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Abstract: imetit {S-[2-(imidazol-4-yl)ethyllisothiourea} is a potent H,-agonist in vitro {on rat brain cortical slices;
EC,, = 1 nM) and in vivo (ED,, ~ 1 mg/kg per os in mice). N-Methylimetit is also an agonist (EC,, = 15 nM) but
dimethyl and trimethyl derivatives are antagonists (K = 50 - 500 nM).

Histamine receptors have been classified into three main subtypes designated H,, H, and H,>** The
most recently described is the H, receptor at which histamine acts to modulate its own synthesis and release.
Very potent and pharmacologically specific compounds have been described for use in characterising the
pharmacology of the H, receptor® e.g. the agonist (R)o-methylhistamine (1) and the antagonist thioperamide

().

A recent report® of two other extremely potent agonists, S-[2-(imidazol-4-yijethyllisothiourea and 4-(imidazol-4-
yl)butyramidine prompts us to report our work relating to the former compound which we have called imetit.”

Previous studies® have shown that some H,-receptor ligands such as impromidine {3) and burimamide (4) also
possess high affinity for the H, receptor. These observations prompted us to study the activity at cerebral H,
receptors of several compounds which had been at the origin of the design of H,-receptor antagonists.’® Among
these was $-[2-(imidazol-4-yl)ethyllisothiourea which had been characterised previously as a weak partial H,-
receptor agonist.'®  As indicated by formula 5 (Table 1), imetit resembles histamine by being an imidazole
derivative substituted at position 4(5) by a short chain of two carbon atoms. in place of the ammonium group
of histamine imetit possesses an isothiouronium moiety.

Imetit was tested for its effect on ["H]histamine release from slices of rat cerebral cortex which had been
preincubated for 30 min with L-[*H]histidine (0.3 uM) using the procedure of Arrang et al.* The spontaneous
efflux (2 mM K*) of PHlhistamine from rat cerebral cortex slices into the medium represented 6.0 £ 0.5% of the
total PHhistamine. After a 2 min incubation with 30 mM K, the release represented 13.9 + 0.7% of the total
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[PHihistamine over the spontaneous efflux. Histamine and imetit inhibited the tritiated amine release with the
same maximal effect (55 + 4%). The concentrations required for half-maximal inhibition of release were (EC)
62 + 10, 4.0 £ 0.9 and 1.0 * 0.3 nM for histamine, (R)a-methylhistamine and imetit respectively. Thus in this
preparation imetit has approximately 62 times the potency of histamine and 4 times that of (R)e-
methylhistamine. Imetit, given orally to mice, induced a long-lasting decrease in the brain level of the histamine
catabolite, N-tele-methythistamine, with an ED,, value of approximately 1 mg/kg (6 umol/kg) which is about 4
times lower than that of (R)a-methylhistamine.

H, agonists and antagonists are of particular interest for studying histamine function in the brain but at present
the compounds available do not readily penetrate into the CNS. The chemical structure of imetit did not suggest
that it would be able to cross the blood-brain barrier any more successfully than histamine, which is itself known
to cross poorly.!" Hydrogen bonding is believed to play a key role in reducing the ability of compounds tfo
penetrate into the CNS'™ and the isothiourea group has two hydrogen-acceptor and three hydrogen-donor
possibilities. 1t is of great interest, therefore, to explore the possibility of reducing the hydrogen-donor capability
by replacing N-H with N-methyl.

Methyl groups were introduced at the N atoms of the isothiourea moiety via the synthetic route shown in the
Scheme in which 4-{2-hydroxyethyl)imidazole was treated with the appropriate N-substituted thiourea in 48%
hydrobromic acid under reflux for 26-80 hours. Compounds were isolated as dihydrobromide salts and
characterised by mp, nmr, mass spectra, hplc and CHNBrS analyses (Table 1) and tested for their effect on
histamine release from rat brain cortical slices, either as agonists (EC,,) or antagonists (Ki).

/_(\/OH SYNRz R3 48% HBr {___(\/ S\H/NRZRB
= ——— - P

BN N + NHR; BN /N NRy 2HBr

it was found that one methy! substituent could be accommodated on the isothiourea group to provide an agonist
(compound 6) which, although less active than imetit, still possessed four times the potency of histamine.™
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An additional methyl group, either on the same or on the other nitrogen atom (8 and 7 respectively), however,
gave an antagonist, compound 7 being ten times more potent than 9. Joining the two methyl groups together,
as in an imidazoline ring (8), aiso gave an antagonist but of lower affinity than 7. A third methyl group (10) also
reduced affinity. Compound 6 (N-methylimetit) was tested in vivo; when given orally to mice it produced a
decrease in the brain level of N-tele-methylhistamine, and had an EDgp of approximately 25 mg/kg (136
pmol/kg).

To date, all reported potent agonists and antagonists at H, receptors are imidazole derivatives'"” so,
presumably, for the agonists imetit (§) and its N-methyl congener (6) the imidazole ring of these compounds
must simulate the imidazole ring of histamine at the receptor. The isothiourea group is basic (similar pKa to
that of aliphatic amines i.e. 9—10)'® and would be protonated at physiological pH so that the cationic
isothiouronium moiety could mimic the alkylammonium cation of histamine.'® '

Table 1. Compounds and test results

No R, R, R, m.p.* cryst. solvent formula ECq Ki
°C nM nM

5 H H H 219-220 EtOH:E,0(9:1) C¢H,oN,S.2HBr 1.0+0.3
6 CH, H H 182-183 EtOH:'PrOH(1:1) C,H;N,S,2HBr 1543
7 CH, CH, H 203-204 EtOH.'PrOH(1:2) CgH,N,S,2HBr 51122
8 CH—CH, H 219-221 EtOH CgH,N,S,2.4HBr 260150
9 H CH, CH, 188-190 EtOH:'PrOH(1:20) CgH..N,S,2HBr ca 500
10 CH, CH, CH, 147-149 'ProH CgH,N,S,2HBr > 500

(R)a-methylhistamine 4.0+09

histamine 62410

* Lit" m.p. 5 (210-212); 6 (180-181); 7 (203-204); 8 (227-229 for 2HB).

The isothiouronium sulphur atom in 5 is in a similar position in the side chain to the ammonium nitrogen atom
of histamine and could be considered as an isostere. Like the latter, it would carry a partial positive charge but,
in contrast, it could only act as a hydrogen-bond acceptor, whereas ammonium is a hydrogen-bond donor.
Therefore this sulphur atom cannot act as a good functional replacement for nitrogen.

Presumably the isothiouronium -NH," groups have to simulate the histamine -NH;"; they are, however, further
away in space relative to the imidazole ring. Imetit would have to adopt a folded conformation to mimic the
relative spatial disposition of the imidazole and ammonium groups of histamine. Isothiouronium cations form
strong interactions with oxyacid anions®, and the isothiouronium moiety in imetit could conceivably interact with
a carboxylate group at the receptor e.g. an aspartic acid residue as has been postulated for the interaction of

the histamine -NH,* at H, and H, receptors.”®
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