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Abstract: Alkyl P-carboline-3-carboxylate derivatives (e.g. P-CCM and P-CCB), known to 
interact with the central benzodiazepine receptor, were quatemized at the N-2 position using 
methyl iodide. The products strongly inhibited acetylcholinesterase in vitro and displayed 
affiities for muscarinic receptors in the micromolar range. 

The benzodiazepine receptor (BZR) of the central nervous system has for some time 

been known to mediate some forms of memory processing. Thus, BZR agonists such as 

diazepam, widely used for their anticonvulsant, anxiolytic and hypnotic properties, also 

provoke severe anterograde amnesia in humans.t The discovery over a decade ago that simple 

esters of 3-carboxy-p-carbolines (e.g., methyl P-carboline-3-carboxylate, p-CCM, 1) possess 

high affinities for the BZR* while producing convulsions3 and anxiety4 in vivo led to the 

subsequent demonstration that this class of BZR ligands (commonly referred to as inverse 

agonists) is promnesic in animals.5 The memory-enhancing effects of p-CCM and other inverse 

agonists appear to be related to a facilitation of information acquisition. The amnesic and 

promnesic properties of diazepam and p-CCM, respectively, can be reversed by the BZR 

antagonist flumazenil, thereby suggesting that the observed mnesic effects am a direct result of a 

specific interaction of these compounds with the BZR. 5a There is, however, increasing 

evidence that the memory effects of BZR ligands may be the result of an indirect influence on 

the cholinergic system via ~aminobutyric acid (GABA). This is based on the argument that the 

pharmacological effects of BZR agonists such as diazepam result from facilitation of 

neuroinhibitory GABAergic transmission6 and that GABA agonists (e.g., muscimol) 
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have, in turn, been shown to reduce acetylcholine turnover,7 high affinity choline uptake* as 

well as acetylcholine output9 in various parts of the brain. The amnesic effects of diazepam may 

thus be the result of its facilitation of GABA-mediated choline@ inhibition. Conversely, the 

memory-enhancing properties of the P-carboline inverse agonists would then be the 

consequence of down-regulation of GABAergic transmission with a resulting disinhibition (i.e. 

stimulation) of the cholinergic pathways.toJl 

The intervention of the cholinergic system in directing the mnesic properties of BZR 

ligands has been substantiated by the observation that diazepam, like GABA, reduces cortical 

acetylcholine turnovert and acetylcholine release in the hippocampus while the promnesic B- 

carbolines have been shown to stimulate cortical high affinity choline uptake14 as well as 

acetylcholine release15 in viva Colocalization of GABAergic terminals and benzodiazepine 

binding sites with cholinergic cells has also been demonstrated.16 

It is in this context that our attention was recently drawn to a report of the isolation of N- 

2 methylated norharman 2 (Scheme 1) from human cortex in connection with 
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MFTP-type dopaminergic toxicities.17 Although it has not been ascertained whether compound 

2 arises from enzymatic methylation (via S-adenosylmethionine or brain N- 

methyltransferasest*) of endogenous 1,2,3,4-tetrahydronorharmau 3 (to give 4) prior to MAO- 

type oxidation or whether 3 is first oxidized to norharman 5 before N-methylation, the presence 

of the quatemized P-carboline 2 in the brain retained our interest since this compound was 

reportedl9 some time ago to be a fairly potent inhibitor of acetylchohnesterase (AChE) in vim 

while its precursor 5 was shown to be a much weaker inhibitor of this enzyme.20 Since AChE 

inhibitors (e.g., physostigmine) are a well-known class of memory-enhancing agents,21 it 

occurred to us that the memory-enhancing properties of p-CCM 1 (and other P-carbolines) may 

be due, at least partly, to its in vivo methylation, to give quaternized derivative 6 and 

subsequent AChE inhibition. As a fust step to investigating this possibility, we decided to 

synthesize 6 as well as the N-2 methylated derivatives of the pharmacologically well- 
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characterized upper homologues of B-CCM in order to determine their AChE inhibitory 

potencies. 

The esters 1, &I (B-CCE), 8b (B-CCP), 8c, 8d (B-CCB) and methylamide 8e 

(FG7142) were prepared from B-carboline-3-carboxylic acid 7 via published procedures.~~ 

(Scheme 2). Thus, reaction of 7 with thionyl chloride gave the acid chloride which, upon 

treatment with the appropriate alcohols (or methylamine) furnished the corresponding esters 1 

Scheme 

Qxy’, *;y=;& cqJ$rCOR 
H” 
7 

or CII,NH, 
1 R=-OCH, 
8 a R=-OCH,CH, 
I? R= -0.nC,H, 
G R= -O-E,H, 

d R=-0-nC& 

P R=-NHCH, 

Cll,i / THI: 
J 

6 R=-OCH3 
9 a-e 

and 8a-d (or amide &). These fi-carbolines were refluxed for 6-24 h in THF containing excess 

methyl iodide to provide the desired N-2 methylated quaternary salts 6 and 9a-e.23 

Compounds 2 and 10 were prepared in similar fashion starting from commercially available 

norharman 5 or from ethyl 6-azaindole-karboxylic acid,% respectively. 

These compounds were then tested at two different concentrations (10-S and 10-6 M, 

Table 1) for their ability to inhibit purified electric eel AChE.25 While the non-quatemized B- 

carbolime 1 did not inhibit AChE to any significant extent at these concentrations, its quatemized 

derivative 6 produced 43.1% inhibition of this enzyme at 10-S M. Interestingly, this value was 

substantially the same as that for quatemized N-2-methyl norharman 2, at first suggesting only 

a minor role for the C-3 methyl ester function in enzyme inhibition. However, as is clearly 

evident from Table 1, AChE inhibitory potency progressively increases with the length of the 

alkyl ester chain, reaching, for the N-butyl derivative 9d, a value of 88.1% inhibition at 

10-S M, double that of the quatemized methyl ester 6. Butyl ester 9d is, in fact, as effective an 
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Table 1. 

In vitro AChE inhibitory potencies and benzodiazepine and 

muscarinic receptor biding affinities 

No” R 

1 COZCH3 

2 H 

6 C02CH3 

9a CO&H5 

9b CO$‘& 

9c CO2 i-C3H7 

9d CO2C4Ho 

9e CONHCH3 

1 kdostigmine 

T- % Inhibition of AChEa 
(mfS1 

10-e M 

NAc 

7.6 + 0.7 

7.2 k 2.5 

13.7 + 2.5 

34.9 k 1.9 

14.0 * 2.5 

46.0 f 0.6 

1.3 f 3.9 

4.0 f 4.8 

59.0 + 1.0 

n = 3) 

lo-5 M 

NA 

41.2 + 2.4 

43.1 f 1.9 

60.9 ?I 1.2 

80.1 f 0.7 

62.0 + 1.6 

88.0 f 0.5 

7.4 Zb 1.1 

17.0 * 1.5 

93.0 + 1.9 

r BZR binding 
affmityb 

Ki (PM) 

0.003 

NA 

1.4 

3.2 

0.6 

4.1 

4.6 

0.6 

NA 

NA 

Muscarinic receptor 
binding affinityb 

Ki WQ 

NA 

NA 

3.1 

0.7 

1.0 

0.5 

0.5 

27.0 

NA 

NA 

a Determined calorimetrically by the method of ElIman using purified electric eel AChE. Values are the 
average of three determinations for each concentration. b Competitive binding assays were performed in v&o 
on rat brain membranes using standard techniques by displacement of 3H-flunitmzepam (for BZR) and 3H-QNEt 
(for muscarinic receptors). Values are the average of three determinations and the maximum variance was 6%. 
c No significant activity observed at 10d M. 

AChE inhibitor as pyridostigmine used as a control in these assays. Enzyme inhibition is 

sensitive to steric bulk at the C-3 position since the isopropyl ester 9c is a weaker inhibitor 

(62.0% at 10-S M) than its n-propyl and n-butyl analogues (80.1 and 88%, respectively). 

Two results indicate that inhibition of AChE by the N-2 quatemized B-carboline esters is 

the result of specific interactions of these molecules with the enzyme and not simply the result 

of a non-specific recognition of their acetylcholine-like quatemary ammonium center.26 Firstly, 

replacement of the methyl ester function of 6 by a methyl amide function (i.e., 9e), gives a 

practically inactive compound. Secondly, removal of the aromatic A-ring of the quaternized B- 

carboline esters, as in azaindole 10, also greatly reduces inhibitory potency (17.0% inhibition 

for 10 versus 60.9% inhibition for the ethyl ester 9a). 

We also investigated the effect of quatemization on the binding of these B-carbolines to 

benzodiazepine and muscarinic receptors (Table 1). While quaternization of the 3-carboxy-B- 

carboline derivatives severely reduces their affinity for the BZR by 2-3 orders of magnitude 

relative to B-CCM 1, a non-negligible affinity for muscarinic receptors is produced by this 

chemical transformation. Interestingly, the quaternized norharman derivative 2 displays no 

affinity for the muscarinic receptor though it does inhibit AChE. The presence of a carboxylate 
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function is thus necessary to assure binding of these molecules to the muscarinic receptor, as is 

the aromatic A-ring (evident from the absence of biding in compound 10). Moreover, as in the 

case of AChE inhibition, a long alkyl ester chain appears to favor muscarinic receptor binding 

(compare methyl ester 6 (Ki = 3.1 pM) to butyl ester 9d (Ki = 0.5 pM)). 

The quatemary N-Zmethyl-P-carboline-3-carboxylates may thus be considered a new 

class of cholinergic agents, and in particular, of AChE inhibitors. Though the memory 

enhancing effects reported for the parent P-carbolines (i.e. of types 1 and 8) may be partly the 

result of AChE inhibition by their putative N-2 methylated metabolites (i.e. of types 6 and 9), 

confiiation of such a hypothesis must await the isolation and identification of such molecules 

in the brain following systemic administration of their non-methylated precursors. The effects 

of these new AChE inhibitors on memory and learning are currently being investigated. 

Acknowledgement. This work was funded by DRET contract n” 91/121. We also thank 
DRET for a fellowship (L.D.). 

1. 

2. 

3. 

4. 

5. 

6. 

7. 
8. 
9. 

10. 

11. 

References and Notes 

(a) Curran, V., Biol. Psychol., 1986,23, 179. (b) Lister, R. G., Neurosci. Biobehav. 
Rev., 1985, 9, 87. 
Braestrup, C.; Nielsen, M. and Olsen, C. E., Proc. Narl. Acud. Sci.(USA), 1980, 77, 
2288. 
(a) Prado de Carvalho, L.; Grecksch, G.; Cavalheiro, E. A.; Dodd, R. H.; Chapouthier, 
G. and Rossier, J., Europ. J. Phartnacol., 1984,103, 287. (b) Oakley, N. R. and 
Jones, B. J., Europ. J. Pharmacol., 1980,68, 381. 
(a) Prado de Carvalho, L.; Grecksch, G.; Chapouthier, G. and Rossier, J., Nature, 
1983,301, 64. (b) Belzung, C.; Misslin, R.; Vogel, E.; Dodd, R. H. and Chapouthier, 
G., Pharmacol. Biochem. Behav., 1987,28,29. 
(a) Venault, P.; Chapouthier, G.; Prado de Carvalho, L.; Simiand, J.; Morre, M.; Dodd, 
R. H. and Rossier, J., Nature, 1986,321, 864. (b) For a review see : Dodd, R. H., 
Europ. Bull. Cogn. Psychol., 1992,12, 484. 
(a) Study, R. E. and Barker, J. L., Proc. N&l. Ad. Sci. USA, 1981, 78, 7180. (b) 
Skeritt, J. H.; Willow, M. and Johnston, G. A. R., Neurosci. LRtt., 1982,29,63. 
Wood, P. L., Can. J. Physiol. Pharmacol., 1986,64, 325. 
Wenk, G. L., Neurosci. Left., 1984,51, 99. 
Casamenti, F.; Deffenu, G.; Abbamondi, A. L. and Pepeu, G., Brain Res. Bull., 1986. 
16, 689. 
(a) Sarter, M.; Bodewitz, G. and Stephens, D.N., Psychopharmacology, 1988,94, 
491. (b) Sarter, M.; Schneider, H. H. and Stephens, D. N., Trends Neurosci., 1988, 
II, 13. 
Mayo, W.; Dellu, F.; Cherkaoui, J.; Chapouthier, G.; Dodd, R.H.; Le Moal. M. and 
Simon, H., Brain Res., 1992,589, 109. 



2836 M. DEKHANE et al. 

12. 

13. 

14. 
15. 
16. 

17. 

18. 

19. 
20. 
21. 

22. 

23. 

24. 
25. 
26. 

(a) Petkov, V.; Georgiev, V.; Getova, D. and Petkov, V. V., Acta Physiol. Pharmacol. 
B&g., 1983,9, 3. (b) Zsilla, G.; Cheney, D. L. and Costa, E., Arch. Pharmacol., 
1976,294, 251. (c) Tanganelli, S.; Bianchi, C. and Beani, L., Neuropharmacology, 
1985.24, 291. 
Imperato, A.; Dazzi, L.; Obinu, M.C.; Gessa, G.L. and Biggio, G., Europ. J. 
Pharmacol., 1993,238, 135. 
Miller, J. A. and Chmielewski, P. A., Neurosci. Left., 1990,114, 351. 
Moore, H.; Sarter, M. and Bruno, J. P., Brain Res., 1992,596, 17. 
(a) Zaborszky, L.; Heimer, L.; Eckensdn, F. and Leranth, C., J. Comp. New-of., 
1986,250, 282. (b) Sarter, M. and Schneider, H. H., Pharmacol. Biochem. Behav., 
1988,30, 679. 
Matsubara, K.; Collins, M. A.; Fukushima, S.; Ikebuchi, J.; Akane, A.; Takahashi, S.; 
Neafsey, E.J. and Shiono, H., 22nd Annual Meeting of the Society for Neuroscience, 
Anaheim, USA, 1992, Abstract n’ 519.1. 
(a) Ansher, S. S.; Cadet, J. L.; Jakoby, W. B. and Baker, J. K., Biochem. Pharmacol., 
1986,35, 3359. (b) Rollema, H.; Johnson, E. A.; Booth, R. G.; Caldera, P.; Lampen, 
P.; Youngster, S.K.; Trevor, A. J.; Naiman, N. and Castagnoli, N., J. Med. Chem., 
1990,33, 2221. 
Ghosal, S.; Bhattacharya, S. K. and Mehta, R., J. Pharm. Sci., 1972,61, 808. 
Skup, M.; Oderfeld-Nowak, B. and Rommelspacher, H. J. Neurochem., 1983,41,62. 

(a) Haroutunian, V.; Barnes, E. and Davis, K. L., Psychopharmacology, 1985,87, 
266. (b) Dunnett, S. B., Psychopharmacology, 1985,87, 357. (c) Bartus, R. T., 
Science, 1979,206, 1087. 
(a) Lippke, K. P.; Schunack, N. G.; Wenning, W. and Muller, W. E., J. Med. Chem., 
1983,26, 499. (b) Cain, M.; Weber, R. W.; Guzman, F.; Cook, J. M.; Barker, S. A.; 
Rice, K. C.; Crawley, J. N.; Paul, S. M. and Skolnick, P., J. Med. Chem., 1982,2.5, 
1081. 
All compounds were fully characterized and gave satisfactory elemental microanalysis. 
Representative data for the most active compound, 9d : yellow solid, m.p. 160-C ; IR (9, 
cm-l) : 344O(NH), 1732(C=O ester) ; mass spectrum (FAB) : ndz 283(M+) ; lH-NMR 
(250 MHZ, CDCl3) : 6 1.04 (t. 3H, J = 6.5 HZ, CH$u3), 1.54 (sext, 2H, C!&C!H$, 
1.90 (m, 2H, J = 6.5 Hz, OCH$&), 4.53 (t, 2H, OCH$, 4.76 (s, 3H, N+-CH$, 
7.48 (t, lH, J = 8.0 Hz, H-7), 7.76 (t, lH, H-6), 7.87 (d, lH, J = 8.0 Hz, H-8). 8.27 
(d, IH, H-5), 9.03 (s, IH. H-4), 10.13 (s, lH, H-l) ; 13C-NMR (63 MHz, CDC13) : 6 
13.8, 19.3, 30.7, 49.7, 67.8, 114.3, 119.6, 121.2, 122.9, 123.2, 129.9, 131.8, 133.1, 
134.7, 135.4, 144.3, 160.5. Anal. Calcd for C17H10N2021 : C 49.38 ; H 4.66 ; N 6.61. 
Found : C 49.75 ; H 4.63 ; N 6.82. 
Dekhane, M.; Potier, P. and Dodd, R. H., Tetrahedron, 1993,49, 8139. 
Ashour, M.-B.; Gee, S. J. and Hammock, B. D., Anal. Biochem., 1987,166,353. 
Though it has not yet been established whether these quatemized B-carbolines bind to the 
active site (competitive) or peripheral site (noncompetitive) of AChE, binding to either site 
is favored by a quaternary ammonium center ; see Hucho, F.; Jarv, J. and Weise, C. 
Trends Pharm. Sci., 1991,12,422 and references therein. 


