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Calculation by the LCAO MO method showed that the formation and stability of spi ropyrans  
obtained by the condensation of quaternary  salts of nitrogen he terocycles  with sa l icyla lde-  
hyde depend on the magnitude of the positive charge on the carbon atom at which the pyran 
r ing is c losed and on the magnitude of the localization energy of this react ion center .  New 
represen ta t ives  of sp i ropyrans  based on 5 ,10-dimethyl-4 ,9-diazapyrene were synthesized.  

Deeply colored merocyanines ,  which are  incapable of in t ramolecular  cycl izat ion to form spi ropyran 
derivat ives  [1, 2], are fo rmed by the react ion of salicylaldehyde with 1,2-dimethylpyridinium (i) and 1,2- 
dimethylquinolinium (II) cat ions.  On the other hand, the corresponding products from 5,6-dimethylphenanth- 
radinium (III) and 9,10-dimethylacr idinium (IV) cations are  color less  sp i ropyrans  [2,3]. To establish the 
reasons  upon which the possibi l i ty of the formation of spiropyrans depend, we used the LCAO MO method in 
the Hiickel approximation to calculate the molecular  d iagrams of the ground states of I-IV and, as a unique 
standard;, that of the 1 ,1 ,2- t r imethyl-3H-indol inium cation (V), since V is widely used in the synthesis of 
sp i ropyrans  [4]. The same calculation of the appropriate dihydro derivat ives of the A type, which are 
models  of the ni t rogen-containing portion of spi ropyrans  f rom I-V, was ca r r i ed  out simultaneously to com-  
pute the local izat ion energy.  

A 

The hx,  k c x  , and 5 values taken from [5] were used in the calculation. The inductive effect f rom only the 
quaternized nitrogen atom was taken into account. The methyl group was considered to be a pseudohetero-  
atom contributing a 2~ e lec t ron  to the overal l  ~ sys tem:  hCH 3 4 and kC_CH 3 0.45 [6]. The localization 
energy was calculated as the difference between the g - e l e c t r o n  energies  of the dihydro derivative and the 

TABLE 1. Reactivi ty Indexes and Structures  of the Condensation 

Cation +0 v -L Condensation product 

I 
II 

III 
IV 
V 

VI 
VII 

0,1813 
0,2418 
0.3277 
0,3128 
0,5788 
0,3312 
0,332l 

1,5298 
1,5389 
1,5788 

1,7114 
1,5789 
1,5819 

11,3120 
11,1566 
10,9194 
11,1088 
11,0644 
10,7596 
10,9576" 

Merocyanine 
Merocyanine 
Spiropyran 
Spiropyran 
Spiropvran 
Spirop~ran 
Spiropyran 

* Since there  are no react ion cen te rs  in dication VH, the value 
0.5L is presented.  
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cation.  The resul ts  are presented in Table 1, where q is the result ing charge on the carbon atom at which 
the pyran ring is closed,  p is the bond order  between this atom and the nitrogen atom, and L is the local iza-  
tion energy in units of fi 0. 

The data obtained indicate that the formation of closed or open forms in the condensation of quatern-  
ary  salts with salicylaldehyde is determined by the q and p values.  In fact, I and II have the minimum q 
values,  and the products of the react ion of these substances with salicylaldehyde have merocyanine s t r u c -  
tures .  The q value is l a r g e r  in the remaining compounds, and the condensation of III-V with salicylaldehyde 
resul ts  in the formation of sp i ropyrans .  The same dependence in the case of s - m e t h y l  derivat ives is ob- 
served  from a compar i son  of the p values.  The resul ts  of the calculation are in agreement  with the p ro -  
posal of a relat ionship between the electrophil ici ty of a react ion center  and the possibi l i ty of the formation 
of sp i ropyrans  in react ions of this type [2, 3]. It is apparent that the change in the localization energies 
(L) is not symbatic  with respec t  to the sequence of the change in q and p. A compar i son  of the data p re -  
sented in Table 1 makes it possible to relate the L values to the capaci ty of sp i ropyrans  for ring opening. 
Thus the l a rges t  L values cor respond  to substances obtained from I and II and are merocyanines .  The 
sp i ropyran  from V is capable of ring opening on i r radiat ion with UV light or  on heating [3, 4]. The L value 
of this spi ropyran is lower than the L value of the spi ropyrans  from I and II, which do not actually exist .  
The sp i ropyran  from III has an even lower L value, which is in accordance with the pre l iminary  data on the 
high stabil i ty of the sp i ropyran  ring of this substance as compared  with the sp i ropyran  obtained on the basis  
of V. The noncorrespondence between the L value of the acridine sp i ropyran  (VIII), which is ciose to the L 
value of the sp i ropyran  f rom V, and the fact that VIII does not display therrnochromic  proper t ies  and is 
much less  photochromic than the spi ropyran obtained on the basis of V [7] seems somewhat surpr is ing .  It 
seems to us that in this case  one should take into account the s t ruc tura l  factors  which distinguish VIII f rom 
the other spi ropyrans  of the investigated se r i e s .  Hydrogen atoms in the 4- and 5-posit ions can hinder 
opening of the ring of VIII and the appearance of a coplanar  conjugated sys tem.  

A 
V I I I  

Thus the resul ts  make it possible to assume that the L value cha rac t e r i ze s  the capaci ty  of sp i ro -  
pyrans for revers ib le  ring opening. We note that if the use of L for compar i son  with the the rmochromic  
proper t ies  is valid, it is apparently impossible to a r r ive  at a judgment regarding the possibi l i ty of the 
manifestat ion of photochromic proper t ies  f rom the magnitude of this index alone. Photochromic  t r a n s f o r m a -  
tions are complex and are determined not only by thermodynamic  relat ionships [7, 8]. 

It was of interest  to ver i fy  the applicability of the above conclusions to s imi la r  4 ,9-diazapyrene 
derivat ives  [9]. As we already repor ted  in [10], a pecul iar i ty  of diazapyrene is its tendency for react ions 
with nucleophilic reagents ,  as a consequence of which one might have expected increased  activity of the 
methyl groups in 5 ,10-dimethyl -4 ,9-diazapyrene  (IX) and especial ly in its mono-  and diquaternary salts 
(VI and VII). As a tes t  for the lability of the hydrogen atom, we selected the condensation of VI and VII 
with sal icylaldehyde.* On the one hand, the products of this react ion are of in teres t  as potential photo- and 
the rmochromic  substances while, on the other hand, they are of in teres t  as new objects for  the verif icat ion 
of the above conclusions.  Compound VI was obtained in almost quantitative yield by t rea tment  of IX with 
methyl iodide under p r e s su re  and also by heating IX in chlorobenzene with dimethyl sulfate. The appear -  
ance of a s t rong e l ec t ron -accep to r  center  sharply inhibits the alkylation of the second nitrogen atom, and 
VII is not formed under these conditions. Compound VII could be synthesized by the action of methyl p-  
toluenesulfonate on IX. The use of this alkylating agent made it possible to dispense with the hard- to-obta in  
and inconvenient- to-use tr iethyloxonium borofluoride,  used in the synthesis  of the diquaternary salts of the 
i somer ic  (to IX) 2 ,7-diazapyrene [11]. As seen f rom Table 1, the annelated pyridine ring in VI and VII 
bare ly  changes its q, p, and L values as compared  with III. It should have been expected that the products 
of the react ion of VI and VII with salicylaldehyde could exist  as sp i ropyrans  and have proper t ies  c lose to 
those of the sp i ropyrans  f rom III. In fact,  a lmost  co lor less  spi ropyrans  (X and XI) were isolated by the 

* R. P .  Polyakova part ic ipated in the experimental  work. 
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condensation of VI and VII with sal icylaldehyde under conditions which were identical to those used to ob- 
tain a sp i ropyran  f rom III [2]. P r e l i m i n a r y  tes ts  indicate the s imi lar i ty  between the photo- and t he rmo-  
chromic  proper t ies  of X and XI and those of the spi ropyran based on III. Compound XI is apparently as yet 
the only known representa t ive  of sp i ropyrans  which contain two spiro atoms in one heterocycle .  

' C Ha,~N/GH 3 CHa I ~ N . - C H ~  

CHa'"~cHa 

VII VI| 

X X! 

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

4 ,5 ,10 -Tr ime thy l -4 -azon inm-9-azapyrene  Iodide (Iodide of VI). A mixture of 1.2 g of 5,10-dimethyl-  
4 ,9-diazapyrene (IX) and 33 ml of methyl  iodide was heated in a sealed tube at 130 ~ for 5.5 h. After  cooling, 
1.9 g (98%) of the iodide of VI was f i l tered.  This was c rys ta l l ized  twice f rom water (1 : 10), washed with the 
minimum amount of alcohol and ether ,  and vacuum dried to give orange c rys ta l s  with mp 217-219 ~ (decomp.), 
which are  c rys ta l l i zed  f rom alcohol, soluble in acetone and chloroform,  and insoluble in ether .  Rf 0.3 * 
(chloroform, violet f luorescence  in UV light which vanishes after severa l  minutes,  and a dark spot appears) .  
Found %: I 32.3; N 7.7. CI~H~sIN 2. Calculated %: I 33.9; N 7.5. The borofluoride of CI was obtained by the 
addition of NaBF 4 to an aqueous solution of the iodide of VI and was c rys ta l l ized  f rom water  to give green  
c rys ta l s  with mp 228-234 ~ (decomp.), UV spect rum (water), ~max,  nm (loge):  238 (4.60), 270 (3.97) 
shoulder;  278 (4.01); 340 (3.68) shoulder;  350 (3.73), 373 (3.69); 391 (3.82). The UV spectrum in alcohol was 
not subject to the dilution law. PMR spectrumT : 0.6 ppm (C-CH3, 6H); 1.8 ppm (N-CH3, 3H). Found ~ :  
N 8.4. C17H15BF4N 2. Calculated %: N 8.4. The methylsulfate of VI was obtained f rom 0.5 g (2 mmole) of 
IX and 0.3 ml (3 mmole) of dimethyl sulfate by refluxing in 20 ml of chlorobenzene for 4 h, cooling, and 
fi l tering to give 0.74 g (96%) of g reen  c rys ta l s  with mp 230-235 ~ (decomp.). The compound was crys ta l l ized  
from propanol (1 : 500). Found %: C 60.0; H 5.4. C18H18N204S. Calculated ~c: C 60.3; H 5.0, 

4 ,10-Dimethylsp i ro[4 ,5-d ihydro-4 ,9-d iazapyrene-5 ,2 ' - [2H-1]benzopyran]  (X) : The iodide of VI [0.15 g 
(0.4 mmole)] was dissolved by boiling in 50 ml of alcohol, 0.04 ml (0.4 mmole) of salicylaldehyde, and 0.25 
ml (2.5 mmole) of piperidine were added, and the solution was refluxed for 1 h. The mixture was then 
cooled, 100 ml of water  was added, and 0.1 g (72%) of X was fi l tered.  It was reprecipi ta ted  from alcohol 
with water  using act ivated charcoal  and c rys ta l l i zed  f rom cyclohexane to give almost  co lor less  c rys ta l s  
with mp 191-193 ~ which were soluble in carbon te t rachlor ide  and ch loroform.  Rf 0.6 (chloroform, dark 
blue f luorescence in UV light which disappears  after  severa l  minutes,  and a da rk  spot appears).  UV spec-  
t rum (alcohol), ~max,  nm (log~): 218 (4.59); 225 (4.54) shoulder;  254 (4.35); 277 (4.01) shoulder;  377 (3.57). 
Found %: C 82.0; H 5.5. C24H18N20. Calculated %: C 82.2; H 5.2. 

4 ,5 ,9 ,10-Tet ramethyl -4 ,9-d iazoniumpyrene  Ditosylate (Ditosylate of VII). A mixture of 1.1 g of IX 
and 9 g of methyl p-toluenesulfonate was heated at 180 ~ for 1.5 h, suspended in a small  volume of ethanol, 
and 2.68 g (94%) of a d a r k - g r a y  substance was fi l tered.  A total of 1 g of the product was dissolved by boil-  
ing in 540 ml of ethanol and 20 ml of water ,  the solution was cooled, and 130 ml of butanol was added. 
Lustrous  s i lvery  plates (0.4 g) with mp 310-312 ~ (decomp.) began to precipitate in a short  t ime.  The di tosyl-  
ate of VII was c rys ta l l i zed  f rom water  (1:3),  was soluble in dimethylformamide,  and insoluble in e ther .  
R~ 0.2 [ ch lo ro fo rm -ace tone  (7 : 3), rose  f luorescence in UV light which changes to an intensely black spot 
after  5-10 rain]. Found %: C 63.8; H 5.5; N 4.8. C32H32N206S 2. Calculated %: C 63.5; H 5.3; N 4.7. The di-  
borofluoride of VII was obtained and c rys ta l l i zed  in the same way used for the borofluoride of VI and was 

*Activi ty II A1203 was used in all cases  for the th in- layer  chromatography.  
T The chemical  shifts of the protons at weaker  field relative to the signal of (CH3)4NCI as the internal s tand- 
ard in concentra ted H2SO 4 are presented here .  
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obtained as s i lve ry ,  l ight -brown plates  with mp 340-341 ~ (decomp.).  The PMR spec t rum was s i m i l a r  to the 
PMR s p e c t r u m  of the borof luor ide  of VI, and the ra t io  of the in tegra l  intensi t ies  of the N - C H  3 and C - C H  3 
s ignals  was 1 : 1 .  UV s pec t rum  (water), ~ m a x ,  nm ( loge):  215 (4.43); 235 (4.49) shoulder ;  242 (4.61); 260 
(4.20); 270 (4.21); 328 (3.92); 343 (4.00); 372 (3.77); 392 (4.06); 470 (2.43). UV spec t rum (88~ alcohol), 
)~max, nm ( loge) :  225 (4.55); 257 (4.21); 322 (3.90); 480 (3.32). F o u n d S :  N6 .4 .  ClsH18B2FsN 2. Ca lcu-  
l a t ed%:  N 6 . 5 .  

4 ,9 -Dimethy ld i sp i ro [4 ,5 ,9 ,10- t e t r ahydro -4 ,9 -d iazapyrene -5 ,10 ,2 '  ,2"-b is  [2H-1]benzopyran] (XI). A 
total  of 0.5 g (0.8 mmole)  of the di tosylate  of VII was dissolved by boiling in 350 ml of alcohol,  0.18 mole 
(1.7 mmole)  of sa l icyla ldehyde and 1 ml  (10 mmole)  of piper idine were  added, and the mix tu re  was r e -  
fluxed for  10 rain. It was then cooled, 120 ml  of wa te r  was added, and 0.27 g (69~) of XI was f i l tered.  It 
was c rys t a l l i zed  twice f rom c h l o r o b e n z e n e - a l c o h o l  (2:3) to give sl ightly yel lowish c r y s t a l s  with mp 269- 
270 ~ which were  soluble in chlorobenzene (1 : 100) and d ime thy l fo rmamide ,  sl ightly soluble in benzene,  and 
insoluble in alcohol.  UV s p e c t r u m  (benzene), ~ m a x ,  nm (log e):  274 (4.56); 308 (4.31); 365 (4.27). Found ~ :  
C 82.4; H 5.3; N 5.9. C32H24N202. Calcula ted  ~ :  C 82.0; H 5.2; N 6.0. 
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