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The cor respond ing  mono-  and d i sp i ropyrans ,  the cycl ic  fo rms  of which a re  more  s table  thanthe  
analogous compounds of the phenanthridine s e r i e s ,  we re  obtained by condensation of mono-  and 
d iqua ternary  sa l t s  of 5 ,10-d imethy l -4 ,9 -d iazapyrene  with a r o m a t i c  o-hydroxy aldehydes.  Suc- 
ce s s ive  opening of the pyran  r ings  of the d i sp i ropyrans  occurs  iri ace t ic  acid solut ions,  whereas  
the monosp i ropyrans ,  a f ter  opening of the pyran  r ing ,  a r e  protonated at the ni t rogen a tom in the 
9 position. 

Color less  sp i ropyrans  with p rope r t i e s  s im i l a r  to those of sp i rans  based on phenanthridine [1] a re  fo rmed  
in the condensation of mono-  and d iquaternary  sa l t s  (I, II) of 5 ,10-d imethy l -4 ,9 -d iazapyrene  with sa l icy la lde-  
hyde. In the p resen t  paper  we desc r ibe  the synthes is  and p rope r t i e s  of subst i tuted d iazapyrene  sp i ropyrans  
(V-XVIII, Table 1). They were  also obtained by reac t ion  of mono-  and d iquaternary  sa l t s  (I-IV) with sa l i cy l -  
aldehyde der iva t ives  by heating in ethanol or d imethy l fo rmamide  (DMF) with the addition of piperidine.  

�9 y 

H3C..~N.R H3C. ~'~L,~N.R H3C ~ , .  ~R ~ - ~ , ~ . R  

~.~ X- ~ ~ ~TsO- 
l, I11 V-XII II, IV X I I I - X V I l l  

l ,  l l ,  V-VII, IX-XIV, XVI, XYll R=CHa;  Ill, IV, VIII, XV, XVII[ R -C~Hs ;  1 X=CH3SO4; III X = l  

The products  of the  reac t ion  of sal icylaldehyde der iva t ives  with monoqua te rna ry  sa l t s  I, III, viz . ,  V-XII, 
including the 6 ' , 8 ' - d i b r o m o  and 6 ' -n i t ro  der iva t ives  (X-XII), were  isolated f r o m  the reac t ion  mixture  in the 
f o r m  of a lmos t  co lo r l e s s  sp i ropyrans .  The p re sence  of absorpt ion bands at 1520-1530 (apparently the py r i -  
dine r ing),  1230-1250 ( C - O - C ) ,  and950-980cm -1 is cha rac t e r i s t i c  for the IR spec t r a  of these  compounds. We 
were  unable to obtain the colored merocyanine  fo rms  of X-XII,  as was done in the case  of the analogous phenan- 
thr idine der iva t ives  [2, 3]. The n i t ro-subs t i tu ted  compounds (XI, XII) a r e  par t ia l ly  conver ted to merocyanines  
only in alcohol solut ions,  as evidenced by the appearance  in the absorpt ion spec t r a  of a band at 520-560 nm. 
As compared  with the phenanthridine analogs,  this band is shifted ba thochromica l ly  by 30-40 am,  but its inten- 
s i ty  r e f e r r e d  to the total  concentrat ion (the "apparent  extinction coefficient ,  e" )  is approx imate ly  one o rde r  of 
magnitude lower than the values observed  for  the comple te ly  open analogous compounds. These  r e su l t s  show 
that  the cyclic  f o rms  of monosp i ropyrans  of 5 ,10-d imethy l -4 ,9 -d iazapyrene  a r e  m o r e  s table  than phenanthr i -  
dine, as one should have expected in accordance  with quan tum-chemica l  calculat ions [1]i 

The products  (XIII-XVIII) of the reac t ion  of the d iqua ternary  sal ts  of 5 ,10-d imethy l -4 ,9 -d iazapyrene  (II, 
IV) with aldehydes were  a lso  isolated f r o m  the reac t ion  mix tu res  in thei r  co lo r less  fo rms .  The absorpt ion 
band at 1520-1530 cm -1 c h a r a c t e r i s t i c  for monospi rans  is absent  in the IR spec t r a  of d i sp i ropyrans  XIII-XVIII,  
and  bands a r e  observed  at 1230-1250 and 950-980 cm -1. In conformi ty  with the higher energy of localization of 
the C 5 and C10 atoms in the double sa l t s  of d iazapyrene  as compared  with the single sa l ts  [1], the second sp i ro -  
pyran  grouping in the d i sp i ropyrans  could be m o r e  labile than in the monosp i rans  but more  s table  than in the 
phenanthridine der iva t ives .  In fact ,  compounds XV-XVIII  can be isolated in thei r  deeply colored merocyanine  
fo rms  by neutral izat ion of acet ic  acid solutions of these  compounds,  in which they exis t  in the f o r m  of sa l ts  of 
the cyanine type. However,  the merocyan ines  thus obtained a r e  rapidly decolor ized when they are  dissolved in 
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Fig. 1 Fig. 2 

Fig. 1. Absorption spectra of spiropyrans in dioxane: 1) 5-methylspiro-(5,6-dihydrophenan- 
thridine-6,2 T- [2H]chromene); 2) 4,10-dimethylspiro- (4,5-dihydro-4,9-diazapyrene-5,2'-  [2H]- 
chromene) (XIX, in alcohol); 3) 4,9-dimethyldispiro(4,5,9,10-tetrahydro-4,9-diazapyrene- 
5,10,2T,2VT-b[s [2H]chromene) (XX); 4) 4,10-dimethylspiro(4,5-dihydro-4,9-diazapyrene-5,5'-  
[3 H]-benzo [f]chr omene) (VII). 

Fig. 2. Absorption spectra of spiropyrans in 50% aqueous CH3COOH: 1) 5-methylspiro(5,6- 
dihydrophenantbridtne-6,2'-[2H]chromene) (with the addition of 10% H2SO4); 2) XIX; 3) XIX 
with the addition of 10% H2SO4; 4) XX; 5) XX with the addition of 10% H2SO 4 (the log e +0�9 
values are plotted along the axis of ordinates for curves 3 and 5). 

L 
i ~i~=.~.~-l:~r / ..... \ 
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,,o t l ~ , , - ~ ! ~ - - g r  "\ \ 

Fig. 3. Absorption spectra of spirobenzo[f]chromenes 
(VII, XV) in 50% CH3COOH: 1) VII; 2) VII with the 
addition of 10% H2SO4; 3) 4,9-diethyldispiro(4,5,9,10- 
tetrahydr o- 4,9-diazapyr ene-5,10,3' ,3"-bis  [3 H]benzo [f]- 
ehromene) (XV); 4) XV with the addition of 10% H2SO 4. 

organic solvents, particularly low-polarity solvents. The crystallization of these compounds in the mero-  
cyanine form from aqueous solutions is apparently explained by their hydrophobic character ,  owing towhich 
they are more rapidly precipitated than they are  isomerized to spiropyrans. When aqueous suspensions of 
them are heated they are  rapidly decolorized to give the spiropyrans. 

The absorption spectra  of the mono- and dispiropyrans are  similar and differ primari ly only with 
respect  to the intensity of the absorption of the longwave ( ~370 nm) and shortwave (~250 nm) bands 
(Fig. 1, Table 1). The longwave band is shifted bathochrom[cally by 40 nm relative to the analogous ab- 
sorption band of the spiropyrans of the phenanthridine series .  The spectra of the colorless forms change 
only slightly on passing from dioxane to alcohol. 

Like the spiropyrans of the phenanthridine series  [3], diazapyrene spiropyrans are converted to salts 
of the open forms on dissolving in 20-50% acetic acid�9 In contrast to the phenanthridine derivatives, the 
absorption spectra of these salts depend on the acidity of the solution. In the case of monospiropyrans 
XIX and VII~ the addition of the first  proton in 50% CH3COOH (Figs. 2 and 3) leads to the formation of a 
monosalt (XIXa, VIIIa), the color of which is considerably deeper in the case of the benzo derivative (VIIa). 
The longwave absorption band (470 rim) in the spectrum of VIIa is evidently due to excitation of the cya- 
nine chromophore. However, in the spectrum of XIXa it is probably overlapped by the band of excitation of 
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the condensed portion of the molecule (395 nm). New absorption maxima at 270 and 340 nm appear when 
sulfuric acid is added, and the longwave maximum of VIIa is shifted bathochromically by 30 nm. This 

shift, as in the case of cyanine dyes [4], should occur when the aeceptor properties of the second nitrogen 
atom are intensified due to its protonation (the formation of diquaternary salts XIXb and VIIb). 

Donor subst[tuents cause an even more pronounced deepening of the color in the case of the cyanines 
[4]. In fact, an absorption band at 450 nm, the appearance of which can be explained only by the formation 
of a mone salt (XXa) with one cyanine chromophore and a tertiary nitrogen atom, is observed in the spec- 
trum of an acetic acid solution of dispiropyran XX. When the acidity is raised further (up to 10% H2SO4), 
this absorption band vanishes because of secondary protonation and opening of the second pyran ring, and 
this leads to conversion of the tertiary nitrogen atom to a quaternary nitrogen atom (XXb). As a result, 
the spectra of strongly acidic solutions of XX and XIX become very similar (Fig. 2). Similar changes are 
observed in the spectra of XV. It should be noted that, judging from the spectra of XX and XV in 50% 
CH3COOH , diquaternary salts XXb and XVb are, in contrast to monospirans XIX and VII, present in con- 
siderable but not predominant amounts. This is in agreement with the assumption of the lower stability of 
one of the spiropyran rings in the dispiropyrans as compared with monospiropyrans, an assumption that 
was expressed above on the basis of a comparison of the localization energies. 

H3C-..,/'~.-CPI3 ..pH + H3CN~.N.~CH3 .pH+ H3C~.--CH3 

XlX XlX a XlX b 

xx xx a xx b 

All of the spi ropyrans  obtained in this study display the rmochromic  proper t ies  When they are  heated 
in hydroquinone dimethyl ether.  The photochromic propert ies  of these compounds in low-polari ty solvents 
a re  observed only during flash photolysis,  inasmuch as the dark conversion of the colored forms to co lor -  
less fo rm occurs  very  rapidly.  

EXPERIMENTAL 

5,10-Dimethyl-4,9-diethyl-4,9-diazapyrenium Dttoluenesulfonate (IV). A mixture of 2 g (8.6 mmole) 
of 5,10-dimethyl-4,9-diazapyrene and 16 g (80 mmole) of ethyl p-toluenesulfonate was heated at 190 ~ for 
l h, after which the melt was triturated with ethanol to give 2.9 g (53%) of ditoluenesulfonate IV with mp 285- 
290 ~ (dec.). Crystallization from 75% alcohol (i : I0) gave 1.77g of light-yellow crystals of IV with mp 295- 
300 ~ (dec.). The salt was quite soluble in water but insoluble in ether and benzene and was crystallized 
from alcohol (i : 150). UV spectrum in alcohol (c 1.58.10 -5 M), kmax, nm (loge): 225 (4.76), 267(4.40), 332 
(3.93), and 500 (3.35). Found: C 64.7; H 6.1; N 4.6; S 10.8%. Ca4H36N2OGS2. Calculated: C 64.5; H 5.7; 
N 4.4; S 10.1%. 

5,10-Dimethyl-4-ethyl-4,9-diazapyrenium Iodide (iII).* A mixture of 0.5 g (2.2 mmole) of 5.10-di- 
methyi-4,9-diazapyrene and2 g (ii mmole) of ethyl p-toluenesulfonate was heated at 140 ~ for l h, after which 
! ml of alcohol was added, and the mixture was triturated. The dark-gray solid IV was removed by filtra- 
tion and washed with 1 ml of alcohol and 25 ml of ether to give 0.3 g of ditoluenesulfonate IV with mp 280- 
283 ~ (dec.). The combined filtrates was evaporated, and the residue was triturated with 25 ml of ether. 
The solid was separated and dissolved by heating in 6 ml of alcohol. The solution was treated with char- 

* The conditions under which II was isolated along with IV are  indicated. The optimum conditions for the 
preparat ion of II were not determined.  
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coal and f i l tered,  0.15 g of KI was added to the f i l t ra te ,  and the prec ip i ta te  was s epa ra t ed  and washed with 
e the r  to give 0.49 g (58%) of g reen ish-ye l low c ry s t a l s  of III imp 248-251 ~ (dec.)], which were  dissolved by 
ref luxing in a mix ture  of 50 ml  of alcohol and 6 ml  of water .  The solution was t r ea t ed  with charcoa l  and 
f i l tered,  and the f i l t ra te  was evapora ted  to half its or iginal  volume to give 0.41 g of II with mp 248-249 ~ 
(dec.). Found: I32.6%. C18HiTIN 2. Calculated:  I32.8%. 

4 ,10 -Dtme thy l -6 ' -b romosp i ro (4 ,5 -d ihydro -4 ,9 -d i azapyrene -5~2 ' - [2H]chromene)  (IX}. A solution of 
1 g (2.8 mmole)  of I,  0,6 g (3.0 mmole)  of 5 -bromosa l iey la ldehyde ,  and 0.9 ml  (9 mmole)  of piper idine in 
100 ml  of alcohol was ref luxed for 1.5 h, a f te r  which the solid m a t e r i a l  [0.95 g, mp 216-217 ~ (dec.)] was 
r e m o v e d  by f i l t ra t ion,  washed with wate r ,  and c rys t a l l i zed  once f r o m  a mix ture  of 300 ml  of alcohol and 
20 ml  of dioxane and twice  f r o m  alcohol to give co lo r l e s s  IX with mp 231-232 ~ (dec.). 

Compounds V-VII (Table 1) w e r e  s i m i l a r l y  obtained. Spiropyran V was isolated f r o m  the reac t ion  
mix tu re  by evaporat ion to half  its or iginal  volume and was c rys t a l l i zed  twice f r o m  alcohol (1 : 60). Corn- 

-pound VI was isolated by dilution of the reac t ion  mix ture  with an equal volume of wa te r  and was c r y s t a l -  
l ized f r o m  alcohol (1 : 60); VII was c rys t a l l i zed  twice  f r o m  70% aqueous dioxane (1 : 120). 

Spiropyrans  VIII and X-XII (Table 1) we re  obtained by heating a solution of equimolecular  amounts 
of the monoquaternary  sal t  of the d iazapyrene  (I or  III),  the appropr ia t e  aldehyde, and piperidine in DMF 
(25 ml  per  g r a m  of the salt) at 95-98 ~ for 30 rain. The reac t ion  mix ture  was diluted to twice its or iginal  
volume with wate r ,  and the r e su l t ing  prec ip i ta te  was r emoved  by f i l t ra t ion and washed with water .  Com-  
pound VIII was purif ied by c rys ta l l i za t ion  f r o m  85% aqueous dioxane (1:36) and alcohol -d ioxane  (4 : 1; 
1 : 70); X was rep rec ip i t a t ed  f r o m  benzene (1 : 60) and twice f r o m  CC14 (1 : 30) by means  of equal volumes 
of pe t ro l eum ether  and was c rys t a l l i zed  f r o m  a l coho l -d ioxane  (4: 1; 1 : 125). Compound XI was r e p r e c i p i -  
ta ted th ree  t imes  f r o m  benzene (1" 90) by means  of pe t ro leum ether ,  a f te r  which it was dissolved by boi l -  
ing in CC14 (1 : 190), and the solution was t r ea t ed  with charcoa l  and evapora ted  to half its or iginal  volume 
pr io r  to crys ta l l iza t ion .  Compound XII was ex t rac ted  four t imes  with boil ing benzene (1 : 40), and the f i l -  
t r a t e s  w e r e  evapora ted  to one- four th  the i r  or iginal  volume;  XII was prec ip i ta ted  by the addition of an equal 
volume of pe t ro leum ether ,  a f te r  which it was c rys ta l l i zed  f r o m  CC14 (1 : 60). 

4 ,9 -Dimethy l -6 '  ,8' ,6" ,8' ' - t e t r ab romodisP[ rO (4 ,5 ,9 ,10- te t rahydro-4 ,9 :d iazapyrene-5 ,10 ,2 '  , 2 ' - b i s -  
[2H]chromene (XVI1) and the Merocyanine F o r m  (XVIIA). A solution of 0.6 g (1 mmole)  of ]I, 0.6 g (2.1 
mmole)  of 3 ,5-d ibromosal icy la ldehyde ,  and 1.2 ml (12 mmole)  of piperidine in 45 ml  of 70% alcohol was 
ref luxed for  1 h, and the r e su l t ing  d a r k - g r e e n  prec ip i ta te  [0.5 g, mp 255-260 ~ (dec.)] was washed wi thwate r  
and alcohol and c rys ta l l i zed  twice f r o m  chlorobenzene (1 : 50). 

For the p repa ra t ion  of the merocyan ine  f o r m  (XVIIA), 50 mg of sp i ropyran  XVII, with mp  264-265 ~ 
(dec.), was dissolved in 3 ml  of acet ic  acid, the solution was f i l te red,  and the f i l t ra te  was poured into a 
sa tu ra ted  solution of NaHCO 3. The re su l t ing  blue prec ip i ta te  was separa ted ,  washed with water  and e ther ,  
and vacuum dr ied to give 40 mg of XVIIA with mp 245-246 ~ (dec.). A solution of XVIIA in alcohol was vio-  
let  at r o o m  t e m p e r a t u r e  but decolor ized  on heating and in light. A green  colorat ion,  which changed i m m e -  
diately to yellow, was obse rved  in ch lo ro fo rm only when the compound was dissolved.  Solutions in acetone 
and ace toni t r i le  were  yellow. Found: Br 40.9; N 3.3%. C3~H20Br4N20~. Calcula ted :  Br 40.8; N 3.6%. 

Merocyanine XVIIIA. This compound, with mp 258-260 ~ (dec.), was obtained by the method used to 
p r e p a r e  XVIIA. Alcohol solutions of XVIIIA underwent color  changes s i m i l a r  to those obse rved  for so lu-  
t ions of XVIIA. A rapid ly  vanishing green colora t ion was observed  when it was dissolved in acetone and 
chloroform.  Found: Br 39.6; N 3.8%. C34H24BrcN202. Calculated: Br 39.4; N 3.5% 

Disp i ropyrans  XIII, XIV, XVI, and XVIII (Table 1). These  compounds w e r e  obtained by the method 
used to p r epa re  XVII. They were  prac t ica l ly  insoluble in alcohol and were  c rys t a l l i zed  f r o m  la rge  amounts  
of low-polar i ty  solvents .  Compound XIII was c rys ta l l i zed  f r o m  dioxane (1 : 80), XIV was c rys ta l l i zed  f r o m  
benzene (1 : 140), XVI was c rys ta l l i zed  f r o m  65% aqueous dioxane (1 : 450), and XVIII was c rys ta l l i zed  f r o m  
chlorobenzene (1 : 200). 

Compound XV (Table 1) was obtained by heating a solution of 0.64 g (1 mmole)  of IV, 0.36 g (2.1 
mmole)  of 2-hydroxynaphthaldehyde,  and 0.6 ml (6 mmole)  of piperidine in 15 ml of DMF at 95-98 ~ for 1 h, 
a f te r  which the solid m a t e r i a l  was separa ted ,  washed with water  and alcohol,  c rys t a l l i zed  f r o m  ni t roben-  
zene (1 : 65), and washed with alcohol and e ther .  
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2,3-Dihydrobenzothiophenes a r e  dehydrogenated to the cor responding  benzothiophenes on r e a c -  
tion with the hydr ide- ion  accep t e r s  t r iphenylmethyl  t e t r a f luo robora t e  and chloranil .  Thiochro-  
man r e a c t s  with chlorani l  to give 2-methyl -2 ,3-d ihydrobenzoth iophene  and 2-methylbenzoth io-  
phene and r e a c t s  with t r iphenylmethyl  t e t r a f luo robora t e  to give a th iochromenyl ium salt .  

The dehydrogenation and i somer iza t ion  reac t ions  of two- r ing  sulfides in the p resence  of ca ta lys ts  based  
on a luminum oxide apparen t ly  proceed  through a s tep involving detachment  of a hydride ion under the influence 
of the aprot ic  cen te rs  of the ca ta lys t s  [1, 2], and dehydrogenation takes  place without hydrogen evolution into 
the gas phase.  In this connection, we invest igated the dehydrogenation of 2,3-dihydrobenzothiophene (I), 2-  
methyl -2 ,3-dihydrobenzothiophene (II), and 3-methyl -2 ,3-d ihydrobenzoth iophene  (iII) on reac t ion  with t r iphenyl -  
methyl  t e t r a f luo robora t e  and chlorani l  ( t e t rach loro- l ,4 -benzoquinone) .  The react ion  gives high yie lds  of the 
cor responding  benzothiophene in apro t ic  solvents  with high polar i t i es  (Table 1). At 80 ~ in ace toni t r i le  the de- 
hydrogenation of II gives the product  in yields up to 93%, whereas  the yield at 20 ~ af ter  1 h was only 29%. The 
c h a r a c t e r  of the effect of the solvents  and the absence  of r eac t ion  products  with doubled molecu la r  weights 
make it poss ib le  to suppose that the reac t ion  p roceeds  via an ionic scheme:  

H 

Ycceptor ~ ~ ~ r~ (1) 

I-HI 
I R=R'=H: I I  R=CH3, R'=H; If| R=H, R'=CH~ 

As compared  with t r iphenylmethyl  t e t r a f luo robora t e ,  the use of chlorani l  r equ i r e s  an inc rease  in the 
t e m p e r a t u r e  and reac t ion  t ime.  Thus the yield of 2-methylbenzothiophene (IV) did not exceed 32% in the de- 
hydrogenation of II in o-xylene at 100 ~ for 15 h. The re la t ive  r a t e s  of dehydrogenation for I, II, and III,  which 
were  found to be,  r e s pec t i ve l y ,  1.5 : 2.4 : 1, were  calculated on the bas i s  of the dependence of the yields of the 
reac t ion  products  on the t ime.  

Under the influence of chloranil ,  th iochroman (V) undergoes i somer iza t ion  to give smal l  amounts of II 
(2%) and its dehydrogenation product  IV (3%): 

] E cHI:H  v 
H-II- H- 

Y 
II 

(2) 
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