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A solution to the component instability problem in the
preparation of peptides containing C2-substituted cis-cyclobutane

b-aminoacids: synthesis of a stable rhodopeptin analogue
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Abstract—Despite the inherent instability of C2-substituted cis-cyclobutane b-aminoacids, incorporation of such residues into pep-
tides is shown to be possible through use of a 1-amino-2-(hydroxymethyl)cyclobutane derivative as a stable b-aminoacid surrogate.
This synthetic strategy was validated by the synthesis of a rhodopeptin analogue.
� 2006 Elsevier Ltd. All rights reserved.
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Scheme 1. Reagents and conditions: (i) hm, ethylene, acetone/water
1:1, rt; (ii) NaOH 0.5 M, rt; (iii) NaNO2, HCl 3.5 M, rt.
The incorporation of conformationally restricted b-
aminoacids into linear or cyclic peptides can dramati-
cally influence their secondary and tertiary structures,
and therefore their biological activities.1 Alicyclic b-
aminoacids are particularly attractive building-blocks
for imposing constraints upon peptides.2 In contrast
with intensive work on cyclohexane, cyclopentane and
cyclopropane b-aminoacids,2,3 structural studies on pep-
tides containing cyclobutane b-aminoacids are in their
infancy.4 Ortuño’s work on the incorporation of the
parent compound cis-2-aminocyclobutane-1-carboxylic
acid into small oligomers produced encouraging preli-
minary results and indicated a strong tendency to
impose well-defined secondary structure.4 This parent
molecule can be prepared in racemic5,4d or enantiomeri-
cally pure6,4d form, but the synthesis of ring-substituted
cyclobutane b-aminoacids remains rare.7

We recently described the synthesis of a series of C1- or
C2-substituted cis-2-aminocyclobutane-1-carboxylic
acids 4 based on the photochemical [2+2] cycloaddition
of substituted uracils 1 with ethylene, to give 2, followed
by two-step heterocycle transformation via a ureidoacid
intermediate 3 (Scheme 1).8 This work revealed the
inherent instability of cis-cyclobutane b-aminoacids
substituted at C2 with electron-donating substituents,
even weak ones such as alkyl or aryl. Rapid ring opening
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occurs by a retro-Mannich reaction leading to the corre-
sponding acyclic d-ketoacids 5.9 In this letter, we pro-
vide a solution to this component instability problem
in the preparation of peptides containing cis-cyclo-
butane b-aminoacids, and illustrate its application to
the synthesis of a constrained analogue of a rhodopeptin.

Since C2-substituted cis-cyclobutane b-aminoacids can-
not be used as such in peptide synthesis, it was consid-
ered appropriate to use a stable surrogate. A primary
alcohol as a masked carboxylic acid function seems to
be the most convenient. 1-Amino-2-(hydroxymethyl)-
cyclobutane derivatives have been described with no
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Figure 1. Structures of rhodopeptins and the cyclobutane analogue 10.
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Scheme 2. Reagents and conditions: (i) NaBH4, H2O, rt, then H+

resin, 72%; (ii) NaNO2, HCl 3.5 M, rt, 15%; (iii) NaNO2, HCl 3.5 M,
THF, rt, 76%; (iv) NaOH, EtOH/H2O, reflux, 67%.
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indication of instability.10 First, we verified using a
model compound that rapid access to the corresponding
aminoalcohol from a cyclobutane dihydrouracil deriva-
tive was feasible. Compound 6 was obtained by a [2+2]
photocyclization reaction between 6-methyluracil and
ethylene, as previously described.8 Reduction using an
excess of sodium borohydride in water at room
temperature,11 followed by acidification with an acidic
ion exchange resin, gave ureidoalcohol 7 in 72% yield
(Scheme 2). Unexpectedly, the diazotization reaction
under standard conditions (1 equiv NaNO2 in 3.5 M
HCl solution)8 gave aminoalcohol 9 in poor yield (15%)
together with cyclic carbamate 8. The best compromise
to obtain the cyclobutane aminoalcohol was to generate
selectively the cyclic intermediate 8 via a diazotization
reaction carried out in tetrahydrofuran as co-solvent
(76% isolated yield). The cyclic carbamate was hydro-
lyzed in basic conditions to provide aminoalcohol 9
in good yield (67%).12 In contrast to its b-aminoacid
homologue, 9 is perfectly stable.

Rhodopeptins are cyclic lipopeptides recently isolated
from the bacterial species Rhodococcus sp. Mer-
N1033.13 They are composed of three regular a-amino
acids and one b-amino acid with a long lipophilic side
chain borne on the b-carbon (Fig. 1). These cyclic pep-
tides show antifungal activities against Candida albicans
and Cryptococcus neoformans. Because of the unique
structure and biological activity, several analogues and
peptidomimetics were synthesized for structure–activity
relationship (SAR) studies.14 Ohta et al. have shown
that a lipophilic side chain ranging from 9 to 11 carbons,
a bulky lipophilic group (Val) and a basic site (Lys or
Orn) are crucial for antifungal activity. The spatial
arrangement of these three side chains depends on the
conformation of the cyclopeptide. The replacement of
the natural b-aminoacid by a cyclobutane b-aminoacid
bearing a straight carbon chain is expected to confer
conformational rigidity upon the macrocycle, and possi-
bly facilitate the macrocyclization step of its synthesis.
We decided to test the hypothesis of using an amino-
alcohol derivative as a stable synthetic equivalent of a
C2-substituted cis-cyclobutane b-aminoacid by conduct-
ing the multi-step synthesis of the rhodopeptin analogue
10 (Fig. 1).
The appropriate b-aminoalcohol bearing a linear carbon
chain (C11H23) 20 was prepared from 6-undecyluracil 14
(Scheme 3). This latter compound was synthesized in
three steps from ethyl acetoacetate 11, inspired by the
literature procedures.15 The [2+2] photocycloaddition
protocol provided the cis-cyclobutane adduct 15 from
6-undecyluracil 14 and ethylene in a satisfying 86% yield.16

Fears for the stability of 16 were confirmed: a retro-Man-
nich reaction occurs as previously mentioned. The treat-
ment of heterocycle 15 with 0.5 M aqueous sodium
hydroxide solution at reflux gave d-ketoacid 17 directly
and in quantitative yield.17 As an aside, it is interesting
to note that this whole sequence constitutes a double
homologation of b-ketoester 12 to give d-ketoacid 17.

The inherent instability of aminoacid 16 was clearly
demonstrated, so its surrogate, aminoalcohol 20, was
prepared in three steps. Bicyclic intermediate 15 was
reduced using an excess of NaBH4 in a THF/water
mixture (due to the poor solubility of compound 15 in
water alone) to give ureidoalcohol 18 in excellent yield
(98%). The diazotization reaction of urea 18 was carried
out in aqueous HCl/THF solution to provide cyclic car-
bamate 19 with a yield of 77%. Finally, aminoalcohol 20
was obtained by treatment of compound 19 with base
(93% yield).18

Racemic compound 20 was coupled with Boc-LL-valine
using EDC/HOBt to provide compound 21 in 61% yield,
without recourse to primary alcohol protection (Scheme
4). This compound was obtained as a mixture of diaste-
reoisomers, which unfortunately could not be separated
by chromatography. With the lone pair on the nitrogen
effectively deactivated due to its participation in the pep-
tide bond, subsequent oxidation of the primary alcohol
of 21 should give a relatively stable dipeptide derivative
of 16. We selected NaIO4/cat. RuCl3 as the oxidation
system, since it had already been shown to facilitate
the formation of peptides containing 2,3-methanoaspar-
tic acid.19 In the event, dipeptide acid 22 was obtained
smoothly; no retro-Mannich type ring-opening reactiv-
ity of this product was observed. Coupling of 22 with
a Gly-Lys derivative using EDC/HOBt provided tetra-
peptide 23 (31% yield in 2 steps from compound 21),
again as a diastereoisomeric mixture. Methyl ester
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hydrolysis and Boc-group removal gave an intermediate
tetrapeptide, which was macrocyclized using DPPA to
the cyclic tetrapeptide 24 with a yield of 69% for three
steps.20 This is the first macrolactamization between
the Val and Lys residues of a rhodopeptin analogue,
and the hairpin-like turn imposed by the cis-cyclobutane
b-aminoacid component4c probably facilitates the reac-
tion. Quantitative removal of the Cbz group by hydro-
genolysis in the presence of palladium on carbon in
trifluoroacetic acid/dichloromethane media furnished
the target rhodopeptin analogue 10 as its TFA salt.21

In conclusion, this initial study shows that an inherently
unstable C2-substituted cis-cyclobutane b-aminoacid
can be incorporated into a stable peptide, through use
of its stable aminoalcohol surrogate. On this premise,
we are currently developing access to enantiomerically
pure rhodopeptin analogues for conformational studies
and determination of biological activity.
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Prod. Chem. 2000, 22, 273–306.

4. (a) Izquierdo, S.; Kogan, M. J.; Parella, T.; Moglioni, A.
G.; Branchadell, V.; Giralt, E.; Ortuño, R. M. J. Org.
Chem. 2004, 69, 5093–5099; (b) Izquierdo, S.; Rùa, F.;
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