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tilled. The forerun and residue were discarded, and the minutes, and allowed to stand overnight. The organic laqer 
center fractions combined and redistilled t o  give 2.2 g. of 6- was withdrawn and combined with three 10-ml. chloroform 
oxo-8-methoxyoctanoic acid, b.p. 125-129.5' (1.3 mm.).  extracts of the aqueous phase. The organic solution was 

Anal. Calcd. for C8Hlb04: C, 57.4; H, 8.57. Found: washed with 10 ml. of dilute sulfuric acid and two 10-ml. 
C, 57.4; H, 8.49. portions of water and dried over a mixture of sodium sulfate 

~ a ~ l  ~ ~ ~ y ~ r o x y ~ ~ ~ m e ~ o x y o ~ t a ~ O a t ~  (IX),-solid so- and sodium bicarbonate. The dried solution was filtered, 
dium borohydride (0.4 g., 0.011 mole) was added in several and the evaporated to leave 5.1  g. Of a yellow 

methoxyoctanoate in 25 ml. of dry methanol. Heat was of ethyl 6-h~droxy-8-methoxyoctanoate, b.p. 153-160' 
generated and the temperature rose to  about 50'. The 
mixture was refluxed for 30 minutes, after which the meth- 
mol  was removed by evaporation. IVater (20 ml.)  was ct 60.6; lo.'. 
added to the residue, and the mixture was heated for 30 

portions to a solution of 5 g. (0.023 mole) of ethyl 6-0x0-8- liquid which was to give 2.1 g. (42%) 

( 1 3  mm')f nz6D 

Anal. Calcd. for CiiHrzOi: c ,  60.6; H, 10.1. Found: 

BOUND BROOK, S. J 
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Organic Peroxides. XX. Peroxides from the Ozonization of Olefins in the Presence 
of Carbonium Ions 

BY NICHOLAS A. MILAS, PAWLS DAVIS~ AND JOHN T. NOLAN, JR. 

RECEIVED SEPTEMBER 7 ,  1951 

A countercurrent method for the efficient ozonization of olefins has been developed. Several olefins have been ozonized 
in t-butyl alcohol containing t-butylcarbonium ions. In  several cases, especially with unsymmetrical olefins, two isomeric 
peroxides containing t-butoxy groups were identified from their decomposition products. Some of these products were 
identified as hydroperoxides containing t-butoxy groups. The simplest of these was t-butoxymethyl hydroperoxide which 
also was synthesized by an independent method. A mechanism has been proposed to account for the formation of the initial 
peroxides as well as those produced as their decomposition products. Since alkylidene peroxides were not isolated from the 
ozonization products of olefins in the presence of t-butylcarbonium ions, the zwitterions responsible for their formation 
were not produced during the ozonization. Several olefins were also ozonized in non-aqueous solvents and, with the excep- 
tion of tetraphenylethylene, the yields of alkylidene peroxides were low indicating that  the main products were the ozonides. 

Introduction 
The direct attack of double bonds by ozone has 

been known for a long time, but in spite of the im- 
mense knowledge in this field only recently has the 
mechanism being elucidated. I t  is now known 
with certainty that ozone cleaves double bonds and 
through the researches of Rieche, et a1.,2 the struc- 
ture of ozonides has been clarified. The simplest 
explanation of the ozonization of a double bond is 
illustrated by equation 1. 

0-0 
I-ozonide 

However, it is very difficult to visualize under the 
extremely mild conditions of ozonization, how the 
double bond is completely cleaved and the above 
ozonide formed in one step. Staudinger3 was the 
first to suggest that an unstable "molozonide" I1 
is initially formed which rearranges to the more sta- 
ble ozonide (I). 

>e--c i  + 0 3  + >c -c( --+ I ( 2 )  
\ ' I  - 

0-0- 0 
I1 

To explain this rearrangement Criegee4 proposed 
that the molozonide undergoes an intramolecular 
change with the momentary formation of a posi- 
tively polarized oxygen atom which abstracts the 
remaining two electrons from the carbon-carbon 
bond and rearranges into the neutral ozonide. The 
whole process of ozonization therefore may be 

(1) Lucidol Research Associate 1952-1953 
(2) 4 Rieche, R Meister and H Sauthoff, A u n  , 563, 187 (1942) 
( 3 )  H Staudinger, B e y ,  68, 1088 (1925) 
(4 )  R Criegee A m  560, 1 2 i  (1418), cf J R Lemer, C h o n  Revs I 

46,  385 (1919) 

viewed as an ionic reaction in which the ozonide 
acts as an electrophilic reagent. 

The polar nature of ozone has been established by 
Lewis and Smyth6 who proposed that the middle 
oxygen atom is positively polarized, thus the struc- 
ture most generally accepted for ozone is the obtuse- 
angled structure with the oxygen a t  the apex being 
positive. Under the influence of the polar ozone 
molecule a double bond is also polarized in such a 
manner that the n-electrons attach themselves to 
the positive oxygen atom of the ozone molecule. 
The mechanism of such a reaction may be illus- 
trated as 

I11 

V I1 

1'1 I 
( 5 )  G. L. Lewis and C. 1' Smgth, THIS J O U R N A L ,  60, 14.55 (1938).  

cf. M .  J. S.  Dewar, J .  Chcnk. .Soc , 1299 (1948). 
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TABLE I 
ALKYLIDENE PEROXIDES FROM THE OZONIZATION OF OLEFINS 

Temp. of 
ozonization, 

Olefin Solvent OC. Peroxide 

Tetramethylethylene n-Pentane - 20 Diacetone 
Isobutylene n-Pentane - 50 Diacetone 
Styreneab cc l4  Room Dibenzaldeh yde 
Stilbenebb CaHs Room Dibenzaldehyde 
or-Methylstyrene n-Pentane - 20 Diacetophenone 
2-Phenyl-3-methyl butene-2 n-Pentane - 50 Diacetone 
1,l-Diphenylethyleneeb +Hexane Ice-salt Dibenzophenone 
1,l  -Diphenylethylene n-Pen tane - 20 Dibenzophenone 
1, l-Diphenylbutene-lBb CCl4 Room Dibenzophenone 
l,l-Diphenyl-2-acetoxyethene n-Pentane - 20 Dibenzophenone 
Triphenylethyleneab cc14 Ice-salt Mixture 
Tetraphenylethylene6B.bb CCl4 0 Dibenzophenone 
Tetraphenylethylene CCl, 0 Dibenzophenone 
Tetraphenylethylene Ethyl acetate 20 Di benzop henone 

All ionic intermediates are probably formed in- 
stantaneously with the zwitterions VI and VI1 exist- 
ing in equilibrium with the neutral ozonide I. If 
there are no other ionic species present to combine 
with the zwitterions (VI or VII) either the neutral 
ozonide is formed or these ions decompose sponta- 
neously into ketones or aldehydes and the zwitter- 
ions VI11 and I X  which dimerize to form the highly 
explosive alkylidene peroxides X and XI. 

VI 

R3)c(0->c(;: R4 0- 

X 

VI1 

Rz "')c( 0-0 "-")c(;: 
XI 

As a rule these peroxides are not the main products 
of ozonization and the amounts formed depend 
upon the solvent, the temperature of ozonization 
and the groups attached to the double 
Owing to their stability and relative insolubility in 
various solvents these peroxides can be isolated 
easily from ozonization reactions. Table I shows 
some of the yields of these peroxides isolated under 
various solvent and temperature conditions. 

When ozonizations were carried out in the pres- 
ence of carbonium ions neither the ozonides nor 
the alkylidene peroxides were formed but instead 
peroxides of the type XI1 and XII I  have been iso- 
lated in good yields as the primary products. The 
formation of these peroxides can be accounted for 
by the assumption that carbonium ions react with 
the intermediate zwitterions (VI and VII). Using 
t-butylcarbonium ions this can be illustrated as 

(6) (a) E.  P Kohler and N K. Kichtmyer,  IS J O U R N A L ,  62,  
2042 (1930); C. S. hlarvel and V. Nichols, i b i d ,  60, 145.5 (1938); 
J O r a  Chcm , 6 ,  29R (1941). 

(7)  R.  Criegee and G. Lohaus, A n n ,  698. 0 (1933) 

M.p. ,  'C. 
132-133 
131-132 
200 dec. 
200 dec. 
182-183 
132-133 
206-208 
206-208 

206-208 
184 dec. 

206-208 

206-208 
206-208 
200-205 
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Yield, % 
1 5 . 2  
20.0 

1 . 7  
9 . 6  

13.0 
10 .7  
5 . 8  

15.1 
12 .0  
13 .0  

53-57 
56 
20 

. . .  

VI + (CH3)3Cf d HOH "'>+ A<Ra+ H +  
Rz I R4 

0-0 
XI1 

OH OC(CHaL 

0-0 
XI11 

Table I1 shows some of the peroxides isolated 
corresponding to structures XI1 or XIII. The 
presence of t-butyl groups was established by re- 
duction of the peroxides with metallic sodium and 
isolation of t-butyl alcohol in the form of its 3,s- 
dinitrobenzoate. The corresponding ketones and/ 
or aldehydes formed in this reaction also were iden- 
tified and in some cases estimated quantitatively. 
In addition the presence of both the t-butyl ether 
group and the hydroxyl group as well as the perox- 
ide group was identified by infrared spectra. 

TABLE I1 
OZOXIZATION OF CERTAIN OLEPIXS IN THE PRESENCE OF t- 

BUTYLCARBONIUM IONS 
Yield of 

Olefin 

Active oxygen 

Os used isolated Calcd. Found 

peroxide in '% 
per male of Peroxide ( O ) ,  % 

2-Meth ylbutene-2 45 0 CoHzoOa 8 . 3 3  7.20 
Tetramethylethylene 57.0 CloHzzO4 7.76 8 0 
Styrene 92.0 CIZHIIOI 7 .08  7.11 
a-Methylstyrene 86 0 CisHz004 6 .67  6.60 
1,l-Diphenylethyleiic 100 0 C18HzzO4 5.33 5.19 
n-Limonene (one 

-c=c-) 85.7  C14H2604 6.20 5.50 
P-Menthene- A4,(8)  68 0 C~dHzaOi 6 16 6 . 0  

That the zwitterions VI11 and IX were not pro- 
duced under these conditions is shown by the fact 
that no derivatives of t-butylhydroperoxide were 
isolated but instead the t-butyl group was found 
attached to the oxygen of one of the hydroxyl 
groups7 Furthermore, when ozonization was car- 
ried out in a non-aqueous solvent (chloroform), 
then the reaction mixture treated with carbonium 
ions in t-butyl alcohol, the usual yield of alkyli- 
dene peroxides was obtained indicating that these 
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peroxides, if formed, are not affected by the presence 
of carbonium ions. We have found also that alkyli- 
dene peroxides are stable even in boiling dilute sul- 
furic acid. 

Peroxides of the type XI1 and XI11 may be con- 
sidered as either heiniperketals or hemiperacetals 
depending on the groups originally attached to the 
double bond, and therefore are expected to lose 
easily aldehydes or ketones and go over to more 
stable peroxides of the type XIV or XV. This is es- 
pecially true if the original peroxides are subjected 
to a high vacuum at  room or higher temperatures. 
Thus from 1,l-diphenylethylene two distinct per- 

XIV 

OC( C€Ia)r 
I i  1 I t 3  1 
Rz R4 

XI11 >e-0 + >c.--oo11 

XV 

oxides were obtained : a volatile peroxide identified 
as t-butoxymethyl hydroperoxide (XVI) and a non- 
volatile peroxide identified as diphenyl t-butoxy- 
methyl hydroperoxide (XVII) . These results seem 

XVI XVII  

to indicate that both peroxides XI1 and XI11 are 
formed during the reaction and when the mixture is 
subjected to a high vacuum one loses formaldehyde 
and the other benzophenone. Both of these prod- 
ucts were found among the decomposition prod- 
ucts. Furthermore, i t  is very difficult a t  present, 
from these results, to state that ozone adds to the 
double bond in accordance with the Markownikoff's 
rule. Table I11 shows some of the peroxides pro- 
duced by the slow dissociation of the primary per- 
oxides shown in Table 11. 

T A B L E  111 
SECONDARY PEROXIDES OBTAINED FROM THE DECO&lP~)SITION 

OF PRIMARY PEROXIDES 
Active oxyKen (O), "0 

Peroxide WZSD Calcd. Found 
OC( CH,)3 
I 

1.4250 10.8 11.1 
(CHa)sCOCHsOOH 1.4131 13.33 13.5 
(CH3)zC-OOH 

OC(CHa)a 
i 

CsH:---&-oOH 1 , 5024 7 ,  ii 7 . 0  
I 

OC(CH3)a 
CHa 

C6H>C!-OOH 1.5534 5 .88  5 .83  
CeHs 

7 . 9  8 . 0  

In all of the above peroxides the t-butoxy and 
hydroperoxy groups were shown to be present by 

infrared spectra and by degradation experiments. 
In one case, t-butoxymethylhydroperoxide, the per- 
oxide was synthesized by an independent procedure 
and its properties compared with those of the per- 
oxide obtained from ozonization reactions as u-ell 

TABLE I V  
PROPERTIES OF ISOMERIC PEROXIDES 

Peroxide (CI1a)sCOCII~OOH (CHa)aCOOCIIxOII 

B.p., "C. (mm.) 33-31 (4) 52-53 (8) 
nD ( t ,  "c.) 1.4131 (25) 1.4130 (24) 

Carbon, % 

Active oxygen 
Reacn. with KI + H +  
Decompn. with -OH 

to liberate Hz 
Reacn. with PbAcl 
Stability to F e + +  

Hydrogen, % 

Calcd. Found 

49.98 49.62 
10.07 10.19 
13.32 12.97 

Fast 

Fast 
Fast 

Dcco171p11. 
rapid 

Calcd. Found 

49.98 51.5 
10.07 10.9 
13.32 13.3 

Slow 

Slow 
Slow 

l~ccompll .  
very sloiv 

as with those of its isomer, t-butylhydroxyrnetliyl 
peroxide.* The properties of the two isomeric per- 
oxides are given in Table IV for comparison. 

Method of Ozonization 
In  the study of the ozonization of various uiisaturatcil 

compounds in a homogeneous system using t-butylcarbou- 
ium ions, t-butyl alcohol was chosen as the solvent after pre- 
liminary studies indicated t h a t  this solvent is relatively 
stable to ozone. In order t o  increase the efficiency of utili- 
zation of ozone in our reactions, a countercurrent circulat- 
ing system was designed and constructed as shown in Fig. 1. 
This is made up of two independent circulatory systems. 
One consists of a circulating pump A and a copper coil B 
which is immersed in a bath which is usually kept at 0" but 
may be anywhere between room temperature and -70°, 
depending upon the temperature desired for the ozoniza- 
tion. The liquid (ethylene glycol, or any other suitable 
liquid) circulates around the reaction chamber C, then 
through a column D filled with glass beads t o  increase the 
surface, then back to  pump A .  This gives a very efficient 
cooling system. The other circulating system is composed 
of a solid glass piston E machined to  fit into a block of Teflon 
1' which is not attacked by ozone. The piston E is attached 
to an eccentric G which is operated by a motor of variable 
speed. On the other side of the Teflon block is a ground 
glass joint which is sealed as shown to  two grouiid glnw 
valves H and H'. The product t o  be ozonized is dissolver1 
in t .butyl alcohol containing enough sulfuric acid to  produce 
one mole of t-butylcarboiiium ions per double bond prcieiit 
in the compound to  be ozonized. The mixture is placed in 
the flask I which can be refrigerated if necessary and from 
which i t  is pumped and circulated through the column arid 
the reaction chamber. Ozone from the ozonizer enters the 
reaction chamber through the tube K and passes upward 
through the column as the liquid mixture flows downward. 
The liquid in the U tube L prevents the ozone from flowing 
in the opposite direction and thereby avoids excessive con- 
tact  of ozone with the peroxides. The stopcock J serves as 
a convenient outlet for withdrawing samples for the study 
of the course of ozonization. 

The ozonizer was of the type published by H e m e  and 
Perilstein8 except that instead of a single ozonizer tube four 
tubes were connected in series. The efficiency of such a 
multiple ozonizer was about 770 which is slightly more than 
twice that  of an ordinary commercial ozonizer. A fairly 
constant flow of dry oxygen through the ozonizer was main- 
tained at all times, and the ozone produced per unit time 
was determined quantitatively at the beginning and a t  the 
end of each reaction in order t o  estimate the total ozone used 
and compare i t  with the total amount of peroxides formed. 

(8 )  F. H. Dickey F. F. Rust and W. E. Vaughan, TITIS J O U R N A L .  

(9) A. L Henne and W. L Perilstein, ibid. ,  61, 2183 (19 i3 )  
71, 1432 (1949) 
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0. 

Fig. 1.-Countercurrent ozonization apparatus. 

Figure 2 shows the total amount of peroxides formed as 
estimated iodometrically and plotted against the time of 
ozonization. The curve shown is for tetramethylethylene 
and is typical for all olefins studied except that  the time 
necessary to  reach maximum peroxide concentration is dif- 
ferent for different olefins. It may be seen that  during the 
first three hours of ozonization the peroxide formation is 
directly proportional to  the time of ozonization indicating 
that  the formation of peroxides is much faster than their 
decomposition. However, after three hours ozone begins 
to  come out and slow decomposition sets in. Usually the 
reaction was stopped either after the maximum concentra- 
tion of peroxides was reached or when the exit gases began 
to show the presence of ozone as indicated by starch-potas- 
sium iodide test. 

Experimental 
The active oxygen of all peroxides described in this paper 

was estimated by the methods described by Kokatnur and 
Jellingxo and Wagner, et d.11 Pure n-pentane was found by 
Greenwood and Wolkowichl* to  be inert to ozone a t  low tem- 
peratures and when this solvent13 was used in the present 
work it was purified by saturating a large volume of i t  a t  0" 
with ozone until the solution acquired a definite bluish color. 
Dry oxygen then was passed through the solution to remove 
the excess ozone and the mixture passed through a column of 
silica gel until the  pentane passing through was free from 
peroxides, ozonides and other oxygenated products. n- 
Pentane purified by this method was found completely 
stable to ozone below -20". Other solvents mentioned in 
Table I were of the purest quality obtainable. 

Ozonization of Isobutylene in n-Pentane.-A solution of 
isobutylene (6 g.) in 50 cc. of purified n-pentane (see above)' 
was ozonized a t  -50' for six hours by the bubbling method. 
A considerable amount of formaldehyde was evolved and  
some of i t  polymerized in the exit tube. A crystalline solid 
(1.6 9.) separated out from the solution and was removed 
by filtration. This solid had a m.p. of 131-132" and was 
identified as diacetone peroxide.14v16 The ozonide was not  
isolated in this case. 

Ozonization of Tetramethylethylene in n-Pentane.-A 
solution of tetramethylethylene (15 g., b.p. 72-74', nz% 
1.4068) in 500 cc. of purified pentane was ozonizedOby t h e  
countercurrent method (Fig. 1) for six hours a t  -20 . The  
reaction was stopped and a solid, diacetone peroxide (1 g., 
m.p. 132-133'), was removed by filtration. The filtrate 
was concentrated under reduced pressure to about 50 cc., 
whereby an additional 1 g. of diacetone peroxide was sepa- 
rated from the solution. The remaining solution was sub- 
jected to  a vacuum (2 mm.) distillation a t  room temperature 

(10) V. R. Kokatnur and M. Jelling, THIS JOURNAL, 63, 1433 
(1941). 

(11) C. D. Wagner, R.  H. Smithand E. D .  Peters, A n d .  Chcm..  18, 
979 (1947). 

(12) F. L. Greenwood and M. G .  Wolkowich. J. Oyg.  Chcm., 17, 1551 
(1952). 

(13) Phillips Petroleum Co. pure grade. 
(14) A Baeyer and V. Villiger, Ber., 93, 860 (1900). 
(15) W. Dilthey, M .  Inckel and H. Stephan J. prakf .  Chcrrr., 184,. 

219 (1940). 

0 1 2 3 4 5 
Hours. 

Fig. 2.-Rate of peroxide formation in ozonizations in the 
presence of carbonium ions. 

whereby a viscous residue (10.9 g . )  was obtained which 
failed to crystallize by any known means. Upon heating 
it exploded violently. This proved to  be the ozonide of 
tetramethylethylene. 

A n d .  Calcd. for CeH1206: active oxygen (0), 12.12. 
Found: (0), 12.14. 

Another sample (5 9.)  of tetramethylethylene was ozon- 
ized a t  0" in chloroform (100 cc.) by the bubbling method 
until the solution acquired a bluish color. The excess ozone 
was removed by bubbling oxygen through the solution and 
the cold solution was added slowly with stirring to a cold 
( 0 ' )  solution of t-butyl alcohol (50 cc.) containing 5 g. of 
70% sulfuric acid. Stirring was continued for three hours 
longer, then 250 cc. of ether was added and the mixture 
thoroughly shaken with excess solid magnesium carbonate 
containing 40y0 magnesium oxide to  neutralize the sulfuric 
acid present in the solution. The mixture then was dried 
over magnesium sulfate, filtered and the solvent removed 
under reduced pressure. A residue (3.5 g.) was obtained 
which was dissolved in a small amount of pentane and the 
solution allowed to  stand a t  -8" overnight. A crystalline 
solid (0.5 9.)  separated out, m.p. 132-133", and proved to  
be diacetone peroxide. 

Since this peroxide was isolated from the above mixture, 
a pure sample of i t  was allowed to  stand for some time in a 
solution of t-butyl alcohol and 700/, sulfuric acid. When 
the mixture was worked up the peroxide was recovered 
completely unchanged. Even when it was heated in dilute 
sulfuric acid there was no apparent reaction and the per- 
oxide was recovered unchanged. 

Ozonization of Tetramethylethylene in the Presence of t- 
Butylcarbonium Ions.-To a solution of t-butyl alcohol (200 
cc.) containing 14.3 g. of 70% sulfuric acid was added 16.8 
g. of tetramethylethylene and the mixture ozonized counter- 
currently in an apparatus shown in Fig. 1 for five hours a t  a 
temperature of about 15" and at  the rate of 0.02 mole of 
ozone per hour.'s Small samples were withdrawn every 
half-hour and the peroxide determined iodometrically. The 
results are plotted in Fig. 2. 

The reaction mixture was then washed out of the appara- 
tus with 200 cc. of ether and to the resulting mixture was 
added 10 cc. of water and excess magnesium carbonate con- 
taining about 40% magnesium oxide. The mixture was 
thoroughly shaken t o  remove all the sulfuric acid, then 61- 
tered and dried over magnesium sulfate. The mixture was 
then filtered and most of the solvent removed a t  room tem- 
perature in a stream of nitrogen under reduced pressure (20 
mm.),  but  the last traces were removed a t  0" in a vacuum 
of 1-2 mm. using a Dry Ice t rap between the oil-pump and 
the distilling flask. The residue usually was subjected t o  

(16) Although oxygen was passed through the ozonizer a t  fairly 
constant rate, the rate of ozone formation was determined at the 
beginning and at the end of each experiment in order to estimate 
the total ozone used. Usually the rate of ozone formation remained 
constant during each experiment. 
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the latter coiiditions for several hours or until the active 
oxygen analysis remained constant. A yield of about 57% 
of the peroxide was obtained based on the ozone used. 

rlnnl. Calcd. for C10H22O4 (type XI1 or XIII) :  active 
oxygen (0), 7.76. Found: (0), 8.00. 

IVhen the above peroxide was subjected to a high vacuum 
( mm.)  at 25-80' for several hours, slow decomposition 
took place with the evolution of acetone and another more 
stable peroxide was obtained, n 2 5 ~  1.1250. 

Anal.  Calcd. for CrHlsOs (S1\ -  or S\-): (0), 1O.X. 
Found: (0). 11.1. 

Ozonization of 2-Methylbutene-2 in the Presence of I- 
Butylcarbonium Ions.-To a solution of 200 cc. of t-butyl 
alcohol containing 12.<5 g. of 807G sulfuric acid was added 14 
g.  of 2-methylbutene-2 and the mixture ozonized counter- 
currently (Fig. 1) for four hours a t  the rate of 0.022 mole of 
ozone per hour. The mixture was worked up in the same 
manner as in the previous case. A yield of 457c of the per- 
oxide was obtained based on the ozone used. 

.4nnl. Calcd. for CyHnO04 ( S I 1  or XI I I ) :  (O) ,  8.33. 
lourid: (0), i . 2 .  

Ozonization of a-Methylstyrene in n-Pentane.--A solu- 
tion of a-methylstyrene (10 9.) and purified n-pentane (50 
ec . )  was ozonized a t  -20' by the bubbling method for four 
hours. Considerable gaseous formaldehyde was evolved 
during the ozonization. The solvent then mas removed and 
the residue crystallized from hot glacial acetic acid. Di- 
acetophenone peroxide (1.5 g., 13'%) was obtained, m.p .  
182-183D.15317 Like diacetone peroxide this peroxide is inert 
to  various reagents including sulfur dioxide. Attempts t o  
increase the yield of this peroxide by carrying out the ozoni- 
zation in various solvents including water emulsions were 
not successful. 

Ozonization of a-Methylstyrene in the Presence of t -  
Butylcarbonium Ions.-A solution of t-butyl alcohol (200 
cc.) containing 12.5 g. of SOYG sulfuric acid and 13 g. of N- 
inethylstyrene was ozonized a t  15-17" bl- the countercurrent 
method for four hours at the rate of about 0.022 mole of 
ozone per hour. The product was then worked up as in the 
Ilrevious cases whereby a viscous non-volatile residue (86% 
based on ozone used) was obtained; ZZ7D 1.4936. 

.Incd. Calcd. for Ct,H2oOi (XI1 or XIII) :  C .  64.97; 
Found: C, 64.37; H, 8.51; (O),  6.60. €1, 8.39; (0 ) ,  6.67. 

The viscous residue failed to  crystallize by any methods 
tried and yielded no trace of diacetophenone peroxide. 

In  order to  determine the structure of this peroxide a 
weighed sample was heated a t  50' while sulfur dioxide was 
passed through the mixture to  reduce the peroxide and to  
remove any formaldehyde formed during the reaction. The 
acetophenone formed then was determined by precipitating 
its 2,4-dinitrophenglh?drazone, m.p.  23i-237.5'. On the 
basis of structure XI1 or XIII ,  the acetophenone formed 
should correspond to  50Y0',; found, 53.270. 

In another experiment the peroxide was decomposed with 
metallic sodium following the method of Milas and Surge- 
nor18 and the alcohol formed distilled and identified by pre- 
paring its 3,5-dinitrobenzoate m.p. 142". A mixed m.p. 
with an  authentic sample prepared from t-butyl alcohol 
gave no depression showing definitely that  the original per- 
oxide contained t-butoxy groups. 

\Then another sample of the peroxide \vas treated with 
ferrous sulfate aIid the mixture steam distilled, the first por- 
tion of the distillate gal-e a yellow 2,1-dinitrophenylhydra- 
zone. t i i . 1 ) .  1.79-161". A4 mixed m.p. with an authentic 
sample of 2 ,I-tlinitrophenylhyclrazotie of FormaldehJ-de gavc 
iio depression showing again that  the original peroxide con- 
tained hydroxymethylene group\. 
.4 larger sample of the peroxide w a i  then steam distilled 

i i i  the presence of small amounts of sulfuric acid. The dis- 
tillate contained acetophenone atid /-butyl alcohol but n o  
formaldehyde. The aqueous solution in the distilling flask 
contained the same total active oxygen coiiteitt as the origi- 
na l  sample of the peroxide. Furthermore, the peroxide re- 
maining in the flask was not hydrogen peroxide since it 
failed to  give a positive test with a clean silver foil. The 
sulfuric acid was then removed by adding excess barium 
carbonate and the mixture filtered. IThen the water w i t 5  

( 1 7 )  C II:Lrriv\, . l J i i r . ,  390, 2Li U!l l2 ) .  
i I X )  'i ?, l I i l , $ h  : L I I ~  I )  \ r .  Stsr.ynor, ' I ~ i i r ?  J o I J K U I l . ,  08, 2O.i 
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removed under reduced pressure, ;t white solid separated 
out which meltedoat 40-48". This was recrystallyzed from 
ether, m.p. 60-62 , identified as dihydroxydirnethJ-Ienc per- 
oxide.Ig This peroxide was synthesized by an independent 
method (see below) and the sJ-nthetic product compared 
with that  isolated from the ozonization of a-meth>-lstJ-reiie; 
the two were identical. 

Dihydroxydimethylene Peroxide .---To 200 cc.  of a 1 1  
aqueous solution containing 17 g. of hJ-drogeii peroxidc 
(0.5 mole) and 10 g. of sulfuric acid (1.0 mole) w a s  added 
slo\rly a t  0' with vigorous stirring 30 g. of trioxymethylerir 
( 1 .O mole). Stirring was continued overnight at  room tem- 
perature whereby all of the trioxyniethylene had gone into 
solution. T o  this solution then was added slowly 20 g. ( 1 . 0  
mole) of barium carbonate and the barium sulfate precipi- 
tated removed by filtration through 10 g. of Celite analytical 
filter. T o  remove the excess barium ions from the aqueous 
solution, the filtrate \vas passed through a column filled with 
Amberlite type of cationic exchange resin. The aqueous 
solution was then concentrated in vacuum to about 80% 
strength which is safe to  handle (Sote :  This peroxide in  
the crystalline state is dangerously explosive and qhould be 
handled with great care!). To  obtain the crystalline per- 
oxide, the water from a small sample of the 80yc solutioti 
was completely removed and the solid obtained recrystallized 
from ether, m.p.  6:3-64'; mixed m.p. with the peroxide 
obtained from a-methylstyrene gave no depression. 

\Then a sample of the original peroxide (XI1 or XI11 j w:t\ 
subjected t o  a high vacuum ( 1 0 - 2  mm.)  a t  No, it decom- 
posed into two peroxides: one volatile peroxide which tva\ 
condensed together with acetophenone in a Dry Ice t rap,  
and a non-volatile peroxide residue. On reductive decom- 
position the volatile peroxide yielded t-butyl alcohol anti 
formaldehyde, while the non-volatile peroxide yielded /- 
butyl alcohol and no forinaldehJ-de. The non .volatile per- 
oxide was obtained as a gum and failed to crystallize; nZ5D 
1 .,i024. 

. lnal .  Calctl. for CluHlsOl (XIV) :  ( O ) ,  7.6; acctophc- 
none, < 5 i . l .  Found: (0), 7.9; acetophenone, 5S.6. 

Since lead tetraacetate caused rapid decotnpositiorl with 
both peroxides, it \vas coticluded that  the!. were hydroper- 
oxides. I t  was not possible to  obtain the volatile peroxidc 
in the pure state but it \vas suspected to  be the unkrlowli 
t-butoxymethyl hydroperoxide and its synthesis thereforc 
was undertaken by an independent method in order to  es- 
tablish its properties and structure. 

t-Butoxymethyl Hydroperoxide .--.4 solution of dihydroxy- 
dimethylene peroxide mas prepared as directed abox-e and 
without remo\-ing the sulfuric acid, the solution was con- 
centrated a t  40' under reduced pressure 120 mm.)  to  a vol- 
lime of 05 cc. To  this solutioii \vas then added 80 cc. of t -  
butyl alcohol and 200 cc, of ethj-1 ether and the rnixturc 
cooled to 0 ' .  The water was remored bJ- adding 60 g. of 
anhydrous magnesium sulfate with qtirring. The mixturc 
was allowed to  stand a t  room temperature for two hours, 
filtered and the ether removed in vacuum. The residue 
(80 g.;  (0), 8.4%) then was added dropwise with stirring 
t o  a cold (0') mixture of t-butyl alcohol ( 5 5  g.)  and 70% 
sulfuric acid (100 g.). Stirring was continued for three 
hours a t  room temperature, then 60 g. of magnesium car- 
bonate was added and the mixture extracted with four 100- 
cc. portions of ethyl ether. The ether extracts were dried 
over magnesium sulfate, filtered and the solvent removetl 
under reduced pressure, The residue then wa5 fr:tctin*l- 
ated in vacuum a n d  the fraction (1 g hoiliilg :it 81 3 3 "  ( 4  
mm.)  collected atid analyzed. The a ilJ-sis and ~ i r o p e r t i c ~  
of this peroxide iirc recorded i n  Tahle I \ '  and comparcrl 
with those of the isomeric peroxide. 

These results seem to indicate that the origillal pcr(ixi(le 
obtained by the ozonizatiotl of a-rneth\~lstyrene iii the pres- 
ence of t-butylcarbonium ion.: is 21 mixture of two peroxides 
of the type XI1 and S I I I .  

Ozonization of 1.1-Diphenylethylene in n-Pentane. ~~ 

1 ,I-Dipheriyleth~-leiie was prepared according to  Allen i t t t ( l  
Converse.20 A solution of 1,l-diphenylethylerie (12 g . )  a n d  
50 cc. of purified n-pentalie was ozonized a t  -20" for thrcc 
hours by the  bubbling method. The solvent then was rc- 
moved in vacuum and the resiriiie washed several times with 

-~ . 
i l ! d )  IT, \\'ieIaiid aiiil .\ \ \ ~ i i ~ ~ l c r ,  . I , > ) >  , 431, ,301 (lV'23: 
(L'lli i' 1' 11 Allen 2 i n d  5 .  Corivrrw "Orqunir  Syiit l ic .sr~," C i ~ l l  

t r< t l  I L'iiil  I'd , r i i l i i i  1YiIt.y , i n i l  Siin.. 1111. Yt,w \-i.rk. S T., l ! l i  1 .  I) 
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ethanol then iecrystallized from a 50-50 benzene-ethyl 
acetate mixture; yield of dibenzophenone peroxide 2 g. 
(15.1%), m.p.  206-208" (cf.ref.6). 

Ozonization of 1,l-Diphenylethylene in the Presence of t- 
Butylcarbonium Ions.-To a solution of t-butyl alcohol 
(100 cc.) containing 6.8 g. of 80y0 sulfuric acid was added 
10 g. of 1,l-diphenylethylene and the mixture ozonized a t  
18-17' for two hours and 40 minutes by the countercurrent 
method a t  the rate of 0.0138 mole of ozone per hour. The 
product was worked up as in the previous cases and a yield 
of 100% of the crude peroxide was obtained based on the 
ozone used. After pumping for several hours at 0" and at 
1 mm. pressure, the highly viscous residue failed to yield 
any crystals by any method tried. 

Anal. Calcd. for C1&20( (XI1  or XI I I ) :  (0), 5.33. 
Found: (0), 5.19. 

Tha t  this peroxide is also a mixture of two isomeric per- 
oxides was shown by the separation and identification of 
their decomposition products. A sample of the peroxide 
was subjected at 30" to  a prolonged vacuum (2 mm.) dis- 
tillation and the low-boiling products collected in two traps, 
one at -78" and the other a t  liquid nitrogen temperature. 
All of the product was collected in the first trap.  This was 
allowed to  warm to  room temperature and a slow stream of 
dry nitrogen was passed over the condensate and through 
a reagent solution of 2,4-dinitrophenylhydrazine. A pre- 
cipitate was obtained from the latter which was recrystal- 
lized from aqueous ethanol, m.p. 165-167'. This was iden- 
tical with the 2,4-dinitrophenylhydrazone of formaldehyde, 
m.p. 167'. 

The remaining condensate in the trap was then subjected 
to a vacuum (2 mm.) a t  0' for several hours and analyzed. 

Anal. Calcd. for CSH1203: (0), 13.33. Found: (0), 
13.8. 

This peroxide responded to all qualitative tests (Table 
IV)  of t-butoxymethyl hydroperoxide. In addition, an 
infrared spectrum showed the presence of characteristic 
bands a t  11.9 p (-OOH), 9.4 p (C-0-C), a doublet at 7.25 
and 7.30 p [-C(CH,),] and a t  3.2 p (associated -OH). 

The non-volatile residue from the above distillation was 
cxtracted several times with pentane to remove the benzo- 
phenone, then subjected to a high vacuum (1 mm.) a t  30" 
until it gave a constant analysis for active oxygen; n25~  
1.5534. 

Anal. Calcd. for C17H2003: (0), 5.88. Found: (0), 
5.83. 

The presence of the hydroperoxy group was established 
by its rapid decomposition with lead tetraacetate. 

Ozonization of Styrene in the Presence of t-Butylcarbo- 
nium Ions.-To a solution of t-butyl alcohol (200 cc.) and 
6.1 g. of 80% sulfuric acid was added 5.2 g. of freshly dis- 
tilled styrene and the mixture ozonized at 15-17" by the 
countercurrent method for two hours a t  the rate of 0.02 
mole of ozone per hour. The product was isolated in the 
usual manner and analyzed. A yield of 9270 was obtained 
based on the ozone used. 

Anal. Calcd. for C12Hi204 (XI1 or XI I I ) :  (0), 7.08. 
Found: (0), 7.11. 

Ozonization of D-Limonene in the Presence of t-Butyl- 
carbonium Ions.-To a solution of t-butyl alcohol (200 cc.) 
and 12.5 g. of 80% sulfuric acid was added 13.5 g. of D- 
Limonene and the mixture ozonized at 15-17' by the counter- 
current method for three hours at the rate of 0.028 mole of 
ozone per hour. The product then was isolated as in the 
previous cases and analyzed. A yield of 85.701, was ob- 
t ained based on the ozone used. 
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A n d .  Calcd. for ClIH26O4 (XI1 or XI I I ) :  (O),  6.20. 
Found: (0), 5.50. 

Ozonization of p-Menthene-A43(*) in the Presence of t -  
Butylcarbonium Ions.-To a solution of f-butyl alcohol 
(200 cc.) and 12.5 g. of 80% sulfuric acid was added 13.8 g. 
of p-methene-A4j(S)21 and the mixture ozonized a t  15-17' 
countercurrently a t  the rate of 0.022 mole of ozone per hour. 
The product was isolated in the usual manner; yield 68% 
based on the ozone used. 

Anal. Calcd. for Cl&804 (XI1 or XI I I ) :  (O), 6.16. 
Found: (0), 6.00. 

A sample of this peroxide was subjected at 30" to a high 
vacuum (10-3 mm.) for several hours and the residue again 
analyzed. 

Anal. Calcd. for CI1H12O3: (0), 7.9; active hydrogen, 
1.00. Found: (0), 8.0; active hydrogen, 0.95. 

Ozonization of 2-Phenyl-3-methylbutene-2 in %-Pentane. 
-A solution of 16.7 g. of 2-phenyl-3-methylbutene-2 (b.p. 
188-189", n Z 5 ~  1.15120) and 100 cc. of purified n-pentane 
was ozonized for four hours a t  -50" by the bubbling method. 
The solution then was concentrated in vacuum to  30 cc. and 
allowed to stand a t  0" for two days. A crystalline solid 
(0.9 g., 10.7%) separated, m.p.  128-129'; this was recrps- 
tallized once from pentane; m.p. 132-133", mixed m.p. 
with diacetone peroxide gave no depression. It may be 
significant that  no diacetophenone peroxide was isolated in 
spite of the fact that  it is much less soluble in pentane than 
diacetone peroxide. 

Ozonization of lIl-Diphenyl-2-acetoxyethane in n-Pen- 
tane.-l,l-Diphenyl-2-acetoxyethene was prepared from 
diphenylacetaldehydezz by the method of TiffeneauZ3; 
m.p. 56-58'. A solution of 5.3 g. of l,l-diphenyl-2-acet- 
oxyethene and 50 cc. of purified n-pentane was ozonized at 
-20" for four hours by the bubbling method. The solvent 
then was removed under reduced pressure and the residue 
extracted several times with ethanol to remove the benzo- 
phenone. The peroxide then was recrystallized from a 50-50 
benzene-ethyl acetate mixture; yield 13%, m.p. 206-208". 

Ozonization of Tetraphenylethylene in Carbon Tetra- 
chloride.-Tetraphenylethylene was prepared by the 
method of Norris, Thomas and Brownz4; m.p. 226-227'. 
A sample (10 9.)  of this hydrocarbon was ozonized in carbon 
tetrachloride (200 cc.) a t  0" for four hours by the bubbling 
method. The solvent then was removed under reduced 
pressure and the residue recrystallized from benzene; yield 
56%, m.p. 206-208'. This was identified as dibenzophen- 
one peroxide. 

Another sample of tetraphenylethylene was ozonized in 
ethyl acetate a t  20'. A yield of 20% of crude dibenzophen- 
one peroxide was isolated from this solution. 
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