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AN INVESTIGATION OF THE MITSUNOBU REACTION IN THE
PREPARATION OF PEPTIDE OXAZOLINES, THIAZOLINES, AND
AZIRIDINES

Peter Wipf* and Chris P. Miller
Department of Chemistry, University of Pittsburgh, Pittsburgh, Pennsylvania 15260, U.S.A.

Abstract: The diisopropyl azodicarboxylate-triphenylphosphine mediated cyclization of serine and allo-
threonine derivatives provides peptide oxazolines, whereas cyclization of threonine containing sub-
strates leads to N-acyl aziridines. In the thiopeptide series, only thiazolines are obtained. The presence
of a moderately strong base Is necessary for the formation of aziridines from threonine peptides.

" A recent communication in this journal’ concerning the use of the Mitsunobu reaction? for the
preparation of peptide oxazolines and thiazolines prompts us to disclose our own synthetic and
mechanistic investigations-of this process. Oxazolines and thiazolines are present in many biologi-
cally active natural products,3 and the use of these heterocyclic units as scaffolding devices in pep-
tide sequences leads to the stabilization of reverse turn secondary structure.4 Chiral oxazolines are
also widely applied as powerful tools in asymmetric synthesis.5 Among the protocols that were
develaped for the synthesis of these compounds.® cyclization of B-hydroxy amides with Mitsunobu
or related systems has been successfully appliéd to serine-containing peptide segments.!.?

In contrast to the report by Galeotti and co-workers,! however, we found that cyclization of
threonine derivatives under Mitsunobu conditions results in aziridine rather than oxazoline forma-
tion (Scheme 1). With both Cbz-glycyl-threonine N-methyl amide (1) and Cbz-prolyl-threonine N-
methyl amide (3), cyclization with diisopropyl azodicarboxylate (DIAD) and triphenylphosphine
gave the peptide aziridines 2 and 4 in 56% and 84% yield, respectively.8 No oxazoline was
detected.? These results are in accord with reports from the laboratories of Bose and Okawa, who
isolated only aziridines in addition to B-lactams or dehydroamino acids in the Mitsunobu cyclization
of threonine and (2SR,3RS) phenylserine derivatives.’¢:10 Therefore, the formation of cis-oxazo-
lines with threonine containing peptides and related hydroxy amides with secondary alcohol
functionalities, as reported by Galeotti et al.,’ appears highly uniikely under Mitsunobu conditions.
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However, the treatment of allo-threonine containing peptides with PhaP/DIAD yields the
corresponding oxazoline derivatives! Our results for the allo-threonine series are summarized in
Table 1. Trans-oxazolines were obtained in 64-83% yield, but no aziridine formation was detected.
The presence of sterically hindered amino acid residues (Val, Aib) in the peptide sequence had no
significant effect on the rate of cyclization or the yield of the isolated heterocycles.

Table 1. Reaction of aflo-threonine derivatives with Mitsunobu reagent.
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With thiopeptide 11, prepared in 62% yield by treatment of the O-silylated peptide with
Lawesson's reagent!l followed by desilylation, treatment with Burgess reagent (methyl N-
(triethylammoniosulfonyl)carbamate)6a provides the expected cis-thiazoline 12 in 81% yield
(Scheme l1). Interestingly, Mitsunobu-type cyclization leads now also to thiazoline formation.
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The significant difference in the reaction pathway of threonine and allo-threonine derivatives
is unique to the Mitsunobu conditions and is not observed in the analogous cyclizations with
Burgess reagent or via sulfonate displacement.6a.12 Presumably partly responsible for this effect is
the destabilizing gauche interaction of threonine a-carboxyl and B-methyl groups in conformation |
leading to cis-oxazoline V (Scheme II1).13 These substituents are in an antiperiplanar orientation in
allo-threonine residues, which are therefore smoothly converted into trans-oxazolines (Hl—VI).
Additionally, deprotonation of the amide-NH by the reduced DIAD anion (H-DIAD") present in the
Mitsunobu reaction mixture generates a smali amount of anions If and IV. Both Il and IV are far
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more reactive toward E; cyclization, and with amide anions an intramolecular alkylation is expected
to result predominantly in N-alkylation and aziridine formation.!4 Due to relatively low concentration
of H-DIAD", however, this secondary pathway is only competitive if the rate of the initial cyclization of
the neutral amide is reduced.15 Therefore, aziridines VIl are observed with threonine peptides via
Il, and oxazolines VI are formed from alio-threonine residues.16

In weakly basic or neutral systems,!7 cyclization can only occur via conformations 1 and Ii,
and exclusively oxazolines V and VI are isolated for both threonine and allo-threonine peptides,
even though generally higher reaction temperatures are necessary. With thiopeptide 11, the
increased nucleophilicity of the thioamide group results in an enhanced rate of S-alkylation and
cyclization to thiazolines in both basic and neutral media.
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Our mechanistic model implies that aziridine formation from threonine peptides is only
possible in the presence of bases of equal or higher strength than H-DIAD". To test this hypothesis,
the Mitsunobu reaction mixture was buffered by addition of 5 equiv of triethylamine hydrochioride.
Whereas oxazoline formation from allo-threonine derivatives was slower but otherwise unchanged,
aziridine formation from threonines was completely inhibited. On the other hand, the presence of a
sufficiently strong base should induce amide deprotonation and thus aziridine formation with other
B-hydroxy-a-amino acids and O-leaving groups. This has indeed already been observed by Krook
and Miller:18 Treatment of serine mesylate 13 with KHCO3 in hot dichloroethane led to oxazoline
14. With KOBut in THF, however, aziridine 15 was isolated in 47% yield.
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In conclusion, our study demonstrates the specific formation of synthetically useful aziridine
and oxazoline derivatives from threonine and allo-threonine peptides under Mitsunobu conditions.
Cyclization of thiopeptides results in thiazoline formation. Destabilizing gauche interactions and the
presence of moderate to strong base determine the course of these reactions.19
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