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PHOTOCHROMIC IONOPHORES: SYNTHESIS, PHOTOINDUCED 
ISOMERIZATION L I D  CYCLOADDITION OF CROWN ETHER 
STYRYL DYES 

SXRGEI GROMOV, OLGA FEDOROVA, AND MICHAIL ALFINOV 
Department of Photochemistry,  N.N. Semenov I n s t i t u t e  
of Chemical Phys ic s ,  MOSCOW,  g u s s i a  

Abs t r ac t  The s y n t h e s i s  and s t r u c t u r e  of crown e t h e r  
s t y r y l  dyes r e p r e s e n t i n g  a novel  c l a s s  of dyes  a r e  
considered.  Data on photo isomer iza t ion  and photo- 
induced 1 ,2-cyc loaddi t ion  w i t h  formation o f  cyclo- 
butane d e r i v a t i v e s  a r e  b r i e f l y  analyzed. 

INTRODUCTION 

The molecular  des ign  and f i n e  organic  s y n t h e s i s  of supra- 
molecular  dev ices  w i t h  a capac i ty  f o r  photoswitching a r e  
t h e  urgent  problems i n  c u r r e n t  researches.’  Photocont ro l  
of t h e  p h y s i c a l  and chemical p r o p e r t i e s  of supramolecules  
may be a t t a i n e d  by i n t r o d u c t i o n  i n t o  t h e i r  molecules  
o f  f u n c t i o n a l  groups capable  of photoswitching.  Up 
t o  now t h e  major a t t e n t i o n  w a s  g iven  t o  photoswitch 
crown e t h e r  based on azobenzene d e r i v a t i v e s . 2  A t  t h e  
same t ime d i f f e r e n t  photoinduced and thermal  p e r i c y c l i c  
r e a c t i o n s  of  compounds con ta in ing  C=C double bond e x i s t  
and occur  i n  na tu re .  It shoud be no ted  such 
t r ans fo rma t ions  as l ,2 -photocycloaddi t ion  t h a t  l e a d s  t o  
cyclobutane d e r i v a t i v e s .  So s y n t h e s i s  and photochemistry 
of crown e t h e r  s t y r y l  dyes a r e  a new r e g i o n  f o r  
i n v e s t i g a t i o n .  

SYNTHESIS OF CROWN ETHER STYRYL DYES 

For  t h e s e  purposes  we syn thes i zed  b i f u n c t i o n a l  d e r i v a t i v e s  
of e t h y l e n e s  - t h e  crown e t h e r  con ta in ing  s t y r y l  dyes wi th  
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184 S. GROMOV ET AL. 

unsa tu ra t ed  dye and crown e t h e r  r e s i d u e s  as t h e  s t r u c t u r e  
fragments.  Such s t r u c t u r e  does t h e s e  compounds e f f e c t i v e  
photochromic systems and p h o t o s e n s i t i v e  ionophores.  A 
method of ob ta in ing  t h e  above dyes invo lves  t h e  
i n t e r a c t i o n  of a c t i v e  methylene group of t h e  qua ternary  
sa l t  of a h e t e r o c y c l i c  base wi th  a formyl d e r i v a t i v e  of 
benzocrown or phenylazacrown e t h e r  w i th  formation C=C 
bond. The dyes prepared  have an i n t e n s e  c o l o r  i n  r eg ions  
of 435-455 nm (yel low reg ion )  and 530-550 nm ( r e d  r eg ion ) .  

0 
R = Alk, (CH2),SO?, (CH2),COOH, (CH2),$(O')OH 

X = CMe2, S, 0,  Se ,  CH=CH R1 = Me, MeO, Ph, Hal 

A t  t h e  same time methods of  s y n t h e s i s  of some advanced 
n i t r o g e n  h e t e r o c y c l i c  bases  and t h e i r  qua ternary  salts  and 
unknown formyl d e r i v a t i v e s  of benzocrown e t h e r s  con ta in ing  
N ,  0 and S atoms i n  d i f f e r e n t  combinations a r e  e labora ted .  

N02 MeCOCHpR2 Me1 
__t 

Me Me RNH2 Me 
Me R R  R2 R I- 

I 

R2 = Alk R = Alk RI = Me, H 
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PHOTOCHROMIC IONOPHORES 

1. n-BuLi 

o=c 
Br an 2. 3. H C 1  DMFA A 
X = 0, S, NMe 

The syn thes i zed  novel  t ype  o f  dyes e x h i b i t  a h igh  se l ec -  
t i v i t y  t o  metal c a t i o n s  which depends on t h e  i o n i c  
r a d i u s  of meta l  c a t i o n  and t h e  macrocycle s i z e  o f  t h e  
crown e t h e r  cav i ty .  

PHOTO I N D U C E D  I SOMEI? I Z A T  I O N  

It has been shown and then  it has  been confirmed by 
t h e o r e t i c  c a l c u l a t i o n s  t h a t  among t h e  compounds 
syn thes i zed ,  dyes "anion covered" a r e  t h e  most 
p r o r n i ~ e . ~  This  made p o s s i b l e  a t  first s y n t h e s i s  one of t h e  
simple photo- and thermochromic unsa tu ra t ed  crown e t h e r s  
capable  of " t ak ing  o f f "  and " p u t t i n g  on" t h e i r  an ion ic  
r tcapl t  t h u s  p rov id ing  t h e  means of pho tocon t ro l l i ng  
a s s o c i a t i o n  o f  metal  c a t i o n s .  

t h e  

hv I t  
/ s o ;  

hV I t  
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186 S. GROMOV ET AL. 

PHOTOCYCLOADDITION 

X-Ray a n a l y s i s  d a t a  and photochemical i n v e s t i g a t i o n s  
showed t h a t  o u r  molecules a r e  ab le  t o  self-congregate  i n  
c r y s t a l  and i n  s o l u t i o n  i n  presence o f  metal c a t i o n s  i n  
p a i r s  such a s  "head-to- ta i l"  and i n  t h i s  case  e thylene  
bonds a r e  i n  p o s i t i o n  one under another.  It i s  d iscovered  
t h a t  upon i r r a d i a t i o n  o f  such dimers s o l u t i o n s  t h e  r a r e  
observed photochemical reg io-  and s t e r e o s p e c i f i c  
1 ,2-cycloaddi t ion ( = 0.01 ) o f  a "head-to- ta i l"  type  
t a k e s  p l ace ,  and it g ives  r i s e  t o  only one o f  e leven 
p o s s i b l e  isomers of cyclobutane. 
The s t r u c t u r e s  o f  a l l  prepared cyclobutane d e r i v a t i v e s  
have been undoubtedly proved by NMR method. The 
i r r a d i a t i o n  o f  cyclobutane d e r i v a t i v e s  with more s h o r t  
wavelength l i g h t  l e a d s  t o  q u a n t i t a t i v e  forming of i n i t i a l  
s t y r y l  dyes. 

4 

@ 0 - crown e t h e r  fragment 

%- he te rocyc l i c  r e s idue  

Discovered unique s t e reo -  and r e g i o s p e c i f i c  r e a c t i o n  of 
1,2-photocycloaddition i s  predetermined by h igh  degree o f  
s e l f -o rgan iza t ion  o f  ob ta in ing  t h e  above dye molecules i n  
dimers. 
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