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Note 

Specific gas chromatographis determination of xanehines and 
barbilzurates by flash-heater Mbutylation 

Many of the polar ureide compounds give unsymmetrical gas chromatographic 
peaks, which are unsatisfactory in quantitative work. MACGIHG described flash- 
heater methylation of xanthines and some related compounds, and STIZVENSON~ 
reported on a. similar method for barbiturate drugs. In tllese procedures, the ureicle 
drugs are dissolved in ethanolic or methanolic solutions of tetrametl~ylammonium 
hydroxide. Pyrolysis in the hot injection block of the instrument results in practically 
instantaneous conversion of ureide N-H groups to N-methyl derivatives, reducing 
their poIarity and thereby improving their chromatographic characteristics. BROCH- 
MANN-HANSSUN AND 0w3 improved the method by use of trimethylanilinium 
hydroxide, which affords more efficient on-column methylation, 

A major disadvantage of flash-heater N-methylation in some applications is 
formation of the same derivative from different compouncls. Thus, KUPFIZRBERG~ 
noted that phenobarbital and its z-methyl derivative, mephobarbital, cannot be 
distinguished from each other using this technique. Similarly, x,3-dimcthylxanthine 
(theophylline), 3,7-dimethyl,uanthine (theobromine) and the monometl~ylxantl~ine 
metabolites of these alkaloids are all converted to z,3,7-trimethylxanthine (caffeine), 
and they cannot be distinguished from that compound or from one another. It was 
considered that alkylation with a group other than methyl should produce unique 
derivatives, whicll could be chromatographically resolved, Ethylation, using triethyl- 
anilinium hydroxide as the reagent and theophylline as the test compound, was 
successful; however, the resolution of the presumed x,3-dimethyl-~etl~ylxantl~ine 
from caffeine was poor. Trials with tetra-gt-butylammonium hydroxide, using the 
commercially available titrant, a 25 o/o methanol solution (about I M), afforded good 

TABLE I 

STRUCTURAL RELATIONSHIPS AMONG URRIDES STUDIED 

____--_- 
d anthim ; It, R, R7 
_-_-_.."-.-__..-_-.- -.....-_.-_-.-_ 

Cnffoinc CH,, CH8 CH, 
Thcobromino H CI-& CH, 
Tlicophyllino CH, CHo H 
r-Mothylxnnthino CH8 I-I 1-l 
Xantliino I-I H H 

__---- 
l3avlilrrvalc R' R" R 

_-~__-_~-.~... ~-- 

Alphonal (q-1, Ally1 H 
Butabarbitnl I-NIcPr C,I-1, H 
Hcxobarbitnl C#& Cl-Is 
lMcphobnrbitn1 GI-I, :g& CI-I, 
Phenobarbital C,I-I, H 
Sccobarbital 

GIH, 
X-M&U Ally1 I-1 

.--......._ -_-_-._--- 



4G8 NOTES 

separations of closely related xantbines and barbiturates without detriment to the 
simplicity of the method or peak symmetry. A synopsis of the structural relation- 
ships of the test compounds is presented in Table I. 

Add 7 ~1 of methanolic 25% tetra-+butylammonium hydroxide (about 7 ,umol) 
to I ml of metlumolic ureide solution containing not more than about 1.5 pequiv. of 
N-H groups, at least a 4: I molar ratio of alkylating agent to test compound. Inject 
I ,ul of the solution into the gas chromatograpk, using a minimum injector block 
temperature of 270~ and adjusting other chromatographic parameters, according to 
the compound tested, to obtain satisfactory retention times and recorder response. 
Using theophylline as the test compound and a Perkin-Elmer Model goo instrument 
equipped with flame ionization detector, suitable parameters were: Column, G ft. x 
1/4 in. O.D. glass pnckcd with 3% OV-17 on 100-200 mesh Gas Chrom Q; injector 
and manifold temperature, 270°, oven temperature, 220°, helium flow-rate, Go ml/mm. 

A chromatogram illustrating the resolution of several xanthines from each 
other and their separation from caffeine, using flash-heater butylation, is presented 

TIME (minutsm) 

Fig. I. Chromntogram of xanthincs following flnsh-heutcr N-butyhtion. I - Cnffcinc; a = thco- 
pliyllinc; 3 = tlicobrominc; 4 P I-mctl~ylxnntliiric; and 3 = santhinc. 

in Fig, I. REISCX AND WAI.KSX~~ needed three column conditions for qualitative scpa- 
ration of some natural and synthetic xanthines, and their chromatograms show a 
considerable amount of tailing for those compounds with free N-H groups. 

A comparison of the separation of some representative barbiturate drugs 
following on-column methylation using trimethylanilinium hydroxides and butylation 
by the method described here is shown in Fig. 2. One may note the 2-min dif- 
ference in retention time of the phenobarbital and mcphobarbital butyl derivatives 
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pig. 2, Chtomatogram of bnrbiturntos following flash-hcatcr N-mcthylation (A) and N-butyl- 
ation (13). n = 34utabnrbitn.l; b =: sccobnrbital; c = hcxobnrbitsl; cl =3: mcphobarbitnl; e = phc- 
nobarbital; and f = nlphcnnl. 

in Pig. zI.3 in comparison with the identity of the methyl derivatives peaks shown in 
Fig. zA. 

Fig. 3 shows a plot of the molar ratio of butylating agent to test compound, 
constructed by using a constant amount of reagent (74) added to a serially diluted 
solution of theophylline. The rectilinear plot obtained using excess reagent illustrates 
the quantitative capability of the method. 
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Fig. 3. Rclntionship of molnr oxccss of tctm-n-butylnmmonium hydroxide (TBAH) to response 
of alkylatcd thoophyllino, Ec7ch tlntn point rcprescnts n scparatc injection. 
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The operationally elegant flash-heater N-methylation method for ureides has 
been extended to use of on-column butylation, affording a considerable increase in 
selectivity. Structural isomers, such as theophylline and theobromine, which form 
the same derivative on methylation, form unique and resolvable derivatives by 
butylation. Similarly, N-methyl derivatives of synthetic compounds, related as 
mephobarbital is to phenobarbital, can be distinguished from each other by on- 
column butylation. Since N-methyl compounds are ubiquitous in nature and are 
easily accessible in synthesis, the use of N-butylation instead of N-methylation offers 
a considerable advantage in selectivity in a number of applications. 

Applications of the N-butylation procedure and studies using other reagents 
will be reported in further communications from these laboratories, 

Note added in firoof 
After acceptance of this paper our attention was drawn to the work of MACGEIP 

who used on-column ethylation ,to separate phenobarbital and mephobarbital. 

Received October IGth, 1972 


