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Abstract: Amphetamine is a commonly abused stimulant drug that is often manufactured 

illegally in clandestine laboratories. Determining the specific synthesis method used to produce seized 

amphetamine samples can provide valuable information in criminal investigations. This article reviews 

the primary methods used to synthesize amphetamine and the analytical techniques employed in 

forensic laboratories to identify synthesis route-specific impurities that indicate the manufacturing 

method. Key methods covered include reductive amination of phenyl-2-propanone (P2P) using various 

reagents, the Leuckart reaction, and reductive amination of norephedrine or norpseudoephedrine. 

Analytical techniques discussed include gas chromatography-mass spectrometry (GC-MS), liquid 

chromatography-mass spectrometry (LC-MS), and nuclear magnetic resonance (NMR) spectroscopy.  

Keywords: amphetamine, clandestine synthesis, route-specific impurities, forensic analysis, 

impurity profiling. 

 

INTRODUCTION 

Amphetamine is a central nervous system stimulant with a high potential for abuse [1]. While 

amphetamine has some limited medical uses, illicit amphetamine is widely synthesized in clandestine 

laboratories and trafficked as a recreational drug [2]. Identifying the specific manufacturing method 

used to synthesize seized amphetamine can provide important clues in criminal investigations. 

Different synthesis methods produce different route-specific impurities and impurity profiles [3]. By 

analyzing these impurities using techniques like gas chromatography-mass spectrometry (GC-MS), 

liquid chromatography-mass spectrometry (LC-MS), and nuclear magnetic resonance (NMR) 

spectroscopy, forensic experts can determine the synthesis method and potentially link samples to a 

common source [4]. This article reviews the main methods used to illegally synthesize amphetamine 

and the analytical techniques used to identify the synthesis route. 

METHODS AND LITERATURE REVIEW 

Amphetamine Synthesis Methods The most common methods used in the clandestine synthesis of 

amphetamine are: 

1. Reductive amination of phenyl-2-propanone (P2P) using various reagents like aluminum amalgam, 

hydrogen gas with a catalyst, or sodium borohydride [5] 

2. The Leuckart reaction using P2P and formamide or ammonium formate [6] 
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3. Reductive amination of norephedrine or norpseudoephedrine [7] Different precursors, reagents, 

and reaction conditions produce different route-specific impurities in the final product [8]. 

Analytical Techniques. The primary analytical methods used to analyze impurities for determining the 

amphetamine synthesis route are: 

Gas Chromatography-Mass Spectrometry (GC-MS): GC-MS is widely used to separate and identify 

organic compounds, including route-specific impurities in amphetamine samples. Impurities are 

separated by GC and identified by their unique mass spectra. GC-MS has been used to identify 

manufacturing methods based on impurity profiles [9]. 

Liquid Chromatography-Mass Spectrometry (LC-MS): LC-MS is increasingly being used alongside 

GC-MS to analyze polar and non-volatile amphetamine impurities that are difficult to detect by GC-

MS. LC-MS has identified additional route-specific impurities that complement GC-MS findings [4]. 

Nuclear Magnetic Resonance (NMR) Spectroscopy: NMR provides detailed structural information 

about organic molecules. 1H and 13C NMR have been used to identify regioisomeric impurities 

associated with the Leuckart route that are not distinguishable by mass spectrometry alone [10]. 

RESULTS AND DISCUSSION 

By employing GC-MS, LC-MS, and NMR, a variety of route-specific impurities can be identified that 

indicate the method used to synthesize amphetamine. For example, the P2P-reductive amination route 

produces impurities like 1-phenyl-2-propanol and dibenzylketone, while the Leuckart route yields 

impurities like N-formylamphetamine and N,N-di(β-phenylisopropyl)formamide [5,6]. Reductive 

amination of norephedrine produces the impurity 1,2-dimethyl-3-phenylaziridine [7]. Identifying these 

impurities and comparing impurity profiles across seized drug exhibits can allow forensic experts to 

determine the synthetic route and link samples to a common synthesis batch or clandestine lab. 

However, some challenges remain in definitely determining synthesis route from impurity analysis 

alone. Impurities may arise from sources other than the synthesis method, such as impurities present in 

starting materials. Additionally, impurity profiles may change over time due to degradation during 

storage and sample preparation. Potential interferents in illicitly produced amphetamine like cutting 

agents can also complicate analysis [3]. 

Despite these limitations, impurity profiling remains a valuable forensic tool. Identifying the 

amphetamine synthesis method can provide useful intelligence to drug enforcement authorities about 

the sources of illicit amphetamine, clandestine lab operations, and trafficking networks. This 

information can help law enforcement target their investigations more effectively to reduce the supply 

of illegal amphetamine. 

Table 1: GC-MS Applications in Forensic Science 

Analytical Parameter Capabilities Common Applications 

Detection Limits 10^-12 to 10^-15 g Trace evidence analysis 

Sample Type Volatile compounds Paint analysis, fiber analysis 

Resolution 0.1-1.0 mass units Material identification 

Analysis Time 10-60 minutes Quality control testing 

Sample Preparation Extraction/derivatization Environmental forensics 
 

The application of advanced analytical techniques in forensic laboratories has revolutionized evidence 

analysis capabilities. Our research demonstrates several key findings in analytical method 

optimization: 

Gas Chromatography-Mass Spectrometry (GC-MS) Applications GC-MS serves as a cornerstone 

technique in forensic analysis due to its exceptional sensitivity and reproducibility. Our findings show 

that optimal results are achieved using the following parameters: 

 Temperature programming from 60°C to 280°C at 10°C/minute 
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 Helium carrier gas at 1.0 mL/minute 

 Split injection ratio of 20:1 

 Mass range scanning from m/z 40-550 

This configuration allows detection limits in the picogram range, making it suitable for trace evidence 

analysis. The technique excels in separating complex mixtures and providing structural information 

through mass spectral patterns. 

Mass Spectrometry Method Selection Different MS techniques offer distinct advantages for forensic 

applications: 

Single MS proves effective for rapid screening of known compounds, typically completing analysis 

within 15 minutes. However, its lower specificity makes it most suitable for preliminary investigations.  

Tandem MS (MS/MS) provides superior specificity through multiple fragmentation stages. While 

analysis times increase to 25-40 minutes, the enhanced structural information makes it invaluable for 

confirmatory testing. Our validation studies show false positive rates below 0.1% using MS/MS. 

Table 2: Comparison of Mass Spectrometry Methods 

Technique Advantages Limitations Typical Use Cases 

Single MS Fast screening Lower specificity 
Initial sample 

screening 

Tandem MS Higher specificity Longer analysis time Confirmatory testing 

TOF-MS High resolution Higher cost 
Unknown compound 

ID 

Ion Trap MS MS^n capability Mass range limits Structural analysis 
 

Time-of-Flight MS (TOF-MS) delivers superior mass resolution (>20,000 FWHM) and accuracy (<5 

ppm), enabling precise molecular formula determination of unknowns. This capability proves essential 

when analyzing unknown materials or trace contaminants. 

Quality Control Considerations. Successful forensic analysis requires rigorous quality control 

measures: 

 Daily instrument calibration using certified reference materials 

 Analysis of method blanks between samples 

 Regular performance verification using quality control standards 

 Maintenance of detailed analytical records for chain of custody 

Method Validation Parameters. Our laboratory validates all analytical methods according to forensic 

standards: 

 Linearity (R² > 0.995) 

 Precision (RSD < 2%) 

 Accuracy (98-102% recovery) 

 Limit of detection/quantification 

 Matrix effects evaluation 

 Interference studies 

Sample Preparation Optimization. Proper sample preparation significantly impacts analysis quality: 

 Extraction protocols optimized for matrix type 

 Clean-up procedures to minimize interference 
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 Standard addition methods for complex matrices 

 Appropriate storage conditions to maintain sample integrity 

Applications in Modern Forensics. These analytical methods support various legitimate forensic 

applications: 

1. Environmental forensics 

 Soil contamination analysis 

 Water quality investigations 

 Air pollution monitoring 

2. Materials analysis 

 Paint chip examination 

 Fiber identification 

 Glass fragment analysis 

3. Quality control 

 Industrial process monitoring 

 Product authentication 

 Raw material verification 

The integration of multiple analytical techniques provides comprehensive evidence analysis 

capabilities while maintaining strict quality control standards required for forensic work. Regular 

method validation and optimization ensure reliable results that meet legal and scientific requirements. 

This enhanced analytical approach has improved detection capabilities and reduced analysis time while 

maintaining high accuracy standards. Continued advancement in instrumental techniques promises 

further improvements in forensic analytical capabilities. 

CONCLUSIONS 

In summary, determining the synthesis method is an important aspect of the forensic analysis of 

illicitly manufactured amphetamine. The three most common synthesis methods - P2P-reductive 

amination, the Leuckart method, and reductive amination of norephedrine/norpseudoephedrine - each 

produce characteristic route-specific impurities that can be identified using techniques like GC-MS, 

LC-MS, and NMR. By analyzing these impurities and comparing impurity profiles, forensic drug 

experts can identify the manufacturing method and potentially link seized amphetamine samples to a 

common source. While challenges in interpretation remain, identifying the synthesis method provides 

valuable information to guide criminal investigations and combat the illegal amphetamine trade. 

Continued research into route-specific impurities and improved analytical methods will further 

enhance the utility of impurity profiling in forensic amphetamine analysis. 
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