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The react ion of 9,10-dimethylacridinium methosulfate with a romat ic  o-hydroxy aldehydes in 
alcohol in the presence  of piperidine gives 10-methy l -4 ' - (10-methy l -9-acr idanyl idenemethyl ) -  
sp i ro [ac r idan-9 ,2 ' - ch romans ] .  The s t ruc ture  of the compounds obtained was established by 
means of the PMR, UV, and IR spectra .  

Wizinger [1] obtained the corresponding spiropyrans  (I-III) by condensation of 9 ,10-dimethylacr idin-  
ium methosulfate with sal icylaldehyde,  3-methoxysal icylaldehyde,  and 2-hydroxynaphthaldehyde in glacial 
aeetic acid. 

~lf3 C~H 3 

I-III IV a IVb -x  b 
I X~H; II X=8'-OCH~; I l l  X=5",6"-benzo Z=lq, CHa, f)CI'l~, NO2, Br Y-H, OCHa. Br 

Since the synthetic method described by Wizinger [1] was hard to reproduee and gave very low yields, 
we attempted to c a r r y  out this condensation in alcohol with the addition of piperidine [2]. Under these 
conditions, the react ion proceeded rapidly to give high yields of crystal l ine,  a lmost  color less  substances 
(IV-X, Table 1) that are  readily soluble in low-polari ty solvents and have weak thermochromic  proper t ies .  
Solutions of them in p-dimethoxybenzene turn yellow on heating and green on cooling. The color  again be-  
comes yellow on reheating.  Compounds IV-X dissolve in acetic and tr i f luoroacet ic  acids to give intensely 
yellow or orange salts~ The melting points of IV and VIII differed considerably f rom those indicated in 
[1] for I and II. The formation of IV and VIII instead of I and It apparently was not associated with any r e -  
dox p rocesses ,  since the same compounds were obtained in high yields under argon. 

I t w a s  found that IV-X are  the products of the react ion of two molecules of 9 ,10-dimethylacridinium 
methosulfate with one molecule of aldehyde~ The presence  of two acridine residues in the investigated 
compounds was established on the basis of a determination of their e lementary  composit ions and molecu-  
lar  weights. The formation of condensation products of this type was previously  observed in the p r e p a r a -  
tion of spi ropyrans  of the indoline ser ies  [3]. It was shown that a second indoline residue is found in the 
4' position of the pyran ring. In analogy with these data, one should have assumed a s t ruc ture  of the IVa 
type, which contains a chromene ring, for IV-X. The ready formation of colored salts of IV-X inCH3COOH , 
which should be associated with opening of the pyran  ring,  is,  it would seem,  in agreement  with this. 
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H o w e v e r ,  the l o n g - w a v e  absorpt ion  m a x i m u m  
of an ace t i c  acid so lut ion  of  IV is  shifted h y p s o c h r o -  
m i c a l l y  r e l a t i v e  to the absorpt ion  m a x i m u m  of I, and 
the ent ire  s p e c t r u m  di f fers  only  s l ight ly  f r o m  the ab-  
sorpt ion  s p e c t r u m  of  the 9 , 1 0 - d i m e t h y l a c r i d i n i u m  
s a l t  (Fig .  1). M o r e o v e r ,  in c o n t r a s t  to the s p e c t r u m  
of  I, an absorpt ion  band with a m a x i m u m  at 368 n m  
is  p r e s e n t e d  in the absorpt ion  s p e c t r a  of  d ioxane s o -  
lutions of  IV-X (Table 1 and Fig�9 2). This  band c a n -  
not be due to the acr idan  re s idue  in IVa,  which  is not 
conjugated with the r e s t  of  the m o l e c u l e ,  s i n c e  a c r i -  
dans absorb  no h igher  than 300 nm [4, 5] .  Only the 
acr idany l idene  r e s i d u e  could be r e s p o n s i b l e  for the 
absorpt ion  at ~ 3 7 0  nm.  This is  a t tes ted  to by the 
UV s p e c t r a  of 9 - b e n z y l i d e n e - 1 0 - m e t h y l a c r i d a n  (~max 
394 nm) and 9 - m e t h y i e n e - 1 0 - m e t h y [ a c r i d a n  (~max 
384 nm) ,  which ,  of  c o u r s e ,  w e r e  obtained only in s o -  
lution.  

The IR s p e c t r a  of IV-X do not contain the ab-  
sorpt ion  bands at 930 -950  and 1650-1660 c m  -1 that 
are  c h a r a c t e r i s t i c  for the pyran  ring of  s p i r o p y r a n s  
o f  both the indol ine  s e r i e s  [6] and the acr id ine  and 
phenanthridine s e r i e s .  

T h e s e  facts  are  incompat ib l e  with f o r m u l a  IVa,  
although a s i m i l a r  s t r u c t u r e  in the indol ine  s e r i e s  
has up to now been  defended by German  c h e m i s t s  [7]. 

We w e r e  able to e s t a b l i s h  the s t r u c t u r e  of  IV-  
X in an inves t iga t ion  of their  PMR s p e c t r a  (Table 2 
and Fig~ 3),  which showed that these  compounds  are  
c h r o m a n  d e r i v a t i v e s  (IVb-Xb) rather  than c h r o m e n e  
d e r i v a t i v e s  (of the IVa type) .  The p r e s e n c e  of  two 
t h r e e - p r o t o n  s i n g l e t s  of  the N - m e t h y l  groups  is c h a r -  
a c t e r i s t i c  for c h l o r o f o r m  so lu t ions  of  IV-X; this c o r -  
re sponds  to the p r e s e n c e  of  two acr id ine  r e s i d u e s  of  
d i f ferent  c h e m i c a l  nature .  A o n e - p r o t o n  doublet  
(JMX ~ 10 Hz) of a proton attached to the double bond 
of  the acr idany l idene  r e s i d u e  (H X) is  o b s e r v e d  at 
~ 5 . 5  ppm.  The nonequivalent  protons  in the 3' p o s i -  
tion (HA and HB) g ive  a o n e - p r o t o n  doublet  at ~ 2.35 
ppm for HA, the l ines  of  which  are  s p l i t  (JAM ~ 4Hz) 
due to in teract ion  with 4 ' -H (HM), and a o n e - p r o t o n  
t r ip l e t  for H B b e c a u s e  of  the c l o s e n e s s  o f t h e J B M  and 
JAB va lues  ( ~ 1 3  Hz) .  The 4 ' -H s igna l  appears  as a 
o n e - p r o t o n  mul t ip l e t  at ~ 4 ppm.  

The PMR s p e c t r a  of IV-X in t r i f l u o r o a c e t i c  
acid a l so  c o n f i r m  the s t r u c t u r e  of  IVb-Xb.  The N -  
CH 3 groups  give a s i n g l e t  at 4 . 2 - 4 . 4  p p m .  The s i g -  
nals  of  the CH 2 and CH groups  are  over lapped  by the 
base  of  the peak of  the N--CH 3 groups  and appear  as 
a shou lder  on the w e a k - f i e l d  s i d e .  The o v e r a l l  area  
o f  the s igna l  c o r r e s p o n d s  to the total  number  of p r o -  
tons of  the indicated groups .  This  s a m e  reg ion  of 
the s p e c t r u m  is  c h a r a c t e r i s t i c  for  the N - C H  ~ groups  
o f  9 , 1 0 - d i m e t h y l -  and 9 - b e n z y l - 1 0 - m e t h y l a c r i d i n i u m  
s a l t s  in t r i f l u o r o a c e t i c  ac id .  It should be noted that 
the PMR s p e c t r u m  of 9 - b e n z y l i d e n e - 1 0 - m e t h y l a c r i d a n  
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F ig .  1. A b s o r p t i o n  s p e c t r a  of  a c r i d i n e  d e r i v a t i v e s  (in 12~ a q u e -  
ous  a c e t i c  ac id ) :  1) 1 0 - m e t h y l s p i r o [ a e r i d a n - 9 , 2 ' - c h r o m e n e ]  (I); 
2) 1 0 - m e t h y l - 4 ' - ( 1 0 - m e t h y l - 9 - a c r i d a n y l i d e n e m e t h y l )  s p i r o  [ a c r i -  
d a n - 9 , 2 ' - c h r o m a n ]  (IVb); 3) 9 , 1 0 - d i m e t h y l a e r i d i n i u m  m e t h o s u l -  
f a t e .  

F ig .  2. A b s o r p t i o n  s p e c t r a  o f  9 - b e n z y l i d e n e a c r i d a n  and s p i r o  
d e r i v a t i v e s  of  a c r i d i n e  (I and IVb) : 1) I in d ioxane ;  2) IVb in 
c h l o r o f o r m ;  3) 1 0 - m e t h y l - 9 - b e n z y t i d e n e a c r i d a n  in d i o x a n e .  

TABLE 2. PMR S p e c t r a  of  IVb-Xb 

Corn- ~,ppm (CDC1D L HZ 

pound N--CH~ BM MX 

IVb 
Vb 

Vlb 
VIIb 

VIIIb 
IXb 
Xb 

3,32, 3,43 
3,31, 3.42 
3.32, 3,43 
3,36, 3,47 
3,33. 3,43 
3,35. 3,46 
3,39, 3,49 

HA HB }]~I 

2,34 1,79 3,99 
2;g1 1,80 3,95 
2,31 1,77 3,95 
2,42 1,79 4.05 
2,37 1,80 ~ 4.0 
2.34 1,76 3,97 
2,42 1,75 4,06 

H x CH3 

5,51 
5,50 2~ 1 
5,49 3,66 
5,44 
5,53 3~2 
5,44 --  
5.48 

AB A M 

13,0 3,9 
13,5 3,9 

3,4 
13,0 34'9 13,7 
13 
13,0 3,9 
13,2 3,6 

12,1 
12,1 
12,6 
13,6 
13 
13,1 
13,2 

10,0 
10,0 
10,0 
10,0 
10 
10.0 
9,6 

*The m n l t i p l e t  of  the HM p r o t o n  i s  p a r t i a l l y  o v e r l a p p e d  by  the i n -  
t e n s e  s i gna l  o f  the G - C H  3 g roup .  

in t r i f l u o r o a c e t i c  ac id  does  not  d i f f e r  f r o m  the s p e c t r u m  of 9 - b e n z y l - 1 0 - m e t h y l a c r i d i n i u m  iod ide .  This  is  
due to the add i t i on  of a p r o t o n  to the e thy lene  bond of b e n z y l i d e n e a c r i d a n  with  c o n v e r s i o n  o f  the l a t t e r  to 
9 - b e n z y l - 1 0 - m e t h y l a c r i d i n i u m  t r i f l u o r o a c e t a t e .  At  the s a m e  t i m e ,  9 , 1 0 - d i m e t h y l a c r i d a n ,  which  does  not  
have b a s i c  p r o p e r t i e s  [4], d i s s o l v e s  in CF3COOH wi thou t  c h e m i c a l  r e a c t i o n  with  i t  and has  the s igna l  of  an 

N - C H 3  group  in the s a m e  r e g i o n  as  in c h l o r o f o r m  (3.28 ppm) .  In c o n f o r m i t y  wi th  th i s ,  on ly  a monoac id  
s a l t  (XI) could  be f o r m e d  f r o m  IVa,  and two s i g n a l s  of  N - C H  3 g roups  with a s t i l l  g r e a t e r  d i f f e r e n c e  in 
c h e m i c a l  sh i f t s  should  have  been  o b s e r v e d  in both CF~COOH and c h l o r o f o r m .  

CH~ ~H 3 

X! Xl| 
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The presence  of a single signal of N - C H  3 groups in CF~COOH is evidence for the equivalence of the 
acridine residues in salts  of IV-X. This is possible only if there is not only the addition of a proton to the 
acridanylidene residue but also protonation of the chroman oxygen with cleavage of the C - O  bond during 
the react ion with acid. As a resul t ,  a symmet r i ca l  dication (XII) should be formed.  In fact, 2 moles of 
alkali per  mole of perchlora te  are  consumed in the potentiometric t i tration of the perchlora te  of IV, ob- 
tained by the addition of perch lor ic  acid to an acetic acid solution of IV. 

The 10-methy l -4 ' - (10-methy l -9-acr idanyl idenemethyl ) sp i ro  [acr idan-9 ,2 ' -chroman]  s t ructure  (IVb- 
Xb) should therefore be adopted for the products of the condensation of the 9,10-dimethylacridinium ion 
with salicylaldehyde and its der ivat ives .  French chemists  [8], in taking into account the er roneous  formu-  
las proposed ea r l i e r  [3, 7], a r r ived at a s imi la r  conclusion regarding the s t ructure  of such products in the 
synthesis of spi ropyrans  of the indoline se r i e s .  

Compounds IVb-Xb are apparently formed via a scheme s imi lar  to that recently established for the 
react ion of 1,1-diphenylethylene with salicyialdehyde [9]. The initially formed merocyanine form of c o m -  
pounds of the I-III  type adds a proton and is converted to cation XIII. The lat ter  reacts  with a nucleophile - 
9 -methy lene-10-methy laer idan  - which is obtained by react ion of piperidine with 9,10-dimethylaeridinium 
methosulfateo Deprotonation of the adduct and closing of the r ing give IVb-Xb. 

~H3 GH~ 

CH 2 

XIII 

EXPERIMENTAL 

9, !0-Dimethylacr id in ium Methosulfate. This compound was obtained by refluxing a solution of 6 g 
(31 mmole) of 9-methylacr id ine  and 6 ml (62 mmole) of dimethyl sulfate in 120 ml of absolute toluene for 
1 h. The resul t ing ye l low-green c rys ta l s  were removed by fil tration [8.7 g (88%)] and crystal l ized f rom 
ethanol (1:50) to give 7 g (71%) of 9 ,10-dimethylacr idinium methosulfate with mp 233-234 ~ (dec~176 The 
product  was quite soluble in water  but insoluble in ether ,  benzene, and chloroform.  UV spec t rum in water ,  
)~max, nm (log e): 258 (> 5.0), 342 (3.92), 358 (4.28), 400 (3o61), 419 (3o66). PMR spec t rum in CF3COOH, 
5 , p p m :  3.64 (9-CH3, s), 3.98 (CH3SO4-, s), 5~ (10-CH3, s).* Found: N 4.7; S 10.2~~ Ci6H17NO{So Cal-  
culated: N 4.4; S 10.0%. 

10-Methyl -4 ' - (10-methyl -9-acr idanyl idenemethyl ) sp i ro[acr idan-9 ,2 ' -chroman~ (IVb). A 0o33-ml 
(3,13 mnlole) sample of salicylaldehyde and 0.94 ml (9.4 mmole) of piperidine were added with s t i r r ing  to a 
hot solution of 1.0 g (3.13 mmole) of 9 ,10-dimethylacr idinium methosulfate in 40 ml of ethanol. The solu-  
tion became dark brown, and a l ight-colored precipi tate  began to separate  after a few minutes.  The mix-  
lure was refluxed for 30 min and cooled, and the precipi ta te  was removed by fi l tration and washed with 
ethanol and e ther  to give 0.68 g (84%) of IVb. The compound was dissolved in 8 ml of boiling benzene and 
fi l tered,  and the fil trate was t rea ted  with 10 ml of ethanol to give 0.53 g (63%) of IVb with mp 195-196 ~ 
(dec.). The product  was soluble in ch loroform,  CCI~, pyridine,  and dioxane, only slightly soluble in ethanol, 
ether,  and hexane, and insoluble in water .  

Compounds Vb-Xb (Table 1) were s imi la r ly  obtained in 85-99~ yield. All of the substances are  p r a c -  
tically color less  in the crys ta l l ines  state,  except for the nitro derivative (VIIb), which is br ight  yellow. 
Compounds Vb and VIb were  rec rys ta l l i zed  f rom benzene (1:7o5 and 1 :13 ,  respect ively) ,  Xb was r e e r y s t a l -  
lized f rom CCI 4 (1 : 8), and VIIb was reerys ta l l ized  f rom 50% benzene-e thano l  (1 : 30). For  purif ication,  
VIIIb and IXb were dissolved in boiling benzene (1:35 and 1 :5 .5 ,  respect ively) ,  the solutions were fi l tered,  
and the f i l trates were treated with an equal volume of ethanol to precipitate the compounds. The yields of 
IVb-Xb af ter  one rec rys ta l l i za t ion  are  presented in Table 1. 

* The following abbreviat ions were used in descr ibing the PMR spect ra :  s is singlet,  d is doublet, t is 
t r iplet ,  q is quartet ,  and m is multipiet.  
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C--CH~{i j~ 
H x 

t i i i 

5,0 4,0 3,0 2~0 ~, ppln 

Fig. 3. PMR s p e c t r a  of s p i t .  de r iva t ives  of 
acr idine (in CDC13): 1) IVb; 2) 6 ,10 -d ime thy l -4 ' -  
(10-methyl -9-acr idanyl idenemethyl )  s p i r o [ a c r i -  
dan -9 ,2 ' - ch roman]  (Vb). 

9 -Benzy l idene-10-methy lac r idan .  This c o m -  
pound [10] was obtained in 50~c yield and had mp 140- 
141 ~ (hexane). UV s p e c t r u m  in dioxane, Xmax, nm 
(log ~): 235 (4.78), 300 (4.13), 394 (4.05); inCH3COOH: 
260 (> 5.0), 348 (3.93), 364 (4.22), 405 (3.70), 424 
(3.74). PMR s p e c t r u m  in CCI~, 6, ppm:  3.35 (10-CH~, 
s), 6.65 ( = C H - ,  s) ,  6.95 (C6H5, s); in CF~COOH: 
4.66 (10-CH3, s) ,  5.13 (9-CH2, s) ,  6.96 (C~Hh, s).  

9 -Methy lene -10-methy lac r idan .  This compound 
was obtained by the addition of 2 N NaOH to a so lu-  
tion of 1 mg of 9 ,10-d imethylacr id in ium iodide in 30 
ml of wa te r  up to pH 10. The methylene base  was 
ext rac ted with 50 ml of dichloroethane,  the ex t r ac t  
was dried over  Na2SO~, and the absorp t ion  s p e c t r u m  
was recorded:  Amax (D): 255, 285,384 nm (0.55, 
0.36, 0020)0 

9 ,10-Dimethylacr idan .  This compound was ob-  
tained by the method in [11] in 84~ yield and had mp 

136-138 ~ [from ethanol 1:30)] .  UV s p e c t r u m  in ethanol,  kmax,  (log ~): 285 nm (4.24). PMR s p e c t r u m  in 
CHC13,5, ppm: 1.32 (9-CH3, d) ,3 .28  (10-CH3, s ) , 3 .97  ( 9 - H , q ,  J7Hz) ;  inCF3COOH: 1.47 (9-CH3, d) ,3 .23 
(10-CH3, s),  3.87 (9-H, q, J 7 Hz).  

9 -Benzy l -10 -me thy l ac r idan .  This compound was obtained by the method in [11] in 76% yield and had 
mp 106-107 ~ [from ethanol (1 : 16)]. UV s p e c t r u m  in ethanol: Xmax 287.5 nm, log ~ 4.1. PMR spec t ru m 
in CCI~ (25%}, 5, ppm: 2.74 (9-CH2, d), 3.12 (10-CH~, s), 4.04 (9-H, t, J 6 Hz); in CF3COOH: 1.95 (10- 
CH 3, s) ,  2.88 (9-CH2, d), 4.03 (9-H, t, J 6 Hz). 

9 - B e n z y l - t 0 - m e t h y l a c r i d i n i u m  Iodide. This compound was obtained by the method in [11] in 75~c 
yield and had mp 224-227 ~ [dec., f r om wa te r  (1:35)] .  UV s p e c t r u m  in wa te r ,  Xmax, nm (log e): 232.5 
(4.33), 261 (4.90), 346 (3.87), 362 (4.16), 402 (3.63), 422 (3.68). The PM:R s p e c t r u m  in CF3COOH was ident i -  
cal  to the spec t rum  of 9 -benzy l idene -10-me thy lac r idan  in CF3COOH. 

The UV s p e c t r a  of  (1 to 5) . 10 -5 M Solutions of the compounds were  recorded with an SF-8  s p e c t r o -  
pho tomete r .  The PMR s p e c t r a  of IVb-VIIb and IXb were  recorded with a Var ian  HA-100D s p e c t r o m e t e r ,  
those of VIIIb, Xb, and 9 ,10-d imethylacr id in lum methosulfa te  and 9 -benzy l idene -10-methy lac r idan  were  
recorded  with an RYa-2305 s p e c t r o m e t e r  (60 MHz), while those of the acr idans  and 9 - b e n z y l - 1 0 - m e t h y l -  
ac r id in ium iodide were  recorded with a JNM-3 s p e c t r o m e t e r  (40 MHz)~ The spec t r a  of IVb-Xb were  an-  
alyzed within the ABX approximat ion .  The spec t r a  of IVb-Xb were  recorded  with hexamethyldis i loxane 
(HMDS) as the in ternal  s tandard;  e i ther  HMDS or  t e t ramethy l s i l ane  was used in the r emain ing  c a s e s .  
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