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Historical Timeline
3400 BCE

150 CE

1100 CE

1400 CE

1729 CE
1764 CE

1803-6 CE

1827 CE

1831 CE

1838 CE
1850 CE
1860s CE

1897 CE

1925 CE

1942 CE

1946 CE
1952 CE

1959 CE
1960's CE
1973 CE
2001 CE

Sumerian records show
cultivation of hul gil
(Plant of Joy)

Religous Crusaders
bring opium home

Opium Use Banned
in China

Morphine isolated by
Serturner (and Derosne);
named after Morpheous

William Gregory invents
isolation process

Hypodermic Syringe
is invented.

Heroin, synthesized in
1874, is marketed by
Bayer as non-addictive

Wejlard and Erikson
discover first opioid
antagonist, nalorphine

Gates completes first

Ancient Greek physician
Galen administers opium
as treatment of pain,
asthma and heart failure

Recreational use begins
in China

East India Company gains
power of regions in India.

Creates monopoly of
opium production

Morphine sales begin by
Heinrich Emanuel Merck

Lin Zexu destroys 20K

chests of opium, sparking

the Opium Wars

Morphine used as medicine in

US Civil War. Creates
widespread addiction in
veterans

Robinson proposes correct

structure of Morphine

Methadone is synthesized

total synthesis of Morphine;

validating structure

Dr. Bentley's thebaine
analogs

Afghanistan's opium
production begins rising
after being down 94%

Janssen makes Fentanyl

Pert and Snyder, Simon,
Terenius find stereospecific
opiate binding sites in CNS

Opium Latex containing ~12% morphine
is obtained through the labor intensive
scoring of the immature seed pods by

hand. These cuts release the latex which
is then collected by hand after drying.

In the illicit trade, extraction and
acylation of morphine from the latex
leads to an 88% reduction in volume with
a compound twice as potent as
morphine. Making it easier to smuggle
and more valuable.

T & H Smith Process (1878)
* A modified procedure of the Robinson-
Gregory Process that improves yield and

l Extract with water'concenirate

avioids the slow filtration of Gregory's Salts. Salution
+ | Add CaClCaCO,
MARC Filtrate

The manufacture of
medicinal alkaloids
from the opium +
poppy- a review of a
traditional
biotechnology
Chemistry and
Industry 1988 146-
153

Helpful Resources on the History of Opium
Opium, Drugs: The Straight Facts ISBN: 0791085473
A brief history of opiates, opioid peptides, and opioid receptors Proc.
Natl. Acad. Sci. 1993 5391-5393
The Story of Morphine Structure Elucidation: One Hundred Years of
Deductive Reasoning Organic Synthesis: Theory and Applications
1998 1-51
The Isolation of Morphine- First Principles in Science and Ethics
Molecular Interventions 2001 189-191
The manufacture of medicinal alkaloids from the opium poppy- a
review of a traditional biotechnology Chemistry and Industry 1988 146-
153
Molecules That Changed the World chapter 10, 67-78

Precipitate Filtrate

Filtrate

Add ag, HCluntil acid

iﬂ,‘onoertrale.l’add BmMimaonia

Purified via
hydrochloride

Not Discussed:
Policy Decisions
Rewriting History, a
Response to the 2008
World Drug Report
Transnational Institute
2008
Opioid Epidemic in the
United States Pain
Physician 2012 ES9-ES38
Chemical Interventions
for the Opioid Crisis: Key
Advances and Remaining
Challenges JACS 2019
1708-1806




Opioids: Natural and Synthetic

Stephen Harwood

Baran Group Meeting
5/11/19

Pharmacology and Biology
Opioid Receptors
* Belong the the 7TM GPCR Superfamily (Barton, 2019)
* Activated by endogenous and exogenous opioids
« opioid peptides interact with highly divergent extracellular loops providing selectivity
and allowing discrimination of the different receptors.
» Small molecule opioids interact predominantly with conserved residues in the
bottom of the binding pocket.
* 4 receptor subtypes with native ligands
* u-Opioid Receptor (MOR)
« 3-Opioid Receptor (DOR)
« k-Opioid Receptor (KOR)
» N-Opioid Receptor (NOR/ORL-1)
* Existance propsed in 1950's. Discovered in mammalian brain tissue in 1973
« Diversification through posttranslational modifications,alternative mRNA splicing, Homo and
Hetero-dimerization.
p-Opioid Receptor (MOR, MOP or MOP-R)
» Mu- for morphine, the ligand that was found to bind this receptor when discovered.
» most expressed receptor in amygdala (processing of emotions), thalamus (motor function,
sleep and alertness), and mesencephalon (midbrain-- motor control, sleep/wake)
* Plays a critical role in mediating natural rewards. Agonists produce positive reinforcement
« Associated with analgesia, hyperlocomotion, respiratory depression, immunosuppression
8-Opioid Receptor (DOR, DOP or DOP-R)
« delta- for vas deferens (brain region where they were discovered in mice)
* most expressed receptor in olfactory tract, neocortex (perception, cognition), and striatum
(motor and reward systems)
» Agonists produce positive reinforcement

k-Opioid Receptor (KOR, KOP or KOP-R)

* kappa- for ketocyclazocine, the ligand that was found to bind this receptor when discovered.
Found only in stress axis regions of brain.

» most expressed receptor in basal anterior forebrain (acetylcholine production, learning),
hypothalamus (temperature, hunger), and pituitary(growth, blood pressure, sex organs)

« Agonists produce aversion, hallucinations, malaise (opposite of MOR agonists)

N-Opioid Receptor (NOR, NOP-R, or ORL-1)

+ Discovered before its principal ligand (very rare)

+ Lacks concerved binding sites of other receptors, therefore, many opioids do not bind here.
* Involved in pain and reward circuitry but does not have positive reinforcing effects.

« Activation of this receptor can cause dissapearance of conditioned place preference.

Self-Check: Do you understand the Biology?

medical hypotheses 1995 491-497
Salvinorin A is a selective KOR agonist, what effects would it have if ingested?
Front. Pharmacol. 2015 article 190
Could a MOR antagonist cause hyperalgesia (increased pain sensitivity)?
Life Sci. 1983 2139-46

How would eating behavior change if a MOR/DOR agonist was injected into the hippocampus?

MOR Knockout Mice Studies
1+ These mice lose motivation to eat and have diminished foot anticipatory behavior.
E- Reduced Maternal attachment.
.+ Knockout experimentation suggests MOR is responsible for reward properties of drug use.
E » Withdrawal symptoms in these mice are reduced.
+DOR Knockout Mice Studies
+ Evidence suggests DOR is somewhat responsible for reward properties of drug use.
» Knockouts do not develop morphine tolerance to the same degree as wild type mice.
E » These knockouts display higher levels of anxiety, implicating the receptor in schizophrenia,
' bipolar disorder, anxiety and depression.
1 » DOR knockouts increased self-administration of alcohol.
E » Knockouts demonstrate increased motor impulsivity, suggests DOR activity on inhibitory controls
 KOR Knockout Mice Studies
E » These mice do not show altered basal nociceptive thermal or mechanical sensitivity
'+ Visceral pain sensitivity increased
1 » Knockouts do not display place aversion or dysphoria when treated with KOR agonists.
i » Experiments suggest KOR plays a role in stress-induced emotional responses and learning

in stressful situations (learned helplessness, aversion, Pavlovian fear conditioning etc.)

Mechanism of Action

( * Ligand-induced conformational change in GPRG
J tacilitates intaraction with halerolrmenc G-

® Activated GPCR acts
a5 @ GEF or Gg

» GTP-Dincng-ind
of hatorofrimoric

» Iniesaction of G-
wilh efectors

* Acirvanon of Second MESSengars
by efleciors

« GTF hydrolysia
» GPCR phosphonyiation by GRK

* https://www.youtube.com/watch?v=gnA,xhNiAow
* https://www.youtube.com/watch?v=4wgotNGhwyv,

image from:
J. Cell. Sci. 2015 3533-3542
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Pharmacology and Biology (Cond.) Evoloution of the Opioid Receptors
Other Receptors On Right: Chromosome containing a ?:’fi?:g:;g’:% B’kﬁtg’{ ORL KOR

g-receptor

» Most likely a splice variant, posttranslationally modified, or dimer of known receptors
» Several drugs selectively hit this receptor

« g-receptor selective drugs lose activity in triple knockout (MOR,DOR,KOR) mice.
c-receptor

» Once thought to be opioid receptors, now it is clear they are not opioid receptors

» Some opioids have effects on the c¢-receptor

« exogenous agonists include: PCP, cocaine, morphine, methanphetamine

Regulation of the Opioid Receptors
Desensitization
* Mechanistically Complicated. Typically through phosphorylation by GRK's followed
by B-arrestin recruitment. .
Endocytosis
« Takes place quickly after phosphorylation, fast mechanism ideal for neurotransmitters
» Receptors can then be recycled back into the cellular membrane (resensitization)
or they can be degraded.
Downregulation
* slowing in the rate of receptor synthesis, folding, or secretion

Anti-Opioid System
cAMP Superactivation
» Chronic morphine use leads to cellular upregulation of cAMP so basal conc. is high.
« Effectively drowns opioid signal in noise, leading to decreased responsiveness.
Cholecystokinins (CCK)
« Highly potent antagonists of opioid system. CCK knockout mice have high opioid
concentrations in the brain.
« Also a gastrointestinal hormone involved in digestion of fats and proteins.
NMDA Receptors
* Chronic morphine exposure leads to upregulation of NR,A and NR4 subunits.
« Thought to play a role in tolerance development.
« Inhibition of NMDA with antagonists can inhibit the induction of tolerance.
« Once tolerance is established, it cannot be attenuated through NMDA antagonists.

Helpful Resources on Opioid Receptor Biology:

Reward processing by the opioid system in the brain.
Physiol. Rev. 2009 1379-1412
Opioid Receptors . Annu. Rev. Biochem. 2004 953-990
Opioid receptors: distinct roles in mood disorders.
Trends Neurosci 2013 195-206
[The delta opioid receptor: an evolving target for the treatment of brain disorders|
Trends Pharmacol Sci 2011 581-590
15 years of genetic approaches in vivo for addiction research:
opioid receptor and peptide gene knockout in mouse models of drug abuse.
Neuropharmacology 2014 204-217

g g g

unireceptor similar to ORL (and rhodopsin)
experienced a duplication event to produce two
opioid receptors (ORL/KOR and DOR/MOR).
Asymmetric divergence ensued and the
DOR/MOR partner evolved faster than the

Y, J JaY

ORL/KOR partner chromosome. This ancestral > >
chromosome pair then experienced a
duplication event to give the 4 opioid receptor
types today. Asymmetric divergece led to KOR | K
and MOR evolving faster than ORL and DOR la)%c:/sﬂg

Evidence: DOR and MOR are most identical to each other in sequence. Similarly, KOR and NOR are
most identical in sequence. Additionally, ligand overlap between MOR-DOR and KOR-NOR suggest
relationships within these pairs.

Conclusion: A duplication event of two ancestral genes to produce MOR and DOR as well as

NOR and KOR took place

Evidence: The Genetic record shows that a 2R event took place (2R hypothesis)
Conclusion: All four receptor types originated from a single ancestral receptor.

Evidence: hMOR was one of only 9 genes controlling brain size/behavior that showed an increase rate

of protein evoloution.Likewise,NOR protien is most analogous to rhodopsin.
Conclusion: MOR and KOR were the fast evolving members of the asymmetrical diverging pairs.

k-]
27
2
3 f

Evidence: Higher mammals show increased divergence in
homology of the 4 receptor types, however, comparisons between
mammals show convergence between analogous receptors.
Conclusion: Asymmetric divergence facillitated adaptive
evolution and different species convergently evolved

a more selective and sensitive receptor (both MOR and KOR
as a result of molecular level selection pressure.

)
?
w0OR

KOR, and ORL in 6 vertebrates. Notice that
MOR and KOR exhibit higher degrees of
convergence between vertebrates. Also, notice
that ORL most closely resembles rhodopsin and
displays the most divergence of all the
receptors.

Page-Turning review:
The evoloution of vertebrate opioid receptors
Frontiers in Bioscience 2009 1247-1269,

Ohygy
Other helpful resources: o

o
PNAS 2008 15487-15492 2 3 ‘%%

vitamins and hormones 2015 57-94
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Natural Opioid Peptides

Endogenous Opioid Peptides
* Nearly every opioid peptide is derived from the
degredation of one of four larger protiens

Pro-opiomelanocortin (POMC)

* 241 amino acid residues

» Degredation produces several important
hormones

* Opioids produced: Endorphins,

Enkephalins, Lipotropins

* B-endorphin containing neurons are long
projecting systems

typically located in medial hupothalamus,
diencephalon and pons

Proenkephalin (PENK)

* 267 amino acid residues

* contains 4 copies of met-enkephalin

and 1 copy of leu-enkephalin

* Neurons containing PENK are more widespread
in the brain than POMC containing neurons

» Found in short- projection neurons
Prodynorphin (proenkephalin B)

» contains dynorphin A, dynorphin B,
a-neoendorphin and B-neoendorphin

* incomplete processing leads to "big dynorphin”,
a peptide of dynorphin A and B

« found in generally distributed central

and peripheral neurons

Prepronociceptin (Orphanin FQ)

* precursor protein of nociceptin and nocistatin
» Nociceptin is the NOP/ORL-1 agonist

* nocistatin is the NOP/ORL-1 antagonist

* NOP is generally distributed in the CNS

so its effectors also are widespread.

Helpful Reviews:
* The Biochemical Basis of Neuropharmacology
2003 Chapter 11 ISBN: 978-0195103984
* Progress in Brain Research 2007 227-293
+ Hormones, Brain and Behavior 2009.
Part V, 2541-2599

"For some factors, the purification
of nanograms of active peptide required
hundreds of thousands of brains."
The Biochemical Basis of Neuropharmacology pg 323

Endorphlns
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a-endorphin (16 AA)

sequence: Tyr-Gly-Gly-Phe-Met-Thr-Ser-Glu-Lys-Ser-GIn-Thr-Pro-Leu-Val-Thr

* Blue region is conserved among nearly every endogenous opioid peptide

» Red region Tyrosine is analogous to morphine backbone and is responsible for potency.
B-endorphin (31 AA)

sequence: Tyr-Gly-Gly-Phe-Met-Thr-Ser-Glu-Lys-Ser-GIn-Thr-Pro-Leu-Val-Thr-Leu-Phe-Lys-Asn-Ala-lle-lle-Lys-Asn-Ala-Tyr-Lys-Lys-Gly-Glu
« Endogenous MOR ligand, extremely high affinity and prolonged agonistic effect on MOR

« Associated with hunger, thrill, pain, maternal care, sexual behavior, and reward cognition.

« Exercise releases p-endorphin and B-lipotropin, this release is known as "runners high" o

y-endorphin (17 AA) HoN /\n,N\)L \)L
sequence: Tyr-Gly-Gly-Phe-Met-Thr-Ser-Glu-Lys-Ser-GIn-Thr-Pro-Leu-Val-Thr-Leu
« exact function unknown. Structure is identical to a-endorphin with an extra leucine

_<....

Enkephalins HO Leu-enkephalin

Leu-enkephalin (5 AA)
sequence: Tyr-Gly-Gly-Phe-Leu o
- Analgesic properties as a MOR and DOR agonist. H T H HN NH,
] HoN N\)L N
Met-enkephalin (5 AA) N N OH
sequence: Tyr-Gly-Gly-Phe-Met o o
* Primary endogenous ligand for DOR Met-enkephalin s
» Endogenous ligand for Opioid Growth HO S Met- enkephalln\ NH,
Factor Receptor (sometimes called n-opioid receptor)
Metorphamide (8 AA)
sequence: Tyr-Gly-Gly-Phe-Met-Arg-Arg-Val-NH,
» Balanced MOR/KOR agonist Metorphamide
« Little affinity for DOR HN
« analgesic and respiratory depressive
Peptide E (25 AA)
sequence: Tyr-Gly-Gly-Ph-Met-Arg-Arg-Val-Gly-Arg-Pro-Glu-Trp-Trp-Met-Asp-Tyr-Gin- Lys-Arg-Tyr-Gly-Gly-Phe-Leu
» Clevage produces Bovine Adrenal Medulla 18 (BAM-18, Red) and Leu-enkephalin (Blue)
* BAM-18 has MOR and KOR activity. In low conc., produces hyperalgesia. High conc, analgesia. Naloxone can reverse analgesia.
» Neuropeptides 1988 21-27; Journal of Neurochemistry. 1987 1824-1832
Dynorphins
» Responsible for maintaining homeostasis. These opioid peptides regulate functions like appetite, circadian rythms, body temperature.
» Dynorphins play a role in addiction, dysphoria, place aversion, stress and depression, and learned helplessness.
+ Act primairily on KOR
Big Dynorphin (32 AA)
Tyr-Gly-Gly-Phe-Leu-Arg-Arg-lle-Arg-Pro-Lys-Leu-Lys-Trp-Asp-Asn-GIn-Lys-Arg-Tyr-Gly-Gly-Phe-Leu-Arg-Arg-GIn-Phe-Lys-Val-Val-Thr
* Pricipal Endogenous agonist for human KOR.
* nociceptive and anxiolytic properties and effects memory in mice.

2

NH,
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Natural Opioid Peptides (cont.) :
Dynorphins (cont.)
Dynorphin A (17 AA)
Tyr-Gly-Gly-Phe-Leu-Arg-Arg-lle-Arg-Pro-Lys-Leu-Lys
« Truncated version Dynorphin A4_g displays agonistic
activity at MOR, DOR high affinity for KOR
Leumorphin (29 AA)
Tyr-Gly-Gly-Phe-Leu-Arg-Arg-Gin-Phe-Lys-Val-Val-Thr-Arg-Ser-
GIn-Glu-Asp-Pro-Asn-Ala-Tyr-Tyr-Glu-Glu-Leu-Phe-Asp-Val
« also known as Dynorphin Bq.g9
* Potent, selective KOR agonist.
Dynorphin B (13 AA)
Tyr-Gly-Gly-Phe-Leu-Arg-Arg-GIn-Phe-Lys-Val-Val-Thr
« also known as Rimorphin
* Clevage product of Leumorphin
Neoendorphins
o~ Tyr-Gly-Gly-Phe-Leu-Arg-Lys-Tyr-Pro-Lys
B-Tyr-Gly-Gly-Phe-Leu-Arg-Lys-Tyr-Pro
* KOR ligands.
* Future Medicinal Chemistry 2012. 205-226
Nociceptin (17 AA)
Phe-Gly-Gly-Phe-Thr-Gly-Ala-Arg-Lys-Ser-Ala-Arg-Lys-Leu-Ala-
Asn-Glin
« Principal endogenous ligand for NOR/ORL-1.
« potent anti-analgesic, counters effect of pain relievers
* High levels of nociception are marked with hyperalgesia
» when administered to CNS, exhibits classical opioid behavior
with lower tolerance development and risk of addiction.

« has been evaluated as therapeutic for drug abuse. -

‘Exogenous Opioid Peptides

* Peptides 2011 15-30-1535;
*Current Topics in Med. Chem. 2011 1151-1156 '
Endomorphins (4 AA)
* EM-1: .Tyr-Pro-Trp-Phe-NH, :
* EM-1 produces conditioned place preference ,
* High affinity MOR agonist, equipotent to morphine :
» produces conditioned place preference ,
+ EM-2: Tyr-Pro-Phe-Phe-NH, :
« produces conditioned place aversion E
* MOR agonist, produces analgesia, prevalent in CNS '
* Induces release of dynorphin A, a KOR agonist. !
» EM-2 is arrestin biased agonist of MOR. Induces !
phosphorylation of GPCR and recruitment of arrestin to signal !}
endocytosis after signal transduction. Potential mechanism of
action less prone to dependence/tolerance. Oliceridine (TVA- |
130) attempted this, was pulled by FDA out of concern. See CYTr
1010. Mol. Pharmacol. 2012. 178-188 '
* Genes encoding EM-1 and EM-2 have not been identified, :
potentially synthesized by NRPS '

Enkephalinase Inhibitors

Opiorphin (GIn-Arg-Phe-Ser-Arg)

« First isolated from human saliva. Has pankilling effect great than morphine. Prevents degredation of enkephalins in the spinal
cord

Spinorphin (Leu-Val-Val-Tyr-Pro-Trp-Thr)

 Prevents degredation of enkephalins by inhibiting peptidase enzymes.

Hemorphins (hemoglobin derived opioid peptides)
Valorphin (Val-Val-Thr-Pro-Trp-Thr-Gin)
* Produced via clevage of AA 33-39 of hemoglobin.
« Binds MOR preferentially producing analgesia. ltir. J. Pepride Protein Rer. 1997. 417-484
Hemorphin-4 (Tyr-Pro-Trp-Thr)
* MOR, DOR, KOR ligand also possessing inhibitory effects on angiotensin-converting enzyme (ACE) indicating a role in
bloodpressure regulation. FEBS 1991 39-41
Endogenous Opioid Peptides Summary Table
* principal agonists in blue

Receptor MOR DOR KOR NOR ﬁ]ﬁt)eitaoiz
B-endorphin Meg):,)\;ﬁrglde
a-endorphin ;
Peptide E
a/B-Enkephalin | p-endorphin Big S’;r:oerphin
Metorphamide Leu/Met- Leumorphin Obpiorphin
Ligands BAM-18 Enkephalins Neoendorphins Nociceptin Sp’i)norF:)hin
Dynorphin Aq.g [ Dynorphin Ag Dynorphin A
Endomorphin-1/2| Hemorphin-4 Endomorphin-2
Valorphin (via Dyn A)
Hemorphin Dynorphin Aq.g

Phyllomedusa sauvagii
(waxy tree frog)
on right:

From food sources:

» Casomorphin (breakdown of casen in milk)

* Gluten exorphins (digestion of gluten)

* Gliadorphin/ Gluteomorphin (digestion of gluten)

» Soymorphin-5 (degredation of soybean B-conglycinin)

* Rubiscolin (degredation of Rubisco in spinach leaves)
Anphibian Opioid Peptides

* Endogenous to frogs of the Phyllodedusa genus

* Produced in their skin and secreted

* One of the highest affinity natural opioid peptides for DOR
* Very potent, very selective.

» These proteins contain D-amino acids which are a post-

Kambo Frog Ceremony
* A burning stick is placed against the skin to
make a small wound. The waxy secretion on the frog's skin

translational modification via an isomerase enzyme.
Deltorphin A (Tyr-D-Met-Phe-His-Leu-Met-Asp)
Deltorphin | (Tyr-D-Ala-Phe-Asp-Val-Val-Gly)

Dermorphin (Tyr-D-Ala-Phe-Gly-Tyr-Pro-Ser) MOR-agonist

Deltorphin Il

is collected and placed onto the wound. This induces a phisiological
response similar to morphine. Nausea, hot flashes, hallucinations,
respiratory supression and drowsiness all occur. Symptoms subside
after several hours. Used as a "medical" treatment to clense
the body of negative spirits.
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Biosynthesis o

* Opioids are primarily derived from the Benzylisoquinoline alkaloids (BIA)
* 2,500 elucidated structures HO OH TYDC HO + /@ACHO
* Morphine, Codine, papaverine and sanguinarine are notable family members NH NH HO
* Naturally occuring in the papaver somniferum (opium poppy), Eschscholzia HO 2 HO 2

i i i ; s i 4-hydroxyphenyl-
californciam, Thalictrum species, and Coptis japonica. L-Dopa Bisbenzylisoquinoline Dopamine acetaldehyde

alkaloids
NCS
MeO CYP80A1
MeO
MeO
H N HO
CYP719B1 HO Cyp80B3;

-—_ HO

HO

(R)-Reticuline
MeO

MeO
MeO
(S)-Reticuline
(Point of Divergence)

[spontanious]
NMe —>

AcO H
Salutaridinol-7-

O-acetate

NMe "
-\\H ::

(o

AN <
. HO o OH '
ring- yramine Additional Support: "

« (S)-Reticuline becomes Morphine (inversion event), .

gt
.

NMe . CDj3-N-thebaine becomes CD3-N-Morphine E:
0\l "
Conclusion: 1

« human cells possess all the enzymatic "

0\\‘ 2 machinery to convert tyrosine to morphine :E
OH "

PNAS 2004 14091-14096; (review): Folia Biologica (Praha) 2012, 49-56  +'._____

~<— HO
4'O0MT

OH

Thebaine Morphinone

Morphine

TYDC: Tyrosine decarboxylase NCS: norcoclaurine synthase;

4'OMT: 3'-hydroxy-N-methylcoclaurine 4-O-methyltransferase;

DRS: 1,2-dehydroreticuline synthase;

DRR: 1,2-dihydroreticuline reductase; SalR: salutaridineNADPH;-oxidoreductase;
SalAT: salutaridinol 7-O-acetyltransferase; T60DM: thebaine 6-O-demethylase;
COR: codeinone reductase; CODM: codeine O-demethylase

Annu. Rev. Plant Biol. 2008. 59:735-69
Nature Chemical Biology 2010 251-252

NMe 60MT: norcoclaurine 6-O-methyltransferase; CNMT: coclaurine N-methyltransferase;




Opioids: Natural and Synthetic
Baran Group Meeting

Stephen Harwood 5/11/19

Nomenclature and Reactivity of Morphine

pseudomorphine (biologically inactive)

i , HO'®
- <)
................................................................ Tf’?ﬁ?&’f’]"ﬁ”.?’f £‘3_IC_>I_O-QI£2<_’:7[ 9’1?’?!?‘.@’.1.???- .5_3.7. ?.4.2. -- Dissonant relationships W|th|n morphine

Selected Total Syntheses/ Semi-Syntheses *Different relationships based on priority

Gates, 1952 The Synthesis of Morphine JACS 1952 1109-1110 (31 steps, 0.06% overall yield) (phenol on left, amine on right)
N Dissonant relationships highlight synthetic difficulty

HO 1. PhCOC, py BZO 3.H, Pdic BzO S0, ' Hudlicky. Topics Curr. Chem. 2011 (309) 33-66
 Hudlicky. Topics Curr. Chem. 2011 (309) 33-66
1 Codeine Hudlicky (2009,18 steps, 0.19%)
OH 2. NaNO,, AcOH OH .

65%

\

1. M92804, KQCO3

1. NCCH,CO,Et o 2.KOH  BzO :
2 KaFe(CN)g ‘O PELLC Oe : NMeBoc
OMe 3. KOH ome 4 H2, Pd/C o :
50% 81% 5. FeCly 0—/?205 NMeBoc
59% 0 ! HO, o
1. chiral ' ’
MeO MeO resolution ' <:| NMeBoc
c C ’ 1. NaOH, NH2NH2 2. H,S0, tHO™
u-Lr, Mo MeO o 0 2. Mel, NaH 3. NoH,, KOH [V|a biocatalysis] Tetrahedron 2009 9862-9875
2 > L — L T ] ent-Codiene: Synlstt 2007 2859-2862
3. L|AIH4 Mor hine Chida (2008, 24 steps, 3.8%
50% 79% NMe 4 ptE;CO(;( Name? P ( P )
36%

[Morphlnan]

MeO
MeO Br MeO Br MeO Br
1.Bry (2 eq.) 1. Bry, HOAC
2. 2,4-DNPH 1.H,, Pt 2.2,4-DNPH HO
-«—— HO -«—— HO B

: Z 3—CO,Et
(o] o :
~ HCI, acetone 80% 3. HCI, acetone 0 NMe:

\‘II\

\| CO:Et

Claisen

. rearrange’

@ NMe 7o, ﬁ NMe @ NMe ' 259, @ i
(o} o O 2,4-DNPH: 2,4-dinitrophenylhydrazine MeO OH OMe OMe

1. LAH First Total Synthesis of Morphine. OTf B(oH), suzuki " 2
2. py, HCI [confirmed Robinson's proposed structure (Mem. Proc. Manchester Lit. Phil. Soc. 1925, 79-85) HO,, <:| '
pre-NMR, used degredation studies to assess progress. \

Morphine Intercepting morphinin confirmed its structure and provided access to semi-synthetic material '"HO
See also: Gates. JACS 1956 1380-1393; Gates. JACS 1950 228-234 + Tetrahedron Lett. 2008 358-362







