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desiccator over calcium chloride, the pure light-yellow crys
tals melted at 252° dec. 

Anal. Calcd. for Ci2Hi3N3O8: C, 44.04; H, 4.00; N, 
12.84. Found (dried at 100° in vacuo): C, 44.25; H, 4.14; 
X, 12.65. 

j3-(3-Methoxy-4,6-dinitrophenyl)-D,L-alanine (50 mg.) , 
derived from 3-methoxy-4,6-dinitrobenzaldehyde, was acet-
ylated as described for /3-(3-methoxy-2,6-dinitrophenyl)-
D,L-alanine using one-third the quantities of sodium hy
droxide, acetic anhydride and sulfuric acid. The crude 
product (50 mg., m.p . 205°) was purified from absolute 
ethanol; m.p . 212-213°. Found (dried at 79° in vacuo): 
C, 43.83; H, 3.98; N, 12.70. 

N-Acetyl-i3-(3-methoxy-2,6-dinitrophenyl)-D,L-alanine 
Methyl Ester and N-Acetyl-/3-(3-methoxy-4,6-dinitrophenyl)-
D,L-alanine Methyl Ester.—A solution of 50 mg. of N-acetyl-
0-(3-methoxy-2,6-dinitrophenyl)-D,L-alanine in 2.5 ml. of 
pure dioxane was mixed with a dry ether solution of diazo-
methane, prepared7 from 0.4 g. of N-nitrosomethylurea and 
4 ml. of ether. After the solution had been kept at 26-27° 
for 16 hr., the solvent was evaporated to deposit a sirup 
which crystallized upon being stirred with ether. Purified 
by recrystallization as slightly yellow needles from aqueous 
methanol and dried in an evacuated desiccator over calcium 
chloride, the compound melted at 158-159°, yield 35 mg. 

Anal. Calcd. for C13Hi6N3O8: C, 45.75; H, 4.43; N, 
12.32. Found: C, 45.55; H, 4.54; N, 12.31. 

The compound was prepared also by esterification of N-
acetyl-/3-(3-methoxy-2,6-dinitrophenyl)-D,L-alanine with the 
use of methanol and acetyl chloride.6 To a solution pre
pared by adding 0.5 ml. of acetyl chloride to 5 ml. of 
methanol was added at 0° 43 mg. of N-acetyl-/3-(3-meth-
oxy-2,6-dinitrophenyl)-D,L-alanine. The solution was kept 
at 25° for 23 hr., and the solvent then was evaporated at 
30° in vacuo; the sirup was taken up in methanol, the sol
vent was evaporated and the operation was repeated. The 
sirup was crystallized as needles from methanol and purifica-

(7) W. E. Bachmann and W. S. Struve, in R. Adams, "Organic 
Reactions," Vol. I, John Wiley & Sons, Inc., New York, N. Y., 1942, 
p. 50. 

Some time ago Bolland and Hughes1 deduced a 
structure (I) for the primary oxidation product of 
l,5-dimethyl-l,5-dienes from the results of func
tional group analyses of partially oxidized squalene, 
oxidized under conditions of high chain length so 
that the primary product was obtained in high 
yield. 

CH3 
I 

CH3 C H 2 - C - O 2 H 
! / \ 

- C H 2 C = C H C H CHCH2 

\ / 
O—O I 

The significance of this result to the oxidation of 
hevea rubber was not known until quantitative es
timates of the low molecular weight products of the 
oxidation of hevea in latex gave indirect evidence 

(1) J. L. Bolland and H. Hughes, J. Chem. Soc, 492 (1949). 

tion was completed by recrystallization from benzene; m.p . 
157-158°, not depressed when the substance was mixed with 
crystals of the methyl ester prepared with the use of diazo-
methane. 

The reaction of diazomethane with the isomer of N-acetyl-
/3-(3-hjrdroxydinitrophenyl)-D,L-alanine melting a t 194-
195° (N-acetyl-C)1 gave N-acetyl-/3-(3-methoxy-2,6-dinitro-
phenj'l)-D,L-alanine methyl ester identical with the authentic 
compound obtained by the esterification of N-acetyl-/3-(3-
methoxy-2,6-dinitrophenyl)-D,L-alanine. A solution of 40 
mg. of pure N-acetyl-j3-(3-hydroxydinitrophenyl)-D,!,-ala
nine (m.p. 194-195°) in 2 ml. of pure dioxane was treated 
with diazomethane as described for N-acetyl-/3-(3-methoxy-
2,6-dinitrophenyl)-D,L-alanine; yield28mg., m.p. 157-158°. 
A mixed melting point with crystals of the methyl ester pre
pared from N-acetyl-(3-(3-methoxy-2,6-dinitrophenyl)-D,L-
alanine showed no depression and the infrared spectra (solid 
potassium bromide disk method) of the compound from the 
two sources were identical. Found: C, 46.23; H, 4.43. 

The reaction of diazomethane with N-acetyl-/3-(3-meth-
oxy-4,6-dinitrophenyl)-0,L-alanine (38 mg.) was carried 
out as described for the similar reaction with N-acetyl-0-
(3-methoxy-2,6-dinitrophenyl)-D,L-alanine, using 0.3 g. of N-
nitrosomethylurea, 3 ml. of ether and 2 ml. of dioxane. 
The product, after purification from methanol and drying 
in an evacuated desiccator over calcium chloride, melted at 
172-173°, not depressed when mixed with crystals of the 
previousl}' reported1 isomer of N-acetyl-|3-(3-methoxydini-
trophenvl)-D,L-alanine methyl ester melting at 172-173°. 
Found: "C, 45.78; H, 4.39. 
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that a closely related structure must be formed in 
order to account for the observed products of the 
scission reaction.2 

In latex the observed end-products, acetic acid, 
formic acid and carbon dioxide, are produced in 
stoichiometric ratios of 1:1:3. The yields relative 
to the production of new molecules by breaking the 
hydrocarbon chain show that six chain atoms ap
pear as low molecular weight products at each scis
sion.3 A reasonable process involving six chain 
atoms in the scission reaction can be visualized 
readily by making use of a simple modification of 
the reaction mechanism postulated by Bolland and 
Hughes to account for I as a primary product. 
The important features of this mechanism are the 
ready addition of a peroxide radical to a double 

(2) E. M. Bevilacqua, THIS JOURNAL, 77, S394, 5396 (1955). 
(3) E. M. Bevilacqua, Rubber Age, SO, 271 (1956). 
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Chain Scission in the Oxidation of Hevea. IV. Low Molecular Weight Products from 
Dry Rubber 

BY E. M. BEVILACQUA 

RECEIVED DECEMBER 3, 1956 

Estimates of yields of volatile products from the scission by oxygen of hevea rubber in latex2 have been supplemented with 
measurements on dry rubber at 140°. The results make it possible to outline a mechanism for the scission reaction which ac
counts quantitatively for known products. 
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bond when a six-membered ring can be formed and 
the mobility of allylic radicals.3 

The volatile compound of highest molecular 
weight previously identified with the oxidation of 
natural rubber is levulinaldehyde.4 Although no 
clearcut evidence has been published for the direct 
formation of this material during oxidation with 
molecular oxygen, it generally has been assumed to 
be the product formed during aging of rubber which 
reacts with ammonia to give a compound which 
exhibits a positive "pyrrole" test. The present 
paper offers evidence supporting this belief and 
leading further to the conclusion that it is a direct 
intermediate in the scission reaction, which arises 
from the decomposition of a peroxide formed by the 
general process outlined by Bolland and Hughes. 

Experimental 
T h e m o l a r r a t i o of vola t i le p r o d u c t s from t h e ox ida t ion 

of r u b b e r t o oxygen c o n s u m e d is a funct ion of t e m p e r a t u r e 2 , 3 

a p p r o a c h i n g equ iva lence a b o v e 130° . In order t o t a k e ad 
v a n t a g e of th i s effect t o o b t a i n m a x i m u m yields of low 
molecu la r we igh t c o m p o u n d s , a n a p p a r a t u s was se t u p t o 
p e r m i t e x p e r i m e n t s a t e l eva ted t e m p e r a t u r e s a n d t o r e m o v e 
t h e vola t i le p r o d u c t s f rom t h e r eac t ion s i te a s r a p i d l y as 
poss ib le . 

In th i s a p p a r a t u s t h e cell which c o n t a i n e d t h e s a m p l e 
was m o u n t e d in a c i r cu l a t ing air o v e n . T h e t e m p e r a t u r e 
was held c o n s t a n t t o ± 0 . 3 ° . I n series wi th i t we re a t r a p 
immersed in a c o n s t a n t t e m p e r a t u r e b a t h a n d a gas c i r cu la t 
ing p u m p . T h e t r a p , o u t s i d e t h e oven , was held a t 0 or 
— 8 0 ° , d e p e n d i n g on w h a t it was desired t o col lect . T h e 
p u m p , in t h e oven , was c o n s t r u c t e d accord ing t o t h e de 
sign of C o c k e t t 5 modif ied on ly in t h a t all m o v i n g p a r t s in 
c o n t a c t w i th t h e ho t oxygen were of Tef lon. A g roup of gas 
b u r e t s connec t ed in para l le l ex t e rna l t o t h e cell were used t o 
m e a s u r e v o l u m e c h a n g e s . T h e y were s u r r o u n d e d b y j a c k e t s 
in which w a t e r a t 38° was c i rcu la ted c o n t i n u o u s l y d u r i n g a n 
e x p e r i m e n t . All connec t ions b e t w e e n p a r t s n o t inside t h e 
oven or c o n s t a n t t e m p e r a t u r e b a t h s were of cap i l l a ry t u b i n g 
t o keep t h e v o l u m e sub jec ted t o uncon t ro l l ed t e m p e r a t u r e 
f luc tua t ions as smal l as poss ible . 

P r e s s u r e in t h e s y s t e m was m a i n t a i n e d c o n s t a n t d u r i n g a n 
e x p e r i m e n t b y per iodic m a n u a l a d j u s t m e n t in which oil 
( " H y v a c " oil-93050) was a d d e d t o t h e b u r e t un t i l a refer
ence m a n o m e t e r c o n t a i n i n g a si l icone oil ( D C 3 5 0 ) showed 
no h e a d . T h e reference p re s su re was es tab l i shed in a sealed 
cell h a v i n g n e a r l y t h e s a m e v o l u m e as t h e s a m p l e cell and 
m o u n t e d bes ide it in t h e o v e n . T h e v o l u m e of oil a d d e d 
was t a k e n t o be a d i rec t m e a s u r e of t h e v o l u m e of oxygen 
d i s a p p e a r i n g from t h e s y s t e m by a b s o r p t i o n in t h e s a m p l e . 
T h e oil, a t 3 8 ° , abso rbed oxygen a t a negl igible r a t e com
p a r e d w i th t h e s a m p l e a t 1 4 0 ° . 

L o w molecu la r we igh t p r o d u c t s were recovered in t h e 
t r a p s . T h e p rob lem of q u a n t i t a t i v e r ecove ry of v e r y smal l 
a m o u n t s of p r o d u c t s from la rge vo lumes of fas t m o v i n g gas 
in one pass so t h a t no p r o d u c t r e - en t e r s t h e o v e n , w i t h o u t 
ra i s ing t h e p re s su re d r o p in t h e a p p a r a t u s , sti l l h a s n o t been 
solved in a comple t e ly sa t i s f ac to ry w a y . H o w e v e r , t h e 
resu l t s i n d i c a t e t h a t n e a r l y q u a n t i t a t i v e r ecove ry of i m p o r 
t a n t p r o d u c t s has been a c h i e v e d . T o t r a p ac id gases t w o 
a b s o r b e r s in series were used des igned t o give a h igh g a s -
l iquid in te r face w i th a low res i s t ance to flow. T h e y were 
p a r t i a l l y filled w i th s t a n d a r d a lka l i and he ld a t 0° d u r i n g a 
r u n . T h e y were followed b y a s imple U - t u b e i m m e r s e d in 
a Dry I c e - a c e t o n e - b a t h t o r e m o v e w a t e r from t h e gas s t r e a m . 
In e x p e r i m e n t s in which it was a t t e m p t e d t o e s t i m a t e levu
l ina ldehyde , t h i s s equence of t r a p s was rep laced b y a s ingle 
smal l H - s h a p e d t r a p cooled in a D r y I c e - a c e t o n e m i x t u r e . 

Oxidized r u b b e r s ample s were r e m o v e d from t h e oven as 
soon as t h e des i red a m o u n t of oxygen h a d been a b s o r b e d . 
T h e y were cooled r a p i d l y t o r o o m t e m p e r a t u r e in a s t r e a m of 
air or n i t r o g e n , d e p e n d i n g on h o w fas t t h e y abso rbed oxygen . 
In t r ins ic viscosi t ies were d e t e r m i n e d in ch loroform so lu t ion 

(4) This is reviewed by Dufraisse in "The Chemistry and Tech
nology of Rubber," C. C. Davis and J. T. Blake, eds., Reinhold Pub
lishing Corp., New York, N. Y., 1937, Ch. XI I I . 

(.)) A. H. Cockett, Nature, 175, 708 fl»55). 

a n d molecu la r weights ca l cu la t ed on t h e bas is of t h e re la t ion 
d e t e r m i n e d b y C a r t e r , Sco t t a n d M a g a t , 6 a s descr ibed p re 
v ious ly . 2 

Results and Discussion 
The first result using this apparatus was the ob

servation that the condensate obtained in a trap 
held at —80° (from the gas stream passed over a 
sample in the oven at 140°) gave a strong positive 
test when heated with ammonium acetate, and the 
vapors were tested for pyrrole according to the pro
cedure of Bruni.4 The first few experiments were 
erratic and results depended on sample source and 
preparation. When a method for sample prepara
tion was devised which gave consistently high 
yields of this product, as judged qualitatively, an 
effort was made to obtain quantitative determina
tion. 

It was assumed that the material is levulinalde
hyde; no good quantitative test for this aldehyde 
is known. Although optical methods for carbonyl 
compounds based on the formation of the dinitro-
phenylhydrazone have been reported in the litera
ture to give good results in the concentration range 
encountered here, they will not differentiate be
tween aldehydes, and in our hands the results for 
other carbonyl compounds have not been nearly as 
satisfactory as could be desired at low concentra
tions. Since no other low molecular weight methyl 
ketone is suspected to be a probable product from 
the oxidation of rubber under our conditions, it was 
attempted to apply the iodoform reaction7 for the 
quantitative estimation of levulinaldehyde in the 
volatile material collected in the trap. When this 
was done the results shown in Table I were ob-

T A B L E I 

V O L A T I L E M E T H Y L K E T O N E P R O D U C E D 

(All u n i t s m o l e s / 1 0 5 g r a m s r u b b e r ) 
Oxygen absorbed 

6.0 
12.0 
14.0 
17.5 
20.0 
23.8 
28.0 
36.6 

Cuts 

1.2 
1.6 
1.4 
1.8 
1.6 
2 .2 
1.9 
2.9 

Methyl ke 

0.19 
.32 
.37 
.39 
.64 
.75 
.65 
.94 

tained. In this and the other tables and figures in 
this report where units are not specified they are 
moles per 106 grams of rubber. Plotting the val
ues of methyl ketone against "cuts" from this table 
we obtain Fig. 1. It is evident that a linear corre
lation exists between volatile methyl ketone, pre
sumably levulinaldehyde, and cuts of the hydro
carbon chain, and that they are formed in amounts 
of the same order of magnitude. This observation 
immediately permits closing a gap in the mecha
nism originally advanced for the reaction by which 
oxygen severs the hydrocarbon chain,2 in which the 
nature of the five carbon fragment from which low 
molecular weight products are formed was entirely 

(6) W. C. Carter, R. L. Seott and M. Magat, T H I S JOURNAL, 68, 
1480 (1946). 

(7) F. D. Snell and C. T. Snell, "Colorimetrie Methods of Analysis," 
3rd Ed., Vol. I l l , D. Van Nostrand Co., Inc., New York, N. Y., 1953, 
p. 263. 
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hypothetical. Levulinaldehyde clearly can be 
the source of both the acetic acid and the carbon 
dioxide found in the experiments in which rubber 
was oxidized in latex. The complete mechanism 
has been outlined elsewhere8; it gives a satisfactory 
explanation for all the known low molecular weight 
products of the oxidation of rubber, although de
tails of certain steps still need to be worked out. It 
requires that each scission be accompanied by the 
loss of six carbon atoms from the hydrocarbon 
chain, the key intermediate having a structure of 
the form 

CH3 
\ / 

-CH 2CCH 
I \ 

O2- O-

CH2CH2 CH3 

-O 

C - C H = C H -

II 

Upon scission the entire material in the six-mem-
bered ring of the peroxide dissociates from the 
chain, giving as the first stable product levulinalde
hyde. When the rubber is oxidized as latex, the 
aldehyde is trapped in the aqueous phase and rap
idly oxidized to CO2 and acetic acid.2 Although 
this step has not been demonstrated experimentally, 
the readily available levulinic acid does undergo 
rapid oxidation in dilute aqueous ammonia solu
tion under the same conditions as were used in the 
latex experiments, giving the theoretical yields of 
carbon dioxide and acetic acid. 

Results of typical experiments are given in 
Table II . In these the acid8 (98.1% levulinic acid 

TABLE II 

PRODUCTS OF LEVULINIC ACID OXIDATION 

Oxygen 
consumed 
(mmoles) 

12.6 

Produced 
COs (mmoles) acid (meg.) 

6.59 2.41 
7.92 2.42 

CO2 

acid 

2.75 
3.28 

by titration) was oxidized at 90° as a 0.227 N solu
tion in 2% ammonia containing a small amount of 
added copper. The apparatus and procedure 
have been described.2 Acetic acid was identified 
by its volatility and characteristic odor and con
firmed by partition chromatography on silica and 
by X-ray comparison of its silver salt with an au
thentic specimen.9 These results correspond to 
substantially quantitative oxidation of the acid 

CH3CCH2CH2CO2H —*~ CH3CO2H + 3CO2 (+H2O) 
Il 
O 

No other acids were identified among the products 
of these experiments, although the oxidation pre
sumably must involve others as intermediates. 

In the experiment described here the yield from 
the oxidation of dry rubber of approximately one-
third mole of methyl ketone per mole of scissions is 
presumably a measure of the efficiency with which 
levulinaldehyde was removed from the reaction 
zone before it could undergo further oxidation. If 
this is so, the low molecular weight acids found as 
products of latex oxidation should also appear in 
this experiment, and if quantitative recovery can be 
obtained it should be possible to calculate roughly 
the amounts which will be found: One scission is 

(8) Supplied by the Quaker Oats Co. 
(9) F. W. Mathews, el at, Ind. Eng. Chem., 22, 514 (1950). 
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Fig. 1.—Volatile methyl ketone (levulinaldehyde) formed 
during oxidation of rubber at 140°. 

equivalent to one levulinaldehyde plus one formal
dehyde which yield as the completely oxidized end 
products three CO2 plus one acetic acid from the 
first aldehyde and one formic acid from the second. 
Since one-third of the levulinaldehyde is removed 
as such, the final yields of CO2 and volatile acids 
should be 

CO2 ~ 2/3 X 3 = 2 moles/mole scissions 
Volatile acid » 2 / 3 X 1 + 1 = 1.7 moles/mole scissions 

Experimental results of such determinations are 
assembled in Table III for the same type of rubber 

Oxygen absc 

4.0 
8.0 

12.0 
16.8 
24.1 
25.0 
31.2 
31.7 
39.6 
45.0 

TABLE III 

ACIDS FORMED DURING OXIDATION 

(Rubber leached with water) 
rbed Cuts 

0.6 
1.2 
0 .8 
1.0 

1.9 
(2.0) 
3.2 
2 .3 
4 .1 

(3.3) 

COs 

1.2 
3.6 
2.9 
4.4 
7.4 

8.8 
4.0 

2.9 
4.0 
6.3 

Volatile acid 

1.0 
0.8 
0 .8 
1.3 

1.6 
1.0 
1.6 

2.0 
2.4 

1.7 

sample which was used to obtain the results of 
Table I. When the data of Table III are plotted 
for comparison with predicted values based on the 
calculations in the preceding paragraph, the yields 
of CO2 and volatile acid are of the expected order 
of magnitude, although the scatter of the points 
for CO2 is undesirably high and the acid yields are 
somewhat low. Although we can attribute part of 
the scatter to simple experimental error in sepa
rating and measuring the very small quantities of 
acids obtained from the necessarily small samples 
of rubber, the results shown in the next Fig. 2 and 
3 indicate that fairly good precision can be ob
tained and some of the differences between predic
tion and experimental results are real and must be 
accounted for. The data presented in Fig. 1 and in 
Table III were obtained by the oxidation of rubber 
which was coagulated on a form from whole latex 
and then leached with boiling water for 2 hr. Data 
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Fig. 2.—Yield of CO2 from unleached rubber; solid line in 
Figs 2 and 3 has slope calculated in text. 
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Fig. 3.—Yield of volatile acids same samples as Fig. 2. 

in the following two figures were obtained using un
leached samples (Table IV). In these figures the 

Oxygen 

3.15 
5.77 
6.30 
8.65 
9.45 

12. CO 
15.7 
15.7 
1S. 9 
22. I 
23.6 

TABLE I \ 

ACIDS FORMED DURING OXIDATION 

(Rubber dried on form) 
Cuts 

0.29 
.42 
.32 
.62 
.73 

1.09 
1.26 
1.21 
1.80 
2.20 
1.60 

C O I Volatile acid 

7.1 
6.4 
4 .5 
5.4 
6.4 
7.2 
7.6 
9 .1 
8.9 

10.8 
8.9 

0.98 
.36 
.64 
.67 
.89 

1.2 
1.2 
2.0 
1.6 
2.0 
1.5 

solid lines have theoretical slopes. It is apparent 
that spuriously high yields of carbon dioxide are 
formed, probably resulting from the thermal insta

bility of serum acids present in the unleached rub
ber. Presumably the scatter of the CO2 results in 
Table III is attributable to incomplete removal of 
acids in the leaching process. On the other hand, 
the yields of volatile acids in this experiment are 
reasonably self consistent and about the same as in 
the previous one. 

s* 
1 3 

V 

-I 1 1 r 

acetic 

4- & IZ /6 
ft-ac+ton. 

Fig. 4.—Separation of volatile acids on silica column; 
areas under peaks are proportional to concentrations. 

Our calculations are based on the assumption 
that all the formic acid normally produced when 
latex is oxidized is formed in the present experi
ment also and that only the acetic acid yield is low
ered by sweeping out the cell with gas. When the 
mixture of volatile acids actually obtained was ana
lyzed by separation on a silica column, it was found 
that acetic acid is present in concentrations which 
are equal to or greater than that of formic acid (Fig. 
4). The material which still remains to be ac
counted for, therefore, is formic acid or a precursor 
thereof. 

Several explanations have been considered for the 
low apparent yield of formic acid, which has not 
been resolved experimentally. If formic acid were 
rapidly oxidized, CO2 yields should be consistently 
high. This is not definitely excluded by our data but 
appears unlikely. If a non-acid intermediate (pre
sumably formaldehyde) were distilled from the reac
tion cell, yields would be low. Formaldehyde has 
been found in the distillate, but it accounts for only 
about 10% of the missing formic acid. The re
sults of end-group determinations10 suggest that un
der the conditions used in these experiments about 
half the carbon from which formic acid is derived 
during oxidation of latex remains with the polymer, 
rather than appearing as a volatile product. 

In summary, the results reported here, together 
with those reported previously, show that there is 
no significant change in the mechanism of degrada
tion of rubber by oxygen over a wide temperature 
range. The over-all mechanism appears to be well 
established and able to account for the variations in 
product ratios caused by changing experimental 
conditions. Only the details of the final steps in 
the scission process remain to be clarified.11 

PASSAIC, N. J. 

(10) E. M. Bevilacqua, to be published. 
(11) A report of this work was presented at a meeting of the Rubber 

Division of the American Chemical Society, September 20, 1956. 


