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Abstract: Starting from podophyllotoxin, five new derivatives with macrocyclic dilactone 5～9 have been 
synthesized,and their structures were confirmed by IR, MS, 1H NMR as well as HRMS. The key step is 
cyclization by high dilution method. 
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Podophyllotoxin 1 and many of its derivatives, including C-2 epimer, picropodophyllin 2, 
are antimitotic agents1. The semi-synthetic derivatives of 1 etoposide (VP-16-213) and teniposide 
(VM-26) are in clinical use as anti-cancer agents2. Some analogues of 1 with a modified lactone 
ring have been synthesized and found to be still antimitotic3, thereby indicating that the lactone 
ring is not required for antimitotic activity in 1.  Anjanamurthy et al4. have synthesized a 
derivative by enlarging the five-membered lactone ring in 1 to a six-membered one. Since then, 
however, no study on the effect of enlarging the five-membered lactone ring of 1 to a larger one 
than six-membered ring on its biological activity has been made. Neither has study on the effect of 
altering the position of carbonyl group on its biological activity. Hence synthesis of new analogues 
of 1 with macrocyclic dilactone 5~9 was undertaken.  

The reaction sequence leading to the formation of compounds 5 ~ 9 is shown in Scheme, 
Podophyllotoxin 1 was epimerized to 2 by the method of Gensler and then treated with H2SO4 in 
ethanol at reflux temperature for 15 min. Reduction of 3 by LiAlH4 at 0℃ for 4h afforded the diol 
4-O-Ethylepipicropodophyllol 4. The diol 4 reacts with five kinds of diacid chloride at 45~50℃ 
for 7 days to obtain compounds 5~9. 

Scheme 

O

O
O

OH

Ar O
 1

OAr

OH

O
O

O

Ar

OEt

O

O OH

OH

Ar

OEt

O

O O

O

O

O

(CH2)n

5 n=0
6 n=1
7 n=2
8 n=3
9 n=4

Ar:
M e O

OM e

OM e

6'

4'

1'
2'

2

4

a

c d

b

OAr

OEt

O
O

O

3

1
2
3

4
5

6

7
8

11

12

 



Min YANG et al. 

 

276 

 
a. EtOH, NaOAc, H2O, reflux, 20h, (yield 75%); b. EtOH, H2SO4, reflux, 15min, (yield 84%);  c. 
LiAlH4, THF, 0℃, 4h, (yield 92%); d. Oxalyl chloride (Malonyl dichloride, Succinyl chloride, 
Glutaryl chloride, or Adipoyl chloride),THF,45～50℃, 7d, (yield 36～42%). 
 

It deserves to discuss the configuration of the C-4 substituent. We initially anticipated that 
during the course of synthesis, there could be epimerization of the C-4 substituent from 4βside to 
4αside by acid (HCl gas emitted from reaction system) in SN1 mechanism, i.e., one C-4 benzyl 
cation was first formed in acidic condition. However, because of the hindrance of the C-3 
substituent, it is more covenient for HOEt to reattack the benzyl cation from less hindered 4α-side 
than from 4β-side. Indeed, this was confirmed by 1H NMR (400M) spectra of compounds 5~9. If 
the C-4 substituent is in βside (see compounds 3 and 4), J 3,4(cis) = 4Hz; If it is in αside, in the 
presence of lactone, J 3,4(trans) >9.5Hz5.  On the other hand, if the lactone is opened, the substituent 
at the C-3 position is able to rotate freely, so that the substituents of C-2 and C-3 will be in gauche 
conformation rather than in eclipsed one. Therefore, the angle between the H3 and H4 is 
approximately 90. According to the regulation of Karplus, J3,4 = 0. Actually, 1H NMR spectrum of 
5~9 shows clearly that there is a only singlet not doublet at δ= 4.7 ppm (H4), which confirms that 
C4-OC2H5 is in the α-side. 

The biological activity of the five new compounds described herein will be reported 
elsewhere. 
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