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SUMMARY

5,6-Dihydro-5-oxo-7, 12-dimethylbenz[ajanthracene and
5,6-dihydro-6-oxo-7, I 2-dimethylbenz[a]anthracene are de
scribed. These compounds, which are isomeric with 7, 12-
dimethylbenz[ajanthracene-5,6-oxide (the K-region epox
ide), were inactive in tests for tumor-initiating activity in
mouse skin and tumor production in the s.c. tissue of the
mouse.

INTRODUCTION

The carcinogenic response of animals to polycyclic aro
matic hydrocarbons may be mediated by the metabolism of
these compounds (10), and in recent years considerable
attention has been directed towards Boyland's suggestion
(3) that K-region epoxides might be the key intermediates in
the carcinogenic action of the hydrocarbons. These epoxides
are now known to be formed in the microsomal metabolism
of hydrocarbons (12, 13, 17, 19, 28), and many of them
exhibit high levels of biological activity in tests for malig
nant transformation in vitro (14, 16, 20) and in various tests
for mutagenic activity (1, 6, 9, 15). However, the K-region
epoxides do not exhibit greater carcinogenic potencies than
the parent compounds (4, 2 1, 29), and 7-methylbenz[a@an
thracene-5,6-oxide does not react with DNA to yield
products identical with those formed when the parent
hydrocarbon is bound to DNA in cellular systems (2). For
these latter reasons we have investigated other derivatives of
the polycyclic aromatic hydrocarbons through which their
carcinogenic activities might be expressed.

The most carcinogenic hydrocarbon metabolites identi
fled so far appear to be 3-methylcholanthrene-2-one and
3-methylcholanthrene-l-one (29). Similar ketonic metabo
lites were not envisaged for most of the polycyclic hydrocar
bon carcinogens because they do not contain the saturated
5-membered ring of cholanthrene. However, recent studies
of the mechanismsinvolved in the metabolic hydroxylation
of aromatic substrates have shown that the immediate
precursors of phenolic metabolites are the keto forms of
these phenols which arise as intermediates in the rearrange
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ment of an arene oxide (epoxide) to a phenol (7, 18). Since
K-region epoxides are known metabolic products for many
potent hydrocarbon carcinogens but K-region phenols are
not generally found as metabolites of the carcinogenic
hydrocarbons(31),it is conceivablethat significant amounts
of K-region ketones could be formed, and that these
putative metabolites could be involved in the carcinogenic
action of the polycyclic hydrocarbons.

Consistent with the above possibility is the positive
correlation between increasing carcinogenic potency and
increasing double-bond character at the K-region of polycy
clic hydrocarbons (24), together with the expected correla
tion between this latter and a decreasing tendency for a
K-region ketone to enolize (25). Raha (26, 27) has already
indicated that the acid-catalyzed dehydration of cis-4,5-
dihydro-4,5-dihydroxybenzo[a]pyrene yields the isomeric
K-region ketones in preference to the phenols, although this
has not been observed by other workers (5, 30).

The present report examines the question of the existence
of K-region ketones for carcinogenic and noncarcinogenic
hydrocarbons, describes the preparation and characteriza
tion of the isomeric K-region ketones derived from the
potent carcinogen DM BA,2 and reports results of tests for
biological activity of the latter 2 compounds.

MATERIALS AND METHODS

Chemical Studies3

cis-9, l0-Dihydro-9, lO-dihydroxyphenanthrene, cis-4,5-
dihydro-4,5-dihydroxybenzo[a]pyrene and cis-5,6-dihy
dro-5,6-dihydroxy-7, 12-dimethylbenz[ajanthracene were
prepared by the procedure of Cook and Schoental (5).
9-Phenanthrol was prepared according to the method of
Moriconi et al. (22).

Isomeric K-Region Ketones of DMBA. cis-5,6-Dihy
dro-5,6-dihydroxy-7, 12-dimethylbenz[alanthracene (0.2 g)
in glacial acetic acid (50 ml) and water (50 ml) was heated
under reflux for 4 hr. After cooling and standing overnight,

I The abbreviations used are: DMBA, 7,12-dimethylbenz[ajanthracene;

NMR, nuclear magnetic resonance; MEM, Eagle's minimum essential
medium.

3 Melting points are corrected and were determined on a microscope

hot-stage apparatus. Analyses were by Dr. F. B. Strauss, Microanalytical
Laboratories, Oxford, England.
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the orange precipitate (0.134 g) was collected and slurried
with acetone(I ml). The resultant pale-yellow solid (0.074
g) was collected, dissolved in benzene, and applied to a
column of silica gel (40 cm x I sq cm). The column was
eluted with benzene containing 1% methanol, which resulted
in the elution of an unidentified yellow substance in
Fractions (10 ml) 4 and 5, followed by the isomeric ketones
in Fractions 8 to 14 and in Fractions 17 to 25. Fractions 8 to
14 were pooled and evaporated to dryness, and the residue
was crystallized from benzene yielding 0.019 g of white
crystals (m.p. 261â€”262Â°)which exhibited a maximum
absorption in the UV at 252.5 nm (in 96% ethanol), a
carbonyl absorption at I 700 cm@ (in benzene), a peak in
the mass spectrum corresponding to a molecular ion at m/e
272, and identical chemical shifts in the NMR spectrum at
t5, 2.54 ppm for the 2 methyl groups with a signal at Ã´, 4.23

ppm for the methylene protons (in benzene-d6). On the
basis of the NMR data which were generously provided
and interpreted by I. KÃ¶hler of the Deutsches Krebsfor
schungszentrum, Heidelberg, Germany, this isomer was
tentatively assigned the 6-oxo structure and identified as
5,6-dihydro-6-oxo-7, 12-dimethylbenz[a]anthracene.

C20H@

Calculated: C 88.20, H 5.92
Found: C 88.38, H 5.88

Fractions 17 to 25 were pooled and evaporated to dryness,
and the residue was crystallized from benzene yielding 0.0 15
g of white crystals (m.p. 252.5â€”254Â°),which exhibited a
maximum absorption in the UV at 251.5 nm (in 96%
ethanol), a carbonyl absorption at 1690 cm' (in benzene), a
peak in the mass spectrum corresponding to a molecular ion
at m/e, 272, and 2 CH3 signals at Ã´,2.04 ppm (7-CH3) and
2.35 ppm (l2-CH3) with a signal at 4.85 ppm assigned to the
methylene protons (in benzene-d6). This compound was
therefore assigned the structure 5,6-dihydro-5-oxo-7, 12-
dimethylbenz[a]anthracene.

C30H@

Calculated: C 88.20, H 5.92
Found: C 88.55,H 5.89

Effect of Acid on Dihydrodiols. These reactions were
studied by spectroscopic and by chromatographic methods
in solutions of glacial acetic acid/water (3/1, v/v) to which
various volumes of 32% HCI had been added. For the
spectrophotometric studies, the acetic acid solution was
heated at 90Â°,and the reaction was initiated by adding the
diol to this solution. Spectra were then recorded at various
times. For the chromatographic studies, a more concen
trated solution of the diol in acetic acid/water/32% HC1
(75/25/0.125 v/v) was heated in an oven at 90Â°.After time
intervals of 1, 5, and 23 hr, samples were examined by
thin-layer chromatography on precoated plastic sheets
(Polygram SIL N-HR/UV; Camlab, Cambridge, England)
by elution in benzene. All areas of fluorescence or absorp
tion detected in UV were eluted in 96% ethanol, and the
spectra of these eluates were examined.
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Biological Studies

Papilloma Induction. The hair was shaved from the backs
of male C57BL mice (age 6 to 8 weeks), and 2 days later 0.1
zmole of either DMBA (Eastman Kodak Co., Rochester,
N. Y.), 5,6-dihydro-5-oxo-7,l2-dimethylbenz[a]anthracene,
or 5,6-dihydro-6-oxo-7, 12-dimethylbenz[a]anthracene, each
in benzene (0.05 ml), was applied to the backs of3 groups of
mice. Two other groups of mice received 0.3 @zmoleof either
3-methylcholanthrene (Koch-Light, Colnbrook, Bucking
hamshire, England) or of 3-methylcholanthrene-l-one (Ii)
again in benzene (0.05 ml). After 2 weeks, all mice received
twice weekly topical applications of 10 zg of l2-O-tetra
decanoyl-phorbol- I 3-acetate (Schuchardt, M unich Ger
many) in acetone (0.05 ml).

Injections s.c. Groups of female CFLP mice (age 10 to 12
weeks) were given a single s.c. injection in the flank of a
suspension of the test compound (1 zmole of the DMBA
derivatives and 3 zmoles of the 3-methylcholanthrene
derivatives) in arachis oil (0.2 ml). The experiment was
terminated after 28 weeks.

Effect of 5,6-Dihydro.-6-oxo.-7,12-dimethylbenz[ajan
thracene on Hamster Embryo Cells in Vitro. The method of
DiPaolo et al. (8) was followed, using additional controls.
Syrian hamster embryo secondary cells were plated (500
cells/60-mm Nunclon dish) either on lethally X-irradiated
rat embryo feeder cells (5000 rads; 5 x l0@cells/dish) or in
dishes without feeder cells, and maintained in MEM with
Earle's salts and supplemented with 10% fetal bovine serum.
Dishes were kept at 37Â°in a humidity cabinet with a gas
phase of 5% carbon dioxide in air. A solution of the ketone
in acetone was diluted with either MEM or MEM supple
mented with 10% fetal bovine serum, so that the final
acetone concentration was 1% and the ketone was present at
1 @ig/ml. Cells that had been incubated for 24 hr following
initial plating were treated with these solutions (2 ml) for 2
hr; then all cultures were adjusted to a total volume of 4 ml
and a serum concentration of 10% and were maintained in
the presence of the ketone for 2, 4, or 6 days, at which
times this medium was replaced. The cells were fixed in
methanol and stained with Giemsa on Day 10, and colonies
were examined with a stereomicroscope at x 15.

RESULTS

The only spectral change observed for the acid-catalyzed
reaction of 9,10-dihydro-9, lO-dihydroxyphenanthrene was a
change in spectrum, with isosbesticpoints at 268 and 288
nm, to that exhibited by 9-phenanthrol under these condi
tions. Similarly, in the chromatographic study, a single
product which was inseparable from authentic 9-phenan
throl and which exhibited the same spectral shift in alkali
(Table 1) was detected at all time intervals.

The spectral changes associated with the reaction of
5,6-dihydro-5,6-dihydroxy-7,12-dimethylbenz[a]anthracene
are illustrated in Chart 1. It can be seen that 2 consecutive
reactions occur in this case. The more rapid changes (Chart
1A) exhibit an isosbestic point at 274 nm and presumably
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RF valuesUV

Ama, (nm) ( x lO@ or@ relative)â€•Compound BenzeneBenzene/
methanol

(9/1)Benzene/
methanol

(19/1)cis-9,lO-Dihydro-9,lO-

0.0
dihydroxyphenanthrene0.30.2270

(9.8)9-Phenanthrol

0.20.5248.5 (38.6); 252.5i6 (36.2); 276 (10.7): 299 (5.3). Ol-1: 247.5i
(23.2); 254 (32.2); 265i (18.3): 273i (14.5): 290i (7.2); 330(6.5)cis-5,6-Dihydro-5,6-dihydroxy-7,

12-di- 0.0
methylbenz[a]anthracene0.40.3252i

(2 1); 260 (34); 269 (38.2): 303(7.8)5,6-Dihydro-5-oxo-7,12-dimethylbenz[a)

0.7
anthracene0.850.9251.5

(1.0): 295@303i (0.26);366(0.09)5,6-Dihydro-6-oxo-7,

12-dimethylbenz[a] 0. 13
anthracene0.850.9252.5

( I .0): 295-303 (0.2);366(0.05)Presumed

mixture of 5-and 6-hydroxy,0.3
7,l2-dimethylbenz[a]anthracenes241

(0.6); 257 (0.69); 264 (0.74); 298 (1.0): 31 li (0.69): 353 (0.16):
374 (0.16). OH-: 264 (1.0): 303 (0.93): 312 (0.90); 326(0.65): 372i
(0.20); 388(0.22)cis-4,5-Dihydro-4,5-dihydroxybenzo[a]-

0.0
pyrene0.40.25363

(61 ); 272.5 (95); 298 ( I I ); 3 10 ( I I );324(10.5)Presumed

mixture of 4- and 5-hydroxy- 0.2
benzo[ajpyrenes266

(1.0); 289 (0.45); 302 (0.47); 380 (0.21); 410 (0.17): OH-: 265i
(0.87); 271 (1.0); 308 (0.21): 414(0.06)Second

product (see text) 0.45260i (0.84); 268 ( I .0); 292 (0.52): 304 (0.56); 376 (0.25): 4 11 (0.13).
OH: 263i (0.93); 270 (1.0); 304 (0.34): 392 (0.07).

A . Dipple el a!.

Table 1

Chromatographic and spectral properties of hydrocarbon derivatives

a In 96% ethanol. Spectra in alkali were obtained by adding SO@sl N KOH to the ethanolic solution (5 ml).

6 @,point of inflexion.

correspond to the dehydration ofthe diol to a mixture of the
isomeric phenols. The slower changes (Chart 1B) exhibit
isosbestic points at 262, 317, and 33 1 nm and correspond
then to a tautomerism ofthe phenols to the isomeric ketones
which exhibit spectra (Table 1) that are very similar to the
final spectra obtained in this reaction. The chromatographic
studies were essentially consistent with these observations,
since only 3 UV-absorbing products were detected. The 2
slowest-moving products had spectra corresponding to those
of the isomeric ketones and showed no shift in spectrum in
alkali (Table I). The faster-moving fluorescent product was
assumed to represent a mixture ofthe isomeric phenols, but
it was difficult to obtain reliable spectra since tautomerism
to the ketones apparently occurred fairly rapidly either on
the chromatogram itself or during the elution procedure.
The spectral data given for the phenols in Table 1 were
obtained by elution of the major product in the acetone
extract of the crude product in the preparative experiments
described in â€œMaterials and Methods.â€•

The spectral changes associated with the reaction of
4,5-dihydro-4,5-dihydroxybenzo[a]pyrene are illustrated in
Chart 2. Again, 2 consecutive reactions occur, the 1st
exhibiting isosbestic points at 259, 279, 309, and 331 nm,
and the 2nd exhibiting isobestic points at 309, 347, and 416
nm. The 1st series of changes (Chart 2A) are again

a'
U
C

4

280 XJO
\Â¼veler@th (rai@)

Chart 1. Changes in spectrum with time (mm) for cis-5,6-dihydro-5,6-
dihydroxy-7,12-dimethylbenz[a]anthracene in acetic acid/water/32% HC1
75/25/O.l25v/v)at90Â°.
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K-region
dihydrodiolofHalf-life

(min) withHC10.allO@.al25@al125M1Phenanthrene2818134DMBA1815124Benzo[a)pyrene2515104

K-Region Ketones of DMBA

reactions, i.e., at 262 or 331 nm in the 1st case and at 347
nm in the 2nd. Precise data could not be obtained for the
kinetics of the tautomerism of the DMBA phenols, but it
was clear that this reaction was most rapid in the absence of
mineral acid (tÂ½,approximately 1 hr), while at the highest
concentration of HCI used (Chart 1), tautomerism was the
slowest (tÂ½,approximately 8 hr). Moreover, at the high HC1
concentration, changes in absorption with time were almost
linear rather than logarithmic, suggesting a reaction of zero
order.

The isomeric K-region ketones of DMBA were prepared
and isolated as described under â€œMaterialsand Methodsâ€•
and experiments were then undertaken to compare the
carcinogenic potencies of these compounds with that of
DMBA itself. At the same time, further comparisons were
made of the relative carcinogenic activities of 3-methyl
cholanthrene and 3-methylcholanthrene-1-one, since previ
ous studies have compared these compounds only at high
doses where both compounds exhibited high activities (29).

The data obtained from these experiments are summa
rized in Table 3, where it can be seen that all the keto
derivatives exhibited considerably lower carcinogenic activi
ties than their respective parent hydrocarbons. The K-
region ketones of DMBA were inactive under the conditions
of the initiation-promotion experiment and the s.c. injection
experiment, while a high yield of tumors wasobtained with
DMBA in both these experiments. 3-Methylcholanthrene-l-
one was inactive in the skin, and although the previously
reported activity of this compound in the s.c. tissue of the
mouse (29) was confirmed, it exhibited a lower tumori
genic activity than 3-methylcholanthrene itself in this
system.

The K-region epoxides of some polycyclic hydrocarbons
exhibit high activities in assays for transformation in vitro
(14, 16), despite their rather low carcinogenic activities (4,
21, 29). For this reason a preliminary examination of the
biological effects of 5,6-dihydro-6-oxo-7, l2-dimethylbenz
[ajanthracene on cells in culture was undertaken. The poor
solubility of this ketone precluded extensive studies but, at 1
@g/ml,this compound reducedplating efficiency to 2.2, 2.0,

and 1.4%(control value, 3.1%)for hamster embryo second
ary cells exposed for 2, 4, and 6 days, respectively, and to
9.8, 9.2, and 9.1% (control value, 10.8%) for the same cells
plated onto a layer of feeder cells. The morphology of all
colonies was examined and no transformed colonies were
detected in any of the dishes with feeder cells where 1302
control (acetone only) and 1314 treated colonies were

Table2

Half-life for dehydration ofdihydrodiols in acetic acid/water (3/I)
containing the indicated volumes of32% HCI per 100 ml

a'

2
0

4

Chart 2. Changes in spectrum with time (mm) for cis-4,5-dihydro-4,5-
dihydroxybenzo[ajpyrene. Conditions as described in Chart 1.

presumed to correspond to the dehydration ofthe diol to the
isomeric phenols, but since the 2nd series of changes result
in an overall loss of UV-absorption and do not yield spectra
corresponding to those previously reported by Raha (27) for
the ketones, the nature of this 2nd reaction is not obvious.
The chromatographic study showed that after 1 hr all
starting material was gone, and a single fluorescent product
(RF, 0.2) which exhibited a spectral shift in alkali, and

therefore, the properties expected of the 4- and 5-benzo[a]-
pyrenols (Table 1), was formed. After 5 hr. a 2nd product
which must have arisen from the phenols and which also
showed a spectral shift in alkali (Table 1) was detected at
RF, 0.45 while, after 23 hr, no UV-absorbing products were
detected. The K-region ketones described by Raha (27) were
not found, but ifthe fluorescent band (RF, 0.2), presumed to
be the K-region phenols of benzo[a]pyrene, was left on the
chromatogram for several days prior to elution in 96%
ethanol, it took on a reddish-brown coloration and its
absorption spectrum then resembled that attributed by
Raha (27) to the ketones; i.e., it exhibited a maximum
absorption at 272 nm and no longer exhibited any spectral
shift in alkali. This material was not obtained in sufficient
quantity for further characterization to be attempted and it
remains possible that, while tautomerism to ketones did not
occur under the conditions used in this study, it could
possibly occur under other conditions.

For the dehydration reactions of all the diols, pseudo
1st-order kinetics were followed, and the rates of all these
reactions increased with increasing concentrations of HC1 in
the reaction mixture (Table 2). The kinetics of these
reactions for the DMBA and benzo[a]pyrene derivatives
were examined by measurement of changes in absorption at
wavelengths where isosbestic points were found in the 2nd

260 280 300 320 340 360 400
Waveier@th (rMO)
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No.ofmale C57BL mice
papillomas atwithTumor

incidence in
female CFLP miceNo.

ofsurvivorsNo.

ofNo. ofNo. ofwithoutC57BLDoseCFLPmice
with tumorsNo. andtypesCompoundmice(@.amole)I

I wk16 wk 19 wk23 wkmiceDoses.c. tumors at 28 wkoftumorsDMBA270.16(1.5)21

(2.5) 27(3.1)18I @mole13(16)â€• 44
squamous carcinomas

8 sarcomas
Icarcinosarcomaâ€•5,6-Dihydro-5-oxo

260. 100 0201 @imole020DMBA5,6-Dihydro-6-oxo

270. I00 0201 @amole020DMBA3-Methylcholanthrene260.303(1.0)

8(1.1)14(1.4)203@.amoles15(15) 43

squamous carcinomas
8sarcomas
3 carcinosarcoma
I adenocarcinoma
I squamouscarcinoma3-Methylcholanthrene

270.300 00203 MmolesI 1 (20) 88sarcomasI-one2
adenocarcinomasArachisoil(control)200.2ml0

17

A. Dipple et a!.

Table 3

Carcinogenicity tests of hydrocarbon derivatives

a Mean latent period in weeks (mean latent period is taken as the time period from injection to the 1st palpable evidence of lesion presence).

b â€œCarcinosarcomaâ€• describes the histological appearance of the malignant lesion, but it is not clear whether these tumors are of mesenchymal or

epithelial origin.
C Papillomas per tumor-bearing mouse.

examined. In the dishes without feeder cells, only I trans
formed colony was detected in a dish treated with ketone for
4 days, among a total of 27 1 colonies examined, and no
transformed colonies were detected in the 306 colonies
examined in the control.

DISCUSSION

The chemical studies show that the primary products of
the acid-catalyzed dehydration of the 3 hydrocarbon K-
region cis-dihydrodiols are, in each case, the K-region
phenols. In agreement with the previous studies of Moriconi
et a!. (22), the K-region phenol from the noncarcinogen
phenanthrene showed no tendency to tautomerize to a
keto form. The phenolic products obtained from the benzo
[ajpyrene derivative were not particularly stable and, under
the conditions used, gave rise to other products which were
not ketones. However, compounds with properties consist
ent with those expected for K-region ketones have been
described previously (27).

The studies of the dihydrodiol from the potent carcinogen
DMBA were more conclusive. It was found that the phenols
rearranged into their keto forms and that these latter
products, unlike the phenols themselves, could be isolated as
stable crystalline solids. Since both isomeric ketones were
obtained, it follows that both the 5- and 6-hydroxy deriva
tives must result from the initial dehydration reaction,
although it has previously been thought that the 5-hydroxy
derivative is obtained exclusively (23). It appears from these
studies that the keto forms of the K-region phenols of
DMBA are much more stable than the enol forms. Al
though fairly vigorous chemical conditions were used to

establish this point, the mechanistic studies of the metabo
lism of model aromatic substrates (7, 18) suggest that an
arene oxide rearranges initially to a ketone, and that a
phenol is produced by a subsequent enolization step.

In the case of DMBA, it is clear that if a similar
mechanism were involved, enolization would not occur and
K-region phenols would not be produced. In fact, K-region
phenols are not found as metabolites of DMBA (31), so it is
conceivable that K-region ketones may accumulate in this
case, although their presence has not been reported. How
ever, small amounts of K-region phenol are detected when
7, 12-dimethylbenz[a]anthracene-5,6-oxide is subjected to
metabolism in rat liver homogenates (32). This phenol must
presumably arise, therefore, via a direct rearrangement of
the epoxide to the phenol in which no NIH shift should be
involved.

In the biological studies with the K-region ketones of
DMBA, a marked absence of carcinogenic activity was
noted. 3-Methylcholanthrene-l-one was also inactive in
tests for papilloma initiation activity, but it did produce
tumors after s.c. injection in mice, although it was clearly
less active than the parent compound.

Preliminary studies of the ability of 5,6-dihydro-6-
oxo-7, 12-dimethylbenz[a]anthracene to elicit transforma
tion of hamster embryo cells in vitro did not reveal any
significant transforming activity, but some toxicity was
apparent. In parallel experiments using DMBA and feeder
cells, the parent compound did cause significant transfor
mation at doses that resulted in cytotoxic effects similar to
those observed in the present study (33). However, since
DMBA was not reexamined concurrently with the ketone,
firm conclusions regarding the relative activities of these
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K-Region Ketones of DMBA

compounds in the in vitro system cannot be reached.
Nevertheless, the data presented herein suggest that this
ketone does not exhibit the properties attributed to the
K-region epoxides of some hydrocarbons, i.e., a low car
cinogenic activity in animal studies (4, 21, 29) but a notably
high activity in assays for in vitro transformation (14, 16).

Whereas it is difficult to prove conclusively that a
particular hydrocarbon derivative is not involved in the
carcinogenic action of the parent polycyclic hydrocarbon,
the absence of any significant carcinogenic or transforming
activity for the K-region ketones of DMBA strongly
suggests that these compounds do not mediate in the
carcinogenic action of DM BA.
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