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Abstract: Hvdrnur-\n-rwvaen flames. when blown :aumnct an agueous solution of
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methionine, induced conversion reactions (o homoserme 2-aminobutyric acid an
glutamic acid. Besides the already-known reactions by a hydroxyl radical, a
contribution of a hydrogen atom from hydrogen-rich flames to the reaction was
recognized. We successfully controlled the vigorous oxidation of the system using a

radlC&l scavenger. © 1998 Elcewer Science Ltd. All rlghts reserved.

In our previous study,! flames have been shown to cause an oxidation reaction in an aqueous solution
when blown against the solution surface. This reaction was caused by a hydrogen, a town gas and an ethylene
queous-phase reaction is a new type of plasma-induced reaction,

roduced in a egas phase, and has been nroved to nroceed hv a
Tog ase, pro proceed a

Qe S vla

stepwise oxidation mechanism due to a hydroxyl radical generated in the flame. This method can be utilized as a
substitute for the conventional hydroxyi radical generating systems, thai is, the Fenton reagent, a hydrogen
peroxide-ultraviolet system, y-rays, and so on. Our reaction system can introduce a hydroxyi radical
continuously into a water phase and does not need any chemical oxidizing reagents, so that the reaction mixture
is kept always clean and can be performed with very simple apparatus. In the present study, first we
investigated in further detail the reactions of amino acids containing a sulfur atom, which is labile to radicals, in

order to examine reactions caused by flames. Second, it was attempted to control the strong oxidizing ability of

the reaction system by employing hydrogen-oxygen flames Solvent m
with several flow rates as well as by the use of a radical Bumer [ feservoir
scavenger nozzle t I \ f/
The apparatus is shown in Fig. 1. The operating Flame K ) I l
conditions are summarized in the Table. The flame from a  __ '—_\b M | l I |
burner was blown down to the surface of an aqueous solution I l I
(ca. 250 ml) containing amino acid (ca. 0.5 mmol/l). The ' —
initial pH of the solution was adjusted to 3 with 2N l—ll—— Thermometer
hydrochloric acid. The temperature of the solution was kept at ) T ’
40-50 ©C throughout the reaction by circulating cold water [ ———— 5 — Cold water

fhrmmh the iacket of the reaction vessel. The solvent was l N T ST
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Fig. 1. Apparatus for flame-induced reaction.
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- inte af the calutinn were Talla Llama Manditinng Bmanlavad far Tloma tndinad Danatinn
e/ TRLIL QRHIYUULW Vi Wiv JUludLIuTil VY Wi iraulc Llaliiv ULIUILLEULLD LAllPlUy CU LUl 1'IdailC-HIUULUU DNCactliuli.
wxritbhe Avneeron A asmalurwad soritle i et | o P S WL ™ ser-caliFian
Wilnarawil and analyzea willi an amino Flame 10w rat€ OrI gas {(/min) pumer-souuion
acid analyzer. Hydrogen Oxygen distance™* (cm)
Figure 2 shows the reaction curves  Ho(50%)-02(50%) 1.0 1.0 3
for the conversion of methionine in an  Hy(83%)-02(17%) 4.0 0.8 5
aqueous  solution using (a) a Hp diffusion 3.0 - 4
hydrogen(50%)-oxygen(50%), (b) a * Distance from a burner nozzle tip to the solution surface.
hydrogen(83%)-oxygen(17%), and (c) a
hydrogen diffusion flame. Methionine was smoothly oxidized and disappeared within 2 hours under all the
reaction conditions. The primary product of the oxidation was methionine sulfoxide and the sulfoxide was
f LIS I bR 2. | Affmnd hmcsmnsrotata At ) FUI'S M — PR g RS- tlan Flasmaan Aacriilfizeiea
arwer o0xiqaizea lU diiuiu llUluUbybLClb d\rlu- Al e HICAL Cp UL UIC VAIJALIVIL, UIC 1l 1c UCBUUUIMW

homocysteic acid to produce aspartic acid. The yield of aspartic acid decreased in the prolonged reaction and
further oxidized products were detected, which are omitted in the figure.

o (a) H»(50%)-0+(50%) flame (b) Hy(83%)-0+(17%) flame
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Fig. 2. Reaction curves for the flame-induced reactions of methionine in water.
Symbols: e , methionine; a, methionine sulfoxide; o , homoserine; m , methionine sulfone;
a ,homocysteic acid; o, aspartic acid; v ,2-aminobutyric acid.

n addition to the above-mentioned oxidation nroducts omoserine was formed in t on mixtures
211 GAINIIVIVIL WV LW UUVU Y Vv ALAIVIIUIVIIVG UAaddiuiviLs ynvvuvw, AINJILAN/ W WA RRANWS TV SAT ANJEEAAV/NE XAA u-v vanv;g ARBALE TR WS
and hey tha lattae qxrn Flamas  Doominnhituyeis antid urac fAarmoad Thoaca tun aminn aride ware farmoed after
dailld Uy uic iaul (WU uallies, &= HIIUUULy1iv atlu was 1uliiu LULOU IWU dlllliivU alalud Wil LUVLIIRAL alivi

methionine sulfoxide and before homocysteic acid. is fact indicates that the carbon-sulfur bond was cleaved
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between the reaction time of hydroxylation or h
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f-xnerrmemq homoserine and 2-aminobutvric acid were not
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atom fully oxidized, namely, methionine sulfone and homocysteic acid by using all the three flames, but was
produced from methionine sulfoxide. It has been confirmed by ESR experiments thai the 3-carboxy-3-
aminopropyi radical (I, in the Scheme) is formed as an intermediate from methionine and its sulfoxide by the
action of a hydroxyl radical generated by y-rays or the Fenton reagent.26 The flame-induced reaction of
methionine probably forms the same intermediate, and the coupling of radical 1 and a hydroxyl radical might
produce homoserine. 2-Aminobutyric acid could be also generated through the intermediate (1). Abstraction of
the hydrogen atom by this radical from other organic compounds present in the reaction mixture was precluded

by the fact that 2-aminobutyric acid was absent throughout the reactions employing the hydrogen(50%)-

oxygen(50%) flame. Therefore, the coupling reaction of radical 1 with the hydrogen atom was considered to
nravdnnece P_aminahnturie anid Thic nradnet vwanld Affor the firct ovnaritmoantal avidansa AF inteadnatinn AF a
yluuuw ' nuu.uuuut:tx\, AU 41110 yluuuut YWUUIN VLWL LIw 1119t uz\y\duuuuwu LVIULLILL UL UMIUUUUVLIVEL Ul a
ool o e mbmnn Lo 4l o LW am ke ab o L La Ll ™ S - St 1t L. O0Y . O L__ 3. ___L
nydar 1 dtOIl 110111 UHIC 1 S U UIC wadlel pidase 1Ny wWas 0DSCIved 1In Ul Ik €S ITOm l'ly(ll' gCD' Mt
mixtures (Hp/Op = 5)
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rlgurc 3 bﬂOWb IIIC reacuon curves
acid solution with the (a) and (b) flames. It was observed that glutamic acid was generated in the presence of
. formic acid. Formic acid is a kind of radical scavenger, which reacts with a hydroxyl radical to produce a
hydroxycarbonyl radical as follows.” The radical is expected to react with the above-stated intermediate (1),
resulting in formation of glutamic acid (Scheme).
* OH + HCOOH ——— H70 + - COOH

(2) Hy(50%)-05(50%) flame (b) Hp(83%)-02(17%) flame
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Fig. 3. Reaction curves for the flame-induced reactions of methionine in 30% aqueous formic acid.
Symbols: ¢ , glutamic acid; others are as shown in the legend of Fig. 2.
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In our previous studyd, imated that oxidation was only cau hydroxyl radical. The use of
mathinnina hirh ic lahila tn radisral raantinng dne tn the enlfur at, 1
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bond enabled us to discover the contribution of a hydrogen atom and the new conversion reactions shown in the
Scheme. We confirmed that ianthionine and S-methylcysteine underwent the same reactions to produce serine,
alanine, and aspartic acid. These conversions are regarded as a new type of modification reaction of amino
acids.

Alteration of the flame composition influenced the reaction rate, and the reaction rate with the flame (c) was
notably slower than that with the flame (b). The reaction was also slowed in the presence of formic acid. The
slow reaction rate would be due to the decrease of hydroxyl radicals which react in the water phase, since a
reduction of the oxygen content of a hydrogen-oxygen mixture leads to a decrease of hydroxyl radicals in a

flame; moreover, formic acid also decreases hydroxyl radicals in a reaction mixture by the radical-scavenging
L g o WU [ UL Y s o . . | L P W - La...___1. PP TR RS MV S P o ) T o
effect. The addiiion of formic acid in a reaction mixiure orougnt aoout anotner uupuxwuu eitect, tnat is,

stabilization of products. Amino acids formed by the reaction in aqueous formic acid were iess decomposed in
the later part of the reaction, except for methionine sulfoxide, since the sulfur atom is not fully oxidized and was
still labile to radicals (Fig. 3).

Conclusion: (1) A hydrogen atom was found to be extracted from hydrogen-rich flames into the water
phase and to react with radicals in solution. This fact would be a rare example of a liquid-phase homogeneous
reaction in which the hydrogen atom is made to react. We can utilize, of course, only a hydroxyl radical as the
active species by employing the hydrogen(50%)-oxygen(50%) flame. (2) Conversion reactions of methionine

or it sulfoxide to homoserine, 2-aminobutvri

s

lutamic acid were discovered. These reactions were

o
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applicable to other sulfur-containing amino acids, lanthionine and S-methylcysteine. (3) We successfully

Oonn'oucu mc VlgOl' us (_)Xl(ld[l()ll of the udnlc-muuwu l'bdbll()ﬂ SybLLIII uaulg unum. MU o plev' it WLUUU

products from being further converted by hydroxyi radicais. This method couid offer a potential new aspect in

synthetic technology.8
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In fact, we found a new method for dimerization of unsaturated aliphatic amines and amino acids in a
preparative-scale experiment by taking advantage of the reaction of a hydrogen atom from the flame as
well as the product-stabilizing effect of formic acid. The reaction pathway is shown in the following
scheme, where the starting materials are allylamine, vinylglycine and allylglycine. The details of the
dimerization will be reported elsewhere.

“H . CH3-CH-R
CHy=CH-R — CH3-CH-R —> |
CH3-CH-
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