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AbsStwct: Photolyais of dibenzothiophcnc sulfoxide in isopropanol provides biphcnyl in quantitative 
yield via two squential photochemical reactions. Mechanistic aspects of the reaction are discussed, 
including the unuwal observation that isoprene increases the quantum yield of loss of starting material. 

In this communication, we report the quantitative photochemical transformation of dibenzothiophene 

sulfone (1) to biphenyl(7) in isopropanol. This sequential, two photon hydrodesulfonation is unprecedented to 

the best of our knowledge, but we propose a mechanism consistent with known sulfone photochemistry. The 

critical intermediate is the 1,5-biradical2, which has only two rotational degrees of freedom. Our results show 

that conditions need to be finely tuned in order to carry out the conversion, an observation that we attribute to 

the reactivity of the intermediates. The proposed reaction sequence is shown in figure 1. 
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Figure 1. Proposed mechanism for the photohydrodesulfonation of dibenzothiophene sulfone. 

Direct irradiation of dilute solutions (cu. 0.5 mM) of dibenzothiophene sulfone (1) in deoxygenated 

isopropanol held in borosilicate test tubes using the output of the “300 nm” bulbs of a Rayonet RMR-600 

photoreactor’ results in quantitative conversion to biphenyl. Photolyses were monitored by GC. Verification 

that the extra hydrogen atoms come from solvent was provided by photolysis of 1 in isopropanol-&, which 

gave biphenyl-&, as determined by mass spectral analysis. Although quantitative photoconversion of 1 to 7 is 

essentially limited to isopropanol solvent in our experience, in several other hydrogen-donating solvents (~g., 

methanol, THF) complete loss of starting material is accompanied by partial conversion to biphenyl in more 

complex reaction mixtures. Under no GC conditions was 5 detected, but as shown in figure 2, the apparent 

mass balance dipped and rose again in a manner completely consistent with the formation of a stable 
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intermediate which did not survive the GC analysis.* Quantitative mass 

balance was reproducibly reachieved on extended photolysis. The quantum 

yield for loss of 1 in isopropanol was found to be 0.003.3 Support for the 

mechanism in fiigurc 1 was provided by the ptmtolysis of the known 5p which 

results in 7. Id no c&e wss biphenylene (S) ,or the sultine 9’ observed, both 

were shown to be stable to the analysis conditions. Photolysis of 9 in 

isopropanol yields 2-phenylphenol, which was also not observed. 

Large scale photoreactions are also successful. Photolysis of well stirred 

suspensions of 0.5 g of 1 in 300 ml isopropanol under Ar using the output of a 450 W Hanovia lamp filtered 

through Vycor, followed by addition of ca. 1 g silica, evaporation of the solvent, and washing of the silica with 

hexane provides biphenyl in 75% yield and 98% purity. 

Dibenzothiophene sulfone is essentially photoinert in solvents which are poor hydrogen atom donors 

(e.g., benzene, acetonitrile). Photolysis of the neat solid led to no products detectable by GC and no 

macroscopic degradation was apparent. Attempts to extend the hydrodesulfonation to molecules 10 and 

11 were unsuccessful. At which stage the hydrodegulfonation fails cannot yet be determined, but these 

compounds are photoactive. 
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Figure 2. Concentration of 1 (circles) and 7 Figure 3. Conversion of 1 at a fixed irradiation 
(triangles) as a function of photolysis time as time of 30 min. The initial concentration of 1 was 
monitored by GC. The dotted trace is the deviation 0.5 mIU and the solvent was isopropanol. 
from 100% mass balance, which is attributed to 5. 

Experiments designed to determine the reactive state of 1 were relatively ambiguous. The fluorescence 

parameters of 1 are unremarkable (& = 85 kcal/mol, t = 2.7 ns). The conversion is sensitized by p- 

methoxyacetophenone, indicating that both reactions can proceed through the triplet state. However, the use of 

triplet quenchers, particularly isoprene, in direct irradiation experiments increases the quantum yield of loss of 

1. In parallel fashion, the yield of biphenyl falls to zero with added isoprene, showing that at least one of the 

intermediates is diverted from the path outlined in figure 1. Figure 3 shows a typical plot of loss of 1 versus 

isoprene concentration after a fixed period of irradiation of othenvise identical samples. The quantum yield of 

loss of 1 leveled off (within experimental error) at approximately 0.053 for irradiations in isoprene/benzene 

mixtures that contained at least 50% isoprene. 
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Postulation of the intermediate 2 is, we believe, entirely reasonable. It has long been known that 

irradiation of acyclic diary1 sulfones leads to the formation of aryl radicals. Their subsequent reactions with 

benseue solvent lead to the formation of biphenyls derived from solvent and s~bstrate.~ Loss of So2 from 

the arylsulfonyl radicals is not a major process, but recovery of sulfinic acids or discovery of any of their 

ritemate fates is problematic, By contrast, photolysis of cyclic dialkyl sulfones or bisbenzylic acyclic sulfones 

in unreactive solvents does lead to products representing the net extrusion of SG2, as desulfonylation of 

slkylsulfonyl radicals is much more rapid. g-15 In a few instances, the isomerization of cyclic sulfones to 

sultines (cyclic sulfinic eaters), has been observed, and this is presumed to go through a biradical intermediate 

analogous to 2.1**16v*7 Ev en in the cases of some unsaturated sulfones whose chemistry is complicated by 

electrocyclic sulfene formation, carbon-sulfur bond rupture is still one of the major processes.17-20 

It has been shown for diphenyl sulfone that cleavage derives from both singlet and triplet states2*a The 

same is likely true here. While it is tempting to suggest that singlet cleavage of 1 is irrelevant because of very 

rapid reclosure of 12, we have no evidence that proves this. Moreover, isoprene should be an efficient triplet 

quencher of l.= Traditionally, the role of isoprene in photochemical reactions is as a triplet quencher which 

lowers the efficiency of reactions that proceed through long lived triplets. The increased efficiency observed 

here demands another explanation. We propose that (1) lsoprene is an ineffective quencher due only to a short 

lifetime for %, and that (2) isoprene acts as a substrate for radical-molecule reactions which compete with 

kc.= We cannot rule out that isoprene is simultaneously quenching 31, but we take 0.053 to be a reasonable 

estimate of the efficiency for the formation of trappable 2, since this is the highest quantum yield for 

decomposition of 1 we could obtain. While the rate constant ktpA is not known, a reasonable upper limit may 

be taken from the rate of reaction between phenyl radical and isopropanol(4.1 * 0.1 x 16 ~-ls-l)U Given 

these data and the quantum yield for loss in neat isopropanol (0.003), an order of magnitude estimate of the 

lifetime of 2 of 10 ns can be made. Such a lifetime is at least consistent with the known rate constant for 

addition of phenyl to pentadiene (cu. 10s ~-4-l at 60 “C)a6*27 and our quantum yield results?% 

The chemistry we observe here is particularly sensitive to the nature of the hydrogen atom donor, most 

likely because a number of reactions are available at several stages, and the system must be tuned to steer 

toward formation of 7. Biradical2 is a highly constrained system. Only rotations of the bond connecting the 

phenyl rings and the remaining C-S bond are available, and one would expect that intramolecular closure to 1 

or the unobserved 9 would dominate the chemistry. In fact, that is the case, as 1 is “inert” in solvents such as 

benzene and ace&&rile. Even in neat isopropanol, no more than about 6% of the biradicals 2 are intercepted 

before returning to 1. 

In summary, we have uncovered the remarkable, quantitative two-stage photochemical transformation 

from dibenxothiophene sulfone to biphenyl in isopropanol. Although simple enough in appearance, this 

transformation is relatively complex, as evidenced by the strong dependence on solvent and the sulfone- 

containing ring size. Elucidation of further details and spectroscopic characterization of the intermediates 

await our further efforts. 

ACKNOWLEDGMENT 

We would like to thank the donors to the Caldwell Endowment fund at Iowa State University. 



7158 

1. 

2. 

3. 

4. 
5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

245. 

27. 

28. 

REFERENCES AND NOTES 

The reactor has been modified so as to have both magnetic stirring and a fan which keeps the 

temperature at ambient levels. 

Preliminary HPLC measurements showed a broad peak which grew in and disappeared in parallel with 

the maas balance depression in the GC analysis. 

Quantum yield measurements were made using the output of a 150 W Xe Iamp filtered through a 

monochrometer set at 313 urn under conditions of complete light absorption. Appearance of 
acetophenone in the photolysis of valerophenone in isopropanol (@ = 0.68) was used as an actinometer. 

See Wagner, P. J. J. Am. Chem. Sot. 1%7,89,5898-5901. 

Davies, W.; James, G. C.; Middleton, J. S.; Porter, Q. N. J. Chem. Sot. 1955,1565-1573. 

Hanson, G.; Kemp, D. S. J. Org. Chem. 1981,46,5441-5443. 

Kharasch, N.; Khodair, A. I. A. J. Chem. Sot., Chem. Commun. 1967,98-100. 

Nakai, M.; Furukawa, N.; Qae, S.; Nakabayashi, T. Bull. Chem. Sot. Japan 1972,45,1117-l 119. 

Khodair, A. I.; Nakabayashi, T.; Kharasch, N. Inil. J. SuIfir Chem. 1973,8,37-41. 

Burger, U.; Schmidlin, P.; Mareda, J. PJwsph., Sulfur, andSilicon 1993, 74,417-418. 

Givens, R. S. Org. Photo&em. 1981,5,227-346. 

Still, I. W. J. In The Chemistry of Suifones and Surfoxides; S. Patai; Z. Rappaport and C. J. M. Stirling, 

Ed.; John Wiley & Sons Ltd.: New York, 1988; pp 873-887. 

Zimmt, M. B.; Doubleday Jr., C.; Gould, I. R.; Turro, N. J. J. Am. Chem. SIX. 1985,207,6724-6726. 

Ried, W.; Bopp, H. Angew. Chem. Int. Ed, Engl. 1977,16,653-654. 

Givens, R. S.; Hrinczenko, B.; Liu, J. H.-S.; Matuzewski, B.; Tholen-Collison, J. J. Am. Chem. Sot. 

1984,106,1779-1789. 

Gouid, I. R.; Tung, C.-H.; Turro, N. J.; Givens, R. J.; Matuszewski, B. J. Am. Chem. Sot. 1984.1984, 

1789-1793. 

Schumann, H.-P.; von Sonntag, C. J. Photochem. 1983,22,55-60. 

Hall, C. R.; Smith, D. J. H. TetrahedronLett. 1974,42,3633-3666. 

Kobayashi, K.; Mutai, K. Chem. Left. 1983,1461-1462. 

King, J. F.; Lewars, E. G.; Harding, D. R. K.; Enanoza, R. M. Can. J. Chem. 1975,53,3656-3659. 

Gravel, D.; Leboeuf, C. Can. J. Chem. 1982,60,574-587. 

Ponterini, G.; Momicchioli, F. J. Phys. Chem. 1988,92,4084-4088. 

Bruni, M, C.; Ponterini, G.; Scoponi, M.J. Phys. Chem 1989,93,678-683. 

Jenks, W. S.; Lee. W.; Shutters, D. J. Phys. Chem. 1994,98,2282-2289. 

Evidence for this is also found in a large number of unidentified peaks in GC traces when 1 is photolyzed 

in the presence of isoprene. 
Janzen, E. G.; Nutter Jr., D. E.; Evans, C. A. J. Phys. Chem. 1975, 79,1983-1984. 

Kryger, R. G.; Lorand, J. P.; Steven, N. R.; Herron, N. R. J. Am. Chem. Sot. 1977,99,7589-7600. 

Bridger, R. F.; Russell, G. A. J. Am. Chem .Soc. 1963,85,3754-3765. 

Sulfonyl radicals reversibly add to olefins, but rate constants are unknown. See Chatgilialoglu, C. In The 

Chemistry of Sulfoxides andsulfones; S. Patai, Ed.; John Wiley & Sons, Ltd.: New York, 1988. 

(Received in USA 7 July 1994; revised 28 July 1994, accepted 2 August 1994) 


