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ABSTRACT: The synthesis of novel oxetanyl peptides, where
the amide bond is replaced by a non-hydrolyzable oxetanyl-
amine fragment, is reported. This new class of pseudo-
dipeptides with the same H-bond donor/acceptor pattern
found in proteins expands the repertoire of peptidomimetics.

With over 50 marketed drugs and an estimated $13 billion
market in 2010, peptide drugs are important players in

pharmaceuticals.1 This is however, a relatively small share of the
total pharmaceuticals market given the broad range of
biological activities displayed by this class of compounds. The
discrepancy arises from some inherent limitations of peptides in
the drug development process,1a,2 including short lifetimes in
the stomach, intestine, and plasma, which often result in less
than optimal pharmacokinetic profiles. However, the high
specificity and potency as well as low toxicity of certain peptides
along with advances in drug delivery have led to a renaissance.3

Thus, there are currently dozens of peptide drugs in clinical
development in a broad range of therapeutic areas.4 As part of
our ongoing interest in new building blocks for medicinal
chemistry, we report herein a novel approach based upon the
use of a 3-amino oxetane as a surrogate for a peptide bond
(Figure 1a). The strategy aims at expanding the scope of
peptidomimetics that display H-bond donor/acceptor patterns
analogous to that of the parent amide bonds, without attendant

susceptibility to enzymatic amide bond cleavage at the site of
substitution (Figure 1b).
Peptidomimicry has long sought to provide alternative

structural building blocks for fragments or the whole of
biologically relevant peptides in an effort to generate
compounds with improved pharmacokinetic profiles. A number
of creative approaches have been demonstrated including β-
peptides and δ-peptide oligomers, peptoids, alkene isosteres,
and oligo o-substituted aromatics,5 and expanding the portfolio
of peptidomimetics is of continued interest in drug discovery.
In previous work we have suggested that 3,3-disubstituted

oxetanes can be perceived as useful surrogates for carbonyl
groups in small heterocycles, leading to analogs of lactams and
ketones with improved physico-chemical properties.6 Because a
primary pathway for degradation of peptides is amide bond
hydrolysis, we reasoned that replacement of the amide carbonyl
by an oxetane would result in a fragment with increased
stability while at the same time give access to novel regions of
chemical space. We aimed at developing a strategy for the use
of oxetanyl peptides compatible with modern practices in
peptide synthesis.7 Two strategies were considered for their
preparation, which differ in the tactics employed to introduce
the amino oxetane residues (Figure 1c).
The first approach (A) would utilize monomeric oxetanyl

building blocks while the second (B) would rely on the use of
prefabricated dipeptides with embedded oxetanes. Although the
former parallels standard peptide synthesis methods, it would
require optimization of the coupling conditions for each
fragment. In approach B the coupling reactions leading to chain
extension involve amide bond formation. In either case, the
synthetic challenges include the identification of suitable
reactions for the preparation of the building blocks and
compatible coupling conditions for their incorporation into
larger peptides without suffering unwanted side reactions.
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Figure 1. Analysis and research plan.

Letter

pubs.acs.org/OrgLett

© 2014 American Chemical Society 4070 dx.doi.org/10.1021/ol501590n | Org. Lett. 2014, 16, 4070−4073

Terms of Use

pubs.acs.org/OrgLett
http://pubs.acs.org/page/policy/authorchoice/index.html
http://pubs.acs.org/page/policy/authorchoice_termsofuse.html


In the initial design of the approach toward surrogate
dipeptides (approach B in Figure 1c), we favored the 1,4-
addition of amino acids to oxetanyl-substituted nitroolefins.
Subsequent NO2-group reduction would lead to terminal
primary amines. We first examined the synthesis of dimers
(H2NAA

1
ox-AA

2CO2H) incorporating the glycine surrogate in
position AA1

ox (Table 1). In practice, simple mixing of 1 and H-

Ala-OnPr in DMSO at 23 °C resulted in clean 1,4-addition to
afford 3 in 74% yield (entry 2). This reaction proved successful
with other α amino esters, with products resulting from the
addition of glycine, L-leucine, L-valine, L-proline, and L-
phenylalanine formed in 52%−95% yield. The mild reaction
conditions were compatible with many of the standard side-
chain protecting groups used in modern solid-phase peptide
syntheses. The reaction of tBu-protected L-tyrosine, L-serine, L-
glutamic acid, and trityl protected L-asparagine with 1 afforded
nitro alkanes 7, 8, 9, and 10 in 71%−87% yield. N-Trityl
protected L-histidine and Boc-L-tryptophan furnished products
13 and 14 in 60% and 76% yield, respectively. N-Boc-protected
L-lysine gave the nitroalkane 11 in 66% yield, and the L-
methionine-containing nitro alkane 12 was formed in 98%
yield.
We next investigated NO2-group reduction and the

protection of the resulting amine. Raney nickel proved to be
the most practical reducing agent, leading to a procedure where
reduction in the presence of either (Boc)2O or CbzOSu (aq

NaHCO3 in 4:1 THF/H2O) using 1 atm of H2 consistently
produced a protected amine in a single operation in good
yield.8,9 This protocol has proven to be remarkably general and
allows for the formation of enantiopure oxetanyl dipeptides
using inexpensive amino esters from the chiral pool (Table 1).
Simple alkyl-substituted Boc-protected dimers derived from
glycine, L-alanine, L-leucine, L-valine, and L-phenylalanine are
formed in high yield (Table 1, entries 1−5). Compounds
bearing tBu ethers and esters (7−9), as well as trityl-protected
amides 10 and Boc-protected amines 11, all generated products
in 57%−82% yield (entries 6−9, 12). The derivatives of L-
histidine and L-tryptophan furnished 28 and 29 in 49 and a
69% overall yield, respectively. To accommodate sulfur-bearing
side chains, zinc/HCl was selected as a reducing agent (27).
Dipeptides were also substrates for this process, with H-Leu-
Phe-OnPr (31, Table 1) affording 32 in 62% yield (two steps).
Preliminary results also showed that direct addition of

unprotected amino acids to nitro-olefin 1 is possible (Table 2).

Indeed, mixing a (orthogonally protected) free amino acid with
1 in THF/H2O in the presence of NaHCO3 afforded nitro-acid
adducts 33−36. Crude mixtures were subjected to reduction of
the nitro group with Raney Nickel and H2, followed by
filtration and treatment with CbzCl or FmocOSu to afford N-
protected amino acid dimers 37−40 in 27%−44% yield over
three steps. This result constitutes, to the best of our
knowledge, the first example of conjugate addition of
unprotected amino acids to unsaturated nitro compounds, as
well as a direct approach to dimers ready for further coupling.
Through minor modifications of this protocol, other oxetanyl

amino acid residues were incorporated at the AA1
ox position.

The synthesis of these compounds is exemplified in Table 3.
The sequence begins with the Et3N-promoted addition of the
nitro alkanes 41−45 to oxetan-3-one.10 After conversion of
nitro alcohols obtained to the corresponding mesylates, in situ
treatment with glycine propyl ester then afforded nitro alkanes
46−51, which were in turn transformed to oxetanyl dipeptides
52−57. The transient formation of tetrasubstituted nitro
alkenes was advantageous because of their tendency otherwise
to undergo cyclization to the corresponding isoxazole under
basic conditions.11 The sequence proved to be high-yielding
and efficient with a variety of substituted nitro alkanes featuring
the side chains of leucine (41), O-tert-butyl tyrosine (42),
glutamine tert-butyl ester (43), N-Boc lysine (44), and Ts-
tryptophan (45). This process entails six synthetic trans-
formations and is carried out with purification of only one
intermediate.

Table 1. Synthesis of Dipeptides with Oxetanyl Glycine at
AA1

ox

Table 2. Synthesis of Dipeptides with Oxetanyl Glycine at
AA1

ox
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Using the strategy described above, the synthesis of complex
oxetanyl peptide surrogates substituted at both Cα and Cα′
positions was possible in a sequence requiring minimal
chromatographic purification (52−57, Table 3). However, the
ease of separation of the diastereomeric oxetanyl dipeptides
generated was substrate-dependent. This constitutes a current
limitation, and efforts are ongoing to devise a workable
approach to this problem.
We next explored conditions for the incorporation of the

oxetanyl dipeptide surrogates into a peptide chain (Figure 2).

We were delighted to observe that oxetanyl dipeptides were
compatible with standard peptide coupling approaches. Thus,
basic hydrolysis of the ester in 29 followed by workup and
exposure of the unpurified acid to HBTU-mediated peptide
coupling with H-Phe-OnPr·HCl afforded protected tripeptide
58 in 76% yield over two steps. It is important to note that 58
was obtained as a single diastereoisomer, showing that no
racemization of AA2 occurs during saponification. Chain
elongation at the N-terminus of the oxetanyl dipeptide is also
possible as shown in Figure 2 for 30 → 59 and 24 → 60.
In conclusion, we have reported the design and synthesis of

novel oxetanyl peptides, which expands the peptidomimetic
structural space. We have developed a strategy for the
incorporation of the oxetane fragment onto the peptide
backbone that relies on standard peptide coupling techniques
and that is amenable to the preparation of a range of amino acid
dimer combinations. We have also shown that the embedded
amino oxetanyl fragments are stable to a variety of acidic, basic,

reductive, and oxidative reaction conditions. Further studies to
establish the physicochemical and biological properties, as well
as enzymatic stability, of these new building blocks are ongoing
and will be reported in due course.
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3526. (h) Burkhard, J. A.; Gueŕot, C.; Knust, H.; Rogers-Evans, M.;
Carreira, E. M. Org. Lett. 2010, 12, 1944−1947.
(7) Benoiton, N. L. Chemistry of Peptide Synthesis; CRC Press: Boca
Raton, FL, 2005.
(8) Tamura, O.; Yanagimichi, T.; Kobayashi, T.; Ishibashi, H. Org.
Lett. 2001, 3, 2427.
(9) Interestingly the use of other esters (Me, Bn) proved inferior.
(10) Oxetan-3-one (CAS 6704-31-0) is commercially available on
multikilogram scale from SpiroChem AG.
(11) Bukhard, J. A.; Tchitchanov, B.; Carreira, E. M. Angew. Chem.,
Int. Ed. 2011, 50, 5379−5382.

Organic Letters Letter

dx.doi.org/10.1021/ol501590n | Org. Lett. 2014, 16, 4070−40734073


