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Abstract: A method is described for the photocyclization of heterocyclic 
analogs of stilbene to the corresponding phenanthrene-like systems under a N2 
atmosphere, using a catalytic amount of Pd on carbon (Pd/C) as the "oxidant". 

One of the most thoroughly studied and synthetically useful photochemi- 

cdl reactions is the phototransformation of stilbenes to phenanthrenes via a 

6*-electron conrotatory electrocyclic ring closure followed by an in situ 

oxidation of an intermediary dihyrophenanthrene.1 Heterocyclic analogs of 

stilbene also undergo this reaction, although the yields are usually lower, 

particularly for analogs containing electron-rich heterocycles which are 

easily destroyed by oxidants. 

In connection with our work on the synthesis of the potent antitumor 

agent CC-1065, we recently reported the 02(air) mediated photocyclizations of 

pyrrole containing-stilbenes. 2 While these reactions proceeded satisfactorily 

on a 1 mmolar scale, yields dropped considerably with preparative amounts of 

material (l-59) due to oxidative destruction of the indole-like products. To 

overcome this problem we examined several other oxidants (e.g., air/12, 12, 

CuC12, TCNE),3r4r5 but found them to be unsuitable for our substrates. suc- 

cess was achieved with the mild, catalytic-dehydrogenation procedure which we 

had developed during our work on the conversion of aporphines to dehydroapor- 

phines.6 

Thus when 1 was irradiated with an external light source (45OW, medium 

pressure Hanovia lamp7) in refluxing acetonitrile with a catalytic amount 

of Pd/C (1 mmol, 200 ml, 0.109 5% Pd/C, 3 h), we obtained in 80% yield a 3:l 

mixture of two products, the major one being the desired phenanthrene, 2. 

The second product was found to be 1,2-di(2, N-Methylpyrryl)-ethane (3), re- 
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sulting from transter hydrogenation of the starting material.8 By including 

a more powerful hydrogen acceptor, nitrobenzene, in the reaction mixture, we 

circumvented the competing hydrogenation, and obtained a good yield of 2. - 

Chromatographic purification was simplified, by using a combination of 

p-nitrobenzoic acid and Et3N. Interestingly, the reaction worked, albeit at 

a much slower rate, even without external heating. 

We have carried out the Pd/C mediated photocyclization of several hete- 

rocyclic analogs of stilbene (see Table). These substrates were irradiated 

in a two-neck, Dewar-shaped Pyrex vessel.g In all cases the reaction was re- 

markably clean, and proceeded in good yield. Furan containing systems cy- 

clized at a much slower rate than other substrates. In contrast to the hete- 

rocyclic examples cited here, stilbene itself was not converted to phenanthrene 

under the same reaction conditions. We are looking into the mechanistic im- 

plications of this unexpected result. We are also investigating the use of 

other dehydrogenation catalysts for the photocyclization reaction. 

In conclusion, stilbenoids which contain electron rich heterocycles undergo 

photocyclization only in poor yield using the standard oxidants; for such sys- 

tems, the Pd/C protocol described here should prove to be a superior alterna 

tive. 

General procedure for the Pd/C mediated photocyclization.1° 

N-Methylpyrrolo(3,2-e)-N-Methylindole, 2. A magnetically stirred solution of 

4-nitro-benzoic acid (1.67g, 10.0 mmol), Et3N (1.6 ml, 12.0 mmol), 5% Pd/C 

(0.5 g, Engelhardt), acetonitrile (500 ml), and 1,2-Di(2,N-methylpyrryljethene 

(1, 1.86 g, 10.0 mmol) was heated to a gentle reflux, and, after purging with 

N2 for 30 min., irradiated.7'g The progress of the reaction was monitored by 

NMR spectroscopy. After complete disappearance of the starting material (ca. 

16 h), the cooled solution was filtered, and the solvent was evaporated in - 

vacua. The crude product was dissolved in CH2C12, evaporated onto silica gel 

(30 mls), and purified by flash chromatographyll over silica gel (100 mls; 

CH2C12: hexanes, 1:2), to give 2 as shiny white needles (1.56 g, 85%, mp 153- 

154ocj. 
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TABLEa,brC 

Entry Substrate Reaction 
Time (days) 

Product Yield (%) 

.~ 

l(-pJ& 
H3 

1 

5.5 

1.5 

2 

1 

85 

84 

85 

82 

75 

80 

88 

a) The substrates were prepared as described in ref. 2, and are mixtures of 

cis and trans isomers. 

b) Reactions were usually carried out on 5 mm01 scale. See experimental for 

a detailed procedure. 

C) All compounds gave satisfactory spectral data (250 MHz NMR, IR, MS). 
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A schematic of the reaction setup is shown. The Dewar-shaped flask was 
constructed so as to hold 600 mls. 
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These stilbenoids are very light sensitive, quickly becoming dark in room 
light. Immediately before use, these compounds were purified by flash 
chromatography in a dimly lit room. 
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