
SPIROPYRANS BASED ON NITROGEN HETEROCYCLES 

Q UINOLINE AND PHENANTITRIDINE DERIVATIVES 

V. P. Martynova, N. E. Shelepin, N. S. Loseva, 
I~,. R. Zakhs, L. E. Nivorozhkin, V. I. Minkin, 
and L. S. ~fros 

UDC 547o836.1.07 

The cor responding  merocyanins  (II and II1), which are not capable of in t ramolecular  cyc l iza-  
tion to fo rm spi ropyrans ,  were  obtained by  the condensation of qua te rnary  sal ts  of 2- and 4- 
methylquinoline with o-hydroxyaryl  aldehydes. In contrast  to II and III, the products  of the 
condensation of 5,6-dimethylphenanthridinium salts  with o-hydroxyaryl  aldehydes (IV and V) 
exist,  under the usual conditions, in the sp i ropyran  form, while the der ivat ive  of 5-n i t rosa l i -  
cylaldehyde can be isolated in both the cyclic and merocyanin  forms .  These  d i f ferences  are 
associated with the magnitude of the positive charge on the carbon atom which par t ic ipa tes  
in closing the pyran  ring. 

Ever  since photochromic and the rmochromic  proper t i es  were  observed for  the spi ropyrans  of several  
he te rocyc l ic  compounds, repeated attempts have been made to synthesize such compounds f rom he te rocyc les  
which contain a pyridine ring. However, merocyanin  dyes based on quaternary  salts  of ~-  and T -picoline 
and o-hydroxyary l  aldehydes [1, 2], in cont ras t  to acridine der ivat ives  [3], turned out to be incapable of 
in t ramolecular  cyclization.  There  are  cont rad ic tory  points of view regarding quinaldine and lepidine de r i -  
vat ives.  Schiele [4], in explaining the fai lures  of a number  of invest igators  [2, 3, 5] with r e spec t  to the syn- 
thesis  of quinoline spi ropyrans ,  asse r ted  that the N-methyl  group r a the r  than the C-methyl  group par t i c i -  
pates in the condensation. Moreover ,  he maintained that he was able to obtain a sp i ropyran  (I) through the 
o-hydroxys tyry l  der ivat ive  of quinoline, which was p repa red  by condensation of quinaldine with 2-hydroxy-  
naphthaldehyde. 

T "-- __\ _ 

Since Schie le ' s  conclusions complete ly  contradict  the well-known cor re la t ion  of the reac t iv i ty  of C- 
and N-methyl groups, we attempted to condense N-methylquinaldinium iodides and N-ethyllepidinium iodides 
with o-hydroxyary l  aldehydes in the p re sence  of equimolar  amounts of pyridine.  

I l a lC  
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The anhydrobases obtained (II and lid are  deeply co lo red  c~ lpounds  which have negative so lva tochromism 
due to  s trong polar izat ion of the conjugated sys tem of bonds [6]. All of the anhydrobases (II and lid were  
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i sola ted as the hydra tes ,  as indicated by the data of e l emen ta ry  
analys is  and the IR s p e c t r a  (Table 1). The isolat ion of the hy- 
dra ted  f r o m s  of merocyan ins  was noted p rev ious ly  in [7]. 

The condensat ion of the N-deuteromethylquinaldinium sal t  
with 2-hydroxynaphthaldehyde was c a r r i e d  out in pa ra l l e l  with 
the condensat ions desc r ibed  above. The pe rcen tage  of deu te r ium 
in the merocyan in  obtained cor responded  to the initial amount of 
deu te r ium.  Thus, the condensat ion of qua te rna ry  quinaldine and 
lepidine sa l t s  p roceeds  unambiguously  at the C-methyl  group. * 
Never the less ,  a sp i ro  compound of the quinoline s e r i e s  could not 
be  obtained by any of the known methods.  

The inabil i ty of o -hydroxys ty ry l  de r iva t ives  of pyridine and 
quinoline to fo rm sp i ropyrans  is apparent ly  due to the smal l  m a g -  
nitude of the posi t ive charge  on the ~-  and T - ca rbon  a toms.  In 
the case  of acridine,  however ,  for which C (9) is m o r e  posi t ively  
charged  [9], the sp i ropyran  r ing is r ead i ly  closed [3]. A sti l l  
h igher  posi t ive charge  is local ized on C (6) of phenanthridine [10], 
in connection with which a r a t he r  high s tabi l i ty  of sp i ropyrans  
of the phenanthridine s e r i e s  might  be  assumed.  In fact,  we were  
able to synthes ize  the f i r s t  r e p r e s e n t a t i v e s  of this s e r i e s  (IVa-c) 
by  the condensat ion of 5 ,6-dimethylphenanthr id inium methy l su l -  
fate with sal icylaldehyde,  5-n i t rosa l icy la ldehyde ,  and 2 -hydrc~y-  
naphthaldehyde by heating in alcohol with piper idine .  In the p r e s -  
ence of two or more  moles  of p iper id ine  the react ion  p roceeds  
quite rapidly,  and IVa and IVb are  isola ted immed ia t e ly  in the 
co lo r l e s s  sp i ran  form,  while the n i t rosa l icy la ldehyde  de r iva t ive  
is i so la ted  in the merocyan in  fo rm (Vc) as r ed -b rown  c rys t a l s .  
In con t r a s t  to IVa and IVb, Vc is insoluble in s l ight ly po la r  so l -  
vents,  but a b lu i sh -g reen  solution, f r o m  which a lmos t  co lo r l e s s  
c r y s t a l s  of the sp i ropy ran  f o r m  (IVc) a re  isolated on cooling, is 
f o rmed  gradual ly  on refluxing a suspens ion of it  in chlorobenzene,  
xylene,  or  toluene. Compound IVc can be r ec rys t a l l i z ed  f rom 
nonpolar  solvents .  When IVc is ref luxed in alcohol, in which it 
is v i r tua l ly  insoluble,  the merocyan in  fo rm (Vc) is again formed.  
To the bes t  of our knowledge, this is the f i r s t  instance where  both 
the sp i ropyran  and m e r o c y a n i n  f o r m s  can be isola ted in chemi -  
cal ly  pure  fo rm under  the usual  conditions. 

Compounds IVa and IVb a re  t h e r m o c h r o m i c :  a g reen  (IVa) 
or  blue (IVb) color ,  which d i sappea r s  on cooling, develops when 
they a r e  heated in hydroquinone dimethyl  e ther .  On dissolv ing 
in acet ic  acid, they f o r m  yellow sa l t s  of the open fo rms ,  f rom 
which they a re  again isolated as sp i r ans  on neutral izat ion.  Thus 
the o-hydroxyary lv iny l  de r iva t ives  of the phenanthridine s e r i e s ,  
l ike acr idine  de r iva t ives  and in con t ra s t  to the merocyan ins  of 
pyr id ine  and quinoline, a re  capable  of in t r amolecu la r  cycl izat ion 
to fo rm s table  sp i ropyrans .  

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

5,6-Dimethylphenanthr id inium Methylsulfate.  This was 
obtained in 90% yield by ref luxing a toluene solution of 0.1 mole  
of phenanthr idine with 0.2 mole  of dimethyl  sulfate  for  2 h. It 
was i so la ted  as l ight-yel low needles  and was read i ly  c rys t a l l i zed  

* After the complet ion of this por t ion of the invest igation,  Schiele 
r epor t ed  the e r roneousnes s  of his e a r l i e r  conclusions [8]. 
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f rom alcohol (1:30) to give a product  with mp 2~ ~-238 deg (dec., heating f rom 215 deg). Found % : N 4.6; 
S 10.2. C16H17NOaS. Calc. %: N 4.4; S 10.0. 

N-Deuteromethylquinaidininm Iodide. This was obtained in quantitative yield by heating equimolecular  
amounts of quinaldine and CD3I at 80 deg for 2 h in a sealed tube and had mp 192 deg (from alcohol).* 

The quaternary  salts  of qu inaldine and lepidine were  condensed with o-hydroxyary l  aldehydes by r e -  
fluxing an alcoholic solution of the reagents  with an equimolecular  amount of piperidine for 15-30 rain. The 
resul t ing prec ip i ta tes  were  refluxed in water  with t r ie thylamine for 1 h. 

5 ' -Methylsp i ro[2H-l -benzopyran-2 ,6 ' - (5 ' ,6 ' -d ihydrophenanthr id ine) ]  (IVa). Salicylaldehyde [0.8 ml 
(7.35 mmole)] and 2 ml (20 mmole) of piperidine were  added with s t i r r ing  to a hot solution of 2.35 g (7.35 
mmole) of 5,6-dimethylphenanthridinium methylsulfate  in 160 ml of alcohol. The solution became dark- red ,  
and a l ight -colored  prec ip i ta te  formed af ter  a few minutes.  The mixture  was ref luxed for  30 rain, cooled, 
and the resul t ing precipi ta te  was f i l te red  and washed with alcohol to give 2.08 g (91%) of IVa. Two c ry s t a l -  
l izations f rom benzene (1:20) yielded 1.52 g of a product  with mp 212.5-213.5 deg (dec., heating f rom 198 
deg) in the fo rm of fine, co lor less ,  s t rongly e lect r f f iable  needles with RI 0.9 (chloroform, activity II A1203). 
X max, nm (log r in dioxane: 240, 267, and 320 (4.72, 4.28, and 3.89). Found%: C 84.2; H 5.5; N 4.7. 
C22H17NO. Calc. %." C 84.3; H 5.5; N 4.5. 

5 ' -Methylspiro[3H-naphtho]2,1-b[pyran-3,6 ' - (5 ' ,6 ' -dihydrophenanthr idine)]  (IVb). This was s imi l a r ly  
obtained in 85-90% yield by the condensation of 5,6-dimethylphenanthridinium methylsulfate  with 2-hydroxy-  
naphthaldehyde. The fine, co lor less  c rys ta l s  were  insoluble in alcohol, acetone, and e ther  and slightly solu- 
ble in benzene;  they were  crys ta l l ized  f rom toluene (1:110), chloroform,  and chlorobenzene (hot solutions in 
these solvents were  blue) and had mp 262-264 deg (dec., heating f rom 240 deg). Xmax, nm (log r in diox- 
ane: 250, 303 ,316 ,  and 340 (4.91, 3.93, 4.03, and 3.98). Found%: C 86.7; H 5.8; N 3.9. C26H19NO. Calc. %: 
C 86.4; H 5.3; N 3.9. 

6-Ni t ro-5 ' -methylspi ro[2H-l -benzopyran-2 ,6L(5 ' ,6 ' -d ihydrophenanthr id ine)]  and the Merocyanin (IVc 
and Vc). The condensation with 5-ni t rosal icylaldehyde was ca r r i ed  out in analogy with the previous ly  de-  
scr ibed procedure .  A total of 15-20% of the alcohol was vacumn-dist i l led f rom the d a r k - r e d  reac t ion  mass ,  
and the mix ture  was allowed to stand for a day. The precipi ta ted b rownish- red  needles of Vc were  f i l te red  
and washed with alcohol and ether  to give 61% of product.  Vc was insoluble in hexane, e ther ,  CC14, and 
benzene and slightly soluble in acetone (violet solution); at room t empera tu re  the solubility in alcohol was 
20 mg per  100 ml.  It mel ted with decomposi t ion at 200-205 deg when it was heated f rom 195 deg. ~max, 
nm (log ~), in alcohol: 255, 300, 390, and 490 (3.86, 3.46, 3.22, and 3.18). Found%: C 74.1; H 5.1; N 7.7. 
C22H16N203. Calc. % : C 74.1; H 4.5; N 7.9. 

Heating of Vc in a 15-fold amount of boiling chlorobenzene or xylene gave a b lu i sh-green  solution, 
f rom which 70 % of yellowish c rys ta l s  of IVc were  isolated on cooling. IVc decomposed at 195-199 deg when 
heated f rom 185 deg. ~ max, nm (log ~), in dioxane: 230, 265, and 330 (4.77, 4.53, and 4.24). Found % : 
C 74.4; H 5.0; N 7.87. C22Ht6N203. Calc .  % �9 C 74.1; H 4.5; N 7.9. 
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I. A. Sinitsyna par t ic ipated in the synthesis  of N-deuteromethylquinaldinium iodide and in its condensation 
with 2 -hydr  oxynaphthaldehyde. 
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