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Abstract: Podophyllotoxin 1 reacts with DDQ in acetic acid to give podophyllotoxone 2 at 75°C 
and the naphthol 3 at 90°C, and in TFA to give the naphthalene 4.  4′-O-Benzyl-epipodophyllo - 
toxin 5 reacts with DDQ in acetic acid at 70°C to give the acetate 8.  The structural elucidation of 
these products is described. 
 
Keywords: Podophyllotoxin, oxidation, DDQ. 
 
 

Introduction 
 
2, 3-Dichloro-5, 6-dicyanobenzoquinone (DDQ) can react with lignans of the mono- 
arylidene-butyrolactone1, aryltetralin2, dibenzylbutane3 and aryltetralin-butyrolactone4,5 
series.  We have studied the reactions of this reagent with podophyllotoxin 1, which is a 
well-known natural product on account of its long history of use in folk medicine and the 
biological activity of its many derivatives6.  In particular, derivatives of 4′-demethyl 
epipodophyllotoxin are used in cancer chemotherapy7.  As a result, there is much 
interest in devising new approaches to the synthesis of podophyllotoxin derivatives, for 
study their chemical modification.  Furthermore, the possible involvement of quinone 
or quinone-methide intermediates of these compounds in the biological mode of action8  
led to the preparation of the derivatives of this type4. 
                         
Results and Discussion 

 
When podophyllotoxin 1 was treated with 1.5 equivalents of DDQ in acetic acid at 75°C, 
oxidation reaction occurred at C-4 to give podophyllotoxone 29 in 86% yield.  The 
product had showed two carbonyl signals at δ 173.3 and 192.7 ppm in its 13C-NMR 
spectrum, and signals at 1764 and 1780 cm-1 in its IR spectrum.  The structure of 2 was 
confirmed by the lack of a signal for H-4 in its 1H-NMR spectrum and by comparison 
with the literature data for this compound.  The same product was obtained in 
comparable yield when used CHCl3 or MeOH as solvent.  The direct conversion of 1 to 
2 is an efficient method for the preparation of the podophyllotoxone. 

When 1 was treated with 2.5 equivalents of DDQ in acetic acid at 90°C, a mixture 
of two products was obtained from which the naphthol 310, mp 247-249°C, was isolated 
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in 40% yield.  The 1H-NMR spectrum showed no signals for H-1, H-2, H-3 and H-4, 
and all of the remaining signals were shifted downfield by comparison with those of the  
 

Scheme 1 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
starting material.  The assignment was confirmed by the 13C-NMR spectrum, in which 
the signals for C-1, C-2, C-3 and C-4 had moved downfield, and in IR spectrum, the 
band for the lactone carbonyl group shifted from 1764 cm-1 to 1750 cm-1, due to 
conjugation with the aromatic ring.  The another product was probably the compound 2 
according to TLC.      

When the epipodophyllotoxin derivative 5 was treated with 1.5 equivalents of DDQ 
in acetic acid at 70°C, neither the ketone 6 nor the naphthol 7 was obtained, but acetate 8, 
mp 209-211°C, was isolated in 83% yield.  This product had molecular formula 
C30H28O9 (Requires: M+532.1733, EI found: 532.1728) and showed two 13C-NMR 
signals due to carbonyl groups at δ 173.4 and 171.1 ppm, as well as the signal at δ 20.8 
ppm for the methyl carbon of the acetoxy group, which was consistent with the singlet at 
δ 2.17 ppm (3H) in the 1H-NMR spectrum.  In view of the large coupling constant (9.2 
Hz)between H-3 and H-4, it was deduced that the configuration at C-4 had been inverted.  
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Table 1  1H-NMR spectra (CDCl3 δppm ) (J Hz) 
  
Proton     2     3     4       5       8 
H-5 7.56s 7.49s 7.21s       6.88s 6.77s 
H-8 6.71s 7.10s 7.12s       6.55s 6.54s 
H-2′,6′ 6.38s 6.52s 6.55s       6.31s 6.42s 
OCH2O 6.10AB(1.3) 6.10s 6.09s 5.98AB(1.1) 5.99AB(1.3) 
H-4 - -  7.70s   4.86d(3.1) 5.88d(9.2) 
H-1 4.85d(4.1) - -   4.65d(5.0) 4.63d(4.1) 
H-10 4.57t(8.4) 5.37s 5.38s  4.37m 4.39t(8.1) 
 
4′-OMe 

4.36t(9.8) 
3.82s 

 
3.95s 

 
3.97s 

 
     - 

4.20t(9.9) 
- 

3′,5′-OMe 3.75s 3.84s 3.84s   3.68s 3.71s 
H-2 3.29dd(4.1,15.1) - - 3.30dd(5.1,14.1) 2.94dd(4.3,14.6) 
H-3 3.53m - - 2.81m 2.81m 
CH2-Ph - - - 7.42d,7.35m 7.43d,7.36m  
CH2-Ph - - - 5.26s 5.27s 
COCH3 - - - - 2.17s 
      

 
Table 2  13C-NMR spectraa (δppm ) 

 
 

Carbon    2   3b   4   5   8 
C=O 173.28 169.98 169.87 174.78 173.36 
C-6 153.40 148.98 148.92 148.31 147.92 
C-7 153.25 149.38 150.22 147.34 147.46 
C-3′,5′ 148.31 146.03 140.65 151.28 151.35 
C-4a 128.36 130.96 134.85 137.93 137.66 
C-8a 132.32 131.49 137.91 134.78 134.81 
C-1’ 137.76 137.43 140.04 131.74 131.78 
C-4’ 141.71 153.03 153.19 152.90 152.89 
C-5 109.85 98.66 103.97 110.29 109.54 
C-8 106.28 103.20 103.86 108.84 106.88 
C-2′,6′ 107.74 108.39 107.51 107.44 107.36 
OCH2O 102.61 102.62 102.06 101.39 101.41 
C-4 192.66 122.94 119.32  70.14  73.43 
C-10 67.20 67.21 68.22  67.40  70.13 
4′-OMe 60.98 60.69 61.23    -    -  
3′,5′-OMe 56.45 56.52 56.37  55.99  55.92 
C-1 46.86 31.49 130.55  43.74  43.54 
C-2 44.84 119.70 118.91  38.02  38.41 
C-3 43.64 125.23 130.55  40.24  45.38 
CH2-Ph - - -    *    # 
CH2-Ph -  - -  66.41  71.15 
CH3C=O - - -    - 171.14 
CH3C=O - - -    -  20.83 

aSolvent CDCl3 unless indicated.  bsolvent d6-DMSO. 
*128.261,128.231,128.149,128.079.   #128.269,128.243,128.097,127.996 
 

Finally when 1 was treated with 1.5 equivalents of DDQ in trifluoroacetic acid 
(TFA) at room temperature the naphthalene 411, mp 276-8°C, was obtained in 85% yield.  
The NMR spectra of this product are resembed to those of 3, except the presence of a 
singlet at δ 7.70 ppm for H-4.  

The detailed analysis data of the 1H- and 13C-NMR spectra are listed in Table 1 and 
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Table 2, respectively.  The ability of DDQ to bring about benzylic oxidation is well 
documented12.  Both H-4 and H-1 of 1 are attacked by DDQ to form 3 and 4, even 
though the latter attack is more difficult due to steric hindrance.  However, if acetic acid 
was replaced by TFA as solvent, dehydration followed dehydrogenation of 1 took place 
also to give 4.  In case compound 5, because both H-4 and H-1 are highly hindered, 
none of the benzyl positions are oxidized. Instead, the reaction proceedes by SN2 
displacement to give 8. 
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