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Summary: Podophyllotoxin aza-analogue 7 (3 R1=H, R2=Me, H) was designed and synthesized by a
highly stereoselective condensation reaction of a cyclic urethane 5 with 3,4, 5-trimethoxybenzaldehyde
6 and was found to show a promising in vitro and in vivo antitumor activity.

Podophyllotoxin 1 has a long and fascinating history as medicinals and this has recently
culminated in the semi-synthetic analogues of clinically useful anticancer drugs 2 (teniposide and
etoposide).1.2 Since isomerization of cytotoxic 1 to inactive picropodophyllin is suggested to occur via
epimerization at the C2 center under physiological conditions,3 it is quite interesting to explore a new
podophyllotoxin analogues which are incapable to lose configurational integrity at the C2 center. We
report here design, synthesis, and antitumor activity of podophyllotoxin aza-analogues 3.

Aza-analogues 3 have a sp2 nitrogen
at the corresponding C2 center of 1 and
therefore epimerization at this center can
be avoided.4.5 From synthetic view
point, 3, both in racemic and optically
pure forms, would be prepared in a quite
short step starting from the known amino
acid 4 via condensation of a cyclic
urethane 5 and 3,4,5-trimethoxybenz-
aldehyde 6.

A cyclic urethane 5 was prepared from a racemic 4 in 62% two-step yield. Condensation of 5
with 3,4,5-trimethoxybenzaldehyde 6 in the presence of H2804 (2 equiv) in CH2Cl2 at room
temperature for 4 h provided a mixture of separable two diastereomers 7 (3 R1=H, R2=Me)(mp 185-
186 °C) and 8 (mp 237.5-238.5 °C) in 93 and 3% yields, respectively. The structure was determined by
observing NOE (in CDCI3). An enhancement of 8% was observed between a proton of
trimethoxyphenyl ring (8 6.47) and a methine proton at the C3 center (8 4.03) of the major product and
none of enhancement was observed between the corresponding protons (8 6.50 and 4.12) of the minor

1R'=0cOH R%=Me 3R'=H,0OH
2R'=30-sugar R%=H R%= Me, H

product, indicating 7 and 8 as major and minor products. It is quite important to note that trans-7 was
formed predominantly, in sharp contrast to the podorhizol cyclization62 and Pictet-Spengler
reaction6b providing a cis-product.

Treatment of 8 with acid (H2S04/CH2Clz, HBr/CH2Clp, CF3CO2H/benzene, etc.) established a
constant equilibrium to afford a mixture of 7 and 8 in a ratio of 28:1 (determined by HPLC analysis).
In turn acid treatment of 7 also provided a mixture in the same ratio. These equilibrium between 7 and
8 is considered to occur via an intermediate 10 formed by C1-N bond cleavage. A trimethoxyphenyl
ring of 8 is oriented pseudo-equatorial and sterically unfavourably interacted with C=0 and C8-H
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bonds on a plane, being epimerized to a pseudo-axial position in 7. Predominant formation of 7 by
equilibration rationalizes the highly stereoselective condensation reaction of 5 with 6.

4'-Demethoxy derivative 9 (mp 210-212 °C) was prepared in 80% yield from 7 or 8 by treating

with HBr in CI(CH?2)2Cl at 0 °C for 14 h.

To our delightful 7, 8, and 9 exhibited promising growth inhibition of KB cell (ED50 <0.3 pLg/mi)

and in vivo activity against P-388 mouse (T/C 145 (7) and 170 (8)).

Further studies including synthesis and activity evaluation of optically active 3 (R1=0-sugar,

R2=Me, H) will be reported in a forthcoming article.”

CHO

a) LiAIH4/THF, reflux 2 h, 70%; b) OC(OEt)2-NaOEY/EtOH, reflux 4 h, 89%; ¢) 3,4,5-trimethoxy-
benzaldehyde-H2S804/CH2CI2, 1t 4 h, 93% for 7 and 3% for 8; d) HBr/CI(CH2)2Cl, 0 °C 14 h, 80%.
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