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A new m e t h o d  was  d e v e l o p e d  fo r  the  s y n t h e s i s  of d i o x o l a n i u m  s a l t s  by the  c o n d e n s a t i o n  of 
1 , 2 - g l y c o l s  of the  p i n a c o l  s e r i e s  wi th  a l i p h a t i e  a c i d  a n h y d r i d e s  in the  p r e s e n c e  of  p e r c h l o r i c  
ac id .  The  d i o x o l a n i u m  r i n g  i s  opened  to f o r m  m o n o a c y l a t e s  of  the  s t a r t i n g  p i n a e o l s  u n d e r  
the  in f luence  of w a t e r ,  a l coho l ,  and a m m o n i a .  A m e t h o d  was  d e v e l o p e d  fo r  the  a c e t y l a t i o n  of  
a r o m a t i c  compounds  b y  d i o x o l a n i u m  s a l t s .  

D i o x o l a n i u m  s a l t s  a r e  a p e c u l i a r  c l a s s  of  n o n a r o m a t i e  s a l t s  in wh ich  the  ca t i on  i s  a c a r b o n i u m - i o n -  

I,+,F con ta in ing  .~X-c,e s y s t e m .  The  p r e s e n c e  of  a s t a b i l i z e d  e a r b o n i u m  ion in the  m o l e c u l e s  of  d i o x o l a n i u m  

s a l t s  m a k e s  t h e m  conven ien t  s u b j e c t s  fo r  a s tudy  of the  r e a c t i v i t y  and b e h a v i o r  of  e a r b o n i u m  ions .  In a d d i -  
t ion ,  the  high e l e c t r o p h i l i c i t y  of  the  d i o x o l a n i u m  s a l t s  opens  up p r o s p e c t s  for  t h e i r  u s e  f o r  v a r i o u s  s y n t h e -  
t i c  ends .  

The  known m e t h o d s  fo r  the  s y n t h e s i s  of  d i o x o l a n i u m  s a l t s  a r e  b a s e d  on r e m o v a l  of an a lkoxy  g r o u p  o r  
a h y d r i d e  ion f r o m  1 , 3 - d i o x o l a n e s  [1,2] o r  on the  e y e l i z a t i o n  of  f l - c h l o r o -  o r  f i - a l k o x y e t h y l  e s t e r s  of c a r b -  
o x y l i c  a c i d s  [1,3]. 

We p r o p o s e  a s i m p l e  me thod  fo r  the  s y n t h e s i s  of  d i o x o l a n i u m  s a l t s  by  the  a c y l a t i o n  of 1 , 2 - g l y c o l s  of  
the  p inaco l  s e r i e s  by  a l i p h a t i c  a c i d  a n h y d r i d e s  in the  p r e s e n c e  of  70% p e r e h l o r i c  a c id  [4] v i a  the  s c h e m e  

(RCO)20 + HCIO4 --RCOOH RCO r CIOp 
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T A B L E  1. D i o x o l a n i u m  P e r c h l o r a t e s  ( IV) .  
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Yield ,  

I 
C14H23C106 51,81 7,41 10,76 52,081 7,13 10,95 63 
C15H~CIO6 53,00 I7,61 ]10,12153,4917,48 10,52 50 
C16H27C106 54,99 7,64 ]10,02154,771 7,75 10,10 75 
CIGH27CIO6 55,0318,02 ]t0,36154,7717,75 10,10 65 
C17H29C10~ 55,7818,06 ] 9,73155,96/8,0t 9,71 64 
CsHj~CIO6 39,75{5,16[14,38139,59/6,23 14,61 t 93 
C9H17CIO6 42,13 6,53 13,55/42,11/6,67 13,81 40 
CIoHLgCIO6 44,20 6,96 13,02 44,36 7,07 13,09 72 
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In the f i r s t  s tep of the reac t ion ,  the acyl ium cation (I)  r e ac t s  with the pinacol to fo rm its monoaeyla te  
( I I ) ,  which spl i ts  out a wa t e r  molecule  in acid media  and is conver ted  to a carbonium ion ( I I I ) .  The la t t e r  
a t tacks  the nucleophilic oxygen of the e s t e r  grouping to fo rm a dioxolanium sa l t  (IV).  

The reac t ion  p roceeds  under  mild  conditions during the slow addition of an equ imolecu la r  amount of 
70% pe reh lo r i c  acid to a solution of the pinacol in excess  acid anhydride.  Data on the yie lds  and p r o p e r t i e s  
of the sa l t s  obtained are  p resen ted  in Table 1. 

The IR spec t r a  of all  of the synthes ized dioxolanium sa l t s  contain two intense bands at 1529-1536 and 
1495-1508 cm -i .  Since absorpt ion in this region is not c h a r a c t e r i s t i c  for  dioxolane de r iva t ives  of this type 

l,+~l [5], the indicated f requencies  can be ass igned to the v ibra t ions  of the e~)o  f r agmen t  of the dioxolanium 

sa l t  molecule .  In addition, bands cor responding  to the-vibra t ions  of alkyl  r ad ica l s  (1380-1391, 1174, and 
740-770 c m - l ) ,  methylene groups in the cyclohexyl  subst i tuents  (1438-1442 cm-1) ,  and the C104- anion 
(1096-1110 c m  -i)  a re  p resen t  in the s pec t r a  of the dioxolanium sa l t s .  

It might  have been expected that pinaeol r e a r r a n g e m e n t  should have occu r r ed  under  the conditions 
used  to c a r r y  out the reac t ion  under considerat ion.  However,  we could not obtain data that  consti tuted ev i -  
dence in favor  of this convers ion  during the synthes is  of the dioxolanium sal ts .  

The ra te  of the pinacol r e a r r a n g e m e n t  is probably cons iderably  less  than the ra te  of aeyla t ion of the 
hydroxyl group by the aeyl cation, as a r e su l t  of which the dioxolanium sa l t  fo rms .  

The pinacol r e a r r a n g e m e n t  does occur  in the case  of the l ess  act ive (in compar i son  with the acyl  ca -  
t ion) d ie thoxycarbonium ion [6]. We the re fo re  isola ted only 2 , 6 -d i - t e r t - bu ty lpy ry l i um pe reh lo ra t e  (V) in 
18% yield in an a t tempt  to obtain the 2-unsubst i tu ted dioxolanium sa l t  by the reac t ion  of pinacol with ethyl 
o r thoformate  in the p re sence  of pe rch lo r i c  acid: 

HoC4 [\CH 3 (CH3)3C__COCIt3 CH (OEt)2 CIO - -  

o o.  o~t (ce~)~c'~o "~''c(c"~)~ 
CIO4 G 

V 

In this  case ,  the pinaeolone fo rmed as a r e su l t  of the pinacol r e a r r a n g e m e n t  apparent ly  r eac t s ,  as  
prev ious ly  demons t ra ted  [7,8], with the die thoxycarbonium ion to give a ~-unsubst i tu ted  2 , 6 - d i - t e r t - b u t y l -  
pyry l ium salt .  

Under the influence of weak nucleophil ic reagen ts  (water ,  aqueous alcohol,  and ammonium hydroxide) ,  
the dioxolanium sa l t s  r e ac t  readi ly  with opening of the he te ro r ing  to fo rm quanti tat ive yie lds  of the mono-  
acy la tes  (II)  of the s ta r t ing  pinacols .  

However,  the reac t ions  of the dioxolanium sa l t s  in which the p r i m a r y  cycl ic  s t ruc tu re  is re ta ined  a re  
of g r ea t e s t  in te res t .  These  so r t s  of t r a n s f o r m a t i o n s  have not been studied adequately at all  and a r e  known 
only in the case  of the nucleophilic addition of alkoxy or  cyano groups to the  2-pow of the he te ro r ing  [1]. 

COR' 

R' ClO? R'~ OR 

~ "OR 

We have detected a new reac t ion  of  dioxolanium sa l t s  with compounds that  have a r o m a t i c  s t ruc tu re s .  
It was shown that  the dioxolanium sa l t s  a re  capable of  e lec t rophi l ic  subst i tut ion with act ivated a r o m a t i c  
compounds,  s i m i l a r  to acyl ium and carbonium ions [9,10]. 

The react ion  p roceeds  through the fo rmat ion  of 2 ,2-disubst i tu ted dioxolanes (cyc l ic  ke ta l s ) ,  the acid 
hydrolys is  of which leads to the cor responding  ketones.  

Thus the cor responding  acetophenones were  obtained by refluxing equ imolecu la r  amounts  of 2,4,4,5,5-  
pentamethyldioxolanium pe rch lo ra t e s  with phenols (anisole ,  r e s o r c i n o l  d imethyl  e the r )  in ace t ic  acid for  1 
h with subsequent  hydrolys is  of the reac t ion  mix ture  with 5% hydrochlor ic  acid. 
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Some heterocycl ic  compounds (indole) reac t  s imilar ly .  

The yields of the ketones range f rom 30 to 67%. 2,4-Dimethoxyacetophenone is obtained in lower 
yields via this method, which is probably explained by the s ter ic  effect of the methoxy group in the ortho po- 
sition relat ive to the carbon atom undergoing attack. 

Fur ther  study of this react ion will make it possible to establish the range of its application. 

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

4,5-Di(spi rocyclohexane  )-2-methyldioxolanium Perchlora te  (IVa).  A total of 0.5 ml (0.005 mole)  of 
70% perchlor ic  acid was added dropwise to a suspension of i g (0.005 mole)  of dicyelohexylpinacol in 5 ml 
(0.05 mole)  of acet ic  anhydride. The result ing solution was cooled to room tempera ture ,  and several  drops 
of ether  were  added. The precipitated react ion product was fi l tered and reprecipi ta ted f rom chloroform by 
the addition of benzene to give 1 g (63%) of l ight-brown crys ta l s  with mp 112 deg (dec.) .  IR spect rum:  1533, 
1501, 1442, 1384, 1096, and 920 cm -1 . Compounds IVb-e were s imi lar ly  obtained as color less  c rys ta l s  that 
were purified by recrys ta l l iza t ion  from acet ic  acid. 

2,4,4,5,5-Pentamethyldioxolanium Perch lora te  (IVf). A 5.1 ml (0.05 mole)  sample of acet ic  anhy- 
dride was added to 1.13 g (0.005 mole)  of pinacol hexahydrate,  and 0.5 ml (0.005 mole)  of 70% perch lor ic  
acid was added dropwise with cooling. After 10-15 rain, the mixture was diluted with ether,  and the product 
was fi l tered and crysta l l ized with glacial  acet ic  acid to give 1.13 g (93%) of a product with mp 133 deg. IR 
spect rum:  1533, 1505, 1388, 1099, 945 cm -i  . 

Compounds IVg,h were s imi lar ly  obtained. 

2 ,6 -Di ( te r t -bu ty l )pyry l ium Perch lora te  (V). A 0.6 ml (0.006 mole)  sample of 70% perchlor ic  acid 
was added to a mixture of 1.36 g (0.006 mole)  of pinacol hydrate and 20 ml of ethyl or thoformate ,  and the 
mixture was heated on a water  bath (80 deg) for 10 rain. The mixture was cooled and diluted with ether,  
and the resul t ing color less  c rys ta l s  were f i l tered and rec rys ta l l i zed  from acetic acid to give 0.3 g (18%) of 
a product with mp 224-225 deg. IR spec t rum:  1626, 1550, 1450, 1100 cm -1 . Found: C 53.62; H 9.52; C1 
ii.52%. CI3H21CIO 5. Calculated: C 53.34; H 9,19; CI 12.13%o 

Dicyclohexylpinacol Monoacetate. Water (i0 ml) and 5 ml of ether were added to 0.65 g (0.002 mole) 
of IVa, and the mixture was shaken until the substance dissolved completely in the ether. The ether solution 
was separated and evaporated to give 0.45 g (94%) of light-yellow crystals with mp 59-60 deg (from aqueous 
alcohol). IR spectrum: 3425, 1707, 1442, 1373, 1244, 1152 cm -i . Found: C 69.92; H 10.03%. C14H2403. 
Calculated: C 69.96; H 10.06%. 

The following compounds were similarly obtained. Dicyclohexylpinacol monopropionate was obtained 
in 94% yield and had mp 44-46 deg. IR spectrum: 3394, 1709, 1443, 1374, 1207, 1146, 750 cm -I . Found: C 
71.73; H 10.60%. C16H280 ~. Calculated: C 71.60; H 10.51%. Dicyelohexylpinaeol monobutyrate  was obtain- 
ed in 92% yield and had mp 20 deg. IR spec t rum:  3400, 1707, 1451, 1374, 1193, 1153, 911 c m - i .  Found: C 
71.98; H 10.85%. C17H3003. Calculated: C 72.29; H 10.70%. Pinacol monoacetate was obtained in 80% yield 
and had bp 38 deg (5 ram).  IR spect rum:  3455, 1700, 1442, 1380, 1250, 1151, 945 cm - i .  Found: C 60.27; H 
10.12%. C8Hi603. Calculated: C 59.97; H 10o06%o 

p-Methoxyacetophenone. Anisole [1.1 ml (0.01 mole)] was added to a hot solution of 2.43 g (0.01mole) 
of IVf in 10 ml of glacial  acet ic  acid. The mixture was refluxed for i h, 20 ml  of 5% hydrochlor ic  acid was 
added, and the mixture was refluxed for another 25-30 rain. It was then cooled and extracted with ether.  
The ether  ex t rac t  was washed with sodium carbonate and water  and dried with anhydrous sodium sulfate. 
The solvent was removed  by distillation, and the residue was vacuum distilled to give 1 g (67%) of p - m e t h -  
oxyacetophenone with bp 135 deg (15 ram) and mp 38 deg. The 2,4-dini trophenylhydrazone had mp 220 deg 
[11]. 

3-Acetylindole.  This was s imi lar ly  obtained from 1.2 g (0.005 mole)  of IVf and 0.6 g (0.005 mole)  of 
indole. The crystal l ine react ion product that precipi tated after  hydrolysis  was filtered, washed with ether,  
and rec rys ta l l i zed  from benzene to give 0.4 g (51%) of a product with mp 190 deg. The oxime had mp 143- 
144 deg [11]. 

2,4-Dimethoxyacetophenone Oxime. This was s imi lar ly  obtained from 1.2 g (0.005 mole)  of IVf and 
0.7 ml (0.005 mole)  of resorc ino l  dimethyl ether.  The ketone that formed af ter  hydrolysis  of the in te rme-  
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diate dioxolane was  conver ted  to 0.3 g (31%) of the oxime with mp 124 deg (rap 125 deg [11] ). 

The IR  spec t r a  of m i ne ra l  oil pas te s  of the synthes ized  s a m p l e s  we re  r eco rded  with an IKS-14 s p e c -  
t ropho tomete r  f rom 600 to 3600 cm -1 (L iF  and NaC1 p r i s m s ) .  
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