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Design and synthesis of a 1,5-diazabicyclo[6,3,0] dodecane
amino acid derivative as a novel dipeptide reverse-turn mimetic
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Abstract—N-Boc-1,5-diazabicyclo[6,3,0] dodecane amino acid tert-butyl ester (3), designed as a novel dipeptide reverse-turn
mimetic, was synthesized in a concise method from the known compound 4 in an overall yield of 47%.
� 2006 Elsevier Ltd. All rights reserved.
Design and synthesis of conformationally constrained
non-peptidic mimetics of natural peptides, has attracted
much attention among organic and medicinal chemists.1

Such mimetics have the promising potential to overcome
a number of major intrinsic limitations associated with
natural peptides such as poor cell-permeability, poor
in vivo stability and bioavailability, while maintaining
the desired conformation of natural peptides and their
biological activities.1,2

Reverse-turn is an important secondary structure fre-
quently observed in proteins. It describes a site where
the peptide backbone adopts a U-shaped conformation,
reversing the geometrical direction of propagation. Aza-
bicyclo[x,y,0] alkyl amino acid derivatives, such as 1
(Scheme 1), have been designed as dipeptide reverse-turn
mimetics and several research groups have reported the
synthesis of this type of compound.3 Recently, we have
employed compound 1 as a conformationally con-
strained reverse-turn dipeptide mimetic in the design
and synthesis of a class of novel, high-affinity, Smac
mimetics as modulators of cellular apoptosis.4
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Scheme 1. Chemical structures of compound 1, 2 and 3.
Since the side chain in reverse-turn peptides is often
involved in interactions with its targeted protein, we
are interested in introducing a substituent into the bicy-
clic structures of azabicyclo[x,y,0] alkyl amino acid
derivatives in order to probe such interactions. One ap-
proach is to replace one of the carbon atoms in the bicy-
clic structure with a nitrogen atom, which can be used as
the basic key intermediate to synthesize a series of side
chain-containing reverse-turn mimetics by linking the
side chains to the amino group with the formation of
an amide or amine. To this end, 5-aza-pyrroloazepin-
2,6-dione N-(Cbz)-amino acid ethyl esters, such as 2
(Scheme 1), were designed, but selective reduction of
the secondary amide in these compounds has proved
to be difficult to achieve.5 Accordingly, we have designed
N-Boc-1,5-diazabicyclo[6,3,0]dodecane amino acid tert-
butyl ester (3, Scheme 1) as a novel, conformational
constrained dipeptide reverse-turn mimetic. Herein, we
report an efficient synthetic method for this compound.

A retrosynthetic analysis is shown in Scheme 2. The
key step in this synthesis is 4! 3, the formation of the
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Scheme 2. Retrosynthetic analysis of compound 3.
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Scheme 3. Reagents and conditions: a. (i) TBSCl, N,N-diisopropyl-
ethyl amine, CH2Cl2; (ii) H2, 10% Pd–C, EtOAc, 88% over two steps,
b. (i) Boc-Dap(Z)-OH, EDC, HOBt, N,N-diisopropylethyl amine,
CH2Cl2, (ii) TBAF, THF, 87% over two steps; c. Dess–Martin
periodinane, CH2Cl2, 96%; d. 10% Pd–C, H2, MeOH, 64%.
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eight-membered ring. This was approached by intra-
molecular condensation of the amino aldehyde formed
by the removal of the carbobenzoxy group from 4.
Compound 4 can be obtained from the known compound 5.

As outlined in Scheme 3, compound 5 was prepared in
six steps from pyroglutamic acid (6) by previously re-
ported methods.6 Protection of the hydroxyl group in
5 as the tert-butyldimethylsilyl (TBS) ether, followed
by the removal of the benzyl group by hydrogenation,
gave the amine 7. Condensation of 7 with N-a-(tert-but-
oxylcarbonyl)-N-b-benzoxylcarbonyl)-LL-diamino-propi-
onic acid (Boc-Dap(Z)-OH) followed by the removal of
the TBS group, yielded amide 8 in high yield. Oxidation
of the hydroxyl group in 8 by Dess–Martin periodinane
furnished aldehyde 4 in nearly quantitative yield.

Finally, removal of the Cbz protecting group in com-
pound 4 by hydrogenation, intramolecular condensation
of the amine with the aldehyde and subsequent reduc-
tion of the resulted enamine were carried out in one
pot to give the desired compound 3.7 Hence, starting
from compound 5, this synthetic route involved six steps
and achieved an overall yield of 47%.

In summary, we have designed a 1,5-diazabicyclo[6,3,0]
dodecane amino acid derivative (3) as a novel reverse-
turn dipeptide mimetic and developed an efficient method
for the synthesis of this compound. The application of
this mimetic in the design and synthesis of novel Smac
mimetics with different side chains on the eight-mem-
bered ring is in progress in our laboratory and will be
reported in due course.
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