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Magnetisehe Eigenschaften des Ferritins und einiger Eisen(III)- 
Komplexe yon Aminosfiuren bei :22°C 

Nr, 

I 
t i  

I I I  

IV 

V 

VI 

VII  

Verbindung 

Ferrit in 
Dihydroxo-dileucino- 
eisen(III)-chlorid 
[R = -CH~:CH(CH3)2] . , . 
Dihydroxo-diisoleucino- 
eisen(III)-chlorid 
[R = - CH(CH3)-CH2-CH3] . 
Dihydroxo-divatino- 
eisen(III)-chlorid 
[R = - CH(CHa)~7 
Dihydroxo-dimethionino- 
eisen(III)-chlorid 
(R = -CH~-CH2-S-CH3) . , 
Dihydroxo-diphenylalanino- . 
elsen(III)-dfiorid • HC1 
(R = - CH2-C6H~) 
Dihydroxo-dilysino-eisen- 
(III)-chlorid • 7 H 2 0 . 2  HC1 
[R = - (CH2)4-NH~I 

3fG 

330* 

388 

388 

360 

423 

492 

616 

~moz.10 

6200 

7000 

7200 

7200 

7400 

11300 

14500 

/*e// 

3,84 

4,08 

4,14 

4,14 

4,20 

5,18 

5,87 

* ~quivalentgewicht bezogen auf 1 Atom Eisen. 

s t / indige  U n t e r d r t i c k u n g  de r  B a h n m o m e n t e  erkI~irtL 
~ h n l i c h e  W e r t e  f a n d e n  wir  auch  ffir die a n a l y t i s c h  n i ch t  
v611ig re in  e r h a l t e n e n ,  in Tabel le  1 n i c h t  aufgef f ih r ten  
E i s e n ( I I I ) - V e r b i n d u n g e n  des Leucy lg lyc ins  (l~dl = 
3,95/~B) u n d  der  Glu tamins / iu re  (l&tt = 3,80/*~). 

15xi0"3-- 

I 0  . . . .  

" 4 ~ " - 0  ~ T °K 100 200 300 

Temperaturabh~ngigkeit der molaren Suszeptibilit~ten des Ferritins 
und einiger Eisen(III)-Komplexe yon AminosSuren. Die r6misehen 

Zahlen entsprechen den in der Tabelle aufgefiihrten Komplexen. 

F e h l e r g r e n z e n  d e m  Cur ieschen  Gesetz .  D a v o n  abwe i -  
c h e n d  befo lgen  die k a t i o n i s c h e n  K o o r d i n a t i o n s v e r b i n -  
d u n g e n  mi t  3 u n g e p a a r t e n  E l e k t r o n e n  ( I I -V)  das  Curie- 
Weisssche  Gese tz  m i t  A - W e r t e n  yon  e t w a  - -40 .  Die 
T e m p e r a t u r a b h g n g i g k e i t  der  r ez ip roken  Suszep t ib i l i t g t  
des  als N e u t r a l k o m p l e x  e r k a n n t e n  Fe r r i t i n s  1 I/isst s ich  
h ingegen ,  wie aus  F i g u r  I h e r v o r g e h t ,  n i ch t  d u r c h  e ine  
Gerade  da r s t e t l en .  Dera r t i ge  A b w e i c h u n g e n  v o m  Curie-  
schen  Gesetz ,  die bei  v e r s c h i e d e n e n  L i g a n d e n  bzw. 
I o n e n  an  ein u n d  de lnse lben  S c h w e r m e t a l l a t o m  in ver-  
s ch i edene r  F o r m  a u f t r e t e n ,  lassen s ich nach  VAN VLECK 2 
d u r c h  H e i s e n b e r g s c h e  Austauschkr 'Xf te  sowie du rch  un-  
vo l l s t~nd ige  U n t e r d r f i c k u n g  der  B a h n m o m e n t e  er-  
kl~tren.  

Die ffir die  E i s e n ( I I I ) - K o m p l e x e  I - V  e r m i t t e l t e n  
m a g n e t i s c h e n  M o m e n t e  zeigen,  dass  in d iesen  Verb in -  
d u n g e n  3 u n g e p a a r t e  E l e k t r o n e n  je E i s e n a t o m  v o r h a n -  
den  sind,  woraus  nach  der  P a u l i n g s c h e n  Theor ie  folgt ,  
dass  die 4 L i g a n d e n  die E c k e n  eines  P l a n q u a d r a t e s  be- 
se tzen .  D a m i t  is t  unse res  ~vVissens e r s t m a l s  an  S u b s t a n -  
zen in f e s t e r  F o r m  geze ig t  worden ,  dass  ein und  das-  
selbe Z e n t r a l a t o m  m a g n e t i s e h  u n t e r s c h e i d b a r e  D u r c h -  
d r i n g u n g s k o m p l e x e  mi t  2 v e r s c h i e d e n e n  K o o r d i n a t i o n s -  
zahlen  auszub i lden  ve rmag .  

E. BAYER dankt der Deutschen Forschungsgeuminschaft for Ge- 
wShrung eines Stipendiums und Herrn Dozent Dr. H.-J. BmLm fiir 
anregende Diskussionen. Bei der Ausftihrung der magnetisehen 
Messungen haben uns die Herren A. ~lnF.m.~ nnd F. LEIBLE unter- 
stfitzt. 

E. t~AYER ~ und  K. H. HAUSER 

M a x - P l a n c k - I n s t i t u t  ]i~r Medizinische Forschung, In -  
stitut [iir Chemie, Heidelberg, den 4. A p r i l  1955. 

S u m m a r y  

Magne t i c  m e a s u r e m e n t s  on i r o n ( I I I ) - c o m p l e x e s  of 
a m i n o  ac ids  s h o w  t h a t  in t hese  c o m p o u n d s ,  as a lso  
in Fer r i t in ,  t h e r e  are  3 u n p a i r e d  e l ec t rons  for e a c h  i ron 
a tom.  F r o m  th is  it  follows t h a t ,  a cco rd ing  to  the  P a u l i n g  
theo ry ,  t he re  is a s q u a r e - p l a n a r  a r r a n g e m e n t  of t he  4 
l igands,  

x H.-J. Bream und E. BAYEa, Naturwissenschaften 42, I~25 (1955) ; 
Chem. Ber., im Druck (1955). 

~z j .  H. VAN VLECK, The Theory o/ Electric and Magnetic Sus- 
ceptibilities (Clarendon Press, Oxford 1932), S. 304. 

3 Jetzige Adresse: Bioehemische Abteilung des Forsehungs- 
Instituts ffir RebenzfieMung Geilweilcrhof, Siebeldingen (Pfalz). 

Der  E i s e n k o m p l e x  der  bas i schen  Aminos / iure  Lys in  
[viii u n t e r s c h e i d e t  s ich  n i ch t  nu r  d u r c h  e inen  Mehr-  
geha l t  yon  2 Molekt i len HC1 je E i s e n a t o m  yon  den  K o m -  
p i exen  der  s a u r e n  und  n e u t r a l e n  A m i n o s g u r e n ,  s o n d e r n  
auch  d u r c h  ein m a g n e t i s c h e s  M o m e n t ,  das  m i t  d e m  fiir 
die 5 u n g e p a a r t e n  E l e k t r o n e n  y o n  E i s e n ( I I I ) - S a l z e n  be-  
r e c h n e t e n  S p i n m o m e n t  von  5,92#Binnerhalb  der  Mess- 
genau igke i t  i i b e r e i n s t i mmt .  Die Zwi schens t e l l ung  des 
K o m p l e x e s  der  a r o m a t i s c h e n  A m i n o s g u r e  P h e n y l a l a n i n  
[VII, de r  1 Molekfil  HC1 je E i s e n a t o m  enth~Ltt, k 0 m m t  
auch  in d e m  ~Tert yon  l*e//= 5,18#B z u m  A u s d r u c k .  

Die V e r b i n d u n g e n  VI  u n d  V I I  folgen,  wie aus  d e m  
~/Zm0z- T - D i a g r a m m  in der  F igu r  h e r v o r g e h t ,  i n n e r h a l b  der  

D I S P U T A N D U M  

The Basicity and Steric Configuration of the 
Diterpene Alkaloids Veatchine and Atisine 

h i  a r ecen t  p a p e r  z, we s u g g e s t e d  t h a t  v e a t c h i n e  a n d  
a n h y d r o u s  ga r ry ine  m a y  be  r e p r e s e n t e d  b y  t h e  s t ruc -  
t u re s  I a n d  I I  respec t ive ly .  W h i l e  t h e  ev idence  for  these  

1 L. PAULtNC, Nature o] the Chemical Bond (Cornel1 University 1 K. \VIESNER, R. AaMSTRONG, M. F. BARTLETt, J. A. EDWARDS, 
Press, 2. ed. 1948), S..114. J .A .C .S .  76, 4858 (1954); Chem. and Ind. 19a4, 132. 
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s t r u c t u r e s  s e e m e d  fa i r ly  conclus ive ,  t i le dec is ion  as to  
w h i c h  of t h e  t w o  f o r m u l a e  be longs  to  v e a t c h i n e  a n d  
which  to g a r r y i n e  was b a s e d  m a i n l y  on c o n s i d e r a t i o n s  
i n v o l v i n g  t h e  bas ic i t ies  of t he  t w o  c o m p o u n d s  (vea t -  
ch ine  pKa 11-5; ga r ry ine  p K ,  8.7) a n d  c e r t a i n  a s s u m p -  
t ions  a b o u t  t h e  s t e r e o c h e m i s t r y  of t he  ske le ton .  W e  h a v e  
now o b t a i n e d  d i rec t  e v i d e n c e  t h a t  t he  a s s i g n m e n t  of t he  
two  f o r m u l a e  is cor rec t .  C o n s e q u e n t l y  i t  is now p r o p e r  
to  discuss  t h e  r easons  for  the  d i f fe rence  in t h e  bas ic i t ies  
of v e a t c h i n e  a n d  ga r ry ine ,  s ince  t h e y  h a v e  a b e a r i n g  on  
t he  s t e r e o c h e m i s t r y  of t he  ske le ton .  

I 

II 

We  h a v e  a l r e a d y  r e p o r t e d  ~ t he  p r e p a r a t i o n  of e t h y l -  
d i h y d r o g a r r y i n e  b y  t he  r e a c t i o n  b e t w e e n  a n h y d r o u s  
g a r r y i n e  a n d  e t h y l m a g n e s i u m b r o m i d e  a n d  t he  d e h y d r o -  
g e n a t i o n  of t h i s  c o m p o u n d  to  a n  a z a p h e n a n t h r e n e  
CtsH19N. The  a n a l o g o u s  r eac t i on  of v e a t c h i n e  w i t h  
e t h y l m a g n e s i u m b r o m i d e  gave  a m i x t u r e  of p r o d u c t s  
f rom w h i c h  a pu re  c o m p o u n d  could  n o t  be  i so la ted .  W e  
h a v e  now r e p e a t e d  t he se  r e a c t i o n s  w i th  m e t h y l m a g -  
n e s i u m i o d i d e  in t he  hope  of o b t a i n i n g  m e t h y l d i h y d r o -  
v e a t c h i n e  a l so .  W h i l e  m e t h y l d i h y d r o g a r r y i n e  was ob-  
t a i n e d  q u a n t i t a t i v e l y  as a c r y s t a l l i ne  s u b s t a n c e  (m.p.  
139-140°C) ,  m e t h y l d i h y d r o v e a t c h i n e  was i so la ted  in 
lower  yie ld  o n l y  a f t e r  c o u n t e r - c u r r e n t  d i s t r i h u t i o n  of t h e  
oi ly p r o d u c t s  a n d  c r y s t a l l i z a t i o n  of t he  p i c r a t e  (re.p. 
216-218°C) .  D e h y d r o g e n a t i o n  of m e t h y l d i h y d r o g a r  
ry ine  gave  a n  a z a p h e n a n t h r e n e  CI~IIlvN (m.p.  129°C). 
The  U.V.  s p e c t r u m  of t h i s  c o m p o u n d  is i den t i ca l  wi th  
t h a t  of t he  p r e v i o u s l y  r e p o r t e d  a z a p h e n a n t h r e n e  
C,,t{19N f r o m  e t h y t d i h y d r o g a r r y i n e .  T h e r e  are  t w o  pos- 
s ib le  s t r u c t u r e s  (IIi a n d  Iv) for  t h e  m e t h y l d i h y d r o g a r -  
ry ine  d e h y d r o g e n a t i o n  p r o d u c t .  I t  is c lear  t h a t  if g a r r y i n e  
is r e p r e s e n t e d  b y  ii, t h e  a z a p h e n a n t h r e n e  d e r i v e d  f rom 
m e t h y l d i h y d r o g a r r y i n e  will be  n n  W e  h a v e  s y n t h e s i z e d  
c o m p o u n d  IV b y  s u b j e c t i n g  t h e  N - a c e t y l  d e r i v a t i v e  of 
the  p r e v i o u s l y  de sc r ibed  ~ c o m p o u n d  v to a cyc l i s a t i on  
w i t h  p h o s p h o r u s  oxych lo r ide ,  fo l lowed b y  d e h y d r o g e n a -  
t ion .  T h e  s y n t h e t i c  c o m p o u n d  (m.p.  44-45°C)  was  r iot  
iden t i ca l  w i th  t h e  d e h y d r o g e n a t i o n  p r o d u c t  of m e t h y l -  
d i h y d r o g a r r y i n e ,  wh ich  l eaves  t he  s t r u c t u r e  In  to  be  
ass igned  to t he  l a t t e r .  

I , ¢ \ /  ~, \ /1 ~ \ /  
I !! j i Ii i d \ , , / \ /  / % / \ /  / / \ /  

_ ! t s 

I I 

[ [ 
1II IV V 

1 1,2. W t E S N E R ,  W ,  I.  T A Y L O R ,  S .  I{ .  FIGDOR, 3I. F. BARTLETT, 
J. R. ARMSTRONG, and J. A. Enwa~Ds, Chem. Ber. deutsch. Ges. 86, 
S()O (1953). 

2 M. F .  BARTLIeTT a n d  1,2. VV'tESNER, C h e m .  a n d  I n d .  1954, 5.1'2,. 

The  poss ib i l i ty  ~ t h a t  b o t h  g a r r y i n e  a n d  v e a t c h i n e  are 
r e p r e s e n t e d  b y  t h e  s t r u c t u r e  II a n d  t h a t  t h e  d i f fe rence  
b e t w e e n  t h e m  is due  o n l y  to  t he  c o n f i g u r a t i o n  of t he  
c a r b o n  c a r r y i n g  t he  e t h e r  oxygen  can  be  i n v a l i d a t e d  on  
o t h e r  g r o u n d s <  

YVe h a v e  also a t t e m p t e d  to  c o r r o b o r a t e  these  con-  
c lus ions  b y  s u b j e c t i n g  m e t h y l d i h y d r o v e a t c h i n e  to  a 
s e l e n i u m  d e h y d r o g e n a t i o n .  H o w e v e r .  w i t h  t h e  a m o u n t  
of m e t h y l d i h y d r o v e a t c h i n e  a v a i l a b l e  o n l y  t r aces  of base  
were  o b t a i n e d .  I t  will  b e c o m e  c lear  f r o m  the  fo l lowing 
d i scuss ion  t h a t  in m e t h y l d i h y d r o v e a t c h i n e  t h e  n i t r o g e n  
r ing  is s t r a i n e d  because  of t he  c r o w d e d  c o n d i t i o n  of t he  
m e t h y l - g r o u p .  C o n s e q u e n t l y  in t h e  d e h y d r o g e n a t i o n  
process  the  n i t r o g e n  r ing  b r e a k s  p r e f e r e n t i a l l y  a n d  on ly  
1 - m e t h y L 7 - e t h y l  p h e n a n t h r e n e  can  be  i so la ted  in good 
yield.  Vee m a y  t h e r e f o r e  cons ide r  t h e  a s s i g n m e n t  of 
s t r u c t u r e s  t a n d  ii to  v e a t c h i n e  a n d  g a r r y i n e  as e s t a b -  
l i shed  exper ime i~ ta l ly  a n d  t u r n  to  t h e  c o n s i d e r a t i o n  of 
the  d i f f e r en t  bas ic i t i es  of t he  t w o  c o m p o u n d s .  

T h e r e  are two  poss ib i l i t i es  vi a n d  v u  for t im stc'ric 
s t r u c t u r e  of t h e  g a r r y a  a lka lo ids  w h i c h  dese rve  ser ious  
c o n s i d e r a t i o n .  

VI VII  

B o t h  of t he se  s t r u c t u r e s  h a v e  in c o m m o n  t h a t  t h e  
pos i t ion  m a r k e d  b y  an  a r row is s u b j e c t e d  to  s t r o n g  
s te r ic  h i n d r a n c e .  In  all  o t h e r  s te r ic  a r r a n g e m e n t s  t h e r e  
is no  a p p r e c i a b l e  d i f fe rence  in t h e  degree  of s te r ic  
h i n d r a n c e  of t he  two  c a r b o n s  f l a n k i n g  t h e  n i t r ogen .  I t  
will be s h o w n  t h a t  t h e  d i f fe rences  in b e h a v i o u r  b e t w e e n  
g a r r y i n e  a n d  v e a t c h i n e  m a y  be e x p l a i n e d  in t e r m s  of 
th i s  s te r ic  h i n d r a n c e .  

W e  h a v e  f i rs t  f a v o u r e d  the  s te r ic  a r r a n g e m e n t  vI a on 
t he  g r o u n d s  t h a t  in i t  t h i s  s te r ic  h i n d r a n c e  is e spec ia l ly  
large .  H o w e v e r  i t  is n o t  poss ib le  to  assess t h i s  a s p e c t  
q u a n t i t a t i v e l y  a n d  t he  dec is ion  b e t w e e n  v ,  a n d  v u  has  
to  be m a d e  in a d i f f e ren t  way  w h i c h  is d i scussed  la te r .  

/\ 1,', /\ 

- OH 

CH 2 CII 2 

C H  2 C H  2 

I i 
OH OH 

41 . . . . . . .  ---- O 
\ \ N  / 

I i 
CH2 ~ ¢ 

"CH~ 

a b c 

J We thank Professor CaRt, DJERASSI for bringing up this possi- 
bility in a discussion at tim Sixth Summer Seminar, University of 
New Brunswick, August 1954. 

Both garryine and veatchine give salts which still retain their 
different identities as characterized most conveniently by potentio 
metric titration. The pK value found by titration of garryiue and 
veatchine hydrochlorides are identical with those found by the 
titration of the free bases. Again, basification of a solution of veat- 
chine and garryine hydrochtorides Ieads to isoiation of pure veatchine 
and garryine respectivdy, and not to the isolation of an equilibrium 
mixture of the same composition in both cases, as nfight be expected 
if the above asstllnption was correct. 

3 t~. WIKSNER, R .  ARMSTRONG, M. F .  BARTLETT, J .  a .  E m v a R [ ) S ,  
J. A. C. S. re, 4s5s (1954); Chem. and Ind. 1954, 132. 
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A solu t ion  of vea t ch ine  or ga r ry ine  in aqueous  med ia  
c o n t a i n s  an equ i l ib r ium mix tu r e  of the  species a, b and  
c, r e p r e s e n t e d  by par t ia l  s t ruc tu res .  

M a n y  e x p e r i m e n t s  dev i sed  to  t r a p  or de t ec t  an open 
cha in  a l d e h y d e  t a u t o m e r  failed and  c o n s e q u e n t l y  th is  
species m a y  be neg lec ted  in the  equi l ib r ium.  I t  is clear 
t h a t  t he  bas ic i ty  of ga r ry ine  and  vea t ch ine  is a func t ion  
of the  equ i l ib r ium c o n s t a n t s  K 1 and  K 2. 

Lbj, L-0H] [b] • [ OH] 
Kl . . . . . .  [a] h'~ = i c] {1) 

The equ i l ib r ium be tween  the  q u a t e r n a r y  h y d r o x i d e  b 
and  the  o t h e r  species  is given by  equa t ion  2. 

Iz,], [ -OH] = I q .  & (2) 
[a] t- [c] K, + K~ 

Since [H+] • i -OH]  ---: K w  we can t ransf i ) rm equa t i on  
2 in to  3. 

([a~+[c]).[H +] = ICx+ l(  2 K w  = lqt . (3) 
[b] IC I • lq~ 

In e q u a t i o n  3, t~a is the  t i t r a t e d  ac id i ty  of the  con juga t e  
acid b. F u r t h e r  e q u a t i o n  4 is easi ly  der ived  and  gives 
the  ra t io  of t he  ca rb ino l amine  and  e t h e r  forms.  

F,]- = 3 q "  {4) 

The  m c c h a n i s m  of conve r s ion  of t he  q u a t e r n a r y  
Schiff  base  b in to  t he  e t h e r  c or c a rb ino l amine  a is 
obv ious ly  an a t t a c k  of an  e lec t ron  pa i r  of e i the r  t he  
oxygen  of t he  p r i m a r y  h y d r o x y l  g roup  or of a h y d r o x y l  

I 
ion on the  ca rbon  of t he  C - - N - -  g roup  ill b. F r o m  

+ 

models  of ga r ry ine  and  vea t ch ine  bu i l t  on the  basis  of 
the  s t e r e o c h e m i s t r y  given in fo rmulas  vI and  wI ,  it is 
clear t h a t  while  such an a t t a c k  is u n h i n d e r e d  in gar-  
ryine,  it is s u b j e c t e d  to  s t rong  s ter ic  h i n d r a n c e  in 
vea tch ine .  This  s ter ic  h ind rance  is especia l ly  p r o n o u n c e d  
in t he  fo rma t ion  of ca rb ino lamine ,  and  smal le r  in the  
fo rma t ion  of e ther .  The ca rb ino l amine  form of vea t ch ine  
is s t r a i n e d  and  diff icul t  to c o n s t r u c t  f rom scale models .  
I f  t he se  ideas  are now expressed  in t e rms  of the  two  
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HO i 
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garryine 
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H O - - ~  OH 0 

c 
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equ i l i b r i um c o n s t a n t s  K~ a n d  Kt,  it a p p e a r s  t h a t  A" 1 of 
vea t ch ine  m u s t  be much  la rger  t han  the  s ame  c o n s t a n t  
of ga r ry ine ,  whe reas  t (  2 in vea t ch ine  m a y  t}e only  
m o d e r a t e l y  la rger  t h a n  the  A'~ of gar ry ine .  E q u a t i o n  3 
then  shows  c lear ly  t h a t  vea t ch inc  is a s t ronge r  base  t h a n  
gar ry ine .  E q u a t i o n  4 gives t he  ra t io  b e t w e e n  the  car-  
b ino l amine  a n d  e t h e r  forms  and  shows clear ly  t h a t  in 
vea t ch ine  th is  ra t io  is sh i f t ed  in favour  of the cth{ r form 
wi th  r e spec t  to  gar ry ine .  This  is in a g r e e m e n t  wi th  the  
var ious  r eac t ions  of the  two  c o m p o u n d s  descr ibed  in our  
prev ious  c o m m u n i c a t i o n s L  

VIII 

~ 0  0 

\N 

0 

IX X 

l ' ina l ly  it should  be p o i n t e d  out  t h a t  the  d i f fe ren t  
reac t iv i t i es  of ga r ry ine  a n d  vea t ch ine  wi th  m e t h y l -  
m a g n e s i u m i o d i d e  are caused  by  the  s a m e  fac tors  which 
lead to the  d i f fe rence  in the  ease of a t t a c k  on the  qua te r -  
n a r y  fo rms  of ga r ry ine  and  veatc l l ine  b y  a h y d r o x y l  ion. 

A n o t h e r  i n t e r e s t i ng  reac t ion  is the  conver s ion  of 
v e a t c h i n e  to  ga r ry ine  by  ho t  alkali.  In  th is  m e d i u m  the  
q u a t e r n a r y  fo rms  of ga r ry ine  and  v e a t c h i n e  are  un-  
d o u b t e d l y  in equ i l ib r ium wi th  an ylid ion. 

Because  of the  large c o n c e n t r a t i o n  of alkali  the  bulk  
of the  s u b s t a n c e  will be p re sen t  in t he  equ i l ib r ium as 
fornls  a and  c a n d  only  a negligible a m o u n t  will be 
p r e s e n t  as the  q u a t e r n a r y  bases  b. I t  is the re fore  ob-  
vious t h a t  the  equ i l ib r ium m u s t  be sh i f t ed  t o w a r d  the  
s te r ica l ly  I avourab le  fo rms  of ga r ry ine  and  no t  the  
s t r a i n e d  fo rms  a and  c of  vea tch ine .  T h u s  it is seen that 
lhe mani[old  behaviour o[ garry ine  and veatckine m a y  be 
reduced to a common  de~wminalor  and  is governed by  the 
large steric h i n d r m w e  o[ the carbinoIamine and  s i m i l a r  
derivatives o / vea tch ine  as compared to garry ine .  

In o rde r  to  d i f f e r en t i a t e  b e t w e e n  the  s te r ic  
s t r u c t u r e s  vi and  vH the  two  ep imer ic  a lcohols  
r e p r e s e n t e d  by  vi or vi i  

LR~= C2H~, 1?2= H, R a =  OH and 1? 1 - C 2 t I  ~, 
172= OH, R a =  H] 

and  the i r  ace ta t e s  were p repa red .  I t  is eas i ly  
seen froln models  t h a t  if s t r u c t u r e  vI was  cor-  
rec t  there  would  be c o n s i d e r a b l y  more  in ter -  
acti(m b e t w e e n  a h y d r o x y  or a c e t o x y  g roup  
and  tile n i t rogen  in one of the  two  e p i m e r s  t h a n  
in the  o ther .  On the  o t h e r  h a n d  in the  s t r u c t u r e  
w t  such an i n t e r ac t i on  wou ld  be negligible 
in bo th  ep imers .  The  bas ic i t ies  of all four  
c o m p o u n d s  were d e t e r m i n e d  a n d  found  to  
be a p p r o x i m a t e l y  t he  s a m e  ( p K  ~ 7-4). This  

1 In this connection, the different courses of the 
permanganate oxidation of veatehine and garryine are 
especially characteristic. (;arryine is oxidised to oxo- 
garryine vut, while veatehine giv(.s under the same con- 
ditions equal ~llllOllllt~4 Of tWO oxoveatchines Ix and x. 
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f i nd ing  leaves  us w i t h  v i i  as t h e  more  p r o b a b l e  
s te r ic  a r r a n g e m e n t .  T h e  p r o b l e m  r e m a i n s  n o w  to  ass ign  
t h e  c o n f i g u r a t i o n  to  t h e  h y d r o x y  g r o u p  of g a r r y i n e  a n d  
v e a t c h i n e  a n d  also to  t h e  m e t h y l  g r o u p  in t h e  t e t r a -  
h y d r o p r o d u c t s .  The  a v a i l a b l e  e v i d e n c e  c o n c e r n i n g  t h i s  
m a t t e r  p e r m i t s  to  ass ign  to  t h e  h y d r o x y  g r o u p  of 
v e a t c h i n e  the  c o n f i g u r a t i o n  g i v e n  in t he  p a r t i a l  s t r u c t u r e  
x l a .  

t' 

X I a  

A t  t h i s  p o i n t  we m u s t  e m p h a s i z e  t h a t  t he  s u b s e q u e n t  
c o n s i d e r a t i o n s  are  u n c h a n g e d  w h e t h e r  we a d o p t  t h e  
s t e r e o c h e m i s t r y  vI  or v n  a n d  c o n s e q u e n t l y  o n l y  t h e  
e v i d e n c e  a l r e a d y  c i t ed  m a y  se rve  to  choose  b e t w e e n  t h e  
two.  P a r t i a l  f o r m u l a  x l b  would  dep ic t  v e a t c h i n e  if vI 
was  cor rec t .  

XI  b 

K e t o n i c  d e r i v a t i v e s  of v e a t c h i n e  o b t a i n e d  e i t h e r  b y  
o x i d a t i o n  ot t h e  s e c o n d a r y  h y d r o x y  g r o u p  or  b y  p y r o -  
ly t ic  i s o m e r i s a t i o n  ot t he  al lyl ic  a lcohol  i n to  a k e t o n e  a re  
r e d u c e d  b y  LiAIH4 to  f o r m  a lcohols  w i th  t h e  h y d r o x y  
g r o u p  in t h e  ep i - con f igu r a t i on .  T h i s  c an  be  a s s u m e d  to  
t a k e  p lace  b y  a p p r o a c h  of t h e  r e a g e n t  f r o m  t h e  less 
h i n d e r e d  side. 

[;H 3 CH 3 

H /  

o Hd 
X l I  X l I I  

These  cons ide ra t ions '  are b o r n e  o u t  b y  t he  f i n d i n g  t h a t  
ace ty l  d e r i v a t i v e s  of c o m p o u n d s  w i t h  t i le  h y d r o x y l -  
g roup  in t h e  v e a t c h i n e  c o n f i g u r a t i o n  ( quas i - equa t o r i a l )  
are f o r m e d  a n d  s a p o n i f i e d  w i t h  g r e a t e r  ease t h a n  t h e  
c o r r e s p o n d i n g  ep imer s  (quas i -ax ia l ) .  T h e  c o n f i g u r a t i o n  
of the  m e t h y l - g r o u p  in v a r i o u s  d e r i v a t i v e s  is t he  s a m e  
w h e t h e r  t he se  h a v e  b e e n  o b t a i n e d  b y  h y d r o g e n a t i o n  
of t h e  exocyc l i c  d o u b l e  b o n d  or  i s o m e r i s a t i o n  of a n  
al lyl ic  a lcoholL 

Since c o m p o u n d s  possess ing  t h e  p a r t i a l  s t r u c t u r e  XlI 
are  s t a b l e  to  alkal i ,  t h e y  m u s t  possess  t h e  c o n f i g u r a t i o n  
i n d i c a t e d  in t h i s  p a r t i a l  s t r u c t u r e  w i t h  t h e  m e t h y l  g roup  
in t he  q u a s i - e q u a t o r i a l  pos i t ion .  F i n a l l y  we s h o u l d  l ike 
to  m e n t i o n  a r e a c t i o n  w h i c h  was d i scove red  b y  DJERASSI 
a n d  k i n d l y  c o m m u n i c a t e d  to  us. T h e  n a m e d  a u t h o r  ha s  
i so la t ed  a c o m p o u n d  w h i c h  he  ha s  s h o w n  to  differ  f r o m  
v e a t c h i n e  o n l y  b y  t h e  c o n f i g u r a t i o n  of t h e  s e c o n d a r y  

1 This follows clearly from the interrelations given in our last 
paper (K. WXESNER, R. ARMSTRONG, M. F. BARTLETT, J.A. EmVARDS, 
J. A. C. S. 76, 4858 (1954); Chem. and. Ind. 1954, 132). 

h y d r o x y - g r o u p .  Th i s  e p i - v e a t c h i n e  (Laur i fo l ine)  i somer i -  
zes e x c e e d i n g l y  eas i ly  w i t h  ac id  i n t o  t h e  c o r r e s p o n d i n g  
k e t o n e  (Quach ich ic ine )  u n d e r  c o n d i t i o n s  whe re  v e a t c h i n e  
is s t ab le .  I t  is c lea r  t h a t  if ou r  s t e r e o c h e m i c a l  a s s i g n m e n t  
is co r r ec t  i t  m u s t  p r o v i d e  a p l aus ib l e  e x p l a n a t i o n  for t h i s  
d i f ference .  The  fo l lowing  e x p l a n a t i o n  ha s  b e e n  s u g g e s t e d  
b y  WOODWARD 1. I n  t h e  i s o m e r i s a t i o n  of e p i - v e a t c h i n e  
t h e  c a t i o n  XlV is a n  i n t e r m e d i a t e .  

J / 
HO 

X I V  

In t h i s  c a t i o n  t he  s te r ic  a r r a n g e m e n t  is f a v o u r a b l e  for  
e l i m i n a t i o n  of t h e  h y d r o g e n  in  t h e  m a n n e r  i n d i c a t e d .  
Such  a n  o p p o r t u n i t y  does  n o t  ex i s t  in t h e  c o r r e s p o n d i n g  
e p i m e r i c  c a t i o n  de r i ved  f r o m  v e a t c h i n e .  Th i s  e x p l a n a -  
t i on  c o n s e q u e n t l y  p r o v i d e s  f u r t h e r  s u p p o r t  of t h e  s t e r i c  
s t r u c t u r e  a s s igned  to  v e a t c h i n e .  

W e  h a v e  s o m e  t i m e  ago a s s igned  ~ s t r u c t u r e  x v  to  
d i h y d r o a t i s i n e  on  t h e  bas is  of t h e  s i m i l a r i t y  of m o s t  of 
i ts  c h e m i s t r y  3 to  t h e  c h e m i s t r y  of t h e  g a r r y a  a lka lo ids .  
T h i s  impl ies  t h e  a r b i t r a r y  a s s i g n m e n t  4 of p a r t i a l  s t r u c -  
t u r e s  x v i  a n d  xv I I  to  a t i s ine  a n d  i soa t i s ine .  

H0 

CH a 

XV 

CH 3 CH3 

XVI  X V I I  

S u b s e q u e n t l y ,  PELLETIER a n d  JACOBS 5 h a v e  pro-  
d u c e d  a d d i t i o n a l  e v i d e n c e , i n  s u p p o r t  of t h e s e  s t r u c t u r e s .  
As i t  is o b v i o u s  t h a t  i soa t i s ine  in a l l  i ts  r e a c t i o n s  a n d  
b a s i c i t y  is a n a l o g o u s  to  ga r ry ine ,  a n d  a t i s ine  to  v e a t c h -  
ine,  we m a y  n o w  ass ign t h e  s t r u c t u r e  x v i  to  a t i s ine  a n d  
XVli to  i soa t i s ine  w i t h  more  conf idence .  

The  i s o m e r i s a t i o n  of a t i s ine  i n t o  i soa t i s ine  b y  a lka l i  
pa ra l l e l s  t h e r e f o r e  c o m p l e t e l y  t h e  c o r r e s p o n d i n g  c h a n g e  
oi v e a t c h i n e  i n to  g a r r y i n e  t h e  d r i v i n g  force of w h i c h  has  

I. R. B. WOODWARD, private communica t i on .  
2 K. WIESNER, R. ARMSTRONG, M. F. BARTLETT, and J. A. ED- 

WARDS, Chem. and Ind. 1954, 132 (1954). 
a For a summarising reference see E. S. STERN in R. H. F. 

MANSKE and H. L. HOLMES, The Alkaloids, Vol. 4 (Academic Press 
Inc., New York, 1955). 

4 See also M. F. BARTLETT, Ph. D. Thesis, University of New 
Brunswick, May 1954. 

5 S. W. PELLE'rlER and W. A. JACOBS, J. Anler. Chem. Sei. 76, 
4496 (1954). 
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b e e n  a l r e a d y  discussed.  EDWARDS a n d  SINGH 1 h a v e  jus t  
desc r ibed  a conve r s ion  of i soat is ine  hyd roch lo r i de  wi th  
ace t ic  a n h y d r i d e  "into a " t r i a c e t a t e  h y d r o c h l o r i d e "  
which  on mi ld  h y d r o l y s i s  w i th  s o d i u m  c a r b o n a t e  gives 
a t is ine.  The  change  of  an i so-a t i s ine  de r iva t i ve  which  is 
c o m p l e t e l y  f ixed  in t h e  q u a r t e r n a r y  f o r m  (b) in to  an 
a t i s ine  d e r i v a t i v e  (also f ixed in th is  lorm) is to  be  
e x p e c t e d  as in th i s  case t he  s tab i l i t ies  will be reversed,  
the  d e r i v a t i v e  w i t h  the  t r igona l  ca rbon  in t he  more  
h i n d e r e d  pos i t i on  be ing  more  s tab le .  H o w e v e r  t he  
t r i a ce t a t e  h y d r o c h l o r i d e  obv ious ly  m u s t  have  been  a 
d i ace t a t e  h y d r o c h l o r i d e  wi th  a mole  of acet ic  acid. 
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Zusammen/assung 
Die Basizi t / i t  u n d  das ve r sch iedene  chemische  Ver-  

h a l t e n  der  I s o m e r e n p a a r e  V e a t c h i n - G a r r y i n  und  At is in-  
I soa t i s in  w e r d e n  mi t  der  s t e r i s chen  K o n f i g u r a t i o n  dieser  
V e r b i n d u n g e n  in Z u s a m m e n h a n g  geb rach t .  

1 0 .  E .  EDVeARDS a n d  TARA SINGIt, C a n .  J .  C h e m .  33,448 ( 1955 ) .  

die C a r o t i n b i l d u n g  auf  e inem n i c h t c a r o t i n o g e n e n  N/ihr-  
mil ieu ~ auszul6sen .  Als ak t ive  V e r t r e t e r  de r  Fet ts~iuren 
f a n d e n  wir  die  Essigs&ure, die B u t t e r s ~ u r e  u n d  die Pa l -  
mi t ins t [ure .  U n t e r  den  Ke tos / tu ren  erwies  sich als be-  
s o n d e r s  a k t i v  die Brenz t raubens~ture ,  was  auch  d u t c h  
ARNAKI u n d  8TAR'V 2 bei de r  Sarcina Iutea best~it igt  wer-  
den  k o n n t e .  U n t e r  den  Dicarbons~iuren s ind  Oxalsi ture,  
MalonMiure u n d  Adip ins i iu re  gepr i i f t  worden ,  die alle 
a u s s e r s t a n d e  s ind,  Ca ro t ino ide  zu b i lden.  H ingegen  er-  
m6g l i chen  die Weins / iure  (Oxydicarbons~iure)  u n d  Zi- 
t ronenMiure  (Oxytr icarbons~iure)  die P r o d u k t i o n  re ich-  
l icher  C a r o t i n o i d m c n g e n .  

IJOaorpHon 

t ~ o  ,¢ - _ 

0,1 t.. 
//  

~: I I I 
so loo ear  saa ,,,g ,v~:'i~/,/ss,,,,~ 

Abb. 1. Die Bildung yon Carotinoiden durch ve~chiedene organische 
SSuren bei Phycomyces blakesleanus, 

. . . . . . .  EssigsSure, • ................. ButtersSure ; 
- -  Brenztraubensfiure; . . . . . . . . . .  WeinsSure ; 

. . . . . . . .  Zitronens~iurc. 
g e m e s s e n  i m  H i l g e r  C o l o r i m e t e r .  F i l t e r  I l f o r d  601 .  

O b e r  e i n e n  m S g l i c h e n  W e g  der Biosynthese 
der Carotinoide bei M u c o r  h i e m a l i s  

I n . e i n e r  f r f iheren  A r b e i t  f iber die B iogenese  de r  Caro-  
t ino ide  bei  Phycomyces blakesleanus ~ b a t t e n  wir  ber ich-  
te t ,  d a s s  eine Reihe  o rgan i sche r  S~turen in der  Lage  sind,  

"W, H. SCHOPFER und E. C. GROB, Exper. 6, 419 (1950) .  

CH 3 CH a 
\ /  o o 

C CH 8 CH s 

PAECH z m a c h t e  es uns  zum Vorwur f ,  die EssigsXure 
als e inzige m6gl iche  Vors tu fe  der  Caro t ino ide  in B e t r a c h t  
zu z iehen,  was,  wie aus d e m  oben  G e s a g t e n  h e r v o r g e h t ,  
ke ineswegs  zu t r i f f t .  

1 V¢ir beriehtigen hier, dass auf dem niehtcarotinogenen Laktat- 
milieu doch sehr kleine Mengen Carotinoide gebildet werden. 

M. ARNAKI und Z. STARY, Biochcm. Z. 323, 367 (1952). 
3 K. PAECH, VIII° Congr. int. Bot. Rapports et communications 

S e c t .  11 /12 ,  p.  49  (1954) .  
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