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6-Ni tro-6 '  , 7 , - t e t ramethy lene - subs t i tu ted  photochromic  s p i r o c h r o m e n e s  w e r e  synthes i zed  f rom 
5-aminote tra l in .  In the s e r i e s  of compounds  thus obtained the e l ec tron ic  effect  of the subst i tu-  
ents in the 8 pos i t ion  on the dark deco l or i za t ion  react ion is substantial ly  m o r e  not iceable  than 
in the corresponding  s e r i e s  of standard s p i r o c h r o m e n e s .  The spectra l  charac ter i s t i c s  of the 
m e r o c y a n i n e  form of the te tramethy lene-subst i tu ted  s p i r o c h r o m e n e s p r a c t i c a l l y c o i n c i d e w i t h t h e  
c h a r a c t e r i s t i c s  of the analogous  unsubstituted compounds .  

The re lat ionship  between the s tructure  and the propert ies  of photochromic  compounds has been studied 
m o s t  intensively  in a s e r i e s  of indo l inesp irochromenes ,  which  const i tute  one o f t h e m o s t  promis ing  c l a s s e s  of 
photochromic  compounds  [1]. In addition to their  spec tra l -k ine t i c  proper t i e s ,  the stabil i ty of s p i r o c h r o m e n e s  
with r e s p e c t  to the act ion of UV and v i s ib le  radiat ion is of great  importance .  R e s e a r c h  by Gautron [2] has 
shown tha t the  introduction of alkyl  subst i tuents  in the indoline f ragment  of the s p i r o c h r o m e n e  m o l e c u l e  in- 
c r e a s e s  the photostabi l i ty  of these  compounds .  In the present  r e s e a r c h  we synthes ized  a number of  c o m -  
pounds of the type and m e a s u r e d  their  spectra lk inet ic  c h a r a c t e r i s t i c s .  

By catalyt ic  hydrogenation of a mixture  of 5- and 6- n i trote tra l ins  [3] we  obtained a mixture  of 5- and 6-  
aminote tra l ins ,  which we w e r e  able to separate  by means  of fract ional  crys ta l l i za t ion  of the hydrochlor ides .  

TABLE 1. Kinetic  P a r a m e t e r s  of the Dark D e c o l o r i z a t i o n  of 
S p i r o c h r o m e n e s  

Com- 
pound 

I 

II 

Ill 

IV* 

V 

VI 

k, sec "1 �9 102 at Activation parameters 

Solvent 

Toluene 
Dioxane 
Toluene 
Dioxane 
Toluene 
Dioxane 
Toluene 
Dioxane 
Toluene 
Dioxane 
Toluene 
Dioxane 

12"C 20"C 30"C 40~ 
att@ ~$4~ 

kcal/ I /mote .  eal /mo~ k//mole 
mole deg K deg 

2,42 
0,868 
3,95 
1,84 
0,14 
0,056 
1,80~ 
1,10 
0,70 
0,77 
0,57"~ 
0,16 

18,2 
21,1 
13,2 
I8,5 
27,3 
24,6 
13,8 
21,3 
15,8 
17,1 
20,6 
22,3 

620 
2,61 
7,40 
5,60 
0,53 
0,18 
3,09 
2,97 
1,66 
1,53 
1,78 
0,54 

17,4 
8,87 
16,0 
14,4 
2,75 
0,87 
8,24 
9,67 
3,60 
4,17 
6,60 
1,94 

43,8 
24,6 
31,6 
36,0 
10,3 
2,63 

18,0 
33,8 
11,0 
11,4 
18,6 
5,50 

76,1 
88,3 
55,2 
77,4 

114,2 
102,9 
57,7 
89,1 
66,1 
71,5 
86,2 
93,3 

15,1 -3,6 
18,9 4,5 
B5,8 -20,5 
13,4 -3,2 
94,1 22,5 
48,1 11,5 
B3,7 --20,0 
20,9 5,0 
30,2 --14,4 
~1,8 --10,0 
9,6 2,3 

22,6 5,4 

* Data f r o m  [6]. 
t At  10"C. 
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TABLE 2. Spectral Charac-  
ter is t ics  of the Merocyanine 
F o r m s  of Spirochromenes 

C o r n -  

pound 

I 
II 

IIl 
IV 
V 

V1 

'%max, n m  

alcohol[toluene 

535 595 
560 610 
533 595 
532 595* 
560 61C~" 
534 6005 

Posit ion o~ 
center of band 
intoluene,  mm 

583 
601 
583 
583 
601 
583 

* k m a x  598 nm [1]. 
t k m a x  590 nm [1]. 
S k m a x  600 nm [1]. 

Using previously  descr ibed methods [4, 5], we obtained sp i rochromenes  I-HI, which contain a te t ramethylene 
f ragment  in the 6,7 position. 

Solutions of the sp i rochromenes  have photochromic proper t ies  at room tempera ture :  the co lor less  solu- 
tions in toluene and dioxane turn b lue-azure  when they are  i r radia ted with UV light due to convers ion of the 
sp i rochromene  to the open merocyanine form; this b lue-azure  color  vanishes when i r radiat ion is discontinued. 
Red (spirochromenes I and HI) o r  red-vio le t  (spirochromene II) alcohol solutions undergo an increase  in the in- 
tensity of the color  under the influence of UV irradiat ion.  

�9 R' Ell s R , , ~ . /  

I-VI 

i R+R'=(CH~)4, R'ffiH; II R+R'=(CH_~)4. R ~'= 
OCH:~: III R+R'=(CHD4, R"=Br; IV R=R'=R"~H; 

V R=R'=H, R"=OCHo; VI R=R'=H, R"=Br 

A study of the kinetics of the thermal  decolorizat ion of sp i roehromenes  I-1II in toluene and dioxane made 
it possible to ascer ta in  some pecul iar i t ies  of their  behavior  as compared with sp i roehromenes  IV-VI of the 
s tandard ser ies .  The rate  constants at var ious  tempera tures  and the activation pa rame te r s  fo r  I -VI are  p r e -  
sented in Table 1. The introduction of a methoxy group or  a bromine  atom in the 8 position in the s tandard 
se r i e s  of sp i rochromenes  (V and VI as compared with IV) slows down dark decolorizat ion somewhat; passing 
f rom toluene to dioxane has little effect  on the rate of decolorization.  

The effect of a substituent in the 8 position is more  appreciable in the se r i e s  of t e t ramethy lene-subs t i -  
tuted compounds (spirochromenes I - I  I I ) than tn the s tandard ser ies ,  as well as in the se r ies  of sp i rochromenes  
with aryl  substituents in the 5' o r  3 position [6]. We note that the rate of the dark react ion for  sp i rochromenes  
I-III  changes in conformity with the electronic effect of the substituent in the 8 posit ion in a manner  opposed to 
the change in the activation energy; the change in the activation entropy par t ia l ly  compensates  this effect. 
Pass ing f rom toluene to dioxane slows down the dark reaction,  and this tendency i sman i f e s t ed  more  c lear ly  as 
compared  with unsubstituted compounds IV-VI. 

The charac te r i s t i c s  of the absorption spec t ra  of the merocyanine fo rms  of I-VI in the visible region a re  
p resen ted  in Table 2. The absorption spec t ra  of ethanol solutions of the compounds were  measured  with a 
spec t rophotometer  by the usual method; a special  method [7] was used for  the measurement  of the spec t ra  of 
toluene solutions of the compounds. In addition to the position of the center  of the long-wave absorption band in 
toluene, which was determined by approximation of the experimental  curve [7], we also presen t  the • max value 
on this curve.  The spect ra l  cha rac te r i s t i c s  of te t ramethylene-subst i tu ted photomeroeyanines I-III  prac t ica l ly  
coincide with the cha rac te r i s t i c s  of the corresponding s tandard compounds. 

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

The measuremen t  of the absorpt ion spec t ra  of solutions of the sp i rochromenes  in the photoelectr ic  steady 
state and the approximations of the data by Gauss ian  curves  by means of a computer  were  accomplished as de-  
scr ibed  in [7]. The purification of the solvents,  the prepara t ion  of the solutions, and the measurement  of the 
rate constants of dark decolorizat ion of the photomerocyanines  were  accomplished as descr ibed in [8]. 
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TABLE 3. C h a r a c t e r i s t i c s  of the Sp i rochromenes  Obtained 

Spiro~ Found. % Empirical I Calculated, % Yield, 
chro- i rap, ~ 
menet c H N formula ....... [ C H [ N %* 

If 222--223 70,4 6,4 6,7 C24H~6N204 70,9 6,5 6,9 2,4 
Ill 272--275 60,7 5,0 6,0 C23H~3Br N20,~ 60,7 5,1 6,2 2,4 

* Based  on 5 -aminote t ra l in .  

5 -Amino te t r a l in .  A solution of 124.8 g (0.7 mole) of a mix tu re  of 5- and 6- n i t ro te t ra l ins  [3] in 800 ml  
of i sopropyl  alcohol was  hydrogenated fo r  8 h in the p r e s e n c e  of 20 g of Raney nickel at 40~ and 100 a tm,  a f t e r  
which the mix tu re  was f i l te red,  the f i l t r a te  was  evapora ted ,  and the res idue  was vacuum dist i l led to give 73 g 
(70%) of a mix tu re  of 5- and 6 -amino te t r a l i n s  with bp 115 ~ (4 mm).  A total of 100 ml  of 1 N hydrochlor ic  acid 
was added to 61.5 g (0.42 mole) of the mix tu re  of 5- and 6 -amino te t r a l ins ,  and the mix tu re  was heated to 60 ~ 
and cooled to 0~ The resul t ing c r y s t a l s  we re  separa ted ,  washed  with e ther ,  and c r y s t a l l i z e d f r o m  a t h r ee -  
fold (by weight) amount  of w a t e r  to give 21 g (27%) of 6 - amino t e t r a l i n  hydrochlor ide  with mp 185~ The acetyl  
der iva t ive  of 6 - a m i n o t e t r a l i n  had mp 105~ (mp 104-105~ [3]). The mothe r  l iquor  remain ing  a f t e r  the s e p a r a -  
tion of 6 -amino te t r a l i n  hydrochlor ide  was neut ra l ized  to pH 6 with a 10% solution of sodium hydroxide,  and the 
l ibera ted  oil was  ex t rac ted  with e ther .  This ex t r ac t  was  combined with the e ther  solution obtained by Washing 
the c r y s t a l s  of 6 - amino t e t r a l i n  hydrochlor ide ,  and the combined solutions were  washed with water ,  dr ied,  and 
evapora ted  to give 12.4 g (20%) of 5 -amino te t r a l i n  with bp 112-114~ (3-4 mm).  The acetyl  der iva t ive  had mp 
155 ~ (nap 154-155 ~ [3]). An additional amount  of 5 -amino te t r a l in  containing the 6 i s o m e r  could be isolated by 
a lkal iza t ion of the aqueous solution to pH 10. The p r o p e r t i e s  of the sp i roch romenes  obtained f r o m  5 -amino-  
t e t ra l in  in conformi ty  with the methods in [4, 5] a r e  p r e sen t ed  in Table 3. 
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