Bioorganic & Medicinal Chemistry Letters, Vol. 7, No. 1, pp. 31-36, 1997
Pergamon Copyright © 1996 Elsevier Science Ltd

Printed in Great Britain. All rights reserved

PIL: S0960-894X(96)00570-7 0960-894X197 $17.00 + 000

2,3-SUBSTITUTED 2-AZANORBORNANES AS POLAR B-TURN MIMETICS
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Parke-Davis Neuroscience Research Centre, Cambridge University Forvie Site,

Robinson Way, Cambridge, CB2 20B, UK.

Abstract - The design and synthesis of N-(3-indolylmethyl)-3-benzyl-2-azabicyclo[2.2.1]heptane-2-carboxamide
(3) as a conformationally constrained non-peptide B-turn mimetic is described. Compound 3 is shown to mimic
the Trp and Phe side chain conformation and the overall dipole moment of MEN10627 (2), a cyclic hexapeptide
with a high NK-2 affinity. The tachykinin receptor affinities of 3 are evaluated and compared to those of
MEN10627 and previously reported Trp-Phe mimetic 1. Copyright © 1996 Elsevier Science Ltd

B-Turn conformations have been found in a large number of both naturally occurring and synthetic
peptides,' and the number of well-documented examples of B-turns is still growing. There is evidence that cyclic
somatostatin and neurokinin A analogues bind to their receptors in a B-turn conformation.>® We are interested
in designing non-peptide drug candidates for neuropeptide receptors and therefore view B-turn mimetics as an
important area of research.

We recently reported the design and synthesis of a series of 1-acyl-3-alkyl substituted pyrrolidines as
conformationally constrained, non-peptide B-turn mimetics.* Computer modelling studies showed that pyrrolidine
1 (figure 1) overlaid very closely with MEN10627 (2) (figure 2),> a constrained cyclic hexapeptide with high
affinity for the NK-2 receptor. Dipeptide mimetic 1, however, did not display a significant affinity for this
receptor. Computer-assisted calculations of the dipole moments of 1 and 2 indicated that the two dipole
moments are nearly at right angles (see table 1). A possible explanation for the lack of affinity shown by
pyrrolidine 1 for the NK-2 receptor is therefore that the direction of its dipole moment may cause it to interact

unfavourably with the NK-2 receptor.

Figure 1: The pyrrolidine-based Trp-Phe mimetic 1. Figure 2: NK-2 antagonist MEN10627 (2).
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To investigate the role of the dipole moment in the NK-2 affinity of 1 we set out to design a Trp-Phe
mimetic that would overlay closely with the Trp-Phe B-turn in MEN10627 and with 3-turn mimetic 1, and that
would also possess a dipole moment that is similar in size and direction to that of MEN10627. We thereby
assumed that the overall dipole moment of MEN10627 would be optimal for binding to the NK-2 receptor.

Computer-assisted molecular modelling identified 2-azanorbornane 3 (figures 3 and 4) as a mimetic that
fulfilled our requirements.*® A comparison of the dipole moments of 3 and MEN10627 (as calculated by the
molecular modelling program) is shown in table 1 (see also figure 4).

Figure 3: Trp-Phe mimetic 3. Table 1: A comparison of the dipole moments of 1, 2(MEN10627) and 3.

No. dipole x-com- dipole y-com- dipole z-com- total dipole

ponent (D) ponent (D) ponent (D)  moment (D)
N
de 1 -0.35 339 -0.23 342

Iz

3 2 5.59 -0.77 217 6.05

I=

3 5.16 -0.40 1.94 5.53

Figure 4: An overlay of Trp-Phe mimetic 3 (Carbon atoms are shown in white, oxygen atoms in red and
nitrogen atoms in blue) on MEN10627 (2) (in green). The arrows represent the dipole moments. The displayed
conformation of MEN10627 was determined by X-ray crystallography.® The displayed conformation of 3 is 6.0

keal/mol above its lowest energy conformation.®




Polar B-turn mimetics

Scheme 1: The synthesis of [3-turn mimetic 3.

o] NH, |

Reagents and conditions: (a) H,0, 20 h (85%); (b) H, (43 psi), Pd/C, EtOAc, 1h (95%); (c) (i) AICI, (3.5
equiv.), ELO, 5 min., (i) LIAIH, (1.75 equiv.), reflux, 5 min,, (jii) add 4 in THF, reflux, 2 h (85%); (d) H,
(42 psi), Pd(OH),, MeOH, 5 h (94%); (e) add 7 in CH,Cl, to the crude product of step hin CHCI, 1
h (75%); () H, (42 psi), Pd(OH),, MeOH, 3 h (82%); (g) (i) LHMDS (2 equiv.), THF, -78°C, 0.5 h, (ii)
BnOCOCI, -78 °C, 1 h (73%); (h) (i) DPPA, Et,N, toluene, reflux, 2 h, (ii) remove volatiles in vacuo.
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The synthesis of the 2-azanorbomane based mimetic 3 is outlined in scheme 1. All compounds are
racemates, but only the 3-exo-substituted regio isomers of compounds 3 to 7 were obtained. The 2-
azanorbornene 4 was obtained via an aza-Diels-Alder reaction, following the procedure of Grieco et al.” In our
hands this procedure yielded exclusively 3-exo-benzyl substituted product. We envisaged that ketone 4 could
be converted into amine 6 in one step via an acid catalysed hydrogenation under pressure. However,
hydrogenation in the presence of palladium and TFA under mild conditions yielded mainly ketone 5, whereas
more vigorous conditions (CH;COOH/HCIO,, 50 °C) caused decomposition of the azanorbornane skeleton. A
two-step conversion of unsaturated ketone 4 to amine 6 was subsequently investigated. Saturation of the double
bond by hydrogenation over palladium under neutral conditions proceeded in excellent yield. The resulting
ketone 5 could be reduced to amine 6 in a yield of 85% using a AlCly/LiAlH, mixture. Interestingly, it was
found that the ketone 5 was only reduced to a methylene if the AICL/LiAlH, mixture in Et,O was heated to
reflux before the ketone was added. If the reagent mixture was not preheated, selective reduction of the carbonyl
group to an alcohol resulted. More conventional methods for the removal of the carbonyl group, such as
hydrogenolysis or conversion to a hydrazone, followed by reduction, were found to be unsuitable for this
conversion. Amine 6 was debenzylated by hydrogenation over Pearlman's catalyst and the resulting amine 7
coupled to the isocyanate formed in situ from N-protected indoleacetic acid 9 via a Curtius rearrangement to

give urea 8. Removal of the protecting group furnished the desired urea 3.2

Table 2: Tachykinin receptor affinity data for compounds 1, 2 (MEN10627), 3 and 8.

No.  NK-1 binding* (ICs, pM) NK-2 binding® (ICs, pM) NK-3 binding® (IC, pM)

1 3.7 14% at 10 pM 35

2 0.8° 0.000079° inactive®

3 6.7 31% at 10 yM 35% at 10 pM
8 55% at 10 pM 18% at 10 pM 10

a) Human TM-9 cells, = [-BH-SP.”; b) Hamster urinary bladder, "I-NKA.™"; c) Human receptor szbly
expressed in CHO cells, '#1-[MePhe’]-NKB.*

The tachykinin receptor affinities of the Trp-Phe mimetics 3 and 8 were evaluated. The results are shown
in table 2. The tachykinin receptor affinities of 2-azanorbornane 3 were compared to those of Trp-Phe mimetic
1. The most remarkable difference is that azanorbornane 3 shows no affinity for the NK-3 receptor, whereas
1 does. It is possible that the NK-3 affinity of pyrrolidine 1 may be due to a conformation that azanorbornane
3 cannot adopt.
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A comparison of the tachykinin affinities of 3 and the structure it mimics, MEN10627, shows that
shedding two-thirds of the hexapeptide results in a very significant loss of NK-2 affinity, but only a small loss
in NK-1 affinity. This suggests that the NK-1 affinity of MEN10627 resides in the Trp-Phe portion of the
peptide. The selectivity of the hexapeptide for the NK-2 receptor is likely to come from an interaction with the
Dap-Leu-Met-Asp section. Mimetic 3's lack of NK-2 affinity compared to MEN10627 may be due to one or
several of the reasons stated below:

1) The key binding groups for MEN10627 are not Trp and Phe. Given the fact that the NK-2 selectivity seems
dependent on the Dap-Leu-Met-Asp portion of the hexapeptide, this is likely to be a factor in the dramatic loss
of binding.

2) MEN10627's binding conformation for interaction with the NK-2 receptor is not accessible to mimetic 3. The
angle space available to 3 was found to be much smaller than that of MEN10627 and the conformation of the
hexapeptide determined by X-ray (figure 4) is not necessarily the binding conformation.

3) The azanorbomane core of 3 interacts unfavourably with the receptor. This is unlikely to be the main cause
because the azanorbornane skeleton is almost entirely contained within the space occupied by MEN10627.

The affinities obtained for the 2-azanorbornane-based [3-turn mimetics 3 and 8 were compared to those
of Z-Trp-Phe-NH,, an N-protected dipeptide lead molecule with micromolar affinity for the NK-1 and NK-2
receptors (NK-1 binding, ICs, = 9.3 uM; NK-2 binding, ICy, = 5.2 uM).* The B-turn mimetics 3 and 8 show
an NK-2 receptor affinity inferior to that of Z-Trp-Phe-NH,. This indicates either that Z-Trp-Phe-NH, does not
bind in a B-turn conformation or that the benzyloxycarbonyl group and/or the two amides of the dipeptide are
important for binding to the NK-2 receptor. However, mimetic 3 does show an affinity for the NK-1 receptor
comparable to that of Z-Trp-Phe-NH,.

In summary we report synthetic methodology for the construction of a conformationally restrained Trp-
Phe mimetic which we believe to be the first compound designed to mimic the size and direction of the dipole

moment as well as the orientation of the two central amino acid side chains in a B-tumn.
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