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described photoproducts is under further investigation. 
The details of the precise photochemical origin of the 
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An Unusual Photochemical Rearrangement in the 
Synthesis of Adenine from Hydrogen Cyanide' 

Sir : 
We have described the syntheses of aminomalono- 

nitrile and 4-amino-5-cyanoimidazole and discussed the 
relevance of these intermediates to the prebiological 
synthesis of adenine and other heterocyclics.2 Further 
study shows: (1) the reaction of 4-amino-5-cyano- 
imidazole (11) (0.05 M> with formamidine acetate (0.1 
M )  in aqueous solution (pH 8-8.5) proceeds slowly at 
30' and yields only adenine (111) and 4-aminoimidazole- 
5-carboxamide in the ratio of about 100: 1. After 5 
days about 3 % of adenine had been formed in a typical 
experiment. Little or no reaction occurred if formami- 
dine was replaced by 0.1 M cyanide or 0.1 M cyanide- 
0.1 M ammonia mixtures. Ultraviolet irradiation (253 
mp) did not accelerate any of the above reactions. 

(2) The slow addition (5 hr) of aminomalononitrile 
(0.01 M> to formamidine acetate (0.1 M> at 25-30' and 
pH 8-8.5 gives a 5 %  yield of 4-amino-5-cyanoimida- 
zole (11) with the remainder of the aminomalononitrile 
apparently giving polymeric material. A 50 % yield of 
4-amino-5-cyanoimidazole is obtained when the amino- 
malononitrile (0.01 M )  is added over a 24-hr period to 
0.1 M formamidine acetate at 50". However, the 
reaction of aminomalononitrile with cyanide to give 
HCN tetramer (diaminomaleonitrile, I) is much more 
rapid; if aminomalononitrile (0.01 M )  is added to a 
solution 0.1 M in both cyanide and formamidine the 
yield of HCN tetramer (I) exceeds that of aminoimid- 
azolenitrile (11) by about 100 : 1. 

It is apparent that the prebiotic formation of adenine 
(111) could proceed by the reaction of a dilute solution 
of formamidine with 4-amino-5-cyanoimidazole (11) 
(0.001 M formamidine should give comparable rates of 
hydrolysis and adenine synthesis). The formation of 
4-amino-5-cyanoimidazole from aminomalononitrile, 
however, would not proceed efficiently under these cir- 
cumstances and the alternative reaction with cyanide ion 
to give the HCN tetramer would surely be more im- 
portant under plausible prebiotic conditions. 

We therefore investigated the reactions of the HCN 
tetramer (I). Direct reaction of formamidine with I 
gives a very poor yield of 11, but when an aqueous solu- 
tion of HCN tetramer ( l e 4  M )  is irradiated at 25" 
with a 350 mp lamp a 7 7 4 2 %  yield of 4-cyano-5- 
aminoimidazole (11) is obtained. The identity of the 
product with an authentic specimen of TI was confirmed 
by chromatography, ultraviolet spectroscopy, and 
quantitative hydrolysis to the well-known 5-amino- 
imidazole-4-carboxamide. Yields were estimated from 
the intensity of the 247 mp peak of 11. 

Preliminary studies on the scope of this photochemical 
rearrangement at 253 mp show that l,l-diamino-2,2- 

(1) This work was supported by Grant GB-3152 from the National 

(2) J. P. Ferris and L. E. Orgel, J .  Am. Chem. Soc., 87, 4976 (1965). 
Science Foundation. 

di~yanoethylene~ in tetrahydrofuran solution, but not in 
water, also yields 4-amino-5-cyanoimidazole along with 
other products. 3-Aminocrotononitrile is converted to 
4-methylimidazole in 50-60 % yield. Aminomethylene- 
malononitrile, o-aminobenz~nitrile,~ and 1, l-dimor- 
pholino-2,2-di~yanoethylene~ do not rearrange to imid- 
azoles. 

3-Amino-Ccyanopyrazole also rearranges to 11, 
but only when irradiated by lamps emitting at 253 mp.7,g 

Since the rearrangement of the HCN tetramer proceeds 
readily with lamps emitting mainly at 350 mp, the 
pyrazole cannot be an intermediate. Pathways for the 
photochemical rearrangement of I involving the for- 
mation of intermediates containing either a three-mem- 
bered or a four-membered ringg can be written, but at 
present we have no evidence for or against either inter- 
mediate. 

The most plausible route to adenine from HCN 
under prebiotic conditions which can be proposed at the 
moment appears to be 

HCN -+ 

I1 I11 I 

However, we shall not indulge in detailed speculation 
until we have investigated other routes. 
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The Oxidative Dealkylation of Mesitol with 
Activated Manganese Dioxide 

Sir : 
During the course of a survey of the reactions of 

phenols with hydrogen peroxide and acidified ferrous 
sulfate, Cosgrove and Waters' reported the formation of 
4,4'-dihydroxy-3,3 ',5,5 '-tetramethyldiphen y lme  t h ane  
(VIII) from mesitol (I) in low yield. Bacon and Munro2 
observed this same product in 1 3 z  yield in the silver 
persulfate oxidation of I. A loss of a methyl group was 
inferred by Becconsall, et ~ l . , ~  during an electron spin 
resonance study of the lead dioxide oxidation of 4- 
methyl-2,6-di-t-butylphenol. In this communication, 
we wish to report results which not only expand the 
scope of this curious reaction to another oxidant, 
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