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AbSrracr - A series of 3~substituted and 3.6-disubstituted p-carbolincs have been 

synrhesiccd. These compounds have been screened vifro in order t o  determine the 

size of substituenrs which benrodiizepine receptors will tolerate at positions 3 and 

6 o f  the 0-carboline nucleus. If has been found that the receptor will tolerate es ter  

dkyl groups a t  poaition~? as large as cyclohexyl but not as large as adimmryl Sd 

*loreover, N~aryl subsfiiuenfs as large as naphrhobenzylamino 8b c m  be introduced a t  

position-6 without significant 105s of receptor binding affinity. 

N~~~~~~ p ~ ~ a r b o l i n ~ ~ 3 ~ ~ ~ ~ b ~ ~ ~ l a f e s  have been show to be antagonisrs of the benzodiazepines. 

For example. the ethyl ester (BCCE) antagonized the anticonwlsanr effects of dia~eparn,"~ the 

anticonflict activity of lorazepam and dia~eparn,~'~ and the ataxic effects of diazepam as 

demonstrated in the horizontal wire similar benzodiazepine antagonist properties have 

been demonstrated for the propyl ester (PCC) and the rnerhyl carboxamide. ~~-71&2.~""" BCCE 

also blocks the effects of benzodiazepines, measured e~ecrrophysiologically.~ as well as 

blocking the decrease in levels of cerebral cyclic GMP caused by benzodiazepinesB The t-bury1 



ester (BCCt), in fact, has been shown ro reverse midazolam-ethanol induced GNS depression 

suggesrirg these effects may be mediated through the benzodiarepi,le receptory tiowever, 6~ 

~ ~ ~ b o l i n e s  such as BCCE and the mechyl ester. BCCM, are not antagonists of the 

benzodiazepines. Rather, they appear to be inverse agoniste10 since they produce effects which 

are opposite to those of the benzodiazepines. In this regard BGCE has been shown to potenciare 

the conwlsanf effects of pentyleneretrazole in and baboons1', as well as 

demonstrating conwlsanr activity in all species tested t h u  far.6'7'12 The propyl estpr, 

however. appears ro be the exception in that it is not a proconwlsanr in baboons7 The esrer 

derivatives of 8-carbaline-3-carboxylic acid such as ib and ic have limited use in because 

they are readily hydrolyzed by escerase enzymes and, ch-refore, possess very short half~liues 

(5.10 mi") in plasma in m o s t  animal species. 13,111 

Because of the lability of these esrer functions, it was decided to prepare a series of 3- 

substituted P~carbolines which would not be readily degraded b *. The esters o f  p 

carboline~3-carboxylic acid la were prepared either by Fischer escerificafian or & the 

reaction of tho corresponding acid chloride with the lithium alkoiide of chc appropriate 

alcohol. a - d  and if-lh ( s e e  Scheme I and Table 1) were  prepared by heating 1.2,3,4- 

rerrahydro~g-carboline-3-carbobylic acid 2 with the corresponding alcohol in t h e  presence of 

anhydrous hydrogen chloride to provide t h e  tetrahydro esters represented by 3 .  This process 

Scheme I 

Ib, R-CH - 3 lc, R-CH CH - 
Id, R=CH~CH~CH 
1,. R-c(EH,?, 3 
If, R-C I1 - 5 9 h, R-C H 
~ h ,  R - c ~ ~ ~ E ~ c H , ) ~  - 

was followed by oxidation to generate the fully aromatic 8-carbolines 1. The dehydrogenation 

was carried our by hpating 2 in the presence of sulfur either in refluxing mixed xylenes or in 

nicrobenzeno at 170'C.~~ The r-butyl esrer & could nor be ~y~rhesized in this manner ,  bur 

could be obtained via the reaction of the acid chloride of la with lithium f-buronide. The 3- 

hydroxymethyl~g-zarboline 4 (3 HHC) was prepared by reduction of BCCE ib with lithium 

borohydridc (see reference 17 for details). 
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The amide analogs of p-carboline-3-carboxylic acid la were synthesized either from BCCM ib o r  

from the parent acid la. The parent amide (see Table 1) w a s  synthesized by huhbling anhydrous 

ammonia far 2 days through a solution of ib dissolved in methanol. The solvent was removed and 

t h e  crude material. was purified by column chr~rn~togrsphy. The 3-hydroxyerhylamide derivative 

5 c  was prepared by heating BCCM ( U )  in ~fhrnolamine f o r  2 . 5  h a t  160~C. The bulky - 

ndarnanrylanide Sd and the ~orrespondi"~ N-methyl, N~brtrylamids 2 were synthesized by treating 

la with l.l~carbanyldiimidazole (CDi) in dry DMF to form the imidazole derivative 6 ,  - 

Scheme I1 

as illustrated in Scheme I i .  This synthetic intermediate 6 could be isolated by dilution of 

the reaction mixture with water followed by filtration of the solid which results. Treatment 

of 6 with the corresponding amines provided the amides Sd m d  5e. according to the procedure of 

~ippkel*, in very good y i e l d .  

Examination ot the data in Table 1 clearly illustrates that the r~butyl e s t e r  I B C C t )  le (K. - 
10 my) binds to benzodiazepine receptors ato17 with an affinity very close c o  that of BCCM 

& o r  BCCE &. m e n  the sire o f  t h e  alkyl group war increased t o  neapeniyl U ;  however, the 

binding affinity dramaricvlly decreased t o  750 nM. This observation is significant for 

insertion of one methylene group between the ester oxygen and the t-butyl group decreases the 

binding =ffinity by a factor of 75 [lo nM (&) 7 5 0  nM (Ih)]. Other esters a t  position~3 

which are intermediate in sferic bulk such as the ~ y c l ~ ~ ~ ~ t y l  (Ki - 50nM) and the cyclohexyl 

& (K. - 48nM) derivatives can becomr pseudoplanar and bind very tightly to che benzodiazepine 

receptor in cornparisan r o  the neopenryl ester. I n  agreement with our previous "planarity 

hypothenis",l7 it is believed the receptor site possesses a narrow cleft which will not 

rolerare bulky ester groups such as that contained in a, but will accept derivatives in which 
the hydrocarbon portion of che ester can approach planarity: derivatives if and are just 

such compounds. 



A parallel trend is observed in the series of 8-carbolincs ~11ich carry amide substituenfs at 

posirion~3. As depicted in Table 1, the primary amide 2 binds tightly to the receptor wirh a 

K. - 68 nM, while the ethyl and 2-hydroxyethyl substituted amides bind wirh less affinity (K. - 
m d  210 nM. respectively). when very large alkyl groups. such as adamaniyl or N- 

rnefhy1,N~bucyl are attached to the amide at pasition~3. the binding constants for the 

corresponding compounds i-d and 5s decrease dramatically to one micromolar (1000 n M ) ,  

respectively. 

m b l e  1: vitro binding of 8-carboline~3~carboxylarer to the benzoaiazepine rcceptor(s). 
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in addition ra  the synthesis of molecules to accurately prohe the topography of  benzodiazepine 

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

subsriruents stems from the selectivity observed i~ & for the n-prapyl ester id and the r- 

buryl ester (BCCt) &.I6 It has been s h o w  recently that BCCt is a selective antagonist of the 

effects of dirzeparn.16 It has also been proposed that Bzl receptors mediate two of the effects 

of benzodiarepines (possibly anxiolyfic and anticonwlsant) whereas Bz2 receptors are 

responsible far the other two actions commonly observed for these  drug^^^"^ termed ataxic and 
sedative-hypnotic. In this regard, BCCt le does not antagonize the ataxic effects of diazepam; 
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however, le does antagonize the anriconwlsanr properties of diarepam.16 BCCt therefore 

appcars ~ viva to be e selective Bz antagonist. If should be reemphasized that ib m d  ic lose 

80% of their activity in rat plasma in ten mi". due to hydrolysis by esterase enzymes, 
13.14 

whereas, BCCr (u) maintains more thin 50% of its activity after ninety min.16  he other  ester 

analngs repor ted  here, such as if and l~ easier to prepare than BCCt (Id) and are as 

s t a b l e .  Since if and bind tightly to the receptor  ig virra and are readily available, they 

can now be tesced ig xiy~ for selective BZ receptor-mediated actions. 

The 6 . 7 ~ d i m e t h o n y - 4 - e r h y l - 3 - e 1 - h o x y ~ ~ ~ b o n y l - 8 c r b l i n ,  DMCM and the 6-benzylnny-4- 

methoxymerhyl~3~ethoxy99rbbbyl 0 cnrbuline, ZK 93423, differ significantly in their ig !&g 

a ~ t i v i f ~ .  DMCH is a potent inverse aganisr (canvulsanr), while ZK 93423 elicits a 

pharmacological prcfile (agonisf) very similar to that of d i a ~ e p ~ r n . ~ ~ ' ~ ~  These interesting 

results demonscrate the importance of the effect of suhsiitution at position-6 of the 8 -  

carboline nucleus on a & activity. with these results as leads, a wide variety of 6~ 

subscitufed 3 - m e i h o v y c a r b o ~ ~ y l - p p c ~ r b b l i n e s  have been prepared.  The a vitro binding daca of 

these compounds are depicted in Table 2. Examination o f  the  K. values for tho compounds 

Table 2: h virro binding of 6-substituted 3 - m e r h o x y c a r b n n y l - p - ~ ~ ~ b b l i n e s  to che 
benzodiazepine receptor(s). 
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depicted in Table 2 indicates that the benzodiazepine receptor site can tolerate large groups 

position-6 of the p-carboline nucleus without significant loss of binding affinity. The 6~ 

chloro, 6.bromo, 6-hydroxyl and 6~fluoro (Ki - 2 nM)23 derivatives a-ZL bind to the receptor 

wirh K. values of 5 nM or less. moreover, the parent 6-amino-3~mechoxycarbonyl-BBca~bbline 3 

( K .  - 10 nM) binds tightly to the receptor. In addition, the 6-benzylamina 8a (Ki - 10 n M .  6~ 

(1-naphrhobenzy1)amini 8b (K. - &8 nM).  6-(2-naphthobenryl)amino (K. - 38 nM) and 6- 
~ ~ ~ l o h e x ~ l ~ r n i n o  8d (K. - 10 nM) analogs all bind to the receptor wirh potent affinities. The 

6~N.N-dibenzylarnino derivative 9 (K. = 210 nM) binds t o  the receptor wirh much less affinity 

than Q ~ 8 d ;  however, 9 still binds to the receptor fighter than the clinically used Libriumm 

(chlorodiazepouide 11). Data reported £ o r  &-8d indicate that the benzodiazepine receptor can 

tolerate much larger subscituents at positian~6 than originally anticipated. If is felt the 

alkyl and aryl substitvents at position 6- of the pcarboline fit into a large lipophilic 

packer which is different from the cleft described above info which the ester d k y l  (c-3) 

groups must fit. 

The methods employed to synthesize analogs Q-8d and 9 are outlined below. Treatment of BCC'I 

Ib wirh a mixture of concentrated nitric acid/furning nitric =cid2' sf O'C provided 6~ 

Scheme I11 

R - 
8a. NHCH C6H5 - 
8b. NH-(?-napLhobenzy1) - 
&, NH-(2~napfhobeneyl) 
ad, NH-cyclohexyl - 
Be, U(CH2C6H5l2 - 

n i t r o - 3 ~ m e f h o x y c a r l ~ ~ l - ~ P ~ ~ ~ b o l i n e  in goad yield. Catalytic reduction (5%. Pd/C, H ) of 6- 2 

nitro Bccn in m e t h a n o l  gave 6-smino-3-mechoryc;rbbby11~~~~rh01it~e id. It is important to point 

out that the BCCM employed in this process must be pure far the presence of sulfur impurities 

(see Scheme I) will poison che palladium crrdysf resulrirrg in incomplete reduction. Reaction 

of the 6-amino-p~carboline id with the appropriate aldehyde or ketone, followed by treatment of 

the imine with sodium cyanobarahyd~ide~~, in the presence of acetic acid, gave the 6 -  

arylbenzylarnino and 6~alkylamino derivatives 8 and 9 in good yields 

~h~ 6-benrylamina ~ ~ b ~ r i r u e n t  of & does serve  as a biaisosfcre for the benzyloxy portion 

portion of ZK 93423. However, 8a lacks a sub~tiruenr at position-4 and the ethyl ester has 
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been by methyl ester function. ~ r e l i r n h ~ ~ y  results with 8a in viva in rats indicate 

that 8a has both anriconvulsanr and sedative propertiesz6, somewhat ana~ogaus to the agnniit 

21 
activity exhibited by ZK 93423 

~h~ that svbsrituents ar position-3 of pcarbalines can result in selective 

(BCC~), coupled wirh the ability of the substitutencs at position-6 to alter 

activity o f  &cirbolines from (BCCM &, BCCE, Ic DMCM. etc.) to agonist (ZK 93423 

and u) is intriguing. I" regard to the affinity of ligands for Bz receptors, the data from 

the present work seem to indicate that at least t w o  lipophilic pockets on the benrodiaiepine 

receptor ire important for the binding of ~-carbaline ligands. One of these appears to become 

narrower and interacts with substiruenrs at C-3, while subitituents at C-6 fit into a 

lipophilic pocket which is larger. Experiments to further define the topography and the 

phirrnecophore for benzodiazepine receptors are in progress in our laboratory. In addition, 

further work detailing the in & activity of N-substituted 6-amino-pcarbolincs is underway 

and will be reported in due course. 

EXPERIMENTAL 

were taken on a ~homas-~oover melting point apparatus and are uncorrected. 

Proton NLYR spectra were recorded on a Bruker 250 MHz NMR spectrometer IR spectra were taken 

on ~ec lunann  ~cculab-l instrument, while mass spectral data were obtained on a Hewlerr Packard 

5855 ~ c ~ m a s s  spectrometer. Microanalysis were performed on an F and M Scientific Corp madel 

185 carbon, hydrogen and "itrogen analyzer. High resolution mass spectra were run at the 

Karional Institutes of Health o n  an A.E.I. MS902 miss soectrometer. 

3 - C ~ ~ l o h e x y l o x y c a ~ b o n y l - 1 , 2 ~ 3 ~ 4 ~ f e ~ ~ ~ h ~ d d - - c r b l i e  ( 3 d .  

The ester a was obtained via a Fischer esterificarion procedure. The 3~carboxy-1.2.3.4- 

tetrahydro-8-carboline 2 (6 gms, 28.6 mmol) was added to an mhydro~s solution of cycloheranol 

~hich had been saturated wirh hydrogen chloride gas. The solution was heated to 112'C and held 

it this temperature until the theoretical amount of water was collected in a Dean-Stark trap. 

  he solution was cooled and filtered. The solvent was removed under reduced pressure and the 

residual oil was dissolved in cold (O'C) aqueous acid (1 N HC1. 100 ml). The filrer cake which 

remained was suspended in cold (O'C) aqueous acid (0.1 N HCI) and filtered.   he aqueous layers 

were combined and extracted with ethyl acetate (3 x 50 ml). The aqueous solution was brought 

to pH 8 with NH OH solution (2%). The turbid solution which resulted was extracted with CH2C12 
4 

(2 x 100 ml). The organic fractions were combined and dried (Na SO ) after which the solvent 2 4 

was removed under reduced pressure to yield the ester as a solid 1 (2.62 gms, 30%): mp 143- 



147~C; IR ( K B r )  3250. 3160. 2930. 2855, 1730. 1450, 1350, 1340, 1330. 1270, 1240. 1190, 1150, 

1110 &l; 'H NMR (Me2SO-d6) 68.30-7.90 (s, br, 1Hj. 7.60-6.80; (m, br, 3Hj. 5.00-4.60 (m, br, 

1H). 4.10-3.140 (rn, br, 3H). 3 2 0 ~ 2 . 6 0  (d, br, 2H). 230~1.00 (m, br, 10H); mass spectrum (CI. 

CH,). m/z 299 (M+1) 

3-Cvclohexvloxvcarbonvl-D-carbbline ( I d .  

The 3-cyclohexyloxycarbonyl-l,2,3344tttrahyd~ocbline (1.5 g .  5.0 mnol) was added t o  

nitrobenzene (50 ml) and elemental sulfur (0.4 gm. 12.5 mmolj was added to the mixture. The 

solution was ~radually heated to l7O0C and held at this temperature until no further stating 

material was observed by tic (silica gel, 15:85, methanol-ethylacetate). After two  h, the 

solvent was removed under reduced pressure to yield an oily residue which was subsequently 

purified by chromitoeraphy (silica gel, benzene-isopropyl alcohol. gradient elution) c o  provide 

Lz (0.46 g .  31%): mp 269-271.C (decj; IR ( K B r ) .  3250, 2980, 2910. 1700, 1400; 'H NMR (Me2SO~ 

d6j 612.04 ( s ,  lHj, 8.97 ( s ,  1H), 8.88 ( s ,  111). 8.38-8.61 (d, lHj, 7.58-7.67 (m. 2Hj, 7.27~733 

(t. lH), b.96 ( m ,  1Hj. 1.78-1.99 ( s ,  b r ,  2H1, 1.75-1.76 (s. ZH), 13b-1.58 (m, 6Hj; mass 

spectrum (CI. CH'), m/z 295 (M+l). 

3-ferf-butoxycarbonyl-R-c~rboline ( l e ) .  

The P-carboline~3~carboxylic acid la was converted into the corresponding acid chloride by 

suspending the acid (la, 4.0 g, 17.6 mrnol) in freshly distilled thionyl chloride (45 ml) and 

dry DMF (4 mlj. The suspension was gently refluxed for one h. Tha rhionyl 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 & siru 

wirh the lithium alkoxide of ferf-bury1 alcohol (200 ml t-bufyl alcohol, 100 mlof 1.6 N n- 

buiyllifhium). After the dropwise addition of the alkoxide into t h e  acid chloride was 

completed, the mixture was stirred overnight. The work-up included removal of the solvent by 

evaporation under reduced pressure.   he oily residue was dumped info aqueous buffer (pH - 8, 
N ~ H ~ P O ~ ,  N~OH), followed by extraction wirh ethylacerare (4 x 100 mlj. The organic layers were 

combined, dried (Na SO ) and the removed under reduced pressure to yield a brown oil. 2 4 

The oil was ~ h r ~ r n ~ f ~ ~ r ~ ~ h ~ d  rapidly (silica gel, benzene, 15% CH OH/ethyl acetate; gradient 3 

elution) to provide an oil. The oil was allowed to stand overnight under "ifrogen and 

furnished the ester as a solid (la). The ester was recrystallized repeatedly from ethylacerate 

to provide an analytically pure sample (la) (0.35 g); rnp 219<C (dec); IR ( K B ~ )  3260, 2970, 

1710 c i l ;  'H NMR (Me SO-d6) 69.75 ( s ,  lH), 9.60 ( s ,  IH), 9.05-9.20 ( d ,  1H). 7.60~8.30 (m, 3Hj. 
2 

2.80 (s, 9H); mass spectrum (C1,CH ) ,  m/r  269 (M+l). 
4 

Anal Calcd. for C16H16N202: C. 71.68; H ,  5.97; N. 10.44. Found: C, 71.61; H, 5.72; N, 10.61~. 
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6-Benrvlamino-3-methox~~~rbbb~1-E-~aabblin (8al. 

The 6-amino~3-merhoxycarbonyl-p-carbbline 7d (500 mg, 2.1 mmol) and benzaldehyde (245 mg, 2.3 

mmol) were added to freshly distilled dry methanol (50 ml). This mixture was stirred f o r  30 

mi" at room temperature. Sodium cyanoborohydride (520 mg) was then added and the pH edjurred 

to 7 wifh glacial acetic acid (6 drops). The reaction mixture wes stirred for 8 h at which 

time no starting meterial remained by tlc (silica gel; ethylaceiare:mcrhano1, 85:15). 

To this reaction mixture. hydrogen cl~loride .ras added (1 ml, 37%) and the solution stirred far 

20 minutes it O ~ C .  The solvent was then reduced b vacua to provide an oil. The oil was rhen 

transferred to a seprarory funnel and the marerial brought to pH 9 with aqueous NH OH (10%). 
L 

The arjl~eaus layer was extracted w i t h  ethylacetate (2 x 50 ml) and CH C1 (4 r 50 ml). Tne 
2 2 

organic layers were combined and dried (Na SO ) ,  the solvent was removed under reduced pressure  2 4 

to give a red oil (710 mg). The oil was dissolved in CH2Cl2, the solution cooled t o  O ~ C  and 

anhydrous hydrogen chloride bubbled through ttsr mixture to yield (&) as a dihydrochloride sali 

(650 mg, 77%): mp 274~275'C. 

Tho free base Ba w a s  prepared by treating a solution o f  the dihydrochloride salr with aqueous 

NaHC03 (saturated) Eollowed hy extraction of the solution wifh CIIC1. (3 n 30 ml). The organic 

layer was dried (Na SO ) and removed under reduced pressure to yield a solid irhich w a s  2 4 

recrystilliced from ethylacefate to give (B): mp 205~206°C. I R ( K B r )  3380, 3080. 21120, 1720 

c i l ;  'H NMR (Me2S0-d6) 6 11.62 ( s .  IH), 8.81 ( s ,  111). 8.70 ( s ,  IH), 7.116-7.05 im, 8 H ) .  6.11 

(br. s .  1H). 4.33 ( s ,  2H). 3.87 ( s .  311); mass spectrum (CI. CH~), m / r  332 (M+I, 100) 

. Calcd. for C 20 8 0 H 17 K 2 5  H20: C, 71.52; H, 5.25; Y ,  12.51. Found: C, 71.61. H, 

5.29. N. 12.23. 

3-(Imidazole~carbonyl-B-~c~bbline ( 6 ) .  

The 0 - c n r b o l i n e ~ 3 - c a r b o x y l i c  acid la (1.16 g, 5.5 nmol) w a  suspended in dry D'IF (50 ml) at 

room temperature and 1.1 carbonyldiimidnzole (1.70 g, 10.5 mmal) was added. h clear brawn 

solution resulted. After stirring for 2 hrs, the reaction mixture was poured o n t o  ice water 

(750 g) and the resulting precipitate filtered and dried to yield 6 (1.07 g, lit): mp 296- 

298-C (dec.); IR ( K B r )  3150, 1675 'H NMR (Me2S0-d6) 612.28 ( s ,  1H). 9.09 ( s .  1H). 9.06 

( s .  1H) 8.90 ( s .  110 8.41 (m. lH), 8.02 ( s ,  1H). 7.67 ( s .  1H). 7.33 (m, IH), 7.11 ( 8 ,  1H). 7.01 

( Ill); mass spectrum (EI) m/r 262 (Mt. 42). 195 (58). 167 (100). 

High resolution mass spectrum calculated for C H N 0 262.0854. Found: 262.0831. 15 10 4 
18 

This intermediate 6 w a s  then converted to the amides d and 2 by the method of Lippke 



3-(2-Ethaxy)carboxamide-8-carboline ( 5 ~ ) .  

The 3-efhoxycarbonyl-8-carbbline ic (2.05 g ,  8.5 mol) was suspended in ethanolamine (30 ml) 

and the solution brought ro reflux for 2.5 h. The solvent was removed under reduced pressure 

to ~ield the amide 2, which was recrystallized (ethylacefate-methanol. 5:l) to yield pure 

1.89 g (87%): mp 211.5-212.5°C; IR (KBr)1650 c i l ;  'H NMR (Me SO-d ) 611.99 ( 8 ,  1H)m 8.92 (d, 
2 6 

IH), 8.71 ( 8 ,  lH), 8.43 (s, lH), 7.63 (rn, IH), 7.31 (m,  111). 4.85 (I, br, lH), 3.68 (m, 3 H ) ,  

3.48 (m, 3H): mass specrrum (CI,CH4), m/z 256 (M+1, 100) 

Anal. Calcd for C14N302H13: C, 67.59: H, 5.67; N, 9.86. Found: C, 67.72; H, 5.68; N. 9.92. 
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