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Three  new methods have been proposed for  the synthes is  of 3 - b r o m o p y r y l i u m  sa l t s .  An 
unsatura ted  1,5-diketone is conver ted  into a 3 - b r o m o p y r y l i u m  sa l t  by al lyl  brominat ion  
and the addition of b romine  to the double bond. 3 -Bromopyrone ,  obtained by the b romina -  
lion of dibenzoylacetone is conver ted  by t r e a t m e n t  with Gr ignard  reagents  into 3 - b r o m o -  
pyry l ium sa l t s .  S imi lar  compounds have also been synthes ized by the pyryla t ion of a r o -  
mat ic  and he terocycl ic  compounds with 3 - b r o m o - 4 - c h l o r o p y r y l i u m  sa l t s  obtained f rom 
3- b romopyrone .  

The p re sen t  paper  cons iders  poss ib le  va r i an t s  of the syntheses  of 3 - b r o m o p y r y l i u m  sa l t s .  It is 
known that 2 , 4 , 6 - t r i a r y l p y r y l i u m  sa l t s  f o r m  unsatura ted  1,5-diketones on being heated in aqueous ethanol 
in the p r e sence  of sodium ace ta te  or  b icarbonate  [1]. It appeared  probable  that this addition of b romine  to 
the double bond of the diketone (I) would lead to the spontaneous cycl izat ion of the d ibromide (II) with the 
fo rma t ion  of the 3 - b r o m o p y r y l i u m  sa l t  (III) in the following way: 
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However,  when (II) was heated in an iner t  polar  solvent ,  the t r i a r y l p y r y l i u m  sa l t  (IV), and not (III), was 
found. Similar ly ,  an a t tempt  to synthes ize  a 3 -b romo-2 , 4 , 6 - t r i pheny lpy ry l i um sa l t  (IIIa) f r o m  benzyl idene-  
acetophenone,  w-bromoace tophenone ,  and t r i ty l  pe rch lo ra t e  under conditions given in the l i t e ra tu re  [2] 
ended in the production of t r iphenylpyry l ium pe rch lo ra t e .  Both these  facts  pe rmi t  the assumpt ion  that the 
cycl iza t ion  of the d ibromo 1,5-diketone (for example ,  II) fo rmed  as an in te rmedia te  takes  place not by de- 
hydrat ion but by the spli t t ing out of HOBr. F o r  this reason ,  we p e r f o r m e d  the brominat ion  of (I) by the 
W o h l - Z i e g l e r  method, added b romine  to the resul t ing compound (V) in ch loroform,  and conver ted  the p r e -  
c ipi ta te  of (VII) (on heating, VI is conver ted  into VII) into the pe rch lo ra t e  (VIII) by the action of pe rch lo r i c  
acid on a solution of the b romide  in n i t romethane .  
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In this way, we obtained t r i a r y l - 3 - b r o m o p y r y l i u m  sa l t s  with yields  of 20-25%. The labor iousness  of 
this method and the low yield of the end product  induced us to s e a r c h  fo r  other  methods of synthesizing the 
requ i red  compounds.  
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We have found that an excess of dioxane dibromide in dioxane brominates dibenzoylacetone mildly 
with the formation of an orange crystalline product to which we ascribe structure (IX). On trituration with 
a small amount of ethanol, compound (IX) loses its color, forming pure 3-bromo-2,6-diphenyl-y-pyrone 
(X) [monitoring by thin-layer chromatography; alumina, benzene-chloroform (3:1)]. 
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In this case, also, it is appropriate to assume that both methylene groups of the triketone are bro- 
minated and cyclization takes place with the splitting out of HOBr, and not with dehydration. This is shown 
indirectly by the absence of the dibromo derivative of the pyrone in the reaction product. In a similar 
manner to the syntheses of simple pyrylium salts from pyrones, the 3-bromo-2,6-diphenyl-y-pyrone (X) 
obtained adds Grignard reagents (from alkyl halides, bromobenzene, etc.} with the formation of the co r re -  
spondingpyranols which, with perchloric acid, give bromine-substituted pyrylium salts. Thus, phenylmag- 
nesium bromide reacts with the bromopyrone (X) in benzene to give (XI), which, after hydrolysis by acidi- 
fied water forms the pyranol (XII), which is converted by the action of HC10 4 into the perchlorate of the 
pyrylium cation (VIII), identical with that obtained from an unsaturated 1,5-diketone. 
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Thus, phenylmagnesium bromide reacts  with 3-bromo-4,6-diphenylcoumalin [3], giving, in the final 
account, 3-bromo-2,4,6-triphenylpyrylium perchlorate,  identical with (VIII). 3-Bromo-4-methylcoumarin,  
synthesized as described by Zagorevskii and Kirsanova [4], forms 3-bromo-4-methyl-2-phenylbenzopyryli-  
um perchlorate (XII'I) under similar  conditions. 
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On the basis of the capacity of 4-chloropyrylinm salts for adding nucleophilic organic compounds [5, 
6], yet another method of synthesizing 3-bromopyrylium cations has been developed. As is well known (for 
example, [7]), pyrones, on reacting with phosphorus pentachloride with subsequent treatment of the inter- 
mediate dichloropyran (of the type of XIV) with perchloric acid, form chloropyrylium perchlorates.  The 
latter,  on being heated with reactive organic compounds, give new pyrylium perchlorates with the substitu- 
ent corresponding to the nucleophile taken. In a similar  manner, the bromopyrone (X) yielded (XV), and 
when the latter was heated with nucleophilic organic compounds (N-alkylindoles, trimethylazulene, etc.) 
pyrylium salts containing bromine in position 3 of the heterocyclic ring (XVI) were obtained in the follow- 
ing way: 
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This method is fairly general, but no 3-bromopyrones other than (X) are  known. Thus, three meth- 
ods for the synthesis of 3-bromopyrylium salts have been proposed, the last two methods being simpler 
and more general than the f i rs t  and supplementing one another in that compounds that can be obtained by 
the second method are  not obtained by the third, and conversely. 

All the heteroaromatic salts obtained consist of colored crystalline substances similar in propert ies 
(solubility, stability, etc.) to 2,4,6-trisubstituted pyrylium salts. However, they melt at lower temperatures 
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TABLE I .  Charac te r i s t i cs  of the 3 -Bromopyry l ium Salts 
R 

Synthesized cia~ q,~ 

Methyl 
Ethyl 
I sopropyl 
Butyl 
Phenyl 
p-Dimethyl- 

arninopt/enyl 
N-Methylindo1-3-yl 
N -gthy_liadol-3- yl 
N-Methyltetrahydro- 

quinolin-5-yl 
4.6.8-T rime thyl - 

azulenyl 

"~ ~ 
~'g Empirical 

~ Mp. formula 

A 
B 

B 
B 
B 

B 

Found, % Calc., % 

C H BrIC, CiH-iFr CI-~ 

197--198 C18H,4BrCIO5 50,5 
222--2231C~Hi6BrClOs 51.6 I 
224--225 C20HusBrC10~ 52,7 / 
197--198 C21H20BrC[O5 54.2 / 
215--216 C23Ht6BrClOs 56,9 
206--207 C2sH21BrC1NOs 57,0 

260--261 C26H,gBrClNO5 57,5 
200--201 C~TH~,BrCINO5 58,6 
200--201 C2~He3BrCINQ 58,3 

232--233 C~0H24BrCIO5 62,3 

ii 187 8 ;  5o8 !3;  188 83 74 
3,9 18,4 82 51 9 3,6 18,2 8,1 82 
4,0 17,9 8,0 52,9 4,0 17,6 7,8 i 74 
4.5 16,6 7,6 53.9 43 17,2 7,6 51 
3,4 16,7 i 7,5 56,6! 3:3 i 16,4, 7,3 67 
3.8 152, 1691' 557i39J' , 15,0 8.7125 

14,5, 6,5 57,7, 3,5, 14,816,5' 65 
1183 14'3 6'4' 58'4 3'81 iiii 66141Z ;84 4,2 14,2 6,5 58,3 41 14,4 6.4 33 

137161 621 41 

* A ) F r o m  3-bromopyrones  and Grignard reagents;  B) by pyry l -  
ation with 3 -b romo-4 -ch lo ropyry l ium salts .  

than, and not so sharply  as, the analogous b romine- f ree  salts and crys ta l l ize  more  poorly f rom polar  o r -  
ganic solvents.  This is probably connected with the a s y m m e t r y  of the molecule.  

The IR spec t ra  of the pyryl ium salts obtained each have a ser ies  of bands of the stretching and 
deformation vibrations of the pyryl ium ring. These bands a re  fa i r ly  strong and can be used to identify the 
pyryl ium cation (according to Balaban [8]). This applies p r imar i ly  to the absorption in the 1435-1420- and 
1485-1470-cm -1 regions.  In the case  of the bromine-subst i tu ted cations, absorption in the 1545-152 0-cm -1 
region is less pronounced and frequently appears in the form of inflections, and strong bands in the 1640- 
1620-cm -1 r e g i o n -  the most  charac te r i s t i c  absorption for  2 ,4 ,6- t r isubst i tuted pyryl ium salts [8] - is 
shifted to the 1600-cm -I  region and is overlapped by the absorption bands of the phenyl substituents in the 
3 -b romopyry l ium salts .  There  is also a se r ies  of less well-defined bands charac ter iz ing  the pyryl ium 
ring,  and also absorption bands of the substituents of the CIOy anion, etco The s t ruc ture  of 3 -b romo-2 ,6 -  
d ipheny l -y -pyrone  is also shown by IR spec t ra  in which an absorption band at 1650 cm -1 confi rms the 
presence  of a pyrone ring. 

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

The IR spec t ra  were  taken on a UR-20 spect rophotometer  in KBr tablets.  

3 -Bromo-2 ,4 ,6 - t r ipheny lpyry l ium Perchlora te .  A mixture of 9.8 g (0.03 mole) of 1 ,3 ,5- t r iphenyl-  
pen t -2 -ene - l , 5 -d ione  and 6.25 g (0.035 mole) of bromosuccinimide in 10 ml of dry  carbon te t rachlor ide  
was boiled until the bromosuccinimide  had dissolved completely (30-40 min) and a precipitate of succini-  
mide had formed.  The precipi tate  was f i l tered off and, with cooling, 1.5 ml (4.8 g) of bromine in 3 ml of 
CCI 4 was added. A yellow precipiate  of 3 -bromo-2 ,4 ,6- t r iphenylpyry l ium bromide formed.  Par t  of the 
product  was precipi tated f rom the f i l t rate  with ether.  The total yield was 3.37 g (24.1%)~ Mp 198-200~ 
(from acetic acid with the addition of acetic anhydride). ]?he bromide obtained was dissolved in 50 ml of 
chloroform,  and the solution was t reated with 1.5 ml of 70% perchlor ic  acid in 5.5 ml of acetic anhydride 
and was boiled for 5 min. On standing, a yellow crysta l l ine  product deposited which was precipitated com-  
pletely with ether.  Yield 3.32 g (22.7% on the diketone). The analysis  and constants of the substance are  
given in Table 1. 

3-Bromo-2 ,6-d iphenyl -~/ -pyrone .  With vigorous s t i r r ing,  a mixture of 5.2 ml (16 g, 0.1 mole) of 
bromine and 50 ml of dioxane was added to a solution of 13.3 g (0.05 mole) of dibenzoylacetone in 150 ml o f  
dioxane. After  10-15 min, a yellow crys ta l l ine  precipi tate  appeared in the dark solution that had been 
formed.  After  7-10 h, the precipitate was f i l tered off and t r i tura ted with ethanol, The c rys ta l s  decolor ized 
in this way were  separa ted  off, washed with a smal l  amount of ethanol, and dried. The yield of the end 
product  was 12.2 g (74.5%). Mp 141-142~ (from methanol). Found, %: C 62.3; H 3.5; Br 23.8. C17Hlt(~Br. 
Calculated, %: C 62.5; H 3.4; Br 24.2. 
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3-Bromo-2 ,4 ,6 - t r i pheny lpy ry l i um Pe rch lo ra t e .  a) With vigorous s t i r r ing ,  the phenylmagnes ium b ro -  
mide obtained f r o m  2.4 g of b romobenzene  and 1.5 g of magnes ium was added to a solution of 3.27 g (0.01 
mole) of 3 - b r o m o - 2 , 6 - d i p h e n y l - y - p y r o n e  in 0.5 l i ter  of absolute ethanol, the mix tu re  was s t i r r e d  for  30 
min,  and the suspension fo rmed  was t r ea t ed  with 100 ml  of wa te r  acidified with 1.5 ml  of acet ic  acid.  The 
e therea l  l ayer  was sepa ra t ed  off, washed with wate r ,  and dried,  and to it was added 1 ml  of 70% perch lo r i c  
acid dropwise .  Yellow c rys ta l l ine  3 - b r o m o p y r y l i u m  pe rch lo ra t e  precipi ta ted.  Yield 2.45 g (64.3%). 

b) The subs tance  was obtained s i m i l a r l y  f r o m  3.27 g of 3-bromo-4 ,6-d iphenylcourna l in  in 100 ml  of 
d ry  benzene with a yield of 1.47 g (30%). Mp 215-216~ {from acet ic  acid and methanol) .  

Py ry l ium sa l t s  with alkyl  subst i tuents  we re  obtained s i m i l a r l y  (Table 1). 

3 - B r o m o - 4 - m e t h y l f l a v y l i u m  Pe rch lo ra t e .  With s t i r r ing ,  the phenylmagnes ium bromide  obtained 
f r o m  1.5 g of magnes ium and 2.4 g of b romobenzene  was added dropwise  to 2.39 g (0.1 mole) of 3 - b r o m o -  
4 -me thy l coumar i n  in 250 ml  of absolute  e ther ,  the mix tu re  was s t i r r e d  for  30 min,  and the l ight -yel low 
prec ip i ta te  fo rmed  was decomposed  with acidified water .  The e therea l  l ayer  was sepa ra t ed  off, washed 
with wate r ,  and dried,  and to it was added 1 ml  of 70% HC104. The yellow c rys ta l l ine  pe rch lo ra te  fo rmed  
was s epa ra t ed  off and washed with e ther .  Yield 1.6 g (40.0%). Mp 208~ (from acet ic  acid). Found, %: 
C 48.1; H 3.1; Br  20; C1 8.9. CI6H12BrC10 ~. Calculated,  %: C 48.1; H 3.0; Br  19.9; C1 8.9. 

3 - B r o m o - 4 - c h l o r o - 2 , 6 - d i p h e n y l p y r y l i u m  Pe rch lo ra t e .  A mix ture  of 9.8 g (0.3 mole) of 3 - b r o m o -  
2 ,6 -d ipheny l -Y-pyrone  and 10.5 g (0.05 mole) of phosphorus pentachlor ide in 50 ml  of dry  ch lo ro fo rm was 
boiled for  30 min.  Af te r  cooling, the 3 - b r o m o - 4 - c h l o r o - 2 , 6 - d i p h e n y l p y r y l i u m  chloride was sepa ra ted  off, 
washed with a sma l l  amount  of ch lo roform,  and heated to 80~ in 20 ml  of dry  ni t robenzene.  With s t i r r ing ,  
2.5 ml  of 70% perch lo r i c  acid was added to the suspension,  giving r i s e  to a voluminous evolution of hydro-  
gen chlor ide.  Af te r  the py ry l ium chlor ide  had dissolved,  a new crys ta l l ine  p rec ip i ta te  of 3 - b r o m o - 4 -  
ch loro-2 ,6 -d iphenylpyry l ium perch lo ra te  s epa ra t ed  out. This was f i l te red  off and washed with d ry  e ther .  
Yield 6.8 g (50.4%). Mp 209~ (f rom ni t romethane) .  

3 -Bromo-4 (N-me thy l indo l -3 ' - y l ) -2 ,6 -d ipheny lpy ry l ium Perch lo ra t e .  3 - B r o m o - 4 - c h l o r o - 2 , 6 - d i -  
phenylpyryl ium pe rch lo ra t e  (1.35 g, 0.003 mole) was boiled with 0.65 g (0.05 mole) of N-methyl indole  in 
8 ml  of d ry  n i t romethane  for  20 min. To the cooled mixture  was added 20-30 ml  of e ther  and it was left  to 
c rys t a l l i ze  in the r e f r i g e r a t o r .  The orange  c rys t a l s  we re  sepa ra ted  off and were  washed with acet ic  acid 
and e ther .  Yield 1 g (65%). 

The o ther  nucleophiles (see Table  1) we re  pyry la ted  s i m i l a r l y  with the use of n i t romethane  or  n i t ro-  
benzene as the reac t ion  media .  
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