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Use of 2,2'-dithiobis(5-nitropyridine) for the Heterodimerization of Cysteine
Containing Peptides. Introduction of the 5-nitro-2-pyridinesulfenyl Group
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Abstract. 2,2"-Dithiobis(5-nitropyridine) has proven to be a suitable reagent for the activation of the
thiol function of cysteine in peptides and subsequent asymmetric disulfide formation. The utility of this
reagent is tested in the preparation of de novo designed cytochrome model heterodimeric 62-mer peptides.

The formation of an asymmetric disulfide bond between two different peptide chains generally requires
activation of the thiol function of one of the peptides, followed by addition of the second peptide in the free thiol
form. This approach is necessary to promote the formation of the desired heterodimer, otherwise unwanted
homodimeric molecules are obtained in appreciable yields. Several procedures have been described for the
formation of mixed disulfides. One of the most successful and therefore widely used method employs aromatic
sulfenyl protecting/activating groups, such as 2-nitrophenyl (Nps), 2-pyridinesulfenyl (PyrS) and 3-nitro-2-
pyridinesulfenyl (Npys)."? The formation of the disulfide bond is driven by the low pKa of the aromatic thiol,
and hence the reaction can be performed under the mildly acidic conditions required to minimize disulfide
exchange reactions once the desired Cys-Cys disulfide is formed. The Npys group can be introduced during the
synthesis of a peptide via the commercially available cysteine derivative, Boc-Cys(Npys)-OH, which is readily
incorporated into a Boc/Bzl peptide synthesis strategy.? However, the Npys and other activated Cys derivatives
are not compatible with the Fmoc/But synthesis strategy as they are not stable to the strongly basic conditions
required for the removal of the Fmoc group. Consequently, the activation of cysteine for the synthesis of
heterodimers in peptides assembled by Fmoc/But strategy is often performed with Npys-Cl.3> However, sulfenyl
chlorides have limited stability, are moisture-sensitive and can react with other functionality such as the indole
ring of tryptophan.® Cysteines can also be activated by reacting thiol-containing peptides with
2,2'-dithiobispyridine, although it results in a rather modest level of activation.>*

We describe in this article the use of 2,2"-dithiobis(5-nitropyridine) or DTNP® as an activating reagent for
the thiol function of cysteine in order to synthesize heterodimeric peptides. Furthermore, the
protecting/activating group of the thiol function generated, 5-nitro-2-pyridinesulfenyl or pNpys, is an isomer of
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the known Npys, retaining essentially all of its valuable properties but adding the simplicity, availability and
chemical advantages of being introduced by a disulfide reagent instead of a sulfenyl chloride. In addition, the
para nitro group increases the acidity of the corresponding thiol, making it a better leaving group than the
2-pyridinesulfenyl, and therefore able to react at lower pH.7

Our aim was the synthesis of de novo heterodimeric amphiphilic di-a-helical peptide molecules that
coordinate heme groups as models for the different cytochromes found in nature. We designed and synthesized
the following peptide chains:®

H10H24 [1-31]: Ac-CGGGELWKLHEELLKKFEELLKIL HEERLKKL-CONH;

S10H24 [1-31]: Ac-CGGGELWKLSEELLKKFEELL KL HEERLKKL-CONH;

The peptides were assembled following a Fmoc/tBu scheme of protect.ion9 using 5-(4-aminomethyl-3, 5-
dimetoxyphenoxy)valeric acid (the PAL™ handle) as the handle in order to obtain the corresponding terminal
carboxamides.'® ! H10H24 (in the free thiol form) was then reacted with DTNP to activate its Cys residue. It
is important to note that a sulfenyl halide would not be a suitable reagent for that purpose due to the presence of a
tryptophan in the sequence."" 12

Generally speaking, the group 5-nitro-2-pyridinesulfenyl is easily introduced in cysteine containing
peptides by treating them with a 3-5 times excess of 2,2'-dithiobis(5-nitropyridine) in acetic acid:water (3:1) for
4-6 hours with excellent yields. A simple workup yields a crude product which is pure enough (>95%) to be

used in the next step.13
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The heterodisulfide formation takes place in a wide range of pH conditions under argon atmosphere. We
found that the reaction is extremely fast (less than a minute) between pH=3.5 and pH=6.5 (1M ammonium
acetate buffer) rendering high yields of the target molecule (90-95 % judged from integrated areas of HPLC
traces)'. The reaction proceeds much slower in 0.1 M acetic acid (pH ca 2.7) needing about three hours to be
completed but again with excellent yields. This last point demonstrates the low pKa of the conjugated acid thiol
of the leaving group as can be expected from the structure, isomeric to Npys. The ability to form disulfides at
low pH should be advantageous for the synthesis of heterodimers that are less stable than the corresponding
homodimers, in which case the symmetrical products would predominate at higher pH values due to disulfide
exchange reactions.

In conclusion, 2,2'-dithiobis(5-nitropyridine) is a very convenient and efficacious reagent for the
formation of unsymmetrical disulfide bonds at acidic pH. Moreover, it provides a new protecting group 5-nitro-
2-pyridinesulfenyl (pNpys), isomeric to the well known 3-nitro-2-pyridinesulfenyl (Npys). It is also a valuable
alternative reagent to sulfeny! chlorides since it is stable, convenient, and unreactive towards tryptophan. The
preparation of a pNpys protected cysteine and its evaluation as a suitable derivative for peptide synthesis by
Boc/Bzl strategy is also underway.
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