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Abstract - Pentacyclic hybrid molecules 2a and 2 possessing both the 
3-carbethoxy-S-carboline and the 1.4~beusodi~epine pharmacophores have been 
syuthesired by dehydrogenation - transamidation of quiauolino-tetrahydro-R- 
carbolines 5 catalyzed by palladium on activated carbon. 

The synthesis of S-carboline derivatives, namely methyl or ethyl esters, 
1 

md the study of their 

pharmacological activity have been iuteneified since Braestrup2 shoved that 3-carbetboxy-S-carboli- 

ne was a potent benzodiazepines antagoniet. For instance Gusuan et al. 
la 

found that P-carbomethoxy- 

canthin-6-one _& bound to bentodiazepine receptors with an affinity comparable to severable pharma- 

cologically active bensodiazepines. Within the f&aevork of our laboratory iuvestiytions,3 M deci- 

ded to systhesize “hybrid molecules” possessing both the 3-carbethoxy-S-carboline-N-acylindole and 

the l,&henzodiazepine pharmscophores. To our knoxledge, the only molecule vith an analogous stru- 

cture already described in the literature is conpound 2 which does not have the ester function 

considered to be essential for pharmacological activity. This molecule has been obtained by rear- 

rangement of the natural quinazolino-carboline euxylophorine 8. 
4 

In this report, we describe the synthesis of compounds 2 following the three steps indicated in 

schexe 1. 

The reaction of N-methylisatoic anhydride with the tryptophane and 5-methoxy-tryptophane ethyl 

ester hydrochlorides 4a and 4b gave amino-esters 2 in excellent yields’ (scheme 1). -- 
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Scheme 1. Reagents : 
xylene. 

I) N-methylisatoic enhydride-ppridlne ; ii) HC(OEt)3, TsOR, toluene ; fit) WC 

The two diastereoaeric methyl esters homologous of &have been obtained by Danieli et ~1.~ from 

the smido-ester homologous of &. Attsmpts to transform 1 into 5 following the literature procedure 

reported by these eutbors. using neat triethyl orthoformate and asmoniuu chloride, resulted in a 

poor yield of a. 

Alternatively we performed the preparation of quiuaeolino-carbolines 5 by reacting 2 with au 

excess of triethyl orthoforemte in refluxinng toluene in the presence of ptolueuesulfoaic acid as 

catalyst f.& 70% yield). Each quinazolinocarboline 6a and 6b was found to be a diastereomeric mixture -- 

of tram and tie compouude in the *ario of 9:l (determined by 
1 
R NKR) and was used as such in the -- 

next step since the isolation of theee isomers was not necessary for our further work. 

Dehydrogeuation of compound 6e with 10% palladium on activated carbon in refluxing xylene Save - 
1.4~benzodirtepine 21 (42%) and a by-product & (10%) (Scheme 2). In order to make the reaction 

faster. 30% palladium on activated carbon was reacted with &. As expected the transformation of & 

indeed occurred more rapidly but the quantity of undesired product & (16%) was increased whereas 

the amount of & (31%) decreased. It was checked that &was not formed from & since this compound 

remained unchanged after a prolonged heating in the hydrogen donor solvent cyclohexene. in the 

presence of palladium on activated carbon. 

The conversion of methoxy quinasolino-carboline 6b to l,4-benzodiazepine _2& was achieved using - 
10% or 30% palladium on activated carbon (71% and 62% yield reepectivelp) ; no product analogous to 

Be was detected (the remainder consisting of polymeric material). - 
The structure eesi~ents of compounds 2 are based on their spectral date W (2a X_ 236, 266, 

292, 300, 335, N-ecylindole7) IR @ 1730 ester, 1710 and 1680 lactex) and NMR. The 'H RMR epectrm 

of each compound 2 exhibited a doublet fJ - 9 Rs) at 8.80 ppm for 2a end 8.70 for 2b.* These lw - - 
field eQuala were unambiguously attributed to the proton H-12 by irradiation with spin decoupItng 

which allowed identification of all the aromatic protoqs. The observed dowufield chemical shift for 

proton E-12 is ceitainly due to its location in the anieotropp zone of the carbonyl adjacent to the 

indole nitrogen. 

* 
Danieli et a1.6 have also observed in the 'Ii N?fR spectrum of 2 a low field signal which they have 

arsigned to the H-12 proton without any additional proof. 
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Transformation of 6 into 2 could take place through the intrrmediecy of quinaaolino-cerboline 7a - 

which on participation of the N-methyl nitrogen lone pair of electrona could lead to an unstable 

ketene-imine 2. This ketene-imine then undergoes nucleophilic attack by the indole nitrogen to give 

2 (Scheme 2). 

It has been reported 8.9 that during the dehydrogenation of hydroaromatic compouada cetalyaed by 

palladium on activated carbon, hydrogen ebatrected from one part of the molecule mey be used intra- 

molecularly for the hydrogenation of another part of the molecule (or either be transferred inter- 

molecularlylo). By product 8a may well be formed from 6a by such an internal dehydrogenation-hydro- - - 

genation process ; the structure proposed for 8s is in agreement vith its spectral characteristics. - 

- 

Scheme 2. Reagents : 1) PI/C ; ii) nBuNE2 dioxane ; iii) W/C cyclohexene. 

The proposed reaction scheme is in accordance with the fact thet 2b is the only product isolated - 

from 6b ; - the electrodonating methoxy group para to the indole nitrogen vi11 increase its 

nucleophilicity in 7b compared to 7a. - - Therefore it is logical that the transmidetion reaction occura 

more rapidly than the amide reduction. 

The 1.4-benaodlaaepines 2 are quite stable compounds , nevertheless the N-ecylindole bond may be 

easily cleaved, thus n-butylamiae reacted with 2a to afford n-butylbenaamide derivative 10e. - - 

To our knowledge, the formation of 1 from 5 constitutes the first exemple of a direct tranafor- 

mation of a quinarolinotetrahydro-S-carboline into a rearranged 1.4-benrodiazepine and 6-cerboline 

derivative ; this transformation must be due to the presence of the 'I-carbethoxy group in compounds 

5. The synthesis described should provide a general route to 2 analoguea bearing subatituenta either 

on the bcarboline or on the phenyl nucleus. The pharmacological properties of the compounds that 

have been prepared are under current evaluation. 

ExPWIM8NTAL 

All melting points ere uncorrected. IR spectra were recorded in chloroform on a Perkin-Elmer 297 

spectrometer. W spectra mere determined in methanol on a Perkin-Elmer Lambda 5 instrument. NBM 

spectra mere obtained in deuterochloroform on Brucker 2OO-IfRa or Brucker 400-n& inStNmOUtS ; 

chemical shifts are reported as 6 values using TUS as internal standard. Mass spectra mere recorded 

using e ABI-US-50 spectrometer. Thin layer chromatography was performed on Merck 60 silica gel 
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platae with fluorcecent indicator ueing methylene chloride-methenol (98:2 or 95:5) ee the eluent. 

Merck eilica gel 60 (70-230 meeh or 23&400 meeh) vae used for column chromatography. 

Ethyl N-(o-N-methylaminobenzoyl)-DL-tryptophane 5a. 

A eolution of DL-tryptophanm ethyl eater hydrochloride (56. 18.6 -1) and N-methylieatoic anhydride 

(3.3. g, 18.6 amol) in pyridine (25 mL) *aa refluxed under nitrogen for 5.5 h. After evaporation of 

pyridine under vacuum, water vae added to the oily residue which was triturated end then changed 

into a light beige powder. Cryetallization from cyclohexanc-ethyl acetate afforded 2 6.6.g (97 X) 

66 Whit6 Cr,EtdE. P 164' ; IR 3475, 1730. 1640 cm-' ; MS m/x 365(!!+). 215(M+-RNCOC6H4NRCR3) ; 'H 

Nl4R 6 1.23 (t. J - 7 Rz, 3H, CE3CH2), 2.84 (6, 3H, CH3N), 3.42 (d, .I - 5.5. Hz. 2H, Cg,-CH). 4.18 

(qr J - 7 &2H,CB2CH3). 5.05 (q, J - 5.5 liz lH, CH), 6.42-6.72 (m. 3H. Ar-8). 7-7.65 (m. 68, ArH). 

8.15 (br 6, 1H. RH indole). Found : C 69.17. E 6.44, N 11.32 ; calcd. for C H N 0 
21 23 3 3 

: C 69.02, Ii 

6.34, N 11.50. 

Ethyl 5-rthoxy-H-(o-N-methylaminobenxoyl)-DL-tryptopbane 5b. 

5-Methoxy-Dl-tryptophane ~66 ceteriffed folloving ROiEEOnn66 method 
11 

to give the corre6ponding 

ethyl ester hydrochloride db. The procedure given for la was used. 5-Mathoxy-DL-tryptophane ethyl 

eater hydrochloride bb (1.45 g. 4.85 mmol) vae reacted vith N-methylieatoic anhydride (860 mg, 4.85 

-1) end afforded 1.69 g (88 X) of amfdo-eater Ab. F 132" (cyclohexane-ethyl acetate) ; MS m/z : 

395@+), 245(M+-HNCCC6H4NliCH3) ; IR 3475. 1730, 1640 cm-' ; 1 
H NHR : 6 1.20 (t, J - 7.5 Hz. 3H. 

Ci3CH2). 2.80 (6, 3H. CH3N). 3.38 (d, J - 5.5. Ez, 2H. Cl12CH), 3.62 (a, 3H. CH30), 4.17 (q. J - 

7.5 Rx. CH2CH3), 5.04 (q. J - 5.5 Hz. 1H. CR). 6.50-7.33 (m, 7H. ArR). 8.00 (br 6, NH indole). Found 

C 66.98 H 6.23 N 10.53 ; calcd. for C22H25N304 : C 66.82 H 6.37 A 10.63. 

7-CarbethorJI-14-~thy1-8,13.13b.14-tetrahydro-indo1o[2',3':3,41pyrido[2,1-b]qu1naro11n-5(7H)-one 66. 

A solution of emido-eetcr 5a (1.15 g. 3 mmol). - triethyl orthofornate (2.22 g, 15 mmol) end 

ptolucne6ulfonic acid monohydratc (30 mg) in toluene (52 mL) WEE refluxed under nitrogen. After 5.5 

h, all the starting meterial disappeared as checked by thin layer chromatography. Tha toluene and 

exceee triethyl orthoformate were removed under vacuum, the crude residue vae dissolved in methylene 

chloride and the solution veehed vith saturated aqueous hydrogen carbonate then dried oV6r msgnesium 

sulfate. After evaporation of the rolvent the oily residue vaa purified by fast column 

chromatography vith methylena chloride a6 the eluant and gave 740 mg (66%) of 6a a6 a vhite foam - 
-1 

consisting of a tr6n6 ad cl6 diaEtEr&mWric mixture. IR 3470. 1740, 1710, 1650 cm ; MS m/z - 

375(M+). 346(M+-Et), 302(N+-CO,Et) ; 'H NMR : 6 1.10 and 1.21 (2t. 3H, J - 7 Nr. CX3CH2), 2.44 and 

2.91 (26. 3H. CIi3N), 3.17 (dd. J - 16. 6 Hz, H-8a). 3.55 (d, J - 16 Hz. H-86). 4.03-4.21 (m. 2H. 

CR2CR3), 5.73 and 5.20 (2d, J - 6 Ez, H-7), 6.22 (8. 18, H-13b). 7.15-7.62 (m. 7H. ArH), 8.15 (dd. 

J - 8, 282, 111. ArH), 8.37 (br 6, 18 indole NH) ; the signals at 6 1.10, 2.44 and 5.73 ppm were 

e66igned t0 trane-6a6 and the aignale at 6 1.21. 2.91 and 5.20 ppm ee6igtIed to cis-6a and 

integration shoved a 9:l mixture of the NO diaetereomers. Found : C 69.88, H 5.65. N 10.97 ; calcd. 

for C22H21N303 
: C 70.38, H 5.64, N 11.20. 

7-Carbethoxy-l~thory-14-l4-~thyl-8,13.13b,14-tetrahydro-indoloC2'.3':3,4~yridoC2.1-b~7H-quina- 

zolin- one-5 6b. 

This compound ve6 prepared according to the procedure deecribed for the preparation of 6a. Amido- - 

eater 5b (1.58 g, 4 mmol) and triathyl orthoformate (2.96 g, - 20 mmol) in the preeence of E-toluene- 

q ulfonic acid monohydrate (50 mg) gave 1.12 g (69X) of & 66 an ivory white foam. SM m/z : 405(M+), 
332(M+-C02Et) ; IR 3470, 1730. 1710, 1650 cm-' ; 1H NMR : 6 1.12 and 1.23 (2t. J - 7 Hz, 3H, 

CH3CH2), 2.43 and 2.95 (26, 3B. CH3N). 3.17 (dd. J - 16. 6 Hx. H-8a). 3.51 (d. J - 16 Hz. H-88). 

3.88 (er 3R. CR30). 4.05-4.17 (m. 2H. Ci2CH3). 5.70 et 5.18 (2d. J - 6 Rx. H-7). 6.19 (6. 1H. 

H-13b). 6.89 (dd. J - 9. 2 Ez, lH, E-11), 7.01 (d. J - 2 Hz, 18. H-9). 7.14-7.31 (m. 3A. 3ArH). 7.51 

(dt. J - 8. 2 Hr. lH, ArH). 8.14 (dd, J - 8, 2 Rx, lH, ArH), 8.24 (br 8, 1R. indole NH) ; the 
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rignala at 6 1.12. 2.43 and 5.70 ppm uere areigued to -- trana 6b and the aignala at 6 1.23, 2.95 and 

5.18 aasignad to cir 6b end integration shoved a 9:l mixture of the tuo iwnera. Found t C 67.89, II -- 

5.61, N 10.53 ; calcd for C23H23N304 : C 68.13. R 5.72, N 10.37. 

6-Axa-7-carbethoxy-5athyl-l&one 14H-(1,4)-beuzodiarepfne [4,3,2-l m] carbazole 2a. 

A eolution of quiaaxolino-carboline & (l.llSg, 2.97 mmol) in dry xylene (30 IL) was stirred with 

10% palladium on activated carbon (553 mg) and refluxed under nitrogen. Aftar 118 h, the catalyst 

uas filtered off and vanhad with boiling toluene. After removal of the aolventa under vacuum the 

solid residue vas purified by column chromatography using methylene chloride-hexane 88:lZ M the 

eluant affording 427 mg (42%) of 2 aa pale yellov cryystalr. Then 96 mg (10%) of & and 100 mg of 

the starting material eluted. 20 vas recryetallited from carbon tetrachloride. P 20)’ ; @I8 m/z 

371(M+), 297(B+-C02Et-H) ; IR 1730, 1710, 1680 cm 
-1 ; W 236. 266, 292. 300, 335 (qualitative); lx 

NHR(400 MHz) 1.49 (t. J - 

7.14 (t, J; - J; - 

7.5 Ez, 3R. CR3CH2), 3.61 (a, 38, CW3N). 4.51 (q. J - 7.5 Hz, 28, CH2), 

7.5 Hz, 1H. H-2). 7.22 (d. J’; 8 Hz, 1 8, 

H-10). 7.55 (dt. J4 - J; - 

- 8 Hz, lH, B-4), 7.50 (t, J;:, - J1’ - 
19 

i 
7.5. J; - 2 Hz, 1H. H-3). 7.67 (dt. J;; - J12 - 8, J 

H-11), 8.01 (dd, Jl - 7.5, J; - - 8 Bx. J lk 1 5 R,’ 1; ‘BTg:‘81:; 
* ” ‘. 

b. 111. H-8). 12 
2 Ht. 1B. H-l), 8.06 (dd. J; 

9 
8.80 (d, Jll - 8 Hr. 1H. H-12). Found : C 70.82, H 4.49. N 11.27 ; calcd. for 

C22H17N303 
: C 71.15, H 4.62, N 11.32. 

7-Carbetho~-14-methyl-indolo[2’,3’:3,4Jpyrido[2,l-b] ‘III-quinazoline 8a. 

Compound 8a ieolated ae described above ua8 cryetallired from cyclohexane-ethyl acetate. F 203-204O; 

MS m/z 357(l4+), 283(M+-C02Et-H) 
-1 

; IR 1710, 1620 cm ; UV 242(23700), 282(10900). 346(8100) ; ‘8 BMR 

1.48 (t, J - 7 Hr. 3H. Cl13CR2), 3.69 (8. 3H, CH3N). 4.50 (q. J - 7 Rr. 28. CH2Cli3). 5.47 (8. 2R. 

CH2N), 7.07 (dt. J - 7, 2.5 Rz, H-2). 7.25-7.43 (m. 4H. Arll), 7.59-7.61 (m, 28, 2 Arll), 8.11 (dr J- 

8 Hz, 1H. ArB), 8.44 (8, 18. E-8) ; 13C NHR : 166.4 (CO), 48.0 (C-5). Found : C 73.61 B 5.27 N 

11.58 ; calcd. for C22HlgN302 : C 73.93, H 5.36, N 11.76. 

Dehydrogenation of 6a with 30% palladium on carbon., 

The came procedure as described above vas followed : a eolution of qainarolinocarboline 6a (164 mg, - 

0.43 ~01) in xylene (5 mL) vaa refluxed with 30% palladium on activated carbon (96 rg) and after 

27h heating gave 38 mg (31%) of 2 and 19 mg (16%) of 9. Then 41 mg of the atarting compound ka 

eluted, the remaining material coneieting of uncompletely dehydrogenated compounds and polymars. 

Control experiment. 

A solution of & (40 mg) in cyclohexene (4 mL) wan stirred and boiled under reflux for 24 h in the 

presence of 10% palladium on carbon (20 mg). After filtration of the catalyst and removal of 

solvents. compound 2a vae recovered unchanged. - 

Ethyl l-N-methyl N-(o-N-n-butylamidophenyl)-amino-8-carbolina 3-carboxylate 1Oa. 

A eolution of benzodiazepine 2a (32 mg. 0.086 mmol) in 1.4-dioxane (7 mL) and n-butylamine (0.3 mL) - 
was refluxed under nitrogen for 6 h. After evaporation of the eolvente under vacuum the oily residue 

VBB purified by column chromatography with methylene chloride - methanol (95:5) as the eluant. 26 mg 

of 1Oa were iaolated 88 colorleea crystals. P 206’ 344 - ; MS m/x 1 444 cn+, , 
(n+-COBHBU) ; IR 3450. 1710. 1650 cm-l 

37l(n+-co,et). 

; IJV 235(29100); 258(23700). 332(10000) ; ‘H Bl4R : 6 0.860 

(t. J - 7 Hz, 38. Cg3tCH2)3, 1.31 (q. J - 7 Ra, 28. (CR2)2 Ci2CH3), 1.49 (t. J - 7 Ex et m, 5H. 

CH3CH2 et CH2CR2C2H5), 3.43 (q, J - 7 Hz, 28, Clf2BH). 3.51 (a, 3H. CH3N). 4.51 (q, J - 7 Rrr 2H, 

CH,CR,). 7.08 (dd. J - 7.5, 1 Ht. 18. ArH), 7.21-7.47 (m. 5H, ArB), 7.59 (br I. NBBu), 8.03-8.07 (m. 

2H, Arll). 8.55 (6, lH, H-8). 8.71 (br a, NR indole). Found : C 69.70 H 6.44 N 12.55 ; calcd. for 

C26H28N403 : C 70.25. H 6.35, N 12.60. 

6-Aza-7-carbethoxv-lO-mathoxy-5 methyl 14-one 14H-(1,4)-benzodiazapine [4, 3, 2-l r] carbazole 2b. 

A eolution of quinazolino-carboline s (200 mg, 0.49 mmol) in dry xylene (6 mL) warn stirred vith 30% 
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palladium on activated carbon (80 mg) and refluxad under nitrogen. After 46 h all the starting 

material disappeared ar checked by thin layer chromatography. The catalyst val filtered from the hot 

mixture, washed thoroughly vith boiling toluene then the solventa vere evaporated under vacuum. The 

crude yellow-brown povder obtained vaa crystallized from ethyl acetate and afforded 122 mg (62%) of 

2b. P 220' - ; MS - m/z 4Ol(M+). 327(M+-C02Et-B) ; IE 1720. 1670 cm-' ; Uv 239, 264, 275, 302, 345 

(qualitative) ; lH NnR(400 MHZ) : 1.49 (t, J - 7.5 HE, 3H. CIf3CR2), 3.60 (8, 3B. CH3N), 3.95 ((I, 38. 

CH30). 4.50 (q. .J 
12 

- 7.5 Ha. 28, CR2)* 7.14 (t. J; - 
11 

8 Rx. IH. H-2). 7.22 (d. J; - 8 Ra. IH. H-4). 

7.26 (dd, Jll - 9, Js - 2.5 Hz. 1R. H-11). 7.48 (d, J;L- 2.5 HE, IH, H-9). 7.55 (t, J; - J; - a AZ, 
1H. H-3), 8.03 (d, JL - 8 Hz, 1H H-1). 8.30 (a. 111. H-8). 8.70 (d, J:; - 9 Hz, 18. H-12). 
A solution of 6b (95 rag, 0.23 -01) in dry xylene (4 mL) van atfrred with 10% palladium on activated - 

carbon (75 rg) and refluxed for 71 h, then the reaction mixture treated aa above gave 67 mg (71%) of 

b. 
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