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Methods for the synthesis of 1,3-dioxolanfum salts - a new class of carboxonium cations 
that are finding application in organic synthesis - and their structure and properties are 
examined. 

1,3-Dioxolanium salts are a peculiar class of nonaromatic carboxonium compounds. The presence of 
a stabilized carbonium ion makes dioxolanium salts convenient models for the study of the reactivities and 
behavior of carbonium ions. There is also no doubt about the preparative value of 1,3-dioxolanium salts, 
which, owing to their high activity with respect to various nueleophilic reagents, can be used as effective 
alkylating, formylating, and aeylating agents. 

The chemistry of 1,3-dioxolanium salts is a relatively new and little-studied field. The first infor- 
mation regarding the possibility of the development of 1,3-dioxolanium ions as intermediates in solvolysis 
reactions of acetoxybromobutanes appeared in 1942 [1-3], but these substances were obtained and isolated 
in pure form only in 1955-1960 by Meerwein and co-workers [4-9]. 

A recently published review [i0] encompasses information regarding 1,3-dioxolanium salts through 
1970 inclusively. However, whereas methods for the synthesis of dioxolanium salts have been presented 
relatively completely, the properties and transformations of this class of compounds have been elucidated 
concisely. In addition, the review in [I0] does not include the results of quite extensive studies on the syn- 
thesis and properties of dioxolanium salts carried out by Soviet chemists. 

The present review is intended to supplement, correlate, and systematize the available information 
on the methods for the synthesis of 1,3-dioxolanium salts and their properties. 

Methods for the Synthesis of 1,3-Dioxolanium Salts 

From 1,3-Dioxolanes. Cyclic acetals are effective hydride-ion donors and can be easily converted 
to the corresponding 1,3-dioxolanium salts [4, 7]. 

0 
sF~ 

Tr iethyloxonium [8], arenediazonium [7], tr iphenylcarbonium [8, ii- 13], and 7-norborandienylium 
[ii] tetrafluoroborates and acetyl perchlorate [14] are used as hydride-ion aceeptors. 

A widely used method for the preparation of 1,3-dioxolanium salts is the reaction of 2-ethoxy-l,3- 
dioxolane and its derivatives with boron trifluoride etherate [9, 15]. 

R 5 R5 

~ r - - O  R I , BF 3 . ( C 2 H 5 ) 2 0  " R4"~--OR3~I. ~-~'~-R1 

~1 = H ~,CH3 t C2H5 tC6H5 ; R~: R3-- R4: H ~CH3 ~ R'5: H~, CH3 ~ CH : CH2 
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This method was also used to obtain 4 ,5 - te t ramethylene-  [12] and benzo-  and 2 ,3-naphtho- l ,3-d iox-  
olanium salts  [16] 

[ ~ o  OC2H s BF 3 O 

Antimony pentachloride (in methylene chloride at - 25~ H2SO 4 �9 H20 (at - 70~ diethoxy- and t r iphe-  
nylcarbonium te t ra f luorobora te  [8, 11], and pe rch lo r i c  acid (in acet ic  anhydride) [17] are  used to cleave the 
alkoxy group. 

2-Methyl-  and 2-phenyldioxolanium salts  a re  obtained by t rea tment  of cycl ic  ketals (I) [18] and 2- 
eyano- l ,3-dioxolanes  (II) [8] with Lewis acids.  

o 

R'=CH3~C6H 5 ; R'=CH3'PC2H 5 ~ISO-C3H 7 

Cyelization of Substituted Es t e r s .  f l -Ethoxyethyl  acetate  is oyelized to the corresponding 1,3-diox- 
olanium salt  on heating with Et30+BF4-; f l -ethoxyethyl  benzoate  is cycl ized at - 30 ~ in the p resence  of SbC15 
[9]. 

RCOOCH2CH2OC2H 5 

The conversion of f l -hydroxy- ,  f l -ace toxy- ,  and f l -methoxyethyl  e s t e r s  to 2-a lkyl-  or 2-ary ld iox-  
olanium sal ts ,  which occurs  in FSO3H at r oom tempera tu re  [19, 20], has been described.  

Cyclization of /9-haloethyl  e s t e r s  of carbonylic  acids (III) in the p resence  of BF 3 �9 Et20 , SbC15, and 
AgBF 4 [6, 9, 21] is widely used for  the synthesis  of 1,3-dioxolanium salts (in 50-80% yields).  

O f L -O BFz.- 

This method has found application for the preparat ion of 2-amino-,  v iny l - ,  a lky l - ,  a r y l -  [19, 20, 22, 
23], and 4,5-tetramethy]enedioxolanium [13,24] tetraf luoroborates and hexaehloroantimonates and analogous 
salts in the steroid ser ies [25, 29]. 

Bisdioxolanium salts IV [30] are formed on treatment of bis (2-bromoethyl) esters with anhydrous 

AgBF 4 in CH2C12: 

BPCH2CH2OCO (CH2) n COOCH2C H2Br 

n = 1 - 5  

~, (CH) (+ ~'- 2 n 
" 2 BFZ 

r_v 

Di- and t r icat ions V-VII were  synthes ized f rom 2-bromoethyl  phthalates and t r imes i ta tes  [19, 20]: 

0 0 0 

The r e a r r a n g e m e n t  of 4-ch loro-2-butenyl  benzoate (VIII) to give 4-v inyl -2-phenyl - l ,3 -d ioxolan ium 
salt  IX, which was also obtained f rom f l -chloroethyl  e s t e r  X [15, 31], has been descr ibed  
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Cf.H5 C6H 5 C6H$ 

H CH BF 4 - C H 2"=C H-- CH--CH2--Cl 

2-Vinyl-  and 2 - i sopropenyl - l ,3 -d ioxo lan ium te t ra f luorobora tes  ( X I )  are  obtained by cyclizat ion of 
2-hydroxyethyl  and 2-bromoethyl  e s t e r s  of ac ry l ic  and methacry l ic  acids in FSOsH or with AgBF 4 in meth-  
ylene chloride [32, 33]. 

O Jl AgBF~ ~.o -eHZ 
CH2= ? -  C--OC H2CH 2 Br  ~*0~'-  C~R 

R 
R = H~CH 3 X JI 

1,3-Dioxolanium cations are  formed quantitatively on protonation of methylal lyl  e s t e r s  with 60-96% 
H2SO 4 and FSO3H [34-36]. 

4- O 
CH2=C_ CH2OCO R H ,,, [-Z~ >.._ R 

CH 3 C H 3 --~"EO 

R = AI~ ~ AP CH3 

Allyl acetate gives only 30% 2,4-dimethyl-subs t i tu ted  dioxolanium sal ts ,  whereas  the acetates  and benzoates 
of secondary  allyl alcohols do not fo rm dioxolanium cations at all [34]. 

Cyclization of carbamates  has made it possible to obtain 2 -amino- l ,3 -d ioxolan ium salts [34, 37] 

O + 
CH-=-~-- CH2OCON H 2 NH 2 

" i L='d 
CH 3 

~ 0  / H  

~;-- i;NCOO CH2CH 2 BF LL'0 R 

The s imples t  method for the synthesis  of 2 -a lky l - l ,3 -d ioxolan ium salts is acylation of a -g lyco l s  with 
aliphatic acid anhydrides in the p resence  of 70% perch lo r i c  acid (the yields are  65-95%) [38, 39]. 

(RCO) 2 0  -4- HCIO 4 ~. RCO-~'CIO~ "- 

OH OH OCOR OCOR O . ~ O  CIO4"  
R 

Pinaeolone rea r rm]gement  does not occur under cycl izat ion conditions, inasmuch as the ra te  of the 
r e a r r a n g e m e n t  is considerably  less than the ra te  of acylation of the hydroxy group by the acyl cation [38, 
39]. 

The l a t e r - d e s c r i b e d  cyclizat ion of e s t e r s  of di- ,  t r i - ,  and t e t r a - a tomic  alcohols is a variant  of this 
method [40-48]. 

/ •  "OCOC6H5 

CH 3 
O O 
II if 

o /C ' - .R  O/C~.  R 
I P 
CH2-- CH-- CH 2 

L 

O~.c~O 
L 
R 

OAc 

AcO~--J 
OAc 

R = CH3~C(CH3) 3 

BF" 3 

CHCI 3 

SbCl S 
CH3NO z 

CH 3" 
O # 
II 

R.-C~-O O ,_/~_ O 
I i '+' i 

CH2"--CH--CH 2 ~ " ~H2__CH__CH ~ 
I , + 1 1  t 

O . ~ O  O . c / / O  
R C H 3  t 

~ " 

H I : "  0 - - . ~  

C H ? " ~ ' - ~ Y  

763 



The synthes is of O-a lkylglycos ides  f r o m  acetyl  hal ides, s i l ve r  pe r  chlora te ,  and aliphatic alcohols a lso  
apparent ly  p roceeds  through the in te rmedia te  fo rmat ion  of 1,3-dioxolanium sa l t s  [49, 50]. 

, Spectra l  Charac te r i s t i c s  of 1 ,3-Dioxolanium Salts 

Of the spec t r a l  cha r ac t e r i s t i c s  of 1 ,3-dioxolanium sa l t s ,  PMR spec t roscop ic  data a re  mos t  f requent ly  
p r e sen t ed  in the l i t e ra tu re .  A number  of studies of the ef fec t  of subst i tuents  on the chemical  shifts  of the 
protons  of the 1,3-dioxolanium r ing have been publ ished [19, 20, 25, 30, 40, 41]. 

The s p e c t r a  of a number  of dioxolanium sa l t s  with var ious  subst i tuents  in the 2 posi t ion a re  c h a r a c -  
t e r i zed  by a s inglet  at ~ 4.98-5.70 p p m  for  the equivalent  3- and 4-H methylene pro tons .  The proton in the 
2 posi t ion in the 4-subs t i tu ted  der iva t ive  gives a s ignal  at ~ 9.40 ppm. More detai led data on the PMR s p e c -  
t r o scopy  of 1,3-dioxolanium sal ts  a r e  s u m m a r i z e d  and p re sen t ed  in detail  in [10]. 

The molecu la r  s p e c t r a  of 1,3-dioxolanium sal ts  have been invest igated only in the case  of a few r e p -  
r e sen ta t ives  [25, 38, 39, 51-53]. Thus the IR spec t r a  of 2 - a lky l - l , 3 -d ioxo l an ium pe rch lo ra t e s  contain two 
intense absorpt ion  bands at 1529-1536 and 1495-1508 e m  -1, which were  ass igned  to the v ibra t ions  of the 

+ 
O--=C--O f ragment  of the dioxolanium cation. When a s t y ry l  subst i tuent  is introduced into the 2 posit ion,  

because  of conjugation with the la t t e r ,  the absorpt ion  bands of the dioxolanium r ing  a re  shifted as compared  
with the absorpt ion  bands of 2 -a lky l - subs t i tu ted  dioxolanium sal ts  to 1548-1572 and 1500-1520 cm -1. 

The data f r o m  e lec t ron ic  spec t roscopy  a re  a lso  e x t r e m e l y  l imited.  Slight absorpt ion at no higher than 
220 nm was observed  for 4 ,4 ,5 ,5 - t e t r ame thy l - l , 3 -d ioxo lan ium ion in H2SO 4 [10]. The UV s p e c t r a  of 2 - a r y l -  
and 2-s ty ry ld ioxolan ium sa l t s  a lso  contain another  absorp t ion  m a x i m u m  in the shor twave  reg ion  at 280- 
300 nm [22, 51]. Intense absorpt ion in the vis ible  reg ion  of the s p e c t r u m  (400-427 nm) is obse rved  when 
CH30 , 3,4-(CH30) , 3,4-CH202, and HO a re  introduced in the p a r a  posi t ion of the a roma t i c  r ing,  whereas  in- 
tense  absorpt ion  is obse rved  at 500 nm when a p-N(CH3) 2 subst i tuent  is introduced in the p a r a  posit ion.  

..Reaetivities of 1,3-Dioxolanium Salts 

Dioxolanium sal ts  a r e  r e p r e s e n t a t i v e s  of s table he te rocyc l ic  carbonium ions. Some the rmodynamic  
and kinetic data a t tes t ing to the high s tabi l iz ing capaci ty  of oxygen a toms adjacent  to a carbon a tom and the 
cons iderable  s tabi l i ty  of 1,3-dioxolanium ions, for  which, for  example ,  the heat  of fo rmat ion  f r o m  methy l -  
al lyl  e s t e r s  is ~ - 30 k c a l / m o l e  (for compar i son ,  the heat of fo rmat ion  of the e x t r e m e l y  s table  diphenyl- 
methyl  carbonium ion f r o m  1,1-diphenylethylene is - 15 kca l /mole ) ,  a r e  p r e sen t ed  in the rev iew in [10]. 
F r o m  these  s a m e  data one can draw s eve ra l  conclusions r ega rd ing  the effect  of a subst i tuent  in the 2 pos i -  
tion of the he te ror ings  on the s tab i l i ty  of the 1,3-dioxolanium ion. Thus r e p l a c e m e n t  of a hydrogen a tom 
of the methyl  group (+I effect) leads to an inc rease  of 3.6 kca l /mo le  in the s tabi l i ty .  A la rge  effect  (5.4 
kca l /mole)  is achieved when an NHCGH 5 subst i tuent  is introduced,  and this is p robab ly  explained by the con- 
t r ibut ion of the resonance  f o r m  

O 4- >=N.-c6.s 
~0 

In the case  of 2 - a r y l - l , 3 - d i o x o l a n i u m  cations the s tab i l i ty  can be inc reased  by the introduction of 
e l ec t ron-donor  subst i tuents  in the a r o m a t i c  r ing  [10]. 

One must  also note that deu te r ium exchange of the 2-CH 3 group does not occur  in 2 - m e t h y l - l , 3 - d i o x -  
olanium ions in s t rong acids [10, 34], and this once again indicates the effect ive s tabi l izat ion of the charge 
by two he te roa toms .  

On turning to an examinat ion of the p rope r t i e s  and t r ans fo rma t ions  of 1,3-dioxolanium sal ts  we must  
f i r s t  of all  note the ambident  cha rac t e r  of the l a t t e r ,  which is manifes ted  in reac t ions  of dioxolanium sal ts  
with nucleophilic r eagen t s ,  the a t tack of which is r e a l i z ed  at the C-2 or C-4 a toms of the he teror ing .  

The dual r eac t iv i ty  of these  compounds is a consequence of delocal izat ion of the posi t ive  charge,  
which can be descr ibed  by m e s o m e r i c  s t ruc tu re s  XII-XIV: 

C~C§ +C--C 

~- ~ O.c~.O O.>.C ~ 0 

I I 
x~,~ • 

PU 

764 



The dual nature of cyclic carboxonium ions was f i rs t  detected by Meerwein [9]: 

' ~ i ~ "  C H3 

• 

Y 

~ Y kinetic 
CH 3 control 

CH~COOCH2CH2Y 

thermodynamic control 

The charac te r  of the final react ion products is determined by the s t rength of the bond ar is ing as a r e -  
sult of p r i m a r y  attack on the dioxolanium cation by the nucleophile and by the capaci ty of the product  to un- 
dergo dissociation at this bond. 

The addition of nucleophile Y- occurs  most  readi ly  in the 2 position of the heteroring,  which has the 
lowest electron density: 

H~ /H 

/+o.,o.\ 
O~c/~I"~176 

I i-].7566 
C - o J090 

H/~  o.o9s2 

If the product  obtained in this case is sufficiently stable and r eve r s e  dissociat ion to the cation does 
not occur under the react ion conditions, the kinetic pathway will be the p r e f e r r e d  one. If, however,  addition 
in the 2 position is revers ib le ,  the probabil i ty of the formation of the product of thermodynamic  control in- 
c reases .  

In addition, the direction of the react ion depends on the energy of the cation itself, the nature of the 
nucleophile, the t empera ture ,  the react ion time, and the solvent [10]. 

A relat ionship between the direction of action of the attacking anion and its basici ty  is observed in the 
case  of anionoid nucleophiles. Thus the stable sl ightly basic anions of acids (CH3COO- , TsO-,  CI-, Br - ,  
and I-), for which pK a < ,~ 8-6, give products of opening of the dioxolanium ring. On the other hand, s t rong 
bases (HO-, RO-,  ArO- ,  CN-, and R-),  for which the pK a values of the conjugate acids > 8-9, add in the 2 
position of the ring. 

Neutral nucleophilic molecules (triethylamine, pyridine,  tetrahydrothiophene,  and thiourea),  in the 
case of which the p r i m a r y  adducts are  cations XV, which are  capable of undergoing ready  dissociation to 
the s tar t ing  components,  as a rule,  fo rm the thermodynamical ly  more  favorable r ing  cleavage products  XVI: 

4- Y ~. / ~ - - I ( ~  y + 
O~,~O O~c//O 

I 

%0 o <o 
y+ 

Y=N%,SR z, s=c~ 

All of the present ly  known types of react ions of 1,3-dioxolanium salts are  examined below in concrete 
examples.  

Nucleophilic Addition Reactions in the 2 Position of the 1,3-Dioxolanium Ring. Dioxolanium salts r e -  
act readi ly  at r o o m  tempera tu re  with sodium alkoxides [9, 22] and with sodium cyanide [9] on prolonged 
s t i r r ing  (48 h) in methylene chloride and acetonitr i le  (1 : 1) to give the corresponding 2-alkoxy- and 2 -cy -  
ano- 1,3-dioxolanes : 

O R N(3CN O O R 

= alkyl, aryl ; R'= alkyl 
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4,5-Benzo- ,  4 ,5-naphtho-  [16], and 4 -v iny l - l , 3 -d ioxo lan ium [15] t e t r a f luo robora te s  r eac t  s i m i l a r l y  
with sodium ethoxide and methoxide.  

The addition of an alkoxy group also  occurs  on t r e a t m e n t  of 4 ,5 - t e t r ame thy l ene - l , 3 -d ioxo l an ium sa l t s  
(XVII) [54] and der iva t ives  of a number  of ca rbohydra tes  [29] with lower  alcohols .  

C 2 HhOH v~'O["~ ~OC2H 5 
p 

XVl, 

Unsubsti tuted (in the 4 and 5 posi t ions)  1,3-dioxolanEum sal ts  undergo cleavage on heating with a lco-  
hols to give f l -a lkoxyethyl  e s t e r s  of carboxyl ic  acids [9, 22] 

O~.. R'OH R'OCH2 CH 20C~ R -,' 

In con t ras t  to alkoxides,  2 ,6-d i - te r t -buty lphenoxide  a t tacks  the 0 -2  a tom with the p a r a  carbon a tom 
of the benzene r ing  [22]. The p r e s ence  in the IR s p e c t r u m  of an OH band at 3400 cm -1 indicates that p ro to -  
t rop ic  opening of the dioxolanium r ing  to give quinomethane XVIII occurs  in this case:  

O- HOCH2CH2? OCOCH3 

0 ~ 0  -f- " -I- 0 0 
-- t OCOCH 3 

ChH3(C C'H3)2 XMIII 

The addition of water is also accompanied by prototr0pic opening of the heteroring in all cases [9, 16, 
22, 29, 38, 39, 51, 54]: 

"~.+~--R H;tO ~ "-O~'i~-'~r-~ R . ~[~OH " 
(NaHCO3 t H*) l" H O_C .,'R 

I! O 
This r eac t ion  is of p r e p a r a t i v e  value,  inasmuch as it is a convenient method for  the convers ion  of 

t r ans  i s o m e r s  to cis i s om er s  [40-43]: 

R COR 
OCOR SbCE~- 

R 

The reac t ion  of 1,3-dioxolanium sal ts  with act ive a r o m a t i c  compounds,  which takes place when the 
components a re  ref luxed in glacia l  ace t ic  acid, is of cons iderable  in te res t  [17, 55, 56]: 

~ ccR" 
�9 0 %  H2 0 ~ H§ 

The 1,3-dtoxolanes fo rm ed  in this ease  a re  r ead i ly  conver ted  to the cor responding  aldehydes and ke-  
tones ,  i .e . ,  a roma t i c  compounds a re  acylated on reac t ion  with 1 ,3 -d toxo lan iumsa l t s .  

Some he te rocye l te  compounds (indole) also r e a c t  s i m i l a r l y  with dioxolanium sal ts  [55]. 

Organomagnes ium compounds add e x t r e m e l y  r ead i ly  to the 2 posi t ion of the dioxolantum cation [16, 

521: 

R �9 RI 

When 2 - ( f l - a ry l )v iny l - l , 3 -d ioxo lan ium pe rch lo ra t e s  a re  ref luxed in ch lo ro fo rm with metal  hydr ides ,  
the hydride ion adds a f te r  5 rain to give cyclic  aceta ls  of subst i tu ted c innamaldehydes ,  the hydro lys i s  of 
which gives f ree  unsa tura ted  aldehydes (in 55-70% yields) [57]: 
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CH=C.H-CHO 

}_ >F~ .J,,, 

>L._- c ,oZ  ~ R 

R =H },p- CH30 ~' 3t/~ - CH202 

The eonvers ion of 4 ,4 ,5 ,5- te t ramethyl - l ,3 -d ioxolan ium te t raf luoroborate  (XIX) to its "dimer"  (XX), 
which proceeds through intermediate carbene XXI on t rea tment  of the salt  with d[isopropylethylamine,  has 
been descr ibed [12]: 

H 3 C~,s (I~O- C3H7) 2 NC2H 5 
-I-' H = 

F' 3 C "J/..'~O" _ O 
H 3 C /  BF'4 

_XLX xx_.j x...Ex 

It has been proposed that this pathway be used to obtain alkenes f rom e i s -g lyco ls ,  but the carbene did 
not decompose spontaneously to CO 2 and tetramethylethylene but reac ted  with the s tar t ing cation. 

O O O_ O 
H ~  CH2NO 2 

xxJ_..j 

When nitromethane was used as a solvent,  a compound to which s t ruc ture  XXII was assigned was isolated. 
It may be formed by react ion of salt  XIX and dimer XX with subsequent attack of aeinitromethane on the r e -  
suiting carbonium ion. 

Reactions in the 4 Posit ion Accompanied by Opening of the Dioxolanium Ring. /3-Haloethyl es te r s  of 
the corresponding carboxylic acids were isolated (in 60-100% yields) on t rea tment  of a solution of the di- 
oxolanium salt in acetonitr i le  with li thium chloride [9], sodium bromide [22, 58], or sodium iodide [9]: 

R RCOOCH2CH2 ~ 

B F4 
R = alkyl, aryl 

The r ea r r angemen t  of acid XXIII, which occurs  in the presence  of thionyl chloride, has been de- 
scr ibed  [29, 59]: 

C o ,  C2H 5 

o" " c o o H  - c o ; - s o 2  
- H C I  - 

XXIII C{ El CH2CH2OCOC2H5 

2-Phenyl-4 ,5- te t ramethylenedioxolane is also converted to a f l -bromo-subs t i tu ted  es ter  under the 
influence of bromine [29]: 

These reactions confirm that the P-haloethyl esters are thermodynamically more stable than the di- 
oxolan[um hal[des. 

Similar opening of the dioxolanium ring also occurs in the ease of sodium acetate and p-toluenesul- 
fonate [29, 54, 60, 61]: 
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0 �9 

v -S" ~ / " o "  "CH, 

~. cH3CO0- I H e 
o r  TsO- ) 

OCOCH 3 [ ~ O C O C H 3  

OCOCH3 ~-.I-" OCOC H 3 
trans- c~s- 

[15]: 
4-Vinyldioxolanium tetrafluoroborate reacts  with sodium acetate to give a mixture of i someric  esters  

CH2=CH ~ ,  O 

~ ' O  

CH3COO- 
CH3COOCH2CH (OCOR)CH=CH 2 4- 
ft.- RCOOCHzCH (OCOCH3)CH=CH 2 

In acetonitri le  at 0 ~ the 2-phenyldioxolanium ion adds trimethylamine to give a quaternary ammonium 
salt [ 9 ] :  

~o~_ (CH3)3 N .,,- CBH s J" C6HsCOOCH2CH2 N (CH3)3 BF' 4 - 
BF4" 

The possibility of alkylation of the nitrogen and sulfur atoms in nucleoph[lic molecules by the ! ,3-di-  
oxolanium cation has been demonstrated [22]. While attempts to alkylate diphenyl sulfide and benzyl mer-  
captan were unsuccessful ,  tetrahydrothiophene, thiourea,  and pyridine react  with opening, of the dioxolanium 
ring to give,  respect ive ly ,  new sulfonium (XXIV), isothiuronium (XXV), and pyridinium (XXVI) salts (in 50- 
80% yields). 

�9 
R COOCH2CH 2 -- 'S~ 

/ S=C( NH2)2 XXIV +./.NH z 
" ~  ~ ~ RCOOCHzCH2--S-- C \ 

_ _  ,~;H 2 CH30 OCH3 XX_ V 

\ 0 RCOOC H2C__H2- 
Y, XVl 

The reaction of 2,3-dibromopropyl benzoate with thiourea proceeds through 1,3-dioxolanium ion 
XXVII, which is opened at C-5 by nucleophilic attack [62]: 

Bf" 
I 

nr.CH2-- C H-- CH 2 

C6H5 

~'I. BrCH2CH-CH2-S-CC NH 
~ I NHz 

OCO18CsHs 
BPCH2C~-I-- C H 2 S=C(N H 2 )2 : O/.,+ ~,~ 

C6Hs 
XXVII ~r CH2CH (OCH2C6Hs } C HZBr 

Reactions of the Alkyl Groups in 1,3-Dioxolanium Salts. The presence of a positive charge on the 
meso carbon atom in 1,3-d[oxolanium salts activates the alkyl group in the 2 position of the heteroring and 
is responsible for the possibility of condensation reactions with various compmmds. 2-Methyl- and 2- 
ethyl-substituted dioxolan[um perchlorates condense very readily with acetals of aromatic and heterocyclic 
aldehydes (in 80-95% yields) [51, 57] (the aldehydes themselves do not undergo this reaction). 

The mechanism of this reaction is evidently analogous to the mechanism of similar types of conden- 
sations in a number of quaternary salts of nitrogen- or oxygen-containing heterocycles.  The factthat elec-  
t ron-donor substituents in the aryl ring of the acetal, which stabilizes intermediate ethoxy carboninm ion 
(XXVIID, increase the yields of reaction products to 90-98%, whereas the reaction does not proceed at all 
with p-nitrobenzaldehyde acetat, is in agreement with the mechanism presented on the next page. 
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)>--CH 3 " CH 2 + HC[O 4 
>L:o c,oZ + 

RCH (OC,2H5) 2 .4- HClO 4 ~ ~ RCHOC2H,sCIO4" -i- C2HsOH 

; ~ = :  + / R  "X--O / R  
CH;, + CH '1 $)X, - -CH#-C H - 

xxwI I  ~OC2Hs CIO4- "~Lz~" ClO~" \OC2Hs --C2HsON 

XXIX 
R = aryl, hetaryl 

, f l -Unsa tura ted  a r o m a t i c  and he te rocyc l i c  acids a re  obtained in quanti tat ive yields by hydro lys i s  
of 2- (1-a lkenyl) -1 ,3-dioxolanium sa l t s :  

x~+D H20 H 4" 
3~-- IC=CH-- R ' - R--CH=C--COOH 

R I --. H ~ CH 3 

Ketals undergo condensations with 1,3-dioxolanium sal ts  with much g r ea t e r  difficulty, and the yields 
of f i - a lky l - subs t i tu t ed  unsatura ted  acids a re  ve ry  low [51, 52]. 

In addition to aceta ls  and keta ls ,  ortho e s t e r s  r eac t  readi ly  with 2 - a lky l - l , 3 -d ioxo l an ium sa l t s  [53]. 
The reac t ion  takes  place  on b r i e f  heating of equimolecular  amounts of the components in excess  acet ic  an-  
hydride,  and 2-f i -e thoxyvinyl  der iva t ives  XXX, the p rope r t i e s  of which are  examined below, a re  isola ted 
in 62-87% yields .  

~+~O~--CH3 -4- CR(C2H5) 3 
~ c,oz 

~--..~.(Ok2_.. C H = C_ O C ,H .,,_... ~ ~J--O 4- -~ \, _ . - -  ~ . . ,  ) = : C H - C - O C ~ H 5  

/'J--O __ R CIO~" /*-'0 R CI04- 
XXX XXXI 

The only case  involving the par t ic ipa t ion  in the r eac t ion  of the 4 -methy l  group of a 1,3-dioxolanium 
sal t  is p r e sen t ed  in [10]: 

[ # : ~ :  C5HsN , ,  CH30 C6H4COOCH:~I=CH 2 
O"~ CH:I 

C6H/OCH 3 - p  

React ions of the Alkenyl Groups of 2 -Alkeny l - l , 3 -d ioxo lan ium Salts.  As we have a l ready  pointed out 
above, 1 ,3-dioxolanium sal ts  r e a c t  except ional ly  read i ly  with water  with opening of the he teror ing .  How- 
eve r ,  the behavior  of the 2-f l -e thoxyvinyl  derEvative in this so r t  of reac t ion  differs  substant ia l ly .  Under 
the influence of aqueous alkali ,  the a t tack of the nucleophile is d i rec ted  to the pos i t ive ly  charged  f i - ca rbon  
a tom of the ethoxyvinyldioxolanium sal t  (mesomer i c  f o r m  XXXI) [53]: 

O § 

2 -0 c,oz ~-o "OH 
XXXI XXXII 

O 
HCIO4 .,,- ~l-~ ~)--- C H=C H- OH 

x x x w  cEO~" 

~ = C H - C H O  

XXXln 

It follows f r o m  the r e su l t s  of quantum-mechanica l  calculat ions of the charges  for 2 - f i -me thoxyv iny l -  
1 ,3-dioxolanium ion [53] that  the r ing  carbon a tom is the most  act ive center  with r e s p e c t  to nucleoph[lic 
at tack.  However ,  the difference in the nucleoph[lic r eac t iv i ty  indexes (for which the e lec t ron  density in the 
boundary  MO should s e rve  as a cha rac te r i s t i c )  between this ca rbon  a tom and the f i - ca rbon  a tom is slight. 
Inasmuch  as the # - c a r b o n  a tom is s t e r i ca l ly  shielded to a l e s s e r  extent,  p r e f e r a b l e  r eac t ion  with t r a n s f e r  
of the reac t ion  center  to p r e c i s e l y  this carbon a tom becomes  poss ib le .  The resu l t ing  addition product  
(XXXII) is s tabi l ized  by  spli t t ing out of a molecule  of alcohol to give ~ , f i -unsa tura ted  aldehyde XXXIII, 
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which on t r e a tme n t  with anhydrous pe rch lo r ic  acid is read i ly  protonated and converted to 2- ( f i -hydroxy-  
vinyl)dioxolanium salt  XXXIV. 

2-( f l -Ethoxy)vinyl- l ,3-diouolanium perch /o ra tes  also r eac t  with amines at the f l -carbon atom of the 
sal ts ,  during which the ethoxy group is exchanged by an amino group to give 2-(f l-amino)vinyldioxolanium 
salts (XXXV) in 80-98% yields [53]. 

~=CH-CR--OC2H 5 ' ~" . ] .~:=CH--CR 
7-o c,oZ ~L--d "OC~H5 

C H-CR=NH--Ar  . ~ 1 . -  CH=CR--NH-Ar  �9 

•  c,o~ c,oZ 
R --H ~CH 3 

Aromat ic  amines ,  amino acids,  sulfanilamides,  and urea  undergo this react ion.  

When 2-(f l-amino)vinyl  der ivat ives  of 1,3-dioxolanium salts a re  t r ea t ed  with alkali, pe rch lo r i c  acid 
is split  out to give the corresponding Schiff bases (XXXVI): 

XXXV 
NQOH ~E O~= CH- -CH=NAr  �9 

o 

In aprot ic  solvents (chloroform, ni t romethane),  2-(f l -e thoxy)vinyl-subst i tuted 1,3-dioxolanium salts 
r eac t  with aliphatic amines (N,N-diethylamine, piperidine,  morpholine,  and guanidine) to give 2-(f l -N,N-di-  
a lkylaminovinyl) - l ,3-dioxolanium perch lora tes  (XXXVII) [52, 53]: 

CH-CH--OC2H 5 +" HN O = C H-C H---- N/--~O 

]-o clo; "---/ J-o ~/cloZ 
KXXVII 

The t ransformat ions  of 1,3-dioxolanium salts  containing a vinyl s ubstituent in the 4 pos ition of the 
he te ro r ing  a re  noteworthy. Thus 4-v iny l - l ,3 -d ioxolan ium te t ra f luorobora te  r eac t s  with acetoni t r i le  to give 
qua te rnary  n i t r i l ium salts  XXXVIII. This same sal t  alkytates benzene,  toluene, and anisole [15] to give the 
4 -a ry l -2 -bu teny l  e s t e r  (XXXIX) of a carboxylic  acid, which is then conver ted to a 1-phenyl te t ra l ineder iva-  
t ive. 

~ CH=CHz 

E Jx 

t- 
RCOOE H2CH----CH CH2--N----C CH 1 BF'4" 

XXXVIII 

RCOOC H~::~H=CH CH2C6H 5 

xxx~x ~ 

Patents [32, 33] have been obtained for the synthesis  of poly(2-vinyl)-  and po ly (2 - i sopropeny l - l ,3 -d i -  
oxolanium) te t ra f luorobora tes :  

R ~C// ,CH2 

o~L.o 
I";"1 BFE 

R = H ~ C H  3 

(CeHsCOO)2 

h ~  

1 ~  

2. 
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