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Abstract - 4-Acetyl-2-chloro-3-lithlopyridm ethylene glycol ketal reacts  with 3- 

formyl-5-methoxy-I-methylindole and 3-formyl-l-methyl-1~-pyrro10 [3,2-c] pyrrdine, 

giving the expected alcohols whose triethylrilane-trifluoroacetic acid reduction a t  

room temperature followed by ketal hydrolysu and cyclisation in acidic medium leads 

in one step t o  I-chloro-9-methoxy-5,6-dimethy1-6~-pyid [4,3-b] carbazole and 10- 

chloro-5.6-dimethyl-5H-pyrido [3',4' : 4,5] pyrrolo 12.3-g] isoquinoline respectively, 

in 30 % overall yields. 

I-Functionalized 11-nor-elliptlciner and analogues are thus obtained a two-step 

convergent pathway which appears t o  be particularly at tract ive for the rapid synthesis 

of various condensed heterocyclic systems. 

The remarkable antitumor properties of compounds I and 2 in prompted the clinrcal evaluation of these 

3 drugs f a r  the  treatment of human cancer. Phase I studies for compound 2 (BD-40) were quite promising and 

stmlj lated further trials. Compound 1 (BD-84) is also currently under clinical evaluation. These two compounds 

are the most potent anticancer agents known among the ellipticine and 9-aza-ellipticme series. Some analogues 

4 with another dibarlc side chain a t  the D nucleus a re  also of Lntcrest from the pharmacologrcal point of view , but 

the nature of the  A nucleus is determining with regard t o  tumor cell growth inhibition. For example, compound 2 

and 7-hydroxyelliptlcine as well, have been reported t o  be inactive fin and &n5'6. 



Screening a number of analogues rs a necessity t o  get further information about the key structural factors 

inmived in metabolrrm and activity of these new drugs. However, no general methad was available for  the 

synthesis of such tetracyclic conjugated systems. For instance, compound 1 was obtained by a synthesis of the 6E- 

7 
pyrido [4,3-b] carbazoie system starting from the  A nucleus , whereas compounds 1 and 3 were synthesized 

beginning from the  C Transposition of these multi-step procedures proved to be difficult or 

unsuccessful in other series. We were therefore urged on finding a convergent pathway for these I-functionalized 

heterocyclic systems. First at tempts starting from 2-(2-methoxy-4-pyridyl)-4,4-dimethyl-2-oxazoline, led t o  the  

9 synthesis of I-chloro-5-methylir~~uinolines that could be fused t h e r  [ g ]  bond t o  various aromatic systems . 
Thir method still suffered from a limited applicability but, with mod~ficationr, we were finally able to obtain the 

desired cornpcundr uring 2-chloro-4-acetylpyridine ethylene glycol ketal l0 as In this paper we report 

on the  application of this new protocol t o  the  synthesis of 1 and 2 analogues. 

I I 
H CH, 

A S  described earlier1', lithiation of 4-acetyl-2-chloropyridine ethylene glycol ketal I prepared as described 10 

gave the 3-iithio derivative 2. The 4-acetyl-2-chloro-3-[4 -3-(5-methoxy-I-methylindolyl)I(-hydroxy] methyl- 

pyridine ethylene glycol ketal : was then obtained in 65 % yield upon reaction of 2 with 3-formyl-5-methoxy-I- 

methylindole 6 (prepared by Vilrmeier forrnylation of 5-methoxy-1-methylindo1eL2). The reaction of 3-formyl-l- 

methyl-IE-pyrrolo [3,2-c] pyridme g  r re pared from hexamethylene tetramine-trifluaroacetic acid forrnylation 

of I-methyl-IE-pyrrolo [3,2-c] ~ y r i d i n e ' ~ - ' ~ )  also led t o  the expected compound 9 (59 % yield). 

16 Reduction of the  alcoholr Z and 9 was performed in triethylr~lane-trifluoroacetic acid medium . Thir procedure, 

however, yielded complex mixtures due t o  partial hydrolysis of the ketals 10 and into the ketones 12 and E, 
foilowed by spontaneous acid-catalyzed cyclisation resulting in tracer of the tetracycllc derivatives fi and Q, as 

shown by thin layer chromatography. For the above-mentmned transformation to go t o  completion, the crude 

mixtul.es were evaporated and the  residues treated with 50 % v/v sulfuric acid. After  a 4 h incubation a t  60PC and 

usual work-up, the  mixture derived from gave a 54 % yield of I-chloro-9-methoxy-5,6-dimethyl-6~-pyrid [4,3- 

b]  carbarole fi. This product is identical t o  that  prepared earlier using an eleven-step procedure4. Upon treating 

the reduced mixture from 9 with 50 % v/v sulfuric acid for 24 h a t  room temperature, the novel 10-chloro-5,G- 

dimethyl-5y-pyrido [3',4': 4,5] pyrrolo [2,3-g] isoquinollne was obtained in a 48 % yield. 
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SCHEME I 



The overall yields for the  6 -14 and !! -+IS transformation$ were 35.1 % and 28.3 %, respectively. 

Thus, I-chloro-substituted derivatives of ellipticme and related compounds can now be obtained in only two steps 

by reaction of the lithio ketal 2 with the  aldehydes 6 and 6. Furthermore, the preparation of the precursor 

aldehydes is no problem, even in large amounts. This will undoubtedly facilitate the production of large series of 

new products with antitumor potential. This will also permit selective 14~-radiolabeling of drugs far use in 

transport, metabolic and pharmacokinetic studies. On the  other hand, the I-chloro function must be substituted by 

alkylamino chains for  greater biological e f f i ~ i e n c y ' ' ~ ' ?  Compounds &-=have been prepared accordingly and 

are  currently under comparative tests  with their N-5 "on-methylated analogues in cell cultures and in animal 

tumor models. 

EXPERIMENTAL 

Ail melting points (uncorrected) were determined with a Kofler apparatus. 'H nmr spectra were recorded with a 

Varian XLlOO spectrometer. Me4Si war used as internal standard and chemical shifts are reported on the j rcale,  

w ~ t h  peak multiplicities. Elemental analysis were performed by the  Servlce Central de Microanalyses du CNRS 

(91190 Gif-sur-Yvette, FRANCE). 

3-Formyl-5-methoxy-1-methyl-indole (6). 

To dimethyiformamide (DMF, 35 ml) maintained below 15'C with an rce bath, phosphorous oxychior~de (9 mi) was 

progressively added, under stirring. A solution of 5-methoxy-l-methyl-ind~~e12 (14.1 g) tn DMF (25 ml) war then 

added a t  once. The heterogeneour mixture war heated t o  lIODC for 5 rnin and then maintained under stirring a t  

65'C for a 30 min period. The cooled mixture was decomposed by water (200 ml) and basified with a 5N sodium 

hydroxide solution. The resulting solid was filtered, washed with water and recrystallized from ethanol t o  afford 

14.53 g (87 %) of colorless needles, mp 134'C. 

Anal. Calc. for  C I IH l ,NOZ:  C, 69.82; H, 5.86; N, 7.40. Found: C, 69.84 ; H, 7.71 ; N, 7.4. 

IH nmr (CDC13) b: 3.82 + 3.90 (2r, 2 x 3H, NCH3 + 0CH3), 6.97 (d, IH, 6-H, J6-7= 8.3 Hz, J6-&= 2.5 Hz), 7.24 (d, 

IH, 7-H), 7.80 (d, IH, 4-H), 9.94 (1, IH, CHO). 

3-Formyl-I-methyl-lH-pyrrolo L3.2-c] pyridine (8). 

A mixture of I-methyl-I!-pyrrolo [3,2-c] pyridine13 (2.64 g, 20 rnmol), hexamethylenetetramine (5.6 g, 40 mmol) 

and trifluoraacetic acid (35 ml) was refluxed f o r 3  h. After addition of 3N-hydrachloric acid (100 ml) heating a t  

reflux was continued for 3 h and the  mixture was evaporated t o  dryness under reduced pressure. The residue was 

taken up in water (75 ml) and neutralized by IN radium hydroxide solution. The mixture was saturated with sodium 

chloride and extracted with methylene chloride (3 x 50 ml 1. Evaporation of solvent gave a solid residue which war 

rccryrtallized twice in ethyl ace ta te  t o  give 2.3 g (72 %)of  colourlerr crystals, mp 109-110°C. 
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Anal. Calc. for C9H8N20: C, 67.50 ; H, 5.0 ; N, 17.50. Found : C, 67.46 ; H, 5.08 ; N, 17.34. 

I H  nmr (CDC13) 5: 3.83 (s, 3H, CH3), 7.21 (dd, IH, 7-H, J7-6= 1.7 Hz, J7-4= I Hz), 7.65 (r, IH, 2-HI, 8.42 (d, IH, 

6-H), 9.45 (d, IH, 4-H), 9.93 (s, IH, CHO). 

4-~cetyl-2-chloro-3-[* 4 - (5 -methoxy - I -meth id )o ( -hydroxy  ] methylpyridine ethylene glycol ketal  (1). 

To anhydrous tetrahydrofuran (THF, 100 ml) cooled in ice and maintamed under argon, a 1.6 N solution of n- 

butylllthium in hexane ( I 5  ml, 24 mmol) and anhydrous dllropropylamine (3.36 ml, 24 mmol) were added 

successively under stirring. This mixture was maintained a t  O'C for 1 h, then cooled down t o  -70% and 4-acetyl- 

l o  2-chloropyridine ethylene glycol ketal 4 (4 g, 20 mmol, in 10 ml of THF) war added in one portion. Af te r  4 h 

under stirring a t  -70PC, a rolutmn of aldehyde 6 (3.78 g, 20 mmol) in THF (20 ml) war added dropwire. The 

resulting mixture was st i rred a t  -70'C for a further  2 h permd, then a t  ambient temperature for 15 h, poured in 

water (200 ml) and extracted with methylene chloride (3 x 60 ml). The combined organic layers were washed with 

brine, dried over Na2S04 and concentrated in v a c u a  The residue war crystallized in ethyl a c e t a t e  (20 ml) and the 

flltered solid was recrystallized in the  same solvent t o  give 5.05 g (64 % ) o f  colovrlerr crystals, mp 125% 

Anal. Calc. for  C20H21CIN204 : C, 61.78 ; H, 5.44 ; N, 7.21 ; Cl, 9.12. Found : C, 61.98 ; H, 5.30 ; N, 7.31 ; 

CI, 9.42. 

I H  nmr (CDC13) s : 1.73 (s,3H,CH3), 3.66 (s,3H,NCH3), 3.58-3.95 (m,2 x 2H,CHZCH2), 3.85 (s,3H,0CH3), 4.24 

- 11.6 Hz), 6.39 (r,lH,2-H,Ar), 6.89 (m,2H,CE-OH + 6-H Ar), 7.15-7.27 (m,ZH,4-H Ar + 7-H Ar), (&I HIOE,JOH-CH - 

7.60 (d,lH,5-H py, J5-6 = 5.3Hz), 8.37 (d,lH,6-H py). 

4-~cetyl-2-chloro-3-[ .(-3-(I-methyl-lu-pyrrolo [ 3,2-c] pyridyl)-4-hydroxy]-methylpyridine ethylene glycol 

ketal (9). - 
The reaction was performed ar described rn the preceding paragraph, with the same ratios of solvent and 

compounds but  s tar t ing from aldehyde (3.2 g, 20 mmoles). After the usual work-up, 4.24 g (59 %) of colourlers 

crystals, mp LSO'C, were obtained. 

Anal. Calc. for  C18H18CIN303 : C, 60.09 ; H, 5.04 ; N, 11.68 ; C1, 9.85. Found : C, 59.92; H, 5.22 ; N, 11.62 ; 

C1, 9.84. 'H omr (CDCL3 5 :  1.74 (s,3H,CH3), 3.59-3.96 (m,2 x 2H, CH2-CH2), 3.72 (s,3H,NCH3), 4.35 (br 

s,lH,OH), 6.61 (s,lH,2-H A d ,  6.82 (broad s,lH,CE-OH), 7.20 (d,lH,7-H Ar, J6-7 = ~ H z ) ,  7.61 (d,lH,5-H py, J5-6 = 

5.5Hr), 8.33 (d,lH,6-H Ar), 8.38 (d,lH,6-H py), 8.81 (r,lH,4-H Ar). 

I-chloro-9-methoxy-5,6-dimethyl-6~-pyrido [4,3-b] carbarale (E). 
A mixture of compound Z (388 mg, 1 mrnol) triethylrilane (0.18 mi, 1.1 mmol) and trifluoroacetic acid (2 ml) war 

st i rred a t  ambient temperature f o r  20 h and evaporated to dryness under reduced pressure. To the residue, water 

(5 ml) and sulfuric acld d r 1.86 (5 ml) were added successively ; the mixture was heated to 60DC for 4 h, then 

allowed t o  stay a t  ambient temperature for  15 h under stirring. The solution war diluted with water (50 ml), 



barlfied with ammonia and extracted with methylene chloride (5 x 50 ml). Evaporation of solvent led t o  a semi- 

rolid residue which was taken up and recrystallized in the minimum amount of ethyl ace ta te ,  glving 170 mg (55 %) 

of yellow microcryrtals, mp 206°C. This compound was identical t o  tha t  already described but obtained by a 11 

step sequence4. 

'H nmr (not described in ref. 4) (CDCI,) 5 = 3.07 (r,3H,5-CH,), 3.99 + 4.13 (2r,2 x 3H,0CH3 + NCH3), 7.28-7.38 

(m,ZH,7-H + 8-H), 7.72 (dd,lH,iO-H,JIO-8 = 2.5Hz, J10-7 = 0.7Hr), 7.83 (dd ,1H,h-H,2~-~  = 6.iHz,J4-ll = IHZ), 

8.21 (d,lH,3-H), 8.90 (d,lH,Ii-H). 

I0-Chloro-5,6-dimethyl-5Y-pyrido [3',4, : 4,5] pyrroio [2,3-g] isoquinoline (IS). 
Reduction of compound x(720  mg, 2 mmol) was performed with triethylrllane (0.64 ml, 4 mmol) in trifluoroacetic 

acid (4 mi) a t  ambient temperature for  24 h. The residue from evaporatton was stirred in 50 % aqueous sulfuric 

acid (20 ml) ,a t  room temperature for  24 h and basified with ammonia. Extraction with methylene chloride (6 x 

lo ml) and evaporation of solvent gave a reridue which war taken up and recrystallized in the minimum volume of 

=thy1 acetate.  271 mg (48 %)of  pale yellow crystals, mp 256'C were obtained in this preparation. 

Anal. Calc. for  C16Hi2CIN3 : C, 68.21 ; H, 4.29 ; N ,  14.92 ; C1, 12.58. Faund : C,67.93 ; H, 4.23 ; N, 14.98 ; 

Ci, 12.51. 

'H nrnr ((CD3)2SO) 5 : 3.14 (s,3H,5-CH3), '1.03 (s,3H,NCH3), 7.70 (dd,lH,4-H,J4_3 : 5.9Hz,J4_l = 0.6Hz), 8.14 

( d d , ~ H , 7 - H , l ~ - ~  = ~ H Z , J , - ~ ~  = 0.8Hz), 8.29 (d,iH,8-H), 8.66 (d,lH,3-H), 9.14 (br s , iH,l i-H),  9.63 (br s,lH,I-H). 

lo-[ 1-(3-~ieth~lamino)-pro~~lam~no]-5,6-dimethyl-5B-pyrida [3',4': 4,5] pyrralo [2,3-g] isoquinoline (&). 

C o r n p o u n d e  (400 rng)in 3-d~ethylaminopropyiam1ne (20 ml) was heated in an oil-bath t o  i60°C for  6 h. Excess 3- 

d~etl~ylaminopropylamine was then e lmina ted  by evaporation under reduced pressure. The residue was taken up in 

water (100 mi), barified with an N-sodium hydroxide solution and extracted with methylene chloride (3 x 100 mi). 

Evaporation of solvent l e f t  a residue which was recrystallized twice in cyciohexane to give 476 mg (89 % ) o f  a 

grey solid corresponding t o  the hydrate of 16, mp 149'C, 

Anal. Calc. for  C23H29N5. H 2 0  : C, 70.23 ; H, 7.89 ; N, 17.81. Found : C, 70.80 ; H, 7.74 ; N, 17.65. 'H nmr 

((CD3)2SO) 5 : 1.02 (t,2 x 3H,(CH2Cli3)2), 1.86 (m,2H,p-CH2), 2.45-2.66 (m,6H,(CE2CH3)2 + r - C H 2 ) ,  2.99 

(r,3H,6-CH3), 3.61 (m,ZH,O(-CH2), 4.17 (r,3H,5-NCli3), 7.14 (d,lH,7-H,J7-8 = 6.3Hz), 7.59 (broad s,iH,NH), 7.62 

(dd,lH,4-H,J4-, = 5.8Hz, J,,-I = 0.8Hz), 8.57 (d,lH,3-H), 9.01 (s,lH,II-H), 9.29 (d,lH,i-H). 

Trimaleate of : The solution of the preceding base (406 mg) in boiling acetone (50 ml) war added a t  once t o  a 

solution of maleic acid (415 mg) in acetone (50 ml) and the mixture war heated a t  reflux for  1 min. After  cooling 

the resulting solid was filtered and air dried t o  give 736 mg (94 %) of grey microcrystals of the trimaleate sal t  

dihyarate, mp 193°C. 

Anal. Calc. for  C35H41N5012. 2 H 2 0 :  C, 55.33; H, 5.93; N, 9.22. Found: C, 55.18; H, 5.80; N, 9.05. 
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lo-[ I-(3-dimethylammo) propylaminol-5,6 dimethyl-5ti-pyrido [3',4': 4,5] pyrrolo [ 2,3-g.1 isoquinoline (E). 

Compound 15 (2 g) was heated in 3-dimethylaminopropylam~ne (100 ml) a t  reflux for 48 h and excess amine war 

evaporated in vacuo. The residue was taken up in water, barkfled with N-sod~um hydroxide solution and extracted 

wlth rnethylene chloride. Af te r  evaporation of solvent, the residue war recrys tahzed  from cyclohexane, then 

from toluene t o  give 1.14 g of a solid. This sohd was treated with an excess of malelc acrd as mdicated above t o  

a f ford  2.16 g (43.8 %)of tr imaleate salt dihydrate, mp 170'C. 

Anal. Calc. f o r  C33H37N5012, H 2 0 :  C, 55.54 ; H, 5.47 ; N, 9.82. Found : C, 55.60; H, 5.43 ; N ,  9.89. 

'H nmr (D20) 5 :  2.4 (m,2H,(3-CH2), 3.04 (r,2 x 3H,N(CH3I2), 3.07 (s,3H,6-CH3), 3 . 5 ( r n , 2 ~ , r - C H ~ ) ,  3.84 

(t,2H,D(-CH2), 4.3 (s,3H,5-NCH3), 6.07 (s,6H,CH = CH maleate), 7.55 (d,lH,7-H,J7_8 = 7.7Hz), 7.69 (d,lH,8-H), 

8.05 (d,lH,4-H,34-3 = 7Hz), 8.74 (d,lH,3-H), 9.15 (s,lH,II-H), 9.47 (s,lH,I-H). 

1 0 4  I-(3-Ethylamino) propylamrnol 5,6-dimethyl-9fi-p-oyrido [ 3',4': 4 ,9]  pyrrolo [2,3-K] mqumoline (E). 
A mixture of compound 15 (300 mg) and 3-ethylaminopiopylam~ne ( I 5  ml) war heated in an 011 bath a t  140°C for 

5 h and excess amine war evaporated. The oily residue was treated with an excess of maleic acid as far compound 

16a (560 mg ; 73 % ) a s  solid tr imaleate hydrate, mp 165-170'C were obtained. - 
Anal. Calc. for  C33H37N5012. H 2 0 :  C, 55.54 ; H, 5.47; N. 9.82. Found : C. 55.37 ; H, 5.58 ; N, 10.17. 

'H nmr (D20) 5: 1.35 (t,3H,CH2CH3), 2.29 (m,2H,C-CH2), 2.96 (r,3H,6-CH3), 3.24 (m,2 x 2H,CH2CH3 + Y - C H ~ ) ,  

3.75 (ts2H,q-CH2), 4.21 (r,3H,NCH3), 6.1 1 (r,6H,CH = CH-maleate), 7.44 (d,lH,7-H,J7-% = 8Hz), 7.63 (d,lH,8-H), 

7.90 ( d , l ~ , 4 - H , J ~ - ~  = 6.9Hz), 8.65 (d,lH,3-H), 8.94 (r,lH,li-H), 9.32 (s,lH,I-H). 
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