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Peptide bonds are ubiquitous components of numerous bioactivesequence has been used in numerous academic and industrial
molecules that play important roles in regulating cellular function. applications, there are significant challenges that face this chemistry.
Replacement of the peptide bonds by their isosteres can give riseThe amino aldehydes as well as their immediate precursors are
to molecules with superior stability and specificity. For example, notoriously sensitive to epimerizatiénln addition, the imine/
the so-called reduced amide bond isosteres contain aminomethylenenamine equilibrium triggered during the reductive amination can
functional groups in place of the selected amide linkages (Figure lead to further epimerization on both the amine and the aldehyde
1a)! This structural substitution is present in a wide range of sides of the peptidomimetic fragment (Figure 1tast but not
aspartyl protease inhibitolsThe aminomethylene fragment is least, reliance on protecting groups at nitrogen in amino aldehydes
isosteric with the tetrahedral transition state formed during amide diminishes the synthetic efficiency of these operations.
bond hydrolysis. This ensures that the peptidomimetic inhibitor ~ We became interested in exploring the potential of the recently
binds to the protease target tighter than the substrate. At the samaliscovered unprotected amino aldehydes in constructing peptido-
time, the reduced amide bond analogue is not cleaved by the mimetic conjugate® Thekinetic amphoterisrhas been coined in
protease and often displays better binding than its peptide proto-order to describe the coexistence of an unprotected aziridine and
type3 Many different modes of interaction between proteases and aldehyde groups in such molecufé&Ve reasoned that if one were
their inhibitors have been observed by X-ray crystallographiye to attach an unprotected aziridine unit to an amino acid residue via
diversity of recognition mechanisms underscores the importancea non-peptide bontl,one would not only gain access to an
of modulating the target/peptidomimetic ligand interactions in the electrophilic peptidomimetic conjugate but also facilitate synthesis
vicinity of the active site. Herein, we report a general strategy that of both natural and unnatural amino-acid-based peptidomimetics
addresses three critical issues in methodology directed towardvia aziridine ring-opening chemistry (eq 1). Standard reductive
peptidomimetic molecules: (1) the reaction sequence can be usedamination conditions (NaB¥N, MeOH, 1% HOACc) on aziridine
in order to selectively attach an unprotected aziridine electrophile aldehyde dimers and amino acid derivatives delivered poor conver-
to an amino-acid-containing molecule; (2) it delivers a peptidomi- sions and yields. Further experiments revealed that ZN&BH;-
metic connection without epimerization on either side of the reduced CN combination gives optimal selectivity. Most importantly, the
amide bond; and (3) it allows for a late-stage peptidomimetic reductive amination was not accompanied by overalkylation or

ligation. epimerization on either side of the peptidomimetic connection. A
@ mechanistic investigation uncovered the salient features. of this
peptide bond ?J?:;gﬁl{;gtﬁ;tg;clljlast; 7;:2'7&%7:?:’#:73. ;:7,:?&; :)ef process (Sch_eme 1) Accordlng to our data, Fhe monomeric amino
o o on " on aldehyde-derlved imine formation is not taking plac_e during the
.“)J\N/... WX X reaction. Instead, the anlEtformed upon conde_nsatlon b'etween
H H H the amino aldehyde dimet and amine2, participates in an
®) reductive unfgvorable equilibrium with_ its “half-opened” form, which_is _
NHP R? amination J"iin r rapidly reduced by the hydride transfer agent. The short lifetime
R,/'\¢° * HZN/\RJ R1 Y of 4 ensures that tautomerization and, therefore, epimerization are
R? negligible. Using this protocol, a variety of unprotected amino
[ The challenges of  NHP aldehydes can be cleanly conjugated witamino acid derivatives
epimerization R1)\4NYR3 (Table 1).
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Figure 1. (a) Amide bond hydrolysis and its aminomethylene isostere; (b)

the challenges of peptidomimetic construction. The absence of epimerization on the aldehyde side of the

The most widely employed strategy toward reduced amide bond aminomethylene linkage is secured through energetically uphill
isosteres is based on N-protected amino aldehydes (Figure 1b). enolization of the strained aziridine aldehyde. Another key feature
Typically, a peptide or a nitrogen-protected amino acid is converted of this process is that the equilibrium concentration of the free
into the corresponding aldehyde by first forming an ester or a aldehyde is unobservably low, resulting in no overalkylatibA.
Weinreb amide, which is subsequently reduced by a hydride transferpresently unexplained fidelity with regard to homochiral dimer re-
reagent. These steps are followed by reductive amination with anformation during the reaction must be responsible for the low
appropriate amine component. Although this valuable reaction concentration of the free aldehyde. A crossover between two
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Scheme 1. Mechanistic Underpinnings of Epimerization-Free
Synthesis of Peptidomimetic Conjugates
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Table 1. The Scope of Peptidomimetic Conjugation Chemistry?@
entry  aziridine aldehyde” amino acid derivative yield®
NH Bu .

/<l/\ N

Ph o

1 1 HzN 85%
a o \/\l/ ()

2a

PN LA
X N
2 PR . © HN > 75%
O 2
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NH
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3 1a S V2 H oM 86%
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TBOMSO._ <Y /H(Nﬂph
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aUnless stated otherwise, the reactions were carried out using 0.5 equiv
of the dimer (1 equiv of aldehyde), 1.2 equiv of amine, 1.5 equiv of
NaBHs;CN, and 1 equiv of ZnGlin THF and MeOH (1/1) at room

temperature? The corresponding monomerlsolated yield.

different amino aldehyde dimers has been detected by ESI MS only
in trifluoroethanol (K, = 12.4), definitively suggesting appreciable

concentration of the free aldehyde species in that solvent. Impor-
tantly, the reductive amination is not occurring in trifluoroethanol.
Instead, the reaction leads to preferential aldehyde reduction,
providing further evidence for the dimer-driven mechanism depicted
in Scheme 1. The utility of amino acid conjugates is demonstrated
by a thioacid-triggered process (eq 2). This sequence offers a
possibility for apeptidomimetic ligatiomf two fragments such that

a reduced amide bond isostere is specifically introduced at the
cysteine residue with complete stereocontrol of the nearby chiral
centers!

MeOH
82% o Ph 6

In closing, we have developed a protecting-group-free strategy
for replacing amide bonds with versatile aziridine-containing
templates for the synthesis of peptidomimetic molecules. A high
degree of stereocontrol achieved during reductive amination hinges
upon unusual preferences of the amphoteric amino aldehydes. One
can anticipate straightforward construction of structurally diverse
affinity probes using this chemist® The resulting conjugates also
offer a possibility for peptidomimetic ligation. Taken together, these
findings should allow access to templates for introducing both
natural and unnatural amino acid residues in close proximity to
the reduced amide bond isosteres. Studies along these lines are being
actively pursued in our laboratories.
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