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Gas chromatographic determination of some maleimides produced by the 
oxidation of heme and chlorophyll Q 

Our studies of chlorophyll biosynthesis (e.g., see ref. I), which involve the feeding 
of specifically labeled 1% compounds to plants and the determination of the W 
incorporation into the various portions of the chlorophyll molecule, have been hindered 
because of the lack of a method for the determination of microgram quantities of 
maleimides produced upon chromic acid oxidation of milligram quantities (usually 
available for these studies) of chlorophyll*. Only very recently have we established 
that the technique of chromate oxidation can be used with less than IO mg quantities 
of porphyrins. 

MORLEY AND HOLT~ have shown that gas phase chromatography is an excellent 
method for non-destructively purifying milligram quantities of maleimides. Based 
on their report, a study was made of the feasibility of gas phase chromatography for 
the quantitative estimation of microgram quantities of maleimides. This report 
describes a gas chromatographic procedure found to be suitable for the determination 
of some maleimides, derived from the oxidation of heme and chlorophyll, in concen- 
trations as low as 0.050 pg/jA to within 3% experimental error. 

Methods and materials 
Prefiaration of maleimides. Maleimide, succinimide, citraconimide, methylethyl- 

maleimide, hematinic acid methyl ester, and dihydrohematinic acid methyl ester 
were used for the sensitivity and reproducibility tests described herein. These com- 
pounds were prepared and characterized during an earlier study2. 

Gas phase chromatografihy. Maleimides were separated and estimated by gas 
phase chromatography on a IO ft. x & in. stainless-steel column packed with zooA 

l The malcimidcs obtainable from the chromic acid oxidation of chlorophyll a, which arc 
clcmonstrated in Fig. I, include mcthylvinylmalcimide (ring I) which has been isolatccl only 
reccntly4, methylethylmalcimidc (ring II), mcthylmalcimide (ring III--citraconimido) when the 
oxidation is performed after degradation of pheophorbide a to pyrroporphyrin, and dihydro- 
hematinic acid (ring IV). 
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Fig. I. Chromic acid oxidation products of chlorophyll n. 

RETENTION TIME (MIN) 

Fig. z. A typical gas chromatographic separation of a mixture of maleimidcs (concentrations 
unequal). 
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Apiezon M on a support of 100-120 mesh dimethyldichlorosilane-treated and acid- 
washed Chromosorb W. The chromatograph used was an Aerograph Hi-Fy Model 
600-D (Varian Aerograph, Walnut Creek, Calif.) equipped with a hydrogen flame 
detector (the hydrogen was generated by an Aerograph, Model 650, hydrogen gener- 
ator), The Brown recorder (Minneapolis-Honeywell Regulator, Co., Brown Instrument 
Division, Philadelphia, Pa.) was equipped with a disc integrator (Disc Instruments, 
Inc., Santa Anita, Calif.). Prepurified nitrogen was used as the carrier gas. Injections 
of solutions of maleimides in reagent grade acetone into the chromatograph were 
made with a Hamilton (Hamilton Co., Whittier, Calif.) IO-~1 syringe (YoIN-W/g). 
The chromatographic conditions used were as follows : nitrogen flow rate, 30 ml/min ; 

hydrogen flow rate, 30 ml/min; chromatograph oven temperature (injector port and 
chromatographic column), ~200~. 

Rcsdts and discussion 
A typical chromatogram demonstrating the separation of maleimides achieved 

MALEIMIDE SOLUTIONS DETEI1MINED I3Y GAS CHROMATOGRAPHY 

Lowest concen- O/” CYYOY” 

tvation acirieved 
(/4w) 

Malcimiclc 1.00 zt3 
Succinimiclc 0.50 rfi3 
Citraconimidc 0.50 &2 

Mcthyletl~ylrnnlcimidc 0.050 &2 

Hcmatinic acid methyl cstcr 0.050 rfi 3 
Dihyclrohcmatinic acid methyl cstcr 0.050 zt3 

a Thcsc vnlucs reprcscnt clcviations (clctcrtninccl for ten r-/r1 injections of each conccn- 
trati on inclicatccl) of integrator counts at the concentration shown. 

wit11 this system is presented in Fig. 2. The retention time obtained for each of tile 
maleimides did not vary from those values observed when a mixture of the maleimides 
was run. The retention times, however, did change appreciably with small changes 
in temperature (e.g., 10~) and in flow rate (c,g., 5 ml/rnin). 

The data in Table I represent the sensitivity limits, and error at the limits shown, 
for this method of maleimide determination on the instrument used. When consider- 
ably higher concentrations of maleimide were used (about IOO times those indicated 
in Table I) errors of less than 2% were routinely observed. 

The reliability of this method was tested when an independent worker prepared 
acetone solutions of the various maleimides, These unknowns were then given to a 
second worker to perform the analysis. In all cases the maleimide was identified and 
then quantitatively estimated to within 3% error when the various “unknown” 
maleimide solutions were run by the analyst. These error limits were well within the 
range desired of this procedure to fill our needs of maleimide determination. 

Finally, the sensitivity of the entire procedure, for our previously stated use, 
was tested. A sample of approximately 5 mg pure chlorophyll a was oxidized with 
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chromic,, acid*. The residue, redissolved in ether, was treated with diasomethaneb to 
‘esterify the. dihydrohematinic acid produced during the oxidation. After evaporation 
of the:&hereal diazomethane solution, the residue was re,dissolved in 0.5 ml acetone 
and run on,the gas chromatogrtiph. The methylethylmaleimide and dihydrohematinic 
acid methyl ester fractions were collected and then redissolved in 0.5 ml acetone. 
Theirconcentrations were found to be 0.21 and 0.15 ,~g/,~l, respectively. This result 
indicates that the method is sensitive enough for our work with,the [W]chlorophylls. 

It should be noted that the limit of maleimide detection was at least an order 
.’ of m.agnitude lower in maleimide concentration than reported herein, but the error 
in Quantitative determination at those levels was very high (i.e., IO-IS %). The concen- 
trat:bn limit for maleimide detection was .about I ng/$. 

.: The author wishes to,thank Mr. ROBERT BREDENBERG for his skilled technical 
‘assistance with parts of the experiments described herein and Dr. S. J. BAUM of the 
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