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Abstract: An efficient total synthesis of (-)-deoxypodophyllotoxin has been 

achieved by employing the asymmetric hydrogenation of a-piperonylidene- 

succinic acid half ester with a rhodium(I) complex of (S,S)-MOD-DIOP as a 

key step. 

Podophyllotoxin (I) and its analogues such as epipodophyllotoxin (z) and 

deoxypodophyllotoxin (2) are naturally occurring or modified, cytotoxic 

lignans,*) and can serve as precursors to clinical antitumor agents, 

etoposide (2) and teniposide (z).8) Although there have been many elegant 

syntheses of racemic podophyllotoxin (1) and its derivatives," very few 

asymmetric total synthesis of these compounds has been reported.5) 

This communication describes an efficient total synthesis of (-)-deoxy- 

podophyllotoxin (z)B) using an asymmetric hydrogenation of a-piperonylidene- 

succinic acid half-methyl ester (!3) catalyzed by a rhodium(I) complex of 

(S,S)-MOD-DIOP (3. -- 
In previous papers,?) I)' we reported that the rhodium(I) complex of a 

chiral bisphosphine, @,E)- or (S,S)-MOD-DIOP (5 or 1) was a very efficient -- 
catalyst for the asymmetric hydrogenation of itaconic acid and its deriva- 

tives bearing j-aryl groups (Scheme 1). The optically active succinic acid 

derivatives thus obtained have been shown to be useful intermediates for the 

asymmetric synthesis of several types of lignans.8>g) Then, these results 

prompted us to develop a new practical method for the synthesis of optically 

active podophyllum lignans. 

1: R’= N-OH, R*= Me 
2. R'= B-OH R2 Me 
3; R’_ ,., , p(;_ M, 

4: R' = 4:6-O-ethylidene-O-Dplucopyranosyl- , R*= H 
8: R' = 4:6-0-(2’-thenylidene)-ODglucoWranosyl- , R* = H 
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Our synthetic strategy of (-)-deoxypodophyllotoxin (2) was based on the 

asymmetric hydrogenation, followed by reductive lactonization, acylation, 

and dehydrative ring-closure to afford t-apopicropodophyllin (3. The 

catalytic hydrogenation of racemic gwas well-known to yield the racemic 

product (l4J of all-cis configurations,lo' and a modified method involving 

electroreduction of racemic E was reported to afford rac-deoxypicropodo- 

phyllin,") which would be convertible to 2 by metal enolation and succeed- 

ing kinetic controlled protonation.") Recently, Yamaguchi et al.ls' devel 

oped another convenient method for construction of 1,2-cis and 2,3-trans 
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configurations involving saponification of racemic 3,4_dihydronaphthalene 

lactones,‘ followed by catalytic hydrogenation. 

Our present synthetic route is shown in Scheme 2. The asymmetric hydro- 

genation of a-piperonylidenesuccinic acid half-methyl ester (8J was carried 

out at 30 OC for 40 h in methanol in the presence of triethylamine under 1 

atm of hydrogen using the neutral rhodium(I) complex (0.2 mol% to the 

substrate) of (S,S)-MOD-DIOP (2) prepared just prior to use by mixing -- 
1/2[Rh(1,5-cyclooctadiene)Cl], and 3. in methanol. Usual work-up gave @)-a- 

piperonylsuccinic acid half-ester (3, [uln** +27-l" (c 2.03, MeOH) in a 

quantitative yield. The optical yield was calculated as 89% ee on the basis 

of the maximum optical rotation value [I],,*~. +30.4O (c 2, MeOH).gal The 

correct optical yield was determined to be 93% ee by HPLC of its mono- 

morpholine amide derivative on a chiral column, Chiralcel CC (Daicel), using 

isopropyl alcohol-hexane (1:l) as an eluent. Single recrystallization from 

isopropyl ether gave the pure (R)-enantiomer (3, mp 101-102 OC (lit.,gal 

102-104 "C), [u]D'~ +28.5O (c 2.01, MeOH), 99% ee (determined by HPLC of its 

morpholine amide derivative). The half-ester (2) was converted by calcium 

borohydride-reduction8"' to (R)-I-piperonyl-r-lactone (l,O), bp 230-235 "C 

(bath temp.)/3 mmHg, [alo*" +4.8" (c 1.19, CHC13) (lit.,aa) [I]~*~ +4.87O 

(c 0.87, CHCls)), in 97% yield. The lactone (12) was acylated with 3,4,5- 

trimethoxybenzoyl chloride in THF at -60 "C in the presence of HMPA after 

lithiation with LDA, affording (+)-podorhizon (llJ), mp 129-130 OC, [nloz3 

+79.6O (c 0.68, CHCl,), 100% ee by HPLC (lit.,'4' mp 129-13O"C, [I]~~' 

+79.5O (c 0.588, CHCl,)) in 53% yield after purification by chromatography 

and recrystallization. Dehydrative ring-closure of lJ by heating with 

methanolic hydrogen chloride gave (+)-T-apopicropodophyllin (l?), mp 285- 

286 "C, [aID" +112-E“ (c 0.63, CHCl,), in 80% yield. Saponification of 1,2 

with potassium hydroxide followed by acidification gave (-)-apopodophyllic 

acid (ll3), mp 284-285 "C, [I],,*~ -24.7" (c 0.65, CHCl,), in 64% yield. 

Catalytic hydrogenation of 13 using 5% Pd on carbon under an initial hydro- 

gen pressure of 20 atm gave an oily product, which was directly lactonized 

with DCC in chloroform, affording a mixture of lactones, 2 and 1A. The 

mixture was separated by PTLC (silica gel, toluene : ethyl acetate= 4:1), 

followed by recrystallization from ethanol, giving pure (-)-deoxypodo- 

phyllotoxin (2) and (+)-isodeoxypicropodophyllin (12) in 37% and 25% yield, 

respectively. (-)-Deoxypodophyllotoxin (3J thus obtained showed a melting 

point 168-170 OC and an optical rotation value [e]o*5 -113.4" (c 0.50, 

CHCls), both of which were in good agreement with those.of natural doxypodo- 

phyllotoxin (lit.," mp 168-169 “C, [I]~*~ -115“ (c 0.50, CHCl,). Its IR 

and 'H NMR spectral data were also in fair agreement with those of natural 

one. (+)-Isodedxypicropodophyllin (12) showed a melting point 203.5-205.5 

“C and an optical rotation value [I]~*' +117.0° (c 0.53, CHC1,).*51 
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This is the first successful asymmetric,total synthesis of (-)-deoxy- 

podophyllotoxin (3. Since it has been recently reported that 2 is micro- 

bially convertible to epipodophyllotoxin (z)lE) which is a key intermediate 

for the synthesis of etoposide (3 and teniposide (3, the present method 

using the catalytic hydrogenation with, (S,S)-MOD-DIOP-rhodium(I) complex can -- 
provide a simple and efficient synthetic route to various optically active 

podophyllum lignans. 
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