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The Reaction Of Dimethyldioxirane With Chrysene: Formation Of A Trioxide!
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Abstract: Oxidation of chrysene with dimethyldioxirane gives a number of products including the
interesting trioxide, chrysene-5,6:4b,10b:11,12-trioxide, 3. The x-ray crystallographic stucture of 3 indicates
that it is a non-planar system. Copyright © 1996 Elsevier Science Ltd

The carcinogenicity of certain polycyclic aromatic hydrocarbons (PAH) is known’ to be related to their
metabolic activation. The metabolites which are critical for the binding of the oxidized PAH to important biological
molecules, including DNA, contain the arene oxide moiety.” This observation has led to a great interest in the
synthesis of arene oxides. While the arene oxides receiving the most attention have been monooxides or dioxides
there are only a few examples of the formation of trioxides. Three stereoisomeric trioxides of benzene were
described some time ago.* Likewise isomeric tri- and higher polyoxides of naphthalene have been reported.” A
trioxide of a cyclohexatriene derivative also has been prepared.” Triphenylene has been oxidized to a trioxide by m-
chloroperbenzoic acid.®

Since we first reported7 the isolation of dimethyldioxirane in acetone solution the chemistry of this remarkable
O atom transfer reagent and related dioxiranes has received a growing amount of attention.® In an earlier report’ we
described the synthesis of arene oxides using ir siru generated dimethyldioxirane. Since that report we and others
have synthesized additional examples if arene monooxides using dimethyldioxirane.® In 1989 Boyd and coworkers
described'® the first use of dimethyldioxirane to synthesize arene dioxides. We now report that dimethyldioxirane 1
reacts with chrysene 2' to give the interesting trioxide 3 (Scheme 1). The trioxide is accompanied by the monoxide
4. We believe that 4 reacts further with 1 to give the cis dioxide 5§ which is not isolated. Examination of the
structure of the trioxide reveals that formation of the dioxide involves reaction at the two K-regions of 2. The
dioxide so formed then contains a double bond at the C4,-Cos position which is no longer aromatic. This double
bond is then rapidly epoxidized by 1 with the oxygen being installed trans to the two K-region oxides. This rapid

epoxidation consumes the dioxide preventing its observation.'*
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The structure of 3 was determined by X-ray diffraction. This structure (Figure 1) shows clearly the cis

relationship of the two K-region oxides as well as the rans positioning of the third oxide relative to the first two.

The two K-region oxides confer a non-planarity to the overall structure which is not compensated by the presence

of the third, trans oxide. A similar non-planarity has been observed'® in 7,12-dimethylbenz[a]anthracene-5,6-oxide.

Figure 1. X-ray Crystal Structure of 3.



8673

Acknowledgment. The project described was supported by grant number ES01984 from the National
Institute of Environmental Health Sciences, NIH. Its contents are solely the responsibility of the authors and do not
necessarily represent the official views of the NIEHS, NIH. The Varian XL-300 NMR Spectrometer was purchased

with support from the National Science Foundation.

REFERENCES AND NOTES

1.  Chemistry of Dioxiranes. 34. Part 33: Murray, R.W.; Singh, M.; Rath, N.P. J. Org. Chem., submitted.

2. a.) Harvey, R.G. Polycyclic Aromatic Hydrocarbons and Carcinogenesis, ACS Monograph No. 283,
American Chemical Society, Washington, D.C., 1985. b.) Harvey, R.G. Acc. Chem. Res. 1981,14, 218-226.
c.) Miller, E.C. Cancer Res. 1978, 42, 1479-1496. d.) Dipple, A.; Moschel, R. C.; Bigger, C.A. in Chemical
Carcinogens, Searle, C.E., Ed., American Chemical Society, Washington, D.C., 1984, 41-163.

3. a.) Weinstein, LB,; Jeffrey, A.M,; Jenette, K.W.; Blotstein, J.H.; Harvey, R.G.; Harris, C.; Autrup, H.; Kasai,
H.; Nakanishi, K. Science 1976, 193, 592-595. b.) Grover, P.L.; Sims, P. Biochem. J. 1968, 110, 159-160. c.)
Boyd, D.R.; Jerina, D.M. in Small Ring Heterocycles, Vol. 42, Part 3, John Wiley, New York, 1985, 197-
281. d.) Shirwaiker, G.S.; Bhatt, M.V. in Advances in Heterocyclic Chemistry, Vol. 37, Katritzky, AR., Ed.,
Academic Press, New York, 1984, 68-165.

4.  For reviews of the formation of cyclic polyepoxides see: a.) Adam, W.; Balci, M. Tetrahedron 1980, 36, 833-

858. b.) Reference 3(c).

Mohler, D.L.; Vollhardt, K.P.C.; Wolff, S. Angew. Chem. Int. Ed. Engl. 1995, 34, 563-565.

Charles, H.C.; Baker, R.J.; Trefonas, L.M. ; Griffin, G.W. J. Chem. Soc., Chem Commun. 1980, 1075-1076.

Murray, R.W_; Jeyaraman, R. J. Org. Chem. 1985, 50, 2847-2853.

For reviews see: a.) Murray, R.W. Chem. Rev. 1989, 89, 1187-1201. b.) Curci, R. In Advances in

Oxygenated Processes; Baumstark, A.L., Ed.; JAI Publishers: Greenwich, CT, 1990; Vol. 2, Chapter 1, pp 1-

59. ¢.) Adam, W.; Hadjiarapoglou, L.P.; Curci, R.; Mello, R. In Organic Peroxides; Ando, W., Ed.; Wiley,

New York, 1992; Chapter 4, pp 195-219. d.) Adam, W.; Curci, R.; Edwards, J.O. Acc. Chem. Res, 1989, 22,

205-211.e.) Curci, R.; Dinoi, A.; Rubino, M.F. Pure Appl. Chem. 1995, 67, 811-822,

9.  Jeyaraman, R.; Murray, RW. J. Am. Chem. Soc. 1984, 106, 2462-2463.

10. Agarwal, S.K.; Boyd, D.R.; Jennings, W.B.; McGuckin, R.M.; O’Kane, G.A. Tetrahedron Lert. 1989, 30,
123-126.

© N oo ow»

11. Sample procedure: To a magnetically stirred solution of 2 (0.071 g, 0.311 mmol) in 5 mL of acetone was

added 28 mL of an 0.068 M solution of 1"® (1.87 mmol) in acetone. The reaction mixture was stirred in the
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dark at room temperature for 72 h to give an orange colored solution. 'H NMR analysis of the residue
indicated the presence of chrysene-5,6-oxide'” (5 4.70, d, J = 4.20 Hz, 1 H; 5.34,d, J = 420 Hz, 1 H),
chrysene-5,6-dione12 (6 9.37,d, J = 8.80 Hz) and a minor product which was identified as chrysene trioxide 3
(63.95,d,/J =4.15Hz, 4.60, d, J = 4.15 Hz). Solvent was removed on a rotary evaporator to give a dark
orange-red residue (0.0934 g). GC/MS and 'H NMR analysis of the residue indicated the presence of the
products described above and two other minor products. One of these was identified as 6-hydroxychrysene on
the basis of its 'H and mass spectra'®. A second minor product which shows a set of doublets at & 4.10 (d, J =
3.86 Hz) and 4.25 (d, J = 3.86 Hz) has not yet been identified. The residue was subjected to preparative TLC
(Analtech 1000 p Kieselgel 60 PF,s, coated plates) using methylene chloride as eluent. The UV active band at
R,0.5 was removed and extracted with methylene chloride. Filtration and evaporation of the solvent gave a
cream-colored residue (0.01 g, 8 %). Recrystallization of the residue from CH,Cly/hexane afforded trioxide 3
as colorless needles; mp 245-248° C(dec). 'HNMR (300 MHz, CDCLs): § 3.95 (d,J = 4.15 Hz, 2H), 4.60
(d,J = 4.15 Hz, 2H), 7.35-7.65 (m, 6H, Ar H), 7.94 (d,J = 7.38 Hz, 2H, ArH). °C NMR (75 MHz,
CDCl;): 6 52.73, 53,60, 61.19, 127.94, 129.61, 131.41, 131.45, 131.97; MS (EI, 70 eV): m/z (rel. intensity)
277 (M+1, 2), 247 (100). Calcd for CjsH;,0s: 276.29. Anal. Calcd for Cy5H;,05 : C, 78.25; H, 4.38. Found
C,77.57: H, 4.48.
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