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As is well known, in the preparation of peptides containing S—S bonds the main difficulty consists in the formation
of these bonds between predetermined cysteine residues in the peptide chain, However, for some natural proteins and
peptides it has been shown thattheir primary structure apparently favors the approach to one another of certain cysteine
residues, as a consequence of which oxidation of the reduced forms of such proteins leads to the practically complete
reconstruction of the disulfide bonds in the required sequence. This is shown by the high biological activity of the com-
pounds formed after oxidation [1-4].

Among natural proteins of this type, particular interest is being devoted to riboruclease, in which the four disul-
fide bridges link to one another the cysteine residues in positions 28 and 84, 40 and 95, 58 and 110, and 65 and 72.
When reduced ribonuclease is oxidized with air at pH 8.0-8.5 more than 80% of the activity of this enzyme is regenerat-
ed [5-T].

This information has induced us to carmry out a study in order to elucidate the predisposition to the formation of
disulfide bonds in the synthetic fragment (I) comresponding to the sequence of amino acids 65-72 of the ribonuclease
chain:
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We have previously described the synthesis of the protected octapeptide (II) [8] (see scheme),
Bz -Ti)s - Bz
| |-
Z—Cys—Lys—Asn—Gly—GIn—Thr—Asn—Cys—OMe (11)
72% | NaOH
SH Tos. SH
| | Y o :
Z—Cys—Lys—Asn—Gly—GIn—Thr—Asn—Cys—OH (I
85% l ICH,CH,I
S S
|
Z—Cys—Lys—Asn—Gly—GIn—Thr—Asn—Cys—OH vy
95% HBr/HAc
S S
" Tos ‘ ' ’ 3
| ()
HBr-H—Cys—Lys—Asn—Gly—GIn—Thr—Asn—Cys—OH
56% 1 Z—Ala—OSI : D
S : S
Tos
Z~Ala—Cys——L31rs—Asn-—Gly—Gln—Thr—Asn—-Cys~—OH (Vi
DCCY,
14%
Blﬂ
HCI-Tyr—ONB - (VIII)
S S
l Tos Bzl
| I
Z—Ala—Cys—Lys—Asn—Gly—Gln—Thr—Asn—Cys—Tyr—ONB - Ix)

154 -



After the alkaline hydrolysis of compound (II) the partially protected peptide (III) was subjected to oxidation with diiodo-
ethane [9], giving the cysteine-containing peptide (IV) with a yield of 85%, while when the octapeptide (III) was oxi-
dized with air the peptide (IV) was formed with a yield of 60%. This high yield of the peptide (IV), it appears to us,
confirms a definite conformational predisposition of this isolated fragment of ribonuclease (II) to create a disulfide bond.

We then studied the possibility of the further growth of the chain of the cysteine-containing peptide (V) from both
the N-end and from the C-end of the molecule (see scheme).

When the peptide (V) was condensed with the N-hydroxysuccinimide ester of L-alanine (VI) [10], the peptide
(VII) was isolated with a yield of 56%. However, when the p-nitrobenzyl ester of O-benzyl-L-tyrosine (VIII) was added
to the C-end of the peptide (VII) with the aid of dicyclohexylcarbodiimide, the yield of the peptide (IX) was only 14%.,
which is perhaps due to the steric hindrance arising in the interaction of the voluminous molecule of the protected tyro-
sine (VIIIy with the peptide (VII). ‘

The p-nitrobenzyl ester of O-benzyl-L-tyrosine (VIII) used in this synthesis was obtained by the treatment of the
p-nitrobenzyl ester of N-tert-butoxycarbonyl-L-benzyl-L-tyrosine with hydrogen chloride in ethyl acetate. The butoxy-
carbonyl derivative was obtained by esterifying N-tert-butoxycarbonyl-O-benzyl-O-tyrosine [11] with p-nitrobenzyl
bromide.

Experimental®

For analysis, the substances were dried in vacuum for 5-6 hr, The compounds were chromatographed in thin lay-
ers of alumina and in silica with the addition of 30% of gypsum.

The R; values were determined on Whatman paper no. 2 in the following systems: 1) 1-butanol—acetic acid—wa-
ter (4:1:5) and 2) pyridine —isoamyl alcohol—water (10:10: 7). The melting points are uncorrected.

Carbobenzoxy-L-cysteinyl - -tosyl-L-lysyl-L-asparaginyl-glycyl-L-glutaminyl -L-threonyl -L-asparaginyl-L-cy -
steine (II). At 27° C, in a current of hydrogen, 12 ml of 0.5 N caustic soda solution was added to a suspension of 1.34 g
of the protected octapeptide (II) [8] in 30 ml of DMFA and 10 ml of methanol, and the mixture was stitred for 45 min.
Then it was filtered and, with stirring, hot deoxygenated water acidified with hydrochloric acid was added to it, and
then it was left in the refrigerator. The precipitate was filtered off, washed with deoxygenated water to neutrality, and
dried. Yield 0.81 g (72%), mp 190-194° C (decomp.).

Carbobenzoxy -L-hemicystinyl - -tosyl-L-lysyl-L-asparaginyl -glycyl-L-glutaminyl -L-threonyl -L-asparaginyl -L-
hemicystine (IV). A. Oxidation with diidodvethane [9]. Solutions of 0.9 g of substance (III) in 90 ml of DMFA and of
0.2 g of 1, 2-diiodoethane [12] in 90 ml of ethanol were added simultaneously in drops over an hour to 3 ml of TEA in
60 ml of DMFA and 60 m! of ethanol in a current of hydrogen. The resulting solution was stirred for another 15 min, the
methanol was evaporated off, water acidified with hydrochloric acid was added to the solution, the mixture was kept in
the refrigerator, and the precipitate was filtered off, washed with water, and dried. The weight of the disulfide (IVa)
was 0.98 g (85%); mp 212-214° C (from acetic acid), [oc]llj8 ~-56° (¢ 1; DMFA). Mol. wt. 1076 (determined by the
thermistor method [13]).

Found, %: C 47.79; H 5.71; N 14.50; S 7.99. Calculated for C,4Hg,NypOyrSy, %: C 47.92; H 5,60; N 14.58; S 8.34,

B. Oxidation with air. A current of air was passed through a solution of 0.12 g of substance (III) in 50 ml of DMFA
until the nitroprusside reaction was negative (about 3 hr). The solution was filtered, water acidified with hydrochloric
acid was added, and the mixture was kept in the refrigerator. This yielded 0.1 g of oxidized product (IVb) with mp
201-206° C.

Hydrobromide of the disulfide (V). A, One milliliter of 40% hydrogen bromide in glacial acetic acid was added
to 0.6 g of the disulfide (IVa) in 2 ml of glacial acetic acid and the mixture was kept at 30° C for 30 min and evaporat-
ed to dryness; the residue was twice evaporated with methano! and was redissolved in methanol, and an excess of dry
ether was added. This gave 0.52 g (95%) of the hydrobromide of the disulfide (V), Rf10'40; Rf1 0.19.

B. The oxidized product (IVb) was treated in a similar manner to (IVa). On paper chromatography, the hydrobro-
mide gave four spots with Ry 0.08, 0.15, 0.19, and 0.25. On quantitative chromatography, the amount of the main
substance (Rf20.19) was found to be 56-60%.

Carbobenzoxy -L-alanyl-L-hemicystinyl -e-tosyl -L-lysyl -L -asparaginyl -glycyl-L-glutaminyl-L-threonyl -L -aspara -
ginyl-L-hemicystine (VII). A solution of 1.1 g of substance (V), 0.14 ml of TEA, and 0.75 g of the N-hydroxysuccini-
mide ester of carbobenzoxy-L-alanine (VI) [10] in 10 ml of DMFA and 5 ml of methanol was kept for a day and was then

*The following abbreviations are used, in addition to those generally accepted: Asn—asparagine, Gln—glutamine,
DMFA ~dimethylformamide, TEA —triethylamine.
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evaporated'to form a sirupy residue; to this was added a large amount of acetone and the resulting mixture was acidified
to pH 4 with a 1 N solution of hydrogen chloride in ether. The precipitate that deposited was filtered off, the acetone
was evaporated off to dryhess, the residue was treated with a-mixture of ethyl acetate and ether (1: 1), and the undis-
‘solved matter was filtered off and washed with the same mixture and was crystallized from DMFA —ethyl acetate, This
gave 0.67 g (56%) of substance (VII), mp 195-198° C, [a] $ _g° (c 1; DMFA).

Found, %: C 48.19; H 5,52; N 14.78; S 7.98. Calculated for CyeHggN12016S3, %: C 48,12; H 5.61; N 14.89; S 7.87,

p-Nitrobenzylester of N -tert-butoxycarbonyl-O-benzyl-L-tyrosine (X). A mixture of 3.71 g of N-tert-butoxycar-
bonyl-O-benzyl-L-tyrosine [11], 2.2 g of p-nitrobenzyl bromide, 2.5 ml of TEA, 20 ml of tetrahydrofuran, and 60 ml
of ethyl acetate was boiled and was filtered through a layer of alumina, the alumina being washed with hot ethyl ace-

tate and the filtrate evaporated to dryness. This provided 8.6 g (T0%) of substance (X) with mp 109-110° C (from meth-
anol); [cx] ~13° (¢ 2; DMFA),

Found, %: C 66.17; H 6.17; N 5.55. Calculated for CygHggNyO,, %: C 66.39; H 5.97; N 5,58,

Hydrochloride of the p-nitrobenzyl ester of C-benzyl-L-tyrosine (VIII). Two milliliters of a 3.5 N solution of hy-
drogen chloride in ethyl acetate was added to a solution of 2.53 g of substance (X) in 25 ml of ethyl acetate and the
mixture was kept for 45 min. Then the solvent was distilled off to dryness. The weight of product was 2 g (91%), mp
202-204° C (decomp., from methanol —ether), [c:x]]l)8 -8° (¢ 2; methanol).

Found, %: C 61.94, H 5.37; N 6.36; Cl 7.84. Calculated for CegHly,NyO,Cl, %: C 62.22; H 5.48; N 6.31; C1 8.00.

p-Nitrobenzyl ester of carbobenzoxy-L-alanyl-L-hemicystinyl-¢-tosyl-L-lysyl -L-asparaginyl-glycyl-L-gluta -
minyl-L-threonyl-L-asparaginyl -L-hemicystinyl -O-benzyl-L-tyrosine (IX). A solution of 0.61 g of substance (VII),
0.88 g of substance (VIII), and 0.28 mi of TEA in 5 ml of DMFA was cooled to 0° C, and, with stirring, 0.2 g of dicy-
clohexylcarbodiimide in 1 ml of DMFA was added in drops over 30 min; then the mixture was kept at this temperature
for 2 hr and was left overnight at room temperature. After the addition of 0.5 ml of 50% acetic acid, the precipitate
was filtered off and washed with 1 ml of DMFA. The solutien was filtered through a layer of alumina and was acidified
with dilute hydrochloric acid and kept in the refrigerator. After filtration, the residue was washed with water to neutral-
ity and dried. This gave 1.4 g of a substance which was crystaliized three times from a mixture of methanol, DMFA,
and water. The weight of compound (IX) was 0.12 g (14%), mp 215-217° C (decomp.), [oc]]lj8 -15° (¢ 1; DMFA).

Found, %: C 55.21; H 5.64; N 13.29; S 6.28. Calculated for C7aHagNj4Og9Ss, %z C 55.12; H 5.72; N 13,39; S 6.15.

Conclusions

1. On the oxidation of a linear partially protected octapeptide corresponding to the sequence of amino acids of the
ribonuclease chain in the 65-72 segment, the corresponding disulfide is formed in high yield, which apparently shows
the definite predisposition of this fragment to the formation of a disulfide bond between the terminal cysteines.

2. The growth of the cyclic disulfide of the octapeptide has been effected from both the N- and C-ends of the
peptide chain,
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