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Numerous aromatic compounds have been found to 
undergo oxidation to phenolic products in the mam- 
malian organism. This type of reaction might be ex- 
pected to occur in  the phenyl group of phenobarbital 
(5-ethyl-5-phenyl barbituric acid), but it has not 
hitherto been described. This report ( 1 )  concerns the 
discovery in dog urine of a product of the rhetabolism 
of phenobarbital and its identification as the p-hy- 
droxy derivative of phenobarbital. 

The compound as  present in urine is largely con-
jugated and can be released by acid hydrolysis. An 
equal volume of concentrated hydrochloric acid is 
added to urine, and the mixture is refluxed f o r  3 hr. 
Phenobarbital and p-hydroxyphenobarbital are stable 
under these conditions. Both compounds are extracted 
from the acid urine with ether, and their separation 
and purification are accomplished by a systematic pro- 
cedure of partitions between ether and buffers and 
benzene and buffers and finally by crystallization froin 
water. The physical properties on which the isolation 
procedures are based are shown i n  Table 1. From 
urine collected for  3 wk from a dog receiving daily 
doses of phenobarbital, there were isolated in  this way 
1.54 g of p-hydroxyphenobarbital and 0.29 g of un-
changed phenobarbital. 

The structural identification of the urinary product 
was established by synthesis. The synthesis of p-hy- 
droxyphenobarbital, which has not previously been 
described, was carried out by the following procedure. 
p-Nitrophenobarbital was prepared by the method of 
Pierce and Rising ( 2 ) ,  and the position of the nitro 
group was confirmed by their procedure of hydrolysis 
and oxidation to p-nitrobenzoic acid. p-Nitropheno- 
barbital was converted to the phenolic derivative by 
catalytic reduction with hydrogen, diazotization of the 
anline, and hydrolysis of the diazonium salt. p-Hy- 
droxyphenobarbital crystallizes from water with 1 

Table 1. Physical properties of phenobarbital and 
p-hydroxyphenobarbital furnishing the basis for the iso- 
lation procedures. 

Partition 

coefficient 


of acid form 
Compound PKI';'" 
Ether/ Benzene/ 
water water 

Phenobarbital 60  1 7.23 
p-Hydroxgphenobarbital 5 0 7.30 

'; At 3S°C and total Ionic strength of 0.1. 

4 94 

mole of water. It nielts a t  222' to 223'C, corrected. 
The ultraviolet absorption spectrum as it  is influenced 
by pH is indicative of three dissociations, correspond- 
ing to the loss of the protons from the two nitrogen 
atoms and the phenolic group. Identity of the urinary 
product with the synthetic compound was demon-
strated by the method of mixed melting points. Analy- 
sis of hydrate (urinary origin) : C, 54.01, 54.20; H. 
5.09, 4.95; N, 10.42, 10.52 percent. Calculated for  
C,,Hl,O,N,: C, 54.12; H, 5.30; N, 10.52 percent. 

The other isomeric hydroxyphenobarbitals have not 
yet been found ia urine, but a search for  traces of 
these compounds continues. The conjugated form or 
forms in which p-hydroxyphenobarbital is excreted 
are still unidentified. Conjugation might be expected 
to occur with both glucuronic acid and sulfuric acid. 

I n  doses as  high as 1g/kg, p-hydroxyphenobarbital 
is not anesthetic in mice. It appears that oxidation of 
phenobarbital tO the phenolic derivative is a mecha-
nism of major importance in the pharmacologic in- 
activation of the drug. 
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The determination of isotopic carbon in organic 
compounds has been simplified by development of a 
procedure in  which the sample is heated with copper 
oxide in  a sealed tube and the carbon dioxide produced 
is isolated by fractional condensation in vacuum. The 
method is applicable to a wide variety of compounds 
and yields results that are  reproducible to 1percent 
and agree with values obtained by a more elaborate 
procedure (1)based on Pregl combustion. Operations 
required to obtain a sample of gas f o r  isotopic analy- 
sis can be performed in 30 min without elaborate 
equipment. The similarity of the procedure to  the zinc 
fusion technique (2) f o r  tritium assay renders it par-
ticularly attractive where research with tritium, as  
well as  with C1" is anticipated. 

A convenient system for  application of this pro- 
cedure to the determination of C14 is shown in Fig. 1. 
I n  combustion tube A, made from a 17-cm length of 
11-mm OD Pyrex 1720 glass tubing ( 3 )  by drawing 
out one end to forin a break tip, are placed 0.75 g of 


