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ABSTRACT: Synthetic cannabinoid analogs have gained a great deal of attention from the forensic community
within the last four years. The compounds found to be of most interest to forensic practitioners include those of the
following series: JWH, CP, HU, AM, WIN, RCS, and most recently, XLR and UR. Structurally the HU compounds
are most similar in structure to A%-tetrahydrocannabinol (THC), the main psychoactive component of marijuana. The
novel compounds include cyclohexylphenols, naphthoylindoles, naphthylmethylindoles, naphthylmethylindenes,
benzoylindoles, naphthoylpyrroles, phenylacetylindoles, adamantoylindoles, and tetramethylcyclopropylindoles.
Many of these compounds are cannabinoid receptor agonists and were originally synthesized for medical research
purposes but have recently been appropriated into the illicit drug market. Their psychoactive effects, mimick-
ing those of marijuana, as well as their indeterminate legal status, have made them popular for recreational use.
Solutions of the compounds dissolved in organic solvents are sprayed onto botanical material and sold as “herbal
incense” products via the Internet, and in smoke shops, convenience stores, and gas stations around the world.
Many of the products are labeled “Not for human consumption” in an attempt to circumvent legislation that bans
the sale and manufacture of certain compounds and their analogs for human use. The compounds that were first
detected following forensic analysis of botanical materials included JWH-018, JWH-073, and CP 47,497 (C7 and
C8 homologs). However, in the four years since their appearance the number of compounds has grown, and addi-
tional diverse classes of compounds have been detected. Governments worldwide have taken action in an attempt
to control those compounds that have become widespread in their regions. This article discusses the history of
synthetic cannabinoids and how they have been detected in the illicit drug market. It also discusses the analytical
methods and techniques used by forensic scientists to analyze botanical products obtained via the Internet or from
law enforcement investigations and arrests.
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INTRODUCTION

Natural and Endogenous Cannabinoids

In 1964, the chemical structure of A%-tetrahydrocan-
nabinol (THC) (Structure 1), the main psychoactive
component of marijuana, was elucidated by researchers
Raphael Mechoulam (Daniel Sieff Research Institute)
and Yechiel Gaoni (Weizmann Institute of Science) in
Rehovoth, Israel [31]. The compound was extracted from
hashish provided by Israeli law enforcement and analyzed
using several means of molecular identification, most
importantly nuclear magnetic resonance (NMR) spec-
troscopy. This structural determination was a significant
breakthrough, as the components of cannabis had been
long studied, but until this point no definitive structure or
full characterization ofthe major psychoactive component
had been determined. With the characterization of THC,

A()-Tetrahydrocannabinol (THC) HU-210

new insights began to develop in the study of what would
be known as cannabinoids [7].

During the next 24 years, more findings related to can-
nabinoid compounds emerged. In 1988, a research group
published data describing a G protein-coupled receptor in
the brain that bound natural cannabinoids including THC
and cannabinol. These studies were performed in conjunc-
tion with a research group at Pfizer Inc. The study also
included analysis of CP 55,940 (Structure 2), which was
synthesized by Pfizer and proved to exhibit cannabinoid
receptor-binding activity [9]. Pfizer also synthesized CP
47,497 (Structure 2), another compound with significant
cannabinoid receptor binding [ 54]. This work sparked more
interest in cannabinoid receptor research and in 1990, an
article was released that identified the structure and activ-
ity of the CB cannabinoid receptor [30]. Soon after the
CB, receptor discovery, in 1992 Devane et al. identified

Oleamide

Anandamide

Structure 1. Classical Compounds — Structures of THC, HU-210, anandamide, and oleamide.

Forensic Science Review ¢ Volume Twenty-Five Number One/Two ¢ March 2013



43.

44,

45.

46.

47.

Shanks K, Dahn T, Behonick G, Terrell A: Analysis of first
and second generation legal highs for synthetic cannabi-
noids and synthetic stimulants by ultra-performance liquid
chromatography and time of flight mass spectrometry; J
Anal Toxicol 36:360; 2012.

South Australia Controlled Substances (Controlled Drugs,
Precursors and Plants) Regulations 2000 under the Con-
trolled Substances Act 1984; Version: 19.7.2012; http://
www.legislation.sa.gov.au/lz/c/r/controlled%20substanc-
es%20(controlled%20drugs%?20precursors%20and %20
plants)%20regulations%202000/current/2000.199.un.pdf
(accessed November 2012).

Uchiyama N, Kawamura M, Kikura-Hanajiri R, Goda
Y: Identification and quantitation of two cannabimimetic
phenacetylindoles JWH-251 and JWH-250, and four can-
nabimimetic naphthoylindoles JWH-081,JWH-015, JWH-
200, and JWH-073 as designer drugs in illegal products;
Forensic Toxicol 29:25; 2011.

Uchiyama N, Kawamura M, Kikura-Hanajiri R, Goda Y:
Identification of two new-type synthetic cannabinoids,
N-(1-adamantyl)-1-pentyl-1H-indole-3-carboxamide
(APICA) and N-(1-adamantyl)-1-pentyl-1H-indazole-
3-carboxamide (APINACA), and detection of five synthetic
cannabinoids, AM-1220, AM-2233, AM-1241, CB-13
(CRA-13), and AM-1248, as designer drugs in illegal
products; Forensic Toxicol 30:114; 2012.

Uchiyama N, Kikura-Hanajiri R, Kawahara N, Goda Y:
Identification of a cannabimimetic indole as a designer
drug in a herbal product; Forensic Toxicol 27:61; 2009.

45

48.

49.

50.

51.

52.

53.

54.

55.

Uchiyama N, Kikura-Hanajiri R, Kawahara N, Haishima
Y, GodaY: Identification of a cannabinoid analog as a new
type of designer drug in an herbal product; Chem Pharm
Bull 57:439; 20009.

Uchiyama N, Kikura-Hanajiri R, Ogata J, Goda Y: Chemi-
cal analysis of synthetic cannabinoids as designer drugs in
herbal products; Forensic Sci Int 198:31; 2010.

UNODC: Synthetic cannabinoidsinherbal products; http://www.
unodc.org/documents/scientific/Synthetic_Cannabinoids.
pdf (accessed April 2012).

U.S. Department of Justice, Drug Enforcement Administration,
Office of Diversion Control: Controlled Substance Schedules;
http://www.deadiversion.usdoj.gov/schedules/index.html
(accessed May 2012).

U.S. Department of Justice, Drug Enforcement Administration,
OfficeofDiversion Control: Drugsand Chemicalsof Concern HU-210;
http://www.deadiversion.usdoj.gov/drugs _concern/spice/
spice_hu210.htm (accessed May 2012).

U.S. Department of Justice, Drug Enforcement Administra-
tion, Office of Diversion Control: Title 21 United States Code
(USC) Controlled Substances Act Section 813. Treatment of
Controlled Substance Analogues; http://www.deadiversion.
usdoj.gov/21cfr/21usc/813.htm (accessed May 2012).
Weissman A, Milne G, Melvin L: Cannabimimetic activity
from CP-47,497, a derivative of 3-phenylcyclohexanol; J
Pharmacol Exp Ther 223:516; 1982.

Westphal F, Sonnichsen FD, Thiemt S: Identification
of 1-butyl-3-(1-(4-methyl)naphthoyl) indole in a herbal
mixture; Forensic Sci Int 215:8; 2012.

ABOUT THE AUTHORS

B. C. Presley; S. A. Jansen-
Varnum; B. K. Logan

Brandon C. Presley earned his bachelor’s degree in chemistry in 2010 from Temple University (Philadelphia, PA).
He is currently a Ph.D. candidate studying analytical chemistry at Temple University (Philadelphia, PA). Mr. Presley
is also employed as a forensic chemist at NMS Labs (Willow Grove, PA) performing analyses of drug evidence to

identify substances contained therein.

During his tenure as an undergraduate Mr. Presley conducted several research projects in analytical, organic,
and inorganic chemistry. These research projects included the analysis of prostaglandins and thromboxanes as
inflammatory biomarkers for rheumatoid arthritis; synthesis of heterocyclic indole derivatives for use as inhibitors
in disease modeling, and synthesis and characterization of transition metal complexes using benzenedithiol for
use in scintillators. In 2009, he joined Intertek Testing Services in Essington, PA, and began working as a chem-
ist performing analyses of various petrochemical products. He has worked in the clinical and forensic toxicology
laboratory at NMS Labs, performing analyses of biological specimens for pharmaceuticals and illicit substances; he
has also participated in a drug diversion study to determine the ease of tamperability and abuse of pharmaceutical

preparations by drug users.

Mr. Presley has given a number of research presentations on his findings at various locations including Drexel
University, the Eastern Analytical Symposium, American Chemical Society national meetings, and the Pennsylvania

Senate and House of Representatives.

Susan A. Jansen-Varnum received her bachelor’s and Ph.D. degrees from the University of Missouri — St. Louis (St.
Louis, MO). Upon graduating in 1985, she was awarded a postdoctoral fellowship at Cornell University working
with Nobel Prize-winning chemist Roald Hoffmann. She is currently a professor in the Department of Chemistry,

Temple University (Philadelphia, PA).

Presley, Jansen-Varnum & Logan ¢ Synthetic Cannabinoids — Analysis of Botanical Material



46

Dr. Jansen-Varnum's research during her fellowship entailed computational modeling applied to catalytic
surfaces. At Temple University, she has instructed many courses in general, analytical, physical, and inorganic
chemistry and has also served as Ph.D. advisor to a host of students. Dr. Jansen-Varnum has over 120 publications
in the scientific literature. Her research interests include the application of experimental and computational tools
to understand structure/activity relationships in complex materials and pharmaceuticals; analysis of inflammatory
biomarkers for determination of disease states related to hypertension and cardiovascular risk, and analysis of
various pharmaceutical preparations in biological specimens for determination of metabolism and use in disease
modeling. Experimental applications of Dr. Jansen-Varnum’s work includes analytical tools such as LC-MS, GC-
MS, and magnetic resonance techniques.

Since 1998 Dr. Jansen-Varnum has also served as science advisor for the Philadelphia branch of the Food
and Drug Administration. She has worked on a number of directed research projects concerning drug safety and
drug assays. Additionally, she has done consulting work for several organizations including the Eastern Division
of the NHRA, Orthovita Inc., Dentsply Caulk, and Integra LifeSciences.

Barry K. Logan earned his bachelor's degree (1982) in chemistry and Ph.D. (1986) degree in forensic toxicology
from the University of Glasgow (Glasgow, UK). Dr. Logan is currently director of forensic and toxicological
services for NMS Labs (Willow Grove, PA), a leading US provider of esoteric toxicological testing services,
specializing in new drug detection and forensic analysis for criminal justice and death-investigation agencies.

Dr. Logan has over 80 publications in toxicology and analytical chemistry, including treatises on the effects
of methamphetamine, cocaine, marijuana, alcohol, hallucinogens, and depressant drugs on drivers; postmortem
redistribution of drugs, and synthetic drug analysis. Since 2010, Dr. Logan has served as executive director at
the Center for Forensic Science Research and Education at the Fredric Rieders Family Renaissance Foundation
in suburban Philadelphia. The Center supports educational programs in the forensic sciences for high school and
graduate students, and continuing professional education for forensic science professionals.

Dr. Logan is board certified by the American Board of Forensic Toxicologists (ABFT). In recognition of his
work and contributions, Dr. Logan has received the American Academy of Forensic Sciences (AAFS) Rolla N.
Harger Award and the National Safety Council’s Robert F. Borkenstein Award. He currently serves as president-
elect of the AAFS.

Forensic Science Review ¢ Volume Twenty-Five Number One/Two ¢ March 2013




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




