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The re la t ive  s tabi l i t ies  of the cyclic  and open f o r m s  of sp i ropyrans  of  the phenanthridine s e r i e s  
depend on the c h a r a c t e r  and posit ion of the subst i tuents  in the chromene  r ing and also on the 
po la r i ty  of  the media .  The s t ruc tu re  of the open fo rms  of the sp i ropyrans  is c l o s e r  to the l imi t -  
ing d ipolar  s t ruc tu re .  The open fo rms  of the carboxy der iva t ives  of  the sp i ropyrans  a re  s t ab -  
i l ized in alcohol solutions due to proton t r a n s f e r  to the phenoxide oxygen. 

The ease  of da rk  and photoinduced r eve r s ib l e  t r a n s f o r m a t i o n s  of  the open and sp i ran  fo rms  of s p i r o -  
pyrans  based on f i v e - m e m b e r e d  ni t rogen he te rocyc les  depends to a cons iderable  extent on the p re sence  of 
subst i tuents  and t he i r  c h a r a c t e r  [1, 2]. We have p rev ious ly  es tab l i shed  that  6 - (o -ox idos ty ry l )de r iva t ives  
(i) of the N-methylphenanthr id inium ion a re  capable  of undergoing in t r amolecu la r  cyel izat ion to give co lo r -  
l e s s  sp i ropyrans  (II) [3]. 
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In o r d e r  to a sce r t a in  the effect  of  subst i tuents  on the p r o p e r t i e s  of  sp i ropyrans  of  the phenanthridine 
s e r i e s ,  we synthes ized a number  of  compounds of this  type with subst i tuents  in the chromene  r ing (Table 1). 
Like the p rev ious ly  descr ibed  f i r s t  r ep re sen t a t i ve s  [3], they were  obtained by condensation of 5 ,6 -d imethy l -  
phenanthridinium methosulfa te  with sal icylaldehyde der iva t ives  in the p r e sence  of excess  piper idine .  The 
condensation products  were  isola ted f rom the reac t ion  m a s s  in e i t he r  the sp i ran  ( I Ia-e ,k , / )  o r  merocyan ine  
(If-j) f rom,  depending on the nature  of  R and R ' .  The s tabi l i ty  of  the sp i ran  fo rm d e c r e a s e s  as the e l e c t r o n -  
accep to r  p r o p e r t i e s  of the subst i tuents  become s t ronge r .  The dibromo (If, R =R '  =Br)  and n i t romethoxy 
{Ig, R =NO2, R '  =OCH 3) de r iva t ives ,  like the p rev ious ly  desc r ibed  ni t ro der iva t ive  (R =NO2, R '  =H) [3l, a re  
isola ted as merocyan ines  (I) in the condensation in alcohol.  When they a re  heated in solvents  of low po la r i ty  
they are  conver ted  to the cor responding  sp i ropyrans  (i-If, g), which can be isola ted in the c rys ta l l ine  s ta te .  

A co lo r less  sp i ropyran  form (IIh) cannot be isola ted for  compounds with s t r o n g e r  accep to r  subs t i tu :  
ents - the b romoni t ro  der iva t ive  (Ih, R =NO 2, R, =Br) .  However ,  solutions of Ih in benzene and dioxane (two 
absorp t ion  m a x i m a  of ident ical  intensi ty at 395 and 590 nm are  obse rved  immedia te ly  a f t e r  d issolving the 
compound) a re  quite rap id ly  deeolor ized  as  a consequence of  the fo rmat ion  of sp i ropyran  IIh in solution, 
as shown by the s imi l a r i t y  in the absorp t ion  spec t rum of the decolor ized  solution (kmax 330 nm) and the 
s p e c t r a  of  the r ema in ing  s py rans  (Tables  1 and 2). The decolor iza t ion  is sharp ly  acce l e r a t ed  during i r r a d i a -  
t ion with sunlight.  The ra te  of  da rk  cycl izat ion depends marked ly  on the po la r i ty  of the solvent .  Thus the 
t ime  requ i red  for  half  convers ion  of Ih to IIh at 20 ~ C in dioxane is ~30 min,  as  compa red  with ~315 min  
(at 30 ~ in a 5% solution of alcohol in benzene.  

We were  a lso  unable to isolate  sp i ropyrans  with NO 2 and COOH groups  in the 8' posi t ion (Hi, j), a l -  
though the i s o m e r i c  6'  de r iva t ives  a re  comple te ly  stable in the c rys ta l l ine  s ta te .  It  is ,  of  course ,  t rue  that  
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TABLE 2. Absorption Spectra of I and II in Alcohol 

C o m -  
pound 

I l l  
Ig qg 

In 
l i  
Jj 

ltk 
111 

~-m .=, nm(Ig s)* 

242, 270", 330, 384", 545 (4,73; 4.29; 3,98; 3.56; 3,42) 
252, 327. 394. 420. 517 (4,59; 4,12; 4,19; 4,20; 4,14) 
252, 270", 322, 395, 475 (4,62; 4,31; 4,21; 4,25; 4,16) 
242, 251,270*, 322, 335", 360', 505 (4,61; 4,61; 4,28; 4,01; 3,95; 3,80; 3,78) 
250, 317. 375, 412 (4,58; 3,87; 3,76; 3,81) 
247, 265", 320, 405 (7,92; 3,59; 1,00; 0,45) 
248, 265*, 290--300, 510 (6,45; 2,48; 1,00; 0,04) 

* The intensit ies of the absorpt ion re la t ive  to the absorpt ion at 300- 
320 nm are  indicated instead of log ~ for  IIk and IIZ. The shoulders  
and inflection points are  indicated by as t e r i sks .  
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Fig. 1. IR spec t ra  (in KBr): 1) 5 -methyl -  
spiro (5,6 -dihydrophenanthridine -6,2 ~- [2H] 
chromene);  2) 5-methyl -6 t -n i t ro-8~-meth  - 
oxyspiro  (5,6-dihydrophenanthridine-6,2-  
[2I-I]chromene) (!Ig); 3) 5 -methy l -6 - (2 -ox ido-  
3 -methoxy-5-n i t ros ty ry l )  phenathridinium 
salt fig). 

Ii, j exist  p r imar i l y  as sp i ropyrans  (Hi, j) in ch loro-  
form solutions, but the absorp t ion  in the visible region 
at tes ts  to the p resence  of appreciable amounts of the 
open fo rms .  

Considering the pronounced stabil ization of the 
open forms  in polar  media,  it might be assumed that 
the impossibi l i ty  of isolating crys ta l l ine  spi ropyrans  
IIh-j is due to s trong polar  interact ion in the c rys t a l  
lat t ices of these compounds. Molecules of such com-  
pounds are  stable in the cycl ic  form only when they 
are  shielded from one another  by a solvate shell  f rom 
the molecules  of  the nonpolar  solvent,  

The s t ruc ture  of the open forms of the sp i ro -  
pyrans  is close to dipolar  (I), inasmuch as pronounced 
negative so lva tochromism is pecul ia r  to them [4]. The 
long-wave maximum of Ih is shifted f rom 590 nm in 
dioxane solution to 575 and 545 nm when ethanol is 
addedj (up to 2 and 10% concentrat ion),  but it is found 
at 480 nm in alcohol; in the case of Ij', the long-wave 
maximum is shifted f rom 530 nm in chloroform to 458 
nm when ethanol is added (up to a 10% concentrat ion).  
These  hypsochrcmic  shifts a re  much g r e a t e r  thanthose  
previously  observed  for  the indoline analogs [5]. At 
the same t ime,  the absorptions of the shor te r -wave  
maximum of the open form and the long-wave maximum 
of the closed form depend only slightly on the solvent.  

The dipolar  s t ruc ture  of the open forms is in 
agreement  with the i r  IR spec t ra  (Fig. 1), in which a 
carbonyl  absorpt ion band is absent.  F o r  the open forms  
of the ni tro der ivat ive the absorpt ion in the region of 
the s t re tching vibrat ions of the ni tro group and the 
a romat ic  r ing is ve ry  s imi la r  to the absorpt ion of  s o -  
d iump-ni t rophenoxide .  The grea tes t  difference in the 
IR spec t ra  in these same regions is observed  on pas s -  
ing to the corresponding sp i ropyrans .  

The behavior  of  the 8 ' -  and 6 t -carboxy  der ivat ives  in alcohol solution is pecul iar .  In contras t  to 6- 
carbomethoxyspi ran  IIl ,  which is ve ry  slightly colored  with an absorpt ion maximum in the usual region for  
open forms at ~510 nm, solutions of these  compounds have intense absorption,  but in the shor t e r -wave  
region (~ 410 nm) cha rac te r i s t i c  for  solutions in acidic media.  Moreover ,  the re la t ive  intensity of the long- 
wave absorpt ion of Ij is approximately  twice that of  the 6 ' - i s o m e r .  The reason  for  the difference in the 
spec t ra  of Ij, k and the spec t ra  of  the remaining spirans can only be proton t r a n s f e r  f rom the carboxyl  
group to the phenoxide oxygen of the open form to give a s t ruc ture  of the merocyanine  salt  type (HI), which 
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apparent ly  occurs  readi ly  in t r amolecu la r ly .  This  so r t  of  proton t r a n s f e r  oil, at least ,  the fo rmat ion  of a 
hydrogen bond in Ij should t he re fo re  also occur  in the solid phase .  The p r e sence  of a s t ruc tu re  of  the IH-  
type is conf i rmed  by the fact that  when excess  ammonia  is added to an alcohol solution of Ik, the l a t t e r  
init ial ly becomes  c r i m s o n - c o l o r e d  as a consequence of the fo rmat ion  of the open fo rm with R = C O 0 -  and 
is  then decolor ized .  The spec t rum of the solution becomes  p rac t i ca l ly  the same  as that  of  sp i ropyran  IIk in 
dioxane. Thus when the carboxyl  group ionizes,  the sp i ran  fo rm p roves  to be s table  even in a l coho l so lu -  
tion; this  is in a g r e e m e n t  with the absence  of e l e c t r o n - a c c e p t o r  p r o p e r t i e s  fo r  this  group.  

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

The aldehydes used in the synthes is  and the sp i ropyrans  were  obtained by l i t e ra tu re  methods .  

5-Methyl-6  ' - R -  8 ' -  R ' - s p i r o  (5,6 - dihydrophenanthridine - 6 , 2 ' -  [2H ]chromene s) (Ha-f  ,k, l ) and 5-Methyl -  
6 - (2 -ox ido -3 -R ' -5 -R - s t y ry l )phenan t h r i d i n i um Salts fig-j).  These  compounds were  obtained by ref iuxing an 
alcohol solution (20 ml  of alcohol p e r  mi l l imole ;  70%aqueous alcohol was used  in the p repa ra t ion  of If) of 
equ imolecu la r  amounts  of 5 ,6-dimethylphenathr idinium methosulfa te  and the appropr ia t e  aldehyde in the 
p r e sence  of 2 equivalents  of piper idine for  30 rain, Compounds I I a - e , k , /  were  isola ted as the co lo r l e s s  
sp i ropyrans ,  while If- j  were  isola ted in the open fo rm.  Compound Ij was isola ted f rom the reac t ion  m i x -  
tu re  by the addition of hydrochlor ic  acid up to pH 6. The reac t ion  products  were  r emoved  by f i l t ra t ion,  
and washed success ive ly  with alcohol and e ther .  Compound II f  was obtained by the addition of an equal  
volume of wa t e r  to a hot solution of I f  in alcohol (1 : 100). Heating of Ig in chlorobenzene (1 : 50) gave a 
g reen  solution, f rom which IIg was isolated on cooling. All of the sp i ropyrans  except  I I f  were  only sl ightly 
soluble in alcohol,  hexane,  and e ther ,  but m o r e  soluble in a roma t i c  o r  chlor inated hydroca rbons .  Com-  
pounds IIa,  c, e, l were  pur i f ied  by c rys ta l l i za t ion  f rom toluene (1 : 20; 1 : 60 for  II1), while IIb was pur i f ied  
by c rys ta l l i za t ion  f rom benzene (1 : 30), Hd was pur i f ied by c rys ta l l i za t ion  f rom m-xy lene  (1 : 30), IIg was 
pur i f ied by c rys ta l l i za t ion  f rom chlorobenzene (1 : 50), and IIk was pur i f ied  by c rys ta l l i za t ion  f rom d imethy l -  
f o rmamide  (DMF) (1 : 20). Compound Ii was prec ip i ta ted  f rom alcohol solution (1 : 120) by the addition of 
a twofold quantity of  water ,  while compounds Ih, j were  prec ip i ta ted  f rom DMF solution (1 : 50) by the ad-  
dition of a fourfold amount of  e the r .  All of the I compounds had intense co lo r s  in the c rys ta l l ine  state:  If  
was da rk  blue, Ig and Ii  were  dark  brown, Ih was o r a n g e - r e d ,  and Ij was o range-ye l low.  
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