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A n u m b e r  of photochromic  indo l inesp i rochromenes  containing a phenyl or  p-methoxyphenyl  
subst i tuent  in the 5' posi t ion of the indoline por t ion  of the molecule  were  synthesized.  The 
introduction of an a ry l  subst i tuent  in the 5' posi t ion gives r i se  to a slight ba thochromic  shift  
of the longwave absorp t ion  band of the merocyan ine  fo rm of the sp i rochromene .  

The invest igat ion of the re la t ionship  between the s t ruc tu re  of indoline sp i roch romenes  and the i r  photo- 
chromic  p r o p e r t i e s  c r e a t e s  the n e c e s s a r y  p r e r equ i s i t e s  for  the purposeful  exploitat ion of photochromic  m a t e -  
r ia l s  with the requi red  p a r a m e t e r s .  In o r d e r  to study the effect  of the introduction of a ry l  subst i tuents  in the 
indoline por t ion  of the molecule  on the spec t ra l  c h a r a c t e r i s t i c s  of the colored f o r m  of photochromic  indollne- 
sp i roch romenes ,  we synthes ized  a number  of compounds containing a phenyl or  p-methoxyphenyl  subst i tuent  
in the 5' posi t ion of the genera l  fo rmula  

CH 3 ' , ~ ;  
R,/ 

l-Yl 

I R=l l ,  R'=OCIt3; 11 p = R ' = t t :  III R = t t ,  R'=Br; IV R=R~=OCtI~; 

V R=OCH~. R'=II: VI R=OCHI, R '=Bt  

Compounds I and It a r e  known [1, 2]. They were  obtained by condensat ion of 5 -pheny l - l , 3 ,3 - t r ime thy l  
2-methyleneindol ine with the cor responding  salicylaldehydeso We used a s i m i l a r  method to synthes ize  III-VI.  

�9 All of the sp i roch rom enes  that  we obtained in this study have photochromic  p rope r t i e s  at room t e m p e r a -  
ture :  on i r rad ia t ion  with UV light, co lo r l e s s  solutions in toluene and dioxane take on a b lue -azu re  colorat ion,  
which gradual ly  vanishes  a f t e r  i r rad ia t ion  is discontinued. The red-v io le t  ( sp i rochromenes  II, I II ,  V, and VI) 
or  b lue-v io le t  ( sp i rochromenes  I and IV) alcohol solutions susta in  an i nc r ea se  in the i r  color  intensi ty under  
the influence of UV i r rad ia t ion .  

Using the method in [3, 4] we de te rmined  the p a r a m e t e r s  of the absorpt ion  spec t r a  of the merocyan ine  
f o r m s  of sp i rans  I -VI .  The resu l t s  a re  p re sen ted  in Table  1, in which data for  l ' , 3 ' , 3 ' - t r i m e t h y l - 6 - n i t r o - 8 -  
m e t h o x y - 2 H - c h r o m e n e - 2 - s p i r o - 2 ' - i n d o l i n e  {VII), l ' , 3 ' , 3 ' - t r i m e t h y l - 6 - n i t r o - 2 H - c h r o m e n e - 2 - s p i r o - 2 ' - i n d o l i n e  
{VIII) and l ' , 3 ' , 3 ' - t r i m e t h y l - 6 - n i t r o - 8 - b r o m o - 2 H - c h r o m e n e - 2 - s p i r o - 2 ' - i n d o l i n e  (IX), which we prev ious ly  ob- 
tained in [3, 5, 6], a re  also p resen ted  fo r  compar i son .  

The negative s o l va t och rom i s m  typical  for  merocyan ine  dyes [7] is cha r ac t e r i s t i c  for  the p r i m a r y  absorp-  
t ion band of the colored fo rm of all of the invest igated sp i roch romenes :  This band is shifted hypsochromica l ly  
by 10-20 m m  on pass ing  f r o m  toluene to dioxane, whereas  the shif t  is 50-70 nm on pass ing  f rom toluene to a l -  
cohol, and the degree  of so lva toch romism inc rea se s  only sl ightly in the o rde r  OCH 3 < H < Br  when the subs t i t -  
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TABLE 1. Charac te r i s t i cs  of the Electronic  Absorption Spectra  
of the Merocyanine Forms  of Spiroehromenes 

C o n 2  - 

pound 

I 

II 

III 

IV 

V 

VI 

VII 6 
VIII 5 

Solvent 

Toluene 
Dioxane 
Alcohol 
Toluene 
Dioxane 
Alcohol 
Toluene 
Dioxane 
Alcohol 
Toluene 
Dioxane 
Alcohol 
Toluene 
Dioxane 
Alcohol 
Totuene 
Dioxane 
Alcohol 
Toluene 
Toluene 
Dioxane 
Alcohol 

IX Toluene 

n m  

I band 

8maze ~'max, 
n m  

I I  band 

8 m a x  

26800 
37100 
20200 
26000 
41400 
11600 
13900 
156O0 
17700 
28700 
23700 
19200 
23300 
25000 
17000 
15300 
20600 
17300 

20000 
27000 
17000 

2~0 

0,52 
0,66 
0,39 
0,37 
0,64 
0,13 
0,27 
0,27 
0,36 
0,54 
0,43 
0,30 
0,38 
0,34 
0,21 
0,30 
0,34 
0,48 

0,34 
0,55 
0.45 

0,38 

akma x 606 n.m 2, bkma x 568 nm 2, ehma x 606 nm 2, dkma x 523 nm 2. 

TABLE 2. ProPer t i es  of the Compounds Obtained 

Com- mp, 
pound ~ 

I 186--187~'~ 
II 201--202 ~'u 

IlI 213--215 
IV 199--201 e 
V 199--200 e 

VI 255--259 
X 177--180 a 

XI 267g 
XII 123--124 a 

UV spec- 1 ~um in 
ethanol, Empirical formula 
~-max, nm 
(log ~} .... 

285 (25100) 
247 (30000) --- 
278 (18200) C~sH~IBrN203 
283 (28100) C27H~N~O5 
276 (42500) C~H24N204 . 
278 (29300) C26H23BrN204 I 

-- CI~H14N20 , 
- -  CLoH221NO3 n 

CIgH2~NO 

Found, % Calc., % 

c : , , I  N C IH N 

I ~71-:~ ~ , 9 - -  --[~,4 --~,,'9 
70,8 5,7I 6,2 70,7] 5,7 6,1 
72,715,6] 6,8 72,91 5,6 6,5 
61 7[4,7[ 5,8[61,514,61 5,5 
72 6[ 6 6112 9] 72 9] 6 6]13.1 
55,2] 5,61 3,6156,0[ 5,4 / 3,4 
81,1] 8,0] 4,9 t 81,7~ 7,6 t 5~o 

b F r o m  alcohol. 
According to the data in [2], this compound has mp 192-193 ~ 

dFrom ethyl acetate. 
According to the data in [1], this compound has mp 200 ~ 

~FFrom isopropyl alcohol,  
ound: Br 15.5%. Calculated: Br 15.8%. 

~ From water. 
Found: I 31.7%. Calculated: I 31.2%, 

Yield, 
7o 

12 
8 

22 
93 

83 

uen t  in  the 8 p o s i t i o n  is  va r i ed .  The  i n t r o d u c t i o n  of a methoxy group in  the 8 pos i t i on  g ives  r i s e  to  a ba tho-  
c h r o m i c  shift  of 15-25 n m  o f b o t h  a b s o r p t i o n  b a n d s .  In the c a s e  of 8 - m e t h o x y -  and 8 - b r o m o s p i r a n s ,  the 
i n t roduc t i on  of a phenyl  subs t i t uen t  in  the 5' pos i t i on  g ives  r i s e  to a somewhat  l a r g e r  b a t h o c h r o m i c  shif t .  
The s e c o n d a r y  a b s o r p t i o n  band  of the co lo red  f o r m  of the s p i r o c h r o m e n e s ,  which is  loca ted  on the boundary  
of the  v i s i b l e  and UV region ,  does not  e x p e r i e n c e  such r e g u l a r  s o l v a t o c h r o m i c  shif ts  as  the p r i m a r y  band.  

E X P E R I M E N T A L  M E T H O D  

The m e a s u r e m e n t  of the a b s o r p t i o n  s p e c t r a  of so lu t ions  of the s p i r o c h r o m e n e s  in  the pho tochemica l  
s teady  s t a t e s ,  the  c a l c u l a t i o n  of the e x t i n c t i o n  coef f i c ien t s  of the c o l o r l e s s  and co lo red  f o r m s  of the s p i r o -  
c h r o m e n e s  a t  v a r i o u s  wave leng ths ,  and the  a p p r o x i m a t i o n  of the data  by G a u s s i a n  c u r v e s  with an  M-220 

c o m p u t e r  we re  a c c o m p l i s h e d  as  d e s c r i b e d  in  [3, 4]. 
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The 4-amino-4 ' -methoxydiphenyl  nece s sa ry  for  the synthesis  of sp i rochromenes  IV-VI was obtained 
f rom 4-nitrodiphenyl by the following known t ransformat ions :  Nitration to 4,4 ' -dini trodlphenyl  [8], par t ia l  
reduct ion of the dinitro compound [9], diazotizat ion of the result ing ni t ro  amine and subsequent decomposit ion 
of the diazonium salt  in the p re sence  of dilute sulfuric  acid, t r ea tment  of the 4-hydroxy-4-ni t rodiphenyl  with 
dimethyl sulfate in alkaline media  [8], and reduct ion of the 4-methoxy-4 ' -n i t rodiphenyl  with hydrazine hydrate  
in [sopropyl alcohol [10]. 4-Methoxy-4 ' -hydrazinodiphenyl  (X) was synthesized by the method used to p repa re  
4-hydrazinodiphenyl [11]. 5-{p-Methoxyphenyl)-2,3,3-tr imethylindolinine methodide {XI) was obtained by the 
method in [12]. The p roper t i e s  of the compounds obtained are  p resen ted  in Table 2. 
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R E S E A R C H  IN T H E  D I P I P E R I D Y L  S E R I E S  

XIX.* SYNTHESIS OF 4-(4-PIPERIDYL)-I ,2,5,6-TETRAHYDROPYRIDINE 

Y u .  N.  F o r o s t y a n  a n d  E .  I .  F o r o s t y a n  UDC547.828:542.942.4:543.422.25.4.6 '544 

Hydrogenation of 4 ,4 ' -dipyr idyl  or  4- (4 'p iper idyl )pyr td ine  with sodium in isoamyl alcohol 
gives a mixture  of hydro der ivat ives ,  f rom which 4- (4-p iper idy l ) - l ,2 ,5 ,6- te t rahydropyr id ine  
was isolated.  

It has been shown that 4 ,4 ' -dipiper idyl  (I) and 4-(4-piperidyl)pyridine (II) a re  formed in the hydrogenation 
of 4 ,4 ' -dtpyr idyl  [2-4]. 

In a continuation of our  e a r l i e r  r e s e a r c h  [5] we have investigated the side products  of the react ion and 
have shown that 4 - (4-p iper idy l ) - l ,2 ,5 ,6 - te t rahydropyr id ine  {III) is formed in 42~ yield along with I in the hydro-  
genation of 4 ,4 ' -d ipyr idyl  and II with sodium in isoamyl alcohol. 

N ~ " J  N a H N~-~_~-~N H + 
~,_J M_/ 

II i Ill  

A one-protOn broad signal with Av 1/2 Hz, which corresponds  to an olefinic proton having s p i n - s p i n  
coupling constants on the o r d e r  of 5-8 Hz f rom the protons of the methylene group,  is observed in the NMR 
spec t ra  of III at 2.3 ppm (in pyridine) and 5.4 ppm (in CHCla). This resul t  unambiguously excludes f rom con- 

*See [1] for  the preceding communica t i on .  
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