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Schwefe l  als  L i g a n d a t o m  in C h e l a t k o m p l e x e n  

Die Mi t te i lung  yon  KOMSER und S~N x fiber Chelat-  
komplexe  mi t  f l -FurfurMdoxim, yon  denen v e r m u t e t  
wird, dass in ihnen das F u r a n - O - A t o m  sich als eine der  
basischen Haf t s te l l en  bet i i t igt ,  verantass t  uns, t iber eigene 
Versuche zu ber ichten,  die wir  u n t e r n o m m e n  haben,  u m  
das Komplexb i ldungsve r ln6gen  des Schwefels in e inem 
aromat i schen  Bindungssys tem zu untersuchen.  

Wi t  haben  zu diesem Zweck die folgenden drei noch 
unbekann ten  Verb indungen  synthe t i s ie r t :  2-(2 '-Thienyl)-  
pyr id in  (I), 5-(2 ' -Pyr idyl) - th iazol  (II) und als Vergleichs- 
verbindung~ Methyl-~-picolyl-sulf id (III). 

I II III 

I wurde  ausgehend .von 2-Bromth iophen  fiber dessert 
Gr igna rdve rb indung  durch  Erh i t zen  mi t  Pyr id in  im 
Au tok laven  gewonnen,  liess sich durch Subl imat ion  im 
V a k u u m  oder  Kris ta l l isa t ion aus Petrol i t ther  reinigen und 
zeigt den  Stop. 90-91 °. Das Th iazo lde r iva t  I I  konnte  aus 
dem O x i m  des 2-Acetylpyr id ins  herges te l l t  werden,  dessen 
Tosy la t  zum ~o-Aminoacetylp3rridin umgelager t  wurde.  
Sodann wurde  die Aminogruppe  th ioformyl ie r t  und das 
erhMtene D e r i v a t  mi t  konz. H 2 S O  4 cyclisiert.  Die farblose 
Reinsubs tanz  schmilz t  bei 63-64 °. Die Vergleichsverbin-  
dung I I I  erh~lt  m a n  aus d e m  Hydroch to r id  des 2- 
Chlormethy lpyr id ins  und dem Nat r iumsa lz  yon  Methyl-  

mercap tan .  Die  . wasserhelle Flt issigkeit  v o m  Sdp. 
100-105°/17 T o r t  b i ldet  ein P ik ra t  v o m  Smp.  98-99 °. 

Von  diesen Verb indungen  gibt  das T h i a z o l d e r i v a t  I I  
mi t  Fe~+-Ionen sofort  eine sehr  deut l iche ro tv io le t t e  
Fi i rbung,  die wir  e inem Che la tkomplex  zuordnen  z, Spek- 
t ropho tomet r i sche  Messungen ergaben bei p H  2,5 ein 
M a x i m u m  bei  ca. 530 m~. Der  Ligand  al lein absorb ier t  in 
diesem Bere ieh  p rak t i sch  nicht ,  sein Absorp t ionsmaxi -  
m u m  liegt im UV-Gebiet .  13bet exper imente l le  Einzel-  
hei ten werden wir  an anderer  Stelle ber ichten.  

Summary. The h i the r to  unknown compounds  5-(2'- 
pyr idyl) th iazole ,  2-(2 ' - th ienyl)pyr idine  and  methyt -~-  
picolyl  sulphide h a v e  been synthesized.  The  s t ruc tu re  of 
all  th ree  substances  al lows the  fo rmat ion  of a chela te  r ing 
wi th  N and S as l igand a toms.  5-(2 ' -Pyr idyl) th iazole  
yields wi th  Fe  2+ a t  a p H  of 2.5 a s ignif icant  change in 
absorpt ion,  which is a t t r i bu t ed  to chela te  format ion.  

K.  KAHMANN, E .  CLASS 
und  H.  ERLENMEYER 

Institut ]i~r A norganis~he Chemie der Universitiff. Basel 
(Schweiz), 13. Marz 1964. 
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a Fea+ gibt keine siehtbare Reaktion. 

A Biogenet ic  P r o p o s a l  for the S l m a r o u b a c e o u s  
Bitter  Principles  1 

In  recent  years  chemical  studies on C-20 b i t te r  prin-  
ciples f rom the  p lan t  fami ly  S imaroubaceae  h a v e  resul ted 
in s t ruc tu ra l  proposals  for quassin 2. ~ ( 1 ), chapar r in  4, n (2), 
and glaucarubol4-~ (3). The  known chemis t ry  of o ther  
b i t te r  principles of ye t  unassigned s t ruc ture  f rom the  
Sinlaroubaceae indicates  a close re la t ionship  to the  quas-  
sin s t ruc ture  7 - n  

VALENTA et  al. ~ h a v e  advanced  two di f ferent  biogenet ic  
hypotheses  to account  for the  fo rmat ion  of quass in  (1): 
(a) ox ida t ive  coupl ing of two  ident ica l  C-10 uni ts  as in (1) ; 
and (b) r ea r r angemen t  of a d i te rpenoid  p imarane  skeleton 
(4) th rough  a series of 1, 2 shifts. 

On the  basis of a rguments  to follow, a th i rd  p a t h w a y  is 
now proposed:  T h a t  C-26 terpenoids  are  the  precursors  of 
the  C-20 b i t t e r  principles by  loss of a C-5 f r agment  in a 
l imonol to merol imonol  t ype  convers ion followed by  loss 
of a me thy l  group f rom C 4. The  Simaroubaceae,  Melia- 
ceae, and the  Ru taceae  are closely related p lan t  families 

belonging to t he  suborder  Gerani inese (order Gerani-  
ales) xz. A series of C-26 terpenoids,  the  l imonoids i s  occurs 
in the  families Meliaceae and Rutaceae .  

' o 

[;H~ Quassin{1) Chaparriq(~} 
OH 

OH 0 ~ 1  

[;laucarubol (3) Pimarane (~-) 
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Some of  t h e  more  i m p o r t a n t  l imonoids  of t h e s e  famil ies  
are  cedre lone  ~*, a n t h o t h e c o l  ~, k h i v o r i n  ~,  g e d u n i n  n ,  xs 
(5), o b a c u n o n e  ~,  limonin~0, ~, evodol  ~.~, a n d  n i m b i n  s~. 
These  C-26 b i t t e r  pr inc ip les  fo rm a c o n s i s t e n t  b iogene t i c  
p a t t e r n  of increas ing  o x i d a t i o n  level  a r i s ing  f rom a 
b u t y r o s p e r m o l  t y p e  t e t r acyc l i c  t r i t e r p e n e  i n t e r m e d i a t e ,  
as f i rs t  sugges ted  b y  ARIGONI e t  el, ~ .  One  of t h e  more  
novel  r eac t ions  of l i m o n l n  c o m p o u n d s  is t h e  base  ca t a -  
lyzed  l imonol  to  mero l imonoI  c o n v e r s i o n  ~ ,  as i l l u s t r a t e d  
in  t he  case of g e d u n i n  (5). 

0 0 ~'/~"~"'~0"~ 0 

Gs~uflin(5) ~CHO 
+ + AcDH 

This r eac t ion ,  w h i c h  d e p e n d s  upon t h e  p re sence  of a n  ~- 
h y d r o x y  g roup  a t  C~ =*, ha s  been  used  as d d i agnos t i c  t e s t  
for  ass igning  n a t u r a l  p r o d u c t s  to  t h e  l imono id  group,  T h e  
close b o t a n i c a l  r e l a t i o n s h i p  of these  p l a n t  famil ies  a n d  
close s t r u c t u r a l  r e s e m b l a n c e  of t h e  m e r o l i m o n o l  com-  
p o u n d s  to  t h e  C-20 b i t t e r  p r inc ip les  sugges t s  t h a t  a s imi la r  
b iogene t i c  p a t h w a y  w i t h  loss of a C-5 f r a g m e n t  occurs  in  
t he  S imaroubaceae .  

F u r t h e r ,  t h e  s t e r e o c h e m i s t r y  of m e r o l i m o n o l  com-  
p o u n d s  coincides  w i t h  t h a t  a d v a n c e d  for  quass in  ~ (1) a t  
t h e  a s y m m e t r i c  cen te r s  C~, C s, Co, Cxo, a n d  in  p a r t i c u l a r  
a t  C~. The  a s y m m e t r i c  c e n t e r  a t  C~ is n o t  u n i q u e l y  def ined  
b y  e i t h e r  of t h e  p r ev ious  b iogene t i c  hypo theses .  S ince  aI1 
t h e  k n o w n  l imono id  c o m p o u n d s  w i t h  a 7 - h y d r o x y  g roup  
u n d e r g o  t h e  mero l imo no l  convers ion ,  t h e y  m u s t  al l  h a v e  
t h e  a - con f igu ra t i on  a t  C~. 

I n s p e c t i o n  of t h e  N M R  s p e c t r a  of m e r o l i m ono l  (7) a n d  
seve ra l  of i t s  d e r i v a t i v e s  (Table)  show t h a t  t h e  H~ p r o t o n  
is a t r i p l e t  a t  ca. 6 4.5 w i t h  a sma l l  coupl ing  c o n s t a n t  of 
< 3  cps. A coupl ing  c o n s t a n t  of t h i s  m a g n i t u d e  is con-  

s i s t en t  w i t h  a n  e q u a t o r i a l  p r o t o n  a t  H~ w h i c h  app rox i -  
m a t e l y  b i sec t s  t h e  ang le  f o r m e d  b y  t he  h y d r o g e n s  of t h e  
a d j a c e n t  m e t h y l e n e  group ~ a t  C o. 

o I I" ? - - - "  

Lirnonol(6) Merolimonol ~-H{7) 
Merolirnonol 
Acelale R- Ac(S) 

0 

Anhyciromerotimonel (S) 

T h e  coupl ing  p a t t e r n  of m e r o l i m ono l  (7) is in  comple t e  
a g r e e m e n t  w i t h  t h e  va lues  r e p o r t e d  for quas s in  a n d  i ts  
d e r i v a t i v e s  ~ a n d  w i t h  a r g u m e n t s  a d v a n c e d  for  t h e  s te reo-  
c h e m i s t r y  of quass in  s~ a t  C~. 

F u r t h e r ,  GEISSMAN a n d  ELLESTAD 4 h a v e  r e p o r t e d  t h a t  
t h e  Hv p r o t o n  in c h a p a r r i n  (2) is a s y m m e t r i c a l  t r i p l e t  
occur r ing  a t  a b o u t  6 4.5, t h u s  de f in ing  t h e  s t e r e o c h e m i s t r y  

a t  Cv. T h e  p r o t o n  a t  t h i s  pos i t i on  m u s t  be  e q u a t o r i a l  to  
t h e  B-r ing ,  ana logous  to  me ro l imono l  a n d  quass in .  

Mero l imono l  shows qu i t e  d i f f e ren t  phys i ca l  p rope r t i e s  
f rom l i m o n i n  d e r i v a t i v e s  a n d  r e m a r k a b l y  s imi la r  p rop -  
e r t i es  to  quass in .  Mero l imono l  a n d  q u a s s i n  b o t h  e x h i b i t  
h i g h  so lub i l i ty  in  p o l a r  so lven t s  a n d  b o t h  a re  i n t e n s e l y  
b i t t e r .  T h e  abso lu t e  c o n f i g u r a t i o n  of quas s in  is a p p a r e n t l y  
n o t  known .  

R e m o v a l  of t h e  ax ia l  m e t h y l  f rom the  g e m  d i m e t h y l  
g r o u p  a t  C, of t h e  m e r o l i m o n o l  i n t e r m e d i a t e  to  give t h e  
C-20 b i t t e r  p r inc ip les  occurs  p r e s u m a b l y  t h r o u g h  a n  
o x i d a t i v e  d e c a r b o x y l a t i o n  process.  N imb in ,  w h i c h  on  t h e  
basis  of t h e  ava i l ab l e  chemica l  d a t a  ss a n d  b iogene t i c  
cons ide ra t ions  is be s t  r e p r e s e n t e d  b y  (10), a p p e a r s  to  be  
s u c h  a n  i n t e r m e d i a t e .  One of t h e  C, m e t h y l s  h a s  b e e n  
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NMR spectra of merolimonoI derivatives and quassin~ 
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C-methyls at  Other 
tt1~ Hv Hi0 H~ Cz3 C a C 4 assignments 

Merolimonol (7) 5.09 4.43 e (<23) 4.29 3.98 (3) 1.72 (g) 1.27 1.13 
4.44 (12) 1.05 

Merolimonot acetate (8) 6.09 4.56 d (<23) 4.3~ 4.01 (3) 1.8~ 1.~7 lAB Acetate2.22 
4.45 (14) 1.05 

Aahydromerolimonol (9) 4.39 a (<23) 4.45 3.96 (3) 1.87 (1) 1.28 1.18 Hi= , H14 , 5.57 b 
4.58 (13) 1.10 HI~ , H.., 5.51 o 

Quassin (1) 4.37 a (<23) 1.22 1.13 (6) H a 5.38 (2) 
S,, a.oo 

= The NMR spectra were recorded at 60 mc on a Varian A-6O, in deuterochloroform relative to TMS. Coupling constants given in parenthesis 
c/s. b Sharp singlet. ~ Broad, unresolved band. a Unsymmetrical; X part of an ABX pattern, e Partly obscured by Ht8 resonance. 

oxidized to  a ca rboxy l i c  ac id  group.  D e c a r b o x y l a t i o n  can  
now easi ly lead to  a quass ln  t y p e  A-ring.  

Nimbin (I0) 

Thi s  overa l l  b iogene t i c  process  would  impose  ce r t a i n  
obv ious  s t r u c t u r a l  a n d  s t e r eochemica l  r e s t r i c t ions  con-  
s i s t en t  w i t h  s t r u c t u r a l  v a r i a t i o n s  to  be  found  in  t h e  l imo-  
holds  on  t hose  s i m a r o u b a c e o u s  b i t t e r  p r inc ip les  of un-  
ass igned  s t ruc tu re .  One  could  p r e d i c t  t h a t  in  a d d i t i o n  to  
h a v i n g  t he  s ame  genera l  s t e r e o c h e m i s t r y  as quass in ,  t h e  

Cls h y d r o x y  g roup  in g l a u c a r u b o l  (3) shou ld  be  in t h e  
~-conf igura t ion  27 

Zusammen/assung. E i n  b iogene t i s che r  Vor sch l ag  ffir 
S i m a r u b a - B i t t e r s t o f f e ,  we lche r  ih re  c h e m i s c h e  S t r u k t u r ,  
S t e reochemie  u n d  ihre  E n t s t e h u n g  in  d e r  P f l anze  erkl/ ir t ,  
wird  vorgelegt .  

D. L. DREYER 

Fruit and Vegetable Chemistry Laboratory, ]Pasadena 
(California, USA),  Laboratory o/ the Western Utilization 
Research and Development Division, Agricultural Research 
Service, U.S. Department of Agriculture, January 27, 196& 

a7 Note added in pvool: J. B-soN BREDENBERG (Chem. and Ind. 
1964, 73) has proposed an identical biogenetic pathway for the 
simaroubaceous bitter principles. C. R. NARAYANAN et al. (Chem. 
and Ind. 1964, 322) has proposed a complete structure for Nim- 
bin 10. 

In vitro and in vivo Effects of X-Rays and of 
Iodoacetic Acid on pa2 Incorporation into Phos- 

phoethanolamine of Rat Thymus Cells 

O r t h o p h o s p h a t e  labe l led  w i t h  p32 h a s  b e e n  v e r y  largely  
emp loyed  in  t h e  s t u d y  of  t he  effects  of ion iz ing  r a d i a t i o n  
on  nucle ic  acid syn thes i s  a n d  on  t u r n o v e r  of nuc leo t ides  
r e l a t ed  to  t h a t  syn thes i s ,  in  m a n y  l iv ing  s y s t em s  1, 2 Only  
a few a u t h o r s  so fa r  h a v e  s tud ied ,  w i t h  t he  s a m e  p recu r -  
sor, t h e  r a d i a t i o n  effects  o n  t h e  t u r n o v e r  of p h o s p h o r y l -  
a ted  non -nuc l eo t i de  i n t e r m e d i a t e s  in  n a t u r e  s. 

T h e  i n c o r p o r a t i o n  of  Pa~-o r thophospha te  i n to  these  
i n t e r m e d i a t e s  h a s  been  e x a m i n e d  in p rev ious  e x p e r i m e n t s  
car r ied  o u t  in  t h i s  l a b o r a t o r y  in vitro w i t h  i so la ted  r a t  
t h y m u s  cells*. These  e x p e r i m e n t s ,  dea l ing  w i t h  t h e  s t u d y  
of t h e  m e c h a n i s m  of r ad iosens i t i z ing  effect  of iodoace t ic  
acid (IAA),  showed  t h a t  b o t h  X - r a y s  a n d  I A A  i nduced  a n  
i nh ib i t i on  of P3a- incorpora t ion  on ly  on  a s ingle compo-  

nen t ,  w h i c h  was  iden t i f i ed  as  p h o s p h o e t h a n o l a m i n e  
(PEA) .  

I n  t h e  p r e s e n t  p a p e r  t he  r e su l t s  of a more  de ta i l ed  s t u d y  
of t h e  effects  of X - r a y s  a n d  of I A A  o n  t h e  i n c o r p o r a t i o n  of 
P3~-o r thophospha te  in  r a t  t h y m o c y t e s  in vivo a n d  i n  
vitro are  r epo r t ed .  

Carr ier  free P3*-or thophospha te ,  f rom R a d i o c h e m i c a l  
Centre ,  A m e r s h a m ,  was  d i lu t ed  w i t h  i n e r t  KHaPO4-  

i Z. M. BAcQ and P. ALEXANDER, Fundamentals of Radiobiology 
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