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Indol ine  s p i r o c h r o m e n e s  ( sp i ropyrans )  with va r ious  alkyl (C 2-C10 ) g roups  a t tached  to the 
n i t rogen  a tom were  syn thes i zed .  The m a j o r i t y  of t hem are  p h o t o c h r o m i c  in the c r y s t a l l i n e  
s t a t e .  The packing  dens i ty  of the  s p i r o c h r o m e n e  m o l e c u l e s  in c r y s t a l s  d e c r e a s e s  as the 
length  of  the alkyl  g roups  a t tached to the n i t rogen  a tom i n c r e a s e s ,  and this  explains  the de -  
c r e a s e  in the m e l t i ng  points  and the appea rance  of p h o t o c h r o m i c  p r o p e r t i e s  in the c r y s t a l -  
l ine s ta te .  

In  p r ev ious  c o m m u n i c a t i o n s  [1,2] we d e s c r i b e d  the syn thes i s  and p h y s i c o c h e m i c a l  p r o p e r t i e s  of  s o m e  
s p i r o c h r o m e n e s  of  the  indol ine s e r i e s .  In this  pape r  we d e s c r i b e  the syn thes i s  of  indoline s p i r o c h r o m e n e s  
conta in ing  a n i t ro  g roup  in the 6 -pos i t ion .  The l a t t e r  a re  r e a d i l y  obta ined in neu t ra l  a lcohol  med ia  by the 
condensa t ion  of  5 - n i t r o s a l i c y l a l d e h y d e  with the  app rop r i a t e  N - a l k y l - 2 - m e t h y l e n e - - 3 , 3 - d i m e t h y l i n d o l i n e s  
(homologs of  the " F i s c h e r  base" ) .  The r e a c t i o n  p r o c e e d s  smoo th ly  on hea t ing ,  and the s p i r o c h r o m e n e s  a l -  
m o s t  a lways  p rec ip i t a t e  f r o m  the m o t h e r  l i quors  as r a t h e r  pure  c r y s t a l s .  They  a re  quite soluble  in the 
usua l  o rgan ic  so lvents  and a re  c h a r a c t e r i z e d  by c l e a r l y  e x p r e s s e d  t h e r m o c h r o m i c  and pho toch romic  p r o p -  
e r t i e s  (Table 1). Except  f o r  X, the d i s so lv ing  of  the c o l o r l e s s  o r  l igh t -ye l low c r y s t a l s  of these  compounds  
in  p o l a r  so lven t s  (pa r t i cu l a r ly  in a lcohols)  is accompan ied  by  c o l o r i n g  of  the solut ion.  These  compounds  
a r e  c o l o r l e s s  in the  da rk  in h y d r o c a r b o n  so lven ts  and in p o l y m e r  f i lms ,  but they a r e  c o l o r e d  (hmax in 

T A B L E  1 

Comp. R 

I C2H5 
I I CaHr 

III C4H9 
IV CsI-I 11 
V C6H13 

VI C7H18 
VII C8.H17 

VIII C9H19 
IX C~oH2~ 
X C~Hs 

XI GIla* 

HaC\/CH3 

R 

Mp 

157 

100172101 
81~-:2 

117--118 
93--94 
75--76 
71 --72 

162--163 
155--156 

F~tmd % 
Empirical 
formula 

tale. % kmax Sol. in !Yield, 
nm, in] alcohol, l ,,~ 
crysta![20~ M'10a / 70 CH[N 

71,4 6,0 8,5 
72,3 166 8,1 
72,a 6,7] 7,6 I 
72,9 7,117,3 ] 
73,6 17,117,21 
73,8 7,2 6,5 
74,2 7,7] 6,81 
74,5 7,7] 6,7[ 
75,2 8,2 6,5 
74,9 !5,21 7,2 I 
73,0 6,1/7,6 / 

2,42 
1,60 
4,75 
5,61 
4,26 
0,85 
2,43 
2,44 
2,44 
1,55 
2,10 

C2oH~oN208 
C2[H22N2Oa 
Cz~H24N203 
C23H~N2Oa 
C24H2sN~Oa 
C2sH3oN2Oa 
C2~Ha2N20, 
C27H~4N2Oa 
C28Hs6N~Oa 
C~4H~N203 
C2~H~2N2Oa 

ct /N 
71,4 5.9 8,3 
72,016318,0 
�9 72,5 [ 6,617,7 
73,0 6,9 7,4 
73,5 7,1 7,l 
73,9 7,4 6,9 
74,1 7,8]6,6 
74,6 [ 7,916,5 
75,0 8,0[ 6,3 
75,0 5,2 / 7,3 
72,91 6,1 7,7 

590 
600 
585 
590 
590 
590 
590 

87 
66 
70 
83 
83 
82 
81 
83 
79 
85 
86 

* In the pen tame thy lene  3 -pos i t ion .  
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Fig.  1. Absorpt ion  s pec t r a  of 6 - n i t r o - 2 H -  
c h r o m e n e - 2 - s p i r o - 2 '  , l ' - h e p t y l - 3 ' , 3 ' - d i -  
methylindoline (VI): 1,2) in toluene (c 5 �9 
10 -5 M); 3,4) in the c rys ta l l ine  s ta te ;  1,3) 
before  i r rad ia t ion ;  2,4) a f te r  i r rad ia t ion .  

lower  in c r y s t a l s  of the s p i r o c h r o m e n e s  than in 
radia t ion of the sample  with v is ib le  light. 

toluene 605 nm) af ter  i r r ad ia t ion  with UV rays  (UFS-1 
f i l t e r ) .  The t ime  requ i red  for  spontaneous decolorat ion 
and the absorpt ion  m a x i m a  of the co lored  fo rm in the v i s -  
ible region of the spec t rum of an individual sp i ran  va ry  as 
a function of the nature  and c h a r a c t e r  of the solvent .  In 
con t ra s t  to N-alkyl  compounds,  the absorpt ion max imu m of 
the co lored  fo rm of X is  shifted to the long-wave side 
(~max in toluene 620 nm).  This  shift is caused by the in-  
clusion of the benzene ring in the conjugated s y s t e m  of the 
colored f o r m  of the sp i ran .  

Up to now, the r e v e r s i b l e  color  change of s p i r o -  
ch romenes  was desc r ibed  only in the d issolved form,  and 
pho tochromism was not noted in the c rys ta l l ine  s ta te .  The 
s p i r o c h r o m e n e s  that we obtained [II-X (except for  I, R = 
C2H5) ] also display photochromic p rope r t i e s  in the c r y s t a l -  
line s ta te .  After  i r rad ia t ion  with UV rays ,  the co lo r l e s s  or  
l ight -yel low c r y s t a l s  of these  compounds acquire  a blue 
colora t ion  (Fig. 1). The ra t e  of the da rk  reac t ion  is much 

solut ions.  The or iginal  s ta te  can also be r e s t o r e d  by J r -  

I t  is known that  molecu les  a re  conver ted  f rom a nonplanar  to a p lanar  configurat ion during photo-  
ch romic  t r a n s f o r m a t i o n s .  F r e e  rota t ion of the ch romene  port ion of the molecule  re la t ive  to the indoline 
r ing is h indered  during dense packing of the molecu les  in the c r y s t a l s ,  and this also in t e r f e re s  with the 
mani fes ta t ion  of pho toch romism in the solid s ta te .  To conf i rm our assumpt ion  that an i nc rea se  in the bulk 
of the subst i tuents  in the he te rocyc l i c  port ion of indoline should induce a dec r ea se  in the packing densi ty  of 
the molecule  in c r y s t a l s ,  we synthes ized  6 - n i t r o - 2 H - c h r o m e n e - 2 - s p i r o - 2 ' - N - m e t h y l i n d o l i n e - 3 ' - s p i r o - l " -  
cyclohexane (XI), which is photochromic  both in solutions (kmax in toluene 575, 605 urn) and in the solid 
s ta te .  A dec r ea se  in the packing densi ty  of molecu les  in the c r y s t a l s  is accompanied  by a dec rea se  in the 
mel t ing  point and an i nc rea se  in solubil i ty.  

E X P  E R I M E N T A  L 

Sp i rochromenes  (I-X, Table  1). A 2-g sample  of the appropr ia te  2 ,3 ,3- t r imethyl indolenine alkiodide 
was decomposed  with 5% aqueous alkali .  The resul t ing  oily liquid was ex t rac ted  with e ther ,  washed with 
water ,  and, a f t e r  r e m o v a l  of the e ther  by dist i l lat ion,  d issolved in 30 ml  of ethanol.  An equimolecu la r  
amount of 5-n i t rosa l icy la ldehyde  was added to the alcohol solution, and the mix tu re  was ref luxed for  2 h. 
The mix tu re  was cooled, and the resul t ing prec ip i ta te  was f i l te red  and c rys t a l l i zed  f rom alcohol.  

6 - N i t r o - 2 H - c h r o m e n e - 2  - s p i r o - 2  ' -N -methyl indol ine - 3 - s p i r o - 1 "  -cycl  ohexane (XI). A mix tu re  of 4.32 g 
(0.02 mole) of te t rahydroace tophenone  phenylhydrazone,  11 g (0.08 mole) of anhydrous zinc chlor ide,  and 15 
ml  of absolute ethanol was heated for  6 h. The mix tu re  was cooled, t r ea t ed  with 20% aqueous po tass ium 
hydroxide,  and ex t rac ted  with e the r .  The e ther  ex t rac t  was dr ied over  po tass ium carbonate  and f rac t iona ted  
with col lect ion of the f rac t ion  with bp 180-187 ~ (5 ram).  Redis t i l la t ion gave 1.3 g (32%) of 2-methyl indolen-  
i n e - 3 - s p i r o - l ' - c y c l o h e x a n e  (XII). Found%: N 7.0. C14HI7N. Ca lcu la ted%:  N 7.0. A 2-g (0.01 mole)  
s ample  of XII was heated in a sealed tube at 120 ~ for  5 h with 2 g (an excess)  of methyl  iodide.  After  wash-  
ing with amyl  aceta te  and r ec rys t a l l i z a t i on  f r o m  amyl  aceta te  containing a few drops  of ethanol,  the c r y s t a l s  
of the methiodide of XII mel ted  at 218-219 ~ The yield was 0.95 g (68%). Found%: N 4.1; 137 .6 .  C15H20IN. 
Calcula ted  %: N 4.1; 137.2 .  Sp i rochromene  XI was obtained as above f rom 2 g (~0.006 mole) of the m e t h -  
iodide of XII and 0.85 g (~0.006 mole)  of 5-ni t rosa l icyla ldehyde in 30 ml  of ethanol.  
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