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Introduction to Opiates

Pain Physician 2008, 105-120; J. Hist. Biol. 1975, 95-114; Historical J. 2015, 1009-1029; PNAS 1993, 5391-5393; Appl. Econ. Lett. 2008, 911-913



Natural Opiates
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conventional ring notation for (-)-morphine  H H Me

natural and semisynthetic opiates (-)-codeine Me H Me

ACS Chem. Neurosci. 2018, 2503—2518; Am. J. Pharm. Educ. 2002, 186—194



Licit Semisynthetic Opiates

Opiate Medchem Scaffolds

RO (-)-oripavine (R = H)

(-)-thebaine (R = Me)

masked
ketone: O
synthetic

handle —\ K

MeO™ ,
diene: [4+2] or C14 hydroxylation

amine:
N-alkylation

HO

\/A 1) MVK, EtOH (70%)
1) Br endo Diels-Alder

2) t-dodecanethiol,
NMe NaOtBu (55%)

2) -BuMgCl (54%)
3) Hy,, Pd/C (80%)

Nature 1965, 103; JACS 1967, 3267-3273; JACS 1967, 3273-3280; JACS 1967, 3281-3292; ACS Chem. Neurosci. 2018, 2307—-2330



Total Synthesis of Morphine

(x)-morphine

Topics Curr. Chem. 2011, 33-66



Total Synthesis of Morphine

MeO MeO MeO
mHz 1) 200 °C O NH 1) Li, NHg; ‘ NCHO
2) POClI, then +-BuOH
+ > >
MeO NaCNBH; O 2) PhPCHO, A O
82% MeO 85% MeO
OH

OH

MeO Br @)
O ‘ NCHO 1) (CH,0H),, TfOH
HO 0 1) NH,F-HF, TfOH then Me CONHBr
2) MeOH, HCI, A HO 2) HCO,H, H,0
NH
o (55%) MeO O - (90%)
MeO H MeO
1) Br,, HOAC 1) EtOCOCI
2) NaOH, CHClg 2) PhSeCl BBr;
> O — O —
3) HCHO, NaOAc, - 3) NalO,4 (91%)
AcOH, H,, Pd/C NMe 4) LiAIH, NMe
(79%) 0 (41%) HO
(+)-hydrocodone (+)-codeine (+)-morphine

Heterocycles 1977, 1157-1165; J. Med. Chem. 1977, 164-165; J. Org. Chem. 1980, 592—-601; J. Org. Chem. 1980, 3135-3137



llicit Semisynthetic Opiates - Diacetylmorphine (Heroin)
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«» CaO (lime) , separate NH,CI
, organics l
v hot H,O I via siphon I aqueous l overnight
overnight pH 1012 pH 10-12
70 kg of
raw opium u U
; | |
Q filter queous precipitation
= - eHS) -« B
NMe precipitate I ‘
HO™ | I |
7.8 kg of (—)-morphine
base (53% purity)
AcO AcO AcO
5 equiv. 1) dilute HCI
Ac,0, A 2) activated C HCI
then —» o > o] —> O
NayCO3 E 3) filtration - acetone
4) aq. NH; NMe NMe
RS w o *HCI
AcO AcO AcO
brown heroin base white heroin base 3.9 kg (-)-heroin*HCI
(68% purity) (79% purity) (49% yield; 74% purity)

Bull. Narc. 2005, 57, 11-31



llicit Semisynthetic Opiates - Desomorphine (Krokodil)
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NMe
I, [iodine tincture]

HO*" A then H,0

(-)-codeine<HCI (-)-Desomorphine

JAMA Dermatol 2015, 32; Forensic Sci. Int. 2015, 76-82; Life Sciences 2014, 81-87; Forensic Sci. Int. 2015, 207—213; Chem. Res. Toxicol. 2017, 1609-1621; ACS Chem. Neurosci. 2018, 2307-2330



llicit Semisynthetic Opiates - Desomorphine (Krokodil)

MeO HO
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4 Red P [matchboxes] -,
— > NMe
.- I, [iodine tincture]
HO* A then H,0 '
(-)-codeine<HCI (-)-Desomorphine
()
PAIN RELIEF o 100% LYE MATCHES
(ANALGESIC) @ = (50 BOOKS)
i
Codeine*HCI petroleum NaOH(s) Red P
[OTC pain medication] [gasoline] [lye] [matchbook strikers]
O — =
f|_|\ % IODINE HYDROGEN
SOLUTION PEROXIDE

DISINFECTANT DISINFECTANT

XXX MURIATIC ACID
POOL CLEANER +

N—/ —
EtOH HCl(aq) aqueous I aqueous H,0,
[190 proof liquor] [pool cleaner] [iodine tincture] [hydrogen peroxide]

JAMA Dermatol 2015, 32; Forensic Sci. Int. 2015, 76-82; Life Sciences 2014, 81-87; Forensic Sci. Int. 2015, 207—213; Chem. Res. Toxicol. 2017, 1609-1621; ACS Chem. Neurosci. 2018, 2307-2330



Mechanism of the Reduction of Codeine to Desomorphine

7 Nagai Type Reaction N\
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Red P [matchboxes]

NMe — >
.- ‘HCI I, [iodine tincture]
HO A then H,0

(-)-codeine-HCI (-)-Desomorphine
A

NMe

Sv2 | Pl
reaction 3

dehalogenation,
reduction, and
demethylation

JAMA Dermatol 2015, 32; Forensic Sci. Int. 2015, 76-82; Life Sciences 2014, 81-87; Forensic Sci. Int. 2015, 207—213; Chem. Res. Toxicol. 2017, 1609-1621; ACS Chem. Neurosci. 2018, 2307-2330



Introduction to Opioids
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Methadone Fentanyl Tramadol

ACS Chem. Neurosci. 2018, 2307-2330



Historical Context - Pethidine (Demerol)
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norpethidine pethidine

US Patent US 2167351A; Am. J. Ther. 2002, 53—-68; J. Pharm. Pract. Res. 2008, 88-89; Nat. Prod. Rep. 2014, 880-904; UNODC, Crime and instability, 2010



The Advent of Clandestine Synthesis - MPPP (China White)

O O\\(Et
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PhMgBr then
>
N (C5H5CO,),0 N
Me Me
MPPP

Science 1983, 979-980; Proc. Natl. Acad. Sci. 1983, 4546-4550; New Engl. J. Med. 1996, 2002—-2003; Chem. Eng. News 2013, 11-15



The Advent of Clandestine Synthesis - MPPP (China White)
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Me Me
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MAO-B Elimination
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| pathway
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Science 1983, 979-980; Proc. Natl. Acad. Sci. 1983, 4546-4550; New Engl. J. Med. 1996, 2002—-2003; Chem. Eng. News 2013, 11-15



The Advent of Clandestine Synthesis - MPPP (China White)
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Me Me
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MAO-B Elimination
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| pathway
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Science 1983, 979-980; Proc. Natl. Acad. Sci. 1983, 4546-4550; New Engl. J. Med. 1996, 2002—-2003; Chem. Eng. News 2013, 11-15



The Current Opioid Epidemic in the United States

1) 2-(bromoethyl)benzene,
Cs,CO3, MeCN, 80 °C N
2) aniline, AcOH, DCM, Ph
QH Na(OAC)3BH, rt (91%) N
O

> )\
3) propionyl chloride, DCM, =
DIPEA, (95%)

J. Am. Chem. Soc. 2019, 1798-1806; ACS Chem. Neurosci. 2018, 2428-2437; J. Anal. Toxicol. 2012, 647-656



Introduction to Substituted Phenethylamines

OH OH
Me :

Me NH,

NHMe NHMe
ephedrine pseudoephedrine phenethylamine
[Bronkaid] [Sudafed] [PEA]
OH OH
HO NHMe HO NH,
HO
phenylephrine norepinephrine
[Preparation H] [Adrenaline]

Front. Neurosci. 2016, 10, 148; Nat. Prod. Rep. 2014, 880-904; J. Anesth. 2012, 137-140; Phytother. Res. 2003, 703—-712; Allergy Clin. Immunol. 2006, 279-280; J. Am. Med. Ass. 1930, 790-791



Introduction to Substituted Phenethylamines

Me Me Me

NH, NHMe NHMe

dextroamphetamine dextromethamphetamine levomethamphetamine
[Dexedrine] [Desoxyn] [Vicks Vaporub]

N
O “Me
< v R
O e
methylenedioxymethamphetamine substituted cathinones
[MDMA] [MDPV, mephedrone, etc.]
NH2 Me
H [
N N
(CH2)4NH2 Bn
Me O Me
lisdexamfetamine benzphetamine
[Vyvanse] [Didrex]

Dis. Mon. 2012, 38-89; J. Interdiscip. Hist. 2011, 205-233; J. Psychopharmacol. 2013, 479-496; J. Anal. Toxicol. 1998, 299-309; ACS Chem. Neurosci. 2018, 2379-2394



Nagai’s Original Synthesis of Methamphetamine (1893)
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Dis. Mon. 2012, 38-89; J. Interdiscip. Hist. 2011, 205-233; J. Psychopharmacol. 2013, 479-496; J. Anal. Toxicol. 1998, 299-309; ACS Chem. Neurosci. 2018, 2379-2394



The Birch Reduction
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J. Chem. Soc. 1944, 430-436; J. Chem. Soc. 1945, 809—-813; J. Chem. Soc. 1946, 593-597; J. Chem. Soc. 1947, 102—-105; Nat. Protoc. 2007, 1888-1895



Dispute Over Mechanism (Birch vs. Zimmerman)

MeO MeO
SET PT H  +BuOH(D)
© —then—> H
‘ SET l
©
MeO MeO
Dy/Do = 7.0 (ortho-protonation of the radical H
anion and meta-deuteration of the carbanion) Do
H
MeO MeO Du
PT T
L» — then = ©
SET o SET H -BuOH(D)

Acc. Chem. Res. 2012, 164-170



Stereoselectivity in protonation/alkylation

HO @)

Na, NH3

Y

ROH

TMS

\

Na, NH;
ROH

M, NH3,
ROH,

0] THF,
—78 °C

Org. React. 1992, 1-334; Acc. Chem. Res. 1990, 207-213; Org. Lett. 2004, 3055-3058



Baran’s Electrochemical Birch

| 1
I |
i +)/Gal anlzed I{'I //O i
a v
X steel wire(-), rt or : ( CN'>'P Me\NJ\N,Me
R ~ Ry | 3 H H
a (Al(+)/Zn(-), =78 °C),
10 mA, LiBr, DMU, TPPA DMU
TPPA, THF
MeO OTBS
o g, OO O On
N 0% “OH Me o
48% (78%) 40% (68%) 71% (75%) 68% (72%) 70%
[Li] = 82% [Li] = 90% [Li] = 98% [Li] = 90% [Li] = 62%
Na-disp. = 28% Na-disp. = 14% Na-disp. = 6% Na-disp. = 7% Na-disp. = 10%

Science, 2019, 838-845; Org. Process Res. Dev. 2005, 997-1002



Reaction Scalability and Practical Application

OTBS OTBS
Mg(+)/Galvanized
steel wire(-), rt 0.1 mmol: 68%
> 10 g (batch): 74%
10 mA, LiBr, DMU, 100 g (flow): 72%
TPPA, THF
Me Me

Science, 2019, 838-845; Org. Process Res. Dev. 2005, 997-1002



Reaction Scalability and Practical Application

OTBS OTBS
Mg(+)/Galvanized
steel wire(-), rt 0.1 mmol: 68%
> 10 g (batch): 74%
10 mA, LiBr, DMU, 100 g (flow): 72%
TPPA, THF
Me Me
Me Me
N Li, NH3, Amyl-OH, I

35 °C then H,0 (84%) NH

Vs, ——>»

N Mg(+)/Galvanized N
steel wire(-), rt
N—& 10 mA, LiBr, DMU, HN——&
< o) TPPA, THF (67%) o)

Ph sumanirole

Science, 2019, 838-845; Org. Process Res. Dev. 2005, 997-1002



cience,

Reaction Mechanism

Mg(+)/Galvanized
steel wire(-), rt or
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(Al(+)/Zn(-), =78 °C),
10 mA, LiBr, DMU,
TPPA, THF,



Square Wave Voltammetry (SWV) Analysis
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10 Hz - 100 Hz

normalized current (Aj)

-2.8 -3.2 -3.6
potential (E/V vs Ag/AgNO;)

Science, 2019, 838—-845



Cyclic Voltammetry (CV) Analysis
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-2.8 -3.1 -3.4 -3.7 5 10 15 20
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Science, 2019, 838—-845



Cyclic Voltammetry (CV) Analysis

35 = X+ DMU +LiBr
X+ DMU

25 X only

15

current (i/ uA)

| | | | |
—-2.6 -29 -32 -35 -38
potential (E/V vs Ag/AgNO;)

Science, 2019, 838—-845



Cyclic Voltammetry (CV) Analysis

35 = Naphthalene 35 = Naphthalene + LiBr
< condensed < condensed

=" =

~ expanded ~ expanded

€ c

o o

5 - 5

o o

5 - -5

-21 25 29 33 -37 -21 25 -29 -33 -37
potential (E/V vs Ag/AgNO;) potential (E/V vs Ag/AgNO,)

Science, 2019, 838—-845



Birch Reduction of Pseudoephedrine

o Li, NH
_Me  iproH, _Me
NHMe ~ 7goc NHMe
93% vyield

(+)-pseudoephedrine

(+)-methamphetamine

2 Me
©/\lil/l-lMe




“Shake and Bake” Synthesis of Methamphetamine

O

INSTANT
COLD PACK

NH4NO4
[cold compress]

]

PAINT
THINNER

xylenes/toluene
[paint thinner]

Nat. Prod. Rep. 2014, 880-904; ACS Chem. Neurosci. 2018, 2307—-2330

Li metal
[batteries]

DRAIN
CLEANER
ACID

H>SO,
[drain cleaner]

=

100% LYE

NASAL
DECONGESTANT

MURIATIC ACID

POOL CLEANER

—

HCl(aq)
[pool cleaner]

(+)-pseudoephedrine+HCI
[nasal decongestant]

=

MeOH

[gasline antifreeze]



“Shake and Bake” Synthesis of Methamphetamine

OH

Me
m-Ne'HCI

(+)-pseudoephedrine<HCI

NASAL
DECONGESTANT

i. NH4NO,

ii. Li Metal
iii. NaOH(s)

i. cold compress,
paint thinner

iii. lye

L.
>

ii. Li-ion batteries

Ammonia is generated in situ from ammonium nitrate
(cold compress) and NaOH (lye) as outlined below:
NH4NO3(aqg) + NaOH(aq) = NaNOs(aq) + NHs(g) + HoO())

Y

/:Me
NHMe

Caution: pressure NH; (9)

f build up
: Lo

Vent

77N

N
Shake

Secrets of methamphetamine manufacture: including recipes for MDA, ecstasy, and other psychedelic amphetamines, 2009.

filter Me
— then — :
HCI(g) NHMe*HCI

(+)-methamphetamine*HCI

3
filter (coffee filter)

then ————
HCI(g) (from pool
cleaner/drain cleaner)

HCI gas is generated from the reaction of HCI (muriatic
acid) and H,SO, (drain cleaner) as outlined below:
HCl(aq) + H,SO, — HCI(g) + H,SO4(aq)



