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It is shown that furan 1,3-dioxanes a re  cons iderab ly  m o r e  s table  than analogous s y s t e m s  
with acycl ic  s t r u c t u r e s  in hydro lys i s  reac t ions .  The p r o c e s s  is desc r ibed  by a f i r s t - o r d e r  
kinetic equation and is a r e v e r s i b l e  monomolecu la r  reac t ion .  A co r r e l a t i on  was observed  
between the r a t e  constants  for  the hydro lys i s  of a ' - s u b s t i t u t e d  furan ace ta ls  and the magn i -  
tude of the so lva tochromic  effect  and the Brown or+ constants .  

In recen t  y e a r s  in te res t  has  grown in cyclic s y s t e m s  of the 1,3-dioxane type [1]. However,  the s ta te  
of invest igat ions of such compounds of the furan  s e r i e s  is not re f lec ted  in the well-known monographs  [2, 3], 
and the l i t e r a tu r e  does not contain da ta  on the hydro lys i s  of these  compounds.  

This  study se t  out to explain the dependence between the r a t e  of hydro lys i s  of furan  ace ta ls  and the i r  
s t r uc tu r e s .  The subjects  of the invest igat ions were  the cyclic  aceta l  of 2 - f u r y l - 5 - e t h y l - 5 - h y d r e x y m e t h y l -  
1 ,3-dioxane (I, X = H), its de r iva t ives  with va r ious  subst i tuents  in the 5-pos i t ion  of the furan  ring, and a 
model  acycl ic  c o m p o u n d -  fur fury l idenedihexylace ta l  (iI). 
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The proposed  m e c h a n i s m  for the hydro lys i s  of furan  1,3-dioxanes (I) can be p resen ted  as fellows in the 
light of the theory  of acid ca ta lys i s  [3, 4] : 
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In the hydro lys i s  of II, the de te rmin ing  s tep is apparent ly  the fo rmat ion  of in te rmedia te  carbonium ion 
HI, which is in a g r e e m e n t  with the da ta  in [4]. In con t ras t  to this,  the s lowes t  s tep in the hydro lys i s  of I is 
c leavage of the dioxane r ing to f o r m  carbonium ion IV. 

In the l i t e r a t u r e  the hydro lys i s  reac t ions  of such s y s t e m s  are  t r ea t ed  as r e v e r s i b l e  and i r r e v e r s i b l e  
[51. 

An invest igat ion of the kinetic cu rves  (Fig. 1, Curves  1, 2, and 3) makes  it poss ib le  to es tabl i sh  that 
the hydro lys i s  of I p roceeds  r eve r s ib ly .  Under s im i l a r  conditions, product  II was c leaved a lmos t  comple te ly  
and instantaneously.  The kinet ics  of the hydrolyt ic  c leavage  of I I  (Curves 4 and 5) could be observed  only 
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Fig. i. Kinetic curves for the 
cleavage of 2-furyl-5-ethyl-5- 
hydr oxymethyl-1,3-dioxane (1- 
3) in 0.5 NH2SO4: 1) at 40deg; 
2) at 50 deg; 3) at 60 deg; and of 
furfurylidenedihexyl ac etal (4,5) 
in 0.01 N H~SO4: 4) at 40 deg; 
and 5) at 23 deg. 

with a decrease  in the reaction t empera tu re  and catalyst  concentra-  
tion (to 0.01 N). A confirmation of the revers ib i l i ty  of the hydrol -  
ysis  is also found in a study of the kinetics of format ion of furan 
1,3-dioxanes f rom furfural derivat ives and alcohols [6]. 

The kinetic data obtained were  analyzed mathemat ical ly  using 
the following equations: 

For  a revers ib le  f i r s t - o r d e r  reaction, 

(I) 
- c - '  -k~(cf-Q),  v-k,(ac Cac) 

kl = keq.  k2, (2) 
k~ 2,3 ]g 

= ~ -  k~ 4 ~c--%~ (~r (3) 

For  a revers ib le  second-order  reaction,  

v=kq(Cae-C'ac)C~ o-[~'2(cf -c~ ) (Cal-C'al), 
k',=k �9 k'2 

" e q  ' 

k'2= 2 , 3  lg~C ~ 4"~fiq- C'ac(C~eq? 1) 
2CaC~]/ke-q CaeYke~C'ac(Vkac +1) 

( 4 )  

(5) 

( 6 )  

where  k 1 and k' l are  the rate constants of the forward reaction; k 2 and kV2 are the rate  constants of the r e -  
ve rse  react ion;  cac is the start ing acetal concentration in moles per  l i ter ;  c ' ac  is the amount of acetal con- 
ve t ted  in t ime T in moles  per  l i te r ;  keq is the equilibrium constant calculated f rom Eq. (7); and cf, Cal, and 
c e are the equilibrium concentrat ions of furfural ,  alcohol, and acetal in moles per  l i ter .  

a c  

cf �9 Cal (7) 
~er Cac e " 

In deriving the equations we assumed that the initial concentration of the hydrolysis  products  was zero. 

It is apparent f r o m  the data  in Table 1 that the ra te  constant for the revers ib le  f i r s t - o rde r  reaction 
is constant, so that all of the subsequent calculations were accomplished f rom Eq. (2). 

Rate constants of 0.055, 0.200, and 0,700 rain -1, respectively,  were obtained by studying the hydrolysis  
of I ~X = H) at various t empera tures  (313, 323, and 333 deg K). The experimental  activation energy, calcu-  
lated f rom the Arrhenius equation, is 25,000 ca l /mole .  

The react ivi ty  of o~'-substituted furan 1,3-dioxanes in hydrolys is  react ions  was compared with the 
solvatochromic shifts in their  UV spectra .  For  this, we investigated the kinetics of the hydrolys is  of I (X=H, 
CH3, Br,  C1, NO2) and also obtained the UV spec t ra  of these compounds in water  and hexane. 

The corre la t ion  between the rate  constant and the solvatochromic effect  makes it possible to calculate 
the rate constants for substituted acetals  I f rom the equation log k = 0.05 - 1.3 - 10-4An 1,2 (r = 0.98). 

The magnitude of the hydrolys is  ra te  constant depends substantially on the nature of the substituent 
(Table2) and increases  in the order  CH 3 > H > C1 > B r  > I > NO 2. 

The rate constants  are also very  cor re la ted  with 

TABLE 1. Kinetics of Hydrolysis  of 2 - F u r y l -  
5- ethyl- 5-hydroxymethyl-  1,3-dioxane* 

~, rain Cac , m o l e / l i t e r  I~, rain -I kL', 
l i ter  �9 mole  - i ,  rain -I 

1 
2 
3 
4 
,5 
'7 

10 

0,010 
0,020 
0,02:5 
0,030 
0,034 
0,038 
0,046 

0,0537 
0,0539 
0,0535 
0,0540 
0,0535 
0,0535 
0,0537 

0,110 
0,160 
0,140 
0,125 
0,110 
0,100 
0,100 

'* 0.5 N H2SO4, 40 deg, acetal :water  = 1.25, 
can = 0.26 mole / l i te r ,  keq = 0.25 mole / l i t e r .  

the Brown (r + constants [8] (Fig. 2): log k = -1.26 - 
2.4<r + (r = 0.96). The dependence obtained and the sign 
and magnitude of the reac t ion  constant conf i rm the p ro -  
posed react ion mechanism.  

EXPERIMENTAL 

The 2- ( a - fu ry l ) -5 -a lky l -5 -hydr  c~ymethyl - l ,3 -  
dioxanes and furfurylidenedihexylacetal  were obtained 
via  the method in [9]. The crysta l l ine  products  were  
additionally purified by rec rys ta l l i za t ion  f rom b e n z e n e -  
heptane, while the liquid products  were purified by 
vacuum distillation. Dioxane was freed f rom peroxide, 
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TAB LE 2. 
Substituted Furan  1,3-Dioxanes (1). 

N o .  

Rate Constants  and Solvatochromie Shifts for  oz'- 

Substituent X 
in I 

CH~ 
H 
CI 
Br 
I 
NOz 

k, min-I (40~ 

0,300 
0,055 
0,038'~ 
0,027 
0,010 
0,00003 

~max' n m  

water hexane 

,919,0 217,4 
217,1 215,2 
223,0 221,0 
222,0 220,0 
2~8,0 225,6 
306,0 300,0 

AVI, 2 . l0  -4, C l T I - ~  * 

3,4174 
3,9500 
4,0210 
4,0950 
4,5122 
6,5333 

X water  X hexane 
~AI) 1,2 max  max  

lqx dr ied,  and subjected to f rac t ional  dist i l lat ion.  The pur i ty  
0.0 of the solvent  and the absence in i t  of ace ta ls  were  moni -  

~ , . ~ 2  tored  f r o m  the UV spec t ra .  

2.o ~ Method of the Kinetic Measuremen t s .  The acetal  
(0.0125 mole),  d issolved in 50 ml  of dioxane, was placed 

a.o in a t he rmos ta t ed  th ree -necked  f lask  equipped with a r e -  
do flux condenser ,  s t i r r e r ,  and t h e r m o m e t e r ;  aqueous sulfur ic  

acid solution se rved  as the ca ta lys t  fo r  the hydro lys i s .  
5% 02 0 0.2 0~ o6 o8 to ,2 ~ The s t a r t  of the reac t ion  was taken as the momen t  of in t ro -  

Fig. 2. Corre la t ion  of the hydro lys i s  duction of the ca ta lys t  into the solution. The light abso rp -  
r a t e s  of 2 - ( ~ - f u r y l ) - 5 - a l k y l - 5 - h y d r o x y -  tion of the s ta r t ing  aceta l  (216-306 nm) d e c r e a s e d  reglxlarly 
m e t h y l - l , 3 - d i o x a n e s  with the or+ sub-  during the reac t ion ,  and absorpt ion appeared  at 270-320 nm, 
st i tuent constants .  (The number ing  of which is c h a r a c t e r i s t i c  for  the final product ;  this made it 
the points  co r r e sponds  to that in Table  2.) poss ib le  to m e a s u r e  the concentra t ions  of both the acetal  

and furfura l  by a spec t ropho tomet r i c  method [7]. 

Compounds I we re  hydro lyzed  under  the following conditions: the a ce ta l :water  r a t io  was 1.25, the 
concentra t ion of the s ta r t ing  aqueous H2SO 4 was 0.5 N, and the t e m p e r a t u r e  was 40 deg. Compounds II were  
hydrolyzed under s i m i l a r  eonditions and at H2S 04 concentra t ions  of 0.1 and 0.01 N and at 23 deg. In the 
l a t t e r  case  the hydro lys i s  r a t e  constant  of II is 0.820 rain -1. 

I. 

2o 

3. 

4. 

5. 

6o 

7. 

8~ 
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