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The react ion of T-unsubst i tuted pyry l ium sal ts  with alkali-metal  cyanides gives cyano-  and 
carboxy-subs t i tu ted  pyrans  and pyryl ium salts ,  while the react ion with sodium sulfide gives 
dipyranyl sulfides. A phthalimide derivat ive of pyran is obtained f rom 2,6-diphenylpyryl-  
ium perch[ora te  and potass ium phthalimide,  while pyryl ium cations reac t  with zinc to give 
the cor responding  dipyranyls .  

It has been demons t ra ted  in a number  of papers  [1-4] that a -  or  y-unsubst i tuted pyryl ium salts,  in 
cont ras t  to 2 ,4 ,6- t r i subs t i tu ted  salts,  r eac t  with nucleophilic agents with retent ion of the pyran  ring. In a 
continuation of these invest igat ions,  in the p resen t  r e s e a r c h  we have studied the react ion of 2 ,6-subst i tuted 
pyry l ium sal ts  (I) with severa l  inorganic nucleophiles,  potassium phthalimide, and zinc. 

The reac t ion  of pyry l ium sal ts  with potass ium cyanide (or sodium cyanide) in aqueous e ther  p roceeds  
a lmost  quanti tat ively to give the corresponding y-cyanopyrans  (II). As expected, the la t te r  readi ly  split  
out a hydride ion on re  fluxing with t r iphenylmethyl  pe rch lo ra te  to give y-cyano-subs t i tu ted  pyryl ium salts  
(III). On the other  hand, the hydrolys is  of the pyrans  with dilute hydrochlor ic  acid gives carboxypyrans  IV 
in high yields ,  and they a re  conver ted  to carboxypyryl ium salts V under the influence of hydr ide- ion ac-  
ceptor.  The s t ruc tu re  of 2 ,6-d iphenyl -4-carboxypyryl ium perch lora te  was conf i rmed by al ternat ive syn-  
thes is  f rom diphenaeylacetic acid [5]. 
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The react ion with cyanide is  somewhat analogous to the synthesis  of quinaldinic acid f rom acyl-  
quinolinium salts  and KCN (the Re i s s e r t  react ion [6]). The react ion of KCN with 2 ,4 ,6- t r i subst i tu ted  py- 
ryl ium cations [7] has been studied in a number  of pyryl ium salts,  but in this case the t rans format ion  of 
the ini t ial ly fo rmed  cyano-subst i tu ted  pyrans  to e i ther  carboxypyrans  or,  especial ly,  to cyano-  and c a r -  
boxypyrylium sal ts  was not possible .  

In investigating the react ion of 2 ,6-diphenylpyryl ium perch lora te  and its der ivat ives  with sodium 
sulfide in aqueous e ther  it  was expected that the corresponding dipyranyl sulfide would be formed (in anal-  
ogy to the previous ly  obtained dipyranyl e ther  [4]). However,  we found that a mercap topyran  is  formed 
under these conditions. Since the la t te r  decomposes  on heating (and even on prolonged storage),  i t  could 
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not be obtained in chemica l ly  pure form.  The a , a ' - d i p h e n y l - T - m e r c a p t o p y r a n  s t ruc tu re  (VII) was judged 
f rom the UV spec t rum (in ethanol, Xma x 250, 368 nm; log e 4.44, 4.14), which p roved  to be s im i l a r  to the 
spec t rum of 2 ,6 -d ipheny l -4 -me thoxy-4H-pyran  (kmax 246, 355 rim; log e 4.13, 4.01). The IR spec t r a  a lso  
fully conf i rm s t ruc tu re  VH. When VII is  heated  in iner t  solvents ,  H~S is  spl i t  out, and dipyranyl  sulfide 
VIII is  obtained. 
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Proceeding  f rom these and p rev ious ly  desc r ibed  observa t ions  that  7-unsubst i tu ted  py ry l ium sa l t s  
r eac t  with va r ious  nucleophiles (organic and inorganic) with re tent ion of the pyran  ring, we a s sume d  that  
t he i r  reac t ion  with ammonia  should lead to the format ion  of 4 -aminopyrans  (or d ipyranyl -  and t r i py rany l -  
amines  when excess  pyry l ium sa l t  i s  p re sen t ,  as  occurs  in the reac t ion  of NH 3 with t ropy l ium sal ts  [8]). 
However,  the final product  of this react ion  is  a 2 ,6 -d ia ry lpyr id ine  (IX). The reac t ion  of I with po tass ium 
phthal imide under the conditions of the reac t ion  of such sa l t s  with KCN and Na~S gave a phthalide de r iva -  
t ive (X) of the pyran ,  but hydrolys is  of the l a t t e r  by the Gabrie l  method [9] (both by heating in an ampul 
with hydrochlor ic  acid and by hydrazinolysis)  r e su l t s  in pronounced res ini f ica t ion,  and substant ial  amounts  
of an aminopyran  could not be isolated.  
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It has previously been shown [10] that 2,4,6-triphenylpyrylium perchlorate forms a stable radical 
with act ive  powdered  m e t a l s  (zinc and magnes ium).  We have obse rved  that i f  this  so r t  of reac t ion  is  c a r -  
t i ed  out with 7-unsubst i tu ted  pyry l ium sa l t s  in a po la r  solvent,  the resu l t ing  rad ica l s  (XI) recombine ,  and 
dipyranyls  (XII) a r e  obtained: 
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The s t ruc tu r e s  of the pyryl i t tm sa l t s  we re  conf i rmed  by the IR spec t r a  using the data f rom the excel lent  
study in [11] and, in some cases ,  by a l te rnat ive  syntheses .  

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

2 ,6 -Dipheny l -4 -cyano-4H-pyran  (IIa). A mix tu re  of 19.9 g (0.06 mole) of 2 ,6-diphenylpyryl ium p e r -  
ch lora te  (In), 4.9 g (0.09 mole) of sodium cyanide, 400 ml  of e ther ,  and 400 ml  of wa te r  was s t i r r e d  v ig o r -  
ously until the py ry l ium-sa l t  suspension vanished.  The e ther  l aye r  was sepa ra t ed  and washed  with water ,  
and the e the r  was  evapora ted  to give 15 g (97%) of Ha with mp 96-97 ~ ( f rom hexane). Found: C 83.5; H 
5.3; N 5.6%. CtBH13NO. Calculated: C 83.4; H 5.0; N 5.4%. 

2 ,6 -Di (p -an i sy l ) -4 -cyano-4H-pyran  (IIb). This  compound was s i m i l a r l y  obtained in 99% yield f rom 
Ib and had mp  124-126 ~ Found: C 75.9; H 5.6%. C20HI~NO 3. Calculated: C 75.2; H 5.3%. 

2 ,6 -Diphenyl -4-cyanopyry l ium P e r c h l o r a t e  (IIIa). A mix ture  of 1.7 g (7 remote) of IIa,  2.7 g (8 
mmole)  of t r i ty l  pe rch lo ra t e ,  and 15 ml  of glacial  acet ic  acid was ref luxed for 5 rain. I t  was  then cooled, 
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and the yellow precipitate was removed by filtration and washed to give i.i g (44%) of Ilia with nap 296- 
297 ~ (from nitromethane). Found: C 59.9; H 3.7; CI 10.6%. CIsHI2CINO 5. Calculated: C 60.3; H 3.4; CI 

10.1%. 

2,6-Di(p-anisyl)-4-cyanopyrylium Perchlorate (IIIb), This compound was similarly obtained in 38% 
yield from IIb and had mp 284-286 ~ Found: C 57.3; H 4.2; CI 8.0%. C20HI6CINO ~. Calculated: C 57.4; 
H 3.8; CI 8.6%. 

2 , 6 - D i p h e n y l - 4 - c a r b o x y - 4 H - p y r a n  (IVa). A 1.7-g (7 mmole)  sample  of I Ia  was refluxed with 25 ml 
of concentrated hydrochloric acid for 7 h, and the resinous reaction product was separated from the acid 
and converted to the sodium salt by refluxing for i0 rain with sodium bicarbonate solution. The solution of 
the sodium salt of the acid was washed with benzene and acidified with hydrochloric acid. The white pre- 
cipitate of pyranylcarboxylic acid was removed by filtration, washed with a small amount of water, and 
dried to give 1.2 g (63%) of IVa with mp 133-134 ~ (from benzene). Found: C 77.4; H 5.2%. C18H1403. Cal- 
culated: C 77.7; H 5.0%. 

2,6-1>:(p-anisyl)-4-carboxypyran (IVb). This compound was similarly obtained in 50% yield and had 
nap 91-92 ~ �9 Found: C 71.3; H 5.5%. C20HI~O 5. Calculated: C 71.0; H 5.3% 

2,6-Diphenyl-4-carboxypyrylium Perchlorate (Va). This compound was obtained by the method used 
to prepare IIIa from 1.55 g (6 mmole) of IVa and 2.02 g (6 mmole) of trityl perchlorate and had mp 276-277 ~ 
(from glacial acetic acid). The yield was 0.8 g (39%). Found: C 57.0; H 3.6; Cl 9.0%. CIsHI3CIO 7. Cal- 
culated: C 57.3; H 3.4; C1 9.6%. 

2,6-Di(p-anisyl)-4-carboxypyrylium Perchlorate (Vb). This compound was obtained in 63% yield by 
the method used to prepare IVb and had mp 262-264 ~ Found: C 54.6; H 4.2; C1 8.5%. C20HiTCIO 9. Cal- 
culated: C 54.9; H 3.9; Cl 8.2%. 

Bis(2,6-diphenyl-4H-pyranyl) Sulfide (VHI). A mixture of 6.64 g (0.02 mole) of Ia and 7.20 g (0.03 
mole) of Na2S- 9H20 was stirred vigorously in aqueous ether (800 ml of a 1 : 1 solution) at room tempera- 
ture until the pyrylium-salt suspension had vanished. The newly formed yellowish precipitate (5.3 g) was 
removed by filtration, washed with water, and dried. The crude 2,6-diphenyl-4-mercaptopyran (VII) melted 
at 126 ~ It was refluxed in 25 ml of benzene until the odor of hydrogen sulfide had vanished, and the so- 
lution was cooled to precipitate 3.83 g (77%, based on salt Ia) of dark-red crystals of VIII with mp 155 ~ 
(dec., from isopropyi alcohol). Found: C 81.6; H 5.4; S 6.4%. C34112602S. Calculated: C 81.9; H 5.2; S 
6.4%. 

N-(2 ,6-Diphenyl -4-pyranyl )ph tha l imide  (X). A mix tu re  of 3.32 g (0.01 mole) o f l a ,  5.55 g (0.03 mole) 
of po t a s s ium phthal imide,  400 ml of e ther ,  and 400 ml of wa te r  was s t i r r e d  v igorous ly  at room t e m p e r a -  
ture  until the py ry l ium sal t  had vanished.  The white amorphous  prec ip i ta te  (1.8 g) was r emoved  by f i l t r a -  
tion and dried,  and the e the r  l ayer  was separa ted ,  washed with water ,  and evapora ted  to give 1.1 g of a 
white p rec ip i t a t e  that was ident ical  to the f i r s t  p rec ip i ta te .  The overal l  yield of X with mp 185 ~ ( f rom 
benzene) was 79%. Found: C 80.0; H 4.5; N 3.3%. C25HITNO 3. Calculated: C 79.2; H 4.5; N 3.7%. 

2 ,2 t ,6 ,6 ' -Te t r apheny l -4 ,4 f -d ipy rany l  (XII). A 4-g  (0.06 g-atom) sample  of zinc dust was added in 
por t ions  with s t i r r i ng  under d ry  nitrogen to a solution of 6.64 g (0.02 mole) of Ia in 25 ml  of dry  ace toni -  
t r i l e  (the mix tu re  w a r m e d  up during the addition of the zinc dust). The solid ma t e r i a l  was r emoved  by 
f i l t rat ion,  washed with 5 ml  of cold ace toni t r i le ,  and dried. The ma te r i a l  was ex t rac ted  with toluene in a 
Soxhlet appara tus ,  and the solution was evapora ted  to 7 ml and f i l te red  to give 1.8 g (40%) of d a r k - r e d  
needles  o f x r I  with mp 320 ~ (dec.). Found: C 87.3; H 5.8%. C34tt2602. Calculated: C 87.6; H 5.6%. 

2 ,2 r ,6 ,6 ' -Te t r apheny l -4 ,4 ' -d i th i apyrany l .  This  compound [0.9 g (36%)] was s i m i l a r l y  obtained f rom 
3.48 g (0.01 mole) of 2 ,6 -d ipheny l -4 - th iapyry l ium pe rch lo ra t e  in 20 ml  of ace toni t r i le  and 1.95 g (0.03 g-  
atom) of zinc and had mp 315 ~ (dec.). Found: C 81.7; H 5.5; S 12.4%. C34Hz6S2. Calculated: C 81.9; H 5.2; 
s 12.8%. 
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