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1,2-dimethoxyetharic (distilled from lithium aluminum 
hydride) was added sodium (4.6 g., 0.2 g.-atom). -4 vigor- 
ous evolution of hydrogen resulted. To  the stirred solution 
was added sodium trichloroacetate (35.0 g., 0.188 mole) 
and the mixture was refluxed with stirring for 1 hr., during 
which time a tan solid eeparated. A vigorous evolution 
of carbon dioxide occurred. The mixture was filtered hot 
and the residual solid (24.F g.) was washed with hot 1,3- 
dimethoxyethane. On partial Concentration and cooling 
crystals separated from the red-brown filtrate. The sodium 
salt (11), 12.5 g., 52% yield based on 3 moles of I to yield 1 
mole of 11, was filtered and recrystallized from ethanol, 
m.p. 274-276’. The infrared spectrum was identical to 
the spectra of I1 produced in the bromoform and chloroform 
reactions. 

A n a l .  Calcd. for C1;H~,Os?;a: C, 51.11; H, 6.01. 
Found: C, 51.04; H, 6.28. 

The salt (11) was shaken with dilute hydrochloric acid and 
rther until the yellow cdor disappeared. The ether extract 
was washed with water and the ether was evaporated using a 
Rinco evaporator. The product was dried over anhydrous 
sodium sulfate aiid pumppd under a pressure of 0.3 mm. to 
remove traces of ether. The infrared spectrum of this tetra- 
ester was identical to that of the free ester prepared under 
these conditions from the product of the chloroform-sodium 
ethoxide run above. 

Reaction of I with Chloroform.-To a solution of 
diethyl malonate (32.0 g., 0.2 mole) in 100 ml. of 1,2-di- 
methoxyethane (distilled from lithium aluminum hydride) 

(d)  

was added sodium (4.6 g., 0.2 g.-atom). A vigorous evolu- 
tion of hydrogen occurred. To the stirred solution chloro- 
form (12.0 g., 0.1 mole) was added dropwise. The mixture 
was refluxed for 16 hr., during which time a yellow solid 
separated. The mixture was filtered while hot and the 
residual solid (9.0 9.) wm washed with hot 1,2-dimethoxy- 
rthane. On concentration and cooling crystals deposited 
from the filtrate. The salt (11), 12.0 g., 14y0 based on 4 
moles of I to yield 1 mole of 11, was filtered and recrystal- 
lized from ethanol, m.p. 274-276’. The infrared spectrum 
was identical t o  the spectra of the samples previously 
isolated. 

(e) Reaction of I with Ethyl Trichloroacetate-Sodium 
Methoxide.-To a solution of diethyl malonate (32.0 g., 
0.2 mole) in 75 ml. of 1,2-dimethoxyethane (commercial 
grade) was added sodium (4.5 g., 0.2 g.-atom). A vigorous 
evolution of hydrogen occurred. The solution waa cooled to 
0’ and sodium methoxide (5.4 g., 0.1 mole) was added. To 
the stirred mixture ethyl trichloroacetate (19.2 g., 0.1 
mole) was added dropwise. A muddy brown precipitate 
formed immediately. The reaction mixture was stirred for 
8 hr. a t  0”. The mixture was filtered and the filtrate was 
evaporated to dryness with a Rinco evaporator. The resi- 
due was extracted in a Soxhlet extractor for 24 hr. (ethanol) 
and yielded I1 (6.0 g., 17% based on acetate). The infrared 
spectrum was identical to that of the above products. 
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The synthesis of a,a-dimethoxy-a-t-butylperosytoluene (I), or,cu,a’,or’-tetramethoxy-or,or’-di(t-butylperoxy)-p-~~lcne (I1 j, 
and a,a,or’,a’-tetranirthoxy-a,ol’-di(t-but~lperoxy)-~-sylene (111) from the related methyl ortho esters and t-butyl hydro- 
peroxide is described. The thermal decomposition of these perortho esters in both cumene and t-butylbeneene lead to 
t-butoxy and subgtituted a,a-dimethoxybenzglo~y radicals. The latter fragment to methyl arylcarboxylates and methoxy 
radicals about ten times more readily than the competitive fragmentation to dimethyl carbonate and aryl free radicals. 

The thermal decomposition of peresters, RCOsR’, 
has been well est’ablished as a source of free radicals 
capable of initiating vinyl polymerization.’ The 
kinetics of decomposition indicate that homolysis 
of either the 0-0 bond alone2 or both 0-0 and 
R-C bonds simultaileously are occurring, de- 
pending on the nature of R.3 In contrast, much 
less is known about perortho esters, RC(0R’)z- 
OOR”.4 These have been prepared by autoxida- 
tion of  acetal^,^^^ by transesterification of ortho 
esters with hydroperoxides7 and more recently, by 

(1) (a) N. A. Milas and D. &I. Surgenor, J .  A m .  Chem. SOC., 68,  
G42 (1946); (b) R. P. Perry and  K. P. Seltzer, Modern Ph8tiC8, 26, 
No. 3, 134 (1947). 

(2) (a) A. T. Blomquist and A. F. Ferris, J. Am.  Chem. Soo., 1 3 ,  
3408 (1951); (b) A. T. Blomquist and  I. A .  Bernstein, ibid., 1 3 ,  5546 
(1951). 

(3) P. D. Bttrtlett and R. R. Hiatt ,  ibid., 80, 1398 (1958). 
(4) R, R’ = alkyl or aryl. R” = alkyl, aryl, or RC(0R’)r--. 

Perortho esters containing more than  one peroxide group per ortho 
ester function are unknown. 

( 5 )  M. L e c h e r ,  dissertation, Rarlsruhe (1930). 
(n)  A .  Rieche, E. Schmitz, and E. Reyer, Chem. Ber., 91, 1035 

(1958). 

the addition of hydrogen peroxide to ketene ace- 
talsa; however, no studies of their thermal de- 
composition have been reported. In this work, 
the synthesis and decomposition of three perortho 
esters, a,a-dimethoxy-a-t-butylperoxytoluene (I), 
a,a,a’,a’- tetramethoxy-a,&-di(t-butylperoxy) - p -  

(7) A. Rieche, E. Sohmitz. and E. Beyer, %bid. .  91, 1942 (1958). 
(8) A. Rieche, E. Sohmitz, and  E. Grundemann, Angew. Chem., 12,  

635 (1960). 



SEPTEMBER, 1962 DECOMPOSITION OF PEI~OIZTHO ESTERS 3099 

xylene (11), and ala, a') a'-tetramethoxy-ala'-di- 
(&butylperoxy)-m-xylene (111) is described. 

Results 
The perortho esters I, 11, and I11 were prepared 

by heating the appropriate methyl ortho ester with 
two to four equivalents of t-butyl hydroperoxide 
for each ortho ester group in n-hexane and distilling 
the liberated methanol as its azeotrope with n- 
hexane. The use of catalytic amounts of toluene- 
sulfonic acid or Dom-ex 50 sulfonic acid resin seemed 
to offer no improvement in yield. Below looo, 
the t-butyl peroxy ortho esters do not decompose 
appreciably and are stable for several months a t  
0'. While they all oxidize acidified sodium iodide 
solutions, this reaction could not be used for their 
quantitative determination. A number of iodo- 
metric  technique^*^^^ all gave values which were 
erratic and inconsistent with the proposed struc- 
tures. Similar difficulties with t-butyl peresters 
have been described by others and attributed to 
acid-catalyzed rearrangement of the peresters.la.* 
The identity of the perortho esters was based on 
the synthetic path, the elementary analysis, and the 
character and quantity of the decomposition 
products. The purity mas established by inspec- 
tion of the infrared spectrum for carbonyl and hy- 
droxyl absorption, characteristic of the expected 
impurities. 

The decomposition of perortho esters I, 11, and 
111 in pure cumene and t-butylbenzene a t  150.0' 
evolved gases which were shown by mass spectrom- 
etry to be mainly methane and carbon monoxide. 
While the rate of gas evolution followed no integral 
kinetic order, an approximation of the rate of per- 
oxide decomposition based on the rate of gas evolu- 
tion leads to the graphically determined half-lives 
shown in Table I. For comparison, the extrapo- 
Iated2" half-life for the decomposition of t-butyl- 
perbenzoate in p-rhlorotoluene a t  1 6 0 O  is 4.4 
minii tes. 

TABLE I 
Gas I~VOLUTION FROM  BUTYL PEROXY ORTHO ESTERS" 

AT 150' 
7- Cumen- --t-ButyIbenzen- 

Total  t ' / t  3 Total t ' / z ,  
mmoles min.b mmoles min.b 

I 1.46 22 2.33 24 
I1 1.20,1.15 17,16 2.60,2.35 27,33 
I11 0.94 27 1.35. 32 
a 6 mmoles of peroxygen bonds in 300 mmoles solvent. 

c 5.54 * Time required for one half of total gas evolution. 
mmoles of peroxygen bonds in 300 mmoles solvent. 

The efficacy of tbutyl perortho esters as initiators 
for vinyl polymerization is indicated by the fact 
that methyl methacrylate containing 0.11 mole per 

(9) (a) F. H. Dickey, J. H. Rsley, F. F. Rust.  R. 5. Treseder, and 
W. E. Vsughan, Ind. Eng. Chem., 41, 1673 (1949). (h) C. D. Wagner, 
R. H. Smith, and E. D. Petrrs, Ind. Eng. Chem. ( . Inal .  Ed.), 19, 976 
(1947). ( 0 )  L. S. Silbert and D. Swern, Anal. Chem., 30,  385 (1958). 

cent peroxygen as I1 gives an 8% yield of poly- 
methyl methacrylate of average molecular weight 
2.73 X lo6 under conditions where monomer alone 
gave 2.075 polymer of average molecular weight 
4.24 X lo6. 

Perortho esters I, 11, and I11 were decomposed 
in both cumene and t-butylbenzene as indicated in 
Table 11. Gases were analyzed by mass spectrom- 
etry; liquid and solid products were identified 
and determined by vapor phase chromatography 
(VPC) using known compounds as standards. 
Formaldehyde, which was formed in the decom- 
positions, polymerized to paraformaldehyde and 
condensed on the walls of the condenser; determi- 
nation was as the 2,4-dinitrophenylhydrazone. 
Isobutylbenzene, which had been formed by iso- 
merization of the solvent in the decomposition of 
I in t-butylbenzene, was quantitatively determined 
by infrared analysis of the distilled solvent fraction. 
With I and 11, product balances are in good agree- 
ment with the proposed structures. Perortho 
ester 111, which had been isolated by molecular 
distillation, gave poorer material balances, due a t  
least in part to the lower purity of the initial 
perortho ester. TWO unidentified peaks in the 
VPC of the decomposition products, with retention 
times suggesting the p-carbomethoxyphenyl deriva- 
tives of cumene and t-butylbenzene, were also 
apparent. In  any event, the products identified 
indicate the major course of the decomposition. 

Discussion 
The two 0-0 bonds in the disubstituted aro- 

matic perortho esters I1 and I11 are sufficiently well 
insulated from each other so that there is no direct 
tautomeric way in which homolysis of one 0-0 bond 
can induce homolysis of the other. In  this regard, 
I1 and I11 are simply difunctional examples of 
a,a-dimethoxy-a-t-butylperoxytoluene (I); their 
mode of decomposition can most conveniently be 
discussed in terms of the monosubstituted aromatic 
perortho ester. 

The products of decomposition of I can readily 
be accounted for by the following scheme: 

/OCHa /OCH* 
ArC-OCH3 + ArC-OCH3 + (CH&CO. 

\ 
OOC(CHa)s 0. 

\ 

(IV) 

(CHa)3CO* + RH + (CH8)aCOH + R. 

(CHs)sCO* + CH3. + CHsCOCH3 

CHI. + RH --+ CH4 + R. 

/OCHa 

\on 
I V  + RH + ArC-OCH3 + R. 

(VI 
v -+ A;COXH~ + CH~OH 
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TABLE I1 
I)~;coxrosrr~or PRODCCTS OF PERORTHO ESTERS AT 160", ;\IOLES/MOI,E OF PERORTHO ESTER 

C'arLon rnorioii(1o 
Methanc 
Formaldeliydt. 
Acetone 
LIethanol 

Dimethyl carhonatr 
Benzene 
Methyl benzoate 
Dixneth> 1 tercphthirlat c 
Dimethj 1 isophthalate 
Dicuinj.1 
1soliutvll)criwne 

C (  Balance 
Aromatic 

Methovyf 

t-Butyl alcohol 

t -B~ty1  d ~ o h o l / a ~ c t ~ ~ i c  

t-Butoxve 

1- 

Curnrnca 
0.00 

.21 

0 18 
.71  
. i R  
12 

.08 
,84 

d 

f-Butyl- 

0 .08  
,30 

0 .48  
. 63 
.50 
.07 
.03 
. 96 

benzene" 

d 

. 7 l  
2 (i 

4 .25 1 02 

!)2 99 
97 98 
90 91 

-----II- 

Curnenrh 
0 00 

.38 
16 

.38 
1.23 
1.49 
0.26 

t l 2  
.68 

1.41 

3 '36 

80 
93 
84 

- ___ 
t-Zutyl- 
benzeneb 

0 16 
62 

.15 
90 

1 19 
0 95 

.23 

.30 

.77  

1 

I 0G 

107 
9% 
95 

_--- 111 --.- 7 

t-nuty1- 
Curnoneb benzenec 

0.00 0.12 
.30 ,3B 

0.22 0 , 3 9  
.98 .98 
.87 .75 
. I 7  .12 

. on . 18 

d d 

, 50 .48 
. 99 

1 

4.01 I . !)0 

59 til 
55 57 
60 61 

Six inmoles in 300 nimoles of solvent. * Three mmoles in 300 mrnolrs of solvent. 2.77 mmolcs in 300 mmoles of 
solvent. Present but not determined. e Acetone and t-butyl alcohol. Methanol, carbon monoxide, formaldehyde, and 
methyl esters. 

IV + Ar- + (CH30)2C0 

Ar. + RH -+- ArH + R. 

Ai-. + RH ---+ ArRH + ArR + RH 
IV + ilrCOiCH3 + CH,O. 

CH3O. + RH + CHaOH + R* 
CH30- + R- + CHiO + RH 

(3 
(8) 

R. 
(9) 

(10) 

(11) 
(12) 

(13) 
R R. 

C'HaOH + R H  + *CH,OH + RH + CHiO 
R. R. 

CH,O --f I1H + CHO + RII + CO (14) 

2R* -+- RR (15) 

\Yh i lo  mobt of thr steps in tho reaction sequence :we 
conventional, several warrant special consideration. 

The primary step in the decomposition is no 
doubt the unimolecular scission of the peroxygen 
bond (equation 1) to give t-butoxy radicals and 
IV.  A wholly concerted process in which either 
the Ar-C hond or the CH,O-C bond is broken 
iii the rate-determining step IS not likely, sincc 
methyl benzoate and dimethyl carbonate, products 
from both of these cleavages, are observed. Fur- 
ther, it has been shown that the stabilities of the 
iriripieiit f r w  radicals arc important in thc transi- 
1 ioii st :i tc. of iuuh coiicertcd decompositions. The 
plic~iiyl-C bond is not broken in the transition state 
for the decomposition of t-butyl perbenxoate3; 
little is known about concerted CHBO--C cleavage, 
although thermochemical data indicate that the 
methoxy radical is considerably more stable than 
the phenyl radical.10 

The higher than usual11 t-butyl alcohol/acetone 
ratios reported here are probably due to the hydro- 
gcn-donating abilities of the methoxy radical 

'10) 1' Lin, and 1 JTi1liain.s C h r f n  neu , 59, 239 (1959) 
(11) 1 T, Williams B, A. Oboir ight ,  ,tnd J. 'il' Brooks J I m .  

C h c f n  S o c ,  78, 1190 (19%). 

(equation 12), methanol (equation 13), and 
formaldehyde12 (equation 14), which are also 
present. 

The intervention of solvent as a souice of hy- 
drogen atoms is indicated by the dimerization of CY- 

cumyl radicals to dicumyl in high yield in cumene 
solvent (equation 15). While no analogous dimers 
were detected in t-butylbenaene, the formation 
of the neophyl radical by hydrogen abstraction 
is indicated by the presence of isobutylbenzene, a 
product of its rearrangement (equations 16 and 17). 

CH3 CH3 

i+-4-m2. --f i w r 1 2  -d. ( I ( ; )  
I 

CHZ 

C& 
I 

I'hCII1-C. + It11 
I 

CH3 

This isomerization 
in the decomposition 
buty lb~i izene .~~ 

The fate of radical 

CI IJ 

has rcrcntly lteeii Icportcd 
of di-t-butyl peroxide in t- 

IV is less clcur and scveral 
possibilities arisc. The ol,oc-dimctl.ioxyl)Fiixyloxy 
radical (IV! Ar = phenyl) can nhstract, hydrogcii 
directly to give the hypothctical intermediate V, 
which would undoubtcdly decompose by a non- 
radical path to methyl benzoate and methanol 
(equations 5 and 6). Alternat'ively, IV may de- 
compose by a free radical path to methyl benzoate 
and methoxy radicals, ultimately appearing as 
methanol (equations 10 and 11). If methyl 
benzoate is formed by the nonradical path (equa- 
tions 5 and 6), it should be formed in greater amount, 

(12) Y. Takesaki and C. Takeuchi, J. Chem. I'hys., 22 ,  1527 

(13) €1. I'incs wid C. N. l'illai, J .  A m .  Chcrn. Sw., 83, 2921 (I! l l iO).  
(1954). 
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in cumene than in l-butylbenzene due to facilita- 
tion of the hydrogen abstraction reaction. That 
more methyl benzoate is formed in t-butylbenzene 
than in cumene invalidates equations 5 and 6 as 
the only route to methyl benzoate. 

Perhaps the most striking reaction available to 
I V  is the necessarily free radical scission to phenyl 
radicals and dimethyl carbonate (equation 7) which 
occurs to the extent of 6-13y0 per peroxygen bond 
for the various perortho esters in the two different 
solvents. By comparison, the cumyloxy radical 
from the decomposition of dicumyl peroxide in 
cumene a t  138' gives only acetophenone and 
methyl radicals on fragmentation,14 with no evi- 
dence for benzene and acetone. 

The presence of dimethyl carbonate suggests the 
occurrsnce of equation 7, the existence of I V ,  and 
consequently the concurrent fragmentation of I V  
to methyl benzoate and methoxy free radicals. 
A simple thermochemical calculation, the validity 
of which has recently been disc~ssed, '~  allows one 
to partition the two alternatives (equations 7 and 
10). Using 69, -137.1, -71.7, and -0.5 kcal./ 
mole as the enthalpies of formation (g, 2 5 O ,  1 atm.) 
of phenyl radicals, dimethyl carbonate, methyl 
benzoate, and methoxy radicals, respectively,10 
calculations indicate that equation 10 is more exo- 
thermic than equation 7 by 4.1 kcal./mole, so that 
if IV has sufficient life time to fragment to phenyl 
radicals and dimethyl carbonate, the concurrent 
fragmentation to methyl benzoate and methoxy 
radicals should predominate, as is borne out by 
experiment. Formaldehyde, methanol, and carbon 
monoxide are ultimate products of reactions of 
mcthoxy radicals, equations 11, 12, 13, and 14. 
It is also possible to visualize intramolecular proc- 
rwx leading to formaldehyde. A cyclic process 
indiczttcd in cquatiori 1816 not only accounts 

Ior f'oii!ialtl(,liytl(, formution 1)uL also accounts for 
tl ic high t-1)utyl :~lcohol/acctonr ratios and poor 
iiiit iat i o i i  rffiricnrp of t-hutyl pcrortho cstcrs. Thc 
form:ttioii of foi maldchydc by intramolcculur hy- 
t l r o g c i i  :il)strwtioii hy IT.' (rquation 19) is not very 
likely. 

The radical VI would appear as acid or aldehyde, 
neither of which were detected. Further, i t  has 
been ~ h o w i i ~ ' ~ ' ~  that intramolecular abstraction 
of primary hydrogen by alkoxy radicals does not 
occur in quasi-five-membered transit,ion states. 

E~perirnental~~ 
Methyl 0rthobenzoate.-The procedure of AlcElvain and 

Venerable20 was used. Distillation t'hrough a 36411. spin- 
ning band column gave a chloride-free liquid, b.p.  114'/25 
mm., n 2 5 ~  1.4865 lit.,*O b.p. 114-115'/25 mm., n 5 ~  1.4858. 

Methyl 0rthoterephthalate.-a,a,a,a',a',a'-Hexachloro- 
p-xylene (Diamond Alkali Co.), I57 g. (0.50 mole) and a 
sodium methoxide solution prepared from 75 g. of sodium 
metal (3.25 g.-atoms) in 1200 ml. of dry methanol were 
heated for 5 hr. a t  200" in a 4.5-1. stainless steel rocker bomb. 
The reaction mixture was filtered, the methanol evaporated, 
and the residual paste poured ont,o 1.5 1. of water and ex- 
tracted with five 200-ml. portions of chloroform. The chloro- 
form extracts were washed with saturated sodium bicarbonate 
solution, dried over anhydrous potassium carbonate, and the 
solvent evaporated. Crystallization of the residue from 
mixed hexanes gave 86.1 g. (60y0 yield) of white prisms, 
m.p. 124.8-125.5'. 

Anal. Calcd. for CI4H22O6: C, 58.72; H, 7.75. Found: 
C, 58.91; H, 7.83. 

Methyl 0rthoisophthalate.-Reaction of a,a,a,a',a',a'- 
hexachloro-m-xylene (Diamond Alkali Co.) with sodium 
methoxide in methanol as for the para isomer gave white 
plates, m.p. 95.4-96.6', from hexane-ether. 

Anal. Calcd. for C14H2206: C, 58.72; H,  7.75. Found: 
C, 58.72; H, 7.98. 
a,a-Dimethoxy-a-t-butylperoxyto1uene.-Methyl ortho- 

benzoate, 18.21g. (0.10 mole) and 18.02 g. (0.20 mole) of 
t-butyl hydroperoxide, b.p. 21°/5 mm., n 2 0 ~  1.3992, i n  100 
ml. of n-hexane were heated for 24 hr. in a flask equipped 
with an 8-in. column packed with stainless st'eel saddles and 
a total reflux-variable takeoff head. The temperature was 
regulated such that the pot never exceeded 70". During 
this time the methanol formed during the exchange reaction 
was removed azeotropically and was identified by vapor 
phase chromatography. The remaining solvent was rc- 
moved a t  reduced pressure and the residue distilled. In 
addition to recovered ortho ester and hydroperoxide, 3.45 g. 
of a viscous oil, b.p.  55-59'/0.09 mm. was isolated. 
Crystallization from pentane at  -50" afforded white plates, 
m.p. 25.5-26.5'. An infrared spectrum indimted absorp- 
tion a t  1390 and 1365 cm.-' (t-butyl) and 862 cm.-l ( t -  
butoxy). There was no absorption in the carbonyl or 
hydroxy regions. The peroxidic nature of the compound 
was indicated by the liberation of iodinc from acidified 
sodium iodide. 

Anal. Calcd. for CI3HZ0O1: C, 64.98; 11, 8.3!). Fouud: 
C, 65.05; H, 8.51. 

a,a,a',a'-Tetramethoxy-a,a '-di( I-buty1peroxy)-p-xylene. 
--The reaction of methyl orthotrrci)hthalate, 16.16 g. (O.(J(i 
mole) and 36 g. (0.40 mole) of t-hut,yl hydroperoxide in  200 
ml. of hexane was carried out as described above. (T i l -  

changed t-butyl hydroperoxide was removed a t  0.1 111111. 
and the residue crystallized from ether-decane, 9.0 g. ( 3 i r / O ) ,  

( 1 7 )  F. I>. Qreene, A I .  L. Savitz, H. H. Laic. I". D. Osterholtz. and 

(18) c. Walling and 4. Padwa, ibid., 85, 2207 (1901). 
(19) Vapor phase chromatography of gas samples were carried out 

on a Fisher Gas Partitioner Model 25 (Fisher Scientific Co., Pitta- 
burgh, Pennsylvania). Liquid samples were analyzed on a n  Aero- 
graph Model .4-90-P (Wilkins Instrument Co., Walnut Creek, Call- 
fornia). Infrared spectra were run on a n  Infraoord Model 137 
(Perkin-Elmer Corg., Norwalk, Connecticut). All thermometer 
readings are uncorrected. 

(20) S. RI.  McElvain and J. T. Vcnerable, J .  A m .  C h m .  Soc., 7a, 
ItiGl (19.50). 

W. N. Smith, J .  Am. Chem. Soc., 88, 21Yci (1981). 
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m.p. 90.6-91.7"; an infrared spectrum indicated absorp- 
tion a t  845 cm.-l (p-substitution), 879 cm.-1 (t-butoxy), 
and 1365 and 1385 cm.+ (t-butyl). There was no absorp- 
tion in the hydroxyl or carbonyl regions. Positive peroxide 
test with acidified sodium iodide. 

A n d .  Calcd. for Cl~HarOs: C, 59.68: H, 8.52. Found: 
C, 59.88; H, 8.16. 

a,cu,or',cu'-Tetramethoxy-c,c'-di( t-buty1peroxy)-m-xylene. 
-The reaction of 5.28 g. (0.0185 mole) of methyl orthoiso- 
phthalate and 9.0 g .  (0.10 mole) of t-butyl hydroperoxide in 
100 ml. of n-hexane was carried out in the usual way. 
Solvent and excess hydroperoxide were removed under 
vacuum. No product distilled over a t  a pot temperature 
of 130' a t  0.07 mm. The pot residue, 7.44 g. was a viscous 
yellow oil which resisted all efforts a t  crystallization. A 
portion, molecularly distilled at 8 X mm. through an 
all glass Hickman still, gave a colorless oil at a pot tempera- 
t>ure of 113", n2O~ 1.4770, which oxidized an acidic sodium 
iodide solution. An infrared spectrum indicated absorp- 
tion a t  872 cm.-' (t-butoxy) and 1365 and 1390 cm.-1 
(f-butyl). A slight absorption of 1745 cm.-' indicated a 
carbonyl-containing impurity, probably dimethyl isophthal- 
ate. 

Ami. Calcd. for C20Ha408: C, 59.68; H, 8.52. Found: 
C, 59.92; H, 8.30. 

Cumene.-Phillips Pure Grade cumene was distilled 
through a 30-in. column packed with stainless steel saddles, 
b.p. 153'. 

t-Buty1benzene.-Phillips Research Grade t-butylbenzene 
was distilled, b.p. 169", until i t  gave only a single peak on 
VPC. 

Polymerization Initiation Activity of 11.-Purified methyl 
methacrylate 4.727 g. (47.3 mmoles) and 0.011 g. (0.027 
mmoles, 0.11 mole % peroxygen bonds) were placed in a 
glass ampoule and degassed by alternate freezing, evacuat- 
ing, and thawing cycles. The ampoule was sealed and 
heated for 30 min. at 99.2'. Precipitation of the polymer 
from methanol gave 0.380 g. (8.0% yield) of polymethyl 
methacrylate, mol. wt.,2* 2.73 X 10'. In the absence of 11, 
0.100 g. (2,0y0 yield) of polymer, mol. wt., 4.24 X lo8, was 
isolated. 

Decomposition of Peroxy Ortho Esters.-The apparatus 
consisted of a flask of about 50-ml. capacity with a 6-in. 
neck to which was connected a condenser, cooled by cir- 
culating an ice-acetone mixture. The condenser was 
attached to a manifold bearing a 100-ml. mercury-Elled 
buret,, a mercury manometer, a two-way stopcock through 
which the system could be evacuated and pressured with 
helium, and a gas sample outlet sealed with a rubber w p -  
trim. Atmospheric! pressure was maint,ainrd by means of a 
levt-lling hulb at,tached to the buret. 

The pcrosidc, 6 mmolcs bmcd on pcroxygrn bonds WRFI 

VPC indicated only a single compound. 

(21) G. Meyerhoff and C. V. Schulz, ilfakromol. Chem., 7 ,  204 
(1951). 

dissolved in 300 mmoles of either cumene or t-butylbenxene, 
corresponding to 0.142 M and 0.128 M in peroxygen bonds, 
respectively. The system was alternately evacuated and 
pressured with helium until a vapor phase chromatogram 
of a 1 4 .  gas sample indicated the absence of nitrogen and 
oxygen. 

The reaction flask was lowered into a stirred oil bath, 
thermostatted a t  150.0'. Zero time was taken after the 
first surge of gas due to PxpanRion of the system subsided, 
usually about 3 min. Most of the gas was evolvpd during 
the first hour of reaction. After about 5 hr., the rraction 
flask was cooled to room temperature and a gas sample 
taken for mass spectrographic analysis. 

The condenser, which was coated with paraformaldehyde, 
was rinsed with an acidic 2,4-dinitrophenylhydrazine solu- 
tion. Crystallization of the hydrazone from ethanol gave 
needles, m.p. 165.5-166", mixed m.p. with formaldehyde 

Gas Chromatographic Analysis.-Acetone, methanol, 
t-butyl alcohol, dimethyl carbonate, and honzene were 
determined on a 15-ft., 20% polypropylene glycol on fire- 
brick column at 98" and a helium flow rate of 24 ml./min. 
Methyl benzoate was determined on a 15.ft., 7% G.E. 
SF-96 silicone oil on Fluoropak column at  155' and a helium 
flow rate of 22 ml./min. Dimethyl terephthalate, dimethyl 
isophthalate, and dicumyl were determined in the same 
silicone oil on Fluoropak column at 202" and 32 ml./min. 
of helium. In all cases, the total liquid reaction product 
and two known mixtures of about the same composition 
were run consecutively using the same volume of sample. 
Composition was determined by comparing the peak areas 
of the known and unknowns. The average deviation was 
generally less than 5y0. 

Infrared Analysis of Isobutylbenzene in t-Buty1benzene.- 
The reaction mixture from the decomposition of I in t- 
butylbenzene was distilled through a 36-in. spinning band 
column into a 1-ml. forecut, b.p. 45-167", which contained 
all of the low-boiling materials as well as some t-butylbenzone 
solvent; a main cut, b.p. 167-171', which was a mixture 
of t-butylbenzene and isobutylbenzene; and a bottom 
fraction which was mainly methyl benzoate containing some 
hutylbenzenes. An infrared spectrum of the main cut 
indicated that i t  was almost pure t-butylbenzene except for 
a slight absorption a t  737 cm.-'. The absorbance a t  i37 
cm.+ of this fraction in an 0.4-mm. cell referred to pure 
t-butylbenzene was compared to that of several known 
isohutylbenzenP-t-butyl henzene mixtures. On this basis, 
0.505 I 0.00370 isobutylhenzene was detected. 

2,4-DXP, 165-166". 
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