Tetrahedron Letters,Vol.25,No.10,pp 1027-1030,1984 0040-4039/84 $3.00 + .00
Printed in Great Britain ©1984 Pergamon Press Ltd.

CLEAVAGE OF THE N-PChd GROUP FROM PROTECTED AMINO ACIDS AND PEPTIDES
BY CATHODIC REDUCTION

M.Hassen Khalifa and Anton Rieker *
Institut fiir Organische Chemie der Universitéat
Auf der Morgenstelle 18
D-7400 Tiibingen

Summary: Amino acid and peptide esters protected by the PChd group can be

deprotected cathodically under mild conditions.

We have recently introduced the di-tert-butylated l-phenyl-l4-0x0-2,5-
cyclohexadienyl(PChd) group for the protection of amino acids 1-3). The
N-PChd group can be chemically removed either by acidic cleavage (e.g. 50%
trifluoroacetic acid in dichloromethane) or by hydrogenolysis (e.g. molecu-
lar hydrogen/Pd-C in methanol/1N hydrochloric acid). In the following we

describe the electrochemical cleavage of the PChd group from N-PChd amino

acid and peptide esters.

Since the PChd group is a quinol system, it should be electroactive. In-
deed, N-PChd amino acid and peptide esters 1l show half —wave potentials of
about -1.6 to -1.7 V (xg. Ag/0.0l M Ag+) at—the dropping mercury electrode
in methanol/0.1 M Et,NBF,.

The preparative cathodic reduction of N-PChd amino acid esters la at
these potentials in undivided cells at Pt electrodes (in methanol/ail M
EtuNBFh) consequently leads to the free amino acid esters gg. The PChd

group is transformed into phenol 2 and quinol methyl ether J3 ):
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The yields of free amino acid esters La are moderate (max. 60%), presumably
due to their anodic decomposition, ana phenol 2 cannot be regenerated quan-
titatively. Therefore, we preferred to employ a divided electrolysis cell
for the subsequent experiments using a clay cylinder (Tonzelle ABS, Halden-
wanger, Berlin) as a diaphragm. In this type of cell, the potential con-
trolled electrolysis of N-PChd amino acid esters lg at -1.7 V at Pt in neu-
tral medium (methanol/0.1 M EthNBFh) also leads to the cleavage of the PChd
group. This group is now reduced to phenol 2 as the scle product, and it
can be re-used for the electrochemical prot;ction of amino acid esters 1-3X
However, the free amino acid esters gg cannot be recovered quantitatively
from the supporting electrolyte.

On the other hand, the isolation procedure for the free amino acid and

peptide esters i proved to be convenient using the system methanol/0.5 M
HC1l as supporting electrolyte, which allows a cleavage of 1 at a mercury
pool electrode at potentials as low as -1.1 V vs. Ag/0.01 i Ag+. Amino

acid and peptide ester hydrochlorides g are isolated in good yields, where-

as the PChd group is found as ortho-chlorophenol 5 3 .
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The formation of 5 may be caused by molecular chlorine being formed at
the anode and diffus;ng into the cathodic compartment. Altermatively, a
SN2' reaction might occur (attack of C1~ at the carbon atom bearing the
tert-butyl group; simultaneous leaving of the ester hydrochlorides g),
leading to the ortho-quinol chloride Z which would be susceptible to acid
catalyzed de-tert-butylation to give 2. This reaction would be analogous

3)

to the cleavage of the N-PChd group by trifluorocacetic acid . However,



1029

0.5 M HC1 in methanol did not react with ; in a blind test without electro-
lysis. Thus, the first alternative seems to be the most reasonable, al-
though it could not be proven and other mechanisms may operate.

If the regeneration of 2 is not desirable, the reduction in methanol/
0.5 M HC1l described above Zs useful. An optimal procedure, however, should
restore phenol 2 instead of 2. Since 2 is a chlorination product, reduction

of the overall concentration of chlorine sources might be helpful, regard-

less of the inherent mechanism. Methanol/0.05 M HCl as electrolyte system

did indeed minimize the formation of chlorine in the anodic compartment,
and the phenol 2 is recovered in high yield from the PChd group (see Table).
This method amo;g others was applied to the intermediates PChd-Ile-Leu-OMe,
PChd-Leu~Ala-0OMe and PChd-~Ile-Leu-Leu-Ala-OMe prepared for the synthesis of
the segment 14-20 of human lymphoblastoid interferon, Ala-Leu-Ile-Leu-Leu~
Ala-Gln 3) As shown by gas chromatography on glass capillaries coated with
a chiral phase 6 , racemization of 22 due to cathodic cleavage was not de-~
tectable. The purity of the obtained peptide ester hydrochlorides was
checked by tlc, amino acid analysis and elemental analysis.

Under the conditions of this electrochemical cleavage method the benzyl-
oxycarbonyl (Z) group seems to be stable and could be used in combination
with the PChd group. Thus, Z-Ala-Gly-0Et is not electroactive in our condi-
tions, and in preliminary experiments with PChd-Lys(Z)-Gly-OH noticeable
cleavage of the Z group could not be detected 7 . A detailed mechanistic
investigation of the electrochemical cleavage of the PChd group in the ab-

sence or presence of other protective groups is in progress.

Cathodic cleavage of the PChd group

N~PChd amino acid or peptide esters ; (1-5 mmol) in methanol/0.05 M HC1
(150 ml) were electrolyzed in a divided cell (working electrode: mercury
pool; counter electrode: platinum sheet; anodic compartment: glass tube
with DU glass frit also containing the above electrolyte system) at con-
ed = -1.1 Volt wvs. Ag/0.01 M Ag+).After quantitative
cleavage, monitored by tlc (2—4 h), the catholyte was evaporated and the

trolled potential (Er
residue treated with ether. The ether solution gave phenol 2 after evapora-
tion. The ether-insoluble residue, consisting of the peptide ester hydro-

chlorides ép was recrystallized from methanol/ether.
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Table : Cathodic cleavage of N-PChd amino acid and peptide esters 1

N-PChd derivatives Amino acid and peptide Recovery of

1 ester hydrochlorides 6 phenol 2

i [ ¥

PChd-Leu-OEt 92 93
PChd-Phe-0Me 8) 90 92
PChd-Aib-Aib-OFEt 9) 93 91
PChd-Ile-Leu-0OMe 90 90
PChd-Leu~-Ala-0OMe 91 94
PChd-Ile-Leu-Leu-~Ala-OMe 88 92
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