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/)-benzoylbiphenyl,8 a o-j? value of —0.41 may be cal­
culated by subtraction of the <rT value of 0.10.6 

The fact that this value exceeds the proposed threshold 
value for resonance parameters supports our contention 
based on increased resonance interaction for the benzo-
phenone system. 
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Tropone Dimer. A New Type of 
Photocycloaddition Reaction 

Sir: 

Recently much attention has been directed toward 
molecular orbital symmetry considerations for ex­
plaining different behavior in photochemical and ther­
mal reactions.1_4 Although it is predicted from Wood­
ward and Hoffmann's selection rule2 that a concerted 
cycloaddition of (6 + 6) 7r-type, n = 3 in a An system, 
would occur photochemically, fhis type of photocyclo­
addition has never been reported. We wish to report 
the first example of (6 + 6) ir-type cycloaddition: 
the photodimerization of tropone. 

Irradiation of tropone in 2 N sulfuric acid with a 
mercury lamp (Toshiba H-400 P) for 140 hr in a Pyrex 
vessel afforded, on purification using alumina column 
chromatography, dimer I, mp 220° (7.5%), besides 
oily product (6.6%), recovered tropone (8%), and a 
large amount of polymer. 

The structure of dimer I was confirmed to be tri-
cyclo[6,4,1,127]tetradeca- 3,5,9,11 - tetraene -13,14 - dione 
(Ia) from the following physical and chemical evidence. 
Anal Found for Ci4H12O2: C, 79.16; H, 5.72; 
ultraviolet in methanol, 254 mix (e 880O)6 and 273 m/x 
(shoulder); infrared in KBr, 3030 (double bond), 
1705 (carbonyl), and 1600 and 723 cm - 1 (cis diene); 
nmr (100 Mc) in CDCl3, A2B2X2 coupling pattern at 
T 4.15 (A protons, 2 H), 4.45 (B protons, 2 H), and 
6.58 (X protons, doublet, J = 6.0 cps, 2 H) shown in 
Figure la. The assignment of these protons was 
provided by decoupling technique.6 

As shown in Figure lb, a typical A2B2 coupling pat­
tern appeared centered at r 4.30 when X was saturated, 
while on saturation of B a singlet was observed for X. 
The nmr evidence indicated that the molecule was 
symmetrical, the A and B protons were olefinic, and 
X was a methine proton. 
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The mass spectrum of I included peaks with mje 
212 (molecular ion), 149, 141, 106 (M/2), and 78 (base 
peak).7 The occurrence of the relatively strong peak 
of mje 106 and base peak 78 suggested the cleavage of 
I to tropone, which exhibits a base peak at mje 78 
corresponding to benzene8 on electron impact. The 
dissociation of I to tropone was also brought about by 
heating. On pyrolysis at 220° in a sealed tube under 
nitrogen atmosphere, I gave tropone in 60% yield, 
which was identified by infrared spectrum and the for­
mation of picrate, mp 99°. 

On catalytic hydrogenation over 10% palladium-
carbon, I took up 4 mole equiv of hydrogen to give 
an octahydro derivative (II), mp 93°, in almost quanti­
tative yield, which had the following physical properties. 
Anal. Found for Ci4H20O2: C, 76.25; H, 9.11; 
infrared in KBr, 1704 cm - 1 (carbonyl), and no absorp­
tion due to double bond; mass spectrum, peaks with 
mje 220 (molecular ion), 110, 81, and 67. 

Summarizing the evidence cited above, two possible 
structures, Ia and Ib, can be deduced for dimer I. 
Evidence for the trans form (Ia) rather than the cis form 
(Ib) came from dipole moment measurements.9 The 
dipole moment of I taken in benzene at 25° was 0.8 D., 
strongly supporting Ia for the structure of dimer I (see 
Chart I). 

Chart I 

II Ib 
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It has been observed by Chapman that the irradiation 
of tropone afforded benzene in low yield.10 The differ­
ence between these results seems to arise from the sol­
vent effect on the excited state. Since in a polar solvent 
such as water11 or acidic media the TT-W* transition of 
tropone, the absorption of which appears at around 
310 m/x,12 is stabilized compared to n—w* transition, the 
7T- 7T* transition may contribute to the (6 + 6) 7r-type 
cycloaddition of tropone. 

This (6 + 6) 7r-type photodimerization process is in 
good -contrast to the (6 + 4) -zr-type cycloaddition of 
tropone with cyclopentadiene, which occurred in the 
dark.13 Although the formation of the exo adduct of 
the latter reaction is rationalized by Hoffmann and 
Woodward's molecular orbital consideration for Diels-
Alder reaction,14 the specific formation of trans photo-
dimer Ia may be reasonably explained in the same fash­
ion as proposed by Chapman for the photodimerization 
process of 2-phenoxy-4,5-benzotropone.15 The ground-
state dipole of tropone which is directed from the 
tropone ring to the carbonyl oxygen may arrange two 
tropone molecules in an exo orientation as shown in 
Chart I, giving the dimer directly upon excitation. 
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The Course of Tropone Photodimerization 
in Acetonitrile 

Sir: 
The recent report1 that tropone and cyclopentadiene 

undergo thermal cycloaddition to give the crystalline 
adduct I marks the first demonstration of (6 + 4) 
cycloaddition, a process which, in general, is allowed a 
concerted course by the Hoffmann-Woodward rules.2 

We now describe a photochemical process whereby 
tropone is converted to three crystalline dimers formally 
corresponding to (6 + 4), (6 + 2), and (4 + 2) modes of 
cycloaddition, respectively.3'4 
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Whereas the photochemistry of tropolones has been 
intensively studied,5 that of tropone has been limited 
to the cursory report that benzene plus a "complex 
mixture of products" are produced.6 We have ob­
served that exposure for 28 hr of a dilute solution of 
tropone in acetonitrile to a 140-w high-pressure mer­
cury source, using cooled glass vessels, results in 
clean conversion to a mixture containing approxi­
mately 50% tropone photodimers, in addition to 
some 30% unchanged tropone. Careful silica gel 
chromatography, followed by fractional crystallization, 
produced as major products three dimers, mp 141-
142°, 124-125°, and 118-119°, in approximately 
equal yields.7 The complex nmr spectra of each of 
these substances revealed their lack of molecular 
symmetry and, moreover, indicated that each con­
tained four protons bound to saturated carbon and 
eight protons bound to unsaturated carbon. There­
fore, each photodimer had resulted from two tropone 
molecules by formal loss of two double bonds and 
generation of one new ring. 

The 141-142° dimer [>™x
cu 1698, 1670 cm"1; 

\™f H 225, 256, 266, 285 (sh) m^ (emax 9400, 4200, 
4350 1900 (sh))] was unique in that it underwent ready 
thermal retrogression to tropone at 95 °.8 The pres­
ence of the grouping -C(H B )=CH A C(=0) - in a 
six-membered or larger ring was indicated by the 
225-mjti and 1670-cirr1 maxima and by the nmr signals 
of HA (r 4.2) and HB (r 3.8), with \JAB\ = 12 cps. 
The maxima at 256 and 266 mju, as well as the 1698-Cm-1 

carbonyl band, were similar to the values cited by 
Cookson1 for the cycloheptadienone system of model 
I.9 All of our data were consistent with gross structure 
II or III for the 141-142° dimer. Further stereo­
chemical definition was derived from complete catalytic 
hydrogenation of the dimer over 10% Pd-C to an 
octahydro diketone (IV, ^=0O3 1697 cm"1), which on 
standing in cold dilute base was rapidly converted to a 
crystalline isomeric hydroxy ketone, mp 80-82°, having 
in addition to hydroxyl absorption a sharp carbonyl 
maximum at 1736 cm"1. This latter transformation 
must involve formation of a five-membered ring through 
an internal aldol reaction (IV -*• V) facilitated by the 
proximity of the two carbonyl bridges, and thus defines 
not only the syn relation but also the relative positions 
of the carbonyl groups. Stereochemistry at the ring 

(5) Reviewed by K. S. Koch, Advan. Alicyclic Chem., in press. 
(6) O. L. Chapman, Advan. Photochem., 1, 323 (1963). 
(7) All compounds for which melting points are cited have been 

fully characterized by satisfactory spectra, carbon-hydrogen analyses, 
and mass-spectrometric or vapor pressure thermistor molecular weights. 
We are indebted to Messrs. L. Brancone and W. Fulmor of these 
Laboratories, Dr. R. Pitcher of Varian Associates, and the services of 
the Morgan-Shaffer Corporation (Montreal) for the determinations. 
Valuable discussions with Dr. J. Karliner (Lederle) are gratefully 
acknowledged. 

(8) The other two dimers undergo complex transformations above 
100° to give mixtures which have not been resolved to date. 

(9) A related bridged diene, 9-hydroxy-9-methyl-bicyclo[4.2.1]-
nonatriene, is reported to have \ £ S 0 H 260 m,u (emaI 6300) [T. S. Cantrell 
and H. Sheerer, / . Am. Chem. Soc, 85, 3300 (1963)]. 

Journal of the American Chemical Society / 88:21 / November 5, 1966 


