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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 Δ9-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 fi rst 
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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Structure 1. Classical Compounds — Structures of THC, HU-210, anandamide, and oleamide.

INTRODUCTION

Natural and Endogenous Cannabinoids
 In 1964, the chemical structure of Δ9-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 identifi cation, most 
importantly nuclear magnetic resonance (NMR) spec-
troscopy. This structural determination was a signifi cant 
breakthrough, as the components of cannabis had been 
long studied, but until this point no defi nitive structure or 
full characterization of the major psychoactive component 
had been determined. With the characterization of THC, 

 Δ
9
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new insights began to develop in the study of what would 
be known as cannabinoids [7].
 During the next 24 years, more fi ndings 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 Pfi zer Inc. The study also 
included analysis of CP 55,940 (Structure 2), which was 
synthesized by Pfi zer and proved to exhibit cannabinoid 
receptor-binding activity [9]. Pfi zer also synthesized CP 
47,497 (Structure 2), another compound with signifi cant 
cannabinoid receptor binding [54]. This work sparked more 
interest in cannabinoid receptor research and in 1990, an 
article was released that identifi ed the structure and activ-
ity of the CB1 cannabinoid receptor [30]. Soon after the 
CB1 receptor discovery, in 1992 Devane et al. identifi ed 


