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Abstract—A new family of Histamine H; receptor antagonists (5a—t) has been prepared based on the structure of the natural prod-
uct Conessine, a known Hj; antagonist. Several members of the new series are highly potent and selective binders of rat and human
Hj receptors and display inverse agonism at the human Hj receptor. Compound 5n exhibited promising rat pharmacokinetic prop-
erties and demonstrated functional antagonism of the H; receptor in an in-vivo pharmacological model.

© 2008 Elsevier Ltd. All rights reserved.

The histamine H; receptor is one of four distinct G-pro-
tein coupled histamine receptors known as H;, H,, Hs,
and Hy.! Histamine H; and H, receptors are validated
drug targets and involved in allergic reactions (H;
antagonists) and gastric acid secretion (H, antagonists).
The more recently discovered H, receptor is found in
immune cells and is being investigated as a target for
inflammatory disorders. Hs receptors are expressed pri-
marily in the central nervous system (CNS) where they
are located presynaptically, and function as constitu-
tively active regulators of the synthesis and release of
histamine and several other neurotransmitters.”? Hj
antagonists have attracted interest recently as potential
treatments for CNS disorders relating to feeding, wake-
fulness, cognition, and pain.®> Many of the early Hj
antagonists contained an imidazole group similar to
the natural ligand histamine. The potential for imidaz-
ole-containing ligands to inhibit CYP-450 enzymes*
and the low receptor selectivity exhibited by some early
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Hj; antagonists® encouraged the development of second
generation H; antagonists which lacked this group. Such
‘nonimidazole’ H; antagonists are now at the forefront
of H; drug development and several compounds in this
class have recently entered human clinical trials.®

We were interested in developing novel H; antagonists/
inverse agonists as wake promoting agents, and were
intrigued when a high throughput screen of our com-
pound collection identified the steroidal alkaloid natu-
ral product Conessine (1) as a fairly potent Hj
antagonist.” Compound 1 was found to inhibit [*H]
N-methyl histamine binding in a rat cortex membrane
assay with a K; of 66 nM. We hypothesized that the
relative positioning of the two amine functionalities
of 1 was crucial to its biological activity, and sought
to construct novel H; antagonists by designing a series
of compounds that would orient two amines in a man-
ner similar to that of 1. This approach was further sup-
ported by several reports of diamine-based Hj
antagonists (e.g., 2,8 3,° and 4,'° Fig. 1) that appeared
during the course of our work. As outlined in Figure 2,
the initial target compounds consisted of a series of
diamines 5 in which the structure of 1 was simplified
by aromatization of the central six-membered ring,
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Figure 1. Structure of Conessine and representative diamine Hj
antagonists.
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removal of several carbon atoms, and the introduction
of a double bond in the remaining bicyclic portion of
the scaffold.

The initial target compounds were prepared using the
methods shown in Scheme 1. Commercially available
azomethine ylide precursor 6 was treated with cyclo-
pentenone 7 to give bicyclic ketone 8 via 3 + 2 cycload-
dition. Reaction of 8 with the alkyllithium reagent
derived from silyl-ether 9 provided the alcohol 10, which
was dehydrated and deprotected with HCI then acti-
vated with methanesulfonyl chloride to give mesylate
derivative 11. Reaction of 11 with various secondary
amines under basic conditions provided compounds
5a-m, which enabled exploration of phenethylamine
substituent effects on binding.

Alteration of the bicyclic portion of these molecules was
examined by preparing diamines 5n-t, which incorpo-
rate the phenethyl pyrrolidine fragment of compound
5f. In this case, bicyclic ketone 8 was reacted with the
lithium reagent derived from 4-bromo-phenethylamine
12 to give the alcohol 13. Deprotection of the N-benzyl
group of 13 followed by dehydration with HCI provided
diamine 14, which was then substituted via reductive
amination or arylation to give analogs Sn-t.

Compounds 5a-t were tested in a rat cortex N-[*H]-
methylhistamine binding assay,'! the results of which
are shown in Table 1. Several compounds in the initial
series bound the receptor with high affinity, and it was
apparent that the basicity and substitution patterns of
both nitrogens were important for binding affinity. For
example, the phenethylpyrrolidine analog 5f
(K; = 0.3nM) was 10-fold more potent than difluoro-
pyrrolidine analog 5j (2.8 nM) and 1000 times more po-
tent than the amide 5k (360 nM). Compound 5f was also
significantly more potent than the indoline analogs 5l
and 5m, suggesting that small to medium sized substitu-
ents are preferred at this position. Substitution in the
phenethylpyrrolidine ring also influenced receptor affin-
ity. This is demonstrated by the six-fold increase in po-
tency for methylpyrrolidine analog 5g (0.05 nM)
compared to unsubstituted pyrrolidine analog 5f, and
the apparent preference for the S-hydroxymethyl frag-
ment in 5i over the R-isomer in 5h, a trend that has been
observed with other H; antagonists.!?
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Figure 2. Design of Hj; antagonists based on Conessine.
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Scheme 1. Synthesis of target compounds 5. Reagents and conditions: (a) CH3CN, rt, 69%; (b) n-BuLi, THF, —78 °C, 64-66%; (c) HCI, i-PrOH,
60 °C, 98%; (d) MsCl, Et3;N, CH,Cl, rt, 82%; (¢) HNR R,, Na,CO3, CH3CN, microwave, 120 °C, 25-60%; (f) NH4CHO,, Pd(OH),/C, MeOH, 98%;
(g) i—RCHO or R,CO, NaBH(OAc);, AcOH, CH,Cl,, rt, 22-88%; or ii—ArBr, Pd(dba),, --BuOK, DMSO, 175 °C, 8-31%.
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Table 1. Binding Affinities (K; and pK;) of compounds 5a-t at rat H receptor®

R1
\
N R2
- e
Compound R! NR’R? Rat H; K;° (nM) Rat pKib
5a Bn H 23 8.64 +0.24
/7 N\
H
5h Bn {l) 2.4 8.62 % 0.29
H
5c Bn LNJ 0.4 9.43 +0.09
H
N
5d Bn [ j 1.7 8.77+0.27
o
H
N
Se Bn [ ] 58 723 +0.24
N
|
H
5f Bn :N 0.3 9.51+0.25
H
5g Bn (b/ 0.05 (h Antag. = 0.1)° 10.23 £ 0.25
H
5h Bn N 0.51 (h Antag. = 8.5)¢ 9.29 +0.28
(J “ou
H
5i Bn N 0.16 (h Antag. = 1.5)° 9.80+0.12
¢ 7" OH
H
N
54 Bn ] . 2.8 8.56+0.15
F
H
5k Bn (ifo 310 6.88 +0.14
H
51 Bn % NA® NA®
Sm Bn HN:@ 256 6.59 +0.20
H
5n N 0.1 9.95 + 0.09
50 0.4 (h Antag. = 1.7)¢ 9.38 +0.30
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Table 1 (continued)

Compound R! NRZR? Rat H; K;® (nM) Rat pK;®
H
5p Y N 0.9 9.02 % 0.04
H
5q N 67 7.17 +0.39
P H
5r N~ N 2 8.63+0.19
Y H
5s N__N N 36 7.45 +0.06
NN H
5t L N 7 8.17+0.19
H
(3aS, 6aS)-5f Bn N 0.75 9.12+0.18
H
(3aR, 6aR)-5f Bn N 0.05 (h Antag. = 0.6, Inverse Ag. = 2.0)° 10.35+0.10
H
(3aR, 6aR)-5n N 0.07 (h Antag. = 0.9, Inverse Ag. = 1.0)¢ 10.17 £ 0.21
H
(3aR, 6aR)-50 N 0.08 10.11 +0.44
(3aR, 6aR)-5p 0.29 9.53+0.13

I O

2 Displacement of N-[*’H]-methylhistamine from rat cortex membranes.

®Values are reported as average of n > 3 independent measurements for all compounds. Errors are * log SD.

°NA, no activity below 5 pM.

9 Antagonism determined by displacement of [*’H] R(—)-o-methylhistamine from recombinant CHO-K1 cells expressing the human Hj receptor
(n=1). Inverse Agonism determined by GTPyS binding in CHO-K1 cells expressing the human Hj receptor in the absence of agonist (n = 1).

Testing performed at MDS Pharma Services (Taiwan).'*

The basicity and substitution of the bicyclic nitrogen
was also important in determining potency. Substitution
of the bicyclic nitrogen with simple alkyl groups pro-
duced compounds 5n—p, which exhibited sub-nanomolar
potency similar to that seen for the N-benzyl derivative
5f. In contrast, the less basic N-aryl analogs S5q-t were
significantly less potent than the N-alkyl analogs
although some still bound with affinities in the low
nM range.

Having confirmed that the new scaffold could be used to
identify potent Hj; antagonists, the preferred stereo-
chemistry of the bicyclic moiety was examined. To this
end, both isomers of 5f were prepared from the resolved
isomers of ketone 8. The more potent isomer of 5f was
identified as having the 3aR, 6aR configuration based

on the stereochemistry of (3aS, 6aR)-8, which was as-
signed by X-ray crystallography.'® The same isomer of
8 was then used to prepare the (3aR, 6aR) isomers of
Sn—p, which were significantly more potent than their
respective racemic mixtures.

In order to broadly assess binding affinity at the human
Hj receptor, six compounds from the new series were
tested in a human Hj receptor binding assay (Table
1).!% In each case there was a shift toward lower potency
at the human receptor that ranged from 3- to 20-fold
compared to that at the rat receptor. Compounds
(3aR, 6aR)-5f and (3aR, 6aR)-5n also displayed inverse
agonist activity at the human receptor in the low nano-
molar range when tested in an H; GTPyS—functional
assay in the absence of agonist (Table 1) and displayed
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Chart 1. Inhibition of (R)-o-methylhistamine induced drinking after
oral administration of compound (3aR, 6aR)-5n.

greater than 1000-fold selectivity for the Hj receptor
when screened against a panel of over 100 human
GPCR’s, including H;, H,, and Hy.

Preliminary evaluation of the rat pharmacokinetics of
selected compounds from the new series was used to se-
lect a compound for in-vivo study. In general, the dia-
mine analogs exhibited good to excellent oral
bioavailability, long half-lives, and extensive tissue dis-
tribution. The pharmacokinetic profile of (3aR, 6aR)-
5n (F = 78%, t,» = 6 h) was considered the most promis-
ing and this compound was chosen for further testing.

Functional antagonism of the H; receptor in vivo was
demonstrated for (3aR, 6aR)-5n in a rat dipsogenia
model, in which an acute drinking response induced
by an Hj agonist ((R)-a-methylhistamine) is attenuated
by pre-administration of an Hj antagonist.'> As shown
in Chart 1, compound (3aR, 6aR)-5n (0.3, 1 and 3 mg/
kg) or vehicle was administered orally to rats prior to
the subcutaneous administration of 10 mg (R)-o-methyl-
histamine. Compound (3aR, 6aR)-5n was found to inhi-
bit agonist induced drinking in a dose dependent
manner with a minimum effective dose of 3 mg/kg.

In summary, we have developed a new family of Hj
antagonists based on the natural product Conessine.
Several members of this family exhibit sub- to low-nano-
molar potency at rat and human Hj; receptors. Prelimin-
ary in-vitro and in-vivo screening results suggest that the
new compounds possess promising selectivity and phar-
macokinetic profiles. Results for compound (3aR, 6aR)-
5n, which displays in-vivo activity consistent with that of
a potent, orally available H; antagonist, are particularly
noteworthy.
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