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OXIDATIVE CYCLIZATION OF 6-(N-ALKYLANILIN0)-5-AMINOURACILS 

TO FLAVINS WITH DIETHYL AZODICARBOXYLATE OR NITROSOBENZENE 
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Treatment of 6-(N-alkylanilin0)-5-aminouracils with 

diethyl azodicarboxylate or nitrosobenzene in ethanol or 

acetic acid in the indirect sunshine gave the correspond- 

ing flavins. The reaction mechanism has been definitely 

shown by the isolation of the key intermediates, 6-(N- 

alkylani1ino)-5-iminouracils. 

We report a new synthesis of flavins in which diethyl azo- 

dicarboxylate (DAD) or nitrosobenzene acts as a useful reagent for 

the oxidative cyclization of 6-(N-alkylani1ino)-5-aminouracils. 

6-(N-Alkylanilin0)-5-nitrouracils (1a-l)', prepared by the 

condensation of 6-chloro-5-nitrouraci12 and 6-chloro-3-methyl-5- 

nitrouraci13 with N-alkylanilines, were hydrogenated in a mixture 

of ethanol and acetic acid (4:l) over palladium-charcoal to give 

the 6- (N-alkylanilino) -5-aminouracils (IIa-1) (see Table 1). To 

solutions of compounds IIa-1 in ethanol or acetic acid was added 

a slight excess of equimolar amount of DAD and the mixtures were 



allowed to stand in the indirect sunshine coming through a window 

for 4 to 6 hr to precipitate the respective flavins (111a-U4 (see 

Table 2) . 

Table 1 Reduction of 6-(N-Alkylani1ino)-5-nitrouracils to 

6-(N-Alkylani1ino)-5-aminouracils 

Starting 
material (Mp,"C) RI R~ R~ Product Mp (OC) Yield ( 8 )  

IIa >360 

IIb 197 

IIC 245 

I Id 211 
IIe 265 

IIf 269 

IIg 164 
IIh 181 

IIi 171 

11 j 118 
IIk 149 

I11 191 

Stirring of IIh with DAD in ethanol or tetrahydrofuran at room 

temperature for 2 hr in the dark, followed by dilution with ether, 

precipitated an unstable adduct, 5-(1,2-bisethoxycarbony1hydrazino)- 

amino-6-(N-ethylani1ino)uracil (IV) as colorless needles, mp 14O0, 

in 85% yield. Heating of compound IV in ethanol at 60" for 10 min 

in the dark, followed by dilution with ether, caused the separation 

of 6-(N-ethylani1ino)-5-imino-3-methyluracil (Vh) as yellow needles, 

mp 155", in 80% yield. Concentration of the filtrate gave diethyl 

hydrazodicarboxylate in almost quantitative yield. The reaction of 
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IV Vg R = Me 

Vh R = Et 

IIg with DAD in ethanol at room temperature in the dark directly 

5-imino-6-(N-methylani1ino)-3-methyluracil (Vg) as yellow needles, 

mp 145O, in 85% yield, without the isolation of the adduct of IV- 

type. The structures of the 5-imino compounds (V) were derived on 

the basis of the ir (presence of a sharp NH= absorption at 3180 

cm-l) and nmr spectra, and molecular weight determination by mass 

spectroscopy. An ethanolic solution of V was allowed to stand at 

room temperature in a bright room with the indirect sunshine for 

several hr to separate IIIg and IIIh via intramolecular cyclization 

followed by air oxidation. 

The oxidative cyclization of I1 with excess nitrosobenzene in 

ethanol under the same conditions gave also the corresponding 

flavins in slightly lower yields than by the DAD oxidation (see 



Table 2). Treatment of IIg with nitrosobenzene in ethanol at room 

temperature for 3 hr in the dark gave the same 5-imino intermediate 

(Vg) in 80% yield. Use of 30% hydrogen peroxide and nitric acid 

was also effective for the oxidative cyclization, however the 

yields were much lower. 

Table 2 Flavin Formation by the Oxidative Cyclization of 6-(N- 

Alkylanilin0)-5-aminouracils with DAD or Nitrosobenzene 

Product RI R~ R~ solvent Yield ( % )  MP ("C) 
With DAD With Nitroso- 

benzene 
- 

IIIa 4 

111b4 

IIIC 4 

11m4 

IIIe 

IIIf 

IIIg 4 

111h4 

IIIi 4 

I11 j 4 

IIIk 

1111 

AcOH 
AcOH 

AcOH 

AcOH 

AcOH 

ACOH 

EtOH 

EtOH 

EtOH 

EtOH 

EtOH 

EtOH 
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