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Novel  Doub le -Cyc l i za t ion  React ion  of Trans-fl-Ionylidene Acetic  Acid as a Model  
for Conjugated  Po lyeno ic  Acids  

V i t a m i n  A acid (I), one of t h e  i m p o r t a n t  m e m b e r s  of 
t h e  v i t a m i n  A family ,  ha s  been  k n o w n  to p roduce  a 
h igh ly  select ive a n d  s t ab le  co lo ra t ion  w i t h  sulfuric  acid, 
depend ing  u p o n  a c o n c e n t r a t i o n  of t he  l a t t e r  acid 1 t h o u g h  
f u n d a m e n t a l  p rob l ems  such  as c la r i f ica t ion  of t he  r eac t ion  
m e c h a n i s m  and  s t r u c t u r a l  e luc ida t ion  of t he  key  r eac t ion  
p r o d u c t  r e m a i n  m o s t l y  unexp lored .  Th i s  p a p e r  deals  
w i t h  a novel,  ac id -ca ta lyzed  doub le -cyc l i za t ion  of trans- 
f l - ionyl idene acet ic  acid (II) as a mode l  p ro jec t  for 
s t u d y i n g  t he  c h e m i s t r y  of c o n j u g a t e d  po lyenoic  acids, 
especial ly  of ( I ) -homologues,  t o w a r d  sulfur ic  acid. 

T r e a t m e n t  of t h e  c o n j u g a t e d  t r i eno ic  acid (II) ~ in  
ch lo ro fo rm or in  c rys ta l s  w i t h  7 0 - 8 5 %  of sulfur ic  acid a t  
r oom t e m p e r a t u r e  for a pe r iod  of a few min ,  and  ex t rac-  
t i on  of t he  d i lu t ed  aqueous  acidic t ayer  w i t h  e ther ,  led 
to  t he  a l m o s t  exclusive  f o r m a t i o n  of a r eac t ion  m i x t u r e  
cons i s t ing  of t h e  2 m a j o r  componen t s .  Successive co lumn  
c h r o m a t o g r a p h i c  s epa ra t i on  on  a l u m i n a  us ing  e ther -  
p e t r o l e u m  e the r  (1:4) a f forded  t h e  c o m p o u n d s  A a n d  B. 
Ana lys i s  b y  glc 3 c lear ly  ind ica tes  t h a t  a f o r m a t i o n  ra t io  
of these  2 c o m p o n e n t s  is r igorous ly  con t ro l l ed  b y  t h e  
c o n c e n t r a t i o n  of suKuric acid employed,  e.g. A : B  ~ 6:1 
(70% H2SO 4, (II) in  CHCIa), 3 : 8  (80% H2SO ~, (II)  in  
eriC13), a n d  1:15 (85% H~SO 4, (II)  in  crysta ls) .  A n  
a d d i t i o n a l  fac t  for t h e  a r g u m e n t  t h a t  t h e  c o m p o u n d  B 
would  be  more  s t ab le  t h a n  t he  c o m p o u n d  A t o w a r d  
h ighe r  c o n c e n t r a t i o n  of sulfur ic  acid, was  also o b t a i n e d  
f rom t h e i r  i n t e r conve r s ion  e x p e r i m e n t s  s t a r t i n g  f rom 
each  c o m p o u n d  A or B, viz.,  88% of A was c o n v e r t e d  
in to  B in 85% sulfur ic  acid solut ion,  whi le  in  m a r k e d  
con t ras t ,  on ly  4~ of B in to  A. I t  shou ld  also be  p o i n t e d  
ou t  t h a t  t he  co lo ra t ion  of (II)  in sulfur ic  acid can  also 
be  r egene ra t ed  f rom the  c o m p o u n d s  A or B w i t h  a p rope r  
c o n c e n t r a t i o n  of sulfur ic  acid. 

The  s t ruc tu re s  ( I I I )  a n d  (IV) h a v e  been  d e t e r m i n e d  
for t h e  c o m p o u n d s  A a n d  B, respec~ve ly ,  on  t he  bas is  of 
t he  fol lowing spec t ra l  d a t a  and  on  t h e  e x a m i n a t i o n  of 
I)R~IDING s tereomodels .  

Compound A. C15H2~O~a; m.p.,  62 -3~  Rt  8.1 min3 ;  
UV, end  a b s o r p t i o n  only ;  IR ,  1780 ( sa tu ra ted  y- lactone) ,  
1626 (C = C), 1168 a n d  998 cm-1;  N M R  d ppm,  1.14 
(s, 12H, 4 s a t u r a t e d  CH3), 1.4-1.6 (6H,3 s a t u r a t e d  CI-t,), 
1.83 a n d  2.46 (AB q, 2H, J = 16.0 Hz,  C-1-CH2COO-;  
one of t he  p ro tons  ind ica tes  t he  long- range  coupl ing  w i t h  
t he  C- I -CHa) ,  4.87 (d, l H , J  = 1.2 Hz% C - 2 - H ) ,  5.38 
(d, l H ,  J = 1.2 Hz,  C - 3 - H ) ,  and  no i n d i c a t i o n  of a n y  
v i n y l  CHa; MS m/e, 234.16127 (M+), 219 (3/[-15) a n d  
178 (M-56, base).  
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Compound B. Ct5H~20~; subl.  a t  190~ R~ 11.4 ra in ;  
UV, end  a b s o r p t i o n  only ;  IR ,  1728 ( s a tu ra t ed  d-lactone),  
1256 a n d  1080 cm-1;  N1V[t~ d ppm,  0.94, 1.00, 1.13 a n d  
1.34 (s a n d  3H each,  4 s a t u r a t e d  CHa) , 1.2-1.9 (6H, 
3 s a t u r a t e d  CH,),  2.01 a n d  2.43 (AB q, 2H, J ~ 18.0 Hz, 
C-1-CH2COO-) ,  5.06 a n d  5.57 (AB q, 2H, J = 9.8 Hz,  
C - 2 -  a n d  C - 3 - H ) ,  a n d  no  i n d i c a t i o n  of a n y  v i n y l  CH3; 
MS m/e, 234.16197 (M+), 219 (M-15) a n d  178 (M-56, base).  

Because  of t he  d i f fus ion of t h e  olefinic p r o t o n  s ignal  
in to  a genera l  backg round ,  d i rec t  N M R - e v i d e n c e  e n  t h e  
f o r m a t i o n  of an  i n t e r m e d i a t e  cyc lomonoeny l i c  catior~ 5 i n  
sulfuric  acid was  no t  o b t a i n e d  unequ ivoca l l y  u n d e r  
o r d i n a r y  r u n n i n g  condi t ions .  However ,  all exper inaenta l  
d a t a  can  be  a c c o u n t e d  for m o s t  r e a s o n a b l y  t h r o u g h  a 
m e c h a n i s m  shown  in t he  Scheme,  viz.,  a n  in i t ia l  p ro to-  
n a t i o n  to  t h i s  s y s t e m  is be l i eved  to  occur  a t  t h e  C-10 
posi t ion,  fol lowed b y  an i somer i za t ion  a n d  double-  
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cycl iza t ion  to  yield t he  f inal  l ac tones  v ia  i n t e r m e d i a t e  
ca t ions .  I n sp i t e  of m a n y  v a l u a b l e  r epo r t s  ~ on cyc l iza t ion  
of u n c o n j u g a t e d  po lyenoic  acids c o n t a i n i n g  i so la ted  
ca rbon~ca rbon  doub le  bonds ,  on ly  a few cases i n v o l v i n g  
a c o n j u g a t e d  d ienoic  ac id  s y s t e m  were descr ibed  so far  ~, 
where  ~, /~-unsa tura ted  y- or &-lactone was o b t a i n e d  as a 
p r o d u c t  a m o n g  va r ious  r eac t ion  p roduc t s .  I t  is now 
disclosed f rom our  cyc l iza t ion  s tud ies  t h a t  t h e  t i t l e  
c o m p o u n d  undergoes  doub le -cyc l i za t ion  in sulfuric  acid 
to  af ford  t he  s a t u r a t e d  7- and  d- lactones  a l m o s t  exclusiv-  
ely. Thus ,  ou r  f i nd ing  offers a n  i m p o r t a n t  i n s i g h t  in to  
t he  c h e m i s t r y  of c o n j u g a t e d  po lyenoic  acids, i nc lud ing  
v i t a m i n  A acid, t o w a r d  acids, a n d  i t  does no t  seem 
a b s u r d  to  expec t  t h a t  our  doub le -cyc l i za t ion  mode  m a y  
exis t  in na tu r e .  

Zusammen/assung. Es  wird  eine neua r t i ge  Doppel -  
Z y k l i s i e r u n g s - R e a k t i o n  an  e iner  k o n j u g i e r t e n  Polyen-  
ca rbons~ure  beschr ieben .  
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Dark Induced Increase in Pineal  Serotonin N-Acetyltransferase Activity: A Refractory Period 

R a t  p inea l  s e ro ton in  N - ace t y l t r an s f e r a s e  (NATase)  
a c t i v i t y  exh ib i t s  a 30-70-fold  da i ly  change  w h e n  an ima l s  
are k e p t  in  a 24-h l i g h t - d a r k  cycle (LD 14:10) 1,~. Once 
th i s  r h y t h m  was discovered,  t he  n e x t  logical  s tep  was 
to  s t u d y  t he  r e g u l a t i o n  of t he  r h y t h m  b y  e x a m i n i n g  
t he  po in t s  of t r ans i t i on ,  d a r k - t o - l i g h t  and  l i gh t - to -da rk .  
The  da rk - to - l i gh t  t r a n s i t i o n  has  p rev ious ly  been  s tud ied  a ; 
t h i s  t r a n s i t i o n  p roduces  a r a p i d  decrease  in N A T a s e  
a c t i v i t y  t h a t  is m e d i a t e d  by  t he  eyes in  rats .  In  t he  
p r e sen t  r epo r t  we discuss  our  e x p e r i m e n t s  w i t h  t he  
l i g h t - t o - d a r k  t r ans i t i on .  W e  h a v e  e x a m i n e d  1. t he  impor -  
t ance  of t he  t~ming of t h e  l i g h t - t o - d a r k  t r ans i t i on ,  a n d  2. 
t h e  effect  of t he  absence  of t h e  expec ted  l i g h t - t o - d a r k  
t r ans i t i on .  

Fema le  Osborne-Mende l  r a t s  ( N I H  s t ra in ,  200 g) which  
h a d  been  rea red  f rom b i r t h  in  a l igh t  cycle (LD 14:10) 
were used. W e  sub jec t ed  g roups  of r a t s  (N ~ 4 or 5) 
to  l igh t  or to  3 or 6 h of da rknes s  d u r i n g  t h e i r  n o r m a l  
l i g h t - t i m e  or  d u r i n g  t h e i r  expec t ed  d a r k - t i m e  (Figure) .  
To t e s t  w h e t h e r  the  p inea l  s y s t e m  was capab l e  of re- 
sponse, we in jec ted  phys io logica l  sal ine or  a drug,  nL- 
i sopro te reno l  (15 m g / k g  in saline), s.c. i n to  t he  r a t s  a t  

1 D. C. KLEIN and J. L. WELLER, Science t69, 1093 (1970). 
N. ]~LLISON, J. L. WELLER ~/%d D. C. KLEIN, J. Neurochem. 19, 
1335 (1972). 
D. C. KLEIN, and J. L. WELLER, Science 177, 532 (1972). 
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a) Data and b) protocol for NATase activity measured in pineal glands from rats which had been subjected to experimental light, 
dark, and isoprotereao[ treatments daring either the normal light4ime or the expected dark-time of their previous lighting regimes. In b) the 
lighting regime (LD 14:10) in which the animals had been kept from birth is indicated by the bottom bar. Rats were treated during the 
normal light-time or during the expected dark-time with light, dark, saline injections, and/or drug injections. Each treatment is shown 
from the normal 'dawn' or dark-to-light transition at 05.00 h (T) to the time the animals were killed (X). Injections, saline or isoproterenol 
in saline, were given only to the dark treated animals; the injections were given just prior to the light-to-dark transition. The results of 
the N-acetyltransferase activity measurements are shown in a). Dark did not stimulate enzyme activity during the light-time but did 
stimulate NATase activity during the dark-time. High enzyme activity was not seen in the presence of light. The drug, isoproterenol, stimu- 
lated enzyme activity during either the normal light-time or during the expected dark-time. NATase activity is normally high in the 
dark-time and low in the light-time in rats killed at time points in an LD14:10 light cyeIO (+  1 standard error). 


