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Abstract

Synthesis and Structural Modification of the MDMA®gonist Nanteniné\ Naturally
Occurring Aporphine Alkaloid

By
Onica Le Gendre
Advisor: Dr. Wayne W. Harding

MDMA (“Ecstasy”) is a synthetic phenethylaminenstilant which is known to affect the
re-uptake of serotonin, dopamine and nor-epinephirirthe brain. Adverse effects of “Ecstasy”
in humans include development of hyperthermia,uecalations, organ failure and in extreme
cases, death. There is evidence that the behhwdndaphysiological effects of MDMA are
mediated byu;-adrenergic and 5-HJ receptors. Nantenine is a naturally occurringrplpoe
alkaloid which has been shown to block and revéeeavioral and physiological effects of
MDMA in mice via antagonism of the aforementionedaptors. However, the relative role of
these receptors in mediating the MDMA antagonizffgcts of nantenini vivo is unknown.

The goal of this project is to explaliéferent methods of synthesizing nantenine and
nantenine derivatives. These compounds were dedjdo in vitro testing for antagonistic
activity ataj-adrenergic and 5-Hk receptors and their ability to block/reverse MDN#Atuced
effects in mice througim vivo drug discrimination assays. This work providesight into the
relative role of these receptors in mediating tiiagonistic activity of nantenine. Moreover, the
results may provide the foundation for the desiga a@evelopment of potent and selective
MDMA antagonists in the future.

Here we present our synthetic studies as welhagdsults of biological evaluations of

nantenine and analogues.
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CHAPTER I: MDMA
1. INTRODUCTION

1.1. History Discovery of MDMA use in Humans

3,4-Methylenedioxymethamphetamine (MDMA) is ancitli“designer” drug also known
as “Ecstasy” (Figure 1). MDMA is a ring-substitdt@mphetamine that is popular with
adolescents at massive parties known as “ravesiedisas on college campuses since the mid

1980's! The name “Ecstasy” was first heard on the stree@alifornia in 1984.

H
<enn
O
MDMA (1)
Figure 1: 3,4-methylenedioxymethamphetamine

MDMA was first synthesized in 1912 by Kdllisch apdtented by Merck in Darmstadt
Germany as an anorectic drug or appetite suppressdnwever, MDMA’s patent 274350, has

no indications for plans to develop an appetitgpsegsant

In 1927, Merck was interested in adrenaline- oreelpimne-like substances and Dr. Max

Oberlin noted MDMA'’s structural similarity to eph@ake and adrenaline (Figure 2).

OH H OH H
©}\rN\ N\
HO
OH

Ephedrine (2) Adrenaline (3)
Figure 2: Compounds Structurally Similar to MDMA

Oberlin conducted pharmacological tests on MDMA determined that it affects blood

glucose levels similarly to high doses of ephedriddDMA was capable of dilating vascular
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smooth muscle and uterine muscle tissue with sirpitdency to ephedrine, while not affecting
the eye muscles.Oberlin concluded that MDMA did not have pure gathetic effects.

Shulgin reported MDMA as a hallucinogen based sncitemistry, dosage, kinetics and
psychotropic effects in humans in 1978 MDMA was first detected in tablet size on theests
of Chicago in 1976.

The U.S. Drug Enforcement Administration classiflddMA as a Schedule 1 drug in
1985 due to its high abuse potential, lack of chhiapplication and lack of accepted safety for
use under medical supervision. There was alsceaeal that 3,4-methylenedioxyamphetamine
(MDA), a major MDMA metabolite, caused serotonenggve terminal degeneration in rat brain
(Figure 3° MDMA was thereafter banned in other countries.

0 NH,
AT
MDA (4)
Figure 3: 3,4-methylenedioxyamphetamine

1.2. Physiological and Behavioral effects of MDMA in Humans

The primary effects of MDMA in humans are similar that of other amphetaminés.
Shulgin and Nichols reported that MDMA was psychivacin humans causing hallucinogenic
effects*® In 1985 Greer and Strassman reported that oralréstration of MDMA in 75-175
mg doses increases a patients’ self-esteem and opgemopen communication during
psychotherapy.

MDMA produces a relaxed, euphoric state, includemotional openness, empathy,
reduction of negative thoughts, and a decrease nhibitions!®*> MDMA’s adverse

physiological effects normally occur during the lpexeriod, 20 to 60 minutes after ingestion.
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The adverse effects include elevated blood presanckeheart rate, nausea, chills, sweating,
tremor, jaw clenching, bruxism, hyperreflexia, @iy urgency, muscle aches or tension, hot and
cold flushes, nystagmus, and insomti&. Davison and Parrott suggest that individuals who
consume MDMA experience sounds and colors morenselg, depression, irritability, panic
attacks, visual hallucinations, and paranoid dehsfollowing the initial effects!

Hyperthermia is the second leading cause of death MDMA abuse and occurs when
the core body temperature reaches 104 °F and neag@ms begin to shut down. Green
suggests that MDMA-related hyperthermia occurs agsalt of serotonin syndrome, which
occurs when serotonin is constantly released ihe® brain causing its depletion in the
presynaptic neurot?.

The third most prominent cause of death from MDMAacute overdose. Walubo has
reported the death of a 53-year-old prisoner frorauiidal overdose of MDMA! After
becoming severely hyperthermic (107R), the prisoner developed acute respiratory distre
syndrome, rhabdomyolysis, disseminated intravasaaagulopathy and acute renal failure. At
autopsy, the prisoner’s blood plasma concentraiiddDMA was determined to be 3.05 mg/L.
In addition to these studies, Henry has reportetlai patterns of toxicity including convulsions
and hepatotoxicity among seven fatalities causeMBWA overdose?® In animal studies, the
lethal dose of MDMA in rats is sex dependent:sk.Br MDMA in males was 18 mg.k§ sc,
significantly lower than that in females at 42.5.kgg* scX® A brief review of the acute and

long-term effects of MDMA in humans are listed iable 1.
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Table 1: Effects of MDMA in Humans

Acute Effects Long-Term Effects
Increase in self-esteem Serotonin Syndrome
Open communication Disorganized thinking

Empathy Depression
Decrease in Inhibition Panic attacks
Sweating Visual hallucination
Increase blood pressure Paranoid delusions
Hyperthermia Irritability

1.3. How MDMA Affects Neurotransmitters

The roles of neurotransmitters and receptors in iatied the physiological and
psychological effects of MDMA in humans are notyulnderstood. In animals, MDMA mainly
releases serotonin by interacting with the seroteauptake transporter (SERT) and to a lesser
extent, as compared to serotonin, dopamine, viadtpamine reuptake transporter (DAT!
The effects of MDMA in humans are believed to beagjiy dependent on the release of serotonin
by the SERT*

Animal studies have shown that 5-Hantagonists can curb several physiological effects
of MDMA, including MDMA-induced serotonergic neuocity, acute hyperthermia and
disruption of sensorimotor gating. This indicatbat 5-HT, receptors may be involved in
mediating the effects of MDMA2?* In humans, the hallucinogen-like effects of MDMay
be due to stimulation of the 5-HJ receptor given that this receptor mediates thaalisnd
psychological effects of indole hallucinogend® Pretreatment with a 5-HTantagonist can
reduce the MDMA-induced visual and psychologicéet?’

The role of dopamine in mediating responses to MDMAhumans is also not fully
understood.In vivo micro-dialysis andn vitro studies using brain tissue slices have shown that

MDMA rapidly increases dopamine release from cexetissué® Classical stimulants such as
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D-amphetamine and cocaine cause euphoria whichelievied to be mediated in part by
dopamin€®3® Increases in dopaminergic activity may also dbate to MDMA-induced
euphoria.

There have been recent reports stating that 5-#&fifagonists can increase the levels of
dopamine. Ruiu has determined that ritansesa), (a 5-HT,a and 5-HTc receptor antagonist,
affects the reuptake and efflux of dopamine infrantal cortex synaptosomes (Figure34).
Ritanserin $a) blocks the DAT with a Kof 0.18 uM, which is similar to cocaine (k= 0.11
MM).  When compared to other serotonin and dopanaim@gonists such as ketanserin and

haloperidol, ritanserin proved to be more potent.
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Figure 4. Strucutre of Ritanserirbf) and Clonidine §b)

Cl

MDMA has been shown to produce complex effects aayliemperature including hypo-
and hyperthermia as well as increased locomotadrigcin rats, activities which are mediated by
the a-adrenoceptord>=®

Bexis has previously reported that MDMA isag-adrenoceptor agonist and has also
conducted studies to determine the specific involkat of thea, receptor in MDMA-induced
core body temperatures variations using wild-type e,a-knockout miceé* As a control,
clonidine 6b), a direct-actinga, adrenergic agonist, was used to activate dhereceptor.

Clonidine 6b) produced a hypothermic response in wild-type nbaé did not significantly

5|Page



affect body temperature ompa-knockout mice. MDMA produced a significant hypestmia in
wild-type mice but produced a biphasic respons@othermia followed by hyperthermia, in
o2a-knockout mice. Therefore, these findings prowedelence that MDMA'sa>-adrenoceptor
agonistic activity affects core body temperatura iiphasic mannéf.

Selken has reportenh vitro studies that suggest MDMA releases norepinephwite
equal potency as the release of serotdhiSelken determined that MDMA-induced stimulation
of the a;-adrenoceptor causes an increase in locomotoritgctivrats, which is attenuated by
blockade ofu;-adrenoceptors with systemic or local administrati prazosir®

Trigo has reported the effects of MDMA in SERT-kkouat mice®’ In this study, the goal
was to determine the contribution of the SERT irdiang MDMA responses. Knockout and
wild-type mice were trained to acquire intraven@adf-administration of MDMA at various
doses. Microdialysis was used to determine theaeallular levels of dopamine and serotonin in
the prefrontal cortex and the nucleus accumbere r@sults of this study showed that in SERT
knockout mice, none of the MDMA doses maintainettavenous self-administration and
operant responding for food and water were alsayael, while wild-type mice acquired MDMA
response. MDMA increased the extracellular lewéldopamine in the nucleus accumbens for
both the wild-type and knockout mice. Extraceltidancentration of serotonin in the prefrontal
cortex was increased following MDMA self-adminigioa only in wild-type mice. Therefore,
these findings provide evidence for the involvemehtthe SERT in MDMA'’s reinforcing

properties’’
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1.4. Long-term effects of MDMA ingestion

Single or multiple doses of MDMA administered taésraesults in long-term depletion of
serotonin and 5-Hydroxyindoleacetic acid (5-HIAAle main metabolite of serotonin. Low
levels of 5-HIAA in the cerebrospinal fluid havedpeassociated with aggressive behavior and
suicide by violent mear§*® Schmidt states that MDMA-induced serotonin re¢editially
decreases the amount of serotonin in the brain waticentrations returning to pretreatment

levels within 24 H?!

1.5. Effects of MDMA-induced Serotonin Depletion in Animal Models

Serotonin is known to be involved in the regulatmnbody heat and MDMA-induced
serotonin depletion is attributed to rats’ inailio thermally regulat&? O’Callaghan and Stone
have reported that MDMA has a different pharmacplay mice as compared to réts:*
O'Callaghan argues that in mice, MDMA does notaftbe concentration of serotonin in the
brain but is a selective dopamine neurotdXirRicaurte claims that MDMA-induced serotonin
depletion and neural damage in primates is morequoced than the observed effects in
rodents®®* In primates, the effects of MDMA-induced serotodiepletion are dose dependent
while MDMA does not affect the levels of dopamileMDMA effects in primates may suggest

a similar effect occurs in humans.
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2. PHARMACOKINETICS OF MDMA

2.1. MDMA Metabolitesin Humans

MDMA reaches the highest concentration in the blbmtween 1.5 and 3 hours after

ingestion and is then slowly metabolized and excretith a half-life of approximately 8 hours.

Several metabolites of MDMA have been identifiedhiimans (Figure 5).

H
HO 0 HO NH2
HMMA (6a) HMA (6b) DHA (7)
H
o) O O
MDOH (8) MDP2P (9)
Figure 5: Metabolites of MDMA

These compounds include: MDA, 4-hydroxy-3-methoxy-methamphetaminéa), 4-
hydroxy-3-methoxyamphetamine 6k), 3,4-dihydroxyamphetamine 7)¢ N-hydroxy-3,4-
methylenedioxyamphetamine8)( and 3,4-methylenedioxyphenylacetor®.’? Verebey has
reported the 65% of MDMA is excreted unchangecdhm tirine during the 24 h after ingestion,
while 7% is metabolized as MDR. MDA causes serotonin and dopamine release bygoti
the SERT and DAT, respectively. MDA tends to causare psychedelic-like effects than
MDMA given that R-MDA has a higher efficacy in stimulating the 5-fATreceptor tharRk-

MDMA. %8
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3. MECHANISM OF MDMA NEUROTOXICITY

Several groups haveportedin vitro studies that suggest MDMA induces neuronal death
in cortical and cerebella granule neurdh¥  MDMA-induced neurotoxicity occurs
predominantly from apoptotic cell death of serotgie and dopaminergic neuroris. The
activation of caspase 3, a protein that plays anraje in the execution-phase of cell apoptosis,
occurs with MDMA-induced apoptotic neuronal deathai concentration dependent martfer.
Under normal temperatures, activity of caspaseedemses as the concentration of MDMA

increases (Figure 6).
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Figure 6: MDMA-induced caspase 3 dependent
apoptosis in cortical neurons

Animal studies were conducted ttetermine the discrete brain regions affected by
MDMA-induced degeneration.In vivo studies on rats have provided evidence that neural
degeneration occurs throughout the entire brailudieg the parietal cortex, which is important
for integrating sensory information from varioustpaf the body, knowledge of numbers and in
the manipulation of objects:®>” MDMA affect in the parietal cortex can explairettong-term

effect causing disorganized thinking.
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In vivo studies also show that 5-bhFreceptor antagonists are effective in preventing
MDMA-induced neuronal damage in rats, indicatingttthe 5-HTa-receptor is involved in
MDMA-induced serotonin degeneratioh>® Capele argues that agonism of the S4fEceptor
mediates MDMA-induced neurotoxicitj. To test this hypothesis, Capele pre-incubated
cultured cortical neurons with the 5-bhfreceptor antibody, an irreversible non-competitive
antagonist, under hyperthermic conditions. Resoftdshe study show that 5-HA-receptor
antibodies prevent the neurotoxic effects of MDMWai dose dependent manner as measured by
the decrease in the production of lactate dehydvaggfl DH), increased levels of LDH would
indicate tissue breakdown, (Figure 7A). The pridteceffect of the 5-H7a-receptor antibody
was dependent on its concentration. Under hypemiiceconditions, MDMA-induced apoptotic

neurodegeneration in cortical neurons are prevenyeahtibody pre-treatment (FigB).>®
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(A) 2 mg/ml of the 5-HTa-receptor antibody prevented MDMA-induced i . o
neurotoxicity, as evaluated by LDH releage the medium. (B) Cortical neurons, 48 h after 400 mM MDMA stiratibn,
undergo neurodegeneration with a loss of sveomtl dendrites
with typical features of apoptosis. The abthe 5-HT2A-receptor
antibody blocked this event
Figure 7: MDMA-induced cortical neurotoxicity is mediated ByHT,5-receptor stimulation

3.1. Neurotransmitter Release and Reuptake Process

In the normal signal pathway, the concentratioresbtonin, norepinephrine and dopamine
in the brain is regulated following a similar presedepicted in Figure 8: (1) Serotonin being
released from the pre-synaptic neuron (2) Serotoe@eptor in the post-synaptic neuron (3)

Serotonin reuptake via the reuptake transporteredisas degraded and oxidized via Catechol-O-
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Methyl Transferase (COMT) and Monoamine Oxidase (WAespectively® For example,
serotonin is released from the vesicles into theapge and is received by receptors in the
postsynaptic neuron thus activating secondary messe pathway8’ Once a critical
concentration of serotonin in reached in the syaagpsmoval of serotonin can occur through one
of these processen: enzymes may inactivate or metabolize serotonithénsynapsé) the re-
uptake pump may pump serotonin back into the pagsysneuron to be recycled or degraded or
iii) serotonin may bind to a serotonin receptor tHteceng chemical neurotransmission across

the synaptic cleft.

aded

Figure 8: Cross Section of Synagise
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3.2. MDMA as a Reuptake Inhibitor

MDMA is classified as a monoamine, specifically atenin, norepinephrine and
dopamine, reuptake inhibitor as well as a releasiggnf® Once ingested, MDMA enters
neurons via the monoamine reuptake transp8tteMIDMA then inhibits the function of the

respective monoamine reuptake transpSher.

3.3. MDMA asa Neurotransmitter Releasing Agent

MDMA causes the release of neurotransmitters irfite synapse via the reuptake
transporters. Througim vitro analysis, Fitzgerald determined the mechanisnMBMA-
induced neurotransmitter release is mediated byehptake transporter given that these effects
are blocked by neuronal uptake inhibitors suchoesioe and fluoxetin&'

In addition to Fitzgerald's study, Bogen studiec ttnechanism for MDMA-induced
neurotransmitter release through vitro and ex vivo experimentS? Bogen determined that
MDMA reduced both synaptosomal and vesicular uptatkeerotonin and dopamine in a dose
dependent manneén vitro. Theex vivo studies involved adult male Wistar rats that wesated
with MDMA over 66 h followed by decapitation. Thegxperiments showed that MDMA
affects the reuptake of dopamine after short-texposure while long-term exposure affects the

reuptake of serotonift.
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4. POTENTIAL TREATMENT STRATEGIES FOR MDMA ABUSE

The adrenergic receptora-eceptors) are a class of G-protein-coupled recsphat are
targets of the catecholamines, specifically nonaaliee and adrenaline. Activation of these
receptors causes a sympathetic (fight-or-flighgponse. a-Receptors have several functions
including vasoconstriction of coronary arteries aneiths as well as decreasing the motility of
smooth muscle in the gastrointestinal tf4&¢

Serotonin receptors (5-HT receptors) are also amad G-protein-coupled receptors and
ligand-gated ion channels found in the central pexdpheral nervous systeth. These receptors
mediate both excitatory and inhibitory neurotrarssiaon. Serotonin receptors influence various
biological and neurological processes such as agigme, anxiety, appetite, cognition, learning,
memory, mood, nausea, sleep and thermoregul&tion.

The effects of MDMA are believed to be mediatedboyh the 5-HFa anda; receptors.
As previously stated, 5-HX antibodies can prevent MDMA-induced neurodeger@raand
neurotoxicity. Selective 5-HK ora; receptor antagonists can potentially be used dat tr
MDMA abuse and overdose. While, MDMA is classif@sla serotonin re-uptake inhibitor, it is
uniquely different from classical SSRI’s in its i to also release serotonin into the brain.
Therefore, it is important to develop a potenti@rapeutic that can address both the inhibitor

and releasing properties of MDMA.

4.1. Serotonin and Dopamine Antagonists

The effects of MDMA in humans are believed to beyddy dependent on the SERT-

mediated efflux of serotonin. While it is unclesnich specific postsynaptic serotonin receptor
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mediates the effects of the MDMA-induced serotamleased, there have been several reports
linking the 5-HTansnprarc receptors to the physiological and psychologicHects of
MDMA 23,27,71-77

Cunningham has shown that GR-1279864], a selective antagonist at the 5-g&nd 5-
HTip receptors, and WAY-100633.@b), a selective 5-Hiy receptor antagonist, are able to

block acute MDMA-induced hyperactivity in rats imlase dependent manner (Figuré).

A0 g

10a

?3

Figure 9: Strucutre of GR-127,933.0a and WAY-100,63510b)

Prepulse inhibition (PPI) of the acoustic startle respossani operational measure of
sensorimotor gating that can be assessed in animals dmohians MDMA disrupts PPI and
reduce startle habituation in rodefftsPretreatment with SSRI's can prevent these effects which
indicate that the effect dIDMA on startle plasticity is largely due to the releases@fotonin
from presynaptic neuronCitalopram (1a), a selective serotonin reuptake inhibitor, and the
dopamine D antagonist haloperidollib), have been used as pretreatments for MDMA
administration in healthy human subjects (Figure ‘f0)Citalopram attenuated the MDMA
induced increase in PPI and all the MDMA-induced psydiio effects’®®° Haloperidol did
not affect the MDMA-induced PPI increases but partialieraiated some MDMA-induced

psychological effect&®
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Citalopram (11a) Haloperidol (11b)
Figure 10: 5-HT reuptake inhibitor and Dopamine D2 antagonist

Citalopram {18 was shown to reduce the subjective and physicibgeffects of
MDMA.®" Haloperidol {1b) reduced MDMA-induced positive mood but had nceatffon
cardiovascular stimulation or other physiologicétets %

Ketanserin 12), a 5-HT,ac antagonist, was shown to significantly reduce MDWmuced
perceptual changes, emotional excitation, and aferse effects, while having little effect on

positive mood and well-being in humans (Figure41).
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Ketanserin (12)
Figure 11: Structure of Ketanserin

The active and inactive stereocisomers of MDL 11,83), a 5-HT, antagonist, were used
to examine the relationship between the acute tsfiddMDMA on the dopaminergic system and
long-term effects on the serotonergic system (KEdi#). Only theR-(+) stereoisomer of MDL
11,939 (3) both reversed the acute stimulation of striatgbainine synthesis by MDMA and
prevented the deficit in forebrain serotonin con@ions measured one week post

adminsitratiorf>
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MDL 11,939 (13)
Figure 12: Structure of MDL 11,939

MDMA releases dopamine and serotonin in vivo whgtimulates locomotor activity.
MDL 100,907 (@4), a selective 5-HJa receptor antagonist, is believed to reduce the MM
stimulated release of dopamine (Figure 13). Kelma® provided evidence that MDL 100,907
(14) significantly reduced MDMA-stimulated locomotiowithout affecting basal levels of

locomotion’*

OH
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Ol

MDL 100,907 (14)
Figure 13: Structure of MDL 100,907

SCH 23390 15), a D-like receptor antagonist, was studied by Danieladétermine
whether dopaminergic mechanisms also mediate thforeing effects of MDMA (Figure 14Y*

At low doses 15 attenuated the reinforcing effects of MDMA.

HO
(-
cl

SCH 23390 (15)
Figure 14: Structure of SCH 23390
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SCH 23390 15 was also examined to determine its effect on MDMdéuced
hyperactivity through self-administratih. SCH 23390 attenuated MDMA-produced

hyperactivity in a dose-dependent manner.

4.1. Broad Spectrum Treatments for MDMA

Pizotyline (6), is known to bind at multiple serotonin and dop@mnreceptor subtypes,

was used as an MDMA therapeutic (Figure T8F. MDMA-antagonistic studies show th6

effectively reduces MDMA-induced responses as caatpt saline (AR=2.5 mg/kg)>®

N
I

Pizotyline (16)
Figure 15: Structure of Pizotylin

D

Risperidone 17) has been shown to weakly block the dopaminea possibly the P
and 5-HBa receptors’ Nisijima has shown that7 also prevent hyperthermia and death in

animal models with serotonin syndrome (Figure 1%).

Risperidone (17)
Figure 16: Structure of Risperidone
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Further animal studies conducted by Shioda showed 17 attenuates and reverses
MDMA-induced hyperthermia in rats. These resuliggest that risperidone’s mechanism of

action occurs by blocking activity at the 5-5iTeceptor and partially at the, Beceptof®
4.3. a Receptor Antagonist as Potential anti-MDMA Treatments Modalities

Sprague has shown that receptors are involved in the hyperthermic respaisViDMA
in rats?® o, Receptor antagonist, Prazosi8) is a sympatholytic drug used to treat high blood
pressure and affects the vascular smooth muscleshweduces blood pressure (Figure %7).

MDMA-induced increased rectal temperature in raas weduced with prazosin pretreatment.
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Prazosin (18)
Figure 17: Structure of Prazosin

Prazosin 18) was also used to treat the physiological effedased by MDMA by
Fantegrossi.{Fantegrossi, 2004 #439} Prazosinexasnined in animal models for its ability to
reverse MDMA-induced hyperthermia. Prazosin completely blocked the onset of MDMA-
induced hyperthermia without altering the core bteiyperature. Howevei8 was not able to
reverse MDMA-induced hyperthermia when administe@@minutes after treatment with
MDMA. In rodents, head-twitch response is a &@le behavioral model for 5-HTreceptor

activity; Prazosin was not able to block MDMA-ineuathead-twitch respong.As previously
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stated, prazosin can also antagonize MDMA-inducedrhotor activity, a selective behavioral
model fora; receptor activity®

A wide variety of receptor antagonists have beesdus block and/or reverse MDMA-
induced effects. MDMA-induced hyperthermia and ro&axicity are two major concerns
resulting from MDMA-ingestion. Serotonin and adegyic receptors affect various biological
and neurological processes including memory, vassidotion and thermoregulatiGf’> %%

5-HT,a anda; receptor antagonists have been shown to blocloameVerse MDMA-induced

hyperthermia and neurodegeneration.

Currently, there are no specific treatments for M®lglbuse or overdose. Based on the
preceding, the development of a selective dual 5sHAnd a; antagonist is likely to be an
appropriate strategy to combat MDMA-induced hypemthia and neurotoxicity. The following
chapters will detail our work towards synthesis amdluation of such antagonists. In chapter 2
we will discuss the emergence, use of and synth@seporphines as possible antagonist for
MDMA-induced responses. In chapters 3 and 4 w¢ didcuss approaches to an optimized
synthesis of the aporphine nantenird®)(and analogues. In chapter 5 we will discuss the
biological evaluationjn vitro examination K; and K¢) and in vivo examination (behavioral
suppression assay), of nantenine and its analogdiesimmary of nantenine’s past and present

SAR results will also be presented.
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CHAPTER II: APORPHINES

1. INTRODUCTION

With more than 500 reported structures, aporphies one of the largest groups of
isoquinoline alkaloids. Several derivatives of ggiines have been isolated from different plant
families including Annonaceae, Monimiaceae, LauaaceMenispermaceae, Hernandiaceae and
Ranunculacea®. Aporphine alkaloids have been isolated from #werés, stem barks, roots and
branches of trees grown in Thailar@olyalthia cerasoides, Australia: Doryphora sassafras,
Taiwan: Cassytha filiformis Linn, South America:Guatteriopsis friesiana, and Indonesia:

96-100

Mitrephora glabra.

1.1. Aporphine Sructural Diversity

The aporphine core is derived by a biaryl bond ection between the A and D aromatic
rings of a benzylisoquinoline framework. Naturadlgcurring aporphines exist as one of two
enantiomersR or § and contain hydroxy, methoxy or a methylenedigxgup at positions 1
and 2. The tetracyclic core can also be substitatepositions 9, 10 and 11. In a few cases,
position 7 is oxygenated! The structural variations of aporphines are preskin Table 2.

Table 2: Structural Variation of Aporphines

B
Rs
O
T
H
(L
R4 Rg
Ry
Entry Aporphine R, R, R Re R, Rg Rg Ric R4
1 A O-CH,-O H H H H OH OCH; H
2 B H CHg OH H CHg H H
3 C OCH; OCH; H -- - OCH; OCH; H
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1.2. Biological Activity of Aporphines

Aporphinoids exhibit a wide range of pharmacolobiaetivities, including antioxidant,
antiplatelet, antitumor, anticonvulsant, anti-plasial, antineoplastic, anti-malarial,
antiprotozoal, antipoliovirus, cytotoxic, and amtikinsonian effects>%%1% Structure activity
relationship (SAR)-studies of substituted aporphisaggest they have potential to increase the
affinity and selectivity for the dopamine,3erotonin 5-HTx anda; adrenergic receptof§®%’

Two aporphines are currently available on the ntade pharmaceutical produdfs.
Isolated from the leaves and bark of the South AgaartreePeumus boldus, boldine (9) is
considered an antioxidant and a choleretic bec@tupessesses well-established free radical
scavenger properties and increases bile secrefigure 18)°° R-(-)-Apomorphine 20) is a
well-documented non-selective dopamine receptoniag@nd is marketed as a treatment for

Parkinson’s disease in Europe since the 1990sratieiUS since 2004 (Figure 185.

C
- N O N
T )
H
HO
SO HO
OH

Boldine (19) R-(-)-Apomorphine (20)
Figure 18: Structure of Boldine anB-(-)-Apomorphine

1.2.1.Non-CNS Activity

Aporphines show signs of cytotoxic and antitumanperties:’ Sdicentrine 21), isolated
from Lindera megaphylla, was evaluated against human tumor cells and shgtatoxic {n

vitro) and anti-tumorif vivo) effects (Figure 19Y°° Dicentrine 21) significantly inhibits the
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growth of the human hepatoma cell line HuH-7. Was also suggested tHzt behaves as a
DNA targeted adaptive interchelating ag¥fit. Corydine 22) has shown DNA-damaging
activity in yeast bioassays. ThesiGralues against YCp50 gal, pPRAD52 gal, pRAD52 glel a
27.5, >73.9, and 22.%g/mL (Figure 19):** Bis-7,7-dehydro-9,8dimethoxyanonaine2@)

exhibits antimalarial activityin vitro againstP. falciparum (ICso = 4.2 ug/mL) as well as

antimycobacterial activity againkt. tuberculosis (MIC = 6.25ug/mL) (Figure 19)°
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AN
Dicentrine (21) Corydine (22) Bis-7,7'-dehydro-9,9'-
dimethoxyanonaine (23

Figure 19: Structure of Selected Aporphines

1.2.2. CNSActivity

Changing the substituents on the core structurapoimorphine Z0) can lead to major
changes in its pharmacological profifé. C2- or C3-substituted 11-hydroxyaporphine or.10,
dihydroxyaporphine derivatives are highly potentdapamine B receptors’? Replacing the
C10-hydroxyl group of20) with a methyl group introduces 5-kfreceptor agonisri>

Pukateine Z4) is anaporphine alkaloid isolated from the bark the New
Zealand tre¢.aurelia novae-zelandiae and is used in traditional #ri herbal medicine as an

analgesic. Pukateine has multiple mechanisms tafraavith the most prominent effects being
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an antagonist at the; adrenergic receptor as a vasorelaxant againsdresaline or KCI-
induced contraction and an agonist at thel®amine receptor, (Figure 20§1*°
Bulbocapnine Z5)is an aporphine alkaloid isolated from species die
CorydalisandDicentra genera that acts as an acetylcholinesterase tohil@nd inhibits
biosynthesis of dopamine via inhibition of the emeytyrosine hydroxylase (Figure 20§:**®
Nuciferine @6) is an aporphine alkaloid isolated from the pladsphaea
caerulea andNelumbo nucifera.**® Nuciferine shows dopamine receptor blocking distiand
induces catalepsy, inhibits  spontaneous motor igtiv conditioned  avoidance

response, amphetamine toxicity and stereotypy (Eig0)**°

0. G o
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Pukateine (24) Bulbocapnine (25)  Nuciferine (26)
Figure 20: Structure of Aporphines

1.3. SAR Sudiesat 5-HTia, a1, and D4

SAR-studies conducted by Liu show that position @ldys a major role in the binding
affinity at 5-HT;a. Aporphines with an ether bridge at C11 suct23<28, and?29 display 5-

HT 14 affinity with K; values of 12.0, 14.0 and 6.7 nM, respectively ({Fég1)™*
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Figure 21: Structure of Aporphines with 5-HT Affinity

Aporphine alkaloids also showms-adrenoceptor antagonistic properties in vascutarash
musclet?®'?! |ndra has determined that (+/-)-domesticirgf),(is a selectivenp adrenergic
receptor antagonist that is highly selective over 5-HT,» and other receptors in animals and

humans (Figure 2272

-0
Domesticine (30)

Figure 22: Sturcture of (+/-)-Domesticinrs

Kula conducted SAR-studies at the i2ceptor aimed at discovering new leads for atfpic
antipsychotic agents that possess limited extrapigia side effectd?® Kula determined tha-
(-)-N-propylnorapomorphine3@) showed a substantial s;Daffinity but no /D, selectivity

(Figure 23).
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31

Figure 23: Structure ofR-(-)-N-propylnorapomorphine

Given that aporphines can be structurally modifeete selective for individual receptors,
the question is; can we discover or develop an@poe derivative that is capable of dual
antagonism of 5-Hj, and a; receptors and may therefore be capable of atteguand/or

reversing the physiological and psychological éfexf MDMA?

1.4. CNS-related Activity: Pharmacophore receptor models

Kotaczkowski used homology models to show that dperphine core structure can be
used as a possible pharmacophore template for afewent of selective antagonists for the 5-
HT; receptor** Kotaczkowski determined that the presence andngéry of aromatic and H-
bond accepting moieties are necessary for bindintpea 5-HT;, receptor providing selectivity
over other monoamine receptors. Varying the rgidif the aporphine core can increase its
affinity for the 5-HT; or the 5-HTa receptorg®%

Previously, a pharmacophore model has been deddobantagonists at thee, adrenergic
receptor, which includes three features: an aramagiion, a basic nitrogen and a semi-polar or
a bulky lipophilic ared® Using this information, Bremner developed pharophores based on
the aporphine skeleton for selective antagonisthati;o andog receptors and a preliminary

pharmacophore for thep adrenergic receptdf?
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Bremner determined that alk receptor substypes have a 3-point pharmacophagaré-
24). Thea,g pharmacophore must include a hydrogen bond aacgpdap, which is a feature
unique to thex;g pharmacophore, an aromatic ring system and a pidtmc group. Thexia
pharmacophore requires a positive charge in thelmiof the system, a hydrogen bond acceptor
group and an aromatic ring system at opposite ding. requirements for theep pharmacophore
are similar to that of the;a with the exception that distance between the hyeimobond

acceptor and the positive ion is much smaller &edheed for a hydrophobic group.

Mesh spheres represent the location constraints for tharéean the
receptor and are color coded according to feature: red tip@son,
green-hydrogen bond acceptor, light brown - aromatic rirggesn, the
light blue square denotes the position of the plane of thenatic
system, purple - hydrogen bond donor feature amel b hydrophobic

group.

Figure 24: Overlap of the threa,-Subtype Pharmacophores based on Catalyst Progedtard. indicate subtype

2. NANTENINE

2.1. The Occurrence and Biological Activity of Nantenine

The fruit of Nandina domestica commonly known as “heavenly or sacred bamboo” is a
shrub of the Barberry family, Berberidaceae. IpalaNandina domestica is known as
nantenjitsu and has been used to treat respirdiseases such as asthma, whooping cough and
pharynx tumor?’ Little is known about the mechanism of the plamtf®rmacological action.
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Shoji studied the crude methanol extractsNaihdina domestica and found that it strongly
inhibits serotonin-induced contractions of rablitta and rat stomaci® The major alkaloid
and active compound from the extract was identiis®-methyldomesticine or nantening2j
(Figure 25).

Nantenine has also been isolated from the youngetgastems and fruits dbuatteria
dumetorum, Platycapnos spicata, Ocotea macrophylla H.B.K., Stephania tetrandra, Sparuna
tonduziana, Sparuna pauciflora, Corydalis divenesis, Corydalis bulbosa, Corydalis
marschalliana, Papaver armeniacum, Papaver fugax, Papver tauricola, Cassytha filiformis and
Cassytha racemosa in yields ranging from 3-17 mtg>4°

Other than being a serotonergic receptor antagongitenine also shows different
pharmacological benefits depending on its conctiatraand method of administratiof: At
0.3-3uM, nantenine shows antagonistic properties aothadrenergic and 5-Hk receptors by

competitively inhibiting phenylephrine-induced cation in rat aortd??**3

Nantenine (32)
Figure 25: Structure of Nantenine

At higher concentrations, 2.35 and 4.7XM\0, nantenine inhibits KCl-induced increase in
intracellular C&" concentration and contraction in rat vas deferefich suggests that it is also
a C&" antagonist* In anesthetized rats, intravenous administratio®-6 mg/kg of nantenine

produces a dose-dependent decrease in the avetagal @lood pressure and heart rate, a 5-
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HT2a responsé®* |ntraperitoneal administration of nantenine at520mg/kg inhibits
pentylenetetrazol- and electroshock-induced seizirenice**’

The chemical structure of nantenine is similarhat tof MDMA. Fantegrossi has argued
that the MDMA-induced physiological and psychol@gieffects can be weakened or completely
stopped by antagonists acting at the 54nda; receptors? This data suggests that nantenine
acts at the 5-HJ, anda; receptors.

Fantegrossi also found that nantenine blocked awdrsed the development of MDMA-
induced hyperthermia, death, locomotor stimulatiamd head-twitch response in mice.
Nantenine’s ability to act as both a 54dTanda; receptor antagonist, receptors that influence
vasoconstriction and thermoregulation, may exphaimy it can attenuate MDMA-induced
hyperthermia pre- and post administration of MDMNantenine is a promising lead molecule
in the development of a potent and selective MDM#ragonist. Our approach in this regard
(detailed later) will involve synthesis of nantemianalogues as well asvitro (5-HT,a andaia)

andin vivo SAR studies.

3. BIARYL COUPLING METHODS AND SYNTHESIS OF APORPHINES

A major challenge in the synthesis of aporphinethés construction of the biaryl bond.
Developing a synthetic pathway with an efficienarlyl coupling strategy is an important first
step in the synthesis and SAR-study of nantenMetal catalyzed cross coupling reactions have
been widely used for this purpose. Several differgtrategies can be incorporated in the

synthesis of aporphines.
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3.1. Biaryl coupling Methods

Over the past three decades, there has been argpravement in the methods to prepare
biaryl bonds**® Initially, syntheses of biologically active apbipes alkaloids were plagued by
low yields due to inefficient methods to prepare liraryl bond.

Fritz Ullmann was the first to introduce biaryl gdimg reactions using aryl halides and
copper (Figure 26Y*° While the Ullmann reaction was successful for heroupled products,
the reaction required electron deficient aryl hedicand gave erratic yields, which limited the
scope of the reactiof®

copper-bronze
2 QCI 220°C, 180 min + CuCh

Sand 52%
NO, O ° NO, O,N

33 34
Figure 26. Ullman Reaction

Due to the limitations, the Ullmann reaction hafrbeeplaced by palladium catalyzed
reactions such as Negishi, Heck, Suzuki, Stille Hiydima coupling$>*** However, they all
have specific limitations. Palladium catalyzedctems require milder reaction conditions than
the Ullmann reaction. Coupling using aryl halideghe presence of reducing agents such as
formic acid, amines, alcohol or zinc can diminidie tselectivity in some cases due to
competitive chemisorptions and hydride formatiohjcli leads to competing reduction reaction
such as hydrodehalogenatibfi.

In the Negishi and Hiyama coupling reactions thgl &alide or silane must be first
converted to an activated species. For the Negesdgtion, this is an organozinc and in the

Hiyama reaction base is used to activate the ogjlame (Figure 27).
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Although a pre-activation step is required, the dtig reaction is considered more
practical than the Stille and Suzuki reaction beeathe siloxane methodology eliminates the
purification difficulties associated with organorbo and tin by-products in the Suzuki and Stille
couplings Yide infra) (Figure 28)*>' While useful for synthesis of various homo- amdss-

coupled biaryl compounds, the Hiyama reaction ghlyi dependent on the catalyst to ligand

ratio.
Negishi Coupling
\©/Br C'Ij BuLi, ZnCl_ O O
Pd,dba 100%
NC N— NG
35 36 Cy2 38
. , YO 0 37
Hiyama Coupling
Br (MeO)Si Pd(OACc). NaO
Cr O e QO
NO 99%
2 ° No2
39 40
Figure 27: Negishi and Hiyama Couplings
Sille Coupling
Br \
~0 BUsS CsF, DMF 97%

44

Suzuki Coupling

©/\c (HO).B Pd(OAC), K3POy,
\© H,0, THF 90% O O
\ PCy2
46 /\Nho 48
47
Figure 28: Stille and Suzuki Coupling Reactions
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Nucleophilic arenes can also engage in cross auyplithout the need for prior
functionalization as an organometallic specés.Researchers have utilized Heck reaction of
aryl halide with activated alkenes to synthesiaesgety of stilbene compounds, which can be

used as a building block for biaryl compounds (Feg2o).

Br Pd(OAC, IPENH_ /—Ph
- H,O, CH;CN 809

O t-Bu
t-BuP\/NMech
49 50 51 52
Figure 29: Heck Coupling Reaction

A comparison of the stated biaryl coupling methisdssted in Table 3.

Table 3: Biaryl Coupling Comparisc

Entry Reaction Date of Catalyst Substrate Coupling Requirements
Discovery
1 Ullmanr 1901 Cu Aryl Halide Homc
2 Heck 1972 Pc Alkene Halide®, OTs Cros: Requires bas
3 Negish 1977 PdorN R"Zn-X Halide®, OT« Cros:
4 Stille 197¢ Pc R"-Sr-R; Halide® Crost
5 Suzuk 197¢ Pc R- Halide®, OTf, Cros: Requires bas
B(OR), OTs
6 Hiyame 198¢ Pc R’-SiR;  Halide’, OMs, Cros: Requires bas
OTs

a: Aryl, alkyl or allyl halide«b: aryl, alkyl, or allyl

3.2.  Approachesto Aporphine Synthesis via Biaryl Coupling

3.2.1. Typical Aporphine Synthesis

Synthesis of aporphines usually occurs by formatbran amide (ed5) followed by
synthesis of the corresponding tetrahydroisoquieolieg 56). Biaryl coupling of the

tetrahydroisoquinoline prepares the aporphines{@dFigure 30).
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A = A~ N N
R r“o—"\" R Ry Ry Ry
A [ Az _
|// R, R; Rz/
R 55 56 57
Figure 30: General Aporphine Synthesis Strategy

3.2.2.Pschorr Cyclization

The Pschorr cyclization is an intramolecular vaoiatof the Gomberg-Bachmann reaction
that provides higher yields of the coupled prodtittTypically, the Pschorr reaction involves
reaction of arenediazonium salts, which acts aseeaupsor to the aryl cation or the aryl radical

(or both), and an aryl group (Figure 31).

T g

Flgure 31. Pschorr Biaryl Coupllng

Due to their interesting biological activities, thgnthesis of aporphine alkaloids has been
of interest for many years. However these synthgseerally give very poor yields®

Neumeyer has reported the first synthesis of apogsi64 following Scheme 1. The
Reissert compound58 was reacted with o-nitrobenzyl chloride 59 to give the
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dihydroisoquinoline50. Compounds0 was then oxidized under basic conditions to afféitdn
good yield. Quaternization éfl afforded62, which was reduced ®3. Compoundb3 was then

subjected to the Pschorr protocol yielding aporgbiiin moderate yield>®’

Scheme 1First Moderate Yield Synthesis of Aporphines

A X \
N. _Ph N.__Ph N

NG H\[g NaH, DMF 80% Nl KOH, EtoH
o Ol T
©/ NO, NO,
58 59 60 61
CHgl 70%

O 1. PtO, H,, EtOH O O N
‘ N 2. NaNQ, H,0, N =N
ACOH, H,S0,, Zn
O 3 NaNQ, Hzo, O KBH4, EtOH O
NO,

Cu powder 96%
40-50% NO;
or
64 1. hv, MeOH, HO, 63 62
16.2%

3.3. Photochemical Methods

Photochemical biaryl cyclization &8 was also performed. Irradiation 68 in methanol
and water for 12 h at 7&C afforded the desired aporphine albeit in very joelds, 10-1694>°
Attempts to optimize the photochemical cyclizatwere unsuccessful.

Further investigation into the use of photochemicgtlization in the synthesis of
aporphines was conducted by Kupchan ét®aKupchan developed an improved method for the

synthesis of N-acyl and N-carbamoyl noraporphines and aporphines utilizinige t
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photocyclization of iodobenzyltetrahydroisoquinen Condensing dimethoxy phenethylamines,
65 with o-iodophenylacetyl chloridef6, gave the corresponding amidé7 (Scheme 2).
Subjecting the amid&0 to the Bischler-Napieralski cyclization affordedetuaternized iminyl
chloride in high yield followed by reduction witlodium borohydride to give secondary amine
68. Kupchan argued that the free electron pair @nsbcondary nitrogen was not compatible
with the photocyclization reaction conditions andhfiation of a salt should solve the probleth.

The hydrochloride salt of amiré&8 was then photolyzed to give noraporph@8an 21% yield.

Scheme 21mporved Photochemical Synthesis of Aporphines

Reagents and conditions:

a. EgN, DCM b. POCY4, DCM, 90% c. NaBl, MeOH, 70%

d. hv, sodium bisulfate, benzene, 13-20% e. Ethidroformate f. Mel, 60%
g. hv, benzene, sodium thiosulfate 45%

Alkylating secondary amin&8 with methyl iodide yielded the corresponding tai

amine which was then photolyzed in the presencesamfium bisulfate gave the desired
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aporphines/1in 20% vyield. The low yield of the reaction watriauted to the formation of a
phenanthrene derivative resulting from a Hofmanpetyitrogen-carbon bond cleavage. To
avoid the Hofmann elimination, the nitrogen wastg@cted adN-ethyl carbamate followed by
photolysis in benzene with sodium thiosulfate tomf the substituted noraporphii@® in 45%

yield.

3.4, Voltammetric Methods

Gottlieb has shown thatiodobenzyl isoquinolinium methyiodides can be canted to the
corresponding aporphines via cathodic cyclizalin. Cathodic cyclization involves a two-
compartment electrolysis cell, an anodic compartraed a cathodic compartment held together
with a silver wire. Using voltammetry, Gottlieb dueced o-iodobenzyl isoquinolinium
methyiodides,72, to the corresponding aporphines using tetraetayliam bromide (TEABT),
dry acetonitrile with -1500 millivolts under a ragen atmosphere at room temperature. The

two-electron reduction yielded 86% of the correspiog aporphine73 (Scheme 3).

Scheme 3Cyclic Voltammetric Synthesis of Aporphines

O _N*!
2e-, -I-

TEABr, CH;CN
O 86%

72

Catalytic hydrogenation o073 in methanolic HCI with Pt©@gave aporphin€4 in quantitative
yield. This represents the first intramoleculathealic cyclization of a benzylisoquinolinium salt

involving an aryl radical that was generated framaayl halide.
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Gottlieb also demonstrated that electrooxidative upiog of nonphenolic
benzylisoquinolines showed promise as effectivahstic methods for synthesis of aporphines;

however attempts to repeat these reactions wereoessfuf->°

3.5. Wessely Acetoxylation

Hara applied a uniqgue method, the Wessely Acettinylato synthesize aporphines using
lead tetraacetate as an oxidizing agent to ultipatehieve the biaryl couplinf®*** Following
a procedure similar to Scheme 2, Hara preparede@iyib-protected tetrahydroisoquinolirg),
in 4 quantitative steps (Scheme 4). Oxidationle#rmI81 using lead tetraacetate in acetic acid
afforded the correspondimgquinol acetate82. The corresponding aporphir88, was prepared

by acid treatment of the crude acetate (Scheme 4).
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Scheme 4Synthesis of Aporphines vigaQuinol Acetates

. 8P Y

o B 8 0 1.POC}, DCM 83% I
- 90% = 2. Free base quant. ~ O
O

- Bn.

Pd/C,H, _
EtOH 90%
~

/. I \

Q O0Q O
‘080 s
/

Z

\

3.6. Radical Cyclization

Radical cyclization of bromo substituted dihydrajemolines with AIBN-BuSnH have
been used to prepare the corresponding aporphideisene 5j°2 Orito claims that the
substitution pattern @5 governs the formation of aporphiBé. Substituted noraporphines are
formed via a 6exo transition state, while the indole derivati®d is formed via a %ndo

transition state.
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Scheme 5Aporphine Synthesis with AIBN-B&nH

Rl Rl
O ®

v v O
Rs AIBN, Bu:SnH  Rs
toluene, reflux 4h +
R4 R4
Rs Ry 42%
84 85

3.7. Transition-metal Catalyzed Methods

3.7.1.Biaryl Coupling to Prepare Aporphines

Aporphines can be prepared using direct intramddeatarbon-hydrogen arylation or the

Suzuki coupling®*®* A non-basic nitrogen is required with palladiuatatyzed arylation to

avoid homo-coupling®®

Cuny has shown that direct arylation of activattho-phenol

substrates can be used to prepare aporphines (8@)éth However, high catalyst loading gave

only moderate yields. LaFrance and Zhang haveeamehted a Heck-type direct biaryl coupling

using an aryl halide with an aromatic ring in theathesis of aporphine alkaloids with high

overall yield*>3%>*

Scheme 6Direct Arylation of Activated Arenes

HO O N?S«\/@/
O Br

3 O  Pd(OAc), CysP,
87

HO

Cs,CO;, DMA, 110°C
56%

IO
‘ &%

88
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Lafrance employed palladium catalyzed direct intbroular arylation of unactivated

arenes to prepare aporphines in moderate to hagtisy{Scheme 7f3

Scheme 7Direct Arylation of Unactivated Arenes

0O O ~
N._O
e e Pd(OAC), ligand91,
o)

O K,COs, DMA, 130°C
Br ©
.
89 N' Ligand91

Lafrance synthesized various substituted bromahgtroisoquinolines based on
compound92 to determine the substrate scope of the direct@oyl. Using direct arylation
prepared aporphin®3 from the unsubstituted tetrahydroisoquinoli2 showed that direct

arylation can tolerate various substitution patg@cheme 8}

Scheme 8Direct Arylation of Unsubstituted Arenes

LA o I o
~ S Shul
o) Pd(OAc), ligand91, O
Br
92

0,
K,COs, DMA, 130°C O 88%
93

3.8. Other metal-catalyzed Methods

Intramolecular coupling of nonphenolic benzylisotplines using vanadium oxytrifluoride
(VORy) in trifluoroacetic acid (TFA) have been shownpimceed through morphinandienone

intermediates to give aporphin®$. Kupchan reported that treating tetrahydroisodjirieo
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laudanosine94) dissolved in fluorosulfonic acid, dichloromethaa&d TFA with a solution of

VOF; in TFA at -30°C, yielded the aporphine (+/-)-glaucir@5) in 43% yield (Scheme 92

Scheme 9Nonphenolic Oxidative Cyclization of Laudanosine

FSOH, TFA, DCM,
O VOR,, -30°C
0o 43%

To examine the scope of the oxidative reaction, mmmd94a was prepared and treated
with VOF; in TFA at -30°C. N-formylnorglaucine95b, was isolated in 6% yield (Scheme

10) .168

Scheme 10Nonphenolic Oxidative Cyclization &f-formylnorlaudanosin

e 0
~ N._H ~ N._H
© \[Of TFA, DCM, © ‘ \[or
O VOF,, -30°C, 6% O
e o
0 _0

94a 95b

¢

Anakabe reported the synthesis of (+)-glaucinegiBuathenium (IV) oxide hydrate, and

Cerium hydroxide, Scheme 1%
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Scheme 11Transition Metal Conditions for the Synthesis of-(3laucine
JC
~ N
O Reagents
7
_0O
(+)-94 (+)-95
Entry Reagents TCC) Yield(%) ee(%)
1 Ce(OHJTFAA/TFA/BF3OEt, 0°C 60 93
2 RUQTFAA/TFA/BF;OEt, -10°C 75 91

Schwartz has also employed Vanadium oxytrichloridgynthesize isoboldine (Scheme

12)17

Scheme 12Vanadium Oxytrichloride Aporphine Synthesis

N HO N~

VOCl,, CH,Cl,,
O emge
o) o)
OH OH
96a 96b

Taylor has incorporated Thallium(lll) trifluoroaege into the synthesis of ocoteine

(Scheme 13§*
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Scheme 13Thallium(lll) Trifluoroacetate Aporphine Synthesis
~N
O
S
0 AN
TTFA, CH;CN
~ O CCI4, BF3OEt2
O -40°C  46%
O.
97a

3.9. Hypervalent |odine Methods

Oxidative inter- and intramolecular aryl-aryl commgl has been investigated using
phenyliodine (l11) bis (trifluoroacetate) (PIFAJ?'" Kita claims thatpara-subsitituted phenol
ethers and aromatic compounds undergo nucleomhilistitution reactions in the presence of
PIFA with poorly nucleophilic polar solvents suchs atrifluoroethanol (TFE) or
hexafluoroisopropanol (HFIBY* Hamamoto provided further evidence that PIFA aahieve
biaryl coupling. Hamamoto showed that at low terapge (-40°C) PIFA can be used to
convert laudanosin®4) to the corresponding aporphifB.

Anakabe reported the stereoselective synthesis)aflaucine using PIFA (Scheme 14j.

Scheme 14Reagent conditions for the Synthesis of (+)-Gla€ci

80
0 N

PIFA, BF; OE,
O CH.,CI,, -20°C
o)

75%, 94% ee

| 0
(+)-94

42 |Page



4. PREVIOUS SYNTHESES OF NANTENINE

There are no clinical treatments for MDMA overdoBlgntenine presents as a possible
treatment.In vitro andin vivo SAR studies of nantenine should be conductedderdo lay the
groundwork for the preparation of a more potent seldctive MDMA antagonist.

As mentioned previously, extraction from the frulesaves and stems of plants such as the
Nandina domestica only yield a small amount of the nantenii2. Chemical synthesis of
nantenine is necessary for several reasons: l)iq@®vaccess to both the natur§ @nd
unnatural R) enantiomer 2) facilitates the acquisition of #digant amounts of the compound
for in vivo testing 3) synthetic methods pursued may allonesedo analogues by structural
modification. Developing a chemical synthesis ahtenine provides a route to gain further

insight into nantenine’s mechanism of action angetigpment of a more potent antagonist.

4.1. Synthesis of Nantenine

Nantenine has been prepared using three approadhesthylation of domesticine with
diazomethane through the Wessely Acetoxylation odltogy, AIBN radical cyclization, and
[3C + 3C] annulation involving ethylthiopropanonedaviannich base's>169-176-181

4.2. Synthesis of Nantenine: via Wessely Acetoxylation route

Hoshino prepared Nantenine following the Wesselgt8gylation (Scheme 13§17/
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Scheme 15: Synthesis of Nantenine by Methylation of Domesticine

SeR o o
o~ NH m O
Ph™ 0 ’ P 0" ~o="H PO _NH'
75 a b Cl
O 0 O
CIR 2 Q
98

7 - o
99 100
C
O O
"1 _ 1 -
N PN N O +
HO . Po R T /NF
e e ®
- \_ O
103 102 101
f
OCOCH;4

104
Reagents and conditions:
a. A 71%b. POCl5, CH,Cl, 57% c. Free base, Mel 89% d. NaBH,, MeOH 97%
e. Pd/C, H, 99% f. Pb(OAc)4, AcOH g. i. Ac,O, H,SO,4 18% ii. 4N HCIl, dioxane 83%
h. diazomethane, CH,Cl, 95%

4.3. Synthesis of Nantenine: Radical Cyclization

Nantenine can be prepared using AIBN and tributyitydride to construct the biaryl bond

following the methodology reported by NimgirawaS8cheme 1637°
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Scheme 16Synthesis of Nantenine using Radical Cyclization
~ NH2 ~ NH ~ O 2N
© 65 a OBr © b OB
5O OH — O
O O
0 0
o]
-0 105 106 107
\ :
L I .
~ N._ O ~ N.__ O ~ O NH
L
0] O 0]
\———O \—_o \’O
110 109 108
\ f
JC
~o N
O
0
32
Reagents and conditions:
a.A 180-185°C, 2 h. 58% b. POG| Benzene, reflux, 3 h, 80%
c. NaBH,, MeOH, reflux, 1 h, 83% d. Methyl ChloroformakezN, CHCL, 0-5°C, 3 h, 91%
e. AIBN, SnHBuy, PhCH,, reflux, 24 h, 21% f. LAH, THF, reflux 3 h, 64%
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4.4. Synthesis of Nantenine: [3C + 3C] Annulation

Ozaki has reported the application of [3C + 3C]wdation to prepare the D-ring of

nantenine (Scheme 1%

Scheme 17Synthesis of Nantenine using [3C + 3C] Annulation

Reagents and conditions

a. MeNH.HCI, HCHO (aq), MeOH, 78%

b. 1,1-bis(ethylthio)-2-propanone, DME, NaH, refl® min, 47%
c. NBS, AcOH-HO-MeCH, 0°C, 38% d. KOH, CHCl,, DMSO, 80°C, 1 h, 43%

Nantenine was prepared following these three patBywa/essely acetoxylation in 9 steps

with 5% overall yield, the radical cyclization inséeps with 5% overall yield and the annulation
4 steps with 6% overall yield. The Wessely acelmtign and the radical cyclization protocols
are not sufficient methods to prepare large quastibf nantenine or analogues due to the low
yield of the biaryl coupling, however the wessetgtaxylation can provide access to C1 alkoxy
analogues. The annulation protocol can possibdyige C1 or C2 alkoxy analogues via the

substitution pattern of the starting material.
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CHAPTER IIl: APPROACHES TO AN OPTIMIZED SYNTHESIS O F NANTENINE
AND NANTENINE ANALOGUES
1. INTRODUCTION

Synthesizing nantenine is the first step in theettgyment of a potent and selective
nantenine-based MDMA antagonist. While there aeemal reported methods to prepare
nantenine, developing a high yielding synthetichrodtis of great importance.

Our major goals were to: 1) develop a high-yieldswnthesis of nantenin®) explore

methods to prepare nantenine analogues for SARestadd to 3) explore methods to prepare

both enantiomers of nantenind herefore, our group decided to investigateRHeA, Wessely

acetoxylation and the direct arylation methodsreppre nantenine.

Synthesis of aporphines have been plagued by ofer lgallenge; construction of the
biaryl bond. When compared to oxidants such ao@hum or Ruthenium (IV), the PIFA-
mediated biaryl coupling has provided a less torithod to construct biaryl bon#€. The
Wessely acetoxylation was chosen because we engtsithat it may be used to prepare
nantenine as well as C1 analogues. Nantenine hsasvseveral classes of analogues can be
prepared by using direct arylation.

To determine the effects of structural modificatamnantenine’sn vitro (5-HT,4 anda;
antagonism) anch vivo (MDMA antagonism) antagonistic activity, a paneltafget analogues
was envisioned (Figure 32). Varying the lengthhef C1, C2 and C3-alkoxy chain as well as the
N6-alkyl chain in compound415118 will help determine the effect increasing nanteis
lipophilicity has on thein vivo anti-MDMA activity. C1, C2 and C3-alkyl analoguesl|
determine the significance of the oxygen in namteisi anti-MDMA activity. The amino

analogues will determine the effect increasingribeber of possible protonation sites has on
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nantenine’s antagonistic effects. Compodd® will determine how flexibility of the aporphine
core affects nantenine’s MDMA antagonism. Studyiagtenine’s enantiomerB®; and S32,

will provide insight into the significance of nantee’s chiral center in its MDMA antagonistic
activity. Additionally, SAR studies of these argles at 5-H7, anda; receptors will shed light
on the importance of particular structural elemdotsiantenine’s activity at these receptors. As
mentioned before, thesa vivo and in vitro SAR-studies are a necessary first step in the

development of a more potent and selective MDMAaganist.

R ,R;, Ry, Rz = alkoxy, alkyl, aming
R, = alkyl

Figure 32: Target Analogues

48 |Page



RESULTS

2.  SYNTHESIS OF NANTENINE VIA PIFA-MEDIATED BIARYL COU PLING

2.1. Synthesis of Racemic Nantenine

Racemic nantenine was prepared using the PIFA-neeti@yclization (Scheme 18). Steps
a-d of the protocol gave high yields; however, dkglative coupling of compountil9 gave low

yields and irreproducible results.

Scheme 18Synthesis of Racemic Nantenine via PIFA-mediatexdization

Sog Sog e
~0 NH, o o NH ~0 ~-N
65 a b
o0 (
0]
120 0.0
121 122

- O O
~ O N \O N \O NH

N
B 1 : ®
O O O
e -0 -0
32 119 123

Reagents and conditions
a. CDI, THF, 99% b. POGICH,Cl, 87% c. NaBH, MeOH, -78°C 77%
d. DCM, HCHO, Na(OAGBH, 1.5h, 95%, e. PIFA, BFOEt, DCM, -20°C, 30 min, 25%
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Amide 121 was prepared by CDI peptide coupling of 3,4-methgtBoxyphenylacetic acid
120and 3,4-dimethoxyphenethyl amifib.*®® Bischler-Napieralski cyclization with phosphorus
oxychloride converted amid&21 to the cyclic imine122*®* Reduction of iminel22 with
sodium borohydride at -78C afforded secondary amirk23'®° Subjecting aminel23 to
reductive amination conditions (formaldehyde witbdism triacetoxy borohydride as the
reducing agent) afforded the tertiary amird®. Nantenine precursdrl9 was prepared in 64%
yield over four steps. Subjectiig9to oxidative cyclization using PIFA, BOEb, in DCM at
-20°C afforded nantenine®) in 25% yield'®® However the reaction was not reproducible and
no other identifiable compounds were isolated.ets to improve the yield of nantenine from
the PIFA cyclization reaction by purging with argemder vacuum and protecting from light did

not increase the yield of nantenine.

2.1.1. By-products of PIFA oxidation reaction

After the PIFA reaction with HFIP, there was ditfity isolating nantenine from a slightly

more polar compound, which was identified as awliarid derivative of nantenine, compouid

(Figure 33).

Compound A
Figure 33: Structure of Oxidized Product
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Aporphine alkaloids have been recrystallized froyalehexané®’ Therefore, attempts
were made to re-crystallize nantenine frothexane. After several minutes of heating in aewat
bath, a solid substance began to precipitate:stfistance was identified as compoihdsing

'HNMR and mass spectroscopy (Figure 34).

Compound B
Figure 34: Structure of Compoung

According to Chervenkova and Hidalgo, alkaloidstsas glaucine9b) can be oxidized in
air, light or heat®'® When dissolved in ethand®5 is unstable in air and can lead to several

oxidized compounds (Scheme 19).

Scheme 19Glaucine air oxidized products

G JCG
~o /Ni ~0 /N
@] O
O O
/ /
O
/ /O
Glaucine (95) 124 125 126 127

Therefore, a possible explanation for the low yiefdnantenine in the PIFA reaction is
oxidation. It is possible that during the cyclipat reaction, work up and/or purification steps,
nantenine is formed in a significant yield buthen oxidized to these side products. To test this
assumption, a solution of methylene chloride ance mantenine was left standing over 48h.

TLC analysis showed trace amounts of compofirmlit no evidence of compouiid
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Demethylation of tertiary to secondary amines by Uyht can occur through the
Polonovsky reaction forming first thé-oxide then undergoing deoxygenative demethylatfion.
190191 Therefore, trace amounts of compoukdn the test solution suggests that a solution of
nantenine may undergo demethylation to form oxwligeoducts in the presence of light. There

were also a number of by-products from the PIFAtiea which have not yet been identified.

2.1.2. Enantiosel ective synthesis of tetrahydroisoquinoline substrate for PIFA cyclization
2.1.2.1. Via enantioselective reduction of a dihydroisoquinoline substrate
Once a route to prepare racemic nantenine waslisbidh our focus then turned to the

synthesis of both nantenine enantiomers via thitero Using Noyori catalyst28 cyclic imine

122 was enantioselectively reduced to the chiral seéapn aminel23a and 123b (Scheme

20) 192,193
Scheme 20Asymmetric Reduction of Cyclic Iming22
I g .
~ NH ~ O N ~ O ‘ NH
O H  Formic Acid O Formic Acid o ‘H
Triethylamine, DMF Triethylamine, DME
O 48 h, 50%, ee: 80% 48 h, 48%, ee: 87%
g Q Q
4 Q. 5§ Eé 0 @TTS 0
u
u
123 @J v HQ ? 123b
a N 122 O N
128a 128b

While the imine reduction occurred with an 87% a8@Po ee for123b and 123a

respectively, complete conversion took 48h with aderate 48% and 50% isolated vyield,
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respectively’® Determination of the enantiomeric excess (ee) emslucted usingHNMR
analysis with R)-(+)-a-methylbenzyl isocyanate. Th#INMR peak corresponding to the
methylenedioxy ChHat 5.95 ppm was used as the reference peak fa@etldetermination. Once
the Isocyanate was added to the sample, the refem¥ak was split into two distinct peaks with
chemical shifts at 5.86 ppm as a doublet and 505 @s a singlet. In the racemic mixture, these
peaks are a one-to-one mixture, while in the chirixkure the peaks are a major and minor peak
based on the enantiomer being tested. The integsadf the corresponding peaks were used to

determine the ee of the major and minor enantiomer.

2.1.2.2. Viaachiral auxiliary

The moderate ee’s obtained led us to considernaliee methods for introducing the
chiral center in nantenine. Thus, an attempt éparel23aand123bvia chiral phenethyl amine
132 was conducted (Scheme 21). Compour8b was prepared in 39% vyield over five

Stepsl.92,195,196
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NH,
a )\
_O o) Ph
\OD/\S’/H 131
130
-0 O ph © O . Ph
\O ﬁ“& \O ~-N
g o
O 0]
-0 -0
135 134

123a 32a
Reagents and conditions:

f. H,, Pd/C, EtOH, 10% HCI (aqg), 10% ee = 73%

Scheme 21Synthesis of23aen route tdr-Nantenine 323

a. CHCl,, EN, EDCI, 92% b. THF, BJOEt, BH,THF, 92% c. CDI or EDCI, THF, 95%
d. POC}, CH,Cl,, 70% €. NaBl, MeOH, -78°C, 70%

133

N-deprotection through hydrogenolysis resulted irpgields of the desired secondary

amine with only moderate ee’s. We also employsuirélar pathway as in Scheme 21 to prepare

compoundl23b, but the yield and ee were also poor. Due tddiweyield and ee obtained, this

method was not further investigated.
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2.1.3. Evaluation of Reaction Parameters and Substrate Scope in PIFA Biaryl Coupling

Sha has reported that the rigid methylenedioxy t#ulesit on the phenyl ring does not
allow complete orbital overlap between the oxygemel pairs and tha-system of the phenyl

ring (Figure 35)""

S
BJK A

136a \ 136b

Figure 35: The orientation of lone pairs of electrons of oxygeoms

Compounds bearing two methoxy groups on the phengl @36b) have better orbital
overlap with thertesystem of the phenyl ring as a result of theirefreotation. The
stereoelectronic effects of the methoxy groups e&aws higher electron density on the phenyl
ring making it more nucleophili®’ It is possible that low yields in the PIFA cyeition
reaction to prepare nantenine are as a resultnofasi stereoelectronic effects involving the
methylenedioxy ring 0123 To determine the validity of this assumptionytdanosine44) was
subjected to the PIFA-mediated cyclization (Sch&8g Glaucine 5) was isolated in 70%

yield.
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Scheme 22PIFA-mediated Cyclization of Laudanosine*
’ X
~ O N ~0 N
H  pIFA, BF; OE, ‘ H
O DCM, -20°C, O
~0 30 min, 70% ~

O O\
Laudanosine (94) Glaucine (95)

* Obtainted from Professor Jack Rosazza:
University of lowa College of Pharmacy

2.1.4. Effect of Solvent

To determine solvent effects on the cyclization, attempted the PIFA reaction at room
temperature using methylene chloride, 1,4-dioxamaegetonitrile, isopropanol, 2,2,2-
trifluoroethanol (TFE) and 1,1,1,3,3,3-hexafluorpi®panol (HFIP) as solvents, Table 4.

Table 4: PIFA Cyclization: Solvent Study

Entry Precursor Coupling BF5;OEt, Solvent Temp  Reaction Yield
Reagent Time (32)
1 119 PIFA Yes HFIP rt 30 min 16%

2 119 PIFA Yes DCM® -20°C 30 min --

3 119 PIFA Yes 1,4-Dioxané -20°C 30 min -

4 11¢ PIFA Yes Acetonitrile’  -20°C 30 min --

5 11¢ PIFA Yes Isopropanc® -20°C 30min --

6 119 PIFA Yes TFE® -20°C 30 min -

a: Decomposition observt
b: Starting material recovered

Subjecting 119 to PIFA-mediated cyclization in DCM, 1,4-dioxanesopropanol,
acetonitrile or TFE did not afford nantenine. 8tay material was recovered when isopropanol

was used as solvent. Unidentified products wegkatied from the dioxane, acetonitrile and TFE

56|Page



reactions. Kita has reported that cyclization asilitated when a polar, poorly nucleophilic
protic solvent such as HFIP, is used in the PIFActien. HFIP promotes cyclization by
stabilizing the radical cation generated by PIRAHFIP proved to be the only solvent to afford

nantenine, albeit in a low yield of 16%.

2.1.5. Effect of BF3OEt;

With the best solvent in hand (HFIP), we then labke determine the effect of BBE®L
on the biaryl cyclization. The PIFA-mediated cyalion was conducted in HFIP at room
temperature without BfOEL; neither nantenine nor starting material was tedla Kita has
reported that BFOEL acts as an activating agent for PIFA by coordimatito the
trifluoroacetoxy ligands?® The activated PIFA would then generate the radiation on the
aromatic ring through a charge transfer compléw/ithout BFsOEb, PIFA is unable to afford

the biaryl coupled product.

2.1.6. Examination of Other Oxidants in the Biaryl Cyclization of 119

Cyclization of 119 was attempted using stronger reagents such asniuth dioxide,
cerium hydroxide, manganese (lll) acetate dihydeatd vanadium oxytrifluoride in DCM.
Anakabe and Moreno have reported the use of rutheokide, vanadium oxytrifluoride (VQJ
and cerium hydroxide as oxidative biaryl couplirepgents to prepare aporphin&s:8420°

However, attempts to prepare nantenine from prec9 using Ru@xH,0, RuQ and VOR
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were unsuccessful. Starting material was recovém@eh the ruthenium oxide reaction and
unidentified products were isolated from the vaoadoxytrifluoride reaction.

The limited success observed when using HFIP assdheent to cyclizel19 to give
nantenine §2) encouraged us to repeat the previously attempyelization using Ru@xH,O
and cerium (IV) hydroxide. Unfortunately, changitige oxidant did not lead to the cyclized
product (Table 5, entry 1 and 2). Kita claims thddition of a catalytic amount of magnesium
perchlorate (Mg(Cl@®.) enhances the stability of the radical cation gaieel by PIFA™*®
However, addition of Mg(Clg),to the PIFA-mediated reaction in HFIP did not irage the
yield of the nantenine; 2% of nantenine was isdlate

Table 5: Attempted Cyclization Reactions QA<

Entry Cyclization Solvent Temperature Reaction Yield
Reagent Time (32)

1 RuOyxH,0° HFIP rt 30 min -

2 Ce(OH)* HFIP rt 30 min --

3 Ce(OH)’ DCM 0°C>rt 30 min --

4 Mn(OAc); 2H,0° TFA 0°C 20 min --

5 VOF;* DCM 0°C 30 min -
6 PIFA® HFIP rt 30 min 2%

a: Mg(Cly), used as a additive
b: Starting material recovered
c: Decomposition observed

2.1.7. Qubstrate scope

2.1.8.Examination of the substrate scope of the PIFA Biaryl Cyclization in the Synthesis of
Aporphines

To examine the substrate scope of the PIFA cyadizatetrahydroisoquinoline$37-141

was prepared following the methodology in ScheméFigure 36).
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137 138 139 140 141
Figure 36: PIFA cyclization substrates

Compoundd 37-141were subjected to the PIFA reaction condition®(@®).

Table 6: PIFA-mediated biaryl cyclization ai37-141

Entry Precursor Aporphine Yield Starting Material
Recovered
1 137 1.1% 0%
2 138 0% 30.3%
3 139 0.71% 0%
4 140 8% 0%
5 141 0% 18.3%

Reaction conditions: PIFA, B®Et, HFIP, rt, 30 min

The aporphine core was isolated for compout®is 139 and140 (Table 6, entry 1, 3 and
4, respectively), while starting material was rem@d for compound$38 and 141 (Table 6,
entry 2 and 5m respectively). From these resitltseems that having an electron-donating
grouppara to the site of ring closure on the D-ring is naseey for biaryl coupling via the PIFA-
mediated cyclization. Also, compouddO (Table 6, entry 4), which has a free methoxy group
on the D-ring, provided the highest yield for thmresponding aporphine. This result supports
Sha’s assumption for the stereoelectronic effects m@thoxy groups as compared to
methylenedioxy groups on phenyl rings.

In attempts to further probe the substrate tolexancthe PIFA reaction, compouridi4

was prepared in 33% yield over four steps (ScheB)e Subjecting amin&42 to the PIFA-

59|Page



mediated cyclization conditions yielded compoutd3 in 86% vyield with incomplete

conversionl42was recovered in 5% yield (Scheme 23).

Scheme 23C-3 Analogue Synthesis

CT/ C{/
0 O 0 _0
N O
g o, 1)
—_— _—
Q 0 0
0 0 -0
142 143 144

Reagents and conditions
a. PIFA, BROEY, HFIP, rt, 30 min 86%, b. Left standing in air

The instability of these aporphines also presememmpoundl43 Exposing compound
143 to light over 12h results in an oxidized produailased in 31% vyield. 'HNMR analysis
identified the structure ab44*?°12% Conversion ofl44 to 143 is possible following Gao’s

procedure (sodium cyanoborohydride at pH°3).

145 146

Figure 37: Possible Structure of Ring Opened Products

Attempting to drive the cyclization df42 to completion by doubling the equivalents of
PIFA and BEOE% resulted in cleavage of the methylenedioxy rindHNMR and mass

spectroscopyanalysisidentified the product a%45 or 146 (Figure 37). ldentifying the actual
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structure of the ring-opened product was not ofhhigportance; therefore no further
characterization experiments were conducted. Tdraareported that methylenedioxy rings are
unstable in excess BBEw leading to ring opening, giving a catechol or arhé®®

In addition to the above six compounds, we alsengted to prepare compoutd?7 for

our substrate scope study (Figure 38).

Br

~

O N\

(@]
0
147
Figure 38: Bromo Substituted
Tetrahydroisoquinoline

Charifson reported the synthesis of tetrahydroisagjines with a chloride atom as a

substituent on the A-ring (Scheme 2%).

Scheme 24Charifson protocol for synthesis of Imitid9

D e
~o ~H=-NH Pock, R0, xylenes o =N
45% O

148 149

Against this precedence it was anticipated thatpmmd147 could be prepared in a three
step procedure involving Bischler-Napieralski cgation on compoundl50 followed by

reduction of the dihydroisoquinoline formed and seduentN-methylation (Scheme 25).
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Scheme 25:Proposed Intermediate to Synthesize Compduhd

pesilie s I
o 5 NH o ~N ~0 N

POCEL, DCM 1. NaBH, MeOH_
2. HCHO, DCM
Na(OAC)BH
@] (@]
-0 0 0
150 151 147

However the product of this three-step sequencenesasdentified as compount4?, as
we later discovered. After subjecting what wasdweld to be compound47 to the PIFA
cyclization conditions, a compound possessing admapine core was obtained. Upon careful
inspection of spectral data for intermediates anpbtential synthesis a#47 it became clear that
the sequence had not gone as expected?

Analysis of the intermediates via NMR and mass spscopy, the resulting imine was
identified as compountl52 It is believed that compouridb3 was prepared following treatment
of amide 150 with phosphorus oxychloride. Reduction ®%2 with sodium borohydride
followed by methylation of the resulting secondarmgine gave tertiary amirib3 (Scheme 26).

Subjecting aminel53 to the PIFA reactions conditions resulted in themiation of a
benzazepine core structure. There are two possdg®chemistries for the bromine of the
benzazepine structure. A possible mechanismhiifdrmation ofl54aand the other possible

benzazepinés depicted in Figure 39.
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Scheme 26:Synthesis of compountbl

Br Br Br
POCEL, DCM 1. NaBH,, MeOH 74%

60% 2. HCHO, DCM

Q O Na(OACYBH O
-0 -0 ( 75%)3 0O

150 152 153

PIFA, BF; OEt,
HFIP, rt, 30 min
15%

PIFA initially forms radical catiod55 which then rearranges to form the benzylic cation
156. Nucleophilic attack from the A-ring forms theirgpintermediatel57. Formation of
compoundl54a occurs by CH bond migration following the red arrows, while faation of
compoundl54b occurs by CH bond migration following the blue avso 2D NMR: HMQC,
HMBC, NOESY, and COSY, was utilized to determine slubstitution pattern of the A-ring. To
determine the compound’s structure, HMQC (HetertgarcMultiple Quantum Coherence) is
selective for determining the hydrogen a particuarbon is directly bonded; HMBC
(Heteronuclear Multiple Bond Coherence) is specdific determining the bonding pattern of
carbons 2-4 bond lengths away; NOESY (Nuclear Cugshr Effect Spectroscopy) is used to
determine the spacial environment of a particulanctional group. COSY (Correlation
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Spectroscopy) is used to show how a hydrogen eteswith another hydrogen in the molecule

to determine is symmetry is present.

Br Br
\Om\ \O

Figure 39: PIFA-mediated Benzazepines Formation Mechanism

Table 7: HMBC NMR Analysis:*H (500 MHz) and"*C (150 MHz) NMR Data for Compounds
154ain CDCk (J in ppm)

Proton: Carbon HMBC Correlation
154a _ 154a
Position M C C
12 6.64CH (<, 1H) 1093 36.2
3 7.35CH (s, 1H) 1285 48.¢
4 3.01 Ck, (m, 2H) 36.2 1093
7 4,19 CH (m, 1H) 48.¢ 1285

Identification of the benzazepine structure begath Vabeling the aromatic protons;H
and Kby performing'H, *C NMR, and HMQC experiments and thgahd G carbon usingH,
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13C NMR, COSY and HMQC experiments 484a Aromatic proton H was labeled as such
because the high electronegativity of the bromintesstuent reduces the electron density on the
ortho carbon, deshielding the proton and shifting thakpegownfield. Therefore, thtHNMR
singlet furthest downfield at 7.35 ppm WifCNMR peak at 128.5 ppm corresponds tp Athe
only other'HNMR singlet at 6.64 ppm witFCNMR peak at 109.3 ppm was therefore labeled as
Hi.. Carbon 7 is bonded to the only peak which irstegy for 1 H infHNMR with chemical
shift 4.19 ppm and®*CNMR chemical shift at 48.6 ppm. Carbon 4 is bahte multiplet with
"HNMR chemical shift at 3.01 ppm aftCNMR at 36.3 ppm. Once identified, analysis using
HMBC showed a correlation betweenjsténd Gas well as Hand G. Therefore, the structure

of the benzazepine was identified as compadlégha

2.1.9. Further examination of the substrate Scope of the PIFA reaction: Attempted Synthesis of
Anilino Aporphines

Moreno has shown the utility of PIFA to prepare pounds with the benzophenanthridine
skeleton in high yields by formation of a radicakion which is trapped by an internal arylic

nucleophile (Scheme 27

O ON
o J o

- PIFA, CHCl, ~ O

o NH -20°C67% g N

158a 158b
Scheme 27PIFA-mediated Synthesis of Phenanthridines

It was envisioned that a similar method could bedut synthesize anilino aporphines.
Therefore the PIFA-mediated cyclization was exauhitteprepare anilino substituted aporphine
159 (Figure 40).
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Figure 40: Anilino Aporphine

2 159

Starting fromm-nitrophenylacetic acid160, compoundl63 was preparedn 69% vyield

over four steps (Scheme 28).

Converting the mswbstituent to an anilino group using a

standard procedure §#Pd/C in ethanol) gave an almost 1:1 mixture of tempound$®® *H

NMR, *C NMR and mass spectroscopy were used to idertéystructure of compound$4

and165.

NH
o~ 165
Reaction Conditions:

164 (53%) & 165 (47%)

Scheme 28Synthesis of Amino derivative

a) CDI, THF, 24h, 78% b) PO&IDCM, reflux, 24h c) NaBh MeOH, rt, 2h
d)HCHO, DCM, Na(OAc)BH, 24h, 88% over 3 steps e} HPd/C, EtOH,

NO 163
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In attempts to avoid the alkylated by-product andrease the yield of the aniline
derivativel64, a series of reduction methods were investigaleable 8 summarizes our results.

Table 8: Attempts at Nitro Reduction of Compouhéc

Entry Solvent Temperature Time Reducing Agent  Yield 164 (%)
1 EtOH rt 24t H./Pd/C 50
2 EtOH rt 2h H./Pd/C 50
3 DCM rt 24t H./Pd/C (0
4 THF rt 24t H./Pd/C (0
5 THF reflux 18r LiBH /TMSCFP* 0
6 Acetone/+,0 rt 45mir Zn-NH,CI?* 29

a: Starting materierecovere

Changing the reaction time did eliminate the foiorabf compoundL65 (Table 8, entry
2); however the change did not lead to an increageeld of the desired aniline derivatiié4.

The synthesized anilino substrate4, was subsequently subjected to the PIFA reaction.
However the reaction was not successful at produitia desired aporphine core; no identifiable
products or starting materials were isolated.

At this juncture it was contemplated that the uigeted —NH group of 164 may be
causing undesired side reactions. Therefore wematied to prepare the acetamidel6.
However, several attempts to protect the aniliié as an acetamide using acetic anhydride or
acetyl chloride with triethylamine in dichlorometigawere unsuccessful.

A copper-catalyzed synthesis of primary aryl amines then attempted to prepare the
acetamide derivative df64 (Scheme 295'® Compoundl68 was prepared in 77% yield from
167 over three steps. Attempts to convEsB to 169 were unsuccessful yielding only starting

material.
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Scheme 29Synthesis of Amino derivative from lodo Startingtdrial

0w Dm O
~o NH, 5 ~0 5 NH » o N\BOC
i »
O
(%
I
166

167 168
e
i
JC T
o N f \O?‘Boc
NHAc NH,
170 169

Reaction Conditions:

a) CDI, THF, 24h 76% b) POGIDCM, reflux, 24hr c) NaBi MeOH, rt, 2h

d) (Boc)O, iPLEtN, DMAP, DCM, 24h, 77% over 3 steps e) Cul, LIfr®, CsCO;,
Benzamidine HCI, 120C, 24h f) i. Acetic Anhydride, BN, DCM ii. ZnBr,, DCM

lii. HCHO, Na(OAc)BH, DCM

2.1.10. Reductive Phenylation: Attempted Synthesis of Anilino Aporphines

An alternative method to prepare anilino aporphs¢he reductive phenylation of nitro
substituted tetrahydroisoquinolines (Scheme ?30). Nitro-tetrahydroisoquinolinel63 was
converted to the C9-amino aporphib® in 35% yield following Scheme 26; starting matkria

was recovered.
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Scheme 30Synthesis of Amino Aporphine

Zn, TFA, TFSA

O 35%

NO,

163 159

2.1.10.1. Reductive Phenylation: Synthesis of Anilino Aporphines Analogues
The reductive phenylation was subsequently usqatépare the C10-methoxy-C9 amino

aporphine analogu&75 (Scheme 31). Compourid4 was prepared in 17% over 7 steps. From

174, compoundL75was obtained in 38% yield.

Scheme 31C-10 methoxy C-9 amino analogues Synthesis

HO/Q/\gH e \O/Q/\gH g Do~ NH
@)

~

171 172 NO, 173

e-g

Q

/N
o O
Z

/

/

NO,
175 174

Reaction Conditions:

a) H,SO,, MeOH, reflux 96% b) KCO3, Mel, Acetone, reflux, 24 h, 93%

c) 2N NaOH, MeOH, 88% d) 8, CDI, THF, 50% e) PQ@ICM, reflux, 24h 90%
f) NaBH,;, MeOH, rt, 2 h, 56% g) HCHO, DCM, Na(OABH, 24 h, 88%

h) Zn, TEA, TESA, 3 h, 38%
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Compound 177 is an intermediate required for preparation of zmkdine 178

Oxazolidinel78is interesting to study from an SAR perspectiveasithe molecule contains a

bioisosteric replacement of the methylenedioxy fiomality of nantenine.

prepare compounti7 7 using reductive phenylation was unsuccessful (Beh&2).

An attempt to

Scheme 32Attempted Synthesis of C-10 Benzyloxy C-9 Amino Aptune

176

Zn, TFA,
TFSA, 3 h

179

Subjecting compound76 to reductive phenylation conditions did not affdihe desired

aporphinel77. *H NMR analysis identified the isolated product fas €10-hydroxyl-C9-aniline

tetrahydroisoquinolinel 79,

The acidic conditions of the reductive phenylatame tolerated well by methoxy ethers;

however, benzyloxy ethers are not tolerated. Téezyoxy protecting group appears to be

labile under the acidic conditions of the reductpreenylation. Debenzylation probably occurs
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before the reductive phenylation forming a phendiiolw presumably interferes with the

expected biaryl coupling.

2.2. SYNTHESIS OF NANTENINE VIA THE WESSELY ACETOXYLATIO N

2.2.1. Synthesis of Nantenine

Our attention was then directed to a phenolic sgithof nantenine using lead tetraacetate
(Pb(OAc)), to prepare aporphines as reported by H#rd® Pb(OAc) oxidation of phenolic
tetrahydroisoquinolines103 was used to prepare the correspondmguinol acetate 104).
Subsequent acid treatment converted the quit@) (to the corresponding aporphingd). O-
methylation afforded (+/-)-nantenind2) in 8% yield over ten steps (Scheme 33).

Overall, the phenolic synthesis of nantenine wasecess. However, we did encounter a
few problems; using phosphorus oxychloride (P{p@k the dehydrating agent to prepare the
required cyclic imine also caused debenzylat@rmethylation of (+/-)-domesticing80, gave
very low yields: 30%. Solution of the former preisi was achieved by modification of the
reaction conditions: phosphorus pentachloride {P@hs used as the dehydrating agent instead

Of Pocb.160,161,219
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Scheme 33Synthesis of Nantenine via Wessely Acetoxylation
@
Bn-O ab Bn-O NH, c Bl oo NH
180 75
O
-0
99
d-g
OCOCH;
0.
No Ho N
O —
O
-0
104 103

Reagents and conditions:
a. NO,CHs, NH,OAc, AcOH, 100°C 2h, 99% b. TMSCI, LiBl, THF, 97%
c.70, CDI, THF, 95% d. PGJ DCM, 80% e. NaBl, MeOH, -78°C, 74%
f. HCHO, DCM, Na(OAc)BH, 78% g. H, Pd/C, 90% h. AcOH, Pb(OAg)
i. TFA, DCM, 73% over 2 steps j. DMF, Toluene, Byi@ rimethyl-Ammonium
Chloride, PotassiufButoxide, 30%

We contemplated that solving the latter problemlddoe achieved via synthesis of
compoundl82 (Scheme 34). This is because the basic conditemsred forO-methylation of
30 may also cause quaternization of the basic nitroge30 thereby reducing the yield of
nantenine. CompountB3 was prepared and subjected to the Wessely acetaxylgscheme

34).
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Scheme 34Attempted Synthesis of Nantenine Waacyl Aporphine
I O
Bn\o NH Bn\O N\H/CF3
-
0] o
-0 0
181 182
N\
<. 89
32 184

Reagents and conditions:
a. K;,COg, Trifluoroacetic anhydride, DCM, 90% b,HPd/C, 95% c. AcOH, Pb(OAg)90%
d. TFA, DCM, 26% e. NaH, Mel, Hexane f. 5%®0;, MeOH g. Na(OAcg)BH, HCHO, DCM

N-acyl domesticine184) was isolatedn 26% vyield from the corresponding quinol. The
Wessely acetoxylation was not pursued to prepantenane and a variety of C1 analogues given

the low isolated yield of the acid cyclization step

2.3. SYNTHESIS OF NANTENINE VIA DIRECT ARYLATION

2.3.1.Initial Synthesis of Nantenine via Direct Arylation

As an alternative non-phenolic synthesis, the dieeylation protocol was employed

(Scheme 35). The key step in this sequence ibilngl bond formation. Following the protocol
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reported by Fagnou, the aporphine cdr&g was isolated in 40% yield. Optimization of the

biaryl coupling and N-deprotection steps of thigusnce is important for developing this

protocol.

Scheme 35Direct Arylation Synthesis of Nantenine
Br
OH OH NH O
O\/ a O\/ b "o O c o N
O O <O <O
120 105 S Br O ‘ Br
106 107
d
JC JC
~0 Ngoc ~0 NH
RSO el &
O Br O Br
185 108
Reagents and conditions:
a. B, ACOH, 77% b. CDI, THF65, THF, 95% c. POG) CH,Cl,, 88%
d. NaBH,, MeOH, -78C, 62% e. (BogO, DMAP, iPLEtN, CH,Cl, 62%
f. Pd(OAc), ligand91, K,CO3, DMA, 130°C, 40% g. 1. TFA, DCM, rt, 50%
2. HCHO, DCM, Na(OAGBH, rt, 85%
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2.3.2. Attempts at optimizing the Direct Biaryl Coupling

2.3.2.1. Evaluation of the Fagnou Method

An attempt to cyclize tetrahydroisoquinolink85 to the aporphinel86 using 2-
(dicyclohexylphosphanyl)-2'-(dimethylamino) biphén§l87) as the ligand was unsuccessful.
Only starting material was recovered (Scheme 36yvas envisioned that ligantB7 would be

an adequate substitute for the ligand used by Ragiven their structural similarity.

Scheme 36Direct Arylation with dicyclohexyl ligand

o
S0 N Boc Pd(OAc), Ligand187 o

X KyCO3 DMA
O 130°C
8
O ® PO
185 NA O
Ligand:187

Given that187 is less expensive and more readily available tihatreported ligan®1,
attempts were made to optimize the biaryl couptggyrtion conditions using ligari87. Table
9 summarizes our attempts. All attempts to pregam@poundl186 using ligand187 were
unsuccessful.

Table 9: Biaryl coupling conditions with Ligar 187

Entry Precursor Ligand Reaction Time Temperature Yield: 18€
1 24 13C°C -
2 185 187 48t 13C°C -
3 24F 16€ °C -

Employing the reported ligand 2-(diphenylphosphaid(dimethylamino) biphenyl q1)

as the phosphine liganti36was isolated as the major product in 40% vyield.

75|Page



Unfortunately, after three successful trials ofstmethodology, the reaction was not
repeatable. Even after purchasing new reagentsrggehting the reaction under the given

literature conditions, only starting material wasavered.

2.3.3.Evaluation of the Zhang Biaryl Coupling Protocol for the synthesis of Nantenine

The lack of success using the Fagnou protocolyiothesis of compounti86 could be due

to possible oxidation of the phosphine ligand. rmthahas reported the use of

tricyclohexylphosphine in the synthesis of subgtiiuaporphine alkaloid (Scheme 37).

Scheme 37Synthesis of Aporphine Alkaloids via Zhang Methaxipt

o o
% O N\H/O\{/ o ‘ N\H/O\{/
_O O O 'pd(0Ac), CyP, CsCO;, -~ ° O ©
Br 4 A molecular sieves, Argon,
_0O

100°C, overnight; 72%

_0O

188 189

Changing the reagent cocktail and following the rtharotocol186 was isolated in 52%
yield consistently (Scheme 38). The Zhang proteca$ continued thereafter for the synthesis

of a number of nantenine analogues.

Scheme 38Direct Arylation Zhang Protocol

1T g
~o NBoc ~

lBr Pd(OAC), C$CO;, DMF,

100°C, Tricyclohexyl phosphine,
o\/ 52%
O 185
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2.3.4.Conversion of 186 to Nantenine

Deprotection of aporphin&86 using trifluoroacetic acid (TFA) in dichloromethearat
room temperature proved to be problematic: theti@agielded two major compounds in a 1:1
ratio. NMR and mass spectroscopy analysis ideatithe products as the desired secondary

amine191and phenanthrene derivati¥80 Scheme 39)>*189.215.216

Scheme 39Products of Boc-Deprotection

0 _0
NBoc ~o O NH; o O NH
TEA, DCM, rt O + O
OLo

186 190 191

The reaction leading to undesired phenanthd&@most likely proceeds through an acid
promoted Hofmann-type elimination of a quaternizgittogen compoun&® Due to the
decreased basicity of the Boc-protected nitrogemternization is unlikely to occur with the
nitrogen still protected. Therefore, it is probalihat compound91 first forms in the reaction
and is then quaternized by the acid leading to dpgning. Attempts to eliminate compound
190 by decreasing or increasing the amount of TFA uséle reaction was fruitless. Changing
the deprotecting agent to 1.0 M HCI in diethyl etléso did not affordl91L TLC analysis
showed only186 after 24h.

Given the apparent acid sensitivity 11, the next step was to prepateacyl andN-Cbz

derivatives, which can be deprotected under basm dydrogenolytic conditions,
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respectively’?>??®> Compoundl92 and 193 were prepared and subjected to direct arylation to

prepare aporphine94 and195 (Scheme 40).

Scheme 40N-acyl andN-Cbz Tetrahydroisoquinoline synthesis and ZhangyBi@oupling

X L

© Io
-0 -0
108 192R = COCH 194R = COCR 191
193R = CGBn 195R = CQBn

Reagents and conditions:

a. K,CO,, DCM, 30 min, Trifluoroacetic anhydride, 87% b.ZTh, EEN, DCM, rt, 80%

c. Pd(OAc), PCy;, CsCO4, 4 A molecular sieves, Ar, DMF, 10C, overnight,192 33.1%,
193 38% d. KCO;, MeOH, 0 % e. K, Pd/C, MeOH, rt, 10 %

Following the Zhang protocol, tié-Cbz andN-acyl substrates provided the corresponding
aporphine core in lower yields as compared toNH®goc substrate. Results of the subsequent

deprotection steps are presented in Table 10.

Table 10: Direct Biaryl Coupling and De-protection methods

Entry Compound Coupling Aporphine: De-protection % Yield: 191
Method Yield Method
1 193 A 195 : 38% H, and Pd/( 10
2 192 A 194 : 33% K,COy/MeOH o°
3 185 A 18€ : 52% ZnBr, 97
4 TFA 50
5 AcCl/MeOH 30
6 TFA/H,0 40
7 TFA/ITFAA 50
8 HCI in Dioxane 0°

a: Pd(OAc), CsCO;, DMF, 100°C, Triphenylphosphine
b: Phenanthrene isolated
c: Starting material recovered

While changing the protecting group and the cogphmethod did afford the aporphine

core, deprotection did not afford significant amboh the desired secondary amine. Using a
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trifluoroacetamide protecting group afforded 33%tloé aporphine core (Table 10, entry 2).
Using Cbz as the protecting group afforded 38%hefdporphine core, while deprotection with
palladium on carbon afforded only 10% of the desgecondary amine (Table 10, entry 1).

Due to the lack of positive results for deprotectiof N-acyl and N-Cbz aporphines,
deprotection of th&-Boc group was reinvestigatétf:**??® Implementing a Lewis acid based
deprotection of carbamates using ZsnBhe desired secondary amii®1, was isolated as the
only product in high yield, 92-97%’ This was a significant accomplishment sii€d could

allow us to prepare nantenine as well as N-anakgue

2.3.5.Evaluation of the Use of Microwaves for Direct Biaryl Coupling

Optimizing the synthesis of the key intermediaterphinoid186was essential. Two main
methods which utilize direct arylation to prepapeigphines are those developed by the Fagnou
group and the Zhang grodfy**° As mentioned earlier, these methods differ in ¢hektail of
reagents used for the arylation process. A protdeeeloped in our lab to synthesize nantenine
and C1 analogues by application of a microwavestssidirect arylation procedure, provided
high yields of the aporphine core based on Fagnmethod™® This protocol required the use
of di-tert-butyl phosphine tetrafluoroborate and Pd(GAr)DMA. It was found in these studies
that addition of pivalic acid enhanced the isolatesdids. Lafrance has determine that the pivalic
acid is converted to a pivalate that acts as amrnmdlecular base by the palladium metal or
through an intermolecular deprotonation to createcomcerted palladation-deprotonation
pathway?*! TheN-ethyl carbamate derivative of compout86was used as the substrate for the

microwave-assisted arylation. While similar to #mylation method developed by the Zhang
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group, the biggest disadvantage for the Fagnoupobtis the cost of the phosphine ligand,;
$101/g. Changing the ligand to the less expensiggclohexyl phosphine ($20/g) provided a
more economical arylation protocol with similar Igie

Therefore we decided to investigate the alternafiiang protocol and to optimize this
method if necessary. In attempts to prepare Clogues of nantenine, compould®6 was
prepared. Subjecting compouhbé6to the Zhang cyclization conditions will also detane the
substrate scope of the biaryl coupling reactiomd&f thermal conditions, the Zhang protocol
afforded moderate yield of aporphia87 from the C2-Benzyloxy tetrahydroisoquinolink9g,

Scheme 4£%

Scheme 41Synthesis of C2-Benzyloxy Aporphine using Zhangtétol

Bn/O O Bn/O
\O N \O

Br BOC py0Ac), CsCO;,
O DMF, 100°C,
o Tricyclohexyl phosphine, 60%O
-0

Application of the microwave-assisted variationtloé Zhang protocol to the synthesis of
compoundl97 provided consistently high yields of the C2-benxyl@porphine core without the

need for pivalic acid (Scheme 42).

Scheme 42Microwave-assisted Synthesis of C2-Benzyloxy Apamp

BrrC O Bn
~0 NBoc Pd(OAc, CsCO;
Br

NBoc
DMF, 175°C, microwave
O Tricyclohexyl phosphine,
o] 91%
-0
196
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DISCUSSION

During the course of our work in studying the PlFaction, Pingeaw published findings
on his study of the reactiéi® This aspect of the project was thus discontinu&kactions
involving para-substituted phenol ethers with PIFA in HFIP ar@wn to successfully attain
biaryl coupling*®®**° Pingeaw studied the oxidative biaryl couplingvafiousN-substituted 1-
benzyltetrahydroisoquinolines to the correspondipgrphines by PIFA. They have suggested
that the p-p coupling via a six-membered transition state igequired first step in the
mechanism.

Pingeaw claims that the PIFA-mediated biaryl cauplimechanism depends on the
substituted pattern of the tetrahydroisoquinolinadical cations bearing alkoxy substitution
para to the site of ring closure in the A-ring as ingiire 41). C then leads to a diregp

mechanism via a six-membered transition state,

R=CHor CH,
Figure 41: Directp-p coupling

Alkoxy substitutionmeta to the site of ring closure on the A-ring leadstbridgeheag-p
mechanism (Figure 42). More complex than the tipge coupling mechanism, the bridgehead

p-p coupling mechanism also occurs through a six-meewbdransition state to form a
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morphinandienone intermediatll. The first aryl migration leads to a proerythdrenone
intermediatd. A second aryl migration affords the aporphite,

Pingeaw has concluded that the PIFA reaction mesimaoccurs througip—p coupling
involving a six-membered transition state in théiah step and depends on the substitution
pattern of the methoxy groups on the aromatic ang the nature of the substituents on the
nitrogen.

Our brief study on the PIFA-mediated biaryl couglisuggests that having an electron-
donating grouppara to the site of biaryl coupling is essential foregdate cyclization.
Substrates bearing substituergara to the site of ring closure on the A-ring provides
significantly higher yields of the correspondinggghine. Our results are in line with and add
support to Pingeaw’s conclusions. Given the sabstiimitation of the PIFA-mediated biaryl

coupling, this method was not further pursued &ppre analogues of nantenine.

Figure 42: Bridgehead-p coupling
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The Wessely Acetoxylation is a successful methoprépare domesticine. However, due
the basic nitrogen the reagent conditions usedOfonethylation to prepare nantenine do not
provide a significant yield. While protecting thérogen as am-acyl provides a way t®-
methylate using standard methylation condition, jo@lds for the conversion of thé-protected
quinol to the corresponding aporphine forced usdasider alternative methods to prepare

nantenine and Cl-analogues. A plausible mechafusthe Wessely Acetoxylation is depicted

in Figure 43.
OAc
one O Aco-C AcQ- O
i N AcO\PbL+ AcO- PJQ N
AC(A)\IZ)hA(\/)ECO AcO ©
C C
0] 0]
0 -0
J L

Figure 43: Possible Wessely Acetoxylation Mechanism

Direct arylation has proven to be the most versayinthetic pathway to prepare nantenine
and several classes of structural analogues. pocating microwaves to the biaryl coupling

have provided a novel method to prepare the apogptore in high yields.
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Direct arylation was widely believed to occur thgbu an electrophilic aromatic
substitution, §Ar. However, recent reports have claimed thataolim-catalyzed arylation
reactions are facilitated by electron-withdrawingbstituents on the aromatic ring, which is
inconsistent with angAr mechanisnt?

Studies conducted by Garcia-Cuadrado on the infecutar palladium-catalyzed
arylation of bromobenzyldiarylmethane systems hdetermined that the mechanism of direct
arylation occurs through a proton-abstracfith. The key feature of the proton abstraction
mechanism is the concerted bond forming and boedKking of a metal—carbon bond and the
carbon—hydrogen bond, respectively, with the hydrodpeing transferred to a basic ligand
(Figure 44). Three possible mechanistic pathways accur to form the organopalladium
complex and preference for one mechanism is substependerft®
O _

HO,CO—Pd &

PR,

Br

PR3

HO'
B = H,CO,
HCOy Assisted intramolecular

5 Br—l?d—@

HCO;5 PR,
Assisted intermolecular

Figure 44: Direct Arylation Mechanisg?®

We have successfully achieved goal (1) (stated age p47) using the direct arylation
protocol to prepare nantenine in consistent yielasthe upcoming chapters, | will describe the

approach taken to achieve goals (2) and (3).
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CHAPTER IV: SYNTHESIS OF NANTENINE ANALOGUES

1. INTRODUCTION

SAR studies of nantenine require the synthesisamious structural analogues. These
analogues will determine the relative role andrtsiee of each position in nantenine’s anti-
MDMA activity. For this study, modification of thd-, C1- and C2-positions was conducted to

determine the roles of each position. Four classéarget analogues are depicted in Figure 45.

R3

198 199

R; = Et, Propyl, Butyl, Pentyl, CypMe
R, = H, Et, Propyl, Butyl, Pentyl, CypMe. Benzyl
R3 = Et, Propyl, Butyl, Pentyl, Anilino, Cyclohexyl Ame, BenzylAmine

Figure 45: Target Analogue via Direct Arylation Protocol

Having optimized the direct arylation protocol teepare nantenine, the next step was to
prepare various structural derivatives of nantenindJsing direct arylation to prepare
nornantenine 191) provided access to varioud-analogues. Given that the C2-benzyloxy
tetrahydroisoquinoline substrate was stable in rtherowave-assisted Zhang biaryl coupling

protocol, this method was utilized to prepare wasi€1 and C2 analogues.
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2.  SYNTHESIS OF ANALOGUES: N-ALKYL ANALOGUES

Using reductive amination with the appropriate higkes, severaN-analogues were

prepared in 74-92% yield (Scheme 43).

Scheme 43Synthesized Nantenird6 Analogues

_o
o ‘

NH
‘ Aldehyde,
Na(OAck:BH
DCM, 74-92%
0]
0

191

202: R=Et
203: R=Pr
204: R=Bu
205: R=Pentyl
206: R=CypMe

2.1. SYNTHESIS OF ANALOGUES: ALKOXY ANALOGUES

Using benzyloxy protected C1 phenethylaming5 and

the

C2 variation,

tetrahydroisoquinoline207 and 196 were prepared (Scheme 44). Using microwa268,and

197 were isolated in 90% and 92% vyield, respectiveBl and C2-alkoxy analogue®]1-223

were prepared in 24-59% yield over three stepstbgriication of the corresponding phenols,

210 and209 using the appropriate alkyl bromide, potassiumdedand potassium carbonate in

acetone refluxing overnight followed by deproteatamd methylation (Scheme 44

7:237
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211 R;=Et; R=Me

213 R=Bu; R=Me
215 R;=MeCyp; R=Me
217 R;=Bn; R=Me
219 Rlee; R2=Pr

221 Ri=Me; R,=Pen
223 Ri=Me; R,=MeCyp

Scheme 44 Synthesis of C1 and C2 analogues

1)
R2\O N\B

oc
Br

o}
-0

196 R;=Bn R,=OMe
207: Ri=OMe R=Bn

212 R=Pr; R=Me
214 R=Pen; B=Me
216 R,;=OH; R=Me
218 R]_:Me; RZZEt
220 RJ_:Me; RZZBU
222 R]_:Me; RZZBn

Reagents and conditions:
a. Pd(OAc), Cs,CO;, DMF, 175°C, Tricyclohexyl phosphin&96 92%,207: 90%
b. Pd/C, H, EtOH209 90%,210 95% c. 1. Alkyl bromide, KI, KCO;, Acetone,
d 1. ZnBp, DCM, 2. HCHO, Na(OAgBH, DCM, 24-59% over three steps

197: Ri=Bn R,=OMe
208 R;=OMe R=Bn

209 Ry=H R,=OMe
210 R;=OMe R=H

2.2. SYNTHESIS OF ANALOGUES: C2-ALKYL AND AMINO ANALOGUE S

C2-aryl triflate,231 (Scheme 45), is an integral intermediate in theltmsis of C2-alkyl
and amino analogues. It was envisioned that var@mupling methods may be employed to

prepare alkyl and amino target analogues in Figl8e These analogues will provide
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information concerning the effect of increasing lipephilicity at C2 as well as the tolerance for

alkyl and amino substituents at the C2 position.

225
i
) .
\O O‘ N ~
@)
-0

228
Figure 46: C2 Target Analogues

229

230

2.2.1.uzuki Reaction

The Suzuki reaction has been used to construcylbands in high yields using an aryl

halide with an aryl boronic acid*?*® However, using the Suzuki reaction to add agjcglups

to an aryl ring are more difficult and substrateetedent.

Recently, there have been reports

using Nickel-catalyzed Suzuki coupling with alkgllides and aryl boronic acid$’

Kirchhoff has demonstrated that when using a paltaetatalyzed Suzuki coupling use of

a Lewis basic additive such as potassterbutoxide intert-amyl alcohol gives high yields of

the alkylated producf® Also, the structure of the phosphine ligand affebe outcome of the

reaction; the lower the steric demand of the phiogplthe higher the yield. Hedberg has shown
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that palladium-catalyzed Stille coupling of vin@ahanes with aporphine aryl triflates can be
utilized to prepare alkylated aporphine analoguashydrogenation of the corresponding vinyl
substituent*

Currently there are no reported Suzuki reactiomsgualkyl boronic acid with aporphines
aryl triflates. The result of this portion of goioject may present an area of novelty in struttura

modification of aporphine alkaloids.

2.2.2.9ynthesis of Alkyl Analogues via the Suzuki Reaction

It was envisioned that the C2 triflaB81 could be used to prepare C2 alkyl nantenine
analogues via a Suzuki reaction. A modification tbe Suzuki coupling reported by
Sondergaard, using an aryl triflate instead of ani halide, was the starting point for this
undertaking*?

Preparation of the C2 analogues began by hydrogsisayf compound 96to prepare the
corresponding phen@09, which was isolated in 95% yield. Compow@P was then converted

to the triflate231 (Scheme 45§*® Triflate 231 was isolated in 69% yield.

Scheme 45Synthesis of Triflate

HO TfO
~ NBoc >
Pd/C, B, Tf,0, 2,6-lutidine,
EtOH 95% DCM, 69%
@)
0
196 209 231

Compound?231 is a required intermediate in the preparation ofesd classes of C2
analogues (Figure 47).
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TfO

N._ Sonogashira-
react|on

Suzu u
reaction

224-227
Figure 47: C2 Analogues Prepared from Aryl Triflate

231

228-230

The Suzuki reaction was employed in an attempt repgre C2-ethyl,

-propyl and -

isopropyl analogues (Scheme 46). Only startingenedtwas isolated under these conditions.

Ry

alkyl boronic acid,”
dioxane, reflux

Scheme 46Synthesis of Alkyl Analogues by Suzuki Reaction

232 R = Et
233 R, = Propyl
234 R; = Isopropy

Zou has claimed that addition of silver (I) oxidencpromote Suzuki coupling reactions

with alkyl boronic acid$** Scheme 47 was therefore attempted. The desikgtl moducts

were not prepared.

TfO R;

NBoc ~
KoCOs, PA(dppf)C,
alkyl boronic acid, AgO,
THF, reflux

Scheme 47Synthesis of Alkyl Analogues by Suzuki Reactionhatilver (1) Oxidg

0

232 R = Et
233 R; = Propyl
234 R; = Isopropyl
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In hopes of improving the outcome of the Suzukctiea, microwaves were applied to the
reaction protocol in Schemes 46 and 47 (Table aftyel and 3, respectively). Changing the
solvent to toluene or DMF and reaction temperatareefluxing conditions or microwaves did
not afford the alkylated compoungd82234 (Table 11, entry 2, 4 and 5, respectively). Reacti
conditions undertaken for the Suzuki reaction amarsarized in Table 11. Alternative methods

for preparing alkyl analogu&32-234 via 231 were therefore considered.

Table 11: Suzuki reaction attempts with alkyl boronic acids

Entry Triflate Catalyst Additive Tempt Boronic Acid  Solvent % Yield

1 231 Pd(PPL), -- Reflux Et, Pr,iPt Dioxane 0
2 Pd(PPL) 4 -- Reflux Et, Pr,iPt  Toluene 0
3 Pd(dppf)Cs Ag,0O Reflux Et, Pr,iPr THF 0
4 Pd(dppf)Cs Ag,0O Reflux Et, Pr,iPr DMF 0
5 Pd(dppf)C, -- pwave Pt DMF 0

a: KsPQ, used in each reaction

Wang reported the use cesium acetate (CsOAc) tmgimo the Suzuki—Miyaura cross-
coupling reaction under anhydrous conditions withilar effectiveness as stronger bases. The
use of aryl triflates also exhibited reaction ratemparable to that of bromoarerieg%**®

Compound226 was prepared using a modified Suzuki reactionnteddoy Wang (Scheme
48)2* The reaction did not go to completion with thi¢iam condition attempted. Adjusting the
reagent equivalents and the reaction time affordigtier yields of226 Under microwave
conditions, compoun@26 was preparedn 89% yield based on recovered starting material.
SubsequentN-deprotection andN-methylation of 235 gave the C2 butyl analogu226.

Optimization of the modified Suzuki reaction is ggated in Table 12.
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Scheme 48C2 Butyl Synthesis

231 235 226

Reagents and conditions:
a. Pd(dppf)CJ, CsOAc, ByB, DMF, mwave, 10 min 17%C, 89%

b. 1. ZnBp, DCM, 97% 2. HCHO, Na(OAgBH, DCM, 70%

Table 12: Optimization Conditions for the Suzuki reactiontwitributyl Boran

Entry Compound Temperature Time Equivalents Yield
(min) Base Catalyst n-BiB

1 231 12C 10 2 0.2 2 38%

2 12C 30 2 0.2 2 38%

3 17E 60 6 0.€ 6 89%

All reactionsconducted using microwave conditit

The limited success using the Suzuki reaction épg@re C2 alkyl analogues prompted us

to consider other options such as the Sonogashita described henceforth.

2.2.3.Sonogashira reaction

Ortar has shown that the Sonogashira reaction @rutiized to prepare alkylated

aromatics from aryl triflate¥'® Triflate 231 was subjected to the Sonogashira reaction with

propyne (Scheme 49).
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Scheme 49Attempted Sonogashira reaction with propyne

231 236

Since propyne is a gas, there were initial conctrageaction would not give the desired
product due to the heterogeneous reaction mixtureere are current literature reports that
indicate DMSO can be saturated with prop§HeCrisp has also showed the feasibility of using
DMF as the solvent in the Sonogashira reacf8f’® Unfortunately, only starting material was
isolated using these conditions. To deal withgblebility of propyne in DMF, TMS-substituted
acetylene was used to prepare a homogeneous reauiiture?®*?*?> The reaction was
conducted under microwave conditions to preparepoamds237 and238 (Scheme 50).

Employing microwaves provided access to the TMSydeme and TMS-propargyl
products in good yield. Removing the silyl grouging TBAF in THF afforded the acetylene
239 and propyne236 in 69% and 80% vyield, respectively. Hydrogenatadforded the Boc-

protected alkyl product?40and241 Boc-deprotection and methylation afforded thee@®yl

and propyl analoguez24 and225respectively.
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Scheme 50Sonogashira reaction with TMSacetylene and TMSaggd: TMS deprotection
Ry

237:R, = TMS
238:R, = CH,TMS

224:R; = H 240:R; = H
Reagents and conditions: 225. Ry = Chg 241:R; = CH
a. Pd(PP§),Cl,, Cul, LiCl, EbNH, DMF, pwave, 5 min 120C 237 76%238: 73%
b. TBAF, THF, 5 min239: 69%236 80% c. Pd/C, b EtOH240: 88%241: 90%
d. 1. ZnBp, DCM 2. HCHO, Na(OAGBH, DCM, 224: 46% over two ste[d®25: 52% over 2 step

2]

We anticipated tha239 could serve as a substrate to prepare higher htkylologues at
C2. In attempts to prepare the C2 n-butyl analpgees first subjected compourZB9 to the

Sonogashira reaction with bromoethane (Scheme 51).

Scheme 51Acetylene homo-elongation

Pd(PPla)zclz, CUl,
. LICl, E,NH, DMF,

Bromoethane o
mwave, 5 min 120C 0
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The™H NMR spectrum of the compound isolated was natgreement with expected data.
While the peak for the acetylene proton was abskeate were no peaks that were attributable to
the ethyl group. Thus, a different method to preghe n-butyl analogue via formation of the

acetylide anion with sodium hydride was attemptechéme 52).

Scheme 52Acetylene elongation with sodium hydride

239 242

Compound242 was not prepared using Scheme 48; only startingemaatwas isolated
after 24h  reaction time. Caubere has argued thatiding HMPTA
(hexamethylphosphorotriamide) to sodium hydride ctieas can accelerate acetylene
deprotonation to promote coupling reactions by ity the charged intermediafe®
Incorporating the additive HMPTA and changing tblvent to DMF did not afford the alkylated

product; only starting material was isolated. Rssof the alkylation attempts are listed in Table

13.
Table 13: Alkylation of Acetylene
Entry Compound  Conditions Solvent  Additive Alkyl Temp %Yield
Halide 242

1 239 Sonogashir DMF -- EtBr pHwave 0
2 NaH THF - Etl 0°C—rt 0
3 NaH THF HMPTA Etl 0°C—rt 0
4 NaH DMF - Etl 0°C—rt 0

Due to the inability to alkylate the acetylene wgtandard condition, the Sonogashira

reaction was then attempted on trifl@&®&1 using 3-Butynyl p-toluenesulfonate to prepads
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(Scheme 52). It was anticipated that solvolysishef tosyl group would afford the butynynyl

derivative®>*

Scheme 52Alternative Butyne Synthesis

To
TfO

N
Boc pg(pph),Cl,, Cul,
LiCl, Et,NH, DMF,

231 243

Subjecting triflate231 to the Sonogashira conditions did not result indbepled product
243 only starting material was recovered (Scheme 53).

The pentyne analogu244, was also prepared using the Sonogashira reaati®ih% yield
(Scheme 54). Boc deprotection with ZgpBmd reductive amination afforded the C2 pentyl

analogue227, in 20% yield.

Scheme 54Pentyne Synthesis

231 244 227

Reagents and conditions:
a. Pd(PP§),Cl,, Cul, LiCl, EtNH, DMF, 1-Pentynejiwave, 60 min 120C, 81 %
b. 1. ZnB, DCM, overnight 2. HCHO, Na(OAgBH, DCM, overnight, 20 % over two stgps

9% |Page



2.2.4.Buchwald-Hartwig Reaction

While microwave-assisted Buchwald-Hartwig reactibas been conducted with aryl
triflates, there is currently no literature showitgs reaction on aporphine alkaloids. Synthesis
of C2 amino analogues was conducted under microwarelitions following a protocol

published by Huang and Xu (Scheme £8¢>°

Scheme 55Buchwald-Hartwig Amino Synthesis

TfO

Npoc 1. PA(PPECI,, PtBu, ~0

O Boc
DBU, CsCO;, DMF
__Mwave, 10 min 156C______
o Aniline or Cyclohexylamine
-0 231 or O
2. Benzylamine, NMP 245:R, = Phenyl

246: R, = Cyclohexyl

mwave, 10 min 208C 247:R; = Benzylaming

A1”

The high polarity of these amino compounds gavélpraos with purification. An attempt
to convert the product to the hydrochloride salbhgd M HCI in diethyl ether was unsuccessful.
Converting the amino compounds to oxalate saltanaalternative method of purification was
also unsuccessful.'H NMR of the resulting oxalate showed no peaks esponding to the

aporphine core. No further purification methodsevattempted.

2.2.5. Sdective Alkyne Reduction and Alkyne Oxidative Cleavage

As an alternative method to prepare structuralanas at the C2-position, we attempted
to selectively reduce compourZB7 to the TMS-vinyl derivative using Lindlar's cataly

(Scheme 56§°" The C2-vinyl derivative248 can subsequently be used to prepare analogues
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via the Heck reaction. Unfortunately after 48 hlyostarting material was isolated from the

hydrogenolysis.

Scheme 56Selective Alkyne Reduction

237 248 249

Having a carboxylic acid at position C2 also préseahe possibility for a biologically
interesting class of analogues. Following the ishield protocol by Griffith, Scheme 57 was
employed?®® Unfortunately, no identifiable compounds werelased from the reaction. No

peaks corresponding to the aporphine core werdifigeh

Scheme 57Alkyne Oxidative Cleavage

H,O, CCl,, NalQy,
rt, 1 h

2.3. PREPARATION OF R- AND SSNANTENINE

Enantiomers of a biologically active compound maggess differenn vivo andin vitro

effects. It is possible that enantiomers can haitleer a synergistic or dysnergistic biological
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effect. Having access to each enantiomer will Enal to determine the biological effect of
each enantiomer as well as the racemic mixturevi®usly both enantiomers of nantenine were

synthesized employing a chiral auxilidfy.

2.3.1.Via Chiral Isoquinolinium

An attempt to prepare the- and S-enantiomer using a chiral phenethylamine acetamide

with the direct arylation protocol was investigatetiowing Scheme 58.

Scheme 58Enantioselective synthesis via chiral isoquinolmiu

O 0 O 0
~ N. _Ph
Og, Yo=Y ~ NZ_Ph O
Br : Opr. /CF;/ “Og, '/N\;/Ph
a : b H 2
0 C ®
O
-0 4 O\/O
251 252 253
c
C
\OBr ,N“Boc
s
0]
-0
S32 5185

Reaction Conditions:

a) POC}, DCM, 48 h, 83% b) NaBji MeOH, -78°C, 77% c) i. Pd/C, § 10% HCI, rt

ii. Boc anhydride, iREtN, DMAP, DCM, rt d) Pd(OAg) CsCO;, Ms 4A, DMF, PCy, 100°C
e) i. ZnBr, DCM ii. Na(OAckBH, DCM

Chiral secondary amin&132 was prepared in 80% vyield over two steps and used t

prepare amid@51in 70% yield®® Treatment o251 with phosphorus oxychloride under reflux
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conditions gave the iminium sa®52 in 83% yield. Sodium borohydride reduction 252
yielded 25392 polnjaszek conducted a similar study on the usehwal auxiliaries to
prepare enantiospecific tetrahydroisoquinolitté3®® Polniaszek argues that reducing iminium
ions similar t0253 at low temperature allows for stereoselective @mdibf a hydride to the
electrophilic carbon. Therefore it is possible dbtain a high enantiomer excess. Also,
Polniaszek claims that at low temperature the lgdpredominantly add to the least hindered
face (the methyl) of the molecule producing a fnghantiomer. Stereochemistry283 was
assigned following this methodology and confirmesihg chiral HPLC.

Hydrogenolysis o253 with Pd/C in slightly acidic ethanol gave very lgields (< 10%)
of the corresponding chiral secondary amine: predantly starting material was recovered.

Attempts to optimize the hydrogenolysis by chandimg reaction conditions were unsuccessful

(Table 14).
Table 14: Hydrogerolysis Optimization
Entry Compound Time (h) Catalyst Acid (10%. Yield
(equivalents) HCI)
1 253 24 0.1 10drop: 8%
2 24 0.2 10 drop: 8%
3 48 0.2 15 drop: 10%

The enantiomeric excess was determined (ee = 58%g whiral HPLC at 360 nM using
methanol and hexanes as the solvent and M®-&t+§-a-methylbenzyl isocyanate as previously
described witHH NMR from the isolated secondary am®&&91 Similar methods were used to
prepare thdr-enantiomer secondary amine (ee = 73%), which gés@ very low yields. This

protocol was not continued.
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2.3.2.Via Resolution of (+/-)-Nantenine

Shi has reported the use of (+)-Dibenzoyl-D-Tactacid ((+)-DBTA) chirally resolve
aporphines and apomorphine via a recycle processsmiution?® Resolution via a recycle
process can be achieved by racemizing the undesitadtiomer and resolving the racemate to
prepare the desired enantiomer.

Cannon also reported resolution of aporphines ugifedi-p-toluoyl tartaric acid®®
Following Cannon’s methodology, L- and D-2,3gdteluoyl-tartaric acid, was used to chirally
resolve nantenineé3R). R-(32) was obtained in enantiomer in 32% yield with 9&& whileS

(32) was obtained in 30% yield with 96% ee (Scheme 59)

Scheme 59Chiral Resolution of Nantenine

(9-(+)-32 32 (R)-(-)-32

Reagent and conditions:
() (-)-2,3-di-p-toluoyl-L-tartaric acid, EtOH thet0% aq NaOH, 30%, 96% ee
(i) (+)-2,3-di-p-toluoyl-D-tartaric acid, EtOH tmel0% aq NaOH, 32%, 97% e

14

e

DISCUSSION

Subjecting nornantenine to reductive amination @rd afforded N-alkyl analogues in

moderate to high yields. Various C1- and C2-alkarglogues were prepared by subjecting the
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corresponding phenol to etherification conditionaVhile high yielding, the etherification

required the use of excess potassium salts unfiiexirg condition.

Initial attempts to prepare C2-alkyl analogues thi@ Suzuki reaction with alkyl boronic
acids with or without the use of a silver additmere unsuccessful. Following a modified
Suzuki reaction reported by Wang using cesium &sedad tributyl borane to promote the
reaction allowed for the preparation of the C2-batyalogue under microwave conditions. This
method to prepare C2-alkyl analogues can be ufilize synthesize various alkyl analogues.
Using hydroboration with various alkenes to prepghredesired alkylated borane, it is possible

to prepare a wide variety of analogues using thodifred Suzuki coupling.

Microwave-assisted Sonogashira reaction providedsscto C2-ethyl, -propyl and —pentyl
analogues. Using the Sonogashira reaction as hodhébd couple aporphine aryl triflate with
substituted acetylenes has not been previouslyteho Therefore, the versatility of aporphines
has been demonstrated by this study. Howevergatan of the carbon chain by alkylating the
acetylene analogue was not successful using sodyarde. Stronger deprotonation reagents

may possibly provide access to analogues via thiter

Using chiral methyl benzyl amine as a chiral aaxili to selectively prepare both
enantiomers of nantenine was problematic. Low tadpre reduction of the iminium salt
afforded low to moderate ee’s and hydrogenolysithefmethylbenzyl auxiliary was inadequate.
Chiral resolution of nantenine using a chiral tactacid proved to be an efficient method to

isolate both enantiomers with high ee’s.

102 |Page



CONCLUSION

Using the PIFA-mediated biaryl coupling with HFIB #he solvent allowed for the
preparation of a limited number of aporphines. Tubstitution pattern of the reacting
tetrahydroisoquinoline governs the product formed #@s yield. Electron donating groygara
to the site of ring closure favor the formatiorttoé aporphine core.

Employing the reductive phenylation cyclization ddion to the C9-nitro
tetrahydroisoquinoline prepared the desired CY9ramidnalogue in low yield. Increasing the
equivalents of the zinc afforded a slightly higlyggld of the aporphine product. The acidic
conditions of the reductive phenylation are not |waerated by benzyloxy ethers.
Debenzylation occurs before the reductive phergmatinerefore preventing biaryl coupling from
occurring.

Applying microwaves for the construction of aporms using the Zhang protocol afforded
the aryl coupled product in consistently high yseldWhile previous reports have stated the
microwave-mediated arylation requires the use wélm acid to enhance the biaryl coupling,
using the modified Zhang protocol avoided the reedhis additive. Also, the previous method
requires a relatively expensive, charged, lesgcsifr demanding phosphine ligand: tert-butyl
phosphine tetrafluoroborate, while the Zhang prottos conducted using a significantly less
expensive neutral, bulky phosphine ligand: trichelwyl phosphine. Therefore, the Zhang
microwave-mediated direct arylation protocol is em@conomical, costing $265 per reaction,
than the previously reported microwave-mediateth#ion, costing $385 per reaction.

Initially, attempts to prepare the alkyl analogusing classic Suzuki reaction conditions
with an aryl triflate and alkyl boronic acids wetmsuccessful. Possible causes for the

unsuccessful results are the reactivity of the @ify@ites or the alkyl boronic acids. Aryl tritkes
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are more reactive than aryl halide towards palladaatalyzed arylation; therefore the problem
is likely to be the alkyl boronic acids. Alkyl bwric acids undergo elimination faster than the
coupling reaction. Addition of a silver additivarcpromote Suzuki reactions with alkyl boronic
acids®** Under thermal and microwave conditions, usingesibxide did not afford the desired

alkylated product. Alternative methods to preptre C2-ethyl and -propyl analogues were
developed.

Treating triflate231 with a modified Suzuki reaction with cesium acetatéing as a weak
base prepared the C2-butyl analogue. Adjustingréaetion temperature, time and reagents
equivalent improve the yield of the desired product

C2-ethyl, propyl and pentyl analogues were preparsitg the Sonogashira reaction.
Using TMS-protected acetylene and propargyl elinedahe need to saturate the corresponding
gas in the reaction solvent.

C2-benzylamine, -cyclohexyl amine and -aniline sives were not prepared using
palladium and non-palladium catalyzed Buchwald-Waytreaction conditions under microwave
assisted conditions. Due to the polarity of thesgno compounds, purification by column
chromatography on silica gel was challenging. filation using oxalic acid was also
unsuccessful.

Modifying the starting substrates of the directlatign protocol to use chiraN-(1-
phenylethyl) acetamides to prepare enantiomericpillye tetrahydroisoquinolines is not an
efficient method to preparB- and S-nantenine. Polniaszek have reported high yiefdthe
hydrogenolysis and the enantiomer excess. Howeaveur hands very low yields of the chiral

tetrahydroisoquinolines were isolated with only mi@de enantiomeric excess.
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This series of investigations provided insight it three synthetic routes proposed to
synthesize nantenine and its analogues, from whiehwere able to prepare 32 compounds
(Figure 48). For the PIFA-mediated biaryl couplinge have learned that optimal orbital
overlap between thgara-substituted alkoxy substituent and the aromatiin-is necessary for
adequate cyclization. Cyclization can also be sobd bymeta andpara-alkoxy substituents on
the A-ring. We have also learned that PIFA camised to prepare benzazepine derivatives with
electron withdrawing substituents on the A-ringedBctive phenylation is a useful method to
prepare C9 anilino aporphine analogues.

While successful to synthesis domesticine in reddyi good yields, the Wessely
acetoxylation methodology is an inefficient protbtm synthesize C1 analogues due to the low
yield of intermediates.

The direct biaryl coupling is a very versatile dwtic methodology, affording the
synthesis of a variety of substituted aporphingarying the substitution patterns of the starting
phenethylamine or the phenylacetic acid afforded tlesired material for preparation of
nantenine analogues. Microwave-assisted diredatawg using the Zhang protocol provided
access to large quantities of the aporphine cofée microwave-assisted direct arylation
protocol in combination with the Sonogashira, anduki reactions have been used to prepare
C2-alkyl analogues, further showing the versatitify microwave-assisted variations of these
reactions.

Resolution of nantenine and its analogues usingraldartaric acid appears to be the best

method to prepare both enantiomers with high ee’s.
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Figure 48: Analogues Synthesized
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CHAPTER V: BIOLOGICAL ACTIVITY
1. INTRODUCTION

The physiological and psychological effects of MDN#e believed to be mediated by the
5-HT,a and thea; receptors. Antagonist at both of these receptars block or reverse the
effects of MDMA. Fantegrossi and Indra have shdkat nantenine can antagonize the 5T
and thea; receptors. While nantenine has been shown toganize the psychological and
behavioral effect of MDMA in mice, no report of theceptor binding profile of nantenine has

been published.

2.  INVITRO STUDIES

Nantenine,32, was therefore screened by the Psychoactive DurgeSing Program,
(PDSP) for affinity at cloned human CNS receptotgnnels, and transporters. The results of

these experiments are listed in Table 15.

Table 15: PDSP K Data for Compoun82

Receptor K;(nM) Receptor K;(nM) Receptor K;nM) Receptor K;(nM)

5-HTs na a;4-AR 2.2 D1 895 DOR >10,000
5-HTig 100 a1s-AR 1,191 D2 858 MOR >10,000
5-HT:po 49 a1p-AR 340 D3 309 KOR 7,265
5-HT A 832 a,a-AR 1,288 D4 262 H1 >10,000
5-HT.g 543 a2e-AR 252 D5 2.397 H2 672
5-HT,c 1,069 ao-AR 181 H2 672 H3 >10,000
5-HTsa 2,224 B1-AR 8,565 DAT 895 H4 >10,000
5-HTs 257 B-AR  >10,000 SERT 858 Sigma2 >10,000
5-HT, 67 Bs-AR >10,000  NET >10,000

1. data not available
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Interestingly, racemic nantenine is subtype selecfor thea;a receptor and 380-fold
more selective for the;, over the 5-H}a receptor. It can be inferred that the mechani$m o
nantenine’s anti-MDMA activity is largely governday its ability to block theo;s receptor.
Nantenine also shows greater selectivity for thdTap and 5-HT; receptors over the 5-HA
receptor. There is no reported literature statiivag these receptors are involved in mediating the
effects of MDMA. However, SAR studies of nanteniten determine the function of the 5-
HTip and 5-HT receptors in its MDMA antagonistic activity.

For development of a more potent and selective MD&Magonist, it is important to
understand how nantenine’s selectivity ratio fa dha/5-HT,a receptors affects its antagonistic
activity. SAR-studies must be conducted to gasigint into nantenine’s mechanism of action.
Also, the binding profile for each enantiomer ohtemine needs to be conducted to determine
how they individually affect nantenine’s antagoigisictivity.

Nantenine 82), as well as several Cl-analogues and N-alkylcgpeswere subjected to
in vitro testing at the 5-Hk receptof®® The apparent affinity (§ of these compounds was
determined. The results of these experimentstatedsin Table 16.

Table 16. Apparent affinity of Nantenine and analogues ahan 5-HTa receptor

Entry Compound Cl K (NM)
1 32 Methyl 85C
2 222 Benzy 460(
3 218 Ethyl 89C
4 21¢ Propy 297
5 220 Butyl 274
6 221 Penty 171
7 223 Methylcyclopropy 68
8 Mesyl >10,00(
9 Acetyl >10,00(
Entry Compound N6 K (NM)
10 202 Ethyl >10,00(
11 20z Propy >10,00(
12 204 Butyl >10,00(
13 205 Penty >10,00(
14 206 MethylCyclopropy >10,00(
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The data in Table 15 shows the effect structuralifieation of the nantenine scaffold has
on binding and activity at thei;a and the 5-HJa receptors. 5-HJx antagonistic activity
increases as the length of the C1 alkoxy chaiméseased beyond two carbon atoms. For
example, compoun®23(Table 14, entry 7) was the most active compoestet, showing a 12-
fold increase in activity compared to nantenineompound223 will also be tested fooa
antagonist activity. The C2-alkoxy and the C94apilanalogues were also examined for activity

ata,, (Table 17).

Table 17: Apparent affinity of Nantenine and analogues at &nim receptor

Entry Compound C2 C9 C10 K (NM)

1 211 Ethyl O-CHx-O 52

2 212 Propyl O-CH,-O 13:<
3 215 Butyl O-CH,-O 234
4 214 Penty O-CH»-O 44¢
5 215 MethylCyclopropy O-CH,-O 19t
6 216 Benzy O-CHx-O 1917
7 159 Methyl NH, H 293

Further structural modifications at C1 will be cooted to develop a compound with

greater activity at the 5-HXanda;a receptors.

3. INVIVO STUDIES

Both enantiomers of nantening2) were subjected tm vivo analysis for their ability to
reverse MDMA-induced behavioral suppressithKetanserin has been shown to block a range
of behavioral and physiological effects of MDMA Wwarious mammalian systems. When

compared to Ketanserin, botiR){ and §)-nantenine completely blocked MDMA-induced
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behavioral suppression in rdt8:?*® The unnaturalR)-isomer was slightly more active than the
natural §-isomer in this behavioral assay (Figure 48). i investigation is needed to fully
understand the importance of the chiral center aftenine in its antagonism of MDMA’s

behavioral and physiological effects.

O Saline + Saline
4 Saline + 3.0 mg/kg MDMA
—/— S(+)-Nantenine + 3.0 mg/kg MDMA
—&— R(-)-Nantenine + 3.0 mg/kg MDMA
—O— Ketanserin + 3.0 mg/kg MDMA
Q VA
_?,,: 140
@ 120
e
o 100 -
] &
80 -
£
60
=
= 40 -
o
= 20
2 ?
o 0 ] ! L
X v > Q O o
3 Ay “9\&\ S oF &F W8
Pretreatment
dose (mg/kg)
Figure 49: MDMA-Induced Behavioral Suppression Assay

DISCUSSION

Chiral resolution presented an alternate methodsfdating the enantiomers of nantenine.
Using chiral toluoyl tartaric acid, chiral nanteaiwas isolated in moderate yield with high ee’s:
R =32% yield, 97% eeé5= 30% yield, 96% ee. Previous reports by Fanteglusg stated that

the naturally occurring enantiom8&32 antagonizes various MDMA-induced effects including
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locomotor stimulation, head-twitch response, léthaand hyperthermid’® However, the
unnaturaR-enantiomer has not been evaluated as an MDMA anistgo

In a food-reinforced operant assay, ®eand S-enantiomer was tested for antagonizing
activity against MDMA-induced effects. The resuhtiglicate that bothiR- and S-nantenine can
be used as antagonist for behavioral suppresstutad by MDMA.

A summary of nantenine’s past and present SAR teat stated in Table 18 and 19.

Table 18:Previous SAR Results of Nantenine

Entry Site Substituent Effect
1 A OH Lower 5-HT,, Increaeso,
2 B - --
3 C - --
4 D - --
5 E H or E Reducesy; and &-HTsa
activity
6 F a or B-OH Reducesy; and -HTa
activity
Table 19: Current SAR Results of Nantenine
Entry Site Substituent Effect
1 A Methylcyclopropylox: 12-fold increas
at 5-HTa
2 B Increaec the carbon cha Reducesy,; activity
3 C - Required folactivity at
the 5-HTA receptor
4 D - Plays a minor role fain
vivo antagonism
5 E Longer carbon chail Reduces the-HT,a
activity
6 F -- --
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FUTURE ASPECTS FOR THE PROJECT

The main focus of this project was to potentiadlgsign a potent MDMA antagonist
based on the structure of nantenine. The completion vitro analysis for compounds currently
synthesized is important for the continuation amdgpess of the SAR design of an MDMA
antagonist. Currently there are many gaps inrihvtro SAR results. The apparent affinity 4K
of our compounds at 5-HI and a1 receptors is an important test which will aid et
development of an MDMA antagonist. In efforts &syn a compound with affinity for both the

5-HT,a anda;a receptors, analyzing the structural requirememt&ach receptor is necessary.

We currently have information that gives us insiigid the structural requirements for 5-
HT,a receptor antagonism at position C1 ad@ as well as structural requirements for
receptor antagonism at position C2. Compog88 C1 = Methylcyclopropyloxy, shows high
apparent affinity at 5-Hza receptor, We also know that elongation of thea@&®xy chain to an
ethoxy chain and beyond reduces the apparent tgffati thea; receptor. Once alin vitro
results are collected, the next step would be tdifweach position according to the receptor
requirements. For example, compol2®#B can be used as a lead compound for the design of

014 antagonist which also possesses 5Antagonism.

In order to develop nantenine into a potentiallgfusagent the following gaps in our
knowledge must be filled: 1) The effect C1 methglopropyloxy has on the apparent affinity at
014 receptor 2) How carbon chain elongation at C2 #&dfélae apparent affinity at 5-HA and
the specifica;a subtype 3) The apparent affinity for nanteninette o, receptor and 4)

Determine the role of the oxygen at the C1 and &itjons.
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EXPERIMENTAL SECTION

Table 20. Compounds Intermediates

A B C D F
R Rs Rq Rs
Rz;@/\ Ro O Ra O R; O
R; 3 NH R{ ZN Ry N\R4 Ry ‘ N»R4 Rz;@/\/N02
O O O Ri o o >
R R1g NO,
Rio L, 10 R, R O\/O
Entry Compound R, R, R3 R, Rg Rig
1 A H OMe OMe H O-CH,-O
2 A OMe OMe H H H H
3 A OMe OMe H H H OMe
4 A OMe OMe H H OMe H
5 A OBn OMe H H O-CH,-O
6 A O-CH,-O H H O-CH,-O
7 A OMe OMe H H H NO,
8 A OMe OMe H H NO, OBn
9 B OMe OMe H H OMe H
10 B OMe OMe H H H OMe
11 B OBn OMe H H O-CH,-O
12 B OMe OMe H H | H
13 B OMe OMe H H NO, OBn
14 B OMe OMe H H NO, OMe
15 C OMe OMe H H H H
16 C OMe OMe H H H OMe
17 C OMe OMe H H OMe H
18 C OMe OMe H H NO, OBn
19 C OMe OMe H Me H NO,
20 C OMe OMe H Me H NH,
21 C OMe OMe H Me H NHEt
22 C OMe OMe H Me NH, H
23 D OMe Et H Boc -- -
24 D OAc OMe H Me -- --
25 D OMs OMe H Me -- --
26 D OMe OEt H Boc -- -
27 D OMe OPr H Boc -- -
28 D OMe OBu H Boc -- -
29 D OMe OPen H Boc -- -
30 D OMe OCypMe H Boc -- --
31 D OEt OMe H Boc -- -
32 D OPr OMe H Boc -- -
33 D OBu OMe H Boc -- -
34 D OPen OMe H Boc -- -
35 D OCypMe OMe H Boc -- --
36 E OBn OMe -- -- -- --
37 E OMe OBn -- -- -- --
38 F Bn Me -- -- -- --
39 F Me Me -- -- -- --
40 F Bn H -- -- -- --
41 D OMe OH H H -- --
42 D Acetyl OMe H Me -- --
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GENERAL EXPERIMENTAL PROCEDURES

All reactions were carried out in oven-dried reawctivessels, under argon. Thermal
reaction temperatures are reported as the temperafuthe reaction mixture. Microwave
reaction temperatures are reported as the set tatape All new compounds were fully
characterized. All anhydrous solvents and reagemi® purchased from Sigma Aldrich and
Fisher Scientific and used as received. HR-MS Saegere recorded on an Agilent 6520 Q-
TOF complete with Agilent 1200 capillary HPLC syste

'H NMR spectra were recorded on a Bruker Advance BQipped with a*C-'H
cryoprobe at 500 MHz in CDglIChemical shifts are reported relative to CB@.24 ppm for
1H NMR) or CDC} (77.23 ppm for 13C NMR).*C NMR spectra were recorded at the
corresponding frequency on the same instrumen2atMHz. Chemical shifts are in ppm and
coupling constantsl, are in Hz.

All melting points were carried out in a MEL-TEMRillary melting point apparatus
using melting point capillary tubes for MEL-TEMP pgpatus. Enantiomeric excess was
determined by chiral Agilent HPLC analysis, perfednon a Chiralcel OD-H column, eluting
with MeOH/hexane at 360 nM. Microwave irradiatiorasvcarried out with CEM Discover

microwave oven in microwave safe vials.

1.2. Invitro Methodology: K; Bioassay

The Psychoactive Drug Screening Program (PDSP)ai$&dioligand Binding Assays to
determine the affinity the compounds has for a sulzf receptors, transporters and ion
channel€™ Radioligand bound cells are treated with a refeeeand test compound to a dilution

5x the final assay concentration in the appropmatioligand binding buffer. Pure radioligand
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bound cells were used as a control. The total daadioactivity is estimated from comparing
the cells with and without the test and referenoenmound. The percent inhibition of
radioligand binding is calculated using the follogriequation:

Equ 1: % inhibition = 100% - % radioactivity bound

1.3. Determination of Ke

For the apparent affinity, compounds are screetetDanM for agonist and antagonist
activity at the human 5-HRk using FLIPR-based functional assays that deteefpter-mediated
mobilization of internal calcium with a calcium s#ive florescent dye, and at the a-AR for
their ability to inhibit the binding of the;a-AR antagonist, [3H]-prazosin using CHO-K1

membrane preparations that express the humasAR.

1.4. Invivo Methodology

Experiments were conducted in Med Associates,nmedular operant chambers for rats or
mice enclosed within sound attenuating cubicleharibers are equipped with exhaust fans,
house lights, two retractable levers and associatiedulus lights, and a liquid dipper which
delivers specific columns of palatable liquid irder to reinforce operant responding. During
training, rodents are injected with saline or tteening dose (3.0 mg/kg) of MDMA and placed
in the chambers. Ten minutes later, house lightsilluminated, levers are extended and
responding on the injection-appropriate lever isfoced under an FR10 schedule. Following 3

consecutive days of at least 80% injection appabprperformance, the generalization of the
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training drug to itself will be tested using a cdative dosing procedure under extinction
conditions. In these sessions, subjects will pected with 0.1 mg/kg, 0.2 mg/kg, 0.7 mg/kg,
and 2.0 mg/kg in ascending order. Ten minutesr afgeh injection, house lights will be
illuminated, levers will be extended and componenitslast for 2 minutes or end when either
lever registers 10 total responses. Rodents wiihbmediately injected with the next dose and
returned to the chamber, and the process will tepetl all doses are tested. Percent drug-
appropriate response and response rates will betiied for each component. Failure to emit
10 responses in 10 minutes will indicate behavidrstuption by the drug and no higher doses
will be tested. This entire procedure will be rafeel three times per animal. For antagonism
studies, nantenine or one of it s analoguesheilhdministered 15 min prior to the first injection

of the training drug. Three independent antagorssssions will be conducted per animal.

1.5. Chiral Resolution

At 0 °C, 32 was dissolved in absolute ethanol. The mixture teated with (-)-2,3-p-
toluoyl-L-tartaric acid and allowed to stir for B@inutes. The corresponding salt crashed out of
solution as a white precipitate. The precipitai@sviltered through a Buchner funnel. The
compound was recrystallization (2 x) from hot ethlaand free based using 10% aq NaOH to
affordedS-32in 30% and 96% ee. The resulting filtrates wenmalsined and concentrated under
vacuum. The residue was dissolved in absolutenetha 0°C and treated with (+)-2,3-p-
toluoyl-D-tartaric acid and allowed to stir for 8@inutes. The solvent was then removed under
vacuum. The residue was recrystallized (2 x) fiooh ethanol and free based using 10% aq

NaOH to affordR-32in 32% yield and 97% ee.
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General Procedure for Peptide Coupling: SynthesisfoR)-2-(3,4-dimethoxyphenyl)-
N-(1-phenylethyl)acetamide(R-131) To a solution ofL30 (5.0 g, 24.8 mmol, 1.5 eq) dissolved
in DCM (50 mL) was addedR-129 (2.1 mL, 16.5 mmol, 1 eq), triethylamine (6.0 m11.3
mmol, 2.5 eq), and EDCI (8.0 g, 41.3 mmol, 2.5 ed)he reaction was stirred at room
temperature overnight. 2N HCI (25 mL) was addethtoreaction mixture. The reaction was
then basified with saturated sodium bicarbonatbe drganic layer was washed with brine then
dried over sodium sulfate. The solvent was remoueder vacuum. The residue was
recrystallized from acetone and hexanes yieldt31 (84%) as a white solid, mp: 60-6C.
HRMS calcd for [M] CigH21NO3 299.1521, found 299.1521
"HNMR: (500 MHz, CDC}) & 1.41 (d, 3HJ = 7.0 Hz), 3.53 (s, 2H), 3.85 (s, 3H), 3.89 (s),3H
5.11-5.16 (m, 1H), 5.78 (bs, 1H), 6.79-6.86 (m, 3H30-7.20 (m, 5H)
13CNMR: (125 MHz, CDCH) 21.9, 43.5, 48.7, 55.9, 55.9, 111.3, 112.1, 12128B,1, 127.3,
127.4,128.7,143.2, 148.2, 149.1, 170.6

(9-2-(3,4-dimethoxyphenyl)-N-(1-phenylethyl)acetamid (S-131) By a procedure
identical with that described for the synthesishaf amideR-131 the amideS-131 was prepared
in 80% yield as a white solid. mp: 71-%2. HRMS calcd for [M] Cy1gH2:NO5 299.1521, found
299.1521
"HNMR: (500 MHz, CDC}) & 1.41 (d, 3H,J = 7.0 Hz), 3.53 (s, 2H), 3.85 (s, 3H), 3.89 (s),3H
5.11-5.16 (m, 1H), 5.78 (bs, 1H), 6.79-6.86 (m, 3H30-7.20 (m, 5H)
13CNMR: (125 MHz, CDCY) 21.9, 43.5, 48.7, 55.9, 55.9, 111.3, 112.1, 12128B,2, 127.3,
127.4,128.7,143.2, 148.2, 149.1, 170.6

2-Benzo[1,3]dioxol-5-yI-N-[2-(3,4-dimethoxy-phenytethyl]-acetamide (121) A
mixture 0f120(0.5 g, 2.8 mmol, 1eq) and CDI (0.5 g, 2.8 mmelj)ldissolved in THF (30 mL)
was stirred at 6C for 1 h then at room temperature for 1 h. AC5 (0.5 mL, 2.8 mmol, 1.0
eq) was added to the reaction mixture. The reactas then stirred at 8C for 4 h then
overnight at room temperature. The solvent wawad under vacuum. The resulting residue
was dissolve in DCM (50 mL) washed with 1IN HCI, arat5% NaHCG@, and water. The
organic layer was dried over sodium sulfate. Tdlgent was removed solvent under vacuum.
121 was isolated in 99% vyield as a white solid afegrystallization from ethyl acetate. mp:
126.7-128C. HRMS calcd for [M] CigH,1NOs 343.1423, found 343.1420
"HNMR : (500 MHz, CDC}) 2.69 (t, 2HJ = 7.0 Hz), 3.44 (s, 2H), 3.46 (t, 2Bi= 7.0 Hz), 3.83
(s. 3H), 3.87 (s, 3H), 5.38 (bs, 1H), 5.95 (s, 24$9-6.65 (m, 4H), 6.73-6.76 (M, 2H)
3CNMR: (125 MHz, CDC}) 535.6, 40.8, 42.7, 45.9, 55.9, 56.1, 101.3, 10808,9, 111.4,
111.9, 120.8, 122.8, 131.3, 147.0 148.5, 149.1,31971.2

2-Benzo[1,3]dioxol-5-yI-N-[2-(2,3-dimethoxy-phenytethyl]-acetamide  (Table 20,
entry 1) By a procedure identical with that described fag #ynthesis of the amidi1 this
compound was prepared 9% yield as a cream solid with mp 903 HRMS calcd for [M]
Ci19H21NOs 343.1423, found 343.1420
'HNMR: (500 MHz, CDC}) 52.77 (t, 2H,J = 7.0 Hz), 3.42 (s, 2H), 3.45 (t, 28l= 7.0 Hz),
3.78 (s. 3H), 3.87 (s, 3H), 5.71 (bs, 1H), 5.928), 6.64-6.81 (m, 5H), 6.94 (t, 1= 8 Hz)
3CNMR: (125 MHz, CDCH) 529.8, 40.7, 43.7, 55.9, 60.8, 101.3, 108.7, 11011,1, 122.6,
122.9, 124.3, 128.7, 132.8, 146.9, 147.3, 148.2,913.74.4
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N-[2-(3,4-Dimethoxy-phenyl)-ethyl]-2-phenyl-acetande (Table 20, entry 2)By a
procedure identical with that described for thetgais of the amidé&21 this compound was
prepared in 80% yield as a white solid mp: 104.6-40C. HRMS calcd for [M] CigH21NOs
299.1524, found 299.1521
"HNMR: (500 MHz, CDC}) 8 2.68 (t, 2H,J = 7.0 Hz), 3.44 (g, 2H] = 6.0 Hz), 3.53 (s, 2H),
3.81 (s, 3H), 3.85 (s, 3H), 5.37 (bs, 1H), 6.561(d,J = 7.0 Hz), 6.60 (s, 1H), 6.71 (d, 1B~
7.0 Hz), 7.16 (d, 2H] = 8.0 Hz), 7.26-7.31 (m, 3H)
3CNMR: (125 MHz, CDCH) 835.2, 40.9, 44.1, 56.0, 56.1, 111.5, 111.9, 120.8, 3,2729.2,
129.6, 131.3, 134.9, 147.8, 149.2, 171.1

N-[2-(3,4-Dimethoxy-phenyl)-ethyl]-2-(4-methoxy-phayl)-acetamide (Table 20, entry
3) By a procedure identical with that described fa synthesis of the amid®1 this compound
was prepared in 79% yield as a white solid, mp:.9226.3°C. HRMS calcd for [M]
Ci19H23NO,4 329.1631, found 329.1627
"HNMR: (500 MHz, CDC}) 8 2.68 (t, 2H,J = 7.0 Hz), 3.44 (q, 2H] = 7.0 Hz), 3.48 (s, 2H),
3.81 (s, 3H), 3.83 (s, 3H), 3.87 (s, 3H), 5.37 [4), 6.56 (d, 1HJ = 6.0 Hz), 6.61 (s, 1H),
6.72 (d, 1HJ = 8.0 Hz), 6.84 (d, 2H] = 8.0 Hz), 7.07 (d, 2H] = 8.0 Hz)
13CNMR: (125 MHz, CDC}) 535.3, 40.9, 43.2, 55.5, 56.0, 56.1, 111.5, 111.9, 1,1426.8,
126.9, 130.8, 131.3, 147.8, 149.2, 159.0, 171.5

N-[2-(3,4-Dimethoxy-phenyl)-ethyl]-2-(3-methoxy-phayl)-acetamide (Table 20, entry
4) By a procedure identical with that described fa synthesis of the amid1 this compound
was prepared in 81% yield as a white solid mp: 118°C. HRMS calcd for [M] C1gH23NO4
329.1631, found 329.1627
"HNMR: (500 MHz, CDC}) 8 2.68 (t, 2H,J = 7.0 Hz), 3.44 (g, 2H] = 7.0 Hz), 3.50 (s, 2H),
3.78 (s, 3H), 3.83 (s, 3H), 3.86 (s, 3H), 5.43 ([4), 6.54 (d, 1HJ = 8.0 Hz), 6.61 (s, 1H),
6.72-6.76 (m, 3H), 6.83 (d, 1d,= 8.0 Hz), 7.23 (t, 1H] = 8.0 H2)
13CNMR: (125 MHz, CDC}) 535.2, 40.9, 44.1, 55.3, 55.9, 56.0, 111.4, 111.8, 1,1B165.1,
120.7,121.8,130.2, 131.2, 136.4, 147.8, 149.0,1164.70.9

2-(benzo[d][1,3]dioxol-5-yl)-N-(4-(benzyloxy)-3-mdioxyphenethyl)acetamide (Table
20, entry 5)By a procedure identical with that described far synthesis of the amid21 this
compound was prepared in 82% vyield as an orange HRMS calcd for [M] CysH2sNOs
419.1733, found 419.1733
"HNMR: (500 MHz, CDC}) & 2.68 (t, 2H,J = 7.0 Hz), 3.43 (s, 2H), 3.45 (t, 28,= 7.0 Hz),
3.85 (s, 3H), 5.13 (s, 2H), 5.40 (bs, 1H), 5.952(3), 6.50 (d, 1H,J = 5.0 Hz), 6.55 (d, 1H] =
5.0 Hz), 6.64 (s, 2H), 6.71 (d, 1Bi= 8.0 Hz), 6.77 (d, 1H] = 8.0 Hz), 7.30 (t, 1H] = 8.0 Hz),
7.38 (t, 2HJ = 8.0 Hz), 7.45 (d, 2Hl = 7.0 Hz)
3CNMR: (125 MHz, CDC}) 5 35.2, 40.8, 43.6, 56.1, 71.3, 101.3, 108.8, 109.9, 3,1P14.3,
120.8, 122.8,127.4, 128.0, 128.5, 128.7, 131.9,41347.0, 147.0, 148.2, 149.9, 171.1
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2-(6-Bromo-benzo[1,3]dioxol-5-yl)-N-[2-(3,4-dimethry-phenyl)-ethyl]-acetamide
(106) By a procedure identical with that described fa $iynthesis of the amid®1, compound
106 was prepared i85% yield as a solid mp: 161-18@. HRMS calcd for [M] C1gH20BrNOs
421.0526, found 421.0525
"HNMR: (500 MHz, CDC}) 6 2.75 (t, 2H,J = 15.0 Hz), 3.50 (q, 2Hl = 15.0Hz), 3.63 (s, 2H),
3.85 (s, 3H), 3.86 (s, 3H), 5.40 (bs, 1H), 6.0®E), 6.63-6.66 (m, 2H), 6.75-6.77 (m, 2H) 7.01
(s, 1H)
3CNMR: (125 MHz, CDCY) 8 37.7, 39.4, 43.6, 56.0, 56.1, 101.2, 108.8, 112.8,2,1P14.7,
120.8, 122.8, 130.4, 131.0, 147.0, 147.0, 148.9,71471.1

2-Benzol1,3]dioxol-5-yI-N-(2-benzo[1,3]dioxol-5-yethyl)-acetamide (Table 20, entry
6) By a procedure identical with that described fa synthesis of the amid®1 this compound
was prepared in 63% yield as a solid mp: 113.7719C¢. HRMS calcd for [M] CigH17NOs
327.1107, found 327.1107
"HNMR: (500 MHz, CDC}) & 2.65 (t, 2H,J = 7.0 Hz), 3.42 (q, 2H] = 6.0 Hz), 3.44 (s, 2H)
5.34 (bs, 1H) 5.94 (s, 2H) 5.97 (s, 2H) 6.48 (d, 1H 2.0 Hz) 6.55 (s, 1H) 6.63 (d, 1Bi= 10.0
Hz), 6.65 (s, 1H), 6.68 (d, 1H,= 8.0 Hz) 6.75 (d, 1H] = 8.0 Hz)
3CNMR: (125 MHz, CDC}) 5 35.2, 40.8, 43.6, 101.3, 112.5, 114.3, 115.2, 115.8,8,2122.8,
128.7, 131.9, 146.0, 147.0, 148.2, 149.9, 171.1

N-[2-(3,4-Dimethoxy-phenyl)-ethyl]-2-(4-nitro-phenyl)-acetamide (Table 20, entry 7)
By a procedure identical with that described fa fynthesis of the amide?1 this compound
was prepared in 35% vyield as a solid mp: 7980 HRMS calcd for [M + H] CigH20N20s
344.1375, found 344.1372
"HNMR: (500 MHz, CDC}) & 2.73 (t, 2H,J = 7.0 Hz), 3.51 (q, 2H] = 6.0 Hz), 3.50 (s, 2H),
3.85 (s, 3H), 3.87 (s, 3H), 5.38 (bs, 1H), 6.581(d, J = 8.0 Hz), 6.65 (s, 1H), 6.73 (d, 1B~
8.0Hz), 7.38 (d, 2H) = 9.0 Hz), 8.18 (d, 2H] = 9.0 Hz)
3CNMR: (125 MHz, CDCH) 835.1, 40.9, 43.5, 56.0, 56.1, 111.2, 111.8, 12024,1, 130.3,
130.9, 142.4, 147.3, 148.0, 149.3, 169.2

N-[2-(3,4-Dimethoxy-phenyl)-ethyl]-2-(3-nitro-pheny)-acetamide (161)By a procedure
identical with that described for the synthesishef amidel21, compoundl61 was prepared in
86% vyield as a solid mp: 130-182. HRMS calcd for [M + H] C1gH20N20s 344.1375, found
344.1372
"HNMR: (500 MHz, CDC}) & 2.71 (t, 2H,J = 7.0 Hz), 3.48 (q, 2H] = 6.0 Hz), 3.56 (s, 2H),
3.79 (s, 3H), 3.81 (s, 3H), 5.94 (bs, 1H), 6.59 M), 6.63 (s, 1H), 6.71 (d, 1H,= 8.0 Hz),
7.46 (t, 1HJ = 8.0 Hz), 7.56 (d, 1Hl = 8.0 Hz), 8.05-8.09 (d, 2H,= 13.0 Hz)
3CNMR: (125 MHz, CDCH) 8 35.0, 40.9, 42.9, 55.8, 55.9, 111.1, 111.7, 12022,2, 124.1,
129.7,131.0, 135.6, 137.1, 147.7, 148.2, 149.9,516
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N-[2-(3,4-Dimethoxy-phenyl)-ethyl]-2-(3-iodo-pheny)-acetamide (167)By a procedure
identical with that described for the synthesishef amidel21, compound 167 was prepared in
76% vyield as a solid mp: 133-13€. HRMS calcd for [M] CigH20INO3z 425.0488, found
425.0487
"HNMR: (500 MHz, CDC}) 8 2.71 (t, 2H,J = 7.0 Hz), 3.46-3.49 (m, 4H), 3.85 (s, 3H), 3.88 (
3H), 5.34 (bs, 1H), 6.55-6.63 (d, 18i= 8.0 Hz), 6.63 (s, 1H), 6.77 (d, 1BiF 8.0 Hz), 7.05 (t,
1H,J=8.0 Hz), 7.16 (d, 1H] = 8.0 Hz), 7.57 (s, 1H), 7.62 (d, 281z 13.0 Hz)
3CNMR: (125 MHz, CDC}) 535.2, 40.9, 43.4, 56.0, 56.1, 95.0, 111.4, 11128.8, 128.8,
130.7, 13.1, 136.6, 137.3, 138.4, 147.9, 149.2,1170

2-(6-Bromo-benzo[1,3]dioxol-5-yl)-N-[2-(3,4-dimethry-phenyl)-ethyl]-N-(1-phenyl-
ethyl)-acetamide R-251) By a procedure identical with that described far flynthesis of the
amidel21, compoundR-251 was prepared in 65% vyield as a yellow oil. HRMf&d for [M +
H]* CoH26BrNOs 526.1151, found 526.1151 (Major Rotamer)
"HNMR: (500 MHz, CDC}) & 1.55 (m, 3H), 2.29-2.35 (m, 1H), 2.69-2.75 (m, 1B{)18-3.29
(m, 2H), 3.76 (s, 3H), 3.77 (s, 3H), 3.88 (s, 2b116-5.24 (m, 1H), 5.92 (d, 2H,= 7.0 Hz),
6.34 (s, 1H), 6.66-6.71 (m, 2H), 6.83 (s, 1H), 6(871H), 6.99 (d, 1H) = 8.0 Hz), 7.23-7.49
(m, 4H)
3CNMR: (125 MHz, CDC#) 518.2, 34.6, 36.8, 45.9, 55.9, 56.0, 60.0, 101.2.7,1114.9,
115.1, 116.8, 117.9, 119.1, 120.6, 127.1, 12I28,4, 130.9, 132.3, 140.7, 147.4, 148.8, 149.0,
170.2

2-(6-Bromo-benzo[1,3]dioxol-5-yl)-N-[2-(3,4-dimethry-phenyl)-ethyl]-N-(1-phenyl-
ethyl)-acetamide &251) By a procedure identical with that described fa #ynthesis of the
amidel21, compoundS-251 was prepared in 45% yield as a yellow oil. HRMfkd for [M +
H]* Co7H26BrNOs 526.1151, found 526.1151 (Major Rotamer)
"HNMR: (500 MHz, CDC}) & 1.55 (m, 3H), 2.29-2.35 (m, 1H), 2.69-2.75 (m, 1B{)18-3.29
(m, 2H), 3.76 (s, 3H), 3.77 (s, 3H), 3.88 (s, 2b116-5.24 (m, 1H), 5.92 (d, 2H,= 7.0 Hz),
6.34 (s, 1H), 6.66-6.71 (m, 2H), 6.83 (s, 1H), 6(871H), 6.99 (d, 1H) = 8.0 Hz), 7.23-7.49
(m, 4H)
3CNMR: (125 MHz, CDC}) 518.2, 34.6, 36.8, 45.9, 55.9, 56.0, 60.0, 101.2.7,1114.9,
115.1, 116.8, 117.9, 119.1, 120.6, 127.1, 12I28,4, 130.9, 132.3, 140.7, 147.4, 148.8, 149.0,
170.2

2-(4-Benzyloxy-3-nitro-phenyl)-N-[2-(3,4-dimethoxyphenyl)-ethyl]-acetamide (Table
20, entry 8)By a procedure identical with that described fa flynthesis of the amide1 this
compound was prepared in 38% vyield as an oil. KRéalcd for [M + H] CosH26N20g
450.1791, found 450.1791
"HNMR: (500 MHz, CDC}) 6 2.73 (t, 2H,J = 7.0 Hz), 3.46 (s, 2H), 3.48 (q, 2Bl= 13.0 Hz),
3.84 (s, 3H), 3.86 (s, 3H), 5.23 (s, 2H), 5.44 (#4), 6.58 (d, 1HJ = 8.0 Hz), 6.65 (s, 1H), 6.75
(d, 1H,J= 8.0 Hz), 6.98 (s, 1H), 7.05 (d, 1Bl 8.0 Hz), 7.32-7.41 (m, 5H), 7.80 (s, 1H)
3CNMR: (125 MHz, CDC}) 8 35.1, 40.9, 42.3, 56.0, 56.1, 71.4, 111.9, 11820,8, 125.7,
126.4,127.1,127.7, 128.4, 128.5, 128.9, 131.5,11335.6, 135.9, 140.1, 147.9, 149.3, 151.3,
169.8
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N-[2-(3,4-Dimethoxy-phenyl)-ethyl]-2-(4-methoxy-3-itro-phenyl)-acetamide (173)
By a procedure identical with that described far fynthesis of the amide1, compoundl73
was prepared in 50% yield as a yellow solid mp:199-°C. HRMS calcd for [M + H]
CioH2oN,0Og 374.1478, found 374.1778
"HNMR: (500 MHz, CDC}) 6 2.73 (t, 2H,J = 7.0 Hz), 3.48 (s, 2H), 3.50 (g, 2Bl= 13.0 Hz),
3.84 (s, 3H), 3.87 (s, 3H), 3.97 (s, 3H), 5.42 B4), 6.60 (d, 1H) = 2.0 Hz), 6.65 (s, 1H), 6.76
(d, 1H,J= 8.0 Hz), 7.03 (d, 1H) = 8.0 Hz), 7.39 (d, 1K = 8.0 Hz), 7.70 (s, 1H)
13CNMR: (125 MHz, CDC}) 5 35.1, 40.9, 42.3, 54.8, 56.0, 56.1, 111.4, 11118,1, 120.8,
126.4, 127.3, 131.0, 135.0, 135.3, 147.9, 149.3,31969.9

General procedure for Imine synthesis: Synthesis of-(6-Bromo-benzol[1,3]dioxol-5-
ylmethyl)-6,7-dimethoxy-3,4-dihydro-isoquinoline (107) To a solution of amidd08 (1.0 g,
2.4 mmol, 1.0 eq) dissolved in dry DCM (30 mL) wadded PGl (2.0 g, 7.2 mmol, 3eq) was
added in three portions at’G over 30 minutes. The reaction was stirred fonfutes at 0C
then overnight at room temperature. The reactias poured onto saturated sodium bicarbonate
and allowed to stir for 1 h. The product was esterd with DCM (2 x 20mL) and washed with
5% sodium bicarbonate. The organic layer was doegl sodium sulfate. The solvent was
removed under vacuum yieldid®7 as a brown oil in 80% yield. The crude product wsesd in
the following step.

"HNMR : (500 MHz, CDC}) 82.67 (t, 2H,J = 7.0 Hz), 3.74 (t, 2H] = 7.0 Hz), 3.84 (s, 3H),
3.90 (s, 3H), 4.09 (s, 2H), 5.92 (s, 2H), 6.671(3), 6.78 (s, 1H), 6.94 (s, 1H), 7.03 (s, 1H)
3CNMR: (125 MHz, CDC}) & 165.3 150.8, 147.8, 147.6, 147.3, 131.7, 130.9,

121.9, 114.6, 112.7, 110.4, 109.7, 109.2, 101.8, 56.4, 56.1, 47.6, 42.7, 25.9

6,7-Dimethoxy-1-(3-methoxy-benzyl)-3,4-dihydro-isoginoline (Table 20, entry 9) By
a procedure identical with that described for thetlsesis of iminel07, this compound was
prepared in 90% vyield as a yellow oil.
"HNMR: (500 MHz, CDC}) 5 3.03 (t, 2H,J = 8.0 Hz), 3.79 (s, 3H), 3.82 (s, 3H), 3.97 (s),5H
4.56 (s, 2H), 6.77 (s, 1H), 6.78-6.80 (d, I+ 8.0 Hz), 6.94-6.96 (d, 1H,= 8.0 Hz), 6.99 (s,
1H), 7.23 (t, 1H,) = 8.0 Hz), 7.26 (s, 1H)
13CNMR: (125 MHz, CDC}) 825.5, 39.0, 41.2, 55.6, 56.4, 56.7, 111.1, 112.3, 1,1B1%.8,
117.4,121.2,130.5, 134.0, 135.1, 148.8, 156.8,514.74.5

6,7-Dimethoxy-1-(4-methoxy-benzyl)-3,4-dihydro-isoginoline (Table 20, entry 10)By
a procedure identical with that described for tletisesis of iminel07, this compound was
prepared ir®5% yield as a yellow oil.
"HNMR: (500 MHz, CDC}) 5 3.01 (t, 2H,J = 8.0 Hz), 3.76 (s, 3H), 3.82 (s, 3H), 3.98 (s),5H
4.58 (s, 2H), 6.76 (s, 1H), 6.83-6.86 (d, 2H; 9.0 Hz), 7.24 (s, 1H) 7.35-7.37 (d, 2H+ 9.0
Hz)
3CNMR: (125 MHz, CDC}) 825.5, 37.9, 41.0, 55.5, 56.4, 56.7, 111.0, 112.2, 1,1517.4,
125.5, 130.3, 134.0, 148.8, 156.2, 159.4, 174.4
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1-Benzo[1,3]dioxol-5-yImethyl-7-benzyloxy-6-methoxB,4-dihydro-isoquinoline
(Table 20, entry 11)By a procedure identical with that described fa $lynthesis of imin&07,
this compound was prepared in 98% vyield as a braivn
"HNMR: (500 MHz, CDC}) & 2.98 (t, 2H,J = 8.0 Hz), 3.90 (t, 2HJ = 8.0Hz), 3.99 (s, 3H),
4.37 (s, 2H), 5.13 (s, 2H), 5.91 (s, 2H), 6.62-6(86 2H), 6.70 (s, 1H), 6.79 (s, 1H), 7.22 (s,
1H), 7.37-7.42 (m, 5H)
3CNMR: (125 MHz, CDCH) 8 25.6, 38.0, 40.9, 56.7, 71.6, 101.5, 109.1, 109.4, 4,1115.0,
117.2,122.6, 126.8, 127.0, 128.7, 128.7, 129.4,3,336.0, 147.5, 147.7, 148.5, 157.0, 174.3

1-(3-lodo-benzyl)-6,7-dimethoxy-3,4-dihydro-isoquinline (Table 20, entry 12)By a
procedure identical with that described for thetlgais of iminelQ07, this compound was
prepared in 42% vyield as a yellow oil.

"HNMR: (500 MHz, CDC}) & 2.69 (t, 2H,J = 8.0 Hz), 3.79 (t, 2HJ) = 8.0 Hz), 3.78 (s, 3H),
3.90 (s, 3H), 4.04 (s, 2H), 6.68 (s, 1H), 6.941(), 7.02 (t, 1HJ = 8.0 Hz), 7.29 (d, 1H] = 8.0

Hz), 7.54 (d, 1HJ = 8.0 Hz), 7.71 (s, 1H)

3CNMR: (125 MHz, CDCH) 525.9, 42.7, 46.9, 53.6, 56.2, 56.3, 94.8, 109.7.5,1128.1,
130.5, 132.2. 135.9, 137.9, 147.6

1-(4-(benzyloxy)-3-nitrobenzyl)-6,7-dimethoxy-3,4-thydroisoquinoline  (Table 20,
entry 13) By a procedure identical with that described foe synthesis of imind07, this
compound was prepared in 90% vyield as a yellowdsuf: 60-62°C.

"HNMR: (500 MHz, CDC}) & 3.04 (t, 2H,J = 8.0 Hz), 3.92 (s, 3H), 3.78 (t, 2H= 8.0 Hz),
4.00 (s, 3H), 4.49 (s, 2H), 5.22 (s, 2H), 6.811(4), 7.18 (d, 1H,) = 9.0 Hz), 7.23 (s, 1H), 7.34-
7.45 (m, 5H), 7.79 (d, 1H,= 9.0 Hz) 7.85 (s, 1H)

3CNMR: (125 MHz, CDC}) 525.5, 37.4, 41.4, 56.6, 56.9, 71.5, 111.4, 11118.8, 125.5,
126.2, 127.2,128.6, 129.0, 134.5, 135.2, 135.9,214152.1, 157.2

6,7-dimethoxy-1-(4-methoxy-3-nitrobenzyl)-3,4-dihydisoquinoline (Table 20, entry
14) By a procedure identical with that described fo synthesis of imin&07, this compound
was prepared in 90% yield as a yellow solid mp4582¢C.
"HNMR: (500 MHz, CDC}) & 2.91 (t, 2H,J = 8.0 Hz), 3.88 (t, 2HJ) = 8.0 Hz), 3.84 (s, 3H),
3.87 (s, 3H), 3.96 (s, 3H), 4.49, (s, 2H), 6.601(d, J = 8.0 Hz), 6.65 (s, 1H), 6.76 (d, 1Bi=
8.0 Hz), 7.02 (d, 1H]) = 8.0 Hz), 7.39 (d, 1H] = 8.0 Hz), 7.70 (s, 1H),
3CNMR: (125 MHz, CDC}) 533.1, 40.4, 51.9, 55.0, 56.6, 56.9, 114.4, 114.7, 11525.3,
130.0, 130.9, 133.9, 134.5, 144.9, 149.8, 154.0,016
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General Procedure for Imine Reduction: Synthesis ol-Benzo[1,3]dioxol-5-yImethyl-
6,7-dimethoxy-1,2,3,4-tetrahydro-isoquinoling123) Imine122(0.4 g, 1.7 mmol, 1.0 eq) was
dissolved in MeOH (40mL) and treated with NaB{@.3 g, 24.0 mmol, 5.0 eq) at°C. The
reaction was stirred at room temperature for 2536 HCI| was slowly added to the reaction
mixture. The solvent was removed under vacuume fBlaction was basified with 5% NEH
and extracted with DCM (2 x 30 mL). The organigdawas then washed with brine then water
and dried over sodium sulfate. The solvent wapenaed under vacuum to yieltl23) in 74%
yield as a yellow solid mp: 163-166. The crude product was used in following step.
"HNMR : (500 MHz, CDC}) 52.72-2.85 (m, 3H), 2.91-2.94 (m, 1H), 3.12-3.15 (iH), 3.20-
3.22 (m, 1H), 3.85 (s, 3H), 3.87 (s, 3H), 4.08-4(40) 1H), 5.95 (s, 2H), 6.60 (s, 1H), 6.65 (s,
1H), 6.71-6.73 (m, 1H), 6.77-6.79 (m, 2H)
3CNMR: (125 MHz, CDC)) 829.6,29.7, 40.5, 42.3, 55.9, 56.0, 56.8, 100.9, 108.4, 109.5,
109.6, 111.9, 122.4, 127.3, 130.2, 132.7, 146.2,11447.6, 147.9

1-(6-Bromo-benzo[1,3]dioxol-5-ylmethyl)-6,7-dimethry-1,2,3,4-tetrahydro-
isoquinoline By a procedure identical with that described foe tynthesis of aminé23
compoundlLO8was prepared i26% yield as a brown oil.
"HNMR: (500 MHz, CDC}) 52.76-2.74 (m, 2H), 2.91-2.87 (m, 1H), 3.00-2.96 (iH), 3.29-
3.23 (m, 2H), 3.83 (s, 3H), 3.86 (s, 3H), 4.22-4(1k8, 1H), 5.98 (s, 2H), 6.60 (s, 1H), 6.67 (s,
1H), 6.79 (s, 1H), 7.06 (s, 1H)
3CNMR: (125 MHz, CDC}) 29.6, 40.2, 43.1, 55.3, 56.0, 56.1, 101.9, 10914,.5, 111.9,
113.1, 115.1, 127.4, 130.8, 132.0, 147.3, 147.3,714

1-Benzyl-6,7-dimethoxy-1,2,3,4-tetrahydro-isoquinahe (Table 20, entry 15)By a
procedure identical with that described for thetlgris of aminel23 this compound was
prepared in 75% vyield as a cream oil.

"HNMR : (500 MHz, CDC}) 5 2.78-2.80 (m, 2H), 2.98-3.03 (m, 2H), 3.19-3.26 2id), 3.79 (s,
1H), 3.87 (s, 3H), 4.21-4.23 (m, 1H), 6.56 (s, 16180 (s, 1H), 7.25-7.36 (m, 5H)

3CNMR: (125 MHz, CDC}) 529.2, 40.6, 42.7, 56.0, 56.0, 56.9, 109.5, 11128.7, 127.0,
128.8, 129.6, 138.9, 147.1, 147.7

6,7-Dimethoxy-1-(4-methoxy-benzyl)-1,2,3,4-tetrahyd-isoquinoline (Table 20, entry
16) By a procedure identical with that described for synthesis of amink23 this compound
was prepared i65% vyield as a yellow oil.
"HNMR : (500 MHz, CDC}) 52.77-2.79 (m, 2H), 2.94-2.98 (m, 2H), 3.14-3.19 (iH), 3.22-
3.24 (m, 1H), 3.80 (s, 3H), 3.86 (s, 3H), 4.16 (M), 6.57 (s, 1H), 6.60 (s, 1H), 6.67 (d, 2H5
9.0 Hz), 7.17 (d, 2H]) = 9.0 Hz)
3CNMR: (125 MHz, CDCH) 529.1, 40.6, 41.7, 55.4, 56.0, 56.0, 56.9, 109.5,.8,1114.2,
127.0, 129.7, 130.6, 130.7, 147.1, 147.7, 158.5
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6,7-Dimethoxy-1-(3-methoxy-benzyl)-1,2,3,4-tetrahyd-isoquinoline (Table 20, entry
17) By a procedure identical with that described for synthesis of amint23 this compound
was prepared in 72% vyield as a yellow oil.
"HNMR : (500 MHz, CDC}) 8 2.76-2.79 (m, 2H), 2.93-2.97 (m, 2H), 3.18-3.24 2id), 3.81 (s,
4H), 3.87 (s, 3H), 4.21 (m, 1H), 6.60 (s, 2H), 6882 (m, 1H), 6.86 (m, 1H), 7.24-7.26 (m, 2H)
3CNMR: (125 MHz, CDCH) 529.3, 40.7, 42.8, 55.4, 56.0, 56.1, 56.8, 109.5,.8,1112.1,
115.2,121.9,127.1, 129.8, 140.6, 147.1, 147.9,915

1-(6-Bromo-benzo[1,3]dioxol-5-ylmethyl)-6,7-dimethry-2-(1-phenyl-ethyl)-1,2,3,4-
tetrahydro-isoquinoline (S-253) By a procedure identical with that described far ynthesis
of amine123 compoundS-253 was prepared in 82% yield yellow solid mp: 51°83 HRMS
calcd for [M]" C,7H28BrNO, 509.1207, found 509.1202.
"HNMR: (500 MHz, CDC#) 6 1.35 (d, 3HJ = 7.0 Hz), 2.43-2.47 (m, 1H), 2.80-2.88 (m, 1H),
2.91-3.01 (m, 2H), 3.34-3.45 (m, 2H), 3.69 (s, 38Y,0-3.82 (m, 1H), 3.88 (s, 3H), 5.95 (s, 1H),
6.00 (s, 1H), 6.31 (s, 1H), 6.53 (s, 1H), 6.621(8), 6.90 (s, 1H), 6.92-6.93 (d, 2Bi= 7.0 Hz),
7.09-7.17 (m, 3H)
¥CNMR: (125 MHz, CDC}) 522.3, 23.2, 39.5, 42.8, 55.8, 55.9, 58.2, 59.1,8,0111.3, 111.4,
112.3,112.4,115.4, 126.6, 126.9, 127.4, 128.9,61232.6, 146.2, 146.7, 146.8, 146.9. 147.3

1-(6-Bromo-benzo[1,3]dioxol-5-ylmethyl)-6,7-dimethry-2-(1-phenyl-ethyl)-1,2,3,4-
tetrahydro-isoquinoline (R-253) By a procedure identical with that described fog synthesis
of amine123, compoundR-253 was prepared in 63% yield as a yellow solid mp:535C.
HRMS calcd for [M] C,7H2gBrNO, 509.1207, found 509.1202.
"HNMR: (500 MHz, CDC}) & 1.34 (m, 3H), 2.43-2.47 (m, 1H), 2.83-2.87 (m, 1Rp2-3.00
(m, 2H), 3.36-3.45 (m, 2H), 3.69 (s, 3H), 3.78-3(89Q 1H), 3.88 (s, 3H), 5.97 (s, 1H), 6.02 (s,
1H), 6.31 (s, 1H), 6.55 (s, 1H), 6.62 (s, 1H), 6(901H), 6.91 (s, 2H), 7.09-7.16 (m, 3H)
¥CNMR: (125 MHz, CDC}) 522.4, 22.9, 39.3, 42.8, 55.8, 55.9, 58.0, 59.0,8,0111.0, 111.5,
112.3,112.4,115.4, 126.6, 126.8, 127.3, 128.9,41232.5, 146.2, 146.7, 146.8, 146.9, 147.3

1-(4-Benzyloxy-3-nitro-benzyl)-6,7-dimethoxy-1,2,3-tetrahydro-isoquinoline (Table
20, entry 18)By a procedure identical with that described fag f#ynthesis of amin&23 this
compound was prepared in 77% vyield as a yellow oil
"HNMR: (500 MHz, CDC}) 8 2.66-2.78 (m, 2H), 2.88-2.98 (m, 2H), 3.15-3.21 i), 3.84 (s,
3H), 3.87 (s, 3H), 4.11-4.15 (m, 1H), 5.24 (s, 26180 (d, 2HJ = 8.0 Hz), 7.07 (d, 1H] = 8.0
Hz), 7.33-7.40 (m, 6H), 7.80 (s, 1H)
3CNMR: (125 MHz, CDC})
029.6, 40.7, 41.7, 56.0, 56.2, 56.7, 71.4, 109.4, 112.1, 115.4, 126.4, 127.1, 127.2, 127.6, 128.4,
128.9, 130.0, 132.3, 135.2, 135.8, 140.2, 147.3, 147.8, 150.7
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General Procedure forN-Alkylation: Synthesis of 1-Benzo[1,3]dioxol-5-yIm#yl-6,7-
dimethoxy-2-methyl-1,2,3,4-tetrahydro-isoquinoling119) To a solution of amin&23(0.5 g,
0.2 mmol, 1.0 eq) dissolved in DCM (30mL) was ad@&éb formaldehyde (0.5 mL, 0.2 mmol,
1.0 eq) and sodium triacetoxyborohydride (0.1 8,/Amol, 1.4 eq). The reaction was allowed
to stir overnight at room temperature. The reactias quenched with 5% sodium bicarbonate.
The product was extracted with ethyl acetate (8 x1l). The organic layers were combined
and dried over sodium sulfate. The solvent waxed under vacuum and the residue was
purified by column chromatography: 3% MeOH : DCM19was isolated as a yellow solid in
77% yield. mp 91-9&€. HRMS calcd for [M] CogH23NO, 341.1627, found 341.1627.
"HNMR : (500 MHz, CDC}) 8 2.52 (s, 3H), 2.59-2.62 (m, 1H), 2.74-2.80 (m, 3899-3.13 (m,
1H), 3.19 (m, 1H), 3.63 (s, 3H), 3.68 (m, 1H), 3(853H), 5.91 (s, 1H), 5.92 (s, 1H), 6.12 (s,
1H), 6.54-6.57 (m, 1H), 6.70 (s, 1H), 6.70-6.71 {iH)
3CNMR: (125 MHz, CDC}) 522.5, 23.2, 40.4, 40.4, 44.7, 64.3, 100.9, 108104, 111.1,
111.3, 123.1, 123.3, 125.5, 131.8, 146.2, 146.%,61448.1, 176.4

1-Benzo[1,3]dioxol-5-ylmethyl-5,6-dimethoxy-2-methlyl,2,3,4-tetrahydro-
isoquinoline (142)By a procedure identical with that described fa $lgnthesis of aminEL9,
compoundL42was prepared in 71 % yield as a yellow oil. HR&&Scd for [M]" CooH2aNO;4
341.1627, found 341.1627.
"HNMR : (500 MHz, CDC}) 6 2.49 (s, 3H), 2.63-2.66 (m, 1H), 2.76-2.80 (m, 224$4-2.88 (m,
1H), 3.05 (m, 1H), 3.14 (m, 1H), 3.72 (t, 1H+ 6.0 Hz), 3.80 (s, 3H), 3.84 (s, 3H), 5.92 (s),1H
5.93 (s, 1H), 6.49-6.55 (m, 2H), 6.64-6.71 (m, 3H)
13CNMR: (125 MHz, CDC}) 520.4, 41.1, 42.8, 46.6, 55.9, 60.2, 62.8, 100.9.1,0110.0,
110.1, 115.2,122.7, 123.5, 127.7, 128.7, 145.6,3,4.47.5, 150.7

1-Benzyl-6,7-dimethoxy-2-methyl-1,2,3,4-tetrahydrasoquinoline (138)By a procedure
identical with that described for the synthesisuriine119 compoundl38was prepared in 37%
yield as a yellow oil. HRMS calcd for [M]C1gH23NO, 297.1729, found 297.1729.
"HNMR : (500 MHz, CDC}) 8 2.57 (s, 3H), 2.62-2.65 (m, 1H), 2.78-2.88 (m, 38123-3.27 (m,
2H), 3.49 (s, 3H), 3.75-3.78 (m, 1H), 3.84 (s, 3592 (s, 1H) 6.57 (s, 1H), 7.10-7.28 (m, 5H)
3CNMR: (125 MHz, CDCH) 525.4, 41.3, 42.6, 46.7, 55.5, 55.8, 65.0, 111.0,.2,1125.6,
126.1, 128.3, 128.9, 130.0, 140.0, 146.3, 147.4

6,7-Dimethoxy-1-(4-methoxy-benzyl)-2-methyl-1,2,3;tetrahydro-isoquinoline  (141)
By a procedure identical with that described far flynthesis of amingl9 compoundl41 was
prepared in 89% vyield as a yellow oil. HRMS cafod [M]* CyoH2sNO; 327.1834, found
327.1834.
"HNMR : (500 MHz, CDC}) 8 2.56 (s, 3H), 2.61 (m, 1H), 2.75-2.86 (m, 3H),6331.20 (m, 2H),
3.55 (s, 3H), 3.70-3.78 (m, 1H), 3.79 (s, 3H), 5853H), 5.98 (s, 1H), 6.57 (s, 1H), 6.80-6.83
(d, 2H,J=11.0 Hz) 7.01 (d, 2H = 11.0 Hz)
13CNMR: (125 MHz, CDC}) 5 25.5, 40.4, 42.8, 46.8, 55.4, 55.6, 55.8, 65.0,1,11111.2, 113.7,
125.9, 130.3, 130.9, 132.1, 146.3, 147.3, 156.0
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6,7-Dimethoxy-1-(3-methoxy-benzyl)-2-methyl-1,2,3;ttrahydro-isoquinoline  (140)
By a procedure identical with that described fa siynthesis of amingl9 compoundl40was
prepared in 99% vyield as a yellow oil HRMS calca fM]* CyoH2sNOs 327.1834, found
327.1834.
"HNMR : (500 MHz, CDC}) 8 2.55 (s, 3H), 2.60-2.63 (m, 1H), 2.75-2.79 (m, 2481-2.82 (m,
1H), 3.17-3.21 (m, 2H), 3.54 (s, 3H), 3.72-3.75 @H), 3.76 (s, 3H), 3.84 (s, 3H), 6.01 (s, 1H)
6.57 (s, 1H), 6.67 (s, 1H), 6.68-6.76 (m, 2H), 7(19H,J = 8.0 Hz)
3CNMR: (125 MHz, CDC}) 5 25.6, 41.4, 42.8, 46.8, 55.3, 55.6, 55.9, 64.9,1,11111.2, 111.5,
115.6, 122.4,125.8, 129.3, 129.3, 141.9, 146.3,31459.6

5-Benzol1,3]dioxol-5-ylmethyl-6-methyl-5,6,7,8-tehydro-[1,3]dioxolo[4,5-
glisoquinoline (139)By a procedure identical with that described fa $lgnthesis of aminEL9,
compound139 was prepared in 79% vyield as a yellow oil. HRMcd for [M]" CigH10NO4
325.1314, found 325.1228.
"HNMR : (500 MHz, CDC4) 8 2.47 (s, 3H), 2.54 (m, 1H), 2.72-2.81 (m, 3H),2(6, 1H), 3.15
(m, 1H), 3.65 (t, 1HJ) = 6.0 Hz), 5.87 (m, 2H), 5.93 (m, 2H), 6.28 (s, 161p4 (s, 1H), 6.56 (d,
1H,J = 8.0 Hz), 6.68 (s, 1H), 6.70(d, 18i= 8.0 Hz)
13CNMR: (125 MHz, CDC}) 525.8, 41.5, 42.8, 46.8, 65.4, 100.7, 100.9, 10108,1, 108.6,
110.0, 122.6, 127.5, 130.7, 133.8, 145.5, 145.6,014.47.5

1-Methoxy-6-methyl-5,6,6a,7-tetrahydro-4H-9,11-dioa-6-aza-
benzolfg]cyclopenta[b]anthracen-2-ol (216By a procedure identical with that described for
the synthesis of aminkl9, compound®16was prepared in 50% yield as a yellow solid mp:-145
147°C. HRMS calcd for [M] CioH1gNO,4 325.1316, found 325.1314.
"HNMR : (500 MHz, CDC}) 6 2.45-2.56 (m, 5H), 2.62-2.66 (m, 2H), 2.94-3.13 4id), 3.58 (s,
3H), 5.97 (s, 1H), 5.99 (s, 1H), 6.65 (s, 1H), 6(3,71H), 7.83 (s, 1H)
13CNMR: (125 MHz, CDC}) 529.1, 35.1, 44.2, 53.5, 60.6, 62.6, 101.1, 10708.7, 113.5,
125.3, 125.9, 127.0, 129.9, 131.0, 142.4, 146.7,014.48.2

2-Ethoxy-1-methoxy-6-methyl-5,6,6a,7-tetrahydro-4H3,11-dioxa-6-aza-
benzol[fg]cyclopenta[b]anthracene (211By a procedure identical with that described fag th
synthesis of amin&19 compound@11was prepared in 62% yield as a yellow solid mp:-104
°C. HRMS calcd for [M] C,1H23NO,4 353.1627, found 353.1628.
"HNMR: (500 MHz, CDC}) & 1.47 (t, 3H,J = 7.0 Hz), 2.45-2.54 (m, 5H), 2.62-2.66 (m, 1H),
2.94-3.02 (m, 3H), 3.08-3.15 (m, 1H), 3.67 (s, 3HP2-4.12 (m, 2H), 5.95 (s, 1H), 5.96 (s, 1H),
6.57 (s, 1H), 6.74 (s, 1H), 7.92 (s, 1H)
3CNMR: (125 MHz, CDC}) 515.1, 29.3, 35.3, 44.2, 53.4, 60.2, 62.5, 64.2,.9,0008.4,
109.1, 111.8, 125.8, 127.1, 127.3, 128.6, 130.9,714.46.4, 146.5, 151.4
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1-Methoxy-6-methyl-2-propoxy-5,6,6a,7-tetrahydro-4H9,11-dioxa-6-aza-
benzo[fg]cyclopenta[b]anthracene (212By a procedure identical with that described fa th
synthesis of amin&19 compound212 was prepared in 24% vyield as a yellow solid mp776-
°C. HRMS calcd for [M] C,2H25NOy4 367.1784, found 367.1785.
"HNMR: (500 MHz, CDC}) & 1.09 (t, 3H,J = 7.0 Hz), 1.85-1.93 (m, 3H), 2.48-2.55 (m, 4H),
2.65 (m, 1H), 2.96-3.04 (m, 3H), 3.10-3.17 (m, 1BIK9 (s, 3H), 3.90-4.04 (m, 2H), 5.96 (s,
1H), 5.98 (s, 1H), 6.59 (s, 1H), 6.76 (s, 1H), 7(851H)
13CNMR: (125 MHz, CDC}) 5 10.9, 22.9, 29.4, 35.3, 44.2, 53.4, 60.3, 62.63,7101.0, 108.4,
109.1, 111.8,125.8, 127.1, 127.5, 128.6, 131.89,214.46.4, 146.6, 151.6

2-Butoxy-1-methoxy-6-methyl-5,6,6a,7-tetrahydro-4Hd,11-dioxa-6-aza-
benzol[fg]cyclopenta[b]anthracene (213By a procedure identical with that described fag th
synthesis of amin&19 compound213 was prepared in 26% vyield as a yellow solid mp995-
°C. HRMS calcd for [M] C,3H27NO,4 381.1940, found 381.1940.
"HNMR: (500 MHz, CDC}) & 1.01 (t, 3H,J = 7.0 Hz), 1.47-1.63 (m, 3H), 1.78-1.92 (m, 2H),
2.46-2.55 (m, 4H), 2.64-2.68 (m, 1H), 2.95-3.04 8H), 3.10-3.17 (m, 1H), 3.69 (s, 3H), 3.90-
4.04 (m, 2H), 5.96 (s, 1H), 5.98 (s, 1H), 6.601¢d), 6.76 (s, 1H), 7.95 (s, 1H)
3CNMR: (125 MHz, CDC§) 5 14.0, 19.5, 29.4, 31.6, 35.3, 44.2, 53.4, 60.36,683.4, 100.9,
108.4, 109.1, 111.7, 125.8, 127.1, 127.3, 128.6,9.344.7, 146.4, 146.5, 151.6

1-Methoxy-6-methyl-2-pentyloxy-5,6,6a,7-tetrahydro4H-9,11-dioxa-6-aza-
benzol[fg]cyclopenta[b]anthracene (214By a procedure identical with that described fag th
synthesis of aming&19, compound14was prepared in 59% vyield as a yellow oil. HRM&da
for [M]* Co4H20NO4 395.2097, found 395.2099.
"HNMR : (500 MHz, CDC}) & 0.96 (t, 3H,J = 7.0 Hz), 1.37-1.55 (m, 4H), 1.81-1.92 (m, 2H),
2.46-2.55 (m, 5H), 2.63-2.67 (m, 1H), 2.95-3.03 8H), 3.09-3.15 (m, 1H), 3.68 (s, 3H), 3.94-
4.05 (m, 2H), 5.96 (s, 1H), 5.97 (s, 1H), 6.591¢4), 6.75 (s, 1H), 7.94 (s, 1H)
13CNMR: (125 MHz, CDC}) 514.2, 22.6, 28.5, 29.2, 29.4, 35.3, 44.2, 53.43,662.6, 68.7,
100.9, 108.4, 109.1, 111.8, 125.8, 127.1, 127.8,6.230.9, 144.7, 146.4, 146.5, 151.6

2-Cyclopropylmethoxy-1-methoxy-6-methyl-5,6,6a,7-teahydro-4H-9,11-dioxa-6-aza-
benzol[fg]cyclopenta[b]anthracene (215By a procedure identical with that described fag th
synthesis of amin&19 compound215was prepared in 61% vyield as a yellow solid mp921-
°C. HRMS calcd for [M] Co3H2sNO, 379.1784, found 379.1781.
"HNMR : (500 MHz, CDC#) & 036-0.39 (m, 2H), 0.67-0.60 (m, 2H), 1.24-1.37 (iH), 2.45-
2.54 (m, 5H), 2.61-2.65 (m, 1H), 2.94-3.02 (m, 3B1)7-3.14 (m, 1H), 3.70 (s, 3H), 3.75-3.79
(m, 1H), 3.90-3.94 (m, 1H), 5.95 (s, 1H), 5.971(4), 6.56 (s, 1H), 6.74 (s, 1H), 7.93 (s, 1H)
3CNMR: (125 MHz, CDC#) 53.3, 3.4, 10.6, 29.3, 35.3, 44.2, 53.4, 60.3, 6237, 100.9,
108.4,109.1, 112.3, 125.8, 127.1, 127.5, 128.6,9,344.9, 146.4, 146.5, 151.5
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6,7-Dimethoxy-2-methyl-1-(4-nitro-benzyl)-1,2,3,4dtrahydro-isoquinoline (Table 20,
entry 19) By a procedure identical with that described foe synthesis of amin&l9 this
compound was prepared 8% yield as an orange oil. HRMS calcd for [M + Id}gH2:N204
342.1580, found 342.1581.

"HNMR : (500 MHz, CDC}) 8 2.45-2.49 (m, 1H), 2.50 (s, 3H), 2.71-2.74 (m, 281p4-3.20 (m,
3H), 3.70 (s, 3H), 3.78 (t, 1H76.0 Hz), 3.84 (s, 3H), 6.28 (s, 1H), 6.54 (s, TH23 (d, 2HJ =
9.0 Hz), 8.07 (d, 2H]) = 9.0 Hz)

13CNMR: (125 MHz, CDC}) 525.6, 41.2, 42.9, 47.5, 55.9, 64.5, 110.4, 111282, 126.9,
128.5, 130.7, 146.5, 146.9, 147.6, 148.1

6,7-Dimethoxy-2-methyl-1-(3-nitro-benzyl)-1,2,3,4dtrahydro-isoquinoline (163)By a
procedure identical with that described for thetlgris of aminell9, compoundl63 was
prepared in 85% vyield as a yellow solid mp: 83264 HRMS calcd for [M + H] CygH22N204
342.1580, found 342.1581.

"HNMR : (500 MHz, CDC}) 6 2.46-2.47 (m, 1H), 2.50 (s, 3H), 2.73-2.76 (m, 281p4-3.08 (m,
1H), 3.15-3.19 (m, 2H), 3.71 (s, 3H), 3.76 (t, DH; 6.0 Hz), 3.85 (s, 3H), 6.30 (s, 1H), 6.55 (s,
1H), 7.37-7.38 (m, 2H), 8.03-8.05 (m, 2H)

3CNMR: (125 MHz, CDCH) 525.5, 41.0, 42.9, 47.3, 55.9, 56.0, 64.4, 110.5,.5,1121.3,
124.7,126.9, 128.5, 128.7, 136.3, 142.0, 147.0,614.48.1

1-(4-Benzyloxy-3-nitro-benzyl)-6,7-dimethoxy-2-metyl-1,2,3,4-tetrahydro-
isoquinoline (176)By a procedure identical with that described far ynthesis of amin&l9,
compound176 was prepared in 80% yield as a yellow oil. HRMScdafor [M + HJ
CosH2sN-05 448.1789, found 448.1791.
"HNMR: (500 MHz, CDC}) 8 2.46-2.50 (m, 2H), 2.51 (s, 3H), 2.70-2.77 (m, 2M90-2.94 (m,
1H), 3.04-3.16 (m, 2H), 3.69 (s, 3H), 3.84 (s, 35RO (s, 2H), 6.27 (s, 1H), 6.53 (s, 1H), 6.94
(d, 1H,J=9.0 Hz), 7.14 (d, 1H] = 9.0 Hz), 7.31-7.38 (m, 5H), 7.80 (s, 1H)
3CNMR: (125 MHz, CDC}) 5 25.6, 40.1, 42.9, 47.5, 56.0, 56.1, 64.5, 67.64,71110.7, 111.6,
114.8, 126.8, 127.2, 128.4, 128.6, 128.9, 129.0,61335.6, 135.9, 147.1, 147.7, 150.4

6,7-Dimethoxy-1-(4-methoxy-3-nitro-benzyl)-2-methyil,2,3,4-tetrahydro-isoquinoline
(174)By a procedure identical with that described fa $iynthesis of aminkl9 compoundl74
was prepared in 56% yield as an orange oil. HRMlI8dcfor [M + H]" CyoH24N20s5 372.1685,
found 372.1685.
"HNMR: (500 MHz, CDC}) 6 2.46-2.52 (m, 1H), 2.50 (s, 3H), 2.69-2.77 (m, 2M92-2.96 (m,
1H), 3.03-3.08 (m, 1H), 3.11-3.17 (m, 1H), 3.691¢d, J = 6.0 Hz), 3.73 (s, 3H), 3.84 (s, 3H),
3.91 (s, 3H), 6.31 (s, 1H), 6.54 (s, 1H), 6.911(d, J = 9.0 Hz), 7.19 (d, 1K = 9.0 Hz), 7.67 (s,
1H)
3CNMR: (125 MHz, CDC}) 5 25.6, 40.1, 42.9, 47.4, 56.0, 57.2, 64.5, 11017,3, 114.8,
126.3, 126.4,128.7, 133.6, 135.9, 139.9, 147.1,71452.3
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2-Acetylene-1-methoxy-6-methyl-5,6,6a,7-tetrahydrdH-9,11-dioxa-6-aza-
benzo[fg]cyclopenta[b]anthracene (Table 20, entry 2) By a procedure identical with that
described for the synthesis of amih#9, this compound was prepared in 72% vyield as a clea
oil. HRMS calcd for [M] C1H10NO5 333.1367, found 333.1365.
"HNMR : (500 MHz, CDC}) 6 2.42-2.48 (m, 1H), 2.50 (s, 3H), 2.63-2.67 (m, 12494-3.10 (m,
5H), 3.24 (s, 1H), 3.68 (s, 3H), 5.94 (s, 1H), 59861H), 6.73 (s, 1H), 7.14 (s, 1H), 7.89 (s, 1H)
3CNMR: (125 MHz, CDC}) 528.7, 34.7, 44.2, 53.1, 60.9, 63.1, 80.4, 80.8, 101.8,4,0108.9,
115.9, 125.1, 126.8, 129.2, 130.8, 132.7, 137.6,814.46.9, 156.8

2-Ethyl-1-methoxy-6-methyl-5,6,6a,7-tetrahydro-4H-911-dioxa-6-aza-
benzo[fg]cyclopenta[b]anthracene (224By a procedure identical with that described fa th
synthesis of amind@19 compound224 was prepared in 62% yield as a yellow solid mp: 48-
50°C. HRMS calcd for [M] C21H2sNO3 337.1684, found 337.1678.
"HNMR: (500 MHz, CDC4) & 1.24 (t, 3HJ = 7.0 Hz), 2.50 (s, 3H), 2.45-2.55 (m, 2H), 2.57-
2.76 (m, 3H), 2.92-3.12 (m, 4H), 3.47 (s, 3H), 5(841H), 5.96 (s, 1H), 6.73 (s, 1H), 6.86 (s,
1H), 7.92 (s, 1H)
3CNMR: (125 MHz, CDC}) 5 15.3, 23.0, 28.8, 29.9, 35.0, 44.2, 53.5, 60.4, 63.1, 101.8,4,0
108.6, 126.0, 126.1, 128.2, 128.6, 130.7, 136.6,414.46.9, 153.7

2-Propyl-1-methoxy-6-methyl-5,6,6a,7-tetrahydro-4H9,11-dioxa-6-aza-
benzol[fg]cyclopenta[b]anthracene (225By a procedure identical with that described fag th
synthesis of aming&19, compound®25was prepared in 20% vyield as a yellow oil. HRM&da
for [M]* C,2H2sNO5 351.1834, found 351.1834.
"HNMR : (500 MHz, CDC}) & 1.24 (t, 3HJ = 7.0 Hz), 1.59-1.68 (m, 2H), 2.46-2.49 (m, 3H),
2.52 (s, 3H), 2.64-2.71 (m, 2H), 2.93-3.11 (m, 4BI47 (s, 3H), 5.94 (s, 1H), 5.96 (s, 1H), 6.74
(s, 1H), 6.85 (s, 1H), 7.92 (s, 1H)
3CNMR: (125 MHz, CDC}) 5 14.6, 24.2, 28.9, 29.9, 32.2, 44.1, 53.5, 60.5, 63.1, 101.8,4,0
108.6, 126.0, 126.2, 128.7, 128.8, 128.9, 132.3,41346.4, 146.9, 153.8,

2-Butyl-1-methoxy-6-methyl-5,6,6a,7-tetrahydro-4H-911-dioxa-6-aza-
benzol[fg]cyclopenta[b]anthracene (226By a procedure identical with that described fag th
synthesis of amind@19 compound226 was prepared in 62% yield as a yellow solid mp: 48-
50°C. HRMS calcd for [M] CsH27NO3 365.1994, found 365.1991.
"HNMR : (500 MHz, CDC}) & 0.93 (t, 3HJ = 6.0 Hz), 1.36-1.44 (m, 2H), 1.51-1.65 (m, 2H),
2.47-2.53 (m, 3H), 2.50 (s, 3H), 2.62-2.71 (m, 2491-3.10 (m, 4H), 3.46 (s, 3H), 5.95 (s, 1H),
5.98 (s, 1H), 6.72 (s, 1H), 6.84 (s, 1H), 7.911(9)
3CNMR: (125 MHz, CDC}) 514.2, 23.1, 29.8, 33.4, 44.2, 53.4, 53.5, 60.4, 63.1, 64.5],66.
101.0, 108.4, 108.6, 126.0, 126.1, 128.7, 128.9,9232.8, 146.4, 146.9, 153.8
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2-Pentyl-1-methoxy-6-methyl-5,6,6a,7-tetrahydro-4H3,11-dioxa-6-aza-
benzo[fg]cyclopenta[b]anthracene (227By a procedure identical with that described fa th
synthesis of aming&19, compound®27 was prepared in 42% vyield as a yellow oil. HRM&da
for [M] " CosHo9NO3 379.2152, found 379.2147.
"HNMR: (500 MHz, CDC}) 6 0.89 (t, 3HJ = 6.0 Hz), 1.42 (m, 4H), 1.57-1.67 (m, 2H), 2.49 (s,
3H), 2.47-2.51 (m, 3H), 2.63-2.69 (m, 2H), 2.9343(, 4H), 3.46 (s, 3H), 5.94 (s, 1H), 5.96 (s,
1H), 6.73 (s, 1H), 6.84 (s, 1H), 7.92 (s, 1H)
3CNMR: (125 MHz, CDC}) 514.3, 22.8, 28.8, 30.1, 30.9, 32.2, 35.0, 44.1, 45.9, 53.54,60.
63.1,101.1, 108.4, 108.6, 126.0, 126.2, 128.5,91280.6, 135.4, 146.4, 146.9, 153.8

6-Ethyl-1,2-dimethoxy-5,6,6a,7-tetrahydro-4H-9,11-bxa-6-aza-
benzo[fg]cyclopenta[b]anthracene (202By a procedure identical with that described tog t
synthesis of amin&19, compound202 was prepared in 87% vyield as a solid mp: 220-222
HRMS calcd for [M + HJ C1H23NO, 353.1627, found 353.1630.
"HNMR: (500 MHz, CDC§) 81.15 (t, 3H,J = 7.0 Hz), 2.48-2.71 (m, 4H), 2.96-2.99 (m, 1H),
3.08-3.12 (m, 2H), 3.17-3.19 (m, 1H), 3.27 (m, 1BiK5 (s, 3H), 3.88 (s, 3H), 5.97 (s, 1H), 5.98
(s, 1H), 6.60 (s, 1H), 6.76 (s, 1H), 7.92 (s, 1H)
3CNMR: (125 MHz, CDC}) 5 10.8, 29.4, 35.0, 47.9, 48.4, 55.9, 59.3, 60.4,0,0108.4, 109.1,
110.8, 125.8,127.3, 129.1, 131.1, 144.6, 146.6,71452.0

1,2-Dimethoxy-6-propyl-5,6,6a,7-tetrahydro-4H-9,11dioxa-6-aza-
benzo[fg]cyclopenta[b]anthracene (203By a procedure identical with that described fa th
synthesis of amin&19 compound®03was prepared in 92% yield as a yellow oil. HRM&da
for [M]" C,2H2sNO4 367.1786, found 367.1784.
"HNMR : (500 MHz, CDC}) 8 0.97 (t, 3H,J = 7.0 Hz), 1.57-1.60 (m, 2H), 2.41-2.54 (m, 3H),
2.66-2.69 (m, 1H), 2.81-2.89 (m, 1H), 2.95-2.99 (), 3.01-3.09 (m, 1H), 3.15-3.25 (m, 2H),
3.65 (s, 3H), 3.88 (s, 3H), 5.97 (s, 1H), 5.98.(), 6.59 (s, 1H), 6.77 (s, 1H), 7.92 (s, 1H)
3CNMR: (125 MHz, CDC}) 512.2, 19.7, 29.5, 35.3, 49.3, 55.9, 56.4, 60.08,6001.0, 108.4,
109.0, 110.7, 125.7, 127.3, 128.1, 129.2, 131.2,51446.4, 146.6, 151.9

6-Butyl-1,2-dimethoxy-5,6,6a,7-tetrahydro-4H-9,11-tbxa-6-aza-
benzo[fg]cyclopenta[b]anthracene (204By a procedure identical with that described fa th
synthesis of amin&19 compound04 was prepared in 84% yield as a yellow oil. HRM&da
for [M]" Co3H22NO4 381.1944, found 381.1944.
"HNMR: (500 MHz, CDC}) & 0.98(t, 3H,J = 7.0 Hz), 1.38-1.42 (m, 2H), 1.59-1.55 (m, 2H),
2.43-2.55 (m, 3H), 2.70 (m, 1H), 2.96-3.12 (m, 3BI}15-3.25 (m, 2H), 3.66 (s, 3H), 3.89 (s,
3H), 5.98 (s, 1H), 5.99 (s, 1H), 6.60 (s, 1H), 6(381H), 7.92 (s, 1H)
3CNMR: (125 MHz, CDC}) 5 14.3, 21.0, 28.7, 29.6, 35.3, 49.3, 54.2, 56.00,660.4, 101.0,
108.1, 109.0, 110.7, 125.8, 127.3, 128.2, 129.3,31344.5, 146.4, 146.6, 151.9
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1,2-Dimethoxy-6-pentyl-5,6,6a,7-tetrahydro-4H-9,1tHoxa-6-aza-
benzo[fg]cyclopenta[b]anthracene (205By a procedure identical with that described fa th
synthesis of aming19, compound®05was prepared in 74% yield as a yellow oil. HRM&da
for [M]* Co4H20NO4 395.2102, found 395.2097.
"HNMR : (500 MHz, CDC}) 6 0.93 (t, 3H,J = 7.0 Hz), 1.37-1.42 (m, 2H), 1.56-1.59 (m, 2H),
2.43-2.55 (m, 4H), 2.62-2.69 (m, 2H), 2.95-2.97 §H), 2.98.2.99 (m, 1H), 3.15-3.17 (m, 2H),
3.65 (s, 3H), 3.88 (s, 3H), 5.97 (s, 1H), 5.991@), 6.59 (s, 1H), 6.77 (s, 1H), 7.92 (s, 1H)
3CNMR: (125 MHz, CDC§) 514.3, 22.9, 26.2, 29.6, 30.1, 35.3, 49.3, 54.50,560.0, 60.4,
101.0, 108.4, 109.0, 110.7, 125.8, 127.3, 128.9,21231.3, 144.5, 146.4, 146.6, 151.9

6-Cyclopropylmethyl-1,2-dimethoxy-5,6,6a,7-tetrahyd-4H-9,11-dioxa-6-aza-
benzol[fg]cyclopenta[b]anthracene (206By a procedure identical with that described fag th
synthesis of aming&19, compound06 was prepared in 74% yield as a yellow oil. HRM&da
for [M] ™ Ca3H2sNO,4 379.1789, found 379.1784.
"HNMR : (500 MHz, CDC}) & 0.19-0.20 (m, 2H), 0.52-0.59 (m, 2H), 0.96-1.02 (iH), 2.36-
2.41 (m, 1H), 2.48-2.57 (m, 2H), 2.71-2.27 (m, 1#93-2.99 (m, 2H), 3.03-3.12 (m, 1H), 3.31-
3.35 (m, 1H), 3.77-3.89 (m, 1H), 3.65 (s, 3H), 3(883H), 5.97 (s, 1H), 5.99 (s, 1H), 6.60 (s,
1H), 6.76 (s, 1H), 7.92 (s, 1H)
3CNMR: (125 MHz, CDCH) 83.1, 5.2, 7.7, 29.5, 35.2, 49.5, 56.0, 59.2, 58(64, 101.0,
108.3, 109.0, 110.7, 125.8, 127.2, 128.0, 129.2,201344.5, 146.4, 146.6, 151.9

General Procedure for PIFA-mediated Biaryl coupling Synthesis of 1,2-Dimethoxy-
6-methyl-5,6,6a,7-tetrahydro-4H-9,11-dioxa-6-aza-meo[fg]cyclopenta[b]anthracene (32)
A solution of PIFA (1.7 g, 4.0 mmol, 1.2 eq) in HF(5 mL) was added to a solution of amine
119 (1.2 g, 3.3 mmol, 1.0 eq) and BBEt (1.0 mL, 7.9 mmol, 2.4 eq) in HFIP (10mL). The
reaction was stirred at room temperature for 30uteim The reaction was quenched with
MeOH. The solvent was evaporated under vacuume réulting residue was purified by
column chromatography yieldirg2 in 16% yield as a cream solid mp: 1%5 HRMS calcd for
[M] " CooH21NO,4 339.1472, found 339.1471.
"HNMR: (500 MHz, CDC}) 52.47-2.55 (m, 5H), 2.66 (m, 1H), 2.95-3.02 (m, 3Bi)12-3.24
(m, 1H), 3.65 (s, 3H), 3.87 (s, 3H), 5.94 (s, 15186 (s, 1H), 6.59 (s, 1H), 6.75 (s, 1H), 7.93 (s,
1H)
3CNMR: (125 MHz, CDCH) 529.5, 35.4, 44.2, 53.4, 56.0, 60.4, 62.7, 101..4,0109.1,
110.8, 125.8,127.1, 127.6, 128.8, 131.1, 142.8,514.46.6, 152.1

2,3-Dimethoxy-6-methyl-5,6,6a,7-tetrahydro-4H-9,1 Hioxa-6-aza-
benzo[fg]cyclopenta[b]anthracene (143By a procedure identical with that described fa th
synthesis of aporphin&2, compoundl43 was prepared in 86% yield as an orange oil. HRMS
calcd for [M]" CooH2:NO,4 339.1472, found 339.1471.
"HNMR : (500 MHz, CDC}) 6 2.44-2.48 (m, 1H), 2.53-2.59 (m, 4H), 2.92-3.12 &), 3.83 (s,
3H), 3.91 (s, 3H), 5.94 (s, 1H), 5.96 (s, 1H), 6(331H), 6.99 (s, 1H), 7.13 (s, 1H)
3CNMR: (125 MHz, CDCH) 524.0, 34.5, 43.9, 53.3, 56.0, 60.2, 62.0, 101.61.0,0106.2,
108.9, 126.7, 128.0, 128.1, 129.2, 129.4, 145.6,714.47.2, 151.3
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1,2,9-Trimethoxy-6-methyl-5,6,6a,7-tetrahydro-4H-dbenzo[de,g]quinoline (140A)By
a procedure identical with that described for th&tsesis of aporphing2, compoundl40A was
prepared in 8% yield as an orange oil. HRMS cdtd[M]" CyH2sNO3; 325.1678, found
325.1678.
"HNMR : (500 MHz, CDC}) 5 2.64 (s, 3H), 2.66-2.77 (m, 3H), 3.07-3.12.(m, 13{1,9-3.26 (m,
3H), 3.65 (s, 3H), 3.85 (s, 3H), 3.88 (s, 3H), 6(591H), 6.61 (s, 1H), 6.86 (d, 1Bi= 9.0 Hz),
8.31 (d, 1HJ=9.0 Hz)
3CNMR: (125 MHz, CDC#) 5 28.5, 29.9, 35.0, 53.3, 55.4, 56.0, 60.2, 62.4,3,1112.7, 113.5,
124.8,127.1,128.1, 129.8, 129.9, 137.6, 144.9,51958.9

1,2-methylenedioxy-6-methyl-5,6,6a,7-tetrahydro-4+9,11-dioxa-6-aza-
benzol[fg]cyclopenta[b]anthracene (139ABy a procedure identical with that described fa th
synthesis of aporphing@2, compoundl39A was prepared in 6% yield as an orange oil. HRMS
calcd for [M]" CyoH17NO4 323.1158, found 323.1155.
"HNMR : (500 MHz, CDC}) 62.51-2.65 (m, 6H), 3.04-3.13 (m, 4H), 5.93 (s, 1586 (s, 1H),
5.98 (s, 1H), 6.07 (s, 1H), 6.53 (s, 1H), 6.76L(3), 7.62 (s, 1H)
13CNMR: (125 MHz, CDCH) 529.4, 34.8, 44.1, 53.7, 62.4, 100.8, 101.1, 10%00,6, 108.8,
116.8, 124.7, 126.7, 126.7, 129.9, 142.0, 146.8,714.49.8

General Procedure for Synthesis of Nitrostyrenes: yithesis of 4-Benzyloxy-3-
methoxy{3-nitrostyrene (Table 20, entry 36)Nitromethane (33.0 mL, 7.5 mmol, 3.0 eq) was
added to a mixture of benzylated vanillifO (1.0 g, 6.6 mmol, 1.0 eq), ammonium acetate (1.5
g, 20.0 mmol, 0.3 eq) dissolved in acetic acid (@) The reaction was refluxed for 2 h. The
reaction was cooled to room temperature. The mtochashed out of solution as yellow crystals
in 95% yield mp: 122-123. HRMS calcd for [M] C16H1sNO, 285.1002, found 285.1001.
"HNMR: (500 MHz, CDC}) 3.94 (s, 3H), 5.22 (s, 2H), 6.92 (d, 1H= 8.0 Hz), 7.03 (s, 1H),
7.12 (d, 1HJ =8.0 Hz), 7.38 (d, 1H J=7.1 Hz), 7.39 (t, 3 7.1 Hz), 7.43 (d, 1K = 7.1 Hz),
7.51 (d, 1HI = 14.0 Hz), 7.95 (d, 1d=14.0 Hz2)
3CNMR: (125 MHz, CDCH) 656.3, 71.1, 110.9, 113.6, 124.5, 127.4, 128.4, 9,2835.4,
136.2, 139.5, 150.2, 152.1

3-Benzyloxy-4-methoxyB-nitrostyrene (Table 20, entry 37)By a procedure identical
with that described for the previous nitrostyregptiesis, this compound was prepared in 90%
yield as a yellow solid mp: 126-1268. HRMS calcd for [M] CieH1sNO, 285.1002, found
285.1001.
"HNMR: (500 MHz, CDC4) 53.94 (s, 3H), 5.17 (s, 2H), 6.93 (d, 1H= 8.0 Hz), 7.03 (s, 1H),
7.12 (d, 1HJ = 8.0 Hz), 7.38 (d, 1 = 7.0 Hz), 7.39 (t, 3H = 7.0 Hz), 7.43 (d, 1H = 7.0
Hz), 7.51 (d, 1H) = 14.0 Hz), 7.90 (d, 1H = 14.0 Hz)
3CNMR: (125 MHz, CDCH) 656.3, 71.4, 111.9, 113.4, 125.1, 127.5, 127.7, 4,2828.9,
135.3, 136.4, 139.5, 148.8, 153.6
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General Procedure for the Reduction of Nitrostyrene: Synthesis of 2-(4-Benzyloxy-3-
methoxy-phenyl)-ethylamine (75)TMS-CI (7.0 mL, 53.8 mmol, 8.5 eq) was slowly addedc
vigorously stirring suspension of LIBH0.6 g, 25.3 mmol, 4.0 eq) in dry THF (30 mL) unde
argon. A solution of the nitrostyreii€ble 17, entry 36)(1.1 g, 6.3 mmol, 1.0 eq) in dry THF
(20 mL) was added dropwise to the mixture and leatereflux for 18 h. The reaction was
cooled to room temperature then quenched with methdhe reaction mixture was removed
under reduced pressure. The residue was dissalv28% aqueous KOH and extracted with
DCM (3 x 25 mL). The organic layers were then dr@ver sodium sulfate and concentrated
under vacuum. The produ¢b was isolated as a cream oil in 95% yield and wasl us the
following step without purification.

"HNMR: (500 MHz, CDC4) 8 2.69 (t, 2HJ = 7.0 Hz), 2.95 (t, 2K = 7.0 Hz), 3.89 (s, 3H), 5.14
(s, 2H), 6.68 (d, 1H = 8.0 Hz), 6.75 (s, 1H), 6.83 (d, 1Bi= 8.0 Hz), 7.33 (t, 2H = 7.0 Hz),
7.37 (d, 2HI=7.0 Hz)

13CNMR: (125 MHz, CDC}) 540.2, 44.43,56.3, 78.0, 114.5, 115.0, 121.2, 127.3, 127.4,7,27.
128.2, 128.3, 133.6, 140.9, 144.8, 147.5

2-(3-Benzyloxy-4-methoxy-phenyl)-ethylamine (C3-OBi75) By a procedure identical
with that described for the synthesisl& this compound was prepared in 90% yield as awrea
oil.
"HNMR: (500 MHz, CDC4) 8 2.63 (t, 2HJ = 7.0 Hz), 2.88 (t, 2K = 7.0 Hz), 3.87 (s, 3H), 5.15
(s, 2H), 6.76 (d, 2H = 8.0 Hz), 6.83 (s, 1H), 7.30 (d, 1Bi= 8.0 Hz), 7.36 (t, 2H = 7.0 Hz),
7.44 (d, 2H) = 7.0 Hz)
13CNMR: (125 MHz, CDCH) 539.5, 43.6,56.2, 71.2, 114.1, 115.3, 121.6, 127.5, 127.4,7,27.
128.0, 128.7,132.4, 137.3, 148.1, 148.4

General Procedure of N-Protection: Synthesis of 16¢Bromo-benzo[1,3]dioxol-5-
ylmethyl)-6,7-dimethoxy-3,4-dihydro-1H-isoquinoline2-carboxylic acid tert-butyl ester
(185 To a solution of the aming08 (1.0 g, 2.0 mmol, 1.0 eq) dissolved in DCM (50migs
added diisopropyl ethylamine (0.4 mL, 4.0 mmol, 26) and 3mg of DMAP, and Boc
anhydride (0.5 mL, 2.4 mmol, 1.2 eq). The reactixture was stirred overnight at room
temperature. The reaction was quenched with agCNHThe product was extracted with DCM
(3x 20mL). The organic layers were combined aneddover sodium sulfate. The solvent was
then removed under vacuum. The prodl®&$ was purified by column chromatography (10%
EtOAc: Hexanes) yielding a white solid in 68% vyietg: 139-141°C. HRMS calcd for [M]
CosH2eBrNOg 505.1102, found 505.1100.

"HNMR: (500 MHz, CDC}) 81.21 (s, 9H), 2.67 (m, 2H), 2.91 (m, 2H), 3.18 @Hi), 3.87 (s,
6H), 4.32 (m, 1H), 5.91 (s, 1H), 5.96 (s, 1H), 6(591H), 6.62 (s, 1H), 6.78 (s, 1H), 7.05 (s, 1H)
¥CNMR: (125 MHz, CDC}) 528.0, 28.1, 28.2, 42.5, 53.8, 55.8, 55.8, 55.99,589.5, 101.7,
109.3,111.1,111.4,112.4, 115.2, 126.4, 128.0,9347.2, 147.2, 147.2, 147.6, 154.3
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1-[1-(6-Bromo-benzo[1,3]dioxol-5-ylmethyl)-6,7-dim#&hoxy-3,4-dihydro-1H-
isoquinolin-2-yl]-2,2,2-trifluoro-ethanone (192)By a procedure identical with that described
for the synthesis af85 compoundl92 was prepared in 95% yield as a white solid mp: 116-
°C. HRMS calcd for [M] C,1H19BrFsNOs 501.0402, found 501.0399 (Major Rotamer).
"HNMR: (500 MHz, CDC}) 52.79-2.83 (m, 1H), 2.97 (m, 1H), 3.07-3.11 (m, 1BiR9-3.33
(d, 1H,J = 14.0 Hz), 3.75 (m, 1H), 3.78 (s, 3H), 3.87 (d),34.04 (d, 1HJ = 3.0 Hz), 5.72 (t,
1H,J = 3.0 Hz), 5.98 (s, 1H), 5.95 (s, 1H), 6.53 (s),16461 (s, 1H), 6.65 (s, 1H), 7.00 (s, 1H)
3CNMR: (125 MHz, CDC}) 528.7, 40.1, 41.4, 54.0, 55.8, 55.9, 101.7, 1101@.4, 110.7,
112.7,115.6, 117.6, 124.8, 126.5, 129.4, 147.3,51447.7, 148.3, 155.9

6-Benzyloxy-1-(6-bromo-benzo[1,3]dioxol-5-yImethyty-methoxy-3,4-dihydro-1H-
isoquinoline-2-carboxylic acid tert-butyl ester (18) By a procedure identical with that
described for the synthesis d85 compoundl96 was prepared in 52% yield as a white solid
mp: 58-68°C. HRMS calcd for [M] C3oH3,BrNOg 581.1413, found 581.1413 (Major Rotamer).
"HNMR: (500 MHz, CDC}) 51.18 (s, 9H), 2.57-2.61 (m, 1H) 2.84-2.90 (m, 18{1,8-3.21 (m,
2H). 3.90 (s, 3H), 4.36 (bs 1H), 5.14 (s, 2H), 58§, 1H), 5.98 (s, 1H), 6.01 (s, 1H), 6.58-6.65
(m, 2H), 6.84 (s, 1H), 7.00 (s, 1H), 7.06 (s, THR2 (s, 1H), 7.39 (s, 2H), 7.45 (s, 2H)
3CNMR: (125 MHz, CDC}) 527.6, 28.44, 36.2, 38.5, 42.6, 53.9, 56.2, 70.%,791.8, 110.1,
110.9, 111.5, 112.6, 113.6, 115.4, 126.4, 127.8,012128.7, 128.8, 129.4, 131.3, 137.0, 146.9,
147.3, 147.9, 154.4

Benzyl-1-((6-bromobenzol[d][1,3]dioxol-5-yl)methyl)6,7-dimethoxy-3,4-
dihydroisoquinoline-2(1H)-carboxylate (193)By a procedure identical with that described for
the synthesis af85 compoundlL93was prepared in 60% yield as a white safig: 100-103C.
HRMS calcd for [M] C,7H26BrNOg 539.0950, found 539.0944 (Major Rotamer).

"HNMR: (500 MHz, CDC}) 52.64-2.68 (m, 1H) 2.88-2.96 (m, 1H), 3.12-3.18 @H). 3.31-
3.37 (m, 1H), 3.78 (s, 3H), 3.84 (m, 1H), 4.29-4(841H,J = 12.0 Hz), 4.77-4.89 (d, 2H,=
12.0 Hz), 5.32-5.35 (m, 1H), 5.88 (s, 1H), 5.901(4), 6.48 (s, 1H), 6.60 (d, 2H,= 4.0 Hz),
6.57 (s, 1H), 7.25 (d, 2H,= 4.0 Hz), 7.30-7.45 (m, 5H)

3CNMR: (125 MHz, CDCH¥) 6 28.1, 37.8, 39.0, 42.1, 54.4, 56.1, 67.4, 10110,d, 111.1,
111.5,112.7,115.7, 126.4, 127.9, 128.1, 128.8,41228.5, 128.6, 130.9, 136.4, 147.2, 147 .4,
155.2

1-(3-lodo-benzyl)-6,7-dimethoxy-3,4-dihydro-1H-isoginoline-2-carboxylic acid tert-
butyl ester (168) By a procedure identical with that described foe teynthesis ofl85
compoundl168 was prepared in 67% vyield as a yellow oil. HRM&ddor [M]" CosH2gINO4
509.1071, found 509.1063 (Major Rotamer).
"HNMR: (500 MHz, CDC}) 51.31 (s, 9H), 2.74-2.80 (m, 1H), 2.85-3.08 (m, 38i24-3.29 (m,
1H), 3.78 (s, 3H), 4.90 (s, 5H), 4.20-4.22 (m, 16iP8-5.11 (m, 1H), 6.38 (s, 1H), 6.63 (s, 1H),
6.97-7.10 (m, 2H), 7.45-7.60 (m, 2H)
3CNMR: (125 MHz, CDC§) 528.1, 28.6, 29.9, 37.2, 39.5, 42.7, 55.9, 56.48,780.0, 94.5,
110.7,111.7,126.7, 128.5, 129.3, 130.3, 135.8,81341.4, 147.4, 148.0, 154.8
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General Procedure for Direct Arylation: Synthesis & 1,2-Dimethoxy-4,5,6a,7-
tetrahydro-9,11-dioxa-6-aza-benzo[fg]cyclopenta[bjathracene-6-carboxylic acid tert-butyl
ester(186) CeCOs (0.6 g, 2.0 mmol, 3.0 eq), Tricyclohexylphosph{fiel g, 0.3 mmol, 0.4 eq),
palladium acetate (0.1 g, 0.1 mmol, 0.02 eq), 88%(0.3 g, 0.7 mmol, 1.0 eq) was placed in a
round bottom flask with a stir bar. The flask vpasged with argon (3 x). DMF was then added
to the flask. The reaction mixture was then he&etD0°C and stirred overnight. The reaction
was cooled to room temperature, and treated wittHON The product was extracted in ethyl
acetate and dried over sodium sulfate. The solw@st removed under vacuum. The product
was purified by column chromatography (10% EtOAdexanes) yieldind86in 52% yield as a
white solid mp: 179-178C. HRMS calcd for [M] Co4H27NOg 425.1858, found 425.1858.
"HNMR: (500 MHz, CDC}) 51.50 (s, 9H), 2.66-2.84 (m, 7H), 3.67 (s, 3H), 3(903H), 5.99
(s, 2H), 6.64 (s, 1H), 6.76 (s, 1H), 8.01 (s, 1H)
3CNMR: (125 MHz, CDC}) 5 14.3, 28.5, 30.3, 35.0, 51.7, 55.9, 60.0, 60.49,7800.9, 108.3,
108.9, 110.73, 125.1, 125.8, 127.6, 129.7, 13148,8] 146.5, 146.6, 151.9

1,2-Dimethoxy-4,5,6a,7-tetrahydro-9,11-dioxa-6-aza-
benzol[fg]cyclopenta[b]anthracene-6-carboxylic acidbenzyl ester (195)By a procedure
identical with that described for the synthesid86 compoundl95was prepared in 38% yield
as a white solid mp: 139-14C. HRMS calcd for [M] C,7H2sNOg 459.1690, found 459.1682.
"HNMR: (500 MHz, CDC}) 52.73-2.94 (m, 5H), 3.65 (s, 3H), 3.87 (s, 3H), 4#0 1H), 4.64-
4.68 (m, 1H), 5.17 (m, 2H), 6.02 (s, 2H), 6.79 (bd), 6.82 (s, 1H), 7.32-7.44 (m, 5H), 7.90 (s,
1H)
¥CNMR: (125 MHz, CDC#) 531.3,38.7,40.0, 53.1, 56.6, 60.5, 67.8, 102.5, 109.7, 109.9,
112.8, 126.4, 126.5, 128.5, 129.1, 129.2, 129.8,01332.7, 138.7, 146.4, 148.0, 148.1, 153.6

General Procedure for N-Deprotection: Synthesis of 1,2-Dimethoxy-5,6,6a,7-
tetrahydro-4H-9,11-dioxa-6-aza-benzo[fg]cyclopentdgjanthracene (191) A round bottom
flask containing a stir bar and zinc bromide (0,41 mmol, 4.0 eq) was first heated under
vacuum using Bunsen burner to remove all moisiére flask was cooled to room temperature
then placed under nitrogen. A solutionl®®6 (0.2 g, 0.5 mmol, 1.0 eq) dissolved in DCM was
then added to the zinc bromide and allowed toost@rnight. Saturated sodium bicarbonate was
added to the mixture. The product was extractatierorganic layer using DCM then dried over
sodium sulfate. The solvent was removed underwacul91 was isolated in 97% vyield as a
yellow oil. The compound was used in the next stépout further purification. HRMS calcd
for [M]* C1oH1oNO4 325.1318, found 325.1314.

"HNMR: (500 MHz, CDC}) & 2.18 (bs, 2H), 2.64-2.77 (m, 2H), 3.01 (m, 2HB733.39 (m,
1H), 3.68 (s, 3H), 3.79-3.83 (m, 1H), 3.89 (s, 36187 (s, 1H), 5.98 (s, 1H), 6.62 (s, 1H), 6.74
(s, 1H), 7.97 (s, 1H)

3CNMR: (125 MHz, CDCH) 530.4, 39.1, 51.9, 56.0, 60.1, 60.5, 67.2, 101.®.0,0110.8,
125.4,128.1, 128.7, 129.7, 131.2, 136.8, 145.6,714.52.1
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1-Methoxy-5,6,6a,7-tetrahydro-4H-9,11-dioxa-6-aza-
benzo[fg]cyclopenta[b]anthracen-2-ol (Table 20, eny 41) By a procedure identical with that
described for the synthesis 131, this compound was prepared in 90% yield as awediil.
"HNMR : (500 MHz, CDC})  2.62-2.74 (m, 4H), 2.89-3.01 (m, 2H), 3.32-3.36 2id), 3.60 (s,
3H), 3.74-3.77 (m, 1H), 5.98 (s, 1H), 6.00 (s, 16187 (s, 1H), 6.75 (s, 1H), 7.84 (s, 1H)
3CNMR: (125 MHz, CDCH) 29.2, 37.7, 43.4, 53.9, 60.6, 101.1, 107.9, 10818,0, 125.4,
125.6, 128.3, 130.2, 130.8, 142.3, 146.7, 146.8,314

General Procedures for Hydrogenation: Synthesis ofl-(benzo[d][1,3]dioxol-5-
ylmethyl)-6-methoxy-2-methyl-1,2,3,4-tetrahydroisoginolin-7-ol (103) Benzyloxy tertiary
aminel02(1.7 g, 4.1 mmol, 1.0 eq) was added to a rountbboflask and flushed with argon (3
x). Then 10% palladium on activated carbon (0.D.@,eq) and a stir bar was added over the
amine. Flush again with argon (3 x). Slowly addaeol (60mL) to the flask to cover the
catalyst. Evacuate the flask and flush with(Bix). Allow stirring overnight. The reaction wa
filtered through a soxhlet thimble. The solvenniveemoved under vacuum to yiel@3in 80%
yield as a yellow oil. HRMS calcd for [M[C1gH2:NO4 327.1471, found 327.1471.,

"HNMR; (500 MHz, CDC$) 82.47 (s, 3H), 2.56-2.59 (m, 2H), 2.74-2.84 (m, 38in1-3.05
(m, 2H), 3.16-3.17 (m, 1H), 3.85 (s, 3H), 5.9172H), 6.39 (s, 1H), 6.54-6.57 (m, 2H), 6.67 (s,
1H), 6.69 (s, 1H)

3CNMR: (125 MHz, CDC}) 525.4, 41.5, 42.8, 47.2, 58.6, 64.8, 100.8, 11010,7, 113.5,
113.7, 122.5, 125.8, 130.5, 134.0, 143.5, 145.3,81447.5

2-Hydroxy-1-methoxy-4,5,6a,7-tetrahydro-9,11-diox&-aza-
benzol[fg]cyclopenta[b]anthracene-6-carboxylic acidert-butyl ester (209) By a procedure
identical with that described for the synthesisuwine103 compound®09was prepared in 95%
yield as a clear oil. HRMS calcd for [MT23H25NOs 411.1688, found 411.1682.
"HNMR: (500 MHz, CDC}) 81.50 (s, 9H), 2.63-2.89 (m, 4H), 3.59 (s, 3H), 33724 (m, 2H),
4.30 (bs, 1H), 4.60 (bs, 1H), 5.83 (s, 1H), 6.02t4), 6.71 (s, 1H), 6.77 (s, 1H), 7.88 (s, 1H),
¥CNMR: (125 MHz, CDC}) 518.6, 28.7, 30.3, 42.7, 51.9, 58.7, 60.4, 80.1,2,0107.9, 109.0,
113.5, 124.9, 125.5, 131.2, 131.7, 142.6, 146.9,014.48.2, 155.5

1-Hydroxy-2-methoxy-4,5,6a,7-tetrahydro-9,11-diox&-aza-

benzol[fg]cyclopenta[b]anthracene-6-carboxylic acidert-butyl ester (210) By a procedure
identical with that described for the synthesisuwine103 compound®10was prepared in 95%
yield as a white solid mp: 2P€. HRMS calcd for [M] CysH2sNOs 411.1688, found 411.1682.
"HNMR: (500 MHz, CDC}) 5 1.50 (s, 9H), 2.63-2.89 (m, 6H), 3.73 (s, 3H), 33724 (m, 2H),
4.30 (bs, 1H), 4.60 (bs, 1H), 5.83 (s, 1H), 6.0®2H), 6.71 (s, 1H), 6.77 (s, 1H), 7.88 (s, 1H),
3CNMR: (125 MHz, CDC}) 518.6, 29.9, 33.7, 38.7, 42.7, 56.5, 62.0, 79.8, 101.8,8,0109.0,
109.5, 109.8, 123.7, 124.2, 125.2, 130.0, 146.8,514.49.1, 152.3
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4-(6,7-Dimethoxy-2-methyl-1,2,3,4-tetrahydro-isoquiolin-1-ylmethyl)-phenylamine
(Table 20, entry 20)By a procedure identical with that described Far $ynthesis of amirnkd3
this compound was prepared in 48% vyield as a yellslv HRMS calcd for [M + H]
C19N24N20, 312.1832, found 312.1832.
"HNMR : (500 MHz, CDC}) 6 2.51 (s, 3H), 2.59-2.85 (m, 4H), 3.11-3.23 (m, 48158 (s, 3H),
3.65-3.68 (m, 1H), 3.83 (s, 3H), 6.02 (s, 1H), 6$61H), 6.56-6.62 (d, 2H,= 9.0 Hz), 6.88 (d,
2H,J=9.0 Hz)
3CNMR: (125 MHz, CDCH) 525.5, 40.6, 42.7, 46.8, 55.6, 55.9, 65.1, 111.1,.2,1115.2,
125.7, 129.3, 129.9, 130.8, 144.6, 146.3, 147.3

[4-(6,7-Dimethoxy-2-methyl-1,2,3,4-tetrahydro-isoqgunolin-1-ylmethyl)-phenyl]-ethyl-
amine (Table 20, entry 21)By a procedure identical with that described fa Hynthesis of
amine103 this compound was prepared in 52% yield as awedlil. HRMS calcd for [M + H]
C>1H2aN>0, 340.2151, found 340.2147.

"HNMR: (500 MHz, CDC}) & 1.23 (t, 3H,J = 4.0 Hz), 1.25-1.27 (m, 1H), 2.55 (s, 3H), 2.61-
2.71 (m, 2H), 2.80-2.86 (m, 2H), 3.11-3.25 (m, 4Blp6 (M, 3H), 3.66-3.68 (M, 1H), 3.84 (s,
3H), 6.01 (s, 1H), 6.53 (d, 2H,= 8.0 Hz), 6.56 (s, 1H), 6.90 (d, 285 8.0 Hz)

3CNMR: (125 MHz, CDC}) 515.1, 25.5, 38.8, 40.5, 42.7, 46.8, 55.6, 55.82,6511.1, 111.3,
112.9, 125.5, 128.4, 129.3, 130.7, 146.2, 146.9,214

3-(6,7-Dimethoxy-2-methyl-1,2,3,4-tetrahydro-isoquiolin-1-ylmethyl)-phenylamine
(Table 20, entry 22)By a procedure identical with that described fa& $lgnthesis of aminB03
this compound was prepared in 53% vyield as a yellslv HRMS calcd for [M + H]
C19N24N20, 312.1832, found 312.1832.
"HNMR : (500 MHz, CDC}) 8 2.55 (s, 3H), 2.60-2.69 (m, 4H), 2.76-2.90 (m, 28{1.3-3.22( m,
2H), 3.55-3.59 (m, 3H), 3.70-3.73 (m, 1H), 3.843Md), 6.03 (s, 1H), 6.46 (s, 1H), 6.52-6.56 (M,
3H), 7.05 (t, 1HJ = 8.0 Hz)
3CNMR: (125 MHz, CDCH) 525.6, 41.4, 42.8, 46.8, 55.6, 55.9, 64.9, 111.1,.2,1113.0,
116.8, 120.3, 125.7, 129.3, 129.6, 141.5, 146.8,514.47.3

2-Ethyl-1-methoxy-4,5,6a,7-tetrahydro-9,11-dioxa-&za-
benzo[fg]cyclopenta[b]anthracene-6-carboxylic acidert-butyl ester (Table 20, entry 23)By
a procedure identical with that described for thetlsesis of aminel03 this compound was
prepared in87% vyield as a white solid mp: 52-PZ. HRMS calcd for [M] CysH29NOs
423.2049, found 423.2046.
'HNMR: (500 MHz, CDC}) & 1.24 (t, 3HJ = 7.0 Hz), 1.46 (s, 9H), 2.55-2.64 (m, 2H), 2.69-
2.90 (m, 5H), 3.47 (s, 3H), 4.38 (bs, 1H), 4.69 1bY, 5.96 (s, 2H), 6.73 (s, 1H), 6.90 (s, 1H),
7.98 (s, 1H)
3CNMR: (125 MHz, CDC}) 5 15.0, 22.9, 28.7, 29.8, 38.7, 44.6, 58.5, 60.2, 80.0, 101.8,8,0
109.0, 123.5, 125.6, 126.7, 128.1, 130.0, 131.2,41336.6, 146.6, 146.9, 153.9
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General Procedure for the Acid cyclization ofO-Quinols: Synthesis of 1-Hydroxy-2-
methoxy-4,5,6a,7-tetrahydro-9,11-dioxa-6-aza-benZgfcyclopenta[b]anthracene-2,2,2-
trifluoro-ethanone (184) N-COCK-104 (0.3 g, 0.7 mmol, 1.0 eq) was dissolved in dry DCM
(10 mL) then treated with TFA (2 mL, 24.5 mmol,@®&q). The reaction was stirred for 1 h at
room temperature. The reaction was quenched waitirated sodium bicarbonate. The product
was extracted with DCM (3x 20 mL). The organicdayas washed with saturated sodium
bicarbonate, dried over BBO, and the solvent was removed under vacuum. Thauptovas
purified by column chromatography 10% EtOAc: Hexateyield184in 26 % yield as a white
solid mp:>250°C. HRMS calcd for [M] CyoH16FsNOs 407.0984, found 407.0981.

"HNMR : (500 MHz, CDC}) & 2.69-2.80 (m, 2H), 2.88-2.96 (m, 1H), 3.31 (t, 2H 13.1 Hz),
3.92 (s, 3H), 4.18 (d, 1H,= 13 Hz), 5.00 (d, 1H] = 13.1 Hz), 5.66 (s, 1H), 5.68 (s, 1H) 6.17 (s,
1H), 6.56 (s, 1H) 6.73 (s, 1H), 7.99 (s, 1H)

3CNMR: (125 MHz, CDCH) 525.6, 41.4, 42.8, 46.8, 55.6, 55.9, 64.9, 101.0,.1,1111.2,
113.0, 116.8, 120.3, 125.7, 129.3, 129.6, 141.6,314.46.5, 147.3

General Procedure for Phenol Acylation: SynthesisfoAcetic acid 2-methoxy-6-
methyl-5,6,6a,7-tetrahydro-4H-9,11-dioxa-6-aza-bewfg]cyclopenta[b]anthracen-1-yl
ester(Table 20, entry 24)To a mixture of30 (13.7 mg, 0.042 mmol, 1.0 eq) dissolved in DCM
(10 mL) was added triethylamine (0.018 mL, 0.1260h1@ eq), DMAP (13 mg, 0.12 mmol, 2.5
eq), and acetyl chloride (0.009 mL, 0.13 mmol,é). The reaction was stirred at room
temperature for 4h. Water (5 mL) was added tae¢hetion mixture. The organic layer was
separated and the aqueous layer was extracted@ith (3 x 10 mL). The organic layers were
combined and dried over sodium sulfate. The sélwas removed under vacuum to give the
compound in 56% yield as an oil. HRMS calcd fol] [M,1H2:NOs 367.1423, found 367.1420.
"HNMR: (500 MHz, CDC}) 82.33 (s, 3H), 2.49-2.57 (m, 5H), 2.69-2.71 (m, 2294-3.05 (m,
3H), 3.14-3.25 (m, 1H), 3.83 (s, 3H) 5.99 (s, 26i1B4 (s, 1H), 6.76 (s, 1H), 7.42 (bs, 1H)
¥CNMR: (125 MHz, CDC}) 521.2, 29.8, 32.1, 35.0, 44.2, 53.1, 56.2, 62.5,1,0107.8, 108.9,
110.5,124.7,127.3, 131.4, 131.8, 134.7, 146.6,8,4.50.3, 169.0

Methanesulfonic acid 2-methoxy-6-methyl-5,6,6a, 7-t@hydro-4H-9,11-dioxa-6-aza-
benzol[fg]cyclopenta[b]anthracen-1-yl ester (Table 74, entry 25)By a procedure similar to the
synthesis ofTable 20, entry 24)this compound was prepared in 70/Bld as avhite solid mp:
71-75°C. HRMS calcd for [M] Co0H21NOsS 403.1092, found 403.1090,

"HNMR: (500 MHz, CDC}) 8 2.49-2.55 (m, 5H), 2.69-2.72 (m, 1H), 2.92-3.05 @H), 3.15-
3.25 (m, 1H), 3.90 (s, 3H) 5.97 (s, 1H), 5.99 (8),56.66 (s, 1H), 6.77 (s, 1H), 7.63 (s, 1H)
¥CNMR: (125 MHz, CDC}) 529.4, 35.0, 39.9, 44.1, 53.1, 56.3, 62.6, 101.8.8,0109.1,
111.1,124.2,128.2,128.9, 131.7, 132.9, 134.6,714.47.2, 151.4
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General Procedure for Acid Bromination: Synthesis 6 (6-Bromo-benzo[1,3]dioxol-5-
yl)-acetic acid (105) To a solution of acid30 (5.0 g, 27.8 mmol, 1.0 eq) dissolved in acetic
acid was added Bi(1.6 mL, 30.5 mmol, 1.1 eq). The reaction wasedli at room temperature
overnight. The solvent was removed under vacuufie product was recrystallized from
acetone and hexane to yidld5in 82% yield as a cream solid mp: 185-£87 HRMS calcd for
[M]* CoH;BrO, 257.9527, found 257.9528.

'HNMR : (500 MHz, CDC}) &3.59 (s, 2H), 5.85 (s, 2H), 6.69 (s, 1H), 6.88L{)
B3CNMR: (125 MHz, CDCY) §40.9, 101.8, 111.0, 112.5, 115.3, 127.1, 147.4,6,472.1

General Procedure for O-Alkylation: Synthesis of 2Ethoxy-1-methoxy-4,5,6a,7-
tetrahydro-9,11-dioxa-6-aza-benzo[fg]cyclopenta[bjathracene-6-carboxylic acid tert-butyl
ester (Table 20, entry 26)lo a stirring solution 0209 (0.1 g, 0.3 mmol, 1.0 eq) in acetone (20
mL) K»,CG; (0.3 g, 2.5 mmol, 10.0 eq), Kl (0.4 g, 2.5 mmd,Q eq), and ethyl bromide (0.4
mL, 5 mmol, 20.0 eq) was added. The reaction asved to stir overnight under refluxing
conditions. The reaction mixture was quenched wgiditurated ammonium chloride. The
resulting solution was extracted with ethyl acetaléne organic extract was washed with brine
and dried over sodium sulfate. The solvent wasoked under vacuum. The product was
purified by column chromatography (10% ethyl acstétexanes) in 96% yield as a yellow oil.
"HNMR : (500 MHz, CDC}) & 1.47-1.49 (m, 9H), 1.50 (t, 3H,= 7.0 Hz), 2.59-2.93 (m, 5H),
3.68 (s, 3H), 4.05-4.12 (m, 2H), 4.39 (bs, 1H)24(bs, 1H), 5.97 (s, 2H), 6.62 (s, 1H), 6.74 (s,
1H), 7.99 (s, 1H)
3CNMR: (125 MHz, CDC}) 15.1, 28.7, 29.8, 30.5, 44.6, 51.9, 60.1, 64.31,8001.0, 108.4,
109.2, 112.0, 125.4, 125.8, 127.7, 129.8, 131.6,214146.6, 146.8, 151.3, 154.8

1-Methoxy-2-propoxy-4,5,6a,7-tetrahydro-9,11-diox&-aza-
benzo[fg]cyclopenta[b]anthracene-6-carboxylic acidert-butyl ester (Table 20, entry 27)By
a procedure identical for the synthesiqBdble 20, entry 26)this compound was prepared in
97% yield as a white solid mp: 161-183.
'HNMR: (500 MHz, CDC}) & 1.09 (t, 3H,J = 7.0 Hz), 1.49 (s, 9H), 1.84-1.95 (m, 2H), 2.60-
2.94 (m, 5H), 3.69 (s, 3H), 3.91-4.03 (m, 2H), 4(@6, 1H), 4.61 (bs, 1H), 5.98 (s, 2H), 6.63 (s,
1H), 6.74 (s, 1H), 8.01 (s, 1H)
3CNMR: (125 MHz, CDC}) 510.9, 22.9, 28.7, 30.0, 44.6, 51.9, 60.2, 70.4),8001.0, 108.4,
108.5, 109.2, 111.9, 125.4, 125.8, 127.7, 129.8,61345.2, 146.7, 151.6, 154.8, 154.9

2-Butoxy-1-methoxy-4,5,6a,7-tetrahydro-9,11-dioxa-@za-
benzolfg]cyclopenta[b]anthracene-6-carboxylic acidert-butyl ester (Table 20, entry 28)By
a procedure identical to the synthesigBéble 20, entry 26)this compound was prepared in
96% yield as a white solid mp: 65-6C.
"HNMR: (500 MHz, CDC#) & 1.00 (t, 3H,J = 7.0 Hz), 1.43-1.45 (m, 2H), 1.46-1.61 (s, 9H),
1.79-1.89 (m, 2H), 2.60-2.91 (m, 5H), 3.68 (s, 381R6-4.06 (m, 2H), 4.40 (bs, 1H), 4.61 (bs,
1H), 5.98 (s, 2H), 6.63 (s, 1H), 6.74 (s, 1H), 8®11H)
3CNMR: (125 MHz, CDC}) 514.0, 19.5, 28.7, 30.5, 31.6, 38.7, 44.6, 51.91,668.5, 80.0,
101.0, 108.5, 109.2, 111.9, 125.4, 125.8, 127.9,8.231.6, 145.2, 146.6, 146.6, 151.6, 154.8
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1-Methoxy-2-pentyloxy-4,5,6a,7-tetrahydro-9,11-diox-6-aza-
benzol[fg]cyclopenta[b]anthracene-6-carboxylic acidert-butyl ester (Table 20, entry 29)By
a procedure identical to the synthesigDdble 20, entry 26)this compoundvas prepared in
82% yield as a clear oil.
"HNMR: (500 MHz, CDC}) & 0.84-0.94 (m, 2H), 0.95 (t, 3H,= 7.0 Hz), 1.25-1.49 (s, 9H),
1.51-1.52 (m, 2H), 1.80-1.90 (m, 2H), 2.59-2.93 GH), 3.68 (s, 3H), 3.96-4.03 (m, 2H), 4.39
(bs, 1H), 4.62 (bs, 1H), 5.96 (s, 2H), 6.62 (s,,16474 (s, 1H), 8.00 (s, 1H)
3CNMR: (125 MHz, CDC}) 514.2, 22.6, 28.4, 28.7, 29.2, 30.5, 31.7, 38.76,486.4, 60.1,
68.8, 79.9, 101.0, 108.4, 109.2, 111.9, 125.7,4.21129.7, 131.6, 145.2, 146.6, 146.7, 151.5,
154.8

2-Cyclopropylmethoxy-1-methoxy-4,5,6a,7-tetrahydrd,11-dioxa-6-aza-
benzolfg]cyclopenta[b]anthracene-6-carboxylic acidert-butyl ester (Table 20, entry 30)By
a procedure identical to the synthesigBéble 20, entry 26)this compound was prepared in
86% yield as a white solid: mp: 184-1%7.
"HNMR: (500 MHz, CDC}) & 0.37 (m, 2H), 0.66 (m, 2H), 1.34-1.36 (m, 1H),9(4, 9H),
2.60-2.94 (m, 5H), 3.72 (s, 3H), 3.92-3.95 (m, 2#}11 (bs, 1H), 4.62 (bs, 1H), 5.99 (s, 2H),
6.62 (s, 1H), 6.75 (s, 1H), 8.02 (s, 1H)
3CNMR: (125 MHz, CDC}) 3.4, 3.5, 10.6, 28.7, 30.4, 51.9, 60.1, 73.8, 8001.0, 108.3,
108.4, 108.5, 108.6, 109.2, 112.5, 125.4, 126.9,8,229.7, 131.1, 145.4, 146.7, 151.5, 154.8

1-Ethoxy-2-methoxy-4,5,6a,7-tetrahydro-9,11-dioxa-éza-
benzo[fg]cyclopenta[b]anthracene-6-carboxylic acidert-butyl ester (Table 20, entry 31)By
a procedure identical to the synthesigBéble 20, entry 26)this compound was prepared in
98% vyield as an oil.
'HNMR: (500 MHz, CDC}) & 1.32 (t, 3H,J = 7.0 Hz), 1.50 (s, 9H), 2.62-2.92 (m, 5H), 3.67-
3.73 (m, 1H), 3.88 (s, 3H), 3.90-3.96 (m, 1H), 4(@6, 1H), 4.61 (bs, 1H), 5.98 (s, 1H), 6.00 (s,
1H), 6.62 (s, 1H), 6.74 (s, 1H), 8.08 (s, 1H)
3CNMR: (125 MHz, CDC}) 515.1, 28.7, 29.8, 30.5, 51.9, 55.0, 69.38, 80.1..01,0108.4,
109.2, 112.0, 125.4, 125.8, 127.7, 129.8, 131.6,214.46.6, 146.8, 151.3, 154.8

2-Methoxy-1-propoxy-4,5,6a,7-tetrahydro-9,11-diox&-aza-
benzo[fg]cyclopenta[b]anthracene-6-carboxylic acidert-butyl ester (Table 20, entry 32)By
a procedure identical to the synthesigBéble 20, entry 26)this compound was prepared in
37% yield as an oil.
"HNMR: (500 MHz, CDC}) & 0.97 (t, 3H,J = 7.0 Hz) 1.49 (s, 9H), 1.71-1.76 (m, 2H), 2.60-
2.94 (m, 5H), 3.54-3.59 (m, 1H), 3.78-3.87 (m, 1Big7 (s, 3H), 4.40 (bs, 1H), 4.60 (bs, 1H),
5.97 (s, 1H), 5.99 (s, 1H), 6.62 (s, 1H), 6.7413), 8.05 (s, 1H)
3CNMR: (125 MHz, CDC}) §10.7, 23.6, 28.7, 29.9, 30.5, 44.6, 52.0, 56.10,624.8, 80.0,
101.1, 108.4, 109.6, 111.0, 125.6, 126.0, 128.9,71231.5, 144.3, 146.5, 146.7, 152.2
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1-Butoxy-2-methoxy-4,5,6a,7-tetrahydro-9,11-dioxa-éza-
benzol[fg]cyclopenta[b]anthracene-6-carboxylic acidert-butyl ester (Table 20, entry 33)By
a procedure identical to the synthesigDéble 20, entry 26)this compound was prepared in
86% yield as an oil.
"HNMR: (500 MHz, CDC}) & 0.90 (t, 3H,J = 7.0 Hz), 1.40-1.49 (s, 9H), 1.66-1.73 (m, 2H),
2.61-2.94 (m, 5H), 3.58-3.63 (m, 2H), 3.80-3.85 @H), 3.87 (s, 3H), 4.39 (bs, 1H), 4.60 (bs,
1H), 5.97 (s, 1H), 5.99 (s, 1H), 6.62 (s, 1H), 6(341H), 8.04 (s, 1H)
3CNMR: (125 MHz, CDC§) 514.0, 19.4, 28.7, 30.5, 32.5, 38.7, 44.6, 52.0],582.8, 80.0,
101.1, 108.4, 109.5, 111.0, 125.6, 125.0, 128.9,01229.7, 131.5, 144.4, 146.5, 146.7, 152.2

2-Methoxy-1-pentyloxy-4,5,6a,7-tetrahydro-9,11-dioa-6-aza-
benzolfg]cyclopenta[b]anthracene-6-carboxylic acidert-butyl ester (Table 20, entry 34)By
a procedure identical to the synthesigBéble 20, entry 26)this compound was prepared in
82% vyield as a clear oil.
"HNMR : (500 MHz, CDC}) & 0.84-0.94 (m, 2H), 0.95 (t, 3H,= 7.0 Hz), 1.48 (s, 9H), 1.49 (s,
9H), 1.51-1.52 (m, 2H), 1.80-1.90 (m, 2H), 2.592(gn, 5H), 3.68 (s, 3H), 3.96-4.03 (m, 2H),
4.39 (bs, 1H), 4.62 (bs, 1H), 5.96 (s, 2H), 6.62Lt), 6.74 (s, 1H), 8.00 (s, 1H)
3CNMR: (125 MHz, CDC}) 514.2, 22.6, 28.4, 28.7, 29.2, 30.5, 31.7, 44.6]1,560.1, 68.8,
79.9, 101.0, 108.4, 109.2, 111.9, 125.4, 125.7,712129.7, 131.6, 145.2, 146.6, 146.8, 151.5,
154.8

1-Cyclopropylmethoxy-2-methoxy-4,5,6a,7-tetrahydrd,11-dioxa-6-aza-
benzol[fg]cyclopenta[b]anthracene-6-carboxylic acidert-butyl ester (Table 20, entry 35)By
a procedure identical to the synthesigTdble 20, entry 26)this compound was prepared in
70% vyield as an oil.
"HNMR: (500 MHz, CDC}) & 0.37 (m, 2H), 0.66 (m, 2H), 1.34-1.36 (m, 1H),9.(4, 9H),
2.60-2.94 (m, 5H), 3.72 (s, 3H), 3.92-3.95 (m, 2411 (bs, 1H), 4.62 (bs, 1H), 5.99 (s, 2H),
6.62 (s, 1H), 6.75 (s, 1H), 8.02 (s, 1H)
3CNMR: (125 MHz, CDCH) 3.4, 3.5, 10.6, 28.7, 30.4, 38.7, 44.6, 51.9, 6038, 80.0,
101.0, 108.3, 109.2, 112.5, 125.4, 126.0, 127.8,71231.1, 145.4, 146.6, 146.7, 151.5, 154.8

3-Nitro-4-Benxyloxy-phenylacetic methyl ester (Tal® 20, entry 38)By a procedure
identical to the synthesis ¢fable 20, entry 26)this compound was prepared in 52% yield as a
yellow solid mp: 72-73C.
"HNMR: (500 MHz, CDC}) 5 3.62 (s, 2H), 3.71 (s, 3H), 5.23 (s, 2H), 7.081(d,J = 9.0 Hz),
7.31-7.46 (m, 6H), 7.80 (s, 1H)
3CNMR: (125 MHz, CDC}) 5 39.8, 52.5, 71.4, 115.5, 126.7, 126.8, 128.4,9,285.1, 135.7,
140.1, 151.3,171.3
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3-Nitro-4-Methoxy-phenylacetic methyl ester (Table20, entry 39) By a procedure
identical to the synthesis ¢fable 20, entry 26)this compound was prepared in 93% yield as a
yellow solid mp: 90-92C.
"HNMR: (500 MHz, CDC}) & 3.62 (s, 2H), 3.72 (s, 3H), 3.96 (s, 3H), 7.061(d,J = 9.0 Hz),
7.48 (d, 1HI= 9.0 Hz), 7.79 (s, 1H)
3CNMR: (125 MHz, CDC}) 5 39.7, 52.5, 56.8, 113.9, 126.4, 126.7, 135.3, 136.8, 152.3, 171.4

General Procedure for Reductive Phenylation: Synth&s of 1,2-Dimethoxy-6-methyl-
5,6,6a,7-tetrahydro-4H-dibenzo[de,g]quinolin-9-ylarme (159) To a solution of163 (114.0
mg, 0.3 mmol, 1 eq) dissolved in TFA (0.7 mL, 1énol, 30.0 eq) and TFSA (0.9 mL, 10.0
mmol, 30.0 eq) was added zinc dust (108.9 mg, InIn5.0 eq) at 6C. The reaction was
stirred at 0°C for 3 h. The reaction was basified with satutasedium bicarbonate. The
product was extracted with DCM (3 x 15mL). Thearig layers were combined and dried over
sodium sulfate. The solvent was removed underwacuThe product was column purified on
deactivated silica yieldin59in 35% yield as a white solid mp: 80-82. HRMS calcd fofM
+ HJ" C19H2oN,0, 310.1981, found 310.2510.

'HNMR: (500 MHz, CDC}) & 2.46-2.59 (m, 5H), 2.64-2.68 (m, 1H), 2.95-3.04 @H), 3.10-
3.18 (m, 1H), 3.64 (s, 3H), 3.73 (bs, 2H), 3.873(4), 6.55 (s, 1H), 6.59 (s, 1H), 6.63-6.65 (d,
1H,J=8.0 Hz), 8.19 (d, 1H] = 8.0 Hz)

3CNMR: (125 MHz, CDC}) 829.5, 35.5, 44.2, 53.5, 56.0, 60.1, 62.6, 110.3.8,1114.4,
123.0, 127.4, 127.6, 128.7, 129.8, 138.2, 144.5,81452.1

1,2,10-Trimethoxy-6-methyl-5,6,6a,7-tetrahydro-4H-tenzo[de,g]quinolin-9-ylamine
By a procedure identical with that described foe tynthesis ofl59, compoundl175 was
prepared in 38% yield as a yellow oil. HRMS caled[M + H]" CyoH24N203 340.1790, found
340.1787.
"HNMR: (500 MHz, CDC}) 8 2.47-2.54 (m, 2H), 2.50 (s, 3H), 2.63-2.68 (m, 1491-2.97 (m,
1H), 3.00-3.04 (m, 2H), 3.11-3.18 (m, 1H), 3.693H), 3.84 (s, 3H), 3.85 (s, 3H), 6.55 (s, 1H),
6.60 (s, 1H), 8.00 (s, 1H)
13CNMR: (125 MHz, CDC}) 5 29.5, 34.5, 44.2, 53.5, 55.8, 55.9, 60.2, 62.9,9,0114.2, 122.4,
127.3,127.7,128.9, 129.9, 135.6, 144.1, 146.2,115
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General Triflation Procedure: Synthesis of 1-Methoy-2-
trifluoromethanesulfonyloxy-4,5,6a,7-tetrahydro-9,11-dioxa-6-aza-
benzol[fg]cyclopenta[b]anthracene-6-carboxylic acidert-butyl ester (231) To a solution of
209(0.4 g, 0.9 mmol, 1.0 eq) dissolved in DCM (20)mlas added, trifilic anhydride (0.2 mL,
1.1 mmol, 1.2 eq) and 2,6-lutidine (0.2 mL, 1.7 nhr@d0 eq) at 0C. The reaction was allowed
to stir for 30 minutes at @. Water (10mL) was added to the reaction mixturee product
was then extracted with DCM (3 x 20 mL). The oligdayers were combined and then washed
with brine and dried over anhydrous sodium sulfatke solvent was removed under vacuum.
The residue was purifed by column chromatograp@9b EtOAc:Hexanes yielding31in 69%
yield as a white solid, mp: 80-82. HRMS calcd for [M] C,4H24FsNOgS 543.1176, found
543.1175.

"HNMR : (500 MHz, CDC}) & 1.49 (s, 9H), 2.66-2.90 (m, 5H), 3.66 (s, 3H),34Ms, 1H), 4.68
(bs 1H), 6.01 (s, 2H), 6.77 (s, 1H), 6.69 (s, ITHY3 (s, 1H)

3CNMR: (125 MHz, CDC}) 528.7, 30.2, 38.7, 44.6, 56.4, 60.9, 80.5, 101.48.7,0109.2,
112.5,117.6,120.3, 123.9, 128.2, 131.4, 131.8,71342.5, 147.1, 147.5, 147.6

General Procedure for Microwave-assisted SonogaslarReaction: Synthesis of 1-
Methoxy-2-trimethylsilanylethynyl-4,5,6a,7-tetrahydo-9,11-dioxa-6-aza-
benzol[fg]cyclopenta[b]anthracene-6-carboxylic acidert-butyl ester (237)231(12.5 mg, 0.1
mmol, 1.0 eq), Pd(PEBRCl, (0.4 mg, 0.02 eq), Cul (0.19 mg, .001 mmol, 0.@g, &MS
acetylene (0.004 mL, 0.1 mmol, 1.1 eq), LiCl (1.5,8.1 mmol, 1.5 eq), BtiH (0.4mL, 0.04
mmol, 15.0 eq) and DMF were placed in a microwaiat wnder nitrogen and stirred at 120
for 5 minutes in a CEM microwave. The mixture whsn poured into 1N HCI (10 mL) and
extracted with diethyl ether (3 x 10 mL). The origalayer was then washed with saturated
sodium bicarbonate (10 mL) and water (10 mL). &bheeous layer was extracted with diethyl
ether (10 mL). The organic layers were combinedl @med over sodium sulfate. The solvent
was removed under vacuum and purified by columrordatography with 10% EtOAc
Hexanes vyielding237 in 76% yield as a yellow solid mp: 85-9C. HRMS calcd for [M]
CagH33NOsSi 491.2132, found 491.2128.

"HNMR : (500 MHz, CDC}) 8 0.25 (s, 9H), 1.47 (s, 9H), 2.59-2.63 (m, 1H) 22687 (m, 4H),
3.72 (s, 3H), 4.38 (bs, 1H), 4.67 (bs 1H), 5.961¢), 5.97 (s, 1H), 6.72 (s, 1H), 7.16 (s, 1H),
7.97 (s, 1H)

¥CNMR: (125 MHz, CDC}) 53.4, 28.7, 29.9, 35.2, 38.5, 52.4, 60.3, 80.2, 980D.1, 101.2,
101.1, 109.1, 116.8, 124.8, 127.3, 130.0, 131.2,41335.6, 146.8, 147.9, 154.6, 156.9

1-Methoxy-2-(3-trimethylsilanyl-prop-1-ynyl)-4,5,6a 7-tetrahydro-9,11-dioxa-6-aza-
benzo[fg]cyclopenta[b]anthracene-6-carboxylic acidert-butyl ester By a procedure identical
with that described for the synthesis of #8¥, compound238 was prepared in 73% yield as a
yellow solid mp: 145-148C. HRMS calcd for [M] CagH3sNOsSi 505.2284, found 505.2284.
"HNMR : (500 MHz, CDC}) 5 0.17 (s, 9H), 1.47 (s, 9H), 1. 76 (s, 2H), 2.598(m, 5H), 3.66
(s, 3H), 4.37 (bs, 1H), 4.63 (bs 1H), 5.95 (s, 15496 (s, 1H), 6.72 (s, 1H), 7.07 (s, 1H), 7.98 (s,
1H)
3CNMR: (125 MHz, CDC}) 50.2, 8.6,28.7, 29.9, 35.2, 38.5, 52.4, 60.3, 80.2, 92.6,.1,00
101.1, 109.1, 116.8, 118.5, 125.1, 127.3, 129.9,41332.1, 133.9, 146.8, 147.9, 154.6, 156.3
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General TMS-Deprotection Procedure: Synthesis of Ethynyl-1-methoxy-4,5,6a,7-
tetrahydro-9,11-dioxa-6-aza-benzo[fg]cyclopenta[bjathracene-6-carboxylic acid tert-butyl
ester (239)To a solution 0f237 (12.6 mg, 0.03 mmol, 1.0 eq) dissolved in THF (Smatas
added TBAF (0.05 mL, 0.03 mmol, 1.1 eq). The rieactvas stirred at room temperature for 5
minutes. The solvent was removed under vacuume fitoduct was purified by column
chromatography. 10% EtOAc: Hexanes yield?89in 69% yield as a yellow solid mp: 166-170
°C. HRMS calcd for [M] Co5H2sNOs 419.1740, found 419.1733.

"HNMR : (500 MHz, CDC}) & 1.47 (s, 9H), 2.58-2.88 (m, 5H), 3.26 (s, 1H),03(3, 3H), 4.39
(bs, 1H), 4.67 (bs 1H), 5.97 (s, 2H), 6.73 (s, IH)9 (s, 1H), 7.95 (s, 1H)

3CNMR: (125 MHz, CDC}) 528.7, 29.8, 35.2, 38.5, 52.4, 60.7, 80.2, 80.31,8100.2, 108.5,
108.9, 115.9, 124.7, 127.4, 130.3, 131.4, 132.6,00343.4, 146.9, 147.0, 157.1

General Procedure for Microwave-assisted Modified @zuki Reaction: Synthesis of 2-
Butyl-1-methoxy-4,5,6a,7-tetrahydro-9,11-dioxa-6-abenzo[fg]cyclopenta[b]anthracene-
6-carboxylic acid tert-butyl ester (226) 231(147.7 mg, 0.3 mmol, 1 eq), Pd(dppf)C13.3 mg,
0.02 mmol, 0.02 eq), CsOAc (300 mg, 1.6 mmol, 219 eByB (400 mg, 1.6 mmol, 2.0 eq),
and DMF were placed in a microwave vial under giémo and stirred at 17& for 1 h in a CEM
microwave reactor. The reaction was poured overHN. The product was extracted with
diethyl ether (3 x 10 mL). The organic layer wiasrt washed with saturated sodium bicarbonate
(10 mL) and brine (10 mL). The organic layer wasnt dried over sodium sulfate. The solvent
was removed under vacuum and purified by colummratography 10% EtOAc : Hexanes
yielding 226in 89% vyield (yield based on recovered startingemal) as a white solid mp: 35-41
0,

C.

General Esterification Procedure: Synthesis of 3-Nio-4-Hydroxyl-phenylacetic
methyl esterNitro Acid 171 (400 mg, 1.9 mmol, 1.0 eq) dissolved in MeOH wasated with a
catalytic amount of sulfuric acid. The reactionswafluxed for 3 h. The reaction was cooled to
room temperature and the solvent was evaporateer wagduum yielding the ester in 96% yield
as a yellow solid mp: 61-6Z.

"HNMR: (500 MHz, CDC}) & 3.66 (s, 3H), 3.75 (s, 2H), 7.17 (d, IH 9.0 Hz), 7.64 (d, 1H
= 9.0Hz), 8.07 (s, 1H)
3CNMR: (125 MHz, CDC}) 5 39.5, 52.3, 120.6, 126.4, 128.0, 139.7, 151.9, 172.0

General Procedure for Ester Reduction: Synthesis of4-Methoxy-3-nitro-phenyl)-
acetic acid (172)To a solution of the appropriate ester (0.3 g,Mrfol, 1.0 eq) was dissolved in
anhydrous MeOH (20 mL) 2N NaOH (0.5 mL, 4.7 mmoQ &q) was added. The reaction was
allowed to stir for 2 h. The solvent was removeuler vacuum. The resulting residue was
dissolved in water and acidified with 2N HCI. Tpeoduct was extracted with DCM (3 x 20
mL). The organic layers were combined and driedrasodium sulfate. The solvent was
removed under vacuum. The product was recrystdllirom EtOAc: Hexanes yieldint4 in
88% yield as a yellow solid mp: 127-120.

"HNMR: (500 MHz, CDC}) 8 3.66 (s, 2H), 3.96 (s, 3H), 7.07 (d, I 9.0 Hz),
7.48 (d, 1HI= 9.0 Hz), 7.80 (s, 1H)
3CNMR: (125 MHz, CDCJ) 5 39.5, 56.8, 113.9, 125.7, 126.8, 132.6, 135.4, 152.5, 176.1

144 |Page



3-Nitro-4-Benzyloxy-phenylacetic acid (Table 20, @ry 40) By a procedure identical

with that described for the synthesislgf3 thiscompound was prepared in 80% yield as a white
solid mp: 148-149C (lit mp: 142-144C) 2"

'HNMR: (500 MHz, CDC}) & 3.66 (s, 2H), 5.25 (s, 2H), 7.10 (d, I 9.0 Hz), 7.33-7.45 (m,
6H), 7.80 (s, 1H)

3CNMR: (125 MHz, CDC}) § 39.2, 71.4, 115.6, 126.6, 127.1, 128.9, 135.2,6,3%1.4, 171.9
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