he igh t s  v a r i e d  
f rom zone to  zone. The  m a x i m a  were  sh i f ted  by  25-30 
m p  towards  longer  wave l eng ths  in CS v T h e  e lu ted  a n d  
concen t r a t ed  caro t inoids  of each  zone were  b r o u g h t  once  
more  into  reac t ion  wi th  c o n c e n t r a t e d  sul fur ic  acid. T h e  
top  zone gave  a v io le t  colour,  chang ing  to  p ink.  T h e  red  
zone y ie lded  a b lue  p roduc t ,  which  was soluble  in t he  
benzene  phase  and lef t  the  unde r ly ing  acid  uncoloured .  
A s imi lar  case wi th  r - c a r o t e n e  and perchlor ic  acid  was 
descr ibed in our  p reced ing  c o m m u n i c a t i o n .  These  l ipo- 
phi l ic  blue a c i d - c o m p o u n d s  of ca ro t ino ids  seem to  be 
abso lu t e ly  unpreceden ted .  The  lower  zones b e h a v e d  
n o r m a l l y  in t h a t  t h e y  gave  b lue  sulfur ic  acid  solut ions 
which changed  to  pink.  

T h e  f rac t ions  were  ne i the r  suf f ic ien t  nor  pure  enough  
to crys ta l l ize ,  b u t  a generous  g i f t  of 20 g syn the t i c  r -  
c a r o t e n e  f rom the  H o f f m a n n  L a  Roche  Co., to  w h o m  
I a m  v e r y  m u c h  obliged,  will  be of  g rea t  he lp  in th is  
d i rect ion.  P r e l i m i n a r y  e l e m e n t a r y  analys is  r evea led  t h a t  
t h e y  con t a in  oxygen .  

I a m  a b o u t  to  i so la te  t he  " b l u e "  c o m p o u n d s  a n d  
s e p a r a t e  t h e m  f rom each o the r  if  possible, to  e x a m i n e  
the i r  decompos i t i on  p roduc t s  and  genera l  chemica l ,  
phys ica l  and  magne t i c  propert ies .  

t L. ZECHMEISTER, Exper. 10, 1 (1954). - L. WALLCAVE, J, LEE- 
~IA~N, and L. ZECI~t~XSTER, Prec. nat, Acad. Sci. 39, 604 (1953). 

L. WALLeAv• and L. ZECHMEISTXR, J. Amer. chem. Soc. 75, 
4495 (1953). 


