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Abstract : Unexpected results of the reductive amination of Fmoc-amino aldehydes by NaBH3CN are described.
From glycine and Fmoc-4-t-Butoxy-tyrosinal, a small amount of double condensation product was obtained
beside the initially desired product Fmoc-Tyr(OtBu)-WCH2NH)-Gly-OH. From glycine methyl ester and Fmoc-
giycinal, we only recovered the reduced peptide bond isostere, but from glycine and Fmoc-glycinal, bis(Fmoc-
amino ethyl)-N-glycine was obtained as a major product.

The amino methylene group CH7NH is often used as an amide bond replacement in peptide
analogues!-3. As part of our research program4, we needed such pseudopeptides with a fluoren-9-
ylmethyloxycarbonyl (Fmoc) group as amino protection. The incorporation of a y(CH;NH) pseudopeptide
bond is usually performed by reductive amination of a Boc-a-amino aldehyde in the presence of
NaBH13CN as reducing agent!-3, The preparation of such modified peptides from Fmoc-protected
derivatives has not been described, although two recent publications focused on the synthesis of a few
Fmoc-amino aldehydes3-5.

We attempted to synthetize Fmoc-Xxx-y(CH;NH)-Gly-OH under typical conditions! described for
Boc-amino aldehydes (1.3 equiv of aldehyde and 1 equiv of amine). Surprisingly, further reaction of the
amine product with the starting Fmoc-glycinal 1a occurred mainly, leading to bis(Fmoc-amino ethyl)-N-
glycine 2a7 in 55 % yield from aldehyde (Scheme 1). Fmoc-Gly-y(CH2NH)-Gly-OH 3a was not
detected. From Fmoc-4-t-butoxy-tyrosinal 1b, Fmoc-Tyr(OtBu)-y(CH,NH)-Gly-OH 3b was obtained in
35 % yield and bis-adduct 2b in 6 % yicldB (yields from glycine).
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Scheme 1 : i. NaBH;CN; methanol/acetic acid 99/1; r.t.

The first step was the preparation of Fmoc-amino aldehydes. Ho and NguS synthetized six of them
by reduction of Fmoc-AA-S-benzylthioesters, while Guichard et al.3 chose the Fehrentz and Castro
method? in order to obtain Fmoc-Lys(Boc)-H. However, the Fmoc-amino protecting group is stable under
acidic conditions and therefore allows the use of Fmoc-amino acid chlorides1O for the synthesis of aldehyde
derivatives. It is known that ributyltin hydride, in the presence of soluble palladium catalysts, reduces acyl
chlorides to aldehydes under very mild conditions!!. We have applied this attractive method to some
Fmoc-amino acid chlorides, with tetrakis(triphenyl phosphine) palladium as a catalyst (scheme 2).

Fimoe-NH-CH-COOH —_ Fimoc-NH-CH-COC1 L Fmoc-NH-CH-CHO
R

R R
4:R=H
5. R = C,Hy(CH,)CH-
6 : R = (GH.),CH-

Scheme 2. i. SOCl;, CH;Cly, reflux, 85 to 90% yield. ii. BusSnH, (PPh3)4Pd (cat), THF, rt.

Four and Guibé?® found that this reduction was quite general and could be carried out with variously
substituted acyl chlorides. We have recovered Fmoc-glycinal 4 in 74% yield by this method. Fmoc-
isoleucinal § and Fmoc-valinal 6 were obtained in only 20 % and 25 % yield from amino acid chlorides,
even when a large amount of (PPh3)4Pd (i.e. 0.1 equiv.) was used. These rather low yields led us to carry
out the Fehrentz and Castro method (scheme 3).
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Scheme 3. i. NEt; or DIEA; BOP ( benzotriazol- 1-yloxytris(dimethylamino)-phosphonium
hexafluorophosphate); CH3;0-NHCH3, HCL; CH,Cly. ii. LiAlH,, Et70.

The conventional use of tricthylamine as a base provided Fmoc-Tyr(OtBu)-N(Me)OMe 8 in 80 %
yield from Fmoc-Tyr(OtBu)-OH. Diisopropylethylamine DIEA (3.5 equiv.) also allowed the preparation of
the Fmoc-protected methyl N-methylhydroxamates in very good yields (7 : 84 % yield, 8 : 87% yield).
Reduction of compounds 7 and 8 with 5 equivalents of LiAlH4 gave Fmoc-glycinal 4 and Fmoc-4-1-
butoxy-tyrosinal 9 in 72% yield and 75% yield from the corresponding hydroxamates. This procedure is
very efficient for the preparation of Fmoc-amino aldehydes like Fmoc-4-t-butoxy-tyrosinal 9, since Emoc
and ¢-butyl ether groups remained unaffected.

The reductive amination of aldehydes 9 and 4 with glycine gave the results mentioned above
(scheme 1). The formation of bis-adducts during reductive amination of carbonyl compounds has been
described, especially with ketones when reacting with only one equivalent of aminel2. However, studies
about this side reaction have not, to our knowledge, been reported in relation with reductive amination of
«-amino aldehydes by NaBH3CN, although amino aldehydes are typically used in a 2- to 5-fold excess!.2,
In our case, we have not recovered any amount of the desired product Fmoc-Gly-yw(CH2NH)-Gly-OH.
Analysis of the proposed reaction mechanism!2 suggests that in this case, the formation of the second
iminium moiety proceeds at least as fast as the formation of the first one. In an other hand, we found that
the reductive amination of Fmoc-glycinal with a very soluble derivative of glycine, Gly-OMe, only gives
the mono-adduct Fmoc-Gly-y(CHaNH)-Gly-OMe!13, The very low solubility of glycine in the solvent
(MeOH/AcOH) can conduced to a very low concentration of the amine compared to the concentration of the
aldehyde, and then favoured the bis-adduct formation. However, Fmoc-tyrosinal reacts with glycine to
conduce to the major formation of the mono-adduct, which demonstrate that the Fmoc-amino aldehyde
side-chain has also a great influence. Preliminar molecular modeling studies (SYBYL modeling system)
indicate that a hydrogen bond occurs between an ammonium hydrogen CH,N+H and the carbonyl moiety
of the Fmoc group of Fmoc-Tyr(OtBu)-y(CHaNH)-Gly-OH (not observed in the case of Fmoc-Gly-
W(CH2NH)-Gly-OH). This bond could prevent the addition of a second molecule of glycine.

In conclusion, we have found that yw(CH2NH) pseudodipeptides could be obtained from Fmoc-amino
aldehydes and could therefore be directly used in a Fmoc strategy peptide synthesis. In addition, we have
demonstrated that bis(amino ethyl)-N-glycine derivatives 2, which are very useful compounds for
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therapeutic purposesl4 or as chelating agents15, could be synthetized from amino acids. We are presently
investigating general reductive amination conditions (pH, number of amine equivalents...) that would lead
to the formation of a single product : either the reduced peptide bond isostere, either the bis-adduct.
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