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R E A C T I O N  O F  2 - A N D  4 - A L K O X Y - 1 - B E N Z O P Y R Y L I U M  

S A L T S  W I T H  M E T H Y L E N E  B A S E S  O F  H E T E R O C Y C L I C  

A .  I .  T o l m a c h e v ,  E .  F .  K a r a b a n ,  
a n d  L .  M .  S h u l e z h k o  

C A T I O N S  

UDC 547.814.1.789.6 : 541.62.65 : 
668.819.45 : 542.953 

2-Alkoxy-  and 2 - a l k y l t h i o - l - b e n z o p y r y l i u m  sal ts  condense in the 2 posi t ion with methylene  
ba se s  fo rmed  f r o m  methy l - subs t i tu ted  he te roeycl ic  onium compounds.  The 4 -me thoxy-1 -  
benzopyry l ium sal t  a lso  r eac t s  p r i m a r i l y  in the 2 posit ion, during which the benzopyryl ium 
ring is c leaved.  In addition, condensat ion also takes place  in the 4 posi t ion with spli t t ing 
out of the methoxy group.  

We have p rev ious ly  shown that  4 - m e t h o x y - l - b e n z o p y r y l i u m  sa l t  I undergoes  reac t ion  in the 4 posi t ion 
with methylene  bases  fo rmed  f rom methy l - subs t i tu ted  he terocycl ic  oniom compounds to give unsymme t r i c a l  
monomethyl idynecyanines  [1]. However,  it was subsequently observed  that products  with a different  s t ruc ture  
a r e  also fo rmed  in addition to the monomethyl idynecyanines .  The a im of the p r e s e n t  r e s e a r c h  consisted in 
ascer ta in ing  the d i rec t ions  of the reac t ion  of 4 -me thoxy~ l -benzopyry l ium sal t  I and of 2-ethoxy-  and 2-ethyl-  
t h i o - l - b e n z o p y r y l i u m  sal ts  IIa, b with methylene ba se s  of he te rocyc l ic  cations - 2 -me thy lene -3 -me thy lbenzo-  
thiazoline and its 3-ethyl  analog. Although these  compounds exis t  in solution p r i m a r i l y  in the fo rm of d imers ,  
the l a t t e r  exis t  in solution in equi l ibr ium with the m o n o m e r s  [2], which a lso  undergo reac t ion  [3]. 
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f rom Khimiya Getero ts ik l ichesk ikh  Soedinenii, No. 2, pp. 173-177, February ,  1977. Original a r t i c l e  submitted 
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OCH 3 

o-NO::C+H,~S03" ~ ~ O y  ~XC~H s 

II a, b 
a x=O:  b X,=S 

The molecular  diagrams of the 2- and 4 -hydroxy- l -benzopyry l tum cations (A, B), calculated by the MO 
LCAO method within the Huckel approximation [4], a re  presented in Fig. 1. A s imi la r  e lec t ron-densi ty  dis t r ibu-  
tion should also be observed in the cations of salts Ha and I. It is apparent  f rom Fig. 1 that the positive ~r- 
e lectron charge is a maximum in the 2 posit ion of both the cations under considerat ion.  Since the positive 
charge in cation A in the 2 position, to which is attached an easily displaceable group, substantially exceeds 
the charge in the 4 position (by 0.135), it was natural to expect that salt  Ha would react  with nucleophilic re -  
agents exclusively in the 2 position. In fact, a ( thia)(1-benzo-2-pyrylo)monomethylidynecyanine (11"[) was ob- 
tained in the condensation of iIa, b with 2-methylene-3-methylbenzothiazol ine,  whereas a (flavylo)(1-benzo-2- 
pyrylo)monomethylidynecyanine (IV) was obtained in the react ion of IIb with 4-methylf lavylium perchlora te .  
The condensation of salts IIa, b is accompanied by dealkylation, and monomethylidynecyanines of this sor t  are  
more  conveniently obtained by means of coumarin  diethylacetal [5]. The effective posit ive charge in the 2 posi -  
tion in cation B only slightly exceeds the charge in the 4 position (by 0.037), to which an easi ly displaceable 
group is attached. It could therefore  be assumed that 4 -methoxy- l -benzopyry l ium o-nitrobenzenesulfonate (I), 

(:Ha ClO~- C~H s CIO~- 

I l l IV 

in cont ras t  to IIa, would react  via two pathways with nucleophilic agents. In fact, it was found that the nature 
of the products of the react ion between salt l and 2-methylene-3-alkylbenzothiazol ines  depends on the react ion 
conditions. Thus if a solution of 2-methylene-3-methylbenzothiazol ine  in acetic acid is added to a solution of 
[ in acetic anhydride, spontaneous heating is observed, and Via is isolated. This compound was converted by 
hydrolysis  to dye ViIa, which was previously obtained by react ion of chromone with a 2,3-dimethylbenzothiazo- 
lium salt  [6]. The UV spect rum of Via [in ethanol, )'max 433 nm (~ 2.17. 104)] repudiates the possibil i ty of iso-  
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V-X a R=CH~; V-IX b R=C+oH~: VIII y = l l ;  X y=NO 2 

meric  s t ruc ture  C. If the same start ing compounds are  heated at 100 ~ for  1 h in the same mixture of solvents, 
the only product  is monomethylidynecyanine VIIIa [1]. Consequently, the react ion may commence  with the ap- 
proach of the nucleophilic agent at both the 2 and 4 posit ions of the benzopyryl ium cation. In the f i r s t  case the 
pyryl ium ring is opened to give Via. In the second case  the intermediate (D) splits out a molecule of methanol 
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Fig. 1. Effective x -e lec t ron  charges  and orders  of the mobile bonds in the 2-hy- 
droxybenzopyryl ium (A) and 4-hydroxybenzopyryl ium (B) cations. 

Fig. 2. PMR spect rum of 2- [ (4-methoxybenzopyran-2-y l )methylene]-3-methyl -  
benzothiazoline (Va) in CC14. 

and ts converted to monoethylidynecyanine VIIIa. The salt  (IXb) of base VIIb was isolated in addition to Vlb in 
the react ion between I and 2-methylene-3-ethylbenzothiazol ine;  the salt is probably formed by dealkylation of 
VIb and subsequent protonation. Owing to the revers ibi l i ty  of the formation of Via, b, these compounds are  con- 
verted to rnonomethylidynecyanines VIIIa, b when they are  heated. The revers ibi l i ty  of the formation of VI is 
in agreement  with a c r o s s o v e r  reaction. When VIb was heated in acetic anhydride with 2 ,3-d imethyl -6-ni t ro-  
benzothiazolium o-nitrobenzenesulfonate,  a ni t ro-subst i tuted monomethylidynecyanine (Xa) was formed.  Inter-  
mediates  C, formed by the addition of the nucleophilic agent to the 2 posit ion of salt  I, should exist in equilib- 
r ium with 2H-chromenes  (Va, b). In fact, the la t te r  were isolated by t reatment  of Via, b with ammonia.  Chro- 
menes Va, b are  relat ively unstable. A solution of Va in carbon te t rachlor ide  was prepared  without heating 
for the measurement  of the PMR spectrum.  The PMR spectrum of Va (Fig. 2) contains a multiplet at 7 ppm 
due to the absorpt ion of aromat ic  protons and two singlets at 3.10 and 3.65 ppm of the N - C H  3 and OCH a groups, 
respect ively.  In addition, the quartet  of a proton in the ~ position of the chromene ring is observed in the spec-  
t rum at 5.32-5.47 ppm. The signal is split owing to coupling with two nonequivalent protons - fl-H of the chro~ 
mene ring and the proton of the CH group connecting the heteroeycl ic  residues.  The t r iplet  at 4.55-4.67 ppm 
is the super imposi t ion of two doublets corresponding to the signals of the protons of fl-H and the same CH 
group. Proceeding f rom the theoret ical  relationship between the JAB s p i n - s p i n  coupling constants (SSCC) 
and tors ion angle (p, for  the > C H A - C H B <  s t ruc ture  [7], it should be concluded that the doublet with J = 4  Hz 
cor responds  to the signal of the fl-H proton and the doublet with J = 8  Hz corresponds  to the proton of the CH 
group connecting the heterocycl ic  r ings.  On the basis  of the same J value of 8 Hz, it can also be concluded 
that a -H and the hydrogen atom of the CH group connecting the heteroeycl ic  res idues  are  located in the same 
plane in the cis posit ion to one another and that consequently the heterocyclie  res idues in the Va molecule are  
situated in mutually perpendicular  planes.  

The examined react ion of 4 -me thoxy- l -benzopyry l ium salt I is s imi la r  to the react ion of 4-hydroxy-  
coumarin  with aniline, which under mild conditions leads p r imar i ly  to 2-[3-(anilino)malonyl]phenol, which is 
converted to 4-ani l inocoumarin  under more  severe  conditions [8]. We note that instances in which methoxy-  
substituted aromat ic  cations reac t  with nucleoph[lic agents simultaneously in different directions a re  also 
known. Thus 1,3-diethoxyphenalentum te t raf luoroborate  reacts  with 2-methylene-3-ethylbenzothiazol ine to 
give p r imar i ly  the product  of oxidative condensation at the 6 position, in addition to a small  amount of product  
of condensation at the 1 position [2]. 

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

The electronic absorpt ion spec t ra  of alcohol solutions of the compounds were  measured  with an SF-4A 
spectrophotometer .  The IR spect ra  were recorded  with a UR-10 spec t rometer .  The PMR spect ra  were mea-  
sured with a Tes la  BS 487B spec t romete r  with an operating frequency of 80 MHz at 20 ~ with te t ramethyls i lane 
as the internal s tandard.  The puriW of the prepara t ions  was monitored by th in - layer  chromatography (TLC) 
on plates with a fixed layer  of Silufol UV-254 sil ica gel and elution with nitromethane. 

2 -E thoxy- l -benzopyry l ium Tetraf luoroborate  ([Ia) [9] and 2-Ethyl th io- l -benzopyry l ium Te t ra f luorobora te  
(Ilb): These compounds were obtained by react ion of 1 g (5 mmole) of tr iethyloxonium te t raf luoroborate  [10] 
with an equimolar amount of coumar in  o r  2~thiocoumarin in 1.5 ml of methylene chloride at room temperature .  
After 24 h, the isolated salt  was washed with e ther  by decantation and stored under a l ayer  of the same solvent 
because of its high tendency to undergo hydrolysis .  The IR spec t ra  of IIa, b, which were determined with solu- 
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TABLE I. 

p y r y l i u m  Sa l t s  

Corn - Found, 
pound ~P' % 

T r a n s f o r m a t i o n  P r o d u c t s  of 2-  and 4 - A l k o x y - l - b e n z o -  

Calculated, 
O7o Xmax, i lm 

(8. I0 -4) 

III 

IV 

Va 

Vb 
Via 

VIb 

302 CI 8,6 
S 8,4 

240 CI 7,9 
C 67,1 
H 4,0 

137 N 4,5 
S 9,9 

135 S 9,5 
239 Cl 8,1 

S 7,8 
193 C 54,7 

H 4,6 
C1 8;1 
N 3,3 
S 7,4 
OCHs 7,1 

' r  

Empirical 
formula 

CI 9,1 
S 8,4 

CI 7,9 
C 66,9 
H 3,8 
N 4,4 
S 9,9 
S 9,8 
CI 8,4 
S 7,6 
C 54,9 
H 4,6 
Cl 8,1 
N 3,2 
S 7,3 
OCHa 7,1 

440 (3,62) 
465 (4,38) 
495 (2,6) 
526 (4,75) 
567 (9,62) 

433 (2,17) 

C, IsHI4CINO~S 

C2~HITCIOn 

C,gH,sNO~S 

C20HI~NO2S 
CIgHIsC1NO~S 

C20H29ClNO~S 

Yield, 
% 

28 

26 

71 

77 
54 

49 

t i ons  in  m e t h y l e n e  c M o r i d e ,  do not  con t a in  the  f r e q u e n c i e s  c o r r e s p o n d i n g  to  the  s t r e t c h i n g  v i b r a t i o n s  of the  
C =O group  of c o u m a r i n  (1705 c m  - i )  o r  the  C =S g roup  of 2 - t h i o c o u m a r i n  (1205 cm-1) .  Bands  a t  1610-1640 and 
1000 c m  -1, r e l a t e d ,  r e s p e c t i v e l y  to the  s y m m e t r i c a l  s t r e t c h i n g  v i b r a t i o n s  of the  p y r y l i u m  r i n g  [11] and the B F  4- 
anion,  a r e  o b s e r v e d  in  the  s p e c t r a  of bo th  c o m p o u n d s .  In  add i t ion ,  a band at  1240 c m  -1, which  i s  r e l a t e d  to  the  
v i b r a t i o n s  of an  e t h e r  bond,  is  o b s e r v e d  in the  IR s p e c t r u m  of I Ia .  UV s p e c t r u m  of Hb in a c e t o n i t r i l e :  ~max 
375 nm (e 1.84" 104) and a s h o u l d e r  a t  387 nm (e 1.65" 104). 

2 - [ 2 ( 2 H - C h r o m e n - 2 - y l i d e n e ) m e t h y l ] - 3 - m e t h y l b e n z o t h i a z o l i u m  P e r c h t o r a t e  (Ill).  A s o l u t i o n  of 0.8 g (5 
m m o l e )  of 2 - m e t h y l e n e - 3 - m e t h y l b e n z o t h i a z o l i n e  [12] and 1.4 g (5 m m o l e )  of s a l t  Ilb in  a m i x t u r e  of 4 ml  of 
a c e t i c  a n h y d r i d e  and 0.8 m l  (13 m m o l e )  of g l a c i a l  a c e t i c  a c id  was  hea t ed  a t  100 ~ fo r  1 h, a f t e r  which  a so lu t i on  
of s o d i u m  p e r c M o r a t e  in a c e t i c  a c id  was  added ,  and the dye  was  r e m o v e d  by f i l t r a t i o n  and w a s h e d  with  w a t e r ,  
a l coho l ,  b e n z e n e ,  and e t h e r .  

The  c h a r a c t e r i s t i c s  of  th i s  compound  and the r e m a i n i n g  newly  s y n t h e s i z e d  compounds  a r e  p r e s e n t e d  in 

T a b l e  1. 

2 - P h e n y l - 4 - [ ( 2 H - c h r o m e n - 2 - y l i d e n e ) m e t h y l ] - l - b e n z o p y r y l i u m  P e r c h l o r a t e  (YV). A so lu t i on  of 0.6 g (2.1 
m m o l e )  of IIb and 0.64 g (2 m m o l e )  of 4 - m e t h y l f l a v y l i u m  p e r c h l o r a t e  in 10 ml  of a c e t i c  a n h y d r i d e  was  hea t ed  
a t  100 ~ fo r  1 h, a f t e r  which  the  dye  was  r e m o v e d  by f i l t r a t i o n ,  r e p r e c i p i t a t e d  t w i c e  f r o m  m e t h a n o l  by the a d d i -  
t ion  of 30% p e r c h l o r i c  ac id ,  and washed  wi th  g l a c i a l  a c e t i c  ac id .  

R e a c t i o n  of 4 - M e t h o x y - l - b e n z o p y r y l i u m  o - N i t r o b e n z e n e s u l f o n a t e  (I) wi th  2 - M e t h y l e n e - 3 - e t h y l b e n z o -  
t h t a z o l i n e .  A s o l u t i o n  of 2 g (11 m m o l e )  of 2 - m e t h y l e n e - 3 - e t h y l b e n z o t h i a z o l i n e  in  3.3 m l  (55 m m o l e )  of g l a c i a l  
a c e t i c  a c id  was  added  to a hea t ed  (on a w a t e r  bath)  so lu t i on  of 4.9 g (15 m m o l e )  of s a l t  I in  17 m l  of a c e t i c  a n -  
h y d r i d e .  The  p r o d u c t  was  r e m o v e d  by f i l t r a t i o n  wi thou t  coo l ing ,  r e c r y s t a l l i z e d  f r o m  m e t h a n o l ,  and c o n v e r t e d  
to  the  p e r c h l o r a t e  in  the  s a m e  so lven t .  2 - [ 4 - M e t h o x y - 4 -  ( o - h y d r o x y p h e n y l ) -  1 , 3 - b u t a d i e n -  1 - y l ] -  3 - e t h e l b e n z o -  
t h i a z o l i u m  p e r c M o r a t e  was  i s o l a t e d  in  t h i s  way.  A f t e r  s e p a r a t i o n  of Vlb f r o m  the r e a c t i o n  m i x t u r e ,  the  m o t h e r  
l i q u o r  was  coo led  to 0 ~ and the  p r e c i p i t a t e d  2 - [ 3 - ( o - h y d r o x y b e n z o y l ) - l - p r o p e n . l - y l ] - 3 - e t h y l b e n z o t h i a z o l i u m  
o - n i t r o b e n z e n e s u l f o n a t e  (1Xb) was  r e m o v e d  by  f i l t r a t i o n  and r e c r y s t a l l i z e d  f r o m  a c e t i c  a n h y d r i d e  - g l a c i a l  
a ce t i c  a c id  to g ive  a p r o d u c t  wi th  189 ~ in 16% y i e l d .  The  p e r c h l o r a t e ,  [nap 198 ~ (dec.)],  ob ta ined  f r o m  th i s  c o m -  
pound in a c e t i c  a c id  so lu t ion ,  was  i d e n t i c a l  to  the  p e r c M o r a t e  ob ta ined  by the  a d d i t i o n  of p e r c h l o r i c  a c id  to an 
ace t i c  ac id  s o l u t i o n  of b a s e  VIIb [6]. 

Compound  Via  was  ob ta ined  in t he  f o r m  of  t he  p e r c h l o r a t e  by  the  m e t h o d  u sed  to p r e p a r e  VIb.  

2 - [ ( 4 - M e t h o x y - 2 H - c h r o m e n - 2 - y l ) m e t h y l e n e ] - 3 - m e t h y l b e n z o t h i a z o l i n e  (Va). A 0 .34 -g  s a m p l e  of Via  was  
s h a k e n  in a s e p a r a t o r y  funnel  wi th  a m i x t u r e  of 30 ml  of be nz e ne  and 30 m l  of w a t e r  con ta in ing  8 m l  of con -  
c e n t r a t e d  a m m o n i u m  h y d r o x i d e ,  a f t e r  which  the  b e n z e n e  so lu t i on  was  s e p a r a t e d  and w a s h e d  with  w a t e r .  The  
b e n z e n e  was  r e m o v e d  by vacuum d i s t i l l a t i o n  with  a w a t e r  a s p i r a t o r  a t  r o o m  t e m p e r a t u r e ,  and the r e s i d u e  was  
t r i t u r a t e d  s u c c e s s i v e l y  wi th  e t h e r  and m e t h a n o l ,  and the  so l id  m a t e r i a l  was  r e m o v e d  b y  f i l t r a t i o n .  

Compound  Vb was  ob ta ined  by  the  m e t h o d  used  to p r e p a r e  Va.  
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2-[3- (o-Hydroxybenzoyl )a l ly l idene] -3-e thylbenzoth iazol ine  (VIIb). A 0.54-g sample  of VIb was heated in 
a mix tu re  of 4 ml of methanol  and 2 ml  of 10% hydrochlor ic  acid for  5 rain, a f te r  which the mix tu re  was eooled 
and neut ra l ized  with ammonia .  The product  was removed  by f i l t ra t ion to give a m a t e r i a l  with mp 188 ~ in 5070 
yield.  No mel t ing  point depress ion  was obse rved  for  a mix tu re  of this product  with the compound obtained by 
reac t ion  of eh romone  with 2 -methy l -3 -e thy lbenzo th iazo l tum p- to luenesul fonate  [6]. 

2-[ (4H-Chromen- -4 -y l idene )methy l ] -3 -e thy lbenzo th iazo l ium P e r e h l o r a t e  (VIIIb) [1]. A) This  compound 
was obtained in 46% yield f rom I and 2-methy lene-3-e thy lbenzoth iazo l ine  by the method in [12]. 

B) A 0.6-g (12 mmole)  sample  of o-n i t robenzenesul fonate  IVb was heated in a mix tu re  of 4 ml  of acet ic  
anhydride and 0.8 ml  (13 mmole)  of glacial  acet ic  acid at 100 ~ for  2 h. The mix tu re  was worked up as in [12] 
to give VIIIb in 32% yield.  

2 - [ (4H-Chromen-4 -y l idene )me thy l ] -3 -me thy l -6 -n i t robenzo th i azo l ium o-Ni t robenzenesul fonate  (Xa). 
This compound was obtained in 65% yield by react ion  of 0.6 g (12 mmole)  of VIb with 0.6 g (15 mmole)  of ?,3- 
d imethy l -6 -n i t robenzo th iazo l ium o-n i t robenzenesul fona te  under  conditions s i m i l a r  to those  in the p repa ra t ion  
of VIIIb by method B. With r e s pec t  to its e lec t ronic  absorpt ion  spec t rum and decomposi t ion  t e m p e r a t u r e  the 
dye was identical  to the dye obtained [n [1]. 
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