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Abstracti Some representative ring-A-opened podophyllin lignans were synthesized employing the Michael 
Initiated Ring Closure methodology. These lignans exhibited considerable DNA topoisomerase II inhibition and 
were devoid of topoisomerase I inhibition. 

Podophyllotoxin (1) and its naturally occur@ derivatives belonging to the class lignans are known to 

possess antitumor activity by inhibition of microtubule assembly and arresting cancer growth during mitosis.2 

The semisynthetic glycoside derivatives of epipodophyllotoxin, such as etoposide (VP-16, 2a) and tenoposide 

(VM-26, Zb) are extensively being used in clinic against small cell lung cancer, testicular cancer, lymphoma and 

ieukemia.3+4 However, it has been proposed that these semisynthetic derivatives do not interfere significantly 

with microtubules, but inhibit the catalytic activity of the nuclear enzyme DNA topolsomerase II (top0 II), which 

functions in decatenating supercoiled DNA prior to transcription.%6 It has been found that the ring-A-opened 

compounds such as diphyllin (3) are much more effective against Sindbis virus than 1.7 The cis-picro-lactone (4) 

of podophyllo~xin is also shown to possess much less cytotoxicity than that to trans C/D ring juncture.8 
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Most reports in the literature are on the changes at the Cposition of the podophyllotoxin moiety.g 

However, in recent years there have been some attempts to modify the podophyllotoxin system itself, which has 

proven to have significant antitumor activity with reduced toxicity. to,11 Based on this principle a series of ring- 

A-opened isopicropodophyllins have been synthesized to explore the possibility of a compound possessing topo 

II inhibitory activity with decreased toxicity. 

These compounds were prepared by employing type II Michael Initiated Ring Closure (MIRC) 

strategy.t2,t3 Thus, the first step was the bromination of 3,4-dimethoxybenzaldehyde (5) followed by the 

protection of the aldehydic group by 1,3-propanedithiol to give 2-bromo-45dimethoxy dithiolane (6). This on 

transmelallation by n-BuLi and subsequent treatment with substituted aldehydes gave the corresponding alcohols, 

which upon benzylic oxidation with Mn02 yielded the benzophenone intermediates (7a-e) as crystalline 

compounds. MIRC reaction between compounds 7 and (SH)-Zfuranone led to the lignan precursors (8). 

In a typical MIRC procedure; to a solution of dithiolane (7a, 3.8 gm, 0.01 mol) in dry THF (150 ml) was 

added LiHMDS (1.0 M, in THF, 10 ml) at -65oC to generate the anion (deep purple). To this anion was added 

furanone (0.84 gm, 0.01 mol) taken in THF (5 ml) gradually maintaining the temperature at -600C. The reaction 

mixture was stirred for another 2h at this temperature and usual work up gave the single isomer of lignan 

precursor Sa along with the starting material. These were separated by solubility differences in EtOAc-hexane 

(4:l) mixed solvent. In a similar manner 8b-e were also prepared. 

Fiiy, deprotection l4 of dithiolane lignans (8) afforded the desired l-a@ substituted podophyllin 

lignans (9a-e), while 9f was obtained by the hydrogenation of 9e. Their relative stereochemistry was established 

by n.0.e. difference experimentst5 
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i. 1Br2, AcOH, 3h, 79%; ii. 1,3-propanedithiol, p-TsOH, C6H6, 9PC, 1.5 h, 97%, iii, n-BuL,i, THF, -78oC, 
WHO, 88-9496; iv. MnO2, CH$&, 94-9696; v. LiHMDS, THF, -6YC, 2-furanone, 36-4996; vi. CaCO3, 
HgCl2, CH&N (aq.), lh, 5565%; vii. HZ, 5% FWC, MeOH, 95%. 
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Table 1. Inhibition of DNA topoisomerase II activity (calf thymus) 

9 RI R2 R3 Cone., Inhibition of 

w DNA topo IIa; 96 

a 
OCR3 c=h H 100 ++b 

250 +++ 
b 

-o-cH~-o- H 100 ++ 
250 +++ 

C 

-3 0% -3 100 
250 + 

d -cH=cH-cH=cH- H 100 ++ 
250 ++++ 

f (==h OH c=HI 100 ++t 
250 +++ 

VP-16 50 ++ 
100 +u 
250 +++t 

Weasured by visualizing pBR322 DNA’s topological state by agarose gel electrophomis (Fig. l), 
these results were corroborated by an ethidium fluorescence assay t*; ht, ++, +++, ++++, and - 
denotes <lS%, 2535%, 40-50%, 90-100%. and 0% inhibition. 

2 4 7 10 13 16 19 22 25 28 

Fig. 1 Agarose gel electrophoresis for the inhibition of topo II by podophyllin lignans (9). 
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DNA Topoisomerase II was prepared from calf thymus as previously describ&16~17 Enzyme activity 

was assayed using pBR322 DNA substrate under catalytic relaxation reaction conditions as previously 

described.18 The ditbiolone lignans (8 a-f) showed either no or mild topo II inhibition. Whereas, compound 9 

caused substantial topo II inhibition as indicated by the results given in Table 1. The agarose gel electrophoresis 

results indicate this mom clearly (Fig. 1). Lanes 1 and 2 contain super coiled pBR322 DNA in the absence of 

topo II, wherein the upper band is nicked open circular (0~) DNA and the lower brighter band is super c&led 

covalently closed circular (ccc) DNA. Lanes 3 and 4 show ccc DNA relaxed by topo II. There are various 

topoisomers and the upper ‘bright” band co-migrates with nicked DNA, which is also relaxed. Lanes 5 to 10 

show the inhibitory effects of VP-16 and VM-26 (iicreasing concentrations, i.e. 50, 100 and 250 &tM, 

respectively). The bright middle band is linear DNA. Lanes 11 to 28 exhibit the effects of the whys 

lignans (9 a-f) at concentrations 50, 100 and 250 pJvl, respectively. A linear DNA band is not obvious in any of 

these lanes where substantial inhibition is observed (note lane 22,250 pM 9d). 

However, the activity is not very remarkable in comparison to VP-16 or VM-26 but this study has given 

some insight and lead in the design of ethyls with possible seduced toxicity and still staining the top0 II 

inhibitory effect. All the compounds, like VP-16 and VM-26 were devoid of topo I inhibition. Further sttuctural 

modifications and aromatization of ring C is in progress to arrive at an understanding of the structure-activity 

correlation for podophyllin lignan analogs. 
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