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The Transformation of a Methoxy- into a Methylenedioxy-group 
By JACK E. BALDWIN* and JAMES E. BROWN 

(Department of Chemistry, Pennsylvania State University, University Park, Pennsylvania, 16802) 

THE suggestion that the methylenedioxy-function of natural 
products is formed by direct oxidative conversion of the 
guaicol residue is supported by in vivo experiments,l,2 where- 
in a suitably labelled methoxy-precursor, as (I), gives the 
methylmedioxy-product (11) with retention of the methyl 
carbon atom. An intramolecular hydrogen abstraction, 
within the guaicol function, might account for this bio- 
logical conversion3 and we now report an indirect example of 
this transformation achieved by photochemical means, and 
therefore accomplished in vitro. 

The proximity of the phenolic hydroxy-group to the 
methyl group of a methoxy-function, in (I), means that a 
radical at  oxygen might be well placed to abstract hydrogen 
through a six-membered transition state.* However 
chemically-produced phenoxy-radicals, unlike alkoxy-radi- 
~ a l s , ~  tend not to abstract hydrogen from saturated carbon,6 
and therefore the radical was activated by photolysis of a 
q~inonc:.~ The favoured conformation of a 3-unsubstituted- 
2-methlixyphenol would be expected to be that described by 
(111), and this is confirmed, a t  least in the crystal state, by 
the rec ent X-ray structure of ochotensine methiodide.8 
Therefclre, in order to compress the two functions into the 
requisil e conformation, as (I), we substituted bromine into 
the 3-p.xition. The model was thus defined as the quinone 
(IV;  R = Br); the low chemical shift (6 4-32)? of the 
methoxy-group relative to that (6 3-94) of the quinone (IT-; 
R = H)  indicated population of the required conformation. 
In  the event, irradiation of (IV; R = Br) in acetic anhydride 
solution: with a medium pressure mercury arc, through 
Pyres, gave a mixture from which we have isolated, by 
chromz tography over silica gel, two compounds, the 
triacetate (V; R = OAc) and the methylenedioxy-compound 
(VI). The triacetate (V; R = OAc), C17Hl,0,Br,$ m.p. 149", 

Vmax (CHCI,) 1780 and 1770cm.-l, had a U.V. spectrum 
)cmax (EtOH) 232 nip, ( E  74,000), 285 ( M O O ) ,  297 (4000), and 
326 (450) superimposible on that of (V; R = H), prepared by 
mild zinc reduction of the starting quinone. The n.m.r. 
signals (CDCI,) 6 2.10, 2.43, 2-48 (s, 3 x 3H), 5.73 (s, 2H), 
and 7-68 (sym. m, 4H) were in accord with the formulation 
except that the shift (5.73) of the methylene group was 
considerably removed from that expected (6.66) .g We 
therefore obtained a chemical proof of the structure by 

C2kr \ 0 

OR' 

0 R4 b 
(VI I I)  

(VI) 

t All chemical shift data are expressed relative to  tetramethylsilane and spectra were obtained a t  room temperature and 60 MHz, 

An acylating solvent is essential in these reactions because in its absence the phenolic intermediates undergo redox processes with 

$ All new compounds have given satisfactory analyses (+0-3%) and their formulae have been checked by high resolution mass 

unless c therwise stated. 

the quillone, yielding complex mixtures. 

spectrometry. 
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acidic hydrolysis to formaldehyde (2,4-dinitrophenyl- 
hydrazone) and the phenol (VII; R1 = R2 = R4 = H, 
R3 = Br), characterized as the triacetate (VII; R1 = R2 = 
R4 = Ac, R3 = Br), m.p. 158”, and reduced with zinc in 
acetic anhydride a t  reflux to the known triacetate (VII; 

The methylenedioxy-compound (VI) , C13H,04Br, m.p. 
lo?’, Vmax (CHCl,) 1770cm.-l, had a U.V. absorption 
expected for a 1,2,4-trioxynaphthalene and similar to that of 
the accompanying triacetate but exhibiting a bathochromic 
shift of about 1 0 m p  i . e .  hmax (EtOH) 244 mp ( E  46,000), 
281 (2500), 299 (3500), 312 (3800), and 350 (3600). The 
n.m.r. (CDCl,) was completely in accord with the formula- 
tion (VI) with 8 2.48 (s, 3H), 6-20 (s, 2H),lo 7.52 (m, 4H), 
and the mass spectral fragmentation pattern demonstrated, 
after elimination of the elements of keten, a sequential loss 
of CH20 (m/e 30) and CO (m/e 28) which we have found 
common to a series of model methylenedioxybenzenes. 
These two products were not interconvertible under the 

R1 = R2 = R4 = Ac, 333 = H). 

reaction conditions, and in the present work the yield of 
methylenedioxy-compound (VI) was 1576 , and that of the 
triacetate (V) 62%, as estimated by 1i.m.r. spectroscopy on 
the reaction product. 

In keeping with the importance of the conformational 
relationship between the abstracting atom and the methyl 
group, we found that the unsubstituted quinone (IV; 

R2 = Me, R3 = H) of hydrogen abstraction from the solvent 
and its phototransformation product (VII; R1 = R3 = Ac, 
R2 = Me, R4 = H).= Mechanistically it seems likely that 
the excited quinone, as (VIII), is transformed by hydrogen 
abstraction to a diradical. Subsequent to this several 
possibilities exist but an attractive one is that the inter- 
mediate carbon radical undergoes direct electron transfer to 
the nucleus, yielding a dipole (IX), which could by reaction 
with solvent or by direct closure give the two products we 
have encoi tntered. 

R = H) gave only the product (VII; R1 = R* = A C, 
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