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Side Reaction in Peptide Synthesis: Modification of Tryptophan During
Treatment with Mercury(II) Acetate/2-Mercaptoethanol in Aqueous Acetic Acid

Hideki Nishio, Terutoshi Kimura, and Shumpei Sakakibara®*

Peptide Institute, Inc., Protein Research Foundation, 4-1-2 Ina, Minoh-shi, Osaka 562, Japan

Abstract: When mercury (Il) acmuﬂmczoethauol procedure in aq. acetic acid was used to remove the
acetamidomethyl group in the peptide synthesis, the Trp residue was modified.

The acetamidomethyl (Acm) gmmp1 has been widely used both in solution and solid phase peptide
synthesis. The Acm group is stable during the deprotection process with acid such as TFA or HF, but is readily
removable by treatment with mercury (II) acetate (Hg(OAc), ), iodine or thiocyanogen. Since 1986, we have
been involved in the solution synthesis of biologically active peptides containing several disulfide bonds using a
combination of maximum protection strategy and HF deprotection procedure, in which the Acm group was used
as the protecting group of the Cys residues. The protecting groups were removed with HF except for the Acm
groups which were removed by treatment with Hg(OAc), (1.1-2.2 ¢q./Cys(Acm)) in 5% AcOH. Excess Hg was
removed from the product by gel filtration on Sephadex G-25 after treatment with a large excess of 2-
mercaptoethanol (ME) for over 20 h. However, when Trp-containing peptides were treated with excess
Hg(OAc), (5¢q/Cys(Acm)) in 5% AcOH, several side products were formed showing different UV spectra from
that of the desired product. Mass spectrometric analysis and UV analysis as well as peptide mapping of these
products suggested that the Trp residues had been modified by ME.  In the present comrmunication, we report
the structure of the side products and the optimal conditions to suppress this side reaction with N-acetyl-L-
tryptophanamide2 (1) as the model compound.

To the solution of (1) in aqueous AcOH at the concentration of 1 mM, excess Hg(OAc)2 was added with
stirring at room temperature. After 2-20 h, ME was added and stirring was continued for 20 h at room
temperature. Detailed reaction conditions are listed in Table 1. The reaction mixture was analyzed by reversed-
phase HPLC, and the products were isolated by reversed-phase HPLC. The product yields were calculated from
peak areas at 220 nm on HPLC .

The treatment of (1) with excess Hg(OAc)2ME in aqueous AcOH produced three products (5), (6) and (7)
as shown in Scheme 1. The UV spectrum (in CH3OH) of these products showed the bathochromic shift, 9 nm
for (§), 13 nm for (6) and 20 nm for (7) by comparison with that (Amax = 281 nm) of (1). The PD-MS
spectrum of products (§) and (6) displayed the same M value (321), 76 atomic mass units higher than that (245)
of (1). This mass difference corresponds to an ME moiety (-SCH2CHZOH). On the other hand, the M* value
(397) of product (7) was 152 atomic mass units higher than that of (1), which corresponds to two ME moieties.
In the IH-NMR spectrum (in DMSO-dg 270 MHz) of product (S), the signal corresponding to the indole proton
at position 2 disappeared and additional signals corresponding to an ME moiety appeared; 3 2.90 (dt, J=2.7, 6.8
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Hz, 2H, -SQH_QCHZOH) and 8§ 3.49 (t, J=6.8 Hz, 2H, -SCHZC_H_gOH). As for product (6), the signal
corresponding to the indole proton at position 7 disappeared and signals corresponding to an ME moiety
appeared; 8 2.97 (t, J=6.9 Hz, 2H, -Sgljzc}IzOH) and § 3.49 (t, J=6.9 Hz, 2H, -SCHZC__I-_IZOH). For product
(7), two indole protons at position 2 and 7 were not observed but signals corresponding to two ME moieties were
observed; 8 2.99 (t, J=6.9 Hz, 4H, -SCH,CH,OH x 2) and & 3.53 (t, J=6.9 Hz, 4H, -SCH,CH,OH x 2).
From these results, we confirmed the structures of these products to be N-acetyl-2-[(2-hydroxyethyl)thio]-
tryptophananﬁde:""‘, N-acetyl-7-[(2-hydroxyethyl)thioltryptophanamide and N-acetyl-2,7-bis[(2-hydroxyethyl)-
thio]tryptophanamide for products (§), (6) and (7), respectively. These structures were also confirmed by 13C-
NMR spoctra5 .
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Scheme 1

Next, we investigated the effects of AcOH concentration, the amount of Hg(OAc), and the reaction time
after addition of Hg(OAc), on the formation of ME adduct of Trp. As shown in Table 1, the modification of (1)
by ME greatly depends on the concentration of AcOH in aqueous solution (Experiments 1 and 10-14), the amount
of Hg(OAc), (Experiments 2-5 and 8-10) and the reaction time after addition of Hg(OAc), (Experiments 5-7).
The mechanism of these modifications may be that shown in scheme 1; compound (1) reacts with Hg(OAc),,
resulting in the formation of intermediates (2), (3) and (4 )6. These intermediates react with ME to form
products (5), (6) and (7).

The most effective condition for suppressing the modification of Trp is to use 50% AcOH even if excess
Hg(OAc), is used with compound(1) (Experiment 14).

We next examined these modification reactions with [Cys(Acm)>:14}-somatostatin, H-Ala-Gly-Cys(Acm)-
Lys-Asn-Phe-Phe-Trp-Lys-Thr-Phe-Thr-Ser-Cys(Acm)-OH. As shown in Fig. 1, similar modification of the Trp
residue was observed when the peptide was treated with excess Hg(OAc)2 (20 eq./Cys(Acm)) followed by
treatment with excess ME (3Oeq./Hg(0Ac)2) in 1% AcOH (Fig. 1 (i)). On the other hand, this modification was
almost completely suppressed when the reaction was carried out in 50% AcOH as in the case of compound(l)
(Fig. 1 (ii)). Therefore, for the general deprotection procedure of the Acm group during the synthesis of Trp-
containing peptides, we recommend the use of 1-2 eq. of Hg(OAc), against 1 Acm group in 50% AcOH under
which complete cleavage of the Acm group and complete suppression of the modification of the Trp residue are
expected. By applying these conditions, we were able to obtain highly homogeneous free Cys peptides such as
w-agatoxin IVA, a 48 amino acid peptide having eight Cys residues’. Detailed synthesis of w-agatoxin IVA will
be reported elsewhere.



Table 1. Modification of N-acetyl-L-tryptophanamide under various conditions

Conc.of Amountof Reaction Reaction

Experiment AcOH  Hg(OAc), time  time Yeld® m’;"
(%) (cg)*a (M)*b Mm)*c 5 6 7
1 0.1 a0 2 20 388 97 62 435
2 1 0.5 2 20 5.2 0.2 0.1 93.7
3 1 1 2 20 52 07 01 929
4 1 2 2 20 96 1 0.1 884
5 1 5 2 20 169 26 13 7117
6 1 5 5 20 35 42 36 530
7 1 5 20 20 384 69 123 402
8 1 10 2 20 26 46 22 691
9 1 20 2 20 189 9 32 666
10 1 40 2 20 174 17 a3 519
11 5 40 2 20 14.5 8.5 1.3 73.1
12 10 40 2 20 7.6 55 05 844
13 20 40 2 20 45 18 01 923
14 50 40 2 20 33 01 ND. 954
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In all experimenis, compound (1) was dissolved in aqueous ACOH a the concentration of 1 mM and the amounts of
ME used were fixed at 1200 eq. against (1). *a : Equivalent to (1), *b: Reaction time after addition of only Hg(OAc);, *c:

Reaction time after treatment with Hg{OAc), followed by adding ME., N.D. : not detected
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with excess Hg(OAc)/ME
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Fig.1 HPLC profile of the reaction mixture afier treatment of [Cys(Acm)3'“] -somatostatin

(i) Treatment in 1% aqueous AcOH, (ii) treatment in 50% aqueous AcOH, (a) and (d) mono-
ME adduct on Trp residue of reduced somatostatin, (b) reduced somatostatin, (c) bis-ME adduct

on Trp residue of reduced somatostatin®

In summary, the Trp residue in a Cys(Acm)-containing peptide was found to be modified with ME a
position 2,7 or both 2 and 7 when the Acm residue was removed with Hg(OAc), in aqueous AcOH followed by
treatment with a large excess of ME. This side reaction could be suppressed almost completely when the
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concentration of AcOH was increased to 50%. If we succeed in introducing an ME moiety onto Trp residues
selectively at position 2 or 7, this reaction can be used to study the structure activity relationship of biologically
active peptides containing Trp residues.
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