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Abstract: The history of cannabis research spans centuries, with a focus on isolating and understanding its active 
compounds. Although plants like opium and coca yielded active alkaloids relatively early, cannabis posed 
unique challenges due to its active substances existing in oily mixtures that were difficult to isolate. Early studies 
in the 19th century, such as Ferdinand Tscheppe’s 1821 research, debunked claims of opioid-like substances in 
hemp, setting the stage for further exploration. In the late 19th and early 20th centuries, key figures like Sir 
William Brooke O’Shaughnessy and Robert Sidney Cahn made significant contributions to the understanding 
of cannabis’s chemical components, though major breakthroughs were delayed due to technical limitations. In 
the 1940s, Ghosh and Adams independently elucidated the structure of cannabinol, marking the first 
cannabinoid identified from cannabis. Subsequent work, including Šantavý’s 1964 and Mechoulam and Gaoni’s 
1964 identification of ∆9-THC, confirmed the psychoactive compound’s structure and absolute configuration. 
This article traces these incremental advancements, highlighting the critical role of each researcher’s 
contributions in piecing together the puzzle of cannabinoid chemistry, underscoring that scientific progress 
thrives on collaboration and shared knowledge. 
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1. Introduction 

People have been interested in plants since ancient times [1]. However, it was not until the early 
19th century that the study of plants began to intensify, particularly the effort to clarify their active 
compounds. Although research started around the same time, progress was not the same for all these 
significant plants. While research into opium, the dried sap obtained from the unripe seed pods of 
the opium poppy (Papaver somniferum), and into coca leaves (Erythroxylum coca) progressed 
quickly, leading to the isolation of active natural substances, the isolation and identification of the 
active compound in hemp (Cannabis sativa) was unsuccessful. All three of these plants began to be 
studied roughly simultaneously. 

Morphine was first isolated from opium in an impure form 220 years ago by German pharmacist 
and a pioneer of alkaloid chemistry Friedrich Wilhelm Sertürner (1805), in its pure form 208 years 
ago [2,3], its structure was determined 203 years ago by John Masson Gulland and Robert Robinson 
[4,5], and it was synthesized by Marshall Gates and Gilg Tschudi [6,7]. Cocaine was isolated from 
coca leaves 170 years ago by Friedrich Gaedcke under the name erythroxyline [8], Albert Niemann 
165 years ago developed an improved purification process [9–11], and its structure was determined 
and was synthesized 127 years ago by Richard Willstätter [12,13]. However, the chemistry of cannabis 
was still unsuccessful, as the active compound was not isolated in pure form and its structure was 
unknown. I believe the explanation is straightforward. Opium and coca contain alkaloids that can 
easily be separated and crystallized as salts. This made it easy to isolate them, and the same was true 
for other plants where crystalline substances could be isolated. However, in many other plants—
cannabis being one of the best examples—the active ingredients were found as part of mixtures. The 
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methods available at the time were not sufficient for chemists to isolate these substances. The problem 
was that these substances did not crystallize; in their pure form, they were oily, and the same was 
true for their mixtures. At the time, isolating a pure oily substance from an oily mixture was nearly 
impossible. So, what was the case with cannabis? The following lines will shed light on this problem 
and its history. 

Cannabis is an ancient, cultivated crop. It has been used as a valuable domestic and industrial 
plant, a recreational drug, and medicine since ancient times [14,15]. While morphine and cocaine 
were discovered relatively quickly and soon used in medicine, the case with cannabis was entirely 
different. The identification of its active substance took a long time, and its use in medicine is still 
progressing slowly and facing challenges today, even though in the past it was used for medical 
treatment without any issues. 

2. Part I: first steps to chemical research 

The oldest scientific work dealing with chemical research on cannabis is probably a publication 
from 1821 (see Figure 1), i.e., 204 years old [16]. Medical student Ferdinand Tscheppe, in his 
dissertation, chemically examined the leaves of the local Cannabis sativa. As the subject of his 
dissertation, he chose to analyze hemp leaves to investigate whether any of the active ingredients of 
opium or similar substances could be found in them. The main and most significant result of 
Tscheppe’s work was the finding that European hemp (Cannabis sativa) does not contain morphine 
or other opioid-like significantly narcotic substances, as previously claimed. Among other things, he 
found out that there is no morphine in the hemp leaves. Tscheppe also suggested that the differences 
in effects between European and Indian hemp (Cannabis indica) might be due to climatic and soil 
conditions. 

 
Figure 1. Dissertation of Ferdinand Tscheppe. 

The first European to investigate the action of Indian hemp with any degree of scientific accuracy 
was Irish physician Sir William Brooke O’Shaughnessy [17]. 

Schlesinger [18] studied pollen qualitatively and quantitatively and was apparently the first 
investigator to obtain active extracts from the leaves and flowers of hemp. 

Another attempt at cannabis analysis dates to the 1840s when Bohlig [19] thoroughly chemically 
studied various parts of hemp and stinging nettle and prepared essential oil from them. 

Smith and Smith [20] prepared from gunjah (cannabis) after purification alcoholic extract which 
gave after evaporation powerful and completely intoxicating resin. 

DeCourtive, a student of the French psychiatrist Jacques Joseph Moreau [21], wrote the first 
known thesis on hashish. Moreau is known for conducting the first psychopharmacological study of 
hashish. In his research, DeCourtive [22–24] conducted chemical research on hashish and its effects 
on animals and humans. He also prepared for Moreau, who conducted observations on himself, 
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extracts, and following his example, also prepared these extracts himself and described his 
experiences and observations. Then he tested these hashish extracts on animals and his friends. It was 
for the time excellent scientific work. 

3. Part II: start to understand chemistry 

Bolas and Francis [25] heated the resinous extract of Indian hemp with nitric acid. They called 
the resulting substance of this drastic method oxy-cannabin (molecular formula C5H6O2) and stated 
that this compound was probably formed by the oxidation of some substance in the extract. 

In 1896, Wood [26] isolated a compound with the formula C18H24O2 from charas, the exuded 
resin of Indian hemp. They named the compound cannabinol, as it was undoubtedly a hydroxyl 
derivative. This compound was extremely stable, but its formula was not yet correct. 

C. R. Marshall [27,28]—assistant to the Downing professor of medicine, Cambridge—tested 
different concentrations and isolates from charas on laboratory animals (cats, dogs, and rabbits) and 
more than thirty times on himself. In the journal The Lancet, he described his personal experience with 
the substances isolated by Wood, Spivey, and Easterfield (Figure 2): “February 19th, 1898, I took from 
0.1 to 0.15 gramme (from 1½ to 2 grains) of the pure substance ... The substance very gradually 
dissolved in my mouth ... I had the most irresistible desire to laugh ... I sat upon the stool and laughed 
incessantly for several minutes. ... When reclining in a chair I was happy beyond description, and 
afterward I was told that I constantly exclaimed, “ This is lovely!” But I do not remember having any 
hallucinations: the happiness seemed rather to result from an absence of all external irritation. ... The 
most peculiar effect was a complete loss of time relation: time seemed to have no existence: I appeared 
to be living in a present without a future or a past. ... a complete loss of memory for recent events.” 

Dunstan and Henry [29] reported the isolation of a crystalline cannabinol acetate, but they gave 
no experimental details. 

4. Part III: finally real chemistry 

In 1899, Wood et al. [30] determined that the compound known as cannabinol has the molecular 
formula C21H26O2. They also confirmed that this compound contains a hydroxyl group and a benzene 
nucleus, with two side chains in the meta-position relative to each other, one of which is a methyl 
group (1). Additionally, the compound is optically inactive. 

CH3

?

OH

1  
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Figure 2. Thomas Barlow Wood  (January 21, 1869—November 6, 1929); Thomas Hill Easterfield (4 March 
1866—1 March 1949). 

This research ultimately led to a major disaster in the laboratory [31]: “On October 9th, 1901, a 
serious accident occurred in the University Chemical Laboratory, Cambridge, which a fortnight later 
led to the death of Mr. William Thomas Newton Spivey... It was while he was preparing material for 
the synthesis of cannabinolactone, a derivative of cannabinol, the narcotic principle of Indian hemp, 
that he met with the sad accident that ultimately caused his death. A flask containing a considerable 
quantity of carbon disulphide, which he had been using as a diluent in Etard’s reaction for preparing 
aromatic aldehydes, accidentally broke in his hand after the reaction had been completed. Some of 
the disulphide saturated his clothes, the rest vaporized, and the explosive mixture of vapor and air 
ignited. The explosion caused several wounds, but the most serious injuries were the burns due to 
the ignition of the disulphide with which his clothes were saturated. All appeared to be going well 
with him for a week after the accident, when pneumonia, which so frequently follows severe burns, 
supervened and caused his death after a second week’s painful illness.” Thomas Barlow Wood was 
seriously poisoned when he voluntarily tested the effects of “red oil” on himself [32]. It was also 
reported that T. H. Easterfield died during this research because of an explosion during the hydro-
genation of “red oil”. As it later turned out, this report was not based on truth. In 1899 Easterfield 
was appointed professor at the Victoria University of Wellington, New Zealand. Sir Easterfield died 
in Nelson, New Zealand on March 1st, 1949. 

Robert Sidney Cahn [33–36] was a distinguished British chemist who made significant contribu-
tions to the study of cannabis compounds (Figure 3). In a series of four research papers, he explored 
the chemical structure of cannabinol. In the fourth paper, he tentatively proposed a structural formula 
for the compound, successfully determining the basic skeleton of cannabinoids. Cahn’s proposed 
structure (2) left the positions of the hydroxyl group and the n-pentyl group uncertain, yet his work 
represented a critical milestone in the identification of cannabinoid structures. As noted at the end of 
the publication, experiments conducted by Dr. H. R. Ing at University College, London, and Dr. H. 
Marx at the Medizinische Klinik, Heidelberg, revealed that cannabinol is not the pharmacologically 
active component of Cannabis resin. 

O

OH

C5H11 (n)

2  
 

 

Figure 3. Robert Sidney Cahn (9 June 1899—15 June 1981). 

After solving the main problem—the structure of the basic skeleton and almost the entire mole-
cule of cannabinol—Cahn surprisingly did not pursue this issue further. It then took a full seven lean 
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years before progress gained full momentum, and the correct structure of cannabinol was finally re-
solved—the first correct structure of any cannabinoid ever, even though it was later revealed to be 
an artifact formed from tetrahydrocannabinol [37,38]. 

5. Part IV: golden age of identifications 

Jacob and Todd (Figure 4) successfully isolated cannabidiol and cannabinol from Egyptian hash-
ish in approximately equal amounts [39]. Their study highlighted significant differences in the com-
position of cannabis resin depending on the plant’s geographical origin. Cannabidiol was identified 
as an unsaturated derivative with two double bonds, while the structure of cannabinol required fur-
ther investigation. Spectral analysis and chemical reactions confirmed that the double bonds in can-
nabidiol are not conjugated with the aromatic nucleus. Four potential structures for cannabinol were 
proposed, labeled as (3), (4), (5), and (6), with structures (3) and (5) deemed the most probable. A later 
communication from Professor Adams suggested that cannabidiol is a resorcinol derivative. If this is 
accurate, structure (5) for cannabinol is more likely than (3), as it better aligns with its reducing prop-
erties. 

O

OH

C5H11

O

OH

C5H11

O

OH

O

OH

C5H11

C5H11

3 4

5 6  
In 1940 Ghosh [40] elucidated a structure of cannabinol (7), the first known cannabinoid from 

the hemp plant (Cannabis sativa L.). Simultaneously, in the same year, an American organic chemist 
Adams (Figure 4), and his colleagues [41] also resolved this structure independently. There is no need 
to ponder who was first. History shows us that many discoveries occurred independently and sim-
ultaneously in different laboratories. We will see this later with other cannabinoids as well. 

O

OH

C5H11 (n)

7  
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Figure 4. Alexander Robertus Todd (October 2, 1907—January 10, 1997); Roger Adams (January 2, 1889—July 6, 
1971). 

Next Adams’s publication [42] focuses on the structure of cannabidiol (CBD), isolated from the 
“red oil” extract of Minnesota wild hemp (Cannabis sativa). It represents an early and significant step 
in understanding CBD’s chemistry. This compound does not exhibit the psychoactive properties typ-
ical of Cannabis sativa extracts, distinguishing it from tetrahydrocannabinol. The exact positions of 
double bonds in CBD’s left-hand ring remain unresolved. The publication presents a tentative struc-
ture for cannabidiol (CBD), referred to as Structure (8). 

HO

8

C5H11 (n)

OH

 

In their later publication [43] authors discuss the structure of cannabidiol (CBD) and analyze the 
position of alicyclic double bonds in the molecule. The structures 9–12 mentioned in the publication 
represent possible configurations of the left-hand rings in the cannabidiol molecule. These structures 
aim to delineate the arrangement of double bonds and other functional groups in the molecule’s ali-
cyclic and aromatic regions. The publication concludes that structure 9 is the most probable configu-
ration of cannabidiol (in fact the correct structure is 12). Unfortunately, Adams was unable to deter-
mine with certainty the correct structure of cannabidiol, nor was he ever able to do so later. 
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HO C5H11
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HO C5H11

OH

HO C5H11

OH

HO C5H11

OH

9 10

11 12  

The primary goal of Adam’s group was to convert cannabidiol (CBD), isolated from Cannabis 

sativa extracts, into tetrahydrocannabinol (THC) and study the resulting compound’s structure, prop-
erties, and physiological activity [44,45]. The dehydrogenation of THC yielded cannabinol, a com-
pound that had already been confirmed through synthesis. This step solidified the identification of 
THC’s structure (13) as a precursor to cannabinol. The structure of tetrahydrocannabinol was essen-
tially almost solved. There was only one problem left—where exactly in the terpene cycle is the dou-
ble bond located? The absolute configuration of tetrahydrocannabinol was not yet considered at that 
time. 

O

OH

C5H11 (n)

13  
Adams worked intensively in cannabis research. In 1940, he published 22 scientific papers, 15 of 

which were dedicated to cannabinoids. Interestingly, he never attempted to isolate tetrahydrocanna-
binol (THC) from cannabis. The reason for this remains unclear, but it is possible that he lacked access 
to marijuana or hashish with high THC content. Nevertheless, he worked extensively on the topic of 
tetrahydrocannabinols. Two of his works stand out. In one of them [46], he identifies compounds 14 
and 15 as tetrahydrocannabinols, attributing the highest likelihood of natural THC to the latter. In 
another publication [47], he describes additional tetrahydrocannabinols, specifically compounds 16 
and 17. It is particularly intriguing that he never considered tetrahydrocannabinol with the double 
bond in the correct position of the natural compound, specifically Δ9-THC. 
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O

OH

C5H11 (n)

O

OH

C5H11 (n) O

OH

C5H11 (n)

O

OH

C5H11 (n)

16 17

14 15

 
Ghosh [48] obtained compound 15 as an intermediate in the cannabinol synthesis and mentioned 

that this compound is probably a tetrahydrocannabinol. 
Adams [49] conducted a series of experiments with tetrahydrocannabinol 15, modifying its pen-

tyl side chain to longer chains and subjecting these compounds to pharmacological tests on dogs to 
observe their ataxia (see Figure 5). He found that 1′,2′-dimethylheptyl-tetrahydrocannabinol was 512 
times more potent in this test than tetrahydrocannabinol 15. 

O

OH

O

OH

O

OH

1',1'-dimetylheptyl 

21.8

1',2'-dimetylheptyl

512

1'-metyloctyl
32.6

O

OH

pentyl
1.00

(standard)

 
Figure 5. Side chain derivatives of tetrahydrocannabinol. 

Ten years after the correct structure of cannabinol discovery, Krejčí [50–53] was the first to 
demonstrate and describe the prominent antibacterial effect of cannabis upon gram-positive 
microorganisms including several pathogenic microbes. Krejčí and Šantavý [54] isolated the main 
substance responsible for the antibacterial effect and named it cannabidiolic acid 18. This was the first 
real cannabinoid compound ever discovered. From that year until 1990, the Faculty Hospital in 
Olomouc, Czechoslovakia was the only medical facility in the world where patients were treated with 
cannabis. At that time, the structure of the compound C22H30O3 was only tentative (see Figure 6). 
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HO

R1

R2

OH
R1 = CH3

R2 = C4H10COOH

or

R1 = COOH

R2 = C5H11  (n)

or

R1 = CH3

R2 = C5H11  (n)

    -COOH

C21H30O4                      C21H28O4                     C22H30O4  
Figure 6. The authors’ approach to cannabidiolic acid identification. 

Later, it was determined exactly where the carboxyl group is in the molecule [53]. However, the 
position of the double bond remained incorrect within the molecule (see Figure 7). 

 
Figure 7. The structure with the correct position of the carboxyl group. 

 
Figure 8. Zdeněk Krejčí (March 25, 1923—March 31, 1992). 

In 1963, the “ice finally broke.” Mechoulam and Shvo [55] published the correct structure of 
cannabidiol, but with the incorrect absolute configuration (see Figure 9). In the “Note added in 
proof,” Mechoulam writes: “Prof. F. Šantavý of Palacký University, Olomouc, Czechoslovakia has 
kindly informed us that, mainly based on optical rotation data, he has reached the same conclusion 
as reported in this paper regarding the structure of cannabidiol and that his manuscript is in prepa-
ration.” 

OH

HO
α ω 

Figure 9. The absolute configuration of cannabidiol as proposed by Mechoulam. 

Šantavý published a manuscript in 1964 [56], which had been submitted in 1963 [57], presenting 
the correct structures and absolute configurations of CBD (19), CBDA (18), ∆9-THC (20) and ∆8-THC 
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(21). I have the original Šantavý’s manuscript from Professor Mechoulam (see Figure 10). Three years 
later, in 1967, Mechoulam and Gaoni [58] determined the absolute configuration of ∆9-tetrahydrocan-
nabinol based on its correlation with known terpenoids. It was identical to the absolute configuration 
established by Professor Šantavý in 1964. 

 
Figure 10. The first page of Šantavý’s original manuscript. 

O

OH

C5H11 (n)

OH

HO C5H11 (n)

∆9-THC  20CBD, R = H  19 
CBDA, R = COOH  18

R

O

OH

C5H11 (n)

∆8-THC  21
 

In 1964, Gaoni and R. Mechoulam [59] isolated and identified a psychotomimetically active com-
pound in hashish, (-)-trans-∆9-tetrahydrocannabinol (∆9-THC), with the correct structure but an in-
correct absolute configuration (Figure 11). I have the original Mechoulam’s manuscript from Profes-
sor Šantavý (Figure 12). 
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Figure 11.   The absolute configuration of 1-3,4-trans-tetrahydrocannabinol as proposed by Mechoulam. 

 
Figure 12. The first page of Mechoulam’s original manuscript. 
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Figure 13. František Šantavý (April 23, 1915—March 27, 1983); Yehiel Gaoni (September 1, 1928—May 14, 2017); 
Raphael Mechoulam (November 5, 1930—March 9, 2023). 

Mechoulam is worldwide appreciated for his basic discoveries in the field of cannabis. These 
discoveries led to the clarification of the biogenesis of these substances in the plant. 

I cannot fail to mention, at the end of this historical article, my (L.H.) good friend Professor 
Yehiel Gaoni, who shared with me details of one of his experiments that he never published [60]. He 
was a colleague of Professor Raphael Mechoulam and performed isolations and syntheses in the la-
boratory. Professor Mechoulam was said to be a capable organizer. Gaoni also once synthesized 1′,1′-
dimethylheptyl-Δ9-tetrahydrocannabinol (Δ9-THC-DMH, 22). To test this substance, he put a little bit 
of it on a spatula and put it under his tongue. He didn’t tell anyone and kept it as his secret. He drove 
home from the Weizmann Institute and at home it had a strong effect on him for three days. One of 
the experiences coincided with an experience that Albert Hofmann [61,62] had in 1943 after taking 
LSD (“Occasionally I felt as being outside my body…I thought I had died. My ’ego’ was suspended 
somewhere in space and I saw my body lying dead on the sofa.”). Gaoni felt like he was out of his 
body. He saw himself as an old and dead person. He told his wife that he felt that he was dying, but 
she laughed at him (she was a doctor, so she took care of him). The effect was said to be strong. 

O

OH

22  
It is interesting to mention how people still worked in his time. Gaoni worked in the laboratory 

without a fume hood, distilled benzene, and pyridine, and perhaps from these or other chemicals he 
already had Parkinson’s disease by the time we met (his hands and lips were shaking slightly). Once 
upon a time, when they were training in fire rescue, he jumped into a firefighter’s rescue tarp. Those 
below, who were supposed to catch him safely, did not hold the tarp properly, so he fell to the ground 
with it and broke his spine. Of course, he fought his illness and went to the gym for an hour on the 
treadmill five times a week at the age of 78. He did his best but unfortunately, we are not immortal. 

6. Conclusions 
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As we have seen, it took a long time to uncover the structure of cannabinoids. The beginnings 
of scientific research are often challenging, but with the accumulation of knowledge, the path forward 
becomes more efficient and faster. It is important to recognize the contributions of every scientist in 
this process. The final result can be seen as a complete mosaic, with each piece playing an essential 
role. Some scientists contributed just one piece, others more, but even the smallest contribution was 
crucial to completing the picture. I want to acknowledge the efforts of all those involved, regardless 
of the scale of their contribution. The joy of discovery and sincere dedication were present in all. I 
firmly believe that collaboration, rather than competition or rivalry, should form the foundation of 
scientific progress. 
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