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Abstract: The studies feature the transformation of etoposide 1 into the pivotal intermediate 
(+)-19 for the elaboration of pyridazine-fused aromatic systems via a Stille cross-coupling. The 
synthesis of A-ring pyridazine picroetoposide (+)-21 has been achieved in 11 steps. © 1999 Elsevier 
Science Ltd. All rights reserved. 

I N T R O D U C T I O N  

Etoposide 1 is one of the most important anticancer drugs in view of its wide spectrum of activity. In 

particular, it is effective in the treatment of small-cell lung cancer and germ cell tumors. 1 However, 

considerations of toxicity (myelosuppression), development of drug resistance, metabolic inactivation, and 

poor water-solubility are among the reasons for continuing semi-synthetic programs which target analogues of 

1 with improved therapeutic efficacy. The last problem was solved with the recent FDA approval of 

Etopophos ® 2, a prodrug of 1 that is highly water-soluble and preferable for routine clinical use because of its 

equivalent efficacy and toxicity profile 2 (Figure 1). 

H3CO~OCH3 H3CO~OCH3 OH OPO3H 2 
1 2 

Figure 1 
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Regarding the mechanism of action, etoposide is a topoisomerase 1I inhibitor that induces DNA cleavage 

by cleavable complex stabilization. 3 Recent important results are: (1) Topo II-etoposide interactions mediate 

DNA cleavage; 4 (2) The orthoquinone metabolite (VPQ) of 1 is a powerful inhibitor 5 of topoisomerase II, (3) 

Description of the positional poison model 6 that encompasses the actions of both topo 1I inhibitors and 

position-specific topo II poisons such as apurinic sites; (4) Expression of the p53 protein increases the 

cytotoxicity effect of 1 by inducing G2-to-M transition; 7 (5) Potential application of the combined topo I and II 

inhibitors in the clinic. 8 The structure-activity relationship (SAR) of etoposide derivatives has been extensively 

studied 9 and can be summarized (Figure 2). 
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Figure 2 

In the absence of the 3-D structure of the topo II active site 10 for conducting rational drug design, two 

models have been built to provide insight about the key structural parameters required for optimum biological 

efficacy. First, the composite pharmacophore model I 1 based upon various topo II inhibitors that contains three 

structurally distinct domains: intercalation, groove binding, and variable substituent. Second, the CoMFA 

model 12 (site receptor model) that represents the 3-D steric and electrostatic fields of a set of superimposed 

4'-O-demethyl-4-substituted epipodophyllotoxin derivatives. These fields are compatible with stereochemicai 

properties of the DNA backbone. At the time our work began on the exploration of the DNA intercalating 

domain of the former model, to our knowledge there were no reported studies dealing with this subject. 

Recently, work 13 notably concerning podophenazine derivatives 3 and 4 has appeared (Figure 3). 

Interestingly, it has been shown by Lee et al. 13 that 3 exhibited an improved cytotoxicity compared to 1 while 

little effect was observed on topoisomerase II. 

We have designed the condensed aromatic derivatives 5 (n = 1, 2, 3) of etoposide 1 that provides : (1) a 

planar chromophore with two to four fused aromatic rings, as in the case of DNA intercalating agents: 14 

Extension of the aromatic surface area should enhance 1r-stacking interactions 15 in aqueous medium (2) a 

potential quatemarized aromatic nitrogen needed for an intercalation-based pathway 16 and for water-solubility 

(Figure 3). 
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Figu r e  3 

The approach to the targeted diaza etoposide derivatives 5 from etoposide I is outlined in retrosynthetic 

Scheme 1. 

CH3 " ' H ~  
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H3CO" "~ "OCH3 H3CO" "ii "OCH3 
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S c h e m e  1 

The construction of condensed benzene systems of 5 (n = 2, 3) could arise by reaction 17 of dialdehyde 7 

with appropriate stoechiometric amounts of 2,5-dimethoxytetrahydrofuran 6 yielding the requisite dialdehydes 

needed for coupling with hydrazine. The dialdehyde functionality of 7 could be introduced by extending the 

Stille approach used for the synthesis of A-ring pyridazine podophyllotoxin.18 

We therein fully report on our chemistry leading to the synthesis of the pivotal dialdehyde 19 which 

presents the cis-fused y-lactone moiety and the subsequent synthesis of A-ring pyridazine picroetoposide 21. 

RESULTS AND DISCUSSION 

The synthesis of the bisvinyl key intermediate 16, epimer of 8 at C-2, required for the preparation of 5 

(n = 1, 2, 3) began with the protection of etoposide I (Scheme 2). 
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The choice of the protecting group was critical in the success of the formation of the corresponding 

catechol derivative. Thus, the derivative (-)-10, available from protection of etoposide 1 with phenoxyacetyl 

chloride (84%), was reacted with BCI3 followed by exposure to CaCO3, under conditions identical to those 
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established by Kadow and co-workers 19, in the expectation that catechol 12 would result, but this yielded no 

trace of 12. All attempts generally led to decomposition of the starting material, formation of 4'-demethoxy 

epipodophyllotoxin assumed to be induced by BCI3 cleavage of acetal groups, both resulting from the loss of 

the sugar moiety and basic cleavage of the 4'-phenoxy acetyl group and, finally, formation of an unidentified 

non-glycosidic product which lacked ring A. Furthermore, a variety of concentrations, addition times, and 

reaction temperatures were tried in this process with no success. One conceivable explanation, by examination 

of Dreiding model, is that the phenoxy acetyl groups sterically hinder the approach of the Lewis acid. 

Importantly, 1H NMR analysis revealed the high field shifts and the splits of the methylenedioxy group of 

(-)-10 with protons at 5.64 and 5.90 ppm, by comparison with those of (-)-11 collapsing at 6.02 ppm. It 

therefore seems likely that the failure for cleaving of 10 to obtain 12 may be also due to electronic effects 

between the A-ring and the phenoxyacetyl group(s) or 7t-stacking. Since 2,2,2-trichloroethyl chloroformate 

had been used as protecting group by Kadow et al. 19 for this purpose, the same was done in the synthesis of 

the subgoal 16. Thus, we converted quantitatively etoposide I into the known derivative (-)-11. Treatment of 

the product (-)-11 with BCI3, followed by exposure to CaCO3, effected the cleavage of the A-ring of (-)-11, 

giving the desired catechol (-)-13 and the byproduct (-)-14 in 62% and 10% yields, respectively. Conversion 

of catechol (-)-13 to bistriflate (-)-15 (93%), then set the stage for the Stille vinylation 2° which 

mechanistically proceeds through a sequence involving oxidative addition, transmetallation, trans-cis 

isomerization and reductive elimination. No desired coupling was detected when the protected bistriflate (-)-lS 

was allowed to react with 2.2 eq. of tri-n-butylvinylstannane in the presence of Pd(PPh3)4 (LiC1 3 eq., 

dioxane, 100 °C or DMF, 150 °C) or PdC12(PPh3)2 (PPh3, DMF, 150 °C). Presumably, extensive 

decomposition of the sensitive compound (-)-lS took place due to the competitive oxidative addition between 

the catalytic system and the halide source. 21 The use of Pd2dba3 (LiCI 3 eq., PPh3, NMP, 25 °C)22 or 

PdC12dppf (LiC1 3 eq., DMF, 25 °C) gave only an unidentified compound which was found to contain one 

vinyl functionality, as determined by IH NMR; purification of the latter proved to be too difficult. 

Consequently, for simplicity of reaction and purification, we decided to explore the palladium-catalyzed 

coupling of (-)-9. This was prepared from (-)-lS upon optimized reaction with activated Zn (35 eq) in a 

mixture of dioxane and acetic acid (1.4/1) at 80 °C (96%) to remove the 2,2,2-trichloroethoxycarbonyl groups. 

Only decomposition of the starting material was obtained in the Stille coupling of bistriflate (-)-9 and tri-n- 

butylvinylstannane employing the conditions described by Sail (PdCI2(PPh3)2, LiC1, PPh3, DMF, 100 °C)23 

and successfully applied in the synthesis of 4'-dehydroxy-4'-ethynyl etoposide analogue. 24 

Stille vinylation was further studied with the catalyst PdC12dppf (dppf = bis(l,1- 

diphenylphosphino)ferrocene) developed by Hayashi 25 directly under forcing conditions (Bu3Sn(C2H3) 7 eq., 

LiCI 25 eq., DMF, 140 °C) and closed TLC monitoring. We were pleased to discover that this resulted in 

formation of picrobisvinyl (-)-16 (cis-lactone) in 34% yield. The cis assignment for C and D rings was based 

upon characteristic 1H NMP, coupling constants 26 (2,3-cis configuration from the coupling constants J = 9.8, 

5.2 Hz for H-2 and J = 9.4, 1.5 Hz for H-lib).  

With bisvinyl cis(-)-16 in hand, all that needed to complete the synthesis of S (n = 1) was to extend the 

chemistry reported by us 18 to the construction of the A-ring pyridazine (Scheme 3). Protection of (-)-16 with 

2,2,2-trichloroethylchloroformate (89%), followed by tetrahydroxylation afforded a mixture of tetraols 18 in 

78% overall yield. Oxidative cleavage of 18 was then achieved with Pb(OAc),, and produced the desired 

dialdehyde (+)-19 (quantitative yield).The pyridazine ring was formed by treating (+)-19 with hydrazine to 
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give (+)-20 (85%). Depmtection of the hydroxy groups was again done with activated Zn under acidic 

conditions to provide the picroetoposide A-ring pyridazine analogue (+)-2127 in low yield (22%). 
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OP OH 
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Scheme 3 

At this stage, there are two significant issues. First, for the time being, use of 2,2,2- 

trichloroethylchlomformate for the protection of (-)-16 limits the availability of (+)-21 and could be also 

prejudicial for the synthesis of $ (n = 2,3). This result constrains us to realize the deprotection step earlier or to 

examine other protecting groups. Second, the crucial inversion of the stereochemistry of 21 at C-2 to form 5 

(n = l) by sequential kinetic depmtonation/pmtonation requires selective protection of the phenol group at 4'. 
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Indeed, preliminary results from the etoposide and picroetoposide 28 models showed that deprotonation at C-2 

with LDA was inefficient, presumably due to the presence of the more acidic hydrogens of hydroxy groups at 

the 2", 3" and 4' positions forming the corresponding alkoxy and phenoxy salts with low THF-solubility. 

This observation is in agreement with the work reported in 1986 by Durst et  al. 29 regarding the synthesis of 

2-chloroetoposide from I in a disappointing yield (10%) under identical basic conditions ( IDA 4 eq., THF, 

-78 °C). The approach we were taking was based on the knowledge that the generation of enolates derived 

from 4'-deshydroxy-4'-substituted etoposide derivatives, in which the 2"- and 3"-hydroxy groups had not 

been protected, was much more facile and gave the desired t rans  lactone isomers 24 after protonation (AcOH, 

-78 °C). At this point remains the matter of choosing the protecting group at 4'. Although the 

benzyloxycarbonyl moiety is well known in podophyllotoxin chemistry, it appeared incompatible 30 with LDA. 

Selective benzylation 31 of the pyridazine picroetoposide (+)-21, deprotonation followed by a kinetically 

controlled protonation of the lactone enolate with a suitable achirai 32 or chira133 proton source, should offer the 

prospect for formation of the first target pyridazine etoposide 5 (n = 1). In addition, we are presently focusing 

upon Stille coupling with tri-n-butylvinylstannane employing various combinations of Pd/solvent/additive 

mixtures or alternative organometallic procedure 34 in order to overcome the unwanted epimerization at C-2. 

The result of all these investigations will be reported in due course. 

E XPE RIME NTAL SECTION 

General Procedures. Reactions were carried out under an argon atmosphere with dry, freshly distilled 

solvents under anhydrous conditions unless otherwise noted. All reactions were magnetically stirred and 

monitored by thin layer chromatography with Merck 0.25 mm silica gel plates (60F-254). Flash 

chromatography was performed with silica gel (particle size 0.040-0.063 mm) supplied by E. Merck. Yields 

refer to chromatographically and spectroscopically pure compounds, unless otherwise stated. Etoposide was 

obtained from Pierre Fable Mtdicament. Melting points were determined on an Electrothermal digital melting 

point apparatus and are not corrected. Infrared spectra were recorded on a Perkin-Elmer 1710 infrared 

spectrophotometer. Proton NMR spectra were recorded on a Bruker AM-250 or Broker AC-300 spectrometer. 

Optical rotations were measured with a Perkin-Elmer 241 polarimeter. Mass spectra (MS) were obtained with a 

Nermag R10-10C under chemical ionization (CI) or electrospray (ES/MS) conditions. Microanalyses were 

performed by the "Service d'Analyse du CNRS, Vemaison, France". 

4••••Demethy••4••••phen•xyacety•-4•••[4•6-••ethy••dene•2•3•di•••phen•xyacetyl••3• D- 

glucopyranosyl]-4-epipodophyllotoxin (10). A solution of etoposide 1 (1 g, 1.70 mmol) in 

dichloromethane (50 mL) and triethylamine (1.9 mL, 13.6 mmol) was treated with phenoxyacetyl chloride 

(1.17 mL, 8.5 mmol) at ambient temperature. The reaction mixture was stirred for 4.5 h and then quenched 

with water (50 mL). The organic phase was washed with 1N HCI, brine, dried over MgSO4, filtered, and 

concentrated. Flash chromatography (cyclohexane/ethyl acetate, 70:30) afforded (-)-10 (1.42 g, 84% yield): 

mp l l0  -112 °C; [Ct]D 20 -61 (c 1.18, CHCI3); IR (CDCI3) 2929, 1777, 1601 cm-l; 1H NMR (CDCI3) ~ 7.32- 

7.20 and 7.02-6.71 (arom, 15H, 3 PhOCH2CO), 6.78 (s, 1H, H-5), 6.50 (s, IH, H-8), 6.27 (s, 2H, H-2', 

H-6'), 5.90 (s, 1H, O-CH2-O), 5.64 (s, 1H, O-CH2-O), 5.37 (t, J = 9.2 Hz, 1H, H-3"), 5.05 (dd, J = 9.2, 8 
Hz, IH, H-2"), 4.93 (d, J = 8 Hz, 1H, H-l"), 4.91 (s, 2H, PhOCH2CO), 4.82 (d, J = 3.5 Hz, 1H, H-4), 

4.68 (q, J = 5 Hz, 1H, H-7"), 4.60 (m, 3H, H-l,  PhOCH2CO), 4.40 (m, 2H, H-11b, PhOCH2CO), 4.20 
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(m, 3H, H-6"ax, H-l la ,  PhOCI--I2CO), 3.62 (s, 6H, OMe), 3.59 (brt, J = 10 Hz, 1H, H-6"eq), 3.52 (t, J = 

9.2 Hz, IH, H-4"), 3.43 (m, IH, H-5"), 3.18 (dd, J = 14.2, 5.2 Hz, IH, H-2), 2.83 (m, 1H, H-3), 1.35 

(d, J =  5 Hz, 3H, CH3); MS (DCI/NH3) m/e 1008 [M + NH4] +. Anal. Calcd for C53H50019: C, 64.24; H, 

5.08. Found: C, 64.08; H, 5.09. 

4'-O-Demethyl-4'-O- (2,2,2-triehloroethoxy)carbonyl-4-O-[4,6-O-ethylidene-2,3-fli-O- 

(2,2,2-trichloroethoxy)earbonyl-13-D-glueopyranosyl]-4-epipodophyllotoxin (II). A solution 

of etoposide 1 (10.21 g, 17.35 mmol) in dichloromethane (I00 mL) and pyridine (Ii.3 mL, 140 retool) was 

treated with 2,2,2-trichloroethylchloroformate (9.55 mL, 69.4 mmol), stirred at ambient temperature for 5 h, 

quenched with water (I00 mL). The organic phase was washed with 2N HCI (20 mL) and brine, dried over 

MgSO4, filtered, and concentrated (30 °C). Flash chromatography (cyclohexane/ethyl acetate, 75:25, then 

60:40) gave (-)-11 (19.31 g, 100% yield) as a white solid: mp 135-137 °C; [C~]D 20 -36 

(c 1.03, CHCI3); IR (CDCI3) 2961, 1776, 1605 cm-1; IH NMR (ID + COSY, CDCI3) 8 6.77 (s, IH, H-5), 

6.55 (s, IH, H-8), 6.26 (s, 2H, H-2', H-6'), 6.02 (s, 2H, O-CH2-O), 5.17 (m, IH, H-3"), 4.94 (d, J = 3.2 

Hz, IH, H-4), 4.85 (m, 4H, H-I", H-4", CO2CH2CC13), 4.79 (s, IH, CO2CH2CC13), 4.78 (s, IH, 

CO2CH2CC13), 4.72 (q, J = 5 Hz, IH, H-7"), 4.64 (s, 2H, CO2CH2CCI3), 4.59 (d, J = 5.3 Hz, IH, H-l), 

4.40 (dd, J = 10.3, 9 Hz, IH, H-lib), 4.25 (m, 2H, H-6"eq, H-lla), 3.70 (s, 6H, OMe), 3.64 (brt, J= 

I0.3 Hz, IH, H-6"ax), 3.59 (brt, J= 9.4 Hz, IH, H-4"), 3.43 (m, IH, H-5"), 3.18 (dd, J= 14.1, 5.3 Hz, 

IH, H-2), 2.85 (m, IH, H-3), 1.35 (d, J = 5 Hz, 3H, CH3); MS (DCI/NH3) m/e 1132 [M + NH4] +. 

4•-•-Demethy•-4•-•-(2•2•2-tr•ch•oroethoxy)carbony•-4-•-[4•6-•-ethy••dene-2•3-d•-•- 

(2,2,2-trichloroethoxy)carbonyl-13-D-glucopyranosyl]-6,7-di-O-demethylene-4- 

epipodophyllotoxin (13), and 4'-O-Demethyl-4'-O-(2,2,2-trichloroethoxy)carbonyl-4-O- 

[2•3-di-•-(2•2•2-tr••h•oroethoxy)carbony•-•3-D-g•ucopyranosy•]-6•7-d•-•-demethy•ene-4- 

epipodophyllotoxin (14). A solution of IN BCI3 (75.6 mL, 75.6 mmol) in dichloromethane (I 15 mL) 

was cooled to -60 °C, and compound (-)-II (21.11 g, 18.9 mmol) in dichloromethane (115 rnL) was added 

dropwise over 30 rain. The reaction mixture was warmed to -45 °C over 1 h, cooled again to -65 °C, then 

allowed to warm to -55 °C over 1 h. This mixture was poured onto a precooled saturated aqueous KHCO3 

solution (200 mL), stirred for 30 min, and extracted with dichloromethane (3 x 100 mL). The organic phase 

was washed with brine (200 mL) to pH = 7, dried over MgSO4, filtered and concentrated (30 °C), affording 

24.4 g of the corresponding boronate compound. This crude extract was dissolved in a mixture of acetone (70 

mL) and water (70 mL), and CaCO3 (18.9 g, 189 mmol) was added. The reaction mixture was refluxed for 30 

min, then cooled to ambient temperature, filtered, and finally acidified with 2N HC1 (20 mL) to pH = 1. After 

extraction with ethyl acetate (3 x 100 mL), the combined organic phases were washed with brine (200 mL), 

dried over MgSO4, filtered and concentrated (30 °C). Flash chromatography (cyclohexane/ethyl acetate, 65:35 

then 50:50) provided successively (-)-13 (13 g, 62% yield) as a white solid and (-)-14 (2 g, 10%) as a foam. 

(-)-13: mp 149-151 °C; [Ct]D 20 -49 (c 1.03, CHCI3); IR (CDC13) 3549, 2938, 1775, 1608 era-l; IH NMR 
(ID + COSY, CDCI3)~i 6.86 (s, 1H, H-5), 6.56 (s, IH, H-8), 6.24 (s, 2H, H-2', H-6'), 5.11 (m, 1H, 

H-3"), 4.90 (d, J =  3.1 Hz, 1H, H-4), 4.53-4.85 (m, 10H, H-l, H-I", H-2", H-7", 3 CO2CH2CC13), 4.40 

(dd, J =  10.3, 9 Hz, 1H, H-l ib) ,  4.25 (m, 2H, H-6"eq, H-11a), 3.71 (m, IH, H-6"ax), 3.69 (s, 6H, 

OMe), 3.58 (brt, J =  9.8 Hz, IH, H-4"), 3.43 (m, 1H, H-5"), 3.20 (dd, J =  14, 5.1 Hz, IH, H-2), 2.82 

(m, 1H, H-3), 1.33 (d, J =  4.9 Hz, 3H, CH3); MS (ES/MS) m/e 1123, 1124, 1126, 1128 [M + Na] +. Anal. 

Calcd for C37H35019C19: C, 40.30; H, 3.20. Found: C, 40.17; H, 3.19. 
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(-)-14: [Ct]D 20 -41.7 (c 1, CHCI3); IR (CDCI3) 3700-3200, 2970, 1775, 1607 cm-1; 1H NMR (ID + COSY, 

CDCI3) 8 6.98 (s, 1H, H-5), 6.63 (s, 1H, H-8), 6.26 (s, 2H, H-2', H-6'), 5.08 (d, J = 2.7 Hz, 1H, H-4), 

4.96 (brt, J = 9.3 Hz, 1H, H-3"), 4.87 (m, 1H, H-2"), 4.87-4.65 (m, 6H, CO2CH~CC13), 4.61-4.56 (m, 

2H, H-l, H-l"), 4.40 (brt, J = 9.8 Hz, 1H, H-llb), 4.29 (brt, J = 8.1 Hz, 1H, H-11a), 4.05 (brd, J = 11.8 

Hz, 1H, H-6"eq), 3.88 (dd, J = 11.8, 6.2 Hz, 1H, H-6"ax), 3.77 (brt, J = 9.3 Hz, IH, H-4"), 3.68 (s, 6H, 

OMe), 3.48 (m, 1H, H-5"), 3.18 (dd, J =  13.9, 5.2 Hz, 1H, H-2), 2.90 (m, IH, H-3), 1.85 (brs, 2H, OH); 

MS (FAB) m/e 1094, 1096, 1097, 1098, 1099, 1100, 1101, 1102 [M + Na] +. 

4 ' -O-Demethyl-4 ' -O-(2,2,2- t r ichloroethoxy)carbonyl-4-O- [4,6-O-ethylidene-2,3-di-O- 

(2~2~2-tri~hl~r~eth~xy)carb~nyl-~3-D-gluc~pyran~syl]-6~7-di-~-demethylene-6~7-di-~- 

trifluoromethylsulfonyl-4-epipodophyllotoxin (15). A solution of catechol (-)-13 (13 g, 11.8 mmol) 

and 4-DMAP (0.432 g, 3.5 mmol) in dichloromethane (410 mL) was cooled to -40 °C, and 2,6-1utidine (3.85 

mL, 33 mmol) and triflic anhydride (5.55 mL, 33 mmol) were successively added dropwise. The reaction 

mixture was stirred for 2 h, quenched with water (200 mL), acidified with 2N HCI to pH = 1, and extracted 

with dichloromethane (2 x 100 mL). The organic phase was washed with brine (2 x 200 mL), dried over 

MgSO4, filtered, and concentrated. Flash chromatography (cyclohexane/ethyl acetate, 75:25) afforded 

(-)-15 (15 g, 93% yield) as a white solid: mp 136-138 °C; {~]D 20 -36 (c 0.74, CHCI3); IR (CDCl3) 2936, 

1779, 1607 cm-1; IH NMR (1D + COSY, CDCl3) 8 7.60 (s, 1H, H-5), 7.30 (s, 1H, H-8), 6.14 (s, 2H, 

H-2', H-6'), 5.31-4.62 (m, 12H, H-l, H-4, H-l", H-2", H-3", H-7", 3 CO2CH2CCI3), 4.45 (brt, J =  9 Hz, 

IH, H-lib), 4.33 (brt, J = 9 Hz, IH, H-11a), 4.26 (dd, J =  10, 4.2 Hz, 1H, H-6"eq), 3.66 (s, 6H, OMe), 

3.61-3.52 (m, 3H, H-4", H-5", H-6"ax), 3.25 (dd, J = 14, 5.2 Hz, 1H, H-2), 2.90 (m, IH, H-3), 1.36 (d, 

J = 5 Hz, 3H, CH3); MS (ES/MS) m/e 1386, 1388, 1390, 1392 [M + Na] +. Anal. Calcd for 

C39H33023S2C19F6: C, 34.27; H, 2.43. Found: C, 34.39; H, 2.45. 

4'-0-Demethyl-4-~-(4~6-~-ethylidene-~-D-gluc~pyran~syl)-6~7-di-~-demethylene-6~7-di- 

O-trifluoromethylsulfonyi-4-epipodophyllotoxin (9). A solution of bistriflate (-)-15 (15 g, I I 

mmol) in dioxane (200 mL) and acetic acid (140 mL) was treated with activated Zn (25.1 g, 384 mmol). The 

reaction mixture was stirred at 80 °C for I h and then re~ooled to ambient temperature, and diluted with toluene 

(100 mL). After filtration and concentration, the crude was redissolved in toluene (50 mL) and 

dichloromethane (50 mL), and concentrated. Flash chromatography (cyclohexane/ethyl acetate, 1:2) furnished 

(-)-9 (8.9 g, 96% yield): mp 155-157 °C; [tX]D 20 -63 (c 0.40, CHCI3); IR (CDC13) 3690-3600, 1776, 1604 

cm-1; 1H NMR (ID + COSY, CDCI3) 8 7.62 (s, 1H, H-5), 7.26 (s, IH, H-8), 6.15 (s, 2H, H-2', H-6'), 

5.04 (d, J = 3.5 Hz, 1H, H-4), 4.80 (d, J = 5.2 Hz, 1H, H-l), 4.75 (q, H = 5 Hz, 1H, H-7"), 4.65 (d, J = 

7.6 Hz, 1H, H-I"), 4.47 (dd, J = 10.5, 8.7 Hz, 1H, H-llb), 4.27 (brt, J =  8.7 Hz, 1H, H-lla), 4.10 (dd, 

J = 9.8, 4 Hz, 1H, H-6"eq), 3.70 (m, IH, H-3"), 3.66 (s, 6H, OMe), 3.58 (brt, J = 9.8 Hz, 1H, H-6"ax), 

3.46 (brt, J = 8.3 Hz, 1H, H-2"), 3.35 (m, 2H, H-4", H-5"), 3.30 (dd, J = 14.4, 5.2 Hz, IH, H-2), 2.90 

(m, 1H, H-3), 1.40 (d, J = 5 Hz, 3H, CH3); MS (ES/MS) m/e 841 [M + H] +, 863 [M + Na] +. Anal. Calcd 

for C30H30OI7S2F6: C, 42.86; H, 3.60. Found: C, 42.71; H, 3.62. 

4'-~-Demethyl-4-~-(4~6-~-ethylidene-[3-D-gluc~pyran~syl)-6~7-demethylenedi~xy-6~7- 

diethenyl-4-epipicropodophyllin (16). A solution of bistriflate (-)-9 (480 mg, 0.57 mmol) in DMF (25 

mL) was treated with PdCl2dppf (93 mg, 0.11 mmol), LiC! (603 mg, 14.22 mmol), tri-n-butylvinylstannane 

(1.16 mL 3.97 mmol) and a few crystals of 2,6-di-tert-butyl-4-methylphenol at ambient temperature. The 

reaction mixture was heated to 140 °C for 40 min, cooled to ambient temperature, and then quenched with 
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water (100 mL) and saturated aqueous KF (20 mL). After filtration and extraction with ether, the combined 

organic phases were washed with brine, dried over MgSO4, filtered and concentrated. Flash chromatography 

(gradient elution, dichloromethane ~ dichloromethane/acetone, 95:5 then 80:20) gave (-)-16 (116 rag, 34% 

yield) as a white solid: mp 221-223 °C; [C~]D 20 -71 (c 0.79, CHCI3); IR (CDCI3) 3587, 3545, 2927, 1776, 

1621, 1604 cm-l; IH NMR (1D + COSY, CDCI3) 8 7.38 (s, IH, H-5), 7.00 (s, IH, H-8), 6.98 (dd, J trans = 

17.5, Jcis = 11 Hz, 1H, vinyl), 6.90 (dd, Jtrans = 17.5, Jcis = 11.1 Hz, 1H, vinyl), 6.50 (s, 2H, H-2', 

H-6'), 5.60 (d, J trans = 17.5 Hz, 1H, vinyl), 5.39 (d, J trans = 17.5 Hz, 1H, vinyl), 5.35 (d, J cis = 11 Hz, 

1H, vinyl), 5.28 (d, J cis = 11 Hz, IH, vinyl), 5.05 (d, J = 2.7 Hz, IH, H-4), 4.72 (q, J = 5 Hz, 1H, H-7"), 

4.58 (dd, J =  9.4, 1.5 Hz, 1H, H-llb),  4.55 (dd, J =  9.4, 6.7 Hz, 1H, H-11a), 4.31 (d, J =  5.0 Hz, 1H, 

H-l), 4.14 (dd, J =  10.3, 4.9 Hz, 1H, H-6"eq), 3.92 (d, J =  7.6 Hz, IH, H-l"), 3.75 (s, 6H, OMe), 3.65- 

3.53 (m, 2H, H-3", H-6"ax), 3.46 (m, IH, H-2"), 3.33 (brt, J = 9.2 Hz, 1H, H-4"), 3.20 (dd, J = 9.8, 5.2 

Hz, IH, H-2), 3.10 (td, J = 9.8, 4.9 Hz, IH, H-5"), 2.97 (m, 1H, H-3), 1.35 (d, J = 5 Hz, 3H, CH3); MS 

(DCI/NH3) m/e 614 [M + NH4] +. Anal. Calcd for C32H36Ol1: C, 64.42; H, 6.08. Found: C, 64.66; H, 

6.10. 

4 ' -O .Demethy l -4 ' -O .  (2 ,2 ,2- t r ichloroethoxy)earbonyl-4-O-[4,6-O-ethyl idene.2 ,3-di .O.  

(2~2~2-trl~h~r~eth~xy)~arb~ny~-[3-D-g~u~pyran~sy~]-6~7-demethy~enedi~xy-6~7-d~eth~ny~- 

4-eplpicropodophyllin (17). A solution of bisvinyl (-)-16 (111 rag, 0.186 mmol) in dichloromethane (5 

mL) and pyridine (121 ~tL, 1.5 retool) was treated with 2,2,2-trichloroethylchloroformate (129 ~tL, 0.937 

mmol). The reaction mixture was stirred for 30 min at ambient temperature and then quenched with 1N HCI to 

pH 1-2. The organic phase was washed with water, dried over MgSO4, filtered and concentrated. Flash 

chromatography (cyclohexane/ethyl acetate, 80:20 then 70:30) afforded (+)-17 (186 mg, 89% yield) as a 

white solid: mp 150-152 °C; [a]D 20 +12 (c 1.06, CHCI3); IR (CDC13) 2928, 1776, 1609 

cm-l; 1H NMR (ID + COSY, CDCI3) 8 7.40 (s, 1H, H-5), 7.03 (s, IH, H-8), 6.99 (dd, J trans = 17.5, 

Jcis = 11.1 Hz, IH, vinyl), 6.92 (dd, J trans = 17.5, Jcis = 11.1 Hz, IH, vinyl), 6.50 (s, 2H, H-2', H-6'), 

5.66 (d, Jtrans = 17.5 Hz, 1H, vinyl), 5.44 (d, J trans = 17.5 Hz, 1H, vinyl), 5.39 (d, Jcis = 11.1 Hz, 1H, 

vinyl), 5.33 (d, Jcis = 11.1 Hz, 1H, vinyl), 5.04 (m, 4H, H-3", H-4, CO2C]:[2CC13), 4.90 (s, 2H, 

CO2CI-I~CCI3), 4.78 (d, J = 11.9 Hz, 1H, CO2CI-I~CCI3), 4.70 (m, 3H, H-2", H-7", CO2CI-I~CC13), 4.45 

(m, 2H, H-11a, H-11b), 4.39 (d, J = 7.4 Hz, 1H, H-l"), 4.31 (d, J = 5.2 Hz, 1H, H-l), 4.21 (dd, J = 9.8, 

4.9 Hz, 1H, H-6"eq), 3.80 (s, 6H, OMe), 3.62 (brt, J = 10.2 Hz, IH, H-6"ax), 3.57 (brt, J = 9.3 Hz, 1H, 

H-4"), 3.30 (dd, J =10.5, 5.2 Hz, 1H, H-2), 3.27 (m, 1H, H-5"), 3.11 (m, 1H, H-3), 1.31 (d, J = 5 Hz, 

3H, CH3); MS (DCI/NH3) m/e 1136, 1138, 1140, 1142, 1144 [M + NH4] +. 

4'-O-Demethy•-4'-O-(2•2•2-trich••r•eth•xy)carb•ny•-4-O-[4•6-O-ethy•idene-2•3-d•-O- 

(2~2~2-tr~ch~r~eth~xy)carb~ny~-~3-D-g~uc~pyran~sy~]-6~7-demethy~enedi~xy-6~7-d~-(~2- 

hydroxyethyl)-4-epipicropodophyllin (18). A solution of bisvinyl (+)-17 (256 rag, 0.228 retool) and 

N-methylmorpholine-N-oxide (58.7 mg, 0.501 mmol) in acetone (16 mL) and water (2 mL) was cooled to 

0 °C, and catalytic OsO4 (850 IxL of a 2.5 wt % solution in t.BuOH, 0.068 mmol) was added dropwise. The 

ice bath was removed, and the reaction mixture was stirred for 2 h and then partitioned between saturated 

aqueous NaHSO3 and ethyl acetate. The organic phase was washed with brine, dried over MgSO4, filtered 

and concentrated. Flash chromatography (cyclohexane/ethyl acetate, 30:70) provided an uncharacterized 

mixture of tetrahydroxy lactones 18 (211 rag, 78% yield); MS (ES/MS) m/e 1210, 1211, 1213, 1218, 1219 

[M + Na] +. 
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4'-••Demethy••4'•••(2•2•2•tri•h••r•eth•xy)carb•ny•-4••-[4•6-•-ethy•idene-2•3-di-•• 

(2 ,2 ,2- t r ichloroethoxy)carbonyl-~ .D-glucopyranosyl ] -6 ,7-demethylenedioxy.6 ,7-  

dicarboxyaldehyde-4-epipieropodophyllin (19). A solution of tetraols 18 (211 rag, 0.177 mmol) in 

benzene (10 mL) was treated with lead tetraaeetate (225 mg, 0.507 mmol) at ambient temperature. The reaction 

mixture was stirred for 25 min, diluted with benzene, filtered, and concentrated. Flash chromatography 

(cyclobexanedethyl acetate, 1:1) furnished (+)-19 (198 nag, quantitative yield): nap 151-153 °C; [a]D 20 +15 

(c 1.03, CHC13); IR (CDCI3) 2963, 1775, 1704, 1607 cmq; 1H NMR (1D + COSY, CDC13) ~ 10.66 (s, IH, 

CHO) 10.35 (s, IH, CI-IO), 8.00 (s, 1H, H-5), 7.65 (s, 1H, H-8), 6.41 (s, 2H, I-I-T, H-6'), 5.10-5.01 (m, 

4I-I, H-2", H-3", H-4, CO2C]t2CC13), 4.90 (s, 2H, CO2Ct].2CC13), 4,86 (d, J = 12.2 Hz, IH, 

CO2CIi2CC13), 4.79 (d, J = 11.6 Hz, IH, CO2CI-I~CCI3), 4.71 (d, J = 11.6 Hz, IH, CO2CI-bCCI3), 4.70 

(q, J = 5 Hz, 1H, H-7"), 4.55 (d, J = 4.3 Hz, 1H, H-l), 4.47-4.41 (m, 3H, H-11a, H-l ib,  H-I"), 4.25 (dd, 

J = 10.5, 4.9 Hz, 1H, H-6"eq), 3.79 (s, 6H, OMe), 3.65-3.54 (m, 2H, H-4", H-6"ax), 3.44 (dd, J = 10.6, 

4.3 Hz, 1H, H-2), 3.38-3.22 (m, 2H, H-3, I-I-5"), 1.31 (d, J =  5 Hz, 3H, CH3); MS (DCI/NH3) m/e 1140, 

1142, 1144, 1146, 1148 [M + NH4] +. 

4••••Demethy••4'••-(2•2•2•tr••h••r•eth•xy)carb•ny•-4-••[4•6-••ethy•idene•2•3•di••• 

(2 ,2 ,2 - t r i ch loroe thoxy)carbonyl - [3-D-g lucopyranosy l ] -4 -ep ip ic ropodopyr idaz ine  (20). A 

solution of dialdehyde (+)-19 (192 rag, 0.17 rnmol) in dichloromethane (10 mL) and ethanol (10 mL) was 

cooled to -50 °C, and hydrazine monohydrate (660 IxL of a 2.5% v/v solution in ethanol, 0.34 retool) was 

added dropwise. The reaction mixture was stirred for 1.5 h at -50 °C, quenched with water, and extracted with 

ethyl acetate. The organic phase was washed with brine, dried over MgSO4, filtered, and concentrated. Flash 

chromatography (cyclobexane/ethyl acetate, 1:1) gave (+)-20 (163 rag, 85% yield): rap 189-191 °C; [CqD 20 

+45 (c 1, CHCI3); IR (CDC13) 2927, 1778, 1607 cm-I; IH NMR (1D + COSY, CDCI3) ~ 9.58 (s, IH, N=C~, 

9.52 (s, IH, N=C-]33, 7.97 (s, 1H, H-5), 7.64 (s, 1H, H-8), 6.48 (s, 2H, H-2', I-I-6'), 5.21 (d, J = 4.5 I-Iz, 

IH, H-4), 5.07 (brt, J = 9.5 Hz, IH, H-3"), 5.02 (brt, J = 9.5 I-Iz, IH, H-2"), 4.91 (s, 3H, CO2C]~[2CC13), 

4.81-4.71 (m, 4H, H-7", CO2CI-bCCI3), 4.63 (d, J = 5.2 I-Iz, IH, H-l), 4.54 (d, J = 7.3 Hz, 1H, H-l"), 

4.45 (d, J = 5.5 Hz, 2H, H-11a, H-lib),  4.24 (dd, J = 10.5, 4.9 Hz, 1H, H-6"eq), 3.79 (s, 6H, OMe), 

3.67-3.57 (m, 2H, H-4", H-6"ax), 3.53 (dd, J = 10.5, 5,2 Hz, 1H, H-2), 3.34 (m, 1H, I-I-5"), 3.30 (m, 1H, 

H-3), 1.31 (d, J =  5 I-Iz, 3H, CH3); MS (DCI/NH3)m/e 1119, 1121, 1123, 1125, 1127 [M + HI +. 

4'-O-Demethy~-4-O-(4~6-O-ethy~idene-[~-D-g~uc~pyran~sy~)~4-epipicr~p~d~pyridazine (21). 

A solution of pyridazine (+)-20 (93.2 rag, 0.076 retool) in dioxane (1.4 mL) and acetic acid (1 mL) was 

treated with activated Zn (233 rag, 3.56 retool), and the resultant solution was heated to 80 °C for 3 h. The 

reaction mixture was diluted with ethyl acetate, filtered, and concentrated azeotropically with toluene. The 

crude was partitioned between water and ethyl acetate, and the organic phase was washed with brine, dried 

over MgSO4, filtered, and concentrated. Flash chromatography (cyclohexane/acetone, 1:7) afforded (+)-21 

(10 mg, 22% yield) as an amorphous solid: [a]D20 +14 (c 0.51, CHCI3); IR (CDCI3) 3649, 3596, 3536, 

3296, 2928, 1729, 1618 cm-1; IH NMR (CDC13) ~i 9.50 (s, 1H, N--'Ctt), 9.40 (s, IH, N=CtJ,), 8.02 (s, IH, 

H-5), 7.53 (s, 1H, H-8), 6.47 (s, 2H, H-2', H-6'), 5.60 (brs, 1H, OH), 5.21 (d, J = 3.6 Hz, 1H, H-4), 

4.73 (q, J = 5.0 I-Iz, IH, H-7"), 4.67 (d, J = 5.4 Hz, 1H, H-l), 4.54 (m, 2H, H-l la ,  H-lib), 4.17 (m, 2H, 

H-I", H-6"), 3.84 (s, 7H, OMe, H-I"), 3.70-3.50 (m, 3H, H-2", H-3", H-6"), 3.47 (dd, J = 10.3, 5.4 Hz, 

IH, H-2), 3.37 (t, J = 9.2 Hz, 1H, H-4"), 3.20 (m, 2H, H-3, H-5"), 1.35 (d, J = 5 Hz, 3H, CH3); HRMS 

(DCI/CH4) calcd for C30H33N2011 [M + H]+: 597.2084. Found: 597.2078. 



12816 P. Meresse et al. / Tetrahedron 55 (1999) 12805-12818 

REFERENCES AND NOTES 

1. Layland-Jones, B.; Alonso, M. T.; Marsoni, S.; Wittes, R. E. New. Engl. J. Med. 1985, 312, 692- 

700. Aisner, J.; Lee, E. J. Cancer 1991, 67 (suppl. I), 215-219. Belani, C. P.; Doyle, L. A.; Aisner, 

J. Cancer Chemother. Pharmacol. 1994, 34 (suppl.), S 118-S 126. 

2. Saulnier, M.G.; Langley, D. R.; Kadow, J. F.; Senter, P. D.; OKnipe, J.; Tun, M. M.; Vyas, D. M.; 

Doyle, T. W. Bioorg. Med. Chem. Lett. 1994, 4, 2567-2572. Hainsworth, J. D.; Levitan, N.; 

Wampler, G. L.; Belani, C. P.; Seyedsadr, M. S.; Randolph, J.; Schacter, L. P.; Greco, F. A. J. Clin. 

Oncol. 1995, 13, 1436-1442. 

3. Long, B. H.; Slringfellow, D. A. In Advances in Enzymes Regulation; Weber, G., Ed. Pergamon, New 

York, 1988, 27, 223-256. Pommier, Y. Cancer Chemother. Pharmacol. 1993, 32, 103-108. 

Osheroff, N.; Corbett, A. H.; Elsea, S. H.; Westergaard, M. Cancer Chemother. Pharmacol. 1994, 34 

(suppl.), S 19-S 25. Froelich-Ammon, S. J.; Osheroff, N. J. Biol. Chem. 1995, 270, 21429-21432. 

4. Burden, D. A.; Kingma, P. S.; Froelich-Ammon, S. J.; Bjornsti, M.-A.; Patchan, M.W.; Thompson, 

R. B.; Osheroff, N. J. Biol. Chem. 1996, 271, 29238-29244. 

5. Gantchev, T. G.; Hunting, D. J. Biochem. Biophys. Res. Commun. 1997, 237, 24-27. Gantchev, T. 

G.; Hunting, D. J. Mol. Pharmacol. 1998, 53, 422-428. 

6. Kingma, P. S.; Osheroff, N. J. Biol. Chem. 1997, 272, 1148-1155. 

7. Sladanowski, A.; Larsen, A. K. Cancer Res. 1997, 57, 818-823. 

8. Stahl, M.; Kasimir-Bauer, S.; Harstrick, A. Anti-Cancer Drugs 1997, 8, 671-676. 

9. Zang, Y.; Lee, K.-H. The Chinese Pharmaceutical Journal 1994, 46, 319-369. 

10. Sharma, A.; Mondragon, A. Curr. Opin. Struct. Biol. 1995, 5, 39-47. Berger, J. M.; Wang, J. C. 

Curr. Opin. Struct. Biol. 1996, 6, 84-90. Li, W.; Wang, J. C. J. BioL Chem. 1997, 272, 31190- 

31195. 

11. MacDonald, T. L.; Lehnert, E. K.; Loper, J. T.; Chow K.-C.; Ross, W. E. On the Mechanism of 

Interaction of DNA topoisomerase II with Chemotherapeutic Agents. In DNA Topoisomerase in Cancer; 

Potmesil, M.; Kohn, K. W., Eds.; Oxford University Press: New York, 1991; 199-214. 

12. Cho, S. J.; Tropsha, A.; Suffness, M.; Cheng, Y.-C.; Lee, K.-H. J. Med. Chem. 1996, 39, 1383- 

1395. 

13. Cho, S. J.; Kashiwada, Y.; Bastow, K. F.; Cheng, Y.-C.; Lee, K.-H. J. Med. Chem. 1996, 39, 

1396-1402. 

14. Krugh, T. R. Curr. Opin. Struct. Biol. 1994, 4, 351-364. 

15. Rebek. J., Jr. Angew. Chem. Int. Ed. Engl. 1990, 29, 245-255. Lin, K.-Y.; Jones, J. R.; Matteuci, 

M. J. Am. Chem. Soc. 1995, 117, 3873-3874 and references cited herein. 

16. Waring, M. J. J. Mol. Biol. 1970, 54, 247- 279. 

17. Mallouli, A.; Lepage, Y. Synthesis 1980, 689. 

18. Bertounesque, E.; Imbert, T.; Monneret, C. Tetrahedron 1996, 52, 14235-14246. 

19. Kadow, J. F.; Tun, M. M.; Crosswell, A. R.; Rose, W. C.; Vyas, D. M.; Doyle, T. W. Bioorg. Med. 

Chem. Lett. 1992, 2, 17-22. 



P. Meresse et at/Tetrahedron 55 (1999) 12805-12818 12817 

20. Stille, J. K. Angew. Chem. Int. Ed. Engl. 1986, 25, 508-524. Echavarren, A. M.; Stille, J. K. J. Am. 

Chem. Soc. 1987, 109, 5478-5486. Mitchell, T. N. Synthesis 1992, 803-815. 

21. Ataka, K. J. Am. Chem. Soc. 1973, 95, 3180-3188. Maitlis, P. M.; Espinet, P.; Russell, M. J. H. In 

Comprehensive Organometallic Chemistry, The Synthesis, Reactions and Structures of Organometallic 

Compounds, Wilkinson, G. Ed.; Pergamon Press, Oxford, 1982, 6, 243-264. 

22. Farina, V.; Krishnan, B. J. Am. Chem. Soc. 1991, 113, 9585-9595. 

23. Sa~i, J. M.; Martorell, G.; Garcfa-Raso, A. J. Org. Chem. 1992, 57, 678-685. 

24. Saulnier, M. G.; LeBoulluec, K. L.; Long, B. H.; Vyas, D. M., Crosswell, A. R.; Doyle, T. W. 

Bioorg. Med. Chem. Lett. 1992, 2, 1213-1218. 

25. Hayashi, T.; Konishi, M.; Kobori, Y.; Kumada, M.; Higuchi, T.; Hirotsu, K. J. Am. Chem. Soc. 

1984, 106, 158-163. 

26. Brewer, C. F.; Loike, J. D.; Horwitz, S. B.; Sternlicht, H.; Gensler, W. J. J. Med. Chem. 1979, 22, 

215-221. 

27. With regard to the in vivo antitumor activity, compounds 9, 16, and 21 were inactive against P388 

murine leukemia at the doses tested (40 mg/kg/one shot). 

28. Treatment of etoposide 1 with TBAF (1.6 eq.) in THF at 20 °C for 48 h afforded picroetoposide 22 in 

87%. 

H 3 C ~ O ~ N 3  
OH 
22 

29. Durst, T.; Glinski-Oomen, M. B.; Freed, J.C.U.S. Patent 4,567,253, 1986; Chem. Abstr. 1986, 104, 

168766u. 

30. When treated with LDA (3 eq.) in THF at -78 °C, 4'-O-benzyloxycarbonyl-4'-demethyl etoposide 

afforded a mixture of uncharacterized compounds as well as the complete disappearance of the 

benzyloxycarbonyl group. 

31. Indeed, brief experimentation indicated that selective benzylation of picroetoposide 22 at 4' was realized 

(Nail 1 eq., BnBr, TBAI, DMF, 20 °C, 15 min) in 54% yield. Deprotonation of the benzyl derivative 

23, followed by protonation in an identical manner to that of ref. 1, produced approximately a 1:4 ratio 

of recovered starting material and the desired trans lactone isomer 24. Furthermore, monobenzylation of 

etoposide 1 with Nail furnished a 1:4 mixture of 4'-O-benzyl 4'-O-demethyl picroetoposide 23 and 4'- 

O-benzyl-4'-O-demethyl etoposide 24 in 70% overall yield. 



128 ] 8 P. Meresse et aL / Tetrahedron 55 (1999) 12805-12818 

H 3 C ~ o H  O~H3 

22 

Nail 1 eq., BnBr, TBAI 
• < 11:1 L ;o DMF, 20 °C, 15 min O ~ ' ~ , ~ " ~  

54% -: O 

H 3 C O ~ O C H 3  
OBn 

LDA 3 eq., THF [23 (cis) 
then AcOH, -78 °C L. 24 ( trans) 

32. Takano, S.; Goto, E.; Ogasawara, K. Tetrahedron Lett. 1982, 23, 5567-5570. Takano, S.; Tanaka, 
M.; Seo, K.; Hirama, M.; Ogasawara, K. J. Org. Chem. 1985, 50, 931-936. Takano, S.; Kudo, J.; 
Takahashi, K.; Ogasawara, K. Tetrahedron Lett. 1986, 27, 2405-2408. 

33. Gerlach, U.; Hilnig, S. Angew. Chem., Int. EeL Engl. 1987, 26, 1283-1285. 
34. Percec, V.; Bae, J.-Y.; Hill, D. H. J. Org. Chem. 1995, 60, 6895-6903. 


