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After attending this presentation, attendees will have deeper appreciation on how the analysis of 
drugs/metabolites in biological media can be facilitated by various chemical derivatization methods. 

This presentation will impact the forensic community and/or humanity by illustrating how multiple 
derivatization approaches can facilitate chromatographic resolution of structurally closely related opiates 
(see the list below), allowing a single analytical run to analyze all or those that are present. Mass 
spectrometric characteristics pertinent to quantitative analysis will also be emphasized. 

Much attention has been directed to gas chromatography-mass spectrometry (GC-MS) analysis of 
morphine and codeine. Since other opiates, such as hydrocodone, hydromorphone, oxycodone, and 
oxymorphone, may interfere with the analysis of morphine and codeine and the analysis of these 
compounds themselves are also important issues, two double-derivatization approaches utilizing 
hydroxylamine (HA) and methoxyamine (MA) to first form oxime products with keto- opiates have been 
reported. The first approach adapted HA, followed by the derivatization with trimethylsilyl (TMS), while the 
second approach utilized MA, followed by pentafluoropropionyl (PrA) or TMS derivatizations. A review 
of the literature indicated that studies involving HA were limited, while the MA/PrA studies were (a) unable 
to chromatographically separate codeine and oxycodone; (b) unable to derivatize the hydroxyl group 
of oxycodone; and (c) did not include noroxycodone. On the other hand, the MA/TMS studies (a) did 
not include oxymorphone and noroxycodone; and (b) intensity cross- contributions between the ions 
designated for the analytes and their deuterated internal standards are generally very significant; thus, 
limiting the quantitation capability of this approach. 

This study included a comprehensive list of compounds: codeine, morphine, 6-acetylmorphine, 
hydromorphone, oxymorphone, hydrocodone, oxycodone, and noroxycodone. Three-step derivatization 
approaches involving various combinations of derivatization groups were explored. Combination of 
MA/acyl/TMS was found to be most favorable. Merits of this approach include: (a) all functional groups in 
all analytes were derivatized; (b) the resulting products were chromatographically well resolved 
(Figure 1); and (c) intensity cross- contribution between the ions designated for these analytes and 
their respective deuterated internal standards were also found favorable (Table 1). Parallel approaches 
utilizing HA produced inferior results. 

 

 

 
 

Figure 1. Ion chromatogram of multiply derivatized opiate mixture. 
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Table 1. Cross-contribution (CC) data of ions (m/z) with potential for designating the analyte and the 
adapted internal standard (IS) 
 

 
 

 
 

 


