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Recent investigations have shown that amino acid conjugation plays an im- 
portant role in the metabolism of2,4dichlorophenoxyacetic acid (2,4-D)1-6. A number 
of these conjugates have been isolated and identified from various plant tissues, how- 
ever, residue analysis usually only involves the quantitation of 2,4-D7-11. The amino 
acid conjugates of 2,4-D are biologically active5 and analytical methods are needed 
to analyze for these metabolites or potential metabolites in the natural ecosystem_ 
Recently a method for gas-liquid chromatography (GLC) of the trimethylsilyl deriv- 
atives of the ammo acid conjugates of 2,4-D has been reported”@. This method is 
appropriate for characterization and quantification of the conjugates, however, it lacks 
the sensitivity needed for residue analysis since these derivatives are not suitable for 
electron capture detection. This manuscript now reports the GLC separation of the 
methyl esters of 2,4-D, its hydroxylated metabolites and thirteen amino acid conju- 
gates of 2,4-D. 

EXPERIMENTAL 

All solvents used were of highest purity. 2,4-D and Diazald were purchased 
from Aldrich (Milwaukee, Wise., U.S.A.). n-Octacosane was purchased from Supelco 
(Bellefonte, Pa., U.S.A.). Ia 

4-Hydroxy-2-chlorophenoxyaceticYacid @OH-2Cl) was obtained from Dr. J. 
Sleeker (North Dakota State University) while 4hydroxy-2,3-dichlorophenoxyacetic 
acid (40H-2,3-D),4hydroxy-2,5-dichlorophenoxyaceiic~acid (4OH-2,5-D) were previ- 
ously synthesized in this laboratory. All amino acid conjugates of 2,4-D were-supplied 
by Dr. C. S. Feung (Pesticide Research Laboratory, The Pennsylvania State Uni- 
versity). The amino acid conjugates of 2,4-D were: 2,4dichirorophenoxyacetylalanine 
(2,4-D-Ala), 2,4dichforophenoxyacetyJarginine (2,4-D-Arg), 2,4dichlorophenoxy- 
acetylaspartic acid-~~,4D-Asp),~2,4-dichforophenoxyacety~cysteine (2,4-D-Cys), 2,4- 
dichlorophenoxya&ylghnamic acid (2,4-D-Glut), 2,4dichlorophenoxyacetylglycine 
(2,4-D-Gly), 2,4dichlorophenoxyacetylhistidine (2,4-D-His), 2,4dichlorophenoxy- 
aeetyhsoleucme (2,4-D-He), 2,4dichlorophenoxyacetylleucine (2,4-D-Leu), 2,4di- 
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chlorophenoxyacetyllysine (2,4-D-Lys) ,2,4-dichlorophenoxyacetylmethionine (2,4-D- 
Met). 2&iichlorophenoxyaeetylproliue (2,4-D-Pro), 2,4-dichlorophenoxyaoetylphe- 
nylalanine (2,~D-Phe), 2&dichIorophenoxyacetyiserine (2,~D-Ser), 2,4-dichloro- 
phenoxyacetylthreonine (2,4-D-Tbr), 2,Cdichlorophenoxyacetyh.ryptophan (2,4-D- 
Trp), 2,4-dichiorophenoxyacetyltyrosine (2/l-D-Tyr), and 2,4dichlorophenoxyacetyl- 
valine (2,4-D-Val). 

In.s&t-wnents 
A MicroTek 220 gas chromatograph equipped with an Infotronics Model II 

digital icte_mtor was used for this investigation. Siiylanized 6 ft. x 4 mm I.D. glass 
columns were employed with column packins of 2% OV-t on 100-120 mesh Supel- 
coport, and 1% OV-17 on 80-100 mesh Supelcoport. Dual flame ionization defectors 
were used. The instrument conditions were as follows: column temperature varied 
from 1.50 to 280”; detector temperature, 280”; inlet temperature, 245”; nitrogen flow- 
rate, 50-60 ml/min. 

Mass spectra were obtained on an LKB-9000 gas-liquid chromatograph inter- 
faced mass spectrometer using a 6 ft. x 3/16 in. 0.D. glass column packed with 2% 
OV-1 on Supelcoport IOO-i20 mesh, a helium flow-rate of 30 ml/min and a variable 
column oven temperature. 

Preparahm of methyl ester de.rivativex 
Diazomethane was prepared from DiazaldXs. Stock solutions of each of the 

compounds including the internal standard n-octacosane were prepared (1 mg/ml in 
ethanol). One milliliter of each stock solution was added to a 30-mi methylation vial. 
The alcohol was evaporated under nitrogen at 60”. The residue was dissolved in 10 ml 
diethyl ether and molar excess of freshly prepared diazomethane was added. After 
1 h the ether was evaporated under nitrogen and the methylated products were dis- 
solved in 5 ml benzene (0.2 &,A of each compound) prior to analysis, 

RESULTS AND DISCUSSION 

The amino acid conjugates and hydroxylated derivatives of 2,4-D were com- 
pletely converted to their methyl esters with diazomethane. The phenolic hydroxyls 
of 40H-2C1, 40H-2,3-D and 40H-2,5-D were also methyIated under these reaction 
conditions and their structures were confirmed by mass spectrometry. The basic 
amino acid conjugates (Lys, Arg, and His) were not soluble in ethyl ether and were 
not included in this study. All the methyl esters were stable over an &day period ex- 
cept for the methyl ester of 2,4-D-M& which was stable in a pure form but unstable 
in the mixture of methyl esters. 

The various derivatives were analyzed by mass spectrometry to confirm their 
structure and the mass spectra of the methyl esters of 2,4-D-Ala is given in Fig. I. 
AI1 the methyl esters analyzed gave strong molecular ions and characteristic frag- 
mentations typica! of the amino acid conjugate. These data suggest the mass spectra of 
the esters may be more useful for identification purposes than the reported mass spec- 
tra3 of the underivatized conjugates. Methyl and ethyl esters were always significant 
contaminants of the isolation procedure of the amino acid conjugate of 2,4-D. They 
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102 NOTES 

were inadvertently produced in the thin-layer chromatographic (TLC) isolation 
procedures. 

The separation achieved on GLC of the methyl esters of the amino acid con- 
jugates of 2,4-D and other hydroxylated metabolites of 2,4-D on 1% OV-17 
(S&l00 mesh Supelc&port) is illustrated in Fig_ 2. Twelve of the I6 methyI esters 
(2,4-D, 4OH-2CI,4OH-2,5-D, 40Hi2,3-D and 8 amino acid ConjugatesS Ala, VaI, Leu, 
Ee, Glu, Met, Phe and Trp) were completely separated in 26 min. The compounds 
which overlapped were (5) 2,4-D-Cys and 2,CD-Cry, and (2) 2,4-D-Asp and 2&D- 
Pro. The separation a&eved on 1% OV-I7 wou!d be sufkient to analyze for ati 
of the identified 2,4-D metabolites (2,4-D, 40H-2C1, 40H-2,5-D, 40H-2,3-D, 2,4-D- 
Asp, 2,4-D-Glu, 2,&D-Ala, 2,4-D-Val, 2,4-D&~, 2,4-D-Phe and 2,4-D-Trp). 

The GLC separation achieved on 2% OV-l (100-f20mesh Supelcoport) is 
shown in Fig. 3. Ten methyi ester derivatives were separated completely (2,4-D, 
40H-2C1, 40H-2,5-D, 40H-2,3-D, 2,4-D-Cys, 2,CD-Val, 2,4-D-GIy, 2,4-D-GIu, 
2,4-D-Met, 2,4-D-Phe, and 2,4-D-Trp). Five derivatives partially separated, and oniy 
two compounds did not separate (2,4-D-Gly and 2,4D-Thr). The relative retention 
times of each compound to internal standard (octacosane) for both separations are 
given in Table I. When both columns are used all of the 16 compounds examined can 
be separated. 

TABLE I 

RETENTION TIME OF MCTI-IYL ESTERS RELATIVE TO AN INTERNAL STANDARD 
(n-OCTACOSANE) ON 2% OV-1 AND I % OV-17 

Compoand Relative retentirbn time 

2,4-D 0.160 0.220 
40s2Cl 0.251 0.435 

GOH-2,5-D 0.296 0.478 
40&2.3-D 0.353 0.545 
Z&D-Ala 0.499 0.348 
2,4-D-Gly 0.512 0.797 
2,4-D--I& 0.512 - 

2,4-D-Cys 0.538 0.792 
2.4-D-V21 0.591 0.829 
2,4-D-I-es 0.646 0.881 
7,4-D-Ile 0.662 0.901 
2,4-D-Pro 0.718 1.058 
‘,4-D-Asp 0.732 I .058 
2,&D-C&& 0.813 1.167 
3.4D-Met 0.846 1.190 
34D-F%e 0.911 1.289 
2.dD-TV I.273 1.913 
rr_Occzwsme 1-m l.OOCJ 

AH of the derivatives analyzed gave a iinear response with the flame ionization 

detector over a range of 2-10 pg (Fig. 4) and are suitable for quantification using an 
internal standardz5. Additional studies are needed to adapt these da*& to the sensiti- 
vity of ekctron capture detection and to develop a practica! residueanalysis procedure. 
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Fig. 4. Relative response of methyl ester derivatives YS. pg derivatives injected_ (A), 2,4-D-Ala; (B), 
2,4-D-Leu; (C), ~&D-ASP; zmd (D), 2,4-D-Val. 
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