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The d i - t e r t -bu ty l  perox ide- in i t i a ted  (by t he rma l  decomposit ion) l iquid-phase t r ans fo rma t ions  
of 2 -a lkoxy te t r ahydropyrans  to the cor responding  e s t e r s  of n - v a l e r i c  acid and 6- vale rolactone 
were  studied by kinetic methods .  The i r  ra t io  is de te rmined  by the s t ruc tu re  of the alkoxy group. 
The reac t ion  p roceeds  via a m e c h a n i s m  involving an unbranched chain reac t ion  with quadrat ic  
b reak ing  of the chains in the r e a r r a n g e d  radica ls .  

It  has p rev ious ly  been shown that homolyt ic  r e a r r a n g e m e n t  to i s o m e r i c  e s t e r s  is a genera l  reac t ion  of 
2 -monosubs t i tu ted  1 ,3-dioxacyclanes  [1-3]. The pa ra l l e l  fo rmat ion  of the cor responding  e s t e r s  of n -va l e r i c  
acid and 6 -va le ro lac tone  was noted in the case  of mixed l i nea r - cyc l i c  ace ta l s  - 2 -a lkoxy te t rahydropyrans  
[4, 5]. 

In the p r e s e n t  r e s e a r c h  the d i - t e r t - bu t y I  pe rox ide- in i t i a ted  l iquid-phase  t r ans fo rma t ions  of 2 -a lkoxy te t ra -  
hydropyrans  (Ia-d) were  studied by kinetic methods in o r d e r  to de te rmine  the effect  of the s t ruc tu re  of the 
alkoxy group on the d i rec t ion and ra te  of the react ion.  In the case  of cycl ic  ace ta ls  the te r t -bu toxyl  radica ls  
f o rmed  in the t h e r m a l  decomposi t ion of d i - t e r t -bu ty l  peroxide  a r e  consumed p rac t i ca l ly  comple te ly ,  as p r e -  
viously demons t r a t ed  [3], in the b imo lecu la r  detachment  of hydrogen,  and the exper imenta l ly  de te rmined  ini- 
t ial  r a te  of accumulat ion of t e r t -bu ty l  alcohol (Walc) de te rmines  the ra te  of decomposi t ion of the in i t ia tor  
(Wo): 

1 W 
Wo =-~- ale 

Methyl va l e r a t e  (IIa) is p r e s e n t  in the products  of convers ion  of Ia ,  but 6 -va le ro lae tone  (l id,  the only 
final product  in the case  of subs t r a t e  Id, which contains a t e r t -bu toxy  group,  is  absent .  It  was also es tabl i shed 
that  both types of substances  - lactone III and n -va l e r i c  acid e s t e r s  (IIb,c) - a re  fo rmed  f rom Ib and Ie,  
r e spec t ive ly .  

The line of the dependence of the init ial  r a te  of accumulat ion of e s t e r s  (WE), on the  concentrat ion of the 
2 -a lkoxypyrans  (Ia-c) ,  which p a s s e s  through the or igin (Fig. 1), and the analogous dependence of WE on the 
square  root  of W 0 (Fig. 2) unambiguously indicate the radica l  chain mechan i sm of the i somer i za t ion ,  which is 
s i m i l a r  to the m e c h a n i s m  prev ious ly  p roposed  for  1 ,3-dioxacyclanes  [2,6]. 

In genera l  f o rm ,  with al lowance for  the new reac t ion  pathway leading to the lactone,  the p r o c e s s  can be 
desc r ibed  by the following scheme:  

B u t O "  + 

sJooBu § k--L-- 2 BJo" (0) 

k I �9 

I (AM) (~,) 
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Fig. 1. Dependence of the initial ra te  of format ion of e s t e r s  IIa-c (W E) 
on the subst ra te  concentrat ion in isooctane at 130"C; [ ter t-BuOOBu-tert]  
= 0.8 m o l e / l i t e r .  

Fig. 2, Dependence of the initial ra te  of format ion of e s t e r s  I Ia-c  (W E) 
on the square root  of the ini t ia tor  concentrat ion at 130~ 
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Fig. 3. Dependence of the rate of accumulation of 8-valerolactone 
(Will) on the substra te  concentrat ion at 130~ [tert-BuOOBu-tert]  = 
0.3 mole/l i ter .  

Fig. 4. Dependence of the  rat io  of the ra te  of accumulation of 8- 
valerolactone (WIII) to v~00 on ~ at 130~ 

a ~H2CH2CH2CH2COOR (~) 

- o+~ 
II[ 

k 3 (~,)~ + AH ~ (RH)CH~CH2CH2CH2COO~: + .;, 
[I 

~l})~ + ~(~) k4-- molecular products 

I,!! a R=CIt3;b R=n-CaHT; c R= iso -C3H7; d R = tert-c4a 9 

Hence, the initial r a t e s  of format ion of the products  a re  descr ibed  by the following e:~pres sions: 

(2) 

(3) 

(4) 
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WE k2~ k3 [AH]. ]/\'~% 
k~ ~ 

Wm k~b ka__ [AH]. ]/Wo-',- k2b. ~,\"o 
k2 I/k4 k2 

In fact,  the experimental  dependences of the rate of accumulation of the lactone (WII I) on the substrate 
concentrat ion (Fig. 3) and of the W I I I / ~  value on the square root of W 0 (Fig. 4) are  in good agreement  with 
the proposed equations�9 

Thus the lines that express  the dependence WIII = f([AH]) cut out segments on the axis of ordinates that 
are  numer ica l ly  equal to the (k2b/k2) .W 0 values,  and thei r  slopes in these coordinates correspond to the values 

of the express ion k2b ~ ti~-~, ~ (Fig. 3). Wm , -  At the same t ime,  the experimental  dependences ~ = / ( t % 0 )  

are  expressed  by lines whose slopes are  close to the k2b/k2 values,  and the segments cut out the axis of 
ordinates  a re  numer ica l ly  equal to the k j b "  k__~3 values (Fig. 4). 

k2 }'k4 
Only endocyelic cleavage of the C - O  bond in the A radical  is charac te r i s t i c  for  methoxy derivative Ia, 

i .e. ,  k2b << k2a ~ k 2, and III is not formed in appreciable amounts. The opposite ext reme case is real ized for  
2 - te r t -bu toxyte t rahydropyran  Id, in which the predominant  product  is cycl ic  e s t e r  III, i .e. ,  k2a << k2b ~ k 2. 
Compounds Ib and Ic occupy an intermediate  position, since IIa, IIb, and III appear  simultaneously for the 
corresponding A radicals .  Since the stabili t ies of cyclic and l inear  radicals  of the A and E type a re  inde- 
pendent of the s t ruc ture  of substituent R, ".he k2a values in all cases  are  evidently approximately identical,  
and the nature of the alkoxy group determines  the k2b value, which is higher,  the higher the stability of the 
resul t ing radical  R�9 

k2b[ d~ 1':2 b[C~ k2b'[b/~: > k2b ~a 

The magnitude of kinetic p a r a m e t e r  k3/V-k-44 (Table i) charac te r i zes  the react ivi t ies  of alkoxyoxacyelanes 
Ia -d  with respect  to ca rbon-cen te red  radicals  that continue the chain (E or  I~). Radicals of the ]~ type c a r r y  
on the react ion for  Ia and Ib, where k2a >> k2b , and the kinetic pa r ame te r s  of these compounds are  close to one 
another. It is in teres t ing to note that the kJv~k-~4)ia 13~176 value of 1 .8 .10  -3 ( l i t e r s /mole .  sec) 1/2 is in good agree-  

f 130 3 t/2 ment with the analogous value .o r  2 -methy l - l ,3 -d ioxane  [(kj4"]~) = 1.84 - 10- ( l i t e r s /mole .  sec) [6]]~ The 
decrease  in kJ,/~4 on pass ing to Ic and par t icu la r ly  Id is due mainly to the decrease  in the k s value, since 
since secondary and t e r t i a ry  radicals  R, for  which it is known [7] that reactions involving detachment of a 
hydrogen atom are energical ly  less favorable than for p r i m a r y  radica ls ,  continue the chains. In fact, the 

TABLE 1. Dependence of the Initial Rate of Accumulation of the 
Es te r s  (W E) and 5-Valerolactone (WHI) f rom Tet rahydropyrans  I and 
of Initiation (W0) on the Di- ter t -butyl  Peroxide Concentration at 130~ 

Ia 

lb 

Ic 

Id 

Radical R in 
I (moles]liter) 

Methyl (8.26) 129 1,4225 0,958I 

n-PropyI (6.40) 97/8 1,427510.9275 

! 

I 

'~ ~'" lo " " 

0,1 
0,2 
0,3 
0,5 
0,l 
0.2 
013 
0,5 
0,1 
0.2 
0,3 
0.5 
0,1 
0.2 
0,3 
0,5 

0.28 2.4 -- 1 
0,56 3,6 
0.84 4,6 
1:40 5,7 -- 
0,18 1,14 0.24 0,83 
0,36 1,59 0.36 
0.54 1.98 0,45 
0,90 2,57 0,63 
0,18 0.16 0.56 0,28 
0,36 0,24 0.87 
3,54 0.30 1,12 
0.90 0,38 1,58 
3,18 -- 0,32 -- 
0,36 0.54 
0.54 0,75 
0,90 1,10 

k 2  " 

-- 1,85 

0,17 1,57 

0.7' 0,68 

1 0,20 
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Fig. 5. Dependence of log ky/4"~4 
on 1 /T  (in degrees  Kelvin): [tert- 
BuOOBu-tert] = 0.3 m o l e s / l i t e r ,  
Eia = 10.3 kca l /mole ,  Eid = 14.5 
kca l /mole ,  log Aia = 2.8, and log 
Aid = 4.28. 

activation energy of the i somer iza t ion  of Ia in methyl  valera te  (IIa) is lower than for  the format ion of 5- 
valerolactone (III) f rom Id (Fig. 5). However,  it should be borne in mind that the above is valid under con- 
ditions where the k 4 values for  p r i m a r y ,  secondary ,  and t e r t i a ry  ca rbon-cen te red  radicals  of the l~ and 1~ 
type a re  close to one another ,  and for  this r eason  the comparat ive es t imate  of the react iv i t ies  of Ia-d is to 
a cer ta in  extent approximate.  

EXPERIMENTAL 

The starting 2-alkoxytetrahydropyrans (Table i) were obtained by the method in [8]. Their purity was 
verified by gas chromatography; the absence of peroxides was monitored iodometrically, and the absence of 
oxo compounds was monitored from the IR spectra in the region of the characteristic absorption band of the 
carbonyl group. The isooctane used as the solvent was purified by the method in [9]. Freshly distilled di- 
tert-butyl peroxide was used. 

Method Used to Conduct the Experiments. The isomerization kinetics were studied from the initial 
rates of formation of tert-butyl alcohol (Wi), the ester (W E) , and the lactone (WIII) in thermostatted glass 
ampuls in an inert atmosphere at initiator and substrate conversion levels, respectively, of no more than 20% 
and 10%. The qualitative and quantitative analyses of the reaction products were analogous to those described 
in [i, 5]. The intiator working concentrations ranged from 0.i to 0.6 mole/liter, and the substrate concentra- 
tion ranged from 1 to 8 moles/liter. The parameters presented in Table 1 were determined with a mean 
square error. 
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