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Among the chemical changes observed on radlolysis of compounds

- containing the peptide. bond are those attributedl'3

to the production of un-
saturated linkages which may be'represented in terms of the tautomeric

| structureé, ACON= C(CHéR)«,;ﬁ«CONH-C(;CHR)«u Compounds containing this type
of chemlcal function have been deslgnated dehydropeptides; such compounds are
stable in water yet-are readily hydrolyzed to yield ammonia and a carbonyl

; product on,hgating in dilute_miperal acid, ~CON=C(CHpR) + 2H,q - ~COOH + NH3+
RCHZCO'\;.LL Thg'ekﬁerimehtal evidence for production of dehydropeptides in the
radiclysis of préteins and simpler peptide sy tems has recently been reviewed.
Identification has been based primarily on studles of the formation of ammonia
and carbonyl function during hydrolysis of thetirradiated pebtide systeﬁ.

| -vFor-example,-the hydrolytic production of ammonis and pyruvic acid from v-
irradiated acetylalénine (solid, evacuated) hes been found to parasllel very
closely the hydrolytic degradatioﬁ of éuthentic acetyldehydroalanine.

The cyclic dipeptides, such as glycine anhydride and alanine anhydride..
also éhow an aﬁalogous post-irfadiatidn production of ammonia and O-keto acid
during acld h&droljsis.6- We.nofe too that the dehydfopéptide derivatives of
.bthese cyciic compounas repreéént isomeric forms of the 2;5—dihydroxypy;az1neg.
Quite recently, Sorkin' has given evidence that the dehydro derivetive of

glycylalanine anhydride, that 1s, 3-methylenea2,5¥diketopiperaz1ne (prepared
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byAthé classical chemical method of Bergman and Miekelye),vundergoes
-_isdmerization in alkaline éolution to give 3-methyl-z,5~dlhydroxypyrazine.
We report here analogous evidence for the formation of pyrazine derivat;ves
through y-radiolysis of the amino acid anhydrides followed by dissolution of
the irradiatedisolids in aikaline solution.

Glycylalenine anhydride was synthesized after the method of Fischer

and Scheibler.9

Glycine anhydride-and slanine anhydride were obtained from the
Nutritional Biochemicals Corp. The enhydrides were recrystallized three times
from water,vdried, ahd ground to a microcrystalline powder. Samples were
~evacuated on the vacuum lihe in pyre# ampoules for & minimum of 48 hours. After
‘ irradiatiqn'(Co6o y-rays, 1.7 x 1048 ev/gm/min), the ampbules were opened to

the atmosphere and the contehts were dissolvéd to & concentration of 0.1 M in
6.02 N sodium hydroxide under nitrogen aeration. Complete dissolution required
two to three“minutes. Changes in the absorption spectra of the oxygen-free
solutionswere followed differentially (against a 0.1 M solution Qf unirradigted
anhydride) over the range 300 mu to 400 mu.

Solutions of irradieted glycylalaenine enhydride (3-methyl-2,5-
diketopiperag}ne) show a rapid increase in opticai density with time over the
300-400 mu renge with Mox = 370 mp. The spectrgm 1s completely developed
after about two hours. Authentic 3-methylene—2,5-diketopiperazine8 was found
to exhibit almost identicel spectrophotometric properties. The fully deﬁeloped
gpectra obtalned with irraéiated glycylalanine anhydride and authentic 3~
methylenefz,5-dikétopiperaziné-in oxygen-free .02 N sodium hydroxide solufidn .

.are ehoﬁn invFig; 1. 'Appearaﬁce of fhé absorption meximum at 370 my is
-attributed to the formation of the dihydroxypyrazine nucleus (II) via the

'isomerization reaction:
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The ebsorption spectrum of &n suthentic dihydroxypyresine (3,6-lmethyl) '
prepayred after Karmss and Spoerrilo ig included in Pig. L for purposes of
comparison. It 1s noted that the'dihédroxypyra;inea in alkaling sulution aye
repldly destroyed on exposure to alr.

Isolation of 3-methylene-i,%-diketopiperasine (I2,Ib) from irrediated
gly¢ylalaniua‘énhyﬁriae hes been accomplished. A methanclic extract of the
1rradioted golld wves tr&naferred.td Lilter paper and chromutographed in parevllel
with authentic 3~mmtﬁyl&ne-2;5~d1kmtopipﬂzn31ne; butanol saturated with water

 was uged as the developing 1iguid.  The euthentic methylene derivetive s

- readlly detected at R, ~ 0.4 under ultraviolet itluainationjtue irredisted
giyclyalanine snhydride also givea & strongly absoxbing component at this ﬁr
value., The two arcas wexvé sepayately eluted and examdned spectrophotometrically
in oxygen-frée 0,02 giéodrum hydroxide. The characteristic growth'in the 300
to %00 mu reglon wos obscrved in Loth cases and the finsl curves were
essentially identical to those given in Pig. 1. The yleld of 3-methylenc-2,5=
@ikotopiperazing fnbm glycylalunine anhyCride at the loweet &osoge studied

20

(5 x 10°° ev/gn) corresponds to & G vaiue of ™ @55,
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The-résults obtained with alaninenanhygride appear to be somewhat
’morévcomplicated. In this case the development of the absorption curve is
accompanigd by a gradual shift in - from 370 mp to 360 mu, However, the
spectra obtained within 15 minutes of the time of dissolution coincide with that
given by authentic 2, S -dihydroxy-3,6-dimenthylpyrazine.

: Solutions prepared from irradiated glycine anhydride show the character-
istic dihydroxyprazine spectrum and on standing there is no detectable shift in
Kmax from 370 mu to shorter wavelengths. However, glycine enhydride differs
from both glypylalanine and alanine anhydrides in that the absorption spectrum
shown in Fig. i is fully developed within the two to three minute period required
for dissolution. This behavior may be Interpreted as evidence for rapid isomeri-
zation of dehydroglycine anhydride which must necessarily have only‘the endocyclic
- form és given‘by structure Ib. _

Finally we should like to comment on the fact fhat all three solid
anhydrides devglop a8 yellow coloration which is visually detectable at radiation
' ddsages as low as 5 x 1019 ev/gm. The effect 1s most pronounced In the case
" of glycine anhydridev Coloration is not appreciably diminished by exposure to
oxygen and remains visible in water extracts of the irradiated solids. This
coloration then, cannot be ascribed to an optical absorption by frée radicals
or lonlc transients. It is noted that the authentic.dihydroxypyrazines are’
yellow in the solld state and; slthough we have made only preliminary spectro-
photometric'studies of the lrradiated solid.anhjdrides, the available evidence
suggests that isomerization of dehydropeptides 6ccurs to some extent in the
"golid state.' A mechanism for thevradiation-indﬁced isomerizatioh of the
«COfNHR>linkage in s01id peptide systems has recently been d.escribed.5 A
detalled report‘of the various aspects of the radiation chemistry of the cyclic

dipeptides will be forthcoming.
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Fig. 1. Absorption spectra of irradiated cyclic dipeptides and
authenic dehydropeptides in .02N sodium hyroxide O, irradiated
glycine anhydride; T} authenic 3-methylene-2,5-diketopiperazine;
® authentic 2,5-dihydroxy-3,6-dimethylpyrazine.



&

This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
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