
S Y N T H E S I S  A N D  R E A C T I V I T Y  O F  E T H O X Y V I N Y L  

D E R I V A T I V E S  O F  1 , 3 - D I O X O L A N I U 3 / I  S A L T S  

G .  N.  D o r o f e e n k o ,  L .  V .  M e z h e r i t s k a y a ,  UDC547 .729 .07  
a n d  Vo I .  M i n k i n  

2 - ( f i -E thoxyviny l )d ioxo lan ium sa l t s  w e r e  obtained by r eac t i on  of  or tho  e s t e r s  with 2 ,4 ,4 ,5 ,5-  
p e n t a m e t h y l - l , 3 - d i o x o l a n i u m  p e r c h l o r a t e  in ace t i c  anhydr ide .  Alkal ine  h y d r o l y s i s  of  2-(fl-  
e thoxyvi  n y i ) - 4 , 4 , 5 , 5 - t e t r a m e t h y l - l , 3 - d i  oxolan ium p e r c h l o r a t e  leads  to the c o r r e  spending 
~ , f i - u n s a t u r a t e d  aldehydeo Subst i tu ted 2 - ( / 3 - aminov iny l ) - l , 3 -d ioxo lan ium p e r c h l o r a t e s  a r e  
f o r m e d  by r e a c t i o n  of  this sa l t  with a r o m a t i c  amines ,  amino ac ids ,  and u rea .  These  p e r -  
c h l o r a t e s  r e a d i l y  spl i t  out  p e r c h t o r i c  ac id  in a lkal ine  med ia  to give Schiff  ba se s .  The 
c h a r g e s  and e l e c t r o n  dens i t i e s  w e r e  ca lcu la ted  for  the 2 - ( f l - m e t h o x y v i n y l ) - l , 3 - d i o x o l a n i a m  
cat ion.  

The me thy l  (or methy lene)  g roup  of  2 - a l k y I - 1 , 3 - d i o x o l a n i u m  sa l t s  has  p r o v e d  to be ac t ive  in conden-  
sa t ion r e a c t i o n s  with ace t a l s  of  a r o m a t i c  and h e t e r o c y e l i c  a ldehydes  [1]o P r o c e e d i n g  f r o m  this  i t  migh t  
have been a s s u m e d  that  a s i m i l a r  r e a c t i o n  should a l so  occur  in the or tho  e s t e r  s e r i e s ,  s ince  they a r e  s i m -  
i l a r  to aee t a l s  with r e s p e c t  to the i r  s t r u c t u r e  and p r o p e r t i e s .  

I t  was  found that  the r eac t i on  of  o r tho  e s t e r s  with d ioxolanium sal ts  ac tua l ly  p r o c e e d s  v e r y  r e a d i l y  
on heat ing e q u i m o l e c u l a r  amoun t s  of  the r e a g e n t s  in exces s  ace t i c  anhydr ide  to give 2- f l -e thoxyvinyl  d e -  
r i v a t i v e s  (III, Table  1). The f i r s t  s tep  in this  t r a n s f o r m a t i o n  is appa ren t l y  d i s soc ia t ion  of  the d ioxolanium 
sal t  under  the inf luence  of  i n c r e a s e d  t e m p e r a t u r e  and a so lvent  to give r e a c t i v e  me thy lene  pseudobase  I. 
The p e r c h l o r i e  ac id  that  f o r m s  in the r e a c t i o n  r e a c t s  with the or tho e s t e r ,  and this leads  to the f o r m a t i o n  
of  d i e t h o x y c a r b o n i u m  sa l t  II [2]. The r eac t i on  of  base  I with sa l t  I I  and subsequent  spl i t t ing out of  a m o l e -  
eule  of  a lcohol  leads  to e thoxyvinyl  compound  HI. 

Cpta CH a ~ = C H  2 + HCIO 4 HCIO 4 + RC(OC2H-) 3 ~ RC(+  ~ " + C2H50~1" 
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T A B L E  1, 2 - ( f l - E t h o x y v i n y l ) - l , 3 - d i o x o l a n i u m  P e r c h l o r a t e s  (III) 

i Found, r~ c i Calc.. ~ !Yield, Corn- i R' rap, ~ Empirical _ 
pound R i f~ I C I H I C7--I--C-- - H  C~- % 

IIIa H CzHs 
IIIb CHa C2H5 
IIIc C2H5 C2H5 
IIId C6H5 CHa 

/ i i 110 [ C~IH19C107 i 44,4 6,3 11,7 44,2 
47 C12H21CIOr I 46,5 6,6 tl,2 46,I 

116 CIaH2aC107 48,0 7,0 : 10,6 47,8 
107 C~6HzICIOr 53,6 5,6 9,6 53,3 

[ 

6,4 II,9 r 87 
6,7 11,4 ! 78 
7,0 10,9 i 62 
5.8 9,8 45 
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T A B L E  2. 
fo r  the  2 - ( f i - l e t h o x y v i n y l ) - l , 3 - d i o x o l a n i u m  Cat ion  

Structure 

1 

80"~9CH ~ 

C h a r g e s  and E l e c t r o n  D e n s i t y  in  the B o u n d a r y  O r b i t a l  

Overall 
charge 

-1,0179 
+,1,5717 
-1,0162 
+0,5021 
+ 0,5023 
-0,1565 
+0,8160 
--0,9749 
+~,4211 

Charge in the 
lr -system 

+0,082 
+ 0,532 
+0,081 

--1,108 
+0,059 
+0,084 

A t o m  
No. 

Densityin the 
boundaryMO 

0,1084 
1,1428 
0,1084 

0,0090 
0,9000 
0,1020 

T A B L E  

Corn  - 
pound R 

VIIIa 
VIIIb 
VIIIc 
VIIId 
VIIIe 
VIIIf 
VIIIg 
VIIlh 
VIIli 
VIII} 
VIIIk 
VIII 1 

3. 2 - ( f l - A m i n o v i n y l ) - l , 3 - d i o x o l a n i u m  P e r c h l o r a t e s  (VIII) 

H 
H 
H 
CH3 

R' ,mp, 

Found, I Calc., ~-~ 
Empirical ~ I % 
formula 7 t f [ -c ,  o i H i  Cl 

.ocH  1 8 5  c0H=CINO, 60 93 5 1 1 5 8  94 90 
H 1155--156 C,sH20CINOs 52,01 5,8 10,3! 52,1 5,8 10,3 87 
o-OCH3 133 C~6H22CINO7 5t 115,91 9,2]51,1]5,8 i 9,4 98 
p-CH3 I 158 C16H22C1NO6 53,9i 6,41 98! 53,4] 6,11 9,9 80 
p-OC2H5 168--169 CI7H24C'lNO7 52,61 6,2l 9,2 52,4 6,2 9,t 95 
o-CI I 118 C15H,gCI~N06 474!5,21 I8,5147,415,0118,7 98 

~,~ 92 m-Cl 199 [C sH~gClzNO6 47,,8 t8,7[ 47,4[ 5,0[ 18,71 
o-COOH 172,5 a C'IsH20CINO8 49,1 8,5i49,315,11 9,1] 95 

9,1 p-COOH 230 a CIaH20C1NO6 49,6 5,7~ 9,2 i 49,315,11 98 
p-SO2NH2 192a ol CIsH2iC1N2OsS b 42,5',4,9 i 8,2142,414,91 8,4] 83 
p-SO~NHCaH~NS 1188--189 ~ CIgH22C1N3OTS d 47,8 4,6 78 483~47, 7,5 91 
o-OCH3 [ 142 CI,H4~CtNO7 52,36,11 8:7152:416:2 9,1i90 

a w i t h  d e c o m p o s i t i o n .  
bFound:  S 7.4%. C a l c u l a t e d :  S 7.5%= 
eC3HzaNS i s  2 - t h i a z o l y L  
dFound :  S 7.7%. C a l c u l a t e d :  S 6~176 

A similar mechanism was adopted for the reaction of ortho esters with the quaternary salts of nitro- 
gen heterocycles in the synthesis of cyanine dyes [3], 

It is well known that dioxolanium salts readily react exclusively with various nucleophiles (water and 
alcohol) with opening of the dioxolanium ring [4]. However, the behavior of the 2-ethoxyvinyl derivative 
that we investigated differs substantially in such reactions. Attack of the nucleophile on reaction with al- 
kali and during aminolysis is directed to the positively charged fi-carbon atom of the ethoxyvinyldioxolanium 

salt (mesomeric form IV). 
+ 

\ . /  \_--o--  1o.  _ r,%.~nn~ . . /  %cHore ' = z . r  "~-c.-c. o.  ,v~ 

~ / L ' ~ O /  ~'OC2 H 5 /~-O / '~OC2H 5 
CIO~- 

VI V VII 

o \ o 

";S...o. >_ i ~ o  I CIO~ ClOd- 
VIII IX X 

The r e s u l t s  of c a l c u l a t i o n s  of  the  to ta l  c h a r g e s  ( i f+c)  on the a t o m s  in the  2 - ( f l - m e t h o x y v i n y l ) - l , 3 -  
d ioxo lan i t tm ca t ion ,  which  w e r e  o b t a i n e d  by the e x t e n d e d  Hi ickel  m e t h o d ,  a r e  p r e s e n t e d  in T a b l e  2, and  the 
c h a r g e  d i s t r i b u t i o n  in the r s y s t e m  of the  f r a g m e n t  of  i n t e r e s t  in the  m o l e c u l e  i s  d e r i v e d .  The g e o m e t r i c  
c h a r a c t e r i s t i c s  of the m o l e c u l e  w e r e  t aken  in a c c o r d a n c e  wi th  the s t a n d a r d  bond l eng ths  and v a l e n c e  a n g l e s  
[5], the  o r b i t a l  exponen t s  w e r e  c a l c u l a t e d  by  the  S l a t e r  m e t h o d ,  and  the  v a l e n c e - b o n d  i o n i z a t i o n  p o t e n t i a l  

v a l u e s  w e r e  t a k e n  f r o m  the r e p o r t  in [6]. 

It follows from these data that the greatest positive charge is located on the central carbon atom of 

the ring rather than on the fl-carbon atom. 

The electron density in the boundary NO should serve as a more accurate characteristic of the nu- 
cleophilic reactivity [7]. The MO~ orbital is an orbital of the 7r type, 
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It can be seen (Table 2) that although the ring carbon atom is as before expected to be the most ac- 
tive center with respect to nucleophilic attack, the difference in the reactivity indexes for this carbon atom 
and the fi-carbon atom is leveled off. Since the t-carbon atom is sterically shielded to a lesser degree, 
preferred reaction with transfer of the reaction center to the carbon atom in the p position relative to the 
dioxolanium ring becomes possible. 

Addition products V and VII that are formed in this case are stabilized by splitting out of a molecule 
of alcohol to give ~,fl-unsaturated aldehyde VI or substituted 2-(fi-aminovinyl)-l,3-dioxolanium salts VIII 
(Table 3). 

Aromatic amines (with electron-donor and electron-accepter substituents), amino acids, and urea 
undergo reaction with ILia. On treatment with alkali the compounds thus obtained readily split out per- 
chloric acid to give the corresponding Schiff bases (X) rather than enamines. 

The IR spectra of perchlorates VIII contain intense absorption bands at 1650-1660 cm -I, which prob- 
ably correspond to the stretching vibrations of the polarized C = N bond; this attests to the predominant 
contribution of the mesomeric structure VHI as compared with IX. 

Aliphatic amines and guanidine react with 2-ethoxyvinyl-substituted dioxolanium salts to give the 
perchlorates of these amines and mixed acetal acetate XI. 

c,~coo-R,N,~ + i v ,  ~ ~=c,- + ~.N,.clo: 
~--o/ X~ococs3 

Xl 

This sort of direction of the reaction is apparently explained by the considerably higher basicity of the 
amines listed above as compared with their aromatic analogs. The concentration of free amine under the 
reaction conditions (acetic acid) is therefore lower than the concentration of the acetate ion, which attacks 
the ~-earbon atom of the ethoxyvinyldioxolanium salt. 

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

The IR spec t ra  of the substances obtained (in minera l  oil suspensions) were  r eco rd ed  ~4 tha  UR-20 
spec t rome te r .  

2 - ( f i -Ethoxyvinyl ) -4 ,4 ,5 ,5- te t ramethyl - l ,3 -d ioxolan tum Pe rch io ra t e  (ILia). A 4-ml (0.04 mole) s am-  
ple of acet ic  anhydride and 2 ml (0.013 mole) of f r e sh ly  dist i l led ethyl or thoformate  were  added to 2.43 g 
(0.01 mole) of 2 ,4,4,5,5-pentamethyldioxolanium perch lo ra te  [8], and the mixture  was heated carefu l ly  until 
the sal t  had dissolved completely.  It  was then cooled and diluted with e ther  to give 2.6 g (87%) of l ight-  
yellow c rys t a l s  with mp 110 ~ IR spect rum:  1100, 1245, 1380, 1460, 1528, 1610 cm -1. 

Compounds HIb-d-  (Table 1) were  s imi la r ly  obtained as d i f f icu l t - to -c rys ta l l i ze  l ight-yel low crys ta l s  
that were read i ly  hydrolyzed in a i r .  

2 -Fo rmylme thy lene -4 ,4 ,5 ,5 - t e t r ame thy l - ! , 3 -d ioxo lane  (VI). A 0.6-g (0.002 mole) sample of IIIa was 
shaken with 5 ml of 5% NaOII solution and 10 ml of e ther .  The e ther  layer  wag separated,  and the e ther  
was evapora ted  to give 0.31 g (91%) of co lo r less  c rys ta l s  with mp 113 ~ (from pet roleum ether) .  IR spec-  
t rum:  1140, 1380, 1460, 1600, 1650 em - l .  Found: C 63.5; H 8.2%. C3H1403. Calculated: C 63.5; tf 8.2~0. 

2-[f i - (p-Methoxyani l ino)vinyl]-4,4,5,5- te t ramethyldioxolanium Perch lora to  (VIIIa). Acetic acid so-  
lutions of 1.5 g (0.005 mole) of LiIa and 0.62 g (0.005 mole) of p-anisidine were mixed, and the mixture was 
allowed to stand for 5 rain. It was then diluted with a small amount of ether and filtered to give 1.7 g (90%) 
of VIIIa as yellow needles with nap 185 ~ (from acetic acid). IR spectrum: iii0, 1378, 1460, 1510, 1577, 
1612, 1658, 3200, and 3325 cm -I. 

Compounds VIIIb-/(as colorless or yellow crystals, Table 3) and 4,4T-bis(fl-N-vinyldioxolanyl)- 
aminodiphenyl, with mp 220 ~ (dec.) (in 70% yield), Were similarly obtained. Found: C 52.4; H 5.7; CI 
10.0%. C30H38CI~aN~O12. Calculated: C 52.3; H 5.5; C1 10.3%. 

p-Methoxyanil-2-formylmethylene-4,4,5,5-tetramethyl-l~3-dioxolane (X). A 0.38-g (0.001 mole) 
sample of VILla was shaken with 5 ml of 5% NaOH solution and I0 ml of ether. The ether layer was sepa- 
rated and dried with anhydrous Na2SO 4. The ether was removed by distillation to give 0.27 g of X (in quan- 
titative yield) as colorless plates with mp 97 ~ (from petroleum ether). IR spectrum: 1140, 1240, 1378, 
1460, 1500, 1588, 1608, 1642 em -l. Found: C 69.4; H 7.7%. CI~H21NO 3. Calculated: C 69.8; H 7.6%. 
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2-(f l -Ureidox4nyl)-4 ,4 ,5 ,5- te t ramethyldioxolanium P e r c h l o r a t e .  A 0.3-g (0.005 mole) sample  of u rea  
was added to a solution of 1.5 g (0.005 mole) of IIIa in acet ic  acid, and the mix tu re  was heated until a t r a n s -  
parent  solution had formed.  I t  was then cooled and diluted with e ther ,  and the resul t ing  oil was allowed to 
stand overnight.  The mix tu re  was f i l te red  to give 1.01 g (65%) of product.  The product  was c rys t a l l i zed  
f r o m  a smal l  amount  of acet ic  acid to give yel low needles  with mp 158-160 ~ IR spec t rum:  1100, 1380, 
1570, 1600, 1627, 1750, 3435 cm -1. Found: C 38.0; H 5.4; C1 11.1%. C10H17C1N~O 7. Calculated: C 38.4; 
H 5.4; C1 11.4~0. 

2 - (2 -Ace toxy-2 -e thoxye thy lene ) -4 ,4 ,5 ,5 - t e t r ame thy l - l , 3 -d ioxo lane  (XI). A solution of 0.5 ml  (0.005 
mole) of diethylamine in 3 ml  of acet ic  acid was added to a solution of 0.75 g (0.0025 mole) of IIIa in 5 ml  
of acet ic  acid. The mix tu re  was diluted with e ther ,  and the prec ip i ta ted  co lo r less  needles  were  r emoved  
by f i l t rat ion.  The yield of diethylamine pe rch lo ra t e  with mp  155 ~ was 0.43 g (100%). The f i l t ra te  was 
poured into 5% NaOH solution, and the mix tu re  was ex t rac ted  with e ther .  The e ther  was evapora ted  to give 
0.62 g (96%) of a viscous  syrup.  IR spec t rum:  1140, 1250, 1380, 1462, 1630, 1720 cm -i .  Found: C 60.6; 
H8.9%. C13HzzO 5. Calculated: C 60.4; H 8.5%. 
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