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Abstract: A novel series of 4-amino-pyrido[2,3-blindoles is presented as GABA o modulators with
good potential as therapeutic agents for the treatment of anxiety disorders.

Benzodiazepines exhibit a wide range of pharmacological actions, including anxiolytic activity, which are
mediated by specific high affinity receptor sites in the central nervous system (CNS)L.  The
benzodiazepine (BDZ) receptor is one constituent of a supramolecular complex which also contains
separate, but allosterically coupled, recognition sites for y-aminobutyric acid (GABA) and barbiturates.
The oligomeric units of this GABA o/BDZ/CI" channel complex form a drug and transmitter controlled
chloride channel2.3, Despite advances made in terms of molecular characterization, the search continues
for selective anxiolytics which are devoid of the unwanted side-effects typical of BDZs such as ataxia,
sedation and interaction with ethanol.

Literature studies? indicate that [338]-t-butyl-bicyclophosphorothionate (TBPS) binds with high affinity
to the GABA 5 complex when the chloride channel is in the closed state but with low affinity when in the
open state. Compounds can, therefore, inhibit high affinity binding either by competitive displacement
(e.g. picrotoxin) or by shifting the channel to the open state, which appears to be the case for the
currently described series of pyrido[2,3-bJindoles (a-carbolines). In contrast, potentiation of binding can
occur by a shift towards the closed state of the channel. For example, 1t has been demonstrated that
both foot-shock stress and anxiogenic B-carbolines increase {35S]TBPS binding.

The effect of compounds on (35s] TBPS binding appears to parallel chloride conductance and gives a
measure of drug efficacy in terms of permeability of the chloride channel®. Since anxiolytics, which act
at the GABA complex, are thought to act by promoting GABA-induced chloride conductance, the
effects on TBPS binding have been used to predict potential anxiolytic activity of our compounds. In
additior;, direct interaction at the BDZ site of the complex was investigated using [3H]-flunitrazepam
binding /.

1941



1942

D. BoLToNet al.

The challenge was to modify the structure of the anxiogenic fB-carboline 3-CCE, to produce compounds
which would stabilise the open conformation of the receptor complex and so possess anxiolytic
properties. With this aim in mind, a series of a-carbolines was prepared and evaluated and the results are
shown in the Table. /n wivo anxiolytic activity was assessed by the degree of anticonflict activity,
measured by significant increases in punished levels. in the Geller-Seifter behavioural paradigms.
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Reagents:-(i) HOC(R3)=CHR7, pTSA, toluene, reflux;
(i1) Appropriate Na alkoxide 1n alcohol, reflux or SnCly, n-BuOAc, reflux.

Compounds were synthesised as outlined in the Scheme by cyclisation of enamine intermediates using
methods described in our earlier pubhcatlonsg. The acid 13 was prepared from the corresponding ester
by hydrolysis with aqueous sodium hydroxide in ethanol. The amude 14 can also be made via the acid
chloride by treatment with ammonia®. Ester and 9-position vanations (Rq) were carried out by
appropriate alkylation of the acid 13 and wmicyclic 1 respectively. The alcohol 16 was prepared in 95%
yield by reduction of ester 2 using lithium aluminium hydride in THF at 25°.



Table:- Physical and Biological Data for Pyrido{2,3-blindoles

Synthesis of 4-amino-pyrido[2,3-blindoles

Cpd m.p. R, R, Ry Ry Rs (35S]TBPSP [3H]Flu MED
°Ca 1CsouM ICs50uM  Geller
mg/kg
p.o.t
(1) 260-6 NH, CO,Me Me H H I i 5
(2) 98-100 NH, CO,Me Me Me H 14.6+2.8 >100 10
3y 901 NHMe CO;Me Me Me H 17.1+1.8 823148 20
(4) 157-8 NH, CO,Me Me CO,Me H 9.5+2.5 >30 20
8) 967 NH, COyMe Me CsHy; H 80+7.5 >100 >50
(6) 168-70 NH, COyMe Ph Me H 11.240.6 >30 50
(7y 108-10 NH, COsMe Me Et H 5.9+1.7 >100 )
(8) 79-80 NH, CO,EL Me Me H 4.6+0.8 >100 10
(9 13940 NH, CO,Et Me CHPh H 1 1 >50
(1) 82-3 NH, CO,"Pr Me Me H 2.240.3 »100 10
(1) 94-5 NH, CO,~* Me Me H 38+0.4 >100 20
{12y 126-7 NH, COyCH,Ph Me Me H >30 >30 >50
(13) 230-2 NH, CO-H Me Me H >100 >100 >50
(14) 3227 NH, CONH, Me H H  >100 >100  >50
(15) 179-8 NH, PO(OMe); Me Me H >30 >30 >20
(16) 207-9 NH, CH,0H Me Me H >100 >100 >50
(17) 203-8 NH, COyMe Me Me 1 i i 50
Diazepam 74 0.012 2.5

I= insoluble
@Melting points are uncorrected; compounds analyzed for C, H and N within +0.4% of the theoretical
values.
bAll TBPS data were obtained in the absence of GABA using procedures described in refs. 4 & 6. When
the ICsq of 8 was measured in the presence of 5uM GABA, a 3-fold increase in potency was observed
(ICs0 1.3£0.34 uM). Values are a mean of three determinations.
€Compounds were administered orally to groups of 8 CFY rats 30min before testing; MED level was
obtained using Two Way Analysis of Variance (ANOVA) with p<0.05.
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Biological Results and Discussion

It can be seen from the results presented in the Table that, in general, 3-carboxylic esters are potent
chloride ion channel openers and displace [35S] TBPS at the low micromolar level. The propyl 10 and
allyl 11 esters show the best in vizro potency (2.2 and 3.8uM respectively). This indicates that certain o-
carbolines possess good potential as anti-anxiety agents and this is further evidenced by favourable anti-
conflict activity for 1 and 7 when compared to the response of diazepam. Replacement of the C-3 alkyl
ester function by acid 13, amide 14, phosphonate 15, alcohol 16 or large lipophilic ester, such as benzyl
12 abolishes all potential anxiolytic activity as the compounds were inactive in vitro. The lack of effect of
the amide 14 is in marked contrast to the B-carbolines where replacement of an ester function by amide
maintained the BDZ partial inverse agonist profile of the series, with potentiation of TBPS bmdings.
Introduction of bulky lipophilic groups at the C-2 and N-9 position of the nucleus resulted in a reduction
of in vive activity with both compounds 5 and 6 but the 2-phenyl analogue 6 maintained a reasonable in
vitro potency. Attempts to improve the CNS bioavailability by introduction of a halogen into the 6-
position, as in the 6-chloro compound 17, proved detrimental.

From these data, it can be seen that compounds in this series do not compete for the BDZ receptor site
(IC50>30uM). Other studies '@ have shown that 8, when adnunistered at doses of 30-300mg/kg p.o.
does not displace [3H]-ﬂunitrazepam binding from various mouse brain regions (cortex, cerebellum and
hippocampus) in vivo.

Yang and Olsen!! described an assay of GABA channel function by monitoring tracer {36C1-]flux in rat
brain slices which allows in vitre study of transmembrane CI- 1on movement in response to GABA
stimulation. The CI- flux response 1o the GABA p agomst muscimol is inhibited by GABA 5 antagonists
and enhanced by BDZs as well as barbiturates (which possess intrinsic activity in their own right). The
effect of 8 on [36CI") uptake 1nto rat brain cortical synaptoneurosomes was mnvestigated to measure the
ability of a-carbolines to promote Cl- channel opening Compound 8 was found to potentiate GABA
agonist stimulated (36¢r| uptake in a manner that differs from barbiturates since the compound did not
possess intrinsic activity in the absence of the GABA agomist muscimol 12, Hence o-carbolines act at a
novel site that appears to be distinct from the BDZ and barbiturate sttes.

Some measure of the propensity of compounds to cause motor incoordination can also be obtained from
the Geller-Seifter model No decrements were observed on unpunished responding levels at the doses
tested in the Geller-Seifter model (up to 100mg/kg p.o. 1n the case of 1, 7, and 8), giving some indication
of lack of side-effects like sedation and muscle relaxation!3. Such selectivity, indicative of a good
therapeutic ratio, is an advantage over classical BDZ's14.

However, with the N-benzyl 9 and amide 14 analogues, deficits were noticed on punished responding (-
13% and -21% respectively at 50mg/kg p.o.; 2-way ANOVA, p<0.05).
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Conclusion

In summary, the initial profile of a series of t.-carbolines as GABA o modulators has been presented as
potential therapeutic agents for the treatment of anxiety disorders and structure activity relationships
have been discussed. The compounds have been found to act as anxioselective agents since they appear
to lack the unwanted side-effect profile of the classical BDZs such as diazepam.

A number of compounds was selected for further evaluation and full details of therapeutic profile
compared with that of BDZ's will appear elsewhere.
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