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Abstract: To investigate the structure-activity relationship of  7,8-dimethoxy-2-methyl-3-(4,5- 
methylenedioxy-2-vinylphenyl)isoquinolin-l(2H)-one 2, diverse substituted 3-arylisoquinolines 
were synthesized and tested in vitro antitumor activity against five human tumor cell lines. The 
results showed a broad antitumor spectrum for a series of 3-arylisoquinolines. 
© 1997 Elsevier Science Ltd. All rights reserved. 

Introduction 

With the clinical success of  fagaridine 1, t' 2 which is a natural phenolic benzo[c]phenanthridine 

alkaloid, considerable attention has been directed towards the synthesis and biological evaluation of  

related compounds) s Although synthetic procedures for the preparation ofbenzo[c]phenanthridines 

have been reported, most of  them suffer from certain problems in synthesizing of  diverse 

substituted benzo[c]phenanthridines. 6 For this reason, structure-activity relationship studies of  these 

compounds have been limited. During the course of  our research in phenolic benzo[c]phenan- 

thridines, a strong antitumor agent 7,8-dimethoxy-2-methyl-3-(4,5-methylenedioxy-2-vinylphenyl)- 

isoquinolin-l(2H)-one 2 (IC~0 = 0.2 nM : SKMEL-2) was discovered. 7" s This styrene compound is 

considered to be a bioisostere of benzo[c]phenanthridine via its C-C bond cleavage of  the aromatic 
L! 

C ring. 9 As an alternative route to the development of new antitumor agents, we decided to do a 

" 

OH OMe 0 
0 

fagaridine (IXNK 109) 2 

0960-894X/98/$19.00 © 1997 Elsevier Science Ltd. All rights reserved. 
PII: S0960-894X(97) 10190-1 



42 W.-J. Cho et al. / Bioorg. Med. Chem. Lett. 8 (1998) 41-46 

SAP, study of 3-arylisoquinolines using the styrene 2 as a lead compound. For the systematic 

pharmacophore study of 2, we tried to introduce various substituents (hydrophobic, hydrophilic, 

electronic) on the two aromatic rings of  3-arylisoquinolines. In order to enhance the water solubility 

of these compounds, the amide group was designed to be converted to N-methyl-piperazinyl group 

which could retain the hydrogen bonding ability ofamide ketone. This paper describes the efficient 

synthesis of 3-arylisoquinoline derivatives as well as a putative pharmacophore model o f  these 

compounds. 

S y n t h e s i s  

3-Nitro-2-methylbenzoic acid 5 was reacted with thionyl chloride, followed by treatment with 40% 

dimethylamine to afford the amide 6. The catalytic hydrogenation of  6 and consecutive 

dimethylation with NaBH~CN and HCHO yielded the desired amide 7. For the efficient synthesis o f  

3-arylisoquinolines, we used one pot synthetic pathway developed by Poindexter. ]° 

3 0 85% 4 o 

NO 2 NO2 NIVM2 
~CHa I)SOCIz ~,,/CH3 1) 5% Pd.C/H2, MeOH C~.,~3 
~OH 2)NHM¢ z ~ N M ,  e= 2)NaBH,CN, ZnCI2, HCHO" NMe2 
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Scheme I. Synthesis of  3-Arylisoquinoline Derivatives 
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Table I. Cytotoxicity and Synthetic Yield of 3-Arylisoquinolines ( p. mole) 

Compd Substitution Yield A549 SK-OV- SK- XF498 HCT 15 

R1 R2 (%) 3 MEL-2 

9a H H 43 5.75 2.45 2.57 5.89 1.38 

9b H 3'4-OCH20 37 na 77.62 25.11 17.78 2.69 

9c H 4-CF 3 40 na 87.28 na na na 

9d H 4-Me 57 30.20 13.80 5.01 42.66 7.08 

9e 6-Me H 52 1.32 1.70 1.58 5.13 0.76 

9f 6-Me 2-Me 54 5.89 4.27 2.63 30.90 1.99 

9g 6-Me 4-Me 55 5.62 4,90 7.76 35.48 11.22 

9h 6-Me 4-C1 47 5.75 6,03 6.31 38.90 11.22 

9i 5 -NMeq H 62 na na na na na 

9j 5 -NMeq 4-Me 65 na na na na na 

9k 5 -NMeq 4-Br 62 na na na na na 

91 5-NMeq 4-OMe 53 na na na na na 

10a H H 78 na na na na na 

10b H 4-OMe 82 na na na 83.18 rut 

10e 6-Me H 54 10.96 56.23 25.12 41.89 75.86 

10d 6-Me H 67 8.51 34.67 19.50 19.05 9.12 

12a H H 95 25.12 22.38 11.75 37.15 18.62 

12b 6-Me 4-OMe 88 7.41 7.94 3.71 9.33 7.41 

12e 6-Me 4-C1 78 3.19 5.75 2.40 6.03 4.07 

12d 6-Me 4-Me 72 7.24 7.08 2.40 8.32 4.47 

12e 6-Me 2-Me 81 7.59 5.13 3.38 77.62 6.61 

12f 5 -NMeq 4-C1 85 7.45 7.56 4.30 7.98 7.30 

12g 5 -NMeq 4-OMe 57 1.82 13.18 3.98 6.17 10.72 

12h 5 -NMeq H 58 10.00 11.22 7.08 19.95 9.55 

1 Fagaridine (NrK 109) 1.02 1.35 2.75 1.12 1.12 

na represents not active (> 100 lamole) 

Tumor cell lines : A 549 (human lung), SKOV-3 (human ovarian), SK-MEL-2 (human melanoma), 

HCT 15 (human colon), XF 498 (human CNS) 
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o-Toluamides 4,? were reacted with two equivalent of LDA at 0°C to form anions which were then 

treated with benzonitriles 8 to afford the corresponding amides 9. The thioketones 10 were prepared 

with Lawesson’s reagent in refluxing toluene.” The amides 9 were reacted with POCI, to give 

chloroimines 11 in good yield which were then transformed to I-(4-methylpiperazinyl)isoquinolines 

12 as shown in Scheme I. 

Biological Discussion 

The cytotoxicity experiment of the synthesized compounds ‘* were performed in vitro against five 

human cell Iines such as A 549 (lung), SKOV-3 (ovarian), SK-MEL-2 (melanoma), XF 498 (CNS) 

and HCT 15 (colon) using sulforhodamine B (SRB) assay.‘3.‘4 Unsubstituted amides 9a exhibited 

5 to 35 times stronger activity than the amides of substituted B ring 9b-9d in SK-OV-3 cell line. 6- 

Methyl amide 9e displayed a potency increase, 4 times stronger than the unsubstituted compounds 

9a in A-549 cell line. This result indicates that the methyl group on A ring seemed to significantly 

affect the level of activity. On the other hand, the dimethylamino compounds 9i-91 did not show 

much activity. When we replaced the amide carbonyl with thioketone, the activity decreased 

dramatically. However, the piperazinyl substituted compounds 12a-12h displayed broad antitumor 

activity against most cell lines regardless of the substitution on A ring or B ring. To determine the 

reason for this activity difference between amide and thioamide compounds, we calculated the 

atomic charge which is important for hydrogen bonding ability of amide carbonyl (-0.274), 

thioketone (-0.065) and piperazinyl nitrogen (-0.256) using Gasteiger method.” The results 

strongly indicate that these compounds have three important binding sites for the receptor, two 

hydrophobic regions of aromatic A and B ring and one hydrogen bonding region. Accordingly, a 

pharmacophore model of 3-arylisoquinolines was postulated as shown in figure I.” Compounds 12a, 

a representative water soluble piperazinyl analogue, was tested in vivo assay using BDFl mouse (p 

388 leukemia) and resulted in 160 T/C %. r’ 

Hydrogen bonding 

Figure I. Schematic Representation of Proposed Pharmacophore Model of 3Arylisoquinolines 
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In summary, novel antitumor 3-arylisoquinoline derivatives were developed as plausible antitumor 

agents, which showed comparable activity as fagaridine (NK 109, 1) ~8 but could not exceed the 

lead compound 2. A study of the function of vinyl moiety and other substitutions on 2 is in progress. 
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