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cis- and trans-conformers with an equal rotat ion of  the  
rings, as for the  neutral  molecule ,  is re tained for the 
ca t ion  in solu t ion .  The  expe r imen ta l  value (m C = 
38 " 10 -15 emu) is in accord with the angle of  48 ~ 

Thus, the  t ransi t ion of  6 ,6"-biquinolyl  from the neu-  
tral form to its d ipro tona ted  form does not not iceably 
affect the  conformat ion  of  the molecule.  
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The experimental detection of a retro-Prince reaction exemplified 
by a homogeneous acid-catalyzed decomposition of isopentenols 
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The occurrence of the retro-Prince reaction in the transformations of an equilibrium 
mixture of 2-methyl-3-buten-2-ol and 3-methyl-2-buten-l-ol in 24.9--49 % aqueous sulfuric 
acid at 25 ~ has been experimentally proved. 
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Kinet ic  studies of  the t ransformat ion of  2 -methy l -3 -  
bu ten -2 -o l  (1), 3 - m e t h y l - 2 - b u t e n - l - o l  (2), and 3 -me-  
t h y l - 3 - b u t e n - l - o l  (3) 1-3 in acidic media  have shown 
that  several consecut ive  react ions  are involved and 
an equil ibr ium is established under  the condit ions stu- 
d i e d )  

Previously 3 on the basis of  kinetic  and G LC data, a 
scheme was suggested for the t ransformat ions  of  an 
equi l ibr ium mixture  of  alcohols  1 and 2 and isoprene 
(IP) in aqueous solutions of  sulfuric acid (from 24.9 % 
to 49.76 %) at 25 ~ 

The major react ion product  under  these condi t ions is 
3-methylbutane-  1,3-diol (4). 

The react ion rates depend on the concent ra t ion  of 
the catalyst (H2SO4). For  example,  in 25 % H2SO 4 at 
25 ~ the effective rate constants  are 2.8 min -1 for 
isomerizat ion of  1 into 2, 9.5 �9 10 .2  min -1 for dehydra-  
t ion of  the 1 ~ 2 equi l ibr ium mixture into IP, and 
6.3 �9 10 .2 min -~ for hydrat ion of  3 into 4. 

However,  when compound  1 was the start ing mate -  
rial, a mater ia l  unbalance 3 was revealed: C01 = C 1 + C 2 
+ C 3 + C 4 + C w + C x, where Co I is the initial 
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concentration of compound 1, CL..C 4 are the current 
concentrations of the products, and C x is the concentra- 
tion of an unidentified product &10 % based on the 
starting 1). 

In the present work we attempted to identify this 
product. 

Experimental 

The experiments were carried out  in a closed temperature- 
controlled glass vessel with an outlet for withdrawal of samples. 
Compound  1 was the starting material; its concentrat ion did 
not exceed 0.2 M. Aliquots of the reaction mixture (5 mL) 
were cooled and neutralized with a 15 % solution of NaOH to 
pH 7. One half  of  the sample was mixed with chloroform. The 
products from both the aqueous and the organic layer were 
analyzed by GLC on a L K h M / U  inst rument  with a flame 
ionization detector,  and a 2 m x 4  mm stainless-steel column 
with 10 % Carbowax 20 M on 0.2--0.36 m m  Inerton; argon at 
a flow rate of  40 mL min -1 was used as the carrier gas. The 
temperature of  the column was 80 ~ 

The kinetics of  the hydration of isobutylene in aqueous 
solutions of  H2SO 4 was studied by spectrophotometry (de- 
crease in the optical density at 207 nm).  

Results and Discussion 

In the aqueous part of the aliquot of the reaction 
mixture containing alcohol 1, all three of the isomeric 
unsaturated alcohols and diol 4 were found. The organ ic  
phase contained alcohols 1--3, IP, and tert-butyl alco- 
hol (5). The formation of compound 5 under rather mild 
reaction conditions (25 ~ was unexpected. It should 
be noted that analysis of the products has shown that the 
concentration of 5 passed through a maximum as the 
concentration of 1 decreased with time. Analysis of the 
original alcohol 1 showed that it did not contain com- 
pound 5. 

The presence of alcohol 5 in the products of the 
transformation of unsaturated alcohol 1 in aqueous 
H2SO 4 indicates that consecutive steps of the process 
involve the formation of isobutylene. 

We estimated the rate constants of the hydration of 
isobutylene in aqueous sulfuric acid at 25 ~ by spectro- 
photometry.  They are rather great and amount to 
0.8 min - I  in 20 % H2SO 4 and 2.0 min - t  in 30 % 
H2SO 4. Thus, the isobutylene formed during the trans- 
formations of isopentenols in aqueous solutions of H2SO 4 
is quickly hydrated to give compound 5. 

Thus, we suggested that through the action of acid 
catalysts isopentenols are cleaved to afford isobutylene 
and formaldehyde. Using a precise method for the mi- 
croanalysis of formaldehyde, 4 we found N10 -6 M of 
CH20 in the reaction media. Such a low concentration 
of CH20 may be due to its rapid reaction with unsatu- 
rated alcohols to yield hemiformals, as has been shown 
previously. 5 

In the reaction mixture (25 ~ that was stored for a 
long period (4 days), 4,4-dimethyl-5-hydroxymethyl- 

1,3-dioxane (DX) was detected (see Ref. 5). According 
to the data reported in Ref. 6, DX is the product of the 
condensation of alcohol 2 with CH20 under these con- 
ditions. The presence of DX is additional evidence for 
the formation of CH20 in the reaction medium. 

Based on the established fact that isobutylene (or 
compound 5) and CH20 are formed in the transforma- 
tions of the equilibrium mixture of 1 and 2 in aqueous 
H2SO4, we present one of the possible schemes that 
account for the formation of the intermediate and final 
products (Scheme 1). 

Scheme 1 

Me Me Me 
I I 

�9 Me~CH=CH2.  " Me&=CHCH20 H CH2= CCH= CH2 ~_H20 

o . ,  

Me Me Me 
I I I 

,c CH 2 OH , �9 CH2=CCH2CH2OH,,..~_~ MeC-...~.~CH 2 + CH20 Me/CH2 + H 2 ~ 
'1/ OH 

4 3 IL +H20 

Me3COH 

5 

As can be seen from this scheme, unsaturated alco- 
hol 2 is the source of isobutylene and CH20,  i.e., 
decomposition of 2 in acidic media is the retro-Prince 
reaction. 

It is quite probable that isobutylene formed in acidic 
media adds CH20 (the Prince reaction) to yield isomer 
3 of isopentenols. 

It is known 6 that condensation of isobutylene with 
formaldehyde in the presence of H2SO 4 affords all three 
of the alcohols 1--3 and the products of their condensa- 
tion with CH20 along with the major product, 4,4-di- 
methyl- 1,3-dioxane. 

Some researchers 7-9 believe that the interaction of 
isobutylene with CH20 gives alcohol 3 as the main 
product. 

In our opinion, the presence of numerous condensa- 
tion products in the reaction of acyclic olefins 6 and 
cycloolefins 1~ with formaldehyde was due to the fact 
that the reactions were carried out at high concentra- 
tions of CH20 in acidic media, where its polymer 
hydrates of various compositions, 11 which can also par- 
ticipate in the reaction, are formed. 

Under the conditions used in the present work, when 
the initial concentration of alcohol 1 did not exceed 
0.2 M, the concentration of CH20 produced upon 
decomposition of isopentenols should be even lower. 
According to the reported data, ll formaldehyde exists in 
dilute solutions in the H20--H2SO 4 system as methyl- 
ene glycol, and it is quite likely that its protonated form 
is reactive in the condensation with isobutylene yielding 
unsaturated alcohols 3 and 2. 
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reactions in viscous media 
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A leveling of the reactivity was found for intramolecular radical reactions in substituted 
2-oxyphenoxyls in viscous media. A comparison of rate constants in toluene, hexane, 
pentane, and vaseline oil shows that fast reactions are decelerated more rapidly than slow 
reactions. 
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The effect of  molecular  mobil i ty  on chemical  reactiv- 
ity 1 and the leveling of  chemica l  reactivity in compar i -  
son wi th  the  l iqu id  phase  z have been  found  for  
b imolecular  radical  substi tut ion in polymers.  In a quali-  
tative sence, the  leveling manifests  itself in the fact that  
fast react ions are decelera ted  much more  rapidly on 
going to  the  solid phase than  slow reactions. The follow- 
ing empir ica l  re la t ionship is obeyed: 

ks - k y ,  (1) 

where k s and kf are rate constants  of  the reactions in  the 

solid and in the liquid phase,  respectively,  and m = 
0.5+1 (see Ref. 2). In the present work, s imilar  regulari-  
ties for monomolecu la r  reactions are repor ted  for the 
first t ime. 

It was previously shown 3 that  in t ramolecula r  radical 
substi tution in substituted 2-oxyphenoxyIs  is decelera ted 
in viscous media ,  and the t ime of  chemica l  exchange,  
%x = 1/k (k is the monomolecu la r  rate constant) ,  is 
proport ional  to the t ime of  rotat ional  corre la t ion of  the 
radicals, xe. The data available can be semiquani ta t ively 
interpreted in the f ramework of  the mode l  o f  the  indi-  
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