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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 -  

K r a s n o d a r  Polytechnic Insti tute,  K r a s n o d a r  350006. V. L Ul 'yanov-Lenin  Kazan State Univers i ty ,  Kazan 
420008. T rans l a t ed  f r o m  Khimiya  Getero ts ik l ichesk ikh  Soedinenii, No. 2, pp. 182-186, February ,  1977. Orig-  
inal a r t i c le  submit ted  June 15, 1976. 

This material is protected by copyright registered in the name o f  Plenum Publishing Corporation, 227 West 17th Street, New York, N.Y. 100I 1. No part 
o f  this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any meang, electronic, mechanical, photocopying, 
microfilming, recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $ 7.50. 

145 



TABLE 1. Alkyl-Subst i tuted 1 ,3-Dioxanium Salts I-VIII 

CoI'll - 1 pound R-~ 

I 
II 

Iti  
IV 
V 

VI 
VII 

VIII 

2 ~  

R3 

H 
H 
H 
H 
H 
CH3 
CHa 
CHa 

R4 

CHa 
C2H5 

1 C3H7 
/ CH~ 

C~H7 
l CH3 
] C2H5 
] C~H7 

.~p (dec.), 

52--54 
53--55 
55--56 
72--73 
75--76 
52--53 
55--56 
58--60 

O--G--O" VG]04-, 
cm -1 cm -I 

1570,1510 
1570,1510 
t550,1510 
1570,1515 
1575,15t0 
1570,1515 
1580,1510 
1570,1515 

I100 
1080 
1100 
1090 
1178 
1100 
I100 
1.100 

Yield, 
% 

75 
78 
60 
82 
60 
50 
45 
42 

TABLE 2 
R- ~ R 2 

Cfl a CH 3 

Corn- Found,% Empirical]  Calc,,Calc, %o iYield, 
pound bp, *C (mm) nD~~ _ _  formula I yo 

C H ! G " H 

% 
XI 

XII, 
Xltl  D 
XIV 
XV 

XVI 

IRi R- ~ 

CH3 ~I 
2-Furyl  
C6H~ H 
p-CH3OCr 
CHz CH3 
C~Hs CH3 
p-CH3OC6H4 CI-13 
2-Fttryl CH3 

a 
bbP 143 o (30 r a m )  [8] .  

b p  150  ~ [9] .  

143 1,4230 
121--122 (I0) 1,4800 
120--122 (5) li,5135 

179 (10) /1,5140 
53 (7) ll,4320 

140--142 (10)[1,5150 
135 (5) ]1,5160 
107 (5) [1,4890 

64,5 
65,9 
75,4 
70,7 
68,8 
76,9 
77,6 
69,0 

10,9 C7H1402 64,6 
7,1 CmHI4Os 65,9 
8,2 !CI~H,602 75,0 
8,3 I C,~HIsO3 70,3 

12,0 i C~H~sO2 68,4 
9,4 C,14H2o02 176,4 
9,8 C1sH2202 177,2 
8,8 C1~H1803 168,6 

10,8 
7,7 
8,3 
8,1 

11,4 
9,1 
9,4 
8,6 

50 
20 
25 
30 
40 
20 
30 
25 

fragment  [2, 6], and a broad intense band of a C104- ion at 1100 cm -1 w e r e  observed  in their  IR spectra.  The 
spectra  of  the sa l t s  obtained on the bas i s  of 2 - fury l -  or  2 -ary ld ioxanes  X-XII and XIV-XVI do not have char -  
acter i s t ic  absorpt ion bands of aromat ic  r ings  and therefore  do not conf irm the proposed  structure .  In addition, 
the tR spectra  of sa l ts  synthes ized  by this  method from 2 ,4 ,4 ,6 ,6 -pentamethyl -  and 4 ,4 ,6 ,6 - t e t ramethy l -2 -  
p h e n y l - l , 3 - d i o x a n e s  are  absolutely identical .  Since it is difficult to form a judgment regarding the s tructure  
of the 4 ,4 -d imethy l -  and 2 , 4 , 4 - t r i m e t h y l - l , 3 - d i o x a n i u m  cat ions ,  which differ f r o m  one another only with re -  
spect  to the substituent in the 2 posi t ion,  f rom the IR spectra,  we used IOMR spectroscopy ,  which made  it p o s -  
sible to so lve  this  problem.  The spectrum of a salt  obtained f rom 4 ,4 -d imethy l -1 ,3 -d ioxane  comple te ly  c l ear ly  
shows (see below) that this  salt  corresponds  to the s tructure  of I. The lat ter  fact proves  that detachment  of a 
hydride ion f rom the 2 pos i t ion  of the dioxane ring does  not occur  under the influence of an acyt  perchlorate .  
Ac id-cata lyt ic  c leavage  of the 1 ,3-dioxane ring to give intermediate  cat ion a, which is converted to carbonium 
ion b by splitting out the corresponding  aldehyde under the influence of the acylating mixture,  probably takes  
place  initially under the react ion  condit ions.  Carbonium ion b undergoes  cyc l i za t ion  to the salt .  The develop-  
ment of an aldehyde in the p r e s e n c e  of catalyt ic  amounts  of perch lor ic  acid was  proved by g a s - l i q u i d  e h r o m a -  
tography ( G L C ) .  

R ~ R~ W R 3 R 

/ \  .. / \  c '~ , , / o  ~ c'~ - r~c .o ; .c ,o ,  ~. ...... 
R k H R I H R'CH /4 R ~ 

a b l-IV, VI-VII| 

Thus the react ion  of 1 ,3-dioxane with an acylating mixture  may be a s imple  method for  the synthes i s  of 
2 -akly l - subsf i tuted  1 ,3-dioxanium salts;  this  is  of definite interest  for  the use  of industrial  fract ions  of 1,3- 
dioxanes.  We obtained perch lorates  I-IV and VI-VItI by means  of this method.  Advantages  of this  method as 
compared  with the methods  used in [6] are  exc lus ion  of the step involving i so la t ion  of the pure 1,3-diol  and 
a 10-157o i n c r e a s e  in the yie ld of the salt .  

The PMR spectra  of 2 , 4 , 4 - t r i m e t h y l - l , 3 - d i o x a n e  (IX) and its salt  (I) are  presented  in Fig. 1. Thev ic ina l  
constants  (3JAa = 11.0, 3gBa = 5.5 and 3JBe = 1.6 Hz), the fact of invers ion  of the chemica l  shifts  of the 5-Ha and 
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C.H3 H~' 
HBHA H3C ~ C H 3  a 

2 JAB :'21,O HZ'~J~ eL Heu~H~B Ha CH" 

", I 

f~.3 "J"  vVL.- "~'" ' 

- 

CH-, H ' 
H" CH 3 CH 3 e 

% c ~  ~ ~-H% H,,' a-oH 
ClO~" cIOZ I\ I~ JHH: 

5 3 2 

4-(CH3):t b 

4-(CH3) 2 

-90" ! 

! O 6,ppm 

Fig. 1. PMR spec t ra  of 2 ,4 ,4- t r imethyl - l ,3 -d ioxane  (IX, 
spec t rum a) and 2 ,4 ,4- t r imethyl - l ,3 -d ioxanium perch lora te  
(I, spec t rum b). The line designated by 13C is a satelli te 
f rom the solvent (methylene chloride). The line designated 
by an as te r i sk  cor responds  to an impurity. The spectra l  
lines at - 9 0  ~ are  presented without reference  to the chem-  
ical shift scale.  The operating frequency was 100 MHz. 

5-H e protons,  the posit ion of the doublet line of the 2-CH 3 protons (6 1.35 ppm), and the nonequivalence of the 
protons of the gem-dimethyl  grouping make it possible to a s se r t  for  IX (spectrum a) that its molecules  reside 
p r imar i ly  in a cha i r  conformation with an equatorial  2-CH 3 group. The chemical  shift of the methylidyne 
quartet  at 6 4.78 ppm with allowance for  the magnetic anisotropic shift under the influence of an axial 4-CH 3 
group indicates the equatorial cha rac t e r  of the methyl group. Structures with 1,4-twist and 2,5-twist con- 
format ions [10] a re  excluded here,  since inversion of the nuclear  ma~e t s  shielding constants of the HA and 
HB protons develops in these fo rms .*  The PMR spect rum of salt  I (spectrum b) shows the singlet cha rac t e r  
of the resonance signal of the methyl protons  in the 2 position and a strong shift of the positions of all of the 
signals to lower  field as compared with the corresponding signals of IX. All of this proves  the cationic nature 
of I (see the numerical  es t imates  of Aa below). The fact that the protons of the gem-dimethyl  group resonate 
in the form of a singlet at 5 1.75 ppm, whereas  the 5-H and 6-H protons resonate in the form of tr iplets  at 
6 2.58 and 4.97 ppm with average s p i n - s p i n  coupling constants 3j = 6.0 Hz consti tutes evidence for  rapid (on 
the PMR t ime scale) s of the s ix -membered  heteror lng either of the c h a i r : c h a i r  fo rm or  in a 
set of conformations of "flexible" fo rms  [10]. In fact, a study of 4,4-dimethyl- l ,3-ds [11], the molecules  
of which at room tempera tu re  res ide  in a state of rapid eonformats transit ions,  showed that the 5- and 6-H 
methylene protons give a spect rum of the A2B 2 type, which, within a f i r s t - o r d e r  approximation, as in our  case, 
consis ts  of two tr iplets .  However, as the t empera tu re  of the sample is lowered t o - 6 0  ~ all of the spectral  
lines begin to undergo pronounced broadening. The charac te r  of the broadening of the lines of the 2-CH 3 and 
4-(CH3) 2 protons a t - 9 0  ~ is shown in Fig. 1. This fact, f irst ,  confirms the p resence  of interconvers ion at 
both - 9 0  ~ and at higher t empera tures ,  and, second, serves  as proof that in the absence of interconvers ion the 
methyl protons of the gem-dimethyl  grouping should prove to be nonequivalent. 

Similar  r ing inversion also occurs  in the case of II-V. 

F rom a compar i son  of the PMR spect rum of salt  I with the spect rum of 2 ,4 ,4- t r imethyl - l ,3-d ioxane  
(IX) it may be seen, as pointed out above, that the signals of all of the substituents of I experience a s t rong 
shift to weak field. The spectral  pa r ame te r s  of 1,3-dioxanium perch lora tes  I-V are  presented in Table 3. 

*Our next publication, in which the c r i t e r ion  of the inversion of the chemical  shifts of the H A and HB meth-  
ylene protons will also be substantiated, will be devoted to a descript ion of the resul ts  of a PMR study of the 
s t e reochemis t ry  of many previously  undescribed substituted 1,3-dioxanes with a 4 ,4-gem-dimethyl  grouping. 
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TABLE 3. 

c h l o r a t e s  t - V  a 

P a r a m e t e r s  of the PMR Spectra of 1,3-Dioxanium P e r -  

~, ppm L Hz 
C~ S~ 2-CH3'~'cH~b t [ ~' '" 
pound or *,1 or v-CH~ 4-CH3 5-H 6-C~f~ 6-H ~] 3V ~-CH, 8-CHe 

CH2Cte 
CH2C12 
CH2Clz 
CH2C12 
CF3COOH 
CHaCt~ 

-~,58 s l .),9"7 q 1,2"9 t 
.~,93 t |I,70 m 
.),67 s [ --  
.),59 s 

I 
- -  1,75s {2,5I t 

1,75s ]2,58 t 
1,0 t 1,77s {2,60 t 

1,78s [2,60 s 
1,75s ]2,53 s 

12 t 1,73s 12,67 s 
,75 s 

1,73 s 

5,00 t 
5,12 t 
5,03 t 

6,0 
6,0 ~-,3 
5,9 72 7,2 

7,2 

I 
II 

III 
{ 

V 

The data presented in this table correspond to a sample temper -  
a ture  of +27~ 
bThe ~, /3, and y indexes correspond to the posit ions of the carbon 
atom in the R 4 group relative to the 2-C atom. 

TABLE 4. Chemical Shifts in the PMR Spectra and A6 and Aa 
Values of t and IX 

Compound I 
and A6 ] Recording 

tempera- 
and Ao ] ture, ~C 
v a l u e s  T 

I 27 
IX 27 

I X 120 
A6 
Ao 

2-CHa 

2,66 
125 (e) 

1.32 
1,34 

Chemical shifts, ppm 

4-CHz 5-.H 

1.75 2,58 
1,03 (a) 1,68 (a) 
1.16 (e) 0,80 (e) 
1.09 1,24 

- 0,66 - -  1.34 
- 0.79  

6-H 

4,97 
3.53 (a) 
3,65 (e) 
3,59 

- -  t ,38 
--I,I6 

For  the numerical  charac te r i s t i c s  of the low-field proton shift let  us examine the A5 = 5(IX) - fi(I) value for  
the proton-containing groups under conditions where the molecules  of both compounds exist in a state of rapid 
conformational  isomerizat ion.  This condition is realized for  tX at 120 ~ at which point the two lines of the 
gem-dimethyl  grouping merge .  The chemical  shifts of the protons of I and IX and the A5 values are  summa-  
rized in Table 4. 

It is apparent  f rom Table 4 that all of the A6 values are  quite high, and A5 reaches  - 1.34 ppm in the 
case  of the 2-CH 3 group. Effects of this sor t  a re  considered to be very large in PMR spectroscopy.  In o rde r  
to ascer ta in  the nature of these low-field shifts and to confirm the cationic s t ruc ture  of I we made a quantitative 
evaluation of the effect of a positive charge localized on the 2-C atom on the proton shielding constant a within 
a point approximation with allowance for  l inear  and quadratic effects [12] f rom the formula  

q 
A ~ =  - 9 . 6  ~f2" cos 0k. I0 - G -  23~2. 10 -6, 

Ri 4 

where q = 1 is the magnitude of the charge  in the e lec t ron  charges  on the 2-C atom, R i is the distance f rom 
the center  of the 2-C atom to the Hi protons,  and 0 i is the angle formed by the radius vector  of R i with the 
C--H i bond. The calculated A~ values are  also presented in Table 4. 

By comparing the A6 and &~ values (averaged c h a i r ~ c h a i r  inversions) for  the 5-CH 2 and 6-CH~groups 
(Table 4) one may see that sa t is factory agreement  for  the 6-H protons (somewhat less  sa t i s fac tory  agreement  
for  the 5-H protons) between the experimental  and calculated Aa values is obtained within the approximation 
used. This fact makes it possible, f irst ,  to assume lhat the effect of the e lectr ical  field c rea ted  by the posit ive 
charge on the 2-C atom makes the principal  contribution to the change in the chemical  shifts of the methylene 
protons,  and, second, to consider  it to be indirect  proof  of the cationic s t ructure  assigned to I. 

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

1 , 3 - D i o x a n e s  X - X V I  w e r e  s y n t h e s i z e d  by  the  m e t h o d  i n  [16], a n d  p e r c h l o r a t e  V was  o b t a i n e d  by  t h e m e t h -  

od d e s c r i b e d  in  [6]. 

The  P M R  s p e c t r a  of 5-10% s o l u t i o n s  of I - V  i n  m e t h y l e n e  c h l o r i d e ,  of  I V i n t r i f l u o r o a c e t i c  ac id ,  a n d  of  
IX (5% by  v o l u m e )  i n  b e n z e n e  w e r e  r e c o r d e d  wi th  V a r i a n  H A - 1 0 0  and  V a r i a n  T - 6 0  s p e c t r o m e t e r s .  T h e  IR 
s p e c t r a  of m i n e r a l  o i l  s u s p e n s i o n s  of t h e  c o m p o u n d s  w e r e  r e c o r d e d  wi th  a U R - 2 0  s p e c t r o m e t e r .  
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2 , 4 , 4 - T r i m e t h y l - l , 3 - d i o x a n i u m  P e r c h l o r a t e  (I). A total of 1 ml  (0.01 mole) of 70~ HC104 solution was 
added dropwise to a mix tu re  (prepared at - 5  ~ of 4 ml  of acet ic  anhydride and 1.16 g (0.01 mole) of 4 ,4-di -  
m e t h y l - l , 3 - d i o x a n e .  Af ter  10 rain, the mix tu re  was diluted with ether ,  during which an oil was l iberated.  
The oil c rys t a l l i zed  rapidly when the mix tu re  was s t i r r ed .  Workup gave 1.71 g (75%) of a product  with mp 
52-54 ~ (methylene chlor ide,  e ther) .  Found: C 33.2; H 5.6; C116.0~o. C~HilC1O G. Calculated:  C 33.6; H 5.6; 
C116.6~o. P e r c h l o r a t e s  I-IV, VII, and VIII were  s i m i l a r l y  obtained. 
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SYNTHESIS OF 4-ETHOXYFLAVYLIUIM 

SALTS AND FLAVONES 

G. N. Dorofeenko, V. V. Tkachenko, 
V. I. Yakovenko, V. V. IViezheritskii, 
and 1~. T. Oganesyan 

UDC 547.814.5 

4-Ethoxybenzopyry l ium sa l t s ,  which a re  conver ted  to the cor responding  f lavones in quanti tat ive 
y ie lds  by refluxing with water ,  were  synthesized by condensation of o-hydroxyacetophenones  
with a roma t i c  aldehydes in the p r e s ence  of ethyl o r thoformate  and 70T0 pe rch lo r i c  acid. 

The p rev ious ly  descr ibed  methods for  the synthes is  of 4-a lkoxybenzopyryl ium sal ts  were  based  on the 
reac t ion  of ethyl o r tho fo rma te  with o-hydroxycha lcones  [1] o r  of ethyl o r thoformate  with (~-acyl)hydroxy- 
acetophenones [2] in the p r e s e n c e  of 70~0 pe rch lo r i c  acid. We have recent ly  p roposed  a method for  the p r e p -  
a ra t ion  of 4-e thoxyf lavyl ium sa l t s  on the bas i s  of acid condensation of o-hydroxyacetophenones  with a romat i c  
aldehydes in the p r e s e n c e  of ethyl o r thoformate  and 700/0 pe rch lo r i c  acid [3]. As compared  with o ther  methods 
[1, 2], this method fo r  the synthes is  of 4-e thoxyf lavyl ium sal ts  is the s imples t  method, is sa t i s fac tor i ly  r e -  
producible ,  and is convenient  for  the p r epa ra t i on  of natural  f lavones and the i r  synthetic  analogs,  which find 
appl icat ion as r egu la to r s  of the nervous  sys t em,  s t imu la to r s  of the activity of the hea r t  musc le s ,  andhave p-  
v i tamin  activi ty [4]. 
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