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Oxidation of hydroxymethylpyrazines and 

hydroxylated phenyl compounds in a gas 

chromatography inlet  

B. Bohman a,b,c* and G. R. Flematti c 

 

Large proportions of aldehydes were formed when 

hydroxymethylpyrazines, and benzyl- and cinnamyl alcohols 

were analysed by gas chromatography-mass spectrometry 

using a heated inlet with a previously used glass inlet liner. To 

avoid false reporting of non-natural compounds, any 

identification of aldehydes potentially formed in a GC inlet 

requires verification. 

1. Introduction 

Gas chromatography-mass spectrometry (GC-MS) is a routine 

method in many laboratories worldwide for the analysis of volatile 

natural products, such as compounds involved in chemical 

communication. Analysing underivatised samples of natural extracts 

is often preferred in order to facilitate the identification of new 

natural products, and is essential when using biological detectors 

such as electroantennogram detectors (EAD). 

Pyrazines as natural products are involved in chemical 

communication in numerous biological systems, most commonly in 

insects.1-10 In the food industry many pyrazine-derived compounds 

are used as flavouring agents, and some are formed in situ from 

amino acids in Maillard reactions when food is heated.11-18 Recently, 

pyrazines, along with more complex derivatives, were discovered in 

bacterial odours and as products from microorganism reactions.19-31 

We have recently investigated the pollination chemistry of sexually 

deceptive Drakaea orchids and their thynnine wasp pollinators. In 

several species the key compounds were identified as 

hydroxymethylpyrazines – a largely new group of natural 

products.32-35 In the process of identifying these compounds, we also 

found various amounts of the corresponding aldehyde compounds in 

some analyses. When the compounds were prepared synthetically in 

the laboratory, and after purification with semi-preparative high 

pressure liquid chromatography (HPLC), and subsequent analyses by 

GC-MS, various amounts of aldehydes were still present. These 

findings led us to investigate the oxidation of primary alcohols to 

aldehydes in the gas chromatograph.  

It is well known that chemical reactions, polymerisations, and 

rearrangements can take place in GC inlets, especially when the inlet 

liners have been used for an extended period of time. For example, 

artificial peaks were detected when underivatised methamphetamine 

hydrochloride was analysed employing injector temperatures 

exceeding 200 °C. 36 Isoprene has been proven to form dimers in a 

hot PTV inlet, 37 and dehydroalanine was formed from mimosine and 

cysteine in another study,38 to name a few. In our own unrelated 

work, we have previously observed the oxidation of 4-

hydroxymethylquinoline to the corresponding aldehyde by GC-MS, 

during the identification of fungal metabolites.39 However, to the 

best of our knowledge, apart from one report of methanol being 

oxidised to formaldehyde,40 there are no specific studies reporting 

the problem of formation of aldehydes from easily oxidisable 

primary alcohols when using GC in the literature.  

The aims of this work were (i) to investigate under which conditions 

the oxidation reaction from hydroxymethylpyrazine to corresponding 

aldehyde occurs, and (ii) to investigate whether the same problem 

affects other similar oxidisable hydroxymethyl compounds that are 

more commonly found, exemplified by benzyl alcohol and cinnamyl 

alcohol. 

2. Materials and methods 

Compounds 1-6 were available from previous work in the laboratory 

(for preparations see 32-35), and 7-8 from Sigma-Aldrich Australia. 

For structures of compounds 1-8 see Fig.1, and for retention times 

and mass fragments of 1-4 and 6 see Supplementary data.  
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Fig. 1. Structures of pyrazines 1-6, benzyl alcohol 7 and cinnamyl alcohol 8, 

used in this study. 

The purity of all compounds were confirmed to >98% by HPLC, and 

these compounds are known to be stable when stored as solutions in 

acetonitrile or dichloromethane at room temperature for weeks 

(unpublished data). The identities of the corresponding oxidised 

products of compounds 1-4 were confirmed by comparison of their 

mass spectra and retention times, and ultimately coinjection, with 

synthetic aldehydes prepared by oxidising small amounts of the 

alcohols with pyridinium chlorochromate or purchased from Sigma-

Aldrich Australia.  

EI-MS (70 eV) were recorded on an Agilent 5973 mass detector 

connected to an Agilent 6890 GC equipped with a BPX5 column 

[(5% phenyl dimethylpolysiloxane), 30 m × 0.25 mm × 0.25 µm film 

thickness, SGE Australia], using helium as a carrier gas with a 

constant flow rate of 1.0 mL/min. A scan range of m/z 39 – 300 and 

a solvent delay of 5 min were used. Injections were carried out with 

an Agilent 7683 autoinjector; injection volume 1.0 µL, splitless 

injection for 1.0 min. The compounds were prepared in HPLC grade 

acetonitrile at 0.1 M concentration. The ion source was set to 230 

°C, and the transfer line temperature to 250 °C. The oven 

temperature program was 50 °C, ramped at 15°C /min to 280 °C, and 

held for 5 min. Two inlet liners (SGE, single tapered, quartz wool 

p/n 092019), one new and one previously used for ca. 100 injections 

were used, and the injector temperature was varied from 200 °C to 

325 °C (200 °C to 300 °C for 7 and 8) in the experiments. The 

previously used liner had been exposed to solvent extracts 

(acetonitrile or dichlromethane) of orchid flowers as described in 

previous work.34 

3. Results and discussion 

Using the previously used injection liner, all of the four tested 

hydroxymethylpyrazines 1-4, benzyl alcohol 7, and cinnamyl 

alcohol 8, were oxidised to the corresponding aldehydes when they 

were injected at all temperatures within the range of 200-325 °C 

(Fig. 2). The two control compounds, alkylpyrazine 5 and compound 

6 (i.e. an ester of 2), were all intact with >98% purity observed at all 

injector temperatures. 

 

 

 

Fig. 2. Oxidation of hydroxymethylpyrazines 1-4 (upper panel), benzyl 

alcohol 7 and cinnamyl alcohol 8 (lower panel) in GC injector at different 

temperatures, measured as the peak area of aldehyde divided by the 

combined peak area of aldehyde and corresponding alcohol (100% aldehyde 

= all alcohol oxidised to aldehyde). 

At an injector temperature of 250 °C, over 4% aldehyde was formed 

from compounds 1-4 and 7-8, with a maximum of 34% aldehyde 

being formed at this temperature for compound 1. At 300 °C the 

corresponding formation of aldehydes from the parent alcohols 

ranged from 15 – 66% (Fig. 2). Furthermore, for the pyrazine 

compounds, primary alcohols were more prone to oxidation 

compared to secondary alcohols (Fig. 2 and Supplementary data). In 

addition, greater amounts of aldehydes were observed with the 

pyrazine alcohols compared to the benzyl and cinnamyl alcohols 

(Fig. 2). Relevant areas of two representative chromatograms, 

showing compounds 2 and 8 at 300 °C, are shown in Fig. 3. It is also 

noteworthy that no dehydration products were observed in the 

chromatogram, nor were further oxidised products such as 

carboxylic acids, but these may not have eluted properly without 

derivatisation. The structures of all formed aldehydes were 

confirmed to be identical with authentic synthetic standards by co-

injection, in that synthetic standards of corresponding aldehydes 

were co-injected with their respective alcohols and the retention 

times, GC peak shapes, and mass spectra of these synthetic standards 

were confirmed to be identical to those of the compounds formed 

during injection. 

Lowering the injector temperature did not eliminate the formation of 

oxidation products, although as would be expected the peak 

abundance of both aldehydes and alcohols decreased considerably 

when the injector temperature was lowered. At 200 °C the size of the 

peak areas were between 25 – 66% of those obtained at injection 

temperatures of 325 °C (See supplementary data). It should also be 

noted that in preliminary experiments, oxidation reaction products 

were also observed when split mode (1:10) was used.  

When the used inlet liner was replaced with an identical new, unused 

liner, all alcohols were confirmed to be of >97 % purity (Fig. 

3).When the used liner was re-installed, oxidation products were 

again detected, thereby confirming that the liner was facilitating the 

oxidation during injection. It is unknown how this oxidation occurs, 

but it is possible that oxidising impurities or activated sites could be 

present in the used liner, coupled with trace amounts of oxygen that 

can be present from leakage of the septum when the sample is 

injected.  
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Fig. 3. Representative chromatograms of a) pyrazine 2 and b) cinnamyl 

alcohol 8 with used and new inlet liners at an injector temperature of 300 °C. 

With the increasing identifications of hydroxymethylpyrazines as 

important semiochemicals, prior knowledge of potential GC inlet 

oxidations that can occur during analysis is of paramount 

importance. Apart from being important semiochemicals involved in 

Drakaea orchid pollination, hydroxymethylpyrazines have also been 

found in Australian Caladenia orchids,41 and in multiple species of 

thynnine wasps (unpublished data). In many applications, such as 

natural product identifications, purification of extracts prior to GC 

analysis is difficult, as the compounds of interest commonly are 

highly volatile and present in minute amounts, which makes the 

awareness of oxidation reactions even more important. 

Benzyl alcohols and cinnamyl alcohols are also common 

semiochemicals known from many natural systems 42 and have been 

identified in numerous contexts, with over 500 examples of benzyl 

alcohol and benzaldehyde having been simultaneously detected in 

single samples by gas chromatography according to literature 

sources. It is quite plausible that benzaldehyde could be an artefact 

in many of the reported cases. In our own work we have found that 

aldehydes of the orchid semiochemicals 1-4 are biologically active, 

although when the samples were re-analysed using a new inlet liner, 

it was evident that they were not natural products (unpublished data). 

Ideally, complementary analytical techniques such as NMR and/or 

IR should be used when easily oxidisable alcohols are analysed, 

however these techniques generally require purification of the 

compound in question. Alternatively, cool on-column injection or 

derivatisation protocols (e.g. trimethylsilylation or acetylation of the 

alcohol) could be employed to validate the presence of the 

aldehydes. In addition, control samples such as benzyl alcohol could 

be used to check the activity of the inlet liner. 

 

4. Conclusions 

We have shown that it is critical to verify that no oxidation 

reactions are taking place in the inlet of gas chromatographs 

when unknown samples such as natural extracts are analysed. 

Lowering the temperature of the injection port is not sufficient 

to suppress oxidation, and can also drastically reduce the 

sensitivity of the analysis. Before aldehydes can be confirmed 

as natural sample constituents, control experiments or 

alternative analytical methods should be employed to verify 

these aldehydes have not simply been derived from an easily 

oxidisable alcohol. 
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