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ABSTRACT

Most of the nitrogen-containing compounds thet have been studied
1n_raa1ation chemistry may be tormally classiiied as derivati&es of anmonia,
The actions of loniziny radiations on this eystém of nitrogen compounds in
aqueous media have béen related in terms ol the initial reaction |
HEO-JMN-) Hz,Hzoz,ﬁ+,0H,e;q. Substunces that have been treated renge in
'cmqplexlty fram ammonia on-the one hand to the N-heterocycliés on the

other. Emphasis has been pléce& on the reactions of e;q vwith the various

types of nitrogen function.
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Most of the nitrogen—coﬁtaining compounds that have been studied
in rediation chemletry-—and particularly those that have been studied |
because §f their blological interest—may be formally classified es orgenic
derivatives of amnonia i.e., as RNHZ, RZNH, RBN. The radiatién chemistry
of these compounds in aqueous medie is frequently determined by the nature
of the substituent groups R. However, unde: certein conditions, the re-
activity of the nitrogen locus is menifested oas the characteristic radiation-
chemical property. Hgnce, we consilder here first the radiation-induced
reactlons of the parent éompound, ammonia, and its closely related inorganic
derivatives, hydrezine and hydroxylemine .

It is assumed in accord with current theory’ 5 that the earliest
chemically detecteble products of the decomposition of liquid water by

ionizing radiations are ziven by
(0.1) H,0—ww> }12,1-1202,11‘”,011.,?;

q

where e;q represents. the hydrated electron. The formation of H etoms in '

irradiated water is then attributed to .the secondary reaction

+ - .
(0.2) H3O + ®uq = H+ H,0

in developing the present discussion, an effort was made to treat

separately all of the possible reections of Oll, I and e;q with each nitrogzen
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compoﬁnd in its various possible forms in equeous solution. However, in
most caeses the available data are not complete enough. to pexrmit such a
uniform and symmetrical treatment. The reactions, therefore, have been

grouped arbitrarily simply from the stendpoint of facilitating discussion.

(1.) Ammonie

(1.1) NH3 + Ol = NH, + H,0

(1.2) ¥+ on —mit

3 +H20

Riggs, Stein and Weissh established in 1952 that ammonia undergoes
a radiatioﬁ-induced oxidation to yleld nitrite ion in oxygenated solution.
Through interrelated studles of the effects of pH and solute concentration
it was established that G(Nogn) is aepehdent on the concentration of free
base as given by the equilibrium NH3 + HZO —*NHI' + OH . For exumpie,‘it .
was founq that the production of nitrite ion in a dilute solution of ammonium
sulfate (5 x lO"uM) at pH 9.62 follows practically the samercourse es in a
more concentrated solution (lO“lﬂ) at pH 6.90; the concentration of free basev

-in these two solutlions is approximatel, the seme. Removal of OH redicals,

then, in the radiolysis of emmonia solutions apparently occurs exclusively

through hydrogen &bstfaction frcm the free base vie Teaction (l.iﬂ?*—The—““———"-—
mechanism proposed for the radiolysis of oxypgenated solutions of ammonie

includes reaction (1.1) and the steps

NH +'0 - NHEO

2 2 2:

NIL0, + O, = LNO, + noa’

H(e™) + 0, - HOZ(OZ)
- +
y 2 0
1o, 0, +1H

20, - H, 02\ + 0

2 2 2
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The conclusion by Riggs et al. that the amonium ion is im_ért toward.,
the hydroxyl radical is in accord with recent studies which give D(NH; ~1i)

~ 130 kecal” as compared to D(HO—H‘) ~ 116 kc&l.6 -

(L.3) unB +H SNH, + H, ~

: + +
(L.4) NI, + H -»1\1113 + }12

vThe available experimental evider;ce indicates that neitﬁer NH3 nor NHK reacts
with atomic hydrogen 1n eaqueous solu“cion; Collinson and Dainton7 concluded _ |
that H atan removal via reaction (1.3) does not occur even in liquid ammonia.
Reaction (l.h)‘islestimated Irom the wqu of Tal'roze and Fr‘unkevich5 to be 
‘endothermic by about 27 keal. |

_ . K .
(1.5) NH, + L ->m13 + H

(

Jortner et a.]..d mVestigated the éx‘ftects of NHZ_on hydrogeh production
in the y-rediolysis o;" oxygen-free molutiﬁns of formic ecid at pH values
above 7. They found G(Hz) %~ 3,0 for 10"21_@ emioniun formate as compared to -
6(1L,) % 1.8 for 10724 sodiun formate wnder identical conditions. This increase
in G(Hz) is attribﬁted to the formation of H atams via reaction (L.5) followed :
vy

" H + HCOO™ = H, + co0~

The rate of conversion of e;q to H by smmonium ion is estimated by Jortner:

' -—). - g
et al. to be about 10 g times the rate of conversion of eaq by the hydronium

ion in reaction (0.2).

(2) Bydrazine .

+ e
(2.1) .NZH_ + OH = NI + 10

. i it
(2.2) W)H. + H =N + 1, . | .
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Dewhurst and Burtoz9 in 1955 found that the radiolysis of oxyzen-free
solutions of hydrazine could be Interpreted over a wide range of pH in terus
of reactions (2.1) and (2.2) followed by the steps

R o+

NZH“_—* N2H3 + H

+ 2NH,

NH - N
2Nty 3

2

Product yields with 0060 y-rays were found to be strictiy independent of pH
through the ra.néé 1 to 8 with G(Hz) ~ 2.5,G(N2). ~ 2.5,(}(1\11{3) ~ 5,2,  These
resulis were in reasonable agreement with the theory of water decamposition
generally accepted at that time—namely that i and OH were the primary productse

10

of wabter radlolysis.” 1t 1s Interesting, in retrospect, to observe that'of the

various solutes then knowa to react with H via

\

RH + H =R + HZ

only hydrazine failed to show the characteristic decrease in G(Hz) with in-

creasing pH above values of 3 to 4,

+ - . :
(2.3) Nzﬂ5 + eaq - Nzﬂu + H

-’a -
(2.4) N2H5.+ ®aq - 'N2H3 + H2 |

The data of Dewhurst and Burton are cahsistent with the present
concepte of the primary process in water if the assumption is made that
reactions (2.3), (2.4) are in competition with reaction (0.2) in the removel
| of e . The detailed reaction scheme otherwise remains.the pame., Bince the

aq
1

basic dissociation constant of hydrazine c‘orrespondsl to K ~ 0.5 x J.O’7 it

48 clear that the concentration of NZH; is not greatly affected by pH below.
a value of ~T. The observed decrease in product yields at higher pH values
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occurs over the pll range in which'NzH; is neutralized to give tha'free base .

[~ N + - .
(2.5) N 4. + Caq NH, + NH3

21{5

+ NH2 .

(2.6) N H, + ®aq - an

It reactions (2.5), (2.6) (followed by NI, + NZH; - N + NZH:;) also
occurred in campetition with reaction (0.2) and (2.3) then G(NHB) would
gradually increase with pH et the expense of G(Hz) end G(Nz). The data of

Dewhurst and Burton show no indication of such a trend.

(3.) lydroxylemine.

(3.1) 1\1‘51301{+ + O - MLOH" + H0

(3.2) MH.OH + H = mf; + 1,0

3

Lefort and Tarragole

"have shown that the production of N, and NHB‘
in dilute aqueous solutlon of hydroxylamine under y-rays increases abruptly
with increasing pH above ~3 and then levels off at pH values abd?e'~6 to

- give the limiting ylelds: G(Nz) ~ 2.7, G(NI-IB) ~ 2.7; This effect of pH

is interpreted by Lelfort and Tarrego as evidence for the eqnilibrium

+ - .
NH3 +* }120 “- I\IH2 + _1130

That is, deéomposition of(hydroxylamihe is not observed at low pH because

of & reconstitution reaction between NH; end the product of reaction (3.1)

10'3'0

NHOH =~ NHOH + nt

NIY + NHOH + H,0 — NI OH' + NH,OH

3 2 3 2
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Leiort and Tarrago proposed_thaé Nug does not react with NHBOH+ because of
charge repulsion. llowever, as the pH is increased, Nﬁg dissociates to NHz
in which iorm 1t is assumed to react preferentially with NH30H+‘and/or
nniacni

+ . +
M 5 * NH3011 - 1\!113 + NIIZQ +.H

j
-0 glve nitrogen through the step,

ZNHZO '—* NZ + ZHZO

_ L
(3.3) NHOI + e, = NI, + 1,0

The data of Lefort and Tarrego may also be explained ih terms of

electron capture by I\II-I3011+ as indicated by equation (3.3)s On this

assumption the observed pH effect would srise as'a result of e competition

between NH30H+ and 1130+ for é;q. Subsequent steps leading to observed

producte would he essentially the same as those given above. However,; the
reconsitution reaction in acid solutlon would in this case correspond to

'_', o et | S
0+ IVHEOII -~ I\IIIBOII

or the equivalent.

(h.)_ Anino Acids

G(R)COO™ + 1,0

+

(4.1) NHBCI-I(R)COO- + OH - NH

+

3
The radiation-lnduced reactions of glycine and alanine in neutral

solution containing oxyzen lead to the formation of ammonia, G-ketoacid,

13,24 poih the qualitative and quantitative

aldehyde, and hydrogen peroxide.
aspects of the degradation are cpnsistent‘with'a mechanismls involving
hydrogen abstraction by Oll at the G-carbon position via reaction (4.1) and

the steps
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Nﬂgé(R)COO7 +0, = Il + RCOCOOH + HO,

NH_ + RCHO + CO 10
- 13 RC + 2 + 2

g_(n) *0, = 02(H02)

- +
02 + 1 IIO2

Tl

ZI‘IO2 - nzoz + O2 :

The reaction between NH;é(R)COO_ end 0, as written above represents only

2
the'over-all stoichiometry. A detailed consideration of the nature of'the
intenpediote 1nv§lved in cleavoge of tha'N-C bond 18 given elsewhere;l6 the
main point here is that ell OH radicels appear to react preferentially ab

the G-caxrbon positioh of the simple amino aéids in the zﬁitﬁerion form.
Maxwell et a.l.13 report Tor 1M glycine under v-rays the valueu-G(NHB)vg k.3,

[l

G(ZC=0) ~ k.5 G(Hzoa) ~ 3.6, " Similar results’ are obtained w;th alaniné

at concentrations above ~ 0.1M. Other amino aclds givellower ammnonia ylelds
as a result of OH attack at side-chain loci‘lﬁ',Product‘yields frdm solutions
of the zwitterions of glycine end alenine are markedly dependent on solute
concentration end do not_begin to level off at conccntrations mach below 0.5M

% :
and O.1M respectively. This epparent low reactivity has been shown by

Rabani and Steinl( to be a property of the zwiltberion forms. They found

*At these concentrations of dipolar ions the dieleqtric constant of the
soiution is considerably increased over that for puré water. ThevmolaQ/
dielectric increment for glycine is ~25 and it would seem that the modes of
water decompositidh mizht be appreciably modified bj dipole soluteé
particularly in view of the ﬁarked influence oi both dielectric constant

and relexation tlme on primary processes in a condensed phase.
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that the velocity‘ of the reaction of OH with the zwitterlons of glycine
ahd. alenine are respectively ~500 and ~30 times slower than the velocit&
of the correspopding reactions with the negative 10ﬁ forms. Actually, 6.9
indicated by equations (1;.2) , (4.3) below , reaétion of the amino ecid
negative-ion involves two ioci—-the N-H bond of the unchdrged amino group

es well as the C-H bond at the G-carbon position.

(k.2) MICH(R)COO™ + OH = N1, C(R)C00™ + H,0

(4.3) MILCH(R)COO™ + OH — NHCI(R)CO0™ + Hzo; '

- Jayson et e.]..lE

! found in their radiolysis studies of alkaline solutions
of the O-amino acids that h;ydroxyla‘.mine" 25 well es ammonia is ‘p.roduced in the
presence of axygen. Formation of hydroxylamine is associatéd with OH étta;clg

at the uncharged amino group via reaction (4%.3) followed ‘for example by -

NHCH(R)COO™ + 0, = OZNLICH(R)cQo“,

0. NHCH(K)COO™ + HO

. — NI, OH + RCOCOO™ + O_

2 2 2

Although this effect of pl ’on the reactivity of the nitrogen locus is
analogous to that involved in the radiolysis of agueous amnonia , it should
‘be noted that the reaction of OH with glycine and alé.nine even t_it‘ high pH

values still occurs predominantly et the G-coarbon atum.

(%) rm;cn(n)coo‘ + e;q - 1 + NH,CH(R)C00™

2
(4.5) N ~ Ji, + WHE(R)C00”
(4.6) : - NH_ + én(n)cob'

3
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Several years ago Moxwell uhd'gd-au%hofslg rivet establiched the
principal stoichimnetficvrelationshipo involved in the oyer-all iadiatidn
chemistry of oxygeh-free solutions of glycine under Y-raye, Major productev
from L.0M4 éolutions;at PH 6.5 1nclude.hydrogeﬂ, exponia , acetic*aci&,
glyoxylic acid, foﬁnaldehyde end carbon dioxidé._ Shortly thereafter it
was shuwnao that thecq chemical changes cogld be Interpreted both)qualitutive-
ly from known values of the radlcal yilelds in water radiolysis and the

reaction schene:

H + m-tgcn(n)coo' - NHz + CH(R)co0™

420 -
- H, o+ NIIBC(R)COO 4

+

O + N
3

CH(R)COO™ - o + mx‘;é(xa)coo'
én(R_)coo‘ + m-lgcu(n)coo' -~ chzcoo" + Nligé(R)COO' '
o - o e AR
2 NH 3c(n)coo - m1z=o(n)coo + MiBCH(R)COO
‘ + - +_aly - p
0, + NHBC(R)COO - M12~c(11)coo ‘+ i,0 + ol

H,0 + mx}c(m)ogo‘ = N + ROOCOOH

= NH_, + RCIIO + COz

3

Independent evidence for the proposed intermédintes‘éH(R)COOH‘und ‘
Nngé(R)COOH\iB to be {ound in the dbseyvationzo.that succinlc acid; aspertic
acid, and diaminosuccinic acid are produced in the radiolysls of okygeh-free
golutions of glycine, albelt in relatively low yileld.

The ﬁechanism glven above 18 aleo applicable with minor adjustmcnts »
in tho two branching ratios to corresponding dataZl obtained in the r-radiolysis

of aqueous colutions of alanine.
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itais~vaious, hewever, what ﬁh;s rocetlon scheme must Le reviged
Lo take into account the fact thot the reducdng opecies initially formed in,
vater fadiolysis ie e;q rather then II, Tﬁc qncstion‘hefe of:cource is¢ what
are the reactions of o;q in the essenticlly neubiel sOlutionQ’of the zwitterion_
that are stoichiometrically equivalent to the 11 aton reactions formulated in 

“the orilginal mechanism?

7
_ 3
as an acid with.e;q to yield H much in the same way that NI

-

One possibility 1e that the NI, group of the amino acid sinply reeacts

IZ has been shown
to react, The mechanicn then would stond ac weoitten except for the prior
: addition of reaction (h.h),. Dr, B. M. Weeks and Mio. Sibyl_Colebof tﬁis

» labofdtory>have investigated £hio possibilityvin‘ﬁhe following way. To a

. ‘ "

,oeriés of 1.0M alanine solutions conpainihg'nngcu(cn3)d%ou was: added sodlum
formate in increasing emouwnts over the ‘concentration range 5x10~3ﬂ to 1.5M.
‘These solutiQns ot a Pl of ~0.5 were evacuuted‘ahd.irrudiated'with Co60 y-roys
for a dosée of ~1.5x1019 ¢y/ml..iwéw, i the zﬁitterion of‘alaniné o inply |
‘ conver#s e;q'to‘H which.then»reacto with Nﬁ;(CH(CH3)COO' we would expect the
yield of propilonic acld to decreuse’with incrgasing Tormate céncentrution,

becouse a competing path for H removal hao Leen introduced viz
H + HCOOI <« II, + COOI
L

We have found, however, that the volue G(proplonle) ~ 1.0 ip ecsenticlly
iﬁdependént‘of formaie coneentration althoush the value of G(NHB)ldecreuoee
rapidly with increasing formate and reoaches s mininel value at formote

-concentration of ~O.lﬂ. [hese recults would sugzest that e;q reacts directly

with NH§CH(CH3)COO_ via reaction (4.6) to yield proplonic acid without the



]l : UCRL-10827

intermediat.é formation of-,.a. f“x‘eeiy diffusing U at'om.*,

Additional evic'lenc.e i-n'support. o thic' conclusion has been obtained
by Dr. Weeks from studies of the inte:rr;zlated elfects ol alanine concentration
and. i)II on propionic acld yields, For exauple in 0.4 'élanine at pli 0.5 the
yileld of propilonic acid cori-eml)onds to G U.O‘;. The yiéld O;L" propionic
é.cid'inéi'eases w;tl; pH end reaches a moximun of'G ~ 1,0 at pHl 3.5. Froa

the initial slope oi the pH-yield curve 1t 1s estinated that ‘the rate of

reaction of alunine (im this case es the cation Ml‘";ci»x(cn:s)coonl with'e;q is
‘ app_rmu}‘mely 1@'2 that of the reaction of e;q with 1—130"."‘“’* However, 1t

- appeai‘s that the yield of 1>folﬂioziic ‘acid is not detexminerl‘exclu'_sive'ly bfy a
- simpie coyiqupition be,twu.n the amino a¢id and the hydrénium ion for e;q.. . This
.18 evidenced b‘y‘_ {the .’i‘ac{; the cor:espon‘ding pli-yield plot for a i.Gﬂ alanine

solution over the some pH ,ré,hge does »ndt' coincide exactly with the pH-yleld
v'ploi:. for O.Ljf alenine whéndiaplucéd one pil u’x;it‘. Alanine in l.d_ﬂ solutinn_;s
- ab low 1;)114' seems Lo be‘ propér{bionatel,y more eifective thax the proton-in

scavenging the decampositlon products from waver.

(5.) Primery Anlnes

(501) mitci R + o0 - NHTGR + 1,0
3 a _ 3 A

(5.2) MILCHR & O = MLCIR + 1,0

(5.3) - - HUCILR + H,0

These results suggest that in the radiolysis of amino acids in the solid
state electron chpture may occur vie NITCH(R)CO0™ # " = mﬂr3 + CII(R)CO0 s
, - : 5
ik \ | ' B2 At .
It is ascumed here that the slowmess of the reaction, I +'1 --—*hz precludes

. : + ' T
any major contribution of I, as a reactive internediate in this system. -
. o )
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Althoush the primary aliphotic amines hove been studied much less.
extensively than the amino acids there scems to be little question but that.
the radiation-chenical properties of the two clagses of compounds are quite

onalo ous—=except, ol course; {or the unigue property of Low reactivitvy

18

exhiblted by the amino ecid zwitterions. Jay's‘on et al.” have studied the

X-roy-lnduced formation of acetaldehyde from ethylamine in oxygenated solution
over o wide range ol pl. AL pll values below T the removal of oy eppears Lo

occur via reaction (5.1) to glve acetalduhydé and amaonia according to

+oo :
Wi CITt 1
| i + 02 + U 2

f i+ T ‘
3 0 = NlllL + RCUO + II0

s
As thc plil is increased above 7, hydroxylemine appears os a prochict in eddition

to anmonia and the yield of the former reaches e limiting value of G x~ 0.6 at

Pl 10 under which condition G(cu CHO).gB.Z. vince the basic dispociation

3 v
conctant of ethylamine is 5663\{].0"1+ it is assuned that reactions (552) and
(5.3) oceur in parallel at high pl to give amwonia, hydroxylamine ond

acetaldelyde through intermedlates analogous to those consldered in greater

detail in Section (4).

( 5 @ “ ) Ir“-+

CHRt + ¢ = HL, + CILR
D G (374 . o

3

A’Lthbugh vreactions of ﬁype (544) are appox ently of importence in the 1'Qlioly'si§
_oj;‘ oxyzen~Lree golutlon of the amlno acids, there 15 no direct ez:pe;‘i.ment&l_
evidence cither Por or ozeinst the. occurrence of this reaction in solution
of the primory amines. In cact, 1t would appear ivran the literdtui*e that
'»rw.wtion—'chemicail studies of aliphatic wuines in o::ygen-i‘x;ea solutlon have
not been undertulen. |

| here are however certain ;mcx‘pluined aspects of the daota obtaincd

15 .

by Yuyson et al. " in thelr studics of sy enuted solutions of ethylamine

-
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ﬁho.t up;pczdr' now to Le velated to resction (’,j.l&). Before cons:iderin{; these
we (ivet cormiderfbrie:it'l:y'vsume general features of the rudiation-ind.ucéd
n:;ia‘lu_t.:b.m of organic compouwnds in aqueous solution. Now, the oxidation of
quite u lorge nwiber of compounds can be represented in terms of the

a3

generalized schema.

RH+ 00 = R" + 1,0

2
. o d .. ' B A .
R +.Oz - R'H + IIOZ
eo,q + 02 - O2
- T .
@ aq 4+ 1-130 had i + H.aO

H+0, = IO

*
a

i+ 0]

5
1y

2

LIIOZ - HZOZ -f‘.O

On the basis of this scheme, product ylelds would be 'indepen(lenb ol pH with

G(R'H) o G The oiidation of roride z:uciclzlfL to

+. .G, . .
‘carbon dioxide and hydrogen peroxide and of ‘ethanol®’ to acetaldehyde end

‘GOII’ G(HZOZ) ~ GII + G

' hydirogen peroxide conform to this generalized mechanism over the Pl range

. *.
1l to 13.

* : . . .
Somewhat higher product ylelds are observed ot a low pll. These effects are
ottributed to an influence of pl on the primar, yield of decamposition products

from water,
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We have secen also that the rodiation~induced deamination of glycine
and alanine in azygenated solutlon ot Pl T is in acco¥d with this reaction
scheme ulthough the effects of pl in the radiolysis of amino acid solutions
have not as yet been examined in any deteil. Hoﬁeyer, Jayson et al.la 1h
their early studies of the effects of X—rays énleth&lamiﬁe in oxyzenated
solution'rebort yields of both hydrozen peroxide and acetaldehydeiover the
Pl range 1 to 12. The interesting thing here is that they réporth(CHBCHO)
to be essentinlly constont over the pH rangé 1 to T whereas G(HZOZ) drops
rapidly from & value of ~e2 at pll 1 to ~L.1 at pll 7. Sinée the ethylamine
i essentially ell in the salt form, NHjCH2R over thie pl range, the effect
of pH on G(H 0 ) cannot be attributcd 4o reactions involving OH-oparticulﬂrly
in view of the constoncy o; G(CH3CHO). Dut, if the cation of thc amine
'scaveﬁéee e;q.via reaction (5.4) in competition with 02 and H30 it follows
‘that the course of the reaction will chance as the pH is 1ncreaseﬁ. The -
decrease 6f G(H ) then would follow as & consequunce of reaction () h) if
a8 seems likely thc subscqpcnt }Laction of CH2R with oxyzen gives an organic
'peroxide 1nstead ol hydrofcn peroxide. Mise Winiined Bennett of this
laboxatory has reinvestiwated the rediation chemistry of oxyg&nated ethylamine
solutions from this standpoint and in fact finds that the yleld of total
*peroxide (hydrogen peroxide plus orgenic ‘peroxide) at Pl 6.5 correspondsito
G x 3.3 1”or_Co60 y-rays. From the.plope of the pli-yield plot for'hydrogen
peroxide bréduction it 1s estimated on the basis of the above argument that
the rate of the reaction of Mi’ SCHCILy with e'q ié‘~10-2‘that of the réaction

of e;q with H30 o It is noted that a velun of 10 -2 for this ratio was also

estimated for aslanine in the cation form (Section 4).
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(6.)‘ Sceondary Nuines

+ , B3 :
(6.1) RNILCILR + OH = RNILCIR + H,0

(6.2) RNMICILR + OH - RNHCHR + 1,0

(6»3) o - mcnzn + H,0

A principel redietion-induced resction of eecondary emines in oxygenated
solution leads to formation of' primory aminé and abdehyde.;8'27 The

. degrodation processes ure releted to those -otserved with‘ﬁhe anino aclds.
?rhmxry OH attack occurs preddminantly at the carbon position'a‘to nitrogen
in the simpler amines. Diethylamine, for exampie, yields ethylamine and .
acetaldehydelthroughéut the entire lerahge. Degradatibh apparently 1nvolveé
reaction (6.1) followed by | ‘

Rmrﬂf{,;cxm + 0, + H0 = mm3 + RCHO + 110,

In strongly alkaline solution, the reactions of OH involve ﬁoth the C-H and
N-H bonds as indicated in reactioms (6.2), (6.3). With diethylemine ot pll
values ebove 10, reaction (6.3) dccounts'for the removal of apprathitely ten

3

;percent of the OH rgdicals,lJ vWith the unsymmetrical dminee, OH attack
ey bcéuf et either of the two Ol-carbon positions. SarcogineAfor exomple
. glves férmaldehydé as the principql,carbonyl product togethep with_smﬂller/ .
amounts of glyoxylic acid.hs

Oxygen~free solutions of thé simpler secondary emines havé no@ been
- studied in ony detail. Information on the efiects of various types of‘
- substitution on the possible reactions of e;q.with RNHEFHZR would belof

interest.

‘7
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(7.) Peptides

(7.1) RCONICHR, + OH ‘-*RCOlméRz + 11,0

(7.2) REOMICHR, + H éxzcbrxnxéRz + 1,

Peptides show the chu;auhurictic properties of accondary aminea
toward tha 1nd1rect action of ionizing raediation in axy enuted eolution 16’27'
Simple peptides ouch as acctylglycine, acetylalanine, etc. undergo radiation-
1nduued cleavage of the N-C bond to yield amide and caxbonyl products. iThe
degradation involves en initial il attack via reaction . (7 1) and the subse-

quent step

RCQNHCRZ + 02 4 HZO —’RCONHZ_'*. RZCO_ * _HOE

In certain coses there 1s evidence for the formation of the dehydropeptide

in the parellel reaction 15,28

RGONHCRZ + 0, -fRCON:_cRZ + }1(:)2'.

Thevimportancé of redction'(T-l)-iﬁ the over?all rediation. dhcmiefry of &

particular peptide will of course, depcnd on the nature of the eubstituenta

,R. In the case of acetylglyﬂine G(acetamide) _ 3.0, whereaa for a nunber

of aqueous protein solutiona G(amide) 1. 0.l6 |
In oxygen-free solutions of the shnpler peptides the evidence is

as. indicated in reaction (7 2). Removal of the

2
RCONHCR speciea 1n~solutions of acetylglycine has been shownaa'to occur

that H also yields LCONHCR

2
largely through. dimerization to give 1,2 @1amine derivatives

RCON I‘ICR2

- 2R001ménz “ RCONICR,
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and to e lesser extent through disproporvtlonation

2‘1‘:001{:11(':&'-:2 - RCONI-I-—CRZ + RCONICIR,,
and through |

ucom_lcga + H,0, - RCO}_IIIC(O;-I )_R2 + O

Products of the latter two reactions L., tile deh;}dropeptide-RCON:CRa

aﬁd the dehydropéiatide hy‘c'lra.te Reomne(on )R yield sumoenia apd the
corresponding carbonyl product on mild hydrolyaia. Oxygexriree eolutione of
acetyl g],yc,ine, (0.1, pH3) after y-irradiation give on hyxil.ro]grsiaa?3
G(eumnonia)v:: 0.90, G(awqulic acid) = 0, so, G(rormaldehyde) ~ 0.20, |
G(dj,mninésuccinic acid) > 1.7, Thé fact that aspa.rticA acid and acetic .
acid are aléo detectec_l in low yield with reepective G values of ~0.13 and
~0,03 sugzests that ‘i'educti've cleav.agé' to give the‘éll-chOH rddical boccurs

" to 8 Sma_ll'éxtent in OJ_M_ acetylglycine célu’cipps at pH 3, Studles bf,the‘
effects of pH and eoluﬁe _c'oricehtration on  the yields of these producté have

been undertai:eh to determine the contributions of reactions of thé.type
RCONHCIE, + H = RCONH, + éima

RCOMICNR + e + ﬂzo - Rcomi2 + cmz 4 on

(8,) Cyclic Dipeptides

W | M
~ H(R)C . co H(R)C *COH
L ' + II(e q) - | , |
c - ¢(R)H ‘ co C(R)H

\ mr/ N /

NI
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Lvidence for a radiation-induced reduction of the peptide cur’boﬁ;,rl froup
has been obtained in recent studies ol the cyclic dipeptides in oxygen-irvee.
aolution.z9 Ity an otyzen-free solution ol e.lanihc cﬁsﬂz;,'m'ide (0o, Il 7) s
irradiated with y-rays and then examined g:pectrophoto@tricall;y', it 1s
foupd that the absorption spectrum shows neg 1b_Le absor ption above 8600 A
88 ldmf ag ‘the solution is not exposed to the atmoaplmre. llom-'.-'ver s i
oxygen is introduc_ed, an ebsorption maximum in the lonuer wave-lc_nuth reglion
elowly o.ppeamr In neutral and baslc solution t.hc G.bsox'ption max i 01
the product I‘i'om alanine anhydride is at 320 ni; in acid vsolu'l;ionlthere 15 :

o r;zversible shift to 340 mp. BSolutions of glycine. snhydride exhibit As'vimilp,r'
| efrects except that the wave ~length of ‘maxinum a‘hsorption is 1ndelue:ndent of
pil. |

Theee phenmﬁena have been sho*;_ma,9 1;0 involve thé i*educ;tion of' the
'.'dil»;etopiperd.zine to the correS'ponding l,2-—(’iihydropyra.zine which 1s o::idi'z;ed'
in air to give the p;yraziné nucleus, The proP.o_sed: mechani:em inél\ides the |

- reduction step ’(8.-1) followed by ‘disproiiortion ation .

RH . ' NH ' ' |
/N /N /\
H(R)C . ecOm . H(R)e  c(u)ou H(R)C coM
co c(r) co\‘ o e(r)u c0 - C(R)
- NH / i / - M
: 1 | 11

where 1T 19 simply the enol form of the dipcptide. The subseguent react.ion

of 1 with oxygen is o.ccompanled Ly 1somerizumon i.e.



NI
\
H(R)C c(H)ou
c‘o ¢(r)u
N _/
o m
1
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I .
ol / \\
+ 0 - (R) CH
‘ A ‘ + l-lzp
noc C(i)

\

N
11X

' The yleld of 2-hydraxy-3:6-dimeth ylpyrezine (III) in 0.14 elenine enhydride at

PhT corresponds to G >~ 0.5 with 0060 Y-rays. If the indicated mechanicm for

pyrazine i‘ormation is coirrect, the initilal yield of reaction (841) must be 4in

the order of G~ 1.Simce the:_highest estimate for the primary H yield 1n neutral

solution 15 ~0.45 it would eppear that’.e;q rather than H 1s involved in the

initial reduction reaction (8.1),

I should like to take this opportunity of thanking Dr. Boyd M. Weeks

and Dr. M‘ichaél_:E. 'Jayko f{)r the meny discussions and also for the many

arguments we have had during the piepu.rp.tion of this'_palier.' ‘
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