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http://acswebinars.org/cannabis
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“Why am | muted?”

Don’t worry. Everyone is
muted except the presenter
and host. Thank you and
enjoy the show.

Type them into questions box!

Contact ACS Webinars ® at acswebinars@acs.org
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Have you discovered the missing element?

RENEW our
MEMBERSHIP TODAY

WwWWw.join.acs.org

Find the many benefits of ACS membership!

- ACS
Like us on Facebook! W R -

@ facebook.com/acswebinars
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How has ACS Webinars” benefited you? < ﬁg%u

“I really enjoy the ability to get exposure
to topics | might not be able to get
exposure to attending talks at my
university.”

Fan of the Week
Katie Edwards,

Research Technician,
University of New England

Be a featured fan on an upcoming webinar! Write to us @ acswebinars@acs.org

ACS Webinars A - 4 AE%,,
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ww;oacs org/aeswebinars
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Contact ACS Webinars ® at acswebinars@acs.org
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Hungry for a brain snack? < P}‘E%”

“ACS Webinets " are 2
minute segments that bring
you valuable insight from
e some of our most pqpular
ECHEMISTRY INg)gu1s full length ACS Webinars®”

QACS“ Yﬂll

£ See all the ACS Webinets at youtube.com/acswebinars

ACS Webinars’ < ACS
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Beginning in 2014 all recordings of ACS Webinars will be available
to current ACS members two weeks after the Live broadcast date.

Live weekly ACS Webinars will continue to be available to the
general public.

Contact ACS Webinars ® at acswebinars@acs.org
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Upcoming ACS Webinars ACS
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ACS WEBINARS May & @ 2PMET Thursday, May 8, 2014

“SURVIVINGAND |  “Surviving and Succeeding in Grad School”
SUCCEEDING IN
. GRAD SCHOOL” Sam Pazicni, Assistant Professor of Chemistry, University of New Hampshire

Patricia Simpson, Director of Academic Advising and Career Services,
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‘ i el University of lllinois Urbana-Champaign

ACS WEBINARS Mai 18 2 20M ET

Thursday, May 15, 2014
1 From B\(lenzu to \
8| BiologicaMachines “From Batteries to Biological Machines —

ACrystailography Frontiers” .
r‘ § i Crystallography Frontiers”
b | 4
2814 . M Coralind-Kovacs, American Crystallographic Association

W 17 il Jim Kaduk, American Crystallographic Association
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Contact ACS Webinars ® at acswebinars@acs.org
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Cannabis Chemistry 101

Dr. Jeff Kiplinger Dr. Christopher Hudalla
Averica Discovery Services | ) ProVerde Laboratories

Slides available now! Recordings will be available to ACS members after two weeks.
http://acswebinars.org/cannabis

Contact ACS Webinars ® at acswebinars@acs.org 10
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Cannabis Chemistry 101

ACS Webinar
May 1¢, 2014

Christopher J. Hudalla, Ph. D.

Cannabis Chemistry 101 /\
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History of Cannabis

+ 10,000 years ago — Hemp used to produce cord s

+ 5,000 years ago - First Chinese references to
medicinal use of cannabis

+ 3,000 years ago - Egyptians used cannabis to
treat glaucoma, inflammation and other
conditions

+ 1611 - Hemp brought to America

o, y

.o . . o o IR %»

+ 1800’s — Marijuana used in mainstream medicine oy N
> ““ "a‘ "0,(
+ Marijuana added to the US Pharmacopeia \ *

History of Cannabis

1910’s - States begin to prohibit marijuana

+ 1930’s - American pharmaceutical firms sell
cannabis exiracts

+ 1937 - Marijuana Tax Act leads to decline in
marijuana prescriptions

+ 1970 - Controlled Substance Act (CSA) classifies
marijuana as a Schedule | drug, with “No
Accepted Medical Use” (along with heroin and
LSD)

+ 1973 - Drug Enforcement Agency (DEA)
established
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History of Cannabis

+ 1990 — Researchers at NIH discover Geoaabineld Rooentor Sitee
cannabinoid receptor system.

+ 1996 - California is the first state to legalize
medical marijuana

+ 2001 - US patent filed by US Health and
Human Services for the use of cannabis for

Hippocampus
Cerebellum

certain neurodegenerative diseases —————
. United States Patent 6,630,507
+ 2014.— 2] Siaies + Washington DC have Hampson, et al. October 7, 2003
medical marijuana programs. 2 states Assignee: United States Department of
permit adult use. Health and Human Services

GAPROV ERDE

Audience Poll

What is the status of marijuana legalization in the state in which you
reside?

Illegal for all use.

Illegal, but expect it to be legalized here soon.

Legal for medical use only.

[ ] Legal for adult use (similar to alcohol).

GAPROVERDE
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Role of Analytical Chemistry

+ Ensuring Consumer Safety
+ Confirm products are free from contamination
+ Assist in determining proper dosage

+ Optimization of Cultivation Practices
+ Monitoring nutrient uptake
+ Early identification of phenotypes

+ Design and Development of Marijuana Infused Products (MIPs)
+ Opftimization of extractions and processes

+ Quantitation required for product labeling
GIPRON ERDL:

Chemical Complexity

Phytochemistry

+ Hydrocarbons nonacosane

2,6-dimethyltetradecane

GAPROV ERDE
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Chemical Complexity

Phytochemistry OH
+ Hydrocarbons s Mglucose
HO OH
o OH

+ Sugars
HO

: OH
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GIPRON ERDI:

Chemical Complexity

Phytochemistry O N
+ Hydrocarbons @N/
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Chemical Complexity

Phytochemistry linoleic acid )
— = -z

+ Hydrocarbons W

+ Sugars a-linolenic acid

— — _ /O

+ Amine/Amide Functionality L,
+ Fqﬂ-y Acids y-linolenic acid .
o — =

oleic acid on
(0]

/VVV\:W/

OH

GIPRON ERDL:

Chemical Complexity

apigenin

Phytochemistry

+ Hydrocarbons
+ Sugars
+ Amine/Amide Functionality

+ Fatity Acids
anthocyanin

+ Flavonoids R

®o0 GAPROVERDE
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Chemical Complexity

Phytochemistry oA b
+ Hydrocarbons l - ‘ ‘ ' .
+ Sugars "' e ’ 'h | !

+ Amine/Amide Functionality

+ Fatty Acids

anthocyanin Pﬂl’lﬂ#
+ Flavonoids R 5 m Urksl
Onand Daddy Punp.
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Chemical Complexity

Phytochemistry o

+ Hydrocarbons -
myrcene | | linalool

+ Sugars |

+ Amine/Amide Functionality

+ Fatity Acids

+ Flavonoids limonene f)l;:éz’r::ne

+ Terpenes

GAPROVERDE
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Chemical Complexity

Phytochemistry on

+ Hydrocarbons -
myrcene | | linalool

+ Sugars | |

+ Amine/Amide Functionality

+ Fatty Acids wm

+ Flavonoids limonene %WL@W@D m@

Umale
+ Terpenes bemen Wreek

GIPRON ERDL:

Chemical Complexity

Phytochemistry
+ Hydrocarbons oH
+ Sugars :
+ Amine/Amide Functionality 7:\0
+ Fatty Acids Charlotte’s Web
+ Flavonoids Harlequin
+ Terpenes @mm
+ Cannabinoids

GAPROV ERDE
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Chemical Complexity

Contaminants

+ Pesticides

+ Plant Growth Regulators

+ Heavy Metals

GIPRON ERDL:

Chemical Complexity

Sample Matrices
+ Biological (Urine/Blood)

+ Flower or Leaf (fresh or dried) "%
+ Exiracts/Concentrates

+ Tinctures/Infusions

+ Glycerin, alcohol, or oil based

+ Topical Salves or Lotions (-

+ Consumables

CIPROVERDE:

14
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Cannabinoid Alphabet Soup

OH (0]
PN N .
X X OPP
HO

geranyl pyrophosphate olivetolic acid

GO T enzyme
CBGA %
cannabigerolic acid

Cannabinoid Alphabet Soup

cBoA ﬁm

CBDA Synthase VCA Synthase
CBDA ‘ THCA

OH o OH o

GAPROVERDE

15



5/1/2014

Cannabinoid Alphabet Soup

Most abundant
cannabinoids found
In marijuana

THCA R ation CBNA

-air
G @ - time

— O oH
O

GIPRON ERDI:

Cannabinoid Alphabet Soup

HO o HO

CB GA = OH decarboxylation X CB G

oxidation CBN A
- air
- time

— O oH
(¢}

1decurboxylation 1decarboxylation
oxidation
- heat Q OH
THC - ight CBN
H Q H
$ S
//\ nv_: 7\ o (o)

GAPRON ERDE

[0}
1decarboxylation

OH
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Cannabinoid Alphabet Soup f\
CBGVA > oH decarboxylation X CBGV
o N C3 Analogs

CBDVA /\ oxidlation CBNVA
oH o ‘ o o O oH o
OH > O OH
O
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GIPRON ERDI:

Cannabinoid Alphabet Soup /\

HO o HO
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: O CBD § THC lgh CBN
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APROVERDE
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Cannabinoid Receptors

+ Cannabinoid receptors are a class of cell
membrane receptors that are involved with a
variety of physiological processes, including:

+ Appetite, pain-sensation, mood, and memory

+ Cannabinoid receptors are activated by
cannabinoids, generated naturally inside the
body or infroduced into the body.

+ Two cannabinoid receptors have been identified to date, CB1 and CB2.

+ CBI1 receptors are found primarily in the Central Nervous System (CNS), as well
as the lung, liver and kidneys

+ CB2receptors are expressed mainly on T cells of the immune system

Medicinal Marijuana

antispasmodic antiproliferative . -
i nti 1l o
anticancer & tibacteria , antipsoriatic
vasorelaxant anti-ischemic}  antiemetic /
. ¢ A i f ’antidiabetic- intestinal
neuroprotective _ a et ] ’ : . o
o 5 o » anti-prokinetic
o 2 LI i -

L —= analgesic
antiepileptic _

) ) " . bone-stimulant
antipsychotic g )

- Uik | anti-inflammatory
Ttwlls §

~ = immunosuppressive

anxiolytic o “Hit

—EH .
bone-stimulant « & anorectic
o ) k. By & "~ bone-stimulant
antiproliferative * ""
anti- Boneg,
antispasmodic “  proliferative £ T e - “ antiepileptic
P .»/ bone- o ostimulant G oliferative
antiproliferative . anti- . P
¥ stimulant . b ial
antimicrobial ' inflammatory ~ antibacteria

analgesic
Reproduced with permission from the author, Angelo Izzo, Trends in Pharmacological Sciences, 2009 Oct; 30(10):515-27

PRON ERDE
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Medicinal Marijuana

+ Epilepsy + Spasticity

+ Multiple Sclerosis + Arthritis

+ Glaucoma + Anorexia

+ Post-Traumatic Stress Syndrome + Cachexia (Wasting Syndrome)
+ Cancer + Crohn’s Disease

+ Alzheimer’s Disease + Migraine

+ HIV/AIDS + Pain

+ Fibromyalgia + Nausea

GAPROV ERDE

Audience Poll

Where do YOU stand on the issue of marijuana legalization?

|:| In favor of federal legalization, to be regulated like alcohol.
|:| Should be legalized federally for medicinal use only.
|:| Should be left to individual states to legislate and regulate.

|:| Medical marijuana is just an excuse to enable people to get stoned,
and should remain illegal.

GAPROVERDE
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Analytical Testing Opportunities

New Opportunities

Increased Safety
Greater Harvest Yields
re Efficient Processes

GAPROVERDE

Convergence Chromatography

+ UltraPerformance Convergence Chromatography System
(UPC?)

+ Based on the theory of Supercritical Fluid Chromatography
(SFC)
+ Uses liquid CO, as the primary mobile phase

+ Reduces the hazardous waste generated relative to
conventional liquid chromatography

+ Captures quantitative information on both acid and
decarboxylated form of cannabinoids

+ Amenable to non-polar solvents, ideal for analysis of
analytes in lipid-rich matrices

GAPROVERDE

20
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Injection Reproducibility
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CAPROVERDE
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Understanding Chemical Processes

Blueberry Bud (Dried)
<
@)
T
I
z <
8 5 B
U 5 ¢
After 5 years of storage E J\ —Mﬁj t‘:
100 120 1 160 18 200 220 240 280 280 300
Minutes '“:—iPR( )]\ l_ lq_)l.

Optimization of Processes

Ethanol Extracts of Pineapple Kush

THC

Heated at high temp
for 30 minutes

CBC
CBG

THCA

Heated at Ic
for 25 minute

110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 3.10

GIPROVERDE

CBGA

> THC
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Summary

|

+ Cannabis presents a complex system that has many challenges for a
complete understanding

+ Cannabis has shown great promise for the treatment of many medical
conditions

+ Chemical understanding is an essential element of the most rapidly
growing sector in the US economy

+ Understanding the physiological effects, ensuring consumer/patient safety,
optimization of cultivation, and development of consumer products

+ While increased acceptance has provided new opportunities for the
application of current technologies, additional changes in
legislation/regulation will be required to accelerate research in this
promising industry

GIPRON ERDI:

References for Additional Information

+ Chemistry and Analysis of Phytocannabinoids and Other Cannabis
Constituents, Rudolf Brenneisen, Marijuana and the Cannabinoids
(Chapter 2), 2007, pp 17-49, ISBN 978-1-58829-456-2.

+ Taming THC: Potential Cannabis Synergy and Phytocannabinoid-Terpenoid
Entourage Effects, Ethan Russo, British Journal of Pharmacology, 2011, 163,
1344-1364.

+ Non-Psychotropic Plant Cannabinoids: New Therapeutic Opportunities
from an Ancient Herb, Angelo Izzo, et al., Trends in Pharmacological
Sciences, 2009, 30(10), 515-527.

+ Naturally Occurring and Related Synthetic Cannabinoids and their

Potential Therapeutic Applications, Mahmoud Elsohly, et al., Recent
Patents on CNS Drug Discovery, 2009, 4, 112-136.

GAPRON ERDE
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Thank You!

www.ProVerdeLabs.com T l) R )\ 'l 1 Q o
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Cannabis Chemistry 101

Dr. Christopher Hudalla
ProVerde Laboratories

Dr. Jeff Kiplinger ¢
Averica Discovery Services |

Slides available now! Recordings will be available to ACS members after two weeks.
http://acswebinars.org/cannabis

Contact ACS Webinars ® at acswebinars@acs.org 48
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How has ACS Webinars” benefited you? < ﬁg%u

“I really enjoy the ability to get exposure
to topics | might not be able to get
exposure to attending talks at my
university.”

Fan of the Week
Katie Edwards,

Research Technician,
University of New England

. . . . 51
Be a featured fan on an upcoming webinar! Write to us @ acswebinars@acs.org
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Have you discovered the missing element?

RENEW our
MEMBERSHIP TODAY

WwWWw.join.acs.org

Find the many benefits of ACS membership!
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ACS Webinars < ;AC,S

ACS Webinars’ does not endorse any products or services. The
views expressed in this presentation are those of the presenter
and do not necessarily reflect the views or policies of the
American Chemical Society.

54
Contact ACS Webinars ® at acswebinars@acs.org
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Upcoming ACS Webinars ACS
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www.acs.org/acswebinars

ACS WEBINARS May S @ IPMET

“SURVIVING AND
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ACS WEBINARS May 18 i@ 2°M ET
w From Batteries to \
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Crystallography Frontiers?™

¥

Thursday, May 8, 2014
“Surviving and Succeeding in Grad School”
Sam Pazicni, Assistant Professor of Chemistry, University of New Hampshire

Patricia Simpson, Director of Academic Advising and Career Services,
University of lllinois Urbana-Champaign

Thursday, May 15, 2014
“From Batteries to Biological Machines —
Crystallography Frontiers”

Cora Lind-Kovacs, American Crystallographic Association
Jim Kaduk, American Crystallographic Association
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