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Powdered Glass.—Pyrex and Kimble glass tubing was
ground in an iron mortar and pestle, the product which
passed a 150-mesh screen collected on a 200-mesh screen,
digested with concentrated hydrochloric acid for 48 hours
at 25-30°, thoroughly washed with distilled water and dried
at 145° for 2 hours. In the calculation of surface areas an
average diameter of 0.0088 cm. was assumed. The density
of Pyrex glass was taken to be 2.25 g./cm.? and that of the
Kimble glass 2.5 g./cm.3.

Enzyme and Specific Substrate.—The a-chymotrypsin
was an Armour preparation lot No. 10705. The acetyl-L-
tyrosinhydroxamide, m.p. ca. 140° dec., [«]%D 37.0° (¢
5% in water), was prepared essentially as described by
Hogness and Niemann.t

Enzyme Experiments.—All reactions were conducted as
described by Hogness and Niemann® except that the im-
proved analytical procedure described by Foster, Jennings
and Niemann® was substituted for the one used earlier.®
In every case plots of both ([S]o — [S]:) vs. £ and In [S]e/[S]¢
vs. ¢t were made and then corrected as described by Jennings
and Niemann® using a value of Kg = 43 X 1073 M. The
values of v, given in Table I are the averages of those ob-
tained from the corrected zero and first order plots which in
no case differed by more than 320.005 X 10~% M /min.

(10) R. J. Foster, R. R. Jennings and C. Niemann, THIS JOURNAL,
76. 3142 (1954).
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The interconversion and degradation of mono-
and disaccharides through the action of anion ex-
change resin (quaternary ammonium base type) in
its hydroxyl form has been reported recently by
several workers.>~* By analogy one would expect
the mechanism of these reactions to be similar to
that of the interaction of saccharides and strong
alkali; however, failure to find mannose in the in-
terconversion products has been cited by Rebenfeld
and Pacsu* as evidence that the ene-diol mechanism
for the Lobry du Bruyn transformation is not in-
volved. In the case of the degradation products,
five acidic compounds have been detected, but
only two have been identified, these being lactic
and glycolic acids.*® The mechanism of the for-
mation of these acids has not been investigated thor-
oughly.

In the present study, mechanism of the intercon-
version and degradation of glucose through the ac-
tion of Amberlite IRA-400, a quaternary ammo-
nium base type resin, was probed by the use of ra-
dioactive glucose-2-C'4.  The interconversion prod-
ucts were examined by means of chromatography
and radioautography. Lactic and glycolic acids
were isolated from the degradation products and

(1) This research was supported by contract No. AT(45-1)-573 from
The Atomic Energy Commission., Published with the approval of the
Monographs Publications Committee, Research Paper No. 256, School
of Science, Department of Chemistry. Presented before the North-
west Regional Meeting of the American Chemical Society, Richland,
Washington, June, 1954.

(2) A.C. Hulme, Nature, 171, 610 (1053).

(3) J. D. Phillips and A. Pollard, ibid., 171, 41 (1953).

(4) L. Rebenfeld and E. Pacsu, THis JOURNAL, 78, 4370 (1953).
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their respective isotopic distribution patt 1815 deter-
mined by degradation studies.

Experimental

Isolation of Fractions.—A solution containing 1.1 g. of
glucose-2-C1¢ with a total activity of 1.66 X 10° c.p.m. was
passed through a column 1.6 em. diameter and 32 cm. long
charged with 39 g. of IRA-400 (hydroxyl form). The ab-
sence of radioactivity in the effiuent indicated that there
was complete retention of the sugar on the column.

After standing 24 hours at room temperature the stop-
pered column was eluted with 1 N (NH,):CO;. After the
removal of (NH,);CO; by partial evaporation, the eluate
subsequently was passed through an IR-112 cation exchange
column to remove any remaining ammonium ions, and
through an IR-4B weakly basic exchange column to remove
any acidic constituents. The effluent from the latter thus
contained only the sugars and other neutral components
and gave a total activity of 1.07 X 105 c.p.m. or 649 of the
original activity.

The original column was eluted with 2 N H,SO; to recover
the acidic products retained on the IRA~400. This was
subsequently combined with the 2 N H,SO, eluate of the
IR-4B column. Organic acids then were recovered from the
combined eluates by evaporation and exhaustive ether ex-
traction. The mixed acid fraction so obtained had an ac-
tivity of 2.48 X 104 c.p.m. or 159%, of the original activity.

Identification of Interconversion and Degradation Prod-
ucts.—Paper chromatography of the mixed sugar fraction
in the 809, phenol-water system revealed three components
when sprayed with the normal carbohydrate reagents such
as aniline phthalate and 3,5-dinitrosalicylic acid (R 0.33,
0.41 and 0.50). However, when ammoniacal silver nitrate
was used, a fourth component of low Ry value (R¢0.16) also
slowly appeared. Radioautographs of these chromato-
grams showed all four spots to be radioactive. Three of
these components (Ry 0.33, 0.41 and 0.50) were identified
by co-chromatography as glucose, fructose and mannose,
respectively. The fourth component is as yet unidentified.

Paper chromatography of the mixed acid fraction using
a pentanol-formic acid-water system and a multiple-spray
developing technique® revealed six components (R; 0.08,
0.15, 0.23, 0.35, 0.56 and 0.74). Radioautography, how-
ever, indicated only three of these were radioactive (R
0.35, 0.56 and 0.74). These were identified, by color re-
actions with the various spray reagents and co-chromatog-
raphy with authentic samples, to be: lactic acid (major
constituent), glycolic acid and lactyllactic acid. The
latter compound presumably results from the autoesterifi-
cation of lactic acid during concentration of the samples for
paper chromatography.® The other three non-radioactive
components have not yet been identified.

Isolation of Acids.—Half of the mixed acid fraction was
subjected to silica gel column chromatography according to
the procedure of Bulen, Varner and Burell.” Three peaks
were observed: a large radioactive lactic acid band con-
taining essentially all of the starting activity, a very small
radioactive glycolic acid band and a small non-radioactive
band. The purity and identity of all fractions were estab-
lished by paper chromatography. The unknown non-radio-
active acid component could not be detected readily on
paper chromatograms and it is as yet unidentified.

The glycolic acid content of the combined glycolic acid
fractions was assayed colorimetrically to be 0.95 mg. ac-
cording to the procedure of Newburgh and Burris.! After
addition of the carrier, the diluted glycolic acid was iso-
lated as its calcium salt. The lactic acid was isolated from
the corresponding fractions as the zinc salt without dilution;
yield 41.5 mg. Zu lactate trihydrate.

Degradation of Glycolic and Lactic Acids.—The glycolic
acid was oxidized with lead tetraacetate according to a modi-
fication of the procedure of Schou, et al.? To a frozen mix-
ture of calcium glycolate in glacial acetic acid was added

(5) M. L. Buch, R. Montgomery and W. L. Porter, Anal. Chem., 24,
489 (1952).

(8) M. Ohara and Y. Suzuki, Science (Japan), 21, 362 (1951).

(7) W. A. Bulen, J. E. Varner and R. C. Burrell, Anal. Chem., 24, 187
(1952).

(8) R. W. Newburgh and R. H, Burris, Arch. Biochem. Biophys., 49,
08 (1954).

(9) L.Schou, A. A. Benson, J. A, Bassham and M. Calvin, Physiologis
Plantarum, 3, 487 (1950).
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the lead tetraacetate, and the mixture was heated at 90° on
a water-bath for 30 minutes. Carbon dioxide from the
oxidation was swept out of the system with a slow stream of
nitrogen gas and trapped in carbon dioxide-frce sodium hy-
droxide. The residue in the reaction flask was cooled and
neutralized with sodium hydroxide, and the formaldehyde,
derived from the carbinol carbon, was distilled into an ice-
cooled receiver. The formaldehvde was then oxidized to
formic acid with sodium hypoiodite according to the proce-
dure of Sakami® and the resulting formic acid steam dis-
tilled from the reaction mixture. This was then oxidized
to carbon dioxide by mercuric chloride in glacial acetic acid
us described by Pirie.l!

The lactic acid was oxidized with acid permanganate ac-
cording to the method of Wood, Lifson and Lorber.? The
acetaldehyde was trapped in bisulfite solution and the car-
bon dioxide from the carboxyl carbon trapped in CO,-free
sodium hydroxide. A portion of the acetaldehyde—bisulfite
complex was taken for formation of acetaldehyde 2,4-dini-
trophenylhydrazone and the remainder was treated with
sodium hypoiodite to give iodoform and formic acid. The
formic acid was oxidized to carbon dioxide as described pre-
viously.!1

Radioactivity Measurements.—The specific activities of
the sugar and acid fractions were determined as negligible
thickness plates by direct plating. All other compounds
were determined by appropriate wet or dry combustion to
carbon dioxide and counted as barium carbonate with cor-
rection for background and self-absorption in the conven-
tional manner.

Results and Discussion

The identification of fructose and mannose, as
well as glucose, in the interconversion products by
means of chromatography and radioautography
strongly suggested that the interaction of quater-
nary ammonium base type resin with glucose is
similar to the base-catalyzed Lobry du Bruyn
transformation and can be explained readily by the
well established ene-diol mechanism.

The isotopic distribution patterns of glycolic and
lactic acids isolated from the glucose degradation
mixture are given in Table I.

TABLE I
DisTtrIBUTION OF CM 1N GLycoLIc aND LAcTic ACIDS FROM
GLucose-2-Ct4
Specific activity,

c.p.m. X 10¢ Total,
Compound per mM. %
Original glucose-2-C14 2.71 100
Glycolic acid whole molecule 2.78 100
(1) COOH 1.45 52
(2) CH,-OH 1.20 42
1.33°
Lactic acid whole molecule 1.22 100
(1) COOH 0.01 1
(2) CHOH 1.25 103
(3) CH; 0 0

@ By difference.

Since the specific activity of lactic acid is ap-
proximately one-half that of glucose, it is evident
that glucose probably has undergone a C;—C; split
followed by the conversion of both C; units to lactic
acid. This is further supported by the degradation
studies which reveal that the labeling of lactic acid
occurs exclusively in carbon atom 2. The finding
is in line with the mechanism originally proposed by

(10) 'W. Sakami, J. Biol. Chem., 187, 369 (1950).

(11) N. W. Pirie, Biockem. J., 40, 100 (1946).

(12) H. G. Wood, N. Lifson and V. Lorber, J. Biol. Chem., 159, 175
(1945).
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Evans' and subsequently modified by Gibbs!* con-
cerning the degradation of glucose by strong alkalies.

Although a relatively small amount of glycolic
acid was formed in the glucose degradation process,
the labeling pattern of this acid has revealed a
rather interesting situation. The specific activity
of this acid is practically the same as that of glucose,
indicating the following possibilities: (1) that a
Cs—Cy cleavage of glucose has taken place with the
C,-unit, corresponding to glucose carbon atoms 1
and 2, in turn converted to glycolic acid; or (2)
that a C;—C; split of glucose has given rise to two
unequivalent units with only one of these units
degraded to the Cpacid. Yet it seems probable
that the latter mechanism is not involved, as sug-
gested by the lactic acid data which demonstrate
the practically complete equivalent of the C; units
in the glucose degradation. Consequently, it ap-
pears that a Cy—C, cleavage of glucose was the ini-
tial step in the glycolic acid formation. The find-
ing that both the carbon atoms were approximately
equally labeled defined the nature of the C, com-
pounds as symmetrical in structure and suggested
that glycolic aldehyde may have been the interme-
diate compound which was randomized by way of
the ene-diol mechanism and oxidized to glveolic
acid by means of auto6xidation.

(13) W. L. Evans, Ch¢m. Revs., 31, 537 (1942).
(14) M. Gibbs, THis JoURNAL, T2, 3964 (1950).
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Two-stage Polymerizations. III. Infrared Evi-
dence for the Course of Polymerization of Vinyl
Ethers of Unsaturated Phenols!
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Previous work?? has shown that compounds con-
taining two or more double carbon-to-carbon link-
ages which vary considerably in their relative tend-
encies to form induced ions or free radicals can be
made to undergo two-stage polymerizations. Allyl
ethers of phenols containing unsaturated side
chains were found to undergo polymerization
through a cationic mechanism in which only the
double bond of the allyl ether group was involved.
The unsaturated side chains of these linear poly-
mers could be made to enter into polymerization
reactions only by thermal means. Vinyl ethers of
unsaturated alcohols were found to produce linear
polymers through the catalytic influence of boron
trifluoride at relatively low temperatures. These
linear polymers were subject to cross-linking
through the catalytic effect of peroxide catalysts,
as well as to copolymerization with other monomers
to produce cross-linked materials. Due to the
known reactivity of vinyl ethers toward polymeri-
zation by a cationic mechanism?* it was assumed that

(1) This material was presented in part before the Symposium on
Second-Stage Cross Linking, High Polymer Division, American Chemi-
cal Society, Atlantic City, N. J., September, 1952.

(2) G. B. Butler and F. L. Ingley, THis Journar, 78, 1512 (1951).

(3) G. B. Butler and J. L. Nash, Jr., bsd,, 73, 2538 (1951).

(4) 1. G. Farbenindustrie, A. G., German Patent 634,408 (August
26, 1936).



