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2, 6-Dicyclohexyl-substituted pyrylium salts are synthesized by con- 
densing hexahydrobenzoyl chloride with isobutene, isomeric pentenes, 
diisobutene, and a-methylstyrene, Treatment of the resultant pyryl- 
ium salts with ammonia converts them into the corresponding pyridine 
salts. 

One method of preparing pyrylium salts is to diacy- 
late olefins [i-3]~ tertiary alcohols or alkyl halides 
[I, 4], or secondary alcohols [5, 6] with anhydrides or 
acid chlorides of carboxylie acids, in the presence of 
Lewis acids. 1, 5-Diketones are the intermediate com- 
pounds. The mechanism of cyclization of these com- 
pounds to pyrylium salts is considered in papers [7- 
121. 

The p r e s e n t  work a ims  to inves t iga te  the condi t ions  
for fo rmat ion  of py ry l ium sa l t s  when hexahydrobenzoyl  
ch lor ide  is  condensed with subs t i tu ted  olef ins  in the 
p r e s e n c e  of SnC14, A1C13, and ZnC12. Isobutene,  i s o m -  
e r i c  pentenes ,  d i isobutene,  and a - s t y r e n e  were  used.  
The fo rmat ion  of py ry l i um sa l t s  then obta in ing can be 
explained by the following scheme:  

" ~ . 9  - ..... M ~ c , , ~  ~ s c ~  + M,c,2+, 

R' R 

C I c - - C H - - C ~  CH - - R "  ~ ] -  ~ ...... .~.=t-~.o-~"~S..... " ~0"1-" ~ ' |l 

R' R R" A _ ~ O  R' R / 
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/ I R L[ :d.=l  
R ~ H ,  a l k y l ,  C~H~, R ' ~ H .  CHt; RX'~H, alkyl 
Ate --  Sn;  AI; Z . .  n -  4; 3; 2. 

When hexahydrobenzoyl  ch lor ide  was condensed 
with i sobutene  in the p r e s e n c e  of SnC14, 2, 4 -d i cyc lo -  
h e x y l - 4 - m e t h y l p y r y l i u m  hexach lo ros t anna t e  was i so -  
lated f rom the r e a c t i o n  products ,  and also the i n t e r -  
media te  compound,  the p, T -unsa tu r a t ed  ketone of the 
chloro  de r iva t i ve  of a 1 ,5 -d ike tone .  

As was p rev ious ly  pointed out [11], fo rma t ion  of 
p y r y l i u m  sa l t s  when o lef ins  a r e  d iacyla ted  with 
anhydr ides  of ca rboxy l i c  ac ids  passed  unnot iced for 
a long t ime  because  of the so lub i l i ty  of the sa l t s  in 
water .  Obviously  the so lub i l i t i e s  of these  sa l t s  a re  
l a r g e l y  dependent  on the na tu re  of the anion, and to 
some  extent  on the na tu re  of the subs t i tuen t s  in the 

p y r y l i u m  r ing .  Our work showed that  2, 6 -d i cyc lohexy l -  
4 - a l k y l -  (or 3, 4 -d i a lky I )py ry l ium hexach lo ros t anna t e  

and t r i c h l o r o s t a nna t e  have low so lub i l i t i e s  in water ,  
e the r ,  e thanol ,  benzene ,  n -hexane ,  e t c . ,  but a re  
r e a d i l y  soluble  in d i m e t h y l f o r m a m i d e ,  n i t r o m e t h a n e ,  
and boi l ing  acet ic  acid. P y r y l i u m  t e t r a c h l o r o a l u m i n -  
a tes  and f e r r a t e s  a re  soluble  in wa te r ,  and t r e a t m e n t  
of the aqueous solut ions  with the appropr i a t e  acid is 

Table 1 

Effect of Amounts of Isobutene 
and SnCI 4 on the Yield of 2,6- 
Dicyclohexyl-4-methylpyrylium 

Hexachlorostannate* 

Quantity of  Quantity of  Yield o f  
isobutene,  SnCI4, pyryl ium 

l ( m o l e )  g ( m o l e )  sal t ,  % 

1.5 (0.062) 
3.0 (0.125) 
6.0 (0.250) 
6.0 (0250) 
6.0 (0.250) 

8 (0.030) 
8 (0.030) 
8 (0.030) 
4 (0.015) 

16 (0.060) 

7.5 
18.8 
26.3 
23.0 
23.0 

*Al l  r u n s  we re  carried out w i t h  19 g ( 0 . 1 2 5  
m o l e )  h e x a h y d r o b e n z o y l  chloride. 

a way of p r e p a r i n g  the pe rch lo ra te ,  r e inecka te ,  and 
p ic ra te .  

Diacyla t ion of i sobutene  with hexahydrobenzoyl  
ch lor ide  in  the p r e s e n c e  of SnCl~ r e s u l t s  in pa r t i a l  
po lymer i za t i on  of the f o r m e r .  Consequent ly ,  a c e r -  
ta in  excess  of i sobutene  m u s t  be used to r a i s e  the 
y ie lds  of py ry l i um sa l t s  (see Table  1). 

Resu l t s  of r u n s  showed that  when m o r e  than the 
s to i ch iome t r i e  amount  of ca ta lys t  was p r e s e n t  in the 
r eac t ion  mix ture ,  the yie ld  of p y r y l i u m  sal t  was low, 
a cons ide rab l e  quant i ty  of u n s a t u r a t e d  ke tones  and 
ch loroke tones  be ing formed.  

In the p r e se n t  work, a s tudy was  made of the effect 
of olefin s t r u c t u r e  in  addit ion to a n u m b e r  of other  
fac tors  on fo rmat ion  of p y r y l i u m  sa l t s .  

If an unsa tu ra t ed  1, 5-diketone  lacks  a hydrogen 
a tom at the pos i t ion  a to the ca rbony l  group, it  c an -  
not be cyc l ized  to a py ry l ium sal t .  In fact p y r y l i u m  
sa l t s  we re  not obtained when hexahydrobenzoyl  chlo-  

r ide  was condensed  with i sopropy le thy lene .  
The p r e s e n t  e x p e r i m e n t s  showed that when c i s -  

and t r a n s - p e n t - 2 - e n e  were  condensed in the p r e s e n c e  
of SnC14 with hexahydrobenzoyl  ch lor ide ,  the cis  i s o m -  
e r  gave twice the yield of p y r y l i u m  sa l t  of the t r a n s  

one. 

EXPERIMENTA L 

2, 6-Dicyclohexyl-4-methylpyrylium salts. 16 g (0.06 mole) SnCl4 
was added in small portions to a constantly stirred mixture of ~8 g 
(0.25 mole) hcxahydrobenzL,yl chloride and 70 ml nitromethane cooled 
to -20 ~ ( .  Then the cooling bath was removed, and 8 1(0.,2a3 mole) 
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T a b l e  2 

R e s u l t s  of  R u n s  w i t h  I s o m e r i c  A m y l e n e s  in t h e  P r e s e n c e  of  SnC14 

C~t-t5 
Clla 

H 
H 

CH3 

R'  " R "  Mp.~ 

It H 206--208 
l I Ctt3 205--206 

CHa CHs 204--205 
Cite CIH3 204--205 
Cite 206--207 

Found, % 

C H CI 

51.35 6 48 24.10 
51.18 6.35 24.30 
51.20 6.40 24.35 
51.10 6.45 24.40 
51.42 6.50 24.15 

Yield, % 

18,3 
44.0 
22.0** 
44.0 
40,0 

Mp of prorate of/be 
corresponding 

pyridine 

187~s 
193--194 
192--193 

210 

iC3flHssCI6OSn. Calculated: C S 1.93; H 6.60; CI 24~ 
**The upper numbers are for pyrylium salts from trans-pent-2-ene; the lower ones for those from the 

cis isomer, 

dry isobutene added over a period of 1 1/2 hr. The reaction mixture 
was stirred at room temperature for 2 hr, washed with 30 ml cold 10% 
HC1, then with twice the volume of water, and treated with n-hexane. 
Addition of ether to the organic layer precipitated 2, 6-dicyclohexyl- 
4-methylpyrylium hexachlorostannate as a white powder, yield 11 g 
(26~ mp 216-21%5~ (decomp, ex glacial AcOH). Found: C 50.10; 
H 6.68; CI 24.88%, calculated for Csr, H54Cl~O2: C 50.82; H 6.85; C1 
25.0~%. 

The aqueous layer obtained by washing the reaction products with 
water was steam distilled to remove nitromethane and then treated 
with 42% HC104, or a 2% aqueous solution of Reinecke's salt, to give 
an insignificant amount of 2, 6-dicyelohexyl-4-methylpyrylium per- 
chlorate or reineckate. Perchlorate mp 185 ~ Found: C 60.45; H 7.42; 
C1 9.76%, calculated for CIsHzTC105: C 60.68; H 7.52; C1 9.88%, 
geineckate, mp 140 ~ Found: C 58.23; H %12%, calculated for 

C22Ha~CrNdDS4: C 58.79; Irl 7.35%. 
The ether solution obtained after cooling 2, 6-dicyclohexyl-4- 

methylpyrylium hexachlorostannate was treated with 25% NH4OH. 
After 24 hr the ether layer separated off and dried over KOH. After 
removing the ether, the residae was vacuum distilled, to give ~.5 g 
2, 6-dicyclohexyl-4-methylpyridtne, bp 210-2[2 ~ (8 ram); ~ n d 1.5250; 

d~ ~ 0 9875. Found: C 84.25; H 10.56%; MR d 79.57, calculated for 
C18H27N: C 84.78; H 10.59%; MR d 80.47. Prorate, yellow needles, mp 
218.5-214 ~ (ex EtOH). Found: C 59.21; H 5.98%, calculated for 

CIsH27N �9 Cd-t3N~O~: ,C 59.50; H 6.19%. 
After 3 days, 2.82 g colorless crystalline substance, mp 160 ~ was 

isolated from the hexane extract. Its elementary analysis corresponded 
to 3-chloro-1, 5-dicyclehexyl-3-methylpenta-1,5-drone. 

The hexane was distilled off from the solution obtained after re- 
moving the chloroketone, The residue was vaccum distilled at 10 mm, 
to give a cut 188-139 ~ n~ ~ 1.4750, mass 4.5 g, and another bp 139- 
145 ~ mass 4.0 g (the second fraction crystallized, mp 28~ 

The fraction with bp 138-189" (10 mm) gave a 2,4-dinitrophenyl- 
hydrazone mp 126 ~ Found: C 58.14; H 6.60%, calculated for C~THz~ 

N404:  C 59.13; H 6 , 8 6 % .  

The figure shows the IR spectra of the two fractions. The spectro- 
grams show that the first fraction is mainly/3,)'-unsaturated ketone, 
and the second fraction a,  B-unsaturated ketone. 

2, 6-Dicyclohexyl-4-methylpyrylium triehlorozincate. 25 g (0.18 
mole) ZnC12, ground to a powder, was added to a mixture of 88 g 
(0.25 mole) CsHtlCOC1 and 50 ml nitromethane cooled to 5 ~ Then 
7 l dry isobutene was passed in over a period of 2 1/2 hr, after which 
the reaction mixture was stirred for 2 hr more at room temperature. 
The products were worked up as described above, to give 1.5 g 2, 6- 
dicyclohexyl-4-methylpyrylium trichlorozincate, mp 175-176 ~ (ex 
glacial AcOH). Found: C 50.47; H 6,42; Ct 24.5,3%, calculated for 

CI~H2~CIsZn: C 50.23; H 6.28; CI 24.77~ 
Treatment of the aqueous layer with a 20  aqueous solution of 

Reinecl<e's salt gave the reineckate mp 189-140 ~ Found: C 58.56; 
H 7.29%, calculated for C12H3~r~rN6OS4: C 58,79;  H 7 , ~ 5 0 / o .  

The ether layer obtained after precipitating the pyrylium salt, 

was treated with 25% NH4OI-t, to give 2,6-dicyclohexyl-4-methyt-  
20 

pyridine, bp 210 ~ (10 ram); n d 1.5220. Prorate mp 215 ~ 
Condensing hexahydrobenzoyl chloride with isobutene in the 

presence of A1CI~. 10 g (0.0~3 mole) A1C13 was dissolved in a mix- 

ture of 19 g (0.125 mole) C6HI~OCI and 40 ml nitromethanc, and 

4 l (0.167 mole) isobutene passed into the mixture, after which stir- 
ring was continued for 3 hr more. Then the products were washed 
with 10% HC1. pyrylium salt was not precipitated by treating the oily 
reaction product with ether. Treatment of the product with 60 ml 
25% NHdDH gave 2, 6-dicyclohexyl-4-methylpyridine. Treatment 
of an aqueous solution (obtained by washing the reaction products 
with water) with 57% HCIO4 gave 2, 6-dieyelohexyl-4-methylpyryli- 

um perchlorate. 
Condensing hexahydrobenzoyl chloride with pentenes. Table 2 

gives the results of runs with isomeric pentenes in the presence of 
SnC14. In this series of runs, 10 g (0.143 mole) olefin and 8 g (0.0,q0 
mole) SnC14 were taken for 19 g (0.125 mole) CsHuCOCI. The con- 
densation of hexahydrobenzoyl chloride with trimethylcthylene in the 
presence of SnC14 was also run with the mole ratios of those 3 react- 
ants changed. With olefin:acid chloride: SnCI4 = t : 1 : 0.25, the py- 
rytium salt yield was almost twice what it was with the ratios 0.5 : 1 : 
0.25 and 0.5 : 1: 0.125. 

The condensation of hexahydrobenzoyl chloride with isopropyleth- 
ylene run in the presence of SnCI 4 using the above method, showed 
that, as was to be expected, pyrylium salt was not obtained. 

2, 6-Dieyelohexyl-3, 5-dimel:hylpyrylium trichloroziacate. 5 g 
(0.037 mole) powdered fused ZnCI 2 was added to a stirred solution of 
19 g (0.125 mole) Ce, HiICOCl in 40 ml dry nitromethane, after which, 
continuing stirring, 10 g (0.143 mole) trimethylethylene was added 
dropwise. The pyrylium salt was isolated as described above, yield 
7 g (50%), mp 187-188 ~ Found: C 51,00; H 6.60; C1 23.78%, cal- 

culated for C19H29CIsOZn: C 51.23; H 6.52; C1 28.93%. 
2, 6-Dicyclohexyl-4-methyl-5-tert-butylpyrylium hexachlorostan- 

hate. S g (0,030 mole) SnC14, followed by 14 g (0.125 mole) diiso- 
butene (bp 102-104 ~ n~ ~ 1.4110), were added dropwise to a mixture of 
19 g (0.125 mole) Ce, HIlCOC1 and 40 ml nitromethane at 10 ~ After 
stirring for 3 hr, the products were worked up as described above, to 
give 12 g (45%) pyrylium salt, mp 201-202 ~ Found: C 64.10; H 7.12; 
CI 21.95%, calculated for C44HToC14D2Sn: C 54.88; H 7.281 C1 22.14%. 
Dicyclohexyl-4-methyl-g-tert-butylpyridine prorate mp 185-186 ~. 

2, 6-Dicyelohexyl-4-phenylpyrylium hexachlorostannate. 8 g 

(0.080 mole) SnCl 4 was added to a mixture of 19 g (0.125 mole) 
C6HI~OCI in 40 ml nitromethane, with cooling to 10 ~ after which 
15 g (0.127 mole) a-methylstyrene was added dropwise. The whole 
was stirred for 3 hr, and the products then worked up as described 
above, to give 2, ~-dicyclohexyl-4-phenylpyrylium hexachlorostan- 
hate, yield 8 g (18~ mp 221-222 ~ Found: C 58.00; H 5.95; CI 
21,53%, calculated forC~HssCl~D2Sn:C 56.67; H f~.05; CI 21.87%. 

Treatment of the hexachlorostannate with 25%o NH,~DH gave the 
corresponding pyridine derivative, bp 240-260 ~ (10 ram); n~' 1.5552 
and 2(;0-265~ mm); n~ ~ 1.5732. When treated with an ethanol 
solution of picric acid, both cuts gave a prorate mp 207-~09 ~ . 

In conclusion we thank N. K. Kochetkov, Corresponding Member 
of rheAS USSR. for valuable advice in carrying out the presem work. 

REFERENCES 

1. A. T .  B a l a b a n  and  C.  D. N e n i t z e s c u ,  A n n . ,  

625 ,  74, 1959 .  

2.  P .  F .  G.  P r a i l l ,  C h e m .  Z u d . ,  123,  1959 .  



620 KHIMIYA GETEROTSIKLICHESKIKH SOEDINENII 

3. P. F. G. Praill  and A. L. Whinter, Proe.  
Chem. Soc., 312, 1959. 

4. P. F. G. Praill  and A. L. Whinter, J .  Chem. 
Soc., 3573, 1961. 

5. G. N. Dorofeenko, V. Dulenko, and S. V. Kri-  
run, Thesis, 2nd Intercollege Conference on the 
Chemistry, Technology, and Use of Quinoline and 
Pyridine Derivatives [in Russian], Chernovtsy, 38, 1962. 

6. G. N. Dorofeenko, V. Dulenko, and N. V. 
Kovalenko, ZhOKh, 34, 332, 1964. 

7. A. Bager and I. Piccard,  Ann., 407, 332, 
1915. 

8. W. Dilthey and T. B~ttler, Ber . ,  52, 2040, 
1919. 

9. F. Klages and H. Trager,  Chem. Ber . ,  86, 
1327, !953.  

10. M. Siemiatycki and R. Fugnitto, Bull. Soc. 
chim. France, 538, 1961. 

11. A. G. Balaban, A. Genya, and C. D. Nenitzes- 
cu, Izv. AN SSSR, OKhN, 1102, 1961. 

12. A. G. Balaban and C. D. Nenitzescu, J. Chem. 
Soc. ,  3553, 1961. 

4 January 1966 Azizbekov Azerbaidzhan 
Institute of Petroleum and 
Chemistry 


