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ABsmcr.--Oxidation of4’-demethylepipodophyllotoxin 121 using either phenyliodonium 
diacetate in MeOH or DDQ in MeOH affords a new class of podophyllotoxin derivatives 
containing a cyclohexadienone group. 

Podophyllotoxin 111 is a well known 
natural product because of its long his- 
tory of use in folk medicine and the 
biological activity of its many derivatives 
(1-3). In particular, derivatives of 4’- 
demethylepipodophyllotoxin 121 are used 
in cancer chemotherapy (4-6). As a re- 
sult, there is much interest in devising 
new approaches to the synthesis of 
podophyllotoxin derivatives (7) and in 
studying their chemical modification (8- 
14). 

We have previously shown that reac- 
tion of phenolic compounds, including 
lignans, with phenyliodonium diacetate 
(PIDA) leads to cyclohexa-2,5-dienones 
(1 5) and to oxidative coupling reactions 
(16). We have also shown that treatment 
of lignans with DDQ leads to oxidative 
coupling and to rearrangement reactions 
(17,18), We have now investigated the 
reaction of PIDA with 4’-demethyl- 
epipodophyllotoxin 127 in MeOH and 
have obtained as a major product a crys- 
tallinecompound, mp 189-191°, having 

1 R’=H, R2=OH, R’=Me 
2 R’=OH, R2=R’=H 

[MI’ 430 and showing two carbonyl 
carbon atoms at 175.33 and 190.37 pprn 
in its I3C-nmr spectrum. We also find 
that the same product is obtained in 
comparable yield when 2 is treated with 
DDQ in MeOH. 

Structure 3 is assigned to this prod- 
uct on the basis of a comparison of its ‘H- 
and l3C-nmr spectra with those of the 
starting material. Thus, the presence of a 
new quaternary carbon atom at 93.07 
ppm and a carbonyl carbon atom at 190.37 
pprn confirms the presence of a quinone- 
monoketal moiety. Furthermore, the ob- 
servation of clear signals for H-2‘ and H- 
6’ and C-2’ and C-6’ in the ‘H- and I3C- 
nmr spectra confirms the lack of symme- 
try introduced into the pendant aryl ring, 
thus ruling out the alternative 4- 
methoxycyclohexa-2,5-dienone. A pos- 
sible mechanism accounting for the for- 
mation of 3 is shown in Scheme 1. 

The reaction is noteworthy for two 
reasons: the product 3 represents a com- 
pletely novel modification ofpodophyllo- 
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SCHEME 1 

toxin, and the oxidation proceeds to give 
substitution ortho to the phenolic group 
rather than para, which we had previ- 
ously observed. However, a very recent 
paper gives some precedent for this (19). 
We are currently attempting to exploit 
these oxidative reactions to provide a 
series of novel podophyllotoxin deriva- 
tives. 

EXPERIMENTAL 

GENERAL EXPERIMENTM PROCEDURES-'H- 
and "C-nmr spectra were recorded on a Bruker 
250 MHz instrument. Mass spectrawere recorded 
on a VG12-253 quadrupole instrument and on a 
double focussing VG ZAB-E instrument. 4'- 
Demethylepipodophyllotoxin was obtained from 
the Shanghai Institute of Pharmaceutical Indus- 
try. 

REACTION OF 2 WITH PIDA.-To a solution 
of 2(0.20g, 0.50 mmol)indryMeOH(lOml)was 
added PIDA (0.16 g, 0.50 mmol), and themixture 
was stirred at room temperature for 1 h. Solid 
NaHCO, was added to neutralize the acid liber- 
ated, and the solvent was removed to give a yellow 
gum, which was dissolved in EtOAc (40 ml) and 
filtered. Evaporation in vacuo gave a yellow resi- 
due (225 mg) which from CHC1,IMeOH gave 
yellow crystals of3( 128 mg, 60%): mp 189-191'; 
mlz {MI' 430 (5%), 400 (loo), 246 (18), 229 (7), 
183 (14), 167 (13), 154(24).Found[M]+430.1264 

(C,,H,,O, requires [MI' 430.1264). 'H nmr 6 
(CDCI,) 2.85 m (H-3), 2.40 br (OH), 3.17 s, 3.26 
s, 3.71 s(OMe), 3.29dd(/,=5.30,/,=14.10,H- 
2), 4.17 d ( J =  5.20, H-l), 4.82 d (/= 3.20, H-4), 
4.43 dd (/,=5.65, H,-9), 4.49 dd (J1=3.49, H,- 
9), 5.08 t (/=1.40, H-6'), 6.30 d (/=1.65, H- 
2'), 6.60 s, 6.84 s (H-5 and H-8), 5.99 ABq 
(J=1.20, OCH,O); 13C nmr 6 (CDCI,) 38.35, 
39.29, 43.99 (C-1, C-2, and C-3), 50.14, 50.34, 
55.73 ()Me), 66.23 (C-4), 68.02 (C-9), 93.07 (C- 
5'), 101.71 (OCH,O), 109.22, 109.86 (C-5 and 
C-8), 113.54, 127.71 (C-2' and C-67, 129.92, 
132.09,137.5O(C-l', C4a, C-8a), 147.80,148.59, 
149.18 (C-6, C-7, C-3'), 175.33 (lactone CO), 
190.37 (C-4'); u max (KBr) 3410 (OH), 1755 
(lactone CO), 1670 (CO) cm-'. 

REACTION OF 2 WITH DDQ.-To a mixture 
of2(0.40g, 1mmol)andDDQ(0.25g,l.lmmol) 
was added MeOH (20 ml), and the mixture was 
stirred for 24 h at rmm temperature. The reaction 
mixture was poured onto crushed ice (50 g) and 
extracted with EtOAc (3x40 ml). The organic 
layer was washed with aqueous NaHSO, (3x30  
ml), H,O (3x30 ml), aqueous NaHCO, (3x30  
ml), and brine (3x30 ml), and dried (MgSO,). 
Removal of the solvent gave a yellow residue (0.37 
g) that was crystallized from MeOH to give 3 as 
yellow crystals (210 mg, 49%), mp 193-194". 
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