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Some experiments of treating proteins with periodic acid have been
tried by some investigators {1-5), but a little has been known about the
details of its reaction mechanism.

In our previous reports, we have investigatedthe action of periodic
acid on amino acids (6) and dipeptides (7) to confirm the existence of an
analogous oxidative action on either hydroxyamino acids and hydroxyamino
acid residue contained in peptide. Accordig to the results, not only hydro-
xyamino acid but also non-hydroxyamino acids were oxidized by
periodic acid at higher temperature. But dipeptides containing hydro-
xyamino acid residue were more rapid in its oxidation velocities than that
without the residue.

Present communication deals with the oxidation velocities of tripeptides
by periodic acid comparing with that of dipeptides reported previously.

EXPERIMENTAL

/ . Synthesis of Materials

Only new peptides among the synthesized are described below as to the details. And
all of them were confirmed to have only one spot respectively by paperchromatography
before they were used in oxidation experiment.

DL-Serylglycylglycine was synthesized by azide method. As carbobenzoxy-DL-serylglycine
hydrazide was not obtainable by the reaction of carbobenzoxy-DL-serylglycine benzylester
(7) and hydrazine hydrate, it was restarted from its methylester.

Carbobenzpxy-T>L,-Seiylg!ycine Methyl Ester; m.p., 91-93 '

CMH13OeN2 (310.30) Calculated: N 9.03
Found: „ 8.97

Carbobenzoxy-DhSerylglycine Hydrazide; m.p., 189'

C1SH13OSN, (310.31) Calculated: N 18.08
Found: ,, 18.21

Carbobenzfixy-OL-Serylglygilglycine Benzyl Ester; m.p., 134°

' • ' ' •'- CMH2SO,N, (443.44) Calculated: N 9.69
Found: „ 9.65 "
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OL-Serylglycylglycins; m.p. (decomposition), 185-188'

CHuOjN, (219.20) Calculated: N 19.17
Found: „ 19.08

Glycyl-DL-serylglycine was also synthesized by the azide method.
Carbobenzoxy-Glycyl-Tjh-Serine Methyl Ester; m.p., 63°

C,,H13O6N2 (310.30) Calculated: N 9.03
Found: „ 9.11

Carbobenzoxy-Glycyl-DL,-Serim Hydrazide; m.p., 1833

C13H13O5N4 (310.31) Calculated: N 18.04
Found: ., 18.21

Carbobenzoxy-Glycyl-Dlt-Seiylglycine Benzyl Ester; m.p., 161°

C2!H.5O7N3 (443.44) Calculated: N 9.69
Found: „ 9.39

Glycy!-OL-Serylglycitw; m.p., 201°

CJHJJOJNJ (219.20) Calculated: N 19.15
Found: „ 18.96

Glycyl-DL-threonylglycine was synthesized by the mixed anhydride method (S).
. Dl,-Threonin! Ethyl Ester Hydrochloride—4 g. of DL-threonine was suspended in 40 fold

of ethanol and saturated with dry hydrogen chloride at room temperature. After standing
overnight at 0', ethanol and hydrogen chloride were evaporated. Crystalline needle were
obtained and recrystallized from, ethanol-ether, yield 4.8 g., m.p. 119'.

C6HUOS Cl (183.64) Calculated: N 19.30
Found: „ 19.13

Carbobenzoxy-Glycyl-DL-Threonine Ethyl Ester—To3.4g. of carbobenzoxyglycine and 1.64 g.
of triethylamine dissolved in 30 ml. of toluene was added 2.22 g. of rro-butylchlorocarbonate
under the stirring and cooling at —5°. After 5 minutes, 3 g. of DL-threonine ethyl ester
hydrochloride and 1.64 g. of triethylamine dissolved in 25 ml. chloroform was added to the
mixture and stood for 2 hours at 0 ' and overnight at 8 \ The mixture was washed with
water and bicarbonate solution and then dried over sodium sulfate. As it began to be
turbid during the drying, it was evaporated after 4 hours and added petroleum ether.
2.1 g. of the precipitate melted at 98'.

C16H,3O6Nj (338.35) Calculated: N 8.28
Found: ,,.8.25

Carbobenzoxy-Glycyl-l>h-Thre:nine Hydrazide; m.p,, 182'

C,,H20OsN4 (324.33) Calculated: N 17.28
Found: „ 17.44

Carbobenzoxy-Glyey!-DL-Threonylglycine BenzylEster; m.p., 137'

C J J J ^ O J N J (457.47) Calculated: N 9.19
Found: „ 9.11

Glycyl-DL-Threonylglycine MonohydraU; m.p.- (decomposition), 214-216"
1 N C H

• C3H,,O6NJ:(251.24) Calculated: 16.73 38.20 6.81
Found; 16.77 38.03 6.60

Glycylglycyl-DL-threonine was synthesized by the use of Ar,Ar'-dicyclohexylcarbodiimide-
(9). -
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CaTbobenzpxy-Glycflglygl'Tili-Threonine Ethyl Ester—To the mixture of 0.00865 moles of
carbobenzoxyglycylglycine, dicyclohexylcarbodiimide and 50 ml. of methylene chloride was
added methylene chloride solution of 0.00865 moles DL-threonine ethyl ester hydrochloride
and triethylamine. After standing overnight, the precipitate was filtered off and the filtrate
was washed and dried over sodium sulfate. The solution was then evaporated and the
residue was dissolved in small amount of ethyl acetate and the' undissolved was filtered
off. After addition of petroleum ether, precipitate was recrystalized from ethyl acetate
and petroleum ether three times and melted at 119-120°. Yield 2.1 g.

C19H!5O,N3 (395.40) Calculated: N 10.63
Found: „ 10.60

Catbobenzoxy-Glycylglycyl-DL-Threon'ne—0.005 moles of carbobenzoxy-glycylglycyl-DL-
threonine ethylester dissolved in 40 ml. of methanol was treated with equivalent amount
of 2 N sodium hydroxide solution for thirty minutes at room temperature. After the
acidification with hydrochloric acid, the precipitate was washed with cold water. Yield
1.4 g., m.p. 1963.

C16H21O7N, (367.35) Calculated: N 11.44
Found: „ 11.38

Glycylglycyl-'Dlj-Thnonini Monohydraie—After the hydrogenaton of the above in the
mixture of glacial acetic acid, water and methanol with hydrogen gas and palladium black,
the product was obtained in the technique as usual and melted at 150-154° (decomposition).
Yield 0.6 g.

N C H
CSH,O6N3 (251.24) Calculated: 16.73 38.2 6.81

Found: 16.45 37.8 6.73

/ / . Oxidation

Each 10 mg. of material was oxidized with 1 ml. of 0.5 M HIO4, prepared from KIO4

according to J a c k s o n el al. (10), in a medium neutralized by addition of alkaline
phosphate buffer. Oxidation velocity of tripeptide was determined by mesuring ammonia
liberated from them in the same technique as our previous reports (6", 7).

RESULTS AND DISCUSSION

Among the tripeptides investigated, only DL-serylglycylglycine was oxi-
dized appreciably at room temperature as shown in Fig 1. The curve shows
that the ammonia liberation from it becomes suddenly flat as soon as it
reached one third of the amount from the total N. It was also disclosed
by paperchromatography after hydrolysis by hydrochloric acid that the
reaction mixture oxidized for 3 hours at room temperature contained no more
any serine but glycine. • It is evident from these results that the serine
residue of DL-serylglycylglycine is almost selectively oxidizable by the action
of periodic acid.

On the contrary, other tripeptides were hardly oxidized at 15° and a
higher temperature was needed to liberate ammonia from them as shown
in Fig. 2. In those cases, however, it was disclosed by paperchromatography
that the hydroxyamino acid residue was still remained in the reaction
mixture oxidized at 60° even after the liberation of ammonia in the amount
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of one third calculated from the total N. Among them, glycylglycyl-DL-
threonine, which had hydroxyamino acid residue in its C-terminal. was
most resistant to periodic acid. Because the curve of it is slacker than that
of previously reported glycyl-DL-threonine or glycyl-DL-serine (5), it is con-
ceivable that the longer the chain of other residue combined with the amino
group of hydroxyamino acid residue the more resistant to periodic acid.

Gly-Thr-Gly^ Gly-Gly-Thr,

TIME ( hours)

FIG. 1. Oxidation velocities of tripeptides by the action of neutral
periodate at 150.

TIME ( hours)

FIG. 2. Oxidation velocities of tripeptides by the action of neutral
periodate at 603.

10 mg. of material dissolved in 1 ml. of water and 20 ml. of Af/25
phosphate buffer of pH 8.03 was oxidized with 1 ml. of 0.5 M HIO4. After
the oxidation, excess of HIO4 was removed as barium salt. The filtrate
and washings were combined and NH3 from them was distilled and deter-
mined by the use of P a r n a s ' apparatus.

Glycyl-DL-serylglycine and glycyl-DL-threonylglycine containing hydroxy-
amino acid residue in the middle were oxidized in almost equal velocities
to those of glycyl-DL-serine and those of glycyl-DL-threonine reported pre-
viously. • This fact may suggest that other residue combined with carboxyl
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group of hydroxyamino acid residue do not inhibit the oxidation of tripeptide,
and most of the inhibition is derived from other residue combined with amino
group of hydroxyamino acid residue.

1. Some new tripeptides were synthesized and oxidized by periodic
acid in a neutral medium.

2. For the selective oxidation of hydroxyamino acid residue in tripeptide,
its amino group must be free.

3. The length of the other residue combined with the amino group of
a hydroxyamino acid residue was inverse to the oxidizability of the peptide.

4. Free or not free of its carboxyl group of a hydroxyamino acid residue
was independent to the oxidizability of the peptide.

The authors are indepted to Dr. R. H i r o h a t a for his valuable advices and
encouragement.

REFERENCES

(1) Desnuelle, P., Antonin, S., and Casal, A., Bull, soc.chim. bio!., 29, 694 (1947)
(2) Goebel, W.F., and Perlmann, G. E., J. Exp. Med., 89, 479 (1949)
(3) Jansen, E.F., Curl, A. L., and Balls, A.K., J. Biol. Chem., 189, 671 (1951)
(4) Hamada, M., and Maekawa, K., Set. Bull. Fa;. Agr. Kyushu Univ., 13, 180 (1951)
( J ) Maekawa, K., and Kushibe, M, Bull. Chem. Soc. Japan, 27, 277 (1954)
(6) Arakawa, K, / . Biochm., 44, 217 (1957) .
(7) Fujii, S, Arakawa, K., and Aoyagi, N, / . Biochm., 44, 471 (1957) .
(8) Vaughan, J.R., and Osato, R. L., J. Am. Chem. Soc, 73, 5553 (1951)
(9) Sheehan, J.C., Goodman, M. and Hess, J.P., / . Am. Chem. Soc, 78, 1367 (1956)
(10) Jackson, E. L., and Hudson, G.S., J. Am. Chem. So:., 59, 994 (1937)




