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

Anal. Caled. for C;pHy3N3;0s: C, 44.04; H, 4.00; N,
12.84. Found (dried at 100° ¢n vacuo): C, 44.25; H, 4.14;
N, 12.65.

8-(3-Methoxy-4,6-dinitrophenyl)-p,r-alanine (50 mg.),
derived from 3-methoxy-4,6-dinitrobenzaldehyde, was acet-
ylated as described for B-(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 wvacuo):
C, 43.83; H, 3.98; N, 12.70.
N-Acetyl-3-(3-methoxy-2,6-dinitrophenyl)-p,L-alanine
Methyl Ester and N-Acetyl-3-(3-methoxy-4,6-dinitrophenyl)-
p,L-alanine Methy! Ester.—A solution of 50 mg. of N-acetyl-
B-(3-methoxy-2,6-dinitrophenyl)-p,L-alanine in 2.5 ml. of
pure dioxane was mixed with a dry ether solution of diazo-
methane, prepared’ 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. Caled. for C13H15N3052 C, 4575, H, 443, N,
12.32. Found: C, 45.55; H, 4.54; N, 12.31.

The compound was prepared also by esterification of N-
acetyl-g-(3-methoxy-2,6-dinitrophenyl)-p, L-alanine with the
use of methanol and acetyl chloride.® 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-8-(3-meth-
oxy-2,6-dinitrophenyl)-p,L-alanine. The solution was kept
at 25° for 23 lir., and the solvent then was evaporated at
30° in vacno; the sirup was taken up in methanol, the sol-
vent was evaporated and the operation wasrepeated. Tlie
sirup was crystallized as needles from inethanol 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. 30.
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tion was completed by recrystallization fromn 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-
B-(3-hydroxydinitrophenyl)-p,L-alanine melting at 194-
195° (N-acetyl-C) gave N-acetyl-8-(3-metlioxy-2,6-dinitro-
phenyl)-p,L-alanine methyl ester identical with the authentic
compound obtained by the esterification of N-acetyl-g-(3-
methoxv-2,6-dinitrophenyl)-p,L-alanine. A solution of 40
mg. of pure N-acetyl-g-(3-hydroxydinitroplienyl)-p,r-ala-
nine (m.p. 194-195°) in 2 ml. of pure dioxane was treated
with diazomethane as described for N-acetyl-8-(3-methoxy-
2,6-dinitrophenyl)-p,L-alanine; yield 28 mg., m.p. 157-158°.
A mixed melting point with crystals of the methyl ester pre-
pared from N-acetyl-g-(3-methoxy-2,6-dinitrophenyl)-p,r-
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-8-(3-meth-
oxy-4,6-dinitrophenyl)-p,L-alanine (38 mg.) was carried
out as described for the similar reaction witlh N-acetyl-3-
(3-methoxy-2,6-dinitrophenyl)-p,L-alanine, using 0.3 g. of N-
nitrosomethylurea, 3 ml. of ether and 2 ml. of dioxaue.
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
previously reported! isomer of N-acetyl-8-(3-methoxydini-
trophenyl)-p,L-alanine methyl ester melting at 172-173°.
Found: C, 45.78; H, 4.39.
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Chain Scission in the Oxidation of Hevea.

IV. Low Molecular Weight Products from

Dry Rubber

By E. M. BeviLacgua
RECEIVED DECEMBER 3, 1956

Estiinates of yields of volatile products from tlie scission by oxygen of hevea rubber in latex? have been supplemented with

measurements on dry rubber at 140°,
counts quantitatively for known products.

Some time ago Bolland and Hughes! deduced a
structure (I) for the primary oxidation product of
1,5-dimethyl-1,5-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.

CH;
CH; CHQ—C!:—O2H
—CH2C!1=CHCH CHCH.
0—0 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., 402 (1949).

The results make it possible to outline a mechanism for the scission reaction which ac-

that a closely related structure must be formed in
order to account for the observed products of the
scission reaction.?

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.? 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, 5304, 5396 (1953).
(3) E. M. Bevilacqua, Rubber Age, 80, 271 (1956).
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bond when a six-niembered ring can be formed and
the mobility of allylic radicals.?

The wvolatile compound of highest molecular
weight previously identified with the oxidation of
natural rubber is levulinaldehyde.* 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
frou the decomposition of a peroxide formed by the
general process outliied by Bolland and Hughes.

Experimental

The molar ratio of volatile products from the oxidation
of rubber to oxygen consumed is a function of temperature??
approacliing equivalenice above 130°. In order to take ad-
vantage of this effect to obtain maximnum vields of low
molecular weight compounds, an apparatus was set up to
perit experitnents at elevated teniperatures and to remove
tlie volatile products fromt tlie reaction site as rapidly as
possible.

In this apparatus the cell whichh contained the sample
was mounted in a circulating air oven. The temiperature
was lield coustaut to =0.3°.  In series with it were a trap
immnersed in a constant temperature bath and a gas circulat-
ing punip. Tle trap, outside the oven, was held at 0 or
—&80°, depending ont what it was desired to collect. The
puiip, in the oven, was coustructed according to thie de-
sign of Cockett® modified only it that all moving parts in
colttact with the hot oxygen were of Teflon. A group of gas
burets connected in parallel external to the cell were used to
measure volume changes.  They were surrounded by jackets
i whicll water at 38° was circulated continuously during an
experiment.  All counections between parts ot inside the
ovell or constant teniperature baths were of capillary tubing
to keep thie volume subjected to uncontrolled temperature
fluctuations as small as possible.

Pressure i1 thie system was maintained constant during an
cxperimtent by periodic mauual adjustinent in which oil
("*Hyvac’’ 0il-930560) was added to the buret until a refer-
cuce manometer containing a silicone oit (DC350) showed
1o licad.  The referciice pressure was established in a sealed
cell having nearly tlie same volume as the sample cell and
mounited beside it in tlie oven. The volume of oil added
was taken to be a direct measure of the volume of oxygen
dirappearing from the systemt by absorption in tlhie sample.
The oil, at 38°, absorbed oxygen at a negligible rate coni-
pared with ttie sample at 140°.

Low 1molecular weight products were recovered in the
traps. The problem of quantitative recovery of very small
amouttts of products from large volunies of fast moving gas
i1 onte pass so that no product re-enters tlie oven, without
raising tlie pressure drop i1 the apparatus, still has not been
solved in a completely satisfactory way. However, the
results indicate that nearly quantitative recovery of inipor-
tant products has been achieved. To trap acid gases two
absorbers i series were used designed to give a high gas—
liquid interface with a low resistanice to flow. Theyv were
partially filled with standard alkali and held at 0° duriag a
rutt.  Tliey were followed by a simple U-tube immersed in
a4 Dry Ice—acetone-batli to remove water from the gas stream.
1 experintents in whicl it was attempted to estimate levu-
linaldeliyde, this sequence of traps was replaced by a single
smtall H-sliaped trap cooled i a Dry Ice—acetone mixture.

Oxidized rubber samples were remmoved from the oven as
sooil as the desired anmount of oxygen liad been absorbed.
They were cooled rapidly to rooit temperature in a stream of
dir or nitrogen, depending on liow fast they absorbed oxvgen.
Intriusic viscosities were determined in chloroform solution

(4) This is reviewed by Dufraisse in “The Chemistry and Teclh-
nology of Rubber,”” C. C. Davis and J. T. Blake, eds., Reinhold Pub-
lishing Corp., New York, N. Y., 1937, Ch. XI1II.

(3) A, I. Cockett, Nuture, 176, 768 (1935).
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and 1nolecular weights calculated on the basis of the relation
determined by Carter, Scott and Magat,’ as described pre-
viously.?

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 ammoniuin acetate, and the
vapors were tested for pyrrole according to the pro-
cedure of Bruni.* The first few experiments werc
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 deterinina-
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 iu 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 reaction’ for the
quantitative estimation of levulinaldehyde in the
volatile niaterial collected in the trap. When this
was done the results shown in Table I were ob-

TABLE [

VoLATILE METHYL KETONE PRODUCED
(All units 1moles/10% grams rubber)

Oxygen absorbed Cats Methyl ketone

6.0 1.2 0.19
12.0 1.6 .32
14.0 1.4 .37
17.5 1.8 .39
20.0 1.6 .64
23.8 2.2 .75
28.0 1.9 .85
36.6 2.9 .04

tained. In this and the other tables aud figures iu

this report where units are not specified they are
moles per 10° 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,? 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. Scott and M, Magat, THIS JOURNAL, 68,
1480 (1946).

(7) F.D. Snell and C. T. Snell, "*Colorimetric Methods of Analysis,”
3rd Ed., Vol. 111, D, Van Nostrand Co., Inc.,, New York, N. Y., 1933,
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 elsewhere?; 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

CH; CHzCHz\C!:Hs
—CH.CCH C—CH=CH—
[\ 7
Oy O O 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 CO: and acetic acid.? 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. Inthese the acid® (98.19 levulinic acid

TABLE II
PropucTs OF LEVULINIC ACID OXIDATION
Oxygen

consumed Produced CO.
(mmoles) COz (mmoles) acid (meg.) acid
.. 6.59 2.41 2.75
12.86 7.92 2.42 3.28

by titration) was oxidized at 90° as a 0.227 IV solu-
tion in 29, ammonia containing a small amount of
added copper. The apparatus and procedure
have been described.? 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.! These results correspond to
substantially quantitative oxidation of the acid

CH;;!C!ICHZCHZCOgH —> CH;CO,H -+ 3CO, (+H.0)

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.
(@ F. W. Mathews, ¢t al., Ind. Eng. Chem., 322, 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 CO, 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 CO; and volatile acids
should be
CO; =~ 2/3 X 3 = 2 moles/mole scissions

Volatile acid = 2/3 X 1 + 1 = 1.7 moles/mole scissious

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

Acips FORMED DURING OXIDATION
(Rubber leached with water)

Oxygen absorbed Cuts CO2 Volatile acid
4.0 0.6 1.2 1.0
8.0 1.2 3.6 0.8
12.0 0.8 2.9 0.8
16.8 1.0 4.4 1.3
24.1 1.9 7.4 1.6
25.0 (2.0) 8.8 1.0
31.2 3.2 4.0 1.6
31.7 2.3 2.9 2.0
39.6 4.1 4.0 2.4

45.0 8.3) 6.3 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 CO; and volatile acid are of the expected order
of magnitude, although the scatter of the points
for CO; 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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Vig. 2.—Vield of COs from unleached rubber; solid line in
Figs 2 and 3 has slope calculated in text.
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Tig. 3.—Yield of volatile acids saine sanples as Fig. 2.

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

TABLE IV
Acips FORMED DURING OXIDATION
(Rubber dried on formm)

Oxygen Cuts CO: Volatile acid
3.15 0.29 7.1 0.98
5.77 .42 6.4 .36
6.30 .32 4.5 .64
8.65 .62 5.4 .67
9.45 .73 6.4 .89
12.60 1.09 7.2 1.2
15.7 1.26 7.6 1.2
15.7 1.21 9.1 2.0
18.9 1.80 8.9 1.6
2201 2.206 10.8 2.0
23.6 1.60 8.9 1.5

solid lines have theoretical slopes. It is apparent
that spuriously high yields of carbon dioxide are
forined, probably resulting from the thermal insta-
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bility of seruni acids preseut in the unleached rub-
ber. Presumably the scatter of the CO; 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 arc
reasonably self consistent and about the same as in
the previous one.

N 4+ acerrc -
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T'ig. 4.-—Separation of volatile acids ou silica colunu;
areas under peaks are proportional to concentrations.

Our calculations are based on tlie assumption
that all the formic acid normally produced when
latex is oxidized is formed in the present experi-
nient 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 ou a silica coluinn, 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 liave been considered for the
low apparent yield of formic acid, which has not
been resolved experimentally. If formic acid were
rapidly oxidized, CO, yields should be consistently
high. Thisis 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 109 of the missing formic acid. The re-
sults of end-group determinations! suggest that uu-
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,
ratlier than appearing as a volatile product.

In sumuary, tlie results reported here, together
with those reported previously, show that there is
1o 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.!!

Passarc, N, J.
(10) E. M. Bevilacqua, to be published.

(11) A report of this work was presented at a meeting of tlie Rubber
Division of the American Chemjerl Society, September 20, 1936,



