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Abstract. The syntheses of the bcnzofuran (1) and dihydr&m&mn (10) analogues of 5carboxamid~ 

qptamim &CT) were accomplished utilbhg a Hom&kmms reaction on a bcn&umnw. Compound 1 

was a relatively potent S-mlD agonist, although less potent than 5-CT. MO studies were carried out to 

invcstigatethisdiff-. 

To date at least fourteen diffmnt s&types of smotoGn (5hydroxymyptaminc, 5-HT) rcqmrs have 

been idmifkd,’ which provide a rich source of targets for drug therapy.z In panicuk. the ~-HT~D receptor 

hasganerated~~eracent~3Asince~Mtimisrainedrugsumaaiptanisanagonistathissite.s 

Ancarlyrcpol+cxistsinwhichthebcmfumn anabgueof5HTappcarstobcawcakeragonistthau 

5-~itselfintheratfundus~,aprepPratioaw~~hasrecentlybeenshowntocontain5-~~~.7d 

Although McKcnna et al.9 found that N-mcthyl-NGopropyl~ had 13-, 7- and 1.5~fold higher affinky 

than the benzofuran iUldO@lC at the s-m& %iTlA and 5-m= Sites, lC@CtiVdy, then has been li#le Work 

since,untilareccntpapcrfromTomaszc wski et al.10 which has prompted the disclosure of our own results. In 

their paper, the affinities of the benzofumn analogtm of 5-methoxy-N&dimethyl~ and %ncthoxy- 

U-ll@hykyptamk Were found t0 be about 20-309b 1OWCX than thOSC Of the idOk! COWtUpNtS at the 543TlA 

reCeptor,~hilstatthe~-~~receptorthe~hadapproximatelyont-thirdand ollc&ththeaftinityof 

the indolcs. However, nobindingaffhdticsforbamfmms at tha 5-HTlD receptor haVC been published. For 

the pqosc of this investigation, we targetted the novel bcnmfum analoguc (1) of 5-carboxamidotryptaminc 

(5-m), bCCiUlSC 5-m itdf i5 OIIC Of the lllOSt potent 54iTlD a&mktS known. 
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Although the benxofuran analogue of 5-HT has been prepared,1t~12 the syntheses are rather long and 

cumbersome. Among the many methods available for the synthesis of benxofurans,13 two routes appeared 

attmctive towards our goal due to their simplicity. The first involved a Fischer-like cyclisation of an oxime 

while the second utilised a Homer-Rmmons reaction on a benwturanone. 

There are several examples in the literature 13,14 of forming 2-substituted benxofurans utilising 0-aryl 

oximes derived from ketones, but we were not aware of any precedent for the cyclisation to proceed with 

oximes derived from aldehydes. We decided, therefore, to test the methodology with the readily accessible 

oxime 4 prepared by treating 4-(methoxycarbonyl)phenoxyamine (3) with dimethylaminobutanal dimethyl 

acetal (Scheme 1). Attempted cyclixation of oxime 4 under a variety of acidic conditions (e.g. coned HCl in 

&OH or HCOzH-H3P04) resulted only in &composition to phenol 2, a process which may occur by a 

Beclunan rearrangement or an elimination to the nitrile, facilitated by the electron-withdrawing nature of the 

carboxy substituent. In support of this fragmentation, it was found that the reaction did proceed on the oxime 

derived from the same acetal and phenoxyamine itself in 29% yield using 98% HC@H-H$Q at 60’ for 4 h. 

Scheme 1 

Havhrg failed in our attempts to perform a Fischer-like cyclixation on a suitable oxime, we turned our 

attentions to the second route. Although Wittig reactions of benxofuranones are known15 attempts to react 

methyl 3(2H)_bemofuranone-5-carboxylate (5)16 with cyanomethylenetriphenylphosphorane led to only a low 

yield (12%) of the required 5-(methoxycarbonyl)-3benxo~]furylacetonitrile (6) with several by-products 

being observed. This transformation was, however, cleanly achieved using a Homer-Emmons reaction of 5 

with diethyl cyanomethylphosphonate to give 6 in 57% yield, with no trace of exocyclic olefinic products 

(Scheme 2). Hydrogenation of 6 over platinum oxide afforded the benxofurylethylamine 7 in 70% yield, 

together with a small amount (4%) of the over-reduced 2,3-dihydrobenxofuran (8). Direct conversion of 7 into 

the required fti target compound 1 with NaOMe aud formamide proceeded in low yield due to formylation 

of the ethylamino side chain. This side-reaction was avoided by protecting the amine using di-tert-butyl 

dicarbonate (99% yield), prior to conversion to the smide in 66% yield using the above conditions. Removal of 

the Boc group with trifluoroacetic acid then gave a quantitative yield of 1.18 The ~,IUimethylamino)ethyl 

a~~lllogue (9) was prepared by reductive alkylation of 7 with formaldehyde and NaCNBH3 (94% yield), 

followedbytmatmem with NaOMe and Me (92% yield). 

In addition, 3-(2-aminoe thyl>S-carboxamido-2,3-dihydrobenxofuran (10) was prepared from 8 in 35% 

overall yield utilising similar chemistry, in order to test the hypothesis that 2,3-dihydrobenxofuran may be a 

better indole bioisostere than benxofuran itself.to 
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Scheme 2 
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The in vim binding af%nit& of 1.9, and 10 at various s&types of the 5-HT rcccpor, mmparcd to S- 

CT,amshowninTable 1. 
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8.34f0.09 
8.04 f 0.10 
7.14 f 0.04 
9.53 0 

S-HT’~= 

7.31 f 0.10 
6.82 f 0.07 
6.11 f0.09 
8.47 

5-HT~d 

5.77 f 0.04 
5.47 
4.0 
4.668 

5-HTZC” 

6.18fO.10 
5.38 f0.13 
5.09 f 0.a 
6.23g 

5-HTJ 

J.13 f 0.07 
5.40 f 0.10 
5.37 f 0.05 
4.71 *o.xP 
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It can be seen that 5-CT has higher affimity than 1 for the 5-HTlA and 5-mtD receptors whereas 1 

has a higher affiity for the 5-=2A subtype. They have equal affinities at the S-I-IT~C receptor. The order of 

potency of the other analogues at all subtypes, except 5-HT3, is 1XblO; i.e., the dihydrobenxofuran analogue 

is the least potent, a result which is in contrast to the suggestion by Tomaszewski et al.10 that the 2,3- 

dihydrobenxofuran may be a good mdole bioisostere. Their churn, however, is based on compounds23 in which 

the ammoethyl side chain originates from the 4position rather than the 3position of the dihydrobenxofuran. 

The functional assay performed on the rabbit saphenous vein,24 which contains 5-HTr-like receptors, 

shows that both 5-CT and 1 are full agonists in this pmpamtion (Table 2). However, as is to be expected from 

the binding affinities, 1 is less potent than S-CT. 

Table2.lnvitmfunctionalactivityof1and5-CT. 

-pd pEc~*sEW ItI@ 

1 6.80 f 0.26 1.20 f 0.28 
CCT 7.55 f 0.35 1.06 f 0.02 

l Conha&noftbeNcwZealandwhitembbitsapkamsveia. 

Thefi~arethem~fSEMoftwo(for5-~)orthra 

(forl)independent-ons.bRM=relativemaximmn 

andisdeGnedastbemaximumc4xtrdhrelativetothe 

maximum response 0Lxained with 1pM HIT. 

A possible explanation as to why the benxofuran analogue is less potent at the S-HTID receptor may 

be that the indole NH is involved in a specific hydrogen bond to the receptor. However, it is likely that a good 

hydrogen bond donor group is not essemkl as Glennon et aL4 found that naphthyl pipemxines bind with high 

affinity to the 5-HTtD site. An akemative explanation may be that the orientationsl preference of the amide 

group is different. In order to explore this possibility, MO studies were carried out in MOPA@ at the 

semiempirical level using AM1 with PRECISE convergence criteria and eigenvector following full geometry 

optimisation. Since 5-CT was not found in the Cambridge structural database, the starting structure geometry 

was taken from that found in the solid state for N,ZV-dimethyl-2-[5-[(3-amino-l,2,4-oxadiaxol-5-yl)methyl]-1H- 

indol-3-yl]ethylarnine,~~~6 suitably modified to incorporate the amide side chain at the 5position. The neutrsl 

species was modelled since it is likely that in the receptor-bound state the charge on the amine is largely 

neutralised by the proposed aspartate counterion on the receptor, an approach taken in the classical study of 

preceptor interactions by GWII et a1.27 

Of the two possible orientations of the amide side chain, orientation 1 was significantly more stable 

than orientation 2 by some 2 kcal/mol for 5-CT but there was little difference for the benxotkan analogue 1 

(FQurc 1). Moreover, the calculated dipole moments (for the neutral species) suggest that in a higher dielectric 

enviromnent there would be little effect on the preferred orientation of 5-CT but that in the benxofuran 

analogue 1 orientation 2 will become more favoured with respect to orientation 1.28 Thus the variation in 

biological activity may be due to a change in orientational pmfemnce of the amide group. 

Since previous observations19 on 5-(oxadiaxolyl)tryptamines have shown that a hydrogen bond 

acceptor rather than a hydrogen bond donor group is required in this region for effective binding to the 5-HTrD 

receptor, the possibilty that the carbonyl group of 5-CT may be a better hydrogen bond acceptor than the 
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benxofuran analogue 1 was also examined. However, calculationa of atomic point charges by the cap-fit 

rnct.h@ using orientation 1 auggeatcd that the carbonyl oxygen of S-CT would be only 0.004 e more negative 

than the CC@iV&llt atom ill 1, Which is probably iXUUfi%CiCti t0 C@lill d the ObSU’Ved - in S-mlD 

binding affhity. The full explanation may lie in a combination of aomc or all of thcac factora. 

Oh.WiOXl1 Ociellwoo2 

X HeatoffomIatioa 
(Lcavmal) Dipds@n;omam 

Olht@iOll1 NH 4.46 4.14 
0 -27.40 2.31 

Olkdation2 NH 6.52 5.23 
0 -27.24 5A4 
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