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Pho toch romic  indoline sp i ropyrans  containing a p-methoxyphenyl  subst i tuent  in the 3 -pos i -  
tion were  synthes ized ,  and the e lec t ronic  absorp t ion  s p e c t r a  of the i r  merocyanine  f o r m s  
were  measured .  

In o rde r  to s tudy the effect  of subst i tuents  on the photochromic  p r o p e r t i e s  of 1 , 3 - d i m e t h y l - 3 - a r y l -  
subst i tu ted  indoline sp t ropyrans  [1] we synthes ized  some  3 - (p -methoxypheny l ) - l , 3 -d ime thy l sp i ro ( indo l ine -  
2 ,2 ' -  [2H-1]benzopyrans) (IIa-c) f r o m  1 ,3 -d ime thy l -3 -  (p-methoxyphenyl) -2-methylenetndol ine  I, which was 
obtained by  the F i sche r  r eac t ion  f r o m  3- (p-methoxyphenyl ) -2-bu tanol  [2] and a -methy lpheny lhydraz tne .  
Compound I w a s  subjected,  without isolation, to r eac t ion  with the appropr ia t e  n i t rosa l icy la ldehydes .  
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Molecular  peaks  with m / e  414 and 444, r e spec t i ve ly ,  a r e  obse rved  in the mass  s p e c t r a  of sp i ropyrans  
IIa,  c. Two molecu la r  peaks  at m / e  494 and 492, which co r re spond  to molecules  containing 81Br and ?9Br 
isotopes ,  a re  c h a r a c t e r i s t i c  for  s p i r o p y r a n  IIb, which contains a b romine  atom. Peaks  of f ragments  fo rmed  
by  spl i t t ing out of one, two, and th ree  methyl groups f r o m  the molecu la r  ion a re  also obse rved  in the spec -  
t ra .  The most  intense peak  in the mass  s p e c t r a  of the invest igated sp i ropyrans  is the peak  with m / e  251, 
which co r r e sponds  to the [ndoltne f r agmen t  
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Spiropyrans IIa-c have photochromic properties at room temperature: colorless solutions in toluene 

and dioxane take on a blue-azure color on irradiation with UV light that gradually disappears after irra- 
diation is discontinued. Alcohol solutions of spiropyrans IIa-c are red-violet, and the intensity of their col- 
oration increases during UV irradiation and decreases on irradiation with the total light of an incandescent 

lamp. 
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TABLE 1. Absorp t ion  Spec t ra  of the Merocyantne F o r m s  of Sp t ro -  

pyrans  I I a - c  

C O 1 T I  - 

pound 

l la  
IIa 
IIa 
lib 
IIb 
IIb 
IIc 
IIc 
IIc 

Solvent 

Alcohol 
Dioxane 
Toluene 
Alcohol 
Dioxane 
Toluene 
Alcohol 
Dioxane 
Toluene 

I band II band 
~.,,ax,mm I 8 m a x  

537 
585 
587 
551 
584 
591 
552 
595 
597 

32000 
36000 
71000 
30000 
36000 
46000 
21000 
55000 
67000 

0,43 
0,45 
0,83 
0,41 
0,49 
0,55 
0,35 
0,83 
0,67 

~ rn a x ,mFFi 

363 
367 
374 
370 
375 
379 

397 
399 

8 m a x  

15000 
17000 
31000 
21000 
19000 
25000 

38000 
27000 

0,38 
0,33 
0,47 
0,52 
0,34 
0,40 

0,61 
0,46 

* This band could not be m e a s u r e d  because  of the low sens i t i v i t y  
of the solut ion to the effect  of i r r a d i a t i o n  in the UV and v i s ib le  
region .  

F r o m  the s p e c t r a l  data (Table 1) it can be concluded that  the e l ec t ron i c  absorp t ion  s p e c t r a  of the co l -  
o r ed  fo rms  of the s p i r o p y r a n s  a r e  subjec t  to the r e g u l a r i t i e s  c h a r a c t e r i s t i c  for merocyanine  dyes.  They 
contain two nonover lapped  s y m m e t r i c a l  bands at  320-700 nm. On pas s ing  f rom alcohol to dioxane and 
toluene the i r  maximum a re  shif ted ba thoch romica l l y  by 30-50 nm for the band at 540 nm and by 4-10 nm 
for the maximum at 360-370 nm. Thus,  negat ive  s o l v a t o c h r o m i s m  is c h a r a c t e r i s t i c  for the co lo red  forms 
of the s p i r o p y r a u s  obtained in this  s tudy [4]. As in the case  of 3 -pheny l - subs t i t u t ed  compounds [1], r e p l a c e -  
ment  of the hydrogen a tom in the 8 ' -pos i t i on  by a b romine  a tom or  a methoxy group for s p i r o p y r a n s  I I a -c  
l eads  to an app rec i ab l e  ba thochromic  shift  of both bands.  A compar i son  of the data obtained in this  s tudy 
with the X max values  for  1 , 3 , 3 - t r i m e t h y l - 6 ' - n t t r o s p t r o  ( indol ine-2 ,2 ' -  [2H-1]benzopyran) and a lso  with the 
values  for 3 -pheny l - subs t i t u t ed  compounds [1] makes  it poss ib le  to conclude that  r e p l a c e m e n t  of a methyl 
group by an a ry l  group does not l ead  to a subs tan t ia l  change in the s p e c t r a  of the photocolored  fo rms .  The 
pos i t ion  of the abosrp t ton  bands does not change in dtoxane,  a ba thochromic  shift  is obse rved  in alcohot ,  
while a hypsoch romic  shift  is obse rved  in toluene;  the shift  in the bands on pass ing  f r o m  alcohol to toluene 
for 3 - a r y l - s u b s t i t u t e d  compounds is somewhat  l e s s  than in the case  of 3 - m e t h y l - s u b s t i t u t e d  s p i r o p y r a n s .  

Thus, modif icat ion of the p r o p e r t i e s  of the s p t r o p y r a n s  by introduct ion of the n e c e s s a r y  subs t i tuents  
into the 3-pos i t ion  is pos s ib l e  without a subs tan t ia l  change in the s p e c t r a l  c h a r a c t e r i s t i c s  of the photocol -  
o red  fo rms .  

EXPERIMENTAL 

The measurement of the absorption spectra of solutions of the spiropyrans, calculation of the extinc- 

tion coefficient of the colorless and colored forms at various wavelengths, and approximation of the data 

obtained by means of Gaussian curves with an M-220 computer were carried out as described in [3]. The 

mass  s p e c t r a  were  m e a s u r e d  with a MATCH-6 s p e c t r o m e t e r  at an ionizat ion potent ia l  of 70 eV. 

1 ,3 -Dtme thy l -3 - (p -me thoxypheny l ) -2 -me thy lene indo l ine  (I). A mixture  of 17.8 g (0.1 mole) of 
3 - (p -methoxypheny l ) -2 -bu tanone  [2] and 12.2 g (0.1 mole) of a - m e t h y l p h e n y l h y d r a z t n e  was heated on a bo i l -  
i ng -wa te r  bath for 24 h, af ter  which it was cooled,  123 ml of absolute  ethanol and 135.3 g of fused zinc chlo-  
r i de  were  added,  and the mixture  was heated for another  1.5 h. It was then cooled and decomposed  with 150 
ml of 30~ sodium hydroxide solut ion and ex t r ac t ed  with e ther .  The ex t r ac t  was d r i ed  over  p o t a s s i u m  hy-  
droxide ,  the e ther  was evapora ted ,  and the r e s i due  was vacuum d i s t i l l ed  to give 8 g (30%) of 1 ,3 -d ime thy l -  
3 - (p -me thoxypheny l ) -2 -me thy lene indo l ine  as a yel low oil with bp 150-160 ~ (12 mm); the product  was r ap id ly  
oxidized on s to rage .  

Sp i ropyrans  I Ia -c .  An 8 -mmole  s amp le  of the a pp r oxp r i a t e  n i t ro sa l t cy l a ldehyde  in 10 ml of ethanol 
was re f luxed  with 7.8 mmole  of 1 ,3 -d ime thy l -3 - (p -me thoxypheny l ) -2 -me thy lene indo l tne  for  2 h. The so l id  
m a t e r i a l  was r e m o v e d  by f i l t r a t ion  aud c r y s t a l l i z e d  f r o m  alcohol .  Sp i ropyran  IIa:  with mp 186-187 ~ was 
obtained in 46~ y ie ld .  Mass s p e c t r u m ,  m / e :  414, 399, 384, 369, and 251. Found: C 72.3; H 5.3; N 6.7%. 
C25H22N20 4. Calcula ted:  C 72.4; H 5.3; N 6.7%. Compound Hb with mp 146-147 ~ was obtained in 45% yield.  
Mass spec t rum,  m / e :  494, 492, 379, 377, 364,362,  349, 347, and 251. Found: C 61.0; H 4.4; N 5.8%. 
C25H2IBrN20 4. Calcula ted  ~- C 60.8; H 4.3; N 5.7%. Compound IIe with mp 192-193 ~ was obtained in 33% 
yie ld .  Mass spec t rum,  m / e :  444, 429, 414, 399, and 251. Found: C 70.4; H 5.5; N 6.0%. C26H2r 5. 
Calculated~ C 70.3; H 5.4; N 6.3%. 
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