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Abstract

This study focuses on the chemical route sourcing of illicitly produced Δ9-Tetrahydrocannabinol (Δ9-THC)

via the acid-catalyzed cannabidiol isomerization reaction. Each of the acid-catalyzed reactions used acids

that are readily available for the general population such as battery acid, muriatic acid, and vinegar. After

the acid-catalyzed isomerization was complete, an analysis using Liquid Chromatography-coupled-Mass

Spectrometry (LC–MS)-coupled-ion mobility to confirm all synthetic impurities in the sample was

conducted. The conducted chemical route sourcing allows law enforcement to be able to determine how

CBD was converted to psychoactive cannabinoids. Specifically, 10-methoxy-THC, 11-hydroxy-THC, 11,5″-

dihydroxy-Δ9-THC, and 5″-hydroxy-CBD were able to be used as indicators in the determination of the

chemical route sourcing. Additionally, the ion mobility allowed for a rapid secondary separation of the

psychoactive cannabinoids without the need for the long LC/MS analysis time.
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Introduction

Marijuana legalization has created many judicial issues, raising concerns of safety for civilians as many

companies are now extracting and selling Δ9-Tetrahydrocannabinol (Δ9-THC) as an illegal concentrate.

Furthermore, daily cannabinoid users have increased from 9.8% of the population of the United States in

2007 to 13.39% in 2014, and now to 15.3% in 2017, according to the National Survey on Drug Use and Health

[1,2]. These users do not only smoke the leaf anymore, as more than 18% of cannabis users are now inserting

these concentrated Δ9-THC products into their electronic cigarettes and smoking the hash oil or wax [3,4].

These oil extracts can be more than 80% Δ9-THC; however other cannabinoids, such as

hexahydrocannabinols (HHCs), which have similar psychoactive properties, are being delivered in the

remaining 20% of the sample [5,6]. One study has found that out of 84 Cannabidiol (CBD) products, only 26

accurately labeled all of the cannabinoids in their product as other impurities existed [7]. As marijuana

becomes legalized in more states, proper identification of all the cannabinoids in the sample is required to

determine how the companies are extracting or converting the Δ9-THC, as impurities can be present in the

samples after extraction or conversion [8,9].

Converting CBD to Δ9-THC has been studied since the 1940’s when Adams et al. determined that acid would

catalyze the reaction of converting CBD to other psychoactive cannabinoids [10,11]. However, no structures

of the psychoactive cannabinoids were able to be determined until 1965 when Gaoni and Mechoulam were

able to identify that using hydrochloric acid or p-toluenesulfonic acid in methanol results in

tetrahydrocannabinols being formed [12]. Gradually, more studies were completed on the degradation

pathway of CBD and its subsequent cannabinoids. It is well known that CBD will convert to other known

cannabinoids such as Δ8-Tetrahydrocannabinol (Δ8-THC), Δ9-THC, and Cannabinol (CBN) when adding acid

to the CBD [13]. This conversion of CBD to Δ9-THC using hydrochloric acid prompted a large field of research

to determine if CBD could be converted to Δ9-THC during the digestion process due to a large amount of

hydrochloric acid in the stomach [[14], [15], [16], [17], [18], [19]]. Other research groups have found that Δ9-

THC does get formed in the stomach as well as other cannabinoid metabolites such as 6β-hydroxymethyl-

Δ9-tetrahydrocannabinol, which forms via an epoxide reaction [20]. This metabolite, 6β-hydroxymethyl-Δ9-

tetrahydrocannabinol, has similar psychoactive properties as Δ9-THC. Although some researchers still argue
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the absence of CBD to Δ9-THC conversion in the human body, Δ9-THC metabolites have been detected up to

3 h later when Δ9-THC is dosed orally [[21], [22], [23]]. Regardless of the conversion in the human body,

numerous metabolites other than Δ9-THC are found during this isomerization. Subsequent methods for the

isomerization of CBD to Δ8-THC and Δ9-THC consisted of using sulfuric acid, BF Et O, or boron fluoride in

methanol [24,25]. The methods that have been found so far use chemicals that anyone can buy at low

concentrations, which leads researchers to believe that these illicit drug dealers can start producing their

own Δ9-THC since CBD is now legal [6]. However, each reaction has different yields of products, ranging

from 40% to 80% isomerization of CBD to Δ9-THC. The remaining products are route-specific and can be

monitored to determine the synthetic route that was used.

Currently, researchers have used analytical techniques that require long analysis times such as Liquid

Chromatography coupled-Mass Spectrometry (LC–MS) and Gas Chromatography-coupled-Mass

Spectrometry (GC–MS) to analyze and confirm the presence of both known and unknown cannabinoids that

either are either synthetic or natural [[26], [27], [28], [29]]. However, researchers were able to find that

compounds such as cannabicyclohexanol, JWH-018, hexahydroxycannabinoids (HHCs), etc., which do have

similar psychoactive properties as Δ9-THC, will form under experimental conditions with the proper

chemical pathway [30,31]. Additionally, some of these studies were limited due to the use of Single Ion

Monitoring (SIM) [32], which prevents other impurities from being seen during the analysis. Little research

has been conducted to determine the presence of impurities throughout these reactions. Currently, when

performing illicit drug chemical profiling and source investigation procedures to confirm the presence of

illicit drugs, the analysis must show chemical identifiers, such as the drug itself, reagents of the synthetic

route, or the impurities known for the reaction. [33,34]. For many years, impurities have been used to

confirm the detection of a drug, such as methamphetamine, as well as to distinguish between the different

synthesis routes, such as the Leuckart route and reductive amination route, based on the reagents used and

impurities present [[35], [36], [37], [38], [39]]. This helps local law enforcement in finding the source of the

chemicals. Unfortunately, studies of the impurities in the isomerization of CBD to Δ9-THC are largely

underdeveloped for illicit drug reactions because there are so many different commercially available acids

to the public.

This study monitors the different route-specific impurities that are generated in the isomerization reaction

of CBD to subsequent psychoactive cannabinoids, such as Δ9-THC, using chemicals that can be purchased by

the general population such as ethanol, battery acid (37% sulfuric acid), muriatic acid (30% hydrochloric

acid), and vinegar (5.4% acetic acid) (Fig. 1). After the synthesis, the analysis was conducted using LC–MS-

coupled-ion mobility to confirm and identify all synthetic impurities in the sample, which can be used for

synthetic route sourcing. The ion mobility allowed for a second degree of separation to confirm the

presence of unknowns in the samples based on their collisional cross-section. This technique was rapid,

requiring only 2 min to analyze all of the psychoactive cannabinoids and allowed for the determination of

cannabinoids with more than 1 Å  difference. Among the three different routes, the battery acid method,

the muriatic acid method, and the vinegar method produced 9, 12, and 7 different cannabinoids,

respectively. Each of these methods allowed for sourcing of the synthetic route to be accomplished.
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Reference cannabinoids

A reference solution comprised of 7 cannabinoids at 1 mg/mL concentration in acetonitrile were purchased

that included: Cannabidiolic Acid (CBDA), Cannaibgerol (CBG), Cannabinol (CBN), Δ8-THC, Δ9-THC, CBD,

Cannabichromene (CBC), and Tetrahydrocannabinolic Acid (THCA) (Absolute Standards Inc., Hamden, CT,

USA). These reference standards were further diluted from 1 mg/mL to 10 μg/mL concentration for

analysis.…

Battery acid

1 g of CBD (LaCore Enterprises, Melissa, TX, USA) was added to 35 mL of 95% v/v ethanol…

Reference cannabinoids

Reference cannabinoids were analyzed using the LC–MS method above. Peak times of the following

standards CBDA, CBG, CBD, CBN, Δ9-THC, Δ8-THC, CBC, THCA, and using this LC–MS were 2.595, 2.79, 2.80,

3.636, 4.11, 4.20, 4.80, and 4.814 min, respectively (Fig. 2A). The ion mobility of the reference standards

resulted in m/z 311 with a drift time of 56 bins for CBN (Fig. 2B), m/z 315 with a drift time of 27 bins, 48 bins,

and 69 bins indicating three compounds with different collisional…

Discussion

The LC/MS analysis was able to separate all of the psychoactive cannabinoids, but required 11 min to

complete the analysis, while the ion mobility separation using the traveling wave was able to separate the

psychoactive cannabinoids that had a collisional cross-section greater than 1 Å  in less than 2 min, which

agrees with current ion mobility techniques to separate Δ9-THC and CBD [43]. Due to the small collisional

cross-section differences among the Δ7-THC, Δ8-THC, Δ9-THC, and Δ11-THC…

Conclusion

The battery acid method was the only method to produce 10-methoxy-THC, which eluted off at 3.56 min.

The battery acid method also produced a large peak at 5.39 min, while the other methods did not result in

this cannabinoid being synthesized.

The muriatic acid method produced the greatest number of impurities in the sample. Specifically, this

method produced both 11-hydroxy-THC and 11,5″-dihydroxy-Δ9-THC, which were not found in the other

methods. This is interesting because this is the…

Funding

This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-

profit sectors.…

2



12/20/23, 2:44 PM Synthetic route sourcing of illicit at home cannabidiol (CBD) isomerization to psychoactive cannabinoids using ion mobility-couple…

https://www.sciencedirect.com/science/article/abs/pii/S0379073820300359 5/7

Author contributions

The manuscript was written through contributions of all authors.…

CRediT authorship contribution statement

Thomas D. Kiselak: Data curation, Formal analysis, Methodology, Writing - original draft, Writing - review

& editing. Rachel Koerber: Data curation, Methodology, Writing - review & editing. Guido F. Verbeck:

Conceptualization, Methodology, Visualization, Supervision, Writing - review & editing.…

Acknowledgements

The authors would like to thank Terry LaCore of LaCore Enterprises for the provided Cannabidiol standard.

Additionally, the authors would like to thank Tamara Keller and Waters Corporation for their aid and

guidance.…

Recommended articles

References (44)

H. Carliner et al.

The widening gender gap in marijuana use prevalence in the US during a period of economic

change, 2002–2014

Drug Alcohol Depend. (2017)

Y. Gaoni et al.

Hashish—VII: the isomerization of cannabidiol to tetrahydrocannabinols

Tetrahedron (1966)

T. Hložek et al.

Pharmacokinetic and behavioural profile of THC, CBD, and THC+ CBD combination after

pulmonary, oral, and subcutaneous administration in rats and confirmation of conversion in

vivo of CBD to THC

Eur. Neuropsychopharmacol. (2017)

F. Palazzoli et al.

Development of a simple and sensitive liquid chromatography triple quadrupole mass

spectrometry (LC–MS/MS) method for the determination of cannabidiol (CBD), Δ9-

tetrahydrocannabinol (THC) and its metabolites in rat whole blood after oral administration of a

single high dose of CBD

J. Pharm. Biomed. Anal. (2018)

E.B. Russo

https://www.sciencedirect.com/science/article/pii/S0376871616309942
https://www.sciencedirect.com/science/article/pii/S0040402001994463
https://www.sciencedirect.com/science/article/pii/S0924977X17309835
https://www.sciencedirect.com/science/article/pii/S073170851731926X


12/20/23, 2:44 PM Synthetic route sourcing of illicit at home cannabidiol (CBD) isomerization to psychoactive cannabinoids using ion mobility-couple…

https://www.sciencedirect.com/science/article/abs/pii/S0379073820300359 6/7

Cannabidiol claims and misconceptions

Trends Pharmacol. Sci. (2017)

R. Mechoulam et al.

Cannabidiol: an overview of some chemical and pharmacological aspects. Part I: chemical

aspects

Chem. Phys. Lipids (2002)

B. De Backer et al.

Innovative development and validation of an HPLC/DAD method for the qualitative and

quantitative determination of major cannabinoids in cannabis plant material

J. Chromatogr. B (2009)

N. Uchiyama et al.

Chemical analysis of synthetic cannabinoids as designer drugs in herbal products

Forensic Sci. Int. (2010)

A. de Castro et al.

Quantification of selected synthetic cannabinoids and Δ9-tetrahydrocannabinol in oral fluid by

liquid chromatography–tandem mass spectrometry

J. Chromatogr. A (2013)

M.A. ElSohly et al.

Chemical constituents of marijuana: the complex mixture of natural cannabinoids

Life Sci. (2005)

View more references

Cited by (21)

Stability of cannabidiol (CBD) in solvents and formulations: A GC–MS approach

2022, Results in Chemistry

Citation Excerpt :

…As concerning the thermal and acidic conversion of CBD, several data are available in literature. In most cases, the

compound reacted in acidic conditions [15] (including in artificial gastric juice) [16] and/or at high temperature [17] to

form different THC regioisomers and isoTHC. The kinetic parameters for the degradation of different cannabinoids were

examined in dried cannabis resins at different pH values, and the activation energy for the first order degradation of CBD

in aqueous solution at pH = 2 was measured in 131.21 kJ mol−1 [18].…

Show abstract

Recent applications of ion mobility spectrometry in natural product research

2021, Journal of Pharmaceutical and Biomedical Analysis

https://www.sciencedirect.com/science/article/pii/S0165614716301869
https://www.sciencedirect.com/science/article/pii/S0009308402001445
https://www.sciencedirect.com/science/article/pii/S1570023209007545
https://www.sciencedirect.com/science/article/pii/S0379073810000101
https://www.sciencedirect.com/science/article/pii/S0021967313006328
https://www.sciencedirect.com/science/article/pii/S002432050500891X
https://www.sciencedirect.com/science/article/pii/S2211715622001849
https://www.sciencedirect.com/science/article/pii/S0731708520317337


12/20/23, 2:44 PM Synthetic route sourcing of illicit at home cannabidiol (CBD) isomerization to psychoactive cannabinoids using ion mobility-couple…

https://www.sciencedirect.com/science/article/abs/pii/S0379073820300359 7/7

Citation Excerpt :

…HS-MCC-GC-IMS has similarly found application in the analysis of VOCs in goat cheese [182]. A number of recent

papers dealt with cannabis analysis by IMS [42,236–239], where a particular focus has been on the use of IMS as a fast

screening method for tetrahydrocannabinol (THC) and cannabidiol (CBD) [236,237]. Terpenoids are another important

class of plant natural products which have benefited from the application of IMS, for example the analysis of lanostane-

type triterpene acids by UHPLC-IMS-MSE using an in-house constructed MS and IMS database [240], and the analysis of

terpenes in essential oils using HS-GC-IMS [232].…

Show abstract

Comprehensive analytical testing of cannabis and hemp

2020, Comprehensive Analytical Chemistry

Show abstract

Unintentional ingestion of putative delta-8 tetrahydrocannabinol by two youth requiring critical

care: a case report

2023, Journal of Cannabis Research

Comprehensive Compositional Analysis after Conversion of Cbd to Δ8-Thc as a Controversial

Ingredient for Cannabinoid-Infused Edibles

2023, SSRN

Argentination: A Silver Bullet for Cannabinoid Separation by Differential Mobility Spectrometry

2023, Analytical Chemistry

View all citing articles on Scopus

View full text

© 2020 Published by Elsevier B.V.

All content on this site: Copyright © 2023 Elsevier B.V., its licensors, and contributors. All rights are reserved, including those for text and data mining, AI training, and similar

technologies. For all open access content, the Creative Commons licensing terms apply.

https://www.sciencedirect.com/science/article/pii/S0166526X20300404
https://doi.org/10.1186/s42238-023-00176-x
https://doi.org/10.2139/ssrn.4484192
https://doi.org/10.1021/acs.analchem.3c01241
http://www.scopus.com/scopus/inward/citedby.url?partnerID=10&rel=3.0.0&eid=2-s2.0-85078799346&md5=8abdafb2e899c76d276684d5a7dd6144
https://www.sciencedirect.com/science/article/pii/S0379073820300359
https://www.elsevier.com/
https://www.relx.com/

