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PRODUCTION OF PYR~Il'f£: DERIVATIVES IN TEE RADIOLYSIS OF 
AQUEOUS SOLUl'I< NB OF TEE CYCLIC DIPEPriDES 

Na thilde nand -.E:i; gli sh and ltlSJ.~ren M. Ga.rri son 

lvL tv(<;z__.( 

Crocke~ Laborator31 . La~~nce Ra~iation Laborator31 university ot_Calitornia 
· · . ' · · ' Berlieley, California 

Railation-induced reG.ctions in aqueous solutions of amino acids, peptidea1 

and rel3.'~ed compounds have been t.r~ated in a. number of reports fran this lab• 

oratory.1 In connec·t;ion ~"i.th thee~ studies, we have had occasion to exnmine the 

effects 1>f r-irre.d.iation on the u1 tra:violet a.bsor.ption spectra. of solutions of 

various aimple peptid.es. The mer1.s l.l"etnents :reveal that solutions of the cyclic 

d.ipeptidm;; under specific conditio:'lG exhibit pronounced and characteristic post• 

irradia·~:.on cb:lnges. If, for e::~:>le, ·an oxygen•free solution of ala.tdne an.• 

hydride ts irradiated ~d examined r:.pectrophotometrics.lly 1 the dif'terential 

s:pectrun (read against unirradiateil solution) shows negllgib~e absorption above 
0 . . 

2600 A tW long. as the solution is not e.::i;t)osed tO the atmosphere. · However, if 

oxygen ~~£~ introduced,~~ an absorptioa mrud111Uttl. in the longer wave length region 

. v 

either a<:id o1? base. In neutra.i and basic solution the .absorption rr..aximUill is . 

·at about 320 Ll!J.; in acid. solution '~he ll'.e.:rlmUlll sb.it'ts to 34o nq.L~ 'l.'his shift is 

l~evers:lJ:tle, -a:.tJ.d: the .eviden<~e is th.Lt the final yield of the absorbing species 

is ess<;d ia.lly ind~pendent of the ]l.R of the solutiol:l during the postirradiation 

oxid.at:tcll::. Solutions of glycine ruthydride exhibit quite similar propertic2 

except t.bat the w.ve length of ttl.~.mum absorption (320 m).L) is independent of pH. 

It is also to be noted that these l-'ostirradiation chS.nge£;1 are not observed if 

o;zygen :l. a present d.u..""ing il--radiatic;n. 

W'e believe the phenomenon invc,lvea· the 1~tion.;.induced reduction _(and 

stibseque~t dehydration) of the' diketop:tperazine molecu.le (I) to. the eorrespond:tng 
( . 
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1:2--dih}"d.ropyr--.:~.Zina derivative (J:I) 1-thich is of tt. class ot canpouncls lmi:twn2 to. 

be :reeilily oxidized .(i.e•,t in air) to ·the correspond:ing pyrazine .structure (III) 

J"o~ • •' • . '' 
~ . . ' .. 

·' 
,.· 
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' . . 
lsolo.tion of 2 .. h;r'J.roxy-3:6.;.e.imethy~pyrazine (III) fran an irradiated solu• · 

"'cion c.f a12.ninc a.nJ:-..ydride (Nutri·Lio.r13l Biocheinicals Corporation, tot 2lo41 re• · 

c?~Js·t5l.llzed 3X f1 .. crn 1ro:ter) has teen effected. ThG irradiated solution was 

lyophilized, ~d an appropriate 11llquot of ·a meth.a.nolic solution or the residue 

v.;oa,s t:ransfel-.ccd to a filter-J?a:t>er strip, and then chram.e.toe;.re).:phed in a. butanol• 

ammoni.e solvent system.' At '1011 radiation dosages a single fluorescent carnpotmd 

(Rt- C~7) was ob~erved •. ·'J:hia ·W!l.S eluted. and CC!tllPa.l"ed Spectrophotametrica.lly 

'With e;uth~nti~ material prepared according _to the method of 1:la.:A.-ter. and Spring. 4 

F'lgu:."'E 1 sho-ws a. no1."ill.\'llized plo·t of' the date.. . Co-chromatographic studies of 

the ex.thentic material and the ,i~'olated' irradj,tition pro&uct 1\U.ly SF.PPO~ the 

ideutJilcation. The init.ia.l yield o:f' ·2-byaroley'•}i6-d.ildethylpyrazina in 0.1 M 
. . . . .. . .. . . . 6 . •. . -

a.lrutlte anhydride correspondS to a a.;;VaJ.ue of~. o.4 (Co ,01 .. ~s; 7 x lo19ev/ml). 
··. 

. · .. ''{. ,·· 

. ' 

TI~s -vro:rk tms perfonue~ tmdeJ.'. the .s.uspfc~.s of the. u. s. At~c Energy 
Commir:H.i on.. . . · , . .. . 
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l A review of earlieruork baa been give,:n. Gai."'rlson, W. M., Mechanisms ot 
. .. 

~2io:'cion-Chcra.ica1· .Rf~action :11: Bi_<?2he:mical Systems, L?.v.rence Radiation 

!.llboratori Re:por'G1 UCRL·9218J Baptemb<ir 1$160 

2 Redel, E. It., Ch<?@iGt1:<;Y' of Cm·bon. Copwounds, Elsevier Publishing Co., 1959; 

Vc•l• !VB, p. 1333 .. 

3 Cc::veJ.llni, D., Frouv.w., w., a.no. Toschi, D .. , .Nature 16;;, ·568 .(1949) • 
• f. ; 

s • ., J. Chern. Soc,, 1179 (1947). 
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' 
.Figut:E· 1.· Absorp"l:;ion spectra. of authentic 2•J:r.rd.rol;y:..3:6-di:m.ethylpyraz:tne 

' ' 

l -o- ] and of :prod.uct isolated from irradiated solutions ot 
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