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lymphocytic choriomeningitis infection in 
mice have been reported, and the activity of 
a third substance, propionin, added. The anti- 
LCM activities of the 3 natural products have 
been compared with methotrexate. 

The authors are indebted to Dr. H. A. Chirigos, 
Nat. Inst. of Health, for supplying methotrexate and 
to Dr. Ralph F .  Anderson, International Minerals 
& Chemical Corp., for supplying crudes containing 
propionin. 
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The carcinogenicity of aromatic amines is 
believed to result from their hydroxylated 
metabdites ( 1 ) , which are unstable com- 
pounds that are easily oxidized. 2-amino-l- 
naphlthol, a metabolite of the bladder car- 
cinogen 2 -naphthylamine, produces bladder 
tumors in aibout one year when implanted 
as a wax pellet in bladders of mice(2). 
Bryan et aZ(3) have shown that &thin 
a few hours this compound is largely oxidized 
in the bladder. 

We are studying the interaction of the 
hydroxylated metabolites with DNA in order 
to determine their mode of action. T'he al- 
teration of the melting profile(4) and the 
ability to prime for RNA synthesis(5) were 
the induced DNA changes produced by these 
metabolities. The DNA modifications were 
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obtained only under conditions which a b w e d  
oxidation of the metabdites(4) ; in addition 
the oxidation products of Lamino- l-naphthol 
also altered the melting prolfile of DNA. 

These oxidation products are b'eing ex- 
amined by us because of the possibility that 
they are involved in the carcinogenicity of 
aromatic amines. 

Results. The oxidation of 2-amino-l- 
naphthol (prepared as described in(6) was 
accomplished by stirring 4 g of the hydro- 
chloride in 2 liters 0.1 M phosphate pH 7.2 
for 24 hours a t  room temperature. T'he purple 
precipitate was removed and the yellolw-brown 
supernatant, which exhibited blue-green 
fluorescence, was extracted several times with 
ether to give a deep orange extract. The resi- 
due obtained after evaporation of the ether 
layer to dryness was dissolved in methanol 
and chromatographed on a silica gel thin 
layer plate in ether/heptane = 2/1 to give 
7 bands of various colors. The major orange 
band was eluted wilth methanol and evapo- 
rated to orange crystals of M.P. = 190-200'. 
The crystals were extracted with hot benzene 
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FIG. 1. Oxidation of 2-amino-1-naphthol to 2 -  

amino-l,4-naphthoquinone ( 1 ) .  

and the orange solution separated from a 
brown oily residue. On cooling, the benzene 
solution deposited orange needles of M.P. = 
213". The yield was about 50 mg. 

The isolated material was identified as 
2-amino-174-naphthoquinone (I)  (Fig. 1) by 
comparison with an authentic sample pre- 
pared according to Fieser ( 7 ) .  
Elemental analysis gave C 69.5, H 4.05, N 
8.1, calculated for Clo Hi NOs; C 69.34, H 
3.99, N 7.83. 

Recrystallization from n-hexanejbenzene 
gave red needles, M.P. = 210", authentic 
compound M.P. = 208", mixed M.P. = 
207". 

The absorption spectra in ethanol and I.R. 
spectra in KBr of both compounds were iden- 
tical. 

2-amino-174-naphthoquinone might be the 
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FIG. 2 .  Oxidation of  2-naphthylamine to 2-amino- 
1,4-n1aphth>oquinione-N'-2 -niaphthylimine. 

result of direct oxidation of 2-amino-l- 
naphthol or of hydrolysis of the dimer (11) 
(Fig. 1 )  which is probably the major oxida- 
tion product produced (8). 

2-aminoh 174-naphthoquinone was not car- 
cinogenic for rats(9) and did not affect the 
above mentioned properties of DNA. The 
aqueous fraction after ether extraction altered 
the melting profile of DNA and by thin layer 
chromatography contains at  least 10 com- 
ponents. Further studies on this fraction are 
in progress. 

I t  is of interest that 2-naphthylamine, 
which is not carcinogenic for mice, produced 
sarcomas in this species when aged oily solu- 
tions were injected su'bcutaneously. These so- 
lutions which developed a red color were 
recently found to contain the oxidation pro- 
duct 2-amino- 1 ,4-naphthoquinone-N4-2-naph- 
thylimine (Fig. 2 )  ( 10). The carcinogenicity 
and DNA modifying effects of this compound 
are not known. 

Summary. The carcinogenic metabolite, 2- 
amino- 1-naphthol, of the bladder carcinogen 
2-naphthylamine was air oxidized at  pH 7.2 
to produce many products separable by thin 
layer chromatography. The ether extract con- 
tained one major product which was identified 
as 2-amino- 174-naphthoquinone. 
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