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Abetract: The synthesis, brological activity and electrostatic propertres of the thiadiazolyl-tryptarnine (2), a novel 5HTf D 
rece-ptor agonist, are described 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 (l), both in functiinal and 
binding assays. 

During the past decade there has been a renewed interest in the neurotransmitter serotonin (5hydroxytryptamine, 5-HT) 

and a multitude of different receptor subtypes has been identifiedt This heterogeneity offers the possibility for discovering 

selective agonists/antagonists in order to modulate serotonergrc function in climcal disorders where alteratrons in 5HT have 

been implicated2 

As part of a program of work directed towards the identiiication of novel and selective 5-HTf D receptor agonists for the 

treatment of migrair&, we became interested in the oxadiazole (1) and thiadiazole (2) tryptamines, molecules which, like 

sumatriptan3, incorporate an indole C5 substituent which is in principle capable of hydrogen-bondng donor and acceptor 

interactions at the 5-HTt D receptor The thiadiazole (2) proved to be an unexpectedly potent agonist at this receptor and its 

synthesis, biological actrvity and electrostatic properties are the subject of the present letter. 

Chart 1 

NHBOC NHBOC 

HsN:;d En4 

(3): x= s (4): x= s 

(6): X= 0 (6): X= 0 

Two different approaches to the synthesis of (2) starting from readily available tryptamine-5-acetc acid derivatives, were 

envisaged The first route was based on the oxidation (e.g. bromine, DEAD)4 of a thionoacylguanidine (3) which in turn 

could be prepared from guanidme itself and the thiono ester (4) or by thronatron of an acyfguanidine (6) (Chart 1). However, 

reaction of either (6) 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 attentron to the second approach which, indeed, afforded the target compound. 
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a,b,c 

NH2 
32% * 

H 

(9) d (lo): R= H 

c 74% 11) R=Me 

aRea&!ents and conditions: (a) NaNC2 (1.05 eq), H2C, concentreted HCI, -l@C, 0.5 h; (b) SnCf2.2H2C (5.0 eq ), concentrated HCi, 
-@C, 20 min, (c) 4chfombutanal dimethyfscetal (I .O eq), EtOH-H@ WI), reflux, 2-4 h; (d) HCHC (4.0 eq), NsCNSH3 (2.2 eq), AcCH 
(5.0 eo), MsCH, O” to 25°C, 1 5 h; (e) 2N NaOH (4.0 eq), EtCH-THF (2.5’1) reflux, 17 h; (1) SCCQ (3.5 eq), MaOH, 00 to 25°C. 2 h; (g) 4 
rnethoxybenzyl alcohol (4.8 exf), n-EuU (3.3 eq), THF, -7@ to 25°C, 1 h. 

NMe2 

I 

H 

(70): R= Et (12): R= Et (13): R= Et 
(7~)’ R= 4-MeOBn (14): R= CMeGBn (15): R= 4-MeOBn 

H L H J 

(2) (18) 

aReasenb and cmditionn: (a) (BCC)20 (1.3 ecfq), futeCN, 4-DMAP (0.1 so). 250c, 3 h; (b) MH (2.5 so), DMF, 25oC, 20 mfn; 3emino-5 
chbmt,2,4-thradiazole (8) (2 1 W, 25oc, 1 h; (c) TFA-CH2Q-H2C (2:12x).5), 25oC, 1 5 h; (d) MeOH, reftux, IO min. 

The second route relied on the afkylation of an ester (7) with 3-amino-5-chloro-1 ,Z,Cthiadiazole (0)6 using enolate 

chemistry, followed by hydrolysis and decarboxylation of the activated actd (16) (!3chemes 1 and 2). Using the Grandberg 

modificatiin of the Fischer indole synthesfs7, 5-cyanomethyltryptamine (10) was prepared in three steps from (S). N,N- 

Dimethylatiin of (lo) followed by hydrolysis and esterification then produced esters(7r) or (7b). It was considered that 

protection of the indolii nltrogen as the BGC derivative would be advisable at this stage, both to promote the generation of 

the corresponding ester enolate and to avord potential side reactions with me electrophile at this centre. Thustreatment of 

(70) with (BGC)pO in acetonftrile 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, -7OOC) and subsequent reaction with (8) (1.2 eq-70 to 25oC, 5 h) produced, 

however, only trace amounts (ca 1%) of coupled material (13). After some experimentation, conditions were developed to 

achieve this transfom-fation in moderate (ca 3096) yield: the enolate was generated with excess sodium hydnde (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 overtfy basic conditions. Conversion of (13) into the final compound was not, however, trivial. Attempted hydrolysls of 

the ester under mild basic condiiions failed, probably due to the generation of a highly stabilized enolate which protects the 

ester against further nucfeophilic attack, and more vigorous condiilons led to decomposltiin. It was, therefore, necessary to 

alter the nature of the ester functiinalii to permit cleavage under non-basic condiins. A p-methoxybenzyl (MPM) ester 

was chosen with the expectation that it could be removed under the acidic conditions required to unblock the indolic 

nttrogen. Thus, transesterification of (7b) (pmethoxybenzyl alcohol, nSuLi, THF) followed by reaction with (SOC)pO 

produced ester (14) which was coupled with (8). under the optimized conditions, to give (18) in 33% isolated yield. 

Removal of the SOC and MPM groups was now achieved under standard condiiins (TFA-CH2Cl2-H20,25oC) and, after 

elimination of solvents,the intermediate carboxylic acid (18) was decarboxylated by heating under reftux in methanol for a 

brief psriod of time to afford (2) in 45% yield8 

The exchange of sulphur (2) for oxygen (1)9 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-HTtD receptor in pig caudateto than the oxadiazde (1). 

Furthermore, in a 5HTt D functional assay, (2) was some fkty-fokl more potent than (1) in contracting the rabbit saphenous 

vein1 l, both compounds were full agonists on this preparatiin (as compared to 5-l-K). 

Compound 
Table 1 

Plc5oa PEC~O~ 

7.6 6.3 
8.7 6.0 

5HT 6.0 6.6 
Sumatriptan 77 6.2 

Qsplscsmsnt cf [SHjS-HTto CHTtfJ rscognkkxl sites in ptg csudate 
msn+xsnes. bcontractkm of New Zsalsnd whii rsbblt saphencus vsin. 
F~ressrsamssnofm3. 

Because the molecular geometries of the oxadiazole and thiadiazole moieties are very similar12, alternative explanations 

were sought for these remarkable diiences in biological activity. The mofecular 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 ethyfamino 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 wavefunctiins14 suggested that the majority of the differences between (1) and (2) lay in the volume close to the 

Cg-heterocyclic rings. Thus, 1 can clearfy be seen from Figure 1 that there is a farrly 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 otientaQon is dominated 

by the a-nitrogen of the 1,2,4-thiadiazole ring. These features can be expressed quantitatively by examining the espfii 

charges for the two molecules, derived using AM1 and the ESP keyword in MOPAC15916. Atoms where these charges 

diierad 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 me charge on me heteroatom itself and its immediate neighbours. Although the charge on the 

carbon atom at positron 5 of me 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 indolll N-H whtch could have modified its hydrogen-bonding donor 

ability. It is, therefore, reasonable to suggest that the enhanced biolog!cal activity observsd for (2) could be the direct result 

of improved electrostatic complementanty of the Cg-heterocyclyl substiiuent with the receptor17. 
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Table 2a 

Atom Type in (1) 
number 

5 C 

5”, : 
1’ 0 
2’ N 
4’ N 

aSee Chart 1 for atom numbering 

Type In (2) Charge in (1) Charge In (2) 

C 0.0402 -0.0216 

: -0 0 3733 1798 -0.1251 -0 3147 
S -0 0012 0 3194 
N -0 2628 -0 3618 
N -0 3315 -0 2420 

Drfference in 
charge 

-0 0618 

-0 0 0586 3049 
0.3206 

-0 0990 
0 0895 
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