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• Discussion of Both Hemp & Cannabis
– Essentially same plant 

• cannabis sativa, c. indica, [c. ruderalis]

– Essential difference is THC  content
• Many other differences derive from this

– Hemp is grown primarily for fiber & CBD
– Cannabis is grown primarily for THC
– Interest in other cannabinoids

• Chemical Examination into the Plant
• Chemical Examination into Derived Products
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• Actually Two Apologies
– We must discuss organic chemistry (gasp!)
– So much quality information available 

• Either overstimulation occurs or
• Some good stuff is overlooked

– I will endeavor to make this work manageable & 
useful

– I encourage (welcome) interruption with questions 
& commentary
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Hemp Plants

Cannabis Plants

Female

Male
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• Cannabis grown for: THC
– & other cannabinoids
– Primarily for euphoria (with or without guilt)

• Compare market size of wine vs. non-alcoholic wine

– Secondarily for “therapeutic effects”
• Hemp grown for: fiber, seed, CBD

– & other cannabinoids
– Non-trivial market for fiber

• Competes in favorable growing conditions

– Source of CBD in neo-pharmaceutical applications
– Source of other cannabinoids for exploration
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• Hemp & Cannabis are Plants
– Contain Standard & Expected Components

• cellulose, sugars, amino acids, waxes, etc.
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• Hemp & Cannabis are Plants
– Moderately Different in Substantial Concentration 

of Various Terpenes & Terpenoids
• Classically thought of as defensive strategy

– Against herbivores (insect and vertebrate)
• Not unique among plants

– The

– Substantially Different in Containing Cannabinoids
• Rare elsewhere in the Plant kingdom
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• Terpenes & Terpenoids
– myrcene, a-pinene, b-pinene, limonene, linalool, 
b-caryophylene, terpeninene

• Cannabinoids
– THC, CBD, CBD, CBV, CBG, THCV, etc.

•  
• “Full Spectrum”, Isolate, Concentrate, Oil, 

Tincture
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• dronabinol (Marinol, Syndros) 
– Synthetic racemic (S, S)-(+)- (S, S)-(−)- trans-Δ⁹-

tetrahydrocannabinol
– Sesame oil mixture in capsules
– Used to stimulate appetite, treat sleep apnea & 

treat chemotherapy-induced nausea
• nabilone (Cesamet)
• Synthetic (−)-trans-Δ⁹-tetrahydrocannabinol
• Used to treat chemotherapy-induced nausea
• Modest efficacy in treatment of fibromyalgia, 

parkinsonism, chronic pain and dystonia
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• cannabidiol (Epdiolex)
– Synthetic (-)-trans-cannabidiol
– Orally administered ethanol & sesame oil solution
– Used to treat of seizures associated with Lennox-

Gastaut syndrome (LGS) or Dravet syndrome 
(DS) in patients 2 years of age and older.
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• Terpenes are a class of molecules:
– Biosynthesized by plants
– Consisting of multiples of the isoprene unit

• Isoprene (C5H10) 2-methyl-1,3-butadiene

– Consisting of only hydrogen and carbon
• Thus they are hydrocarbons

– Present in the sap of many different trees
– First isolated from turpentine

• For example:
– Limonene (C10H16)

• Two isoprene units combined
• Referred to as a monoterpene (go figure)
• The fragrance of citrus fruit peels

isoprene

limonene
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Table includes prevalence in cannabis (& hemp)
There are many more …
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The number and kind of atoms in a molecule are central to the
   chemistry of that molecule 
   including its olfactory perception (fragrance).
However, the arrangement of those atoms in space is also key.



CSU CHEM 442
Spring 2024 – Fort Collins, COChirality & Fragrance

The number and kind of atoms in a molecule are central to the
   chemistry of that molecule 
   including its olfactory perception (fragrance).
However, the arrangement of those atoms in space is also key.
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• Terpenoids are modified terpenes
– Replace one or more methyl groups with oxygen 

atoms
– Thousands have been discovered

• For example:
– linalool (C10H18O)

• Two isoprene units combined
• Referred to as a monoterpene (again)
• The fragrance of lavender
• Also found in hundreds of plant species
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• In Popular Usage:
– Terpenes and terpenoids are mixed up freely
– Any molecule with an aroma is often mis-called a 

terpene or terpenoid
• Not all odor molecules are terpenes/terpenoids
• Not all terpenes and terpenoids have aromas

– Since terpenes and terpenoids have differing 
(chemical) functional groups on them they do have 
differing chemistry

• For example, solubility in different solvents

– Just have to commit them to memory
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• Both terpenes and terpenoids have been 
used as aromas in common products
– Cleaners, colognes, perfumes, fresheners

• In recent times (and older ones) fragrant 
molecules have been ascribed medicinal 
characteristics because of their fragrance
– Aromatherapy

• Pseudoscience  - consists of statements or practices that 
are claimed to be both scientific and factual but are 
incompatible with the scientific method

• This stuff is contentious
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Did a cow prepare this chart?
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• A proposed mechanism (1999) by which 
other compounds act synergistically to 
modulate the psychoactive effects of THC

• CBD has been evaluated critically (as of 
2018) and a small signal has been observed

• In the reverse, the psychoactive effects of 
THC overwhelm those of CBD

• The idea of an entourage effect has taken 
root in the hemp and cannabis industries and 
among consumers
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• The term “full spectrum” traditionally refers to 
a product that contains a range of 
cannabinoids from the plant as contrasted to 
one which contains (typically) CBD only and 
to a high purity

• Unfortunately, the analytic chemistry and 
product labeling in this industry are far below 
common expectations of FDA-approved 
pharmaceuticals

• Hope is strong; data is lean
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