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Note 

Separation and identification of naturally occurring anthraquinones by 
capillary gas chromatography and gas chromatography-mass spectro- 
metry 

G. W. VAN EIJK* and H. J. ROEIJMANS 

Centraalbureau voor Schimmelcultures, P.O. Box 273,374O AG Baam (The Netherlad) 

(Received March 26th, 1984) 

In a previous publication1 we reported good separation and characterization 
of anthraquinones of fungal extracts by means of gas chromatography (GC) using 
packed columns. This note describes recent improvements achieved using capillary 
GC and a capillary gas chromatography-mass spectrometry (GC-MS) system. 

EXPERIMENTAL 

Materials 
The hydroxyanthraquinones were commercial products. The remaining com- 

pounds were isolated from natural materials or synthesized, but were all known to 
occur in nature. 

Trimethylsilylation 
Trimethylsilyl ethers were prepared by treatment of the anthraquinones (O.l- 

1 mg) with 20-50 d of a mixture of N-trimethylsilylimidazole (TMSI), N,O-bis(tri- 
methylsilyl)acetamide (BSA) and trimethylchlorosilane (TMCS) (3:3:2, v/v/v). The 
solutions were used directly for GC and GC-MS. 

Gas chromatography and mass spectrometry 
GC separations were carried out with a HP 5880 gas chromatograph equipped 

with a flame ionization detector. A 10 m x 0.32 mm I.D. wall-coated open-tubular 
(WCOT) fused-silica capillary column (Chrompack) coated with CP-si15 CB (4 = 
0.12 pm) was used. The detector and injection port temperatures were 280 and 26OC, 
respectively. The temperature was programmed from 200°C to 26OC at S”C/min after 
an initial isothermal period of 3 min. Nitrogen was used as carrier gas at a constant 
linear velocity of 12 cm/set. 

GC-MS was effected with a HP 5993B instrument (quadrupole mass filter) 
with helium as carrier gas at a constant linear velocity of 25 cm/set. A 25-m CP-sil 
5 (Chrompack) WCOT fused-silica capillary column (0.32 mm I.D., df = 0.12 pm) 
was used and operated at 200-24o’C with an initial isothermal period of 3 min and 
a heating rate of SC/mm. Every 2 set a mass spectrum was recorded (70 eV electron 
impact) to check the homogeneity of the peak. Perfluorotributylamine was used as 
mass marker. 
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Fig. 1. Separation of a mixture of trimethylsilylated anthraquinones. Conditions as in the Experimental 
section. For peak identification see Table I. 

RESULTS AND DISCUSSION 

The GC retention and MS data of a number of trimethylsilylated anthraqui- 
nones are listed in Table I. The relative retention times (RRT) are expressed relative 
to that of chrysophanol. Owing to other experimental conditions the GC-MS ex- 
periments gave RRT values somewhat deviating from those listed. The benefit of a 
computerized GC-MS system is clear in those cases where the retention times are the 
same. Compounds can then be identified by their mass spectra or specific ions as 
illustrated by compounds 32 and 33 in Table I. The influence of the number and 
position of substituents in the anthraquinone nucleus on GC behaviour is demon- 
strated in Table I by the larger molecular ions at longer retention times. The relation- 
ships between the chemical structures and the retention times were discussed pre- 
viously’. A typical GC separation of a mixture of anthraquinones is presented in 
Fig. 1, showing excellent peak shapes and a good separation. 

Recently, Hendriksen and KjrasenZ described the GC analyses of natural an- 
thraquinones after derivatization by reductive silylation. Although this technique 
may yield some structural information from the mass spectrometric fragmentation 
patterns, our method has the following advantages: shorter run time (25 min vs. 70 
min), lower end temperature of the oven (260°C vs. 300°C) and smaller molecular 
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ions. For example, asperthecin (Table I no. 37) in the present study had a molecular 
ion of 750, whereas the reductive silylation method would give a M+ of 894. In that 
case GC-MS analysis, with a currently used low-cost quadrupole instrument, cannot 
be carried out, because the molecular ion is beyond the mass range (10-800 a.m.u.) 
of the apparatus. 

Hendriksen and Kjosen further reported that GC of TMS derivatives resulted 
in severe tailing on an SE-30 (similar to CP-sil5) glass capillary column. In our study 
such observations were absent (Fig. 1). GC of free poly-hydroxyanthraquinones gave 
tailing peaks, a phenomenon reported earlier3. 
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