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A PRELIhIIXARY REPORT 81 THE 8ECHANISM OF THE DECOMPOSITION OF D I A C E m  

PEROXIDE IN ACETIC ACID* 

BY 

A J ,  Fry, 3 ,&I, Tolbert  and Melvin Calvin 

ABSTRACT 

December 29, 1949 

The decomposition o f  d i ace ty l  peroxide i n  ace t i c  a c id -24  14 

$as been studied, The a c t i v i t y  of t he  products i n  genera1 

canffrmed %he mechanism of the  react ion a s  proposed byKharasch 

and Gladstone, 

The presence and d i s t r i bu t i on  of a c t i v i t y  i n  the  methyl a ce t a t e  

produced in t h i s  reac t ion  i s  not  explained by the  previously 

proposed mechanism, 

There mas no appreciable exchange of a ce t i c  acid and d i ac s ty l  

perxc5.de under the condit ions of the react ion,  

EssentSally no exchange of methyl m e t a t e  and a c e t i c  ac id  was 

observed when those reagents mere heated a t  100' f o r  f i ve  hours. 

To be presented a t  Brookkaven conference on nTracers i n  Organic 

Reaction blechanismsn, January 19-20, 1950, 

* The work described i n  t h i s  paper was sponsored by t he  Atomic Energy 
Commission, 
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A o J o  Fqy9 BoMo T ~ P b e r t  and Melvin Calvin 

Radiation Laboratory and Department of Chemistry 
University of California, Berkeley * 

The deccmpositfon of dfacetyl  peroxide i n  z l i pha t i c  acids 

has been rgported (1) t o  r e s u l t  in the formation of suceinic acid o r  

i t s  subst i tu t ion derfvetives, methane, carbon dioxide and some methyl 

acetat?,  The mechanisa proposed f o r  thPs reaction was the following= 

CA -3 CH COOH ->cH~ + .CH COOH 
3" 3 2 

2 CI COO CH3COOCH + C02 
3 3 

(CB 3 5 0 0 ) ~  9 C H ~ C ~ O ~ G H ~ C O O C H ~  2 + CO 2 + CH 3 COO. 

* l o  be p r e s e n t e d t ,   rookh haven Conference on "Tracers i n  Organic 
Reactfon Mechanisns"', Januzry 19-23, 1350, 

H The mar% described in t h i s  paper was sponsored by the Atomic Energy 
Csmmlssfon, 

(1) Khamseh a d  Gladstone, J, Am, Chem, Soc, 65, 15 (1943) 



ALL examination of  the proposed mechanfsm reveals t h a t  it could 

;~ l abe : e l  iLsoaty2 peroxide and a c e t i c  acid-24IL were used, t h e  above 

D9;.3e",?l Fnrsxile-Acet,'ic Act6  Exchange SPJ?~?L=; IE ~ r d e r  t o  check the 
-.--a1 --.... -I--_&-- - -------, ---a "=- 

p e r o x ~ ~ r ,  3" -A ms done 5;y cifssoEcing so9Si3 unlabeled diace ty l  peroxids 

hoa;ik" 85 aeea :enperatme and later f s r  one week a t  room temperature 

8 
fo ' l i j ned  37 s n x  $OUTS a t  53 C ,  The perox5de t l t e r  of t he  so la t ion  re- 

asi:ieil ;on:; tan5 thrcughout this experiment, 

A2kr  standing, the so lu t ion  was dissolved i n  water and ex- 

t r a ~  ted fmr times with equal volumes of carbon te t rachlorf  de, The 

f i r s t  earbcsl te t rachlor ide  ex t ree t  mas back extracted two add i t iona l  

tfmss wid? equal co2mes of water,  The f i n a l  aqueous and carbon t e t r a -  

chPorfCe soiu t lons  contained pxre acet ic  a c i d  and d i a c e t y l  peroxide, 

P m l x h v r y  w.irr9e had shown t h a t  the above procedure was 

s x f f f x s n r  zr separsta the two compounds from evch other  q u a n t i t a t i v e l y a  



The diace%y-l pemx5.de fn ths z a ~ b o n  te trachloride solut5on iyas ?educed 

t o  acet ie  acid ~ 9 t h  Sodfde iorm i n  s d f u r f c  acid solution,  This ace t ic  

a c i d  was pariffed by s t e m  d i s t i l l a t i o n  and the two samples of ace t ic  

acid vere counted as sodPm acetate, The counting resu l t s  given in 

Table Z show that within the experimental e r ror  of counting, none of 

%lie ac-si-~ltg h the acet ic  acid was found i n  the dPacety1 peroxide, 

T5e 2~.:t tha?  the recovered acetic acfd had a lower specff5.c ~ c t i v i t y  

t h a ~  ,he urlgiaaL acetic acfd is probably due to some non-reversible 

hydr~ly;/"fi2.3 3f the diacetyl peroxfde during the separat5on procedure, 

TABU I 

Diacetyl Peroxide-Acetic Acid Exchange Studies 

overed 
Diacetyl Peroxid 

c o f  - Diacetyl peroxide 

dissc2.ved i n  acetic s c i d - 2 - ~ ' ~  was decomposed by adding it dropwise to 



ace-cle acid mfn ta iaed  a t  35-95" C according to t he  proeedwa of Kharasch 

and G>adt.on~ (21, The reaction vesse l  was swepz with a slow stream of 

~ r f t r c g e ~  vhI& passedD i n  turn, thpough a water condenser, a s p i r a l  t r ap  

s ~ c t i a d  by a d r y  ice-%sopropy1 aleohoi bath, a s p i r a l  bubbler f f l l e d  w i t h  

2 5 earbacar;e-free sedfm hydroxide, a Dr i e r f t e  tubs, a copper oxide 

pazired fimaee maintained a t  about 900" C and a second sod im hydroxide 

$".' " - 
, ~ ~ 3 d   bubble^. The water condenser re turned most or' zhe ace t f  c acid  to 

t h e  rsmai~der of -?,he ace t ie  acid, 'Re csrimn dfoxfde was col lected in 

.the f irst  sV>di.m hydroxide b-Abler and the methane was burned in the furnace 

and She msu l t i ng  carbon dioxide collected i n  the second sod im hydroxide 

In order t o  insure complete removal of  the v o l a t i l e  react ion 

pracin::ts, 51e react ion mas consfnued f o r  about one hour a f t e r  bubbles 

were no Iongar absemed i n  the reaction f l a s k ,  A t  t h e  end of  t h i s  time, 

a sample of the solut ion 9n the  react ion ve s se l  alwsys showed a negative 

t e s t  f o r  oxfdizing power when added t o  viami acidified iodide solution,  

The ace t ic  acid i n  the reac t ion  f l a s k  Wac then  steam d i s t i l l e d  

away Prom the s a e c i d c  acid and recovered as s o d i m  aceta te ,  The 

succinic  acid wes obtained by a sjxteen-hour continuous e ther  extract%on 

arid r ec rys t a l l f aa t t an  from water a f t e r  evaporation of t h e  e ther ,  The 

aarbbn dkoxide f r s m  t3e  LWG sod im hydrox5.de bubblers was prec ip i ta ted  

and lgeighed as h a r i m  carbonate, 



Representative molar r a t i o s  of products obtained a re  shown in 

Table I1 where they a re  compared with the corresponding values obtained 

by Kharasch and Gladstone, 

TABLE I1 

Nolar Ratio of Products Obtained i n  the  Decomposition 

of Diacetyl Peroxide i n  Acetic Acid 

The r e l a t i ve  specif%c a c t i v i t i e s  of the  various reaction 

products a re  shown in Tab%e I11 expressed a s  precentages of the specif ic  

~ c t f v i t y  of the methyl p o u p  of the  ace t ic  acid  used, A19 of the products 

were burned t o  carbon dlox5de and counted as barfum carbonate, 

The methyl acetake i n  Runs 4, 5 and 6 was separated from the 

ace t ic  acid with which it w a s  mixed i n  the  cold trap, by bubbling oxygen 

through the t rap  as  it warmed up and on through a spiral. t rap  f i l l e d  with 

diethanolamine a t  90" 6, Entrained diethanolamine was removed with a 

glass  wool f i l t e r  and the methyl acetate  i n  the oqgen  stream was passed 

Data averaged fzvoan 8 m s ,  



%%rough a furnace is Runs I, and 5, and a cold t r a p  in Run 6 t o  condense 

out the methyl acetate,  In Rm 7 the methyl ace ta te  was separated from 

the acetfe acid by washing with sodium bicarbonate, The purified 

methyl acetate from Runs  6 and 7 was hydrolyzed with sodfoun hydroxide 

tind the methyl a%cohof and sodiwn acetate  were burned and counted as 

barf:m carbonate, 

In order t o  t e s t  the poss fb i l f ty  of exchange between the 

ace t ic  acid and methyl acetate and to  t e s t  the diethanolamine pu r i f i -  

caLion procedure described above, inact ive methyl acetate  and acsLPc 

acid-2-7L4 were mixed and allowed t o  stand both a t  room temperature 

a d  at 100' C for f i v e  howso The methyl acetate  was then separated 

fropl the ace t ic  acid hy bubbling through diethanolamine as  described 

above, The methyl acetate  which came through the bubbler was burned 

and the resu l t ing  carbon dtoxide %as counted a s  barium car%onate, The 

activitgr found i n  the  most ac t ive  methyl acetate  sample corresponded 

ts OOL+5% of the amount calculated fo r  complete exchange, 



DISCUSSIOM 

From the data 5.n Table HI% it can be concluded t ha t  withfin 

our exper8aenta2 eFmr  the succfnic acid methylent? groups have t h e  

same sper , i fk  aetfvLty as t he  ace t i c  ac id  methyl group and tha t  the  

carbon dioxide I s  fnact5va, These r e s u l t s  a r e  in complete agreement 

with the meeha~ism prapcsed by Kharasch arid Gladstone, Hovever, the  

presenc? o f  appre@iaSle amomlts of a c t i v i t y  i n  fhe methyl aceta te  was 

not predicted hy the p r c p s s d  meehanfsm, The Pow val'ile and great  

vr;r5ablli-:j .nr' t;?e spec;f'~.: a c t i v i t y   if the  methane seem to  in29cafs 

tha",ome ~ r n * ~ . 3 ~ ~  f a c t o ~ "  msy be ~espomsfi 'be f o r  t h i s  e f fec t ,  

However, the pressnce of  such a l a rge  amount of a c t i v i t y  

and I t s  miepilaa dSstribu%ion be%ween the two methyl groups in the  

methy1 aceta%e seems to h d s z a t e  qu i t e  conclusive9y t ha t  t h i s  compound 

cannot be formed exclusfve2~ in t he  manner proposed by Kharasch and 

Glads tone, 

A t  t h e  present time, w e  a r e  u n a b  to-present  a mechanism by 

which the data presented can be s a t i s f a c t o r i l y  explained without 

p o s t d a t i n g  more than a single source of methylacetate, Obviously, 

the  data w e  as y e t  qu i te  SncompPete m d  fu r the r  work i s  in progress 

in atz attempt t3 throw light ,  on t h e  path 'oy which a c t i v i t y  gets i n to  

t h e  :mthyl ace ta te  and methane, It should be pointed out  t h a t  the 

r e l a t i v s  speciff@ a c i t v i t y  of the methane fs an upper limit on the  

amcmt 3f exchange between the aeetfe acid and the d iaoe ty l  peroxide 



TABLE 11% U C R L ,  

R91;.iz l ve S p  cPfSc Activity of Fieactarks and Products Expressed as  Percent age of Spesifi  r. Activity 

of Methyl Group of Acetic Acid 

Acetie Acid Diacetyl C02 CH4 Succinf c ~ c e t i c l  hlethyl Acetate 
Run usedl ~e roxidel Produced Produe ed Aci d Produced Acid Pro- 

Used dueedl Reccwes. 

o 5 100 , OoOO 0.00 0 , l  1,64 2 0.1 97-2 "2.0 
rl 

99,s 2,O < 12,O 
rr-i ~ c e t a t  e l  Alcohol 
Q fragment fragment, 

6 bOQ O ,OO OoOO A O , l  2.50 0 - 1  -- 98.0 a 2.0 3 ~ ~ 5 ~  0.6 3.19 -4 0.1 

1 Methyl o r  methylene group only, 

Is ' 3 2 Actual specif ic  a c t i v i t y  = 5.20 5 0.11 x 10 or  9.96 5 0.20 x 10 d/m/mg CH3 -carbon 

3 Ratio of acet ic  acid t o  d iace ty l  peroxide used - -8  instead of" 37' 



mder  the eond l t ims  of the decomposition, since i t s  source must be 

t h e  rnetbyI group of  e i ther  the  ace t ic  acid or  the diacetyk peroxide, 

Diaeetyl peroxide'1' was prepared according to the method 

~f Gamborjm (21 as  modified by Kharasch, BcBzy and kTr$ (31, 20.0 go 

of acetic anhydride, PQ,B go of sodium peroxide ard PO0 cc, sf diethyl  

e ther  were mixed together f?z ar, ErPenmeger flask and coded t o  -15" C, 

35 go of cmshed fee was grad.uaXly added over a 10 minute perisd 

wizh vigorow shaking, The s the r  solut ion was separated off, ar iad 

with calcian chloride and allowed t o  stand several hours ii~ a dqy 

Ice-isopropy1 alcohol bath, The acety9 peroxide c rys ta l l i zed  out in 

long white needles, and the e ther  superntant was d r a m  of f  witn a 

f i 2 t e r  stick, More dry ether  was added, and the c rys t a l l i za t ion  was 

repented b fnsure semovaP of all the ace t ic  anhydride and ace t ic  acid, 

The lasi; t races  of ether were removed 'by evacuatizlg t o  one mm, pressure 

f o r  two hours. The dry dfacetyl  peroxide was dissolved f n  the solvent 

i t  mns t o  be used i n  as  soon a s  possible t o  minimize the  explosive 

poss ib9 i l i t i es0  

The peroxide solutions were analyzed by the method of Kokatnur 

( 2 )  Gmborjan, Ber, a, .@I0 (1909)) 

(39 Barasch, iYIcBay and U r r y ,  Jo Org. Chem, J-Q, 397 (9945) 



and 3eliilsg (4) The pe r~x2de  sample was dissoPved fn 9% isopropyl 

a9cohof and one ce, each of g l a c i a l  a ce t i c  acid and saturated polas- 

s2xi. h d f d e  was added, The solution was heated almost to boi l ing  and 

mahtadned a t  &at  temperature f o r  about f i v e  &nutes, and then 

t l t r s t e d  wi thcui  cooling with s t a n d a d  IPn2S2O3. The oqgen  b l a n k  

9s negl igibls  with t h i s  prscedwe, 

3 . e  a c e t i c  acid csed was spec ia l ly  pur i f ied by aiotvly f'rsezlng 

o u t  absut h a f  of a sample sf g l a c i a l  acetSe acid and d i s t i Z P i a g  the  

c-rys~als sf; ,rbtamed, ?'he vlddls  half of the  d i s t i l l a t e  was iised, 

The a e e S e  acid-2-@u was prepared by allowing 53 cc of t h e  glacial 

acesEc acid prepared as described above to stand f o r  72 hours with 

0,338 go of 5.29 g.cec/mgo sod im acetate-24'4 t o  e f f e c t  c o ~ p l e t e  ex- 

change ard d i s t i l l i n g  t he  r e su l t i ng  ac t ive  ace t ic  acid,  The sodf*m 

1 2  

acetats-24-+ was prepared by c a r b o ~ a t i o n  of the  Grlgnard reagent 

prepared fmm methyl iodide=GPL (5) .  

The react ion prodrxts were burned t ' )  carbon dioxide aver 

ho t  copper oxide or by a modified Van SPfke-Folch wet combustion 

method (61, The carbon dioxide was absorbed i n  2 JJ carbonate free 



soc?iu.tn kydroxide, h aqua% volume of 23 ammonium n i t r a t e  was added 

and the carbonate was precipitated as  barfuzn carbonate by adding 

lg b a r i m  n i t r a t e ,  The barium carbonate was plated on aluminum 

d i sks  using th in  window Geiger W l e r  tubes (71, The precision of 

the comting data  Is indicated in Table 111, 

(7 )  Da.;P3en9 Reid and Y & J ~  ch, Anal, Chem, E, 828 (1947J 

sww 

(1); The decompositfon of diacetyl  peroxide in ace t ic  acid-2-C -u 
has beer studied, The ac t iv i ty  of t he  products in general 

corzfimed the mechanism of the reaction a s  proposed by Eharasch 

and Glads tone, 

(2.) TPile presence and d is t r ibu t ion  of ac t iv i ty  i n  the methyl acetate  

produced i n  t h i s  reaction i s  not  explained by the previously 

proposed meehanfsm, 

(3)  There was no appreciable exchange of ace t ic  acid and diacetyl  

percxide under the conditions of t h e  reaction, 

( 4  Essentially no exchange of methyl acetate  and ace t ic  acid was 

observed when those reagents were heated a t  100" f o r  f i v e  hours, 






