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Interestingly, on irradiation with ultraviolet light, tetraphenylcyclo- 

pentadienone(2) (I) underwent an unusual transformation into 2,3-diphenyl-l& 

cyclopenta <L]phenanthrene (II) and l-oxo-2,3-diphenyl-2,3-dihydro-1H_cyclo- 

penta< 1 )phenanthrene(III). Namely the a-stilbene skeleton in I cyclized 

oxidatively to the phenanthrene, while the carbonyl group was reduced to a 

methylene to form a hydrocarbon II, or the double bond was hydrogenated to 

give a saturated compound III. 

I II III 

Tetraphenylcyclopentadienone(1) was dissolved in isopropanol and the 

solution, under reflux, was irradiated, under a slow stream of nitrogen, with 

ultraviolet light(3) for 7 hours. The red color of the solution gradually 

faded during the irradiation and finally a colorless solution was obtained. 

The solvent was removed and the residue was subjected to column chromatography 

on activated alumina. There were obtained two crystalline materials, II and 
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III, in 10% and 45% yield, 

The molecular formula 

No.4 

respectively. 

for compound II, m.p. 183.0-183.8O, was found to 

be G9G,, based on analytical results and molecular weight determination. 

& calcd. for C,,%, :.C, 94.53; H, 5.47; Mol. Wt., 368.5. Found : 

c, 94.41; H, 5.72; Mol. wt., 361 (in benzene by Vapour Pressure Osmometer). 

Unexpectedly compound II was shown to be a hydrocarbon. Absence of a car- 

bony1 group was clearly demonstrated by the infrared spectrum and absence of 

reactions with carbonyl reagents, and the presence of a methylene group in II 

was indicated by the infrared (4) and nmrt5) spectra. The ultraviolet spec- 

trum showed the presence of a 9,10-disubstituted phenanthrene structure in 

II(6). The presence of a phenanthrene skeleton was also evident from the nmr 

spectrum. (7) Thus compound II is identified as 2,3-diphenyl-G-cyclopenta(L]- 

phenanthrene. 

The product III, m.p. 179.0-180.4°, was identified as 1-oxo-2,3-diphenyl- 

2,3-dihydro-l.I&cyclopentaI~‘]phenanthrene by the following observations. The 

material III was found to be a ketone having a formula of $,sOO. 

&&.. Cal&. for C$,%,O : C, 90.59; H, 5.24; Mol. Wt., 384.5. Found : 

C, 90.81; H, 5.35; Mol. Wt., 390 (in benzene by Vapor Pressure Osmometer). 

A carbonyl stretching frequency of III at 1691 cm." suggests that compound 

III compries a structure of a five-membered cyclic ketone conjugated with a 

double bona. Ihe ultraviolet and nmr spectra clearly indicates that the ma- 

terial III contains a phenanthrene skeleton. Moreover, in the nmr spectrum 

compound III exhibits two doublet signals at 5.08r(l hydrogen, JG.5 cps.) 

and at 6.26~(1 hydrogen, J=2.5 cps.) besides eighteen aromatic protons, indi- 

cating that compound III has two non-olefinic protons located next to an un- 

saturated group. Indeed, authentic trans-2,3,4,5-tetraphenyl_2_cyclopenten- 

l-one(')(IV) 1 a so exhibits two doublets at 5.56~ and 6.48~ with a coupling 

constant of 2.5 cps. 



Contrary to the above observations, compound of a similar structure but 

lacking a carbonyl group, namely 1,2,3,4-tetraphenylcyclopentadiene(V), did 

not give a product containing phenanthrene skeleton. Apparently, the phensn- 

threne formation was achieved only when the parent material contained a car- 

bony1 group. Another example of the cyclization was observed in the trans- 

formation of 3,4-diphenyl-3-cyclopentene-l-one (9)(VI) to 2-oxo-2,3-dihydro- 

s-cgclopenta~~Jphenanthrene(VII) end 2-oxy-derivative VIII. (10) 

VI VII VIII 

The oxidative cyclization of a-stilbene to phenanthrene is well known 

to occur in the presence of an oxidizing agent, such as iodine or oxygen. (11) 

In the present case, however, it is clear that the phenanthrene derivatives 

were formed in the absence of such an oxidizing agent. Indeed, when the iso- 

propanol solution of I was irradiated in the presence of oxygen, the reaction 

products obtained were cis_ and trans- dibenzoylstilbene (1'7% and 18% yield, 

respectively), (G9 and the material having a phenanthrene skelton, such as 

II and III, could not be detected in the reaction product. Consequently it 

is evident that the formation of a phenanthrene skeleton is not due to the 

contamination with oxygen of the reaction system. The formation of compounds 

II and III from I, and of VIII from VI, indicates that the cyclization might 

be achieved at the expense of the reduction in the carbonyl group. A mecha- 

nistic investigation of these interesting transformations is now in progress. 
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