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Nin-Diphenylphosphinothioyltryptophan, a Useful Derivative for Peptide Synthesis by
the Methanesulphonic Acid-Thioanisole System and Fluoride lon Deprotection

Methods

Yoshiaki Kiso,* Tooru Kimura, Masanori Shimokura, and Takatomo Narukami
Department of Medicinal Chemistry, Kyoto Pharmaceutical University, Yamashina-ku, Kyoto 607, Japan

The diphenylphosphinothioyl (Ppt) group attached at the Ain function of tryptophan can be smoothly removed not
only by 0.25 m methanesulphonic acid-thioanisole in trifluoroacetic acid, but also by tetra-n-butylammonium
fluoride trihydrate in dimethylformamide without any side reaction; this new Trp(Ppt) derivative is successfully
applied to the synthesis of bradykinin potentiating peptide 5a by the solution method, as well as by the solid phase

method using a fluoride ion deprotection method.

Protection of the indole moiety of tryptophan is often required
because it is susceptible to oxidative degradation and to
alkylation when acidic conditions are used for removal of
protecting groups in peptide synthesis.!2 We now report that
the diphenylphosphinothioyl (Ppt) group?4 attached at the Nin
atom of the tryptophan indole ring can be smoothly removed
not only by methanesulphonic acid (MSA)>5—thioanisole in
trifluoroacetic acid (TFA), but also by tetra-n-butylammo-
nium fluoride trihydrate (TBAF) in dimethylformamide
(DMF), without any side reaction.

Boc-Trp(Ppt)-OMe,* m.p. 125—126.5°C, [«]p?' —8.0°
(c0.6, DMF), was prepared in 87% yield from Boc-Trp—-OMe
(Boc = t-butoxycarbonyl) and Ppt—Cl (1.5 equiv.) in CH,Cl,
in the presence of tetra-n-butylammonium hydrogen sulphate
(0.01 equiv.) and pulverized NaOH (2.5 equiv.)24.6 at 0 °C for
2 h. Hydrolysis of Boc-Trp(Ppt)-OMe by use of 1M aq. NaOH
in tetrahydrofuran (THF) gave the corresponding carboxylic
acid, Boc-Trp(Ppt)-OH, m.p. 127—129 °C, [«]p3! +17.4° (c
1, MeOH). in 73% yield.

The Nin-Ppt group was stable to TFA-anisole and SiCl,—
anisole/TFA7 at 25 °C for 1 h, while it was quantitatively
cleaved under. relatively mild conditions, e.g. 0.25 M-MSAS-
0.25 M-thioanisole in TFA (0 °C, 90 min) and 0.25 M-trifluoro-
methanesulphonic acid (TFMSA)#-0.25 M-thioanisole in TFA
(0 °C, 30 min) in the presence of m-cresol and ethane-1,2-
dithiol. Under these acidic conditions, the presence of
thioanisole? was essential for the complete deprotection of

Trp(Ppt). In the absence of thioanisole, the deprotection of
the Nin-Ppt group was incomplete even after 24 h under
strongly acidic conditions, e.g. 1 M-TFMSA. It is noteworthy
that the Nin-Ppt group could be removed under mild condi-
tions using fluoride ion. The rate of cleavage was dependent
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Scheme 1. Application of Trp(Ppt) to the synthesis of BPP5a.
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Boc—Pro— O—CHZ‘Q—CHZ—CO —NH—CH; —@—resin (4)

(@) Boc—Ala~ OH

(b) Boc—Trp(Ppt)—0H

(c) Boc—Lys(Fmoc)—OH
(d) I:—E]ilu—'OH

[

v

L—IGlu— Lys(Fmoc)—Trp(Ppt)—Ala—Pro—0— CHZQ CH;—CO—N H—CH2—©—- resin (5)

Etlylu-—Lys—Trp—Alc—Pro (1)

Scheme 2. Solid phase synthesis using a fluoride ion deprotection method. Reagents and conditions: For each amino acid (a)—(d): i, MSA
(0.5 m in CH,Cl,-dioxane, 9:1); ii, DIPEA in CH,Cl,; iii, DIPCDI-HOBt (in CH,Cl,-DMF). iv, Bun,NF-3H,0 in DMF.

on the solvent, i.e., the Nin-Ppt was removed by 0.1 M-TBAF
in DMF or dimethyl sulphoxide at 25 °C within 10 min, and in
THF or MeCN the cleavage was complete within 30 min. In
MeOH or CH;Cl,, the cleavage reaction was incomplete even
after 12 h. By use of 0.5 M-KF with 0.5 M-18-crown-6 in MeCN
at 25 °C, the Nin-Ppt group was cleaved in 3 h.

In order to demonstrate the usefulness of Trp(Ppt),
bradykinin potentiating peptide Sa (BPP5a)!0 was synthesized
by the conventional solution method (Scheme 1). Using the
p-nitrophenyl ester (ONp) and the mixed anhydride method,
(2) was assembled, and prior to each coupling, TFA-anisole
was used to remove the Boc group. The Nin-Ppt group
survived intact under the various conditions employed during
this synthesis and sufficiently protected the indole moiety by
its electron-withdrawing property. The protected peptide (2)
thus obtained was deprotected with 0.5 M MSA-TFA (for 2 h)
or 0.3 M TFMSA-TFA (for 1 h) in the presence of thioanisole
(0.3 M), m-cresol (0.3 m), and ethane-1,2-dithiol (0.25 m) at 0
°C, and purified by gel filtration on Sephadex G-10, followed
by fast protein-liquid chromatography (f.p.l.c.) on a PEP-
ODS WP-300 A column. The purified BPP5a (1)t was
obtained in good yield, 71 and 63% from the deprotection and
purification steps, respectively. Alternatively, (2) was first
treated with SiCl,—anisole/TFA7 at 25 °C for 1 h to remove the
benzyloxycarbonyl (Z) groups, and then (3) was treated with
0.5 M TBAF-DMEF at 25 °C for 30 min to deprotect the Nin-Ppt
group. The product was purified as described above, and the
homogeneous peptide (1) was obtained in 73% yield (from the
deprotection and purification steps). The peptides synthesized
by the three different deprotecting procedures possessed
properties identical with an authentic sample.

t lap3! =72.4° (¢ C.6, IM-AcOH); t.l.c. (silica, Bu"OH: AcOH:
pyridine: H,O 4:1:1:2), R;0.30; h.p.l.c. [Chemcosorb 5-ODS-H, 4.6
X 150 mm, MeCN (10—60%, 30 min) in 0.1% aq. TFA, 0.7 ml
min~!], retention time 13.61 min; satisfactory elemental analyses
were obtained for C;,H,,N,0,-CF;CO,H-2.5H,0. Amino acid ratios
(4M MSA hydrolysate): Glu 1.05, Ala 1.00, Lys 1.00, Trp 1.02, Pro
1.04.

Since the Nin-Ppt group has been found to be smoothly
deprotected by TBAF, we applied Trp(Ppt) to the solid phase
synthesis of BPP5a by a new strategy using a fluoride ion
deprotection method (Scheme 2). A solid support with a
p-(carbamoylmethyl)-benzyl ester linkage (Pam)-resin (4)!!
was used, and, in combination with the acid labile Boc group
for Ne-protection, new amino acid derivatives bearing
protecting groups removable with fluoride ion were
employed, i.e., Boc-Trp(Ppt)-OH and Boc-Lys(Fmoc)-
OH (Fmoc = 9-fluorenylmethyloxycarbonyl).!2 In prelimi-
nary experiments, the Ne-Fmoc group was removed by 0.1
M-TBAF in DMF at 25 °C within 2 min,!3.14 and proline was
obtained from Pro-Pam-resin in 95% yield (calculated by
amino acid analyser) from the cleavage reaction with 0.1
M-TBAF in DMF at 25 °C for 3 h.14

The protected peptide-resin (5) was prepared from Boc-
Pro-Pam-resin (4) (Pro, 0.76 mequiv. g—!) using a Biosearch
9500 automated synthesizer and di-isopropylcarbodi-imide
(DIPCDI)-1-hydroxybenzotriazole (HOBt) activation. To
remove the Boc group, a new reagent [MSA (0.5 M in
CH,Cl,)-dioxane, 9: 1}15 was used, and 5% N, N-di-isopropyl-
ethylamine (DIPEA) in CH,Cl, was used for neutralization.
In preliminary experiments, the Ne-Fmoc group, Nin-Ppt
group, and Pam-resin ester linkage were stable under those
conditions employed in the solid phase synthesis. The
protected peptide—resin (5) thus obtained was treated with 0.1
M-TBAF in DMF at 25 °C for 3 h, to cleave the peptide from
the resin and to deprotect the Ne-Fmoc and Nin-Ppt groups.
After the resini had been separated from the solution by
filtration and washed with 50% aqueous acetic acid, the
combined filtrate and washing were concentrated in vacuo.
The product was purified as previously described, and the
homogeneous peptide (1) thus obtained (overall yield 63%
based on starting Boc—Pro—Pam-resin) possessed properties
identical with an authentic sample. These excellent results

$ The result (peptide content, 0.07 mequiv. g—!) of amino acid
analyses of 12 M HCl-propionic acid hydrolysate indicated that the
cleavage of peptide-resin was successful.
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show the potential of the method for both solution and solid
phase peptide syntheses.

Received, 3rd November 1987, Com. 1602

References

1 R. Geiger and W. Konig, ‘The Peptides,” eds. E. Gross and J.
Meienhofer, Academic Press, New York, 1981, vol. 3, p. 82.

2 T. Fukuda, M. Wakimasu, S. Kobayashi, and M. Fujino, Chem.
Pharm. Bull., 1982, 30, 2825; Y. Kiso, M. Inai, K. Kitagawa, and
T. Akita, Chem. Lett., 1983, 739; N. Fujii, S. Futaki, K.
Yasumura, and H. Yajima, Chem. Pharm. Bull., 1984, 32, 2660;
Y. Kiso, M. Shimokura, T. Narukami, A. Nakamura, and H.
Shiomi, ‘Peptide Chemistry 1985," ed. Y. Kiso, Protein Res.
Found., Osaka, Japan, 1986, p. 131.

3 S. Ikeda, F. Tonegawa, E. Shikano, K. Shinozaki, and M. Ueki,
Bull. Chem. Soc. Jpn., 1979, 52, 1431.

4 Y. Kiso, M. Inai, K. Yoneto, K. Kitagawa, and T. Akita, ‘Peptide
Chemistry 1982, ed. S. Sakakibara, Protein Res. Found., Osaka,
Japan, 1983, p. 65.

S

10
11
12

13

14

15

289

H. Yajima, Y. Kiso, H. Ogawa, N. Fujii, and H. Irie, Chem.
Pharm. Bull., 1975, 23, 1164.

V. O. 1lli, Synthesis, 1974, 387.

Y. Kiso, M. Yoshida, T. Fujisaki, T., Mimoto, T. Kimura, and M.
Shimokura, ‘Peptide Chemistry 1986, ed. T. Miyazawa, Protein
Res. Found., Osaka. Japan, 1987, p. 205.

H. Yajima, N. Fujii, H. Ogawa, and H. Kawatani, J. Chem. Soc.,
Chem. Commun., 1974, 107.

Y. Kiso, M. Satomi, K. Ukawa, and T. Akita, J. Chem. Soc.,
Chem. Commun., 1980, 1063.

S. H. Ferreira, D. C. Dartelt, and L. T. Greene, Biochemistry,
1970, 9, 253.

A. R. Mitchell, B. W. Erickson, M. N. Ryabtsev, R. S. Hodges,
and R. B. Merrifield, J. Am. Chem. Soc., 1976, 98, 7357.

E. Bayer, H. Hellstern, and H. Eckstein, Z. Naturforsch., Teil C,
1987, 42, 455.

M. Ueki and M. Amemiya, Abstracts of Japan Symposium on
Peptide Chemistry, 1987, Kobe, Japan, p. 264; N. Fujii, S. Futaki,
H. Morimoto, H. Yajima, R. Doi, and K. Inoue, Abstracts of the
2nd Akabori Conference, Sept. 1987, Kashikojima, Japan.

M. Ueki, Abstracts of the 2nd Akabori Conference, Sept. 1987,
Kashikojima, Japan.

Y. Kiso, A. Nishitani, M. Shimokura, Y. Fujiwara, and T.
Kimura, Abstracts of Japan Symposium on Peptide Chemistry,
1987, Kobe, Japan, p. 390.






