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The results of a typical experiment are as follow : 

Compoun1 

Citrate 
a-Ketoglutarate dinitrophenylhydrazone 
Carbon dioxide from , 
Surcinate from , 

Total radioactivity 
per Warbnrg flask 

(counts per minute) 
11,300 

2,550 
2,470 
< 70 

It is apparent that the oc-ketoglutaric acid was labelled 
solely in the carboxyl group adjacent to the carbonyl 
group. Hence, as revealed by enzymatic means, the 
citric acid must have been labelled exclusively in one 
of the two 'identical' carboxyl groups. These data 
thus fully substantiate the concept set forth by 
Ogston1 relative to the experiments that were earlier 
used to eliminate citric acid from the Krebs 'citric 
acid cycle'. 

It is interesting to note that the recent data by 
Stern and Ochoa11 on the biosynthesis of citric acid 
are now seen to be compatible with the data of the 
earlier tracer experiments•.•, although incompatible 
with the conclusions drawn from them. 
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Synthesis of Pyrazine Cyclic Hydroxamic 
Acids Related to Aspergillic Acid 

AsPERGILLIC acid is a pyrazine cyclic hydroxamic 
acid of structure (I). Although a general method has 
been developed for the synthesis of pyridine and 
quinoline cyclic hydroxamic acidsl, attempts to apply 
this method in order to effect a synthesis of a pyrazine 
cyclic hydroxamic acid have been unsuccessful, per
oxidation of a 2-substituted pyrazine giving the 
4-oxide and not the required l-oxide2 • We now 
describe two syntheses of pyrazine cyclic hydroxamic 
acids starting from oc-aminohydroxamic acids (II), 
which are readily obtained by the action of hydroxyl
amine on oc-amino-esters. 

Condensation of oc-aminohydroxamic acids (II) with 
1 : 2-dicarbonyl compounds (III) gives pyrazine cyclic 
hydroxamic acids (IV). The properties of the acids 
(IV) closely resemble those of aspergillic acid. In 
particular, they give a strong ferric reaction and, on 

reduction with hydrazine, each is converted into a 
hydroxypyrazine identical with the corresponding 
hydroxypyrazine obtained by the condensation of an 
oc-amino-acid amide with a l : 2-dicarbonyl com
pound". Using a l : 2-keto-aldehyde such as methyl
glyoxal (III, R' = Me, R" = H) or phenylglyoxal 
(III, R' = Ph, R" = H) as the dicarbonyl component, 
the reaction gives a 3 : 5-disubstituted cyclic hydrox
amic acid (IV, R' =Me or Ph, R" = H) exclusively 
and not the isomeric 3: 6-disubstituted acid (IV, 
R' = H, R" = Me or Ph). Considerable changes in 
the reaction conditions did not vary this experience ; 
consequently the method will not serve for a synthesis 
of aspergillic acid (I). 

A suitable method for the synthesis of a 3 : 6-
disubstituted pyrazine cyclic hydroxamic acid has 
been developed. Glycine hydroxamic acid (II, 
R = H) reacts with 2-bromocinnamaldehyde to give 
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the Schiff base (V, R =H) which, on treatment with 
sodium alkoxide, gives the cyclic hydroxamic acid 
(I, R = H, R' = CH2Ph). Similarly, treatment of 
2-bromocinnamaldehyde with oc-amino-n-butyro
hydroxamic acid (II, R = Et) gives the Schiff base 
(V, R = Et), which is cyclized by treatment with 
potassium t-butoxide to give l-hydroxy-2-keto-3-
ethyl-6-benzyl-l : 2-dihydropyrazine (I, R = Et, R' = 
CH2Ph). This method, or a simple variant, offers a 
route to the synthesis of aspergillic acid. The method 
is attractive in that it allows the introduction of 
different substituents at the 3- and 6-positions, a 
feature which will be of value in deciding between 
the alternative formulm (I, R = sec.-C4H 9 , R' = 
iso-C 4H 9 ) and (I, R = iso-C 4H 9 , R' = sec.-C4H 9 ) for 
aspergillic acid. 
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Fractionation of Thyroid Iodine by means of 
Filter-Paper Partition Chromatography 

BY means of filter-paper partition chromatography, 
Fink, Dent and Fink1 located several different radio
iodine fractions in hydrolysates prepared from 
thyroids of rats that had been injected 24-28 hours 
earlier with iodine-131. Surprisingly, little or none 
of the radioactivity was found as thyroxine. Since 
this is not in accord with previous results from this 
laboratory•, we examined the method of filter-paper 
chromatography as applied to thyroid iodine. 
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