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was poured into methanol-HI, and d-methoxy-7- 
iodomethyl-12-methylbenz [alanthracene (111) was iso- 
lated. The iodo derivative was found to react smoothly 
with stannous chloride in dioxane containing HC1, which 
after dilution with water afforded 4-methoxy-7,12-di- 
methylhenz [alanthracene (IT). Cleavage of the 1- 
ether v as difficult and, although 4-hydroxy-7,l%-di- 
methylbenz [alanthracene ('V) was easily detected on 
thin layer chromatograms; following treatment with H I  
or HBr, the free compound was very difficult to purify. 
We found, however, that cleavage of IV with HBr under 
S, gave d-hydroxy-7,12-dimethylbenz [alanthracene ('\-) 
which could be separated from .VI11 by chromatog- 
raphy. 
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Our attention turned next to the synthesis of 
7-h ydrox ymethyl-l 2-met hylbenz [alant hracene (X) . 
This compound is of interest because the recent findings 
of Boyland and Sims6 demonstrates conversion of 
DJIBA to monohydroxymethyl derivatives by rat 
liver homogenates. Boyland and co-workers7 found 
that X, but not 7-methyl-12-hydroxymethylbenz [a]- 
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 
DJIBA. 

The synthesis of X has been reported6 using limited 
amounts of lead tetraacetate. 1 he 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 i-iodo- 

(5) Glass plates coated a i t h  silica gel G (Brinkman Instrument Co.) 
of 0.25-mm thickness were deteloped a i t h  benzene or benzene containing 5y0 
( \ / v )  ethanol and  examined under ultraiiolet  light. 

(6) E Boyland and P. Sims, Bzochem. J . ,  96, 780 (1965). 
( i )  E. Bolland, P. Sims, and C. Huggins, Safure,  207, 816 (1965). 

methyl-12-methylbenz [alanthracene as shon-n in 
Scheme 11. The iodo compound IX, previously de- 
scribed by Sandin and Fieser* as an intermediate in the 
synthesis of DJIBA, provides a versatile intermediate 
for further transformations. Thus these investigators 
converted IX to 7-met hoxymethyl-12-methylbenz [a]- 
anthracene (SI I ) .  I?urther 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 XI1 from IX, these com- 
pounds 11 ere prepared from X. 
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Animal Studies.-The metabolism of DRIBA was 
studied in rat liver homogenates, essentially as described 
by Boyland and SimsS6 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 DJIBA.g 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.1° This method was 
employed in the present study. 

Results 

Identification of Metabolites 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. A m .  Chem. Soc.,  62, 3098 (1940). 
(9) K. L. Sydnor, 0. Butenandt. F. P. Brillantes, and C. Huggins, J .  

Nntl .  Cancer Insl., 29, 805 (1962); E. Rolland and K. L. Sydnor, Brzt. J .  
Cancer. 16, 731 (1962). 

(10) C. Huggins, G .  Briziarelli, and H. Sutton, J .  Ezpfl .  .Wed,, 109, 25, 
(1959): C. B. Huggins, L. C. Grand, and F. P. Brillantes, .Vnfure, 189, 204, 
(1961). 





compound. Jellinck and Goudy" detected a radioac- 
tive zone which corresponded to  7,lZ-dihydroxymethyl- 
hens [alant hracene on thin layer chromatograms when 
14C-D111BA was incubated with rat liver homogenates. 
We have identified this compound in the present work. 
I t  is of iiitercst that this compound was not foutid by 
Boyland and Sims in the strain of rats (Chester Beatty) 
qtudied arid this suggests that strain differences in 
metabolism probably account for the fact that the 
compound is not present in the Chester Beatty rat 
itrnin, but is present in the Sprague-Dawley strain. 

l h l i e r  experiments of Huggiris had demonstrated 
the high potency of DA\IBA in inducing mammary 
C ; I I I C C ~  following a single feeding of the hydrocarbon in 
sesame o i l . I o  I t  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. I t  may be that 
these compounds are themselves lacking in carcinogenic 
properties, but must be converted to  the carcinogenic 
'7-hydroxymethyl-13-methylbenz [alanthracene. It ap- 
pears that the alcoholic hydroxyl group, in appropriate 
positions, is more favorable for conferring carcinogenic 
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 confirm and extend the 
results of other investigators. Hydroxylation reac- 
tions occur in both the ring and on the methyl groups. 
Both monohydroxymethyl and dihydroxymethyl deriv- 
atives are present as products 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 product is the proximate carcino- 
geii remains to  be established. When hydroxylation 
occurs on both the 7 arid 12 positions or in the 4 posi- 
tion, no cancers were observed, whereas 7-hydroxy- 
methyl-12-methylbenz [alanthracene 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.12 The variability in the amount of carcinogen 
absorbed would be expected to influence the tumor 
yield. Further work will be required t o  determine the 
concentration of hydrocarbon metabolites in the target 
tissue. 

Experimental SectionI3 
4-Methoxybenz [a] anthraquinone (11).-4-Nethoxybenz [a] - 

anthracene ( I )  (2.0 g)  dissolved in AcOH (60 ml) was treated with 
KzCrz07 (2.45 g in 15 ml of water). Sfter refluxing for 30 min, 

(11) P. H. Jellinck and B. Goudy, Science, 161, 1375 (1966). 
(12)  J. TV. Flesher and K. L. Sydnor, Proc. Soc. Erptl. Bioi. .Wed., 104, 

T76 (1960); F. G. Bock and T. L. Dao. Cancer Res. .  21, 1024 (1961); E. R. 
Gammal. I(. IC. Carroll, R. H. hluhlstock, and E. R.  Plrinkett, Proc. Sor. 
/ < z p t l .  B i d .  ,Wed., 119, 1086 (1865). 

(13) hlicroanalyses were performed h y  Galhraith T,ahoratorieP, Tinox- 
ville. Tenn. Melting points wf-re taken on a Fislier-.lolinr 1)loek and &re \in- 
corret,ted. 

the cooled reaction mixture was poured into ice wat.er (800 ml). 
and a red solid was collect,ed by filt,ration and thororighly washed 
with ice water. The product' was dried in t w u o  l o  give 2.0 g of 
crude material. Chromatography on a l ~ n i i i a  ;benzene) aiid 
recrystallization with benzene gave pure 11, mp 220-221", 
yield 1.7 g 1795) .  

And. Calcd for C13111?Oa: C, i9.15; 11, 4.34. Fouiid: C, 
79.32; I€, 4.41. 
4-Methoxy-7-iodomethyl- 12-methylbenz [a] anthracene (III).- 

4-Xethoxybenz [a ]  anthraquinone ( 2  g)  was suspended in benzene 
(100 ml) aiid MelIgI (from 2.5 g of Mg and 8 ml of 3IeI i l l  7 0  
ml of ether) was added with vigorous stirriiig over 1 hi.  The 
olive drab solution was slowly poured into a solution of 7 0  nil ( i f  

methanol and 25 ml of 57yo HI mailitailled at - 5  to 0'. Atltli- 
tion of AcOH (150 ml) and standing overiiight ( - 10°j gave n 
crystalline product containing iodine (III), mp 105" dec, yield 
2.0 g (74Yc). 

4-Methoxy-7,12-dimethylbenz[a]anthracene ( IV ).-The iodo 
compound 111 (1.425 g) was dissolved in dioxane (100 ml) con- 
taining 5 ml of concentrated HCI. This solution was added to a 
mixture of SiiC12 (20 g), dioxane (90 ml), and 54 ml of concentrated 
HC1 and brought to reflux for 15 min. The cooled solution was 
added to water (1 .5  1.) and the suxpenaioii was allowed to stand 
overnight (0"). The solid was collected by filtration, washed 
wit,h water, and dried. Chromatography on alumina (Alcoa-F-20, 
100 g) in benzene gave 1.0 g (965;) of IV) mp 121'. 

And. Calcd for C2,HI8O: C, 88.07; H, 6.33. Found: C, 
87.96; H, 6.29. 
I-Hydroxy-7,12-dimethylbenz [a] anthracene (V).-4-3Iethoxy- 

7,12-dimethylbenz [a]  anthracene (0.5 g)  was dissolved in acetic 
acid (20 ml) and HBr (487,) (1 ml) was added under XI. After 2 
hr HBr (0.5 ml) was again added. Refluxing was continued 
under YJZ for a total of 7 hr. T h e  cooled solution was poured 
into ice water and a yellow solid separated immediately. The 
solid was collected by centrifugation and washed (HzO, 3+aHCU3, 
HZO). Chromatography on silica gel (benzene) gave three frac- 
tions. The first fraction (50 ml) contained starting material. 
The second fraction (30 ml) contained a mixture of 3tarting ma- 
terial and product and the final fraction 1250 ml) contained l-, 
yield iOCc. The product was recrystallized from benzene; mp 

Anal. Calcd for C2011160: C, 88.30; H, 3.90. Found: C, 
88.37; H, 5.89. 

4-Acetoxy-7,12-dimethylbenz[a]anthracene (VI).-A mixture 
of 4-hydroxy-7,12-dimethylbenz [alanthracene (50 mg), pyridine 
(0.5 ml), AcrO (0 .25 ml), and fused sodium acetate (0.1 g)  was 
refluxed 45 miri. The cooled solution was poured into ice water 
(10 ml) and stored in the refrigerator overnight. The solid was 
collected by centrifugation and washed several times with water 
to  remove pyridine. Crystallizatioti from ethanol-benzene gave 
cream-colored plates (30 mg), mp 180-181'. 

7-Hydroxymethyl-l2-methylbenz[a]anthracene (X).--7-10- 
domethyl-12-methylbenz [a]anthracene (4  g), prepared by the 
method of Sandin and Fieser,s was dissolved in dioxane (200 ml) 
on gentle warming. To the bright, yellow- solution, a suspension 
of Ag~C03 (4 g) and Na2C03 (4 g)  in water (5  ml) was then 
added. The react'ion mixt,ure 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 t,imes with dioxane, the combined solutions 
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.6 162O, yield 2.9 g 
(96%). 

Anal. C alcd for CZOHl60: C, 88.30; IT, 5.90. Foiind: C, 
88.35; H, 6.0. 
7-Methoxyme thyl-12-methylbenz[a]anthracene (XII). Method 

A.-To 1 g of S suspended in 200 nil of methanol was added 2.3 
ml of concentrated H2S04 in 40 ml of methanol. After refluxing 
for 2.5 hr, the mixture was concentrated under reduced pressure 
to 50 ml and poured into 300 ml of water. Sodium bicarbonate 
solution was added until pH i. The mixture was allowed to 
stand overnight in an ice bath and was then filtered off and dried, 
yield 0.6 g (577,); crystallized from methanol, mp 120-121", 
lit.* 120-121". 
Method B.-Sodium (200 mg) was dissolved in I 5  ml of ab- 

solute methanol. 7-Iodomethyl-12-methylbenz [a] air thr:treii e 
(200 nig) w s  then ntldetl mid refliixed 1 h r  while stirriiig vigor- 

164-165'. 




