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Abstract: Ketone isosteres have been investigated in a series of pyrido[2,3-blindoles (a-carbolines). The 
incorporation of ring fusion into a-carbolines to produce the rigid quinindoline nucleus provides a GABAA 
modulator with both increased potency and a longer duration of action. 

4-Amino-2,9-dimethyl-9H-pyrido[2,3-b]indole-3-carboxylic acid, ethyl ester 1 is a GABAA modulator 
which showed’ good potential for the treatment of anxiety disorders. However, further biological 
evaluation revealed that esters such as 1 were relatively short acting in vivo with a duration of action of 
between one and two hours in the Geller-Seifter behavioural model of anxiety2 (see Table 2). Studies 

undertaken3 to determine the metabolic fate of 1 in rodents revealed that the major site of metabolism was 
the carboxylic ester which was cleaved to the corresponding acid 2, which was biologically inactive. Some 
N-9 demethylation was also observed. 

It was reasoned that replacement of the 3-carboxylic ester functionality with an appropriate alkyl ketone 
should provide a metabolically stable isostere. 

Molecular modelling studies (see footnote in References and Notes Section) indicated that intramolecular 
hydrogen bonding of the 4-amino nicotinoate moiety of 1 stabiiises a low energy conformation, which was 
confirmed by spectroscopic analysis4. This gives a carbonyl “in plane” hypothesis for a possible preferred 
active conformation. Therefore, cyclisation to produce a tetracyclic lactone or ketone should give a rigid 
analogue which would mimic this favoured low energy conformation. 
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Scheme 1 

8 1,3 (R = COnPr), 4 (R = COEt) 

Reagents:- (i) HOC(Me)=CHR, pTSA, toluene, reflux 
(ii) NaOEt, EtOH, reflux or n-BuAc, reflux. 

2-Amino-1-methyl-indole-3-carbonitrile 8 was converted into the desired a-carbolines 1, 3 and 4 in around 

20% overall yield using published procedures5. The ketones 3 and 4 were also prepared in similar yields 
via the aldehyde R = CHO, available from 1 via LiAIH4 reduction and MnOz oxidation, using Grignard 
addition followed by oxidation with Mn02 in chloroform at reflux. 

Scheme 2 

5R=Me 7 
6R=Et 

Reagents:- (i) dimethy 1,3-acetone dicarboxylate, CSA, toluene, reflux 
(ii) SnCld, n-BuAc, reflux 15 min 
(iii) LiBQ, THF, reflux 
(iv) MoO2, CHC13,25’C 

(9 cyclohexane-I, 3-dione, pTSA, toluene, reflux 
(VI) LD4/rHF/-78”C: followed by RI and warm to 25’C 

The quinindolines 5 and 6 were prepared in good yield from 86. Condensation of cyclohexane-1,3-dione 

with 8 under Dean and Stark conditions gave an intermediate enamine which was cyclised using tin (IV) 
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chloride in n-butyl acetate at reflux. Alkylation under basic conditions afforded the desired targets 5 and 6, 
and 5 was separated into pure enantiomers using chiral HPLC7. The lactone 7 was prepared using similar 
chemistry to obtain the diester 9 in 44% overall yield from 8. Reduction of 9 using lithium borohydride in 
TI-IP at reflux gave the corresponding diol in 86% yield which was oxidatively cyclised to the lactone 7 in 
81% yield using manganese dioxide. 

Biological Results and Discussion 

The inhibition of [35S]-t-butyl-bicyclophosphorothionate (TBPS) binding was used as a measure of a 
compounds ability to facilitate the opening of GABA,&hloride ion channels a. 

The C-3 position carbonyl residue has been found to be important for GABA modulatory activity. Esters 
such as 1 were found’ to displace 135S] TBPS binding from isolated rat synaptosomes in the low 
micromolar region. 

As can be seen in Table 1, both the npropyl3 and ethyl 4 ketones indeed possess similar in vitro potency 
to the ester 1. The ethyl ketone 4 was also found to show an increased duration of action, being active at 
two hours post-dose in the Geller-Seifter paradigm. Unfortunately, the six membered lactone 7 was too 
insoluble for evaluation in vitro and was also found to be inactive in vivo. However, there were no 
solubility problems with the cyclic ketones 5 and 6 which were found to have a similar level of in vitro 
activity to 1, with 5 being slightly more potent in vivo. It was also observed that chirality had no influence 
on the ability of 5 to displace [35S] TBPS binding as there was no difference between in vitro potency of 
the two enantiomers of 5g. 

Table 1: Physical and Biological Data 

a. Melting points are uncorrected; compounds analysed for C, H and N within + 0.4% of the theoretical values; NMR spectral 
data are shown in ref. 10. 

b. The detailed procedure of this test is described in ref.8; all determinations were done in the presence of 
$&I GABA. Values are a mean of three determinations. 

c. Procedureasinref.11. d. Max inhibition -30%; quoted value is an IC25. 
e. 100% inhibition at dose tested. I= insoluble; NT= not tested, MED = minimum effective dose. 
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Table 2: Biological Evaluation in the GellerSeifter testa 

1 5 
10 z 20 
50 

100 
5 2.5 

5 
10 
20 

--w 
FR 

% Change 
2 

+20** 
+22** 
+63** 

+122** 
0 

+19* 
+43** 
+52** 
+146** 
+137** 
+41** 
+57** 

t-dose 2h p 
Nr/N FR 

% Change 
516 
10/15 
12/16 +6 
15/16 +4 
14116 1 

o/6 1 
8/14 
516 +22 

516 +36** 
516 +62** 

$---pi& 

.-dose 
WN 

6/16 
6116 

7114 

616 
6/6 

-s_- 
5/8 

8/16 

a. * ~0.05, **p-&01, Two-way ANOVA; I3 is the punished responding phase; Nr/N is the number 
of animals responding out of those tested. 

Both the ester 1 and the quinindoline 5 showed a dose related increase in the level of punished responding 
when compared to control animals (Table 2). However, for 1, the degree of punished responding declined 
steadily over a two hour period and the compound was inactive at the higher dose of 5Omg/kg p.o. at the 
two hour time point. Conversely, the quinindoline 5 showed a greater level of punished responding in the 
Geller-Seifter paradigm at both one and two hours post dose. The h4ED of 5 was found to be about twice 
that of diazepam. There were no deficits observed with 1 and 5 during the unpunished phase of responding 
at all doses tested, possibly indicating a good separation of anxiolytic activity from sedative side-effectst2. 

From a mechanistic viewpoint, the compounds were not active at classical benzodiazepine (BDZ) sites, as 
measured by inhibition of [3H] flunitrazepam binding (IC50>100pM) to rat cerebral cortexll. Hence the 
compounds do not act as BDZ partial agonists and must modulate the G&WA/chloride ion channel via 
another site. 

The quinindoline 5, with a reduced capacity for intermolecular hydrogen bonding ability as compared to the 

uncyclised compounds 1 and 34,1n, showed a log D,, of 1.50 (at pH1.72 and 25°C) and a A log P of +1.35 

suggesting13 good brain penetration which was confirmed in vim 

In conclusion, we have demonstrated that incorporation of a ring fused ketone provides a potent ester 
isostere with a longer duration of action. 
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