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Autoxidation mechanism of L-ascorbic acid
Noriko Miyake

L-Ascorbic acid (ASA) plays various important roles in food and
‘biological systems. Most of these roles are due to the redox-system
which consists of ASA, monodehydro-ASA (MDASA), and dehydro-
ASA(DASA). Also, it is generally accepted that ASA is an important
antioxidant in both food and biological systems. However the reaction
mechanisms by which ASA acts as an antioxidant have not been fully
clarified yet. When ASA acts as an antioxidant, the oxidation reaction
of ASA necessarily occurs to yield MDASA and DASA. Oxygen is one
of most popular oxidants exists in food and biological systems, and the
reaction of ASA with oxygen, the autoxidation of ASA, is known to
occur in foods very frequently, and also in biological systems.
Therefore, it is important to elucidate the autoxidation reaction
mechanism to obtain the fundamental information necessary to
understand the characteristic and important function of ASA in food
and biological systems.

Because ASA 1s water soluble, it has always been believed that it
exists only in hydrophilic regions of foods or biological tissues, and
that ASA participates exclusively in the reactions occurring in
hydrophilic region. However, food and biological systems usually have
many constituents, and are essentially composed of multi-phase and
multi-component. Therefore, in food and biological systems, there
might be regions which have intermediate dielectric constant,
between ca.80, the dielectric constant of water, and ca.2, those of
hydrocarbons. Indeed, it was reported that ASA could reduce
tocopherol radical existing in hydrophobic region. Since ASA might

play some roles in the reactions occurring in more hydrophobic
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region than water, it is important to evaluate the chemical
behavior of ASA in non-aqueous solvent of lower dielectric constant
than that of water.

It is well known that ASA is a scavenger of active oxygen species,
such as superoxide anion(QOz), hydroxyl radical, and singlet oxygen.
It was also reported that Oz was formed during the autoxidation
reaction of ASA in aqueous solution in both absence and presence of
metal 1on catalysts, but the formation mechanism of Oz has not been
fully elucidated.

It has long been believed that ASA» 1s degraded via MDASA, DASA,
and 2,3-diketo-L-gulonic acid (DKG). Many oxidation products besides
lyxonic acid and xylonic acid, typical decarboxylation products from |
DKG, were reported, and all of them were considered to be formed via
DASA and DKG. On the other hand, Kwon et al. reported that L
threonolactone (THL) and oxalic acid (OXA) were formed in the
photooxygenation of ASA, the oxidation reaction of ASA with singlet
oxygen, via the C(2) oxygen adduct of ASA (=hydroperoxy-DASA), and
not via DASA, and they proposed that THL and OXA were produced,
as the C(2)-C(3) fission products, from the C(2) oxygen adduct of ASA.

It is known that the oxidation reaction of ASA is accelerated by
heavy metal ions and the reaction rate without metal ions is very
slow. However, studies on the oxidation reaction of ASA in the absence
of metal ions, which is the reaction of ASA with oxygen molecule, are
considered to be by all means necessary to get fundamental
information on the oxidation mechanism of ASA.

The purpose of this study is to clarify the autoxidation reaction
mechanism of ASA. In this study, to elucidate the autoxidation
mechanism of ASA in both aqueous and non-aqueous solution, the

autoxidation reaction products of ASA were separated and identified,
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and based on the results, the reaction mechanism was discussed.

Oxidation rates of ASA in both aqueous and non-aqueous systems
were measured. Pure water, methanol, ethanol, and acetonitrile were
used as solvents, and the oxidation was carried out by introducing Oz
gas to the ASA solution at a flow rate of 200 ml/min. Effects of
reaction temperature, light, and dissociation forms of ASA on the
oxidation rates of ASA in methanol were examined. As the result,
ASA was more unstable in non-aqueous solvent than aqueous solution
because the concentration of oxygen was much higher in non-aqueous
solvent than in water. The dissociated form of ASA was also more
unstable in methanol.

Furthermore, effects of heavy metal ions and proteins on the
autoxidation rates of ASA in aqueous solution were studied. The
heavy metal ion is well known to accelerate the oxidation reaction of
ASA 1in aqueous solution, while ASA solution is considered to be
stabilized in the presence of protein, however, the reaction
mechanism involved in these phenomena have not been fully clarified.
When Fe(lll) or Cu(ll) was added to the reaction mixture, the
oxidation rates of ASA in both water and methanol and the catalytic
activity of these metals in both aqueous solution and methanol were
evaluated. The reaction in aqueous solution was catalyzed more
greatly by Cu(Il), while catalytic effect of Fe(Ill) was greater in the
reaction in methanol. It was reported that superoxide dismutase
(SOD) stabilizes ASA in aqueous solution because of scavenging Oy
formed during the autoxidation reaction of ASA. In this study, the
effects of SOD, catalase, and non-enzyme proteins such as BSA, v -
globulin on the autoxidation reaction of ASA were examined. The
stabilizing effects of SOD and these proteins on the stability of ASA
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were observed. Effect of enzymatic Oz scavenging ability of SOD on
the stabilization of ASA was reconfirmed, however, effect of enzymatic
activity of catalase, removal of Hz20z, on the stabilization of ASA was
not observed. Although the exact mechanism of the Oz scavenging
process was not fully clarified, the non-enzymatic Oz scavenging
ability of these proteins considerably affected the stabilization of
ASA. Some interaction of ASA with protein might be involved in the
stabilization of ASA.

Separation and identification of autoxidation products of ASA in
methanol were carried out. THL and OXA other than DASA, were
identified by GC and GC-MS analysis. These results showed that the
autoxidation products of ASA coincided with the reaction products of
ASA with singlet oxygen. In this study, it was also confirmed that they
were not formed from DASA under these reaction conditions. These
products were also detected in the autoxidation reaction of ASA
monoanion, the dissociated form of ASA, in methanol and in the
autoxidation reaction of ASA in water, too. Therefore this reaction
probably occurs in both various foods and biological systems. The
autoxidation reaction of ASA was suggested to proceed via the
formation of C(2)oxygen adduct of ASA.

Yield of THL was measured under various expeximental conditions.
THL was also detected in the oxidation reaction of ASA in both water
and methanol in the presence of Fe(Ill) or Cu(Il), although their yield
of THL was lower than in the reaction without metal ion, with the
exception of the reaction in methanol with Fe(Ill). Therefore this THL
producing reaction might be operative even in the presence of metal
1on. In the oxidation reaction of ASA monoanion in methanol, besides
THL formation of threonic acid and threonic methyl ester were

confirmed, and the yield of THL was lower than in the case of non-
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dissociated ASA. Threonic acid and threonic methyl ester were also
considered to be C(2)-C(3) fission products of C(2) oxygen adduct of
ASA.

Yield of oxidation products and remaining ratio of ASA in the
oxidation of ASA in methanol were measured. The equimolar
production of THL and OXA was confirmed which unequivocally
showed C(2)-C(3) bond cleavage to occur. Although yield of THL (OXA)
was one twelveths of yield of DASA, these products were considered
to be important as degradation products of ASA, because the easy
reversible reduction of DASA to ASA usually occurs in bioclogical
systems, and thus the concentration of DASA in normal biological
tissues were maintained at rather low levels.

Together with all these experimental approaches, the autoxidation
reaction mechanism in the absence of metal ion catalysts was also
investigated by using the PM3 method in MOPAC, a semi-empirical
molecular orbital (MO) method. It was shown that the yield of THL in
the oxidation of ASA in D20, where singlet oxygen was more stable,
was significantly larger than that observed in H20. The calculation
on the super-molecule of ASA (anion) with oxygen molecule was done
using the PM3 method. In the vicinity of ASA anion, the energy
needed for the conversion of triplet oxygen to singlet one was
considerably lowered, and thus, formation of C(2) oxygen adduct of
ASA was strongly suggested. Possible involvement of singlet oxygen
in this autoxidation process was suggested from the results of
experiment and MO calculation. Formation of Oz in the autoxidation
process of ASA in aqueous solution was confirmed, and it was also
detected in methanol solution. From the results of MO calculation, Oz

might be produced by direct release from C(2) oxygen adduct of ASA.

All these facts suggested the following reaction mechanism for the
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autoxidation of ASA. In the autoxidation reaction of ASA, when
oxygen molecule approached very closely to ASA, triplet oxygen came
to behave like singlet oxygen, and C(2) oxygen adduct of ASA would
be formed, where two pathway were derived, 1) Oz was formed
generating MDASA which resulted in DASA and ASA by
disproportionation, 2) without the release of Oz, C(2)-C(3) fission
products, such as THL and OXA would be formed. The reaction
pathway of ASA monoanion might be a little different from that of
non-dissociated ASA, because there might be some difference in the

formation of bicyclic structure of the oxygen adduct.

Finally, the autoxidation mechanism of ASA related compounds,
such as D-arabo-ascorbic acid (=erythorbic acid ; ERA) and triose
reductone (TR) was studied. ERA is an epimer of ASA, and TR is the
most simple "aci-reductone”, which has the same functional groups -
CO-C(OH)=C(OH)- as ASA. The formation of C(2)-C(3) fission
products, erythronolactone and OXA, glyoxylic acid and formic acid
were confirmed as the oxidation products of ERA and TR in methanol,
respectively. Oz was formed during both the autoxidation of ERA and
that of TR in methanol. From the results of MO calculation, the
formation of C(2) oxygen adduct was also suggested as intermediate
product during both the autoxidation of ERA and that of TR. The
oxidation reaction of these ASA related compounds would proceed by

the similar reaction mechanism as that of ASA.

In this study, I proposed a new autoxidation pathway of ASA,
which was different from the long believed "via DASA" autoxidation
pathway of ASA and could be operative in both various foods and

biological systems. It is noteworthy that this new oxidation pathway
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proceed via C(2) oxygen adduct of ASA. From the view point of
antioxidant mechanism, this pathway has two roles. The process
leading to the production of Oz is considered to be somehow related
to the pro-oxidant effect, while that yielding C(2)-C(3) fission products,
non-radical products would be related to the antioxidant effect of ASA
with the consumption of Oz which is the most popular and powerful
oxidant observed in food and biological systems. These basic findings
might contribute to the understanding of the behavior and various

roles of ASA in food and biological systems.
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DASA
MDASA
DKG
THL
0XA
ERA

DERA
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! L-threonolactone

» oxalic acid

: D-arabo—ascorbic acid (=D-isoascorbic acid, erythorbic

acid)

: dehydro-D-arabo-ascorbic¢c acid (=dehydro-D-erythorbic

acid)

: D—erythrololactone

! triose reductone

. dehyro—triose reductone

. superoxide dismutase

! catalase

: trimethylsilyl

: lowest unoccupied molecular orbital
. highest occupied molecular orbital
: unrestricted Hartree—Fock

! restricted Hartreé—Fock
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1.1 HLE®IZ

L-7 A2/ R (L-ascorbic  acid., ASA). T bv# I Cid.
MEEMBRNFE LTRREN., TOEMEDRWARICE > TIERY M,
OOBRBLERKEEMERBR CH D, TOAHBRESE L Tid=
S DESRICBT 5T U L IIROY Vv 218 E0AR L, F
2 ORBBIKROIT 2—AT I VOEEGHKMM], 2 VAT a—1 K
H5], AREHOMmE6] M EEE L TKBILKE~DOBEERZET LI
LS, O, SOOI [7T]RLREREDIMIFEL8] 2 E~DHFELE LIS
NTN5, EHIC, IEFREEINTE TV AEERRS 7V —T Vv
W L DEROBRICEE X HT 2B EE & L TH HERKE 2R
LTWAZE[9-12]BHALNICR>TETWD, E7o, ASAITEE, £
Mg EICARFEENTVABET TR, Bmiime LT, Bkl o
A LB EOEMTEHEM - I TSR, LMY,
R ERREOMHERRRELED, Z<ORBAMILT 7ERZEL
AunohTng, LrLRRL, ASAORMETERRIZEIT 5 EEL
Z OGRS 72 EOFEMIC O OW TSI STV D L ITE W EES
RIERHALRRIHBEZLEIA TS,

T, ASAIX1928%E1ZSzent-Gyorgyi [131IZ L D #DH T, MWW ELMHE %
BIH5WEL LT TORIB»ORERE LTHBES N, RUITRFERK
6DMMEEZ R THEBAELEME VI ERT, ~F A RELTHAS
TS, 19328 ZKingH [4]IC LD ZOMENREZ I CED LD TH
DL AR S, 19334E(CHaworth 5[ 15112 & 0 £ OB EXSRIE &
Y. HLEEIM IR (antiscorbutic) EWVWIHIBEWRAE ZHTT Aa v g
(ascorbic acid) EMEIINLA L 9572 o7,

ASADREER & Fig. 1-1TRT, ASAIICH0eDMR A H L. FHEAzR
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o] =fi7 —l
aci-reductone { HO—¢C

| |
structure HO— (I:_l
H—C

HO—C—H
CH,0H
L-ascorbic acid

_ (ASA)
(2,3-didehydro-L-threo-hexono-1,4-lactone)

Fig. 1-1 Structure of L-Ascorbic acid

F7 MUBRICHAAENT- I AR =V B Lo Ut — L, T
72 H-C(0H) =C (OH) -CO- & W H I ot E L H L, MWELE%2Rd, &
DE s HEEXvon  Euler[16]3Z D%, —HED L H 7 b v OWFIEO I
Elgolc b A=A L7 b (CH(OH)=C(OH) -CHO) & & DfLZERIMEH
DEBLTWD Z L HASABBOMOHEEFTHO TRV NE
HELIEHEETHY, Wb L& 7 brofTh, BERETICBWY
THETH AR Jaci-reductone[17] & L THEHINLTW5H, Bk L7~
F D TRASAR RS « ARRICBIT L LR 2ERE R THRORLERER
ASADAL MR D Z OigE e, T72bbEFESETH B,

1.2 B EERRICBIT 57 R a/V e VBROFIEFEIR

ASAVIKIEEDILEMTH D . MBI EBEM LRV, Rk
DCEBRRICBVWTAKRDODBICEET L LEEZOLNTWVWD, > T,
ASAD B G » AR RICE T HILZNEBOMTEICE L TH, Z OB
HORMBESG H D10, (ERKBERY COEFBHICOVWTOARFRINTE
V. FFKRRIZOWTL, FA A FEET. 7 b= I AV—KEERIC
B DASADETHEIC OV TOHRE[18] 3D H < b WVTIE L A EWFFEN
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BRENTETWRY, Lol 6, ASAOHER{LHEIC DWW Tk, Ml
JRNA DKFIZIFTET DASADS, FRAHALEM TH D AREPICHEET
HhaZza— (%I VE) EAEMIICHER L TAKIES OREERL
ZEET D2 ER LA TVS[19-24], ZDOEFZ I VE& DFEFED
BRHEBLERIC DWW TR Y AT A Vi EOABANSHEEDIZ L > THAT
DNABIERHOENTNED, ZOFBITASAO T BEN TS D
NTWAB[25], Z ORIGHEREIZOWCRNiki (19, 26, 27T ERIEET
NHREFAWTASABRE X I VET VAN EFATDIZ Le@lEL, ZOK
FEAERE TR 5 b0 L HE L TWBD, E ORI 43I AR &
NTWiRy, —FH, BRSERCEERRICIIER L <MHh TS IARIE
B BRI M OV K PRI D i . T OB BEIRICH ST 5o D
& bWV REFEIR, TROLEEDRI Y & o L EESFET 51X
PTCThHd, TLTCIOEBEIFEOTHEOFERERTLEEZLLND,
> T, ASAIIBIAMSERO A7 69, Z ohRIEEKIC S b HREFE
THEEZLI., AREICEBWTHEAMELEY & OMEERIZZ 0
MOFBERLRIFEBETRETCWDLAMEESEL LN, UEDZ &)
O, RBRPDOH2 6T L0 BHKPREET TOASADZREBNINZOWNT
DFERE/DZ &L, ASAORBEOERR CTOMERBELH LM
HETEETHIEEXILNS,

1.3 7R2anr ol b

ASADER{L I 3 R BE 3 B B D M R RIX 1960 N HET VR %
ANTELL I NTETWS, =& X, BERF COASAORRILEE
[ RIE T pHDOEEIZ DWW T, Finholt 5 [28] (1963), M [29] (1964),
Rogers [30] (1971). Blang®[31](1972), ZH5H[32] (1973) % %< D
WENRRENTETWD, ZHEDOWFFLO I TIEASAD BRI RIZFIE
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FEEROME. | 4 HE, KSEESEORBIC OV T bR~ bNT
Wb, Fio, ASAOSEEEICHEEY RETERLE LT, BRRER2],
AAIEME33], BAEL34], 7 X /8 [29,35]. KEHI36-38]. EITA
[39] 2 EIZ oWV THMEINTH AR, £ DIEABEOFEMIOVWTIX
REFSBHIN TR, ZOASAOBILEE IR bRERHEL R
ETH0E LTEBERAAVBET O, ZHIZOVTHEE S O
FEMRTR SN TV 5 [40-45], A A VR A AV EOBBERA A 13
ASADBALBOSIC B W Tl & L TR 2 2 LR an TRy, £0
FOSEDBE, ASAL &RA A LBFENTOIEMTEHAELZEKL TET
ODBERRIZLEEXLNTVEN, TORIGHEEOEMLH LI
RoTWipy, £, EBMEFETICEBW TR IOERA A& X
L— b 2&BEEAISCY VB, 7o B SR RRICHFIES
CILE o CASAD LA EIIDD ZERTE A NP> TS [49],
L»L, £O—F T, EDTASK/R ED X H X b— MLAWE & HASAD
AL OMIBER 2 R4 &b X< Mo TW5 [47, 48], &Ll
720 THREER T TOASAORALEUE & . BERT OMBEESREA 4 &
BRET D EZOMGEEIIBD RN ERHE SN TWA[49], —4,
& B AR IEFTE T CIZASAD HEBRLEUL . TR0 BASASF LRFR 7T
EOEBENREIGEIIRERNEWVDILTWS, ZHIIXASAS T L #EHRE
T EDORIEH—EEOS T ZBHOGT EORGETH D20, WE
A CERRANCL Y, BEARAENCRISELBTZN I LD bHHATE
5[45], 72720, 2O L ICRIGEE RS TRV, @B MEIEFE
T COASAD HEIER(LEUS X, ASADERLESIZ BT 5 i b 2R 22 BUG
FTHDHEERXDI, ASAOBILRIS & T2 L CHFICHETH D
ERDLND, L L, BERPLSEBEOFEM. FFICASALLDE
S OV TR IR M T O TE TV,
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1.4 T Aane oL ity

ASADI R R OVERRICEB W TR REE L B2 L T RIS, B
HICASAHH X EORISBRTENT HZ LIt D, > T, ZDASAD
LB, T ORMEAE T TL 5 UG BRSO RAERDICDONTO
HEHREGDZEIEIRMS - AFRICBT AASAOEEN 2D L TEETH
HEEZOND, T2 21X, MSSAOFERMEXOVEDLEEZI LD
BRALERIZOW TS, £ OBEES R TBRICASAR I3 LRIk &
BB L ERD, |

ASADBRALEY S FRAREE & L TidfEsk, RO X I BB L <o T
W% (Schemel-1Z2M), 4 72bbH, ASAMIE DB FHREBERICKWNTE /
7 & N ASAMDASA) I — BTk &5, MDASAIINADHZ FfRE-7{it 5
K& FTDMDASAL & 7 Z —F¥ (EC 1.6.5.4) 12 & D ASAZETT S D b,
B DV RIC L 0 245 F OMDASAD HEELDASAE F b K u
ASA (DASA) IZZ5{bd" 5 [39, 501, MDASAD S & Hizh H —BFEMLIC LY
B DV EOGC & 0 AR U 72DASAIEEESR RIS, D WIS RIS
KHFET LB (o TV ATA v, BRI VS F 4 GSHAR &)
(R D FEBERRYIC, ASAIC B S NS ([51], TOBIERTLBRIX
DASAV & 7 5 —E (EC 1.8.5.1) T, HENREFHEARIICSHTH D Z
ERHBNTVA[52], ZAHMDASAKR UDASAR BT AEERIC OV T
IOV TRHFELIFRIN TV A8, BB >N TiIhb
DOEERIEEEL RT S OB OMBEI LR INTHNEHOD, RIER
BHRENE D, BT v MZBWTMDASAL & 7 & —F¥ K TUDASAL & 7
b —¥ L R OBERTEN 2R T WISV T S EES 2 ShTH
% [53-56]1, — 5., DASAIXZED 2D VR = VENRKFL T,
bicyclic2EE42 & HZ VAL TEY, SHEPRIATELETHD
7o, KEEFP CTIEHAESIIASR LTI 7 FORERRLT2,3-V7
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Scheme 1-1 Oxidation pathway of L-ascorbic acid



h-L-7" v B (DKG) A C 5 [51], ZOMAKGAESUSIEEFERIC bR Z
52 000> TEY, DASAINKS fRIEHR 1TKagawa b [57, 58112 8L 0 7
WRI)Z7 b F—BLEE—-THDZ L, MK T 5082 DEE
HEERHIBOUIMboEIC KR L TEF LBV & AgEIh T
Do DKCO R E LTI 1M DORBABRBB I, L-UF Y L
L-F > VBBAERT R B I = UEE(0XA) & A LAV ERD
AT HBRBEIESG LA TWS, BiE OBRBEEKIIFEENICY
BRI HE D2 Lo TE Y, DKCHLREREESR b oRE - R
SN TWD[59-61], BEFDRUSKREIIHHEKROT VA Y M TIEEERRY
WCEZDEZBXAONTEY, AERNOSEHTH HpHTEE TR I OUS
R DBDKCD ARSI H 5T AHEIGEN 2D /SN EEZL LT
%, DM, ASADFHEEEK T OIS RAERD L LTI Z U R Y
VBE[62-64], 7 U A X ER[62-64], AL A—A[62-64], C-(AR LA
-1,2,3-hU e R o) g rgle2]fbHEanTk
D, WTFNHDASAKRUDKCER TAERT H D LEESNTWVD, £,
DKG> 5 D A e LT, 3,4—x > U4 —NAIDKG-6-F 7 bV
[65]%°, 2,3—x v UA—NABIDKG-§-F 7 Fr[66] bHEIN TS

L LR, T DOASADERLRYS ﬁwaﬁ%@nffm@ifﬁfnbf\ﬁqcﬁﬂéﬂ
TELT, INOERYOAEBBEEIC OV THRARANEIEIN
TW5, &5, BRRVTEKRIZBOLTIZZN S ORISR
RIS B 5 LV E, SR B Y LIS L, BALRE
BlE T bHMbONTWVnDS, I xiE, a7 —F U k@EnrsE
NENBEBESNTWBERY PP RNz E 0RO 26 2 L4461
EWEILZNDZ RN IEDY) U, TAX=%T I BREE L DASA,
DKG & DRISIC & » T b AMT 5 = & 33 84E S T\\5[67-70], fE- T,
ASADBEALHI S FRIEIE L OV T DIERE /D Z L IZASAD RS R UMK
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TOASADZEEN AR ENCHET 2 L CIEFICEETHH LEZLND,

[

1.5 EMERE - 7V —F DWNOEE L HEERE

AR EBED, Wh A FRMEOEMIETMmBEL T RILX—HE LT
FIFI LT3, MW CERER & L CRBtm 3 X —REAICRIE Sh
BRFRIL, A— =A% F(0), B@EMLATE (H0:), B FuXxs 5%
(- OH) BOTEMREFE Al LT, KICRBMR, ZHDLIEEBREICL -
THIEOISE, e, ¥ v U EENEELZTHIERT YTV
AWML LMBEEOFEH A EHTHEEDEEZEZ LN TS, £
I BIEWREE - 7 ) —F VI NDEREE LT, I hav R
U7 TOY Ry n ARRLEERIC L AR D 4B TR TEIS OB, i
FER, w7 177 — V%I ANADPHE LEER I L ABRFE D — BB
FERIERED LY CHEEOERMCEX ARIENH D, £2. O,
TV —FUHAREFEA b L AR ¥ OFREBIZS W TER LT
D, ERHENEREDOBHIC L VAR LY . BRI OERNE
ELTHRAL, TbbBRENS, 7 U —FVh, HDOIEEORIBRE
PLTHESEENCRYAERE - L bd D, —F CIEEME LRI
EoTTTZ7ADERBIT-oTED, REDHIZBWTIIEMIBOEAT
HIENBRBIREERCBVTEERRH LR LTS, EFIIRE
AR 5BRICB TS DES . ERBRERERT 0T, EECE
ZOIEMERRFEE HET S LD TV D, LALERDL 2 OfFEHE
BRSEDAER L HED AT U ARBN & X, T OEE#RE - 7Y —
TN L BMBEENEEILICH & U CEIARBEL, BERRB. ANE
R EDFE2 DIFEE < R, BLESIZEZTOTHD, ZDXIITAM
IZE S TR ZEDTEXRVEERALTAOME LTOMBEELETS
Tl AERPBERLERS L TN E BT S A RN LA & 3
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FEDKERF - ¥ & OBE CRAIIEF ICER STV A b TH 5 [71-75],
ARICBT L7 V= VhNT T 50 E LTk, £9°. HE
m# - 7V =T VAINOEEELIMZ DEENE RIS THOGRICHE L
WONLbDODRH D, TN SR T OBRTHLNF T—F
CADRITNEFH N FF U F =B, O RIS LV TH
KT DHA—NR—FXF RUALZ—¥(SOD), —HEBRREHEETDHH
B7 /AR, EBRBAAVOXL—MUIZED 7V —F A NOAERE M
RBDIT VAT =Y RN T TAIVREDE R G ERNEET
LD, WICT TICAER L7-TEERRE - 7V —F UV E R U G
BOGEWr > TEBLT 5T UHNVBRERBICMERH D, ZOFICiX
KEEMEDASALI], RER(76]., UL ([77], TAT I [77]. NEEAEM:
DEH IEL18,79], huTF /A F[80], 2tFx/—n[B1]REDLH D,
REPE D BB LW 1 KA T O VORI OM, BBIEME T 2 b Vi
MHERIEWE OB EGITO 2 BRMEINTVWA[82-84], —F. BIE
PERB L E IR EME S O N DRI b, KBS VORI ET
52 b TEB([78,79], Fir. TU—FIHMC LD ECHBERE
BL, BETHHEENH D, 72 21T, BIRE., ¥/ H8, BRTO
BEORFRARY =¥, Fus7—¥, DNMEEEREREICL5EH,
HBVET VIV RV AT 2T =PIk D Y VIREOFAERERETL
n572], & DITAMRICIE, EEBREEAIC LD LB L TSoD,
CATZR E ORERLEER 2 EOERNFEIN D W HEINERE b IED -
TW5[85],

1.6 TAavvevysBREEHERRE 7Y —FTh0
BIR D K 92, ASAX T DN EHET 2k E & LTKRT ¥
FANDROIHRR LT, BUKEIROEF I VET VP INEBRBETDHZ L
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ThREELaOFBILICHLEE LTk [19-24,82-84], Afk% 7
U= AN LET D L CEERFEE 2RI LTWD, FRTASAIL
AN OMAEFICHEETDZ 7 UV —F P HVORIRH (AHRXrTy—) &
LTHEHEBADNREDODOEDTHDLHE VDL TVND([86], ASAIT~L
FX T VA RO0 ) &S L TMDASAZ A U578 EOR RN R KIS %
T, ZV—=F P ANEHRLTT UHNVEFEKIGEIED DB, ZOft,
02", - OH, —HEBRELREOEMERBIELHET LI LPAMONLTND

(871,

F9. 0DV TITASAII0 BB IR LTI VAN EHET D Z LR
HINTED [88-90], D USHE ERIZ5~27X10'"M  sec™ 88, 89] &
SOD &L D b5MTIE EARWAUSETSH D, ASAL 02" & DT DOV T, FEE
7a b HOBRER CORISICOWTHIFE S TR Y [91,92], 2o
DWFFE TN —T TEFTORIEBROENTIH 5, WTFhDoI7r—71%
MDASA & Ho02 D A= Y % 1 T B MBI DASAIC BB L S B & W ) RS RR I & 1%
LTV, - ONETEEEE DT T bR b HISHEOH NS OOV L HT
BV, ASAL cOHERBIZKISE LTI Y ANEHEET 5(50,93], DR,
« OHDASAD 2 fL D [RFE (C(2)) H D WL 3ALD KSR (C(3)) T ~DfHn
FOSHBEZ Db D EEX BN TEY [60], HEFHRBEEHI L VIR
BERL DG AIC e U ¢, AREERL O ASA T i 4% 5 #iE (HOMO) D C (2) @
BFEENRELRDLIENLCR)MMBITAER LTV ERESINT
V% [94], ASA® - OH & O RIGHEEE BERUIEAIT~11 X 10 sec™ & Wb
- TWB[50], —H. ASALH:0:& DRISHEIIN RV ENSE D EFZEZXONT
W5 [87], ASMIZ—EIERER & b RIS L. % DS EE EHITAIS. 3X
10%M!sec™ & SN TWS[95], TOMUSAERM E L TIHOXALL-A LA/
Z 7 by (THL) BRER STV, T OASAO—EHRHEIC L HB{LK
JEHEAE I DWW TIEKwon & [97, 98] B A &/ — VP TREREA & LT
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H— AR a2 HANT—EBEBREIZ L DASAOBRLE G %17V,
Schemel-2IC7R 7 & 9 R EUGHEZ HE LTV 5, 4 51%, PC-NMRA AL
7 PVORMEDKERE ENS ZORIGHADASAD E Fa bt K,
72O HASADC (2) BRFE(TMP% 4% L CTH#IT L. C(2)-C(3) RFEFKA DB
e, OKALTHLA AR T 5 &) SUSHB A 1R LTV 5,

' HO o .
R 9 hV/Oz (o] R o
O Rose Bengal O H H
H J:4 I +
= ) 5 0/0 HO
oH oW CD;0D0 o OH oon ©

H

-85°C
ASA \
HO .0 ‘ ' ”
! : o
)
OH HO 0~ HQ
0 (o]

o)
hydoroperoxydehydroASA H
A

0

g
LA

0
OH
0

COOH

COOH

R=CH(OH)CH,0H L-threonolactone  oxalic acid
Scheme 1-2 Photooxidation pathway of ASA

[B.-M. Kwon and C.S.Foote, JAm. Chem. Sco. 110, 6582(1988)"")



S DI 2 bIEMEREHR & ASABR L S MR BUn A & ORISIZDWTH
WRINTEY, DASAL 0 & DFIRICOWTHET v b AEDOEEEH TE
D ISHEESS KOS AERRDRTHAR T35, DASADC(3) & 5 \\MiEC(2) 1
OB, UAFEF AEEERCT, EHIZHI 1HFD0EELT
C(2)-C(3) MBS Z D, OXAE A VA VEBBENRTH LV IASAL —
HEMKE L ORICHEE L IFEFCHEU LERCREREZ LN TS
[91,99], F7-. EFKEEP TODASAL 02 & DUGIC & » TASAD A K
OFREtEZ R~ 5HE & 72 T4 [100],

LU S, ASAMIZ DL H 7 U —F UhofiiEs & LTER
TEH50HELT. TOHBBEISMERICEW TEBMEDOFEDE K
WL L0 2AEKT A2 E[101]BMOENTND, Z D0 X RBMEX
JC LD, Ho0: & BRES T2 5 [102], Z DH0:42 & A HIREEE L HE
SN TE D [103-106], LEDOASATMN « EESEMH T COME~DOERE
PNEMIN TS, Ebic, @RS LTS 2358 1213 Fenton Ui &
LTCELHOLNTWARLEEEBA AL EDRISIZED « OHDAERO
AREME(102] B X oD, TO LI ICASMIT VANVORRATH D &
A ICRRILIRER] & LCHERT 2 L VWO liExEr bo TNHDTH D,
ASAD A & RRIZ 2 O B BIERL RSBV T & AR 5 ROG IR
[107]. 7 RV U [108,109], ZAZFA L [110]72 EICBWTHER
DHIL, TNEFA L BASAL FRRIZ T OV ORI & BRILIRER O
WG OWEER LTS [87], #to T, ASAO HENRRILAIGIZRIT 51&
HBEOHESEH X RVWbD L EbILD,

1.7 AWEOEXRLHB
ASAIZ B KR OV ERRICB W TEEREIEEEZ R L TWAH, ASAOR
S OAERRICEB T B B8 ORSHSE 2 EOFEMITRIE 43R &

12



TV, AS\OBEEZRBEOO L SICHBILERARSH Y, ZOHE
LR OB ALIRHNTHE Z 2 RUSBASAD LG TH D, L LR
B, Z DASADERILBUS K OBELH) 573 R RE B8 O FEMIIR7E+H A S h
TELT., INOLARYDOERBBEFIZOVWTHARARRBLESN
TW5, ZDOASADOBALKIGSIXASAD IR (LA & L CHBEET 2558 DA%
b9, ASAOAEEERL LTEI<HLENTW DA OKBILEER UL D
BRICHIEER & L TERTABAICbRAONANIGETH D, T72bb, &
BRI TE < RN D KEELEESE Dl 3 5 BOSIZ BV T HASADE T
TROLEBETHREENEELREZFEZRZLCVDIDITTHY, 2ol
TASAEHHIIMIL SN TWHWADTH D, o> T I DOASADER LAY 73 fFREEE
DOHERE, FFICASAD b — BT ERILIZ L W MDASADNAERLT 5 &\ 9 ASAD R
EEOED Z < WIBIO RSB OME LA O T 5 Z Lid, ASAOE M
BOERRICBIT 52 OWBEORBRLMHAT L LTHLHEEICEETH
HEBZOND, PR, SOSHEIIED TEW R b b e B IEFE
T TOASAD HEHRALIISIZ DWW TR D 2 L3, ASADBRALEUSIZIS
LR bEEONRKIE o AR LNITHI IR, ASADRBR{LK
IS OEME NS ECTEETHS LB, Thbb, ASADHE)
MALFSIC B O CEBE D FBASAL S OBBEOBETFZHAK L L CTH#ET
LRTTHY, ASAMC LB RICOR bEANZETNVRIGHRE LT,
ASADBRSMBRUOERRTOREHZRSIICHEBET D L TEHERFLDNY
ERDODDICHELDEEZEZ NS, —F, 1. 2T & 5 KR O
HR BT, L BHKMBET COASADZEIZ O W TOFEREELZ &
BASADBG M CERZTOEABELHAL N T L L TEETHD L
Exbhbd,

EFROEMIISL S, AR T, £9. @RMEIEFET TOASAD
HE LS Z A cT 5 2 LR BIE L, TbL, A%
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TIIAKBIEF OB ST A X ) — Ui EIEK R OWEDE T T OASADERLL,
FOGIZ DWW T b, fEx ORISGRE T TOASAOBRALHE 2 A E L.
ASADERIGEEIZ RIETEHRIZOWTHD Z & & L, BIERISAER
POV TIXASA & —EHIEERSR & O ISR T & 2% THL K ROXAIL R
HHEH LT, ASAOHEEB LA O HEE - RIEEZTH>Z &L L, —HIA
MR & DOBUL & RO UGS B BIERLRIGICRB W T H A DL D D E DT
OWTHEAFENFEGHFALRFT AL E L, ZTOASAOBHE)
BRALEOIC B W CiE, BTl D X S ICASAIXHERLAl & L CoERE, &
YRR 2 AT 2B LRER & LCOERE VS 2 00K T HHES
FIETHEREEDR B X bILD, E- T, ASAO HEBILRUSHEEOE R
A HLRRALME & IR LIREME L W HASAD b O TEE L A ETERL T
CZ &L,

BB, UTEEOMELIEL TS, FOETE, A¥ /) —/LFTO
RO %t 50 uME W 9 57 R ASAIR IR ISR A %8R L CB{bIK
JR ATV, Rl A& O RS T TOASADBRLEE 2 7E L, ASADER{LHE
BIZRIETERIZOWTHRFN L, 2B, Z050uME WV HREZE b
DIMHFASALIZFER C LV TH D, FHIE TIIASAD B BV SUG AL
MIZoE | FRHCASAO—EIEHEERIC L 5B LAY T HTHL & 0XADS H
BERLSONCB W THAERTI20ENE VI RICEREZELE, BREL
leo BNERVHMEOFKE RN, ASAO HBBRLKISICENTH—&
HERF OB E & FIRR PO NFET D RS RR ENTZ &0 b,
FHIVETIL, ASAD HEER(LEUSHEEIC DWW T, ST bFRFELEE
CFENFEOmFEZ AW TR EZITV, ZOKREYSE X TASADH -
IR BB 2R L7z, B VETIL, ASAL RO G %
A9 HASARELEWIT OWT, ASADGE & [A#R 72 B B S i 3
W SN D DEDICOVTRE LTz,
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BNE fxOFBFTTOTRANEVBROSIRIZONT
2.1 HW

AREETIL50 u MO YR EE DASATIR DIRALSUG B BRFE N A R TITATV,
@ﬁ®%#TT@@kﬁ$KiéMﬁﬁ%$%%Ngme\ﬁ HEW K
FETEREARERDZEEHOE LT,

9. BEHOBBEICL2EELMDH 2 & Uiz, ASAIZKEMEILEY
ThHa1-H, fEREL L TKBEF TOREEBCONWTORMIRINTE
Too FEARARICOWVWTCITRBAMBEFET T, 7 F= I A-KBEBEERT
DASADBALE S AT E 18] B H A 7200 T, 1F & A EHRIITD
WTWRY, & 2 TAUE TR IR LM IE KR TOASAORRILEUE
WCOWTHRRD T & & Ui, ASADFHEB A~ DM IIMRD TR <,
FRIZIEMRME RSN IIZ E A R Ly, 207, ABEEOFTH
ASADEBE OB E WS DONE, MERETHLIAY ) — iz

J—=N, T b MBEETHLTE = h J NERY BFLsZ e L
7o
RIS, KR TOASADBIESIED 5 B, FFIZA S ) — )V TORG

(ZOWT, ASARIIREE. BUSIREE, JEDOASARRLEEIZ RITTEEIZ OV
THRDZE L L, E51C, ASADBRKRF COFEREOE N, T4
b%ﬁ#ﬁﬁwﬁﬁz’)m%ﬁﬂt@# WCRIETEEICOWTHIANLZ & e L,

ASADER L ZRET LR FE LTk, BBAERA A, bR, BE,
BEDO LR ENFT N5 [46] 53, %@¢?%%E4ﬁyiMMﬁé
LEROSIZ BT D BRI RE W B b TV A [45, 49, 11],

T, AR TR, BAERTEEANTOEMNICHENZWVEBRERETHD
BRESICHER L, BEARNTIE, 80872 0BEBEBIT~T /1
BRI H NI EHREIXF V- N LEBTHEET A LD EE X
HNTWAR, EENTE I —HidEORETCHEET 26D LEX
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LNTWD, ZOFEEEOSLHENS LiX LiX, MlagELrsisode
b#E I Tw5112], 72, T HEBERBITASAOBILEIRIZ B
TR e LCERT 2 EnX<mon TR, @BA A EFETTO
ASAD AL ST DV T OFZEN IR < 1T TE 72 [40-45]1 43, £OHT
bEEEFICET Db ORRICE Y, T T, AR TG L H2 R,
FOXBRPRORRA S ) — VR TOASAOBILR G ~DE BRI =
L& LT,

—J5. ASADOBLAMAIT BT & L GLETEWE (F4R5%E, SHik
B, REE., PFAA LA =7 E)[113], F L — FHI(EDTA,
DETAPAC, U vBE., 7 = 7 L) [46], $EH (L a ks, a—imy”
RE)[37], VY [46], FreL s Y a—L[46] 7 D, ¥
R EEEWE 3] bHES LTV, —EDT I JEBR(ERTF T,
TNE I E) (29,35, 114], RPF TV AT Y NN RF DU
TJIVINEeRAFONY D) [36], #URX7HETNT I
[114], Bru7T5 22 [114], Fas I [115]7 &) IC K HASARRIL
MEZDERPBRE SN TND, £DELLITE 7 HBUSHEFIAFET
HMEBEBICX L — MEA L, ASAOBRM LA N2 5 723 & RUSHERE % HE
ELTWD, LOLREE, —HOF R IEO_TTF Rip & LASAD
B R B ERIC L DASADZE L2 Fafi 4 2 #4E (35, 115, 116] b &
Do FETo. ASAD HEER(LAUGRERIZIV T, 027 H:0:72 & DTE ML T
PERT L EBEHINTEY, ASABICL>THBLENHDT
Z D0 & HET HSODOHFETET TIEHASAOB{LI K Sh b L HESNT
WA 101], & = CABIE CIRASAOBLRIGIH T 5 % v Ry B D
ERNDTDI, TEMEEERIE LR & L TSODEUCATZ Y BiF, £0
ASADBALIIS I+ DB R WD & & B ICEDEHBEIC OV TS
ERTHIELIWC LT, EOICMBEPFICEBEICFET ME VT I
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(RWFFE TIEIBSAZ AW) 21X U & T A~ DIERER ¥ N7 HIZD
WTHASADBRILEURNC KT T RE L @BAEIFET IR TR
ek,
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2.2 HBHMELF
2.2.1 T AaNtrEBo i bRE

ASATIFNEHMIZE (BR) RO FHE AL B ds U THW, AKITHERK O
REEKER) . /A 23 bIcE PBHKEBY o —Y v 7 Z AV
(BR)) THRL U /-@8MAK GEHRE ; 18MQ - cm) ZH Wz, A ¥/ —id
FEHEE (BR) MOk A Bz, EEMLBEELT, ZOHRAY J —
Nal T AMOAFEBE LA NTEIOIC2MEAE LIERA Y /—d
Rz, R L L CiX0. 0TM Y o BRERET IR (KHoPO«—K2HPO4, pHT. 4) & IV,
Chelex—100(100~200A v ¥ =, SNAF « Ty FER)) DI T L(NT b
YA X5 0.9X18em) [49] &l L THEREZ T HIZWERE LI, TOM,
DOREFEIFROFHEAE L FDOEFHW -,

2.2.1.1 T Aa/LEUEBROBLEE

ASAZS0 u MOPRET A F ) —)VICEEfE L. T OASAATE., 200mliZER R
A A %200ml/min D T3055 & 72136045 @R L T25°C TER{LIG
{ToTz, (Fig. 2-1&MR) 7285, ASADF F Y v A (ASA-Na) {22\ C
EA Y ) =NV RO F )=V LIC < WO T I D BEOKIZEF
L7, mEDKBENO. IRDREIZRDEIICAS )=V RPTH
J =AM A TASA-Na7 /Lo — VIR & 358 L7-,

2.2.1.2 NEEEICEM LIZHETOT X av e A BOBLRIS
TH, BRIV EBEBEBEANTHEHAEZ S TICEREZ{To-, &
SCILEREHT 570, SREEREES0.03mOBEORY =F 1L v
V= MAKTEY, 2.2, 1 1OFEBRGMHICHEVASADRRLRIG Z21T o T2,
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N@

flow rate of Oz gas
200 mi/min

02
gas /

=¥

ASA solution

glass fiiter (No.1)

Fig. 2-1 ASA OR{LIEE

2.2.1.3 Flix OBEMEEFTCOT 2 a U BOBRLEIG

ASA%50 u MO PR THiAK, =& /7 —n, T b=+ I MITERL,
2.2. 1. IO SN CRILRIG 24T o 72, 728, ASARXT & b= b U VICIEMR
LIC< WO TILK A BOKICHER Licth, KOBHIREDO0. 162725 &L
HICT ' b= U NEMZ, ASADO. 1%H0-CHCNVATR & FHML U7z,

2.2. 1.4 GERMBLERETCOT A2 L BOBILIIE

ASAD RIS R U A K ) =N TOBRILEISIC RIET R RA A D
2 F 7=, Fe(Il) & L TFeCls « 6H0, Cu(Il) & L CTCuS04 » 5H0% AV,
RO S FOEHIEE (BR) o Rtk A2 iz,

Fe (II) £ FORELZHLLHERTIE, 5uM, 10uM, 20 u MOTRREIZR
5 &£ 9 IZFeClsZ ASAFIKIFIR L P A & ) — VIRIRIC AR L C2. 2. 1. 1D4:
HC25°CTRLE S 21T o T2, F72, Cu(l) HFOREZFHDHFERT
iZ. 0. 1uM, 5uMOBREIZ/RD & 9 1ZCuS0i & ASARIAKIFIE R N A &/ —
NS iR U CRRICE LS 21T 2 7,

2.2. 1.5 IEMBMPBHEEBELF T COT A a2/ BOBGERS
TG W T OASABRL R R I31T B0 D34 DA 4 FH~7-Scarpa b
DOFELL01]IZHE, 5O MBEDOASAZEGAHT5H0.07TM Y v ERIEE IR
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(pH7. 4) F 7213 MiKIZ2X 10MA ¥ 5 —¥ (catalase:CAT), 1 X10™MA—
PR—FF% L RO RALH —F (superoxide dismutase:SOD) 2S5 E - 118
MTHEEFETLHESICONT, TNENIBCICBWTRRET ABEK TIZ,
3043 B LBUS ATV, ASATRIFR A ROz, 7235, SODE URCATIXFn
M (R o A FRILEREH kCu, Zn-SOD (B LFH) . 4-AFlgiH 3k
CAT% FH 7=,

CATDEERE M DASARRLSIG~ DR T~ D ERTIL, 90°CT5 4
RINEL U 7ZCAT 2 SIECAT & L TRV T Y BRI K OHlA iz T
ASABRILEUG 24TV, CATTRAE T R OYERFTET OBE & ASARTF R %L
L7,
 SODDOEEFRAEM DASABRALEUG ~ DR & R~ 5 FER T, SODOMEH
AllLTamonTna 7T b Uy AKCN) ET VM MY T A
(azide) & FUGRIZIAF &, ASABRLAUG 2 35°CTITV ., BEAIFEFE
TRUSODIEFIET DOHE LASAERTERE B L., ok, HEAITEH
A1, 5mM KCN, 3mM azideDEEECTHW /=,

2.2.1.6 FAxOpHTOT Aant  rBROBbR:

ASADFRALENC KT 2 p HOREEZ T 5702, p H3, 4.75, 6,
7.40 ) ERAREIR T CASAOBLEIS % 2. 2. 1. 1OSRMT T35CT3047
1T -7,

2.2.1.7 H0EFTFTTOT AN UEEOBILEIEG

ASA L H20: & DR SHEE D 721250 u M (ASAKIFIRIZFRE) ~
250 u MODOH0: %2002, 35°CTEREN A BRI T30 MBS %
7o toe AL L TH0:% 00 % 310 BB D Gk TASARRLIUE 24710,
ASABRFFRZ RO T,
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2.2.1.8 FEEERY UV EIGFET TCOT Aa e VEBROBILK S

HBER Z /7 HDOASADBALBUSZ KT D HBIZ DWW THRL728
2y 2.2, L 1IOFEREFMAET TP RO CEEERET T, &S
X7 EIIFTISCICBIT HASABRILEIS 21TV, BERE RO, ¥
R EIRFMET VT I (BSA) (Sigma), b MOEHEDy-Z 1T Y
YRR FYEMEGR)) . IRTAT I (FRT AT I V) (BEF
AL FOEHZEE (BR)) . IRE Y Y F— A (ELFER, FeMisk @) £ Hv
Teo BB, TNENDZ R BEOREL, BSA, ARTALT I, Y
Y F— KiESOD & CATO R DMEEDO. 5 uMA, y-2 27 U L 13BSAL [
HE%ERE (33 ug/ml) & H iz,

2.2.2 TAaANECBOBERONE

2.2.2.1 KF&&UTtwa)wﬁﬁ¢@712we/@%ﬁ$@ =
ASABEAV SRS IR 2 SR AOICER I U, & OO VAR OO W IR KT (KA

265nm, 7 b=~ Uob; 240nm) TOWNEE X TN — b5y HEHER

UV-180 (BERUERT) 2 MW THIE L, BET HASARZ JIE LT,

2.2.2.2 AL/ —=NVROxTE )= NVEREPOT AaV e  BBERFEOER
AL )= NVICMBAHAZBERTDE, ASAODFEOFEICEDL LT,
205nmiT SRR K &2 R 2 — 7 BB 6z, (Fig. 2-2881) ZDH,
RIIAZ )= NVDRHRLT, =& )=, Ta)—VEDmoT L
=B WTHRO b, BB, WRERE 5757 E0HHENE
B LV IREPOMBITARELRTIEDLE IO -7 /NS5
B, REWZOWTEARBATH D, ZORAMUNRIBIZEY, AF ) —
VT DASAD IR KR T db 5 245nm TOWIEEE & BB A2 1T, WRIEIC
LOEBRDAFREL 2570, BEKEs v~ 757 4 — HPLCHE) IZ
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Wavelenglth (nm)

A, UV spectrum of MeOH belore bubbling of oxygen gas

+2.0690

Absorbance

10.000

200 220 240 2690 286 300 320 340
Wavelength (nm)
B. UV specirum of MeOH after bubbling of oxygen gas for 15 min

Fig. 2-2 Effect of bubbling of oxygen gas on
UV spectrum of MeOH

LD ASADTEBAEAT o T2, SHARIFEHICTRT L350 Th B, ASADIRE
R (RT) 1, 3.543 Cdh o7,
Chromatographic Condition

Packing materials ; LiChrosorb NH2
Column size ;4.6 mm (i.d.) x 150 mm
Eluent :  CH3CN : H20 : CH3COOH=50:20:2
Apparatus :  Shimadzu LC-10AD
Detector ; Electrochemical Detector

(BAS LC-4B)

Potential : 500 mV vs. Ag/AgCl

Flow rate ;1.4 ml/min

Injection volume ; 20 g4 £

ASA:

Current {(integrator units)

e

L
5
Time (min)

High performance llquid chromatogram of
ASA in MeOH
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2.2.2.3 T ALY UERIBEEROE Nk
ASATR TR AR, 370 b UG IEREI043 DASATREE % 100% & LT, %X
SRR C OASATEE 2% TH L7z b D R ASMETER L L,

2.2.2.4 BEE
EHEEORELStudent Dt-HEIZ L V1TV, MERBORUT 2 HE

EHE LT,

2.2.3 Sy THGEEOFHE
SFIEEOHBIIELLTICART L 912]. J. P. Stewart H1Z & 9 BR%
ST HARBR My FiEE T 1 775 AT H HMOPAC version 6 0% FH>,
PMniwh:Tymibﬁﬁ%ﬁoto:/tn~5ﬁ£&bf
COMTEC-4DRPC (5 A % 1 (BR)) 2 V>, BRI LD . BB SR i
T a—%FIM L, |

Method for MOPAC calculation

COMPUTER : COMTEC —~4DRPC

MOPAC : Version 6.0 ; from Dr.James J.P.Stwart, Frank J. Seiler
Research Laboratory, U.S. Air Force Academy, Colorado
Springs, Colorado 80840-6528, USA. HITAC Version, by
T.Hirano (Tokyo Univ.) and T.Okada (Teijin) . Oct. 1989.

MOLGRAPH : Most of the results of calculations were visualized by
use of MOLGRAPH developed by DAIKIN.
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2.3 RRKOEE
2.3.1 PEEEOTEEH

FFEREE R CORBE N A BE T TOASADBRLESZ I B ASABETFH
ZFig. 2-31R 7, ASATRIFRIL/USHFRI6043 (2 36V Tk H T1d82. 5% T
HHDI L, AF ) —)HT50. 2%, =& ) —AHTCh3.6%, Tk =
R U N TE6. 1%% R LTz, KRR TOASAEGFRITIZERBETH D,
KA U TASABKRTERPHEIELS . 2FEELRES NI LHFED D
Nz, REBREFMCHBETALZBEA L TWD 0O THEP OBRFRE
FAFRBIZ R > TV E b D EBX LN, ZORKRIIBEBH COBFEOE
RENBEE L TWAHbDEEX LD, AHEMT OBRFEOWMEIZD
W, R HBE L CERWZ ERM STV A M, Bl ERKSS
OEAFEBENTVND u&ﬁ& M T A IEREEOR TR
W, HEETICHLDIZEN TV S —HOFBIEE D COMRERMRE
[117] 7K & Hh# U CTable2-1ZRd, A&/ —/), =& ) — L HTOD
FARUAMRE LT, 32.60mg%, 31.73mghThH-o7z, T h=FrU
DT — Z VLRV O F VA BE D VAR EE D330 ~50meh & 1ZIEFRIRE T
HHEZ L, TEM= NINVTOBHEIIAS ) —V, =& ) —)L
FIRETHAHI EHENZ, 2D LHITAZ ) —ni EEERG T
DIEFIEME I AR P TCOHE LB L THIERENZ EnbEXT, 4
[E38 6 HALTo K & HHAEL I DASAD L E M OB WIZIEIE T
BB ADBREDENMIBELTWALD EEX LN, LI, A4
J =& HLLIZASAD BENERILEOSIZ DWW TS Z & & T 5, ASADSY
FRIE LA DWW TR B P B W TR BB IEFE T CIIEF I/ EW
ZEPHEINTNA[49], £TZTEREIZDAY ) —IVHFOBEERD
AR T DD FeRTCuDAF 7 1= MZ SIHT 2 ATV,
0.5ppbLA T THD Z L ZFERB LTz, S HICITKMEBEDEBDIRADH
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Remaining ratio of ASA(%)
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Oxidation time (min)

® ASA in H20

W ASA in MeOH

A ASA in acetonitrile(0.19d+0)
¢ ASAin EtOH

Fig. 2-3 Degradation of ASA in various solvent
*p< 0.001,
significantly different from ASA in MeOH

Data represent means+ 5D (n=4~5) and are expressed as a
ratio, with the initial amounts of ASA regarded as100%.
Concentration of ASA ; 50uM
Reaction solution ;Hz0, MeOH, acetonitrile(0.1%H20),EtOH
Reaction temperature ; 25C

Table2-1 Solubllity of oxygen gas in solvent

Solubility of oxygen (mg/100ml)

H20 4.07
methanol 32.60
ethanol 31.73
octane 37.42
hexane 49.80
benzene 29.34
heptane 45.70
acetone 32.93

UELEE%. SaTafi. Apagn. Baeyawt’h
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ML RET DT-DICTHROFFRA X ) — N E S DICET T ADERET
EHI2EAEB LKA ) —VERWTREOERE{To T2, TOD
TR, BENCZORBEAZ ) —VERWEZSEAE S, ASABRFRIIRIGE
1604y TT78. 8% & HMED A & J — AT Hilk L CMRIZIE T+ 5 5 D0,
ASAD AL S RO IIFENCR O bz, (Fig2-4) £ Z CTUTOERT
(TR HERGE2RE . TIIROFHEA S /— NV EHNTITSZEEL
776

2.3.2 T AINE LRI OB

ASAD A % ) — )VIKIRICER R H A @R LTz & 2 DASADREIZ DOV T
WAL 2 A, KGR0 B RB W TASATEIE R I500 u MT86. 6%,
100 u MC77.0%, 50 uMT50.2%, 25 uMTh5.6%L 720, FRICHHEIRIRIC
BW T BMEIEFETICB W TOBMBENFET DT TR OF
B CASADR GRS 5 Z L BRO LT, (Fig. 2-58H)

Z DASADPRE DEWIZ K HASAD S REE I ET 2 BEREEET D
FRNY ELTASAD A ¥ ) — NV COFEERIEE D 72 DIZUVIRILA
R MVERE L, TRENORIERKIL500 4 M, 100z M, 50 4 MIiZ
BV TIEf246nmTH - 7225, 25 u MIZEBWTIE254nme 220 | B
L OWIBR R OEN RN, E11 u MTIEN260nme 2572 L, &
DIZH EEE CTIIRINBRBREEEM~T 7 FTOREPBD O,
KB I 31T D ASAD FEFRBER D INAR K 1X245nm, fFEER (68 / 7 =
) OWRINARERKRIT266nmTH D EHE I TS [118], FEAKFKRTIX
ASAIZFEMRBERL A2 L o TN B EEZDONRRETHY . BHEORETIX
AL ) =T H245nmilt il OWRIIARK 277925, FER IS AR EE
TiX, — 8B L Lo TV AHEE DB AOND, ZOFEREDERE
WBERED LT I E T HAEROUE S EHER S5,
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Remaining ratio of ASA (%)

100 -
90 -
80 -
70 -
60 -
50+
40 ~
30
20
104

W ; in commercial MeOH
@ ; in twice distilled MeOH

Remaining ratio of ASA (%)

T T

|
0 15 30 45 60
Oxidation time (min)

Fig. 2-4 Effect of distillation on the autoxidation
of ASA In MeOH

* p<0.05, **p<0.01, ***p<0.001,

significantly different from ASA in commercial MeOH

Datarepresent means+SD (n=5) and are expressed as a
ratio, with the initial amounts of ASA regarded as 100%.
Concentration of ASA ; 50uM
Reaction temperature; 25 °C

100 -
90
80 -
70
60 -

50 - 25uM
40 - —e— 50uM
30 -
—— 100uM
20 -
10 - —e— 500uM
0 1 1 T 1
0 15 30 45 60

Oxidation time (min)

Fig. 2-5 Degradation of various concentration
of ASA In MeOH

Data represent means+5D (n=5~6) and are expressed as a
ratio, with the initial amounts of ASA regarded as 100%.
ASA concentration : 25 uM, 50uM, 100 M, 500uM
Reaction solution : MeOH
Reaction temperature : 25°C
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2.3.3 RERUNOZE

A K =)V TOASADBRLEIGIZ R 2 1B E DR EBIZ SOV TN,
(Fig. 2-62 M) 35C, 40C RIS L= & 2 A, RUSKM303IZB T
25°C. 35°C. 40°C TOASAZEFRIT LN EIT4. 1%, 51.2%, 42.3%L 720,
25°CTOHFAITIL, ASASRRILISC, 40°COFADFNFRICKE
Mmole, BREY FRIELZLICED, 20BNV F—I2Lo T
ASALBRFE S FOEBEB TR VX —BEFED, MO TR LT <o
lebDEBEZXOEND, AX ) —VHF TOASADWBI T — RS EERIC
WS ZERBEOON, ENENORE TCOASAOKIGEEFEEZHH L
7ol T A, Fig. 2-TZm73 £ 91225C, 35C, 40CIcBWTEREN,
1. 87X 10™sec™, 6.73X10™sec™, 9.02X10"sec &2 nlz, £z, D
EPEAL = RV F—1320. Okcal/mol Th o7z, " TIZHE SN TV D RIG
HWEER L L'Ui7k“4(’§¥1§2ﬁij®%>@0)7ff‘z§>57ﬁ§\ Buettner[49] 23 4@ filt
BEIRAFEIE T, BRI T, U BB ERCR (pHT) T6X107sec T B &
HWELTWD, ZOEEHERT 2 & AP CTORBRITMN000F1E &R &
WS, TR L7z & 5 KR E~DOBBOBRMENBEE L TWD )
LEZHND,

AEOEBRSME T, B, @E OFOE T CRRILEK IS 1T > 1208,
HDEEEFTLD DN EEW L CBILEIG 21T o 72, ASASRRITE
LW LB S0 RN I WEHAB R O =), RIEFRBEOKR
MBRDHNTZ, (Fig. 2-8BMR) JEITASAOBMLIEE IR B % RIET & DiF
FbdH 503910, AEOEREFCIIHELRZDRIITBD LN Mo T,
it T, b (KEBHKOHEAT DY) 12 L Y ASAD RV SUS iE-00 0 i3
SNDHHEHEIXE 2 DA, ASAD BEERILIS, T2 HASALEEFR
57F & DRUSIIENDFFICHLEE TRV EPRB I T,
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Z{ 60
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2
£ 40+ x104
= ~10
2 307 To9- |
£ 20 3 9.02x10"
$ 10 s n
0 T T (I T —T § 5 - 6.73x10
0O 10 20 30 40 50 60 £ 4
Oxidation time (min) 2 3
£ 2- |
® ASAat3s5cC 0 I —
N ASAat40C 20 25 30 35 40 45
Temperature (C)
Fig. 2-6 Effect of temperature on the degradation Actlivation energy ; 20.0 kcal/mol

of ASA in MeOH

Fig. 2-7 Rate constant and activation energy
*n<0.001 ' for the degradation of ASA in MeOH

significantly different from ASA at 25 °C ASA concentration ; 50 uM

Data represent means=+SD (n=4~6) and are expressed as a
ratio, with the initial amounts of ASA regarded as 100%.
ASA concentration ; 50uM
Reaction solution ; MeOH

100
90
80-
70
60-]
50
40
30-
20
10-

0 i | i ) T
0 10 20 30 40 50 60
Oxidation time (min)

® ASA under light
A ASA In adark place

Remaining ratio of ASA (%)

Fig. 2-8 Effect of light on the degradation of
ASA in MeOH

Data represent means+SD (n=4~5) and are expressed as a ratio,

with the initial amounts of ASA regarded as100%.
ASA concentration ;: 50 u M
Reaction solution : MeOH

Reagction temperature:25°C
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2.3.4 T A)VEUVEBBORIRF COFEREORE

50 u MODASARA %/ — NVERHRIZOVIRIN A~ 7 v (A max=246nm) 7> 5 ¥
Wi L CIEMREERL 2 L > T D B2 DN DED, [F UIRE TOASADMEREE
BI(® ) 7T =4 ) OB ERHRDT2DICASAOT b U 7 L (ASA-Na) %
AWTHEBEORS 1TV, FEMBEERNDOBE LR Lz, 28, 50 uMD
ASA-Na A & / — (0. %K EH) K ORINE R I3F268nmTH O | HED
(ZIE & A EDRRBERL A L o T B EHEE ST,

ZOREREFig. 2-9R T, ASA-NaDBEFRIL, FUSKFRIS05 IR
T61. 3%, PUSEERI6047ICI VN T42. 2% & 720, ASADBEDENEN
74. 7%, 50. 2% 2l L CTENEN, 1% SUDOBRETHREIENERE
oty ZORROBEOBASA-NaZ BT D720 Z<AE 0. 1% N
KOBEBIZL D bODNENERDTZOICASAA F ) — (0. 1%KE
) DFOSHRCEBALE{ToTe, TORR. ASARFERITASARA F 7 — VIS
ROBE LIV LABWVEMER LD, HFEETRLS, (Fig. 2-10),
KOFENIBHACTEX 2 L Bbs, B, TOASARXF ) —u (0. 1KE
B) R OUVIRILAR R 1X245nm% /R U, R A L o TV H BB
Do

Z D & D IRASADFREER L FEMREERL OFME D LT SOV T E HICEE
T DT O FHUEEIC X DB 21T o 7o, RIS F#uE T (MOPAC
DPMIIE) 12 L B ERE R AFie. 2-1LHIRT, BMLRIS TR O - iR o
FIEMEER L 0 L LT W E W ISR, HFEulEEIC L 5EHE
faRkeb—HT DD ThHoT, FRRBRAYFHEEE MOPACDPM3IE) I
£ D EEPEEELE (HOMO) O = F V¥ — LU figpiERl | JEMRRERL, Z£h
Z31-3.88eV, -9.68eVE 2D | FREBEFRID S TR ILF — LUV E Do
Izo HOMOIZZE DALEHDEF B EH T IHIHEDOH THR b T R/ILF—L~L
NEWH DT, BILEIGICB W TIIHMOO EF R EFZRIEO(LEMICE
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Fig. 2-9 Difference of degradation of ASA between Fig.2-10 Effect of slight amount of water on
ASA oxlidation and ASA-Na oxidation the autoxidation of ASA In MeOH

*p<0.01, p<0.05 Data represent means+ SD (n=5~6) and expressed as a

significantly different from ASA ratio, with the initial amounts of ASA regarded as 100%.
Datarepresent meansxSD (n=5) and are expressed as a ASA; 50uM

ratio, with the initial amounts of ASA regarded as 100%. Reaction temperature ; 25°C
Concentration of ASA; 50uM
Reaction temperature ; 25¢C

Heat of Formation HOMO= -9.68¢V LUMO= -0.55¢cV
= -237.71kcal/mol

Heat of Formation H
= -288.28kcal/mol HOMO-= -3.88¢V LUMO= 5.05¢V

Fig. 2-11 Optimized structure of ASA (non-dissociated)
and ASA (anion) with HOMO and LUMO

A ; ASA (non-dissociated)
B ; ASA (anion)

*Optimized structure was visvalized by MOLGRAPH developed by
DAIKIN Indutrries L4d..
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Zohd, Thbb, HOMOD T R ILX — L-ULRE W RO 51128
FEEZRTWVWEZEZ LN TS, E> TASADEGE b AREERL D J5 25
FREERL 0 HHOMOD T R A F— L-ULRE W8, BESFIEFE 5
z%#w\#ﬁb%ﬁ@%kﬁm%ﬁi%#m&%%éméoéB:
ASADFERER] & FEMFBER OHOMODEIE % tLik 3 5 & FEMRERL TI3C(2) &
C(3) DWKFERTIZTFTE L TV e n BT DRBER CIrXC Q) ICRTERT 2
LRy, CRQRFICBBOMMEIENLVEZ VT RDZLD
BRI I T VW e LHA#ERH DD EEZLX NS, Z0LHD
HEERIITILHEEFIN TV AIERRN S FHLEETH D ab
InitioflZ K BDASADFHERER[94, 11916 —HTDHLDTHB,

2.3.5 &RAEIFEOR

9, Fe (1) OASADBULEUG IS 2 HBAFig. 2-1210R T, ASAD
1/10DRETH S 5 pMOFe (ID) £FTIZIR T, MK H T o SR E
3045 DASATEAF R IIFe () FEEF T, 5 uMOFe (II) FEF TEAEHR
94. 8%, 71.2%& 720, Fe(I) ILFFIZ L U ASAD S5 fRITHI5. SR E S
Teo ETo, A X 7 —NVHCIIRIGREI304 TASAZRFF 2R I3Fe (D) FEILAF
T. 5 uMOFe () fFET TEILENTA T%, 33. 4%, 720 ASADSGFRER
3H2. 6/ < o, Fe(IDFETIZBNWTHAZ ) —)LHTOD
ASABRIF RO F BBV OIFRETER U7z & 9 QIR T OB RIAMRE D&
E2bDLEXOND, EHICFe(IDBRENEL 2D L, MiAkF, A%
J = L BIZASAD SR MR S, fﬁ/“ﬁwﬁfiqu@%
(ID) 277 T CIIBUR R0 4 TASAIKIFIE 2 CTiHk LT,

WIZCu (1) DASADBRLFIGIC R T 5 5B % Fig. 2-131Z7R" ¥, 5 uMD
Cu () #H£7HF TIZRB W THA S Crl RS RERE 104 B TASABRFERITITIE
%72 > T LEV, Fe(lD) OHFE LV HASARILIREFIRES KE W &
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Oxldation time (min) Oxldation time (min)
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® : SpMFEe( )
A :10puMFe (1)
in water ¢ 2 OuMFe () in MeOH

Fig. 2-12 Degradation of ASA In the presence
of varlous concentrations of Fe(lll)
Data represent means+SD(n=5) and are expressed as a
ratio, with the initial amounts of ASA regarded as 100%.
ASA concentration; 50uM
Reaction terﬁperature ; 25C

[y

Remaining ratio of ASA(%)
N WD S N OO
coQ0oco0docdooo
! ] | | I | [} i -

T T T T
0O S5 10 15 20 25 30 O 5 10 15 20 25 30
OxIdatlon time (min) Oxidation time (min)

m : Control
®: 0.1 uMCu(ll)
A 5pMCu(ll)

in water in MeOH
Fig. 2-13 Degradation of ASA In the presence of various
concentrations of Cu( Il )

Data represent means+SD(n=4) and are expressed as a
ratio, with the initial amounts of ASA regarded as 100%.
ASA concentration; 50uM
Reaction temperature ; 25C
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WOOLNTE, ZhEHL, A% =R TES5 uMOCu () FFET T
DASAFRIFRITOGIRF 1057 LA 45% & 1ZIE—E D AR L, KHPTO
CulI FETDHE LD bASARERIE VLW O Fe (D) HETOHE

CWRERDLERE ST, TIWET —F BRI DTN, AH ) —
/vEPT@Cu(H)fETODJﬂE [ZDOWTCu () BEX0.5~4uMTEX T
(ZHASATRTFRIIWTI G SUOSKFR 107 LIBENT% T—E L R Y . £
OBHIIFRHETH D0, THULICASABERMET T 2HBIETRD 5
Nighole, TRNHEDOHERNL A S/ — Iz TikCu () OHFIC
F 0. ASARRLEUSE D T < WIHIERME TR LAMEEE S a b o L HER ST,
ZDEII, FiAPOHRET, AF ) —AFIZEBNTH &R
TET CASADBILBEE S ND Z EBRRO LN, ThboDRITD
NODEBA L BASAEBFS T EORIGOMBEL L TEAT DA
259, ZOASABLRIGHRTERT D2 Raxo 3T (- )R L
(L DASADBLDFE L EDTEZXDHZENNETHASH, ZD - 0H
EROIRROSBBIZLVERT 2D LB X L5, ASAD KB F
TOHBEBMLIBRICBW T A= —FF 2 FO)DERT D 13T
WCHESN101], ARV THER LAEKEREFIVEIZRBWTOR
T, SHIZAY )=V TOASADBRILE R B W T 0 B AERT 5
ZEM, RFFRICEBWTEH SRR I, (ZOFEMIBEIVERR)
Z D0 IR AT RS (3-1) %, ASAE DG (3-2) i &L b
LR (H0:) 2 ERTHZ N L BN TNS
20 +2H" 2  Ha0:40; (#3-1)
ASA+20:" = MDASA+H0: (R3-2)
—J7. Fe(Il) X OCu () IXASAREFT 2 DT, BHITEIT I, Fe
(I, Cu(D)ICBITEND, THHFe(ll), Cu( )ik BH0D—FEF
BEIIZ LD c OHBERTHDTHD, T72bb, ZORISIIEE T
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DEBERE (Fe?, Cr?*, Cu', Ti™MIZ L BH:0DBILIETHY ., Wb
HFentonfUir & LTCELHMBNTWE LD THBH[102], (FH3-32H)
H202+M®D*> « OH+OH~ +M™ (3X:3-3)
CORIEEBERBRA LT ON T HEMEBABLERSE, Tbb,
metal catalyzed oxidationFé LTCTEL<HOLNTWARZRI120] T,
AEBRRICBODTHIASAVWEFH‘REF L LTER LTV, 0 - OHiX
RIEHEDOE T VAT, ASAL OIS HEEIET. 2X10°~1.3X
10'M ISt L 4 KT 0 [50], ASAD H B LD UGB ESK & LT
ESN TV DH5~40X 107°M 'S [49, 1011IZ el d 2 L IEFICHWMETH 5,
- OHIX0: R0 20278 E il DTG FR RFE & Lol U T HASA & O USHEIZFER I
<. BRI T B HASAOBLESICB O THE - OHE DRSS
DEFHEIDPR D RENL D LHEIND,

2.3.6 HURUEIRFORE
2.3.6.1 TEMRERHEEESR

KB AHNZ BT DASADERAL DRI H§ HSODE L ISCATO R E %
Fig.2-141Z7” 9, Scarpa® MEER[101] %X U & LTSOD%E HW -5t
THBEBERT COSBIThRTWZ, SODOIEMIX p H4. 5~
9. 5OFH TIFIE—E 2 Z £ [121]10> 5, Chelex THEE L 7= b D DRE K
HIZOTPIES TV A FAREELEL DN IMESROEEL TR
T DA TIEHMAFIZCBNTORIGEITT oo, TORKE, SODE
ToVECAT S & FFTE LR WIBEITIE, RUGEEHIB00 288\ TASATRTF R 1T
UUBBEERT., MiAPR TERENG62. 4%, 41. 7% TH DHDITH L,
SODE 72 IXCATRFET 2B AR Y VEAEERIZ BV THT3~86% & 72
D, MAFICBNTIFIEL00%%2 R L, WTFRLOBA HASAOBRILAIEF
WZ S, T DSODE T2 ILCATIC & B ASABR{LINEI B Fix ) v BRIR &
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WL bHARFTILYORE o7, MiAKH CrISODE 72 IZCAT R FIET
D86, ASARTFERNMEIL DX FTHD DD, 1Z1T100%E 720D &<
ASA IR L TWRWER S R TH D4, TIEAEBRSEMH (35C) T
ARG HENIFEFIBN 2D B2 O, BIVETT —4 27 5340°C,
FOSHEE6047 Traf90% & FEDZASADBRLIZER D bz, F7/=, SODE
T AXCATRTFET B ENENDH A DASABRTFROZETMAKP CIHIZE A
ERD LI OH, BEIFE P CIXASAZIFE L, +SOD+CAT >+S0D >
+CATONETO. INDERBTHEEZLRD O, Z OFERD TORME
iEScarpa b OEW|E[101] L & —H L TWVWD, & HIZSODE T ILCATA £ <
FELZZWIGE OASAKRTFERN, U UBEER Y L0 bHAKFIZBNT
HEE» o T2 D%, ASAD Y ERIRERE, MKIEROThEh O p H
NT.4, 4.52ThHholcl aBZHLHAMLIIKWVWERTHD, — K
(AEZATR U7z £ 9 ICASAITFEMBER L 0 bARRERI O F B3 REZEE Tk %
ZFRTVWEEZ LN TS, ASADE 1 FBEFES (pK) 134. 17 TH D =
EEERICAND & p HT. 4TIIASADC (2) DKERIEDIT & A & D REE L
TWLHDIWEX L, p H4. 52DF GRS 5E< 2 DTN D %
D EHME S, p HTADHEDOH BASABRILENLTNEEX LD
RUTHA ), LLRMPE, pKuliill TIIASMIIRZE TH D & D#E
b, £OHEE L L CpKolf ) TidfFlER & IEMBERI S S BFET DO
T, MREER & FEMBER SRR ETER L TV S T2 TIERWMEE S 1
TW5([28,30,31], £Z T, AERSEMICBWNT, pHI~T.4OFEY
BRI T C OASADBLEUS 247\, ASAZRTERZMIE Lz, T O#
RAEFig. 2-1512R 7, I L0 HEAMEMDIE 5 23, ASATRTFRNE
7go7eis, A EIOFEBRDASAMKEIED p HIZIE < . ASADPKUZ BTV
p H4. 15 CIIASAETERD p H6DFEE L D B o7z, p H4. 75Tk
p HT.4DHFAE L 0 HAKWERIER L), FERZEERD SR hoTz,
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treated with Chelex 100
Fig. 2-14 Effect of SOD and. CAT on the autoxidation rate ofASA

Data represent means+SD(n=4) and are expressed as a ratio,
with the initial amounts of ASA regarded as 100%.

ASA; 50uM

SOD; 1x10°5M

CAT ;2X107M

Reaction temperature; 35°C
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pH3 pH4. 75 pH6

Fig. 2-15 Effect of pH on the degradation of ASA
in buffer solution

Data represent means +SD (n=>5) and are expressed as a
ratio, with the initial amounts of ASA regarded as 100%.
ASA concentration ; 50uM
Oxidation time 5 30min
Reaction temperature;; 35T
Reaction solution ; 0.07M phosphate buffer
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ZHUCIEMIARF OB E L R, VUBEOERA A DX L— MEA
WL BASADEEI[46] 72 E b EZ BN D,

DD L DT, ASADETEMEIC KIF T SODE 72 IXCAT O B IR R IT K &
WS, FOEE & U TIESODASASADBR LI X W KT 50 2HEL,
CATAS0: DARMMLEIE S THE U DH0: 2 HET I LR EREZLND,
ZZTEHIZ, ZTOSODRCATIC L 2B LIIHIZI RS 2 b OBER & /3
JEICEICBRNTHIDENIOVWTHRAZ L L LT,

WOIZCATORER & L TOREMEHDOHDRICOVWTH~NLZ L EL
7o Fig. 2-1613MBAIHE S W 7-CAT % 2517 S W7o 58 OASABR L BUG~D
HELRERPTROMAF TCHATZEOTH D, nREFE3055 TO
ASARAFRIT, BEE T CREABECATZHGF I EE LCATHREFEOR S
HAT3%E 72 | MIAKFTIEmWE L HMI00% TR LI, ZThiZx L,y
CATD 4 < fF1E L 722 of BT D ASATR AT ISR B C62. 4%, BE K+
T4 %R Lic, ZTOXDICRER S, BEIRFTOVWTHOHEICE
WTH RIECAT % 17 X W 7256 OASAKRTFRIICATOH A L FERE T,
HHRICK L CENENLD, 0. 1I9DBERB CHEREBILIHIZRSED &
Nz, WIZASADBRAL 53 FRI B E T H0: DB & 5 7201, ASAZKIE
BATH 02 WML CERBET AT BRE T IO EREZITo KB RE
Fig. 2-1TIZRY, TORIGHRTHRAR, ASALFRIRETHH50uM  Ha0228
RAELEHEEMEL T, ASMEFRIIN0.0FIED A I E D &7,
—ETHDIENRBOONT, £, S HICH0RMRE %4 100~250 u M
FCLER I, 200 u ML E TOCASABREERP/E T L, 200uM
HoO2 TIXH0 AN L CTHEERZED A b N, R0RIMBE BRI
EUVIEA (1OM) 12iX, ASAEH:0: L DRIRIZE D, A VA VBREN AT
HEoWEN22, 123183550, AEBROER CTTHEINAL0REE
TIIASA L H0: & OIS E A EEE T D MR SND, 7. &7
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0.07M phosphate buffer(pH7.4), pure water
treated with Chelex 100 (resistivity=18MQ - cm)

Fig. 2-16 Effect of catalase on the oxidation rate of ASA
*p<0.001, **p<0.01
significantly different from control
Data represent meanst SD(n=4) and are expressed as a
ratio, with the initial amounts of ASA regarded as 1009%.
ASA; 50uM
SOD; 1x10 ¢M
CAT ;2X107M
Reaction temperature ; 35°C
Oxidation time ; 30min
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Fig.2-17 Effect of hydrogen peroxide on the
oxldation rate of ASA
* p<0.05, significantly different from without Hz02

Data represent means+ SD(n=4) and are expressed as a
ratio, with the initial amounts of ASA regarded as100%,
Reaction was carried out without bubbling oxygen gas.

ASA concentration ; 50 uM

Reaction time ; 30min

Reaction temperature ; 35°C
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DA O0H) BERT DT, ASAOBLEISIIIER ICEE SN S Z &
PNTRBEND D, REREMO L 5 IC@RAEIETFIET TIXASA L H0: &
DEIGHEIIREBENEZZ BND, E-> T, ZO&RBMBEIEFET T,
SOD-CCATDAAF L7255 DASAD 53 FRE B I H0:03 8 F W BAE L TV AR
WEWZ LI, ZDLXDITKIECAT & 3L 1F S W5 10 b ASABRL 1 2
RBEONTZZ & EASA L H0: & D USRS TERWZ & fER Sz
Z &G, CATOASARRLINHIZh R IIBFE OB EMEROFE IR T
Kz &R s,

RAZSODIZ J2 D ASABRLHIHIZh R A0 T ERE A /R T BER & » /X7 B Fr
W2 bDODOHNENEMD B TSODOHEARZ LF I TRIGE
1727z, Fig. 2-18ITS0DICE DHEAITH HKCN[124] L azide[125] &0
2T BB OV TCHATAERERT, $iKH TIIKN, azidele k9 KIS
DO p HBENZEFNI0LLE, 8B EH L TLE I, BEHEF O
HTHRIGEIT -7z, KON, azideDIREIIA EIHAV /=Cu, Zn-SOD7S 18 F FH
FINLHEHRESNTHAHZENEILL 5mM, 3mM%& V2 [124, 125], &
7. Cu, Zn—-SODIZ 5 L TH04XHEA & LCTERT 22 &b TR Y
[124], & 5IZH:0003 HLBSA B 8 BE (0. 04~0. 1nM) TIEET 2B AT
N7RERER & UCTHER L. Cu, Zn-SODZRIEESH D Z ERHME ST
5126, 127], 7238, T OERBEICOWTIERE, A RN L2iENE
FLhe AF O UBREOBRENBILICHES 2-4 % Y b AF D OERPEE
RREOEBERTHLZ EBHLMIEINTHAE[128], - T, 0h
O ARBEEOSEI L0 AT DH0:0 FE A BR < 72D IZCAT % N 2 TG
SHT, EO/ME, SOD, CATFETICEWT, HERDSFEST 2HEIE
FE LIRWIB I U TASABRER D INDERB THEICET L2,
SOD7p EMAFIE LR Wt R L 0 ASARIFRD0. RO EMRB THEICE 2
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7z CATIZ L DASADREAL S EEIZ AN TCATZ TN LIz & i
5 &, SOD, CAT. azideZ M L7-45E CIICATZIWRMULIZBE LI LA
EENBR <, £, SOD, CAT, KCNZWM L7 E& TICATZ WM L1zt
A LD ASABRTFERN/OPE WEBEIIRT S, FERZIFED LN,
72 LAEDFERD & S0DIC & HASAD L EALIC i B R 72 BERAE R I IRE D>
WAER LTS Z DRIz, L L, SODDF X7 HELTD
JERF R RER. b b%ikd 5 &5 72S0D & ASAD & DR EEM
RSODDFEEER NI 720 DHEIER R EOHFEOT ML EFETE RV E
ZExOND, TORIEOVTHAZILICHELVWEMNDPSLETHLER
Lo,
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Fig. 2-18 Effect of Inhibitors on SOD In the oxidation
of ASA in buffer

*p<0.001, ** p<0.01 significantly different from control
t p<0.01 significantly different from +CAT
Data represent means+ SD(n=4) and are expressed as a
ratio, with the initial amounts of ASA regarded as 100%.
ASA; S50uM
SOD; 1x10 %M
CAT ;2X107M
Inhibitor ;1.5mM KCN
3mM azide
Reaction solution ; 0.07M phosphate buffer (pH7.4),
treated with Chelex 100
Reaction temperature ; 35 C
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BSA, y-7/ a7 U 72 EDIEEERFZ X7 HOASARBL G~ D 8
(DWW THREIR R OWK i~ 7o, BERT CORBREIEERFN
ERERILFOES L B L TFig. 2-19127R 7, ASAOBLIZ b DIk
BESR X R D ET D5 LI LD, SOD, CATILFDBE & [ARICH
HINDZ EBHALNTIoTe, FICBSAL AR T NT I VT H R
7 B OITE LI ORHRIZHEE U CASABR T RN EEN1%, 5D R E
THEIZEWI EBBO LN, KIZ, MAP TORRAZFig. 2-201T77
T, MKV T HASABRILIZ 2 O FEBER ¥ o R 7 B ETRIC K 0 4
Bl i, ASABTFERIL, BSA, y-/ 7V, FARTNVT I VT
0. 1%DERFET, £V VF—ATIRHIADFBRBECTH W EBFH LN
776

ZOEIICHEICHIAKFICB N TS ZNOIEBER S VN EIC Lo T
ASAHIRIZI R B R oNl=Z &0 b ERAMEIEFETICB VT HASARH
YRIVBILE o THEEBILEND Z ERED LN, TOBRBIINEE
bNTELLL e, FUNRNTHIZLVIEERTOWESEEDX L — MEA
(R DREATITHA LA, —EO#E[35, 39, 115, 116] T S
NTWB LS RASAL # VRV L OBEBENRMEEER O RN % Xk
TOMMRTHD, ASAL & U RV EHEWE & DMAEAER ORI
DTM797w79VWEZ%9V\ﬁUVWtX%V»U?V@E@
RIF RO, CRAF VU, INEIVREDOT I R ERASAORL
MR E BT 63 2 L [35]0, HWERT IV BEZFATHIT 1 H 3
YISASADERL AR Z A Z L1151 EDERBE L L ChfcshTn s,
INODF Ry HEEYE D I EIRE TRV E RPN T & [35]
RN, AR TERE I v N T T T 4 —DOFPTHRERDOASAL Z R ED
BEBRTEROFREEN R I N/ 2 E[115] 026, ASAE 7 /37 B E
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Fig. 2-19 Effect of protein on the oxidation rate of
ASA In buffer
' p<0.001, ** p<0.01, *** p<0.05
significantly different from control
Data represent means+5D (n=4) and are expressed as a ratio, with
{he initial amounts of ASA regarded as 100%.
ASA: 50u M '
SOD : 1X10°M
CAT: 2Xx107M
BSA, lysozyme, ovalbumin : 5X107M
7 -globulin : 33£g/ml
Reaction {ime : 30min
Reaction temperature : 35C
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Flg. 2-20 Effect of protein on the oxlidation rate of
ASA In water

* p<0.001, ** p<0.01

significantly different from control

Data represent means+.SD (n=4) and are expressed as a ralio,
with the initial amounts of ASA regarded as 100%.

ASA . 50u M

SOD: 1X10°M

CAT : 2X107M

BSA, lysozyme, ovalbumin : 5X1077M
T -globulin ; 33 g/ml

Reaction time : 30min

Reaction temperature : 35C
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5 [36] 4%, FHMIIRIETHTH D, & 61T, Meucei b [129] [ FASALTFT
TOBSADLEN BRI Z 22 M ADBASATEFETFICHB L TEBkd 5 2 &
235, BSADASAIC K VDD DORBLZ T L LARTILEMELT
W5, Fiz, HBFFEE CTIXASA L BSADM A B & AU E A= |
NWERIELTHNLEZA, O LS RERBELNZ[130], T74b
Hp HTD Y R P CASAOWRIAR K I13#)265nm T o 7225, BSADS
EFEFTHZ LWLV FEY - PEBEEMIC T L, BSARENE <
72 % & 290nmi A b B BRI R B & 510D, T ORBICH
U T, ASALBSADFHAMERIZL D . ASAOFRRER (£ 7 =42) b
OB MRS T =4 v & LD LD oI AREM SR SR
TS, ASABBSADBAKRIEIRICA VAT Z & 72 X2 LY | ASADIFTE
BB EM LI bDEEZOND, £, ZOEEBSADASAKIFIC LY £
DESERRILA Y N IALHSAE UL ASATETFLE T C B 5 4L 72780ma)
WIIBR R BB EMIZ S 7 T 2HRBRBO AL, Meucei b DA
[129] & RIERIZBSA S ASAIZ £ VB AT TV D AR /RIR S L7z,
ZDASALBSAE ODFAAERIIFIHFHTHD EEZ LT,

> TASADBRE S RV BIC L DREIZIE, ZDLHRASAL Z v
NIEEOEBENRHEEROBEDWMREENEVEEXLNDN, ¥
ST 1317 F F132]10 & % - OHOWHEERL, tArr 7 I R
S AULE R A —F, CATAR B IS K B0 DR [133] b #E S h
TWDH 2 Enn, CATIZ TRLEAMIETHW MDD Z 7 HIZK D
BREHICLO RV OWEEEAOFLEOFREE L +RICE XN D,
ZORIZE L TIESRIC K 20 EICL D S HICHRFADPLETH S,

L EDHERDNSG, SODRCATZ HF I H B8 DASAD R EALIZ I,
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SODAE T HHENRIEHMBEREEIFEAIELICEE L TWD P,
CATDE ., BMEORENIEAOBESOREHEIIEVNLDLEZL LN
oo SBHIZ, BSAZR EDIEBER F 7 EDBE LRI, Thb DB
RO LRI EE L TORBFERENZZASACKT D EELER. T2& 2iE
WRESBICHT5X L— MEMA., ASAL & /37 B & DI RI 72
HERZNTHRENM, ¥ 7 BEOFEBERN20: OWEEHRASENEE
LTWOHREEDN R ENT., EKICZDASAL Z N7 HEDHRBE
2 M EERIC L D REN L FEBERT 20 DEHEMEHIC L DASADETE
fboFrREME I IEF ICE VW EE X BNRD, |
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BNE 7AaNLUEUBROHEBBRLAERY
3.1 HB |

ASADERAL /3 fRARIE & LU CIIfEsR, MDASA%R R L CARMILRISIZL Y
DASAD AR Z T HMR L TV BRENE b LMo TS, &bl
DASMIKRBEEP T 7 FUBRIIESICIMAKLEL . DKCGOSARL L,
DKGD L ALDRFEHBLRE L TY F Y VB, Fvm RIS L TS
PR LOXA L L-A LA VB E AR T HBRBICHPILDS L b T 5
[69-61], #EFDL-A VA VBRE AR T HRBREIIFRNEHTIZRT
HHEROCT ALY HREF TR EHESATVWS60], Fiz,
CPHAS AT 518 OB b BEIGIIAE <D T EREBATLY
Do —H. ASAIZ—EHIERFEIC LTHbMARBEERAE LTEAL, £
DEISERS & UTTHLROXAD H H LT W5, £ O RIGHERE & LT,
Kwon & (97, 981X A & / — LV HITCASAD B Z DTHL K (ROXAADASAD & K
1AL AF 3 R (ASADC (2) BRsE i) o C (2)-C (3) D BRI L v £ Rk
TB I L ERE LT, |

FZTARETIEHET., KwonbH[97, 98] DEBREMLFMUEA K / —
TASA ZBIEMH I &> CRAL R 2 1250, —BHEMEC L 58k
EFBRDOLORDB R Z A AR OFE T OV TR EIT > Z & e L, T
bbb, —EEIC L B ASADRRL AR T ¥ 5 THL I (ROXADS = B IH
MRZICLDBILICBNTHAERT E20E I IOV THN b ENFIES
VTS Z & & Uik, Bk L7z & 5 ICASADSMARIREE & LC—HY
ICE<HMBINTVSDIIDASA, DKCEZEH L THMT 2K T, L-U %
Y UBBROL-% v n oA ERT DEEOMIC, 0XALL-A LAV
AT D829 D, (Schemel-1ZHR) Z DDASA, DKCAIRHI T H#RKE T
BRI D0KALL-A VA VBRI, A EIOASABRLARY TH D THLR T}
0XAL, —HiIE—&%L, hFbIEFICHEULIEMTHDLID, A4
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J = VHZ B W T Z OTHL R U0XADSDASAZ #8 B L TAERK L TW D G
WDOWTHHR, ZHBHASADC(2)-C(3) B, 3 72 i THL K& UR0XA
DSDASAZ I AR T D TRERIC O R T H & L L, &bHI
Z DTHLRTROXADY . KB HFIZEB W THAERT 20BN OV THA,

Z O FURDNERE ORGSR OAERRICEB WO THEITT 2 REMIC O S REHT
HZEb Ui, £, ZHOTHLR U0XA%R AT 5 R DASAD H B R
EEISICRIT A HE5EEFTMT 272012, ASAD A Z ) — )V ORRILK
JRIZ DWW TASATRTF R, FELRBCARY &L EZ LN DDASADINE, £
LT, THLRUOXADWEEER L, I DOIGRIZOWTLEERIYICH
_HZkE LT,

K2, BOEICEB O TASAOBALEEIZOWTHRE LcEx ORMET
T, ZDOC(2)-C3) ORRFEAERNM, FFIZTHLOWNEZ POICHIDLZ L L
Lice Tbb, $THEOEELRT T, WICBHEE TIEL A LHE
BT LN T WD > T2 IEKR TOASADBLEIGICBE LT, iz A ¥
S =R TORIGIZ OV TASAYIREE . BOGIRE, JaOTHLOIRIZ K iF
TREBIZOWTHREI Lz, 3612, FIEZBOTEBLEENRKE Do
T2 ASAD FREET D BER LA R % ASAD JEMFBERL DB A L LB L, ASADTE
W C DFETE TS HE O &\ ASTHL S B L AL B 0 IR 12 J i BT »
THRNT,

S LIKBEFP ORI T, AX 7 —NVHIZBWTHASADBRLRE
(2%t 5 ARIEE RN SR DS FERE S v TFe () K OCu () O KISE R ~DHE
WOWTHARDZ & L L, T70bbFe(ll) $&RBAMTET. KEK
HR AL ) — NV TOASAOBILEGIZ I3 HTHLE, C(2)-C(3) B
A2 ) O AL Y D W RERE J OV DIERIZ DWW TRET 21T 2 72,
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3.2 FEBMEE T
3.2.1 T Az VERO B EEM LK

ASAD H BYER(LEUS I35 T ED2. 2. 1OASAD H B (L5 Tk~ 7= )5
BRICHE > THT o o0 VTSR R OB 4ol 124 T 58 & AR Cb 5,

3.2.2 T AN UEEORRLAERM D5 - FE

ASABRAL B (200ml) 2 30°C LA T CHUE TIC CIRMEREMHE S, 0. 5mloD
bU AF Y (TMS) LA Z M A THEBEOFEMARICL, GCRD
GC-MSHIWT &AT o To, 7245, TMSALRRIE L LThL, TMSI-H (P —= o
T AR [NV ATFADUTFUMS): b AF AT ans T
(TMCS) : E°) 2 2r=2:1:10] Z V>, 60°CTHAEMB L. TMSILAFT o 7=,
LU, TMSI-HiZLEERAIFER R TMSILIRIEK TH DD THNRF L
ERIRUGE LIS We | KEEEEZ S 72720 B VR U ER O TMSBIZ IEN- R
FI-N-FUAFN YN RNY 7ZtaTE b7 I KMSTFA) 0. 5ml 0
A CEIR T304 W HE LIMS L 24T - 72,

HAI v~ hT57 4 —(GC) DAWHTKDEY T 5,

Gas Chromatographic Condition( 1)

Apparatus :  Shimadzu GC-9A Model Gas Chromatograph
Detector : FID
Column :  OV-1 capillary column
25m x 0.25mmid., df0.3um
Temperature
Column : 150°C (5min)-210°C (15min), (5°C/min)
Injection port : 210°C
Detector i 230C
Carrier Gas : Na2gas
Flow Rate :  0.9ml/min
Splitter : Ratio; 1:50
Sample size : 10pul
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HAD v [T T T 4 BRI (GO-MS) DA 2t % Bl F o574,
E7o, BEIZRG U T, Finnigan(BR) ®OGCQEI AV v~ N /5 7-H&
ISHEE G T,

Experimental Condition of Gas Chromatography-Mass Spectrometry

Gas Chromatography

Apparatus : Hew let Packard 5790 model
Column :  OV-1 capillary column
' 25m x 0.25mmid., df0.3ym
Temperature
- Column : 150°C(5min)-210°C(15min), (5°C/min)
Injection port : 210C
Detector 1 230C
Carrier Gas : Hegas
Flow Rate ¢ 0.9mi/min
Splitter : Ratio; 1:50
Sample size D 10ul

Mass Spectrometry

Apparatus : Japan Electron Optics Laboratory,
JMS-DX300 model Mass Spectrometer
lonization : Electron Impact lonization (El)
Temperature
lon Source : 180°C
Interface : 180°C

R, IR CBROTMSHE BRI EROWEMED S b, b AEEE
DHZHZRDEIIWCER L THI LTz, CC-MSHMWF DMz HNT G B
TH5,

Gas Chromatographic Condition(11)

Column Temperature : 60°C (5min)- 210°C (15min), (5°C_ min)

The other conditions are the same as the Condition( ] ).
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@ o b T, ASA. DASA. DKG, THL, OXA, L-U%Y /J7 hv, L-%
a5 . ALVEVEE, AVFVEBAFNT AT, AL VR
TF LT AT I)LOTMSTHEMAE A 72, DASA[134] R UDKG60] i3 IEIZ
BV, WD L9 ICHRR LT b 0% AT,

Synthesis Procedure of DASA

ASA(6.59)

——Added 200m! of methanol

- Added 12g of activated charcoal (Norit SX plus)

Bubbled oxygen gas at a flow rate of 200mi/min
for 360 min while stirring gently with a magnetic
stirrer

Reaction mixture

—Filtered with a glass filter
—Evaporated at 30°C

Dehydro-L-ascorbic acid (DASA) (syrup)

Synthesis Procedure of Potassium 2,3-diketo-L-gulonate

ASA(9.29)

— Added 50ml of water
— Added 3.7g of KIO3

Colorless solution

Kept at 4°Cfor 15min

—— Added 40ml of 1N KOH solution gradually (final pH 5)
Kept at 4°Cfor 2hours
— Added 800ml of cold ethanol

— Filtered with a glass filter (No.4)

White precipitate
—— Washed with 50ml of ethyl ether
t— Dried in vacuo at 4°C

Potassium 2,3-diketo-L-gulonate (DKG)
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THL, L-UYX Y /77 b, L-%u /o7 b ridENENRL-A
AR L—UFY—RA, L-Fr—RA BB KEMZLI05EHKEL T
Bt L., BRORFBLREL, BHEEE L RE L, ALVEUBITA
LA BRD S AHE (Aldrich  Chem. Co.) & B A 4 A5kt E [Dowex
50W-X8 (100~200mesh) JIC X VM L THRB L7z, AVAVEBRATF LT
AT NVERA LA VBTNV AT VEER UL I LA VA
VEBEEENEFNAL ) —hh BN E ) — L TR E T,
T0CT4057FEM L CTRE L, £ O{bE8WH 5ngll TMSI-HZ
0. 5mlINZ TIMSIL &2 4T - 72 OXAIZ DWW TIXTMSALERIE & L CMSTFA%
VN,

3.2.3 FTeRa7AarrBEROT s ha U BROBICAERM D5y
At - BiE

DASAR UDKGIZ3. 2. 2THB R F B> TRE. LIcb D2 Wi,
DASAIZ DWW TiH50 u ME 721325 u MOIEEE T A & ) — )V E 123K AR
LTHEODED2. 2. 1OASAD BBV SUR D FHECHE > TRILROS 21TV,
AEDI. 2. 2IZFE DO FIECHE - THALERD O 5B - FEZ1T o7
E72, DKGIZ DWW T H50 u MOPRE T A X ) — )V E T idikIZEEfEE L T
DASADIGE & [MFRICER LS Z2 1TV, B LR D5 BE - REEZ1T - T,
BB, DKGIIA VU LAEOE TR LEZLDER NI A L ) — i
BRELIZS WD T, T<AEQY OREOMAKICEREL THLE, A F
J—=VEMZTAE ) —NVIEKRE LTz,

3.2.4 ASADOEGFROHUIE
ASADEFROBEIZB N ED2. 2. 20 FFIEIHE - TIT 277,
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3.2.5 T AN UEROBBLAERYOEE

3.2.5.1 AVvA /)T hroER

THL O & BT ASARR AL SRS K % IRMEREE . TMST-HIZ & 0 TMSEE (o
L.y 3. 2. 200 & (1) IZ X VGCHITF 21TV, GC-MSHHTIZ & U THLD
TMSIEM L [RE S NT-RTT. 80D — 7 A —V HHEIC LV EE L=, 7
. THLOERITMGHBAE LI Wind, ZOSEREETHET Y
Av/)-y-7 7 ki (Aldrich Chem. Co.) % IV NTTMS{L4 % FHML LA Y dh
MEER L., THLOEBZ1T - 77,

3.2.5.2 TVaUBOEE

OXA O 5 f i3 3 00 US4 CRAML G %4F - 7= Rk il & 30°C LT ¢
WUE T I T400f5 IS 18 L. RICRT L 5 ROME&HOW s n< b7
T74—FTci3A A PRI o~ v T T 7 4 —F FAWEHPLCIEIC LD
Tole, 2B, MAETOSPFBBIIEL A LERRNT & EHER LT
5,

Chromatographic Condition

Injection volume ;20 g4 ¢ T T

10 10
Time {min)

£ T
& g &
Packing materials ; Unisil Q NHy g o g <
Column size : 4.6 mm (i.d.)x 150 mm § £ X
Eluent ; CH4CN : 2% H3PO,4=85: 10 ] i |
Apparatus ; Shimadzu LC-10AD i
Detector ; UV spectrophotometric detector |
(Shimadzu SPD-6A) !
UV absorption at 210 nm : ] '
Flow rate ; 0.5 ml/min u _
. II° 1lo

Thme (min)

OXA oxldation products of ASA

High performance liquid chromatograms
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Chromatographic Condition

Column ;  Shim-pack IC-A3 (150 x 4.6 mm i.d.)
Eluent ;  5mM sodium phosphate buffer (pH 6.9)
Apparatus ;  Shimadzu LC-10AD :
Detector ; UV spectrophotometric detector

(Shimadzu SPD-6A)
UV absorption at 210 nm

Flow rate . ;1.0 ml/min
Column temperature ; 35°C
Injector ;  loop (PEEK)
Injection volume ; 20pu £
T
-E

— c

€ =

= N

o ~

& ]

w 5

= g 2 g

« ¥ [+]

g 2

o ‘ <

2 .

) J M

T i T
10 10
Time (min) - Time (min)
OXA oxidation products of ASA

High performance liquid chromatograms
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(DTE) D A & /) —VERIR %0, ImlIAN 2, 2R T 1045 BlE T K5 2470
DASAZASAICZE L S, FUE2. 2. 2. 2T/R L7-HPLCO 453 HF S CASAD
EBZITV, ﬁfﬁliﬁ}ﬁﬁ@ASAi%%L%lb\TDASAﬁ%ﬂ“{&)TC;
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3.3 MEKUCEHE
3.3.1 &BMIEIEFEET TOT AL U EEOBE &Y
3.3.1.1 AZ /=N ROKFIZET DA S ADBRILIIGERY
ASA%Z A F J — )V Ca Bl IETF7E T TRk LTMSI-H%A F VN TTMSHE
BIKIZL, GCHMT LIz A, Fig. 3-URT L9 REREHTZ, REF
REfH] (RT) 530 TOE— 7 [IMSREEZ D b 0% 54 LI HFE IR
THROLNTOTRIGERM TIERNEZEZXOND D, KIGHIEYE T
$ HASART 22.743) O, BARD ©— 27 233 H Bz, ASMIGC-MSHHT
LV GTAA L~ B/ 464 TAT FIVHBICEREEH D b D [135,
136] E—E L TWADT, 2,3,5, 6-tetra~0-trimethylsilyl-L-ascorbic
acid T 5 2 &2 bz, |

(DASA)
(RTiG._QTHl)

(DASA) -

(DASA) (rms.smnln

(RT13.5min) (DASA)
* (RT20.1min)

THL
(RT7.8imin)

0 5 o 15 do
Retention time (min)

Fig. 3-1 Gas chromatogram of TMS derivatives of
ASA oxidation products in MeOH

Reaclion time ; 60min
TMS reagent ; TMSI-H
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ESIZBWTH, ASAOBMLARIZ BV TR bRERE—7 THo7RT

56



16. 9%

0)1:“‘-7 tIbicyclicgfE&ETCQ) DB A X J — VBT L=

DASATIEZR WV EHEE STz, LA LR BDKGIE ST, ASAMLR
WSRO T A < 7T A FIZDKCGESOZTE Y — 7 1 I3BD LR
MoTe, TAVEKEIRS TIIDASAIIE S /KR ENT 7 MBS L

TDKG & 72 % 73,

HEAT LI Wb D L £ bhd,

Relative abundance

R i . .
21528 msomy o
e H g OTMS
oy - H OTMS OCH,
(Mw 422)
DASA+MeOH+3TMS
363-90
6CH -
©H) i i5.44
(COZ)
213 .
+ M*-15
. 38y *
=T
L3 ] 103 257 £13 ) 3 . l”s 107
||"|o' ‘vl [“ U"f J{"‘l NJJ ‘4' "l ]‘ "li |Ll l'llLTurflf |L"|| |l| U ‘n l”l,l Lad} 1"1'
50 100 2350 ° 300 IS0 400 430 300
m/z

AEEREM D L 5 72K FR THEDASAD BDKG~D Kb

—

Fig. 3-2 Mass spectrum of main peak of
TMS derivative of DASA (RT 16.9 min)

HO,W

DASA (Mw 174)

QTQZ’

bicyclic s(ruclure of DASA (Mw 174)

H
TMSO[/,,,,_ 0 (o]
H
: H
OTMS ¢ o
TMSO‘ ofny)
™SOy, O\ 0
H
I H
oms o o
0TMS

DASA+McOH+3TMS (Mw 422)

H
o]
™SO/, o

H H 0
H Y,
OTMS "OTMS

H
TMSO, 0o

H H
H o OTMS

0TMS ”/ G|

DASA+McOH+3TMS (Mw 422)
blcyclic structure

Fig. 3-3 Possible TMS derivatives of DASA
solvated with MeOH
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FOMDAERE LT, RT 785D —27 75, THLORE S OTMSFHE (K &
GCORT & E D~ AANRY MVHEE &L K O SCHRECL# (135, 136, 138] D H D
E—H LT, ZTDE—TDYARRT MVEWET T T AT —Va
®Pig 3-4CRT, ZONFAA LY~ iEn/z  262ENh, ShEY
2,3-di-0-trimethylsilyl-L-threono—1, 4-lactone T 5 & € 7=,
TST A AU D D bu/z 24THEM-15, m/z 1161EM=2TMS, n/z131% ¢
LOLIZ DWW THEFig. 3-4ICRT L 9 ZRECHEL W b0 EEx LR
o BRBEEY—7 Thsdn/z 45,59, 73,75, 147¢1Tmsm%ifcciﬂé‘.§’§@
MSAbic 4@ 3 5 v —2 TH Y [139, 140], MR OZEDT7 F 7 A
FRRBMRKBICELDARLETMS= =T AV ThDd EEX LN S,

(Fig. 3-5&M)

TMSO OTMS
H H

% ( / 58) - -i-'l ---------
m/z
"g * 147 H (o) 0
B Mw 262
< Trimethylsilyl-L-threonolactone
o +
B 189-58 M*+-73 M*-15
R (COOCH2) (TMS) +
& 20 Ei . M+
. 193 44¢ . 247
3;03 SPes || o7 I+ 262
shl L O IR LI
R 2 BT ) 138 E10) 250 300
m/z

Fig. 3-4 Mass spectrum of TMS derivative
of THL (RT 7.8 min)

o o g
S|i—H Sli—-CH3 Sli—CHa
H H CHa
m/z 45 m/z 59 mfz 73
CHs CHy  GHs
0— Sli—CHa CHz;— Si—O— sli—CH3
H CHj

m/z 75 m/z 147

Fig. 3-5 Fragments of TMS
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TMSI-HIZ LLER A EZR R TMSIREE T H H D T, Z DREEE WV TIMS L
RIS #4T 9 & KR TMS = —F MIZ R B I VR & VIR RO LI
SN, A TERMRMEEICT A ENEEL . USERMD S HK
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FO6CT = N/ T AiFig 3-6ICART LY T, RT 20. 553D E—7 43
OXADIE R OTMSL B E DO Y — 7 LEFREANS B L, b1
CC-MSHHTDFER., AR PVHLERKOZENE—B LT, (Fig. 3-7
BIR) DT A AL E—TZIZHTOWRWRE, AT FVITTHEGEE DO b O
[135,136] & —F L. m/z 219iIM-15TH D EHEX LIV, HFENDIL, 2-
di-trimethysilyl-oxalate T&h 5B LHEE ST,

. (l:OOTMS

& COOTMS
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Trimethylsilyl-oxalate

OXA

Relative Abundance _ ~
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29 ] ”s‘s‘f w P "L' 2}9
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l
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|
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Fig. 3-6 Gas chromatogram of TMS derivatives of . trum of TMS derivative of OXA
ASA oxidation products in MeOH Fig. 3-7 Mass spec

Reaction time ; 60min
TMS reagent ; MSTFA
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V& RIRRIZTHL R OXAD A RITER S 4L, T72b b, ZOASADER
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LTWAZ EEMERT LD, £, DASAD A X J — )VERIKDERLI
ISR & /T2, ASADIGE & RRE TH 550 u MDDASAR & ) — VIS
IR DTHLO AR EZ TG R 2 Fig. 3-81Z7R7, DASAH D
THLD A BB IXASAD & DAEREDKILSD1LE R D /NS <, DASAH D
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fi > T Z DOTHL e FOXADSDASA % #E H1 U THARR T 5 FIREME & SE&ITIE R
ETE 720D, ASABRIL G2 TOTHL, OXAD A LIZEF 5 HDASARR H
PR DF G EEMETE LM, hENVEEXLND, Tz, B
DKGE HWT A Z ) =V R UK CORILEIS 2T 72 2 A, THLK
COXADERIIFED b olz, T b OERFEFIIDASALZEH L
WASAFRIEIRBE DIFE A XFF T H b DEEZXHTHA I,

3.3.1.3 AF /) —NHICBITHT AN BB AERY OB
| HIBELR

ASAD AL ) =NV OBILERYE LTRDLNLTEBDOD I, itk
PO ICHLNTEBY, BELLARELSZ W EE X HILHDASA L AHF
TR HNT-C(2) LCQ) DAY TH HTHL L OXAZ OV TER%E
TV, (LFEERVBEREZR <7, Table3-LIZASABRLEIGIZEIT 5
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%t L. THLRE CCOXADAREIXZNENL. 8%, 1.8%Tholc, KUGHEFH
60BNV THIZIERFOFBREL/BE LN, ZTORENDLEY, THLL
OXAIXIFIEHENTAERTH I LRI N, TDOZ &iE, THLAWY
OXAS —EIAAA T & ASA & DG DS L RIERICASADC (2) BRIR{H I %
FEHLTCQ@)-CR)HBADMABERTENT D &I HEERUGHENEZ X
B B Ry B, El. THL. OXADINZIIDASADILERD 1245 1% 7
Lo, 1% L7-ASAD KERSSIIDASAD A R B TR T, THLKR OXAD
IV RIIDASAZE R B U T/ EWH OO, THLE C0XAZR AR $ 5 U
REITASAO BB (LS B W TEBIICHBHE TE RV I L PR
b,

—&- ASA

1 L
0 30 60
Oxidation time (min)

Fig. 3- 8 Yield of THL in the autoxidation of
DASA in MeOH

Data represent means+:SD (n=4) and are expressed as a ratio,
with the initial amounts of ASA or DASA as100% (moles).
ASA, DASA concentration; 50uM
Reaction temperature ; 25C

Table 3-1 Remalning ratio of ASA and yleld of
DASA, THL and OXA in the oxidation of ASA in

MeOH
30 min 60min
Remaining ratio of ASA/ % 74.7+8.1 50.2%+5.5
Yield of DASA/ % 21,027 42.545.6
Yield of THL/ % 1.8+1.0 4.7+£1.7
Yield of OXA/ % 1.8+0.7 3.1+0.8

Values represent the means+ SD (n=4) and are expressed as a
ratio, with the initial amounts of ASA regarded as 100% {males).
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3.3.2 fEAxDEUETTOAVA ) T 7 FrOIR
3.3.2.1 WEOFEEHDOLE

A B )= R OKFICRB W TASAI ZEEMFEIC L - THTHL,
OXA%E, —BHIAMEDBA(97, 98] LEBOERYE 525 Z EHHBDL
N, S SCMOBEERICRT 5 ZOTHLEDEROFEL, Thb
DULBIZ DV THANTZ, BUETHRAIZ L ) ICASAOBMRE S ER LT,
xH )= IS P UEEEOOESTHATE F= R AP TO
ASADBRAL Bt & R~ T, 2 FRYATR P T OASADBRIL U 1 5 THL D
gL AZ ) —LHTOBPF LB LR LEZDOD, Fig. 3-9TH 5,
Bk L=k odie b3, 7 b= Y VR RTZ ) =/ HFICEBNT
t THL O ZE BRI TERR S AT,

7
6 - 1
® 5
F 44
[
3
he)
2 2
>- *
1 *
0 T
Q 30 60
Oxidation time (min)
® ASA inH20
m ASA in MeOH
A ASAin acetonitrile(0.19H20)
& ASAin EtOH

Fig.3-9 Yield of THL In the autoxidation of ASA In
various solvent

*p< 0.05,
significantly different from ASA in MeOH
Data represent means:SD (n=4~6) and are expressed as a ratio,
with the initial amounts of ASA as 100% (moles) .
ASA concentration ; 50uM ASA
Reaction solution ; Hz0, MeOH, acetonitrile (0.1%H20), EtOH
Reaction temperature; 25T
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OXADIEIM3% L, FRETHoT, TOFBENL, =&/ —LHI
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J =V T D IRERD DOCCHHT DR N LT AL ) — VP TROLN
_f:ﬁzﬁi%ﬂ%&:%llwiﬁi%ciffﬁﬂjf‘% oI, S HICKREVDLE
Th b, |
U LEORREELDB L, ASAO BEIBLEUNIZRB W T —EHIERHAIZ

5L & R O £ B C & B THLE S WS BE ORI B 0 722 < AR L
A A ) — LB T 2 0C(2)-C (3) BABLAERM % 4 U 5 KU S ASABRL,
O 5D 2H A3 09% TH D Z LR &, ASAD B EEL G %
fRd D ETRIEROWCEISRE TH DL LB OLND,

Table 3-2 Remalning ratio of ASA and yield of THL and OXA In the
autoxidation of ASA in various solvent

30min 60min
MeOH EtOH acetonitrile  MeOH EtOH acetonitrile

Remaining ratio of ASA 74.7+8.1 679+47 648+%20 50255 53.6+5.1 56.1+14
Yield of THL 1.8+09 0.5+0.1 29+08 47%x17 0.8+£0.1%* 45+11

Yield of OXA 1.8+0.7 25+03* 1.2+06 31+08 29+02 34+1.1

*;p<0.01, **;p<0.05, significantly different from ASA/MeOH

Values represent means + SD (n=4) and are expressed as a ratio, with the initial
amounts of ASA regarded as 100%.

Concentration of ASA ; 50y M

Reaction solution ; McOH, EtOH, acetonitrile(0.1%H,0)

3.3.2.2 T Aa)NEUVBHIBEOR

ASADBRLIREE D 5 b, THLE & ART B KOR S W T S & #H~<5
ToDIZASAWIIRE A 100 u M, 50 uM, 25 uMEZAE X T, ASAD A Z ) —)bf
TOBALEIEZATV, THLOIN R Z E & L U7ofi R 2 Fig. 3-1012R
T, LT T 7B KIGEMEEFOASALO pmoleXd Y TTHLOWNSE % Lk L7
H DT, RG0SV T, 50 u MIZIS T A THLO K E I 100 u M
DFBEDHIL. 6L 720, 25 u MIZDOWTIX100 p MDFE DKI6FEER L
Teo ETo. 25 uMIZDOWTHIGKRHEIZ04 & 6053 DA TR E 221
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Liigrodo, L LN LKIGHK200ml YY) TOMEK LICASAR L

THLAERE & OxEEEZ THD &, HELEZASARITIVWTHOREICLE
W b5 umole T o 72AS, THLAKBIL100 u M, 50 oM, 25 uMIZDW>
TFNEFNO.5Tumole, 0.47umole, 0.86umole® R L 7,
(Fig. 3-1088) 372> H | THLA BRARE ASASABRLARRE I (53D DI 1E, ASA
WITREE25 u MDA D FFH3100 u ME TS0 u MOBE L 0 b R E VBT 2578
Doz, TORKEE, BUETERRZLIICASAD A Z ) —VIEERO
TN ORIAERIT100 p MF UB0 u MIZI W THEF0246nmT3H D . ASAR
FEACIEMREE L LCIEET A B X 6N DD L, 25 u MicRB W T
Z OWINAE K IIH254nmE 72 0 | ASADFRBEBLOFELZ TRR I LFHERT
HolzZ LICEEL TS LD MRS, T7bb, ASADIEARRE
LYY GRFRERL O H AR Z OTHLAERSOEBE Z V0T Wb D L EX LN,

2.5

—— 25uM

2 —-o— 50uM

—&— 100uM

Formation amounts of THL ( zmole)

T
0 30 60
Oxidation time (min)

Data represent means+SD (n=4~5) and are expressed as
formed amounts per 10 umole of ASA (initial amount).

Effect of initial concentration of ASA on the
degradation amounts of ASA and yield of THL

degraded ASA formed THL
(mole) (umole)

25 uM ASA 4.72+0.05 0.861+0.22
50 uM ASA 4.98 £0.05 0.47 £0.17
100 uM ASA 4.61 +£0.12 0.58 £0.32
The reaction was carried out at 25 for 60min. Data
represent means+ SD and are expressed as degraded and
formed amounts per 200ml of reaction mixture.

Fig. 3-10 Yleld of THL In autoxidation of various
concentration of ASA

Reaction solution ; methano!

Reaction temperature ; 25C
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O Fe, THLU RIS 2 W L 72356 IS SOSI 3045 L. 5%, UG K
[f16053 CTiX2. 1% & 720 | BHE OBOELT T OBFEICHE L TRoR0/NEVME
MARLONT-, AEETRD N7, Kvonb [97, 98] D NEEHE
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Flg. 3-11 Effect of temperature on the yield
of THL

Data represent means+SD (n=4) and are expressed as a
ratio, with the initial amounts of ASA as 100%(moles).
ASA concentration; SOuM
Reaction solution ; MeOH

Yield of THL (%)

0 10 20 30 40 50 60
Oxidatlon time (min)

A ASA under light
® ASA in a dark place

Fig.3-12 Effect of light on the yleld of THL

Data represent means+ 50D (n=3~ 4) and are expressed
as a ratio, with the initial amounts of ASA as 100%
(moles).

ASA concentration ; 50uM

Reaction solution ; MeOH
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Fig.3-13 Difference of yleld of THL between
ASA oxidatlon and ASA-Na oxidation

Data represent means +SD (n=3~4) and are expressed as a
ratio, with the initial amounts of ASA regarded as 100% (moles).
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Reaction temperature ; 25C
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Fig. 3-14 Gas chromatograms of TMS derivatives of
ASA oxidation products in MeOH

A; ASA, B ; ASA-Na
Reaction ime ; 60min
TMS reagent; TMSI-H
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Fig. 3-15 Mass spectrum and possible
fragmentatlon of Peak A (RT 10.3min)

BN, KBNS E X TEE 52,3, 4-tri-0-trimethyl-
silyl-1-methyl-L-threonate TH D LHE I N D, A FNL AT I D
DOASABBILE IS H A X ) — LR TIT o T To b ER LI LR SN, €

. WA T H ) — VI T 2 CASA-NaDFRALE & RIERICAT o 7 €
DECHHT DR B A Fig. 3-1610RT, =&/ —NVHOBRILEEICEBNTD
RH )P DIBE b EREICASA-NaDER LR & LT, THL, & —7ZBQRT
11.743) . B—ZCRT 12.45%) O, A % 7 —NROFIE THEHERD bR

71



Mmoo —2 A RT 11,350 BEFi-icg &hiz, ZOE—7AIZ2NT
CO-MSIHiH A FoT- & 2 A, Fig 3-1TIORT K I RKER LR, BFAF
P 7 B TR S, M-150%m/z 365TdHh D EE X D EMTdn/z 380& 7R
D CuOsllssS 1o F D E X bz, 35 B < 2, 3, d-tri-O-trimethyl-
silyl-l-ethyl-L-threonate T 5 EHE I Tz, TDLIITA A )
NMHTAF AT AT AN, =X ) — VP TZTF VT AT BRER LD
Lk . TS & LA v EEO T R T VEITASAD BGOSR T O FUG
P RIARDOEEMEIC LY R Lo b o LR ST,

“Peak C
- (RT12.4min)

Peak A'
(RT11.3min)

\
n

Peak B
(AT11.7min)

THL

(Hﬂ}t{mln)
N
5 Lo 15 %

Retention time (min)

Fig. 3-16 Gas chromatogram of TMS derivatives of
ASA-Na oxidation products in EtOH
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TMS reagent ; TMSI-H
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Fig. 3-19 Mass spectrum of Peak C(RT 12.4 min) and
possible formation mechanism of L-threonic acid

A ; Mass spectrum of Peak C and possible
fragmentation

B ; Possible formation mechanismof L-threonic acid
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Fig. 3-20 Effect of slight amount of water on
the yield of THL

Data represent means+SD (n=4) and expressed as a ratio,
with the initial amounts of ASA regarded as 1 0_0%. (moles)
ASA; 50uM
Reaction temperature ; 25°C
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Table 3-3 Remalning ratio of ASA and yleld of
DASA, THL and OXA

30min 60min
ASA-Na ASA ASA-Na ASA
Remaining ratio of ASA 61.3+6.0** 74.7£8.1 422+51* 50255
Yield of DASA 3824914 21.0x27 4734811 42.5%5.6
Yield of THL 2.0+£03 1.8+09 24+02 47+17
Yield of OXA 3.5+06* 18407 12.7£1.7*** 31+08

*; p<0.05, **; p<0.01, ***; P<0.001,
significantly different from ASA/MeOH

Values represent means = SD (n=4) and arc expressed as a ratio, with
the initial amounts of ASA regarded as 100%.

Concentration of ASA, ASA-Na ; 50uM

Reaction solution ; MeOH
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Fig. 3-21 Effect of heavy metal ions on the
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Data represent means=+SD (n=4) and are expressed
as a ratio, with the initial amounts of ASA ’
regarded as 100%.
ASA; 50uM
Reaction temperature ; 25¢C
F100
< 90 -
)
< AZ n
S *
2 J
® 50 = ﬁl.s
240 514 V
£ 30—‘ W : Control 9 /
20 . >
E L SuMFe( IIl) /
= A : O pMCu( It)
0 T T T T T 1 A 1
0 5 1015 203040 5060
Oxidation time (min) Control 5 uMFe(til) 0.1 uMCu(ll)
' (60min} (15min)  (Smin)
Degradation of ASA Formation of THL

Fig. 3-22 Effect of heavy metal lons on the
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ILFEHFEEZ R WTASALBER ST & ORIGICOWTHRE Lz, &56IZ,
—EHBERNL Z OASAO HEEB{LERICEE LTV O AREEZHA~ D
DI, —BEEBEOEMREV EBRM LN TWDEAE(142, 1431 %2 M
WTASAD BENER(LEUG 21TV, —EIEBHZ L ORDHEE EF— 0%
B THITHLOWNEREZERTLII L, Thbb, —HERED
FMBE VR L U CTIXEK (D:0) 2ROKHF (H:0) TORIGDHEE &
THLO R & g U, —HIEMRFE O KE~D S ORI >N TER
EMZBZEE L, |
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ASAD BENERILRREE & LTI L < BN TV BRI ITASAN & —
BFEBLICL D, MDASAICEM L &S, S HICARBMEIUSICT L VASAL
DASADSAERM T 5D TH D, —F., ASAOKEEH TO H Bk SOm s
BB T BAERTHZ L2, ®EShTEY [101], ZOMISIE4
BEELEFOFEBCEHADLTERIZb D EVbDILTWD, ARIFZ T,
Z ORI T TOASAD BB 50 DAERICHOWTIBRT B &
EBIZ, AX = VHOFERIMCEBWT S0 B ERT 2 1 ENIT OV TH
NRLHZ LW LT, ASMIBRR TR —EBTBILTDH L0 EARTLHE L
HIZMDASAIZ LT 2 £ Z BN TWA 101125, Z OIS HEE OFEMIX
RAZLEBRELBEEINTWS, £IZC, ASAOZERB{ILERH EE XD
FLTUNAMDASA L 0 D AEFRIEIC DN T HEBEA(TH 2 L & L, ULk,
AEECIXASAD HEVER(L SIS ATHL, OXAK UMDASA, 02 DA Fifis
WCOWTHERAT2ZE2BET 5,
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4.2 ZFEBMFLE I

4.2.1 T A2V E RO B BRSO — BRSO 5 O HEME

4.2.1.1 SFRUEEOFESIE
SFHEEOREICIE2. 2. 3R Le o FIEEOHE T I - T

1T-o77,

4.2.1.2 FKREHWET A/ e OB

4.2.1.2.1 TR rgom{tss

ASA% 50 u MO EE CHE/K (D20, Aldrich Chem. Co ) IZIAfEL ., U ED
2.2. 1. LOFEZHE - TASADBRLE S 21T - T2,

4.2.1.2.2 TAaANEUBROBRGEROTCE
ASADOBEBFEROER 2. 2. 2. 1O FEILHE-> TfTo 1,

4.2.1.2.3 AVA/) 57 FUDEE
HKF COASARR LR IGICBIT ATHLO EBITFEIMEDI3. 2. 5. 1O Kk
- T, 1To7,

4.2.2 T ALY LBOBLEIGIC I 50 O £
4.2.2.1 JKIEHEH TOO0 DR HER |

IKIBIE T COASABL G RICBIT 20 OB EDOFEEZFHLEHT
Scarpa b DHHE[L0LTITHEV, 50 uM ASARTUR2X10M CATZ &R T 5
0.07TM Y »BEEFEEHK (pH7. 4) £ 7213 MiKIZ, 1X10°M SODAFET 286
EHFELRWEED4BYICOVWT, TNENBCICBWTEBRIET A%
BR LN G, 300 MBS EITV., BISKE 2 FHR L T265nmT
DWHEDOREI L VASAERFES KO-, RIE, SEHFIIFEITE
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D2.2.1.5L AR TH B,

4.2.2.2 A HZ ) —)VEIRF TO0 DR EER

AL ) = VEIEH T OASABELISRICIIT D50, OREDHFEL D
FHICIE, ASAD A & ) — VEROBALRISRICS ha T —F } Y
U w7 L (NBT, FRa#iZk) 261 u MORE THIA TEBLRIGZ1TV . NBTD
BIGERY CTh 5 7 /—7K/L<H 2 (A max=560nm) DA K& % 560nmiZ 33
T HRAEDREIC L VKD, 0 DAERKEFH~7=[144],

4.2.2.3 WEWE

EHBEDOREILStudent Dt-REIZ L VTV, ARFSWLUTE2HE
&HIE LTz,
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4.3 HRERUOEBZ
4.3.1 TAA)VEVBROBLEISICRT 2 —HEMRR OB G O REME
4.3.1.1 S FHLETEIC K DET

ASAD B BRRAL B O BUSHEEIZ OV TRE L <R D e ICEHFEARE
FIFEIC L AR EIT o7, ASAO BEIERILIG D E D ASA L IR 53 F D
FAEERIC S & BB S THLEE DO O & D Th HMOPACOPM3TEZ FI
CTEEZITo7, ThbbL, ﬁg411m?i9:WMM®%%@®Mm
DRFBFT(C(2))IZ, ASAD T 7 F VBROFEICEER TP OBED
FHEBER S E T o 725810 OV CTHRBERIDASA & R 5 & % super-molecule
& LT » CTIHEHIBHartree-Fock (UHF) £ & i fRHartree—-Fock (RHF) £ C
HE L, 2B, WFXa AV VET L BAYVETENAICED R D FHik
TAMEFZ bORBRLSFOHEICHOLIL, RIFiXa AV VEF L LA
EUEFAR CHECFEET 2L VWOHIBRERL, B FERZLRV
B FOHBEICHV LN TWS[145], BESTFIZOW T —EHIERE
DBEIL e AV ETF L BALVEFOENIE L TRTOEEIC 2D
TOBFLB A2 THDOTII02]RHF T H 23, ZHEEMEOB AT o
AV VEBFDIEINBLALEBFLY 229%L, FDO2O20 a0 AV VET
21 DF 052 DEBEIZA > THNADTIHFCHEAET LORRYTH S,
ASA D FEBERL O 5 i 4% 5 fE (HOMO) 13C Q) IWHFET A Z e E SN T
W5 [94]125, ASADC(2) L EEFR T & DOFEREA2. 5 AICEE L TUHF (=
HIEOREE) THET S L. HOMOIFASADC(2) ICHFET DD L, &%
{RZE8E (LUMO) i3 R D T I HFEET L 2 0RO LNz,  Fig. 4-21
ZDEEDASADC(2) LBEFEST (2 O00BRETOEE) OEKRDE
DB EFR LD T, BESTEIABREILBESY L LBESTF
DRABWNRKE 2D DR L, ASADC(2) DAER T/ E < 22 A8 H
BROI, RLIZASADC(2) DETHEBEFMICBE L TV Z LR E
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1

R= - CHOHCH,OH

o)

Fig. 4-1 Approaching of oxygen molecule
to ASA (anion)

When the oxygen molecule approached the C(2) of

ASA (anion), the optimized structures, net charges and
heat of formation were calculated by using the PM3 in
MOPAC. '

o
~

o
o N
A PR R

o
N
!

|
L]

-0.6

Net atomic charge
o
-9

o
o]
.

]
-

I ! i T 1 T T T LI

01 2 3 456 7 8 %10
Atomic distance* (A)

R C(2) of ASA(anion)
® 02

Fig. 4-2 Net atomic charges in various
distance between the C(2) of ASA (anlon)
and oxygen molecule

* Distance between the C(2) of ASA monoanion
and the reacting oxygen atom of oxygen molecule
Data represent the net atomic charges of the C(2)
of ASA and the oxygen molecule.
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iz, ZDOXDITASADC(2) L BEFE 5 FDOMICIE, M OBTIZHFE
EERBPECDZZ L LN, —HEMBELASAT =4 EDBEITD
WTHRRTH B &, BERITL 42 A TERFE S FIASADC () IZHEET S

£ 51720 . ASADC(2) TOBIEA MM O AR FH LRI b T &

nic, T DASADEEFEFINY OHOMOIEEEFR 43 F 12, LUMOIZASADC (3) 7
ETDHL5kb, 2. Z0 L X DAERBII OV TUHFEE & RAFEE TR
BLUTHKRDPFig. 4-3Th b, TORER. ASADC(2) L BEFE T DRIDEE
BEDFI2A < GUWETIIUNF (ZEHE) OFBERBPELS, BETHD

M. L EICEEE SE A LREF (—&EIE) OFMBEEICRY ., #1.4A

TRREDTVASADC ) ICHKEETH Loz, DFED | ASADFFHER
W _BHEBERA2BOIED L, PORBRRTEDANEHEL N TIIRVN,
HoH—EHEME» O —EEBEOLREEEH R LIk,
ASADFERRT I B ERL T 5 FTREME AR S 7z, ASADFREER & BRsR &
FR+ZICHEN T8, 720 HASADC(2) L ERFES T O D FERED

10ATH DR, ASADFERER L BEFE /5T L Dsuper-moleculeDRHF (— &
H) TOAEMEIL-270. lkcal/mol TH D DX LT, UHF (ZH&EIHH) T
DAERKEBGE-292. 4kcal/mol L 72D, Z OO = R )V¥—EIL,
22.3kcal/mol Tho7c, BELSTFTODAL U REBOLER, 2oL =HIH
220 —EHE~DREICSNE & S D=1V F—323. dkcal/mol TH D &

WhhTE Y [45], Z D22. 3kcal/mol &\ 5 BHEREFUL Z DIEICIEFIZ

HEWE W2 D, 0T, Fig 4-3I0RT L O ICEENBIET DITHEV,
“HEBHE» O —HEBHE~ORRICET 5 =3 X — 3B S HA

ZHY, BESFOZEENO —BE~OREE= A XLV

INRTLRDIbDEEXDLIL, HICH2AUTOHREEE LGS
\Zidsuper-molecule M DEEFII=FIERE L W & —FHERE L L CHFE
TORVBEIVEETHDHEEZLND, Fig. 4-4IXASADIRBER! L BRFE 5y
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Heat of Formation (kcal/mol)
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Atomic Distance (A)

Flg. 4-3 Heat of formation of the super-
molecule of ASA anion with oxygen

-
w

*distance between the C(2) of ASA monoanion and the
one oxygen atom of oxygen molecule. calculated by
M ; UHF-triplet, e ; RHF-singlet

o

o)

HOMO = -4.59 eV LUMO = 3.70 eV

Fig. 4-4 HOMO and LUMO of super-molecule of
ASA (anion) with Oz and C(2) oxygen adduct of
ASA (anion)

A; super-molecule of ASA (anion) with O2
(distance between C(2) of ASA and one
alom of oxygen molecule ; 3A)
B; C(2) oxygen adduct of ASA (anion)
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TFR+SEEN TV BEE, 372 HASADC(2) &R HF DR OEEENS3 A
T DREDOASADRRER! L B /0F & Dsuper-molecule &, ASADC(2) BE
BRI OT =4 BTN TN ORKE S EIE (HOM0) & U KZE#E
(LUMO) DHE 43 FHE & TRV F—fEE & BITR LIS D TH D, ASAZS
FEFR T L BEN TN B HRIL, ASADFEEERI & BSR4+ & Dsuper-molecule
DHOMOIFASADC (2) I K & < - FHLED FTE L TV As, ASADC(2) BR3E
N DHOMO TIE 4y FHLE N~V AF v T =4 v OO & DOBARTIC
BETHEZR8D, CRQIZBIFEAEFEELRZVWI ERBO LN,
F 7o, ASADFRBER L BRFEAYF & Dsuper—molecule OLUMOVIERSR 45 12
BELTRY ., MBRERETFICE LIFEELTWR, ASADC(2) Bkt
M OLIMOTIEHCB)DINEKR =NV RERICRET I LR o7,
Fig. 4-51% LEAASADC (2) BBFEH MM DT =3 L Bl S & AR B
Z., TP EROEMAERT, 20O X5 ICMHEET O & RET
~294kcal/mol CH o 7203, FEMERER! D-269kcal/moLIZ bl L TR & 7E
ThHhdHLEZ LN, EWROBERIIASAOC(2) DETHFIM LT BEES
FRZBEI L, MLEBBESTFHSPRESADEFEFULL I
Y. LDL VAR T =402 DOMEBERFII4SE L CEM T
RIS TNWDZ ERBOH BN,
UEDHBEBRNG, BRSO FNBASAT =4 VLT H & —
BHIEMBNRZB L RTINS R I, T2bb, ASAT =4V
RS FHE S < EASADC(2) & BRESF R CEVICHEER & RIE
TEIERY, BEICIIASAT =4 EBEOMIMBBER S, =
DASADERFEATINIIE = 3L X — B9 b I Z E Th 5 2 & R &
Nic, TNHOFERRIT. ASA\OZHERRFIZL S BEBELIZBWT
b—EHEMBIZLLDGE LEROERDPELDZ L, EHIZASADRR
EMNMERE LI e HESNLIPUCHMEBOFEEIROON DR L,
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BME TR~ EREREI/HT 2D TH D,

Heat of formation -294.7 kcal/mol

Fig. 4-5 Optimized structure and charge distribution of
C(2) oxygen adduct of ASA (anion)

A ; Optimized structure* B ; Charge distribution

*optimized structure was visualized by use of MOLGRAPH developed by
DAIKIN Industries Lid.

Table 4-1 Lifetime of singlet oxygen in various solvent

Solvent Lifetime ( us) Solvent Lifelime (us)
H20 3.3 CD3sCN 600

D20 68.0 CHCI3 60
CHaOH 5~11.4 CDCla 640
CDa0D 224 . CHz2Cl2 105
CHsCOCHa 46.5 CFaCl 1000
CDaCOCDa 690

CHaCN 54.4

(D. Bellus, Adv. Photochem., 11, 105 (1979)1142)
M.A.J Rodgers, J. Am. Chem. Soc., 105, 6201 (1983)13])

4.3.1.2 FEKEROZFERIC L 585 |

EERAE R D DASAD B BRI SUSIZ B\) 5 —HIEAEFE O AL RO W HE
a2 BRETT 272Dz, KPF TOBILKIGZOWTIEEKEZ HW 2 ER Y
Tolc, BB P TCO—HEBREOHFMILTabled-1IIRTED T, K
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(H20) T HEE U C— RIS AR O S — BIEMRFZEOF GBI E N &M
MHNTWA[142,143], UL LR ZFIFEOBEETIL, FTETRS
XD WMBDOEMEIZENHY, TOREBEZ T HEEED H D,
o T, T Z TR CRAEOBRE T b HEAZBIIEE | 0 J R —EHEE
HOFMBRNE WD BEHOEED LT, BEAKRD:0) @R Uiz, T,
it D BEIK B EBLIZ LB U CD003 % Mi Ch D & DHEEH L H D, Tabled-1IZ
RY & DI —EIEEEFE O FM K (H20) FHZ D00 D 5 3 10f51E &
FWD, ZOWE CTOTHLIN % Lk U iR % Fig. 4-61Z7" 9, D20 T
DTHLOURITFIGOREE M L, 5hDfERBTHAVFTEEZELH BN, 72
B, ASAD G EZRIZ DUV TIED0H TOKIG D N5 RRNBPOOKE A
LEMB R OGN, ZD2HO0KMT TCHEEREXRD b2 d o7,
> T, DOFCH—BEEMBEOEMNE VD, —EEMREIC L 55K
R IRERY THHTHLOAR BB Rolo LB I N, Thb
BERBAE R S HASAD HEIEMELIZ BT 5 —BIEME OB 5 O a ik
FEER TRH L2, R Shis,

3.5

w
1

Formation ratio of THL (%)
] 1 ] 1
—

b
@
]

¢ T
H20 D20

Fig. 4-6 Difference of formation amounts of
THL between in H20 and in D20

*; p<0.05,significantly different from ASA in Hz0
Data represent means+ SD(n=6) and are expressed as a ratio
of THL formed, with the initial amounts of ASA as100%
(moles) .

Concentration of ASA; 50uM ASA

Reaction solution;  H20, D20

Reaction temperature ; 25T

Reaction time ; 60min
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4.3.2 T AANEVEBEOBILKISIZEIT 50 DR
4.3.2.1 KEEF TORIE

SODIZR D L H i, A—s3—FF T K (02) %Ti”m: L CH0:0ZE 2 D X
Jis % 4 DR T H B [146],

202 +2H" — H:02402

ASADKHFTOHEBRILKISIZEBWT, B0 FEOFEICHED
SN AN omi%réiﬁ“é:&75‘:02-@%ﬁ&yv«vwf“&)éSOD@ﬁEbﬁ,@é

X DASADBREEDFEVH LT TIIHEINTHS[101], T72bb,
ASA@@{WM@E?&E}Z L7200 D EHIZASA L UG LTV 728, ASAD
SIRBEDSODDIFIET 24586, SODIEFET OHEAITHE L TR 725 &
WO SDTHD, AW TiEScarpab [101] D FEEETFHE LT, B
RUAZER L TRER K OHMAKF TOASAD BB LSS 5
SODDOHFNMRZ T~ Tz, ¥, FORRICITE OB THE72 K 5 IZH0:43
SODDFLER & LCIEAYT 5 2 ERBMESRTOSDT, H0.DHE% B
T AT DIZCAT & SR RICHEI L7z, Fig 4-TICFORERER LN, A
DREEHET, BOMAKPORBERERL WD, BERK T CIE35CTRIG
AT =05, MiAKF TR Lis L 9IRS EE N EF /N0 T
LOCTIT o TR AR LTz, ASAD&BABLIETFET O E@Eﬁﬂ:}imc
BWT, EEKT TIISODDOFE Lf@b\%ﬁ@ﬁﬁ:fﬁﬁ“é (ZHee
L T304 TOASAKRTFRB /NI N N0 1I%DEREBTHEILRD LN
7o FTKFTIL6053 TDASADFRIFERDISODDOILFFIZ L D ERDERE T
FRECHRTLIZLB[OOLNT, 2O DORKERITSODDOFEE LRV
By ASAD 0 ZHELTVWAZEEZRLTVEHEDLEEZ LN, ZOK
IERIZIST B0 DIFEN R XN T,

ZD X DI, KR TOASADFBRLEISIZ T 2 02D A R HEH)
RO LN EVR LY, LI ORIGRICET 5004 % B
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< QOd
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<
5 80-
8
o ith SOD
= 704 —— with SO
= —e— without SOD
£ 60-
T
OT 1 !
0 10 20 30
Oxidation time (min)
100

~— with SOD
80

0
0

—&— without SOD

Remaining ratio of ASA(%)

|
30 60
Oxidation time (min)

Fig.4-7 Effect of SOD on the autoxidation rate
of ASA in aqueous solution

* p<0.001, **; p<0.01
significantly different from without SOD

The reactions were carried out in 0.07M phosphate buffer (pH7.4) (A)
and uitra-refined water (B), containing 50uM ASA and 2X107'M
catalase in the presence of 1X10®M SOD and in the absence of
SOD. Values are maens+SD.(n=4) '
Reaction temperature ; (A) 35C, (B)40 C
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BT DD, LTIl ARD A ¥ ) — NV CORIERIZET 50O H
(CHWTNBTIE (144112 K D EBREZ KA T3, ASAUREDNERE ChH -
Tol=®, 0 DERIIHERT LI ENTEXdhoTz, L L, ASADRE
(Gt &) DE <, - T DAERBELRBWVEHEIND . ASAFIRENR
K%%%i@%@ﬁﬂi%w%ﬁ t&iimwﬁ%mww%%%%w

BRI FRDOpHZ pHI0IZE < LA 220 O 2 & I hE
W CET, ZDO LD ICHKRERRDPUSSHMSET TlL0 DAEKELNBTEE T
ORHBRARLLT T, NBTVEIC & 20 DAEROMERITH LWV EHE ST,
EnIL, AERFHETCTAY Y b7 v 7#AlE LT5, 5-dimethyl-1-
pyrroline-N-oxide (DMPO) % VN TE T A v 3L 1L (ESR) [147]12 &L 5
0 DRI bRAT, LHLERD, TTIREBESRLTHNS[148] L9 ic
ASARE ETFIRD I 5 72 KBHHIBEHE X0 HEERALRH D . KK
SR TAER L0 bFT HASAL RIS LT LE 9 2 BB SN,
RNL Y EFRICESRIC L B 9% 4T o7& 2 A, 0 LDMPODRHIMB D > 7
TSR T 52 B TE Lo,

VL BB~ 72 X5 12 KSR OASAD BRL RS IZ B W T, BT d
D030 DAERNRE I Tz, E72, ASAD B EERLEIC B W TEMED
Sl E@ERDASALBRBE N FLORIGOHENIET 52 BRI,
EHIEDRRET D010 L>TH I HICASAIFERIL EN TV &, ASAD
BALEE~D Z D0 I K AKIED D 2ESIXEHETCE RV LD EE X
bz,

4.3.2.2 RAZ ) —NPTORNG

AZ ) —=)VHITOD0 DEFDFREMIZ DWW T, 10%A %/ — LV KEE
WOBE . KB TORIE & RO . 2. 2. 1O FE) IZHEVSODE
HOTERLILE A, KBEDOEE L FERICSODDOHFELRVEEO
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FBFET DH I U TASADMBESFRICKELLRY, 00 DA
DERBENRTRB INT, SHIAY ) —VBEOEWEAIZOW T
SODDM, ¥ b7 v hcEBRIE[149] A MM K FBERE -NADHIE
[150, 151] 2 ¥ D0 DIMHIEFH WD Z ENTERVWO T, BEDTY
BIETTREZNBTE T [144], 7 T = b v A & 3B 50146, 152] 235
MATEEEZ NS, SEIXREDAFORES ZNBTETEEZHND Z
LT,

NBT[nitro blue tetrazolium chloride ; 2,2’ —-di-p-nitrophenyl-5,5 —
diphenyl-3, 3’ (3, 3’ —~dimethoxy-4, 4’ -diphenylene) —ditetrazolium
chrolide] i34y F B818 0 AKYAMEE (a3 Tk o T25Tnmic P ULHE K % 7%
L[163], 0: R LI Lo TET &N D & 550nmiTiB IR R A & oF
BORBEDFRN~YF o EHERT DN, ZOHRBEFAL T, 0 HEAM
FOBRE R EICb AV S TWA[144], (Fig. 4-8BIB) =72 L.
HO: & b IG L, WHEREE OFFEET Txanthine  oxidaseZp Eflix DEE
ILEBTERL bUSTHANRRRATHD L N TWB[154], 4EIIEE
HERREDHFELRVWEHIRET VR TH DO T, NBTIZ LY ASAER{L
SRR TO0 DREPFETH D EE 2 LI,

Fig. 4-9IZNBT% A & J — )V COASAD AL I AW R %R,
FOGBRIERE, NBTIZ L W B TH - IR AHNI0G R FROILE
B LAY, RUGFFRI3045 K& U'6043 Tid560nmC DK Y E1%0. 04~0. 051
EH L7, NBTOBIERIGIZ DWW TIEBielski b [16111C L o THELL
NHNTEY, Fig. 4-10IZR-T L9 REFTLEBFIERZ IN L RIGRE
BASE 2 TG, T7bh, NBLO DB T4 L8 (NBT2) 25 1 T8
TLS3, NBTZ7 VAV (NBTH - ) AR L, EHIC1IEBEFTOEILINT
R F L MY, E R HF LT DAL MF ) B LT UK
WP OF) BERT D LN bDThH D, MORISHENSTFELRT
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N
/

OO0,
® @
| |
CHj CHa
nitro bluc tetrazorium [NBT] (soluble, yellow)

2C1° 40,°
4H*
ZHCI 40,

SO,

diformazan (insoluble, blue)

Fig. 4- 8 Reaction of NBT with Oy
(RIWEEE [ R— 3= F44A VERFD, WA, p7, (1981)

Absorbance at 560nm
(=]
o
[X]
L

0.01

OL I 1 ¥ 1 i
0 10 20 30 40 50 60
Oxlidation time {min)

Fig. 4-9 Reduction of NBT In the
autoxidation of ASA [n MeOH

Values are means %SD (n=9).
ASA concentration ; 504 M
NBT concentration ; 61 uM
Reaclion solution ; methanol
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4 \N—RZ Ra""'N/ A\Y

R-C I | C-Ry
\N’(%""S—“B_{i‘ﬁn’
ditetrazolivm (NBT?*)
-e +e

N N
# SN—Rz R,—N"\

H|—C\ C'Ri
\‘N—/'N—-Ra—-ﬂa—g§N/
tetrazolinyl \etrazolium
: az
radical (NBTY)
-(e, HY) u + (e, HY
Y
N N
R-¢” TNR RZ—’T/ N
BN /R
NﬂN—Rs—Ha—(g%N
formazan tetrazolium
(MEY)
-e u +e
N
N
4 N—R, R—NTEY
R|—C\ . ,C'R1
N;N—-H;,——H;;-—-N%N’/
formazan tetrazolinyl
(MF - ) radical
-, HY ﬂ + (e, HY)
i
N YN
7 N—Rz g,—NT\
Ry—C, z Ne-n,

\NgN—Hg-—-R;,-—N§N/
diformazan (DF)

Ry = CgHs ; Ry =p-NOCglly ; Ry =m-CH;0CsH,

Fig. 4-10 BReaction mechanism of reduction of NBT

(B.H.I. Bielski, G. G. Shiue, and S. Bajuk, J. Phus. Chem., 84, 830
(1980)1531)

AU, NBTY - (I ARHIL SRS X o TNBT* EMFY 2 T 52 & b b 5,
ME*}dpH5. 7~11. 0D KV HE T F ORI A 1E530nmTdHh b . ki~
Pl KR LICL W EDBH SN > TW5D, 5EO KRG
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XAS ) —VHTIToTNDDOT, RERTR 672560nm T OREAEE
DBERKP RNV OERICE D b OLENEZHR T H720IT, NBT%
STASARR LR IS H% DRSS + TSR A2y M IE LIk 5,
B ONBTD A & ) — VIRIR DS 779 260nmit i DO WRINARE R O, TR~
PUBEMD A E ) — VIR OWNEKR (F520nm) b8 HiL, ASAD A X
J — LV OBRLISRICEIT AR~ OERBER I, &b
NBTDO RSN EFDORZIL LD DRD T, REBRTERLEEEZD
NARNLT YU BREIZ0IC LD S DRONED, NBIAASANHEF &5
T E o P2 ATREHE X 22 D B S SR O W TR LT,

Fig. 4-11IIASABBIL RIS ROMBRE 2 LS E DT, RISRIC
BRTOIBETAOREEEZTZEORAVF L OEKEL KR LIZD
DThHbH, TORER, BEN AOFHEI10m]l/mind>5H200ml /minlZ RE
KRB > TR OAEREIIHEM LTz, £, Fig.4-121%
ASABRILEUS RICE T DASAREAE X ZIBAORNF o EREZ R L
=t DT, ASAIEERNMEVE SR A< OERRITEL 2D, 500uM
DEEDOASAEZ WS, S~V oLt anisrofz, L
DL, BOECTRLELIICKERHEE605ICI W TASAKFRIT
86.09% & 721 . 500 u MMASARA ¥ / — VIBIRIZEB W T HHEMNIZASADER{L
IR 6T, R F U OERDPE R LN > T DITFRFT HASAR
NBT (#9560 u M) 1ot L CHERICEBER /2O AR L7202 BNBT T/ <
ASAL G LT LE D TEHRVWNEEZOND, LLEOFERLY,
AEBRCTHRD ONToHRNF U OAERBIFASAIZ LV EERITINTZH O
TR, ASAD BB LS OB TAER L0 ICEDbDEEXD
DRELTHD L BB, HoTAY /=L HOASAD HBELE
RICBWT B0 NERT B L HEShT,
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Flow rate of oxygen gas (mi/min)
Fig. 4-11 Effect of flow rate of oxygen on the
reduction of NBT In the autoxidatin reaction of
ASA
Data represent means+SD (n=4).
Concetration of ASA; 50uM ASA
Reaction solution ; methanol
Concetration of NBT; 61 uM NBT
Reaction temperature ; 25°C
Reaction time ; 30min
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Fig. 4-12 Effect of ASA concentration on the
reductlon of NBT in ASA autoxidation reaction

Data represent means+SD (n=4),
Concentration of ASA; 10uM, 50uM, 100uM, 500uM
Reaction solution ; methanol
Concentration of NBT; 61 uMNBT
Reaction temperature ; 25°C
Reaction time; 30min
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4.3.2.3 SFREEIC X DRE

4.3.1. 10OFig. 4-4 TR LTz K 51T, ASADC (2) BRI DT = A >
‘@mHMbtﬁiﬁ%@%%@E%@%ﬁﬁwa%\mﬁw&%<ﬁ@
BRIZFRTHTED, ZOMMHH L0 DHRBENFRETH S Z & 2R
% LTU 5, Schemed-1ITASAL AR T BB LIEIBAE LS LB X b
2 ASAOC (2) B3R N O FTHE 72 F & D FEETRIE & Z 2 OMOPACH
PMBIELT & 0 BHE L= AR pRB R R Ui, BN K 0 BUS LRod W ase (7
=F V) LBBESFICOWTHELITo T, ASA (T=4V) TORG
DBEERTEHEEZLNDZANAF T =AVEI(1) ER72Y | ASA

D FEFRRERS O 355 1 XASAD LSRN O JEfRBER (T1) 23 PR & L CAR
T5LEXLLND, BIRLICLD L:%n%h@i}ﬁ?}m’t&/vzﬂ?“/?‘:i
AI73-294. Tkeal/mol T 5 DIZKE L, FEAFEETI25-269. 2kcal/mol & 72
N, "NAXLT =V BOTNEETHDHLEEZ LT, (Schemed-1
BH) =020 DEEHEIUSMC b AR Y FRLAF U7 =F LB
(IDRAF > F7 =4V B(V) BB 2 b, A%y N7 =4 E8(IV) i
Z DAERLEAI-310. 5keal/mol & Z D A SDEDO P TR OEETH o7,

o-H

Byl
(0]
(¢]

(1)
-294.7kcal/mo]

O
o°
0 O/O
H* +H* Rlio
H™ "o
(V)
-HY -310.5kcal/mol
OH /H*
0-0~
R 0
H" "o
R= -CHOHCH,O0H (II)

-269.2kcal/mol

Scheme 4-1 Structures and heat of formations of
some possible reaction products of ASA with oxygen
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RIZ, Schemed-2{ZASADC (2) BARAT N O W RERFE A4 DFEREN D
DO DEEZ R, ASAOBBEMAMY (NAFF T =4 3
(1) B UMDASA®D FEMRBERL (A) D ZF N EI DA EIL-294. Tkeal/mol,
-223. 3kcal/mole & 72 V) | ASADERFEMY (NNA X T =AR)
5 02~ D BB D AT REMEIZ DUV TIIMOPACOPM3EIC L A EIC L Y = R L
F—RIC HASADBEMNMB O T =4 B & D0 OBEEIX AR T8 Tl
BRNEDRERNE LN, T OMDASAD FEFREER I B S ICMFBEL., XV
TRV — WS E 7R fRRER (B)  (ZERKEL 5 -277. Bkeal/mol) & UL THF
ETHIENRMBN TS, ASAOERFEMINDH & D02 O BED s H%
BE LT, ASAOBRFEMMY (St 7 =4 8) (1)»r6ET
02" DFLEE AL & ThH> S ARL L 7-MDASA (A) DSl 2 RE K & . ASADELTE
s (St xoT7T=A 8) (1)206 X bICfFEEL CEBRFEMMS O
XY RN AF DT A CRI(DICEL L T 50 ORBENSE Z 5
BB L 2BV EZSND)S, MDASA (GEAREER!) (A) L ASAEESE {4

(D7 =Arm) () DEFNBRDERBICKERENRNT EHE,
WE ORISR O REMENHER SNz, —F ., ASAOFEMBER OIGA
T2 LB Z LN DASAOBERZE N OIEMBER (D) IZ>WTiE, B R
BV AFX NN T VAN 00H) D CTHEET b0 EEXLN, ZD
Ba. ASADBRFEM MM DO IFRBER () MO LA xR F T =F
A (IV) DAREENT-310. Bkeal /mol & 72 0 | ERFE(FHIN O FEMREER! (1) A 5
ELHE « OOHDM BB L 7-MDASA GEMRRBERL) (A) DARIE-223. 3keal/mol &L Y
MRV BESRETHDZ LD, BMIEOETAX Y T =4 U BLI Ak
LTh 6 - OOHDS GRS 2 BOUSHEEE O FIREME D T D3R N DO TIZAR v
WEINTZ, ZO - O0HEIAREZETHLOTEZITMHMHEL T 122 b
D[102] EE x B, FERANIXASAO FEMFEER © B BB LEUSIZB W T
IREER OBE & FHEIC0 AER T2 b LR S,
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7,
0,7,
) 7 ;06 o, OH
et - -, A
R R *
0 —0 +13.3 :2 1/mol
/ / H o H o i Reatime
(1) (A)
-294.7 keal/mol -223.3 keal/mol
‘ " +H ’ -
9
=0
0 o -13.3 keal/mol
W o H
(m) (B)
-277.5 keal/mol
+H ] -H' 3200 keal/mol
-HY] +H*
eo\\\‘H\ O, 9
0 _0 —’
o ./ G\
R =g + ‘0-0O-H —» 0y
o " o -
H o (B) -2.6 keal/mol 133 keal/mol
(V) -2715 keal/mol
-310.5 keal/mol
JI" +H* '"'1lfﬂ.
\ o OH o, OH
QOH S\ + '0-0-H —~—» 0y
R o —R =20 -H*
" o H o’ -2.6 keal/mol -13.3 keal/mol
(1) (A)
-269.2 keal/mol -223.3 keal/mol

L(z) oxygen adducl] (MDAsSA )

oA {dissociated and
non-dissociated form)

Scheme 4-2 Possible formation mechanism
of O, from C(2) oxygen adduct of ASA

4.3.3 T AN EEO 8BRS

PLE, REIZBW TR L 512, ASAD B BHEMLRISIZ ISV TASAD
—EHEBRIC L ABLROEE L IR O AR DS AR T 5 OB
Wi, MOPACOPM3YEIZ L 5 RIS R CASAICERR /v F N E8aE T 5 L —HIH
MFENEHEZRT LRI L, BEAKEAVEERERLLOZD
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ASAD HEFBL UG~ D —EHEMBFZ OB O FREENRB I, fEo

CTASAL —HIAMR IR & OFUL & RO USRI Z BB LTV O Tk

W bR IR, Tbb, ASAOC(2)BREM MBI A BB L T

C(2)~C(3) PHIZ &8 T H M EIC 5\ CASADBRLA M & L CHER Sh
JoTHL, AVAUVEBOAF LT AT )V, A Vﬂ“/ﬁﬁd)z%;&x%?‘/l«
AVEVER, OXKABERT DD EEZ OGN, EHiIZ, BNEICBW

T ASAD A Y ) = VI TORIGEIE TOLFEEGR O RN HTHL &

OXADMTIEFENTOERT D LR ENTZ, T OFERIZTHL & 0XA%S

ASADC (2) BRR I DC(2)-C(3) MBI Z R CTAEKT 5 &\ ) HEE G
BHEEZ T b0TH D,

T2, ASAD H BB LIS IZ I3 1T 5 0o A iR D B SR B S DU TIXASAD
T=AYPo 1EF. BRESF~ZTET Z L2 K007 & MDASAD A B
THEEZONTETWEN, BETFFEZHEBOFMINETHAIN
T rolz, KRB TIIASAD BBRL S IZ IS8T 50 DRI KEE
BROHRZRLT, AF ) —=NVHIZBWTHHERT LI LN TE T, AU
FICEIVBEONTERROHERBR»O, RO L S 7207 EMDASAD A K
BELIEZEZOND, TRb6, £TASADC2) COMBEMIMHTHLHH
R OAEROAFEIENRR I NTZZ L0 h, T OASAOBRFEF I H &
O~ 23 B U CMDASADSAERR L. & HICARBMLEUEIT K Y DASA & ASAS A X,
TOLDOEHESN, ASADBBENINMH S0 DB BBED FTREMEIC DV
TIIMOPACDPMIIEIZ & 5 B I L VASAOBBEMINM O T =A4 L Hh b
DO D PLFEN TRV X —BYIZHRETH D & OFERBPEFE O, ZOHEKR
SR SR AR TH B,

UbE DD L Schemed-3IZRT L 5 RIEERISHEELE X DILD,
TROL, ASNIZHEERRICLY ML ORI, —EERROLE
& [FAARICASADC (2) IZBEBE AN L 7o RS AERL LT, —EBIXC(2) &

104



C(3) MBHZ L TTHL, OXAZp EMAERL L., filL)5 Z OFELFELTIM D> 50 B3Ik
H S HAMDASADNAERR T2 L WS LD TH D, MDASAD b X RBLERC &
VDASA & ASADSERN T %, ASADBERLDOEIRIZ IV T ZEIABRSE 23 ASAIZ
—ERMELINICEHE T 5 & —HIEMHA LU LI E 2w T D6
PED RSN, TO LI ICZEERHEIC L DASAOBALITFHENCEZ
. ORISR & L TASADC (2) ICBRSEASEIN U 7= i i % 46 C RO
FTHZ L, & 5ICDASAR AR L0 DB %A 5 IS I Ml LT BRI i
MBIV H OO, DASAK REETIZC(2)-C(3) DN Z D H /- e Bk
BENFET S Z EBHD THLMNT S,

R O HO
0
1
T
5 o-OH
OH OH > 9 on
ASA 3q. (1
02(°02) C(2) oxygen adduct
of ASA
HO OH
05 0
[monodehydro-ASA | 0
THL etc.
disproportionation +
COOH

R O COOH

H)qc OXA

] C(2)-C(3)bond
o o fission products
DASA -

Scheme 4-3 Possible reaction mechanism of
autoxidation of ASA

R=-CH(OH)CH,0H
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FHIUEDI. 3. 2. 4TI G N T-ASAD FEMRBETY & fRRER CRELAE A D
RE—CECBE CEBIZOWCERT 5, Tabb, ASADIEM
BERL Cid, THL & OXADS R BRLA KM Th o 7= DIkt L. ASAD R
BT, XA DOCADAEHE LTTHLE Y b, AL A VEBEO A F LT
ATN (FToF=F Lz ZAT)) ROA LAV BEOAERBENE - T-,
CINOAERMOREREVETILIET 7 FrBE OB, A LFUBO
AFINVIZAT N (FFEmF L ZAT)) BRONA LA VBRIZER 0SS
HLTWDZEThHD, ZOWEDENL, ASADERFERINGH & D KIS
B DB EHE L CODNENTRR ST B0 EELLN
7o Scheme4-4iZSchemed—1"Crk L7z 4 M DASADC (2) BRI O W RE 72
TFETCRE D Z AL E L OHOMO & LIMO % 7R d, A X7 =4 B(1), %

-11.09eV 0.46eV

R= -CHOHCH,0H

Scheme 4-4 HOMO and LUMO of possible structures
of C(2) oxygen adduct of ASA
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¥V RANFX VT =4 (D 2DV THELIMOIZ W 7L HASAD
C(3)IZRTEL ., HOMOIZE N EILMFRE L TV ABMBRFICHFELTVD
:ﬂmﬁt\#%%@(ﬂ)@mmmﬂwkaw@ww$:wg@&$
JFEAIZ, LUMOIZCR) D AN R =V EIZHFEE L T, £/, X% KT
= B (IV) IZ8 W CTIEHOMOIEC (2) DK EE B D fRHE U o BR % I+ 12
LUMOIZC (3) D ANV R = VERICBEL Tz, 8- T, ~AAF T =4
YEI(D), xRV PN AF VT =4 B 220 TR, C(2) D3
VA% T FEDOHOMOAASADC (3) DLUMO & Ui LT, VA Xt & U ALEW
AERTAAREMESE O EHE SR, Lr L s, MR (1)
RAXY F7 =24 AV IOV TIEZED X ) ZRAlREEEVW LD L&
2D, TOXDRASADC(2) BRI DMEREREBOBE N LD Y
ARt F OHEOERD LT S & SHE X T, ASAOFEARAER & fRAER
TOBILERY DTN OAERREE %R LD HSchemed-5ThH 5,
ASA DR FAT MM 5 FEAFBETL (1) DB B ITZASADMEH D C (6) D AKEREE 2
CRDIANKoNEEFIE LTI FZ— a2 AL, bicyclic/eigig
(3) & L VT NDS, ASADBRFE AT A RBEDRL (2) DB BT~ I T ¥ —
WEEE LIS WO TRV EHE SN, o T, FEMREER (1) @
AICIIHRD A L F VB R OFE DT AT VTR LICL <, BRERN
MDC(2)-C3) DEAHDIER, IFLAENTHLLEOXAILR DB D EEZ D
Nic, Zhicxt U, fEEER (2) Tit, bicyclic2fE&RiEEs* Lo T
IRWASADERFT N (2) B A X & LA (4) 3 5\ iXC(3) DkFn
ERETC(2)-C) DBHD LB X - HEE Th DdicarboxyUb &Y
G)BAEMINDbDEEZ LN, ZOVFTXEZ HEEZEHT L1
B8 (4) 138 U7 £ O I IEAREER (1) Tid % OHOMO K ULUMOA &5 2. T
AR LIZS WA, BB (2), T 2bbR_AVvFF T =48
(I) (Scheme4-4ZHR) TiX. C(2) DA T FEDHOMOAASADC (3) D
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HO,

[o) R
,H
H
o) 0 4

)
OCH4 OH °
876 OH HO” oy oy © {OC2Hg)
A

H,0 FAN o /\A % OH"
o] oH" o]

HO, R o.
° )
H
'~ oH
l/ o O
o OH Ho"o o ©OH OCH4

Q (¢}

5 (OCaHg)
1{20 o) H0
OH - l H,0 0 2
coon i ﬂ
H—C—OH _  COOH | (002'35)
coon | ] H—C—0H COOH
HO—C—H ] + |
COOH
| HO—C—H COOH
L-Thrconolnctonc Oxalic acid CH;0H i
CH,0H

Threonic acid . Oxalic acid

Methyl threonate

G(Z)-C(J) fission prochu:ts)(Ethyl threonate)

Oxalic acld

R=CH(OH)CH,OH

Scheme 4-5 Possible oxidation pathway of ASA (non-
dissociated form) and ASA (anion) in solution
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LUMO & B U C AR T 2 AreetE 23 < . MOPACOPM3IE COFERER D 6
LR B ENAIRIERE THD, ZOVTX X U BERETHILED
(4) 17D E HITIRE 2l LD ILEW (C2{LEW) T2 HOoXAL | RFE
A DNEY (CULED) R LIZBEOCMEEMPR A LA VBB TH D,
AVAVBRDOAF VATV (KloiZ=F e AT V) b RERIC
bicyclic/piiE % & - TV R WASADERFE N (2) DC(3) BSIEBEEFI.
C2Q)-CR)PERAPEIVSELI-bDEEZ OGN, 3blL, BE
TR ATz K 52 Z DC(2)—C(3) BHEAE R DI RITASAD FRER T3 R
B OB UL TRV Z 85380 b,

LU, WTHNDFA HASADC (2) BRFAH M % #&h L TC(2)-C(3) »
PARDBEZ Y, CHLEDMECHMEAMITHIEL TV & W) B Ciidk@ L
THEY ., Schemed-3 TR L 7= E SUSHE IXASAD VA T OHFIEIRRRIC
BEhoT, EOIBEEORERSICHLEDLLT, AT DL
gxniz,
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BVE 7 AanE EREEGEYOHBRBRILEUSEREIC OV T
5.1 H®

BIVEE TIZASAD HEERL UG HERE & LT, ASADC (2) BRF#{T I &
BHET ARG AR LT, T OB TIX, ASADC(2) i
EAEM D> b —HRIXC(2) -C (3) KFEFES DBARIZ & ¥ THLROXASE 3 A AL
L. /b Z oC(2) BRRAMPDs 6 0.0 iR & 512, MDASADS AR
H5ENIBDTHD, KETIE, ZORIGHEEDPASAD 7254, ASAR
HEALAY O BEERRILISIZ BT H D SEHE L AT DOV TH L)
a2 e LT,

ASABHE LA & L Cik., £ PASAD 5L DRFBEDOMAKEEN RS T
Ew—THAHD-A VY TAANVEBO-TFRT Aa)NVE B, TRb
bLx ) YL ER(ERA) 2B N (Fig. 5-1818) . ASADORISH O SLIAELE O
BV BB LSRR IZ & D K 9 g% KT IOV TR 21T
5T & & LT, KRIT, ASADILFRRMEE @ 9 © TASAD BB LEUSIC
Bt BB OV OIEZ DETHERETH B, T OBTFHEMICR b B
ET5EnEEchr VA=A (COH)=C(OH)-) IZEFHBTHZ
Ll Llc, ASAI= v D —NEIZEI BN = VER T EON
-C0-C(OH)=C(OH) - &\ H B REH L TEY . ZOWMSHEELRRET S
Y I BRI P CH BT A R T 72, aci-reductone & FREAL TV
A17], AETIE., HEbHEMZcaci-reductone Tdh 52, 3-dihyroxy—2-

- propenal, TRbH N A —ALZ 7 F(TR) ZASABELEH DO L
DL LT EiFAsZ b LT, (Fig. 5-1Z28)

ZDERALTRICD X, ASADGEE & RIRIC BBBRLEUG 21TV, £ D4
RBRAZME L. FOBLAERMIZOWT, GC. GC-MS, HPLCZR & D 4#T
ICERRHEEZRCCHORE - RIEE2RADZ & E L, RIZ, ASADRE
& FRIZE OB USIBRRIZB W T BAER L THE 0 E 9 2D T
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bWNDZ L L LT, 61T, TORISHEHEIZ OV TEHELWEREZEGS
=012, BHEALER) 1 (MOPACDOPM3EE) % W TR T & OEUSIZD
WTRRET 21TV, ASADSE & R — BIANE 7 O B BB~ B
5 ORREESS, BEFEIMB O AR OFREMEIC DWW THRE 2 L & L,
F 72, ASADFR{L G DHEITIZ AT 3 ASAD ER 548 OBz DT
D72, ERA, TRICOWTASAD A & ik L CEHELENTIL
(MOPACOPM3TE) L BRALFEMFREDOOEDTHEIYA 7V vy IRV E
A R Y —(CV) # VTR E21T o 77,

Wi

RN

0=(i2—l O=CI:—|
HO—C aci-reductone 4 HO—C

H
il o Il o !
HO_?_—J structure HO_?J o_(i;
H—C H—C HO—t
H—C—OH HO—G—H HO—¢
CH,OH CH,OH H
D-arabo-ascorbic acid L-ascorbic acid triose reductone
(= erythorbic acid) (ASA) (TR)
(ERA)

Fig. 5-1 Structure of ERA and TR
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5.2 ZEBRMELFIE

5.2.1 U JNEVER, MUA—ALET ~ro BB {LEIE
ERAVIFNJEHMIZE (BR) Blod, =V v )L € R DNah (ERA-Na) i3 B Ak

T3 R MoK EREE2BHES L AW, TRiZvon Eulerb D5k

[(155JICE > TIRD L H T nva—AhbE/MLIbDZ AW, €D

ORI TR O FEAIE L O EHA WV,

Synthesis Procedure of Triose Reductone (TR)

Glucose (230g)

Dissolved in distilled water (2000ml) and heated at 87~89°C

| Added lead acetate (126g) dissolved in hot water(150ml)
| Added 17.2M NaOH solution (110ml) with cooling

——— Added acetic acid (70ml) with cooling

Centrifuged and filtered with a glass filter (No.4)
Precipitate (lead salt of Triose reductone)

Washed with water and acetone

Sucked dry for 2 hours

Suspended in acetone(500ml) and added activated charcoal

—— Added conc. H2504 (16ml) gradually with cooling

Stirred for 1 hour

— Filtered with a glass filter (No.4)
Filtrate

Concentrated

Crude crystals

Added hot acetone and recrystallized
Colorless crystals (Triose reductone)

5.0.1.1 A% )L, BEBKTCOLY YAELER. kY A2
LAY R D B B
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MEEZBEBXLZHEEOAY ) — )V TOERA, TRO BEHER{L R IEE
TFED2. 2. 1OASAD B BER LG TR~ FIEILHE - TIT o 72,

5.2.1.2 x4 DOEWKYP, BHRFBFBKTFTTCO I A—AVE T FDH
BhEe b S
TR%Z 15 u MOYREE THIK, FHEBEWSK (pH2), A& /) —N, TR bF=F
VWi Enmig L, 25°C, 30°C, 40°CTERBE N A B YT Icmt
FO&EAT o7z,

5.2.2 TYYAEUEE, MA—ALEY N OBIEROBIE
5.2.2.1 AF J—EKRHTOTY YIVE UBBEROEER

BUED2.2.2.20 A% ) —VERTF ) —LERKHE COASATEFRD
71 AV 2 HPLCHE IS & W ERAD B %45 > 7. 7245, ERAORTIIS. 355
ThHoi,

5.2.2.2 FEADEEFPTO RN A—AVLF I b DERFEDE
beﬁfFﬁaan%WﬁwouMﬁéu\iquf%D AH ) —

W&@T®%%%&W@ﬁiﬂ%ﬂﬂ%@ B LT D B
RRITHoM, ZO275mmil BT HRIEEFFEIETRNZLS>2, 7
N =)L P~DEEFEIT ABRUIC LD £ L 5205nmil i@ DRI E— 7 D
BEZIT RV ERRO LN, £ THIK, FIEBIARK (pH2),
S, T RE U AOEERESICH T DTROBAFES B 1 E0
2.2.2. ITTRHRANTZUVIEIC K 0 | &R ORIERE RIS BT 2 RoLE
EHIE L TROTZ, 7ok, flik, mEBRERK QH2), A¥/—0N, TE
= b U TOTROWNABEKITZE N EI, 290nm, 265nm, 275nm,
263nmTh o 1o,

113



5.2.2.3 T Y YILAEVBEORRN A —X LA T N oOBEFEROEHFE
ERARCOMROBEFEROBEH FEIZETDFED2. 2. 2. SOASAERTFEOR
FIEHE > TIT o T2,

5,23 VAT Vv I ARNVEZ LAY —

ASA, ERA, TRZZ N FN3IaMDOEE TO. IMVU v BEEEHEK
(NaH2P04—Na2HPOa, pH7). 0. IMV > ERAREIK (pH2) . 0. IMBHEFEERT Y
U AKIAHR, 0. IMBHEFREE T b T A XA H ) — VIERIRICE 2 B LT
BtE Uiz, BASIOOB= L 7 huar I ANT F A4V —2HWTHEZ
iIToTe, BRALFERNMIVC-3RNVZ 4 U —Rerit A, (FHEMR
LTI Ty ==K BEEBGm i.d)%, Ay Z—&ERE L
TS FFF+ U A ¥ —BH (5en) &, BB L U CRAKRIRS T8
/HEALER (FaFnNacl¥AWK) KRS HER % . WL TITER/ A A (0. IM
BRFEBT NT T FAT R AT b= FUAVEIR) FEKEER
ZREBEETNEHLHWL, CVOERE (AA—7) HEIZX250mV TIT-
oo 77 v r—H—REBIIREFNIZBAS PK-2ENLVEX Y DT
NVITRFEARy S CTHEBERT VI T EBWTHE Lz, £, A
BT ERNZ 10 R ER T A 2B LT,

5.2.4 VU VILEUER, F)ﬁmzva&%/@&M$m%@ TR - [FIE
5.2.4.1 U YLV VBROBLAERY O BE - [FE
ERABRAL.AE it 0 4y B - RIE IS I EE3. 2. 2DASARR{L A B D 57 B -
[FIRE D FFIENHE - CTIMSTEEAIZ L, GCCRUGC-MSIZ L DT T,

5.2.4.2 MUA—ALE T N OBLARD DOSEE « BE
TRD A & ) — ) COELURIR (200ml) % 30°C LA T CE T50f% 1
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TRAE L. LT DGR CHPLCIZ L Y 98 21T - 1,
Chromatographic Condition

(condition of separation )
Column ;  Shim-pack SCR-102H ( 300 x 8 mm id) x 2

Guard column guard column for SCR-102H (50 x 6 mm i.d.)

b
Eluent ;  2mM p-toluenesulfonic acid
“Apparatus ;  Shimadzu LC-10AD
Flow rate ; 0.8ml/min
(detection)
Reaction mixture ; 2mM p-toluenesulfonic acid
8mM Bis-Tris
0.1mM EDTA
Flow rate ; 0.8ml/min
Detector ;  Conductometric detector

‘ (Shimadzu CDD-6A)

S HIZ, FIMES. 2. 20ASABRILAERY D S5BE - BEDHFIECHEST
MSTFAZ FH W CER LA R & TMS 5 S {k 12 L. GCATUGC-MSIZ L D55
1T-o7-,

5.2.5 T U VY UEERR{LAERD D E

| :uxu/ﬁﬁrw%mu@ﬁ%ﬁ%mﬁazawwmwﬁ%%kﬁ
RIZIT o 7o, 728, ERLORTIES. 65 Tholz, OXADEEIZF M=
3.2.5. 2000XAD Bk & FUEITTF - 7. DERADEBITBINES. 2.5. 30
DASAD FE &k & RIFRIZIT o 77,

5.2.6 U YVIWEVER, MNIA—ALHFT N DAZ ) —)LVBETOE
| (BRI 354F 5 0 DR HH 328

ERA, TRD A ¥ /) =N TOBLEIC IR 20 DAERIZ DN T, 5
IVE4.2.2. 20 A % ) — )VERIE S TOO0r DR HERD FEITHE > TNBT%
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FUE2 1. 3OFHEBEHE L EEIITo T,

5.2.8 FRIEVE

EBEDBEZTEZDOBREIZIStudent® t - BEIZ L VITV, ERFSULLT %
FEELHE L,
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5.3 ®WREOCEE
5.3.1 T U VLY B BEEBERLRG
5.3.1.1 = U ¥ UBoipbrsiRER

ERAD A % /) — NV TOHBBILRIGE 21T 2 12388 DERAKRFR %
ASADIGE & Wl LT, Fig. 5-21C/7" 7, ERADFRTFRIIISIEF304 T
77. 8%, 6043 7T45.9% & 720 . ASADFEDOZFNFNT4. %, 50. 2% 12 Lbig
LCIRIERIBE DRFEREL R Lic, KEHE T TIE—MHEIIZERAIZASAIZ
BLTREETHD EHMEINTEY[29], ZHEE—MEEEEOE N
BEODHBHDOOEDTHDHEEZLNT VD, TROL, ASADE—F
BEEHILX18CIZEBNT8. 30X 10°Th H DK L, ERADFAILL. 10X
10L&, ERADFBRRRENVE—MBBEERL AT HEHESINTND
[156],

ASA L ERADBALESIZ OW T E HIZEHR A B S 7o Dic, EXRILFES
FHEDOEDTHEY AL U v 7 BAE YA kY —(CV) I L DI &
MOPACOPM3IEIZ L AR HE A A 72, Fig. 5-3ICASALERADH A 7 Y v 7
RNVEET T AO—FlERT, ZIEpHTD U EEREIR T CORERER
T, BALEET b b7 /) — FOE— 27 OB BB S, ASAIXEBTO
BRALFER RSB W TIHFRERN TH S Z L BB LT, i,
T CICHE STV KRR TOASADBRAL SR 72 25BN B 5 55 5
[157-160] &£ b—FK T2 LD TH D, ZD & 5 ICIEF WA eE 2 R4HH
&L TiL, ASAD D 2 BT B SV TAR L72DASADC(2) KTRC(3) DA
VIR ZVEDRIEFITKFI 9 < [101]. Z OKFBSEE D FEF IS
RN THDLDIR L, ZERATAD GBI FENCTEM R IEAK T
SNOBATIIHBPEN=O, #ENEEZLRNEDEZEZL LTS
[161, 162], ERAICOW T HASAL BAOBERBIBDH LI, Z ik
Theanacho & [163] ¥ & H—FK L7z, T D K 9 72ASAKR VERADBRILF
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Flg. 5-2 Degradation ratio of ERA and
ASA in MeOH

Data represent means1-SD{n=5) and expressed as a ratio,
with the initial amounts of ERA or ASA regarded as100%.

ERA or ASA conceniration : 50 u M
Reaction solution :MeOH

Reaction temperature : 25C

1 —r—r——r—‘r—l
05 -1.600
E (vOLT)
20uA ASA
L1
0.5 -1.000

E {(vOLT)

Fig. 5-3 Cyclic voltammograms of ERA and ASA in
aqueous solution

[Condition of CV]
Working clectrode; glassy carbon
Refcrcnf:c electrode ; Ag/AgCl (saturated NaCl)
Supporting electrolyte; 0.1M phosphate buffer(pH7)
Scan rate; 250mV/sec
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BV IR WA 7 28 B A pH A AL SE TG A0, A X ) —, =8 ) =),
T b= U0 1%KER) 72 EOFEBRBERIZEBNTHER ST,
ZHE T, ABRIBER TOASADBRALFER R IOV IR S
TETEBLT, AF =N EIZBWTHKERY & EIROERILFER
IREEE AR LT 2 & iR, Table5-1ICASAK URERAD &I H Tl
ELZCVOT ) — KO E— 2 BEAL &L MOPACOPM3TE CEHA L 72ASA, ERA%
N F N O FRBER K O FEARBER DHOMO D = R )L F— L~ L kR LT, $£7,
ASADKIER P CHOT /— FOY— 7 BALIEpHT, pH3. 3, pH2 TH - ik
MOKFREREBELEEL LT, £ EN297.3nV, 470. 3mV,
509. 4mV & 72 o7z, Z ORFDASARRE T OSBRI O WA K i pHT,
pH3. 3, pH2 TEFNZFN265nm, 246nm, 245nm& 720, 1E & A CHERERLC
HDHEEX LN DN O BIMBRN L FET D LEX LN DHpH2IT
i U CHEVMEZ R L, pHTDBE (TR0 LR O RBLE e
TNEWIRERELFE LD o7z, ZDOREOHOMOD T RVF— b
LI TIBEIETHRA L) RO LT AEL . BFEEHX0T WV,
TROLBILINRTVWHEZREL L TEBY, ZOCVTORBRLE L
L7z, ERAD KBTI T CTOCVORER BLASADE A & RERKIZ, pHBEWIZ E

T )= BOE— 7 BRIAMEL 20 BE SR T L AURIR L, HOMO

Table 5-1 Anodic peak potential by cyclic voitammerty
and energy levels of HOMO by MOPAC of ASA and ERA

Anodic peak potential Energy level of HOMO
ASA ERA ASA  ERA
(mV vs. Ag/AgCh* V)
0.1M phosphate buffer (pH7) 297.3 & 85 375.2+12.8 dissociated -3.82 -4.06
0.1M NaClO4 (pH3.3) 470.3+155 490.8+14.0

0.1M phosphate buffer (pH2) 509.4 £45.7 623.7+ 9.7 non-dissociated -9.57 -9.61

(mV vs. Ag/Ag+)*
0.1M NaClO4 in MeOH 610.1+ 93 64831134

Means +SD (n=6)
* Reference electrode
aqueous solution ; Ag/AgCl (saturated NaCl)
non-aqueous solution ; Ag/Ag*(TBAP/acetonitrile)
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ZDREDAZ 7 — VB TIIASALERA G IEMRBERL 2 L > TV B LB 2
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LU, ASALERADER LD LT S i3pHRFT Hbam e Kz k-
THEBERIT DD LSS TR [20,164], RISEMICEY, =
D2ODILEMDOREMRIIIENPELD O LRS-, Y=
TIIAREREFHE LY LIEEE (1. TuM) OERARTASAR Z /) —)VIRIK %
AWTEBRZLZEXE TS ZIT 27256, ERAL U HASAD T3 5%
FRNREPOT2E VI FEREZBTNH165], RULAZ ) —AEIKDT
DEIETHBHH, HEBERILS I 1T DASA L ERA L DBEIFRDEN /PN S
IR 7eDIZiE, ASARUERADFIIRE L ISP DBRFRRENBEE LT
D2bDEEXLND, T DEBRSEMHDOASAK FERAOHIRE, 50 u MTIE,
FHINETEANIZL SICE DENBRINART LW LT, 201
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LA L 5T BEELLNBDICH L, LTuME VI
A R TR ORI RIIEEEMCT 7 N LTH270nmiZ
BT D, ASARUERAD IR COFEREBNE L, REER O
FlEanmE RolobD R E N, 20X REFERBOENL, B
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EFOBRZIFIETH DO TILAEMOBILRIG BT 5 LTV EHD
EBEPDICRREE, BA—ORIEEIELREN, 02 EBAED
HEMRRALEE DEAFER LCVHIEDRKER E DEVO—RERS>TNDLHD
22h LALRRVY,

5.3.1.2 T U YILE UEROBLEIGERY

ERAZ A &/ — /1 To055 RIBRILSUGR 24TV, TMSI-HZ AV TIMSHH &
BIZ U CGCA T LTk R L . ERA-Na%k A &/ — (0. 1%KEH) FT
30 MBRL G 4TV, UK TMSEFEAEIC L T6CHT LR %
Fig. 5-4127R7,

F9. ERAIZOW T, RT 22. 79D — 7 1 ZGC-MSHOHT DFER LV &
FALLE =7 /2 464ZEN, ASADTMSTEER D~ 2 AT F L
[135,136] & —E L7z L bRFIGDERATH B EE X bz, Bk
RN DWW T, R b AERO RSB VS O X (LEIERA (DERA) TH
L0, FBIME TR LUZDASADTMSHE A D ' — 2 D H HDASAD H VR =
NVEED LA AL ) — NV TEEER L7z b 0 (DASA (MeOH) +3TMS) &< 2 A
R MR —FLIZONRT 16.655D—7 ThbH, - TIDOE—7
ILDASADIZA & lﬂ%&:DERA (MeOH) +3TMS TH % L HE STz, TOMMD
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Fig. 5-4 Gas chromatogram of TMS derivatives of
ERA oxidation products and ERA-Na oxidation
products in MeOH

TMS rcagent ; TMSI-H

A : ERA oxidation products in McOH
Reaction time ; 60min

B : ERA-Na oxidation products in McOH
Reaction time ; 30min

bdholed, TAAXRT MUKRELRY | BEICIRELRML o7, RT
8.6 D =7 3ERKD)- =Y Au J-y-F 7 b ERTHR—F L,
GC-MSHFHTIZBWT, BFA A —27 Pu/z 262ICHNI, FDOFRA
A7 FVPRICHEREEHE (138 Db D E—F Lz Z Enb, =Y AR /-y~
72 b (ERL) OTIMSHHERTH S EFE L7z, 728, ERLIITHLO LA R
HETHY, EDOv AR MUVLTHLOBE L —FK Uiz, KiZ, RT
9. 957D —27i%, GC-MSHHTDFER., w/z 35LIM-15TH D EEZ B,
BIMBECTRHRLEZAVAVEBAF LT AT LOINSHEEED D & —B L,
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HEMEPERATH D Z L 2BRICANDG ) A0 VAT NV AT
NDTMSTE A T B L HEE STz, RT 10, 8430 B — 2 1XGC-MSS4T D
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THDHEWMEESNTZ, B, ZOFAARYT MU A LA B8R (3TMS) &
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409 IM-156TH D EEZ LR, TEDOTAARLT ML G TFEA24DASAD
BAOY—27C, T7bbA LA VERUAIMS) E—&K L2 &b, =
A0 R ATMS) Th 5 LR ST,

ERA-NalZ 2\ T%, ERADIEA & [F#kIZ, DERA, ERL, — VU 21 R,
YA VBOAFNANZ AT VOERPER SN, £, ¥ A ua=
NS LEDEE—IDEmEERTHBE, YAy, =Y Ay
B AF LT AT NDEREPERADE S & il LT Khk& <, ASA,
ASA-NaD 356 & DFEUMENR O b, X

WIZ, ASADGE L EHRIC, ERLELS DL 5 O E2DC(2)-C(3) IR
AT D & HEE SN D 0XADERADBRL RIS IZ BT B A O FAIREHE I
DWTHARE I, & LIZRARTMSRIE TH HMSTFAZ W TG R
9043 DK TMSFEEMARIZ U, GCOEITo R %Fig. 5-510R T,
ZTOREFR, RT 16. 75D — 7 BOXADIES, ERTA—FK L, v AARY
P OWTHES R OCEREH O L D [135,136] & —FH L7D T,
OXADTMSTHEAR TH B L RIEI N, 2B, ZORTHENMETRLLE
OXADRT LV b °R/NSVDORABETIHELEOCHS LY LA
26mD A T L NI HTH D,
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Fig. 5-5 Gas chromatogram of TMS denvatlves of
ERA oxidation products in MeOH

Reaction time ; 90min
TMS rcagent ; MSTFA

ZDEDIZERAD A Z ) —/HIZRIT D BIL S BT HDERAD AL,
ERL, = Ao @, = U A UyBOXAF LT AT )L, 0XAE W Tz
ASADGE L AR DSOS B HED DAL, ERADFAEIZHERADC(2) D
FRsE TN % #& L TC(2)~C(3) DB HEITT B & v ) BRL USRI
DIFFEN R STz, |

5.3.1.3 = U YNLEVBROBILKGIZEIT 2{LEER

ERAD A Z ) — VI EB T DBEEISICOWT, ERARTFROME &
FEARY CTHD EH X HIDHDERA L C(2)-C(3) BAR A M D H HERL &
OXADTERZITV, ASADIFE & i U TR L72D D5 Tables-2TH 5, Rl
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U7z K9 ICERAR UASAD BRIFRIXEIERBE TH Y, DERADINER S X
JisBERE13043 G20, 2%, 604y T48. 1% & DASADINR L ZIERIBE TH - 7o,
Z ODERADUL R [TTH R LTCERAD K4 AR TE 5 & TH Y, ERADS
AL EBERBILAEKDIIDERATH 5 Z E BRI, L LERG,
C(2)-C(3) AR AR DINEIZ SV TiL, ERAIFASADIB S L ORRER D
WRE oM, 97, ERLONENKIGRF3043 TiX0. 8%, 6043 Tik
1. 0% & ASADIEE OTHLOI R~ LIRWEE R L, KISKH60% T
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RBICOWTRTHD & ERADEBRILEUSIZBWTIL, RISKRRH307IZE
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FIEHEENLTH o7, LOLAREG, RISEB604 128 W CTIXERAD S
A DOXALEIT3. 8% & ASAD A LISIERBE LR Lz, BR&ZHZ, B
- FIEINZ IS VN TTILERADC (2) -C (3) BAZRAERIMILERL L OXAME L A ETH B

D, BOSEFREINRE LS o TL B LERLUANADAERB OEE N EL 2o T
KBHBHDERELT, 5.3. 1. 20ERAD AL AR D438 « BIE DFERT
RULIEHAI = 7T A EDZEE -7 OFIERLTHDL L, ERADY
A, ERLOY—Z IR LTz An B 2Aa VO A F Lo X
TNDE—I PREPOTEIEBBEHITHoTZ, TNEDILEWITE
IV & TR~ 72 ASADBALFUS IS 31T B A LA B o0 A ks & IR IS
CQBEAFEMMM % AR LT-1%. bicyclic/aiEi&Eic/a H912C(2)-C(3) D
PARDEE CTER LI b D EHEIND, > TERATIIERLOINENE
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Dbicyclic Ml % & DIz W e &£ % bil, ERAOEBILEISICE
7 5C(2)-C(3) BARAE KM DILRIZ DSV Tik, OXADULE D 5 4 LT
ASADEGS LIZIERBETH L EE X b,
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Table 5-2 Remaining ratio of ERA and yield of
DERA, ERL and OXA

30min 60min
ERA ASA ERA ASA
Remaining ratio ot ERA, ASA (%) 77.8+2.1 74.7%8.1 459%7.5 50.2%5.5
Yield of DERA, DASA (%) 20.2+6.6 21.0+2.7 4B.11%2.3 42.5%5.6
Yield of ERL, THL(%) 0.8 +0.1 1.8+0.9 1.0+0.1* 4,7+1.7
Yield ot OXA (%) 0.7 £0.1 1.8+0.7 3.8+0.4 3.1+0.8

*. p<0.05, significantly different from ASA in MeOH

Data represent means & SD (n=4) and are expressed as a ratio, with the initial
amounts of ERA or ASA regarded as 100%.

ERA, ASA concentration ; 50 u M

Reaction solution ; MeOH

Reaction temperature ; 25°C

5.3.1.4 = U YNVECBROBLEIGICIT 502 DARK

ERA # & ) — /L COBRILE I8 50 DR D AT EREIZ DV T
NBT % FAV N T I~ 7§ B AFig. 5-6 T D, ERADEHE S KIGHFR3057 K&
U604 T, 560nmT DU IEERX0. 0472 50. 051 LFH L. mA= ¥ ok
BN BD LT, fE5 TERAD A F J — L H TORILSISICENT H .
0r DA RS HER S iz, ERADBLEUSIC BT 5 00 DA RBEHASADB A
FEBETH I &, B L7ZDERADINERJSDASADINR L IEIER U
BN ThHol-iEREEXADED &, ASAD B BB RS & Rk
DEIENRERADBE bRETCVWA LA XBTET—F ThDH VAL
5, +hbb. FOBLKSBRICBW T, C2) BRI & & T D
BilE AL\, £/ F b FOERABAER L, & LIABRKGICED. 7
t Fr (E{A) ERABAERRT 5 L& B
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Fig. 5-6 Reduction of NBT In the
autoxidation of ERA and ASA in MeOH

Values are means+SD(n=6).
ERA, ASA concentration ; 50uM

NBT concentration ; 61uM
Reaction solution ; MeOH

Reaction temperature ; 25°C
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DERADFERER L 3R & DR Tsuper-molecule & LT - TEHE AT o7,
Fig. 5-TIX EXMERAD T = A Nl —EHEMFELBEL IS 256, T7h2bb
RHF CEHE L/= & X Osuper-moleculeDERE DT 52 FE LT=H DT,
TERIMERADC (2) BBERMY (7 =42) OFHHEE %R T, ERAD
C(2) LBRFEST & DIEMEP2ABREI/NE L 2o TL B & AMBUI R~
AR 22D | 1.5 A Tiif-290kcal/mol 7R L7z, Z DfEIXERA L —EIF
MIEDTFRTIHELTWD L&, TRbLEEROEREN6A DA,
~272. 3kcal/mol Tdh > 7D & Hled 5 & #920kcal/mol b A FREAME < 72
DI EBRD LI, WE DIV ESLRY < 2 A HIAICH 5
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Fig.5-7 Heat of formation of the super-molecule of
ERA (anion) with oxygen and optimized structure of
C(2) oxygen adduct of ERA (anion)

A ; Heat of formation of the super-molecule of ERA
(anion) with oxygen
B; **Optimized structure of C(2) oxygen adduct of ERA
(anion)
*Distance between the C(2) of ERA monoanion and
the reacting oxygen atom of oxygen molecule,
calculated by RHF-singlet
**Optimized structure was visualized by MOLGRAPH
developed by DAIKIN Industries Ltd.

AT 5 & super-molecul e ORI — BRI CHET
HZERRBHIESICRA b LHE SN, THEE LSS, &k
FNZILERA (7T =A42) OCQR)ICMESTIEEEST DX 57V, ERAD
C(2) MBI O AR O W HEME D R iz, Z OERADC(2) B3 I04
DA RLEGE~293. Tkeal/mol T, C(2) &M L7=BRHE o+ & OERER
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W, WEEICAHAER A UCERAE RS T OEAT LI D b
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CQRMBMMMMBERTHELIID T ENRBIN, ERADFEICYH
ASADEE & [Fk 72 BERLEUSBE R E X 5D 2 & BREE LRI
b SN, |

® C(2)
e Oxygen

X |
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Net atomic charge
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I I 1 T T | 2&
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Fig. 5-8 Net atomic charges in various
distance between the C(2) of ERA (anion) and
oxygen molecule
*Distance between the C(2) of ERA monoanion and the
reacting oxygen atom of oxygen molecule.
Data represent the net atomic charges of C(2) of ERA and the
oxygen molecule. ‘
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o \c/ D-erythronolactone
HO-COH O\ o o1 ° o (ERL)
H-t4 /1 —_— Hz? H erythronic acid
C3==C, —=  OH 0-0-y methyl erythronate
(I)H (I)H ‘oz fon O OH oxalic acid
ERA - C(2) oxygen adduct of ERA
IC(2)-C(3) fission products,
2H*
07
disproportionation
monodehyro-ERA dehydro-ERA
i (DERA)
ERA
Scheme 5-1 Possible autoxidation pathway
of ERA (1)

TR0 | ASAOFEMEBERNIZ B\ TIXASADC (2) BRI B BB

bicyclicZZ2MiEZ & D L HICRDICHRBABO LM DCHLEHMEL LT

THLZS AL S L3S, ERATTIZRTR OB M OC ) DA R=v
B L C(5) DARREE & DRI OARIES DIt Z OUBHTREB X0 <
P> TERLE D bERBEOZ Y A B A0 VBROAF NV A

FOUBER LT E O LR &N,  (Scheme5-25R)
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Ho oH CHZO0H oxalic acid CH20H
D-crythronolactone  oxalic acid  p.erythronic methyl oxalic acid
(ERL) acid erythronate

F(Z)—C(S) fission productq

Scheme 5-2 Possible autoxidation pathway
of ERA(II)

5.3.2 hUA—AULF 7 broBERRLEIG
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m@f&/~w¢f@Eﬁ@kﬁﬁ%ﬁat%@@ﬂ%f%%MMJ
& L H# LT, Fig. 5-0ZRT, TROBEFRIIISHHE3053 TTL. 6%,
4y T42. 1%L 720 | ASADBA DT EITA. %, 50. 26T L L TR
EVEB OBRFEREZ TR L, KIGFERI6043 TrXs% D MR TTRD 5 B ERTF
ERAEIED T,
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Fig.5-9 Degradation ratio of TR and ASA in
MeOH

* p<0.05, significantly different from ASA

Data represent means=+SD (n=5) and expressed as a ratio,
with the initial amounts of TR or ASA regarded as100%.

TR or ASA concentration : 50uM
Reaction solution : MeOH

Reaction temperature ; 25°C

it

TROBALES % & HIZFELSFARE 720, BMET A ZBEKETICE
A THEIBLEUS 21TV, T OB LEE 2 f 4 O CHIE L
e ZD D B2 CTRATFER%EFig. 5-10127Rd, TROMREEE XA #
St SRR >TE b= MY VR > FHEBAE T ONEE 20 . RIS
1605123V B TREEFF R ITE I EHLE3. 1%, 65. 7%, 78.3%. 97.6% T -
Teo TOHEDO LT IDONEFIEI0C, 40CICBWTHEDb Lo,
TN DOEEPICR T HTROBME—RUSEERICHE S Z L BB
G, 25°C, 30°C, 40CTORSHEEFELK LB AL X —%F LD
DN, Tableb-3Td 5, TROICCTHOIEMEER, £/ 7 =F B,
T =AU ROEEERIL, TEN3.6X100sec™, 7X10%sec™!, 1.8X
107%sec”!' ThH H EME SN TRV [166], S EEBH SN 7-FHEBEET K
ORI TOREEHIZ2. 01 X 10sec™, 1. 50X 10 sec™ & 0RE D o T2,
AL =) K TR b= Y d ) FHEEBRIRE T TOEELT X
X —ILENER, 10. 16kcal/mol, 12.26kcal/mol. 6.45kcal/mol,
27.92kcal/mol Tdh o7,
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Fig. 5-10 Degradation ratio of TR In various
solution

Data represent means+SD (n=4~6) and are expressed
as a ratio, with the initial amounts of TR regarded 100%,

TR concentration : 154 M
Reaction solution ; H20, dilute HCI, MeOH, acetonitrile

Reaction temperature ; 25°C

Table 5-3 Rate constant and activation energy
for TR in various solution

Rate constant (sec) Activation energy

25C 30C 40C (kcal/mol)
H20 1.07x 104 1.50x 104 2.99x 10+ 1226
dil HCl solution  6.66x 106 2.01x10-% 2.42x10-5  27.92
MeOH 1.54x 10 1.98x10* 3.55x10* 10.16
acetonitrile 9.01x 10 1.06x 104 1.53x10-4 6.45

concentration of TR ; 154 M
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FTOSFREDRENDLEFDD EEZ NS,

WA TRD BRI B Z DV TCVIZ L B 48T & MOPACOPM3IEIZ K B8+ E %
ATz, Fig. 5-1UITROY A 7 U v T RN EZ LT T LO—FRT, -
IUIpHT D KB P R ORA & ) — AR TORERER T, TROBE HASAR
ERA & [FRICERALEUG S o BT /= FOE—7 OHBBRIS v, BET
DOBRAFEOREISCB O TRETEN TH D Z L AR LITL
Table5-4{ZTROE AR CHIE L72CVD T /) — KD &'— 7 BAL & MOPACD
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Triese reductone In sgueous solution

2 : TR In 0,18 HaCIO,
b : TR in 0.1H phosphate buffer(pd 2)
¢ ; TR.In 0.1K phosphate bufferipl 7)

©E(vOLT)

100UA

Triose reductone In methanol
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Fig. 5-11 Cyclic voltammograms of TR

[Condition of CV]
Working clectrode; glassy carbon
Reference clcclrodc ; Ag/AgCl (saturated NaCl)
Ag/Ag+(TBAP/acetonitrile)
Supporhng electrolyte; 0.1M phosphate buffer(pH2. pH7)
0.1M NaCiO4
Scan rale; 250mV/sec

Table 5-4 Anodic peak potential by cyclic voltammerty
and energy levels of HOMO by MOPAC of TR

Anodic peak potential Energy level of HOMO
TR TR

(mV vs. Ag/AgCh* (eV)
0.1M phosphate buffer (pH7)  4154-+16.0 dissocijated -2.79
0.1M NaClO4 (pH3.3) 595.6+ 4.7
0.1M phosphate buffer (pH2)  668.0+ 15.1 non-dissociated -9.32

(mV vs. Ag/Ag )
0.1M NaClO4 in MeOH 649.8+15.9

Means = SD (n=6)
* Reference electrode
aqueous solution ; Ag/AgCl (saturated NaCl)

non-aqueous solution ; Ag/Ag t(TBAP/acetoniteile)

b FREET O 5 A IEMRBERL 1 0 b < 220 . CVORKER L b—E LT
B ) — VP TT ) — RO — 7 BALIIIEKROBREBEHEEL LT
GMBWEHD\Mﬂi@%@@%<\@Wﬁ%@%%k@%g@%éﬁ
Lo TLE-T, ZHICiE, CVEIE & oM ERIEICR VW TASAKR
Gm@%ﬁ@%ﬁ%é:&%ﬁ@@@&oaLT%W%%éommwi
L F— AT DN TR, BT FEMRBETR & b ICASADS S
(Table5-1%M) LV bEWERLZY . ROFBBELENSTNIL
R S, BEELAERIGOREE B L, T0OXHICCVORR
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5,

5.3.2.2 MU —RAVLH 7 brOBALRISERY

TRZ A Z =)V T1205 IER L RS 24TV HPLCIZ & 0 434 L 72 %G
RA&Fig 512127, ROSHBEYE TH HTRIIEES TIERT 27430 S
NIz, TOREP TR ST, RIGKFE604 TR40%IZ £ THfig
ENTVDEIENDHER LT, ZORISHRITIIZEAESREINTL
FollebeEZXbND, ML UTIIRT 1855, RT 245D —7
DENENT U AXTVER, FBROES ERTR—KLEZ D, 7Y
F% UABR R RASTROBALAERY & L CHR S, SbIC/Y 7
FIIVBBIZOWTIEL, TRO A H J — v CORRLAR ZMSTFAZ
CCTMSTEEMRIC LGOI BT o T2, FDRER% . Fig. 5-1310m5RT, RT
21. 255D — 7 BT U AF LIV OTMSTHFERDIES, ERTE < AARY
MAB—FHL, ZVAFUABOIMSHEEATHL LRAESNEZ, 22
W7 —F RSV, BEZ7ua~ 7797 4 —2 RO iy,
FBRILBUTR, 97255 & FuTROR) BTRO A ¥ / —VHOBRILEIGCE
WTCAERT S 2 &3 L=, TROKEKS TOHBRLofRERY &
LTHEFRE 7Y AR NBAREIN TR [166], XML T U AxT
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Fig. 5-12 High performance liquid _
chgromatogram of oxidation products of TR in

MeOH
A B
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T
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Fig. 5-13 Gas chromatograms of TMS derivatives of
oxidation products of TR in MeOH

A ; glyoxylic acid standard,
B ; oxidation products of TR in MeOH
Reaction time ; 120min

Reaction temperature ; 45°C
TMS reagent; MSTFA

NWNBEOAEREDEH P ENEIZ LU THELEZTIROK 2ETHD . X8RO
AREET VX INVBORKSEThHoTeZ bbb, TOAMKREKSE L
T 2BEMEOARBRKEIHEESNTWS, Thbb, RO EFXEL
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ILERFVLARTDEVIRENREZ LN TWA[166], LLRBG,
Z DTROFLAL A3 FRERIE DFEMIIEA & Mg o TRV,
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NBT % W TR 7oK B ASFig. 5-14TH D, TROIBFA D560nm™C DML E
EASATE ¥ DBA B LTEV SO0, RISHE04 & U904 TR
F1.0.005, 0.013IC EH L, sA~FrOERBED NI, 6o T
TROAZ ) =P TCOBAERISIZE TS, 0" DAERPHER ST
TROKEEHE T OBLIGRE T, R0:084EKT 208, KIGHHICHER
LTLEIZ ENHEINTND[166], Z DOH:0:030 M HAER LI E b
HZEZbhd, TROBFE, BEERTIHASAR L R&EREIR DO
Do e, e o DARAASAZ LIl L CEN - T O, 0s7 2
DEUGPEICASAL TRTED D Y | AR L7207 BNBT & UG T 5 F & 23 TRD
BEEr oo WREE LB X DN D,
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Fig.5-14 Reduction of NBT in the
autoxidation of TR and ASA in MeOH
Values are meanszSD(n=6).
TR, ASA concentration ; 50 uM

NBT concentration ; 61uM
Reaction solution ; MeOH

Reaction temperature ; 25°C
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Fig. 5-15 Heat of formation of the super-
molecule of TR anion with oxygen

*Distance between the C(2) of TR monoanion and the
reacting oxygen atom of oxygen molecule. calculated by RHF-
singlet

Net atomic charge

C2

2

QI

o 1 2 3 4 5 6 10

Atomic distance*( )
Fig. 5-16 Net atomic charges in various
distance between the C(2) of TR (anion) and
oxygen molecule

*Distance between the C(2) of TR monoanion and the
reacting oxygen atom of oxygen molecule

Data represent the net atomic charges of the C(2) of TR and
the oxygen molecule.
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X, ASARRRERL) LRy T L DEREN R ITELS RD LBMRESFO—
BHEBE~OBMEICET 2= XX =0 L, HE&EIICIZASA (FERE
B OFEFBMAIHBERTEH OO EE LN, $£o, —EHEBROHFM
DEVEK (D:0) FHIZ I TK (H0) F DS L0 THLOER S Fh o 72
NG, EBRIICH ZORISE~DO—EHEMEE OB L O A REME S RIE X
Nic, S HIZ, ASAD BEIRALSUSICRIT 50 DA & T O A MR
DUWTHRE L7z, KIBERE CTOASAD B EIEE S IZIS 1T 50 DA
TTIHEESNTVAR, AFRICBNTHEREIToTmE 2 A, BN
20 DAERIIFED blz, WIZAH /= VHOKIRICB N TH R~ L
A5, 0 DAERPHER SN, THLR COXAL RSB W TASAD
CQRIBFBMHMBBIEFEEL LTTTIRBINTWDHI M, &
DERFE I 0> & D02~ D LR D FTREME IS DU TMOPACHPM3EE & VN Tk
Bt LT, & DFEFRASADC (2) BBBESMB D> & D02 D Bl DS — 3 )L X — 1)
AT TH D Z &R I, 02 DAEBKKICE N TS Z DASADBRRALT
M fEE e L THEET S WREESH 5 2 LM R EnT,
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INETOERKOEERHRE L VASAO BBIMILKSRE L LTKRD
L5 ISR AE L bht, Thbb, ASARZEEMEIC LY
el SN DB, ETASAOC2) R M A E U TAERT S5,
FOWBETRE S FII—EEBRE LR LMEE T HE R TL 2 lgefEsr
WX i, :@ASA@C(Z)@?HJJD%#%\ —EBIEC(2)-C(3) BBHREL T
THL., OXAZEDSAERE L. 570 25l U CMDASADSAERL T D &V H 20D
BN SRR 2N D EEZ Hiv, Z OMDASAD bIIABML X
JoAZ LD ASALDASAR AR T 5, ZORIEDTHLE # AR T 5B KX,
02" DAERL & fEVMDASAZ A AT 5 12 F ORI HEE L T O AR EITK
Wb DD, DASAZRHEFIZC(2) -C(3) DB K Z 5 Hr iz 7o RUSRE B
&L TCRERKREW, £7-. ZOTHLE 2 AR T HRKEIMEBE LG L
TRIBEDIERNIET VANALEY B AERSNAZ NG, WDIZASAD
PUBBILIEAZ R LTV ADICx LT, 02 ERT 2R KITTEERFE L £
T DZ e LARIBEEFEREZRLTWD LELLND, TOK
ISR, KL LTIk, 7 b= b U CMOBEERICBWNTY,
ETASADERFT COFERRBICED LT, BATE D LHEINLE,
ASADC (2) BRI D SbicyclicRE~DRBITOMS 2 ¥, BT R
RORDBIBDOOIN., TNBHIRICEDERM D /RF — 2 DiE & Bk
LTWaHDEEX BN,

BT E VEIZIBW TASABELE Y © B BB L DBRIZ HASADZ & &
[E#k 72 B BRILSOSEE R B S LG 2 0BT DV THRET L7z, ASAER
EILGEME UL TASADSIBEMEEK TH HERAL . &b BHHM AR
aci-reductone THDHTREEWVR, DA H /) —HTOHBELFIGIZ
DNTHRE, ZRNFNITHOWTASADEE & R B BBRIL UL & 17
W, EDORISAERMETRToE A, C(2)-CQ)HRERY LHE SN
DEIDBENENGEE - BE I, £, MRISRIZBW T D&
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RbFER S, & 6IZERA, TRICOW T HMOPACHPMIIEIZ L B HE T
ASADEE L RIRDFERDHE DIV, 7€-> TERARUTRIZE W T HASAD
g L AR O BRI LEOSRIE S EA TX 5 2 LR S,
AW B TR U728 72 Z2ASAD B BRI SO RIS T XASA DB FR fF
M ERET D LN AT, FHERH L LEXDND, Ez, kL
THRRET S EEZ 2 DN TEZDASAZREETIZASANC(2)-C(3) DR %
D ROSIREBIEET D 2 L ITIASADBR LR G 2 2 2 5 L CTIEFEIC
BORER N, AAFZEIC K 0 ASAD B BB L ROCRRBE OMERH s
Teid, TOZ ik, BEECERRIZIBO TASAS F 05N T 172 2 )
IEAT A L TCRAIRBOEDSDOERINVEEZDHHDTHY, HD
ASAD R i K AR RIZIBT D BRILIEM &2 il & 2 B aE D 3
B@ROMITICE T 2 BEEBEREMER L LTHHEETH LI EEZADND,
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