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Alkaloids



Alkaloids
A class of naturally occurring organic 
compound that contains basic Nitrogen atoms.

http://www.uni-heidelberg.de/institute/fak14/ipmb/phazb/pubwink/1998/20.%201998.pdf

Morphine                                    Strychnine                           Atropine                    LSD 

Some examples for famous alkaloid drugs:

Cocaine



Morphine
• Analgesic drug (pain medication)
• Opiate
• Acts directly on central nervous system (CNS)
• Administered orally, intravenously, 

subcutaneously or intramuscularly 
• Max effect between 20 mins and 1h but 

effects can linger up to 3h - 7h.



Opium poppy contains at least 50 different 
alkaloids, but most of them are of very low 
concentration. Morphine is the principal alkaloid 
in raw opium and constitutes roughly 8–26% of 
opium. Morphine is isolated via extraction.

Papaver somniferum



• Opiate: natural substances derived from opium plant
• Opioid: more modern term. Includes substances, 

both natural and synthetic, that bind to opioid 
receptors

Opium plants
(Papaver somniferum) 
in a poppy field.
Afghan farmers 

Harvesting  opium sap



1803-1805: First isolation of Morphine from opium          
plant by German pharmacist Friedrich Sertürner

Sertürner called the isolated alkaloid substance “Morphium” 
named after the greek God of Dreams Morpheus

F. Sertürner

This was the FIRST alkaloid EVER to be isolated from ANY plant! 
Thus, he was the first person to isolate the active ingredient 
from a medical plant 



• Until the isolation of Morphine it was believed 
that all natural products from plants are acids

• Sertürner started testing morphine first on 
stray dogs then on himself and 3 friends. They 
almost died from OD and had to take an 
emetic…



• Sertürner started testing morphine first on stray dogs 
then on himself and 3 friends. They almost died from 
OD and had to take an emetic…

• Why did they not use it via iv? 



1803: Morphine isolated from crude opium
1827: commercial production of Morphine by German 
pharmaceutical company Merck

Years later: Addiction potential was discovered

1843: Dr. Alexander Wood of Scotland invents the syringe and 
injects patients with morphine. He injected his wife with 
Morphine in 1850 – she died from respiratory depression…



1874: German pharmaceutical company Bayer converts 
Morphine into Diacetylmorphine aka ____________

Around 2 times more potent that Morphine
Also more addicting !

1897: Bayer synthesizes Aspirin



1874: German pharmaceutical company Bayer converts 
Morphine into Diacetylmorphine aka ____________

Around 2 times more potent that Morphine
Also more addicting !

1897: Bayer synthesizes Aspirin



1898:  Bayer markets Diacetylmorphine under “Heroin” as a 
“non-addictive” morphine substituent 

1899: Bayer markets Acetylsalycilic acid under “Aspirin” 
Ironically Aspirin required a prescription whereas heroin did 
not !



Spanish Heroin add for children:
Heroin for irritation and bronchitis



Bayer and Merck started the 
modern pharmaceutical 
industry by developing three 
of the world’s most popular 
analgesics:

Morphine, Heroin and Aspirin







Cocaine

Coca plant
Erythroxylum novogranatense var. novogranatense- Today: most commonly used drug 

worldwide after cannabis
- Extracted from coca plant,

native to South America (S.A.)
- Indigenous S.A. peoples have chewed

leaves for 1000s of years
- When Spanish arrived in S.A. they first ignored aboriginals claims that the leaf gave them 

strength and energy
- Once they found it was true they taxed leaf at 10% and started chewing it mixed w/ tobacco
- 1855: Cocaine alkaloid first isolated in Germany



- 1879: Cocaine used for treatment of morphine 
addiction

- 1886-1906: A "pinch of coca leaves" was 
included in the original 1886 recipe for Coca-
Cola, though the company began using 
decocainized leaves in 1906 when the Pure 
Food and Drug Act was passed.







Nice collection of a lot of old-school adds for substances we consider to be unsafe for general 
consumption:
http://www.pharmacytechs.net/blog/old-school-medicine-ads/

http://www.pharmacytechs.net/blog/old-school-medicine-ads/


Sigmund Freud on the effects of Cocaine
…”exhilaration and lasting euphoria, 
which in no way differs from the normal 
euphoria of the healthy person. You 
perceive an increase of self-control and 
possess more vitality and capacity for 
work. In other words, you are simply 
normal, and it is soon hard to believe 
you are under the influence of any drug. 
Long intensive physical work is 
performed without any fatigue. This 
result is enjoyed without any of the 
unpleasant after-effects that follow 
exhilaration brought about by alcoholic 
beverages. No craving for the further 
use of cocaine appears after the first, or 
even after repeated taking of the 
drug…”

S. Freud in his paper “Über Coca” 1884



Freud concluded his paper by recommending seven conditions to be treated with 
cocaine therapy:

• as a mental stimulant
• as a possible treatment for digestive disorders
• as an appetite stimulant in case of wasting diseases
• as a treatment for morphine and alcohol addiction
• as a treatment for asthma
• as an aphrodisiac
• as a local anaesthetic

Implications:

1862 – Merck produces ¼ pound of cocaine.
1884 – Freud publishes his paper on Cocaine 
1884 – Merck produces 3,179 pounds of cocaine.
1886 – Merck produces 158,352 pounds of cocaine

Target patients: Soldiers (addicted to morphine while at war “Soldiers Disease”)







When did opiates and other drugs 
become regulated by law?

https://www.naabt.org/laws.cfm
Shows regulation timeline in the US

https://www.naabt.org/laws.cfm


Drug Regulation

Harrison Act of 1914:

- All opium and coca products require strict 
accounting

- Upper limits on the amount of opium, opium 
derived products, and cocaine allowed in 
products available to the public

- Taxation !





What are Narcotics?

From Greek “to make numb”

What is classified as a narcotic ?

Is cocaine a narcotic ?

Is marijuana (cannabis) a narcotic ?



What are Narcotics?

From Greek “to make numb”

Medical sense: opiates and opioids, most importantly 
morphine and heroin and derivatives.

Legal sense: all substances that are totally prohibited 
or used in violation to government regulation. This 
includes cannabis and cocaine.

à Higher penalties for possession of drugs that are 
classified as narcotics !



How is white powdery cocaine made from the coca plant leaves?
https://www.youtube.com/watch?v=KQil-3FFa64

https://www.youtube.com/watch?v=7tlwW2DKzlc&has_verified=1

https://www.youtube.com/watch%3Fv=KQil-3FFa64
https://www.youtube.com/watch%3Fv=7tlwW2DKzlc&has_verified=1


“The Quest for a Practical Synthesis of Morphine Alkaloids 
and Their Derivatives”

- de novo synthesis: 
complete synthesis of a molecule from an inexpensive, 
commercially available start molecule

- endogenous:
growing or originating from within an organism

- Convergent synthesis:
Strategy in multistep-synthesis. Build individual pieces of 
the molecule and then put them together. (as opposed to 
linear synthesis where you start from one molecule and 
keep adding/modifying until the target molecule is made)



Efficiency of Linear vs Convergent Synthesis



Morphine Biosynthesis -
How human neuroblastoma cells 
make morphine:

Source:
PNAS June 14, 2005 102 (24) 8495-8500; 
https://doi.org/10.1073/pnas.0503244102

https://doi.org/10.1073/pnas.0503244102


Used in treatment of opioid
dependency





Valdez CA, Leif RN, Mayer BP (2014) An Efficient, Optimized 
Synthesis of Fentanyl and Related Analogs. PLoS ONE 9(9): 
e108250. https://doi.org/10.1371/journal.pone.0108250

https://doi.org/10.1371/journal.pone.0108250








How much is a lethal dose of Fentanyl ?



2 mg of Fentanyl

A lethal dose  L



Source: World Drug Report
https://www.unodc.org/wdr2018/prelaunch/WDR18_Booklet_3_DRUG_MARKETS.pdf

https://www.unodc.org/wdr2018/prelaunch/WDR18_Booklet_3_DRUG_MARKETS.pdf


How do opioids work?

Source: https://www.naabt.org/faq_answers.cfm?ID=6



How do opioids work?

From: http://www.copeaustralia.com.au/home-mobile/naloxone/



First line treatment for opioid overdose

Naloxone
aka Narcan

administered intranasally



From: http://www.copeaustralia.com.au/home-mobile/naloxone/



How does cocaine work?
Cocaine in the brain: In the normal neural communication process, dopamine is released 
by a neuron into the synapse, where it can bind to dopamine receptors on neighboring 
neurons. Normally, dopamine is then recycled back...

https://www.drugabuse.gov/publications/research-reports/cocaine/how-does-cocaine-produce-its-effects


