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3-NITRO-2-PYRIDINESULFENYL GROUP FOR PROTECTION
AND ACTIVATION OF THE THIOL FUNCTION OF CYSTEINE
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The use of the 3-nitro-2-pyridinesulfenyl (Npys) halide, a
versatile reagent in peptide chemistry, for the protection and
activation of the thiol function is reported. Boc-Cys (Npys)-O0H
is prepared starting from bis (N-t-butyloxycarbonyl)-L-cystine.
The Npys group is easily removed by treatment with a stoichio-
metric amount of tri-n-butylphosphine in the presence of water,
but it is resistant to acids such as trifluoroacetic acid, HC1,
and HF. Importantly, the cysteine residue modified with the Npys
group can react selectively with free thiol of cysteine to afford
a cystine disulfide bond.

We wish to report a convenient method for the preparation of N-t-butyloxy-
carbonyl-S-(3-nitro-2-pyridinesulfenyl)~-L-cysteine. The 3-nitro-2-pyridinesul-
fenyl (Npys) group not only acts to protect the thiol function of cysteine, but
also the Npys-modified cysteine can react selectively with the free thiol group
of another cysteine molecule to afford a new disulfide bond. The Npys group is
easily removed under neutral conditions using tertiary phosphine and water, but
it is sufficiently resistant to acids such as trifluoroacetic acid, HC1l, and HF.

Recently the synthesis of 3-nitro-2-pyridinesulfenyl halides has been re-
ported and these compounds were found to be unusually stable nitrogen-containing

b One of the authors showed previously that Npys

heterocyclic sulfenyl halides.
halides react easily with amino, hydroxyl and thiol functions of amino acids to
form sulfenamides, sulfenates, and mixed disulfide, respectively and the Npys group
can serve for both protection and activation in peptide synthesis.

N- (t-butyloxycarbonyl)-5- (3-nitro-2-pyridinesulfenyl)-L-cysteine (Boc-Cys-
(Npys)-OH) is easily prepared starting from bis(N-t-butyloxycarbonyl)-L-cystine

S_

((Boc—C§s—0H)2) according to the following scheme.
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Boc-Cys-0H
S SH
é + (ﬂ-CqH9)3P + Hy0 > 2 Boc-Cys-0H
Boc-Cys-O0H 927 +
Ngys (E—C4H9)3P=O
S
2 Noys CL 9 goc-Cys-OH
66%
S_

In a typical experiment, to a solution of {Boc—cll/s—OH)2 (4.4 g, 10 mmol) in
80 ml of acetone and 20 ml of water, tri—gfbutylphosphine3) (2.02 g, 10 mmol) was
added at room temperature with stirring, and the mixture was stirred for 4 hr.
The acetone was removed in vacuo and 300 ml of ethyl acetate was added to the
residue, followed by successive washing with 5% citric acid and water. After the
solution was concentrated in vacuo, the dicyclohexylamine (DCHA) salt of N-t-butyl-

6) was precipitated upon addition of DCHA

oxycarbonyl-L-cysteine (Boc-Cys (SH)-0H)
(5.43 g, 30 mmol) and petroleum ether at 0°C: yield, 7.35 g (91.5%), mp 154-6°C,
[u}§2+19.3° (cl, methanol). Anal. Found: C, 59.66; H, 9.52; N, 6.96; S, 7.96%.
Calcd for C,gH;gN,04S: C, 59.78; H, 9.41; N, 6.78; S, 7.91%. This salt (2.01 g,
5 mmol) was suspended in 200 ml of CH,Cl, and converted into the free form by
washing with 5% citric acid, and the solution was dried over sodium sulfate. To
the resulting solution, Npys chloride (1.04 g, 5.5 mmol) was added in 4 equal
portions while triethylamine (1.11 g, 11 mmol) in 30 ml of CH2C12 was added drop-
wise with stirring at 0°C. The reaction mixture was stirred for additional 2 hr
at room temperature. The solvent was removed in vacuo, and the residue was dis-
solved in 150 ml of acetone. The DCHA salt of Boc-Cys(Npys)-0H was precipitated
upon addition of 1 ml of DCHA at 0°C. The salt was dissolved in methanol and a
small amount of insoluble material was removed by filtration and the solvent was
evaporated. The residue was crystallized from ethyl acetate -petroleum ather:
yield, 1.84 g (66.3%), mp 150 -2°C, [a]2?-86.5° (cl, methanol).?!
suspended in ethyl acetate and converted into the free form by washing with 5%
citric acid. Boc-Cys(Npys)-0H was obtained in quantitative yield by addition of
petroleum ether after the solution was concentrated in vacuo: mp 153 - 5°C (dec),
[212%-88.7° (cl, methanol). Anal. Found: C, 41.44; H, 4.62; N, 11.05; S, 17.11s.
Calcd for C N,O Sz: C, 41.59; H, 4.57; N, 11.20; S, 17.08%.

13817%3%
The S-Npys group is stable toward acids such as trifluoroacetic acid, HC1l

This salt was

and HF: no decomposition was observed, as checked by thin layer chromatography on
silica gel (n-butanol : acetic acid : Hp0 (4:1: 1)), after H-Cys(Npys)-OH was kept
at room temperature in trifluorocacetic acid (24 hr), 4M HCl/dioxane (24 hr), or
HF (1 hr). However, it is cleaved under neutral conditions using a stoichio-
metric amount of tri-n-butylphosphine in the presence of water at room temperature
or with an excess of 2-mercaptoethanol.

Most important is the fact that cysteine modified with the Npys group can



Chemistry Letters, 1981 739

react selectively with the thiol of cysteine to afford a cystine disulfide bond.
Quantitative reaction took place as determined by thin layer chromatography on
silica gel (CHClj : methanol : acetic acid (30 :1: 1)) when 1 mmol each of Boc-
Cys (Npys)-0H and Boc—Cys (SH)-OH were mixed in 50 ml each of acetone and 0.1 M
S..

phosphate buffer (pH 8) for 2 hr and (Boc—Cés—OH)z was obtained in 92% yield by
acidification to pH 3 and gel filtration on Sephadex LH-20 in methanol. This
experimental approach was successfully applied to the modification of papain as

shown in Figure 1.

NO,
S Boc-Cys-0H NO2
! A N N $-$-(Boc-Cys)-O0H + s
f N
Ll Inactive H
¥ ) Papain(SH))+ Boc-Cys(SH)-CH

Active

Figure 1. Modification of Papain with Boc-Cys (Npys)-OH

The papain (Worthington, 2 x crystallized) which had been purified by affi-
nity chromatography on a column of agarose—Gly—Gly-Tyr(le)-Arg7) was incubated
with Boc-Cys (Npys)-OH (6.18 x 10-6M) in 0.5M Tris buffer (pH 7.5) containing 0.005
M ethylenediaminetetraacetic acid at 25°C. The thiol group in the active site of
the enzyme was modified within 10 seconds during which it completely lost enzymic
activity.a) The content of free thiol in the enzyme was easily determined from
the amount of 3-nitro-2-pyridinethiol produced by measuring the absorption at
310.4 nm (e 4,900).9) The modified enzymel®)
gel filtration on Sephadex G-25. Full enzymic activity was recovered by addition
of a stoichiometric amount of tri-n-butylphosphine based on the amount of liberated
3-nitro-2-pyridinethiol.

was separated from the reagents by

In conclusion, the 3-nitro-2-pyridinesulfenyl group can offer new options and
flexibility in the choice of a protecting group for the thiol function and provide
a unique concept of protection and activation in peptide chemistry.
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