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Studies on the Stabilizing Activity to the L-Ascorbic Acid of the 3-Tolyl-2-
thiohydantoin Amino Acids and 3-Ethylphenyl-2-thiohydantoin Amino Acids
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Katsuo ABE

Summary

I have studied the stabilizing activity of o-TTH-Amino Acids, m-TTH-Amino Acids, p-
TTH-Amino Acids, o-EPTH-Amino Acids, m-EPTH-Amino Acids and p-EPTH-Amino
Acids concerning autoxidation of the L-ascorbic acid and catalytic oxidation of the L-as-
corbic acid by Cu?*. The experiment on the stabilizing activity to the L-ascorbic acid by the
o-TTH- Amino Acids, m-TTH-Amino Acids, p-TTH-Amino Acids, o-EPTH-Amino Acids,
m-EPTH-Amino Acids and p-EPTH-Amino Acids was carried out at pH 4.0, 5.0, 6.0, 7.0.

Effect of substitution group of nucleus (N3, C)) in o-TTH-Amino Acids, m-TTH-Amino
Acids, p-TTH-Amino Acids, o-EPTH-Amino Acids, m-EPTH-Amino Acids and p-EPTH-
Amino Acids on its stabilizing activity to the L-ascorbic acid has been investigated.

I found the following results:

a) All o-TTH-Amino Acids, m-TTH-Amino Acids, p-TTH-Amino Acids, o-EPTH-Amino
Acids, m-EPTH-Amino Acids and p-EPTH-Amino Acids inactivated the autoxidation
of the L-ascorbic acid.

Sulphur atom of thioketone of tested compounds was consumed for binding the su-
peroxide anion radical (Q,°) and hydroxy radical (-OH).

b) Stabilizing activity of N(3)-Substitution group was the order I, I; I. pEPTH-Amino
Acid>p-TTH-Amino Acid, m-EPTH-Amino Acid>m-TTH-Amino Acid, o-EPTH-Amino
Acid>o-TTH-Amino Acid. +I-effect of N3,-substitution group was Ethylphenyl group>
Tolyl group.

II. p-EPTH-Amino Acid>m-EPTH-Amino Acid>o-EPTH-Amino Acid, p-TTH-Amino

Acid>m-TTH-Amino Acid> o-TTH-Amino Acid.

The effect of the Substitution group position (0, m, p) of phenyl group showed the stabi-

lizing activity.

¢) Stabilizing activity of C)-substitution group was the order; n-Butyl group=secButyl
group = ts0-Butyl group, n-Propyl group=ziso-Propyl group, two Methyl group>Ethyl
group > Methyl group> two Hydrogen.

d) Ns-substitution group and Cg)-substitution group were united to form the stabilizing
activity of L-ascorbic acid and its stabilizing activity was the order; p-EPTH-Amino
Acid>m-EPTH-Amino Acid>p-TTH-Amino Acid>o-EPTH-Amino Acid>m-TTH-Amino
Acid>o-TTH-Amino Acid. :

e) Ateach tested pH, p-EPTH-Norleucine and p-EPTH-lsoleucine showed the most strong
stabilizing activity and o-TTH-Alanine and o-TTH-Glycine showed the most weak sta-
bilizing activity.
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o-Tolylisothiocyanate, m-Tolylisothiocyanate, p-Tolylisothiocyanate, o-Ethylphenylisothio-
cyanate, m-Ethylphenylisothiocyanate, p-Ethylphenylisothiocyanate (3 Dains'® ® 75 ik ic #
ML cEam L. o-TTH-7 3 /B, mTTH-7 3 /8, pTTH-7 { / #, oEPTH-7 ¢ / &,
m-EPTH-7 % / 8, pEPTH-7 % / B3 Coghill' 05 B I L TARK Lo AR LIILE
MORRIRERES IR MEICLDITH -, BAIKMETHS.

KEBHDILEHE C=0 OIEAS 1740ecm™ » 5 1755cm™ 138 547z, o-TTH-Alanine,
m-TTH-Alanine, o-EPTH-Valine #DMiBDOILEHTIE 1715ecm™ A5 1725em™ R ITHS
Ao 7 = = EORINE 1500ecm™ 25 1625em ™" IKFAEED Shi-. C=8 WRINZ 1400
cm-! 5 1420cm ™ 228 o ek (s E—B L.

o-TTH-Glycine (m.p.151—152°C), o-TTH-DL-Alanine (m.p.214— 216°C), o-TTH-DL-a-
Amino-n-butyric acid (m.p.128—130°C), o-TTH-DL-Norvaline (m.p.115°C), o-TTH-DIL-Nor-
leucine (m.p.115—117°C), o-TTH-DL-a-Amino-iso-butyric acid (m.p.193—193.5°C), o-TTH-
DL-Valine (m.p.152.5—154.5°C), o-TTH-L-Leucine (m.p.144 — 146°C), o-TTH-DL-Iso-
leucine (m.p.137—139°C), m-TTH-Glycine (m.p.186—187°C), m-TTH-DL-Alanine (m.p.205—207
C). m-TTH-DL-¢-Amino-n-butyric acid (m.p.170—172°C), m-TTH-DL-Norvaline (m.p.153
—155°C), m-TTH-DL-Norleucine (m.p.121.5 — 123.5°C) . m-TTH-DL-¢Amino-iso-butyric
acid (m.p.197—199°C), m-TTH-DL-Valine (m.p.182—184°C), m-TTH-L-Leucine (m.p.154—156
‘C), m-TTH-DL-lIsoleucine (m.p.149-151°C), p-TTH-Glycine (m.p.231—233°C), p-TTH-DL-
Alanine (m.p.212-214°C), p-TTH-DL-¢-Amino-n-butyric acid (m.p.193.5—194°C), p-TTH-DL-
Norvaline (m.p.179.8 —181°C), p-TTH-DL-Norleucine (m.p.152 — 153°C), p-TTH-DL-g-
Amino-iso-butyric acid (m.p.220—222°C), p-TTH-DL-Valine (m.p.204 —205°C), p-TTH-L-
Leucine (m.p.174—176°C), p-TTH-DL-Isoleucine (m.p.184.9—185.4°C), 0-EPTH-Glycine (m.p.
127 — 128.5°C), o0-EPTH-DL-Alanine ( m.p.177 — 179°C), o-EPTH-DL-¢-Amino-n-butyric
acid (m.p.149—151°C), o-EPTH-DL-Norvaline (m.p.114.5—116°C), o0-EPTH-DL-Norleucine
(m.p.131-132°C), 0-EPTH-DL-a-Amino-iso-butyric acid (m.p.195—196.5°C), o-EPTH-DL-
Valine (m.p.154.5— 157°C), o0-EPTH-L-Leucine (m.p.133—134.5°C), o-EPTH-DL-Isoleucine
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(m.p.104—106°C), m-EPTH-Glycine (m.p.133.5—135.5°C), m-EPTH-DL-Alanine (m.p.118—
119°C), m-EPTH-DL-a-Amino-n-butyric acid (m.p.119 — 121°C), m-EPTH-DL-Norvaline
(m.p.130 —131°C), m-EPTH-DL-Norleucine (m.p.131.5— 132.5C), m-EPTH-DL-a-Amino-
iso-butyric acid (m.p.177 —178°C), m-EPTH-DL-Valine ( m.p.147 — 148°C), m-EPTH-L-
Leucine (m.p.142.5—143.7°C), m-EPTH-DL-Isoleucine (m.p.129— 129.5°C), p-EPTH-Glycine
(m.p.199 — 200 C), p-EPTH-DL-Alanine ( m.p.181 — 182.5 °C), p-EPTH-DL-¢-Amino-n-
butyric acid (m.p.182.5—183°C), p-EPTH-DL-Norvaline (m.p.165 — 167°C), p-EPTH-DL-
Norleucine (m.p.142—143°C), p-EPTH-DL-a-Amino-iso-butyric acid ( m.p.201 —202°C), p-
EPTH-DL-Valine (m.p.195 ~ 196 °C), p-EPTH-L-Leucine ( m.p.172 — 173°C), p-EPTH-
DL-lsoleucine (m.p.168—170°C).

2) Hu R

L-Ascorbic Acid (F05LAEZE%5#K), Copper (II) Sulphate, Pentahydrate (FI Vil 4s4%)
TTH-Amino Acids, EPTH-Amino Acids.
2 E B B
BILHL- 72 IV E YBROERIEB2.6Y 70072/ =AY F 72/ —nF F ) 9 ATITH -
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o-TTH-7 I VB, mTTH-7 3 /8, pTTH-7 3 / 8, o-EPTH-7 3 / #, mEPTH-
T/, pEPTH-7 3 VBBRTF AT V3 — 0V ICHRIE, HERAEH L.

Table I The stability of L-ascorbic acid by TTH-Glycine and EPTH-Glycine
in the presence of Cu?*

TTH-Glycine Test pH 4.0 5.0 6.0 7.0

and EPTH-Glycine
0-TTH-Glycine 21.2 18.9 32.0 60.5
m-TTH-Glycine 24.6 23.6 47.2 67.5
p-TTH-Glycine 12.0 17.8 49.9 73.4
0-EPTH-Glycine 17.8 22.2 50.7 71.5
m-EPTH-Glycine 17.0 27.2 60.0 76.5
p-EPTH-Glycine 26.6 29.2 69.5 80.5
Control 8.0 7.1 5.0 5.9

Test solution component : buffer solution [pH3.8 1/15M acetate buffer, pH4.8 1/15M acetate
buffer, pH5.65 1/15M phosphate buffer, pH6.65 1/15M phosphate buffer(50m/)], TTH-Amino Acids
and EPTH-Amino Acids (4x10-5mol), ethyl alcohol (10m/), Cu**(2x10-5mol), distilled water
(m/{), L-ascorbic acid (1x1074mol), total volume (100m/).

The figures of the Table I[-XVI, respectively show the per cent of the remaining L-ascorbic
acid to the original L-ascorbic acid after three houres. Reaction temperature 37°+1°C.

Test solution component is the same from Table I to Table XV.
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Table II The stability of L-ascorbic acid by TTH-Alanine and EPTH-Alanine
in the presence of Cu?*

TTH-Alanine Test pH 4.0 5.0 6.0 7.0

and EPTH-Alanine :
o-TTH-DL-Alanine 19.8 21.0 39.5 65.0
m-TTH-DL-Alanine 23.5 32.5 58.4 78.0
p-TTH-DL-Alanine ©19.1 41.2 73.0 84.7
0-EPTH-DL-Alanine 20.5 26.0 58.0 74.0
m-EPTH-DL-Alanine - 15.3 29.3 70.2 81.5
p-EPTH-DL-Alanine 37.9 56.8 86.1 90.2
Control 8.0 7.1 5.0 5.9

Table III The stability of L-ascorbic acid by TTH-Amino-#»-butyric acid and
EPTH-Amino-»-butyric acid in the presence of Cu?*

TTH-Amino-z-butyric acid Test pH 4.0 5.0 6.0 7.0

and EPTH-Amino-z-butyric acid
0-TTH-DL-a-Amino-z-butyric acid 26.5 24.6 62.7 70.6
m-TTH-DL-q-Amino-#-butyric acid 23.5 37.8 71.5 80.0
p-TTH-DL- ¢-Amino-#-butyric acid 18.5 43.3 74.6 85.5
0-EPTH-DL- g-Amino-#-butyric acid 21.4 38.5 72.5 81.5
m-EPTH-DL- e-Amino-#-butyric acid 19.1 46.2 76.0 86.4
p-EPTH-DL-g-Amino-»-butyric acid 53.5 - 69.2 90.5 88.4
Control 8.0 7.1 5.0 5.9
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Table IV The stability of L-ascorbic acid by TTH-Norvaline and EPTH-Norvaline in the

presence of Cu?*

TTH-Norvaline Test pH 4.0 5.0 6.0 7.0

and EPTH-Norvaline
0-TTH-DL-Norvaline 30.5 54.4 81.0 82.5
m-TTH-DL-Norvaline 36.2 71.8 82.1 84.1
p-TTH-DL-Norvaline 39.2 72.6 84.7 86.6
0-EPTH-DL-Norvaline 35.4 71.5 87.2 87.2
m-EPTH-DL-Norvaline 46.7 82.4 98.4 91.4
p-EPTH-DL-Norvaline 63.3 84.9 98.4 93.5
Control 8.0 7.1 5.0 5.9

Table V The stability of L-ascorbic acid by TTH-Norleucine and EPTH-Norleucine

in the presence of Cu?*

TTH-Norleucine Test pH 4.0 5.0 6.0 7.0

and EPTH-Norleucine )
0o-TTH-DL-Norleucine 47.5 74.5 89.0 83.0
m-TTH-DL-Norleucine 65.0 83.0 96.0 89.1
p-TTH-DL-Norleucine 75.0 89.8 98.5 85.5
0-EPTH-DL-Norleucine 66.0 89.2 95.5 91.5
m-EPTH-DL-Norleucine 77.8 89.5 97.1 92.8
p-EPTH-DL-Norleucine 82.9 94.4 97.7 93.8
Control 8.0 7.1 5.0 5.9

Table VI The stability of L-ascorbic acid by TTH-Amino-iso-butyric acid
and EPTH-Amino-sso-butyric acid in the presence of Cu?*

TTH-Amino-iso-butyric acid Test pH 4.0 5.0 6.0 7.0

and EPTH-Amino-éso-butyric acid
0-TTH-DL-a-Amino-zso-butyric acid 30.8 49.2 70.7 76.4
m-TTH-DL- a-Amino-éso-butyric acid 34.1 67.2 84.3 89.3
p-TTH-DL- o-Amino-ise-butyric acid 36.1 76.8 87.2 91.0
0-EPTH-DL- ¢-Amino-ise-butyric acid 36.5 66.7 88.0 86.0
m-EPTH-DL- o-Amino-ise-butyric acid 61.1 84.0 94.0 92.4
p-EPTH-DL- o-Amino-ise-butyric acid 71.5 89.7 94.3 91.9
Control 8.0 7.1 5.0 5.9
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Table VII The stability of L-ascorbic acid by TTH-Valine and EPTH-Valine
in the presence of Cu?*

TTH-Valine Test pH 4.0 5.0 6.0 7.0

and EPTH-Valine
o-TTH-DL-Valine 25.8 46.1 76.0 81.5
m-TTH-DL-Valine 29.6 61.8 85.1 84.0
»TTH-DL-Valine 36.3 75.0 94.5 89.2
0-EPTH-DL-Valine 34.4 67.8 91:6 88.6
m-EPTH-DL-Valine : 9.6 82.4 93.2 93.0
pEPTH-Valine 51.4 83.4 95.3 92.4
Control 8.0 7.1 5.0 5.9

Table VIII The stability of L-ascorbic acid by TTH-Leucine and EPTH-Leucine in the
presence of Cu?* )

TTH-Leucine Test pH 4.0 5.0 6.0 7.0

and EPTH-Leucine
0-TTH-L-Leucine 38.1 74.1 77.8 84.1
m TTH-L-Leucine / 8.0 | 8.8 | 9.5 | 88.1
pTTH-L-Leucine 62.9 88.0 91.5 88.5
0-EPTH-L-Leucine 61.9 80.8 91.6 88.7
m-EPTH-L-Leucine 65.8 93.1 96.9 90.0
pEPTH-L-Leucine 69.9 96.2 98.8 92.2
Control 8.0 7.1 5.0 5.9

Table IX The stability of L-ascorbic acid by TTH-Isoleucine and EPTH-Isoleucine in the
presence of Cu2*

TTH-Isoleucine Test pH 4.0 5.0 6.0 7.0

and EPTH-Isoleucine
0-TTH-DL-Isoleucine 39.1 78.5 89.9 86.0
m-TTH-DL-Isoleucine 56.0 85.9 97.6 92.3
p-TTH-DL-Isoleucine 70.6 87.5 97.1 91.4
0-EPTH-DL-Isoleucine 62.6 85.2 93.6 92.0
m-EPTH-DL-Isoleucine 77.6 92.9 96.0 92.0
p-EPTH-DL-Isoleucine 85.5 94.6 97.0 94.2
Control 8.0 7.1 5.0 5.9
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Table X The stability of L-ascorbic acid by 0-TTH-Amino Acids in the presence of Cu?*

0-TTH-Amino Acid Test pH 4.0 >0 6f0 70
o-TTH-Glycine 21.2 18.9 32.0 60.5
o-TTH-DL-Alanine 19.8 21.0 39.5 65.0
0-TTH-DL- o-Amino-#-butyric acid 26.5 24.6 62.7 70.6
o-TTH-DL-Norvaline 30.5 54.4 81.0 82.5
o-TTH-DL-Norleucine 47.5 74.5 89.0 83.0
o-TTH-DL- - Amino-iso-butyric acid 30.8 49.2 70.7 76.4
o-TTH-DL-Valine 25.8 46.1 76.7 81.5
o-TTH-L-Leucine 38.1 74.1 77.8 84.1
o-TTH-DL-Isoleucine 39.1 78.5 89.9 86.0
Control 8.0 7.1 5.0 5.9

Table XI The stability of L-ascorbic acid by #-TTH-Amino Acids in the presence of Cu?*

m-TTH-Amino Acid Test pH 4.0 50 6.0 7.0
“m-TTH-Glycine 24.6 23.6 47.2 67.5
m-TTH-DL-Alanine 23.5 32.5 58.4 78.0
m-TTH-DL-o-Amino-»-butyric acid 23.5 37.8 71.5 80.0
m-TTH-DL-Norvaline 36.2 71.8 82.1 84.1
m-TTH-DL-Norleucine 65.0 88.0 96.0 89.1
m-TTH-DL-e-Amino-iso-butyric acid 34.1 67.2 84.3 89.3
m-TTH-DL-Valine 29.6 61.8 85.1 84.0
m-TTH-L-Leucine 48.0 82.8 91.5 88.1
m-TTH-DL-Isoleucine . 56.0 85.9 97.6 92.3
Control 8.0 7.1 5.0 5.9
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Table XII The stability of L-ascorbic acid by - TTH-Amino Acids in the presence of Cu?*

5 TTH-Amino Acid Test pH 4.0 5.0 6.0 7.0
p-TTH-Glycine 12.0 17.8 49.9 73.4
p-TTH-DL-Alanine 19.1 41.2 73.0 84.7
p-TTH-DL-e-Amino-#-butyric acid "~ 18.5 43.3 74.6 85.5
p-TTH-DL-Norvaline 39.2 72.6 84.7 86.6
p-TTH-DL-Norleucine 75.0 89.8 98.5 85.5
p-TTH-DL- o-Amino-zso-butyric acid 36.1 76.8 87.2 91.0
p-TTH-DL-Valine 36.3 75.0 94.5 89.2
p-TTH-L-Leucine 62.9 88.0 91.5 88.5
p-TTH-DL-Isoleucine 70.6 87.5 97.1 91.4
Control 8.0 7.1 5.0 5.9

Table XIII The stability of L-ascorbic acid by 0-EPTH-Amino Acids in the presence of Cu?*

o-EPTH-Amino Acid Test pH 4.0 5.0 6.0 7.0
0-EPTH-Glycine 17.8 22.2 50.7 71.5
0-EPTH-DL-Alanine 20.5 26.0 58.0 74.0
0-EPTH-DL-o-Amino-»-butyric acid 21.4 38.5 72.5 81.5
0-EPTH-DL-Norvaline 35.4 71.5 87.2 87.2
0-EPTH-DL-Norleucine 66.0 89.2 95.5 91.5
0-EPTH-DL- ¢ Amino-zso-butyric acid 36.5 66.7 88.0 86.0
0-EPTH-DL-Valine 34.4 67.8 91.6 88.6
0-EPTH-L-Leucine - 61.9 80.8 91.6 88.7
0-EPTH-DL-Isoleucine 62.6 85.2 93.6 92.0
Control ] 8.0 7.1 5.0 5.9
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Table XIV The stability of L-ascorbic acid by m-EPTH-Amino Acids
in the presence of Cu?*

m-EPTH-Amino Acid Test pH 4.0 >0 6.0 7.0
m-EPTH-Glycine 17.0 27.2 60.0 76.5
m-EPTH-DL-Alanine 15.3 29.3 70.2 81.5
m-EPTH-DL-¢-Amino-#-butyric acid 19.1 46.2 76.0 86.4
m-EPTH-DL-Norvaline 46.7 82.4 98.4 91.4
m-EPTH-DL-Norleucine 77.8 89.5 97.1 92.8
m-EPTH- a-Amino-iso-butyric acid 61.1 84.0 94.0 92.4
m-EPTH-DL-Valine 49.6 82.4 93.2 93.0
m-EPTH-L-Leucine 65.8 93.1 96.9 90.0
m-EPTH-DL-Isoleucine 77.6 92.9 96.0 92.0
Control : 8.0 7.1 5.0 5.9

Table XV The stability of L-ascorbic acid by p-EPTH-Amino Acids in the presence of Cu?*

»EPTH-Amino Acid Test pH 4.0 5.0 6.0 7.0
p-EPTH-Glycine 26.6 29.2 69.5 80.5
p-EPTH-DL-Alanine 37.9 56.8 86.1 90.2
p-EPTH-DL- o-Amino-#»-butyric acid 53.5 69.2 90.5 88.4
p-EPTH-DL-Norvaline 63.3 84.9 98.4 93.5
p-EPTH-DL-Norleucine 82.9 94.4 97.7 93.8
p-EPTH-DL- o-Amino-éso-butyric acid 71.5 89.7 94.3 91.9
p-EPTH-DL-Valine 51.4 83.4 95.3 92.4
p-EPTH-L-Leucine 69.9 96.2 98.8 92.2
p-EPTH-DL-Isoleucine 85.5 94.6 97.0 94.2
Control 8.0 7.1 5.0 5.9
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Table XVI The stability of L-ascorbic acid autoxidation by TTH-Amino Acids

and EPTH-Amino Acids

TTH-Amino Aci Test pH 4.0 5.0 6.0 7.0
and EPTH-Amino Acid 3
0-TTH-Glycine 94.0 88.9 93.8 92.7
o-TTH-DL-Alanine 93.8 91.3 92.1 90.7
0-TTH-DL- ¢-Amino-»-butyric acid 94.1 91.1 92.7 90.8
o-TTH-DL-Norvaline 94.0 94.8 94.9 94.5
o-TTH-DL-Norleucine 96.0 97.3 96.5 96.6
0-TTH-DL- o-Amino-éso-butyric acid 93.8 89.8 93.1 92.0
o-TTH-DL-Valine - 95.9 90.4 94.8 93.9
0-TTH-L-Leucine 95.0 91.3 94.8 94.4
o-TTH-DL-Isoleucine 94.5 92.3 94.6 94.5
m-TTH-Glycine 93.3 91.7 94.0 93.4
m-TTH-DL-Alanine 94.0 91.4 94.1 92.3
m-TTH-DL-e-Amino- #-butyric acid 94.3 89.8 93.6 92.4
m-TTH-DL-Norvaline 95.4 91.8 95.0 94.0
m-TTH-DL-Norleucine 96.2 96.2 95.8 96.1
m-TTH-DL- o-Amino-iso-butyric acid 92.5 91.8 90.3 90.0
m-TTH-DL-Valine 93.0 90.1 91.1 91.1
m-TTH-L-Leucine 94.0 94.5 91.5 90.0
m-TTH-DL-Isoleucine 95.2 95.0 96.3 94.6
p-TTH-Glycine 91.1 88.9 90.9 89.9
p-TTH-DL-Alanine 92.8 90.9 92.6 91.4
p-TTH-DL-o-Amino-#»-butyric acid 94.0 92.5 93.3 92.3
p-TTH-DL-Norvaline 95.1 93.5 9.5 91.5
p-TTH-DL-Norleucine 96.0 95.3 98.9 94.9
p-TTH-DL- o-Amino-iso-butyric acid 93.9 96.7 95.0 90.4
p-TTH-DL-Valine 92.8 91.3 94.4 94.3
p-TTH-L-Leucine 96.0 96.0 98.9 95.0
$-TTH-DL-Isoleucine 95.7 99.0 97.1 96.0
0-EPTH-Glycine 91.9 90.0 89.1 90.8
0-EPTH-DL-Alanine 94.0 91.9 92.3 90.6
0-EPTH-DL- ¢-Amino-#-butyric acid 93.7 92.2 93.6 90.9
0-EPTH-DL-Norvaline 94.9 94.0 94.3 91.5
0o-EPTH-DL-Norleucine 95.9 97.0 95.6 96.7
o-EPTH;DL-wAmino-is&butyric acid 94.1 91.1 92.7 91.5
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0-EPTH-DL-Valine 93.8 93.0 92.7 92.8
0-EPTH-L-Leucine 97.0 95.5 96.8 94.7
0-EPTH-DL-Isoleucine 96.0 95.8 94.9 95.5
m-EPTH-Glycine 94.0 93.0 94.3 94.1
m-EPTH-DL-Alanine 94.0 92.9 92.9 90.0
m-EPTH-DL- o-Amino-n-butyric acid 93.6 93.0 93.5 92.8
m-EPTH-DL-Norvaline 94.1 94.7 93.7 92.8
m-EPTH-DL-Norleucine 96.5 93.2 96.2 93.6
m-EPTH-DL- o-Amino-iso-butyric acid 94.5 91.7 98.4 94.4
m-EPTH-DL-Valine 94.5 93.0 94.0 93.0
m-EPTH-L-Leucine 94.3 94.4 94.2 94.1
m-EPTH-DL-Isoleucine 95.8 91.7 95.6 94.2
p-EPTH-Glycine 96.1 91.2 97.1 96.0
p-EPTH-DL-Alanine 93.1 91.6 93.6 92.2
p-EPTH-DL- o-Amino- #-butyric acid 92.8 91.8 95.4 91.8
p-EPTH-DL-Norvaline 93.9 93.0 96.1 92.4
p-EPTH-DL-Norleucine 97.6 96.8 97.0 95.6
p-EPTH-DL- o-Amino-éso-butyric acid 94.9 93.9 91.0 91.6
p-EPTH-DL-Valine 94.6 90.8 91.5 94.0
p-EPTH-L-Leucine 96.6 95.2 96.9 9.1
P-EPTH-DL-Isoleucine 98.1 95.1 96.2 94.6
Control 82.4 77.1 82.5 81.5

Test solution component : buffer solution [pH 3.8 1/15M acetate buffer,pH 4.8 1/15M
acetate buffer, pH5.65 1/15M phosphate buffer, pH6.65 1/15M phosphate buffer (60m)l,
TTH-Amino acids and EPTH-Amino acids (4x10-5mol), ethyl alcohol (10m/), distilled water
(m/), L-ascorbic acid (1x10~*mol), total volume (100m/). Reaction temperature 37° +1°C

# S

1 RI&XY, HBKFEA £ VEE (LT pH &LEF) #6.0CIE pEPTH-7") ¥ v > m-
EPTH-7"Y v v, pH 7.0 T& p-EPTH-7) v > mEPTH-7 Y v ¥ =pTTH- 7
Y v ¥=0-EPTH- 7" v v DIFICBLINFII R St pH Sschfic 75 5 i v BRI ME]
ShEHHEM L 720

2 #ID XY, pH 6.0 Tit pEPTH-7 5 =¥ >p-TTH-7 5 = ¥ > m-EPTH-7 5 =
v, pH 7.0 T, p-EPTH-7 3 = Y >pTTH-7 % = ¥ > m-EPTH-T7 7 = ¥ > m-TTH-
77 =v=0-EPTH-7 5 = ¥ >0-TTH- 7 7 = v DI B/ LIRS St .

3 #£MXb, pH 5.0 Tid pEPTH-7 3 / 8, pH 6.0 TId pEPTH-7 ¥ / B
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B>mEPTH-7 3 / Bk =pTTH-7 3 / BB > o-EPTH-7 3 / EEB = m-TTH-7 ¢ / B
B>o-TTH-7 3 / B, pH 7.0 T3 o-TTH-7 ¥ / BEEEUIA, BIERE LA DB ER/LIME
ShEHZRD SN i,

4 FEN&LY, pH 40 Tid p-EPTH-/ Y ¥, pH 5.0 T p-EPTH-/ » N
¥, m-EPTH-/ &) viT, pH 6.0, pH 7.0 THEATICHROBLIE IR Shi.

5 %#V&ED, pH 40 TR p-EPTH-/ v oA ¥ v >mEPTH-/ v o 4 ¥ ¥ =pTTH-
/a4y yOlEic, pH 5.0 5 pH 7.0 T TIKHEWERMLIEIZHELAD S /.

pEPTH-/ vuo4 v v igEBRLA pH 4.0 5 pH 7.0 OfEE TR BN R
doht.

6 HRVI&LY, pH 5.0, pH 6.0 T p-EPTH-7 3/ 4 ¥V B§B > m-EPTH-7 3 / 4 v
ER e >p-TTH-7 3 / 4 VEEER >m-TTH-7 3 / 4 VEEE, pH 7.0 TRELTITEWELIME%)
ErBdoni.

7 RW&ELD, pH 50 T p-EPTH--%Y ¥ = m-EPTH-/8Y) ¥ >pTTH-/8) ¥ >0
EPTH-/%Y ¥>m-TTH--%1) v, pH 6.0, pH 7.0 TEATICEHO BTG RENED S 1.

8 FW&Lb, pH 4.0, pH 50 Tid p-EPTH-o 4 ¥ ¥ > mEPTH-o A ¥ v >0
p-TTH-v'4 ¥ > m-EPTH-0 4 ¥ Y ®Jgic, pH 6.0, pH 7.0 Tid & THWERLINE 2R
Fvoni.

9 RKX&YD, TTH-41 vo4 vy, EPTH-4 Va4 v E s BLmEl s Raas
Shtc. BERLIALAYHR T, pEPTH-4 v oA v vic 3@ B{LlEis EnEs S n .

10 %X &b, pH 50 TlZ oTTH-4 vua4 v >oTTH-/ vwa 4 v v =oTTH-u
4 vv, pH 7.0 T o-TTH-4 v v 4 ¥ ¥ >oTTH-o 4 v >0 TTH-/ wva 4 v /s
o-TTH-/ WY v =0oTTH-/NY) ¥ >0 TTH-7T I/ 4 VBE>o-TTH-7 3 / BB > o-
TTH-7 7 =¥ >o-TTH- 7"V & v OIECB{LIEIRIENED St

11 %£XI &b, pH 5.0 TiZ mTTH-/ v o4 ¥ >>mTTH-4 Vo4 ¥ Y >mTTH-a
4> v >mTTH-/ v ) ¥>mTTH-7 3 / 4 Y BBE>m-TTH--v) Y ®JEic, pH 6.0,
pH 7.0 TRIZEAELTICHOBRILIMEIFI RS Shi.

12 #Xikbo, pH 50 T p-TTH-/ v 4 v Y =pTTH-v0 4 ¥ vV =pTTH-4 v 0
4 v v>pTTH-7 3 / 4 VBB =pTTH-/xY) ¥ >pTTH-/ &%) ¥ >pTTH-7 5 =
O, pH 6.0, pH 7.0 TlRiZ&E A ELTICEVBRLINEIRESED ST,

13 E£XMXYH pH 6.0 Tld 0o-EPTH-/ ~» v 4 ¥ v >0-EPTH-4 ¥V 0 ¥ ¥ > o-EPTH-
o4 ¥ = oEPTH-/1) ¥ >0-EPTH-/ /5 ) v >6EPTH-7 ¥ / 4 vV 858 > 0-EPTH-
T 3/ B >0-EPTH-7 5 = ¥ >0-EPTH- 7"V ~ v OIFICB LIIHIZIRASZED Sz,

14 E#XN LD, pH 4.0 Tk m-EPTH-4 Vo4 ¥ v =mEPTH-/ a4 ¥ ¥ > mEP
TH-24 ¥ Y>m-EPTH-7 £ / 41 VEEBE> m-EPTH-/N) ¥ > m-EPTH-/ vo8 Y v DEK,
pH 6.0, pH, 7.0 TiHIZ & AL TITHOEA LSRN St

15 #XV LD, pH 40 T pEPTH-4 Y a4 ¥ ¥ >pEPTH-/ v o 4 & ¥ >p-
EPTH-7 3 / 4 V B8 =p-EPTH-9 4 ¥ » >p-EPTH-/ n~ /) v > pEPTH-7 ¥ / &
BolEic, pH 5.0, pH 6.0, pH 7.0 TR Z AL 2TICBOBRIMEADERED S 11,

16 £XVILD, £7To pH HETHOEB/ILMEZIRNZD S/,
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% z=

RIDPORKOBERLD, Ny, CoD/v—7F& pH 85 L-7 23t v EEERLINEIR) Bic K
ECREBLI, Thi32oF47 b Y OREDEFEEIIUpH OBER, 2Cs OEHS 20 i3
BN T A: v E O+ R, QINeOBBREDO+] $HER, WF 44 + v OREE NG O ERED
S OIC L0 BARE-TL 3o L-T 220 VEEORBRLABOF 44 b vOBTHEIZC
NFEPREINIODTHY, Z U CTHEMEMLEITH S Cu® LRERSMMAERL, L-T 23
v BROBLAIE L 7.

(1D oTTH-7 /8, mTTH-7 I /B, pTTH-7 3 VBICXAL-T X a v e v B
1tIHHWERA

RIDPORKOERLD, Co DBMENR UHE, pTTH-7 $ / B>m-TTH-7 3 / B>
o-TTH-7 3 / BRODIFICL-7 2 a v & v BB LIS BB Shfc. N 7 = = BEic@s L
fex FEEF v, NSEEUETHLPS o-TTH-7 3 /B, pTTH-T 3/ BOF 44 b v
DBFEENSREL, mTTH-T I/ BOF 24 v FOBFFES LROAAWE B LTINS
183539 TH 5B,

LL, L-7T2an ey BOBILNHER»SEZET L L, oTTH-T IV BOFAS D
BETEEI—B NIV ETFHEINS.

CNR7 == BICEB U 7oA FAHEDBIC2 -FAe &Y b4 VEBWRE T = =V EEEEEL &
LT EDHRY (A P EREDOABICEERELB), 20BF 7 b v ORBEOEFEED m-TTH-
T/, pTTH-7 I/ BOF 47 + Y OREOBTEEL D/NS Wb L fEES Tz

(2) o-EPTH-7 % /#, mEPTH-7 3 /B, pEPTH-7 3 /JBIKLBL-T X3 n
v B LI ER

RIDORKDBERKD, Coy DBERENE UHS, pEPTH-7 3 / B> mEPTH-7 §
B>0-EPTH-7 3 / BRONRICBWIHEIIEMSZED SNz, FRERLEF UEAIC L 3.

(3 o-TTH-7 3 /®, 0-EPTH-7 3 / BBIC L BAL-7 X 2 v & VEERRLISIFER

RXLERXTOHERLD, CoBREDNE UHE, BILIMHIZIEIE o-EPTH-7 3 / B> o-
TTH-7 3/ BOIETH > 7. + 1 2RI C:H; >CH; TH Y, 7 = =KL CoHs 7 v —7,
CHyZ W=7 HBBRLIIGETF A4S b YOBTFEEIRYAR o-EPTH-7 3 /B >0 TTH-7 ¢ /
BRODNEICIE S .

() mTTH-7 /8, mEPTH-7 3 VBRICL BL-7 R 3 & BB LINEIEF

KXEERXVOHKREID, mEPTH-7 I/ B>mTTH-7 3 / BOETH - /2. LEER
BEBICEATHS. :

(5) pTTH-7 3 /8, p-EPTH-7 3 / BiC kB L-7 R 2 & v B LIMEI7E R

EXNMEEZXVOHRELD, pEPTH-7 3V B>pTTH-7 I/ BOIETH - /2. LiiEE
BRI LEHRTHS.

(6) CoEREDRR

REBADEE, TIHROATEERGT S E secCiHy > iso-C,Hy >nC,Hy, WEKI3I O
56 iso-CoH, >n-CyH, 15 . ChDBLMERE —BLEThiERoBw. LaL, #&
23 nCiHy =sec-CyHy =is0-C,Hy, n-C;H, ZisoC3H,; DIETH » fo. THhid +1
PROATIEL, MOERGEEL DO LMEEINS. Z LT, HE—BLRELHEEER L
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bOHFY LHEENREAS— B - 720
(CHy); >C;Hs>CH,>H, QIR +I R E—BLIcbDEEZILNS.
n-CyH, = (CHy),, (CH,), 2 iso-C,H, ic BALMEIBBESRD SN BRI+ HRDOSLTH
MO BERE & SRS ERT 2 E X ICBELZbDEEIONS.

EENREBRL 754D 2 -FA e & Y b4 MLAYIDOL—T X 2 v & Y RRICK 3 3 BALIHBIZIR
EEHTNEROTELTH B,

1 CpitBHLIcsrv—7FTRRZKL Y OBE, nCiHo/ V=T ZsecCHy 7 V=72
isoCiHe v —F, REKITDIES nCiH, v —F=ziso0C;H, 7 v — 7, (CH3) D
FiRFEH 27 D CoHs 7/ v —7 X 0 BALIGI 1 hs38 <, Fic C;H; >CH, >2H icigh, K&
232 4 CoicBHLL 7o LA IHSBALIMNEIS 1 18— &5 - 7c.

2 Ng WCiB# L/ v— 7 Tid Ethylphenyl group > Tolyl group, ¥ iZ p-Ethylphenyl
group_> m-Ethylphenyl group>o-Ethylphenyl group, p-Tolyl group > m-Tolyl group > o-Tolyl
group DMAICIL- 7z,

3 oTTH-7T I/, oEPTH-7T IV BTEH2-FA &Y 4 YEF#E NG o-Tolyl

group, o-Ethylphenyl group OICIARISEANBEL, chDF 447 v FOHRBEOEFEE
CHEEL, L-7 22 e YBOBLMEISIOETIC 218055 1,

4 pEPTH-/vw 4 v, pEPTH-4 va4 ¥, pEPTH-0o 4 v V32 TOHBKL
- pH THOBROCBMENEATL, oTTH-7Y ¥ ¥, oTTH-7 5 = Y 52 CORBR L 1
pH THROFOBIUMNHHRER L.
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