Printed in Great Britain
0040-4039/94 $6.00+0.00

Tetrahedron Letters, Vol. 35, No. 14, pp. 2125-2128, 1994
@ Pergamon Elsevier Science Lid

0040-4039(94)E0281-2

Improved Synthesis of Arginine Peptide Aldehydes
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Abstract: An improved method for the synthesis of peptide argininals by the use of a new aldehyde
protecting group (diphenylmethyl semicarbazide) is reported.

There have been reports of various methods for the solution synthesis of peptide aldehydes!-6.
Recently one of these procedures! has gained acceptance for the synthesis of peptide argininal inhibitors of
thrombin.7-8 This procedure relies on the reduction of an arginine lactam derivative with LiAlH4. This
procedure is limited to the synthesis of derivatives that do not contain groups that would be reduced by
LiAlH4. Procedures using this powerful reducing agent are not suited for the synthesis of derivatives
containing, for example, protected aspartic acid or glutamic acid residues. An alternate approach uses the
unsubstituted semicarbazide group as an aldehyde protecting reagent for the solution synthesis of these peptide
transition-state analogs.26 The latter method is potentially applicable to the solution synthesis of derivatives
that are beyond the scope of the lactam procedure. In practice, however, the solution synthesis of these
derivatives, using unsubstituted semicarbazones, is of restricted utility. The synthesis of derivatives that
contain aspartic or glutamic esters has not been reported using this approach. In part this is due to the limited
solubility of the protected argininal semicarbazone derivatives. The synthesis of a variety of peptide aldehydes
that contain reduction sensitive groups has recently been reported. This method uses a substituted
heterobifunctional semicarbazone linker group and represents a general antomated solid-phase synthesis of
these challenging synthetic targets.9

We report here a procedure which is based on this solid-phase method. The present method is useful
for the preparation of larger amounts of peptide aldehydes than would normally be obtained by the use of the
solid-phase method.? This procedure uses the diphenylmethyl semicarbazone group, which gives synthetic
intermediates that have desirable solubility characteristics, in standard organic solvents. The diphenylmethyl
semicarbazone group protection also allows for the switching of solubility characteristics, when desired, via
removal of the diphenylmethyl group by anhydrous HF/anisole, which is concomitant with the removal of the
amino acid side-chain protecting groups. Alternately, the one-pot complete deprotection of the protected
peptide aldehyde is achieved, by hydrogenolysis of protecting groups and the accompanying simultaneous
hydrolysis of the semicarbazone, via hydrogenation under acidic aqueous conditions.

1 Present address: Neurocrine Biosciences, Inc., Department of Medicinal Chemistry, 3050 Science Park
Road, San Diego, CA 92121.
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iii) Boc-N8-nitroargininal/ NaOAc. iv} Protected amino acid / BOP/ NMM/
DMF. v) Hy/ Pd, H,0". vi) HF/anisole. vii) CH,0/ H;0".

The synthesis of peptide argininals using this method begins with the synthesis of the protected
diphenylmethyl semicarbazide derivative 2 (see Scheme 1). This type of procedure has been previously used
to prepare semicarbazones of similar general structure.9.10.11.12 The semicarbazide 2 is allowed to react with
alpha-N-Boc-NE-nitroargininal to give the protected argininal derivative 3, using conditions that are identical
to those published for the semicarbazones of similar structure.10:13 The Boc derivative 3 is converted to the
free amine with trifluoroacetic acid (TFA) in dichloromethane (DCM),}4 and protected amino acid derivative
are added (cither sequentially, or as blocks) using conditions that are standard for peptide couplings, for
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example Bop in NMM/DMF. Fully protected peptide aldehydes such as 4 are obtained in this way.
Compounds protected in this way can be purified by flash silica chromatography (0-10% MeOH/DCM).
Products such as 4 can then be deprotected in one step, by hydrogenation in acidic aqueous methanol, to give
5 in modest yield (20%). The semicarbazones spontaneously hydrolyze under these conditions.!S Alternately,
treatment of 4 with anhydrous HF/anisolel6 gives the water soluble derivative 6, in which the side chain
protecting groups have been removed, along with the diphenylmethyl group. This derivative can then be
directly converted to § by treatment with formaldehyde in aqueous acid, in 40-60% overall yield from 4.17
The final products can be purified by HPLC, as previously reported.? The overall yields are significantly better
using this approach than those reported for the synthesis of the less functionalized derivatives, using the
LiAlH4 procedure.”-8

Using this procedure we have synthesized derivatives 6 where R= t-ButylQ-, Ph\CH;CHj-, 2-
propylpentanoyl-, and t-Butyl- in 40-60% yield, from the corresponding protected peptide aldehyde 4. This
method facilitates the synthesis of these formidable synthetic targets on a 0.1 to one gram scale. The side-chain
protecting groups can be removed with hydrogen/Pd on carbon, but this is accompanied by partial reduction of
the semicarbazone group, which lowers the yield of the desired product. The use of HF/anisole gives better
yields and allows for the use of side-chain protecting groups that are standard in the synthesis of peptides.
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