NIVERSITY OF
TRATHCLYDE

University of Strathclyde
Department of Pure and Applied Chemistry
Forensic Science Unit

PROFILING OF DRUGS OF ABUSE:
A NEW METHOD FOR

AMPHETAMINE

by

Anna-Kaisa Jalava, née Janhunen

Thesis submitted to the Department of Pure and Applied Chemistry, University of

Strathclyde, in part fulfilment the requirements for the Degree of Doctor of
Philosophy.

November, 2002



The copyright of this thesis belongs to the author under the terms of the United
Kingdom Copyrights Act as qualified by University of Strathclyde Regulation 3.49.
Due acknowledgement must always be made to the use of any material contained in,

or derived from, this thesis.



ACKNOWLEDGEMENTS

The origin of this thesis goes back to the end of 1997. I had just finalised my M.Sc.
work in NBI, Crime Laboratory and “earned” my first business and study trip to the
EAFS meeting in Lausanne, Switzerland. There I met my future supervisor, Dr.
Michael Cole, the University of Strathclyde, Forensic Science Unit. Together with
Dr. Erkki Sippola, NBI, Crime Laboratory, he made it possible for me to do a
postgraduate degree at the University of Strathclyde. Dr. Cole looked after me during
my stay in Glasgow in 1998. He also encouraged me, together with Professor Kimmo
Himberg, Director of Crime Laboratory, NBI to further continue my studies. During
that year my M.Phil. degree was to become a Ph.D. degree.

Dr. Sippola was my supervisor for the experimental work. His daily guidance in
practical work was essential to enable me to complete this thesis and the project. He
made time to available to teach me and illustrated endless patience with my continual
questions during the study and research periods. Special thanks to Dr. Laura Aalberg
for her help during the synthesis experiments, and for her patience in listening to my
problems. It also needs to be acknowledged that the practical work could not have

been completed without the help of technician Tuula Kérkk&inen.

I would also like to express my heartfelt thanks to the SMT group. It has been a
privilege to be a part of this group. Special thanks to Dr. Johan Dahlén, Dr. Eric
Lock and Mr. Kjell Andersson - you have become good friends during these years.

My warmest thanks to all colleagues and staff in NBI for their help and

encouragement. Funding of this study through the Standards, Measurement and

Testing programme of DG XII of the European Commission, contract number
SMT4-CT98-2277, 1s gratefully acknowledged.

Last but not least, my loving thanks to my husband Mikko and my family for their

support and understanding.



TABLE OF CONTENTS

ACKNOWLEDGEMENT S ceceececeescassssssessssssssssssssssssssssssssssssssessssessessssssossssessssseess i
TABLE OF CONTENT S cevceeeeetctcctesessessessassassssssssssssssssssssssssssssssssssssssssasesssosesssses i
TABLE OF FIGURES . vuteteecctcrctesteessrsesesssssssssssssssssssssssssssssssssssessssssssssssssesessesses \ 4
TABLE OF SCHEMES ceeceettvsssscssserseesscscersssssssssssssssssssssssasassasssscssssssssssssssssssssss vil
TABLE OF TABLES ...cccccceecessscercecessoossescessssssssssssssssssssssssssssssesssssssssssssssssoasassess vii
TABLE OF APPENDICES ....uccueeeiciinsccsicssscnssesssssassssssasssssssssssssssssssssossssssssssese viii
ABBREVIATIONS .occccrccssssssnssecsosssssesossosssssssssssssssssssssssssssssssssssssssssssssssssssssssosse iX
SYMBOLS ..cccccccrcreescescrsesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssesseseessssssesonsesssses Xi
ABSTRACT .cuveeeeeeceeseccscssssscssssssssssssssassssssasssssssssssssssssssssssssssssssassssssssssssssssssssssssse Xii
GENERAL INTRODUCTION ccccccccceesascssessescosesosssoscsossssssasessssssssssssssssssssssssssssoss 1
1.1 Drugs of abuse and drug control ... cceecccseecssscssesssrcssencsssnssssssserassosssseses 1
1.2 Forensic investigation teChNIQUES cceviricessssssssssccscssssssssscssssnsecssssssecsssscesseasssses 3
DRUG PROFILING TECHNIQUES....cccccevetassessassssssessscssssecessossessessssssssscasssces 7
2.1 INErOQUCEION corcccccrersersessecsecassescasesserseserssssssssssssasesssssosssssssssssssossaseessesceseesssssess 7
2.2 Ballistic Profiling....ccccccssssssccscsssseecsrescccssacssscscsssessscssssssassssssssssssasssnssssssssssonees 7
2.3 ReSIAUAL SOIVENLS ceeeeeeeerererecrersessssssseossssosesasacsessssoscsssssssscssssssssssssossscsssassesesses 7
2.4 Inorganic COMPOUNAS ceccccccscssssrssssssscscsssssssssoscscssssssssssassssssssssssssssssssssonsassasssse 8
2.5 ISOLOPE FALIOS eeeevrececsssrsssscsssnssssssssssssescsssssssassesesssassossssassssssnsasessssssasssssssensssssane 8
2.6 Chemical impurity profiling .......eccceccccsecceccccsscsssnccscccsssncssssssssssseessessscseonses 9
2.7 Statistical techniques used for profiling....ccccccccccceeccccscsrescescssaneeacsseressnsasasane 9
2.7.1 Batch level profiling methods ......ueccecvivnnmenieeiisnsnrercssssnnnsienesessssnnaseeees 10
2.7.2 Classification Methods.......ccoecirriiiinirrcrcnsssssssssescssssnsnsersessssesssssassssssassens 12
2.8 ADPHCALIONS covrrrreccssanecssssscssssssessssssscssssaassssencasssonsossssesssssassssssnssssssssscssassssseses 15
2.8.1 CaNNADIS cuuveeeereeirrereereersrsaneeesssssssssnsesssssssnsessssssssanssssssssasssassssssssasassssnses 15
2.8.2 Lysergic acid diethylamide (LSD) a..cocvvviirinniiinisincsnncccssnnnnccssnnesssneens 17
2.8.3 HEIOIMN ceeeuueuuerereisrnerersersneneecssnsssesessanssossssssssssessnnnsnssensssssranssssssssanasssssens 18
2.8.4 COCAIMNE auuuerererrererrrssneeeereessassssssasenssasesssssssssensessasasssssssssssssossassssssssssssssses 26
2.8.5 Amphetamine-type stimulants.........cccoiiiiiicnrecrcnsrcnnnereeecccsessscssessosssssess 32
AMPHETAMINE ..cociieiieerneccrersscensencesssssssssesssscscsssssssssssnsssssssssssssssssssessssssssesssses 38
3.1 INtrOQUCEION . cceeececcssaecssrssecssssnsessnssasecsssoscsssssascsssssssssssossssonsassassesssssssssosssssens 38

11



3.2 Synthesis of benzyl Methyl KetOne ......eeeeeeeeeeeeeeceeeseeeeeeeseersssssesssssasssssssssssons 38

3.3 Synthesis of AMPhetamine....ccccsccssereseeccercesescrsesesssssescsssessssssssesssssssessssees 41
3.4 Amphetamine ProfiliNg cicccceccecececceceeceescscessssscescsscsesscssssssessssssssssssssssssssscscss 49
OBJECTIVE OF THE STUDY .cccciiieiececercccccssssssssessssesssscsessssssessssssssassasssssssene S3
REDUCTIVE AMINATION AMPHETAMINE ...coveereeeececesccsssssressssssascscescene S5
5.1 INtroOQUCHION cccccccccsesscasssscsssssccserssssesssssnssssasssscssessssssssssessssssanssasssssssssssssssssssse S5
5.1.1 Identification Of IMPUIILIES ceeeeieriiereeeeererenrecsersesesseseessssssesssssessssesssssesess 56

5.2 EXPErimental ....cccceccrccecsscssecsccssscrensssssssssssssssssssssssssssssssssesssssssssssssssssssssssssese 39
5.2.1 Materials and methods.......ccoceiererreeeerrenriiieciinrreccssstscssssssnsscrssnneerens 59
5.2.2 Synthesis 0f aMPhetamine .......cocvererccreecercsiescrnereenrnecesesesssssnsesesaasasssans 61
5.2.3 Synthesis Of IMPUTILIES ....eeerercrrrierennciensiscrercscesanneesesasssesesrosssssanesesenanas 62
5.2.3.1 Imine COMPOUNAS...cccerrrrererereeereesrrssnsnrarereecssssssnssessscersssesssnsans 63

5.2.3.2 AMINE COMPOUNAS.....euurrrenreereerenneereresessessssesseseseeresessessssssssnsrenes 63

5.2.3.3 Amide COMPOUNAS ....cceereeeeeeeerierirrsaneneerereesescssesssrnssessssssaseesseses 64

5.2.3.4 OXO COMPOUNAS ...uvueeeeereeeeerersersrrossrareesersrssesessesessnassasssssasesssessas 67

5.2.3.5 Hydroxyl compounds........ccccoeereiiscrremnninccsccrssniisneeiesncrennenees 68

5.2.4 Stability of synthesised IMPUIIIES....ccccceiirviiricrirreescsssnrecsssssrneniesessensnns 69

5.3 Results and diSCUSSION .ccevuiecsecrescossssssssececcssssssssssseessssssssssssssssssosssssssssssrsesess 70
5.3.1 Synthesis of amphetamineg......coccvveereeicciiiisnneeeeeccissreennesisssssenaseeecsenes 70
3.3.2 Synthesis of IMPUTILIES .....ccccvcerescssrnniiesssssnnrrescssssnercsssssanssssssssssssssssnss 72
5.3.3 Stability of synthesised IMPUrItIES...ccceecssnrrcssarerisareresssensessnsrcssnesssaens 83

ST I 011 1 T4 111 11 1 [ 91
OPTIMISATION OF GC METHOD ..cciiiiiceicicccscscersesssssssssssessssssssescossssssssases 93
0.1 INtroducCtion..icccccccrceseneaeaseesesssesssssssssssassessessossessescesssssssssssassssssssassssassssanesse 93
6.2 Characterising performance of a chromatographic method ........cccceeee. 94
0.3 EXPerimental ....ccecceecceceeeeececccecsssacscssessonssssssasssssssssssssssssssssssssssssessosesssssssssssss 98
6.3.1 SAaMPIe INITOAUCHION.....ccuieeieeeicririrrrenneesteeeteeeeereeressssssrnssssessaseassssesessanss 99
6.3.2 ChromatographicC SEparation ProCESS....ccccereeeeererrsranesansresssesssrensanescees 101
6.3.3 DEtECHION......ceeeeercrrnrrecasseneensssnerersaneecssansessssnnsessssssasssasasssssassssessananannns 101

6.4 Results and dISCUSSION ccciiireirrenersecccccssscssssssssssssseessscssssessasssssssssssessessesasene 103
6.4.1 SAMPIE INtTOAUCTION. ... ceeeeeiererererrereeeessssesessssessssesessssssasesassssssassassssense 103
6.4.2 ChromatographiC SEPArationN PrOCESS....cceereerrreereserncesesessssssassssessssase 107

111



0.4.3 DelECtION.ccceeeeeiiiiireirrreesererresessesersssnsnssessesesssssssssssesessssnsssssnssssessnssnsssss
6.4.4 Peak talliNg ......uveeeeicreeereeenensreeecssneesssssessssesessnssesnssssssssssssnsesssnnnesses

6.5 CONCIUSION coreecrecaccscoscossossessssssssssessssssssssssssesssssssssosssssesssssssssssssssssossosssssssosens

7 OPTIMISATION OF SAMPLE PREPARATION...ccccccnniecccscracscccssessassorones

Tl INErOdUCTION.cciiiiiereieiseeesssrscssocessessssscssesssssssssssssssesorsaseesseesesssessessrssssssessessee
7.2 EXPErimental.....eceeicecsccssesssasessscsassssssscrnsssnssssssssssssessssssssessssscsssssssassases
7.2.1 Materials and methods......cevireeeeeeinrseieccnnnineenecenssseeeeessssseeeeessssssssssnens
7.2.2 Liquid-liquid extraction (LLE).....cccuiieicinieennninereninreessssseressssssseceses
7.2.2.1 Optimisation of buffer and SOlvent........ceeeervvveeereecrrsrrennnneneces

7.2.2.2 Optimisation of extraction procedure and matrix effect.........
7.2.3 Solid phase extraction (SPE) .....cciiiriiremmuiriisceresenreeeesseesessoscesesnsess

7.2.3.1 TeSt tUDE €IIECE .aeeeeeiiiciierereccccrtererereccsneeasneeseressssssnsesnnnes

7.3 Results and diSCUSSION cicccieiercisosssssssssrosssssssssssssesssossssesssesssssscscsssesssasssssseses
7.3.1 Liquid-liquid €Xtraction.....cccccereeiirrcrnneereresreneeeeecesssanseecsccssssnnnnnsssssssnns
7.3.1.1 Optimisation of buffer and solvent.......coveevveeeerccrrrnnreeeererann

7.3.1.2 Optimisation of extraction procedure and matrix effect.........

7.3.2 Solid phase €XIracCtion.......ccecererrrrnnreeeereeereesrecsessssesrorsssnsssessessssssssssasens
7.3.2.1 TSt tUDE @IEECE ....errererereerensscesereeesssnessssesesssssessssssnsssssssssssnnns

Ted CONCIUSION cevceeeccenccsossssssssssssssssssssssssssssssssssssssssssssssssssssessssssssssssssssssssssssssssse

8 COMPARISON STUDY .cccreecececcccssssesscsssssssssssessssssssssessssssssssssssssssssssssssossssssns
8.1 INErOAUCION . eeeeeerseeccrssrncescnccsssosessssssscssssossessrassssnsssssssassssssassesssasessossasecsens
8.2 EXPErimental ..ccccicccecccccssecosssorssscsssssasscsnssssasssssesssssssassssossasssssossssssssssssssasess

8.2.1 Intra- and inter-1aboratory StUdY ...cccceeeeerecrcrnrnnnererecsecsssrsnnereesacsesssnssans
8.2.2 ComMPAIISOMN StUAY ...vuveeeererrereeceressssnreesacsecesssssnsesesaressssssssssssssassansssasesss

8.3 Results and diSCUSSION cecccrercccrssrsersceressssrensecsessssssesessssssossessssssssssssssessessenses
8.3.1 Intra-and inter-1aboratory StUdY....ceeeeercrrreeresscreescesessnnnsessessssessesens
8.3.2 ComPAriSON STUAY ...ccceeireerereeerersrrisrsneeeseesessessesssssssssnrasssnsasessssssssesessese

Sed CONCIUSION cevreereeereescssensesssssssssssssssssssssssessssssssssssssssssssssssssssessossnssssessnssnssonsns

9 FINAL CONCLUSION auuueiiiivnnncnsscssssssssscsencssssssnssssssescssssessassssassssssssssassossossss

10 REFERENCES ....cniiiesstscscssscsssscssersassssenesssssssssssscsssssassssssassossssssossessssssssssssass
APPENDICES wcvciiiirrnnnenncnnnninnnsssssnasssscssssssccsssssecssssssessesassssessssssssssssassssssassossss

Y



TABLE OF FIGURES

Figure 1:
Figure 2:
Figure 3:
Figure 4:
Figure 5:
Figure 6:
Figure 7:
Figure 8:
Figure 9:

Figure 10:
Figure 11:
Figure 12:
Figure 13:
Figure 14:
Figure 15:

Figure 16:
Figure 17:
Figure 18:
Figure 19;
Figure 20:
Figure 21:
Figure 22:
Figure 23:
Figure 24:
Figure 25:
Figure 26:
Figure 27.
Figure 28:
Figure 29:

Figure 30:

Number of seized batches of amphetamine, cannabis and heroin. ........... |
One principal COMPONENL.........cccerreeeesrnrerrrnersrrenssssescsssassssnsessoseossssesssnsase 13
An example of the tree structure of a dendrogram. .......ccuuueerreeerercnnnen. 14
Structural formulas of common cannabinoids. ..........ceervirrereeecirsinnneennen 16
Structural formulas of LSD analogues.......ceeeeeeeeiieeiieissnrenerecercesssssssnenees 18
Structural formulas of heroin main alkaloids......cccoreeererrerisnnennnnnenneeesees 19
Structural formulas of impurities found in heroin samples. .....ccccovveeene. 20
Structural formulas of cocaine alkaloids....cccceereeereieierieeerereereeereeeeeeeeeeeees 26
Structural formulas of impurities found in cocaine samples. ................. 28

Structural formulas of amphetamine-type stimulants. ........ccceeerrennvenene.. 33
Structural formulas of impurities found in BMK. ......uiveeieeeiiiiiinivrnnnenes 40
Structural formulas of impurities found in Leuckart amphetamine........ 44

Structural formulas of impurities found in nitrostyrene amphetamine... 45

Structural formulas of impurities found in allylbenzene amphetamine.. 46
Structural formulas of impurities found in reductive

amination aMPhELAMINE. ....ccccerrrereeeceersraneeersresssaneaneresnseseassrsssssaseesesssanans 48
Structural formulas of NEW IMPUTIILIES ....eeeeeeeeeriiirerereceeiirrnrnnrnneenneeeeeeees 56
Mass spectra of identified IMPUIILIES.. ....cceevercrrnreenircrneeensanseeneecessrnnerne 57
Different connectors used to connect two COlUMNS ....cccvveeeererrneeeereranenens 60
Comparison of reductive amination batChes.....eeeeeeeeeererrrrererereeeerescene 71
Chromatogram of aldimine.......cccceeerrvcnnrircccnrennececneninnnneneceeccssseeseeessssans 72
Chromatogram Of KEtIMINE .....cceveierererersrissssssscrssssssnsensassenrersesesssesssssesss 73
Chromatogram of benzylamphetaming......ccceeeeeervecrcrcnnreneeeeeeereecesssecsnes 74
Chromatogram of N-acetylamphetamineg.....ccccovvvevnreereeresesccrisessesssneseees 75
Chromatogram of benzoylamphetaming......coccceveveercrcrnnnereneeerreeecsseessesene 76
Chromatogram Of 2-0X0......cceeeeersrrernnererereececsecssssosssssasasssesessessssssssensnsnses 77
Mass spectra of extra compounds found in benzoylamphetamine ......... 78
Chromatogram Of 1-0X0....ccuveeervreeerieiecerrerssssseresssseosssssessasssssssasssasssssasane 79
Mass spectra of extra compounds found in 1-0X0. ...ccceerevveeerernerecrenennes 79
Chromatograph of CathiNONE.....cccccvuuvereerereeeereererereeeresrersnsssesesesssessossonaes 80
Chromatogram Of CAthINO] .......ceeeeneeeeiiiirccreenetieerrsreeeeeessssnessessosssnseensens 81



Figure 31:
Figure 32:
Figure 33:
Figure 34:
Figure 35:
Figure 36:
Figure 37:
Figure 38:
Figure 39:
Figure 40:
Figure 41:
Figure 42:
Figure 43:
Figure 44:
Figure 45:
Figure 46:
Figure 47:
Figure 48:
Figure 49:
Figure 50:
Figure 51:
Figure 52:
Figure 53:
Figure 54:
Figure 55:
Figure 56:
Figure 57:
Figure 58:
Figure 59:
Figure 60:
Figure 61:
Figure 62:

Chromatogram of 1-phenyl-2-propanol.......ccccvvveeeesscrsrerssrnnnereeeeeeenees 82
Chromatogram of the standard mixture in 1SO0Ctane......cccveeervveeererererenns 83
Proposed structural formulas of 1dentified extra compounds.................. 84
Mass spectra of extra compounds found in the standard mixture........... 84
Chromatogram of the standard mixture in ethyl acetate. .......eeeveeeeeeeernns 85
Mass spectra of compounds found in the mixture in ethyl acetate......... 86
Stability of aldimine and N-acetylamphetamine in isooctane. ............... 88
GC-MS chromatogram of the standard mixture in toluene .................... 89
Chromatogram of the synthesised amphetamine .........cccceeeeererrnnveneeneenee 90
Van DeEmLEr CUIVE .....civurrrereeeerternieiiennnnceereensnsesecsrasssnnssssossssnnsssesssssnnseses 93
Comparison of different sample introduction techniques..................... 103
Structural formulas of i1dentified extra compounds. ......ccceveererecrrcrnnnens 105
Mass spectra of compounds in the sample introduction study. ............ 105
Comparison of different columns at 8°C/min........ccccccevvrnireccivnnreecannnes 108
Comparison of the bleeding of different stationary phases ..........c....... 111
Structural formulas of stationary phases........cocccecceereececcrsssseneenerenenneees 112
Comparison of alternative columns at 8°C/min........ccccccvevvcvnnnriecearnnenn 112
Chromatogram of the Grob mixture ........cccceererrrcvnmerecrcissssccssrenceneneneeens 116
Peak of alkanes in peak tailing sStudy .....eeeeeeeeeeerenieieiecccreninnenereciceienennnns 121
Peak of tetradecane ...ueieecicrcrererieererccerennnntnerercssssenssssssssssssssssssessssssssnns 122
Gilson Aspec XL solid phase extraction SysteM......cccoeeessveecssercsnaecanes 131
The pH change of a number of seized amphetamine samples.............. 135
Comparison of different buffers and solvents......ccccevercrcerereereeeeereeneeee 137
Comparison of different extraction procedures. .......ccceeerrrnereerecccccssnans 141
Comparison of extraction teChniqUES......ccccevvererrnercreecnnrecnseneessnneeennens 146
Comparison of test tube effect using different shaking systems........... 151
Chromatograms of synthesised reductive amination amphetamines.... 158
Chromatogram of the control SAMPIe .....ccceeereeiiirerieciririnneeeeeeeeeesssecsrnns 162
Part of a dendrogram measured by Cosine function method................ 164
PCA results for synthesised amphetamine batches.....cccceeeeeevvvevvennnnene. 166
Ilustration of correlation between IMPUIItIES. .....ovvveerrereeecreecsseresnesnes 167
Correlation between two 1Somers Of DPIF.....uuuveoveieereeecreneencsneeecsnnene 167

Vi



TABLE OF SCHEMES

Scheme 1:  Synthetic routes used for synthesising of benzyl methyl ketone.......... 39
Scheme 2: Synthetic routes used for synthesising of amphetamine..........cccuueene.. 42
Scheme 3: Synthetic routes used for synthesising of amphetamine

v1a the hydrogenolysis. ....ivieiereiciinnireeieeeeeicininnnnreneraeseeeeesesecsesessnnsenses 47
Scheme 4: Synthesis of aMpPhetamine. .......cvveeecvvererercrrrereecsssseeeecssssseseeesssssessssenns 62
Scheme 5:  Synthesis of ImIne COMPOUNS. ....cceevreeereirrcnrereicrsrneeercsssneeeescsssssneeces 63
Scheme 6: Synthesis of benzylamphetamineg. ......cccoveeeeecrireeeeirrrreeecsssnsrerecssvneenes 64
Scheme 7:  Synthesis of benzoyl Chloride.......ccovveeeeererceericcriiireenennrreeeeecesssnenenes 65
Scheme 8: Synthesis of 1-phenyl-2-chloroethanone. ......cccecevveeeeeevvrveerccrrererienen. 66
Scheme 9:  Synthesis of amide COMPOUNS. .....ccvveeeeeercrreereirrrrereesrrserreenesessssnesens 66
Scheme 10: Synthesis 0f 0X0 COMPOUNAS. ..uveiirevveiiiirceciccirnnecrirrneererssenreesarenenecssens 67
Scheme 11: Synthesis of N,B-hydroxy-N,N-di(B-phenylisopropyl)amine............... 68
Scheme 12: Synthesis of 1-phenyl-2-propanol. ........ceeeevivreeeiiiiiiirvnnneneiteeeeessnnneens 69
TABLE OF TABLES
Table 1:  Chemical profiling methods for heroin. .....iiceicicrrneeeiicceeeincnvnncenneenenes 21
Table 2:  Chemical profiling methods for cocaine.......cuueeeevrveirivicseeericccreeeeenrnnens 29
Table 3:  Chemical profiling methods for methamphetamine. ......ccceceveeecreenenee 34
Table 4:  Chemical profiling methods for amphetaming. .......cc.ccecrvecreeerincnseessaeenns 50
Table 5:  Impurities found in reductive amination amphetamines..........ccceeereeeneen 56
Table 6:  Stability of impurities in standard MIXtUTE ........ccccererreeerreenrsneersrneesneenns 86
Table 7.  Stability of impurities in amphetamine mMatriX ........ccceercvecrrneesssneecsneens 91
Table 8:  RSD and relative deviation results for IMpUrities.......cceevveeererserecssasnenes 106
Table 9:  Separation power on all COIUMNS........cceverecrieeecriierensssressssreeesssereesnens 107
Table 10: Pre- and post resolution for each COIUMN ...uuuuvevevvvrvveveerereseeeesecsssoseseone 109
Table 11: Pre- and post resolution for each alternative column.........cecereeeereerenene 114
Table 12: Inertness of each column at different temperature program. ................ 115
Table 13: RSD values for repeatability and reproducibility study........cceeereruveenes 117
Table 14: RSD results of SENSItIVILY StUAY...cceeeeioereeirireieeirenreeeereessrsseessessnssnessens 118
Table 15: Absolute peak areas and their RSD values of Grob miXture .....oeeeeennes 119

Vil



Table 16: Parameters in calculations of Pearson product-moment
coefficient of correlation, r, and coefficient of determination, R?........ 120

Table 17. Results of linearity study for each Grob compound. .........cecerureernveeene 120
Table 18: Recovery results for TEST-2 sample in various buffers......cccoeeeuuuenneen. 136
Table 19: Recovery and repeatability results of extraction procedure.................. 140
Table 20: Recovery results of MatrixX StUAY. ceeeeeeeeeeeeeeicrriiiiiiciiiinirienererenneesesssens 142
Table 21: Repeatability results of matrix study. .....cccecceveveeirererssessrneenenssecseescenens 143
Table 22: Recovery and repeatability results of SPE......cuuueeeevvivririirrierreneennen 145
Table 23: Decomposition of the compounds in different SPE fractions............... 147
Table 24: Influence of different washing solvents 1n SPE......uueeeeeereeeeeeeeenenenennenes 148
Table 25: Influence of addition of MeOH on the entire SPE procedure............... 150
Table 26: Comparison of different shaking times and test tubes in LLE.............. 152
Table 27: Repeatability and reproducibility at intra-laboratory level................... 159
Table 28: Intra- and inter-laboratory results for all amphetamine types............... 160
Table 29: Compounds utilised in the harmonised profiling method..................... 161
Table 30: Results of different distance methods. ......ceceveeeeeeeirrveercrreeeeecrirrnnnenenes 163
Table 31: Part of classification results obtained with SPSS. ....cccoviierrrrreerccrnnann. 165
TABLE OF APPENDICES
Appendix 1: The GC parameters in the harmonised amphetamine profiling

MELHOA. .. ciiiiiirerrcrereeeererenrnnntnietieieesesssssssssssssasnasessessssosssssnsnererans 189
Appendix 2: Sample preparation in harmonised amphetamine profiling

INELNOd . aeeeeeieereereieiieeeereecrrrrreerentreertreeriereeeesesesesesassassssssessesssssssssnnns 190
Appendix 3: Janhunen, K. and Cole, M.D., Development of a Predictive

Appendix 4:

Model for Batch Membership of Street Samples of Heroin,
Forensic Sci. Int., 102 (1999) 1-11 ....ereerireieircrnnrnereerenssesesessnens 191

Aalberg, L., Anderson, K., Ballany, J., Bertler, C., Caddy, B.,
Cole, M., Dahlén, J., Dujordy, L., Finnon, Y., Huizer, H.,
Janhunen, K., Kaa, E., Kopp, 1., Lock, E., Lopes, A., Margot,
P., Poortman, A. and Sippola E., Development of a
Harmonised Pan-European Method for the Profiling of

Amphetamines, Science & Justice, 41 (2001) 193-196......cceeverennene. 202

Viii



ABBREVIATIONS

AAS
AES
BHT
BMK
BSA
CAPE
CBC
CBD
CBN
CEC
CV
DAD
DEA

DPIA
DPIF

DPIMA
ECD
EAFS
ENFSI
EU
FID
FTIR
GC
ICP
IRMS
HCA
HFB
HEFBA
HPLC
HS-GC

Atomic absorption spectrofotometry
Atomic emission spectrometry
2,6-Di-tert-butylhydroxytoluene

Benzyl methyl ketone
N,O-bis-Trimethylsilylacetamide

The Central Analysis Program Ecstasy -project
Cannabichromene

Cannabidiol

Cannabinol

Capillary electrochromatography
Coefficient of variation

Diode array detector

Drug Enforcement Administration
N,N-Di-(B-phenylisopropyl)amine
N,N-Di-(B-phenylisopropyl)formamide
N,N-Di-B-(phenylisopropyl)methamine
Electron capture detector

European Academy of Forensic Science
European Network of Forensic Science Institutes
European Union

Flame ionisation detector

Fourier transform infrared spectroscopy
Gas chromatography

Inductively coupled plasma

[sotope ratio mass spectrometry
Hierarchical clustering analysis
Heptafluorobutyrate

Heptatluorobutyric anhydride

High performance liquid chromatography
Head space-gas chromatography

X



k-NN k-Nearest neighbour

LC Liquid chromatography

LLE Liquid-liquid extraction

LSD Lysergic acid diethylamide

MDA 3,4-Methylenedioxyamphetamine
MDMA 3,4-Methylenedioxymethamphetamine
MS Mass spectroscopy

MSD Mass selective detector

MSTFA N-Methyl-N-(trimethylsilyl)trifluoroacetamide
MW Molecular weight

NMR Nuclear magnetic resonance spectroscopy
NPD Nitrogen and phosphorus selective detector
PC Principal components

PCA Principal component analysis

RI Retention index

RRF Relative response factor

RSD Relative standard deviation

RTL Retention time locking

SI Similarity index

SIM Selected ions monitoring

SIMCA Soft Modelling of Class Analogy

SPE Solid phase extraction

THC Tetrahydrocannabinol

THF Tetrahydrofuran

TLC Thin layer chromatography

TMS Tetramethylsilane

Uv Ultraviolet



SYMBOLS

i, ﬁi,

1.S.
1.d.
k

k], kz, k3 and w

Selectivity factor

Discriminant coefficients

Ratio of C/'*C

Discriminant values

Euclidean distance

Film thickness of stationary phase in capillary column

Peak height

Column plate height

Internal standard

Internal diameter of a column
Retention factor, capacity factor
Coefficients

Column length

Theoretical plate number
Effective plate number

Total number of peaks

Quotient

Pearson product-moment coefficient of correlation
Coefficient of determination
Chromatographic resolution

Standard deviation

Retention time of a non-retaining compound (column dead time)

Retention time
Adjusted retention time

Average linear carrier gas velocity
Peak width at half height
Peak width at the baseline

Average value (the arithmetic mean)

Parameters e.g. peak areas

Xi



ABSTRACT

In the literature survey, a summary of chemical impurity profiling methods is
presented for the most common drugs. These include cannabis, LSD, heroin, cocaine
and amphetamine-type stimulants. The survey also details the statistical techniques
commonly used for profiling. The main aim of the experimental work was carried
out as part of a European project to develop a harmonised amphetamine profiling
method which could be applied at national laboratories utilising an international
database. The optimisation of the method was divided into four steps including (i)
identification and synthesis of standard impurities, (11) optimisation of the GC
method, (1i1) 0ptimisation of the extraction procedure and (iv) evaluation of the

suitability of the method between different laboratories.

Ten standard substances were synthesised and the structure of the compounds
confirmed through spectrometric data. The optimisation of the GC method was based
on the optimisation of sample introduction, chromatography and detection. In the
optimisation of the extraction procedure, liquid-liquid extraction (LLE) and solid
phase extraction (SPE) techniques were compared. Using the optimised profiling

method, several synthesised amphetamine batches and street samples were analysed.

Repeatability and reproducibility at the intra- and inter-laboratory level indicated that
the method is suitable to use as the harmonised method at national laboratories

utilising a common database.

X1l



1 GENERAL INTRODUCTION

1.} Drugs of abuse and drug control

The 1llicit use of narcotic drugs has become a serious problem in Europe over the
years. The statistics provided by national forensic laboratories indicate a significant

increase in the use of illicit drugs. The trend of amphetamine, cannabis and heroin

seizures 1n Finland 1s shown in Figure 1 [1].
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Figure 1: Number of seized batches of amphetamine, cannabis and heroin in Finland during
1990 - 2001.

In general, controlled substances have been listed by the United Nations (UN) [2]. In
Finland, all three UN Conventions have been ratified in the Drugs Act, 1993 [3.4].
The conventions form an internationally consistent base for the control of drugs. The
first, the Single Convention on Narcotic Drugs, 1961, and its 1972 amendment is
aimed to control the abuse, manufacturing, dealing, importation and exportation of
drugs. The Single Convention categorised narcotic drugs into four classes:

1. substances that cause addiction and serious drug abuse, e.g. cocaine and heroin;

2. substances that have a medical purpose, e.g. codeine;

3. derivative substances that are based on the substances mentioned in classes 1
and 2;

4. the most hazardous substances from class 1 that have only a limited medical
significance.



In 1971, the United Nations Convention on Psychotropic Substances listed

psychotropic substances under international control [2,3], again into four classes:

1. hallucinogens that have a significant risk for drug abuse and do not have medical
use, e.2. LSD and ecstasy;

2. stimulants that have only an insignificant medical purpose, e.g. amphetamines;

3. barbiturates that have an insignificant or significant medical purpose;

4. central depressants and anaesthetics that have significant medical use; might be

abused but are a minor risk to one’s health.

The third UN Convention, the Convention against Illicit Traffic in Narcotic Drugs
and Psychotropic Substances was accepted 1n 1988. It set commitments to control
substances used for manufacturing of drugs. The substances are categorised into two
classes [3]:

1. precursors used as a starting material in the synthesis of a drug, e.g. ephedrine;

2. chemicals used in a manufacturing process, e.g. acetone and diethyl ether.

Controlled substances defined in the United Kingdom as drugs are listed in the
“Misuse of Drugs Act”, 1971 and its subsequent amendments. Drugs of abuse were
grouped into three classes in the 1971 Act, but in 1985 the “Misuse of Drugs Act
Regulations” classified drugs of abuse into five Schedules [6]. The first Schedule
includes natural drug products, such as cannabis, the majority of which are
hallucinogens [7]. Drugs which can be manufactured by synthesis or semi-synthesis
from natural starting materials in illegal laboratories, have been classified into
Schedule 2. These are collectively known as stimulants and narcotic analgesics, such
as amphetamine and heroin (diamorphine), respectively. The drugs in Schedules 3, 4
and 5, which include, for example, prescription drugs are considered less dangerous

than the drugs in Schedules 1 and 2.



1.2 Forensic investigation techniques

For the purpose of law enforcement, officers often demand a rapid analysis of
seizures of illicit drugs [8]. The main requirements are (i) to identify the material as a
controlled substance or otherwise and (i1) sometimes to provide a purity percentage
in terms of drug content. Identification and quantification are necessary in order to
bring about any criminal charges quickly and correctly. Moreover, further
investigation may depend on the nature of the material submitted, and the analysis

may indicate chemical features common to other seizures.

In addition to identifying the active compounds of a sample and quantitative analysis,
comparative analysis has become a much more significant area of drug analysis in
forensic science. The chemical impurity profiling and chemical signature are used as
a synonym for the concept of the comparative analysis. The majority of the drugs are
produced by batch processes and variations can be observed between batches. When
profiling is carried out, it is important to consider possible synthetic impurities, by-
products, intermediates and adulterants. The analysis may reveal links between

seizures and/or between a dealer and users.

The forensic investigation of drugs is based on the determination of physical and
chemical characteristics [9]. Chemical analyses are divided into four stages by the
European Network of Forensic Science Institutes (ENFSI) [10]. These stages are (1)
identification of controlled substances, (i1) quantification of controlled substances,
(ii1) chemical characterisation and (iv) chemical impurity profiling, and these stages

are detailed below.

Identification

The first item in the sequence of the analysis should be a physical description of the
seizure. Data should include, for example, (i) colour, (i1) shape, (ii1) weight, (iv)
packing and (v) labelling. Seizures that contain crystalline substances should be

examined to determine whether the sample is homogenous or composed of a number



of different components. Physical characterisation, such as the determination of a

colour is sometimes difficult in terms of objectivity [11].

After outward examination, the first ‘presumptive tests’ for the identification of a
drug are typically colour tests [12]. The use of these tests is an effective first step in
the identification of the drug classes. The techniques are based on the development
of colour following reaction of the drug with chemical reagents. There are a number
of reagents available, although few are specific to one class of drugs. The advantages
of colour test include (i) ease of use, (1i) rapidity and (iii) cost effectiveness.
However, there are a number of disadvantages, including non-specificity of the

colour reaction and relative insensitivity compared to instrumental methods [12].

Thin layer chromatography (TLC) has long been used in drug analysis to identify
members of a drug class. The method used depends on the drug class identified. TLC
has many advantages, including (i) simplicity, (i1) minimal sample preparation and
instrumentation, (i11) low cost and (iv) rapidity of analysis [13]. Its principle purpose

is to assist in the correct choice of method for subsequent instrumental analysis.

Fourier transform infrared spectroscopy (FTIR) is another basic identification

technique. An infrared spectrum indicates the presence, or absence, of particular
functional groups [14]. Secondly, a comparison of infrared spectra shows also
structural similarities between two compounds. Even if many frequencies may be

similar to closely related compounds, in almost every case there are differences in

the range of 1600 cm™ to 600 cm™ [14]. This range is often called the “fingerprint

region”.

Since the middle of 1970’s, mass spectroscopy (MS) has become a routine method of
analysts [15]. It 1s most commonly used in tandem with gas chromatography (GC).
GC-MS is one of the most powerful analytical techniques for the separation and
identification of drugs. In addition to GC-MS, GC-FTIR and liquid chromatography -
mass spectroscopy (LC-MS) are modern techniques used for screening and

confirmation of the identification of drug samples.



Quantification

In some drug cases, quantitative analysis is required to classify the drug into a legal
or illegal category. For instance, morphine and cocaine have been accorded a
minimal concentration by the Single Convention on Narcotic Drugs, 1961 [2], and
the Misuse of Drugs Act Regulations, 1985 [16]. Any preparation of morphine
containing more than 0.2% of anhydrous morphine base has been controlled. The
equal control limit for cocaine is 0.1% of cocaine base. Of the instrumental methods
used in quantification studies, high performance liquid chromatography (HPLC) and

GC are suitable for the widest application.

Chemical characterisation

In the chemical characterisation of drugs, a chosen number of properties of the
sample are described and determined, including identification and quantification of
(1) the main compound, (ii) the main impunties, (ii1) the adulterants (cutting agents)
and diluents and (1v) whether the drugs are present in the free base or salt form [11].
The salt or base forms are not, however, always easily recognised. The presence of
some characteristic adulterants may indicate the involvement of certain drug

manufacturing or trafficking organisations [17]. The adulterants may be used to link

samples from a series of manufacturing batches to a single chemist or laboratory and
to 1dentify the source of supply or distribution. The fundamental tools in chemical

characterisation are chromatographic techniques.

HPLC has been widely employed for the analysis of drugs of abuse [18-20]. This
method can be used to isolate, identify and quantify controlled substances and
adulterants. HPLC 1s more flexible than GC, as the former offers much higher
selectivity through the high number of potential mobile phases. The HPLC technique
1s also non-destructive and it requires only simple sample preparation. However, it

requires large amount of high purity solvents leading to high acquisition and disposal
costs [21].



GC allows for high resolution and fast run time. It is also very sensitive due to high
resolution capillary columns and a variety of sensitive detectors [22]. Even with a
flame ionisation detector (FID), the GC analysis can be performed in the nanogram
(ng) range. The change from one set of conditions, e.g. for amphetamine to another
set (e.g. heroin) takes only a few minutes. The results of GC are reproducible and
this facilitates data transfer between laboratories. Despite the apparent advantages of
the technique, tailing and co-elution of polar compounds in complex matrices are

problems associated with GC. It 1s known that chemical reactions, such as

transacetylation, can occur in the hot GC injector.

Chemical impurity profiling

Chemical profiling of seized synthetic illicit drugs has become one of the most
important parts of strategic forensic investigation as the profile of an illicit drug
sample provides information at several levels [23]. It can be used to determine links
between two or more samples. Comparison of drugs can be divided into several
disparate, but complementary steps or methods, including the profiling methods
based on residual solvents, isotope ratios and trace level impurities [24,25]. The

profiling methods are discussed in detail in Chapter 2.

Purity is one of several parameters used for profiling and to establish relationships
between sample groups. Drug purities are considered to give useful information on

the economic shifts in the illicit drug markets [26]. A summary of chemical impurity

profiling methods i1s presented for the most common drugs, such as cannabis, LSD,
heroin, cocaine, ecstasy and methamphetamine in Chapter 2.8 and for amphetamine

in Chapter 3.



2 DRUG PROFILING TECHNIQUES

2.1 Introduction

There are three levels of comparison in the interpretation, which can be recognised
as: (1) sample A compared with sample B, (ii) sample A compared with sample B
and with other samples or (111) all samples compared with each other using database
and classification [11]. The similarities can be found on a batch or a class level [27].
Analytical data of profiles can be collected and handled with different methods. This
includes paper copies of chromatograms, which are often difficult to handle.
Different computerised methods have been developed for the comparison of the

samples. The data, in the form of a database or spreadsheet, is excellent for

classification but cannot easily be presented in court.

2.2 Ballistic profiling

The ballistic or physical profiling of illicit drug preparations is largely limited to
tablets and capsules [9]. The profiling based on ballistic features is a method for
comparing the appearance of drugs, e.g. shape, colour, diameter, thickness, weight,
and logos. The ballistic features can help to link the samples to a distribution
network, or to a single production site [17]). Moreover, microscopy has been used to
detect punch marks, which serve to identify tablets with a particular set of punches

and can be used to link to the actual equipment used for tableting [9,17]. The

technique can be used for comparison of ecstasy tablets, printed LSD paper squares
and hashish bars.

2.3 Residual solvents

The residual solvents from drug samples can be examined. The solvents can either be

bound to the surface of the forming crystals during the synthetic processes, or



alternatively they may be trapped (occlusion) in the interstitial spaces in crystals as

they form [28]. Traces of the solvents may still be found even after a long period of
time. Links between samples have been studied using this technique, for example, for

heroin and cocaine [29,30].

2.4 Inorganic compounds

Another chemical profiling method is to determine various inorganic compounds of
the drug [24]. The differences in trace level concentration of metals, e.g. calcium,
copper, iron, zinc etc., can be examined by atomic absorption spectrometry (AAS),
inductively coupled plasma atomic emission spectrometry (ICP-AES) and ICP-MS.
These differences arise due to differences in impurities in starting materials,
differences in the metal catalysts that are used for synthetic processes and differences

in the vessels in which the drugs are synthesised. The method has been used for

methamphetamine [31], heroin [32], cocaine [33] and ecstasy [34,33].

2.5 Isotope ratios

[sotopic ratios of carbon, nitrogen, hydrogen and oxygen in organic matter can also
be studied [24]. Environmental conditions, such as humidity, temperature, and

differences in starting materials and synthetic processes can all lead to differences in

ratios of °C/'*C, "N/"N, H/'H and '*0/'°0. The discrimination of the source of
cannabis [36], MDMA [37], heroin and cocaine [38] samples has been studied.
Chemical profiling based on isotopic ratios is possible for semi-synthetic drugs since
starting materials, for example, in MDMA and heroin synthesis are natural products

[37]. Isotope ratios are analysed by gas chromatography-isotope ratio mass
spectrometry (GC-IRMS).



2.6 Chemical impurity profiling

More often profiling of drugs is based on the analysis of manufacturing impurities
and by-products. This is carried out using different chromatographic methods that
have been examined and published by several authors. Chemical profiling of
complex samples has traditionally been based on GC analysis of impurities [39].
Seized drugs usually have a complex composition making automatic profiling
difficult. There are two major prerequisites for successful automated comparison: (i)
high resolution of the compounds of interest and (i1) automated identification of
impurity peaks, typically based on the use of a highly selective MS detector or

retention index (RI) monitoring technique [39].

Profiling of drugs includes, in addition to chemical analysis, another interdependent
step, the interpretation and handling of the data. After chemical profiling the
classification, 1.e. grouping 1s commonly achieved using a statistical data handling
method. The different statistical methods are summarised in Chapter 2.7. Profiling
results typically fall into three different categories: the sample patterns are either (i)
identical, (i1) completely different or (iii) in between (1) and (ii) [11]. For instance, a
similar impurity profile indicates a link between the samples. The samples having
different profiles clearly do not belong to the same batch due to differences in

starting materials or production methods. The 1llicit laboratory may produce batches

having quite different chemical compositions.

2.7 Statistical techniques used for profiling

A number of the commonly used statistical techniques for drug profiling are
summarised below. Distance methods, such as similarity index (SI) and Quotient
methods, have been commonly used for batch level comparison and hierarchical
clustering analysis (HCA) and principal component analysis (PCA) for classification,

1.e. grouping of the samples.



2.7.1 Batch level profiling methods

Euclidean distance

Euclidean distance is one of the most commonly known methods for batch level
comparison. Binary classification is known as the simplest situation in which a
sample may belong to one of two classes [40]. The distance, d, between two data
points P and Q in n-dimensional co-ordinates is usually called as the Euclidean
distance or straight-line distance. The distance can be described, according to the
Pythagorean theorem, where co-ordinates are P = (xy, X3, ..., Xa) and Q =(v1, v, ...,

v,) and when parameters are e.g. peak areas [41]. By definition, the distance between

these points, d(P,Q), is given by equation 1.

n

d(P,Q) =.1>.(x;-y;)’ (1)

1=1

Weighting and normalisation of the variables i1s necessary for each profile when
Euclidean distance is employed [42]. The peak areas were weighted by calculating
the ratio of the peak area of an impurity to a standard deviation of that impurity
(equation 2). Using unweighted variables, a big peak may dominate the distance

whereas a small peak may become less significant [27].

Weighed A, = A 2)
S

Furthermore, the obtained values were normalised by dividing the values by the sum
of the weighed peak areas of all compounds (equation 3). Normalisation is needed to
eliminate differences between drug batches caused by different degree of cutting
agents. The Euclidean distance method has been used, for example, for batch level

comparison of methamphetamine [43,44].

Normalised A, = M 3)

Z Weighed A.
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Similarity index (SI) method

Commercial software SC-WorkStation (SuniCom Oy, Finland) has been developed
to utilise an exponential comparison algorithm [39]. The program compares two

samples by calculating a similarity index (SI) which varies between 1 ... 100

(equation 4). A high value corresponds to strong similarity.

Z%XIOO ks
SI:.ii.n__ A=(-§i—xw—sz —l,0+k1 qi=-—i— 4)

The SI method was originally utilised to calculate similarities between individual -
bacterial strains by comparing cellular fatty acids [45]. Analyses of about 4500
strains gave empirically obtained optimal values 50.0, 0.25, 6.0 and 1 for coefficient
k1, ka2, k3 and w 1n the equation 4, respectively. Symbols x; and y; are peak areas of

peak 1 in sample 1 and sample 2, respectively. Thus, the equation can be further

developed to:

Z“: 50
6 —
g = =1 (@i =0.25) —1+50 ., 5)
n
Target compounds are identified from GC chromatograms using the retention index

(RI) method. The target peaks are normalised as shown in equation 6:

A=—m— X £100% (6)
xt _‘xl —-le{l _Xl —xc _xis

where variables x are peak areas of peak 1 (x;), sum of all peaks (x;), solvent peak
(xs), RI standards (xg;), amphetamine (x,), caffeine (x¢) and internal standard (x;;),

respectively. In Finland, the similarity index (SI) method is used for amphetamine
profiling [39].

11



Ouotient methods

The basis of the Quotient method is that two profiles are likely to match if the chosen
peak areas have approximately the same relative values (quotients) [46]. The

quotients between corresponding peak areas are calculated with equation 7 by taking

total profile intensity into consideration.

x100 q; = al (7)

Yi

qi _qn
qi +qn

I. =

In the equation 7, Xx; 1s peak area of peak i in sample 1 and y; peak area of peak 1 in
sample 2. The number of quotients with r; , < rpax was calculated. The rpax = 20% has
been found to be useful to retrieve the pairs of profiles [46]. In Sweden, the

automatic profiling and the classification of impurity profiles is undertaken using the
Quotient method [47].

A similar Quotient method has been also introduced in Australia. The retention times
of two methamphetamine profiles were compared and a quotient (q) calculated using
equation 8 [48].

2Xn
N, +N,

q= (8)

where n is the number of matched peaks in two profiles and N; is the total number of

peaks in each of two profiles.

2.7.2 Classification methods

Principal component analysis (PCA)

Principal component analysis (PCA) involves a mathematical procedure that
transforms a number of correlated variables into a smaller number of uncorrelated
variables called principal components (PC) [49]. The principal components are

extracted in such a way that the first principal component (PC;) accounts for as much

of the variability in the data as possible. Variables in PCA are x,, X3, ..., X, which

12



establish the sensible completeness of the problem. The weights ¢, ¢12, ..., C1p Of
the first principal component (equation 9) have been chosen to maximise the ratio of

the variance of PC; to the total variation.

PC, =c¢ ) X; +CpX, +o+Cp X 9)

Graphical performance of the first principal component has been illustrated in Figure
2. The second and other principal components (PC,,) are chosen such that weighed

linear combination of the observed variables (x,) are uncorrelated with all of the

previously extracted components [49].

.
——> [rc]
=

Figure 2: One principal component [50].

The technique is used for amphetamine profiling in many forensic laboratories, for
example in Sweden [46] and Poland [51]. It is also applied for batch-to-batch
comparison and geographical origin determination of heroin based on concentration

of opium alkaloids or inorganic trace elements [52].

Hierarchical cluster analysis (HCA)

Hierarchical cluster analysis (HCA) is a method to find clusters or classes of the
observations within a data set [53]. Most commonly, the similarity of clustering
technique can be based on the Euclidean distances. The two closest clusters are
merged to form a new cluster replacing the two previous clusters. The distance

between the clusters can be described with a dendrogram.
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Figure 3: An example of the tree structure of a dendrogram.

Cluster analysis and dendrograms have been used for heroin [54] and amphetamine
classification [51,27]. The technique, however, has some disadvantages. The data set,
which contains many profiles, 1s difficult to illustrate. Moreover, the method is very
sensitive to errors and thus small inaccuracies in distances can result in significant

changes 1n the dendrogram tree [27].

Discriminant analysis
In order to predict the category to which a particular sample belongs, the data can be

handled using Fisher’s linear discriminant analysis. This analyse provides models
shown below [42]:

=q,X, + +...
&, X, + By, (10)
&, =a,x,+B,y, +..
where &; are the calculated discriminant values for a particular sample, o;, Bi, ... are

the discriminant coefficients from the data set and x;, y; ... are the values of

variables. The discriminant values can be calculated and defined using a matrix

formula (equation 11):

a, o, .. a X, Y ... Z Em “;12 E.Hn
B, B, .. B.| |x, v, . 2 CE ..
PP B Y R BT
6, 52 oo 5,, Xo Yo o Z, énl E.»nz énn

where discriminant values, &;;, has been calculated as:

14



§, =X, +A,X, ..
Ci =Y, +a,Y, .. (12)
éz: =le| +Bzxz

A particular sample is assigned to the group for which the highest discriminant value
is calculated. In this model, the correlated vaniables are utilised such that the most
significant variables are used in the calculation whereas the others are discarded or

reduced. The method has been used for heroin profiling [55].

2.8 Applications

2.8.1 Cannabis

Cannabis is the most frequently used and trafficked hallucinogenic drug in the world
[56,57]. Cannabis products are prepared directly from Cannabis sativa L. Cannabis
appears in the illicit market as herbal cannabis (marijjuana), cannabis resin (hashish)
and liquid cannabis (hashish oil). Morocco dominates the source of cannabis resin for
the European Union (EU) [57]. Herbal cannabis is smuggled to the Member States
mainly from Colombia, Jamaica, South Africa and Nigeria [57]. Usually cannabis
products are smoked in the form of cigarettes (marijuana) or using pipes (hashish).

The most common effects of cannabis are talkativeness, cheerfulness and relaxation
[58]. However, not all the effects are pleasant. High doses can cause mild

hallucinations. On average, at least one in four 15- to 34-years-olds in the European

Union has tried cannabis [57].

The Cannabis plants have been classified into two categories, fibre-type and drug-
type [59]. Cannabis products are prepared directly from the plants and contain
several cannabinoids, e.g. A’-tetrahydrocannabinol (THC 1), cannabinol (CBN 2)
and cannabidiol (CBD 3) shown in Figure 4. Cannabis is characterised by the
presence of compounds responsible for the pharmacological effect. THC is believed

to be mainly responsible for the psychoactivity of the cannabis products [60].
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Division into fibre and drug type cannabis is achieved calculating the ratio of CBD
and THC. The CBD/THC ratio is usually <0.2 for drug-type cannabis and > 5 for the
fibre-type [61].

CH, CH, CH,
‘ OH ‘ OH
H,C ‘ H,C ‘ H,C=|
He 9 Csthn He © Csthn H3CCHO CsH,
A’-Tetrahydrocannabinol (THC) 1 Cannabinol (CBN) 2 Cannabidiol (CBD) 3

Figure 4: Structural formulas of common cannabinoids.

Two cannabis products do not necessarily have exactly similar appearances [59].
Cannabis plants grown in different origins contain varying amounts of cannabinoids
[60]. Moreover, the carbon 1sotope ratio, PC/1C, also used for characterisation and
comparison of cannabis samples, depends on environmental conditions [36]. Thus,

marijuana and hashish are produced from a natural product of highly varying

characteristics. Cannabis is a difficult material for chromatographic analysis and
therefore only few chromatographic methods for chemical profiling of cannabis have

been published. Chromatographic separation and mass spectrometric data of

cannabinoids have been introduced [62,63]. The methods used in profiling are
described below. Of other profiling methods, ballistic profiling and visual

comparison can be mentioned. Sometimes logos or other marks of hashish bars can

be i1dentified and compared.

A comparative analysis has been made for 100 marijuana and hashish samples using
a GC equipped with FID [64,65]. The comparison was based on the relative amounts
of the main cannabinoids, THC, CBN, CBD and cannabichromene (CBC). Packed
columns, namely slightly polar methyl silicone (3% PC-3210) and polyethylene
glycol column (Ultrabond coated of Carbowax 20M), were used. It was impossible to
achieve baseline separation for CBC and CBD and, at the same time, for CBC and

THC with this column system. This can be seen as the main drawback of the method
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due to the poor resolution and peak shape. The percentages for cannabinoids were,

however, calculated and the samples were classified into eight individual groups.

Most of the illicit cannabis seized in the USA is smuggled from Mexico, Colombia,
Jamaica and Thailand {66]. A comparison analysis of samples of different origins,
including domestic samples was carried out using GC-FID. The profiling method
seemed to give a good resolution and repeatability when a DB-1 capillary column
was used. The chemical profiling was based on 81 chromatographic peaks. The
chemical structure of some of the peaks was identified using mass spectroscopy, but

most of the compounds remained unknown. Relative response factors (RRF), 1.e. the
peak area ratios to internal standard were calculated for each analyte peak. It
emerged that the ratios of major cannabinoids, THC, CBD and CBC, were not
significant and that they do not correlate with any geographical origin. Some

individual compounds were, however, typical to one ongin.

HPLC was also tested as a profiling technique for cannabis [66]. The profiling was
based on the use of 45 peaks. The use of this technique was limited in comparative

analysis due to the lack of resolution. The technique was preferred for screening and

it was only suitable for discrimination between different cannabis types, 1.e. drug and

fibre cannabis.

2.8.2 Lysergic acid diethylamide (LSD)

Lysergic acid diethylamide (LSD 4) is strongly psychoactive and is the most potent
hallucinogenic substance known [67]. It has hallucinogenic effects; anxiety,
euphoria, difficulty in thinking and concentration and hallucinations. The content of
the LSD dosage varies, typically between 20 - 80 ug [68]. Tolerance develops after a
couple of days of continuous use. Frequently, LSD appears in the illicit market in the
form of paper squares and small tablets. It has been obtained in the same illicit

market as marithuana.
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LSD is a semisynthetic drug derived from ergot alkaloids e.g. lysergic acid amide §
[69]. Alkaloids are present in the seeds of morning glory (Rivea corymbosa) and a
rhizomorph of Claviceps purpurea. The alkaloids are hydrolysed resulting in lysergic
acid 6, which is reacted with diethylamine to produce the final product [70]. LSD
was synthesised for the first time in 1938 and two years later it was thought to be a
possible treatment for schizophrenia [71]. It has been manufactured illegally since

the 1960’°s and adopted into popular drug culture during the early 1970’s.

y :CH2CH3 H. CONH, H. COOH
CH,CH;
|
N.
CH3 H CI{3
Lysergic acid diethylamide (LSD) 4 Lysergic acid amide § Lysergic acid 6

Figure 5: Structural formulas of LSD analogues.

In the GC analysis, LSD produces a poor chromatographic peak due to the poor

volatility of the substance. Thus, only the ballistic features have been applied for

LSD profiling.

2.8.3 Heroin

Heroin (diamorphine, diacetylmorphine 7) originates directly or indirectly from
opium. Opium is obtained by splitting and extracting the unripe, dried poppy
capsules from Papaver somniferum L. [72]. It i1s established that 3 - 5 million
European Union citizens have tried heroin. Turkey is the gateway for trafficking of
heroin along the Balkan routes into the European Union [57]. At least 80% of heroin

available in Europe is transported across the Balkan routes.

Raw opium is a complex mixture containing sugars, proteins, fatty acids, water and

approximately 40 alkaloids. The identified and most common fatty acids are
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palmitic, linoleic, oleic and strearic acids [73]. Five of the alkaloids can be
considered as main alkaloids, namely morphine 8, which is the principal alkaloid of
opium, codeine 9, thebaine 10, papaverine 11 and noscapine 12 [74-76]. The
structures of alkaloids are shown in Figure 6.

H;CO
O
I/ s
Z
HO
Diamorphine 7 Morphine 8 Codeine 9
H;
O
I/ A
H,00” N7
Thebaine 10 Papaverine 11 Noscapine 12

Figure 6: Structural formulas of heroin main alkaloids.

The synthesis of heroin dates back to the end of the 19" century, i.e. diaillorphine
was prepared for the first time in 1874 [77]. Usually, diamorphine is prepared by
acetylation of morphine [73,78], but a direct acetylation of opium has also been
reported [79]. Unlike amphetamine and cocaine, an illicit heroin is a complex
mixture and contains both acetylated and unacetylated opium alkaloids and after

purification, added adulterants. Several acetylated impurities are identified, such as

0°- and O’-monoacetylmorphines 13 - 14 and acetylcodeine 15. The structures of the

impurities are given in Figure 7.
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O HO O
O°-Monoacetylmorphine 13 O’-Monoacetylmorphine 14 Acetylcodeine 15

Figure 7: Structural formulas of impurities found in heroin samples.

The most common adulterants of heroin samples are caffeine and sugars (lactose and
glucose) [80-83]. The term ‘heroin purity’ always refers to the diamorphine content.
It is usually the major component and the most active pharmacologically. Morphine
and codeine are effective ‘painkillers’ and are used in many cough medicines and
anti-diarrhoea treatments [77]. Opiates and heroin depress the activity of the nervous
system, including such reflexes as coughing, breathing and heart rate [84]. Heroin,
like other narcotics, gives a feeling of warmth by causing widening of the blood
vessels [77,85]. It also relieves stress and discomfort by creating a relaxed
detachment from pain, desires and activity. Physical dependence and tolerance

develop rapidly.

Two heroin samples do not have exactly similar chemical characteristics. The routine
profiling of illicit heroin is used infrequently but several studies have been done, e.g.
in the Netherlands [86] and in Germany over the past 20 years [87,88]. Heroin
comparisons are made on the basis of the main compounds, the synthetic impurities
and adulterants. The methods used in heroin profiling are summarised in Table 1, and

they are discussed below.
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Table 1:

" # | Sample preparation
Liqud-liquid
extraction (LLE):
sulphuric acid/toluene

LLE:
chloroform (acidic)/
toluene

Dissolution:
chloroform

Dissolution: methanol
Silylation:

BSA heated at 60°C
(1 hour)

Dissolution:
chloroform/pyridine
(5:1)

Silylation:

MSTFA heated at 80°C
(30 min)

LLE:
sulphuric acid/toluene

Silylation:
MSTFA or BSA heated

at 70°C (3 min)

LLE:
sulphuric acid/toluene

Silylation:
MSTFA or BSA heated

at 70°C (3 min)

Method;
Column;

T-program:

Injection:
Carrier gas
Flow rate:
Method:

Column;

T-program:

Injection:
Carrier gas
Flow rate:

Method;
Column:

T-program:

Injection:
Carrier gas
Flow rate:
Method:

Column:

T-program:

Injection:
Carrier gas
Flow rate:
Method:

Column:

T-program:

Injection:
Carrier gas
Flow rate:

T-program:

Injection:
Carrier gas
Flow rate:
Method:
Column;

T-program:

Injection:
Carrier gas
Flow rate:

Chemical profiling methods for heroin.

Analysis method and conditions m

GC-FID
25mx 0.2 mm, d;0.11 um of 5% Ph Me silicone
(Ultra-2)
50°C (0 min), 2°C/min to 325°C (6 min)
300°C, split 1:25
. Hz
27 cm/s* (0.6 ml/min)
GC-FID
30m x 0.25 mm, d¢ 0.25 um of Me silicone (DB-1)
200°C (1 min), 4°C/min to 300°C (30 min)
280°C, split 1:25
: He
31 cm/s* (1 ml/min)
GC-MS, Scan mode
30 m x 0.25 mm, d; 0.25um of Me silicone (HP-1)
180°C (Imin), 10°C/min to 240°C (4.5min),
17°C/min to 290°C (4 min)
280°C, split 1:20
: He
34 cm/s* (1.2 ml/min)
GC-FID 335
12 m x 0.22 mm, d; 0.25 pm of Me silicone (BP-1)
150°C (2 min), 9°C/min to 300°C (5 min)
280°C, spht 1:50
. N2
Not available
GC-FID
30 m x 0.25 mm, d¢ 0.25 pm of Me silicone (DB-1)
150°C (1 min), 8°C/min to 250°C (1 min), 6°C/min
to 320°C (1 min)
290°C, split 1:17
: He
37 cm/s* (1.43 ml/min
Dual oven GC-FID
20 m x 0.25 mm, d; 0.15 um of Me silicone (OV-1)
or 5% Ph Me silicone (SE-54) and 5 m or 20 m x
0.32 mm, d; 0.25 um of 50% Ph Me silicone
(OV-17)
(one example) 160°C, 12°C/min to 240°C, 5°C/min
to 280°C, 20°C/min to 330°C
300°C, split
: He
Not available
GC-FID
25 m x 0.2 mm, d¢ not available of 5% Ph Me
silicone (SE-54)
150°C (0 min), 6°C/min to 280°C (1 min),
15°C/min to 300°C (5 min)
270°C, split
. Hz
Not available

25

34

87
88
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Table1l: Cont’d/...

" # | Sample preparation Analysis method and conditions Ref.
LLE: Method: GC-FID 73
sulphuric acid/toluene | Column: 25mx 0.27 mm, d;0.15 pm of Me silicone (OV-1)
Silylation: or 5% Ph Me silicone (SE-54)

MSTFA heated at 70°C | T-program: 150°C, 6°C/min to 280°C (1 min), 15°C/min to
(5 min) 300°C (20 min)

Injection:  270°C, split
Carrier gas: H,
Flowrate: 110 cm/s (OV-1)or 65 cm/s (SE-54

* Flow rate was transformed to correspond to cm/s by FlowCalc. (Version A.02.07, Agilent
Technology, 1996).

An inter-laboratory development of a heroin profiling method was carried out by
Sweden, Germany and the Netherlands (Method 1) [89]. The aim of the study was to
develop a harmonised profiling method and improve the interpretation for the
resulting database of the chemical profiles. The profiling was based on 16 variables,
i.e. 12 identified and 4 unknown impurity peaks. The stability of impurity profile
under different storage conditions and influence of common adulterants were also
examined. Only phenobarbital as an adulterant caused interference to the profile. The
GC-FID system secemed to be stable and the intra-laboratory repeatability and
reproducibility were acceptable. Unfortunately, poor reproducibility at an inter-

laboratory level was obtained. Principal component analysis (PCA) and the Quotient
method were used for classification and statistical interpretation of the profiles. In
conclusion, it was pointed out that a database for heroin comparison should be

collected in a central laboratory instead of profiling in many laboratories.

The chemical profiling method based on 18 impurity peaks was used to compare nine
illicit heroin samples in another study (Method 2) [24]. Variation between profiles
was obtained visually. The visual comparison of profiles was not straightforward. It
was pointed out that for court testimony, quantitation of selected impurities might
have been necessary. To finalise the chemical profiling method, the quantity and
ratio of major opiates, namely diamorphine 7, papaverine 11, noscapine 12,
monoacetylmorphines 13 - 14 and acetylcodeine 15 were determined. The PCA

based on three alkaloid ratios was used for classification. The samples were

classified into four different classes.
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PCA with two other chemometric techniques, namely hierarchical cluster analysis
(HCA) and k-nearest neighbour (k-NN) have been compared as classification
techniques (Method 3) [54]. The chemical impurity profiles were obtained for 24
heroin samples, which were known to originate from three different batches. The
analyses were carried out by GC-MS using a non-polar capillary column. Data was
evaluated utilising normalised peak areas, i.e. the absolute peak areas of the
meconine, acetylcodeine, acetylthebaine, papaverine and noscapine were divided by
the sum of peak areas of O°-monoacetylmorphine and diamorphine. The PCA
grouping was recorded in two- and three-dimensional measurement space. The three-
dimensional method was found to be better than two-dimensional without any
misclassification. The dendrogram and A-NN classification techniques also gave
nearly correct classifications. The use of the k-NN method was, however, more
complicated compared to HCA and PCA techniques. Few or no misclassified
samples indicated that there were no significant differences between classification
techniques. However, it was pointed out that number of comparable samples was not

sufficient to obtain reliable results.

Fisher’s linear discriminant analysis can also be used to determine the batches to

which the samples are related (Method 4) [55]. The model i1s suitable as the

parameters used for model development are dependent, i.e. correlated with each

other. Thus, it has been used for the classification of heroin samples since most
opiates are significantly correlated. The Fisher’s discriminant values were obtained
for 31 derivatised seized street samples with SPSS software. The peak areas of main
opiates were determined. The highest Fisher’s discriminant value assigned the
samples to the same origin. 92% of profiles were completely classified. Utilising the

classification technique and the visual comparison the samples could be divided into

eight groups.

To measure a link between different impurity profiles at batch level, different
distance methods have also been compared (Method 5) [90]. Pearson correlation

coefficient method and Cosine function were found to be useful techniques for large
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database. The standard deviation within one heroin source was not significant, and
the number of false negatives and positives was lower than 4%. Using, for example,
the Euclidean distance, the number of false negatives was over 15%. The Cosine

function method was the final choice for the comparison of heroin samples.

A single-column GC system may cause problems in the analysis of complex illicit
drug samples, such as heroin. The main problems are poor separation of certain parts
of impurity profiles, decomposition of substances and overlapping of important
compounds. The problem has been investigated and one solution found from a
column-switching (Method 6) [91]. The system was based on the use of different
stationary phases for overlapping peak groups. The system is not, however, useful for

a routine profiling due to its complicated technology.

Problems associated with profiling methods may be also caused by incorrect sample
preparation methods. A large solvent peak and components in the beginning of the
chromatogram, which are not baseline separated, result in a negative influence on the

determination of the peaks [92]. This problem may arise from adsorption of the polar
solvent, e.g. ethanol in the injection system or the column [93]. Using silylation, the
situation can be improved. Silylation helps also to avoid other possible problems

including transacetylation, adsorption and different responses for salt and base [86].

In another experiment, toluene was used as an extraction solvent (Method 7) [87].
The chromatograms were compared visually and highly specific profiles of heroin
from different origins, namely Turkey, Malaysia, Lebanon and Near/Middle East
were obtained. Different profiles from different geographical regions were also
compared based on the main alkaloids and adulterants by Johnston and King [94].
Chemical analysis conditions were not available. In this study, 505 illicit heroin
samples from Turkey, Pakistan, India and South East Asia were classified based on
discriminant analysis using the SPSS software. The analysis results of classification
were correct in over 83% cases. The greatest individual misclassification was
obtained from the Indian samples, 59%. It was pointed out that chemical composition

of seized heroin changes over time, which might have caused missclassification.
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The modified Method 2 has been also used for the profiling of heroin precursors,
opium and crude morphine (Method 8) [73]. The comparison of impurities from
opium, morphine and heroin origins revealed more significant similarities between

opium and crude morphine than the correspondence between opium and heroin.

The comparison based on determination of isotope ratio has been also used in heroin
profiling. The ratio of C/**C (6°C) has been determined for diamorphine and
acetylcodeine [24]. The 3C enrichment of these acetylated opium alkaloids gives

information on geographical origin and synthesis of the sample. The profiling was

carried out by calculating "°C with equation 13.

(13 C/IZC)sampIe o (13C/12C)standard

d"C =
(13 C/IZ C)

x 1000 %o : (13)

standard

The same nine samples analysed in Method 2 were analysed by GC-IRMS. The
samples were clustered correspondingly into the same four groups when using the

chemical impurity profiling. Due to the relative ease of using of normal impurity

profiling, it is preferred to isotope ratio analysis.

In addition to GC methods, HPLC has been used in heroin profiling [86].

Chromatograms of 24 illicit samples were compared visually. Moreover, percentages
of diamorphine, acetylcodeine, noscapine, papaverine and few impuritics were
determined. Similarities between 33 street samples have been also determined
without chemical impurity profiling [95]. Head space-gas chromatography (HS-GC)
was used to determine solvent residuals. Heroin content and adulterants were
obtained by GC and more information from diluents by HPLC. Atomic absorption
(AA) was used for the analysis of traces of metal, namely iron and zinc. The results

from each analysis were combined and similarities between the samples were found.
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2.8.4 Cocaine

Cocaine (benzoyl methyl ecgonine 16) is a powerfully active drug of abuse. It has
similar effects to amphetamines; a feeling of well-being and euphoria are established
by central nervous system stimulation. Cocaine has been an abused drug for more
than a century [96]. Illicit cocaine is generally sold on the street as cocaine
hydrochloride powder for oral and intravenous use. "Crack" is a street name given to
cocaine that has been processed from cocaine hydrochloride to a free base for
smoking. Bolivia, Columbia and Peru are the major producers of cocaine [57].

1 - 5% of young adults has tried cocaine in European Union region [57].

In addition to cocaine, at least 21 different alkaloids have been identified as natural
congeners in extracts of coca leaf. Tropane alkaloids 16 - 23 are extracted from the
leaves of the genus Erythroxylon grown in South America. The structures of
alkaloids are shown in Figure 8. Two of 200 different species of Erythroxylon,
namely Erythroxylon coca and Erythroxylon novogranatense contain significant

amounts of cocaine [97]. The presence and concentration of the alkaloids may vary

greatly, depending on the species and growing area.

,CH; ,CH; ,CH;
N N N
COOCH; COOH COOCH;
H H H
O OH OH
H ©O H H
Cocaine 16 Ecgonine 17 Methylecgonine 18
,CHj
;CH3 N ’CH:;
N COOCH,; N
COOH H H COOCH;
H O > _H H H
O "
O H O
H O H O H
Benzoylecgonine 19 cis-Cinnamoylcocaine 20 trans-Cinnamoylcocaine 21

Figure 8: Structural formulas of cocaine alkaloids.
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H O
Tropacocaine 22 o-Truxilline 23

Figure 8: Cont’d/...

Cocaine was manufactured for the first time 1n 1855 [98]. The general approach to
the production of illicit natural cocaine involves three steps: (i) extraction of crude
coca paste from the coca leaf, (i) purification of coca paste to coca base and (iii)
conversion of coca base to cocaine hydrochloride [97]. The cocaine purity level of
coca paste varies from 30% to 80%, depending of extraction technique and variety of
coca. The coca paste contains several co-extracted alkaloids resulting in a poor
quality. Therefore the purification step is rarely skipped in illicit laboratories. Illicit,
unadulterated cocaine hydrochloride generally varies from 80% to 97% purity, from
an off-white powder to white. In addition to illicit natural cocaine, synthetic cocaine
has been obtained [97]. The synthetic route is difficult and the preparation of
(-)-cocaine via total synthesis process results in an overall yield of less than 10%,

whereupon synthetic cocaine is very unusual.
Illegal cocaine samples usually contain varying amounts of several alkaloids and

synthetic impurities. Numerous impurnties have been identified [99-101] and the

structures of some common compounds are shown 1n Figure 9.
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H H H COOH
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N-Benzoylnormethylecgonine 30 Truxillic acid 31 Truxinic acid 32

Figure 9: Structural formulas of impurities found in cocaine samples.

The substances originate from extraction process of the coca leaf, from the
manufacturing progress or from adulteration. Methylecgonine 18 and
benzoylecgonine 19 are present in coca leaves, but are also products from hydrolysis
of cocaine [102]. Most common adulterants in illicit cocaine are ephedrine,
norephedrine, procaine, lidocaine, tetracaine and benzocaine [103]. The methods

used for cocaine comparison are summarised in Table 2, and discussed below.
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Table2: Chemical profiling methods for cocaine.

' # | Sample preparation | Analysis method and conditions  Ref.

Dissolution: ethanol

Method: GC-NPD
Column:  12.5mx 0.2 mm, d; 0.5 um of Me silicone (HP-1)
T-program: 1) isotherm 230°C and ii) 120°C (2 min), 6°C/min
to 320°C (5 min)
Injection:  215°C, split 1:50
Carrier gas: He
Flow rate: 0°C) or 37 cm/s (230°C)* (1.5 mlI/min
Method: GC-FID 102
Column: 30 mx0.25 mm, d; 0.25 pm of 7% cyanopropyl Ph
Me silicone (DB-1701)
T-program: 180°C (1 min), 4°C/min to 200°C
and 180°C (1 min), 6°C/min to 275°C
Injection:  230°C, split 1:50
Carrier gas: He
Flowrate 30cm/s
Method: GC-dual FID
Column: 1.52 m x 2 mm, packed with 3% OV-17
T-program: 100°C (2 min), 12°C/min to 320°C (5 min)
and 200°C (2 min), 12°C/min to 320°C (5 min)
Injection:  250°C, not available
Carrier gas: N,
Flow rate: 30 ml/min**
Method: GC-ECD
Column: 30 mx 0.25 mm, d; 0.25 pm of 7% cyanopropyl Ph
Me silicone (DB-1701)
T-program: 90°C (§ min), 25°C/min to 160°C (1 min)
and 90°C (5 min), 4°C/min to 275°C (15 min)
Injection:  225-250°C, splitless
Carrier gas: H,
Flowrate: 40-50 cm/s (at 90°C
Method: GC-MS, SIM mode
Column: 30 m x 0.25 mm, d; 0.25 pum of 7% cyanopropyl Ph
Me silicone (DB-1701)
T-program: 100°C (5 min), 3°C/min to (not available)
(20 min)
Injection:  250°C, split 1:24
Carrier gas: He
Flowrate: 33.7 cm/s

* Flow rate was transformed to correspond to cm/s by FlowCalc.
** The cm/s value cannot be calculated for a packed column.

104
105

2 i Dissolution: chloroform

Silylation:
BSA heated at 80°C

(15min)

Dissolution: chloroform

Dissolution: acetonitrile 107

Silylation: HFBA
heated at 75°C (15min).
Back LLE:

isooctane and sodium

bicarbonate/acid
phthalate butter (pH 4)

LLE:
water and sodium

bicarbonate/chloroform
SPE: alumina column

To confirm the suitability of the chromatographic method for profiling, the stability
of the peak area ratios of cis- and trans-cinnamoylcocaine 20 - 21, tropacocaine 22,
norcocaine 29 to cocaine 16 were determined (Method 1) [104,105]. Further, the
effect of adding of adulterants was examined. The results indicated that the peak area
ratios were stable and unaffected by adulterants. The Euclidean distance based on

four alkaloid/cocaine ratios was used to measure the similarity between the samples

by BASIC program. Final confirmation was obtained by visual comparison. In
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conclusion, 1t was found that this approach to comparison analysis of illicit cocaine is

rapid and simple enough for routine use.

Seventeen alkaloids and impurities were identified from 368 seized cocaine samples
(Method 2) [102]. The possibility of artefacts produced by GC was taken into
consideration when natural products were identified. Fourteen impurity compounds
were chosen for statistical analysis and three were discarded due to decomposition.
For example, anhydromethylecgonine 27 was found to be formed in the injection
port at 250°C [102,109,110]. Moreover, the thermal decomposition of truxillines 23
can yield truxillic 31 and truxinic acids 32 and anhydromethylecgonine [102]. In this
experiment, correlation coefficients were determined to show the linear relationship
between the variables [102]. The analysis indicated a marginally high correlation
between cis- and trans-cinnamoylcocaine and between benzoic acid 24 and ecgonine
17. The correlation between substances is logical since cis- and ftrans-
cinnamoylcocaines are isomers, and benzoic acid and ecgonine are the principal

products from acid hydrolysis of cocaine. Chromatograms were compared visually.

Non-polar columns allow elution of most drugs and thus are preferred as columns for
screening purposes. In a comparison study, better separation was achieved with a

more polar 50% diphenyl dimethyl silicone column (OV-17) (Method 3) [106] or
cyanopropyl silicone column (DB-1701) (Method 4) [107]. All compounds were not,

however, chromatographed properly due to lack of derivatisation in the previous
case. In the latter experiment, good resolution and good peak shapes occurred after
silylation. In addition to the comparison of different stationary phases, different type
of detectors were compared to evaluate the profiling method. The more selective
electron-capture detector (ECD) was found to give advantages compared to FID,
especially for halogenated compounds [107]. Thus, in this experiment the cocaine
samples were dertvatised with heptafluorobutyric anhydride (HFBA), and impurities
such as hydroxycocaines were easily detected by GC-ECD (Method 4). Visual
comparison based on these hydroxycocaines and other substances was used in the

profiling of over 100 seized cocaine samples [107].
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In addition to visual comparison, “pictograms” have been utilised in the comparison
of illicit cocaine profiles [106]. The peak heights of six compounds 20 -22 and
28 - 30 were measured from 71 profiles analysed by Method 3. At first, the peak

heights of the target compounds were measured and the ratio calculated by

equation 14.

X. =-13-‘-x10 (14)

' H
The highest peak (H) 1s given a reference value 10 and all other peaks (h) are

expressed as ratios of H and multiplied by 10. Pictograms appear to be a powerful

tool for sample comparison when the number of samples is limited.

Utilising previously described profiling methods, a positive correlation between
samples has been established and comparative cocaine analyses accepted
successfully by the court in a smuggling case in the USA [111]. At first, impurities
were detected as heptafluorobutyrate (HFB) derivatives by GC-ECD due to excellent
reproducibility of the comparison method (Method 4) [107]. More impurities and

also adulterants were detected with Method 3, e.g. two isomers of cinnamoylcocaine
and citric acid [102]. The third method was provided for the relative determination
for 10 of the 11 isomeric truxillines [111]. The chromatograms were compared

visually and identical profiles indicated that two samples came from the same source.

Recently, new cocaine profiling methodology has been introduced by the Drug
Enforcement Administration (DEA) in the USA [108]. Previously, six independent
profiling methods were used based on the determination of main alkaloids,
impurities, 10 isomers of truxilline alkaloids and residual solvent composition. In the
new methodology alumina column chromatography was used for isolation of
impurities from the cocaine matrix (Method 5) [108]. The residue from sample
preparation was eluted through the alumina column using four different eluent
systems. The collected fractions were further treated and derivatised with N-methyl-
N-(trimethylsilyltrifluoroacetamide (MSTFA). The sensitivity of the profiling
method was improved significantly by using GC-MSD in the selected ions
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monitoring (SIM) mode. The alkaloids found from the first extraction were not
structurally identified. The most important compound group identified from the
second fraction is 11 truxilline isomers. The third fraction indicated the most peak
rich chromatograms. More interesting alkaloids were identified from the fourth

fraction. To prove the suitability of the profiling method these four fractions were

collected from 51 cocaine samples.

2.8.5 Amphetamine-type stimulants

Amphetamine 33 and the amphetamine-type stimulants are, after cannabis, the
second most frequently used illicit drug in the European Union [112,57]. Compared
to the plant-based drugs, heroin and cocaine, clandestine synthetic drugs have rapidly
become a part of mass youth culture. Trafficking of amphetamine-type stimulants is
significantly intra-regional, i.e. drugs are often produced close to the consumer
markets [56,57]. Illicit laboratories have already been found in 10 Member States
[57]. Most amphetamine is produced in Belgium, the Netherlands and the United
Kingdom. The illicit amphetamine product 1s sold frequently as salt, namely sulphate

and hydrochloride, and diluted with different adulterants. The most common

adulterants are caffeine and different sugars. In the 1980’s, the majority of seized

clandestine laboratories in the USA were associated with the production of

methamphetamine 34 [113].

The European Union has become one of the most important production regions for
ecstasy, i.e. 3,4-methylenedioxymethamphetamine (MDMA 35). MDMA is the most
popular of the 3,4-methylenedioxyamphetamine (MDA 36) series and at present is
commonly found in street seizures. Young people discovered it in the early part of
the 1980's and it became a frequently used drug at clubs and rave parties. Ecstasy
became illegal in 1985 in the USA and few years later in the European countries. It
occurs in the illicit market usually as tablets. Recently, other “designer drug” analogs
of MDA, namely N-ethyl-(3,4-methylenedioxyamphetamine) 37 and N-hydroxy-
(3,4-methylenedioxyamphetamine) 38 have also been encountered in illicit ecstasy

samples. The structures of amphetamine-type stimulants are shown in Figure 10.
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: : . 3,4-Methylenedioxymeth-
d-Amphetamine 33 a /-Amphetamine 33 b Methamphetamine 34 amphetamine (MDMA) 35

T Y. SO SSP N
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Figure 10: Structural formulas of amphetamine-type stimulants.

The effects of amphetamine-type stimulants are similar to those of cocaine, but their
duration is longer. The effect in the central nervous system is similar to adrenaline by
causing auditory and visual hallucinations. Over time, because of tolerance which
develops to the stimulant effects, chronic users will increase their dose to achieve the
same effect. Different enantiomers of optically active amphetamine have very

different properties [114]. d-Amphetamine 33 a has a much higher affinity for target
sites in the central nervous system and produces significantly greater stimulant
effects than the corresponding /-enantiomer 33 b. All frequently used synthetic
procedures for the synthesis of amphetamine produce a racemic mixture, i.e.
equimolar amounts of d- and /-enantiomers. The stimulant activity of

methamphetamine is greater than the effect of amphetamine. Ecstasy may also be

hallucinogenic in large doses [113].

It is known that when analysing impurities originating from the synthetic process,
illegal synthetic drugs can be compared and characterised. The methods used for

methamphetamine comparison are summarised in Table 3, and discussed below.
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Table 3: Chemical profiling methods for methamphetamine.

| # | Sample preparation Analysis method and conditions Ref.

LLE: Method: GC-FID-NPD (1:2)
water/n-heptane Column: 11 mx 0.2 mm, d;0.25 um of 5% Ph Me silicone
(SE-54)
T-program: 110°C, 6°C/min to 212°C, 10°C/min to 272°C (10
min)
Injection:  250°C, split 1:40
Carrier gas: He
Flow rate: 40 cm/s
Method: GC-FID 43
Column: 15 mx0.53 mm, d¢ 1.5 pm of Me silicone (DB-1) |44
T-program: 100°C (1 min), 15°C/min to 200°C, 2°C/min to
208°C, 10°C/min to 300°C (18 min)
Injection:  270°C, splitless
Carrier gas: He
Flowrate: 59 cm/s* (7 ml/min)

2 | LLE:
phosphate buffer
(pH 7)/ethyl acetate

3 | LLE: Method: GC-FID 17
phosphate bufter Column: 25mx0.2 mm, d;0.33 pm of 5% Me silicone
(pH 10.5)/ethyl acetate (Ultra-2)
T-program: 50°C (1 min), 10°C/min to 300°C (4 min)
Injection:  250°C, splitless
Carrier gas: N,
Flow rate: 41 cm/s* (1.4 ml/min
4 | LLE: Method: GC-FID 1 48
phosphate buffer Column: 25 m x 0.2 mm, d; 0.33 um of 5% Ph Me silicone
(pH 6)/n-heptane (Ultra-2)

T-program: 50°C (1 min), 15°C/min to 200°C, 1°C/min to
205°C, 10°C/min to 300°C (3 min)

Injection:  250°C, splitless

Carrier gas: He

Flow rate: 32 cm/s* (1 ml/s

* Flow rate was transformed to correspond to cm/s by FlowCalc.

Firstly, methamphetamine hydrochloride was dissolved in water and extracted with
organic solvent (Method 1) [116]. Butfers are frequently used at pH 7. Capillary
columns and a combination of different detectors offer many advantages in the
profiling method. FID together with a nitrogen and phosphorus selective detector
(NPD) has a high stability and a large linear range [116]. Inter- and intra-laboratory
variations in methamphetamine batches were examined by comparing the
chromatograms visually. Variation between synthesised methamphetamine batches
(inter-variation) depends on how strongly the synthesis conditions influence the
chemical profile. The influence of reaction time and temperature, the amount of the
starting material and the effect of distillation and crystallisation in the impurity

profiles were determined. Significant differences between batches were obtained.
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Variation within the batches (intra-variation) can be caused by heterogeneity and

chemical instability of impurities.

Tanaka et al. [43] studied different extraction solvents and found ethyl acetate to
offer the best extraction efficiency (Method 2). Moreover, the stability of impurities
was acceptable during an eight-week period and similarity between chromatograms
indicates small intra-laboratory variation. More than 130 seized samples were
analysed and inter-variation was determined [43,44]. The similarity or dissimilarity
of each sample was evaluated by calculation of the Euclidean distances (equation 1).

Three individual cases were presented using the described method, and the link

between samples could be 1llustrated.

The United Nations International Drug Control Programme (UNDCP) has been
involved in the development of the standard methods for the profiling analysis of
methamphetamine (Method 3) [17]). The chemical impurity profiling method was

presented and the chromatograms compared visually.

In one experiment, similarities between batch origin have been proved on the basis of
three definitions - (i) determination of quotient values (q), (ii) the deviation of
matched peaks (r), and (ii1) the Euclidean distance (d) (Method 4). The target

compounds of two profiles were compared and quotient calculated using equation 8.

A mean area deviation (r) was calculated from the values of r; where x; and y; are
peak areas of the i pair of matched peaks from the sample profiles 1 and 2 (equation
15). The Euclidean distance was calculated using the equation 1. The following
criteria for the definitions were determined and used by Perkal et al.: g = 0.85,

r <0.06 and d = 0.05 [48]. If any two of the above criteria are satisfied, two samples

are likely to be from the same batch.

Zri ‘xi "yil
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In addition to GC, HPLC and capillary electrochromatography (CEC) have been
introduced as a methamphetamine profiling techniques [117]. CEC allows the use of
smaller particle sizes and longer columns than are possible in HPLC. This results in
increased resolution and much higher peak efficiency. The chromatograms were

compared visually, but a particular comparison study was not done.

Ecstasy
The chemical impurity profiling of ecstasy tablets is not as simple as comparison of

other synthetic drugs. One batch of ecstasy tablets 1s not as homogenous as one batch
of, for example, amphetamine. The concentration of active substance varies and
usually the concentration is only few tens of milligrams per tablet. Moreover, even if
the tablets have the same ballistic features, it cannot be assumed they are from the
same batch. It appears the development of chemical impurity profiling methods for

ecstasy will be one of the most interesting subjects for future investigations.

Germany has recently introduced a profiling project for ecstasy tablets [118]. The
Central Analysis Program Ecstasy (CAPE) project is based on the determination of

the external and internal parameters of tablets. In ballistic profiling, the external
parameters include the logos and diameters of tablets. The comparison based on the
internal parameters includes the identification of impurities and chemicals used in the

synthetic routes. However, analytical methods or individual impurities used in

chemical impurity profiling have not been presented until now.

Another ecstasy profiling project is running in Denmark [119,120]. During a two-
year period the physical description of ecstasy tablets has been collected into a
national database. The database contains information of several thousand ecstasy
tablets from around the country. The profiling of tables is based on only the ballistic
features. For example, the diameter, weight, logos and identity of active substances

have been collected and stored in a database.
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Different sample preparation methods in chemical drug profiling have been studied
by Rashed et al. [121]. Solid phase extraction (SPE) method using C18 columns was
compared to the ftraditional liquid-liquid extractions (LLE)- phosphate
buffer/isooctane and ethyl acetate. The comparison was based on three target
impurities. The extracts were analysed by GC-FID using 5% phenyl methyl silicone
capillary column. The results showed that the SPE method was more efficient than

LLE. However, due to limited number of target compounds chosen for the

experiment, the results might be unreliable.

Profiling based on the isotope ratios of ">C/**C and °N/"*N has been carried out [37].
The samples were analysed by GC-IRMS and classification carried out by

calculating "°C by equation 13 and correspondingly 5N values. Several samples
were classified into four groups<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>