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The Objectives and Purposes of the

California Association of Criminalists

Foster an exchange of ideas and information within the field of criminal-
istics.

Foster friendship and co-operation among the various laboratory
personnel.

Stimulate research and the development of new techniques, within the
field.

Encourage financial support for worthy research projects.
Encourage the compilation of experience data of value in the field.

Promote wide recognition of the practice of criminalistics as an important
phase of jurisprudence.

Promote a high level of professional competence among criminalists.

Encourage uniform qualifications and requirements for criminalists and
related specialists.

Disseminate information to the law profession concerning minimum
qualifications for physical evidence consultants.

Provide a board of review in cases involving differences of professional
opinions when requested.

Encourage the use of improved testing procedures and methods of pre-
sentation of conclusions.

When appropriate, to review and act upon any pending legislation which
appears to berelated to the field of criminalistics,

Encourage the recognition of this Association and its purposes among
other appropriate groups and societies.

Lend assistance, whenever possible, in the formulation of college curricula
and law enforcement training programs.

Establish a code of ethics for criminalists.
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The Identification of Marijuana

J. 1. THORNTON
School of Criminology, University of California,
Berkeley, California, U.S.A., 94720

and

G. R. NAKAMURA¥*
Bureau o) Narcotics and Dangerous Drugs, U.S. Department of Justice, San Francisco,
California, U.S.4., 94102

The chemistry of the phenolic constituents of the resin from the leaves and flowering tops
of the marijuana plant is reviewed, and discussed in terms of possible chemical precursors to
synthetic tetrahydrocannabinol which may be encountered. The Duguenots test is studied and
support presented for the hypothesis that the mechanism of the test is in part an electrophilic
substitution type of reaction. Evidence is presented lo suggest that the product of the
Duguenois reaction is not a reticulated polycondensate, but exists as a resole. A study 15 made
of the Levine modification of the Duquenois test involving a lerminal extraction of the color
with chloroform. The ability of Duquenois reactanis to exiract into chloroform is related to
the structure of the phenolic constituents of the resin. Thin-layer chromatographic separation
of the major constiluents of marijuana resin is described, as well as the infrared absorption
of tetrahydrocannabinol ‘isomers. The occurrence of cystolith hairs are an important
criterion in the identification of marijuana leaf fragmenis. Cystolith hairs, however, occur
among several dicotyledonous families, notably the Moraceae, Boraginaceae, Loasaceae,
Ulmaceae, and Cannabinaceae. Since these develop in different forms in these jfamalies,
marijuana can be differentiated in many cases. However, in other cases where similarity in
cystolith development occurs, other morphological features, such as the trichomes on the
other side of Lhe leaf, are helpful in differentiation. In any event, cystolith hairs cannot be
used as a sole crilerion for marijuana identification. The Duquenois-Levine test is found
1o be useful in the confirmation of marijuana, since none of the 82 species possessing hairs
similar o those found on marijuana yield a positive lest. Where marjjuana cannot be
morphologically delineated, thin-layer chromalographic methods are indicated.

PART I: CHEMISTRY
Introduction

The possession of marijuana is an offense proscribed by law in cvery one of
the United States and by the Federal Government. Although the importation,
sale, or possession is subject to rigid control or heavy penalty, the illicit use of
marijuana has proliferated in all areas of the country.

In any case involving the possession of marijuana, a rigorous identification of
the material is universally considered to be necessary before proceeding with the
administration of criminal justice. When the leaves, seeds, or flowering tops of
the plant are submitted for examination, an identification may be based upon
the botanical appearance of these parts as observed microscopically. No other
plant has ever been reported as having an identical microscopic appearance.

Although a rigorous identification of thc marijuana plant may be cffected
through an examination of its botanical chracteristics, it is generally considered
advisable to perform a chemical test in most instances, and necessary to
perform it in others. The chemical test is a parameter of the identification which
is unrelated to the microscopic appearance and independently confirms the
botanical examination. In addition, instances may arise in which no recog-

* Present address: Los Angeles County, Dept. of Chief Medical Examiner-Coroner, Los
Angcles, California, U.S.A. 90033.



nizable plant material is available, cither as an extract of the plant as in the
casec of hashish, or in which only a residuc of resin or a charred ash is
cncountered.

The Duquenois test, the most widely used chemical test, is a somewhat
cnigmatic reaction whose mechanisin is poorly understood. ‘The investigation of
this chemical test for marijuana and its reactivity with isolated phenolic and
terpene constitutents of the marijuana plant comprises the major portion of this
work. In addition, the thin-layer chromatographic separation of the phenolic
constituents provides a technique for the unequivocal identification of one or
more isomers of tetrahydrocannabinol, the pharmacologically active principle
of marijuana.

Chemical Constituents of Marijuana

‘I'he chemical investigation of the constitutents of marijuana began slightly
over a century ago, although no substantial progress was made until the
carly 1930%s. All of the constitulents of marijuana are purified with extreme
difficulty and are exceedingly diflicult to crystallize. In addition, many of their
derivatives are also difficult to crystallize. This has no doubt been one of the
more severe impediments to the elucidation of the chemistry of marijuana. The
application of the scparation techniques of column and gas chromatography,
along with more sophisticated analytical instrumentation such as nuclear
magnetic resonance, has recently partially compensated for the lack of sustained
interest in the chemistry of marijuana.

Cannabinol

In 1847 two Scottish brothers, 1. and H. Smith, demonstrated that the
pharmacologically active principle of marijuana was contained in a high boiling
portion of the resin from the plant (Smith and Smith, 1847). Vacuum distilla-
tion of the resin resulted in a “red oil” which was climinated as being alkaloid
in nature (ibid.).

The literature does not indicate further interest in the chemistry of marijuana
until 1896, when the British chemists Wood, Spivey and Easterficld isolated an
active oil to which they gave the name cannabinol (Wood, Spivey and Easter-
field, 1896). Although originally considered to be a pure product, the same
workers later reported a further purification as a crystalline acetate from the oil
in about 259, yield (Wood, Spivey and Easterficld, 1899). The name cannabinol
was then transferred to the malterial isolated as the acctate, and the original
material referred to as “crude cannabinol”. The isolation of a crystalline
cannabinol acetate was reported in the previous year by Dunstan and Henry
(1898), but no experimental details were given.

Attempts to confirm the work of Wood, Spivey and Easterticld were made by
Fraenkel (1903), Czerkis (1907), Gasparis and Baur (1927), and Bergel and

Wagner (1930). Nonc of these workers were successful in the isolation of

cannabinol in a crystalline form, either as cannabinol or as the acetate.
The isolation of a crystallinc cannabinol acetate was again reported in 1930
by the English chemist Cahn (1930}, who subsequently elucidated the structural

skeleton of the cannabinol molecule (1930, 1931, 1932, 1933). The results of

his work may be bricfly summarized. Natural cannabinol may be nitrated to a
trinitrocannabinol. Nitric acid oxidation of this trinitrocannabinol yields a
nitrocannabinolactone, along with caproic, valeric, and n-butyric acids.
‘This nitrocannabinolactone may be reduced to the corresponding aminolactonc,
and replacement of the amino group with subsequent reduction yiclds a
cannabinolactone. This cannabinolactone was subjected to exhaustive further
examination.

Upon fusion with alkali, cannabinolactone yiclds m-toluic acid (I), and
upon oxidation with permanganate followed by alkali fusion gives isophthalic

acid (II).
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Diazotization of the aminolactone described above and replacement of the
amino group with a hydroxyl group yiclds a hydroxycannabinolactone.
Alkali fusion of this hydroxycannabinolactone produces 6-hydroxy-3-toluic
acid (111) and acetone, while oxidation resulted in hydroxytrimellitic acid.

Oxidation of cannabinolactone with alkaline permanganate gave cannabino-
lactonic acid (IV). The identity of this acid was firmly established by comparison
with a synthetic 4-carboxydimethylphalide. Cahn proposed that on the
preceding basis, cannabinolactone be given the structure (V). The structure
was uncquivocally established by synthesis of this lactone by Bergel and Wagner

(1930).
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The structure of cannabinolactone accounts for cleven of the twenty-one
carbons in cannabinol. Cahn noted that cannabinol contains a hydroxyl group
as evidenced by the formation of an acctate, and that it reacts in the manner
of a phenol. He further noted that this phenolic ring must bear an n-amyl
substituent, as n-caproic acid is a product of oxidation of cannabinol. Cahn
suggested the structure (VI) for cannabinol, in which the positions of the
hydroxyl and amyl groups are not precisely elucidated.

Cahn’s work on cannabinol terminated in 1934. The precise determination
of the structure of cannabinol was completed in 1940 by the independent work
of Adams (Adams, Pease and Clark, 1940; Adams, Pease, Clark and Baker,
1940; Adams, Cain and Baker, 1940; Adams, Baker and Wearn, 1940; Adams
and Baker, 1940c; Adams and Baker, 1940a) in ithe United States and Todd
(Work, Bergel and Todd, 1939; Ghosh, Todd and Wilkinson, 1940; Jacob and
Todd, 1940) in England. Both groups of investigators proved by synthesis that
cannabinol has the structure 1-Hydroxy-3-n-amyl-6,6,9-trimethyl-6-di-
benzopyran (VII).
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The work of Adams and Todd was quite similar in approach and in the
conclusion reached. Only the work of Adams is outlined here to avoid duplica-
tion.



'

The position of the n-amyl group and the hydroxyl group in the structure
as proposed by Cahn was given carcful scrutiny. Assuming the basic dibenzo-
pyran skeleton to be correct, twelve structural variants are possible. Of these,
eight could be eliminated in consideration of the fact that cannabinol gives a
strong indophenol test, indicating the presence of an unsubstituted position
para- to the phenol. Two addition variants were considered unlikely on the basis
of the facile introduction of two nitro groups into the phenolic ring.

Adams had meanwhile been successtul in isolating another material from
marijuana resin which was to be of assistance in the clucidation of the structurc
of cannabinol. This new material, G, H,,0,, was given the name cannabidiol.
The degradative work and ultraviolet and infrared absorption suggested that it
contained an olivetol (VII1) moicty.
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Reasoning that structural relationships might prevail between cannabinol
and cannabidiol, as they originate from the samc plant and may share a
metabolic pathway, Adams suggested two possible alternatives for cannabinol,
1-Hydroxy-3-n-amyl-6,6,9-trimethyl-6-dibenzopyran (VII) and l-n-Amyl-
3-hydroxy-6,6,9-trimethyl-6-dibenzopyran (1X).

It is apparent that both (VII) and (IX) contain an olivetol moiety, differing
only in the rclative orientation of the phenolic ring.

The two isomers were produced by synthetic methods by Adams and were
compared with natural cannabinol. The (IX) isomer was prepared in the
following manner: Olivetol was condensed with 4-methyl-2-bromobenzoic
acid (X) in the presence of dilute alkali and copper sulfate to form the pyrone,
1-n-Amyl-3-hydroxy-9-methyl-6-dibenzopyrone (XI), which was converted
to the pyran (IX) by methylmagnesium iodide.
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Comparison of (I1X) with natural cannabinol indicated that the synthetic
isomer was dissimilar to natural cannabinol.

Condensation of dihydroolivetol (XII) with 4-methyl-2-bromobenzoic acid
in the presence of dilute alkali and copper sulfate gave a tetrahydropyrone
(XIII). This pyrone was dehydrogenated with sullur to yield the dibenzo-
pyronc (XIV). The dibenzopyrone was converted to the pyran (VII) with

(x11) (XI1I1)

methylmagnesium iodide. Comparison of this material with natural cannabinol
confirmed the structural identity of cannibinol.

p

Cannabinol was synthesized in a sccond manner by Adams, who subsequently
utilized this method for the synthesis of a number of tctrahydrocannabinol
analogs. Olivetol was condensed with ethyl 5-mcthylcyclohexanone-2-
carboxylate (XV) to give the tetrahydropyrone (XVI).
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‘This pyrone was dehydrogenated with sulfur to yield the dibenzopyrone
(XVII). This was converted to the dibenzopyran cannabinol (VII) by

(i)
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methylmagnesium iodide. Cannabinol produced by this method was shown by
Adams to be indistinguishable from natural cannabinol.

Cannabidiol
Before the structure of cannabinol had been firmly established, Adams and

. his group had isolated a crystalline material from marijuana resin as the bis-

(3,5-Dinitrobenzoate) (Adams, Hunt and Clark, 1940b). Hydrolysis of this
derivative by anhydrous ammonia in toluene produced a crystalline dihydric
phenol which was given the name cannabidiol (XVIII).
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Infrared and ultraviolet absorption spectra indicated cannabidiol to be a
resorcinol derivative (Adams, Cain and Wolff, 1940). Oxidative degradation
with alkaline permanganate produced caproic acid, just as it had with
cannabinol. On this basis, Adams suggested two partial structures for canna-
bidiol, (X1X) and (XX).
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Treatment of cannabidiol with hydrogen in the presence of a platinum

" catalyst resulted in the uptake of 2 moles of hydrogen, and as the olivetol

moiety was not aflected by this reduction, the absorption of the hydrogen
indicated the presence of two double bonds in the remaining part of the
molecule (Jacob and Todd, 1940; Adams, Hunt and Clark, 1940a). Treatment
of cannabidiol with hot pyridine resulted in the cleavage of the molecule to
p-cymene (XXI) and olivetol. The formation of p-cymene indicated that
cannabidiol was likely to be a conjugation of olivetol and a menthyl moiety.






