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Two focused libraries of delta opioid ligands were synthesised using AICI;
facilitated aminolysis. Several compounds were identified with DOR binding
affinities higher or similar to SNC-80. A novel acyclic derivative of SNC-80
produced antinociception in the acetic acid abdominal constriction test, which is
at least partially mediated via the 8-opioid receptor. © 1999 Elsevier Science Ltd.
All rights reserved.

Aluminium chloride-assisted aminolysis' allows the synthesis of amides from resin-bound esters under
mild reaction conditions in good yield and purity. We have now applied this methodology to the synthesis of
libraries of delta opioid ligands. Delta opioid receptor (DOR) agonists have been demonstrated to produce
antinociception in a range of animal models,>* implying that the DOR is an attractive target for the design of
novel analgesics. SNC-80 1 was recently reported to show good affinity and selectivity at the DOR.* In our
initial SAR study around SNC-80, we found that neither the methoxy group nor the two methyl groups on the
piperazine were essential for high affinity at the DOR or selectivity over the mu opioid receptor (MOR):
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It was decided to synthesise a lead optimisation library containing twenty diverse analogues of
compound 2, in which the piperazine moiety was replaced by various substituted piperazines and
ethylenediamines. Since the diethy! amide group of 2 is important for high affinity, it was decided to keep this
functionality constant. Carboxylic acid 3 °, was coupled to Wang resin using diisopropylcarbodiimide (DIC)
and 4-(N-dimethylamino)pyridine (DMAP) (Scheme 1). The Wang resin-bound bromo ester 4 was then
reacted with various substituted piperazines and diamines®. Aminolysis of Wang resin-bound esters normally
requires prolonged heating, which often results in product decomposition and, consequently, poor yield and
purity. We found that in the presence of AICl;, the aminolysis of § occurred at room temperature to give
amides 6. Crude material from the cleavage was purified in parallel by solid phase extraction (SPE) to afford
the products in an average 46% yield.
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0960-894X/99/$ - see front matter © 1999 Elsevier Science Ltd. All rights reserved.
PII: S0960-894X(99)00174-2



1330 D. R. Barn et al. /Bioorg. Med. Chem. Lett. 9 (1999) 1329-1334

O
U O QA
DIC DMAP, DMF,
18h, r.t.

3

A H

iPr,EtN, DMF, N
48h.rt l R'” R

o 0
Et
TOLD 2o e
Et DCM, 20°C, 18h
R1/N\R2 R1/N\R2
6 5

Scheme 1

Table 1: Yields and & opioid binding affinities’ for some library 1 compounds
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Discussion

Representative members of library 1 are shown in Table 1. None of the compounds in Library 1 were as
active as compound 2. The highest binding affinities were found for cyclic diamines, eg. piperazine 6{1} and
homopiperazine 6{2}. The most active open chain diamine analogue was 6{5}. Since substantial modification
of the piperazine moiety failed to produce a compound with DOR binding affinity higher than for 2, we
decided to concentrate upon the region around the lower piperazine nitrogen: Therefore, a 46 compound
library was prepared by the same synthetic route using various N-substituted piperazines, (Scheme 1).
Representative analogues from the library are listed in Table 2. Having affinity 4 to 5 times greater than
compound 2, 7{2} and 7{3} were identified as the most active compounds from library 2 in the DOR binding
assay. 7{2} in particular also showed greater selectivity over the p opioid receptor than compound 2. Several
other compounds from Library 2 showed affinities similar to 2, indicating a wide tolerance in the SAR around
the lower piperazine nitrogen in terms of both polarity and steric bulk.
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Table 2: & and p opioid binding affinities’ for selected library 2 compounds

Compound RN ICsp & (nM) ICso 1 (nM)
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Since the structural simplification of SNC-80 to the lead compound 2 resulted in a slight reduction in
the binding affinity, it was reasonable to assume that the analogue of 1 with the allyl group replaced by a
piperonyl group might show affinity higher than 7{2}. Therefore, the chiral compound 8 was synthesised,
following the reported route used for the synthesis of SNC-80.% In the DOR binding assay 8 showed 4 fold
higher affinity than 1(Table 3), whereas selectivity over the MOR was similar for 8 (1300 fold) and SNC-80 1
(2400 fold).

SNC-80 1 was found to be antinociceptive when administered subcutaneously (s.c.) in the acetic acid-
induced abdominal constriction model in mice with an EDsj of 30.4umol/kg (Table 3).9"0 This activity was
completely abolished by naltrindole, a selective antagonist at the DOR. Compound 2 was less active in this
test, presumably due at least in part to its lower affinity at the DOR. The compound also exhibited lower
potency in the mouse vas deferens (MVD) and hamster vas deferens (HVD) functional assays.'"'? Despite the
high affinity of compounds 7{2} and 8, both were inactive in the in vivo model at concentrations up to
200umol/kg. Although 7{2} clearly behaves as an agonist and has higher potency in the MVD than 2, the
lower in vivo activity may suggest rapid metabolism or a problem with CNS penetration arising from the 3,4-
(methylenedioxy)-benzyl group. This conclusion is supported by the fact that compound 8, despite being much
more active than 2 in the MVD and HVD, also lacks any in vive activity in the acetic acid model and also
contains the 3,4-(methylenedioxy)-benzyl group. In contrast, compound 6{5}, which has much lower affinity
at the DOR and low efficacy and potency in the MVD, was surprisingly active in vivo. However, whilst
naltrindole pretreatment only partially inhibited the antinociception, naloxone produced marked inhibition,
confirming that the response is opioid-mediated, although apparently not mediated entirely via & opioid
receptors. Clocinnamox, a p-selective antagonist also produced partial inhibition, whereas the k-selective
antagonist, nor-BNI, was completely ineffective. These data, together with the low affinity of 6{5} at both n
and x receptors ( >10000nM and 500nM respectively) suggest that a metabolite acting via p opioid receptors
may be contributing to its antinociceptive activity.
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Table 3. Biological data for §-opioid ligands
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ICsp & ICso u ICs0 x MVD HVD Acetic acid test
M nM nM pICso pICso EDso (pmol/kg)
1 2 4800 4100 8.1 (100%)° | 7.3 (90%) 30.4
2 4.1 >10000 1990 6.2 (87%) <5.0 (4%) 145
7{2} 14 >10000 3900 7.0 (98%) 5.6 (52%) >200
8 0.54 702 nd 7.4 (100%) 5.9 (68%) >200
6{5} 70 >10000 483 <5.0 (7%) <5.0(13%) 48.4

“Maximum efficacy at 10" to 10°M

Summary

Two optimisation libraries around 2 were synthesised using aluminium chloride facilitated aminolysis.
Several compounds were identified with DOR binding affinities higher or similar to compound 2. The most
active compound from these libraries, 7{2}, had slightly higher affinity than SNC-80 1. Furthermore, using the
SAR obtained, we went on to synthesise a compouhd, 8, with four fold higher affinity than SNC-80. Whereas
these higher affinity compounds did not produce antinociception after s.c. administration in the acetic acid
constriction test, the acyclic SNC-80 derivative 6{5} did produce antinociception, which is at least partially

mediated via the 8-opioid receptor.
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