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Abstract: The synthesis, biological activity and electrostatic properties of the thiadiazolyl-tryptamine (2), a novel 5-HT4p
receptor agonist, are descnbed The compound was synthesised in four steps from the readily available tryptamine ester
(7¢) and it was found to be remarkably more potent than the corresponding oxadiazole analogue (1), both in functional and
binding assays.

During the past decade there has been a renewed interest in the neurotransmitter serotonin (5-hydroxytryptamine, 5-HT)
and a muiltitude of different receptor subtypes has been identified!. This heterogeneity offers the possibility for discovering
selective agonists/antagonists in order to modulate serotonergic function in clinical disorders where aiterations in 5-HT have
been implicated?

As part of a program of work directed towards the identification of novel and selective 5-HT{D receptor agonists for the
treatment of migraine3, we became interested in the oxadiazole (1) and thiadiazole (2) tryptamines, molecules which, like
sumairiptans, incorporate an indole Cs substituent which is in principle capable of hydrogen-bonding donor and acceptor
interactions at the 5-HT 1p receptor The thiadiazole (2) proved to be an unexpectedly potent agonist at this receptor and its
synthesis, biological activity and electrostatic properties are the subject of the present Letter.
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Two different approaches to the synthesis of (2), starting from readily available tryptamine-5-acetic acid derivatives, were
envisaged The first route was based on the oxidation (e.g. bromine, DEAD)4 of a thionoacylguanidine (3) which in tumn
could be prepared from guanidine itself and the thiono ester (4), or by thionation of an acylguanidine (6) (Chart 1). However,
reaction of either (5) or (6) with Lawesson's reagent5 (toluene, reflux) failed to produce the required products (4) or (3),
respectively. Although other thionation methods or alternative ways to generate the thiono ester (4) could have been
utilised, we instead turned our attention to the second approach which, indeed, afforded the target compound.
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Scheme 1*
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8Reagents and conditions: (a) NaNO2 (1.05 eq), Hz0, concentrated HCI, -100C, 0.5 h; (b) SnCl2.2Hp0 (5.0 eq ), concentrated HCI,
-109C, 20 min, (c) 4-chiorobutanal dimethylacetal (1.0 eq), EtOH-HO (5:1), refiux, 2-4 h; (d) HCHO (4.0 eq), NaCNBHg3 (2.2 eq), AcOH
(5.0 eq), MeOH, 0° to 25°C, 1 5 h; (e) 2N NaOH (4.0 eq), EtOH-THF (2.5-1), reflux, 17 h; (f) SOClp (3.5 eq), MeOH, 0° to 25°C, 2 h; (g) 4-
methoxybenzyl alcohol (4.8 eq), n-BuLi (3.3 eq), THF, -76% 10 25°C, 1 h.
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8Reagents and conditions: (a) (BOC)20 (1.3 eq), MeCN, 4-DMAP (0.1 eq), 259C, 3 h; {b) NaH (2.5 eq), DMF, 25°C, 20 min; 3-amino-5-
chioro-1,2,4-thiadiazole (8) (2 1 eq), 259C, 1 h; (¢) TFA-CHaClp-HoO (2:12:0.5), 259C, 15 h; (d) MeOH, refiux, 10 min.

The second route relied on the alkylation of an ester (7) with 3-amino-5-chloro-1,2,4-thiadiazole (l)6 using enolate
chemistry, followed by hydrolysis and decarboxylation of the activated acid (16) (Schemes 1 and 2). Using the Grandberg
modification of the Fischer indole synthesis7, 5-cyanomethyltryptamine (10) was prepared in three steps from (9). N.N-
Dimethylation of (10) followed by hydrolysis and esterification then produced esters(7a) or (7b). !t was considered that
protection of the indolic nitrogen as the BOC derivative would be advisable at this stage, both to promote the generation of
the corresponding ester enolate and to avoid potential side reactions with the electrophile at this centre. Thus,treatment of
(7a) with (BOC)20 in acetonitrile in the presence of a catalytic amount of DMAP cleanly afforded (12). Generation of the
enolate of (12) with KN(SiMe3)2 (1 2 eq, THF, -70°C) and subsequent reaction with (8) (1.2 eq,-70 to 25°C, 5 h) produced,
however, only trace amounts (ca 1%) of coupled material (13). After some experimentation, conditions were developed to
achieve this transformation in moderate (ca 30%) yield: the enolate was generated with excess sodium hydnide (2.5 eq) in
DMF at room temperature for a short period of time, followed by treatment with the electrophile (2.5 eq) at the same
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temperature for 1 hour. It is noteworthy that the coupling proceeds in the presence of the unprotected amino group of (8)
under overtly basic conditions. Conversion of (13) into the finat compound was not, however, trivial. Attempted hydrolysis of
the ester under mild basic conditions failed, probably due to the generation of a highly stabilized enolate which protects the
ester against further nucleophilic attack, and more vigorous conditions led to decomposition. It was, therefore, necessary to
alter the nature of the ester functionality to permit cleavage under non-basic conditions. A p-methoxybenzyl (MPM) ester
was chosen with the expectation that it could be removed under the acidic conditions required to unblock the indolic
nitrogen. Thus, transesterification of (7b) (p-methoxybenzy! alcohol, nBuLi, THF) followed by reaction with (BOC)20
produced ester (14) which was coupled with (8), under the optimized conditions, to give (15) in 33% isolated yield.
Removal of the BOC and MPM groups was now achieved under standard conditions (TFA-CH2Cla-H20, 259C) and, after
elimination of solvents,the intermediate carboxylic acid (16) was decarboxylated by heating under reflux in methanol for a
brief period of time to afford (2) in 45% yield8

The exchange of suiphur (2) for oxygen (1 )® proved to have a dramatic effect on the biological profile (Table 1). Thus, the
thiadiazole (2) exhibited a ten-fold higher affinity for the 5-HT{p receptor in pig caudate0 than the oxadiazole (1).
Furthermore, in a 5-HT 1p functional assay, (2) was some fifty-fold more potent than (1) in contracting the rabbit saphenous
vein1, both compounds were 1ull agonists on this preparation (as compared to 5-HT).

Table 1
Compound piCs508 pECs50P
kY 76 63
2) 8.7 8.0
5-HT 8.0 6.8
Sumatriptan 77 6.2

aDrsplacement of [3H]-5-HT to 5-HT 1 p recognition sites in pig caudate
membranes. PContraction of New Zealand white rabbit saphencus vein.
Figures are a mean of n= 3.

Because the molecular geometries of the oxadiazole and thiadiazole moieties are very similar'2, alternative explanations
were sought for these remarkable differences in biological activity. The molecular electrostatic potentials (MEP’s), calculated
for models of both compounds, were therefore examined. A model of (1) was constructed from the crystal structure by
arbitrary selection of one conformer of the disordered ethylamino side chain, addition of hydrogen atoms to satisfy the
valencies of all atoms and full optimisation performed using AM1 in MOPAC13 . A model of (2) was similarly constructed by
changing the oxygen of (1) to a sulfur and minimising the resulting structure in the same way. Direct calculation of the MEP’s
from the wavefunctions’4 suggested that the majority of the differences between (1) and (2) lay in the volume close to the
Cs-heterocyclic rings. Thus, it can clearly be seen from Figure 1 that there is a fairly large area of negative potential in the
region of the nitrogen-oxygen bond in (1); the corresponding area in (2) is somewhat smaller and its orientation is dominated
by the 2-nitrogen of the 1,2,4-thiadiazole ring. These features can be expressed quantitatively by examining the esp-fit
charges for the two molecules, derived using AM1 and the ESP keyword in MOPAC15.16_ Atoms where these charges
differed by more than 0.05 units in (1) and (2) are included in Table 2. It can be seen that the main effect of changing the
heteroatom is reflected in the charge on the heteroatom itself and its immediate neighbours. Although the charge on the
carbon atom at position 5 of the indole ring is clearly affected, this effect does not extend much further into the indole
nucleus. In particular, there is no obvious effect on the indolic N-H which could have modified its hydrogen-bonding donor
ability. It is, therefore, reasonable to suggest that the enhanced biological activity observed for (2) could be the direct resuit
of improved electrostatic complementanty of the Cg-heterocyclyl substituent with the receptori?.
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Table 22
Atom Type in (1) Type in (2) Charge in (1) Charge In (2) Difference in
number charge
5 C C 0.0402 -0.0216 -0 0618
6’ C C -0 3733 -0 3147 0 0586
5 C C 01798 -0.1251 -0 3049
1 [¢] S -0 0012 03194 0.3206
2 N N -0 2628 -0 3618 -0 0990
4’ N N -0 3315 -0 2420 0 0895

aSee Chart 1 for atom numbering
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Figure 1: Stereo views of (1) (top) and (2) (botiom) with electrostatic potential isocontours
at +4 (red/ysliow) and -4 (biue/cyan) kcal/mol.



