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Abstract

The 3-pentyl (Pen) group is a new base-resistant protecting group for tyrosine. It is sufficiently stable in 50%
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procedure without the formation of any significant amount of aikyityrosine rearrangement product. © 1998 Eisevier
Science Ltd. All rights reserved.
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Convergent synthesis involving the preparation and coupling of protected peptide segments
is one of the most advantageous approaches for synthesizing large peptides or proteins. For
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serves to attach the growing peptide to the resin. In the Fmoc/!Bu strategy, highly acid-labile
resins, such as the 2-chlorotrityl resin, have been successfully employed for this purpose [1].
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labile linkers are profitable for the practical peptide synthesis since they require no special
equipment (e.g. photolysis reactor for photolabile linkers [2]) and no strict control of the
reaction conditions (e.g. those for the cleavage of allyl-type linkers [3]). By employing base-
labile linkers such as fluorenylmethyl-based resins [4] to prepare protected peptide segments,
the side-chain protecting groups must be completely stable during detachment of the segments
from the resin by treatment with nucleophiles such as morpholine or piperidine in DMF,
Tyr residue is known to be the most susceptible protecting group to these base-catalyzed
conditions. Several attempts have been made to develop base-resistant protecting groups
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tiose I pGi‘ted nas gaineda wide pr-“ﬁtical appiicauon. 1ne recen
2,4-dimethylpent-3-yloxycarbonyl (Doc) protecting group [5] was found to be far more
c

stable towards piperidine than the commonly used BrZ group. However, this
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s it causes excessive migration of the benzyl group to the

ep n step [6] (Table 2). Another grou

to be suitable as a protecting group for tyrosine is the cyclohexyl (cHex) ether group [7]. It is

stable in 50% TFA/DCM but is readily cleavable under standard HF conditions without the

formation of any significant amount (<0.5%) of the rearranged cyclohexyltyrosine side

product. However, this group has not gained wide application in practical peptide synthesis
because of the difficulty of synthesizing the protected Tyr derivative.

Based on the above considerations, we designed the 3-pentyl ether (Pen) group as an open

t e Pen

chain analog of cyclohexyl ether to protect the h

J
can be introduced to the phenolic hydroxyl group of tyrosine in a one-step reaction by
chemoselective monoalkylation of the N®-protected tyrosine disodium salt using 3-
bromopentane in DMF according to the procedure reported by Mendelson et al. [8]. The
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Scheme 1

1Boc-Tyr(Pen)-OH.DCHA: m.p. 107-108 ©C. Crystallization from ether-hexane. [a]D26 +28.8° (c=1,
methanol). Elemental analysis: Found: C 69.74; H 9.80; N 5.21%. Calcd for C31H52N205: C 69.84; H 9.85;
N 5.20%.

Boc-Tyr(Pen)-OH: Colorless oil. IH NMR (CDCI3/TMSin): 8 = 7.08 (d, J 7.6, 2H Tyr ring 2), 6.82 (d, J 8.6,
2H, Tyr ring 3), 4.98 (d, J 7.6, 1H, NH), 4.57 (m, 1H, a-H), 4.07 (m, J 5.9, 1H, CH(CH2CH3)2), 3.13 (m,
J 5.3 and 13.9, 1H, B-H), 3.01 (m, J 5.5 and 13.9, 1H, B-H), 1.66 (m, J 7.3 and 13.2, 4H, CH(CH2CH3)2),
1.41 (s, 9H, C(CH?3)3), 0.94 (t, J 7.6, 6H, CH(CH2CH3)2). 13¢ NMR (CDCI13/TMSint): & = 176.50 (1C,

COOH). 157.83 (1C, NHCOO), 155.40 (1C, Tyr ring 4), 130.39 (2C, Tyr ring 2), 127.48 (1C, Tyr ring 1),
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en group was as stable as the commonly used BrZ or the reported cHex group
in 50% TFA/DCM (Table 1). Cleavage of the Pen group

room temperature.!

The migration of the pentyl cation to the aromatic ring in strong acid was studied by
treating H-Tyr(X)-OH (X = BrZ, CI2Bzl, cHex and Pen) with HF under different conditions.
The product yield distribution was analyzed by RP-HPLC (Table 2). The migration of the
Pen group was considerable (6.9%) in neat HF. However, in the presence of 10% cation
scavenger such as anisole or p-cresol, the extent of formation of the alkyltyrosine side
product could be kept below a significant (0.5%) level, which was comparable to that

obtained with BrZ or cHex.

Table 1
Cleavage of side chain protecting group of Boc-Tyr(X)-OH under acidic or basic
conditions at room temperature

Cleavage of X (%)
Reaction conditions BrZ Doc cHex2 Pen
100% TFA, 24 h 0.9 17 1.2
50% TFA/DCM, 24 h 0.4 4 0.4 0.3
20% piperidine/DMF, 1 h 100 61 0b

aFrom ref. 7.
bran

Table 2
Alkyltyrosine formation during acidolysis of Tyr(X) in HF at -5°C for 60 min
Formation of 3-alkyltyrosine (%)

Cleavage conditions BrZ ClpBzl cHex2 Pen
HF 0.6 69 6.5 6.9
HF/anisole (9:1) 0.3 23 <0.5 0.5
HF/p-cresol (9;1) 0.2 10 2.4b 0.5

aFrom ref. 7, reaction conditions at 0°C, 30 min.
bIn HF/phenol (9:1).

IThe nucleophile stability of the Doc group is described as the half-life (t1/2 = 8 h) in ref. 5, where the model
peptide containing Tyr(Doc) on a solid support was treated with 20% piperidine in DMF at room temperature. In
the present study, however, the stability of the Doc group was examined in solution using 20% piperidine/DMF
at room temperature. The discrepancy in the stability of the Doc group might be arisen from different situations,

i.e., solid-phase or solution-phase.



chemistry. In particular, the Pen group for tyrosine was proved to be mdlspensable for
preparing the protected peptlde segments on the base-labile linkers using the Boc/Bzl strategy
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