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Synthesis of Cyclopenta[cd]pyrene 3,4-Epoxide, the Ultimate Mutagenic
Metabolite of the Environmental Carcinogen, Cyclopenta[cd]pyrene

By Avram GoLD,*} JEssica BREWSTER, and ERic EISENSTADT
(Harvavd School of Public Health, Depavtments of Phystology and Microbiology, Boston, Massachusetts 02115)

Summary Cyclopentalcd]pyrene 3,4-epoxide, a potent
bacterial mutagen, has been synthesized via the bromo-
hydrin obtained from the addition of hypobromous acid
to the ethylenic bridge of cyclopenta[cd]pyrene.

THE non-alternant, non-bay region structure of the highly
mutagenic polycyclic aromatic hydrocarbon cyclopenta[cd]-
pyrene (1) has stimulated interest in this compound.l-?
The 3,4-epoxide (2) was predicted to be the ultimate
mutagenic metabolite.! We report the synthesis of (2) via
the bromohydrin formed directly from (1) by addition of
HOBr generated from N-bromosuccinimide (NBS) in wet
dimethyl sulphoxide.® This reaction should be generally
applicable to epoxidation of arene double bonds to which
electrophilic addition is favoured. We also confirm that (2)
is a potent mutagen in the absence of liver enzymes.

Since PMO considerations? pointed to the ethylenic
bridge of both (1) and acenaphthylene as the favoured site
for electrophilic addition, acenaphthylene was selected as a
model polycyclic compound for the addition with HOBr.
Reaction of acenaphthylene with 2 equiv. of NBS in Me,SO
containing 7%, H,0 at 15 °C yielded (40%), the bromo-
hydrin as colourless needles following reverse phase h.p.l.c.:
m.p. 199—201 °C; § (60 MHz, CDCl,) 5-49 and 5-81 (each
1H, br.s),and 7-35—7-90 (6 H, m, ArH) ; Amax (CH,CL) (loge),
285 (3-34) nm; mass spectrum, M+ 250 and 248 with major
fragment at m/e 169 (M+ — HBr). The small coupling of
the bridge protons is consistent with a frans configuration.®

Similar treatment of (1) yielded (669,) the bromohydrin
as pale yellow needles following reverse phase h.p.l.c.: m.p.

(sealed capillary) 118—119°C (decomp.); §&(270 MHz,
CD,COCD, 5-80 and 6-14 (each 1H, br. s) and 8-08—8-39
(8H, m, ArH); Amax (CH,Cl,) (log €), 345 (3-92), 328 (3-79),
314 (3-46), 296 (3-11), 277 (4-08), 267 (3-81), 255 (3-52), 246
(4-26), and 233 (4-01) nm; mass spectrum, M+ 324 and 322,
major fragments at m/e 306 and 304 (M*+ — H,0). The
pyrene-like appearance of the u.v. spectrum and the small
coupling of the benzylic protons in the n.m.r. spectrum
indicate trans addition to the ethylenic bridge of (1).
Resolution of only one bromohydrin by h.p.lc. and the
n.m.r. evidence are consistent with the prediction by PMO
theory of Br* addition at C(4). On this basis, structure (3)
(trans-4-bromo-3-hydroxy-3,4-dihydrocyclopenta(cd ]pyrene
has been tentatively assigned.

A solution of (3) in dry tetrahydrofuran (THF) was
added to a 10-fold molar excess of sodium methoxide and
stirred at room temperature for 10 min. Percolation of the
mixture through a small amount of basic alumina (activity
IV) and concentration of the solvent at 0 °C with a stream
of nitrogen yielded (339%,) (2), as colourless spars, m.p.
(sealed capillary) 207—209 °C (decomp.); & (270 MHz,
CD,COCD,) 5-18, (2H, br.s) and 8-08—8:39 (8H, m, ArH);
Amax (CH,CL) (log €), 374 (3-63), 366 (3-39), 353 (4-12), 347
(4-49), 330 (4-36), 315 (4-01), 275 (4:54), 264 (4:34), 244
(4-68), and 232 (4-64) nm; mass spectrum M+ 242-07210
(cale. for C,gH;,O 242-07316), major fragments at m /e 214
and 213; ir. (KBr) 121 and 12-4 um. The chemical shift
and near-degeneracy of the oxiran protons in the n.m.r.
spectrum are in accord with data® for other asymmetric
arene oxides.

The direct mutagenicity of (2) was confirmed by exposing
2 X 10® bacteria (Salmonella typhimurium strain TA100,
a histidine auxotroph),!® to different amounts of the
purified epoxide in 0-5ml of 0-1 M sodium phosphate,
pH 7-4. After 5 min at room temperature, the mixture was
plated on selective minimal plates and the number of his*
revertants was determined after 48 h at 37 °C. When
bacteria were exposed to 5, 10, 20, 50, or 100 ng of the
epoxide, the vield of induced his* revertants per plate was
21, 51, 111, 303, and 735, respectively. Clearly, the
epoxide is potently mutagenic in the absence of liver
microsomes and the yield of mutants varies linearly with
dose.

T.l.c. over silica or stirring with HCI in THF isomerized
(2) cleanly and completely to the ketone (4), which can be
distinguished from the previously described 3-oxo deriva-
tive?”* by u.v. and i.r. spectroscopy and its m.p. (220—
222 °C). Isomerization exclusively to (4) is consistent with
the predicted preference for carbonium ion formation! at
C(3) and lends support to the assignnient of structure (3)
for the bromohydrin.

This study was supported by a Public Health Service
grant. We thank Priscilla Carter for the low resolution

t Present address: The University of North Carolina, School of Public Health, Department of Environmental Sciences and

Engineering, Chapel Hill, North Carolina, 27514.



904 J.C.S. CHEM. ComM., 1979

mass spectra, and K. Biemann, Division of Research Research at the F. Bitter National Magnet Laboratory,
Resources, Mass Spectrometry Facility, M.I.T., for the M.LT.
exact mass measurement. The high field n.m.r. experi-

ments were performed at the n.m.r. facility for Biomolecular (Recetved, 30th May 1979; Com. 557.)

1 E. Eisenstadt and A. Gold, Proc. Nat. Acad. Sci. U.S.A., 1978, 75, 1667.

2 A. Gold, J. Schultz, and E. Eisenstadt, Tetrahedron Letters, 1978, 4491.

2Y. Ittah and D. M. Jerina, Tetrahedvon Letters, 1978, 4495.

4 P. H. Ruehle, D. L. Fischer, and J. C. Wiley, Jr., J.C.S. Chem. Comm., 1979, 302.

5 W.-S. Tsang and G. W. Griffin, ‘Metabolic Activation of Polynuclear Aromatic Hydrocarbons,’ Pergamon, New York, 1979,
pp. 73ff.

8 D. R. Dalton, V. P. Dutta, and D. C. Jones, J. Amer. Chem. Soc., 1968, 90, 5498.

7M. ]J. S. Dewar, ‘The Molecular Orbital Theory of Organic Chemistry,” McGraw-Hill, New York, 1969, pp. 214—217 and 304—306.

8 T. H. Kinstle and P. J. Ihrig, J. Org. Chem., 1970, 35, 257.

? S. Krishnan, D. G. Kuhn, and G. A. Hamilton, J. Amer. Chem. Soc., 1977, 99, 8121.

10 B. N. Ames, J. McCann, and E. Yamasaki, Mutation Res., 1975, 31, 347.





