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{5 ml) the inorganic precipitate was removed by filtration
(Dicalite), and the resulting clear solution was evaporated under
reduced pressure. The residue was extracted with acetoue (75
wl) which after treatment with decolorizing carbon was removed
under reduced pressure. The residue was extracted with diethyl
ether (30 ml) from which (S:8)-17 (0.6 g) separated wheu kept.
at roont temperature overnight. The melting point was 112
113.5°, [a]®n +21.2° (¢ 2, ethanol).

dnal. Caled for CelInNaOs: C, 45.44; H, 7.63; N, 10.60.
Found: €, 45.20; H, 7.84; N, 10.50.

The material (3.2 g) which remained undissolved after the
ether extraction was recrystallized from acetoue to give 1.4 g of
(S:8)-18, mp 141-143°, [«]®D +39.3° (¢ 2, ethanol).

Adnal. Caled for CiHuNYO,: €, 44.03; H, 6.47; N, 12.84.
Foand: €, 43.86; I, 6.66; N, 12.01.

(2S:38)-N,N’-Dicarbethoxy-1,4-diamino-2,3-butanediol 2,3-
Bismethanesulfonate |(S:S8)-2]. (a)—To a suspeusion of (S:8)-
14 - 2CH SO, (9.4 g1 iu pyridine (75 ml), ethyl ¢hloroformate
(9.5 ml) was added dropwise over a period of about 40 min while
stirring at 0-5°. After addivional stirring for about 30 min
the nixture was poured into iee-2.0 N HCH (300 ml). The
precipitate was washed with water aud dried @ vacno yielding
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crnde (5:8)-2 705 g1 After reervstallization from terrmehloro-
ethaue the uelting point was 162.5-163.5°, [o]®n -- 12.6° 1 2.
DN,

thi--To o =solution o (8:851-17 (0.5 g) in pyrichine o5 wly,
wethanesutfonyl chiloride (0.5 w1 was added dropwise over a
period ol aboml 2010 min while stirving at 0-5°.  After addirional
stirring for about 30 min the mixture was poured imo ice 2.5
N HCH12ml).  Theprecipitate was washed with water aud dried
noracno yielding crude (8:8)-2 (0,45 gy, melting ot 15)5-157°.
Recrystallization from tetrachloroethaue raixed the elting point
to 162-163°, {a]®p —13.7° (¢ 2, DMF).  The nlrared spectram
(KBr) and the analysix were identieal with those of the material
prepared as i part .

Anal. Townd: € 3435 H,A.700 N, 6,05 X, 105,22,

Acknowledgment.—The authors are indebted to the
Cancer Chemotherapy National Service Center, Na-
tional Institutes of Health, Bethesda 14, Md., for the
sereening of the compounds and for making the results
available.
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The syuthesis of 4-hydroxy-7,12-dimethylbenz aJauthracene (V') was accomplished by a schenie starting with

the preparation of kuown 4-methoxybenz[a]anthracene (I).

This wax oxidized to 4-methoxybeunz[ajaunthra-

quinotie (IT) which was treated with methylmagnesium iodide aud the Griguard complex slowly added to HI iu

methauol affording 4-methoxy-7-iodomethyl-12-methylbeuz[ajanthracene (III).

This was reduced to 4-me-

thoxy-7,12-dimethylbenz[a]anthracene (IV) which was cleaved with HBr-Ac¢OH to give 4-hydroxy-7,12-diniethyl-
benz[a]anthracene (V). 7-Hydroxymethyl-12-methylbenz[a]anthracene (X) was synthesized from 7-iodomethyl-

12-methylbenz[alanthracene (IX).
Cirignard method.

This was conveuiently prepared {rom beuz[a]authraguinone (VII) by the
A dioxane solution of IX was couverted to the correspouding hydroxy compound. 4-11y-

droxy-7,12-dimethylbenz[a]anthracene, 7-hydroxymethyvl-12-methylbenz[alauthracene, and 7,12-dilydroxy-
wethylbenz[alanthracene were identified in rat liver howmogenates ax metabolites of 7.12-diniethylbenzlai-
antliracene. Preliminary data on carciuogenic activity of these nietabolitex ure presented.

Although many chemical carcinogens are believed to
exert thenr remarkable effects only after being trans-
formed to active forms in vive, in the case of polyeyclic
aromatic hydroearbons it is not clear whether the parent
compound or one or more metabolites are responsible
for producing cancers in test animals.  Since polyeyelic
aroniatic hydrocarbons are, according to preseut evi-
dence,® metabolized to hydroxy derivatives by rats, it
ix conceivable that the active forms of the hydroearbon
are hydroxylated metabolic products.®.¢ The syn-
thesi= of hydroxylated dervivatives of the potent
carcinogen 7,12-dimethylbenz[a]authracene (DMBA)
and related compounds was therefore undertaken to

(1) (a) Aided, in part, by Grant T, 107, from the Ameérican Cancer Soriety,
A preliminary report was presented at the Sontheastern Regional Meeding
of (he Amnerican (hemical Society, Lonisville, I{y., Oct 29, 1966, Abstraces
of Papers Ad3, No. 102, (b) T'o whbom inquiries sbonld be addressed.
(¢) Indonesian Government Predoctoral Fellow.

2y (ay F. Boyland, Brit. Med, Bull., 20, 121 (19643, (1)) Boyland® has
sepesced epoxides as intermediates in the metabolism uf polyeyelic aromatie
bydrocarbons, These are alkylating agents and wonld be expected to rean
with celbalar constitnents. (e) M. 8. Newman and 8, Blunw, J. Am. Chenc
Sor., 86, HH98 (1964), have shown that epoxides of aromatic hydroearbons
are sensitjve to acid and are converted to bydroxy derivatives.

provide authentic metabolites for carcinogenic testing
and for direct comparison with compounds izolated in
animal studies. This paper is the first of a series
describing the synthesis and biologieal properties of
metabolites of polycyelic hydroearbons.

Tnitial effort was directed toward the synthesis of
+-hydroxy-7.12-dimethylbenz[a Janthracene which was
earlier identified ax a metabolite of DIMBA by its
fluorescence spectrum after conversion to the methaxy
derivative.®  The sequence of reactions ix outlined in
Scheme 1. The 4-niethoxybenzia]anthragquinone (II)
required for thix synthesiz was prepared by oxidation
of known 4-methoxyvhenz[alanthracene (I).  Thix com-
pound was prepaved front 4-hydroxybenz|a]anthra-
cene'® by methyvlation with dimethy! sulfate according
to Sempron].®”  4-Methoxybenz g Janthraquinone was
condensed with methyt Grignard, the Grignard solution

31 (ay . Dickens, Brit. Empoe Coeer Campoign, 55 (19153, HDbL Afrer
(hjs syncbesis was compleced we learned (private comnpmicaGon) (b (e
preparation of 4-mechoxy-7,12-dimethylbenz [(Janthracene was accomplisbed
Ly Professor Dickens nsing essentially the same scheme.

«4) (a) J. Cason and L. F. Fieser, J. Am. Chem. Soc., 62, 2681 (1040;;
1o A. Sempronj, Gnzz. Chim. [tal., 69, 448 (1939).
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was poured into methanol-HI, and 4-methoxy-7-
todomethyl-12-methylbenz[aJanthracene (I11) was iso-
lated. The iodo derivative was found to react smoothly
with stannous chloride in dioxane containing HCI, which
after dilution with water afforded 4-methoxy-7,12-di-
methyvlbenz|alanthracene (IV). Cleavage of the 4-
ether was difficult and, although 4-hvdroxy-7,12-di-
methylbenz[alanthracene (V) was easily detected on
thin layer chromatograms? following treatment with HI
or HBr, the free compound was very difficult to purify.
We found, however, that cleavage of IV with HBr under
N, gave 4-hydroxy-7,12-dimethylbenz|a Janthracene (V)
which could be separated from VIII by chromatog-
raphy.
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Our attention turned next to the synthesis of
7-hydroxymethyl-12-methylbenz[a]anthracene (X).
This compound is of interest because the recent findings
of Boyland and Sims® demonstrates conversion of
DMBA to monohydroxymethyl derivatives by rat
liver homogenates. Boyland and co-workers’” found
that X, but not 7-methyl-12-hydroxymethylbenz[al-
anthracene, was able to induce mammary cancer in
rats following a single feeding of the hydrocarbon dis-
solved in sesame oil. Interestingly, they also found
it produced adrenal necrosis in smaller doses than
DMBA.

The synthesis of X has been reported® using limited
amounts of lead tetraacetate. The procedure is diffi-
cult and leads to a mixture of compounds which must
be separated by chromatography. For this reason a
new synthesis was devised which employed 7-iodo-

(5) Glass plates coated with silica gel G (Brinkman Instrument Co.)
of 0.25-mm thickness were developed with benzene or benzene containing 5%
{v/v) ethanol and examined under ultraviolet light.

(6) E. Boyland and P. Sims, Biochem. J., 95, 780 (1965).

(7) E. Boyland, P. Sims, and C, Huggins. Nature, 207, 816 (1965).
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methyl-12-methylbénz[a]anthracene as shown in
Scheme II. The iodo compound IX, previously de-
scribed by Sandin and Fieser® as an intermediate in the
synthesis of DMBA, provides a versatile intermediate
for further transformations. Thus these investigators
converted IX to 7-methoxymethyl-12-methvlbenz|a]-
anthracene (XII). Iurther we found IX also served
as a convenient intermediate for the introduction of
hydroxy (X) and acetoxy (VIII) groups. In addition
to the formation of VIII and XII from IX, these com-
pounds were prepared from X.

ScueMme 11

0 CH,OAc
VI VIII

CH, CH,0CH,
X1 XII

Animal Studies.—The metabolism of DMBA was
studied in rat liver homogenates, essentially as described
by Boyland and Sims® All studies were conducted
using the female Sprague-Dawley rat, since this strain
has been shown to be most susceptible to mammary
cancer induction with DMBA.® A single oral adminis-
tration of the hydrocarbon dissolved in sesame oil has
been shown by Huggins, et al., to be a rapid method for
determining carcinogenic activity.’® This method was
employed in the present study.

Results

Identification of Metaholites in Rat Liver Homoge-
nates.—Rat liver homogenates were extracted with
ether and the ether-soluble extract was chromato-
graphed on thin layer chromatograms (0.5-mm thick-
ness) and divided into eight fractions under ultraviolet
light. The fractions were removed from the plate, and

(8 R, B. Sandin and L. F. Fieser, J. Am. Chem. Soc., 62, 3098 (1940).

(9) K. L, Sydnor, O, Butenandt, F. P. Brillantes, and C. Huggins, J.
Natl, Cancer Inst., 29, 805 (1962); E. Boyland and K. L. Sydnor, Brit. J.
Cancer, 16, 731 (1962).

(10) C. Huggins, G. Briziarelli, and H. Sutton, J. Ezptl. Med., 109, 25,
(1959): C. B. Huggins, L. C. Grand, and F., P, Brillantes, Nature, 189, 204,
(1961).
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Tienz o lran o eene Svatemy A

DMBA 0.71 06N
$-Hydroxy-7, 12-dimet hyl- .44 1. 14
7-Hydroxymethyl-12-1methyvl- 0.37 .04
7. 12-Dihvdroxymethyl- 017 0.0
4-Acctoxy-7, 12-dimet hyl- .65 1,22
T Aemtoxyviethyl-12-methyl- 1,64 1IN
7, 12-Dinectoxyutethvl- .00
A-Methoxy-7, 12-dimethyl- D.ON
r=Methoxymethyl-12-methyl- (U
7 2-lepidioxy-7, 12-dimet iyl .48
“xvstenr A = beuzeue-15tO1 105:5), svstetn B = henzene.

the compounds adsorbed to the silica gel were eluted
with ethanol.  The ethanohie solutians were rechro-
matographed in parallel with authentic componnds
prepared by sy theses.

Lable 1 presents the By values of the compounds de-
sceribed in this report.

Fraction 1 was identified ax DNMBA by tts behavior
on thin kyer elromatograms.  Fraction 2 contained a
compound distinguishable from 7,12-epidioxy-7,12-
dimethyibenz|aJanthracene. This  compound  was
found only i trace amountt= and undoubtedly wus ob-
tained during maniputation of the saniple tn the ordi-
nary light of the laporature. In so far as possible, ¢x-
pertnients were conduteted e darkness or in o minimum
amount of light.

Fraction 3 cantained a metabolite which eorresponds
to 7-methyl-12-hvdroxymethylbenzia Janthracene pre-
viously deseribed by boylnd aird Sims®  When this
campound wax acetyviuted with pyridine and acetic
anhydride its mobility on tle was identical with that of
7-acetoxymethyvl-12-methylbenzja Janthracene,  which
hax the same mobility as 7-methyl-12-acetoxymethyl-
le Janthracene acearding to these authors.

Iraction 4 contained large amounts of 4-hydroxy-
7.12-dimethylbenz (a]anthracene which on  oxidation
with chromic aecid vielded a product indistinguishable
on tle from that obtained when the authentie com-
pound was treated in an identical manner.  the prod-
net= af mierachenieal acetylation and methylation,
respectively,  were indistinguishable  from  products
found when the authentic compound was 1 in paratlel
with the metabolite.

Fraction 5 was identieal in its behavior with 7-hy-
droxyniethyl-12-methylbenzjaanthracene.  On acet-
viation it formed the expected acetate.  Fraction 6
was identical in its mobility and properties an tle with
7.12-dihydroxymcthylbenz|a |Janthracene.  When  the
campound wax acetylated, o produet whose behavior
an tle wax identical with 7.12-dincetoxymethytbhenzial-
anthracene was ootained.

I'raction 7 contamed an unknawn compound, K
0.05 11 =y=stem A, that had a blue fluorescence i ultra-
violet light,  The campound apparently arose from
+-hyvdroxy-7.12-dimethylvenz|a Janthracene since san-
ples of this compound exposed to alr contained a similar
praduct.  Praction 8, £ 0.04 (system A), contained an
uknown compaund which was also deteeted in control
rtt lver hamagenates inenbated i the absenee of
DATBAL
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Hyproo ynoxs
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Dose. uf Tneoes, davs

Benzivlam bracene MM mnnials Range Meoyn
-Hydroxymethyl-12- 20 /N N3-lon 12D
el hyl-
7-Methoxyvmethyl-12- 21 1/ 10 110
methyl-
T-Acetoxvinethyl-12- ) 2,140 110114 112
el liy
7, 12-Dihydroxyinerhyl- 11 /10 CIS days of
observition s
4-Hydroxy-7, 12-diiethyl- - 20 /1D VIS0 day= of
nhzervition ;
rd-Epidoxy-7,12- 21) 0/10 $180 days of
dimethyl- observition
7,12-Diethyl- 20) 676 64 1650 hn

“The hydrocarbon, dissolved in | wl of sexine oil wis adininix-
lered by gastric instillation to female Spragiue-Dawlev rats, nge
S0 days. The animals were exauined Tor appearance ol palpable
ramtors twice weekly.

Induction of Cancer Following a Single Feeding of
Hydroxylated Derivatives of DMBA and Related Com-
pounds.—-"I'he preliminary results of carcinogenic ae-
tivity of metabolites of DMBA and related compounds
are presented in Taple TI.

7-Hydroxymethyl-12-methylbenz{a Janthracene,  7-
methoxymethyl-12-methyibenz{a Janthracene, and 7-
acetoxyniethyl-12-methylbenziaJanthracene  all  pox-
sess carcinogenic  properties.  7-Hydroxymethyl-12-
methylbenz|a)anthracene 1s approximately as careino-
geuice as the parent hydrocarbon, although the latent
period iz longer. 4-Hydroxy-7,12-dimethylbenz|a]an-
thracene, tested for the first time, is devoid of earcina-
geme activity uunder these canditions.  7,12-Dihy-
droxymethyibenzia]anthracene was also without ac-
tivity. Thus, o the metabolites of DMBA =0 far
examined for carcinogenic properties only 7-hydroxy-
methvl-12-methylbenzia Janthracene has been shown
to have carcinagenic properties in the rat.  Interest-
gly, the isomerte 7-methyl-12-hydroxymethyibenzja |-
anthracene is carcinogenic in miee.’

Discussion

Dickens detected 4-hvdroxy-7,12-dimethyibenz|al-
anthracene  rat feees and this was identified by it
fuorescentce spectrunt after conversion to 4-methoxy-
7, 12-dimethylbenz{e Janthracene.**  Boyvland and Sims
tentatively suggested that the metabolite was present
as i product of DABA metabolism by rat liver ho-
mogenates.  We have established the compound ax a
metabolite of DNBA, and no doubt the slower moving
product obsetrved by Boyviaud and Sims in fraction 4
was d-hydroxy-7,12-dimethylbenz|a]anthracene,  The
monohydroxvmethyl dervivatives, 7-hydroxymethyl-12-
nmethylbenzjaJanthracene, and 7-methyl-12-livdroxy-
nethylbenz|a fanthracene were also identified, con-
tirming the findings of Boyland and Sims.  These in-
vestigators failed to observe any 7,12-dihydroxymethyl-
benz|alanthracene as o metabolite in rat liver ho-
mogenates althongh they made w eareful search for this
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compound. Jellinck and Goudy!! detected a radioac-
tive zoue which corresponded to 7,12-dihvdroxymethyl-
benz{alanthracene on thin layer chromatograms when
4C-DMBA was incubated with rat liver homogenates.
We have identified this compound in the present work.
1t is of interest that this compound was not found by
Boyland and Sims in the strain of rats (Chester Beatty)
studied and this suggests that strain differences n
nietabolism probably account for the fact that the
conipound 18 not present in the Chester Beatty rat
strain, but is present in the Sprague-Daywley strain.

Iearlier experiments of Huggins had demonstrated
the high poteney of DAMBA in inducing mammary
cancer following a single feeding of the hydrocarbon in
sesame oil.1 Tt was also shown that the monohy-
droxymethyl derivatives possess carcinogenic properties
in certain tests.”

The fact that the hydroxymethyl, the methoxy-
methyl, and the acetoxymethyl derivatives have car-
cinogenic properties is of interest. It may be that
these compounds are themselves lacking in carcinogenie
properties, but must be converted to the carcinogenic
7-hydroxymethyl-12-methylbenz[a]anthracene. It ap-
pears that the alcoholic hydroxyl group, in appropriate
positions, i1s more favorable for conferring earcinogenic
potency than the phenolic hydroxyl group. It must be
emphasized that compounds which do not produce
tumors in a single test are not necessarily to be regarded
as noncarcinogenic. Similarily, additional study is
required to establish the carcinogenic potency of the
compounds which are reported as carcinogenic in this
study.

The present experiments coufirm and extend the
results of other investigators. Hydroxylation reac-
tions oceur in both the ring and on the methyl groups.
Both monohydroxymethyl and dihydroxymethyl deriv-
atives are present as produects in rat liver homogenates
indicating that drug metabolizing enzymes can attack
the hydrocarbon in several locations. The primary
point of attack appears to be the 7-methyl position, but
whether the resulting produet is the proximate careino-
gen remains to be established. When hydroxylation
oceurs on both the 7 and 12 positions or in the 4 posi-
tion, no cancers were observed, whereas 7-hydroxy-
nmethyl-12-methylbenz[a Janthracene appeared to be as
carcinogenic as the parent compound in this assay.
Studies on the distribution of hydrocarbons in rat
tissues clearly indicate that only a small fraction of the
dose can be found in the tissues following oral adminis-
tration.’? The variability in the amount of carcinogen
absorbed would be expected to influence the tumor
vield. Further work will be required to determine the
concentration of hydrocarbon metabolites in the target
tissue.

Experimental Section!®

4-Methoxybenz|a]anthraquinone (II).—4-Methoxybenz|a}-
anthracene (1) (2.0 g) dissolved in AcOH (60 ml) was treated with
K:Cr,0; (2.45 g in 15 ml of water). After refluxing for 30 min,

(11) P. H. Jellinck and B. Goudy, Science, 162, 1375 (1966).

(12) J. W. Flesher and K. L. Sydnor, Proc. Soc, Expil. Biol. Med., 104,
776 (1960); F. G. Bock and T. L, Dao, Cancer Res., 31, 1024 (1961); E. B.
Gammal, K. K. Carroll, B. H. Mnhlstock, and E. R. Plankett, Proc. Soc.
Fzptl. Biol. Med. 119, 1086 (1965).

(13) Microanalyses were performed by Galbraith Laboratories, Knox-
ville, Tenn, Melting points were taken on a Fisher-lolns hloek and are nn-
corrected.
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the cooled reaction mixture was poured into ice water (800 ml).
and a red solid was collected by filtration and thoroughly washed
with iee water. The product was dried /n vacuo to give 2.0 g of
crude material. Chromatography on alunina {benzeue) aud
recrystallization with beuzene gave pure II, mp 220-221°,
vield 1.7 g (79%%).

Anal. Caled for Cpll.0y: C, 79.15; 11, 4.34. Fouud: C,
79.32; H, 4.41.

4-Methoxy-7-iodomethyl-12-methylbenz|a]anthracene (III).—
4-Methoxybenz[a]authraquinoue (2 g) was suspended in betizene
(100 ml) and MeMgl (from 2.5 g of Mg aud 8 ml of Mel i 70
ml of ether) was added with vigorous stirriug over 1 hr. The
olive drab solution was slowly poured into a solution of 70 ml of
methanol and 25 ml of 57¢, HI maiutaiuned at —5 to 0°.  Addi-
tion of AcOH (150 ml) and standiug overuight (—10°) gave a
erystalline produet containing iodine (III), mp 105° dec, yield
2.0 g (749%,).

4-Methoxy-7,12-dimethylbenz[a]anthracene (IV)—The iodo
compound IIT (1.425 g) was dissolved in dioxane (100 ml) cou-
taining 5 ml of concentrated HCL. This solution was added to a
uiixture of SuCl, (20 g), dioxane (90 ml), aud 54 ml of couceuntrated
HCI aud brought to reflux for 15 min. The cooled solution was
added to water (1.5 1.) and the suspension was allowed to stand
overnight (0°). The solid was collected by filtration, washed
with water, and dried. Chromatography on alumina (Alcoa-F-20,
100 g) in benzene gave 1.0 g (969;) of IV, mp 121°,

Anal. Caled for CoH;O: C, 88.07; H, 6.33.
87.96; H, 6.29.

4-Hydroxy-7,1 2-dimethylbenz[a]anthracene (V).—4-\Methoxy-
7,12-dimethylbenz[a]anthracene (0.5 g) was dissolved in acetic
acid (20 ml) and HBr (489;) (1 ml) was added under N;. After2
hr HBr (0.5 ml) was again added. Refluxing was coutinued
under N, for a total of 7 hr. The cooled solution was poured
into ice water aud a yellow solid separated immediately. The
solid was collected by centrifugation aud washed (H.O, NaHCO;,
H;0). Chromatography on silica gel (benzeie) gave three frac-
tious. The first fraction (50 ml) coutained starting material.
The second fraction (50 ml) contaiiled a mixture of starting ma-
terial and product and the final fraction (250 ml) contaiued V),
yield 709%. The product was recrystallized from beunzene; mp
164-165°,

Anal. Caled for CyllisO: C, 88.30; H, 5.90.
88.37; H, 5.89.

4-Acetoxy-7,12-dimethylbenz|a]anthracene (VI).—A mixture
of 4-hydroxy-7,12-dimethylbenz[a]authracene (50 mg), pyridiue
(0.5 ml), Ac,0O (0.25 ml), and fused sodium acetate (0.1 g) was
refluxed 45 min. The cooled solution was poured iuto ice water
(10 ml) and stored in the refrigerator overuight. The solid was
collected by ceutrifugation and washed several times with water
to remove pyridine. Crystallization from ethanol-beuzelie gave
cream-colored plates (30 mg), mp 180-181°,

7-Hydroxymethyl-12-methylbenz[a|anthracene (X).—7-Io-

domethyl-12-methylbenz[a]anthraceue (4 g), prepared by the
method of Saudin and Fieser,® was dissolved i1 dioxane (200 ml)
on gentle warming. To the bright yellow solution, a suspension
of AgCO; (4 g) and Na,CO; (4 g) in water (5 ml) was then
added. The reaction mixture was refluxed for 1 hr, while stirring
vigorously. The precipitated salts gradually turned gray and
finally black. At the end of the reaction period the supernatant
liquid was almost colorless. After filtration to remove the salts
and washing several times with dioxane, the combined solutionx
and washings were evaporated under reduced pressure until
nearly dry. The residue was dissolved in hot benzene (50 ml) to
give a clear light yellow solution. Light yellow needles separated
on standing at room temperature, mp 162°, lit.# 162°, yield 2.9 ¢

Found: C,

Found: C,

(967%).
Anal. Caled for CyxH;s0: C, 88.30; H, 5.90. Found: C,
88.35; H, 6.0.

7-Methoxyme thyl-12-methylbenz[a|anthracene (XII). Method
A—To 1 g of X suspeuded i1 200 ml of methanol was added 2.5
ml of concentrated H,804 in 40 ml of methanol. After refluxiug
for 2.5 hr, the mixture was conceutrated under reduced pressure
to 50 ml and poured into 300 ml of water. Sodium bicarbonate
solution was added until pH 7. The mixture was allowed to
stand overnight in an ice bath and was then filtered off and dried,
yvield 0.6 g (579); crystallized from methanol, mp 120-121°,
lit.s 120-121°.

Method B.—Sodium (200 mg) was dissolved in 15 ml of ab-
sohite methanol.  7-lodomethyl-12-methylbenz[ajanthraceie
(200 mg) was then added and refluxed 1 hr while stirring vigor-
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onshy. The solvent wax removed under reduced pressure nnril
rhe volame wis redueed to 1-2 ml, aud the mixture was dilinted
with 10 ml ol water.  After cooling at 5° for =everul honrs the
vellow crystalline solid which separated was filtered off anud dried
i air, 125 mig (859;), np 120-121°.

7-A cetoxymethyl-12-methylbenz|u]anthracene (XIII). Method
A.—A mixture of X (3.0 g), pyridive (30 wl), fused sodinni acetate
), and AeO (15 mil), was refluxed for 1 hr and stirred overnight
«1 rooin temperature, 1t was porred in lee water (300 mb) and
the solid was retnoved by filtration.  Crystallized from beuzene
othunol it formed feather-like crvstals (3 g, 847 ), wp 145-146°,

Method B.---A mixture of X (0.25g), Ag.C03 (0.25 g), and AcO
(1.5 wml) was refluxed (1.5 hr.  After evaporation under reduced
pressire, the mixture was diluted with 50 il of ice water aud
allowed to =taud overnight i the refrigerator.  The product
wis filtered off and erystallized Trom beuzene-methauol, myp
145-146%, 0.10 g (8047 of yellow veedles.

7,12-Dihydroxymethylbenz[a|anthracene was prepared by the
method of Badger and Cook,'* uud 7,12-epidioxy-7,12-dimethyl-
benz[a]anthracene by the method of Cook and Martin.®

Experiments with Rat-Liver Homogenates.—I'emule Sprague-
Dawley rats, age 50 days, were used. Tiver homogenates were
prepared ax deseribed by Boyland and Sims.?

A 109 homogenate was prepared i ice-cold 1,100z (w/v)
KCL The homogenate wus ceutrifaged for 20 min at 1475y
(0°) und the =upernatant was dilnted with an equal volume of
0.1 M sodiimmn phosphate buffer, pH 7.4, To 120 ml of the diluted
superiitbant was added nincinamide 450 mg), NADP* (10 mg!,
glacose 6-pliosphate (60 mg), and DIMBA (2 mg), dissolved in
I wl of ethanol.  The mixture was eubated 1 hir at 37° under
0. i1 1 Dabnof metabolic shaker, then cooled, acidified with |

(11 (L. M. Badger and 1. W, Cook, .J. Clem. Soc., 802 (1039),
(15) J. W. Cook and R. H. Mardn, b, 1125 (1940),
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N CHC to pH 35, and extracted with three H0-mlb portions of ether.
The ether extract was dried (N@.SO,) and evaporated ander N
to a =mall volume and chromatographed by tle. The chrento-
gran was divided into zones puder ultraviolet light.  The zopes
were removed from the plate, and the componuds adsorbed 1o
the silica gel were eluted with ethanol and rechiromatographed.

Identification of Metabolites.-—\Metubolites awl their deriva
tives, prepared by mierochenitcal reactions carried omt in paratlel
with aathentic componnds, were identified by their mability o
thin fayer chromatograns.

Microchemical Reactions.-—\etabolites, purified by oo
laver chromatography, were scraped from the rhin Liver plates
and elured from the silica gel with ethauol.

1. Acetylation. The wmetabolite, dissolved i1 b1 wml of pyis-
dine, wius added to an equal volinie of Acst) and 1he nnxtnre was
hewted at 60 707 Tor T hr. The solvent wax evuporated with N,
and 1he residue was dissolved iv beyzeons and clhiromatographed
L1l

2. Oxidation with CrO;.—1Tle sunple, diszolved in (L mb of
AcOl, was treated with 0.25 mt of CrOy (267) and allowed to
stund 1 hree Water (10 mb) was added and the mixture wias
extracted witlt two S-mib portions of ether, washed (NallCO,,
11.0), and dried (Na.S0,). The prodiet was exatined o tle,

Methylation with Dimethyl Sulfate. —The zone ¢orresponding
to 4-hydroxy-DMBA wasx =craped from the plate avd elited
with ethauol. To this ethanolie solution (0.1 ml) was added di-
methyl sulfate (0.1 wl)y and 2007 NaOIT (0.1 wml). After <tanding
i the water buth (50%) for 20 miu, 0.0 ml of diwethyl sullae
and 0.1 ml of 2097 NaOH were added with stirring and the nix-
ture was returited ro the bath for 15 mine The mixture was
cooled, 209 NaOl (0.5 ml) was added and, after a fow wmiuntes,
extracted with CILCL (5 ml). The extract was washed with
two 0.5-rul portions of water, I drop of AcOTT was added, aud the
sohition was eoncentrated under Ny and exuinined ou tle,

New Thiofluorenes Related to

Metabolism of the Carcinogen N-2-Fluorenylacetamide
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Synthesis of N-2-(3-methylthiofluorenyl)acetanide (I) by two routes is described. This compound is ideuti

with one which hag been isolated by alkaline degradation of tlie in »itro reaction product of N-acetoxy-N-2-
fluorenylacetamide, a highly potent carcinogen, aud methiouine or niethionylglyeine or proteins. I is also ideuti-

cal with a compound isolated from rat liver tissue after the rat has been fed N-2-fliloreuylacetamide.

For cow-

parative studies, N-2-(7-fluoro-3-methylthiofluorenyl)acetamide was prepared and its structure was coufirmed by

an alternate route.

In the initial preparation of this compound, we first used aleoholic sodinm methyl sutfide

which had been standing for some time, and a series of 3-ethoxyfluoreune derivatives resulted instend of the ex-

pected 3-methylthiofliorenes.
presented aud discussed.

N-Hydroxy-N-2-fluorenylacetanide  (N-HO-I"AA)
hax been shown by the Millers and their associates? to
be both a metabolite of the carcinogen N-2-fluorenyl-
acetamide (I'AA) and a more potent carcinogen than
the latter. In addition, higher levels of hepatic pro-
tein and nucleie acid bound derivatives were found after
administration of the N-hydroxy compound than after
the parent amide or amine.® This pointed to the likeli-

(1) (a) Paper XX11: T. L, Fletcher, W. H., Wetzel, and M. J. Namkung,
J. Mel. Chem., 9, 503 (1966), (b) Supported in part by a grant (CA-01744)
from the National Cancer Instituce, National Institntes of Health, and in
part by Research Career Development Award 5-K3-CA-14,991 (T. L. F.).

2y J.W. Cramer, J, A. Miller, and E. C, Miller, J. Biol, Chem., 235, 885
€19601; 17, . Miller, J, A. Miller, and H. A. Harcmann, Cancer Res., 21, 815
(1961).

¢y L CL Miller, €W, Cooke, P. D, Lotlikar, and J. A, Miller, Proc, An..
Assge. Cancer Res,, 5, 45 (1964); F. Marrognin and E, Farber, Cancer Res..
25, 1262 {1965 TR. I, Williard and C. (. Irving, Federation Iroe. 23, 167
(1464).

A wmber of uew fluorene derivatives are reported aud itdrared spectral data arc

hood that N-HO-IY'AA or a devivative ix involved in
the binding reaction; iudeed. it has now been shown
that certain esters of N-HO-1"AA react with methionine
and its peptides at physiological pHs.* N-HO-FFAA
itzelf has not been observed to react with proteins or
nucleie acids ¢n wvitro, although N-hydroxyfluoren-2-
amine (N-HO-I"'A) reacts with guanine in nucleic acids
at an acid pH.» More recently, the Millers, et al. %
have observed a reaction between N-acetoxy-N-2-
fluorenylacetamide (N-AcO-I"AA) and nucleic acid
guanine at pH 7. Certain metabolic esters of N-HQ-

1) P. D. Lotlikar, J. 1D. Xeribuer, ). AL Miller, and . (. Miller, Life S0,
5, 1263 (1966).

(5) I, Kriek, Biorkem. Biophys. Res, Commun., 20, 793 {19GH),

(6) . C. Miller, U. Joll, and J. A. Miller, Sedernce, 188, 1125 (10G6),

(7) I, Kriek, .. A, MDller, G, Jubl, and E, C. Miller, Biovhewcistry, 6, 177
(1967,



