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Kinetics of the reaction between dimethyldioxirane and 2-methylbutane 
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The kinetics of the reaction between dimethytdioxirane and 2-methylbutane in ace tone  
solutions were studied spectrophotometrically at 25 ~ The radical-chain induced decom-  
position of dioxirane proceeding with the participation of the carbon-centered radicals 
follows the first-order kinetic law. The reaction is inhibited by dioxygert. In the presence of 
02, the dimethyldioxirane consumption is due to the homolysis of the O--O bond (at a rate 
constant  of  6.3- l0 -4 s "-I) followed by attack of  the C--H bond of 2-methylbutane by  the 
biradical formed. The rate constant of the reac,,ion between the alkyl radical and 
dimethyldioxirane was estimated. 
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The  ox ida t ion  r eac t i ons  u n d e r  the  ac t ion of  di-  
oxi ranes ,  t h r e e - m e m b e r e d  cyclic peroxides ,  are fast and  
select ive  and  p r o c e e d  u n d e r  mi ld  cond i t ions .  I -3  

In a n u m b e r  o f  works ,  4 -8  it has  been  cortcluded tha t  
the  in te rac t ion  b e t w e e n  d ioxi ranes  and  organic c o m -  
p o u n d s  p roceeds  via a m o l e c u l a r  m e c h a n i s m .  However ,  
c o n v i n c i n g  proofs  of  pa r t i c ipa t ion  of  free radicals in 
these  reac t ions  have  b e e n  ob ta ined  recent ly .  9-15 Thus ,  
the  reac t ion  rate  dec rea se s  subs tan t ia l ly  in the  p resence  
of  O? and  typ ica l  inh ib i to rs .  T h e  fo rma t ion  of  some  
p roduc t s  (for  i n s t a n c e ,  ace ta tes  M e C O O R ,  where  R H  is 
an  oxidized s u b s t a n c e )  c an  be exp la ined  on  the  basis o f  
the  concep t  o f  p a r t i c i p a t i o n  of  free radicals. Previ-  
ously,  15 we have  s h o w n  t h a t  the  k ine t i c  regulari t ies,  the  
reac t ion  products ,  c h e m i l u m i n e s c e n c e ,  and  t h e r m o c h e m -  
istr3' o f  the  r eac t i on  o f  d i m e t h y l d i o x i r a n e  ( D M D O )  wi th  
c u m e n e  are in l ine  wi th  a radical  m e c h a n i s m ,  in which  
the  cha in  d e c o m p o s i t i o n  of  d iox i rane  induced  by the  
c a r b o n - c e n t e r e d  rad ica l s  is a key stage. In c o n t i n u a t i o n  
of  these  inves t iga t ions ,  the  k ine t ic  regulari t ies  of  the  
r eac t ion  of  D M D O  wi th  2 - m e t h y l b u t a n e  were s tudied in 
this  work. 

Experimenta l  

Dimethyldioxirane was synthesized, identified, and ana- 
lyzed according to the procedure published previously. 3 
2-Methylbutane was purified by successive treatment with 
cone. H2SO ~, 5% solution of  NaHCO 3, and water, then dried 
with MgSO 4 at - 1 0  ~ and distilled, b.p. 28 ~ The receiving 
flask was cooled with snow. The purified 2-methylbutane was 
stored in sealed ampules at low temperature. 

Tile concentrat ions of DMDO and 2-methylbutane were 
varied from 1.3 to 7 .1 -10  -2 mol L -I  and from 0.52 to 
4.6 tool L -I, respectively. Tile kinetics of  reactions were stud- 
ied spectrophotometrieally by monitoring the DMDO con- 
sumption on a Specord M-40 instrument at ~. = 335 nm (c = 

i0 L tool - |  cm-i) .  A quartz cell (l = 1 cm) containing 0.7 to 
1.4 mL of solution of dioxirane in ace tone  was placed in the 
chamber of the spectrophotometer and thermostated at 25 ~ 
Then, the necessary, amount of 2-rnethylbutane (RH) was 
added. The cell was tightly closed, and the consumption of 
DMDO was monitored. 

Results  and D i s c u s s i o n  

T h e  kinetics o f  the  reac t ion  o f  2 - m e t h y l b u t a n e  wi th  
d ime thy ld iox i r ane  were  s tudied at  [RH]0  >> [ D M D O ]  0 
( [RH]0 and  [ D M D O I 0  are the i n i t i a l  c o n c e n t r a t i o n s  o f  
the reagents) .  The  kinet ic  curves  o f  the  D M D O  c o n -  
s u m p t i o n  (Fig. 1) have an S - s h a p e .  Two l i nea r  po r t i ons  
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Fig. 1. Kinetic curves of DMDO consumpt ion  and their 
semilogarithmic anamorphoses (with ace tone  as the solvent, at 
25 ~ [RH] = 0.52 (1), 2.0 (2), and 4.6 tool L - t  (3). 
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Table 1. Kinetic data for the reaction between DMDO and 
2-methylbutane (with acetone as the solvent, at 25 ~ 

[RH] o [DMDO}o keff. 10 4 [DMDO]~" 102 kehai n" 10 2 
mol L -1 /S -t  /mol L -! /s -I /s 

- -  4.00 0.23 -- -- -- 
0,52 4 . 0 5  1.2+_0.5 3 ,85  0,48+0.02 493 
1,00 4.00 2.1+_0.1 3 , 6 0  0.68+0.03 413 
2.00 3 .70  3,2_+1.l 3,30 1.14-_0.1 336 
3,00 3 .75  3.4+_1.5 3.50 1.7+_0.2 185 
4.60 3 .50  4,4+1.7 3.30 2.4+0.3 132 
t.00 1.90 2.3+-0.2 1 .30 0.51+_0.04 1880 
1.00 7.10 2.3" 6.50 1.3+O.t 275 

/Vote. [DMDOI, is the DMDO concentration at the end of the 
induction period, ~. 
* Estimated from the initiai rate of the reaction during the 
induction period�9 

are observed on the anamorphosis of the kinetic curve in 
the first-order coordinates. The rate of the D M D O  
consumption in the second portion is substantially higher 
than that in the first portion. The duration of the first 
portion (the induction period, z) decreases as the con- 
centrations of  the reagents increase (see Fig. I, Table 1). 
However, the decrease in the concentration of D M D O  
during the induction period is nearly the same and is 
equal to (4•  [0 -3 mot L -I  irrespective of the initial 
experimental conditions. This value is comparable with 
the concentration of dioxygen dissolved in acetone. The 
initial concentrations of the reagents and the effective 
rate constants for the D M D O  consumption in both the 
slow and the fast (corresponding to the progressing 
process) portions of  the kinetic curve (kef r and kchain, 
respectively) are given in Table 1. 

The observed kinetic regularities are well explained 
in the framework of the radical-chain mechanism we 
proposed previously. 15 The homolysis of the peroxide 
bond in D M D O  followed by the attack of the radical 
intermediate on the C - - H  bond of  the substrate results 
in the formation of alkyl radicals. The latter cause a 
chain-induced decomposit ion of DMDO,  thus sharply 
accelerating the process. However, the alkyl radicals 
transform into peroxide radicals in an oxygen atmo- 
sphere; the rate constant of  this transformation is equal 
to the diffusion rate constant. 16 The peroxide radicals 
are inactive in the reaction with D M D O  and recombine 
to terminate the chain. This is evidenced by the fact that 
the amonnt of  dioxirane consumed during the induction 
period is independent of  the concentrations of the re- 
agents. An increase in the D M D O  and RH concentra- 
tions results in an increase in the rate of generation of 
the alkyl radicals and a more efficient chemical binding 
of oxygen, thus decreasing the induction period. 

The obtained experimental data can be described by 
the sequence of  reactions given below. 

Initiation. In the absence of  RH, the rate constant of 
decomposition of  D M D O  (keff) is equal to 2.3 �9 l0 -5 s -I 

and it increases 5 to 20 times as RH is added (see 
Table 1). This fact makes it possible to neglect the 
decomposition of the biradical and its consumption in 
the reaction with the solvent in the presence of RH. 
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Applying the quasi-s teady-state  principle with re- 
spect to the biradical in termediate ,  we get for the reac- 
t ion in the dioxygen atmosphere 

d[DMDOI_ k_~-k2[RH] 
dt k_t * kz[RH] 

[DMDO] . (12) 

This expression is identical to that describing the 
expe r imen ta l  d e p e n d e n c e  of  the  react ion rate on 
[DMDO] .  It follows from Eq. (12) that the kr mea-  
sured in the exper iments  is equal to 

= k-Is k~[RH] 

Equation (13) explains the dependence  of the effec- 
tive rate constant  on the concen t ra t ion  of the oxidation 
substrate (see Table 1), while its anamorphosis  (Fig. 2) 
makes it possible to determine the rate constant  of the 
homolysis of the O - - O  bond of dioxirane: 

I/k+l = (1_58+0.63) - 103 s, and k+! = 6.3- 10 .4 s -I .  

In the absence of  oxygen, the reaction rate can be 
de termined from the following equat ion 

_d{DMDO] _ keff[DMDO] + ks[R][DMDO] + 
dt 

+ kg[Me][DMDO ]. (t4) 

Here ken.has the same meaning  as above. In Ref. 15, we 
have performed a detailed analysis o f  the kinetic scheme 
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Fig. 2. Dependence of the effective rate constant of DMDO 
consumption (/q.if) on concentration of 2-methylbutane (1) 
and its anamorphosis (2). 

of  the cha in - induced  decompos i t ion  of D M D O  in the 
quasi-s teady-state  approximat ion and found that  the 
rate of  consumpt ion  of dioxirane is described by the 
following expression 

d[DMDO] _ 
(1 + e/cOkcff[DMDO] + 

dt 

+ (ak6kgktl-I)[DMDO] ?, (15) 

where e = k2a/(k ~ + k2b ) iS the probabi l i ty  of escape of 
the radicals from a solvent cage; ~x is the probabil i ty of 
fo rmat ion  of  the Me" radical  from the a - a l k o x y l  
Me2(RO)CO" radical (R is tert-pentyt) .  In our  op in ion ,  
the observed first order with respect  to the  concen t ra t ion  
of  dioxirane does not  contradict  Eq. (15); at the same 
t ime, it indicates that the value of  the parameter  a is 
small. The reason is likely that i somer iza t ion  

X; .  H" ~ - -  X;~ Me2(~HMe 
(7d) 

occurs s imul taneously  with react ions  (7a), (7b), and 
(7c). 

Similar  isomerizat ion react ions of alkoxyl radicals 
resulting in a decrease in the probabi l i ty  of [3-decom- 
posit ion have been described p rev ious ly )  7 The alky[ 
radical formed is most likely ana logous  to the ter t-pentyl  
radical in its properties. Since the probabil i ty value (a) 
is small,  the contr ibut ion of the c o n s u m p t i o n  of  D M D O  
in the second-order  reaction decreases while the contr i -  
bu t ion  of  the consumpt ion  of D M D O  in the first-order 
reaction (the first term of the sum in Eq. (15)) increases 
s imul taneously ,  which offers tile advantage of  a first- 
order reaction with respect to the  concen t ra t ion  of 
D M D O  over the analogous second-o rde r  reaction.  In 
accordance with the above concep t ,  the effective rate 
cons tan t  in the second port ion o f  the kinet ic  cup 'e ,  
kclaain , increases as the initial c o n c e n t r a t i o n  of  dioxirane 
increases (see Table 1). 

A l inear  dependence  of k:h~i n on the concen t ra t ion  
of  2 -methy lbu tane  was established exper imenta l ly  (see 
TaMe 1): 

kehai n = (2.1_+0.4)" 10 -3 + (4.8+0.2) �9 10-3[RH], r = 0.997. 

Since the consumpt ion  of  D M D O  in the f irst-order 
reaction prevails over that in the s e c o n d - o r d e r  react ion,  
kchai n ~ ( l  + e / ~ ) ' k e ~  ~ e'kr The RH concen t ra -  
t ion affects ken- (see Eq. (13)) and  rx: 

s -- k7a ~ ~7b ~,~a 
k 7 k7 ks~ +ksb[RH} 

where k 7 = kTa + k7b + k7c" [RH] + k7d. ,M1 increase in 
the 1/a  funct ion most likely compensa te s  a decrease in 
the rise of  keff as the RH c o n c e n t r a t i o n  increases (see 
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Fig. 2), thus dictating a linear relationship between 

kchai n and [RH]. 
Using the experimental data one can calculate ap- 

proximately the rate constant of  the induced decompo- 
sition of D M D O  (kind). This constant was estimated 
under the following assumptions: the reactivities of 
DMDO in the desired reaction and in the stages of 
chain propagation ((6) and (9), respectively) are close 
(i.e., kin d ,,~ k 6 ~ k g ) ,  while the concentrations of the 
carbon-centered radicals are approximately equal ([R] 
[Me]; the concentrations of the radicals can be calcu- 
lated from the condition of  equality of the rates of 
initiation (wi) and termination (wt): [R] = (wjlq)i/2; and 
the rate constant for the recombination of alkyl radicals 
is close to the di f fus ion-control led  value: Is k t 
5" 10 9 tool L -I  s -I, tn this case we get for the rate of 
the chain process (wchain): 

Wcl,ain = kchain[DMDO] = klnd[Rl[DMDO], 

from which it follows, taking into account that w i = 
2eke~ DM DO], that 

kin d = kchai  n �9 k t t t 2 / ( 2 e  �9 k e f r { D M D O ] )  t /2 .  ( 1 6 )  

The results of calculations of  the kim (mot L - l  s - I )  
values for different values of  the probability of escape of  
the radicals from the solvent cage (e) are given below: 

e 0.t 0.2 0.5 0.8 0.9 

~n~'10 -5 5.8+2.3 4.1+l.6 2.6+l.0 2.0+0.8 i.9+0.8 

The estimates of the kin d value are in reasonably 
good agreement with the value obtained in Ref. 15 (kin d 
~105 mol L -~ s-l) .  According to the data reported pre- 
viously, 13 the rate constant of  the reaction of  methyl 
radical with DM DO at 20 ~ is approximately equal to 
l0 6 mol L -~ s -I.  
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