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Abstract

A novel and general route for the solid phase synthesis ofN-substituted�-amino acids has been developed. This
synthesis employs Fukuyama’s 2-nitrobenzenesulfonamide protecting group for preparation of secondary amines.
The versatility of this methodology is demonstrated by the facile synthesis of a trisubstituted diketopiperazine
(DKP) skeleton. © 2000 Elsevier Science Ltd. All rights reserved.

Solid supported organic synthesis has been one of the most intensely investigated areas of organic
chemistry, due to its implications in combinatorial chemistry and, in turn, in accelerating the drug dis-
covery process.�-Amino acids continue to be useful chiral building blocks for the synthesis of peptides
and small molecule combinatorial libraries. Easy access toN-substituted�-amino acids would add even
more diversity to this set of chiral building blocks. However, few reports have documented the successful,
general synthesis ofN-substituted�-amino acids directly from amino acid precursors. Perhaps one of the
reasons for this difficulty lies in the inability to control mono- and di-N-alkylation, particularly on the
solid support. Here we wish to report our results describing a general, high yielding method for the
synthesis ofN-substituted�-amino acids on solid support utilizing Fukuyama’s sulfonamide technology
to protect and activate support bound amines.1

To evaluate the generality of the process, polystyrene based Wang and Rink Amide resins were
used as starting materials. Our protocol begins with resin boundL-Fmoc-�-amino acids (Scheme
1).2 Removal of the Fmoc protecting group, followed by sulfonylation under standard conditions,
affords 2-nitrobenzenesulfonamides2. The subsequent alkylation was achieved using typical Mitsunobu
conditions.3 As summarized in Table 1, the reaction to form3 was general for both Wang and Rink Amide
resins, a number of amino acids and a variety of primary alcohols. Among the examples investigated,
amino acids with aliphatic side chains (entries 1–6) and functionalized side chains (entries 7–11) gave the
desired products in high yields and purity. Primary alcohols were found to be the most desirable for the
Mitsunobu step. The reaction proceeded smoothly with relatively bulky substituents at both the R1 and
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R2 positions (entry 5). Reactions using secondary alcohols resulted in either incomplete conversion or
complicated mixture under more forced conditions (heating to 60°C in THF). No detectable racemization
occurred during the four-step process.4

Scheme 1.

Table 1
Formation ofN-substituted sulfonamide3

Next, the scope of desulfonylation reaction was examined in detail. To obtainN-substituted amino
acids, Wang resin bound sulfonamides4 were subjected to typical Fukuyama desulfonylation conditions
(Scheme 2). The results are summarized in Table 2.5 Overall, anticipated acids6 were obtained with
satisfying yields and purity.

In sharp contrast to the above results, unexpected difficulties were encountered during the removal
of the sulfonyl group with Rink Amide resin bound sulfonamides7 (Scheme 3). A number of reaction
conditions were examined6 and each failed to produce the desired product cleanly. Nevertheless, the
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Scheme 2.

Table 2
Desulfonylation of Wang resin bound sulfonamide to amino acid6

amide analogue8 (R1=Ala, R2=p-Cl-benzyl) was obtained in 60% purified yield from its resin free
sulfonamide precursor using Fukuyama’s thiophenol/K2CO3 condition.

Scheme 3.

The versatility of this methodology can be demonstrated by facile syntheses of trisubstituted DKPs
12 using N-substituted amino acids9 (Scheme 4).7 Thus, acylation ofN-alkyl amino acid9 with
bromoacetic acid, followed by substitution with primary amines gave compound10. Upon cleavage from
the resin, dipeptide11 or a mixture of11 and DKP12 were obtained. The results depend highly upon
the nature of the amines used. As summarized in Scheme 4, when�-branched primary amines were used
in substitution step, the open chainN-substituted dipeptides11 were obtained exclusively with good
purity and high yields (entries 1–2). However, as the steric bulkiness of the amine decreased (entry 3),
intramolecular cyclization spontaneously occurred during cleavage, affording a mixture of dipeptide11
and DKP12. When benzylamine (entry 4), a�-branched amine, was used, longer reaction time (2 h) led
to very poor mass recovery. This presumably arose from intramolecular cyclization of intermediate10
and/or cleavage of the ester linkage by benzylamine during the substitution step. Shortening the reaction
time to 45 min afforded a higher yield of products, as a mixture of11 and12. To convert the dipeptide
11 into DKP 12, 11 (or a mixture of11 and12) was simply treated with TFAA (1.2 equiv.) in DCM at
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40°C for 0.5 to 2 h. Concentration in vacuo followed by lyophilization afforded pure DKP12 in nearly
quantitative yield.8

Scheme 4.

In summary, we have demonstrated a general and efficient route for the synthesis of importantN-
substituted amino acid building blocks. This route can be further expanded to synthesize heterocycles
such as DKPs. This approach allows the incorporation of three diversity elements on the DKP ring,
arising from readily available amino acids, primary alcohols and primary amines. Studies toward making
a DKP combinatorial library using this strategy are in progress.
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