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The photooxidation of tetracyclone in benzene affords cis- and trans-dibenzoylstilbene, tetraphen yl-2-pyrcne, and carbon 
monoxide. Identification of carbon monoxide along with the dibenzoylstilbenes lends support to tetraphenyl-2,3-dioxa-7- 
oxo[2,2,1]-bicyclohept-5-ene as an intermediate. 

INTRODUCTION to the earlier work. Dufraisse's work also suggested 
that, similarly to the photooxides of pen&tiryl- In a study Of the absorption spectrum Of the tet- cyc.openta~ieno~s, the photo6xide 1 might 

racyclone (2,3,4,5-tetrapheny1cYc10Pentadienone) to give tetraphenylfuran and carbon dioxide. The 
and related compounds, it was noticed that its ab- present study therefore was also concerned with the sorption characteristics changed upon standing in of the nature of additional products of s ~ l u t i o n . ~  When irradiated with ultraviolet light, 
the purple color of the solution eventually became the reaction. 

yellow. Evaporation of the solvent and purification 

present investigation was undertaken to study this 

interest to determine whether additional evidence Apparatus. The light source was a 5 0 ~ w a t t  quartz mer- 
could be obtained to substantiate a proposed course cury vapor ultraviolet lamp Type 7420, Analytic Model, 
of reaction which involves 1,4-addition of oxygen manufactured by the Hanovia Chemical and Manufacturing 
to the dienic system to give an intermediate photo- C ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ o b t a i n e d  as Nujol mulls on a Per- 
oxide I, which, upon, decomposition, would yield kin-Elmer recording spectrophotometer, Model 21. Ultra- 

violet spectra were taken in cyclohexane solution using a 
Cary recording spectrophotometer, Model 11. 

Three types of reaction vessels were used: (1) a 315-ml. 
capacity Pyrex tube of 32 mm. diameter, equipped with a 
two-way stopcock; (2) a Vycor tube of 475 ml. capacity 
and 38 mm. diameter, equipped with a two-way pressure- 
type stockcock and a thermometer well to allow temperature 
readings of the solution; (3) a 195-ml. capacity quartz tube 
of 38 mm. diameter, the ends of which had been closed with 
watch glasses, using "High-Pyseal" as cement. Two holes 
in the walls kept the vessel open to the atmosphere. In some 

diben~oylstilbene~ (see attached drawing). This cases, a manometer was connected to the Pyrex or Vycor 
hypothesis required the elimination of carbon Vessel by means of TYgon tubing. 

Cooling of the reaction vessels, by means of a 10-inch 

figuration similar to I have been described.6J Procedure. A solution of 0.50 g. (1.3 X lo-* mole) of 
After a substantial part of this work had been tetracyclone in 50 d. of m-xylene was irradiated in the 

completed, Dufraisse and cr+workers reported'? closed Pyrex tube a t  8 inches from the source of light until 
that they had obtained from the photolysis the purple-red color of tetracyclone had nearly disappeared, 

which required five days. A sample of the gas above the 

tions, cis-dibenzoylstilbene in contradistinction gas analysis cell, and the cell contents were brought to  a t  
mospheric pressure using prepurified nitrogen. Spectro- 
scopic analysis showed the presence of 1.4 X 10-3 mole of 
carbon monoxide and 0.25 x 10-8 mole of carbon dioxide. 

The solution then was chromatographed, using activated 
F 20, made by the duminum ore company of 

East St. Louis, Ill. Benzene, then a benzene-acetone mixture 
and finally acetone was used for elution, the progress of 
which was followed by visual observation aided by filtered 
ultraviolet light. After evaporation of the solvent, the 

infrared and combined where necessary. In addition to 43 
mg. of unrertcted tetracyclone, the following were obtained: 

A: 36 mg. of a white solid, m.p. 229.7-231.6'. The infrared wissenschaften, 41,374 (1954). spectrum showed the following bands in p: 
6.02(s), 6.26(m), 6.32(m), 6.69(m), 7.45(w), 7.62(m), 

chim. France, 21,1201 (1954). 7.96(s), 8.12(s), 8.50(w), 8.52(m), 8.60(m), 9.23(m), 

239,1170 (1954). (9) All melting points are corrected. 

of the residue yielded transdibenzoylstilbene. The 

reaction more extensively. In  particular, it was of 

EXPERIMENTAL' 

IRRADIATION OF TETRACYCLONE 

I 

monoxide by-product* Photooxides Of 'On- electric fan, kept the temperature at approximately 350. 

tetracyclone, carried out under unspecified condi- solution then was withbarn into an evacuated infrared 
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9.30(m), 9.52(m), 9.68(w), 9.76(m), 9.98(w), 10.25(w), 
10.67(w), 10.80(w), 11.56(w), 12.30(m), 13.09(s), 13.30(s), 
14.18(s), 14.40(s), 14.65(s), 15.18(m). 

Ultraviolet absorption: A,,, 252 mp, E,,, 35,200. 
B: A solid, which upon recrystallization from xylene- 

hexane mixture gave 10 mg. of yellow flakes, m.p. 163.5- 
164.0’, carbonyl absorption at 5.83 p, and which analyzed: 
C, 87.10; H, 5.41. (Calculated for CzpH,oOn: C, 86.98; H, 
5.03.) 

C: 12 mg. of a white solid, m.p. 212.6-213.0’ (ethanol). 
The principal bands in the infrared spectrum, in p are: 

6.02(s), 6.24(m), 6.30(m), 6.70(w), 7.55(m), 7.69(m), 
7.90(s), 8.08(m), 8.36(w), 8.47(m), 8.58(w), 9.ll(w), 
9.30(w), 9.60(w), 9.72(w), 9.82(m), lO.OO(w), 10.89(m), 
11.70(w), 11.88(w), 12.12(m), 12.42(w) 12.97(s), 13.42(m), 
13.62(s), 14.12(s), 14.39(s), 14.64(m), 14.85(w), 15.55(m). 

Ultraviolet absorption: Amax 252 mp, Emax 28,700. Extrac- 
tion of the column with hot glacial acetic removed a yellow 
fraction tenaciously held by the alumina, but its purifica- 
tion was unsuccessful. 

Substitution of reagent grade aluminum hydroxide, ac- 
tivated by heating for 8 hours a t  400°, for the F-20 
alumina together with the use of xylene alone as eluant 
gave similar results, except that the separation of the vari- 
ous fractions appeared to be neater, and that compound “C” 
was not found, 

When the irradiation of 2.00 g. of tetracyclone in 100 ml. 
of benzene was carried out in the quartz reactor, 14 days 
were required to effect decoloration (to yellow) of the solu- 
tion, probably because of the smaller area illuminated. 
Filtration of the solution gave 150 mg. of “A”, m.p. 230.7- 
231.5’. Chromatography of the filtrate on F-20 alumina 
yielded only two identifiable fractions: 60 mg of tetracy- 
clone and 162 mg. of A, m.p. 231.2-232.5’. The major 
portion of the product consisted of dark brown tars, with 
carbonyl absorptions a t  5.70-5.72, 5.82-5.88, and 6.03- 
6.07 1.1. The fraction absorbing a t  about 5.85 p, which had 
been extracted from the column with glacial acetic acid, was 
found to be nearly completely soluble in cold 5% sodium 
hydroxide, from which it could be reprecipitated by the 
addition of mineral acid with the carbonyl absorption 
changing to 5.77 1.1. 

Decoloration of the tetracyclone solution (0.50 g. in 75 ml. 
of benzene) in the Vycor tube required 7 to 12 days. It was 
noted that a partial vacuum eventually formed if the 
vessel was kept closed. Gas analysis revealed the presence 
of 9.7 x 10-4 mole of carbon monoxide and 1.3 X lo-* 
mole of carbon dioxide. Evaporation of the solvent gave a 
yellow-brown oil from which only 13 mg. of “A” could be 
isolated by crystallization. Thus, chromatography is pre- 
ferred as a method for working up the reaction product. 

Bubbling air through the reaction mixture or the addition 
of methylene blue6 did not noticeably affect the rate of reac- 
tion. 

Irradiation of solid tetracyclone for 14 days caused no 
significant change, m.p. 218-220”. 

RESULTS 

Identification of products. The melting points, ultraviolet 
absorption characteristics, and carbonyl absorption of “A” 
and “C” indicated that these were respectively the trans- 
and cis-isomers of dibenzoylstilbene.*v lo Comparison of 
spectra in the infrared revealed that there were significant 
differences, however, between the absorption characteristics 
of “A” and “C” and those reported for the dibenzoylstilbenes. 

&-Dibenzoylstilbene was synthesized by a known route, 
from benzoin to tetraphenylfuran in 20% yield,” followed 

(10) L. P. Kuhn, R. E. Lutz, and C. R. Bauer, J.  Am. 

(11) F. R. Japp and F. Klingemann, J .  Chem. Soc., 57, 
C h m .  SOC., 72,5058 (1950). 

662 (1890). 

by nitric acid oxidation of the latter’* in 85% yield, m. p 
210.0-210.8’. The ultraviolet and infrared spectra of the 
product were in agreement with those obtained with “C”.13 
A mixture melting point with “C” was not depressed. 

cis-Dibenzoylstilbene was isomerized using 0.5 N ethanolic 
potassium hydroxide a t  reflux for 21 hrs.,16 m.p. 230.3- 
230.6’; no depression on admixture with “A,” The infrared 
spectrum was likewise in agreement with that obtained 
for “A”. 

It thus appears that fractions “A” and “C” are trans- 
and cis-dibenzoylstilbene, respectively, and that the pre- 
vious assignments of infrared spectra are in error.10 The 
maximum yields were 16% for the trans- and 2.4% for the 
cis-isomer. 

Fraction “B” was insoluble in cold 5% sodium hydroxide. 
The melting point and the ultimate analysis indicated this 
compound to be tetraphenyl-2-pyrone. Confirmation of the 
identity of the compound was obtained by comparison of 
its infrared spectrum with that of an authentic sample.16 
Putter and Dilthey have given its melting point as 166- 
167O.17 The yield was therefore 1.9%. 

A mixture melting point of “BJ’ with a sample of 2,3,4,5- 
tetraphenylcyclopent%enone, m.p. 163.2-164.4”, gave a 
40’ depression in melting point. Infrared spectra also showed 
important differences. 18 

IRRADIATION OF CARBON MONOXIDE AND CARBON DIOXIDE 

Carbon monoxide, 1.3 x 10-8 mole, was irradiated in the 
presence of 75 ml. of benzene in the closed Vycor tube, the 
initial pressure inside the vessel being brought to atmos- 
pheric with air. After seven days, the ratio of CO: CO, was 
6:  1. The relative amounts of the gases in this blank experi- 
ment, therefore, closely approximated the ratio of carbon 
monoxide to carbon dioxide found after irradiation of tetra- 
cyclone. When the same experiment was repeated with car- 
bon dioxide, only a trace of carbon monoxide could be 
detected. Supporting this observation are the known facts 
that carbon monoxide oxidizes to carbon dioxide upon irradi- 
ation in air,lQ and that carbon dioxide and air alone under 
irradiation are converted to an equilibrium mixture in a 
static system with the ratio CO:COI: :0.02: 1.O.w This low 
ratio of carbon dioxide and the earlier observations preclude 
the formation of carbon monoxide in the quantities obtained 
from carbon dioxide. 

(12) K. Bernhauer, P. Muller, and F. Neiser, J .  prakt. 
Chem., 145,301 (1936). 

(13) Comparison was also made with a sample of cis- 
dibenzoylstilbene graciously supplied by Professor P. Yates 
of Harvard University, which had been obtained from oxi- 
dation reactions of tetracyclone.’’ The absorption char- 
acteristics of this sample matched those of C. 

(14) P. Yates and G. H. Stout, J .  Am. Chem. Soc., 76,  
51io (1954). 

(15) N. Zinin. Ber.. 8 .  695 (1875). 
( l6 j  We are iidebted Professor P. Yates for suggesting 

this comparison and for supplying the spectral character- 
istics of the pyrone which he had prepared by acid treatment 
of the monoacetate of 2,3-dihydroxy-2,3,4,5-tetraphenyl- 
cyclopent-4-enone. l4  

(17) R. Putter and W. Dilthey, J .  prakt. Chem., 149, 
183 (1937). 

(18) The infrared spectrum obtained for this compound 
was at variance in some respects with that published by 
N. 0. V. Sonntag, S. Linder, E. I. Becker, and P. E. Spoerri, 
J .  Am. Chem. SOC., 75, 2283 (1953). The strong bands we 
found were observed at 5.92, 6.16, 6.22, 6.68, 7.41, 8.67, 
13.25, 13.95, 14.40~. Except for the wavelengths, the appear- 
ance of the spectra was identical. 

(19) A. Coehn and H. Tramm, Ber., 54, 1148 (1921). 
(20) W. A. Noyes, Jr., and P. A. Leighton, The Photo- 

chemistry of Gases, Rheinhold Publishing Corporation, New 
York, N. Y., 1941, p. 397. 
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IRRADIATION OF Cis- AND tTa7ZS-DIBENZOYLSTILBENE 

A 1.3 X lo-‘ molar solution of cis-dibenzoylstilbene in 
cyclohexane was irradiated in a Pyrex flask. After six hours, 
new peaks had appeared a t  233, 277, 297, 306, 318, 339, 
and 357 mp. These peaks, together with the original a t  
252 mp, became less intense upon further irradiation with 
eventual disappearance of nearly all absorption in the range. 

Similar results were obtained with an 8.9 X -6 molar solu- 
tion of trans-dibenzoylstilbene. The same new peaks were 
observed as with the cis-isomer. 

Infrared examination of carbon tetrachloride solutions 
of the products showed the absence of carbonyl absorption 
at  6.02 p. Instead, a band had appeared a t  5.63 p. It is ap- 
parent that extensive decomposition of the stilbenes had 
taken place upon irradiation. 

DISCUSSION 

The discovery of carbon monoxide as a product 
of the reaction and in an amount nearly equivalent 
to the tetracyclone used suggests that the proposed 
course of the reaction via the photooxide I may 
indeed be valid. Since it was shown that the car- 
bon dioxide most likely formed as a secondary 
product from carbon monoxide and air under the 
conditions used, it is believed that any mechanism 
which postulates the formation of carbon dioxide 
as a product, such as the one proposed by Dufraisse 
for pentaarylcyclopentadienols, does not apply in 
this case. 

The presence of cis- and trans-dibenzoylstilbene 
has also been confirmed. Hitherto, only one of the 
isomers had been obtained by each set of investi- 
gators. In the present investigation, both isomers 
were isolated, although the cis-isomer was found 
only in some of the experiments, and then in very 
low yield. The formation of trans-dibenzoylstilbene 
in preference to the cis-isomer which would be ex- 
pected from the steric structuIe of I can be ex- 

plained as resulting either from light-induced 
isomerization of the first-formed cis-isomer, or 
from thermodynamic stabilization of an activated 
intermediate in the cis-configuration, formed by 
cleavage of the postulated photooxide. 

The discovery of tetraphenyl-&pyrone in this re- 
action parallels the earlier finding of a similar pyrone 
as a product obtained upon prolonged irradiation of 
phencyclone 2,5-diphenyl-3,4-(2,2’-biphenylene)cy- 
clopentadienone in the presence of air.4 Its forma- 
tion might be the result of a side-reaction with 
ozone,21 since this gas can be obtained by the ac- 
tion of ultraviolet radiation on air.22 

The tars, which were by far the major product, 
most likely originated by photolysis of dibenzoyl- 
stilbene, or by side-reactions involving the sol- 
vent.23 It is considered significant that the highest 
yield of trans-dibenzoylstilbene was obtained under 
conditions which caused its partial precipitation 
from solution, thus making i t  unavailable for fur- 
ther reaction. 
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