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The di rec t ion of the reac t ion  of 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 s  and the i r  1-thia and 1- 
se lena analogs with methylene bases  formed f rom methyl - subs t i tu ted  he terocycl ic  onium 
sa l t s  is quali tat ively de te rmined  by the nature  of the he teroa tom.  In con t ras t  to the 4- 
m e t h o x y - l - b e n z o p y r y l i u m  salt ,  which r e ac t s  with a nucleophilic agent p r i m a r i l y  in the 
2 posi t ion with c leavage of the O - C  bond, the 4 -me thoxy - l -benzo th i apy ry l i um sal t  con- 
denses  at the 4 posit ion, whereas  the 4 - m e t h o x y - l - b e n z o s e l e n a p y r y l i u m  sal t  undergoes  
oxidative condensat ion at the 2 posi t ion.  All of the sa l t s  r eac t  in the s ame  way with di-  
methylani l ine with oxidative condensat ion a t  the 2 posi t ion.  

It has p rev ious ly  been shown [1] that 4 - m e t h o x y - l - b e n z o p y r y l i u m  o-ni t robenzenesul fonate  ([a) r eac t s  
with 2-methylene-3-a lky lbenzoth iazo l ines  p r i m a r i l y  in the 2 posit ion, during which the benzopyry l ium ring 
undergoes r eve r s ib l e  c leavage.  In addition to this, sa l t  Ia a lso  undergoes condensation at the 4 posit ion.  Com-  
pounds II-IV were  obtained in the p re sen t  r e s e a r c h  by reac t ion  of Ia with 1-methylquinaldinium, 2 ,3-dimethyl-  
benzoxazol ium, and 2,3-dimethylnaphtho[2,1-d]thiazol ium sal ts .  Consequently,  salt  la r eac t s  in the 2 posi t ion 
with opening of the beazopyry l ium ring a lso  with different  nucleophilic agents .  The reac t ion  to p r e p a r e  II-[V 
was ca r r i ed  out in acet ic  anhydride and was accompanied by acylat ion of the phenolic hydroxyl  group. 4-Meth-  
oxy-subst i tu ted benzopyryl ium sal ts  can a lso  undergo condensat ion at  the 4 posi t ion with methylene bases  
fo rmed f rom methyl - subs t i tu ted  benzopyry l ium sa l t s .  A monoethyl idynecyanine (V). which was a lso  obtained 
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by a l te rna t ive  synthesis  f rom 4 - m e t h y l - 7 - m e t h o x y - l - b e n z o p y r y l i u m  pe rch lo ra t e  and 4-thioflavone,  was syn-  
thesized by react ion  of 4 ,7 -d ime thoxy- l -benzopyry l i um o-ni t robenzenesul fonate  with 4-methyl f lavyl ium p e r -  
chlorate .  
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One can also assume attack by the nucleophilic agent [for example, 2-methylene-3-methylbenzothiazol ine 
(VI)] at the 2 and 4 posit ions for  4 -methoxy- l -benzo th iapyry l ium salt  Ib. However, owing to the high stability 
of the thiapyrylium ring, an intermediate of the A type is not formed.  The chief substance formed in the re-  
action is therefore  thiapyrylomonomethylidynecyanine VII [2]. 

We also investigated the react ion of 4 -methoxy- l -benzose lenapyry l ium o-nitrobenzenesulfonate ([c) with 
2-methylene-3-methylbenzothiazol ine .  Salt Ic was obtained by the method used to p repa re  Ia, b [3] by addition 
of methyl o-ni t robenzenesulfonate to se lenachromone.  It was found that the react ion of salt Ic with VI gives a 
product  of a different type than the react ion of salts In, b with the same nucleophilic agent. Because of the 
high tendency of the selenium derivat ives to undergo oxidation, an intermediate  of the A type, which is formed 
in the react ion of Ic with VI, is oxidized to a methoxy-subst i tuted monomethylidynecyanine (VIII). The s t ruc-  
ture of this dye was confirmed by al ternative synthesis,  which was accomplished as presented in the scheme 
below. A product  of condensation of salt  Ic at the 4 position is also evidently formed in addition to monoethyl-  
idynecyanine VIII. However, the fo rmer  could not be isolated in the individual state. 
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It follows f rom the data presented above and in [1] that the direct ion of the reaction of 4-methoxy-1-  
benzopyryl ium salts and thei r  1-thia and 1-selena analogs with methylene bases formed f rom methyl -subs t i -  
tuted heteroeycl ic  onium salts depends on the nature of the heteroatom. However, the cha rac te r  of the prod-  
ucts of the reac t ion  of salts Ia -e  also depends on the nature of the nucleophitic agent. It was found that all 
salts Ia-c  reac t  in the same way with dimethylaniline to give, depending on the cha rac te r  of X, products  of 
oxidative condensation at the 2 posit ion (Xa, b [4] and Xc). The reason for the la t ter  apparently consists  in 
the tendency for  the format ion of compounds maximally" stabilized by conjugation, which would be s ter ical ly 
hindered in the case  of substitution in the 4 position. 

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

The electronic spec t ra  of ethanol solutions of II-IV and VIII and acetoni tr i le  solutions V and Xc were 
measu red. 

4-Methoxy- l~benzoselenapyryl ium o-Nitrobenzenesulfonate (Ic). A mixture of 0.522 g (2.5 mmole) of 
se lenachromone [5] and 0.542 g (2.5 mmole) of methyl o-nitrobenzenesulfonate was fusedat  100 ~ fo r2  h, af ter  
which the cooled mass  was t r i tu ra ted  sueeessively with anhydrous acetone and ether and worked up to give Ic, with 
mp 120 ~ (from CH2C12) , in 70% yield. 
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TABLE 1. 
Salts and Their  Analogs with Nucleophilie A g e , s  

IV 

V 

VIII 

IXb 

Xc 

Products  of the Reaction of 4~Methoxybenzopyrylium 

Found, 
% 

CI 7,7 
N 3,9 
C1 7,9 
N 3,2 
CI 7,0 
S 6,2 

CI 7,3 
OCHa 5,8 

Se 16,3 
OCHa 6,2 

Ct 7,0 
Se 20,1 

Se 13,7 
N 5,I 

Empirical 
formula 

C:~H22C1NO7 

C~,H2oC1NO8 

C~sH2~CINOTS 

C26H19CIO7 

CIgHI~C1NO~SSe 

CIgH16NOSSe 

C~4H22N206SSe 

Calculated, 
9 

CI 7,7 ] 
N 3,05 
CI 7,9 / 
N 3,1 
CI 69 
S 6:2 

CI 7,4 
OCHa 6,5 

Se 16,3 
OCHa 62 

Cl 7,3 
Se 20,6 

Se 13,8 
N 5,1 

C ] rap, "C (crys- 
ore- tallization 

pound solvent) 

II 193 
(methanol) 

III 175 
(methanol) 

223 
(ethanol) 

251 
(acetic acid) 

231 I 
(acetic acid) I 

)~m ax, n m  
(~, I0 ~) 

422 (3,3) 

401 (2,9) 

442 (3,5) 

571 (6,37) 

478 (5,0); 
508 (4,7) 

564 (3,31) 

1%Yield' 

30 

31 

40 

58 

I0 

25 

10 

2-[4-Methoxy-4-  (o-acetoxyphenyl)- l ,3-butadien- 1-y l ] - l -methylquinol in ium Perch lora te  (II). A mixture 
of 0.393 g (1 mmole) of 4 -methoxy- l -benzopyry l ium o-nitrobenzenesulfonate (Ia) and 0.269 g (1 mmole) of 1- 
methylquinaldinium methylsulfate was heated in a mixture of 3 ml of acetic anhydride, 3 ml of glacial acetic 
acid, and 0.3 ml of pyridine at 100 ~ for 1 h. The mixture was diluted with ether, and the l iberated salt was 
converted to the perchlora te  in methanol solution. The charac te r i s t i c s  of this and the remaining newly syn- 
thesized compounds a re  presented in Table 1. 

2- [4-Methoxy-4-(o-ace toxyphenyl ) - l ,3 , -butadienTl-y l -3-methylbenzoxazol ium Perch lora te  (III) and 
2- [4-Methoxy-4-  (o-acetoxyphenyl- 1,3-butadien- 1-yl]-  3-methylnaptho[2,1-d]thiazolium Perch lora te  (IV). These 
compounds were obtained by the method used to p repare  II. 

4-[(7-Methoxybenzopyranyl-4- idene)methyl[-2-phenylbenzopyryl ium Perch lora te  (V). A) This compound 
was obtained f rom 4-methylflavylium percMora te  and 4 ,7-d imethoxy- l -benzopyry l ium o-nitrobenzenesulfonate 
[6] by the method used to p repare  the compound without a methoxy group in the 7 position [2]. 

B) A mixture  of 0.262 g (1 mmole) of 4 -me thy l -7 -me thoxy- l -benzopyry l ium perch lora te  [7], 0.24 g (1 
mmole) of 4-thioflavone, and 2.5 ml of acetic anhydride was refluxed for  2 rain, after  which workup gave V in 
77% yield. 

2-[ (4-Methoxy- 1-benzoselenapyranyl-2- idene)methyl] -3-methyl] -3-methylbenzothiazol ium Perchlora te  
(VIII). A) A mixture of 0.28 g (0.66 mmole) of salt  Ic, 0.088 g (0.54 mmole) of 2-methylene-3-methylbenzo-  
thiazoline, and 8 ml of acetic anhydride was heated at 100 ~ for  3 h, after  which it was diluted with ether, and 
the l iberated dye was converted to the perchlora te  by the addition of 30% perchlor ic  acid to a solution in meth-  
anol. 

B) A solution of 0.37 g (1 mmole) of IXa, obtained by the method used to p repa re  IXb, and 1 g (8 mmole) 
of dimethyl sulfate in 20 ml of xylene was refluxed for  5 min, and the precipi tated dye was converted to the 
perchlora te  by the addition of sodium percMora te  to a solution in methanol. The perchlora te  was obtained in 
74% yield. 

2 - (3 -Ethy l - l -benzo th iazo l iny l -2 - idene)methy l - l - se lenachromone  (lXb). A mixture of 0.18 g (0.18 mmole) 
of 2-methylse lenachromone and 0,292 g (1.2 mmole) of 3-ethylbenzothiazolium 2-sulfobetaine [8] was heated at 
160 ~ for  1 h, af ter  which it was cooled and dissolved in methanol.  Ammonium hydroxide was added to the solu- 
tion, and th e product  was removed by fi l trat ion and crys ta l l ized  f rom aqueous alcohol. 

4 ' -Dimethylamino-4-methoxyselenaf lavyl ium o-Nitrobenzenesulfonate (Xc). A mixture of 0.426 g (1 
mmole) of salt Ic and 0.12 g (1 mmole) of dimethylaniline was heated in 1 ml of acetic anhydride at 100 ~ for  
i h, after  which the result ing dye was removed by filtration. 
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A number  of 2 -a lky l -  4, 4 .5 - t r ime thy l -  and 2-a lkyl -4 ,  4,6, 6 - t e t r ame thy l -  1, 3-dioxanium p e r -  
ch lo ra tes  we re  obtained by acylat ion of 1,3-diols  tn the p r e s e n c e  of 70% pe rch lo r i c  acid. 
Ac id-ca ta ly t ic  c leavage of the he te ro r ing  with subsequent cycl izat ion to 2-a lky l -  1,3-diox- 
anium p e r e h l o r a t e s  occur  in the reac t ion  of 2-ary l (a lkyl ) -subs t i tu ted  and 2-unsubsl i tuted 
1,3-dioxanes with carboxyl ic  acid anhydrides  and 70~ HCIO 4. Hypothetical de tachment  of 
a hydride ion by means  of the accep to r  acyl ium cat ion does not occur  under  the invest igated 
condit ions.  The s t ruc tu re s  of the synthesized pe rch lo ra t e s  were  studied by PMR s p e c t r o s -  
copy and it was shown that 1,3-dio• cations at room t e m p e r a t u r e  exis t  in a s ta te  of 
rapid  conformat ional  [ somer iza t ion  of the r r c h a i r - c h a i r "  form.  The ra te  of in te rconvers ion  
of the 2 ,4 ,4 - t r ime thy l~ l ,3 -d ioxan ium cation d e c r e a s e s  appreciably  as the t e m p e r a t u r e  is 
reduced to -90% as evidenced by m a r k e d  broadening of the lines of the protons  of the gem-  
dimethyl  groupings.  

At p r e sen t  l i t t le  study has been  devoted to the synthesis  and s t e r e o c h e m i s t r y  of nonaromat ic  carbonium 
s y s t e m s .  Up until now m o s t  at tention has been directed to synthesis  of 1,3-dioxolanium cat ions [1, 2]. There  
a re  only s eve ra l  communica t ions  [3, 4] in the l i t e r a tu r e  regarding 2,3-dioxanium cations;  synthes is  without a 
detailed analys is  of the s t ruc tu re  is i l lus t ra ted  in these  communicat ions .  Continuing our  studies of the s t e r eo -  
c h e m i s t r y  of 1,3-dioxanes [5] we studied methods  for  the synthesis  of a lkyl -subs t i tu ted  1,3-dioxanium p e r -  
ch lora tes  and some  of the p r o b l e m s  involved in the i r  dynamic s t e r eochemis t ry .  

For  this,  we obtained 1,3-dioxanium p e r c h l o r a t e s  by acylat ion of 1,3-diols in the p r e s e n c e  of 70% p e r -  
chlor ic  acid by the method in [6]; the physica l  constants  of some of these compounds a re  p resen ted  in Table  1. 
The s t ruc tu r e s  of the sa l t s  were  conf i rmed by t he i r  IR spec t ra  and were  studied in detail by PMR spec t roscopy .  

To obtain m o r e  proof  fo r  the s t ruc tu re  of the pe r ch lo ra t e s  we hoped to obtain them by ~'alternative" syn- 
thesis  of the cor responding  1,3-dioxanes using a reac t ion  involving detachment  of a hydride ion f r o m  the 2 
posi t ion in analogy with the r e s e a r c h  p rev ious ly  accompl ished  for  dioxolanium sal ts  [7]. For  this,  a number  
of 1,3-dioxanes (T~ble 2) we re  obtained by condensat ion of carbonyl-conta ining compounds with 1,3-diols.  
Acyl p e r c h l o r a t e s  we re  used as the hydl ' ide- ion accep tor .  Crys ta l l ine  1,3-dioxanium perch lora te~  were  i so-  
lated a f t e r  t r e a t m e n t  of the 1,3-dioxanes with a mix tu re  of earboxyl ic  acid anhydrides  with 7070 pe rch lo r i c  

+ 
acid. Absorpt ion bands at  1537-1585 and 1490-1510 cm ~l, which a r e  pecu l i a r  to the vibrat ions  of the O - C - O -  
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