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h e u t e  d u r c h  d a s  i m m e r  w e l t e r  in  die  B e o b a c h t u n g s -  

p r a x i s  e i n d r i n g e n d e  Z e n i t t e l e s k o p  gewiesen .  W e n n  je -  

d o c h  n i c h t  e i n m a l  d ie  M a t h e m a t i k  a l s  e ine  F o r m a l -  

w i s s e n s c h a f t  e i n e n  K 6 n i g s w e g  k e n n t ,  wie  so l l t e  d a n n  

d e r  A s t r o n o m i e  a ls  e i n e r  R e a l w i s s e n s c h a f t  e in  P r i n -  

z e n p f a d  g e s c h e n k t  se in ,  d e r  per aspera des  G e s t r i i p p s  

g e o p h y s i k a l i s c h e r  E f f e k t e ,  w ie  d a s  fe ine  W a c k e l n  d e r  

E r d a c h s e  u n d  d a s  S c h l o t t e r n  i h r e r  R o t a t i o n ,  m t i h e l o s  

ad astra des  a b s o l u t e n  F u n d a m e n t a l s y s t e m s  f i i h r t  ? 

Summary  
A b o u t  300 yea r s  ago NEWTON e s t i m a t e d  q u a n t i t a t i v e l y  

t h e  e f fec t  of t h e  p recess ion  of t h e  e a r t h - t o p ;  200 yea r s  
ago BRADLEY d i s c o v e r e d  a b e r r a t i o n  a n d  n u t a t i o n ;  a n d  
100 yea r s  ago  BESSEL d e t e r m i n e d  t h e  p a r a l l a x  of a 
f ixed  s t a r  for  t h e  f i r s t  t i m e .  E a c h  of t h e s e  d i scover i e s  
se t  a new  p r o b l e m  for  p o s i t i o n  a s t r o n o m y ,  for  t h e  
a s t r o n o m e r  r e l a t e s  h i s  o b s e r v a t i o n s  to  a n  e a r t h  r o t a t i n g  
on  i t s  own  axis ,  so t h a t  t h e  n e w l y  d i s c o v e r e d  e f fec t  
a lways  d e m a n d s  a n  i m p r o v e m e n t  of t h e  p o s i t i o n  of t h e  
s ta rs .  The  whole  of a s t r o n o m y ,  as LAPLACE f o r m u l a t e s  it ,  
d e p e n d s  u p o n  t h e  i n v a r i a b i l i t y  of t he  e a r t h ' s  axis .  

F o r  m o r e  t h a n  50 yea r s  i t  h a s  b e e n  k n o w n  t h a t  t h e  
e a r t h  m o v e s  i r r e g u l a r l y  (0~6 in  la, 2) o w i n g  to  t h e  n o n -  
co inc idence  of  t h e  ax i s  of i n e r t i a  a n d  t h e  ax i s  of r o t a t i o n .  
T o  a c c o u n t  for  t h i s  v a r i a t i o n  of l a t i t u d e ,  t h e  I n t e r n a t i o -  
na l  L a t i t u d e  Serv ice  h a s  b e e n  se t  u p  to  i m p r o v e  t h e  
s t a r  c o - o r d i n a t e s  i n s p i t e  of t h i s  axis  effect .  T h e  L a t i t u d e  
Service  se t  u p  b y  t h e  I n t e r n a t i o n a l  A s t r o n o m y  U n i o n  
t o g e t h e r  w i t h  t h e  U n i o n  I n t e r n a t i o n a l e  de  G 6 o p h y s i q u e  

e t  G6od6sie  i n c l u d e s  6 p e r m a n e n t  s t a t i o n s  on  t h e  39 TM 
l a t i t u d e .  F o r  a b o u t  7 yea r s  i t  h a s  b e e n  k n o w n  d e f i n i t e l y  
t h a t  t h e  s p e e d  of r o t a t i o n  of t h e  e a r t h  r o u n d  i t s  ax is  is 
v a r i a b l e  (08,1 per annum) so t h a t  t h e  s t a r  c o - o r d i n a t e s  
h a v e  to  be  c o r r e c t e d  b y  a n  i n t e r n a t i o n a l  l a t i t u d e  se rv ice .  
W h i l e  t h e  v a r i a t i o n  of l a t i t u d e  c a n  be  d e t e r m i n e d  w i t h  
a m i c r o m e t e r  sc rew (p rec i s ion  10 -~) t h e  v a r i a t i o n s  in  
r o t a t i o n  r e q u i r e  a c r y s t a l  c lock  (prec is ion  10-s) .  T h e  
f i n e s t  e f fec t  of t h e  m e c h a n i c s ,  t h e  v a r i a t i o n s  of r o t a t i o n  
of t h e  e a r t h - t o p ,  c a n  o n l y  be  d e m o n s t r a t e d  b y  t h e  a id  
of e l ec t ron ics .  

A l t h o u g h  t h e s e  v a r i a t i o n s  of t h e  e a r t h - t o p  r e a l l y  fa l l  
i n t o  t h e  f ie ld of  geophys i c s ,  w h e r e  t h e y  l e ad  t o  t h e  
i n t e r e s t i n g  p r o b l e m  of s ecu la r  v a r i a t i o n s  of t h e  e a r t h -  
pole  a n d  c o n t i n e n t a l  d r i f t ,  t h e y  are  a lso v e r y  i m p o r t a n t  
for  p o s i t i o n  a s t r o n o m y .  F o r  t h e  s h o r t  p e r i o d  of t i m e  of 
o b s e r v a t i o n s  in  m e r i d i a n ,  t h e s e  e f fec ts  h a v e  to  be  con-  
t r o l l ed  b y  t h e  f i nes t  t e c h n i q u e  k n o w n  to  sc ience,  w h i c h  
is t h e  e l ec t ron ic .  T h e  f u n d a m e n t a l  s t a r  c a t a l o g u e s  ca l -  
c u l a t e d  b y  t h e  m e c h a n i c a l  t e c h n i q u e s  of t h e  l a s t  c e n t u r y  
( p e n d u l u m  c lock  a n d  d i v i d e d  circle) h a v e  to  be  c o r r e c t e d  
t o d a y  b y  " e l e c t r o n i c s " ,  

N o n e  of t h e  p r e s e n t  s t a r  p o s i t i o n  ca t a logues ,  w h i c h  
a re  d e d u c e d  b y  f ine r  e f fec t s  of t h e  m e t h o d s  of m i d d l i n g  
a n d  s m o o t h i n g  t h e  ca l cu lus  of l eas t  squa re s ,  s u r p a s s  t h e  
e x a c t i t u d e  of 0"1,  a l t h o u g h  0~'01 is r e q u i r e d  for  t h e  
s t e l l a r  a s t r o n o m i c  a n d  g e o p h y s i c a l  theor i e s .  W'e a re  
n o w  fo rced  to  r e j e c t  t h e  m o d e l s  of  a r ig id  b o d y  for  t h e  
e a r t h - t o p  a n d  to  r e g a r d  i t  as a f lu id  b o d y ,  whi l e  t h e  
e l e c t r o n i c  p rec i s ion  of m o d e r n  p o s i t i o n  a s t r o n o m y  also 
enforces  a r e f o r m  of t h e  t h e o r i e s  of c lass ica l  s t e l l a r  
m e c h a n i c s  a n d  c lass ica l  geophys ic s .  
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T h e  B i o g e n e s i s  o f  the Ergot Alkaloids 

T h e  u n i q u e  m o i e t y  c o m m o n  t o  al l  k n o w n  e r g o t  
a lka lo ids  is t h e  lyserg ic  (or i solysergic)  ac id  res idue ,  t h e  
s t r u c t u r e  (I) of w h i c h  h a s  b e e n  d e m o n s t r a t e d  b y  JACOBS x 
a n d  STOLL 2. I t  is of some  i n t e r e s t  as well  as poss ib le  
s ign i f i cance  t h a t  t h i s  molecu le  c a n  be  d e r i v e d  in  a n a t u r a l  
f a sh ion  f r o m  r e a s o n a b l e  p recu r so r s  b y  a p p l i c a t i o n  of  
g e n e r a l l y  a c c e p t e d  b i o g e n e t i c  s t eps  a n d  p laus ib le ,  s l i g h t  
m o d i f i c a t i o n s  t h e r e o f .  

R e c e n t l y  HARLEY-MAsoN 3 h a s  p r e s e n t e d  c o n v i n c i n g  
e v i d e n c e  t h a t  5 - h y d r o x y i n d o l e s  4 m a y  well  a r i se  in  

1 W. A. JACOBS and L. C, CRAIG, J. Amer. Chem. Soc. 60, 1701 
(193s). 

2 A. STOLL, A. HOFMANN, and F. TROXLER, Heir. chim. Acta 3`2, 
506 (t949). 

a j .  HAaLEY-MAsoN, Chem. and. Ind. 195̀27., 173. 
a R. J. S. BEER, K. CLARKE, H. G. KHORANA, and A. ROBERTSON, 

J. Chem. Soc. 194-9, 885. - M. M. RAPPORT, J. Biol. Chem. t80, 961 
(1949). - E. STEDMAN and G. BARGER, J. Chem. Soc. 19"25, ~47. - 
H. WIgLAND and F. VOCKE, Ann. Chem. d81, 215 (1930). 

n a t u r a l  s y s t e m s  f rom ty ros ine ,  via 2 , 5 - d i h y d r o x y p h e n y l -  
a l an ine .  S ince  i t  is k n o w n  t h a t  indo le  m a y  be  bio-  
c h e m i c a l l y  c o n v e r t e d  to  t r y p t o p h a n ,  ROBINSON 1, on  t h e  
bas i s  of HARLEY-MASoN'S o b s e r v a t i o n s ,  h a s  m a d e  t h e  
r e a s o n a b l e  s u g g e s t i o n  t h a t  t h e  h y d r o x y i n d o l e s  a re  t he  
p r o g e n i t o r s  of h y d r o x y t r y p t o p h a n s  a n d  t h a t  t y r o s i n e  
m a y  a c t u a l l y  be  t h e  p a r e n t  of b o t h  h y d r o x y i n d o l e s  a n d  
indo le  i tself .  S ince  t y r o s i n e  is f o u n d  a s s o c i a t e d  w i t h  t h e  

O, / . ~  

I I I a  

a lka lo ids  of e rgo t  ~, t h e  pos s ib i l i t y  t h a t  5 - h y d r o x y t r y p t o -  
p h a n  (II )  3 (or a n  e q u i v a l e n t )  be  a v a i l a b l e  for  t h e  bio-  
s y n t h e s i s  of lyserg ic  ac id  is m o r e  t h a n  a r e m o t e  one.  I I  

1 R. ROBINSON, Chem. and Ind. 1952, 358. 
2 S. lgRANKEL and J. RAINER, Biochem. Z. 74, 167 (1916). 
a A. EK and B. WITKOP, J. Amer. Chem. Soc. 75, 501 (1953). 
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is c losely analogous  to  p -aminopheno l ,  which  can be 
ox id ized  eas i ly  to p -qu inon imine .  A s imi lar  process  in 
t he  p re sen t  case leads to  I I I ,  which  bears  a close re- 
semblance  to  the  qu inon imine  I I I a ,  a p robab le  a in te r -  
med ia t e  in the  phys io log ica l - type  syn thes i s  of 5 -hydroxy-  
indole.  I I I ,  l ike m a n y  quinones ,  should  be suscept ib le  
to  1 ,4-addi t ion.  F u r t h e r m o r e ;  I I I  is in r ea l i t y  a Shif t  
base,  which  type ,  a long wi th  f l-ketoacids,  can  be  a par t ic i -  
p a n t  in t he  phys io log ica l - type  syn thes i s  of alkaloids~:  

O COOH O (COO)H 
! I ! : i l  

(A) R-C-CH,  + C ~ N -  -+ R-C-CH--C-NH-  
! r 

At  this  po in t  there  is i n t r o d u c e d  the  second of the  two  
h y p o t h e t i c a l  bu i ld ing  blocks,  d ihydron ieo t in i c  acid  (or 
a closely re la ted  species) (IV). The  presence  of th is  
e n t i t y  in the  reduced  forms of t he  coenzymes  d iphospho-  
and t r i phosphopy r id ine  nnc leo t ide  ( D P N  and TPN)  
provides  t he  p receden t  for i ts  ava i l ab i l i t y  in biosyn-  
thesis.  The  molecule  I V  m a y  be cons idered  in t he  free 
fo rm ( X = - - O H  and  R =  H) or  in a t e m p o r a r i l y  
combined  fo rm (X = - N H ~ ;  - CHa, c[. t r igone l l ine ;  or  

/\_ /--\ 
)" p i N '-- i ! \ / 

" \ / /  \ 'Y H 
N N 

t he  r e m a i n d e r  of the  D P N  or  T P N  molecule) ,  and  the  
mobi le  double  bond  sys t em m a y  be m o s t  f ru i t fu l ly  
r ega rded  as r ep resen ted  in IV.  I t  should  be  no t ed  t h a t  
IV  t h e n  bears  a s t r ik ing  s t r uc tu r a l  r e semblance  to  a 
fl-keto acid,  t he  c o m p o n e n t  r equ i r ed  in a s tep such  as 

t E. IIERZOG, Chimia 2, 206 (1948). - C. SCHOPF and H. STENER, 
Ann. Chem. 558, 124 (1947).-C. SCHOPF, A. KOMZAK, F. BRAUN, and 
E. JACOBI, Ann. Chem. ~59, 1 (1948). 

r ep re sen ted  in (A) above ,  The  h y d r o g e n  on carbon-5 is 
a c t i v a t e d  by  the  group - - C O X  and  especia l ly  by  the  imine  
func t ion ;  t he  d imer i za t i on  of 1-piper idein to  decahydro -  
2 ,3-d ipyr idyD d e m o n s t r a t e s  t he  ef fec t  of t he  l a t t e r  
in a r eac t ion  s imi lar  to  those  under  p resen t  con- 
s idera t ion .  F u r t h e r m o r e ,  t h e  q u a t e r n a r y  fo rm of I V  
should  l end  an  added  a c t i v a t i o n  to t he  C-5 hydrogen ,  
j u s t  as a q u a t e r n a r y  sal t  of ~z- o r  7-picol ine loses a p ro ton  
more  eas i ly  t h a n  the  picol ine itself.  The  condensa t ion  of 
I I I  and  I V  to  g ive  V is t h u s  r ega rded  as a logical  ex t en -  
s ion of t he  s imple  mode l  (A) ,  and  the  ske le ton  r equ i r ed  
for  t he  lysergic  acid  molecu le  is bu i l t  up  in  a s ingle s tep.  

R e m o v a l  of  o x y g e n  f rom,  and  a r o m a t i z a t i o n  of, t h e  
ca rbocyc l ic  r ing  m u s t  be accompl i shed ;  th is  can  be  
v isual ized  as e n z y m a t i c  r educ t ion  of t he  ca rbony l  g roup  
fo l lowed by  dehyd ra t i on .  The  process  is also a requi re-  
m e n t  in RoBINSON's 2 scheme  for t he  b iochemica l  con-  
vers ion  of ty ros ine  to  indole.  Whi l e  t he  molecu le  V 
wou ld  appea r  to  be suscept ib le  to  i somer iza t ion  to  t he  
5 -hydroxy indo le ,  ALDER and  STEIN a and  o thers  4 h a v e  
d e m o n s t r a t e d  t h a t  2 ,3 -d ihydro - l , 4 -qu inones  are  sur- 
p r i s ing ly  s table  so far  as eno l iza t ion  is concerned.  I n  fact  
m e m b e r s  of th is  class h a v e  been  chemica l ly  reduced  a in 
acet ic  acid  so lu t ion  to the  cor respond ing  4 ,5-d ihydro  
c o m p o u n d s  w i t h o u t  ev idence  of a roma t i za t ion .  Thus ,  
r eac t ion  out le t s  o the r  t h a n  enol iza t ion  m a y  wel l  be 
open to V, which  is s imi lar  in s t ruc tu re  to a d ihydro-  
quinone.  

The  r e m a i n i n g  t r an s fo rma t ions  l ead ing  to  I are 
commonp lace .  O x i d a t i o n  and  t r a n s a m i n a t i o n  on the  
pyr ro le  side cha in  lead to  VI ,  which  now possesses an  
a c t i v a t e d  m e t h y l e n e  g roup  in  f a v o r a b l e  p r o x i m i t y  to  
t h e  imine  funct ion ,  and  there fore  undergoes  r ing c losureL 

I C. GCH(JPF, A .  KOMZAK, F .  BRAUN, a n d  E .  JACOBI, A n n .  C h e m .  
aag, i (1948). 

2 R. RomssoN, Chem. and. Ind. 1952, 358. 
3 K. ALDER and G. STEm, Ann. Chem. 501, 247 (1933), 
4 L. H. SAR~TT et aL, J. Amcr. Chem. Soc. 74, 1393 (1952}. 
a E. HERZOO, Chimia 2, 206 (1948). 
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Decarboxylation (a facile process for indole-3-acetic acid 
itself) ; migration of the remaining double bond in ring 
D; and, if necessary, conversion of ~ X  to - O H  and 
R to --CHs complete the biosynthesis of lysergic acid. 

Obviously the order of steps is not  rigid, and several 
plausible variations of the above scheme can be easily 
visualized. For example, V I I I  is a possible parent  
molecule; it  might  be expected to condense with IV such 
that  an essentially s imultaneous formation of the bonds 
necessary for 

O ~ . / / ~  /CH,~NC00 u 

G/~/ 
VIII  

ring C would take place. Thus the 4-position, rather  than  
the 6-position, on the indole portion would be the ex- 
pected point  of juncture  of the A and D rings. 

~inal ly  it  is revealing to note in this connection that  
nicotinic acid has definitely been shown to arise in 
biological systems from t ryp tophan  (the la t ter  can also 
be isolated from ergots~). This observation supplies, 
in view of all the foregoing, the last l ink in a hypothet ical  
reaction chain s tar t ing with tyrosine only and leading 
ul t imately to lysergic acid. 

E.  E .  VAN TAMELEN 

Department o] Chemistry, University o] Wisconsin, 
Madison, Wis,, July  17, 1953. 

Zusammen/assung 
Es wird ein biogenetischer Weg vorgeschlagen, der 

zu Lysergs~iure, dem gemeinsamen Teilstfick aller 
Mutterkornalkaloide, fiihrt. Der grundlegende Schritt  
der ]3iogenese besteht  nach unserem Vorschlag in der 
Kondensat ion yon Dihydro-Iqikotins~iure (oder einem 
Derivat derselben) mit  dem Chinon I I I ,  das aus 5-Oxy- 
t ryp tophan  (oder einer gleichwertigen Verbindung) sich 
bilden sollte. 

S, FRANKEL and J. RAINER, Biochem. Z. 7G 167 (1916). 

D a r s t e l l u n g  y o n  Polyasparag ins~ iuren  
(Polyasparts~ iuren)  aus  d e m  t h e r m i s c h e n  

A u t o k o n d e n s a t i o n s p r o d u k t  d e r  A s p a r a g i n s ~ i u r e  

Mit dem Sammelnamen ~Polyasparts~£uren~ wurden 
yon SCHIFF ~ die kristalline ~¢Tetraasparts~£ure, und  die 

1 H. SCHIFF, Ber. dtsch, chem. Gcs. 30, 2449 (1897). 

/coN, 
H2N-CH O 

/ 
CH2-CO 

amorphe ~Oktaasparts~iure~, bezeichnet, die durch eine 
verh~iltnism~issig schonende Hydrolyse aus ihren anhy- 
dridart igen Muttersubstanzen (Tetraaspart id bzw. Okta- 
aspartid) zuglinglich waren. Das Gemisch der Aspartide " 
en t s tand  beim andauernden Erhi tzen (180 °) yon As- 
paragin bzw. Asparaginsiiure-Hydrochlorid in einem 
Strom von Salzs~iuregas bzw. Kohlendioxyd ~, weiterhin 
noch besser aus freier Asparagins~iure dutch  unmi t te l -  
bares Erhi tzen (180-200°). 

SVir haben die Untersuchungen yon SCHIFF und an- 
deren 2 wieder aufgenommen, mi t  dem Ziel, eine Poly- 
asparts~iure mSglichst hoher Gliederzahl zu gewinnen 
und  ihre S t ruk tur  zu untersuchen.  Zu diesem Zwecke 
wurde das thermische Autokondensat ionsprodukt  der 
DL-Asparagins~ure in 0,1 n Natronlauge gelOst und aus 
dieser L6sung das Gemisch der freien PolyaspartsXuren 
tiber ihre schwerl6slichen Cu-II-Salze herausgewonnen. 
Ihre w~isserige L6sung wurde nun  sotange dialysiert, bis 
mit  Hilfe der papierchromatographischen Kontrolle in 
der riickst~indigen L6sung keine leicht beweglichen, nin-  
hydrinposi t iven Bestandteile mehr nachweisbar waren. 
Durch Lyophilisierung dieser LSsung wurde eine fast 
farblose Substanz gewonnen, die in Wasser ~£usserst 
leicht 16slich ist. Ihre positive Biuret-  und  Ninhydrin-  
reaktion, weiterhin ihre Analysendaten deuten an, dass 
es sich um eine .Polyasparaginstiure handelt ,  die ein 
typisches, monotones Polypeptid darstellt.  Auf Grund 
von Aminost iekstoff-Best immungen (VAN SLYKE) l~isst 
sich ein durchschnittl iches Molgewicht von rund  8200 
berechnen;  dies wiirde einer Gliederzahl von 71 entspre- 
chen. 

Wit  glauben annehmen zu diirfen, dass das thermische 
Autokondensat ionsprodukt  der Asparagins~ure aus 
ihrem primer en t s t andenen  Anhydr id  (I) gebildet 
wird und  die St ruktur  I I  besitzt ( I - - IV) .  

So wird es leicht verst~ndlich, dass eine schonende 
Hydrolyse des Produktes I I  zu Polyasparagins~ure 
fiihrt. Es l~sst sich im voraus nicht  sagen, ob dabei 
~-Polyasparagins~iure (III),  fl-Polyasparagins~iure (IV), 
eine aus ~¢- und fl-Asparagylresten in regelm~issiger oder 
unregelm~issiger Reihenfolge aufgebaute Polyasparagin-  
s~iure oder sogar ein Gemisch entsteht ,  das s~imtliche 
Vertreter dieser mOglichen Typen  enth&lt. 

Da die gewonnene Polyasparagins&ure in kal tem 
Wasser iiusserst leicht 16slich ist, kann  die S t ruk tur  I I I  
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