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Bisspi ropyrans  were obtained by reaction of diquaternary salts - 1 ,1 ' -polymethylenebis-  
(2,3,3-trimethylindoleninium) h a l i d e s -  or the corresponding methylene bases with 5-n i t ro-  
salicylaldehyde in the presence  of piperidine. Bisspi ropyrans  of another type were obtained 
by reaction of 1-propyl-2,3,3- tr imethyl indoleninium iodide with 5 ,5 ' -methylenedisa l ieyla l -  
dehyde and 5,5 ' -methylenedi(3-ni trosal icylaldehyde) .  The photochemical and spectral  prop-  
er t ies  of the bisspiropyrans  were compared with those of the corresponding monospi ro-  
pyrans.  

Photochromic spi ropyrans  are  present ly  the most  investigated class  of photochromic mater ia ls  (for 
example, see [2]). The l i terature  contains a large number of studies devoted to monospiropyrans ,  but there  
is pract ica l ly  no information regarding bisspiropyrans .  The latter were descr ibed only in a few patents 
[3:6], whereas they seem of in teres t  as model compounds for the investigation of methods of synthesis and 
proper t ies  of photochromic polymers  that contain spiropyran groupings. In the case of bisspiropyrans  in 
which the spiropyran groupings are bonded together by a chain of methylene groups, it becomes possible to 
study the mutual effect of c losely situated photochromic groups on their photochromic proper t ies  as a func- 
tion of the manner  of connection of the photochromic fragments  and the length of the polymethylene chain. 

Bissp i ropyrans  I-III  were obtained by reaction of diquaternary salts - 1 ,1 ' -polymethylenebis(2,3,3-  
tr imethylindoleninium halides) (IV-VI) - or the corresponding methylene bases w i ~  5-ni t rosal icylaldehyde 
in the presence  of piperidine. Salts IV-VI were synthesized by reaction of ~,w-dihaloalkanes with 2,3,3- 
trimethylindolenine. 

~ - - ~ C H ~  - CH3 
2 __  ~ ~ ' ~ - - C H ~  OH 

/ ~ " ~ ' N / \ C H 3  ~ ~'N / "CH 3 ~ . y / C H O  v ' r  U - ~  ~/~-NO2 
I 

+ + 2~ -~ ( 2). 

CH 3 CH 3 
CH 3 CH~ 

| V - V I  |-|11 

X=Br, I; I, IV n=2; I I , V  n = 4 ;  IIl, Vl n=6 

Monoquaternary salts - 1-(~-iodoalkyl)-2,3,3-tr imethylindoleninium iodides - a r e  also formed in 
the synthesis of the diquaternary salts (V, VI). Their  percentage in the react ion mixture  increases  as the 
react ion tempera ture  is lowered and the amount of excess indolenine is decreased.  At 85~ in the p re s -  
ence of excess diiodoalkanes p r imar i ly  iodoalkylindoleninium iodides are  formed. The lat ter  reac t  with 
5-ni trosal ieylaldehyde to give monospiropyrans  (VII, VIII). 

* Communication VII f rom the se r ies  "Photochromism of Organic Substances." See [1] for communication 
VI. 
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I ( C i t 2 ) n  NO 2 I(CH2)n 

VII n~4; VIII n=6 

Bisspiropyrans I-III are readily separated from the monospiropyrans by recrystallization. However, 
we were unable to separate monespiropyrans VII and VIII from traces of bisspiropyrans by reerystalliza- 
tion as indicated in [7] for VII. Pure monospiropyrans VII and VIII were obtained by preparative thin-layer 
chromatography (TLC). 

We also synthesized bisspiropyrans in which the spiropyran units are connected to the methylene 
group situated between the benzene rings of the benzopyran (IX, X) or indoline (XI) portion of the molecule. 

~!_M c"3 c"3 c~ c. ,  OHC~ ,~fc.o 

IX X=I-J; X x=NO~ 

Bisspiropyran XI was synthesized in accordance with patent data [6] by reaction of 5,5 '-methylene- 
bi s (1,2,3,3-tetr amethylindoleninium i odide) with 5-nitr osalicylaldehydeo 

CH~ CH~ CH 3 CH~ 
"-.t/ ~ /=-. Y/" " 

~ O  2 / /  \ X ~ ,  "l',l ~ 

The photochromic properties of bisspiropyrans I- I l l ,  IX-XI, and 1,3,3-trimethyl-6'-nitro- and 1,3,3- 
trimethyl-8'-nitrospiro(indoline-P.,2Y-[2H.1] benzopyrans) (XII and XIII) were studied at room temperature 
in toluene and alcohol. Except for IX, toluene solutions of the compounds listed above are blue when i r -  
radiated with UV light (303-313 nm) and gradually become colorless when the tight source is switched off. 
The photoooloration of the spiropyran solutions is due to photodissociation of the C-O bond of the spiro- 
pyran ring (of starting form A) and the formation of a dipolar merocyanine structure (form B) [8]. Typical 
absorption spectra of solutions Of spiropyrans III, X, and XII in toluene and alcohol before and after irra- 
diation with UV light are presented in Figs. 1 and 2o The other investigated spiropyrans have similar ab- 
sorption spectra. 

At room temperature, form B is thermodynamically unstable and is gradually converted to starting 
form A via a dark route. The B--~A conversion is also possible by the action of light absorbed by form 
D. Thus, the simplest kinetic scheme for the photochromic cycle for spiropyran solutions can be repre- 
sented in the following form: 

hv A ".~ B. 
by, kT 

A similar examination of the kinetic equations flowing out of this scheme was previously accomplished 
in [9]. The overall rate of the process in conformity with this scheme can be represented as a differential 
equation (I): 

dB= 43Bloe,al, ( A o -  B)  f (D")  --  t A I o e ' B I ' B f  (D ' )  kB,  (1) I 

in which the first two terms in the right-hand portion of the equation describe the rates of photocoloration 

hv hv 
(A----+B) and photodecolor izat ion (B---->-A) , while the l a s t  t e r ra  desc r ibes  the ra te  of dark  decolor izat ion 

kT (B---~A) In Eq. (1), @B is the quantum yield of photocolorat ion,  @A is the quantum yield of photodecol-  
or izat ion of the solutions (in moles  per  einstein),  er A and e 'B a re  the extinction coeff icients  of f o r m s  A 
and B at  the wavelength of the act ivat ing light (in l i t e r s  pe r  mole  pe r  cent imeter ) ,  l '  is the cuvette th ick-  
ness  in the di rect ion of the act ivat ing light (in cen t ime te r s ) ,  A 0 is the s ta r t ing  concentrat ion of fo rm A, B 
is  the concentra t ion of f o r m  B (in mo le s  pe r  l i ter) ,  I 0 is  the intensi ty  of the act ivat ing light (in e ins te ins  
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Fig. 1. Absorption spectra of mono- and 
bisspiropyrans in toluene (l 0.2 cm) be- 
fore i r radiat ion (1, 3, and 5) and after 
i rradiat ion (2, 4, and 6) of the solutions 
with UV light (k 303-313 nm): 1 and 2) 
X, c 2 .0 .10 -~M, 235~ 3 and 4) XII, c 
2 .5 .10 -5 M, 2430K; 5 and 6) I I I c  1 .10  -~ 
IV[, 253~ 
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Fig. 2. Absorption spectra  of mono-  and 
bisspiropyrans  in alcohol (l 1 cm, 296~ 
before i r radiat ion (1, 3, and 5) and after  
i r radiat ion (2, 4, and 6) with UV light: 1 
and 2) X, c 5 . 9 . 1 0  -SM; 3 and 4) XII, c 
2.5-10 -5 M; 5 and 6) III, c 2 .4 .10  -5 M. 

per l i ter per  second), k is the rate constant for dark decol-  
orization of the colored solutions (in l i ters  per mole per  
second), D' is the optical density of the solution in the 
range of the activating light, and f ( D ' )  = ( 1 - 1 0 - D ' ) / D  = 
const, if D' = const. 

In special cases ,  Eq. (1) takes on the form of Eqs. (2) 
and (3): 

dB/dt= - k B  whe~ I0=0, (2) 

dB/dl = 0  (for  t h e  p h o t o s t e a d y  s ta te) . ,  ( 3 )  

By multiplying each of Eqs. (1)-(3) by eBl  , where gB 
is the extinction coefficient of form B at the wavelength of 
the scanning light (600 nm in toluene and 540 nm in alcohol) 
and l is the length of the cuvette in the direction of scanning, 
we obtain 

clD.s DB=0When t=0, (4) 
dt 

where a = r (L)') ; b = r (D') +(PAe'BI'Iof (D') + k, 

dDB 
dt = - k D s ,  DB=D0whea l=O, (5) 

dDB =0. (6) 
dt  

Using Eq. (4) and the condition of photosteady-s ta te  
charac te r  (6), we find 

dDe 
dt - b ( D s t - D B ) ,  DB=0 when t=0, (7) 

where Dst is the optical density of the system in the steady 
state. By solving Eq. (7) and determining the integration 
constant from the condition DB=0 when t=0, we obtain 

ig (I -DdDst )-I = 0.43bt. (8) 

By solving (6), we find that 

Ig (Do/DB) = 0.43kt. (9) 

It should be noted that a and b in Eq. (4) remain con- 
stant only if f(D') is held constant during the entire time 
of irradiation of the photochromic system. This was 
achieved by the fact that the irradiation of the samples was 
carried out in the vicinity of the isosbestic point. In this 
case, D'-< 0.i; this insured uniformity of the light absorp- 
tion in the volume of the sample. 

Typical kinetic dependences for solutions of some 
mono- and bisspiropyrans in toluene and alcohol are shown 
in Figs. 3 and 4. In conformity with Eqs. (8) and (9), straight 
lines are obtained in coordinates of log (I--D0/Dst)-i and t 
and log (D0/D B) and t; from the slopes of these lines we 

find constants b and k. Considering that a = bDst, we calculate a f rom the found b and Dst values. A knowl- 
edge of the a, b, and k constants provides a possibili ty for finding @BgB and ~B+• (• For  
toluene solutions of b isspiropyrans ,  ~4 "~ 1.0, while ~4 = 2 for alcohol solutions (according to the data in [10]). 
The ~B~B and ~B+14~A values, as well as the ~'A and r values, pertain to one spiropyran group of the 
bisspiropyran molecule.  

A decrease  in the tempera ture  of toluene solutions of monospi ropyran  XII will lead to a sharp de- 
c rease  in the efficiency of both the dark and photochemical p rocesses  of decolorizat ion of colored sp i ro-  
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F i g .  3. K i n e t i c s  of  t he  p h o t o c h r o m i c  t r a n s f o r m a t i o n s  o f  

m o n o -  and  b i s s p i r o p y r a n s  in t o l u e n e  ( l '  0.5 c m ,  1 3 c m ,  X 3 0 3 -  

313 n m ,  23~ a) c o l o r e d  s o l u t i o n s :  l i n e a r  a n a m o r p h o s e s  o f  

t he  k i n e t i c  c u r v e s  in  c o o r d i n a t e s  o f  l o g ( 1 - D B / D s t  )-1 and  t; b) 

dark decolorization of the solutions: linear anamorphoses of 
the kinetic curves in coordinates of log D0/D B and t; i) III; 2) 

XII; 3) X. 

TABLE I. Quantum Yields of Photocoloration (4~ B) and 
Photodecolorization (~A)* and Rate Constants for the Dark 
Decolorization (k) of Mono- and Bisspiropyrans in Toluene and 

Alcohol at 23~ 

Compound 

I 
II 

III 
XII 

XlII 
X 

XI 

Toluene Alcohol 

0,5 
0,3 
0.6 
0,7 
0, I 
0,04 
0,3 

OA 

0,6 
0,8 
0,4 
0,3 
1,0 
0,25 
1,0 

2.10 -2 
2.10 -2 
2- 10 -2 
4- 10 -2 
6.10 -2 
3.10 -2 
4.10 -2 

0,03 
0,08 

0,06 

r 

0,06 
0,07 
0,07 

0,07 

10-~ 
10-4 
10-4 

10-4 

* The error in the measurement of @B was + 20%, while that in the 

measurement of ~A was m 40%. 

tg(1-~i' 

Ir4 

0,6 

0~2- 

300 600 t, sec 

Fig. 4. Kinetics of the photocoloration 

of mono- and bisspiropyrans in alcohol 

( / '  0.5 c m ,  1 3 c m ,  k 3 0 3 - 3 1 3  n m ,  23~ 

L i n e a r  a n a m o r p h o s e s  of  t h e  k i n e t i c  

c u r v e s  in c o o r d i n a t e s  of  l o g ( 1 - - D B / D s t  ) -1  

a n d  t: 1) XII ;  2) I I I .  

pyran solutions, i.e., it will lead to a sharp decrease in the 

@A and k values, while CB changes only slightly. The re- 
sult of this is the fact that the rate of decolorization can be 
disregarded as compared with the rate of coloration. Ir- 
radiation of spiropyran XII at-30 ~ with 303-313-nm light 
will therefore lead to intense coloration of solutions of the 
photochrome. When the steady state was reached, th e sys- 
tem was again irradiated with 365-nm light. In this case, 
the optical density of the solution in the region of the ab- 
sorption maximum of form 13 did not change. This fact at- 
tests to practically complete A---~ B conversion. This 
circumstance can be used for the determination of eB of 
the spiropyran photochrome in toluene. In fact, under the 
condition of complete conversion of the starting form to 
the colored form, ~B = Dst/A0 / and ~B (toluene)- 5.5 �9 104 
liter/mole, cm. According to the data in [i0], ~B (alcohol)--- 
3.54 �9 104 liter/mole, cm. It should be noted that the di- 
rection determination of gB for bisspiropyrans is difficult 
because of the low solubility of the colored forms in tolu- 

ene: irradiation of cooled solutions of the bisspiropyrans will lead to the formation of a colored precipi- 
fate. If it is assumed that eB does not change on passing from mono- to bisspiropyrans (the absorption 
spectra of the 13 forms of the mono- and bisspiropyrans are similar to one another, Figs. 1 and 2), this 
provides a possibility for the approximate evaluation of ~B and ~A for the bisspiropyrans. These esti- 
mates are presented in Table i. Considering the errors in the measurements, one can conclude that ~A 
and ~B change little on passing from mono- to bisspiropyrans (I and IID. In the case of bisspiropyran II, 
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an unexpected dec r ea s e  in ~B is  observed.  This  fac t  as ye t  r e m a i n s  unclear .  All of the inves t igated 
sp i ropyrans ,  except  for  IX, contain an NO 2 group in the benzopyran port ion of the molecule ,  which is known 
[8] to slow down the dark decolor iza t ion of sp i ropyrans .  This  can be explained by s tabi l izat ion of m e r o -  
cyanine fo rm B owing to a dec r ea s e  in the negat ive charge  on oxygen. 

I 1 
E l l  a E l l  a 

I t  is  apparen t  f r o m  a compar i son  of the absorp t ion  spec t r a  of the b i s sp i ropyrans  in alcohol and tolu-  
ene that  the long-wave absorpt ion band of fo rm B in alcohol is  shif ted to the shor t -wave  region as compared  
with the analogous band in toluene, i .e . ,  the co lored  f o r m s  of the inves t igated compounds have negative 
so lva toch romism.  S imi lar  examples  of negative so lva toch romism were  desc r ibed  in [11]. 

The data obtained provide  evidence that the photochemical  and spec t ra l  p rope r t i e s  of the inves t igated 
b i s sp i ropyrans  differ  l i t t le  f rom the p rope r t i e s  of the cor responding  monosp i ropyrans .  However,  i t  is i m -  
por tant  to note that  an apprec iab le  dec r ea s e  in 5B  (by a factor  of ~ 2-2.5) as compared  with the c o r r e -  
sponding monosp i ropyrans  is  obse rved  for  m a x i m u m  drawing together  of the sp i ropyran  f r agmen t s  (bis-  
sp i ropyrans  X and XI), i .e . ,  the photosensi t iv i ty  of the photochromic s y s t e m  in this case  d e c r e a s e s  ap-  
p rec i ab ly  as c o m p a r e d  with the photosensi t iv i ty  of the photochromic s y s t e m  based on monosp i ropyrans .  

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

5,5Y-Methylenedisalicylaldehyde.  This  compound was synthes ized by E. G. Rukhadze and c o - w o r k e r s  
and kindly given to us. It  me l t ed  a t  142-143 ~ [12]. 

5 ,5 ' -Methylenebis (3-n i t rosa l icy la ldehyde) .  A 1.2-mt (18 mmole)  sample  of ni t r ic  acid (d l . 49 )was  added 
by drops  at  0 ~ in the cour se  of 10 rain to a suspension of 1.28 g (5 mmole)  of 5 ,5 ' -me thy lened i sa l i cy l a l -  
dehyde in 35 ml  of acet ic  a c i d - t e t r a h y d r o f u r a n  (6 : 1), and the mix tu re  was heated at  35 ~ until the solid had 
dissolved complete ly .  I t  was then cooled to 20 ~ and s t i r r e d  for another  30 min a t  this t e m p e r a t u r e .  After  
2 h, the dini tro der iva t ive  was separa ted ,  washed with glacial  acet ic  acid, and r e e r y s t a l l i z e d  f rom 40 ml  of 
dioxaae to give 0.83 g (48%) of a product  with mp  229.5-230.5 ~ (yellow c rys ta l s ) .  Found: C 52.0; II 3.0; 
N 8.0%. CI5Hi0N~Os. Calculated: C 52.0; H 2.9; N 8.1%. 

5•5•r-Methy•enebis(••3,3-trimethyl-6'-nitr•spir•[ind•line-2•2'-(2II-•)benz•pyran]) (XI). This com- 
pound, with mp 125 ~ (dec.) (rap 120-122 ~ [6]), was obtained from 5,5'-methylenebis(l,2,3,3-tetramethyl- 
indoleninium iodide) and 5-nitrosalicylaldehyde by the method in [6]. Found: N 14.9%. C39II3~N40 s. Cal- 
culated: N 14.9%. 

l,l"-Ethylenebis(3,3-dimethyl-6'-nitrospiro[indoline-2,2'-(2II-l) benzopyran]) (D. A mixture of 
19.08 g (0.12 mole) of 2,3,3-~imethylindolenine and 3.76 g (0.02 mole) ofdibromoethane was heated at 135- 
140 ~ for 22 h, The resulting l,l'-ethylenebis(2,3,3-trimethylindoleniniurn bromide) (IV) was dissolved in 
i00 ml of water containing activated charcoal, and the solution was evaporated to dryness in vacuo to give 
3.53 g (34.8%) of IV. A mixture of 2.53 g (5 mrnole) of IV, 1.67 g (i0 mmole) of 5-nitrosalicylaldehyde, and 
2 ml  (20 mmole)  of p iper id ine  was ref luxed for 20 rain in 20 ml  of methanol .  The resu l t ing  prec ip i ta te  was 
sepa ra ted  and ref luxed with a l c o h o l - b e n z e n e  (3 : 2) to give 2.38 g (74.1%) of I as a g reen  powder without a 
definite mel t ing  point. Found: C 71.0; H 5.5; N 8.6%. C38H34N40~. Calculated: C 71.0; H 5.6; N 8.7%. 

1 ,1T-Tet ramethylenebis (2 ,3 ,3- t r imethyl indolenin ium iodide) (V). A mix tu re  of 19.08 g (0.12 mole) of 
2 ,3 ,3- t r imethyl indolenine  and 9.3 g (0.03 mole) of 1,4-diiodobutane was heated at  140 ~ for  24 h. The r e -  
sulting V was separa ted ,  washed with acetone and e ther ,  and c rys t a l l i zed  f rom wate r  to give 14.58 g (77.5%) 
of V with mp  265 ~ (dee.). Found: C 48.6; H 6.2; N 4.2%. C2~II34121~2. Calculated: C 49.7; II 5.4; N 4.5%. 

l t l , -Te t r ame thy leneb i s (2 -me thy lene -3 ,3 -d ime thy l indo l ine ) .  A 5.66-g sample  of V was dissolved in 
700 ml  of water ,  and the solution was ref luxed with act ivated charcoa l  and neut ra l ized  to pH 7 with sodium 
bicarbonate .  The r o s e - c o l o r e d  oil was ex t rac ted  with e ther ,  and the ex t r ac t  was dr ied  over  anhydrous so -  
dium sulfate.  The solvent  was evapora ted  to give 2.57 g (77%) of the f ree  base  as r o s e - c o l o r e d  c ry s t a l s  
with rnp 101-102.5 ~ ( f rom hexane).  Found: C 83.8; H 8.6; N 7.4%. C~H32N 2. Calculated: C 83.8; H 8.7; 
N 7.5%. 

1, l " - T e t r a m e t h y l e n e  b is (3 ,3-dimethyl -6  V-nitrospiro[indoline-2,2 t-(2K-1) benzopyran]) (II). A m i x -  
ture  of 3.14 g (5 mmole)  of V, 1.67 g (10 mmole)  of 5-n i t rosa l icy la ldehyde ,  and 1 ml  (10 mmole)  of p i p e r -  
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idine in 20 ml  of methanol  was ref luxed for  30 rain. The prec ip i ta te  was r emoved  by f i l t rat ion,  washed 
with benzene, and ref luxed with methanol  to give 3.20 g (96%) of II  with mp 195-197 ~ (dee.) as g reen  c r y s -  
tals .  Found: C 71.6; t t  5.7; N 8.4%. C40H~BNr ~. Calculated: C 71.6; H 5.7; N 8.4%. 

1 - (w- Iodo te t r amethy lene ) -2 ,3 ,3 - t r ime thy l indo len in ium Iodide. A mix tu re  of 13.99 g (0.088 mole) of 
2 ,3 ,3- t r imethyl indolenine  and 110 g (0.355 mole) of 1,4-diiodobutane was heated at 85 ~ for  20 h in 90 ml  of 
absolute  benzene.  The q u a t e r n a r y  sa l t  was s epa ra t ed  and washed succes s ive ly  with acetone and e ther  to 
give 29.80 g (72.2%) of product .  A sample  for ana lys i s  was r e c r y s t a l l i z e d  twice f rom water  to give white 
needles  with m p  168-169 ~ Found: C 38.5; H 4.5; I 54.3%. C15H2112N. Calculated: C 38.4; H 4.5; I 54.1%. 

~- (w-I~d~te t ramethy~ene) -3~3-d imethy~-6 ' -n i t r~sp i ro[ ind~ine-2~2 ' - (2H-~)benz~pyran  ] (VII). A m i x -  
ture  of 4.69 g (10 mmole)  of unpurif ied 1- (w- iodote t ramethy lene) -3 ,3 -d imethy l indolen in ium iodide, 1.67 g 
(10 mmole)  of 5 -n i t rosa l i ey la ldehyde ,  and 1 ml  (10 mmole)  of piper idine in 20 ml  of absolute methanol  was 
ref luxed for  20 rain and evapora ted  to half  i ts  or ig inal  volume.  The resu l t ing  prec ip i ta te  was separa ted ,  
ex t rac ted  with boiling t o l u e n e - h e x a n e  (1 : 1), and r e c r y s t a l l i z e d  f rom a l c o h o l - b e n z e n e  (9 : 1) to give 3.57 g 
of a mix tu re  of VII and II. A 0.5-g sample  of this mix tu re  was s epa ra t ed  by p r e p a r a t i v e  th in - l ayer  ch ro -  
ma tog raphy  (TLC) on hydra ted  si l icic  acid (25 g, 220-by-260-mm plate) in a b e n z e n e - h e x a n e  s y s t e m  (1 : 1) 
with elution with methanol  to give 0.32 g of VII and 0.14 g of II. The overa l l  yield of yel low c r y s t a l s  [ f rom 
a l c o h o l -  benzene (9 : 1)] of VII, with mp 114-115 ~ (rap 110 ~ [7]) and Rf  0.54, was 2.28 g (46.5%). The o v e r -  
all yield of II, with m p  195-197 ~ (dec.) and R f  0.22, was 0.96 ~ Found for  VII: N 5.6%. C22H23]~203. Cal-  
culated N 5.7%. 

1 ,1 ' -Hexamethy leneb i s (2 ,3 ,3 - t r imethy l indo len in ium iodide) (VI). The method used to p r e p a r e  V was 
used  to obtain VI f rom 3.38 g (0.01 mole) of 1,6-diiodohexane and 4.77 g (0.03 mole) of 2 ,3 ,3 - t r ime thy l -  
indolenine. The product  was c rys t a l l i zed  f rom a l c o h o l - b e n z e n e  (1:4)  to give 5.06 g (77%) of yel low nee -  
dles with mp 220-221 ~ Found: C 51.2; H 5.9; I 38.6; N 4.1%. C28H3812N 2. Calculated: C 51.2; H 5.8; I 
38.7; N 4.3%. 1 ,1 ' - t t examethy leneb i s (2 -methy lene-3 ,3 -d imethy l indo l ine )  was i so la ted  as desc r ibed  for  the 
1 ,1 ' - t e t r ame thy l ene  der iva t ive  as a r ed  liquid, which was used without fur ther  purif icat ion.  

~ ' ' -~exame thy~eneb i s (3~3 -d ime thy~-6 ' -n i t r~ sp i r~ [ ind~ ine -2~2 ' - (2~ -1~benz~pyran ] )  (III). A m i x -  
ture  of 3.01 g (7.5 mmole)  of 1 ,1 ' -hexamethy leneb is (2 -methy lene-3 ,3 -d imethy l indo l ine )  and 2.50 g (15 
mmole)  of 5 -n i t rosa l i cy la ldehyde  was ref luxed for 5 h in 38 ml  of absolute methanol .  The prec ip i ta te  was 
s epa ra t ed  and re i luxed with alcohol to give 4.30 g (82%) of blue c r y s t a l s  with mp 180.2-181.2 ~ ( f rom ben- 
zene). Found: C 72.1; H 6.0; N 7.5%. C42H42N406. Calculated: C 72.2; H 6.1; N 8.0%. 

! - (w- Iodohexamethy lene ) -2 ,3 ,3 - t r ime thy l indo len in ium Iodide. A mix tu re  of 3.18 g (0.02 mole) of 
2 ,3 ,3- t r imethyl indolenine  and 20.28 g (0.06 mole) of 1,6-diiodohexane was heated at 85 ~ for  24 h in 18 ml  
of  absolute benzene.  The resul t ing  da rk -b rown oil was sepa ra t ed  and d isso lved  in 200 ml  of hot water .  
The solution w a s  ref luxed with ac t iva ted  charcoa l ,  cooled, and f i l te red  to give 4.25 g (44.5%) of qua te rna ry  
sal t .  A sample  for  ana lys i s  was r e c r y s t a l l i z e d  f rom a l c o h o l - e t h e r ( l :  1) to give yel low needles  with mp 
128.6-129.6 ~ . Found: C 41.2; H 5.0; I 51.0; N 2.8%. C17H2512N. Calculated:  C 41.1; H 5.1; I 51.0; N 2.8%. 

•-(w-I•d•hexamethy•ene)-3'3-dimethy•-6'-nitr•spiro[ind••ine-2•2'-(2H-•)benz•pyran] (VIII). A m i x -  
ture  of 3.65 g (7.3 mmole)  of unpurif ied iodide, 1.22 g (7.3 mmole)  of 5-n i t rosa l iey la ldehyde ,  and 0.9 ml  
(9 mmo!e)  of  p iper id ine  was ref luxed for 10 rain in 15 ml  of absolute  methanol .  The solvent  was r emo v ed  
by vacuum dist i l lat ion,  and the res idue  was r e c r y s t a l l i z e d  f rom a l c o h o l - b e n z e n e  (9 : 1) to give 2.36 g of a 
mix tu re  of VIII and HI. A 0.5-g sample  of the mix tu re  was sepa ra ted  by p r epa ra t i ve  TLC as desc r ibed  in 
the p repa ra t ion  of VII to give 0.41 g of VIII and 0~ g of III.  The overa l l  yield of yel low needles  of VIII, 
with mp  140.8-142 ~ ( f rom benzene) and Rf  0.80, was 1.81 g, while the overa l l  yield of III, with mp 180,2- 
181o2 ~ and Rf  0.40, was 0.21 g. Found for  VIII: C 56.0; H 5.3; I 24.5; N 5.1%. C24H27IN203. Calculated: 
C 55.6; H 5.2; I 24.3; N 5.4%. 

6', 6" '-  Methy leneb is (1 -propyl -3 ,3 -d imethy lsp i ro [ indo l ine -2 ,2 ' - (2H-1)benzopyran] )  (IX). A mix tu re  of 
1.65 g (5 mmole)  of 1 -p ropy l -2 ,3 ,3 - t r ime thy l indo len in ium iodide [13], 0.64 g (2.5 mmole)  of 5 , 5 ' - m e t h y l -  
enedisa l iey la ldehyde ,  and 0.43 ml (43 mmole)  of piper idine was ref luxed for 5 h in 30 ml of methanol .  
Compound IX was s epa ra t ed  and r e c r y s t a l l i z e d  f r o m  a l c o h o l - b e n z e n e  (1 : 1) to give 1.05 g (67.7%) of white 
c r y s t a l s  with mp  137.5-138.5 ~ Found: C 82.5; H 7.8; N 5.2%. C43II4GN202. Calculated: C 82.9; H 7.4; 
N 4.5%. 

6%6'"- Methy•enebis(•-pr•py•-3•3-dimethyl-8'•nitr•spir•[ind••ine-2•2T-(2H-•)benz•pyran]) (X). A 
mix tu re  of 1.55 g (4.7 mmole)  of 1 -p ropy l -2 ,3 ,3 - t r ime thy l indo len in ium iodide, 0.81 g (2.35 mmole)  of 
5 ,5 ' -me thy leneb i s (3 -n i t rosa l i cy la ldehyde) ,  and 0.6 ml  (6 mmole)  of piperidine was ref luxed for  5 h in 150 
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ml of methanol. The solvent was removed by vacuum distillation, and X was extracted from the residue 
with boiling benzene-.hexane (1 : 1) to give 1.1 g (65.3%) of da rk -g reen  product  without a definite melting 
point. Found: C 72.9; H 6.7; N 7.4%. C43H44N406. Calculated: C 72.4; H 6.2; N 7.9%. 

The photochemical experiments were ca r r i ed  out in the chamber  of an SP-700 spectrophotometer  in 
special quartz  cuvettes (l' 0.5 cm, l 3 era). The methods used in the spectral  and kinetic measurements  
were presented in previous papers  of this ser ies .  
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