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Abstract — A series of 3-substituted and 3,6-disubstituted S-carbolines have been
synthesized. These compounds have been screened in witre in order to determine the
size of substituents which benzodiazepine receptors will tolerate at positions -3 and -
6 of the A-carboline nucleus. It has been found that the receptor will tolerate ester
allkyl groups at position-3 as large as cyclohexyl lg but not as large as adamantyl 5d.
Moreover, N-aryl substituents as large as naphthobenzylamino 8b can be introduced at

position-6 without significant loss of receptor binding affinicy.

Numerous A-carboline-3-carboxylates have been shown to be antagonists of the benzediazepines.

For enample, the athyl ester (BCCE) antagonized the anticonvulsant effects of dia?_epam,l’2 the

B

anticonflict activity of lorazepam and diazepam, and the ataxic effects of diazepam as

: : c 2,5 . : : R .
demonstrated in the horizontal wire test. Similar benzodiazepine antagonist properties have

3,467 BCCE

been demonstrated for the propyl ester (PCC) and the methyl carboxamide, FG-7142.
also blocks the effects of benzodiazepines, measured electrophysiulogically.5 as well as

blocking the decrease in levels of cerebral cycliec GMP caused by benzodiazepines.g The t-butyl
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ester (BCCt), in fact, has been shown ro reverse midazolam-ethanol induced CNS deptession
suggesting these effects may be mediated through the benzediazepine receptor.g However, §-
carbolines such as BCCE and the methyl ester, BCCM, are not simply antagonists of the
benzodiazepines. Rather, they appear to be inverse agonistslo since they produce effects which
are opposite to these of the benzodiazepines. In this regard BCCE has been shown to potentiate

; 11
the convulsant effects of pentylenetetrazole in rodentsl’z and baboons

6,7,12

, as well as
demonstrating cenvulsant activity in all species tested thus far. The propyl ester,

; : fes . 7
however, appears to be the exception in that it is not a proconvulsant in baboons. The ester

derivatives of f-carboline-3-carboxylic acid such as 1lb and lc have limited use in vive because

they are readily hydrolyzed by estetrase enzymes and, therefore, possess very short half-lives

£5-10 min) in plasma in most animal species.l3’lA

Because of the lability of these ester functions, it was decided rto prepare a series of 3-
substituted A-carbolines which weuld not be readily degraded in vivo. The esters eof j-
carboline-3-carboxylic acid la were prepared either by Fischer esterification or via the
reaction of the corresponding acid chloride with the lithium alkoxide of the apprepriate
aleohel. Esters 1lb-d and 1f-lh (see Scheme I and Table 1) were prepared by heating 1,2,3,4-
tetrahydro-fg-carboline-3-carboxylic acid 2 with the corresponding alcohol in the presence of

anhydrous hydrogen chleride to provide the tetrahydre esters represented by 3. This process

Scheme I
o} o
OH ROH,H' OR  sulfur [ = OR
3 > >
R tH A N Nl a,xylene 1 AN
| or |
H H nitrobenzene, H
170°C
2 3 la, R=H
1b, R=CH,
ie, R-CH CH,
1d, R=CH,CH CH3
Le, R=c(fn,],
LE, B=C.H,
lg, R=Cﬁﬂ%%
lh, R=C 2 CH3)3

was followed by oxidation to generate the fully aromatic f-carbolines L. The dehydrogenation
was carried out by heating 2 in the presence of sulfur either in refluxing mixed xylenes or in
nitrobenzene at ]_?{)"C.}'S The t-butyl ester le could not be synthesized in this manner, buc
could be obtained via the reaction eof the acid chleride of la with lithium z-butoxide. The 3-
hydroxymethyl-g-carboline 4 (3 HMC) was prepared by reduction of BCCE 1b with lithium

borohydride {see reference 17 for details).

— 2846 —




HETEROCYCIES, Vol 24, No. 10, 1986

The amide analogs of B-carboline-3-ecarboxylic acid la were synthesized either from BCCM 1b or
from the parent acid la. The parent amide (see Table 1) was synthesized by bubbling anhydrous
ammonia for 2 days through a selution of 1b dissolved in methanoel. The solvent was removed and
the crude material was purified by column chromatography. The 3-hydroxyethylamide derivative
5c was prepared by heating BCCM (1b) in ethanolamine for 2.5 h at 160°C. The bulky
adamantylamide 54 and the corresponding N-methyl, N-butylamide 5e were synthesized by treating

la with 1,l-carbonyldiimidazole (CDI) in dry DMF te form the imidazole derivative €,

Scheme IT
o A
CDI“‘ I Sy Ny et RN 4
DE - X A L—:/ > AL R
N
| \
H H

la & 5, R=R'=H
5b, ReH,R’-CH,Cil,
5c¢, R=H,R"=CH,CH.OH
250
5d, R-H,R'=
Se, R=CH,,R'=CH,CH,CH,CH

3’ 2727273

as 1llustrated in Scheme II. This synthetic intermediate § could be isolated by dilution of
the reaction mixture with water followed by filtration of the solid which results. Treatment
of & with the corresponding amines provided the amides 5d and 5e, according te the procedure of

Lippkela, in very goed yield.

Examination of the data in Table 1 clearly illustrates that the t-butyl ester (BCCt) le (Ki -
10 nM) binds to benzodiazepine receptors in gigggl? with an affinity very clese to that of BGCM
1b or BCCE lc. When the size of the alkyl group was increased to neopentyl 1lh; however, the
binding affinity dramatically decreased te 750 nM. This observation is significant for
insertion of one methylene group between the ester oxygen and the t-butyl group decreases the
binding affinity by a factor of 75 {10 oM (le) ws 750 oM (lh}]. Other esters at position-3
which are intermediate in steric bulk such as the cyclopentyl lf (Ki = 50nM) and the cyclohexyl
1lg (Ki = 48nM) derivatives can become pseudoplanar and bind very tightly vo the benzodiazepine
receptor in comparison to the neopentyl ester. In agreement with our previous "planarity
hypothesis",l? it is believed the receptor site possesses a narrow clefr which will not

tolerate bulky ester groups such as that contained in lh, but will accept derivatives in which

the hydrocarbon portion of the ester can approach planarity; derivatives Lf and lg are just

such compounds.
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A parallel trend is observed in the series of S-carbolines which carry amide substituents at

position-3. As depicted in Table 1, the primary amide 5a binds tightly to the receptor with a

K, = 68 nM, while the ethyl and 2-hydroxyethyl substituted amides bind with less affinity (K, =

18

200 and 210 nM, respectively). When vervy large alkyl groups, such as adamantyl or N-

methyl ,N-butyl are attached to the amide at position-3, the binding constants for the

corresponding compounds 5d and 5e decrease dramatically to one mieromolar (1000 nM),

Wy R

regpectively.

I
H

3

Table 1: In vitro binding of f-carboline-3-carboxylates to the benzodiazepine receptor(s)

No. R3 Ki {nM)
1n €0, H, 5
le GOZCZHS 5
1d C0,C,H, 3
le COZC(CH3)3 10
1f C02C5H9 50
1z CO,CH 48
1h C02CH2C(CH3)3 750
sa CORH,, 68

18
5b CONHCQHS 200
Sc COFHC,H, OH 210

27

5d CONH- ADAMANTYL 1000
se CON(CH,) (C,By) 1000
4 CH20H 1470
la CO2H 25,000

In addition to the synthesis of molecules to accurately probe the topography of benzodiazepine

receptors, the impetus for the preparation of 3-substituted esters which bhear larger

substituents stems from the selectivity observed in vive for the n-propyl ester 1d and the t-

butyl ester (BCCt) ;g.lﬁ

effects of diazepam.16

It has also been proposed that Bz

It has been shown recently that BCCt is a selective antagonist of the

receptors mediate two of the effects

of benzodiazepines (posgibly anwiclytic and anticonvulsant) whereas 522 receptors are

responsible for the other two actions commonly observed for these drugs

19,20 termed ataxic and

sedative-hypnotic. 1In this regard, BCCt le does not antagonize the ataxic effects of diazepam;
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. 16
however, le does antagonize the anticemulsant properties of diazepam. BCCt therefore
appears in vive to be a selective Bz antagonist. It should be reemphasized that lb and lc lose
. fat . . . : 13,14
80% of their activity in rat plasma in ten min. due to hydrolysls by esterase enzymes,
whereas, BCCt (ld) maintains more than 50% of its activity after ninety min.l6 The other ester
analogs reported here, such as 1f and lg are easier to prepare than BCCt (ld) and are as

stable, Since 1f and lg bind tightly to the receptor in vitre and are readily available, they

can now be tested in vivo for selective Bz receptor-mediated actions.

The 6,7-dimerhoxy-4-ethyl-3-ethoxycarbonyl-f8-carboline, DMCM and the 6-benzyloxy-4-

methoxymethyl-3-ethoxycarbonyl- 8 earboline, ZK 33423, differ significantly in their in vive

activity. DMCM is a potent inverse agonist (convulsant), while ZK 93423 elicits a

pharmacological profile (agonist) very similar to that of diazepam.21’22

These interesting
results demonstrate the importance of the effect of substitution at position-6 of the 8-
carbeline nucleus on In wive activity. With these results as leads, a wide variety of 6-

substituted 3-methoxycarbonyl-g8-carbelines have been prepared. The in vitro binding data of

these compounds are depicted in Table 2. Examination of the Ki values for the compounds

i
s c“‘~OCHB

=N

|
H

Table 2: In wvitro binding of 6-substituted 3-methoxycarbonyl-f-carbolines to the
benzodiazepine recepter(s).

Yo. R €, (n)
7a cl 523
b Br 523
Te ox 523
74 NH2 10
Te NHCOCH, 10
10
8a NHGH,,C .
8b NH- {1-NAPTHOBENZYL) 4§
8c NH- (2-HAPTHOBENZYL) 38
10
8d NH(CGHll)
9 N(CH2C6H5)2 210
10 diazepam (control) 5
11 chlorodiazepoxide (control} 250
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depieted in Table 2 indicates thar the benzodiazepine receptor site can tolerate large groups

at position-6 of the f-carboline nucleus without significant loss of binding affinity. The 6-

chloro, 6-bromo, &-hydroxyl and 6-fluoro (Ki -2 nM)23 derivatives 7a-7c¢ bind to the receptor
with Ki values of 5 nM or less, moreover, the parent 6-amino-3-methoxycarbonyl-A-carboline 7d

(Ki = 10 nM} binds tightly te the receptor. In addition, the 6-benzylaminc 8a (Ki = 10 nM), é-

(l-naphthobenzyl)aminc Bb (Ki = 48 nM), 6-(Z-naphthobenzylj)amino 8¢ (Ki = 38 nM) and 6-

cyclohexylamine 8d (Ki = 10 nM) analegs all bind te the receptor with potent affinities. The

6-N,N-dibenzylamino derivative 39 (Ki = 210 nM) binds to the receptor with much less affinity

than 8a-8d; however, 9 still binds to the receptor tighter than the climically used Librium®

(chlorodiazepoxide 11). Data reported for Ba-8d indicate that the benzodiazepine receptor can

tolerate much larger substituents at position-6 than originally anticipated. It is felt the

alkyl and aryl substituents at position 6- of the f-carboline fit into a large lipophilic
pocket which is different from the cleft described above into which the ester alkyl (G-3)

groups must fit,

The metheds employed to synthesize analogs 8a-8d and 9 are outlined below.

Treatment of BCCM

X R . . R ;424 X
1b with a mixture of concentrated nitric acid/fuming nitric ac1d2 at 0°C provided 6-

Scheme III
J o]
HoN = CH,y RgH
=N >
If * NaCNBHB , AcOH
H
2d R

8a, NHCH,C H,

8b, NH-(%-napthobenzyl)
Bc, NH-{2-napthobenzyl)
8d, NH-cyclohexyl

8o, N(CH2C6H5)2

nitro-3-methoxycarbonyl-g-carboline in good yield. Catalytic reduction (3%, Pd/C, HQ) of G-

nitro BCCM in methanol gave 6-amino-3-methoxycarbonyl-f-carboline 7d. It is important to point

out that the BCOM employed in this process must be pure for the presence of sulfur impurities

{see Scheme 1) will poison the palladium catalyst resulting in incomplete reduction. Reaction

of the 6-amino-g-carbeline 7d with the appropriate aldehyde or ketone, followed by treatment of

25 P :
the resulting imine with sodium cyancborchydride” ~, in the presence of acetic acid, gave the &-

arylbenzylamine and 6-alkylamino derivatives 8 and 2 in good yields.

The 6-benzylamino substituent of 8a does serve as a bicisostere for the benzyloxy portien

portion of ZK 93423. However, Ba lacks a substituent at position-4 and the ethyl ester has
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been replaced by a methyl ester function. FPreliminary results with 8

in vivo in rats indicate

. : .26 ;
that 8a has both anticonvulsant and sedative properties” , somewhat analogous to the agonist

activity exhibited by ZK 93&2321.

The observation that substituents at position-3 of fg-carbelines can result in selective
antagonist action (BCCE), coupled with the ability of the substitutents at position-6 to alter
activity of B-carbolines from antagonist (BCCM lb, BCCE, lc DMCM, etc.) to agonist (ZK 93423
and 8d) is intriguing. In regard to the affinity of ligands for Bz receptors, the data from
the present work seem to indicate that at least two lipophilic pockets on the benzodiazepine
receptor are important for the binding of f-carboline ligands. One of these appears to become
narrower and interacts with substituents at €-3, while substituents at C-6 fit into a
lipophilic pocket which is larger. FExperiments to further define the topography and the
pharmacophore for benzodiazepine receptors are In progress in our laboratory. In addition,
furcher work detailing the in vivo activity of N-substituted 6-amino-g-carbolines is underway

and will be reported in due course.

EXPERIMENTAL

Melting points were taken on a Thomas-Hoover melting point apparatus and are uncorrected.
Proton NMR spectra were recorded on a Bruker 250 MHz NMR spectrometer. IR spectra were taken
on a Beckmann Acculab-1 Instrument, while mass spectral data were obtained on a Hewlett Packard
5855 GC-mass spectrometer. Microanalysis were performed on an F and M Scientific Corp. model
185 carbon, hydrogen and nitrogen analyzer. High resolution mass spectra were run at the

Kational Institutes of Health on an A.E.I1. MS902 mass spectrometer.

3-Cyclohexyloxycarbonyl-1,2.3 4-tetrahydro-g-carboline {(3g).

The ester 3g was obtained via a Fischer esterification procedure. The 3-carboxy-1,2,3,4-
tetrahydro-f-carboline 2 (6 gms, 28.6 mmol) was added to an anhydrous solution of cyclohexanol
which had been saturated with hydrogen chloride gas. The solution was heated te 112°C and held
at this temperature until the thecretical amount of water was collected in a Dean-Stark trap.
The solution was cocled and filtered, The solvent was removed under reduced pressure and the
residual 0il was disselved in cold (0°C) aqueous acid (1 N HCl, 100 ml). The filter cake which
remained was suspended in cold {0°C) aqueous acid (0.1 N HC1l) and filtered. The aqueous layers
were combined and extracted with ethyl acetate (3 x 50 ml). The aqueous sclution was brought
to pH 8 with NHaOH solution (2%). The turbid solution which resulted was extracted with CH2012
(2 = 100 ml). The organic fracticns were combined and dried (NaZSOQ) after which the solvent

was removed under reduced pressure to yield the ester as a solid 3 (2.62 gms, 30%): mp l43-
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147°C; IR (XBr) 3250, 3160, 2930, 2855, 1730, 1450, 1350, 1340, 133C, 1270, 1240, 1190, 1150,
1110 caY; Tw mr (Me,50-d,) §8.30-7.90 (s, br, IH}, 7.60-6.80; (m, br, 3H), 5.00-4.60 (m, br,
1H), 4.10-3.40 (m, br, 3H), 3.20-2.60 (d, br, 2H), 2.30-1.00 (m, br, l10H); mass spectrum {(CT,

CHQ)’ m/z 299 (M+l).

3-Cyclohexvyloxyearbonyl-g-carboline (1g).

The 3-cyclohexyloxycarbonyl-1,2,3,4-tetrahydro-8-carboline 3g (1.5 g, 5.0 mmol) was added to
nitrobenzene (50 ml) and elemental sulfur (0.4 gm, 12.5 mmol) was added to the mixture. The
solution was gradually heated to 170°C and held at this temperature until no further starting
material was observed by tle (silica gel, 15:85, methanol-ethylacetate). After two h, the
solvent was removed under reduced pressure to yield an cily residue which was subsequently
purified by chromatography (silica gel, benzene-isopropyl alcohol, gradient elution) to provide
lg (0.46 g, 31%): mp 269-271°C (dec); IR (KBr), 3250, 2980, 2910, 1700, 1400; lH NMR (MeQSO-
dé) §12.04 (s, 1H), 8.97 (s, 1H), B.88 (s, 1lH), B.38-8.41 (d, 1H), 7.58-7.67 (m, 2H), 7.27-7.33
(t, 1H), 4.96 (m, 1H), 1.78-1.99 (s, br, 2H), 1.75-1.76 (s, 2H), 1.34-1.58 (m, 6H); mass

spectrum (CIL, CH&), m/z 295 {(M+1).

J-tert-butoxvyecarbonyl-2-carboline (le).

The p-carboline-3-carboxylic acid la was converted into the corresponding acid chloride by
suspending the acid (la, 4.0 g, 17.6 mmol) in freshly distilled thionyl chleride (45 ml) and
dry DMF (4 ml). The suspension was gently refluxed for onme h., The thionyl chloride and the
DMF were then removed, with heating, under reduced pressure and the mixture flash evaporated (2

x 50 ml) with dry benzene under reduced pressure. The dark brown residue was reacted in situ

with the lithium alkoxide of tert-butyl alechol (200 ml t-butyl alcohol, 100 ml of 1.6 N n-
butyllithium), After the dropwise addition of the alkoxide into the acid chloride was
completed, the mixture was stirred overnight. The work-up included removal of the solvent by
evaporation under reduced pressure. The oily residue was dumped Into aquecus buffer (pH = 8,
NaH, P
al,y PO,

combined, dried (NHZSOA) and the solvent removed under reduced pressure to yield a hrown oil.

NaOH), fellowed by extraction with ethylacetate (4 x 100 ml), The organic layers were

The oil was chromatographed rapidly (silica gel, benzene, 15% CHBDH/ethyl acetate; gradient
elution) to provide an oil. The oil was allowed to stand overnight under nitrogen and
furnished the ester as a solid (le). The ester was recrystallized repeatedly from ethylacetate
te provide an analytically pure sample (le) (0.353 g): mp 219°C (dec); IR (KBr) 3260, 2970,
1710 em *: g nvR (Me,S0-d,) §9.75 (s, 1H), 9.60 (s, 1H), 9.05-9.20 (d, 1K), 7,60-8.30 (m, 31)

2.80 (s, 91); mass spectrum (GT,CH m/z 269 (M+1),

h)’
Anal. Calcd. for clBHlﬁNZOZ: C, 71.68; H, 5.97; N, 10.44, Found: C, 71.61; H, 5.72; N, 10.64.
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6-Benzylamino-3-methoxycarbonyl-f§-carboline (8a).

The 6-amino-3-methoxycarbonyl-g-carboline 7d (500 mg, 2.1 mmel) and benzaldehyde (245 mg, 2.3
mnol) were added to freshly distilled dry methanol (50 ml). This mixture was stirred for 30
min at room temperature. Sodium cyanoborchydride (520 mg) was then added and the pH adjusted
to 7 with glacial acetic acid {6 dreps). The reaction wirture was stirred for & h at which

time no starting meterial remalned by tlc (silica gel; ethylacetate:methanol, 85:15).

To this reaction mixture, hydrogen chlovride was added (1 ml, 37%) and the sclution stirred for

20 minutes at 0°C, The solvent was then reduced in vacuo to provide an oil. The oil was then

transferred to a sepratory funnel and the material brought to pH 9 with aqueous NHAOH 103y,
The aqueous layer was extracted with ethylacetate (2 x SO ml) and CH2C12 (4% x 30 ml). The
organic layers were combined and dried (Nazsoa), the solvent was removed under reduced pressure
to give a red oil (710 mg). The oll was dissolved in CH2c12‘ the solution cooled to 0°C and

anhydrous hydrogen chloride bubbled through the mixrture ro yield (B4} as a dihydrochlaride salt

(650 mg, 77%): mp 274-275°C.

The free base Ba was prepared by treating a sclution of the dihydrochloride salt with agueous
NaHCO3 {saturated) followed by extraction of the solution with CHCI3 (3 x 30 ml). The organic
layer was dried (NaZSOQ) and removed under reduced pressure to yield a solid which was
recrystallized from ethylacetate to give (Ba): mp 205-206°C, IR(KRr) 3380, 3080, 2420, 1720
em™ ' Lo (Me,50-¢,) § 11.62 (s, 1H), 8.81 (s, 15}, 8.70 (s, 1H), 7.46-7.05 (m, 8H), 6.11
{br, s, 1H), 4.33 (s, 2H), 3.87 (s, 3H); mass spectrum {CIT, CHQ), m/z 332 (M+1, 100)

. oo Y .
Anal. Caled. for C20N302H17 ® .25 HZO' C, 7L.52; H, 5.25; N, 12,5]. Found: ¢, 71.61,6 H

'

5.29, N, 12.23.

3-(Imidazole)carbonyl-g8-carboline (6).

The f-carboline-3-carboxylic acid la (1.16 g, 5.5 mmol) was suspended in dry DMF (50 ml) at
room temperature and 1,1 carbonyldiimidazole (1.70 g, 10.5 mmol) was added. A clear browm
solution resulted. After stirring for 2 hrs, the reaction mixture was poured onto ice water
(750 g) and the resulting precipitate filtered and dried to yield 6 (1.07 g, 75%): mp 296-
298°C (dec.); IR (KBr) 3150, 1675 Em_l; 1H NMR (MeZSO-dG) 612.28 (s, 1H), 9.09 (s, 1H), 92.04
(s, 1H) 8.90 (s, 1H) 8.41 {(m, 1H), 8.02 (s, 1H), 7.67 (s. 1R), 7.33 (m, 1H), 7.11 (s, 1H), 7.0L

{s, 1H); mass spectrum (EI) m/z 262 {(M+, 42), 195 (58), 167 {(100).

High resclution mass spectrum caleculated for clSHlONQO: 262.08%4. Found: 262.0831.

. 18
This intermediate 6§ was then converted to the amides 5d and 5e by the method of Lippke .
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3-(2-Ethoxy)carboxamide-g-carboline {(5c

The 3-ethoxycarbonyl-g-carboline lc (2.05 g, 8.5 mmol) was suspended in ethanolamine (30 ml)
and the solution brought to reflux for 2.5 h, The solvent was removed under reduced pressure
te yield the amide 5¢, which was recrystallized (ethylacetate-methanol, 5:1} to yield pure 5¢
1.89 g (87%): mp 211.5-212.5°C; IR (KBr)1650 cm-l; 18 NMR (Mezso-ds) §11.99 (=, 1H)m 8,92 (4,
1H), 8.71 (s, 1H), B.43 (s, 1H), 7.63 {m, 1H), 7.31 (m, 1H), 4.85 (s, br, 1H), 3.68 (m, 3H),

3,48 (m, 3H); mass spectyum (GCI,CH m/z 256 (M+1l, 100).

W)
Anal. Caled for C,,N,0H G, 67.59; H, 5.67; N, 9.86. Found: C, 67.72; H, 5.6&; N. 9.92.
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