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S-BENZYLOXYMETHYLCYSTEINE, ITS PROPERTIES AND APPLICATION IN THE SYNTHESIS OF PORCINE BRAIN NATRIURETIC

PEPTIDE (pBNP)1:2)

Akira OTAKA, Hiroshi MORIMOTO, Nobutaka FUJII, Takaki KOIDE, Susumu FUNAKOSHI , and Haruaki YAJIMA®

Faculty of Pharmaceutical Sciences, Kyoto University, Kyoto 606, Japan

The properties of S-benzyloxymathylcystelne; Cys(Bom), were examined. The S-Bom group is stable to trifluoroacetic

acid (TFA), but Is easily cleaved by treatment with silver trifluoromethanesulfonate (AgOTf)/TFA or 1 M trimethyisilyl
trifluoromethanesulfonate (TMSOTf)-thioanisole/TFA. Cys(Bom) can be converted to cystine by treatment with thaltium(iin)
trifluoroacetate.

Cys(Bom) was successfully applied to the Fmoc-based solid phase synthesis of porcine brain natriuretic peptide (pBNP), a
26-residue peptide with one disulfide bond [Fmoc=9-fluorenyimethyloxycarbonyl). In the final step, the peptide-resin was first
treated with AGOTI/TFA, then with 1 M trimethylsilyl bromide-thioanisole/TFA. After dithiothreitol treatment and subsequent air-
oxidation, a homogeneous pBNP was oblained in 17% yield, based on the first amino acid loaded on the resin. The result was
compared with those produced by other alternative deprotecting procedures.
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NIM_Benzyloxymethylhistidine, His(Bom), introduced by Brown et al,3) Is a useful derivative in peptide synthesis. We have introduced the
Bom group to the sulfhydryl group of cysteine and examined its properties.

H-Cys(Bom)-OH was easily prepared by the reaction of cysteine with Bom-Cl in the presence of 4N NaOH in an ice-bath for 2 h and obtained,
after recrystallization from hot water, as a crystalline compound. lts N®-protected derivatives, Boc-Cys(Bom)-OH.CHA, Z(OMe)-Cys(Bom)-OH, and
Fmoc-Cys(Bom)-OPfp, were prepared by the usual respeclive standard procedures. The physical constants and analytical data of H-Cys(Bom)-OH

and its derivalives are listed in Table |.

Table 1. Physical Constants and Analytical Data of Cys{Bom) and Its Derivatives

Analysis (%)

Yield mp [ojp*  Formula Calcd (Found)
(%) (°C) (solvent) C H N
m
H-Cys-OH 692 202204  +6.0° CyHiONS 54.75 6.27 5.81
Bom (1N HCl) (54.99 6.17 5.67)
Z(OMe)-Cys-OH 89.2 62-63 -32.2° CyHnOgNS  59.24 5.72 3.45
(DMF) (59.02 5.63 3.44)
B?m
Boc-Cys-OH.CHA 908 113116 +6.0° Cn,HaOsN,S 50.07 8.24 6.36
(DMF) (59.94 8.47 6.16)
B?m
Fmoc-Cys-OPfp 715 132133 -37.0° CgHpOsNSFs 61.05 3.84 2.23
(DMF) (61.28 3.82 2.28)

H-Cys(Bom)-OH was stable under various conditions required for peptide synthesis, i.e., TFA (0°C, 4 h), 80% hydrazine hydrate (25°C, 18 h),
and 20% piperidine/DMF (25°C, 18 h). Z(OMe)-Cys(Bom)-OH was not sensitive to NaBO;;-oxIdatlon.‘) The sulfoxide formed (after 18 h, at 25°C)
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with this oxidant (1.1 eq) remained in less than 20% yleld, while Z(OMe)-Cys(MBzi)-OH and Z(OMe)-Cys(Ad)-OH5) were quantitatively oxidized to
the comresponding sulfoxides. Next, H-Cys(Bom)-OH was treated with soft metals or acids in an ice-bath for 1 h and the cysteine regenerated or
cystine formed was quantified by an amino acid analyzer. As summarized in Table II, the Bom group was found to be easily cleaved by silver
trifluoromethanesutionate (AQOTN®) or 1 M TMSOTI-thicanisole/TFA.7) However, after treatment with 1 M TFMSA-thioanisole/TFAS) or 1 M TMSBr-
thioanisole/TFA.9) recovery of cysteine was not quantitative. It was found that H-Cys(Bom)-OH could be converted to cystine by treatment with
thallium(iHf) triffluoroacetate [TTFA)}10) in TFA in nearly 90% yield but not with lodine.11)

Tabie il. Removal of the S-Bom Group under Various Conditons

_
Reagent Cysteine regenerated (%)
(0°C, 1h) (Cystine formed)
1 M TMSOTi-thioanisole / TFA 91.0
1 M TFMSA-thioanisole / TFA 84.1
1 M TMSBr-thioanisole / TFA 76.5
AgOTf-anisole / TFA =100
I, /50% AcOH (r.t.) (2.5)

TI(TFA),-anisole / TFA (88.8)

Next, in order 1o examine the usefulness of Cys(Bom) for practical peptide synthesis, the Fmoc-based solid phase synthesis!2) of porcine
brain natriuretic peptide (pPBNP), a 26-residue peptide with one disulfide bridge,13) was conducted (Fig. 1). Starting with the p-alkoxybenzy! alcohol
resin, 14) the peptide chain was elongated manually by successive two-step cycle reactions, according to the principle of Sheppard et al.,12) j.e.,
removal of the Fmoc group15) by 20% piperidine/DMF treatment (two treaiments for 5 min and 20 min each) and condensation of the respective
amino acids by dilsopropylcarbodiimide (DIPCDI) + N-hydroxybenzotriazole (HOBT)18) or by the pentafiuorophenyl (Pfp) ester procedure7) in
DMF. Each coupling reaction was continued until the resin bacame negative to ninhydrin. Besides Fmoc-Cys(Bom)-OPfp, the following Fmoc amino
ackds were employed: Asp(OBu), Ser(Bu), Arg(Mur),18) and Tyr(Bu).

O'Bu u m r Mt OlBu r u u
H-Asp-Ser-Gly-Cys-Phe-Gly-Arg-Arg-Leu-Asp-Arg-lle-Gly-Ser-Leu-Ser-Gly-
m ‘ r Mtr qu
Leu-Gly-Cys-Asn-Val-Leu-Arg-Arg-Tyr-OCH, O—OCH-;@
1. AgOTt-anisole / TFA (0°C, 1 h)

§Ag Wr N‘tr Mtr ?Ag Iv‘lr N‘tr

H-----Cys--—----- Arg--Arg--Arg Cys Arg--Arg-----OH

2. 1 M TMSBr-thioanisole / TFA, m-cresol, EDT (0°C, 2 h)
(cleavage of Mtr)

3. Reduction with DTT

4, Air-oxidation (pH 7.5, 4°C, 42 h)

S
H-Asp-Ser-Gly-Cys-Phe-Gly-Arg-Arg-Leu-Asp-Arg-lle-Gly-Ser-Leu-Ser-Gly-
—8
Leu-Gly-Cys-Asn-Val-Leu-Arg-Arg-Tyr-OH
Overall yield 17% (after HPLC purification)

Fig. 1. Fmoc-Based Solid Phase Synthesis of pBNP (AgOTH-TMSBr deprolection)
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_ In the final step, the peptide resin was vreated with AgOT! [10 eq/Cys(Bom)] in TFA in the presence of anisole (0°C, for 1 h) to remove the two
Bom groups. Under these conditions, the peptide was cleaved off from the resin and al the same time, all Bu type protecting groups were judged to
be cleaved by TFA. After filration, the iberated peptide was further treated with 1 M TMSBr-thioanisole / TFA (0 °C, for 2 h) in the presence of m-
cresol and EDT to remove the Mtr groups from the § Arg residues involved. The deprotected peptide was treated with dithiothreitol 1o ensure the
complete removal of the Ag salt. After being gel-filtered, the sulthydryl peptide was submitied 1o air-oxidation in 0.25 M ammonium acetate butfer
atpH 7.5 (peptide conc.2.8 x 10-5M, 4°C, for 42 h) until the Eliman test'8) reached the minimal plateau value. After lyophilization, the product was
purified to apparent homogeneity by high performance liquid chromatography (HPLC) on a TSK-gel column, which was eluted with a gradient of
MeCN (25-35% for 45 min) in 0.1% TFA. The purity of the product thus obtained (17% yleld from the starting amino acid resin) was confirmed by
analytical HPLC on an Asahipak ODP-50 column (4.6 x 150 mm): retention time 21 min, when eluted by a gradient of MeCN (20-40%, for 30 min) in
0.1% TFA at a flow rate of 1.0 mi/min. Acid hydrolysis with 6 N HCI and digestion with leucine-aminopeptidase (numbers in parentheses) gave amino
acids in ratios predicted by theory (numbers in blanket): Asp + Asn 2.89(1.87 + N.D.)[2+1], Ser 2.33(N.D.)[3], Gly 5.00(5.00){5}, Cys N.D.(0.86)(1},
Val 1.05(1.08)[1], lle 0.98(1.05)[1], Leu 4.13(4.13)[4], Tyr 1.05(1.17){1}, Phe 1.03(1.03)[1), Arg 4.86(5.12)[5), (recovery of Gly, 82% and 79%
respectively).

For comparison, the above peptide resin was treated with 1 M TMSOT{-thioanisole/TFA in the presence of m-cresol and EDT (0°C for 1 h)
remove all protecting groups attached, including the two Bom groups. After air-oxidation, followed by HPLC purification, the desired product was
obtained in 7% yleld. This lower yield than the above experiments gave seems lo be due %o incomplete cleavage of the Bom group under the acid
conditions employed. A longer treatment seems to be required, when Cys(Bom) is involved in the peptide chain. '

For further comparison, a part of the above peptide resin was first treated with T TFA)3/TFA (0°C, for 1 h) to establish the disulfide bond, then
with 1 M TMSBr-thioanisole/TFA as stated above. After HPLC purification, the desired peptide was obtained in 5% yield. This lower yield seems to
be due %o difficulty in forming the disulfide bond on the resin.

From these experimental results, we conclude that Cys(Bom) can be successfully applied to the synthesis of Cys-containing peptides, when
AgOT{ is used as a final deprolecting reagent.
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