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Previous studies indicate that the 5-HT2AR and 5-HT2CR play a role in cocaine 

induced behavior modification through either stimulation or inhibition respectively. 

Recent research has revealed that dimerization and oligomerization of GPCRs including 

the 5-HTRs frequently occurs. In order to target these GPCR dimers and oligomers 

bivalent ligands have been synthesized. Previously synthesized bivalent ligands have 

demonstrated increased affinity and potency when compared to administration of the 

monomers. The aim of this project is to synthesis homodimeric 5-HT2A R antagonists, 

homodimeric 5-HT2CR agonists, and heterodimeric 5-HT2A R antagonist/5-HT2CR 

agonist that will exhibit improved ability to control cocaine induced behavior 

modifications compared to the concurrent administration of a 5-HT2A R antagonist and a 

5-HT2CR agonist. 
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Chapter 1:  Introduction 

Designed multiple ligands (DMLs) are rationally designed compounds that 

modulate multiple targets relevant to a single disease.
1
 DMLs have been synthesized for a 

number of different diseases and their receptors, but to date this approach has not been 

implemented for the study of cocaine addiction and the 5-HT2 receptors.
1 

The 2009 National survey on drug use and health estimated that in the U.S. alone 

there were 21.8 million illicit drug users over the age of 12 and 1.6 million current 

cocaine users.
2
 This report illustrated the need for an effective treatment for cocaine 

addiction. Before a treatment for cocaine addiction could be devised, the etiology of 

cocaine addiction must be better understood. Recreational drug use becomes an addiction 

when a user no longer only takes a drug for pleasure but also to fulfill an intense craving.
3
 

The addict loses the ability to control the amount of drug taken and a dependence forms 

in which the user enters a negative state if the drug is not available.
3
  

Understanding the etiology of cocaine addiction at the cellular level may possibly 

lead to a treatment for addiction. An effective treatment would allow cocaine addicts to 

cease their drug seeking behavior and return to normal society. Cocaine acts on the 

serotonin2 (5-HT2) receptors in the central nervous system. Targeting 5-HT2 receptors 

with designed multiple ligands that modulate receptor activity may lead to a better 

understanding of cocaine addiction. 
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Cocaine 

Historical Usage 

 

The highly addictive psychoactive stimulant cocaine is a naturally occurring 

tropane alkaloid found in the Erythroxylum coca plant endogenous to South America, 

Mexico, Indonesia, and the West Indies.
4
 The indigenous peoples of South America have 

chewed coca leaves for hundreds of years for its ability to increase stamina, reduce 

appetite, and produce feelings of euphoria.
5
 In 1855 Albert Niemann isolated cocaine and 

identified it as the active compound in coca leaves.
4
 A few decades later cocaine’s 

anesthetic and vasoconstrictor properties were reported by von Anrep in 1880.
5
 At about 

this time cocaine was introduced to the public in the form of Vin Mariani, a combination 

of cocaine and wine, and cocaine spiked soft drinks such as Coca-Cola, Rocco Cola, 

Koca Nola, and Dope.
4, 5

 Other products containing cocaine included tonics, toothache 

medicines, and chocolate cocaine tablets.
4
 These products were all available over the 

counter until the Harrison Narcotics Act was passed in 1914.
4
 The passage of this act 

effectively ended America’s first foray into the addictive world of cocaine. The drug 

culture of the 1960’s reintroduced the United States to cocaine, and its illegal usage is 

still a problem today. 

Forms of Cocaine 

 

Today cocaine is a schedule II controlled substance which allows its use in 

limited medical applications, but its possession and use by the general public is illegal.
5
 

Cocaine is produced illegally as the hydrochloride salt, the free base, or crack cocaine.  

The hydrochloride salt is produced by dissolving cocaine in hydrochloric acid.
6
 This form 
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is snorted or dissolved in water and injected.
6
 The hydrochloric acid salt of cocaine has a 

high melting point and decomposes when heated making this form of cocaine unpleasant 

to smoke.
4
 Both free base and crack cocaine are produced by dissolving cocaine 

hydrochloride in water and adding a base. The free base is produced when ammonia is 

used as the base.
6
 The cocaine is extracted from the basic aqueous layer with an organic 

solvent such as diethyl ether.
6
 This method effectively removes any water soluble 

impurities, but trace amounts of ether in the cocaine pose a fire risk. Crack cocaine is 

obtained by using sodium bicarbonate as the base and then heating the alkali solution.
4
 

The crack cocaine forms a precipitate that can be collected.
4
 Although the free base form 

of cocaine is more pure, crack cocaine is cheaper to produce and can be smoked which 

makes it a more popular choice.
4
  

Pharmacokinetics 

 

 The pharmacokinetic properties of cocaine are dependent on the method of 

administration; smoking, nasal insufflation, or intravenous injection. Cocaine enters the 

cerebral circulation in 6 to 8 seconds when smoked, 15-20 seconds when injected, and 3 

to 5 minutes with maximal levels in 30 to 60 minutes when snorted.
7
 Smoking crack 

produces the most rapid effect because after it enters the circulation in the lungs, it goes 

directly to the brain. Given equivalent doses intravenous injection has the greatest 

maximum effect, followed by smoking and then nasal insufflation.
7
 The rapid onset of 

euphoria and the intense high are both reasons that crack cocaine has become the most 

commonly abused form of cocaine.
4
 

 Cocaine’s mechanism of action affects both the peripheral nervous system and the 

central nervous system. When administered as a local anesthetic, cocaine acts in the 
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peripheral nervous system by inhibiting the passage of sodium through sodium channels, 

which blocks the initiation and transmission of nerve impulses.
6
 This blockage is what 

prevents the perception of pain allowing cocaine to act as an anesthetic. When cocaine is 

taken for recreational purposes, it acts in the central nervous system at presynaptic nerve 

terminals.
8
 At the presynaptic terminal cocaine blocks the reuptake transporters of 

dopamine, norepinephrine, and serotonin.
4
 Ligand binding studies have shown that 

cocaine binds the serotonin reuptake transporter with the greatest affinity (0.14 M), 

followed by the dopamine reuptake transporter (0.64 M), and the norepinephrine 

reuptake transporter (1.60 M).
9
 Blocking the reuptake of neurotransmitters leads to an 

increased action potential causing a feeling of euphoria.
4
 In the presence of cocaine, the 

neurotransmitters cannot be recycled through their presynaptic reuptake transporters 

leading to a depletion of neurotransmitters.
5
 The intense craving experience by cocaine 

addicts is thought to be a result of depleted stores of dopamine.
4
  

Cocaine’s Side Effects 

 

 Wide ranging side effects from feelings of euphoria to sudden cardiac arrest can 

result from cocaine usage.  Low doses of cocaine produce pleasurable effects such as 

euphoria, increased self-confidence, increased alertness, increased energy, and lack of 

appetite.
4, 5

 High acute doses of cocaine or long term cocaine use lead to a variety of 

undesirable and potentially deadly side effects. These side effects include 

vasoconstriction which can cause hypertension and cardiac ischemia, acute 

bronchoconstriction, hyperthermia, tachycardia, seizures, mood disorders, panic attacks, 

paranoid behavior, and stroke among others.
4, 8

 These potentially life threatening side 
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effects  illustrate the dangers that recreational drug users and addicts face when using 

cocaine.  

Serotonin 

 

5-hydroxytryptamine(5-HT) or serotonin is a monoamine neurotransmitter that 

plays a vital role in regulating a variety of biological functions including sleep, circadian 

rhythms, mood, cognition, thermoregulation, intestinal peristalsis, and motor, endocrine, 

cardiovascular, and respiratory function.
10

 It also has a role in disorders such as 

depression, anxiety, schizophrenia, mania, autism, obesity, and drug addiction.
10

  

Serotonin was first isolated in 1946 as a vasoconstrictor in the serum, and was later 

identified in the brain as a neurotransmitter.
10 

The cell bodies of serotonin synthesizing 

neurons are located in the raphe nuclei of the brain stem.
11

 Seven families of serotonin 

receptors (5-HT1-5-HT7) with at least 14 different subtypes have been identified.
12

 All of 

the 5-HT receptors except the 5-HT3Rs are metabotrophic receptors which transmit 

through G-coupled protein receptors.
12

 The receptors of the 5-HT3R family are an 

ionotropic receptor.
12

 Members of the 5-HT2 family of receptors have been shown to 

have a role in addiction and will be the focus here. 

5-HT2 Receptors 

 

The 5-HT2 family is comprised of three receptor subtypes 5-HT2A, 5-HT2B, and 5-

HT2C.
10

 The 5-HT2Rs are 46-50% homologous, while 5-HT2A and 5-HT2C have greater 

than 80% sequence homology in the transmembrane regions.
13

 The 5-HTRs couple to a 

Gq/11 protein.
14-16

 This protein complex activates phospholipase C, which promotes the 

production of inositol-1, 4, 5-triphosphate and diacylglycerol resulting in an intracellular 
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increase of Ca
+2

.
10, 14-16

 Both the 5-HT2AR and 5-HT2CR activate phospholipase A2 

leading to a subsequent release of arachidonic acid from the cell membrane.
17

  

Serotonin, Dopamine, and the Reward Pathway 

 

 The monoamine neurotransmitter dopamine has a critical role in the rewarding 

effects of addictive drugs.
18 

The mesolimbic dopamine pathway which begins in the 

ventral tegmental area and terminates in the nucleus accumbens, and the mesocortical 

dopamine pathway which originates in the ventral tegmental region and terminates in the 

prefrontal cortex both have high concentrations of dopamine and dopamine receptors. 
18, 

19 
These pathways are responsible for the reinforcing effects of natural rewards such as 

food and sex as well as drugs of abuse.
18, 19 

The reward-related associative learning and 

motivated behaviors associated with the craving, withdrawal, and relapse of addiction 

may be controlled by dopamine and glutamate in the nucleus accumbens, amygdala, and 

prefrontal cortex.
20 

Although much research supports the role of dopamine in addiction, 

targeting dopamine receptors has proved to not be an effective pharmacological treatment 

for addiction. The failure of these treatments could arise from the fact that dopamine is 

crucial in many essential physiological functions, and manipulating dopamine receptors 

leads to a wide array of adverse side effects.
21

 Targeting dopamine receptors proved 

unsuccessful in providing effective therapeutics to treat addiction, which led to the 

examination of serotonin receptors as possible targets for efficacious therapies. 

 Serotonin has been shown to exhibit some control over the release of both 

dopamine and glutamate.
18, 22 

The effect of serotonin on dopamine release can have an 

indirect or direct affect on dopamine terminals.
22 

The seven 5-HT receptor families are 

localized to specific dopaminergic brain regions, so targeting specific 5-HT receptor 
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subtypes could lead to a treatment confined to a specific brain region.
22

 The ability to 

target dopamine release in a particular region of the brain could lead to a treatment with 

few adverse side effects. The three primary dopamine signaling systems in the brain are 

the nigrostriatal pathway, the mesolimbic pathway, and the mesocortical pathway.
23 

Since 

the mesolimbic and mesocortical pathways are responsible for natural and drug induced 

rewards and memory, the effect of serotonin on dopamine release in these pathways will 

be examined.  

The role of 5-HT in the mesolimbic and mesocortical pathways 

 

Mesolimbic and mesocortical dopamine activity is modulated by several 5-HT 

receptor subtypes including 5-HT1B, 5-HT2A, 5-HT2C, and 5-HT3, but the 5-HT2AR and 5-

HT2CR are the focus here.
22

 Previous research indicates that 5-HT2ARs are located 

directly on dopamine-producing cells in the ventral tegmental region.
24 

Additionally, the 

administration of a 5-HT2AR antagonist inhibits 5-HT induced increases in dopamine 

release in the nucleus accumbens, but 5-HT2AR antagonists do not decrease basal 

dopamine levels.
25

 The effect of the 5-HT2AR antagonist in the nucleus accumbens may 

be mediated by a direct or indirect effect on the dopamine cells. 5-HT2ARs are also 

localized in the prefrontal cortex as indicated by the ability of local administration of a 5-

HT2AR antagonist to block 5-HT2R agonist mediated increases of dopamine.
26 

The 5-

HT2CR, which has a high level of constitutive activity, is localized in the ventral 

tegmental area, the substantia nigra, and the nucleus accumbens with some evidence of 

its existence in the prefrontal cortex.
27, 28 

Administration of a 5-HT2CR agonist decreases 

dopamine efflux in the nucleus accumbens while also decreasing the firing rate in ventral 

tegmental area.
29

 In contrast, a 5-HT2CR antagonist increases firing rate in these brain 
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areas.
29 

Prefrontal cortex dopamine efflux is decreased by 5-HT2CR agonists and 

increased by antagonists.
30

 The localization of 5-HT2ARs and 5-HT2CRs in the 

mesocortical and mesolimbic pathways as well as their ability to regulate dopamine make 

them prime targets for the development of addiction treatments.  

Behavioral effects of cocaine addiction  

 

Directly measuring the physiological and behavioral effects of cocaine in human 

addicts is not simple or ethical. For this reason, animals have replaced human subjects 

when studying the effects of cocaine addiction in a laboratory setting. A number of 

paradigms have been devised to measure distinct behavioral effects in laboratory animals 

that correlate to a behavior exhibited by human cocaine addicts. These paradigms include 

the discriminative stimulus effect, hyperactivity, and self-administration. 

Discriminative Stimulus Effect of Cocaine 

 

Direct measurements of the emotional effects of cocaine including euphoria, 

mood elevation, increased confidence, anxiety and nervousness in laboratory animals is 

not plausible.
31

 One paradigm used to measure these effects in rats is the discriminative 

stimulus effect. The discriminative stimulus effect of cocaine in rats is used to determine 

if trained rats can differentiate between cocaine administration and placebo 

administration. 5-HT2 receptors are involved in the discriminative stimulus effect of 

cocaine in rats. To measure the discriminative stimulus effect a rat is first trained to 

associate one lever with cocaine administration and a second lever with placebo 

administration.
31

 When a rat is injected with cocaine, it will press the lever associated 

with cocaine administration to receive a food or water reinforcement, but when a rat is 
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injected with saline the lever associated with placebo administration is pressed to receive 

a food or water reinforcement.
31, 32 

The 5-HT2AR and 5-HT2CR have been shown to play 

opposing roles in the discriminative stimulus effect of cocaine.
31

 The 5-HT2AR has been 

shown to have a stimulatory effect on the discriminative stimulus effect of cocaine. The 

administration of a 5-HT2AR antagonist has been shown to dose dependently reduce the 

number of correct lever responses in a drug discrimination assay.
31

 These data suggest 

that a 5-HT2AR antagonist may prevent the rat from experiencing the physiological 

responses normally associated with cocaine administration. Although a 5-HT2AR 

antagonist can completely block the ability of a rat to discriminate between saline 

injections and cocaine injections, a 5-HT2AR agonist cannot fully replicate the response 

observed from cocaine administration.
31

 The inability of a 5-HT2AR agonist to fully 

mimic the action of cocaine suggests that the 5-HT2AR may only regulate stimulated, but 

not basal, dopamine neurotransmission. In contrast to the 5-HT2AR, the 5-HT2CR has 

been shown to have an inhibitory effect on the discriminative stimulatory effect of 

cocaine. Rats given a 5-HT2CR antagonist prior to cocaine administration exhibited a left 

shift of the dose response curve for correct lever-response, indicating that a 5-HT2CR 

antagonist enhances the effect of cocaine leading to an increase in cocaine-lever 

responding.
31

 In contrast, a 5-HT2CR agonist decreases the number of cocaine-lever 

responses in rats.
31

 Therefore, the 5-HT2CR may diminish cocaine’s effect by blocking 

the activation of the dopamine cells that are normally activated during cocaine 

administration.  
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Hyperactivity 

 

Another animal addiction model is measuring the activity in rodents after cocaine 

administration, which corresponds to the motor activity controlled by the mesolimbic and 

mesocortical pathways.
33

 Cocaine administration leads to a state of hyperactivity in 

rodents, which can easily be quantified by comparing the total horizontal and vertical 

ambulations of a rat administered cocaine and the total ambulations of a rat administered 

saline.
33

 The cocaine induced increase in activity has been shown to be dose dependent.
34, 

35
 Both the 5-HT2AR and the 5-HT2CR have exhibited involvement in cocaine induced 

hyperactivity in rats. The 5-HT2AR enhances cocaine induced hyperactivity after both 

acute cocaine administration and cocaine administered for five days after ending a 

sensitization treatment.
33

 A 5-HT2AR antagonist such as M-100907 diminishes cocaine 

induced hyperactivity if given 5-days after a cocaine sensitization treatment, but it has no 

effect if given during cocaine sensitization treatment.
11

  The lack of effect of a 5-HT2AR 

antagonist during cocaine sensitization treatments may be due to down-regulation and 

desensitization of 5-HT2ARs that occurs during repeated use of the antagonist.
36

 Studies 

have suggested that down regulation of 5-HT2ARs also occurs during the cocaine 

sensitization regimen since the regimen requires repeated administration of cocaine.
34 

These findings suggests that 5-HT2ARs may play an integral role in cocaine induced 

hyperactivity during acute administration, but this role changes after repeated cocaine 

dosing, as is evident in cocaine sensitization regimens. The 5-HT2CR has also been shown 

to be important in cocaine-induced hyperactivity.
16, 35, 37

 In contrast to a 5-HT2AR 

antagonist, administration of a 5-HT2CR antagonist prior to cocaine administration 
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enhances cocaine-induced hyperactivity in rats.
16, 37 

An animal model similar to 

hyperactivity is cocaine-induced conditioned hyperactivity in which rats are taught to 

associate the administration of cocaine with a certain environment (e.g. activity 

monitor).
35 

The 5-HT2CR has also been shown to have a role in cocaine-induced 

conditioned hyperactivity. When the rats are exposed to the particular environment which 

is now associated with cocaine administration, they exhibit the conditioned response, 

hyperactivity. Recent studies indicate that a selective 5-HT2CR agonist inhibits cocaine-

induced conditioned hyperactivity, whereas a 5-HT2CR antagonist increases expression of 

cocaine-induced conditioned hyperactivity.
35 

The effect of a 5-HT2CR agonist on cocaine-

induced hyperactivity can possibly be explained by the fact that 5-HT2CR inhibition has 

been shown to increase firing of midbrain dopamine neurons leading to an increase in 

extracellular dopamine levels.
29

 5-HT2CR antagonists and cocaine may both induce 

hyperactivity by increasing extracellular dopamine concentration. The role of the 5-

HT2CR in cocaine-induced conditioned hyperactivity suggests that the 5-HT2CR may be 

important in regulating dopamine release in response to cocaine administration.   

Self-Administration 

 

Self-administration is an animal model for addiction that measures the motivation 

to take a drug and its reinforcing effect. Self-administration in rats is used to determine 

the reinforcement potential of cocaine and to understand drug-seeking behavior. Acute 

administration of a 5-HT2AR antagonist has been shown to have no effect on the self-

administration of cocaine in rats, but it does suppress cocaine-primed reinstatement of 

cocaine-seeking.
16 

Another recent study presents evidence that a 5-HT2AR antagonist can 

reduce reinstatement of cocaine seeking maintained by cocaine-paired cues, but this study 
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also supports the inability of a 5-HT2AR antagonist to block the reinforcing effects of 

cocaine.
38

 These studies reveal that although 5-HT2AR antagonists do not attenuate the 

reinforcing effects of cocaine, their ability to block cue-evoked reinstatement of cocaine 

self-administration may be able to prevent recovering addicts from cue-evoked elapse.
16, 

38 

Although blockade of the 5-HT2AR has no direct effect on self-administration, the 

5-HT2CR has exhibited a direct effect on self-administration in rats. Acute administration 

of a selective 5-HT2CR agonist decreases self-administration, while acute administration 

of a selective 5-HT2CR antagonist increases cocaine self-administration in rats.
16, 39

 5-

HT2CRs are known to undergo rapid desensitization and internalization following agonist 

administration.
40

 A study in which a 5-HT2CR agonist is given for 8 days was carried out 

to determine if receptor desensitization or internalization has an effect on cocaine self-

administration.
40

  This study demonstrates that receptor internalization or desensitization 

does not attenuate the effect of a 5-HT2CR agonist on cocaine self-administration.
40

 These 

studies support the use of 5-HT2CR agonists to decrease drug seeking behavior in cocaine 

addicts.   

G-protein coupled receptors 

 

G-protein coupled receptors (GPCRs) represent the largest class of cell-surface 

receptors including more than 1000 unique receptors encoded by more than 1000 genes 

in the human genome.
41, 42 

GPCRs are induced by a variety of ligands including 

hormones, peptides, amino acids, ions, and even light at the cell membrane.
43,44 

Transmembrane events produce a signaling cascade that carries out a wide variety of 

functions throughout the central nervous system and periphery.
43,44 

Due to the wide 
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ranging functions of GPCRs, mutations and polymorphisms of these receptors have been 

identified in various diseases.
45

 Not surprisingly, almost 50% of modern drugs and 25% 

of the top 200 best selling drugs of 2000 modulate GPCR activity.
43 

The number of 

successful pharmacotherapies targeting GPCRs illustrates the importance of more fully 

elucidating their structure and function. GPCRs all share a common motif of seven 

transmembrane -helices connected by intracellular and extracellular regions with an 

extracellular amino-terminal end and an intracellular carboxy-terminal end.
44

 The amino 

acid sequence of GPCRs varies between ~300 and ~1500 residues. The extracellular 

loops contain two highly conserved cysteine residues that are able to form disulfide 

bridges which help stabilize the receptor’s tertiary structure.
44

 Interactions between the 

seven transmembrane helices may also stabilize the receptors tertiary structure.
44

 

GPCRs are separated into six distinct families which although they are 

structurally similar but contain no sequence homology between families.
43

 Class A also 

known as the Rhodopsin family is the largest family of GPCRs and includes the serotonin 

receptors, which are the focus of this research.
42

 The Rhodopsin family is further 

subdivided into , and 
 
subtypes with the serotonin receptors classified as the  

subtype.
42

 The Rhodopsin family has a high degree of diversity in the transmembrane 

regions, and it is within the transmembrane regions of  subtype receptors that ligands 

generally bind.
42

 

GPCR activation and signaling cascade 

 

In their inactive state GPCRs are coupled to a GDP complex of G-proteins 

including G and G subunits.
44 

Upon GPCR activation by a ligand, the receptor 

undergoes a conformational change to act as a guanine nucleotide exchange factor to 
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promote the exchange of guanine diphosphate (GDP) for guanine triphosphate (GTP).
44 

The exchange of GDP for GTP activates the G subunit, allowing it to dissociate from 

the G subunit.
44 

The free G and G subunits are now active and can have 

downstream effects on various other effector molecules including calcium, potassium 

channels, adenylyl cyclase, phospholipase C and D, and protein kinases.
44

 The active 

Gsubunit has intrinsic GTPase activity, which converts bound GTP to GDP leading to 

the inactivation of the G subunit.
44

 

GPCR Oligomerization 

 

Over the last two decades the classic dogma that GPCRs exists solely as 

monomeric units has slowly evolved into the widely accepted belief that many GPCRs 

exist as dimers or oligomers. To date a large number of GPCRs have been shown to form 

homomeric and heteromeric receptors in variant assays, these receptors include the 

adenosine A1, chemokine CCR2,5, chemokine CXCR4, dopamine D1,2,3, histamine H2,4, 

melatonin MT1,2, opioid , serotonin 5-HT, somatostatin SSTR1A,1B,1C, vasopressin 

V2, metabotrophic mGlu1,5, GABAB1,B2, and other receptors.
46

 The formation of dimeric 

or oligomeric GPCRs has been reported to regulate ligand binding, second messenger 

activation, and receptor trafficking to the plasma membrane.
47, 48

 An example of receptor 

dimerization controlling membrane trafficking is the heterodimerization of a GABAB1 

subunit and a GABA B2 receptor subunit to mask an endoplasmic reticulum(ER) retention 

signal which allows the heterodimer to exit the ER and move to the plasma membrane.
48

 

A heterodimer of 1D- and 1B-adrenoceptors has also been shown to be required for 

expression at the plasma membrane.
49 

In contrast to the constitutive multimeric GPCRs, 

some research suggests that the formation of some GPCR dimers and oligomers is 
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promoted by ligand binding.
48, 50-53

 The studies which suggest ligand binding prompts 

oligomer formation are limited in scope and more support is needed for this theory to be 

universally accepted, but at this time the possibility of ligand induced dimerization 

cannot be completely discounted. 

The identification of GPCR dimers and oligomers challenges the original dogma 

of a 1:1 stoichiometry between a GPCR and a G-protein complex and instead suggests a 

more complex 2:1 stoichiometry.
54

 This is supported by the three-dimensional structure 

of both rhodopsin and the G-protein complex composed of the G and G/ subunits 

which suggests that a GPCR monomer is not large enough to simultaneously interact with 

both of the G-protein subunits.
54

 If the interpretation of the structural data is correct, then 

at least some GPCRs must form dimers or oligomers to interact with their G-protein and 

initiate a signaling cascade. The theory of 2:1 stoichiometry is supported by the existence 

of 5-HT2CR homodimers that bind two ligands but only one G-protein complex.
47

 

Additionally, yeast oligomeric -factor receptors activate G-proteins while a single yeast 

 -factor receptor cannot fully activate its G-protein.
55

 Homodimeric metabotrophic 

glutamate receptors have also been shown to only optimally activate their G-coupled 

protein when both receptors have ligand bound.
56

 This data supports the theory of the 

existence of dimeric GPCRs and their regulatory role in G-protein activation. 

In addition to GPCR homodimers and heterodimers, GPCR oligomers have also 

been identified. These GPCR complexes have been identified as tetramers based on 

immunoblot analysis, but various other oligomeric states may exist.
57, 58 

GPCR oligomers 

may exhibit unique properties not present in GPCR monomers. A heterodimer of a -

opioid and -opioid receptor had significantly decreased affinity for either a -opioid 
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agonist or -opioid agonist, but it had high affinity for a partially selective agonist.
59

 A 

CCR2-CCR5 heterodimer is activated by a chemokine agonist at concentrations 10 to 100 

times lower than the minimum concentration needed to activate either CCR2 or CCR5 

alone.
60

 The previous two studies indicate that GPCR heterodimerization is a complex 

process that may change the pharmacological profile of the individual receptor. GPCR 

oligomers may be homo-oligomers composed of multiple subunits of the same GPCR, or 

they may be a hetero-oligomer composed of different GPCRs.
54

 The composition of 

hetero-oligomers becomes even more complex when dimers are taken into account. Both 

GPCR homodimers and heterodimers could theoretically be building blocks of oligomers 

which can lead to a very complex arrangement of receptors
 
(Fig 1.1).

54
  

A hetero-oligomer could be composed of a series of homodimers or heterodimers. 

A bivalent ligand could bind two different receptors that are both part of one heterodimer 

in a GPCR oligomer (Fig 1.1). The bivalent ligand could also bind two different receptors 

in a hetero-oligomer that are part of two different homodimers (Fig 1.1). GPCR 

oligomers are associated with multiple G-coupled proteins and when ligand binds to the 

oligomer multiple G-coupled proteins may be activated.
43

 Activation of multiple G-

coupled proteins could be the result of ligands binding to multiple GPCRs or ligand 

binding to one receptor. Receptor activation may lead to a conformational change that 

leads to the activation of other receptors in the oligomer.
43

 Activation of various G-

coupled proteins will initiate multiple signaling cascades leading to numerous 

downstream responses.
43
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Figure 1. 1 Hypothetical assembly of G protein-coupled receptor oligomers. 

 

Mechanism of GPCR Oligomerization 

Disulphide Bonds 

 

 The specific type of intramolecular interactions in GPCR oligomerization has yet 

to be unequivocally determined, but several mechanisms have been suggested. The 
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suggested mechanisms of oligomerization are the formation of disulphide bonds, 

transmembrane-domain interactions, and intracellular and extracellular domain 

interactions.
43

 Disulphide bonds between the amino termini of some family 3 GPCRs are 

crucial for the formation of oligomers.
61

 The amino termini of other GPCR families 

exhibit great diversity, so the existence of amino termini disulphide bonds in GPCRs is 

not universal.  Oligomers from the GPCR family 1 including - and -opioid receptors, 

V2 receptors, M3 muscarinic-acetylcholine receptors, 5-HT1BR, and 5-HT1DR dissociate 

when treated with a disulphide reducing agent such as 2-mercaptoethanol.
43

 The 

dissociation is not observed in all family 1 receptors, and the dissociation is not always 

complete which indicates that another type of interaction is involved in the 

oligomerization of family 1 GPRCs.
43

 The location of disulphide bonds in family 1 

GPCRs does not occur at the amino terminus, but it is unclear if the bond is 

intramolecular or intermolecular.
43

  

Transmembrane domain interactions 

 

In addition to disulphide bonds, the GPCR family 1 has been shown to be 

resistant to dissociation by SDS indicating the possible existence of a hydrophobic 

transmembrane domain interaction.
43

 The nature of the transmembrane domain 

interaction in GPCRs is currently unknown, but three variations have been proposed. The 

first variation is domain swapping in which the seven transmembrane domains of each 

GPCR are interconnected to give GPCRs that are a composite of transmembrane domains 

from each receptor.
62

 In this way binding pockets with unique characteristics are formed. 

These novel binding pockets may explain the unique properties of some dimers and 

oligomers. Although transmembrane swapping has not been identified in GPCRs, it has 
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been reported in a variety of other proteins.
62

 The second variation is a contact dimer in 

which the seven transmembrane domains of each GPCR are prearranged to form separate 

binding pockets.
43

 A hydrophobic interaction between the monomeric GPCRs forms the 

dimer or oligomer, but each separate binding pocket remains intact.
43

 The third type of 

transmembrane interaction includes both intracellular- and extracellular-domain 

interactions between the GPCR monomer.
43

 The molecular mechanism which forms this 

type of intermolecular interaction is largely unknown, but these interaction have been 

recognized in the dimerization of family 3 GPCRs.
43

  

5-HT Receptor Oligomers 

 

The isolation and identification of GPCR aggregates of dimers or oligomers is 

becoming more commonplace, but the isolation and identification of serotonin receptor 

aggregates is important to the work reported here. Western blot analysis and 

immunoprecipitation have been used to identify both homo-oligomers and hetero-

oligomers of the 5-HT1 receptor.
63

 5-HT1 receptors form hetero-oligomers with the 

closely related 5-HT1B, 5-HT1D, and the distantly related EDG1, EDG3, and GABAB2 

when co-expressed in HEK293 cells.
63

 The formation of oligomers between the closely 

related 5-HT receptors is not surprising, but hetero-oligomer formation between a 5-HT 

receptor and the EDG and GABA receptors is unexpected. The 5-HT1B and 5-HT1D 

receptors also exist as monomers, homo-oligomers, and hetero-oligomers.
64

 Immunoblot 

analysis reveals that the concentration of oligomers of both of these receptors increases 

when incubated with a non-selective 5-HT receptor agonist, but an antagonist had no 

observed effect.
64

 Immunoblot analysis suggests that an agonist does not induce 5-HT1B 

and 5-HT1D oligomer formation; instead it seems to only stabilize the oligomer.
64

 Since 
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the 5-HT2A and 5-HT2C receptors are the focus of this research, their identification as 

oligomers is important if they are to be targeted with bivalent ligands. The existence of 

constitutive 5-HT2C receptor homodimers on the plasma membrane of HEK293 cells has 

been established.
47

 A study with a heterodimer composed of an inactive 5-HT2C receptor 

and a wild type 5-HT2C receptor reveals that these heterodimers are inactive, suggesting 

that dimerization may be important to receptor function.
47

 Homodimers of the 5-HT2C 

receptor exist on the plasma membrane of mammalian cells.
65

 The identification of 5-

HT2C receptor oligomers is important because the research reported here is targeting them 

with bivalent ligands. Although there is no direct evidence for the existence of 5-HT2A 

receptor homo-oligomers and 5-HT2C/ 5-HT2A receptor hetero-oligomers, one can 

speculate that they exist from the multitude of identified GPCR homo-oligomers and 

hetero-oligomers. 

Designed multiple ligands 

 

 Over the last few decades, a new paradigm of designed multiple ligands (DMLs) 

as pharmacological tools has begun to garner support. A DML is a single chemical entity 

composed of monomers of two distinct compounds that can act simultaneously on 

multiple receptors.
66

 DMLs can be separated into the three classes of fused, merged, and 

conjugate (Fig 1.2).  
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Figure 1.2 Three classes of designed multiple ligands 

 

Fused and merged DMLs are similar in that they are composed of two separate 

monomers that have some degree of structural similarity and are not separated by a 

linker.
66

 A fused DML is composed of two monomers that are joined at some location but 

retain much of the structure unique to each monomer.
66

 A merged DML is composed of 

structural aspects of two monomers combined into a single compound.
66

 In contrast to a 

fused or merged DML, a conjugate DML is composed of two highly unmodified 

monomers connected through a linker.
66

 Examples of conjugate DMLs can be found in 

the primary literature and will be reviewed here. Conjugate DMLs will be the focus of the 

research presented herein.  

Pharmacological benefits of DMLs 

 

Currently drug cocktails composed of multiple single drugs or multiple multi-

component drugs containing two or more active compounds are being used to treat some 

diseases.
66

 Although multi-target therapy is currently being implemented, the use of 

designed multiple ligands in the pharmaceutical industry is severely limited. Current 

research has demonstrated that designed multiple ligands can provide unique benefits 

over their parent monomers. If administered as a drug, a single DML may be able to 

replace a drug cocktail or multi-component drug thus lowering the risk of unexpected 
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drug-drug interactions.
67

 A DML may also exhibit improved binding affinity when 

compared to the binding affinity of its monomer.
68

 If a DML only binds univalently, the 

unbound ligand will be near a neighboring binding site which equates to a high local 

concentration of ligand.
68

 In theory a DML bound to two receptor binding sites should 

have an affinity constant equal to the product of the affinity constant for each separate 

ligand.
68

 The increased interest in DMLs is due in part to the emergence of GPCR dimers 

and oligomers. Targeting these GPCR dimers and oligomers with DMLs may lead to a 

better understanding of the physiological significance these receptor complexes have on 

both normal function and disease states.  

Literature examples of DMLs 

 

Although the use of bivalent molecules as pharmaceuticals has not been widely 

examined, examples of successful attempts at creating bivalent molecules can be found in 

the literature (Fig 1.3).  

A bivalent 5-HT1AR antagonist-selective serotonin reuptake inhibitor (1.1) with improved 

5-HT1AR antagonism, but no change in efficacy of the SSRI has been synthesized.
69

  A 5-

HT1AR agonist / SSRI DML (1.1) and a 5-HT1DR agonist DML (1.2) with improved 

activity are two examples of successful DMLs.
70, 71

 A bivalent SSRI compound 1.3 

exhibits improved selectivity and potency at the serotonin reuptake transporter.
72 

Homobivalent ligands of the 5-HT1A antagonist 1-naphthyl-piperazine (1.4) and a series 

of opioid receptor bivalent ligands consisting of a -antagonist and a -agonist (1.5) both 

have higher affinity binding than their monomers.
73,74,75 

A comprehensive review of all 

DMLs is not the purpose of this report, but a few other examples of DMLs include 

bivalent SERT/DAT agonists, 5-HT1BR/5-HT1DR agonists, 5-HT4R agonists, adenosine 
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A1R/A3R agonists, and an adenosine A2AR antagonist/dopamine D2R agonist among 

others.
76-80

 

 

 

Figure 1.3 Examples of designed multiple ligands 
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The seminal work in the field of DMLs was done by Portoghese on the opioid 

receptors.
73, 74, 84, 85

 This collection of work is the first to successfully demonstrate that 

DMLs with improved affinity for their receptors can be synthesized. The work by 

Portoghese exhibits that functionality along with the length of the linker connecting the 

two monomers of an opioid receptor DML is critical to optimal binding.
74 

Opioid 

receptor DMLs for a variety of opioid receptor subtypes have been synthesized and 

characterized. These DMLs include a series of heterodimeric -antagonists/-agonists 

and heterodimeric / antagonists.
73, 74, 84, 85 

These examples of successful bivalent 

molecules in the literature reveal that the use of such molecules is feasible and effective 

for targeting multiple sites with one molecule. 

Steps to synthesize a DML 

Identify lead compounds 

 

Synthesizing effective DMLs is a multiple step process that begins with 

identifying a lead compound and ends with successfully completing the synthesis of a 

DML. The first step in synthesizing DMLs is to identify a lead compound through either 

a knowledge based approach or a serendipitous approach.
66 

A lead compound chosen 

using the knowledge based approach will be a compound that has known biological 

activity and has been previously synthesized.
66

 If a compound such as a natural product 

has known activity but is not accessible in sufficient quantity through a known synthetic 

route the compound would not be an appropriate choice for a DML. Although a synthetic 

route could be developed to synthesize a desired natural product, this is undesirable 

because the goal is to synthesize DMLs and not to develop a novel total synthesis of a 

natural product. A lead compound that is discovered through a serendipitous approach 
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involves screening a large library of compounds for activity at a desired target.
66

 

Screening a large library of compounds may identify novel compounds but the process 

can be time consuming and expensive. Additionally, once a lead compound is identified 

through a library screen the synthetic route to the lead compound must be scaled up to 

produce the devised compound in sufficient quantities to synthesize DMLs. By 

employing the knowledge based approach a lead compound is quickly and economically 

selected and the synthesis of a DML can begin.  The lead compounds that compose the 

DMLs synthesized in this work were selected using the knowledge based approach 

because compounds with known activity at the targeted 5-HT2CR and 5-HT2AR were 

available. Additionally some data on the absorption, distribution, metabolism, and 

excretion of the chosen lead compounds was available in the literature. 

Once lead compounds that will act as monomers for the DML have been 

identified, the next step is to determine which type of DML will be synthesized; a 

conjugate, fused, or merged DML. Since conjugate DMLs can be synthesized through the 

addition of a linker to lead compound monomers with minimal structural modification, 

this type of DML will be the focus of this report. In order to synthesize conjugate DMLs 

an appropriate linker site must be determined for each monomer.  

Determine appropriate linker site 

 

To determine an appropriate linker site, each monomer’s structure is modified to 

include functionality which allows for the attachment of a linker. Once the modified 

monomers have been synthesized a linker will be attached, and the modified monomers 

with and without a linker will be tested to determine if their activity is commensurate 

with the original compound. After an appropriate linker location has been identified, a 
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suitable linker must be selected. An appropriate linker must fulfill several requirements. 

First, the type of chemical bond between the linker and the monomer must be elucidated. 

Second, the type of functionality present in the linker must be determined. Last, the 

optimal length for the linker must be established. Once these criteria have been met the 

linker may be utilized in the synthesis of DMLs. 

Determining type of bond to attach linker 

 

The type of bond used to attach a linker to a monomer varies considerably throughout the 

literature (Fig 1.4). Amine bonds have been utilized to covalently bond a linker to 

monomers in the synthesis of compound 1.2.
69, 70, 71

  The formation of this bond is simply 

carried out through an alkylation reaction. The ease of forming this type of bond has lead 

to its use in multiple 5-HT1A receptor DMLs. Amide bonds are also used to attach a 

linker to a monomer.  An amide bond is used to join a diamine spacer to the selective 

serotonin reuptake inhibitors (SSRIs) compound 1.3.
72

 Opioid receptor bivalent ligands 

synthesized by Portoghese contained glycine oligomers connected to the monomers with 

an amide bond.
73, 74

 Amide bonds can be formed through a dehydration reaction between 

an amine and an acid or a reaction between an amine and an acid halide. Formation of an 

ester bond through an esterification reaction between an alcohol and an acyl chloride has 

been used in the synthesis of the DML compound 1.6 which is composed of tropanes that 

potently inhibit dopamine transporters and serotonin transporters.
76

 Ether linkages are 

used to attach a linker to a monomer in the synthesis of 5-HT1B/1DR agonist DMLs and 

the 5-HT1BR agonist/ antagonist DML compound 1.4.
75, 77

 These types of covalent bonds 

used to attach a linker to a monomer lend themselves well to the synthesis of DMLs. 
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Figure 1.4 Examples of linkages in the literature 
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Linker Functionality 

 

The functional groups on the linker can vary considerably depending on the 

desired dimer properties, but typically the linker should be nonreactive and not contain 

any bulky functional groups (Fig 1.5). A linker seen in the literature is a simple alkyl 

chain of varying lengths such as the linker in compound 1.4.
69,70,75,76

  This type of linker 

has the advantage of linking two monomers without the addition of any functionality, 

decreasing the likelihood of affecting the monomers’ binding at their targets. Although an 

alkyl chain linker does not contain any complex functionality, as the alkyl chain length 

increases the hydrophobicity of the DML also increases. An increase in hydrophobicity 

may cause a DML to concentrate in the phospholipid bilayer of cells. Another linker that 

does not contain heteroatoms is an alkyl chain containing an aromatic ring. An aromatic 

ring linker is similar to an alkyl chain except that it is more planar and is also rigid. The 

planar nature of the linker decreases the chance of it interfering with the binding of the 

conjoined monomers in their 3-D binding pockets.  The rigidity of aromatic rings limits 

the amount of rotation in a linker. Aromatic ring linkers have been successfully 

implemented in the synthesis of a bivalent SSRI DML compound 1.3 as well as 5-

HT1B/1DR agonist DMLs.
72, 77

 Alkynes are also used as linkers because like alkyl chains 

they do not contain heteroatoms, but unlike alkyl chains they are rigid and they are 

smaller than aromatic rings. If DMLs with limited flexibility are desired an alkyne linker 

is often used, which is the case for the 5-HT4R DML compound 1.7 and adenosine 

receptor DMLs.
78, 79 

The linker used by Portoghese to synthesize the opioid receptor 

bivalent ligand compound 1.5 was composed of glycine oligomers.
73, 74
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Figure 1.5 Linker functionalities 

 

The amino acid glycine was used because its polar groups do not lead to as significant an 

increase in hydrophobicity as occurs with the use of alkyl chain linkers. Another benefit 

of using glycine as a linker is that it can be used to create spacers of various lengths by 
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simply using multiple glycine subunits to form an amino acid chain. Ethers such as 

polyethylene glycol (PEG) are also used as linkers because like alkyl chains they are 

unreactive and compact. Unlike alkyl chains which contain no heteroatoms and are 

nonpolar, PEG contains ether oxygen atoms which make it more polar than an alkyl chain 

but less polar than alcohols, esters, or amides. The increased hydrophobicity that a long 

alkyl chain linker adds to a molecule can be reduced by replacing it with a PEG of equal 

length. PEG linkers have been successfully employed in the synthesis of an 

antithrombotic DML and the adenosine A2A receptor antagonist / dopamine D2 receptor 

agonist DML compound 1.8.
80, 81 

The varied functionality on the linkers allows the 

synthesis of dimers with identical monomers but unique properties based on their linkers.  

Optimal linker length 

 

Determining optimal linker length is crucial to the development of a functional 

dimer. Optimal linker length is dependent on the receptors being targeted. The linker of a 

DML should be just long enough to bridge the gap between the two distinct binding sites 

on a particular receptor. If the spacer is too short then simultaneous binding at both sites 

will not occur. A spacer that is too long will prevent the dimer from optimally binding to 

the two sites, because the confinement space of the dimer would be large.
74

 The increased 

confinement space would cause the dimer to spend less time near the second binding site, 

leading to a decreased chance of binding both sites. Designing a bivalent molecule that 

binds two distinct GPCRs may require a linker longer than that needed for a molecule 

that binds to two sites on a single GPCR oligomer. A long spacer could allow a single 

bivalent molecule to simultaneously bind recognition sites on two receptors. The 

effective linker length of DMLs varies throughout the literature and seems to be receptor 
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specific. Short linkers of only 2-12 atoms have been successfully utilized in the synthesis 

of SERT/DAT DMLs, antithrombotic DMLs, and 5-HT1R DMLs.
71, 76, 81, 82

 Longer 

linkers in the range of 20-26 atoms is the optimal length of 5-HT1B/1DR agonist DMLs 

and 5-HT4R DMLs.
77, 78, 83 

An adenosine A2AR/dopamine D2R DML with linkers 

containing 26-66 atoms exhibited increased binding affinities over the monomer.
80 

Determining optimal linker length is crucial when designing DMLs.  

The optimal linker length for a bivalent molecule targeting both the 5-HT2AR and 

the 5-HT2CR is currently unknown, but optimal linker length has been determined for 

bivalent ligands of the 5-HT4 homodimer and the 5-HT1A homodimer.
78, 82

 A chain length 

of 7-8 carbons confer the best selectivity of 5-HT1A ligands, but 20-24 carbons is the 

optimal linker length for ligands that bind the 5-HT4R.
78, 82

 Many G-protein coupled 

receptors have been shown to form homodimers and heterodimers in-vivo but since few 

crystal structures have been determined, the 5-HT2AR and 5-HT2CR have not been 

extensively studied in this regard.
83

 The DMLs presented in this work will include linkers 

in the range of 8-24 atoms because this length of linker is in agreement with previously 

synthesized 5-HT DMLs.
78, 82 

Bivalent homodimeric ligands and bivalent heterodimeric 

ligands may require linkers of different lengths because they are designed to bind distinct 

receptor dimers.   

 

 

 

 

 



32 

Aims 

 The successful synthesis of 5-HTR DMLs is a complex process entailing the 

successful completion of a number of steps. These steps included choosing parent 

compounds with activity at either the 5-HT2AR or the 5-HT2CR, determining an 

appropriate linker location, choosing an appropriate linker, and finally establishing 

optimal linker length through the synthesis of a series of DMLs. In order to 

synthesize heterodimeric 5-HT2AR / 5-HT2CR DMLs in addition to homodimeric 5-

HT2AR DMLs or homodimeric 5-HT2CR DMLs these steps must be accomplished.  

• Aim 1 

– Synthesize heterodimeric DMLs targeting the 5-HT2AR and the 5-HT2CR 

composed of derivatives of the 5-HT2AR antagonist M-100907 and the 5-

HT2CR agonists WAY-163909. These DMLs may have improved affinity 

and selectivity at their target receptors compared to the monomers. 

• Aim 2 

– Synthesize homodimeric DML composed of M-100907 derivatives 

targeting the 5-HT2AR which may have improved affinity and selectivity 

at the 5-HT2AR. 

• Aim 3 

– Synthesize a homodimeric DML composed of WAY-163909 targeting the 

5-HT2CR which may have improved affinity and selectivity at the 5-

HT2CR.  

• Specific Aims 

– Chose an appropriate 5-HT2AR antagonist and a 5-HT2CR agonist 
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– Determine appropriate linker attachment points on the 5-HT2AR antagonist 

M-100907 and the 5-HT2CR agonist WAY-16909. 

– Determine an appropriate linker 

– Determine appropriate linker length for homodimeric and heterodimeric 

DMLs. 
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Chapter 2:  Synthesis of 5-HT2C Receptor Agonists 

 In order to synthesize serotonin receptor DMLs an appropriate 5-HT2C receptor 

agonist must be selected, synthesized, and derivatized. WAY-470 and WAY-163909 are 

selective 5-HT2CR agonists originally synthesized by Wyeth.
86, 87, 88

 These compounds are 

an attractive choice for DMLs because their synthesis and structure are amenable to the 

derivatizations necessary to link them to a spacer.  

5-HT2CR affinity of WAY-470 and WAY-163909 

 

 High selectivity and affinity to the 5-HT2C receptor as well as high potency as 

agonists is crucial to molecules used in DMLs. Table 2.1 shows that both WAY-470 and 

WAY-163909 have a high selectivity and affinity for the 5-HT2C receptor in addition to 

being full 5-HT2C agonists. Determination of Ki values of both WAY compounds reveals 

that they are more selective for the 5-HT2CR over the 5-HT2AR and 5-HT2BR. WAY-470 

is three times more selective for the 5-HT2CR than the 5-HT2AR and is 380 time more 

selective for the 5-HT2CR than the 5-HT2BR.
86

 WAY-163909 is 30 times more selective 

for the 5-HT2CR than the 5-HT2AR and more than 70 times more selective for the 5-

HT2CR than the 5-HT2BR.
87, 88

 The high affinity of these WAY compounds for the 5-

HT2CR means that a lower concentration of agonist can achieve maximum receptor 

binding. The functional activity of both the WAY compounds is as important as their 

affinity.   
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Compound 

5-HT2CR 

Affinity 

 (Ki, nM) 

5-HT2C % 

Emax 

(5-HT, 100%) 

EC50 

 (nM) 

5-HT2AR 

Affinity 

 (Ki, nM) 

5-HT2BR 

Affinity 

 (Ki, nM) 

WAY-470 13 nM
 89

 120 nM
 89

 165 nM
 89

 36 nM
 86

 >5000 nM
 86

 

WAY-163909 10.6 nM
 87

 110 nM
 88

 8 nM
 87

 320 nM
 87

 736 nM
 87

 

Ki was determined by measuring [
125

I] DOI displacement from human 5-HT2Rs. 

Emax is the maximal effect of the WAY agonist compared to the effect of 5-HT. 

EC50 was determined by expressing WAY-stimulated levels of [
3
H] inositol triphosphate 

(IP3). 

Table 2.1 Affinity of WAY-470 and WAY-163909 for 5-HT2Rs 

 

Functional activity studies have shown that WAY-470 is a full agonist at the 5-HT2CR 

and a partial agonist at the 5-HT2AR.
86

 Additionally WAY-163909 has been shown to be 

a full agonist at the 5-HT2CR, while being a partial agonist at the 5-HT2BR (Emax 40%).
87

 

WAY-163909 has no agonist activity at the 5-HT2AR.
87

 The first step in synthesizing 

DMLs from parent WAY compounds is to reproduce the published synthesis of these 5-

HT2CR agonists. 

Published synthesis of WAY-470 

 

 WAY-470 was chosen as the first compound to synthesize due to its concise 

synthetic route. Additionally, WAY-470 does not contain any chiral centers which would 
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lead to the formation of diastereomers upon the coupling of racemic mixtures. Sabb’s 

route to WAY-470 was the initial route chosen to follow. Sabb’s route was designed in 

such a way as to allow for the synthesis of the desired derivatives.
86

 Scheme 2.1 shows 

the original WAY-470 synthesis. The first step of Sabb’s synthesis was the reaction of 

isatoic anhydride (2.1) with glycine ester hydrochloride (2.2) under reflux for 24 hours to 

give the open chain intermediate 2.3.
86

 The second step, a cyclization, was completed by 

heating the open chain intermediate 2.3 with acetic acid or sulfuric acid for 24 hours to 

give benzodiazepinedione 2.4 in 16-37.5% yield over the two steps.
86

 After completion of 

the cyclization, the amides were reduced with lithium aluminum hydride to give amine 

2.5 in 65-75% yield.
86

  The benzylic amine was then selectively protected as an acetyl to 

give the monoamine 2.6.
86

 The unprotected amine of compound 2.6 was then nitrated 

with sodium nitrate in aqueous HCl to give the N-nitroso intermediate 2.7 which was 

reduced with zinc metal in acetic acid to yield the hydrazine 2.8.
86

 The crude hydrazine 

2.8 was used directly in a Fischer indole synthesis with cyclooctanone in acetic acid to 

afford the desired indole 2.9 in a 20% yield.
86

 The acetyl protecting group was removed 

with either NaOH in MeOH or concentrated HCl to give WAY-470 (2.10).
86

 This 

reaction sequence could not be replicated in adequate yield in part because the Sabb 

reference does not contain a detailed experimental section with reaction conditions and 

purification procedures. In order to obtain WAY-470 2.10 in adequate quantity to 

produce DMLs, certain steps in the published synthesis were modified. 
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Scheme 2.1 Published synthesis of WAY-470 

 

Modified route to WAY-470 

 

The reaction of isatoic anhydride (2.1) with glycine ester hydrochloride (2.2) in pyridine 

in Sabb’s published procedure could only be reproduced to give the open chain 

intermediate in a 20% yield. The low yield of this reaction prompted the examination of 

other reaction conditions. A procedure in which isatoic anhydride (2.1) was reacted with 

glycine in refluxing acetic acid to give the benzodiazepinedione in one step was 

attempted, but this reaction failed to give the desired product (Scheme 2.2).
90

 Reacting 

isatoic anhydride (2.1) with glycine in refluxing DMSO provided the 

benzodiazepinedione in one step, but the yield was only 36% and the reaction required 
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column chromatography to obtain pure product (Scheme 2.2).
 90

 Although the desired 

product could be obtained and the synthesis of WAY-470 (2.10) could be carried 

forward, the low yield and the required column chromatography purification prompted 

the exploration of a more efficacious reaction. A literature procedure was found in which 

serine (2.11) was reacted with isatoic anhydride (2.1) in refluxing aqueous sodium 

hydroxide.
91

 After four hours, L-tartaric acid was added to the reaction mixture to afford 

the hydroxymethylbenzodiazepinedione 2.12 in a one pot synthesis in a reported 93% 

yield (Scheme 2.3).
91

 

 

 

Scheme 2.2 Attempted ring expansion 

 

 



39 

 

Scheme 2.3  Synthesis of 3-(hydroxymethyl)-3,4-dihydro-1H-benzo[e][1,4]diazepine-

2,5-dione (2.12) 

 

This reaction was used to give hydroxymethylbenzodiazepinedione 2.12 in good yield. In 

order to produce the desired benzodiazepinedione (2.4), the same reaction conditions 

were employed but glycine (2.13) was used in place of serine (2.11). Under these reaction 

conditions the desired benzodiazepinedione 2.4 was obtained as a beige powder in 86% 

yield (Scheme 2.4).  The beauty of this reaction was that it uses inexpensive starting 

materials and once the reaction was quenched during the aqueous work-up the product 

crashes out of solution. The reaction mixture was then filtered to collect pure product. 

Since no column chromatography was required for purification and the starting materials 

are readily available, this procedure has been successfully scaled up to yield 200 grams of 

product in a single reaction. Additionally this reaction allowed for the first two steps of 

Sabb’s synthesis to be done in a single reaction vessel in a matter of hours instead of two 

different reactions over two days.  

Following Sabb’s route toWAY-470, the next step was to reduce the 

benzodiazepinedione 2.4 to the benzodiazepine 2.5 with either lithium aluminum hydride 

or 1 molar borane in THF.
86

 The lithium aluminum hydride reduction furnishes the 

benzodiazepine 2.5 in a 93% yield and requires only filtration to collect pure product 

(Scheme 2.4). The Sabb route then selectively protects the benzylic amine in a 90% yield 
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with an acetyl protecting group using acetic anhydride and triethylamine at room 

temperature, but reproducing this protection under these conditions proved difficult.
86

 

Increasing the reaction time and temperature of Sabb’s reaction conditions never resulted 

in a yield in excess of 50%.  In order to increase the yield of this reaction various bases 

and solvent were employed.  Replacing triethylamine with the inorganic base potassium 

carbonate gave the product 2.6 smoothly in an 89% yield (Scheme 2.4).  

The next step in Sabb’s synthesis was the addition of a nitroso group to the 

unprotected amine using sodium nitrate and aqueous hydrochloric acid to give compound 

2.7.
86

 The unpurified N-nitroso intermediate 2.7 was then reduced with powdered zinc in 

aqueous acetic acid to give the desired hydrazine 2.8.
86

 The hydrazine reaction was 

filtered to remove the zinc, and then cyclooctanone (2.13) was added. The hydrazine 

(2.8) and cyclooctanone (2.13) in acetic acid are heated for 1.5 hours to give the desired 

indole 2.9 in a 20-60% yield over the three steps. In our hands this three step reaction 

sequence provided the desired product in only a 10% yield. This low yield prompted the 

exploration of a more efficient route to the desired indole. 

The first step in optimizing this three step reaction sequence was to purify the 

product of each reaction to determine the low yielding reaction or reactions. The addition 

of the N-nitroso group to the unprotected amine with sodium nitrate in aqueous HCl gave 

the product 2.7 cleanly in an 86% yield (Scheme 2.4). After multiple attempts to reduce 

the N-nitrosoamine intermediate using the reported conditions of zinc dust and 

concentrated HCl, the yield of this reaction never exceeded 30% of impure product. Since 

this reaction was low yielding other reaction conditions were attempted to improve 

product yield and purity.  
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The desired hydrazine 2.8 can be synthesized by either reducing the N-nitroso 

group or by directly aminating the free amine. If direct amination reactions were 

successful then the N-nitrosoamine step could be eliminated from the synthesis.  

 

Scheme 2.4 Modified synthesis of WAY-470 

 

Concurrent to attempting direct amination reactions additional N-nitrosoamine reductions 

were carried out. Direct amination was attempted with monochloramine in the presence 

of either NaH or KOtBu in DMF, but none of the desired product formed (Scheme 2.5).
92

 

Reducing the N-nitrosoamine with tin chloride in HCl also failed to give the desired 



42 

hydrazine, but reducing the N-nitrosamine with magnesium and titanium tetrachloride 

smoothly gave the product in a 91% yield (Scheme 2.5).
93

 

 The reduction of the N-nitrosoamine 2.7 to the hydrazine 2.8 with TiCl4 and Mg 

was reported to be a general procedure for selectivity reducing a variety of N-

nitrosoamines in the presence of other functional groups.
93

 The reaction was carried out 

by first reacting TiCl4 with Mg in a solution of CH2Cl2 /Et2O.
93 

The TiCl4 was reduced by 

the Mg to form a Ti(II) reagent which reacts with the N-nitrosoamine to form a 

“nitrenoid” intermediate. Upon hydrolysis with acid the “nitrenoid” intermediate forms 

the desired hydrazine 2.8 in a 91% yield (Scheme 2.5).
93 

This reaction produced the 

desired hydrazine 2.8 and required only an aqueous workup to collect pure product. 

 An important note for hydrazine 2.8 is that it rapidly decomposes. Upon 

synthesis, hydrazine 2.8 must be immediately used in a Fischer indole synthesis to afford 

the desired indole. If hydrazine 2.8 is stored at 0 
o
C for only a single night it begins to 

decompose resulting in low yield of the Fischer indole synthesis. 

 The Fischer indole synthesis was then carried out by reacting hydrazine 2.8 with 

cyclooctanone (2.13) in hot acetic acid. This reaction provided the desired indole 2.9 in 

90% yield (Scheme 2.4). The acetyl protecting group was then removed from the 

benzylic amine by refluxing in aqueous NaOH and MeOH to give WAY-470 (2.10) in 

83% yield (Scheme 2.4). 

 Gratifyingly, the modifications to Sabb’s synthesis of WAY-470 led to reactions 

with improved yields and decreased reaction times. Scheme 2.4 shows the complete 

modified WAY-470 synthesis.  
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Scheme 2.5 Synthesis of hydrazine 2.8 

 

 Combining the first two steps of Sabb’s synthesis to give the ring expanded 

benzodiazepinedione 2.4 into a one pot reaction decreased the reaction time from 2 days 

to only 4 hours, and the yield improved from 20% to 87%.  Altering the reduction of the 

N-nitrosoamine 2.7 to the hydrazine 2.8 also improved the yield of the hydrazine and 

subsequently the yield of the Fischer indole reaction is improved from 20% to 90%. The 

modifications to the original Sabb route allowed for the facile synthesis of multiple grams 

of WAY-470 (2.10). With WAY-470 (2.10) in hand the next step was to synthesize the 

desired derivatives. 
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Synthesis of WAY-470 derivatives 

 

 The envisioned WAY-470 derivatives include modifying either the cyclooctyl 

ring or the benzylic amine (Fig 2.1). One modification was to replace the cyclooctyl ring 

with either a piperidine ring (2.14) or a cyclohexanol ring (2.15). Work by Sabb indicated 

that replacing the cyclooctyl ring with a cyclohexyl or a cycloheptyl ring does not 

significantly affect 5-HT2CR affinity or selectivity.
86 

Another modification was the 

addition of a linker to the benzylic amine through an amide bond. Amide bonds are 

synthetically accessible and stable to a variety of reaction conditions making them a good 

candidate for attaching linkers. The downside of attaching a linker to the benzylic amine 

was that the secondary amine in WAY-470 becomes an amide in the derivative, which 

could have an adverse effect on its activity at the 5-HT2CR.  

 

 

Figure 2.1 WAY-470 derivatives 

 

 Synthesizing compound 2.14 required only a slight modification to the WAY-470 

synthesis. The change from an eight membered ring to a piperidine ring was 

accomplished by substituting 1-(benzyloxycarbonyl)-4-piperidinone (2.20) for 

cyclooctanone in the Fischer indole synthesis. The first step in synthesizing this WAY-
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470 derivative was the synthesis of 1-(benzyloxycarbonyl)-4-piperidinone (2.20) from 4-

hydroxypiperidone (2.17) (Scheme 2.6).  4-hydroxypiperidone (2.17) was reacted with 

benzyl chloroformate (2.18) and N, N-DIEA to give the Cbz-protected amine 2.19 in a 

96% yield (Scheme 2.6).
95

 A Jones’ oxidation was then done to convert the hydroxyl 

group to a ketone to provide 1-(benzyloxycarbonyl)-4-piperidinone (2.20) in a 87% 

yield.
96

 Both of the reactions employed to convert 4-hydroxypiperidone to 1-

(benzyloxycarbonyl)-4-piperidinone are scalable to produce multi-gram quantities of the 

desired ketone 2.20. With the desired ketone in hand, the Fischer indole synthesis and 

subsequent Cbz and acetyl deprotections were carried out (Scheme 2.7).  

 

 

Scheme 2.6 Synthesis of 1-(benzyloxycarbonyl)-4-piperidinone 2.20 

 

The Fischer indole synthesis afforded compound 2.21 in a 64% yield (Scheme 2.7). The 

Cbz group was then removed with 10% Pd/C under an atmosphere of hydrogen gas to 

produce compound 2.22 in a 70% yield (Scheme 2.7). At this point in the synthesis, a 

linker would be attached to the free amine of compound 2.22 if DMLs were going to be 

synthesized. 
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Scheme 2.7 Synthesis of WAY-470 piperidine derivative 

 

 The acetyl protecting group was removed from the benzylic amine by refluxing in 

6M NaOH and methanol to yield compound 2.14 in a 74% yield (Scheme 2.7). The 

WAY-470 piperidine derivative 2.14 was synthesized in three steps from the hydrazine to 

yield the first derivative containing the functionality on which a linker can be attached.  

 Synthesis of compound 2.15 differed from the WAY-470 synthesis in that a 

different ketone was used in the Fischer indole synthesis and a deprotection step was 

added. 4-(benzyloxy) cyclohexanone (2.26), the ketone required to synthesize the 

cyclohexanol derivative, can be synthesized from 1, 4-cyclohexanediol in two steps 

(Scheme 2.9).
97
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Scheme 2.8 Synthesis of the cyclohexanol WAY-470 derivative 

 

 Benzyl bromide (2.24) and NaH were used to benzyl protect one hydroxyl group 

on 1, 4-cyclohexanediol (2.23) in a 36% yield (Scheme 2.9).
97

 The low yield was due to 

the fact that only one molar equivalent of benzyl bromide (2.24) was used to prevent 

protection of both alcohols of 1, 4-cyclohexanediol (2.23). Even with only one molar 

equivalent of benzyl bromide (2.24) some of the double protected alcohol was formed. 4-

(benzyloxy) cyclohexanol (2.25) then underwent a Jones’ oxidation to furnish 4-

(benzyloxy) cyclohexanone (2.26) in an 87% yield (Scheme 2.9).
98 

 Scheme 2.8 shows the synthesis of compound 2.15 from the hydrazine. The 

previously synthesized hydrazine 2.8 and 4-(benzyloxy) cyclohexanone (2.26) in glacial 

acetic acid generated the desired indole 2.27 in a 60% yield (Scheme 2.8). The benzyl 
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protection group was then removed with Raney nickel under an atmosphere of hydrogen 

gas to furnish the free alcohol 2.28 in a 73% yield (Scheme 2.8). If a linker was to be 

added it would be done at this step because the acetyl protecting group prevents 

unwanted alkylation of the benzylic amine. If no linker was to be added then the acetyl 

protecting group was removed with 6M NaOH in methanol to provide the desired 

derivative 2.15 in 62% yield (Scheme 2.8).  

 

Scheme 2.9 Synthesis of 4-(benzyloxy) cyclohexanone 2.26 

 

The final WAY-470 derivative (2.16) was synthesized by attaching a linker to the 

benzylic amine through an amide bond. The benzylic amine may be crucial to both 5-

HT2CR affinity and agonist activity, but since a linker could readily be attached to the 

nitrogen through an amide bond this derivatives was synthesized. Scheme 2.10 shows the 

synthesis of derivative 2.30 from WAY-470(2.10). WAY-470 (2.10) was reacted with 
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Scheme 2.10 Synthesis of WAY-470 derivative 2.30 

 

ethoxyacetic acid (2.29) in the presence of the base N,N-DIEA and the coupling reagent 

EDAC at room temperature to give derivative 2.30 smoothly in a 54% yield (Scheme 

2.10) . EDAC is a carbodiimide group which reacts with the carboxylic acid of 

ethoxyacetic acid to form a carboxylic ester. This ester is an activated leaving group that 

when attacked by the benzylic amine will leave to give the desired amide.  

 Scheme 2.11 shows the synthesis of the homodimer derivative 2.33. The 

synthesis of derivative 2.33 began by reacting WAY-470 (2.10) with succinic anhydride 

(2.31) in CH2Cl2 at room temperature to give compound 2.32 in an 84% yield (Scheme 

2.11). The carboxylic acid of 2.32 was then coupled to another molecule of WAY-470 

(2.10) using the coupling reagent EDAC and the base N,N-DIEA at room temperature to 

produce derivative 2.33 in a 57% yield (Scheme 2.11). 



50 

 

 

Attaching pseudo-tethers to WAY-470 derivatives 

 

 With the synthesis of the WAY-470 derivatives 2.14, 2.15, 2.30, and 2.33 

complete, pseudo-linkers could be attached to compounds 2.14 and 2.15. To prevent the 

unwanted alkylation of the benzylic amine of compounds 2.14 and 2.15 the acetyl 

protected intermediates 2.28 and 2.22 were utilized in the alkylation reactions (Fig 2.2). 

Scheme 2.11 Synthesis of WAY-470 dimer 2.33 
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Figure 2. 2 WAY-470 derivatives on which pseudo-linkers were attached 

 

 The secondary alcohol of compound 2.28 was the first location at which the attachment 

of a pseudo-linker was attempted.  The desired alkylated derivative was originally 

envisioned to be accessible through a simple Williamson ether synthesis using an alkyl 

halide and a base, but this reaction proved to be problematic.  

 Using literature precedents, a variety of different organic and inorganic bases 

including N,N-DIEA, NaH, NaOH, KH, CsOH, nBuLi, NaHMDS, and Na tert-pentoxide 

were employed under various conditions.
99-103

 The various reaction conditions included 

the solvents DMF, THF, DMSO, H2O, CH2Cl2, and CH3CN under temperatures ranging 

from room temperature to reflux including microwave conditions. The reactions were 

monitored for up to 72 hours. Bromine alkyl halides as well as alkyl tosylates were 

employed in the ether synthesis, but none produced the desired compound. 
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Entry Conditions Results 

1 Br
O

, NaH, DMF, 70 
o
C, 24 h 0% 

2 Br , 6 M NaOH, TBAB, 80 
o
C, 48 h 10% 

3 Br
O

, NaH, DMSO, 80 
o
C, 24 h 0% 

4 Br , DIEA, CH2Cl2, reflux, 24 h 0% 

5 Br
O

, DIEA, toluene, rt, 24 h 0% 

6 O
Tos

, NaH, DMSO, rt, 48 h 0% 

7 Br , CsOH, DMF, TBAI, 80 
o
C, 2 d 0% 

8 Br
O

, KH, THF, reflux, 24 h 0% 

9 Br
O

, NaHMDS, TBAI, DMF, 70 
o
C, 3 d  0% 

10 Br
O

, nBuLi, THF, -78 
o
C - rt, 18 h 0% 

11 Br
O

, Na tert-pentoxide, DMF, rt, 5 d 0% 

12 Br
O

, NaH, DMSO or DMF, MW, 1 h 0% 

Table 2. 2 Reaction conditions to alkylate WAY-470 derivative 2.28 
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 None of the combinations of base, solvent, temperature, and reaction time 

produced the desired ether in any appreciable yield. Since a pseudo-linker could not be 

attached to the secondary alcohol of 2.15 this route was abandoned, and the attachment of 

a pseudo-linker to WAY-470 piperidine derivative 2.14 was pursued. 

 The advantage to using the WAY-470 piperidine derivative 2.14 in place of the 

WAY-470 cyclohexanol derivative 2.15 to synthesize WAY-470 derivatives was that the 

chiral carbon of 2.15 was replaced with a nonchiral nitrogen atom. The absence of a 

chiral carbon in compound 2.14 simplified the synthesis because separation of 

diastereomers was not required. The synthetic challenge of selectively attaching a 

pseudo-linker to the piperidine nitrogen and not the benzylic nitrogen was avoided by 

using compound 2.22 in which the benzylic amine was acetyl protected. Alkylating the 

piperidine nitrogen gives compound 2.36 in a 31% yield (Scheme 2.12). 

 

Scheme 2.12 Synthesis of WAY-470 piperidine derivative 2.36 

 

The acetate was cleaved under basic conditions to give the desired N-alkylated derivative 

2.37 in a 68% yield (Scheme 2.12). Compound 2.37 was not submitted for initial testing 
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due to the fact that a shift from the parent compound WAY-470 to WAY-163909 was 

made at this time. 

 Concurrently to synthesizing 2.37, a set of WAY-470 derivatives were submitted 

to Dr. Cunningham’s lab for testing. Compound 2.21 which contains both a Cbz and 

acetyl protecting group was submitted to determine if either protecting group has a 

detrimental effect on 5-HT2CR affinity and agonist activity. In addition to compound 

2.21, compounds 2.9, 2.10, 2.30, and 2.33 were also submitted for testing to determine if 

5-HT2CR affinity and agonist activity were retained when the benzylic nitrogen is 

alkylated. The Ca
+2

 stimulation assay results revealed that none of the compounds tested 

stimulated Ca
+2

 release and were therefore not 5-HT2CR agonists (Fig 2.3). EC50 values 

were not determined for these compounds because they all would have been over the 

cutoff of >10 . These results suggest that the benzylic amine is critical to 5-HT2AR 

agonist activity. Protecting the benzylic amine as an amide greatly decreased the basicity 

of the nitrogen due to the electron withdrawing effect of the carbonyl group. Due to the 

importance of the benzylic amine to agonist activity, this location was not an appropriate 

linker attachment site. An alternative linker attachment point was the piperidine ring 

nitrogen of compound 2.22, which was alkylated with the pseudo-linker ethyl methyl 

ether to give compound 2.37. Prior to submission of compound 2.37 for testing a switch 

to the alternative 5-HT2CR agonist WAY-163909 was made.  
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Figure 2.3 Stimulation of Ca++ by WAY-470 derivatives measured as increased 

fluorescence 
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Published Synthesis of WAY-163909 

 

 The 5-HT2CR agonist WAY-163909 has a higher affinity and better selectivity for 

the 5-HT2CR than WAY-470.
87

 WAY-163909 was structurally similar to WAY-470 with 

the only differences being the size of the cycloalkyl ring and the presence of an indole 

double bond in WAY-470 that has been reduced in WAY-163909. Although the two 

compounds were structurally similar, the absence of the indole double bond had a 

significant effect on the pharmacological properties of WAY-163909. WAY-470 had an 

unspecified short half-life while WAY-163909 had a half-life in humans of 300 

minutes.
87

 Additionally WAY-163909 was not metabolized by small intestinal 

microsomes, which suggests that small intestine first pass metabolism will not limit oral 

bioavailability of WAY-163909.
87

 The slower clearance of WAY-163909 along with its 

potentially high oral bioavailability made WAY-163909 an attractive  alternative to 

WAY-470.  

 WAY-163909 was structurally similar to WAY-470, but the published synthesis 

of WAY-163909 varied considerably from that of WAY-470.
104

 The published synthesis 

of WAY-470 began with the synthesis of the benzodiazepine core and the indole ring was 

formed in the latter part of the synthesis. In contrast to WAY-470, the published synthesis 

of WAY-163909 began with the formation of the indole and the benzodiazepine was 

formed towards the end of the synthesis (Scheme 2.13). The published synthesis of 

WAY-163909 began with 2-bromophenylhydrazine hydrochloride (2.38) and 

cyclopentanone (2.39) in dilute sulfuric acid underwent a Fischer indole synthesis to give 

the bromoindole 2.40 in a 59% yield (Scheme 2.13).
104

 The bromoindole 2.40 was 

metalated with nBuLi and then formylated with DMF to produce the crude indole 
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aldehyde 2.41 in a quantitative yield (Scheme 2.13) .
104

 The indole oxime 2.43 was 

generated in a 58% yield from crude 2.41 and hydroxylamine (2.42) in pyridine (Scheme 

2.13) .
104

  

 

Scheme 2.13 Published synthesis of WAY-163909 

 

The indole oxime 2.43 was then reduced with LAH to the indole amine 2.44 in a 69% 

yield (Scheme 2.13) .
104

 Chloroacetyl chloride (2.45) in the presence of pyridine was 

used to acylate the indole amine 2.44 to generate acyl indole 2.46 in a 57% yield 

(Scheme 2.13).
104

 With 2.46 in hand, the benzodiazepine ring was accessed through a 

cyclization by treating 2.46 with NaH to give benzodiazepinone 2.47 in a 58% yield 
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(Scheme 2.13).
104

 The amide bond of 2.47 was then reduced with LAH to produce the 

benzodiazepine 2.48 in a 70% yield (Scheme 2.13).
104

 The indole bond of 

benzodiazepine 2.48 was reduced with BH3•THF in TFA to give the diastereomers 2.49A 

and 2.49B which were separated by flash chromatography (Scheme 2.13).
104

 The 

synthesis of WAY-163909 (2.49A) was completed in eight steps following the published 

procedure. 

Although the published synthesis of WAY-163909 (2.49A) in Scheme 2.13 was 

effective, it did not utilize any of the reactions employed in the synthesis of WAY-470. 

Additionally the published reaction sequence was not amenable to the synthesis of 

derivatives in which the cyclopentyl ring of WAY-163909 was modified. The 

cyclopentyl ring was introduced through a Fischer indole synthesis in the first step of the 

published procedure. Since the cyclopentyl ring was introduced in the first step of the 

reaction sequence, any derivatization of this ring would also have to occur in the first step 

of the synthesis. Since any variation in this ring would have to be introduced in the first 

step of this reaction sequence, there is no common intermediate from which multiple 

derivatives can be synthesized. Each derivative with a variation in this ring would require 

a complete synthesis beginning at the first reaction in Scheme 2.13. Derivatives 

synthesized in this manner would be very time and labor intensive because each reaction 

for each derivative would have to be optimized and in some cases the published reaction 

conditions may not be favorable for the desired derivatives. In order to produce 

derivatives in an efficient manner the published reaction sequence in Scheme 2.13 was 

not pursued. 
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Modified Synthesis of WAY-163909 

 

Since WAY-470 and WAY-163909 were structurally similar, the published synthesis of 

WAY-163909 was compared to the synthesis of WAY-470 to determine if WAY-163909 

could be synthesized by modifying the WAY-470 synthesis. The WAY-163909 

intermediate compound 2.48 only differed from WAY-470 in the size of the cycloalkyl 

ring. The previous synthesis of the WAY-470 derivative intermediates 2.21 and 2.27 

suggested that hydrazine 2.28 could be reacted with a variety of cyclic ketones in a 

Fischer indole synthesis to give compounds containing different cycloalkyl rings or even 

rings such as piperidine containing heteroatoms. The successful synthesis of the Fischer 

indole derivatives 2.21 and 2.27 suggested that cyclopentanone may be successfully 

employed in this reaction. The reaction sequence to furnish WAY-163909 can be seen in 

Scheme 2.14. A Fischer indole synthesis was carried out with hydrazine 2.28 and 

cyclopentanone (2.50) in acetic acid under standard conditions to give the desired indole 

2.51 in a 29% yield (Scheme 2.14) . The acetyl protecting group was then removed with 

6M NaOH in MeOH under reflux for 24 hours to give compound 2.48 in an 80% yield 

(Scheme 2.14). Intermediate 2.48 was then reduced with 1M BH3•THF in TFA to give 

racemic WAY-163909 (2.52) in a 99% yield (Scheme 2.14). 
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Scheme 2.14 Route to racemic WAY-163909 from hydrazine 2.28 

 

 Once the synthesis of racemic WAY-163909 (2.52) was complete, the synthesis 

of WAY-163909 derivatives with linker attachment points was started. The desired 

derivatives were similar to the WAY-470 derivatives synthesized previously. The first 

derivative, compound 2.53, had a piperidine ring in place of the cyclopentyl ring (Fig 

2.4). The second derivative, compound 2.54, had a cyclohexanol ring in place of the 

cyclopentyl ring (Fig 2.4). The third derivative, compound 2.55 had bromine on the 

aromatic ring (Fig 2.4). Derivatives 2.53 and 2.54 both contained six membered rings 

with a heteroatom that could be used as a linker attachment point. The piperidine nitrogen 

of compound 2.53 allowed for a linker attachment site that did not introduce a chiral 

carbon. In contrast, compound 2.54 contained a chiral carbon in the six membered ring 

on which a hydroxy group was attached. The introduction of the chiral carbon in 

compound 2.54 led to the formation of diastereomers. These diastereomers led to a 

mixture of products that were not separable. The synthesis of 2.53 and 2.54 was similar to 

the modified synthesis of WAY-163909 as seen in Scheme 2.14 except that different 

cyclic ketones were required for the Fischer indole synthesis.   
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Figure 2.4 WAY-163909 derivatives 

 

 The synthesis of derivative 2.53 utilizes the previously synthesized Cbz-

piperidine indole 2.21. The next step was the reduction of the indole bond to give 

compound 2.58. The reduction of the indole bond in the published procedure was carried 

out with 1M BH3•THF in TFA to give the reduced indole in good yield. These conditions 

could not successfully reduce the indole double bond of compound 2.21. The failure of 

these reaction conditions to reduce the indole bond could be attributed to the presence of 

the nitrogen atom in the piperidine ring. If the piperidine was causing the reduction to 

fail, then derivative 2.53 will be unable to be synthesized. In order to determine if the 

indole can be reduced, three unique substrates were exposed to various reaction 

conditions. The three unique substrates were compounds 2.21, 2.22, and 2.37 because 

these compounds all contained a piperidine ring but also containing different protecting 

groups. 

 Compound 2.21 contained both a Cbz-protecting group on the piperidine nitrogen 

and an acetyl protecting group on the benzylic nitrogen. Compound 2.22 contained an 

acetyl protecting on the benzylic nitrogen, but the piperidine was unprotected. Compound 

2.37 contained an ethyl methyl ether pseudo-linker on the piperidine nitrogen and the 

benzylic nitrogen was unprotected.  Numerous attempts to reduce the indole bond of 

compounds 2.21, 2.22, and 2.37 utilizing a variety of reaction conditions failed to 
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produce the desired product (Scheme 2.15). The successful reduction of the indole bond 

was carried out on compound 2.21 with NaBH4 in TFA over 18 hours. 

 

 

Figure 2.5 WAY-163909 piperidine intermediates employed in the study of an indole 

bond reduction 

  

 Once appropriate reactions conditions to reduce the indole bond of compound 

2.21 had been determined, the synthesis of derivative 2.53 was carried forward (Scheme 

2.16). Reducing compound 2.21 with NaBH4 in TFA at room temperature over 18 hours 

produced compound 2.56 in a 92% yield (Scheme 2.16). The Cbz-protecting group on 

the piperidine was then removed with 10% Pd/C in EtOH under an atmosphere of 

hydrogen gas to furnish 2.57 in a 72% yield (Scheme 2.16). Acetyl protected 2.57 was 

then deprotected in 6 M NaOH and MeOH under reflux for 24 hours to provide the 

WAY-163909 piperidine derivative 2.53 in a 75% yield (Scheme 2.16) .  
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Scheme 2.15 Reduction of the indole bond  



64 

   

 

Scheme 2.16 Reduction and deprotection of the WAY-163909 derivative 2.53 

 

 

Scheme 2.17 Reduction and deprotection of the WAY-163909 derivative 2.54 

 

The synthesis of the cyclohexanol derivative 2.54 began with the previously 

synthesized intermediate 2.27. The indole of intermediate 2.27 was reduced with NaBH4  
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in TFA in a reaction analogous to the reduction of compound 2.21 to smoothly produce 

the reduced indole 2.59 in a 70% yield (Scheme 2.17). The benzyl protecting group of 

2.59 was removed with Raney Ni in EtOH under an atmosphere of hydrogen gas to give 

compound 2.60 with a free hydroxyl group in a 55% yield (Scheme 2.17). The last step 

was the removal of the acetyl protecting group in 6 M NaOH in MeOH under reflux for 

24 hours to afford the WAY-163909 cyclohexanol derivative 2.54 in a 62% yield 

(Scheme 2.17). 

 The final WAY-163909 derivative synthesized was the bromine containing 

derivative compound 2.55. This derivative was synthesized in one step by reacting 

racemic WAY-163909 (2.52) with bromine in CH2Cl2 at 0 
o
C for 4 hours and then 

warming to room temperature and stirring an additional 18 hours to afford the bromine 

derivative 2.55 in a 60% yield (Scheme 2.18). 

 

 
 

Scheme 2.18 Synthesis of the WAY-163909 derivative 2.55 

 

 In addition to compounds 2.53, 2.54, and 2.55, a derivative of compound 2.53 

with a pseudo-linker was synthesized. Addition of a pseudo-linker to the piperidine 

derivative 2.53 began with the acetyl protected compound 2.57 (Scheme 2.19). 

Compound 2.57 was N-alkylated with 2-bromoethyl methyl ether 2.61 in the presence of 
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N,N-DIEA in acetonitrile at 66 
o
C for 24 hours to generate 2.62 in a 40% yield (Scheme 

2.19). The acetyl protected compound 2.57 was employed in this reaction to prevent 

unwanted alkylation at the benzylic amine. The acetyl protecting group of compound 

2.62 was removed with 6 M NaOH in MeOH under reflux to furnish the alkylated 

piperidine derivative 2.58 in an 81% yield (Scheme 2.19). 

 

 

Scheme 2.19 Synthesis of WAY-163909 derivative 2.62 containing a pseudo-tether 

 

 The WAY-163909 derivatives 2.53, 2.54, 2.55, and 2.58 were submitted to the 

Cunningham lab for EC50 determination. Table 2.3 shows the experimentally determined 

EC50 values for these compounds. The EC50 value for each derivative tested exceeded the 

cutoff of 10, which was more than 100 times that of the authentic WAY-163909 

sample tested. This data suggest that modifying the cycloalkyl ring to either a piperidine 

or a cyclohexanol ring had a detrimental effect on 5-HT2CR agonist activity. The decrease 

in activity could be due to the presence of a heteroatom in the cycloalkyl ring or the 
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bromine on the aromatic ring, both which may change the orientation of the WAY-

163909 derivatives in the 5-HT2CR binding pocket.  

 

Compound EC50 ± SEM Compound EC50 ± SEM 

N

NH

WAY-163909  

71 ± 15 nM 
N

NH

2.55

Br

 

>10 

N

NH

HN

2.53  

30 ± 14  

N

NH

N

O

2.58  

>10M 

N

NH

2.54
HO

 

> 10   

Table 2.3 EC50s of WAY-163909 derivatives 

 

Conclusion 

 The lack of biological activity of the WAY-163909 derivatives 2.53, 2.54, 2.55, 

and 2.58 suggest that this benzodiazepine scaffold was not tolerant to the modifications 
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necessary to synthesize DMLs. In order to synthesize DMLs with the desired activity at 

the 5-HT2AR and the 5-HT2CR a different 5-HT2cR agonist must be chosen. 
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Experimental 

3,4-dihydro-1H-benzo[e][1,4]diazepine-2,5-dione (2.4) 

N
H

NH

O

O

2.4  

To a suspension of glycine (5 g, 67 mmol) in 30 mL water was added 6 M sodium 

hydroxide to a pH of 8. Then isatoic anhydride (10.8 g, 66.7 mmol) was added in 10 

portions over 3 hours, adjusting the pH back to 8 after each addition. After the addition of 

the isatoic anhydride, reflux for 4 hours. After 4 hours a solution of L-tartaric acid (25 g, 

167 mmol) in 35 mL water was added and refluxed for an additional hour. After one 

hour, the water was distilled off, and the remaining residue was cooled to 50 
o
C. Aqueous 

ammonia hydroxide was slowly added until an off-white precipitate crashed out of 

solution. The precipitate was collected and dried under vacuum to give 9.5 g of 3,4-

dihydro-1H-benzo[e][1,4]diazepine-2,5-dione (2.4) as a off-white solid (86%).  
1
H NMR 

(500 MHz, DMSO-D6)  10.34 (bs, 1H), 8.53 (t, J = 5.7 Hz, 1H), 7.72 (dd, J = 8.1, 1.8 

Hz, 1H), 7.47 (ddd, J = 8.0, 8.0, 1.8 Hz, 1H),  7.18 (ddd, J = 8.0, 8.0, 1.1 Hz, 1H), 7.07 

(d, J = 8.0 Hz, 1H), 3.55 (d, J = 5.8 Hz, 2H); 
13

C NMR (125 MHz, DMSO-D6) 171.7, 

168.6, 137.7, 132.8, 131.3, 126.0, 124.4, 121.4, 45.0 

 

2,3,4,5-tetrahydro-1H-benzo[e][1,4]diazepine (2.5) 

N
H

NH

2.5  
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A slurry of 3,4-dihydro-1H-benzo[e][1,4]diazepine-2,5-dione (2.4) (0.42 g, 2.35 mmol) 

in 20 mL THF was cooled to 0 
o
C. Lithium aluminum hydride (0.44 g, 12 mmol) was 

added portionwise with stirring. The slurry was refluxed for 20 hours. After 20 hours the 

reaction mixture was cooled to 0 
o
C and 0.5 mL water was added. The reaction is stirred 

for 30 minutes, and then 0.5 mL 1M sodium hydroxide was added. The reaction mixture 

was warmed to room temperature and stirred 30 minutes. After which 0.5 mL water was 

added and stirring was continued for 30 minutes, after which celite was added and the 

reaction was filter. The filter cake was washed with ethyl acetate. The filtrate was 

concentrated under reduced pressure to afford 0.31 g of 2,3,4,5-tetrahydro-1H-

benzo[e][1,4]diazepine (2.5) as a red-orange solid (93%). 
1
H NMR (400 MHz, CDCl3)  

7.11-7.06 (m, 2H), 6.82 (dd, J = 7.3, 7.3 Hz, 1H), 6.76 (d, J = 7.3 Hz, 1H), 3.89 (s, 2H), 

3.09-3.04 (m, 4H); 
13

C NMR (400 MHz, CDCl3) 150.1, 132.8, 129.8, 127.7, 120.7, 

119.0, 54.6, 52.0, 51.2 

 

1-(2,3-dihydro-1H-benzo[e][1,4]diazepin-4(5H)-yl)ethanone (2.6) 

N
H

N

2.6

O

  

A solution of 2,3,4,5-tetrahydro-1H-benzo[e][1,4]diazepine (2.5) (2.16 g, 14.6 mmol) and 

potassium carbonate (2.12 g, 15.3 mmol) in 38 mL acetonitrile was cooled to 0 
o
C. Then 

acetic anhydride (1.5 g, 14.6 mmol) was added over 30 minutes to the cooled reaction 

mixture. The ice bath was removed and the reaction was stirred at room temperature for 

21 hours. After 21 hours, the acetonitrile was removed under reduced pressure. The 
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residue was taken up in water and extracted 4 times with CH2Cl2. The combined organic 

layers are dried over MgSO4, filtered, and concentrated. The crude reaction mixture was 

purified by column chromatography (100% CH2Cl2 to 9% MeOH in CH2Cl2) to afford 

2.2 g of 1-(2,3-dihydro-1H-benzo[e][1,4]diazepin-4(5H)-yl)ethanone (2.6) as a red-

orange solid (89% as amide isomers). 
1
H NMR (500 MHz, CDCl3)  .34 (d, J = 7.5 Hz, 

0.44H), 7.14 (d, J = 7.5Hz, 1.56H), 7.08 (dd, J = 8.0, 7.5 Hz, 0.24H), 6.87 (dd, J = 7.4, 

7.2 Hz, 0.76H), 6.79 (d, J = 8.0Hz, 0.76H), 6.76 (d, J = 8.0 Hz, 0.24H), 4.55 (s, 0.6H), 

4.43 (s, 1.4H), 3.81 (dd, J = 4.6, 4.6 Hz, 1.4H), 3.68 (dd, J = 5.1, 4.6 Hz, 0.6H), 3.21 (dd, 

J = 5.2, 4.6 Hz, 0.6H), 3.17 (dd, J = 5.2, 4.6 Hz, 1.4H), 2.17 (s, 2H), 2.05 (s, 1H); 
13

C 

NMR (125 MHz, CDCl3)  170.2, 149.5, 149.0, 131.0, 129.5, 129.0, 128.7, 128.2, 127.8, 

121.4, 120.8, 119.7, 119.2, 53.4, 52.2, 49.4, 48.9, 48.3, 47.8, 22.2, 22.0 

 

1-(1-nitroso-2,3-dihydro-1H-benzo[e][1,4]diazepin-4(5H)-yl)ethanone (2.7) 

N

N

2.7

O

NO

 

A solution of 1-(2,3-dihydro-1H-benzo[e][1,4]diazepin-4(5H)-yl)ethanone (2.6) (2.5 g, 

13.14 mmol) in 25 mL of 0.8M HCl was cooled to 0 
o
C, and then a solution of sodium 

nitrite (1.1 g, 15.8 mmol) in 3 mL water was added dropwise. The reaction was warmed 

to room temperature and stirred for 16 hours. After 16 hours the reaction mixture was 

extracted 4 times with CH2Cl2. The combined organic layers are dried over MgSO4, 

filtered, and concentrated to give 2.1 g of 1-(1-nitroso-2,3-dihydro-1H-

benzo[e][1,4]diazepin-4(5H)-yl)ethanone (2.7) as a red-brown oil (86% as amide 
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isomers). 
1
H NMR (500 MHz, CDCl3)  7.42-7.22 (m, 4H), 4.47 (s, 0.9H), 4.38 (s, 1.1H), 

4.02 (bs, 1H), 3.93 (bs, 1H), 3.62 (bs, 1H), 3.55 (dd, J = 5.7, 5.1 Hz, 1H), 2.02 (s, 1.6H), 

1.89 (s, 1.4H);
13

C NMR (125 MHz, CDCl3)  169.9, 169.3, 141.2, 140.7, 131.1, 130.2, 

129.1, 129.1, 128.8, 128.6, 128.5, 125.1, 123.9, 51.6, 47.5, 46.9, 44.3, 43.9, 43.6, 21.5, 

21.4 

 

1-(1-amino-2,3-dihydro-1H-benzo[e][1,4]diazepin-4(5H)-yl)ethanone (2.8) 

N

N

2.8

O

H2N

 

Titanium tetrachloride (7.05 g, 37 mmol) was added to a solution of CH2Cl2 and diethyl 

ether (60 mL, 4:1 v:v) at 0 
o
C. Then the magnesium powder (0.90 g, 37 mmol) was added 

in five portions over 30 minutes with stirring. The reaction mixture was stirred at 0 
o
C for 

30 minutes. The reaction was then warmed to room temperature and stirred an additional 

for 4 hours. 1-(1-nitroso-2,3-dihydro-1H-benzo[e][1,4]diazepin-4(5H)-yl)ethanone (2.7)  

(2.05 g, 9.3 mmol) in 5 mL CH2Cl2 was added, and the reaction was stirred at room 

temperature an additional 45 minutes. After 45 minutes the reaction was cooled to 0 
o
C, 

quenched with 30 mL of 0.3M HCl, and stirred an additional hour. 6M sodium hydroxide 

was then added to make the reaction mixture basic, the reaction turned blue. The layers 

were separated, and the aqueous layer was extracted 3 times with CH2Cl2. The combined 

organic layers were dried over MgSO4, filtered, and concentrated to give  1.7 g of 1-(1-

amino-2,3-dihydro-1H-benzo[e][1,4]diazepin-4(5H)-yl)ethanone (2.8)  as a red-orange 
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oil (91% as two ring conformations). 
1
H NMR (500MHz, CDCl3)  7.35-7.25 (m, 2H), 

7.13 (dd, J = 7.5, 1.2 Hz, 1H), 6.94 (ddd, J = 7.5, 7.5, 1.2 Hz, 1H), 4.52 (s, 0.8H), 4.41 (s, 

1.2H), 3.88 (bs, 1H), 3.84 (dd, J = 5.2, 5.1 Hz, 1.3H), 3.67 (dd, J = 5.2, 4.5 Hz, 0.7H), 

3.27 (dd, J = 5.2, 5.2 Hz, 0.7H), 3.24 (dd, J = 5.2, 5.2 Hz, 1.3H), 2.16 (s, 2H), 2.02 (s, 

1H); 
13

C NMR (125 MHz, CDCl3)  169.8, 168.9, 152.8, 152.4, 130.7, 129.3, 128.8, 

128.4, 127.6, 127.0, 122.2, 121.7, 116.7, 115.8, 62.1, 61.7, 52.8, 49.0, 48.9, 45.0, 21.9, 

21.8 

1-(1,2,8,9,10,11,12,13-octahydrocycloocta[b][1,4]diazepino[6,7,1-hi]indol-3(4H)-

yl)ethanone (2.9) 

N

N

2.9

O

 

A solution of of 1-(1-amino-2,3-dihydro-1H-benzo[e][1,4]diazepin-4(5H)-yl)ethanone 

(2.8) (1.47 g, 7.2 mmol) and cyclooctanone (2.13) (2.7 g, 21.6 mmol)  in 40 mL acetic 

acid was refluxed  for 15 hours, cooled to room temperature, and diluted with 100 mL 

water. The brown aqueous solution was extracted three times with ethyl acetate. The 

combined organic layers were dried over MgSO4, filtered, and concentrated. The brown 

residue was purified by column chromatography (1% MeOH in CH2Cl2) to afford 1.9 g 

of 1-(1,2,8,9,10,11,12,13-octahydrocycloocta[b][1,4]diazepino[6,7,1-hi]indol-3(4H)-

yl)ethanone (2.9) as a red-brown solid (90%). 
1
H NMR (500 MHz, CDCl3)  7.50 (d, J = 

7.3 Hz, 1H), 7.09 (dd, J = 7.8, 7.3 Hz, 1H), 6.96 (d, J = 6.9 Hz, 1H), 4.89 (s, 2H), 4.25-
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4.22 (m, 2H), 4.15-4.13 (m, 2H), 2.93 (dd, J = 6.4, 6.4 Hz, 2H), 2.88 (dd, J = 6.4, 6.4 Hz, 

2H), 2.24 (s, 3H), 1.81-1.69 (m, 4H), 1.54-1.48 (m, 2H), 1.44-1.41 (m, 2H); 
13

C NMR 

(125 MHz, CDCl3)  188.0, 170.3, 138.5, 135.5, 129.4, 121.7, 118.9, 118.8, 117.2, 113.9, 

54.1, 47.7, 45.5, 30.8, 28.7, 26.3, 26.1, 23.3, 22.2 

 

1,2,3,4,8,9,10,11,12,13-decahydrocycloocta[b][1,4]diazepino[6,7,1-hi]indole (2.10) 

N

NH

2.10  

1-(1,2,8,9,10,11,12,13-octahydrocycloocta[b][1,4]diazepino[6,7,1-hi]indol-3(4H)-

yl)ethanone (2.9) (1.14 g, 3.8 mmol) was dissolved in 25 mL MeOH and 40 mL of a 6M 

sodium hydroxide solution. The reaction mixture is refluxed for 24 hours, cooled to room 

temperature, and concentrated to remove the MeOH. The remaining aqueous residue is 

extracted 3 times with CH2Cl2. The combined organic layers are dried over MgSO4, 

filtered, and concentrated to give 802 mg of 1,2,3,4,8,9,10,11,12,13-

decahydrocycloocta[b][1,4]diazepino[6,7,1-hi]indole (2.10) as a red-orange solid (83% as 

two different conformations ). 
1
H NMR (500 MHz, CDCl3)  7.32 (d, J = 7.4 Hz, 1H), 

6.94 (dd, J = 7.5, 7.5 Hz, 1H), 6.80 (d, J = 7.5 Hz, 1H), 4.22 (s, 1.4H), 4.14 (s, 0.6H), 

3.98 (dd, J = 5.2, 5.1 Hz, 1.4H), 3.93 (dd, J = 5.2, 5.1 Hz, 0.6H),  3.31 (dd, J = 5.2, 5.1 

Hz, 1.4H), 3.27 (dd, J = 5.2, 5.1 Hz, 0.6H), 2.81 (dd, J = 6.9, 6.3 Hz, 2H), 2.77 (dd, J = 

6.3, 6.3 Hz, 2H),  1.66-1.58 (m, 6H), 1.40-1.37 (m, 2H), 1.32-1.27 (m, 2H); 
13

C NMR 

(125 MHz, CDCl3)  138.1, 138.0, 136.5, 136.0, 129.2, 128.8, 126.7, 124.0, 120.2, 119.3, 
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118.8, 118.7, 116.0, 115.9, 113.9, 113.6, 75.6, 59.1, 54.7, 53.2, 50.8, 50.3, 49.9, 46.7, 

30.8, 28.9, 28.8, 26.3, 26.0, 25.9, 23.4, 23.3, 23.2 

 

1,2,3,4,8,9,10,11-octahydro-[1,4]diazepino[6,7,1-hi]pyrido[4,3-b]indole (2.14) 

N

NH

2.14

HN

 

1-(1,2,8,9,10,11-hexahydro-[1,4]diazepino[6,7,1-hi]pyrido[4,3-b]indol-3(4H)-

yl)ethanone (2.22) (65 mg, 0.24mmol) and NaOH (38 mg, 0.96 mmol) in 6 mL MeOH 

and 6 mL 6M NaOH was refluxed for 19 hours and then cooled to room temperature. The 

MeOH was removed under reduced pressure and the remaining residue was diluted with 

H2O and extracted 3 times with CH2Cl2. The combined organic layers were dried over 

MgSO4 and concentrated to afford 23.6 mg of 1,2,3,4,8,9,10,11-octahydro-

[1,4]diazepino[6,7,1-hi]pyrido[4,3-b]indole (2.14) as a yellow solid (43%). 
1
H NMR (500 

MHz, CDCl3)  7.29 (d, J = 7.4 Hz, 1H), 7.00 (dd, J = 7.4, 7.4 Hz, 1H), 6.90 (d, J = 8.0 

Hz, 1H), 4.25 (s, 2H), 4.04 (s, 2H), 3.92 (dd, J = 5.2, 5.2 Hz, 2H), 3.34 (dd, J = 5.2, 4.5 

Hz, 2H), 3.24 (dd, J = 5.7, 5.7 Hz, 2H), 2.69 (dd, J = 6.0, 5.4 Hz, 2H), 1.86 (bs, 2H); 
13

C 

NMR (125 MHz, CDCl3)  136.3, 135.2, 127.6, 127.3, 119.7, 119.2, 116.0, 110.8, 55.2, 

50.2, 50.0, 43.8, 42.5, 24.1; HRMS – ESI: m/z [M + H]
+
 calculated for C14H17N3: 

228.1501, measured 228.1505. 

 

1,2,3,4,8,9,10,11-octahydro-[1,4]diazepino[6,7,1-jk]carbazol-9-ol (2.15) 
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N

NH

HO  

1-(9-hydroxy-1,2,8,9,10,11-hexahydro-[1,4]diazepino[6,7,1-jk]carbazol-3(4H)-

yl)ethanone (2.28) (97 mg, 0.34  mmol) and NaOH (55 mg, 1.36 mmol) in 7 mL MeOH 

and 7 mL 6M NaOH was refluxed for 19 hours and then cooled to room temperature. The 

MeOH was removed under reduced pressure and the remaining residue was diluted with 

H2O and extracted 3 times with CH2Cl2. The combined organic layers were dried over 

MgSO4 and concentrated to afford 64.6 mg of 1,2,3,4,8,9,10,11-octahydro-

[1,4]diazepino[6,7,1-jk]carbazol-9-ol (2.15) as a yellow solid (78%). 
1
H NMR (500 MHz, 

CDCl3)  7.30 (d, J = 8.0 Hz, 1H), 6.99 (dd, J = 7.4, 7.4 Hz, 1H), 6.86 (d, J = 6.8 Hz, 

1H), 4.20-4.15 (m, 3H),  3.85 (dd, J = 5.1, 5.1 Hz, 2H), 3.31 (dd, J = 9.7, 4.0 Hz, 2H),  

3.02 (dd, J = 14.4, 6.3 Hz, 1H), 2.80 (ddd, J = 16.0, 5.2, 5.2 Hz, 1H), 2.70-2.64 (m, 2H), 

2.30 (bs, 1H), 2.10-2.04 (m, 1H), 2.03-1.94 (m, 1H); 
13

C NMR (125 MHz, CDCl3)  

136.9, 135.5, 129.0, 126.9, 119.8, 119.1, 116.0, 108.0, 67.1, 55.0, 50.0, 31.2, 30.6, 20.2; 

HRMS – ESI: m/z [M + H]
+
 calculated for C15H18N2O: 243.1497, measured 243.1488. 

 

Benzyl 3-acetyl-1,2,3,4,10,11-hexahydro-[1,4]diazepino[6,7,1-hi]pyrido[4,3-b]indole-

9(8H)-carboxylate (2.21) 
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N

N

2.21

N

O

O

O

 

1-(1-amino-2,3-dihydro-1H-benzo[e][1,4]diazepin-4(5H)-yl)ethanone (2.8) (5.58 g, 27.2 

mmol) and benzyl 4-oxopiperidine-1-carboxylate (2.20) (19 g, 81.6 mmol) was dissolved 

in 85 mL acetic acid. The reaction is refluxed for 18 hours, cooled to room temperature, 

and concentrated to remove the acetic acid. The residue was neutralized with an aqueous 

solution of NaHCO3 and extracted 3 times with CH2Cl2. The combined organic layers 

were dried over MgSO4 and concentrated. The crude product was purified by column 

chromatography (100% CH2Cl to 4% MeOH in CH2Cl) to afford 7 g of  benzyl 3-acetyl-

1,2,3,4,10,11-hexahydro-[1,4]diazepino[6,7,1-hi]pyrido[4,3-b]indole-9(8H)-carboxylate 

(2.21) as a yellow solid (64%). 
1
H NMR (400 MHz, CDCl3)  7.30 (bs, 6H), 7.10 (dd, J = 

7.3, 7.3 Hz, 1H), 6.91 (d, J = 6.9 Hz, 1H), 5.19 (s, 2H), 4.82 (s, 2H), 4.71 (bs, 2H), 4.08 

(bs, 4H), 3.91 (bs, 2H), 2.81 (bs, 2H), 2.16 (s, 3H); 
13

C  NMR (400 MHz, CDCl3) 

170.4, 155.9, 136.8, 135.7, 135.5, 135.3, 128.6, 128.2, 128.1, 122.2, 119.8, 119.7, 

119.6, 117.2, 117.1, 108.0, 67.4, 54.1, 53.7, 47.3, 45.4, 41.5, 23.2, 22.0  

 

1-(1,2,8,9,10,11-hexahydro-[1,4]diazepino[6,7,1-hi]pyrido[4,3-b]indol-3(4H)-

yl)ethanone (2.22) 
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N

N

2.22

HN

O

 

10% Pd/C (216 mg) was added to a solution of  benzyl 3-acetyl-1,2,3,4,10,11-hexahydro-

[1,4]diazepino[6,7,1-hi]pyrido[4,3-b]indole-9(8H)-carboxylate (2.21) (720 mg, 1.79 

mmol) in 25 mL EtOH. The reaction mixture was stirred under an atmosphere of 

hydrogen gas for 24 hours. The reaction mixture was filter through a plug of celite and 

then concentrated. Column chromatography (100% CH2Cl to 10% MeOH in CH2Cl2) 

gave 337 mg of 1-(1,2,8,9,10,11-hexahydro-[1,4]diazepino[6,7,1-hi]pyrido[4,3-b]indol-

3(4H)-yl)ethanone (2.22) as an orange oil (70%). 
1
H NMR (500 MHz, CDCl3)  7.34 (d, 

J = 8.0 Hz, 1H), 7.03 (dd, J = 7.4, 7.4 Hz, 1H), 6.94 (d, J = 7.4 Hz, 1H), 4.80 (s, 2H), 4.08 

(d, J = 3.7 Hz, 2H), 4.07 (s, 4H), 3.25 (dd, J = 5.7, 5.7 Hz, 2H), 2.72 (dd, J = 5.8, 5.8 Hz, 

2H), 2.15 (s, 3H); 
13

C NMR (125 MHz, CDCl3)  170.2, 135.4, 135.3, 127.7, 122.0, 

119.4, 119.3, 117.1, 110.1, 54.3, 47.3, 45.4, 43.5, 42.1, 23.6, 22.1  

 

1-(9-(benzyloxy)-1,2,8,9,10,11-hexahydro-[1,4]diazepino[6,7,1-jk]carbazol-3(4H)-

yl)ethanone (2.27) 
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N

N

2.27

O

O

 

1-(1-amino-2,3-dihydro-1H-benzo[e][1,4]diazepin-4(5H)-yl)ethanone (2.8) (5.48 g, 26.7 

mmol) and 4-(benzyloxy)cyclohexanone (2.26) (16.4 g, 80.1 mmol) were dissolved in 

175 mL acetic acid. The reaction mixture was refluxed for 16 hours and then cooled to 

room temperature. The cooled reaction mixture was concentrated to remove the acetic 

acid, and the residue was neutralized with an aqueous solution of NaHCO3 and extracted 

3 times with EtOAc. The combined organic extracts were dried over MgSO4 and 

concentrated to give a brown oil. The brown oil was purified by column chromatography 

(100% CH2Cl to 1% MeOH in CH2Cl2) to yield 5.7 g of 1-(9-(benzyloxy)-1,2,8,9,10,11-

hexahydro-[1,4]diazepino[6,7,1-jk]carbazol-3(4H)-yl)ethanone (2.27) as a brown oil 

(60%). 
1
H NMR (300 MHz, CDCl3)  7.38-7.21 (m, 6H), 7.01 (dd, J = 8.0, 8.0 Hz, 1H), 

6.90 (d, J = 7.6 Hz, 1H), 4.77 (s, 2H), 4.65 (s, 2H), 4.08 (dd, J = 12.8, 12.0 Hz, 2H), 4.00-

3.89 (m, 2H), 3.10 (dd, J = 15.0, 4.5 Hz, 1H), 2.88-2.63 (m, 3H), 2.23-1.93 (m, 3H), 2.11 

(s, 3H); 
13

C NMR (300 MHz, CDCl3)  170.0, 138.8, 136.1, 129.2, 128.6, 128.4, 127.7, 

127.6, 121.8, 120.6, 119.5, 119.2, 119.1, 117.2, 108.5, 74.2, 70.6, 54.5, 47.6, 45.7, 28.6, 

27.6, 22.1, 20.9; HRMS – ESI: m/z [M + Na]
+
 calculated for C24H26N2O2: 397.1892, 

measured 397.1874. 
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1-(9-hydroxy-1,2,8,9,10,11-hexahydro-[1,4]diazepino[6,7,1-jk]carbazol-3(4H)-

yl)ethanone (2.28) 

N

N

2.28

HO

O

 

 1-(9-(benzyloxy)-1,2,8,9,10,11-hexahydro-[1,4]diazepino[6,7,1-jk]carbazol-

3(4H)-yl)ethanone (2.27) (538 mg, 1.43 mmol) was dissolved in 20 mL EtOH. To the 

reaction mixture was added 12ml of a slurry of Raney Ni 2800 in water. The suspension 

was stirred under an atmosphere of hydrogen for 8 days. After 8 days the reaction 

mixture was filtered through a plug of celite. The filtrate was concentrated and purified 

by column chromatography (100% CH2Cl to 5% MeOH in CH2Cl2) to afford 295 mg of 

1-(9-hydroxy-1,2,8,9,10,11-hexahydro-[1,4]diazepino[6,7,1-jk]carbazol-3(4H)-

yl)ethanone (2.28) as pale yellow solid (73%). 
1
H NMR (300 MHz, CDCl3)  7.37 (d, J = 

8.1 Hz, 1H), 7.02 (dd, J = 7.5, 7.5 Hz, 1H), 6.92 (d, J = 7.0 Hz, 1H), 4.80 (s, 2H), 4.21-

4.29 (m, 1H), 4.18-4.00 (m, 3H), 3.68 (dd, J = 15.5, 4.5 Hz, 1H), 2.90-2.67 (m, 3H), 2.15 

(s, 3H), 2.14-2.02 (m, 1H), 1.68 (s, 2H); 
13

C NMR (300 MHz, CDCl3)  170.0, 135.8, 

129.2, 121.8, 119.4, 119.2, 117.2, 116.8, 108.1, 67.4, 54.6, 47.6, 46.3, 31.3, 30.7, 22.2, 

20.4; HRMS – ESI: m/z [M + Na]
+
 calculated for C17H20N2O2: 307.1422, measured 

307.1398. 
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2-ethoxy-1-(1,2,8,9,10,11,12,13-octahydrocycloocta[b][1,4]diazepino[6,7,1-hi]indol-

3(4H)-yl)ethanone (2.30) 

N

N

O

O

2.30  

A solution of 1,2,3,4,8,9,10,11,12,13-decahydrocycloocta[b][1,4]diazepino[6,7,1-

hi]indole (2.10) (95.7 mg, 0.38 mmol), EDAC (87.4 mg, 0.46 mmol), ethoxyacetic acid 

(2.29) (47.9 mg, 0.46 mmol), and N,N-DIEA (98.2 mg, 0.76 mmol) was dissolved in 7 

mL CH3CN and stirred at room temperature for 24 hours. After 24 hours, the solvent was 

removed under reduced pressure and the residue was taken up in water and extracted 3 

times with CH2Cl2.  The combined organic extracts were dried over MgSO4, 

concentrated, and purified by column chromatography (100% CH2Cl to 5% MeOH in 

CH2Cl2) to produce  70 mg of 2-ethoxy-1-(1,2,8,9,10,11,12,13-

octahydrocycloocta[b][1,4]diazepino[6,7,1-hi]indol-3(4H)-yl)ethanone (2.30) as an 

orange oil (77%). 
1
H NMR (500 MHz, CDCl3)  7.43 (d, J = 6.9 Hz, 1H), 7.02 (dd, J = 

7.7, 7.2 Hz, 1H), 6.90 (d, J = 6.6 Hz, 1H), 4.89 (s, 2H), 4.22 (s, 2H), 4.19-4.17 (m, 2H), 

4.09-4.07 (m, 2H), 3.52 (q, J = 6.9 Hz, 2H), 2.86 (dd, J = 6.3, 6.3 Hz, 2H), 2.82 (dd, J = 

6.3, 5.7 Hz, 2H), 1.72-1.65 (m, 4H), 1.48-1.43 (m, 2H), 1.36-1.32 (m, 2H), 1.18 (t, J = 

6.9 Hz, 3H); 
13

C NMR (125 MHz, CDCl3)  169.0, 138.3, 135.3, 129.2, 121.5, 119.1, 
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118.9, 117.1, 113.9, 70.3, 67.2, 52.2, 48.2, 45.3, 30.8, 28.8, 26.3, 25.9, 23.3, 23.2, 15.1; 

HRMS – ESI: m/z [M + Na]
+
 calculated for C21H28N2O2: 363.2048, measured 363.2039. 

 

4-(1,2,8,9,10,11,12,13-octahydrocycloocta[b][1,4]diazepino[6,7,1-hi]indol-3(4H)-yl)-

4-oxobutanoic acid (2.32) 

N

N
O

OH

2.32

O

 

A solution of 1,2,3,4,8,9,10,11,12,13-decahydrocycloocta[b][1,4]diazepino[6,7,1-

hi]indole (2.10) (106.4 mg, 0.42 mmol) and succinic anhydride (2.31) (84 mg, 0.84 

mmol) in 10 mL CH2Cl2 was stirred at room temperature for 24 hours. After 24 hours the 

reaction was diluted with H2O and extracted 3 times with CH2Cl2. The organic layers 

were dried over MgSO4, concentrated, and purified by column chromatography (100% 

CH2Cl to 9% MeOH in CH2Cl2) to yield 125 mg of 4-(1,2,8,9,10,11,12,13-

octahydrocycloocta[b][1,4]diazepino[6,7,1-hi]indol-3(4H)-yl)-4-oxobutanoic acid (2.32) 

as a yellow solid (84%). 
1
H NMR (400 MHz, CDCl3)  7.43 (d, J = 7.3 Hz, 1H), 7.01 (dd, 

J = 7.3, 7.3 Hz, 1H), 6.90 (d, J = 6.9 Hz, 1H), 4.82 (s, 2H), 4.13 (dd, J = 4.6, 4.6 Hz, 2H), 

4.04 (dd, J = 4.6, 4.6 Hz, 2H), 2.85 (dd, J = 6.4, 6.0 Hz, 2H), 2.82 (dd, J = 6.2, 5.7 Hz, 

2H), 2.75 (dd, J = 6.9, 6.4 Hz, 2H), 1.62-1.72 (m, 4H), 1.48-1.41 (m, 2H), 1.39-1.31 (m, 

2H); 
13

C NMR (400 MHz, CDCl3) 177.3, 171.3, 138.3, 135.3, 129.3, 121.1, 119.0, 
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118.9, 117.2, 113.8, 52.8, 48.1, 45.1, 30.7, 29.3, 28.7, 28.6, 26.2, 25.8, 23.2, 23.1; HRMS 

– ESI: m/z [M + Na]
+
 calculated for C21H26N2O3: 377.1841, measured 377.1823. 

 

1,4-bis(1,2,8,9,10,11,12,13-octahydrocycloocta[b][1,4]diazepino[6,7,1-hi]indol-3(4H)-

yl)butane-1,4-dione (2.33) 

N

N
O

2.33

O

N

N

 

A solution of 4-(1,2,8,9,10,11,12,13-octahydrocycloocta[b][1,4]diazepino[6,7,1-hi]indol-

3(4H)-yl)-4-oxobutanoic acid (2.32) (111.2 mg, 0.31 mmol), EDAC (72 mg, 0.38 mmol), 

1,2,3,4,8,9,10,11,12,13-decahydrocycloocta[b][1,4]diazepino[6,7,1-hi]indole (2.10) (96 

mg, 0.38 mmol), and N,N-DIEA (81 mg, 0.63 mmol) in 12 mL CH3CN was stirred at 

room temperature for 43 hours. After 43 hours, the solvent was removed under reduced 

pressure, and the residue was taken up in H2O and extracted three times with CH2Cl2. 

The combined organic layers were dried over MgSO4 and concentrated. The crude 

product was purified by column chromatography (100% CH2Cl2 to 9% MeOH in CH2Cl2) 

to yield 104 mg 1,4-bis(1,2,8,9,10,11,12,13-octahydrocycloocta[b][1,4]diazepino[6,7,1-

hi]indol-3(4H)-yl)butane-1,4-dione (2.33) as a yellow-orange solid (57%). 
1
H NMR (400 
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MHz, CDCl3)  7.40 (d, J = 7.8 Hz, 2H), 6.97 (dd, J = 7.3, 7.3 Hz, 2H), 6.87 (d, J = 6.8 

Hz, 2H), 4.84 (s, 3H), 4.13 (dd, J = 4.6, 1.8 Hz, 4H), 4.04 (dd, J = 6.4, 1.4 Hz, 4H), 2.85-

2.77 (m, 10H), 1.72-1.61 (m, 10H), 1.47-1.40 (m, 4H), 1.38-1.30 (m, 4H); 
13

C NMR (400 

MHz, CDCl3) 171.5, 138.2, 135.4, 129.2, 121.7, 119.1, 118.8, 117.0, 113.7, 52.7, 47.9, 

45.3, 30.7, 28.7, 28.6, 26.2, 25.8, 23.2, 23.1; HRMS – ESI: m/z [M + Na]
+
 calculated for 

C38H46N4O2: 613.3518, measured 613.3502. 

 

1-(9-(2-methoxyethyl)-1,2,8,9,10,11-hexahydro-[1,4]diazepino[6,7,1-hi]pyrido[4,3-

b]indol-3(4H)-yl)ethanone (2.36) 

N

N

N

O

O

2.36  

A solution of 1-(1,2,8,9,10,11-hexahydro-[1,4]diazepino[6,7,1-hi]pyrido[4,3-b]indol-

3(4H)-yl)ethanone (2.22) (540 mg, 2.0 mmol), 2-bromoethyl methyl ether (2.34) (335 

mg, 2.4 mmol), and N,N’-DIEA (624 mg, 4.8 mmol) in 80 mL CH3CN was stirred at 60 

o
C for 40 hours. After 40 hours the reaction was cooled to room temperature and the 

solvent was removed under reduced pressure. The crude reaction mixture was taken up in 

aqueous NH4Cl and extracted three times with EtOAc. The combined organic extracts 

were dried over MgSO4, concentrated, and purified by column chromatography (100% 

CH2Cl2 to 9% MeOH in CH2Cl2) to afford 191 mg of 1-(9-(2-methoxyethyl)-
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1,2,8,9,10,11-hexahydro-[1,4]diazepino[6,7,1-hi]pyrido[4,3-b]indol-3(4H)-yl)ethanone 

(2.36) as a red-orange oil (31%). 
1
H NMR (500 MHz, CDCl3)  7.34 (d, J = 7.5 Hz, 1H), 

7.03 (dd, J = 7.5, 7.5 Hz, 1H), 6.93 (d, J = 6.3 Hz, 1H), 4.81 (s, 2H), 4.07 (d, J = 1.7 Hz, 

2H), 3.77 (s, 2H), 3.64 (dd, J = 5.7, 5.2 Hz, 2H), 3.39 (s, 3H), 2.98 (dd, J = 5.7, 5.7 Hz, 

2H), 2.87 (dd, J = 5.7, 5.7 Hz, 2H), 2.81 (dd, J = 5.1, 5.1 Hz, 2H), 2.16 (s, 3H); 
13

C NMR 

(125 MHz, CDCl3)  170.2, 135.8, 135.3, 127.9, 122.0, 119.3, 119.2, 117.1, 109.4, 71.0, 

59.1, 57.0, 54.5, 51.2, 49.9, 47.5, 45.7, 23.2, 22.1; HRMS – ESI: m/z [M + H]
+
 calculated 

for C19H25N3O2: 328.2025, measured 328.2013.  

 

9-(2-methoxyethyl)-1,2,3,4,8,9,10,11-octahydro-[1,4]diazepino[6,7,1-hi]pyrido[4,3-

b]indole (2.37) 

N

NH

N

O

2.37  

A solution of 12 mL MeOH, 10 mL 6M NaOH, and 1-(9-(2-methoxyethyl)-1,2,8,9,10,11-

hexahydro-[1,4]diazepino[6,7,1-hi]pyrido[4,3-b]indol-3(4H)-yl)ethanone (2.36) (191 mg, 

0.58 mmol) was refluxed for 24 hours. After which the reaction was cooled to room 

temperature and the MeOH was removed under reduced pressure. The remaining residue 

was diluted with H2O and extracted three times with EtOAc. The combined organic 

layers were dried over MgSO4 and concentrated to afford 113 mg of 9-(2-methoxyethyl)-

1,2,3,4,8,9,10,11-octahydro-[1,4]diazepino[6,7,1-hi]pyrido[4,3-b]indole (2.37) as a red-
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brown oil (68%). 
1
H NMR (500 MHz, CDCl3)  7.28 (d, J = 8.0 Hz, 1H), 6.99 (dd, J = 

7.5, 7.5 Hz, 1H), 6.88 (d, J = 8.0 Hz, 1H), 4,25 (s, 2H), 3.92 (dd, J = 5.2, 5.1 Hz, 2H), 

3.77 (s, 2H), 3.64 (dd, J = 5.7, 5.7 Hz, 2H), 3.39 (s, 3H), 3.33 (dd, J = 4.6, 5.1 Hz, 2H), 

2.97 (dd, J = 5.7, 5.7 Hz, 2H), 2.86 (t, J = 5.7 Hz, 2H), 2.81 (t, J = 5.7 Hz, 2H). 
13

C NMR 

(125 MHz, CDCl3)  136.8, 134.9, 127.7 127.1, 119.6, 119.1, 115.9, 109.5, 71.0, 59.1, 

57.1, 55.1, 51.3, 50.2, 50.1, 50.0, 23.2 

 

1,2,3,4,7b,8,9,10,11,11a-decahydro-[1,4]diazepino[6,7,1-hi]pyrido[4,3-b]indole (2.53) 

N

NH

HN

2.53  

A solution of 1-(1,2,7b,8,9,10,11,11a-octahydro-[1,4]diazepino[6,7,1-hi]pyrido[4,3-

b]indol-3(4H)-yl)ethanone (2.57) (83 mg, 0.31 mmol) in 6 mL MeOH and 6 mL 6M 

NaOH is refluxed for 48 hours and then cooled to room temperature. The MeOH was 

removed under reduced pressure and the remaining residue was diluted with H2O and 

extracted three times with CH2Cl2. The combined organic extracts were dried over 

MgSO4 and concentrated to give 53 mg of 1,2,3,4,7b,8,9,10,11,11a-decahydro-

[1,4]diazepino[6,7,1-hi]pyrido[4,3-b]indole (2.53) as a yellow solid (74%). 
1
H NMR (500 

MHz, CDCl3)  6.95 (d, J = 6.9 Hz, 1H), 6.86 (d, J = 6.9 Hz, 1H), 6.69 (dd, J = 7.7, 7.7 

Hz, 1H), 4.02 (d, J = 16.1 Hz, 1H), 3.83 (dd, J = 4.6, 4.0 Hz, 1H), 3.35-3.32 (m, 1H), 3.30 

(s, 1H), 3.28 (s, 1H), 3.15 (ddd, J = 10.3, 6.3, 4.0 Hz, 1H), 3.03-2.97 (m, 2H), 2.87 (dd, J 

= 3.5, 2.8 Hz, 1H), 2.85 (d, J = 3.5 Hz, 1H), 2.60 (dd, J = 10.9, 10.3 Hz, 1H), 2.45 (dd, J 
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= 12.6, 10.3 Hz, 1H), 1.91 (dq, J = 14.4, 2.9 Hz, 1H), 1.82-1.77 (m, 1H); 
13

C NMR (125 

MHz, CDCl3)  152.3, 133.4, 127.4, 127.2, 121.9, 119.4, 64.3, 54.3, 54.0, 50.5, 49.6, 

41.8, 41.2, 26.0; HRMS – ESI: m/z [M + H]
+
 calculated for C14H19N3: 230.1657, 

measured 230.1650. 

 

1,2,3,4,7b,8,9,10,11,11a-decahydro-[1,4]diazepino[6,7,1-jk]carbazol-9-ol (2.54) 

N

NH

2.54

HO

 

A solution 1-(9-hydroxy-1,2,7b,8,9,10,11,11a-octahydro-[1,4]diazepino[6,7,1-

jk]carbazol-3(4H)-yl)ethanone (2.60) (68 mg, 0.24 mmol) in 5 mL MeOH and 5 mL 6M 

NaOH was refluxed for 24 hours and then cooled to room temperature. The MeOH was 

removed under reduced pressure and the remaining residue was diluted with H2O and 

extracted three times with CH2Cl2. The combined organic extracts were dried over 

MgSO4 and concentrated to give 36 mg of 1,2,3,4,7b,8,9,10,11,11a-decahydro-

[1,4]diazepino[6,7,1-jk]carbazol-9-ol (2.54) as an orange solid (62%). 
1
H NMR (500 

MHz, CDCl3) mixture of diastereomers  6.97 (t, J = 7.4 Hz, 1H), 6.84 (dd, J = 9.7, 8.0 

Hz, 1H), 6.69 (dd, J = 7.4, 7.4 Hz, 1H), 4.24-4.20 (m, 1H), 3.98-3.92 (m, 2H), 3.85 (d, J 

= 15.5 Hz, 0.5H), 3.78 (d, J = 15.5 Hz, 0.5H), 3.62 (tt, J = 10.8, 3.4 Hz, 1H), 3.39-3.21 

(m, 4H), 3.14-2.95 (m, 2H), 2.76-2.67 (m, 1H), 2.16-1.93 (m, 5H), 1.85-1.74 (m, 1H), 

1.70-1.60 (m, 1H), 1.58-1.42 (m, 1H), 1.11 (q, J = 12.6 Hz, 1H); 
13

C NMR (125 MHz, 

CDCl3)  151.8, 151.7, 137.0, 135.8, 135.6, 135.5, 129.0, 127.2, 127.0, 126.7, 121.6, 
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121.5, 119.8, 119.7, 119.3, 119.2, 116.1, 108.3, 68.8, 67.2, 65.6, 65.6, 64.9, 55.0, 54.6, 

54.0, 53.9, 53.8, 50.5, 50.2, 50.1, 41.1, 40.2, 37.9, 36.0, 31.3, 30.7, 30.2, 28.6, 24.1, 20.4, 

20.2; HRMS – ESI: m/z [M + H]
+
 calculated for C15H20N2O: 245.1654, measured 

245.1649. 

 

6-bromo-2,3,4,7b,8,9,10,10a-octahydro-1H-cyclopenta[b][1,4]diazepino[6,7,1-

hi]indole (2.55) 

N

NH

2.55

Br

 

2,3,4,7b,8,9,10,10a-octahydro-1H-cyclopenta[b][1,4]diazepino[6,7,1-hi]indole (2.52) 

(138 mg, 0.64 mmol) was dissolved in 3 mL CH2Cl2 and cooled to 0 
o
C. Then add Br2 in 

1 mL CH2Cl2 dropwise. Stir at 0 
o
C for three hours and then stirre at room temperature 

for 18 hours. After 18 hours the reaction mixture was concentrated under reduced 

pressure to yield 123 mg of 6-bromo-2,3,4,7b,8,9,10,10a-octahydro-1H-

cyclopenta[b][1,4] diazepino[6,7,1-hi]indole (2.55) as a brown oil (60%). 
1
H NMR (500 

MHz, CDCl3)  7.14 (s, 1H), 7.04 (s, 1H), 4.34 (d, J = 14.3 Hz, 1H), 4.01 (dd, J = 8.0, 5.1 

Hz, 1H), 3.88 (d, J = 15.5 Hz, 1H), 3.81 (dd, J = 8.6, 7.5 Hz, 1H), 3.70 (d, J = 13.2 Hz, 

1H), 3.39-3.29 (m, 2H), 3.12 (dd, J = 10.9, 10.9 Hz, 1H); 
13

C NMR (125 MHz, CDCl3)  

151.6, 138.9, 130.7, 128.1, 115.9, 111.6, 73.6, 50.3, 49.4, 48.8, 46.2, 35.1, 34.5, 24.4; 

HRMS – ESI: m/z [M + H]
+
 calculated for C14H17BrN2: 293.0653, measured 293.0642. 
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Benzyl 3-acetyl-1,2,3,4,7b,8,11,11a-octahydro-[1,4]diazepino[6,7,1-hi]pyrido[4,3-

b]indole-9(10H)-carboxylate (2.56) 

N

N

N

O

O

O

2.56  

Benzyl 3-acetyl-1,2,3,4,10,11-hexahydro-[1,4]diazepino[6,7,1-hi]pyrido[4,3-b]indole-

9(8H)-carboxylate (2.21) (4.1 g, 10.2 mmol) was dissolved in 60 mL TFA and cooled to 

0 
o
C. To the cooled solution NaBH4 (887 mg, 23.5 mmol) was added portionwise over 15 

minutes with stirring. The reaction was allowed to warm to room temperature and then 

stirred an additional 90 minutes. After 90 minutes the reaction was cooled back to 0 
o
C 

and 60 mL H2O was added. The stirred reaction was then neutralized with dropwise 

addition of 6M NaOH. The neutralized reaction was extracted three times with CH2Cl2, 

and the combined organic layers are dried over MgSO4 and concentrated to yield 3.8 g of 

benzyl 3-acetyl-1,2,3,4,7b,8,11,11a-octahydro-[1,4]diazepino[6,7,1-hi]pyrido[4,3-

b]indole-9(10H)-carboxylate (2.56) as a yellow solid (92% as a mixture of 

diastereomers). 
1
H NMR (500 MHz, CDCl3) 7.39-7.28 (m, 10H), 7.06 (d, J = 7.4 Hz, 

1H), 6.91 (d, J = 7.5 Hz, 1H), 6.73 (bs, 1H), 5.11 (s, 2H), 5.13-5.08 (m, 2H), 4.58 (d, J = 

16.6 Hz, 1H), 4.43 (bs, 1H), 4.27 (d, J = 15.9 Hz, 1H), 4.08 (bs, 1H), 3.96-3.82 (m, 2H), 

3.68-3.63 (m, 1H), 3.51 (bs, 1H), 3.40-3.33 (m, 1H), 3.29 (d, J = 11.4 Hz, 0.5H), 3.21 (d, 



90 

J = 12.6 Hz, 0.5H), 3.13 (td, J = 3.5, 12.6 Hz, 1H), 3.02-2.95 (m, 1H), 2.86 (dd, J = 10.9 

Hz, 1H), 2.21 (s, 2H), 2.09 (2, 1H), 2.0-1.89 (m, 5H), 1.48 (bs, 1H); 
13

C NMR (500MHz, 

CDCl3)  170.0, 155.3, 137.0, 136.9, 128.7, 128.6, 128.5, 128.1, 128.0, 128.0, 127.9, 

127.4, 122.0, 67.1, 67.0, 66.9, 64.0, 63.9, 53.7, 53.4, 50.9, 50.6, 47.5, 44.6, 41.5, 39.9, 

39.8, 22.2, 21.9; HRMS – ESI: m/z [M + Na]
+
 calculated for C24H27N3O3: 428.1950, 

measured 428.1953. 

 

1-(1,2,7b,8,9,10,11,11a-octahydro-[1,4]diazepino[6,7,1-hi]pyrido[4,3-b]indol-3(4H)-

yl)ethanone (2.57) 

N

N

HN

O

2.57  

10% Pd/C (2.2 g) was added to a stirred solution of benzyl 3-acetyl-1,2,3,4,7b,8,11,11a-

octahydro-[1,4]diazepino[6,7,1-hi]pyrido[4,3-b]indole-9(10H)-carboxylate (2.56) (3.72 g, 

9.2 mmol) in 110 mL EtOH. The reaction mixture was stirred under an atmosphere of 

hydrogen for 48 hours and then filtered through a plug of celite. The filtrate was 

concentrated and then purified by column chromatography using KP-NH silica gel (100% 

CH2Cl2 to 4% MeOH in CH2Cl2) to yield 1.8 g 1-(1,2,7b,8,9,10,11,11a-octahydro-

[1,4]diazepino[6,7,1-hi]pyrido[4,3-b]indol-3(4H)-yl)ethanone (2.57) as a yellow solid 

(72%). 
1
H NMR (500 MHz, CDCl3)  7.05 (d, J = 6.9 Hz, 1H), 6.95 (d, J = 7.5 Hz, 1H), 

6.78 (dd, J = 7.5, 7.5 Hz, 1H), 5.5 (s, 1H), 4.64 (d, J = 16.1 Hz, 1H), 4.39-4.24 (m, 2H), 
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3.45-3.37 (m, 1H), 3.34-3.21 (m, 3H), 3.05 (ddd, J = 12.6, 2.8, 2.8 Hz, 1H), 2.93-2.71 (m, 

2H), 2.49 (dd, J = 12.6, 11.5 Hz, 1H), 2.29-2.06 (m, 2H), 2.20 (s, 3H), 1.95-1.82 (m, 1H); 

13
C NMR (125 MHz, CDCl3)  170.3, 151.3, 132.0, 127.7, 123.3, 122.7, 120.4, 63.0, 

53.1, 50.0, 47.1, 46.5, 40.0, 38.4, 23.1, 21.9, 22.0; HRMS – ESI: m/z [M + H]
+
 calculated 

for C16H21N3O: 272.1763, measured 272.1741. 

 

9-(2-methoxyethyl)-1,2,3,4,7b,8,9,10,11,11a-decahydro-[1,4]diazepino[6,7,1-

hi]pyrido[4,3-b]indole (2.58) 

N

NH

N

2.58

O

 

A solution of 1-(9-(2-methoxyethyl)-1,2,7b,8,9,10,11,11a-octahydro-

[1,4]diazepino[6,7,1-hi]pyrido[4,3-b]indol-3(4H)-yl)ethanone (2.62) (59 mg, 0.18 mmol) 

in 3 mL MeOH and 3 mL 6M NaOH was refluxed for 24 hours and then cooled to room 

temperature. The MeOH was removed under reduced pressure and the residue was 

diluted with H2O and extracted three times with CH2Cl2. The combined organic extracts 

were dried over MgSO4 and concentrated to give 42 mg of 9-(2-methoxyethyl)-

1,2,3,4,7b,8,9,10,11,11a-decahydro-[1,4]diazepino[6,7,1-hi]pyrido[4,3-b]indole (2.58) as 

an orange oil (81%). 
1
H NMR (500 MHz, CDCl3)  6.96 (d, J = 7.4H, 1H), 6.86 (d, J = 

7.4 Hz, 1H), 6.69 (dd, J = 7.4, 6.9 Hz, 1H), 4.02 (d, J = 15.5 Hz, 1H), 3.78 (d, J = 16.0 

Hz, 1H), 3.51-3.46 (m,2H), 3.34 (s, 3H), 3.33-3.23 (m, 4H), 2.99-2.95 (m, 1H), 2.85-2.82 
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(m, 1H), 2.73 (bs, 1H), 2.58-2.48 (m, 3H), 2.27-2.22 (m, 1H),  2.01 (bs, 2H), 1.98-1.92 

(m, 3H), 1.77 (dd, J = 11.4, 10.3 Hz, 1H); 
13

C NMR (125 MHz, CDCl3)  152.5, 133.7, 

127.6, 127.3, 122.1, 119.6, 70.3, 64.0, 59.1, 58.3, 57.9, 54.7, 54.2, 50.6, 49.6, 41.1, 25.5 

 

1-(9-(benzyloxy)-1,2,7b,8,9,10,11,11a-octahydro-[1,4]diazepino[6,7,1-jk]carbazol-

3(4H)-yl)ethanone (2.59) 

N

N

2.59

O

O

 

1-(9-(benzyloxy)-1,2,8,9,10,11-hexahydro-[1,4]diazepino[6,7,1-jk]carbazol-3(4H)-

yl)ethanone (2.27) (616 mg, 1.64 mmol) was dissolved in 20 mL TFA and cooled to 0 
o
C. 

To the cooled reaction mixture was added NaBH4 portionwise over 10 minutes. The 

reaction was then warmed to room temperature and stirred an additional 18 hours. After 

18 hours the reaction was cooled back to 0 
o
C and then neutralized with dropwise 

addition of 6M NaOH. The neutralized reaction was extracted three times with CH2Cl2. 

The combined organic extracts were dried over MgSO4, concentrated, and purified by 

column chromatography (100% CH2Cl to 8% MeOH in CH2Cl2) to yield 430 mg of 1-(9-

(benzyloxy)-1,2,7b,8,9,10,11,11a-octahydro-[1,4]diazepino[6,7,1-jk]carbazol-3(4H)-

yl)ethanone (2.59) as a red-orange oil (70% as a mixture of diastereomers). 
1
H NMR (500 
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MHz, CDCl3)  7.38-7.22 (m, 5H), 7.01  (dd, J = 14.9, 6.9 Hz, 1H), 6.87 (dd, J = 9.7, 7.4 

Hz, 1H), 6.73 (dd, J = 9.7, 7.4 Hz, 1H), 4.60-4.49 (m, 3H), 4.32-4.22 (m, 1H ), 3.65 (bs, 

1H), 3.48-3.38 (m, 1H), 3.34-3.22 (m, 2H), 3.11-3.05 (m, 1H), 2.83-2.65 (m, 1H), 2.13 

(d, J = 5.7 Hz, 3H), 2.08 (d, J = 1.2 Hz, 1H), 2.03-1.88 (m, 2H), 1.76-1.68 (m, 1H), 1.59 

(ddd, J = 9.1, 2.3, 2.3 Hz, 1H), 1.17 (dd, J = 12.6, 11.5 Hz, 1H); 
13

C NMR (125 MHz, 

CDCl3)  170.2, 170.1, 151.3, 151.2, 139.1, 136.5, 136.4, 128.5, 128.4, 127.5, 127.5, 

126.7, 126.5, 122.6, 122.2, 121.7, 119.8, 119.5, 75.4, 72.4, 70.1, 69.7, 65.6, 65.2, 53.6, 

53.1, 50.5, 49.7, 47.4, 40.8, 37.6, 36.7, 33.5, 26.9, 24.8, 24.0, 22.2, 22.0, 21.9, 20.3; 

HRMS – ESI: m/z [M + Na]
+
 calculated for C24H28N2O2: 399.2048, measured 399.2034. 

 

1-(9-hydroxy-1,2,7b,8,9,10,11,11a-octahydro-[1,4]diazepino[6,7,1-jk]carbazol-3(4H)-

yl)ethanone (2.60) 

N

N

2.60

HO

O

 

To a stirred solution of 1-(9-(benzyloxy)-1,2,7b,8,9,10,11,11a-octahydro-

[1,4]diazepino[6,7,1-jk]carbazol-3(4H)-yl)ethanone (2.59) (430 mg, 1.14 mmol) in 20 

mL EtOH was added 4.0 mL of Raney Ni 2800. This suspension was stirred under an 

atmosphere of hydrogen for 6 days. After 6 days the reaction mixture was filtered 

through a plug of celite. The filtrate was concentrated and purified by column 

chromatography (100% CH2Cl to 8% MeOH in CH2Cl2) to afford 180 mg of 1-(9-
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hydroxy-1,2,7b,8,9,10,11,11a-octahydro-[1,4]diazepino[6,7,1-jk]carbazol-3(4H)-

yl)ethanone (2.60) as an orange solid (55% as a mixture of diastereomers). 
1
H NMR (500 

MHz, CDCl3)  7.02-6.90 (m, 1H), 6.86 (dd, J = 13.1, 6.9 Hz, 1H), 6.70 (ddd, J = 13.7, 

7.5, 7.5 Hz, 1H), 4.59 (d, J = 15.5 Hz, 1H), 4.50 (d, J = 16.6 Hz, 1H), 4.36 (d, J = 16.6 

Hz, 1H), 4.25 (d, J = 16.1 Hz, 1H), 4.22-4.17 (m, 1H), 4.12-3.97 (m, 1H), 3.92-3.88 (m, 

1H), 3.69-3.57 (m, 1H), 3.38-3.20 (m, 2H), 3.10-3.01 (m, 1H), 2.91-2.86 (m, 1H), 2.72-

2.64 (m, 1H), 2.54 (bs, 1H), 2.12 (dd, J = 11.5, 9.1 Hz, 4H), 2.02-1.94 (m, 1H), 1.81-1.73 

(m, 1H), 1.67-1.57 (m, 1H), 1.53-1.40 (m, 1H); 
13

C NMR (125 MHz, CDCl3)  170.4, 

170.4, 170.3, 151.2, 151.1, 136.4, 136.1, 136.0, 135.9, 129.3, 127.8, 127.6, 126.7, 126.4, 

122.6, 122.5, 122.1, 122.0, 121.9, 121.7, 121.4, 120.3, 119.9, 119.8, 119.4, 119.3, 119.1, 

117.2, 108.4, 68.7, 68.6, 67.1, 65.6, 65.5, 64.9, 54.4, 53.6, 53.3, 52.9, 50.9, 50.8, 50.8, 

50.2, 50.1, 49.3, 48.0, 47.5, 47.4, 47.3, 45.5,41.0, 40.9, 39.9, 37.8, 35.7, 35.6, 31.2, 30.4, 

30.0, 28.6, 28.5, 24.1, 24.0, 22.1, 22.0, 21.9, 20.5, 20.4; HRMS – ESI: m/z [M + Na]
+
 

calculated for C17H22N2O2: 309.1579, measured 309.1554. 

 

1-(9-(2-methoxyethyl)-1,2,7b,8,9,10,11,11a-octahydro-[1,4]diazepino[6,7,1-

hi]pyrido[4,3-b]indol-3(4H)-yl)ethanone (2.62) 

N

N

N

2.62

O

O

 



95 

1-(1,2,7b,8,9,10,11,11a-octahydro-[1,4]diazepino[6,7,1-hi]pyrido[4,3-b]indol-3(4H)-

yl)ethanone (2.57) (104 mg, 0.38 mmol) 2-bromoethyl methyl ether (2.61) (107 mg, 0.77 

mmol), and N,N-DIEA (200 mg, 1.54 mmol) in 12 mL CH3CN was stirred at 66 
o
C for 

24 hours and then cooled to room temperature. The solvent was removed under reduced 

pressure and the residue was taken up in aqueous NaHCO3 and extracted three times with 

CH2Cl2. The combined organic extracts were dried over MgSO4, concentrated, and 

purified by column chromatography (100% CH2Cl to 3% MeOH in CH2Cl2) to afford 59 

mg of  1-(9-(2-methoxyethyl)-1,2,7b,8,9,10,11,11a-octahydro-[1,4]diazepino[6,7,1-

hi]pyrido[4,3-b]indol-3(4H)-yl)ethanone (2.62) as a yellow oil (40%). 
1
H NMR (500 

MHz, CDCl3) 6.96 (d, J = 7.4H, 1H), 6.84 (d, J = 7.5 Hz, 1H), 6.67 (dd, J = 7.2, 7.2 Hz, 

1H), 4.55 (d, J = 16.1 Hz, 1H), 4.32 (d, J = 13.8 Hz, 1H), 4.23 (d, J = 16.0 Hz, 1H), 3.44 

(t, J = 5.7 Hz, 2H), 3.28 (s, 3H), 3.26-3.17 (m, 3H), 2.77 (ddd, J = 11.5, 6.3, 1.8 Hz, 1H), 

2.71-2.65 (m, 2H), 2.50-2.41 (m, 2H), 2.22-2.15 (m, 1H), 2.04 (s, 3H), 1.97-1.85 (m, 

2H), 1.72 (t, J = 11.5 Hz, 1), 1.18 (s, 1H); 
13

C NMR (125 MHz, CDCl3)  170.2, 151.8, 

134.2, 127.0, 123.0, 122.1, 119.7, 70.2, 63.9, 59.0, 58.1, 57.5, 53.3, 50.1, 49.4, 47.3, 40.7, 

25.3, 22.0; HRMS – ESI: m/z [M + H]
+
 calculated for C19H27N3O2: 330.2182, measured 

330.2173. 
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Chapter 3: M-100907 Derivatives 

In order to synthesize serotonin receptor DMLs an appropriate 5-HT2A receptor 

antagonist must be selected, synthesized, and derivatized. M-100907 (3.1) also known as 

volinanserin is a highly selective 5-HT2A receptor antagonist originally developed by 

Sanofi-Aventis for the treatment of schizophrenia and has undergone clinical trails for 

sleep disorders.
105, 106

 M-100907 (3.1) was the 5-HT2AR antagonist of choice because it is 

selective for its target receptor, it is accessible through a known synthetic route, and its 

structure lends itself well to the desired derivatizations. 

5-HT2AR affinity of M-100907 

Since the known 5-HT2A antagonist M-100907 (3.1) was to be used to synthesize 

novel DMLs, high affinity to the 5-HT2A receptor as well as potency as an antagonist was 

important. M-100907 (3.1) is greater than 100 times more selective for the 5-HT2AR (Ki = 

0.85nM) than the 5-HT2CR (Ki = 88nM).
107 

In addition to being selective for the 5-

HT2AR, both in vitro and in vivo experiments demonstrated that M-100907 (3.1) is a 

highly potent 5-HT2AR antagonist.
105, 107 

Clinical trials revealed that a 6 mg dose of M-

100907 (3.1) resulted in 90% 5-HT2AR occupancy in the prefrontal cortex.
105 

Additionally, the only reported side effects of M-100907 (3.1) during a phase III clinical 

trial in Europe were headaches and constipation.
105

 The ability of M-100907 (3.1) to bind 

selectivity to the 5-HT2AR both in vitro and in vivo in addition to its low level of side 

effects in human patients supported its use in 5-HT receptor DMLs. 

M-100907 SAR Data 

In addition to a favorable pharmacological profile, the structure of M-100907 

(3.1) was well suited to the manipulations necessary to synthesize DMLs including the 
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addition of a tether. The two potential linker locations were at the 3’-methoxy on one 

aromatic ring and the 4’-fluorine on the other aromatic ring (Fig 3.1). Limited data 

existed on the SAR of M-100907 (3.1) at either linker location. The 3’-methoxy on the 

aromatic ring was not critical for activity.
105

 The removal of that group occurs during first 

pass metabolism to yield M-105725 (3.2) a known 5-HT2AR antagonist with a Ki of 1.3 

nM but limited blood brain barrier permeability (Fig 3.1).
108

 The increase in polarity 

from the additional hydroxy group decreases the lipophilicity of M-105725 (3.2).
108

 The 

difference in lipophilicity partially explained why the blood brain barrier permeability of 

M-100907 (3.1) is 4 times that of M-105725 (3.2).
108

 Limited data existed for  M-100907 

derivatives in which the 4’-fluorine was modified. 
105, 109 

Since only a small number of 

 

Figure 3. 1 Structure of M-100907, M-105725, and 3.3 

 

of fluorine derivatives with limited variation had been examined, further modifications at 

this position were investigated to determine if this was an appropriate linker attachment 

site. SAR data on a series of compound 3.3 derivatives with an unreduced piperidnyl 

carbonyl revealed that the piperidnyl alcohol was not critical for 5-HT2AR activity.
109

 The 

5-HT2AR activity of compound 3.3 was only 2 fold less than that of M-100907 (3.1), but 
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it retained the more than 100 fold selectivity for the 5-HT2AR over the 5-HT2CR.
109 

Since 

compound 3.3 retained selectivity for the 5-HT2AR and was only slightly less active than 

M-100907, it was chosen as an additional compound on which linkers would be attached. 

The selectivity for a specific 5-HT receptor and amenability to functional group 

modification made M-100907 a good candidate for use in DMLs. 

Published M-100907 synthesis 

In order to synthesize M-100907 derivatives containing the appropriate linker 

attachment points, the parent compound M-100907 (3.1) was first synthesized. The route 

to M-100907 published by Rice was utilized because it is a linear straightforward route 

that was designed in such a way as to allow the modifications required to synthesize the 

M-100907 derivatives we desired. The synthesis of M-100907 (3.1) began by 

synthesizing the Weinreb amide of isonipecotic acid (3.4) (Scheme 3.1) 

 

Scheme 3.1 Synthesis of Weinreb’s amide 3.8 

 

 Boc-protected isonipecotic acid (3.6) was synthesized from isonipecotic acid and 

di-tertbutyldicarbonate in 1, 4-dioxaone, acetonitrile, and 1 M aqueous NaOH to give 

Boc-protected isonipecotic acid (3.6) smoothly in 86% yield without column 
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chromatography.
111

 Boc-protected isonipecotic acid (3.6) was reacted with N,O-

dimethylhydroxylamine hydrochloride, and the amino acid coupling reagents EDCI and 

HOBT with N,N-DIEA to give the desired amide 3.8 in an 80% yield.
111

 The advantages 

of using the amino acid coupling reagents EDCI and HOBT was that they are water 

soluble and can be removed during an aqueous reaction work-up. Removal of the 

coupling reagents during an aqueous work-up circumvented the need for purification by 

column chromatography, which allowed this reaction to be done on a large scale.  

 With amide 3.8 in hand, the next step in the Rice synthesis of M-100907 (3.1) was 

to react 3.8 with veratrole (3.9). Veratrole (3.9) was metalated with n-butyl lithium over 

two hours at room temperature then 3.8 was added and the reaction was stirred at room 

temperature to give the desired benzylpiperidine 3.10 in an 84% yield (Scheme 3.2).
111

 

The Boc protecting group of the benzylpiperidine 3.10 was removed by treatment with 

TFA at room temperature over 30 minutes to give the free piperidine 3.11 (Scheme 

3.2).
111

 The yield of compound 3.11 was not determined because the crude reaction 

mixture was reduction to a secondary alcohol to yield 3.12 in a 71% yield over two steps 

from compound 3.10 (Scheme 3.2).
111

 Compound 3.12 was optically resolved through 

the formation of diastereomeric salts from (+)- and (-)-di-O,O’-p-toluyltartaric acid 

(Scheme 3.2).
111

 Compound 3.13 the (R)-(+) enantiomer was then N-alkylated with 4-

fluorophenethyl bromide 3.14 to yield M-100907 (3.1) in a 72% yield (Scheme 3.2 v).
111

 

The Rice synthesis of M-100907 was reproduced with exception of the optical resolution 

of compound 3.12. The optical resolution was omitted because it was not required to 

synthesize first generation M-100907 derivatives. 
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Scheme 3.2 Published synthesis of M-100907 

 

Synthesis of M-100907 derivatives  

With the synthesis of racemic M-100907 complete, the synthesis of the M-100907 

derivatives required for the development of DMLs was begun. The SAR data for M-

100907 and its linear structure suggested that modifications at the 3’-methoxy of one 

aromatic ring and the 4’-fluorine of the other aromatic ring may be tolerated (Fig 3.2). 
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Figure 3.2 M-100907 derivatives 

 

An additional M-100907 derivative included modifying the 3-position methoxy of 

unreduced M-100907 (3.16) (Fig 3.2). Derivatives 3.15, 3.16, and 3.17 were accessible 

through slight modifications of previous syntheses.
110, 112

  

 The synthesis of compounds 3.15 and 3.16 began with the addition of a silyl 

protecting group to guaiacol (3.18) (Scheme 3.3). In addition to the t-butyldiphenylsilyl 

protecting group used by Rice, a triisopropyl silyl protecting group was also used. 

Guaiacol was reacted with either triisopropylsilyl chloride or t-butyldiphenylsilyl 

chloride and the organic base imidazole in DMF at room temperature over 24 hours to 

produce 3.19 in a 88% yield and 3.20 in a 90% yield (Scheme 3.3).
112

 The silyl protected 

compounds 3.19 and 3.20 were reacted with the Weinreb amide 3.8 under the reaction 

conditions reported by Rice. Under these conditions compounds 3.21 and 3.22 were not 

isolated in greater than a 20% yield. Allowing the silyl protected 3.19 or 3.20 and n-BuLi 

to slowly warm from -78 
o
C to 0 

o
C over one hour, then warming from 0 

o
C to room 

temperature over 3 hours, and finally refluxing for 3 hours increased the yields of 

products 3.21 and 3.22 to 50% and 44% yields (Scheme 3.3).
112

 The Boc group is then 
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removed with TFA over 2 hours to give the unprotected piperidines 3.23 and 3.24 in a 

94% and 96% yield (Scheme 3.3). Rice used 4-fluorophenethyl bromide and NaHCO3 in 

DMF at 80 
o
C to smoothly give the alkylated amine 3.1 in a 72% yield, but this reaction 

could not be reproduced in an appreciable yield. Replacing the bromine leaving group 

with a tosylate, changing the base from NaHCO3 to N,N-DIEA, and changing the solvent 

from DMF to CH3CN produced the desired N-alkylated products 3.26 and 3.27 in 60% 

and 70% yield respectively (Scheme 3.3). The silyl protecting groups were removed with 

TBAF to afford the unprotected product 3.16 in a 60% yield from 3.26 and an 80% yield 

from 3.27 (Scheme 3.3). A sodium borohydride reduction of the carbonyl smoothly 

yielded derivative 3.15 in a 70% yield (Scheme 3.3).   

Guaiacol (3.18) was protected with two different silyl ether protecting groups 

because the yield of the metalation reaction varied based on the protecting group. The 

yield of the benzylpiperidine product was 50% when TIPS protected guaiacol was used, 

but the yield was only 44% when TBDPS protected guaiacol was used. The difference in 

yield could be explained by differences in steric bulk between the t-butyldiphenylsilyl 

and the triisopropylsilyl groups.  

An important difference between the two groups was the published separation of 

the diastereomers. The TIPS protected piperidine 3.23 was reduced with sodium 

borohydride to a mixture of racemic alcohols. According to a published procedure the 

racemic alcohol was resolved by reacting it with (S)-(+)--methoxyacetic acid to yield 

two diastereomeric esters which were then separated by column chromatography.
112
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Scheme 3.3 Synthesis of M-100907 derivatives 3.16 and 3.15 

 

The TBDPS protected piperidine 3.24 was reduced with sodium borohydride to a 

mixture of racemic alcohols. The mixture of alcohols were separated through the 

formation of diastereomeric salts from (+)- and (-)-di-O,O’-p-toluyltartaric acid.
110

 These 
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diastereomeric salts were separated through recrystallization on a multigram scale, which 

removed the limitation on the scale of the reaction when separation on column 

chromatography was required. The different methods to separate enantiomers prompted 

the synthesis of both the Tips and TBDPS protected intermediates.  

 With the synthesis of derivatives 3.15 and 3.16 complete, the synthesis of 

derivative 3.17 was pursued. Derivative 3.17 was synthesized through a slight 

modification of the published M-100907 synthesis. The racemic alcohol 3.12 was 

alkylated with 4-hydroxyphenethyl bromide (3.28) and the base K2CO3 in DMF to give 

the desired phenol derivative 3.17 in a 53% yield (Scheme 3.4). With the synthesis of the 

three M-100907 derivatives 3.15, 3.16, and 3.17 complete, the next step was to attach 

pseudo-linkers to the designed linker attachment points. 

 

 

Scheme 3.4 Synthesis of the M-100907 derivative 3.17 

 

Attaching pseudo-tethers to M-100907 derivatives  

 The linker attachment points of the three M-100907 derivatives were either the 3-

position hydroxy group on one aromatic ring or the 4-position hydroxy group on the 
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second aromatic ring. The pseudo-linkers attached to these locations were the short alkyl 

chain butane and a methyl ethyl ether which both mimic possible linkers used in the 

synthesis of DMLs (Figure 3.3). Attaching these pseudo-linkers to M-100907 derivatives 

produced a series of compounds that provided data on which site on M-100907 tolerates 

modification as well as which type of linker should be used to synthesize DMLs. The 

pseudo-linkers were attached to the M-100907 derivatives by alkylating agent containing 

a leaving group.  

 The general procedure for the alkylation of M-100907 derivatives used the 

inorganic base K2CO3 and a tosylated alkylating agent in refluxing acetone to give the 

desired products in good to excellent yields. Acetone is miscible with water so it was 

removed after the reaction was complete on a rotary evaporator. The tosylate leaving 

group was employed in this reaction because it was a good leaving group and affords the 

desired products in high yields. Additionally the linkers envisioned for use in the 

synthesis of DMLs were commercially available as terminal alcohols that can be 

tosylated, but the envisioned linkers were not commercially available with the terminal 

halide leaving groups bromine or iodine. 

 Derivative 3.29 containing a butyl chain pseudo-linker was synthesized from 

compound 3.11 in three steps (Scheme 3.5). Compound 3.11 was alkylated with bromide 

3.28 in a 53% yield to produce intermediate 3.35 containing the desired phenol. 

Compound 3.35 was then alkylated with 3.36 in the presence of K2CO3 in acetone under 

reflux to give the desired alkylated intermediate in a 70% yield. The intermediate 3.37 

was then reduced with NaBH4 to afford 3.29 in a 62% yield.  
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Figure 3.3 M-100907 derivatives containing pseudo-linkers 
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Scheme 3.5 Synthesis of derivative 3.29 

 

 Derivative 3.30 was synthesized from phenol 3.35 by alkylating with compound 

3.38 to afford compound 3.39. Reduction with NaBH4 produced the desired derivative 

3.30. 

 Compound 3.16 was alkylated with butyl-4-methylbenzenesulfonate in the 

presence of K2CO3 in acetone under reflux to give derivative 3.31 containing a butane 

pseudo-linker in a 97% yield (Scheme 3.7). Compound 3.31 was reduced with NaBH4 in 

MeOH to produce derivative 3.33 containing a butane pseudo-linker in a 77% yield 

(Scheme 3.7). 
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Scheme 3.6 Synthesis of derivative 3.30 

 

 Under similar reaction conditions compound 3.16 was alkylated with 2-

methoxyethyl-4-methylbenzenesulfonate to produce derivative 3.32 containing an ethyl 

methyl ether pseudo-linker in a 77% yield (Scheme 3.8). Compound 3.32 was reduced 

with NaBH4 to give derivative 3.34 in a 74% yield (Scheme 3.8). 

 The M-100907 derivatives 3.15, 3.16, and 3.17 as well as derivatives 3.29, 3.30, 

3.31, 3.32, 3.33, and 3.34 were tested to determine if they retain 5-HT2AR antagonist 

activity (Table 3.1). The IC50 value of each derivative was determined, and this data 

revealed that one of the linker attachment sites was preferred over the other. Additionally, 

one of the pseudo-linkers also exhibits an improved antagonist profile over the other 

pseudo-linker. 
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Scheme 3.7 Synthesis of M-100907 derivative 3.33 

 

 

Scheme 3.8 Synthesis of M-100907 derivatives 3.32 and 3.34 

 

IC50s of M-100907 derivatives containing pseudo-linkers 

 Compound 3.17 which contains a hydroxy group in place of the 4’-fluorine had 

the highest IC50 value of the three derivatives at 90 nM. The two 3’-methoxy derivatives 

3.15 and 3.16 had IC50 values of 5.6 nM+/-0.9 nM and 2.7+/-1.6 nM. The IC50s of these 
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three derivatives suggested that replacing the 3’-methoxy with a hydroxy group was 

favored over replacing the 4’-fluorine with a hydroxy group. This was not surprising due 

to the fact that 3.15 was the racemic mixture of the known active first pass metabolite M-

105725.
108

 Although replacing the 4’-fluorine atom with a hydroxy group did lead to an 

increased IC50 value, the increase was small enough that attaching a pseudo-linker at this 

location was still warranted.  With this data in mind, the IC50 values of the derivatives 

containing pseudo-linkers were examined. The derivatives with pseudo-linkers at the 4’-

fluorine were compounds 3.29 with a butane pseudo-linker and 3.30 with an ethyl methyl 

ether pseudo-linker. These two derivatives had IC50 values of >100 M and 9 M 

respectively. Since the IC50 values for these two derivatives were in the micromolar 

range, their antagonist activity was not sufficient to justify the synthesis of any additional 

derivatives with pseudo-linkers attached to the 4’-hydroxy group of compound 3.17.  

 The IC50 values for compounds 3.31, 3.32, 3.33, and 3.34 clearly showed that 

attaching a linker to the 3’-hydroxy group was favored over the 4’-hydroxy on the other 

terminal aromatic ring. Although this site did tolerate modifications while retaining 5-

HT2AR antagonist activity, the type of pseudo-linker attached at this position affected the 

activity. The difference in antagonist activity between derivatives 3.31 containing a 

butane pseudo-linker and derivative 3.32 containing an ethyl methyl ether pseudo-linker 

was over 25 fold, while the antagonist activity of the racemic alcohol derivatives 3.33 and 

3.34 was comparable. The ethyl methyl ether pseudo-linker had less of a deleterious 

effect on antagonist activity than did the butyl chain linker. The difference in activity 

may be due in part to the difference in polarity between the two pseudo-linkers. 
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Compound IC50 ± SEM 
Compound IC50 ± SEM 

OHO

O

N

F  

3.3 nM 

OHO

O

N

O
O  

9.0M 

OHO

HO

N

F  

5.6 ± 0.9 nM 

OO

O

N

F  

873 ± 339 

nM 

OO

HO

N

F  

2.7 ± 1.6 nM 

OO

O

N

F

O

 

3.32 

34 ± 16 nM 

OHO

O

N

OH 

90 nM 

OHO

O

N

F  

3.33 

134 ± 30 nM 

OHO

O

N

O  

>100 M 

(partial 

agonist) 

OHO

O

N

F

O

 

3.34 

120 nM 

Table 3.1 IC50s of M-100907 derivatives containing pseudo-linkers 

 

The butyl chain was simply an aliphatic hydrocarbon while ethyl methyl ether 

contained a polar oxygen atom. The ether oxygen atom may form hydrogen bonds with 

amino acid residues in or around the binding pocket which may account for the improved 

antagonist activity over the alkyl chain pseudo-linker. Since the ethyl methyl ether 

M-100907 

3.15 

3.16 

3.17 

3.29 

3.30 

3.31 
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pseudo-linker had a better antagonist profile than the alkyl chain pseudo-linkers the use 

of ethers as linkers in DMLs was further examined.  

The IC50 values also showed a marked difference in antagonist activity between 

the carbonyl containing compounds 3.31 and 3.32 and the racemic alcohol derivatives 

3.33, and 3.34. Compound 3.31 contained a butyl pseudo-linker and an unreduced 

carbonyl group, and compound 3.33 was a racemic mixture of secondary alcohols 

containing a butyl pseudo-linker. The racemic derivative 3.33 had better antagonist 

activity than the carbonyl derivative 3.31. In contrast to these results, the carbonyl 

derivative 3.32 containing an ethyl methyl ether pseudo-linker was a four fold better 

antagonist than the racemic alcohol derivative 3.34 containing an ethyl methyl ether 

pseudo-linker. When an alkyl pseudo-linker was used the racemic alcohol derivative 3.33 

was a better antagonist, but when ethyl methyl ether was used the unreduced derivative 

3.32 was the better antagonist. The difference in activity could be explained by the 

different pseudo-linkers. Both of the ethyl methyl ether derivatives had better antagonist 

activity than either of the derivatives containing a butyl pseudo-linker. Since a clear trend 

between antagonist activity and a carbonyl group or an alcohol was not present, 

additional derivatives of compounds 3.15 and 3.16 will be synthesized.  

Synthesis of M-100907 derivatives containing polyethylene glycol pseudo-linkers 

To determine the effect an increase in pseudo-linker length had on antagonist 

activity a series of derivatives of compound 3.16 containing polyethylene glycol groups 

were synthesized. In order to synthesize derivatives of compound 3.16 with longer 

polyethers, the ethers were first synthesized. 
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Scheme 3.9 Synthesis of polyethylene glycol pseudo-linkers 

 

The polyethers were synthesized by tosylating the glycol ethers 3.40, 3.41, and 3.42 with 

p-toluenesulfonyl chloride and KOH in THF and H2O at room temperature over 24 hours 

to give 3.43, 3.44, and 3.45 in 87%, 90%, and 54% respectively (Scheme 3.9).  With the 

tosylated polyethylene glycol pseudo-liners in hand, M-100907 derivatives were 

synthesized. These molecules were synthesized by alkylating the 3’-hydroxy group of 

compound 3.16 with one of the tosylated polyethylene glycol pseudo-linkers. The 

reaction conditions were identical to those previously used to alkylate 3.16. The 

alkylation was done in the presence of K2CO3 in refluxing acetone over 24 hours to 

produce the desired derivatives 3.46, 3.47, and 3.48 in 93%, 99%, and 100% yield 

respectively (Scheme 3.10). The next compounds synthesized were DMLs of compound 

3.16 containing linkers between 6 and 24 atoms in length. 
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Scheme 3.10 Synthesis of M-100907 derivatives with polyethylene glycol pseudo-

linkers 

 

 

Synthesis of M-100907 derivative homodimers  

 The synthesis of homobivalent DMLs from compound 3.16 began with the 

synthesis of the required linkers. Once the linkers were synthesized, they were used to 

join two molecules of 3.16 over two steps. The synthesis of the desired linkers began 

with commercially available polyethylene glycols 3.49, 3.50, 3.51, 3.52, and 3.53. These 
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polyethylene glycols were tosylated in a single step using 3 molar equivalents of p-

toluenesulfonyl chloride and excess KOH in THF and H2O (Scheme 3.11).
113

  

 

Scheme 3.11 Synthesis of ditosylated polyethylene glycol linkers 

 

The desired tosylated compounds 3.54, 3.55, 3.56, 3.57, and 3.58 were produced in 74%, 

80%, 75%, 95%, and 73% yields respectively (Scheme 3.11). Although most of the 

polyethylene glycols needed for linkers were available from commercial suppliers at a 

reasonable cost, heptaethylene glycol and octaethylene glycol were not available in 

sufficient quantities at a reasonable price. Therefore, both heptaethylene glycol and 

octaethylene glycol were synthesized from readily available short chain polyethylene 

glycols. 

 The synthesis of heptaethylene glycol and octaethylene glycol began by 

protecting one hydroxyl group of ethylene glycol with a trityl group. The reaction of 

ethylene glycol 3.59 and trityl chloride 3.60 in the presence of pyridine gave the desired 

mono-protected ethylene glycol 3.61 in a 95% yield (Scheme 3.12).
114

 Compound 3.61 

was reacted with the ditosylated compounds 3.57 or 3.58 and the phase transfer catalyst 

TBAHS (tetrabutylammonium hydrogen sulfate) in 6 M NaOH and toluene to give the 

trityl protected elongated polyethylene glycols 3.57 and 3.58 in 18% and 30% yield 

(Scheme 3.12). The two terminal trityl protecting groups were removed in a single step 
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with 10% Pd/C in CH2Cl2 under hydrogen gas to produce heptaethylene glycol 3.64 in 

70% yield and octaethylene glycol 3.65 in 83% yield (Scheme 3.12). Compounds 3.64 

and 3.65 were then ditosylated under reaction conditions identical to those used in 

Scheme 3.11 to give the ditosylated heptaethylene glycol 3.66 in 67% yield and the 

ditosylated octaethylene glycol 3.67 in 44% yield (Scheme 3.12). 

 

Scheme 3.12 Synthesis of ditosylated polyethylene glycol linkers from short chain 

polyethylene glycols 

 

 Once the synthesis of the desired ditosylated polyethylene glycols was complete, 

these linkers were used to synthesize M-100907 DMLs from derivative 3.16. The 

reaction conditions employed in the synthesis of the DMLs were the same conditions 

used to attach pseudo-linkers to compound 3.16. The DMLs were synthesized over two 

steps by first alkylating 3.16 with one of the ditosylated polyethylene glycol linkers in the 

presence of K2CO3 in refluxing acetone over 20 hours to give compounds 3.68-3.74 

(Scheme 3.13). Compounds 3.68-3.74 which now contain a tosylated linker were reacted 

with compound 3.16 in the presence of K2CO3 in refluxing acetone over 20 hours to yield 

the desired DMLs 3.75-3.81 (Scheme 3.13). 
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Scheme 3. 13 Synthesis of M-100907 homodimers 

  

Carefully controlling the stoichiometric ratio of both derivative 3.16 and the 

ditosylated linkers allowed for the DMLs to be synthesized in either a single reaction or 

stepwise over two reactions. Reacting one molar equivalent of 3.16 with half a molar 

equivalent of a ditosylated linker resulted in the formation of the DML in a single step. In 

contrast if one molar equivalent of derivative 3.16 was reacted with four molar 
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equivalents of a ditosylated linker, then compounds 3.68-3.74 containing a tosylated 

linker were predominantly formed. Even with a four molar excess of the ditosylated 

linker, a small amount of dimer was still formed. Although formation of DMLs from 3.16 

in one step was synthetically simpler than the two step reaction sequence, the two step 

sequence was preferred. The two step sequence was preferred because it will eventually 

allow for the synthesis of heterodimeric DMLs in addition to homodimeric DMLs. The 

alkylated derivative containing a tosylated linker was isolated and then used to alkylate 

different molecules to yield a variety of heterodimeric DMLs. One goal of this project 

was to synthesize heterodimeric DMLs, so developing the chemistry necessary to 

synthesize DMLs over two steps will be useful in the future. 

IC50s of M-100907 derivatives with polyethylene glycol pseudo-linkers and 

homodimeric DMLs 

The M-100907 derivatives with extended pseudo-linkers 3.46, 3.47 and 3.48 were 

tested to determine if they retained 5-HT2AR antagonist activity. The IC50 value of each 

derivative was determined, and from these results the effect of an extended pseudo-linker 

was examined. Derivatives with extended polyethylene glycol linkers of 8, 11, and 13 

atoms in length retained nanomolar activity, but they were 20-30 times less active than 

the parent compound 3.16 and 2-3 times less active than the compound 3.32 with a short 

pseudo-linker.  

Compound 3.47 with an 11 atom pseudo-linker retained the most antagonist 

activity with an IC50 value of 63 nM (Table 3.2). Compound 3.46 with an 8 atom pseudo-

linker had an IC50 value of 74 nM, and compound 3.48 with a 13 atom pseudo-linker had 

an IC50 value of 103 nM (Table 3.2). The IC50 values of these three compounds 
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suggested that a linker between 8 and 11 atoms was the optimal length for homodimer 

DMLs. 

Compound IC50 ± SEM 

O O

O

N

F

O
O

 

3.46 

74 ± 20 nM 

O O

O

N

F

O
O

O

 

3.47 

63 ± 7 nM 

O O

O

N

F

O O

O O

 

3.48 

103 ± 30 nM 

Table 3.2 IC50 of M-100907 derivatives containing polyethylene glycol pseudo-

linkers 

 

 The oxygen atoms of the polyethylene glycol chains could form hydrogen bonds 

to amino acid residues in or around the binding pocket of the 5-HT2AR. This interaction 

could disrupt the antagonist activity by changing the orientation in which these 

derivatives sit in the binding pocket. The slight decrease in antagonist activity of 

compounds 3.46, 3.47 and 3.48 suggested that polyethylene glycol linkers could be used 
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in the synthesis DMLs, and the linker will not contribute to any observed increase in 

antagonist activity.  

 The M-100907 homodimeric DML derivatives 3.75, 3.76, 3.77, 3.78, 3.79, 3.80 

and 3.81 were tested to determine if they retain 5-HT2AR antagonist activity. The IC50 

value of each derivative was determined and was tabulated in Table 3.3. Upon review of 

the IC50 values, a correlation between linker length and antagonist activity began to 

emerge. As linker length increased from 5 atoms to 11 atoms antagonist activity 

gradually improved. As linker length increased from 11 atoms to 23 atoms antagonist 

activity began to decrease. Compound 3.77 with a linker of 11 atoms and an IC50 value of 

28 nM was the most potent antagonist synthesized to date. Compound 3.76 with an 8 

atom linker and IC50 value of 56 nM, compound 3.78 with a 14 atom linker and an IC50 

value of 32 nM, and compound 3.79 with a 17 atom linker and an IC50 value of 34 nM 

were comparable in antagonist activity to compound 3.77. The linker lengths of 

compounds 3.76, 3.77, 3.78, and 3.79 were 7.4Å, 9.7Å, 15.4Å, and 18.2Å respectively. 

This data suggested that two distinct binding sites on a 5-HT2AR homodimer could be 

bridged by linkers between 8 and 17 atoms in length. DMLs with linkers shorter than 8 

atoms may not be able to bridge the distance between two receptors. The inability of 

shorter linkers to bridge two receptors was supported by the increased IC50 value of 

compound 3.75 with a 5 atom linker that is 4.7Å in length. 
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Compound IC50 ± SEM 

Length of 

linker 

(atoms) 

OO

O

N

F

O O

O

N

F

O
1

 

181 ± 71 nM 5 

OO

O

N

F

O O

O

N

F

O
2

 

56 ± 14 nM 8 

OO

O

N

F

O O

O

N

F

O
3

 

28 ± 16 nM 11 

OO

O

N

F

O O

O

N

F

O
4

 

32 ± 6 nM 14 

OO

O

N

F

O O

O

N

F

O
5

 

34 ± 10 nM 17 

OO

O

N

F

O O

O

N

F

O
6

 

154 ± 25 nM 20 

OO

O

N

F

O O

O

N

F

O
7

 

373 ± 153 nM 23 

Table 3.3 EC50 of M-100907 homodimers 

 

 Taken together the linker length measurements in angstroms and IC50 values 

suggested that the antagonist binding sites on 5-HT2AR dimers were separated by at least 

3.75 

3.76 

3.77 

3.78 

3.79 

3.80 

3.81 
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7.4Å since at this linker length a sharp increase in IC50 was observed. Compound 3.80 

with a 20 atom (20 Å) linker and compound 3.81 with a 23 atom (23.9Å) linker both had 

higher IC50 values than the derivatives with the 8-17atom linkers. These compounds were 

5-13 times less active than compound 3.77 with an 11 atom linker. The decrease in 

antagonist activity was explained by the increased confinement volume of long linkers. 

Confinement volume is the total three dimensional space that a linker can occupy when 

bond rotation is taken into account.
75

 At optimal linker length the confinement volume 

will be low and will correspond to a high local concentration at the receptor. An increase 

in linker length of flexible linkers such as polyethylene glycol led to an increase in 

confinement volume. As linker length increases, confinement volume increases to a point 

where it is so large that there is no longer an increase in local concentration from the 

binding of a DML.  

As stated previously, the data presented here suggested that the optimal linker 

length was between 8 and 17 atoms, corresponding to a length of 7.4Å to 18.2Å in space. 

Retention of antagonist activity over a range of linker lengths may be in part due to the 

flexibility of the polyethylene glycol linker. The bonds of the polyethylene glycol linkers 

were able to freely rotate allowing the linkers to adopt different conformations. These 

conformations allowed linkers of different lengths to contort in such a way as to bridge 

two distinct GPCR binding sites. A linker length of between 8 and 17 atoms may also be 

able to bridge two binding sites while having a small enough confinement volume that a 

high local concentration was present at the dimeric receptors. The derivatives tested with 

linker length between 8 and 17 atoms produced the most active 5-HT2AR antagonist. 
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Conclusion 

 A range of optimal linker lengths for a bivalent antagonist targeting the 5-HT2AR 

was determined. Optimal linker lengths of previously synthesized DMLs for other 5-HT 

receptors were determined. A chain length of 7-8 carbons conferred the best selectivity of 

5-HT1A ligands, while 20-24 carbons was the optimal linker length for ligands that bind 

the 5-HT4 receptor.
78, 82

 The optimal linker length for the M-100907 homodimers 

synthesized here was between 8 and 17 atoms. This linker length was in the range of 

previously determined optimal linker lengths for DMLs for other 5-HT receptors.   

 In summary, the 5-HT2AR antagonist M-100907 was derivatized in order to 

synthesize a series of novel designed multiple ligands. The M-100907 derivatives 3.15 

and 3.16 which contain a hydroxy group in place of the 3’-position methoxy retained 

antagonist activity while containing functionality amenable to linker attachment. These 

derivatives were used to determine that polyethylene glycol linkers may be successfully 

employed in the synthesis of homodimeric M-100907 DMLs with nanomolar antagonist 

activity at the 5-HT2AR. First generation homodimers suggested that a linker length of 

between 8 and 17 atoms is optimal for 5-HT2AR antagonist DMLs.  
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Experimental 

3-((1-(4-fluorophenethyl)piperidin-4-yl)(hydroxy)methyl)-2-methoxyphenol (3.15) 

OHO

HO

N

F

3.15

 

A stirred solution of (1-(4-fluorophenethyl)piperidin-4-yl)(3-hydroxy-2-

methoxyphenyl)methanone (3.16) (565 mg, 1.58 mmol) in 15 mL anhydrous EtOH was 

cooled to 0 
o
C. To this solution was added NaBH4 (239 mg, 6.32 mmol) portionwise over 

5 minutes. The reaction was allowed to warm to room temperature and stirred an 

additional for 2 hours. After 2 hours, the EtOH was removed under reduced pressure and 

the residue was quenched with aqueous NH4Cl. The aqueous solution was extracted 3 

times with CH2Cl2. The combined organic layers were dried over MgSO4 and 

concentrated to give 403 mg of 3-((1-(4-fluorophenethyl)piperidin-4yl)(hydroxy)methyl)-

2-methoxyphenol (3.15) as an orange solid (71%). 
1
H NMR (500 MHz, CDCl3)  7.12 

(dd, J = 8.0, 5.1  Hz, 2H), 7.03 (dd, J = 8.0, 8.0 Hz, 1H), 6.95 (dd, J = 8.6, 8.6 Hz, 1H), 

6.91-6.87 (m, 3H), 4.66 (d, J = 8.0 Hz, 1H), 3.83 (s, 3H), 3.10 (d, J = 10.9 Hz, 1H), 2.94 

(d, J = 10.9 Hz, 1H), 2.77 (dd, J = 9.8, 6.9 Hz, 2H), 2.54 (dd, J = 8.6, 8.0 Hz, 2H), 2.09 

(d, J = 13.2 Hz, 1H), 2.01 (t, J = 10.9 Hz, 1H), 1.92 (t, J = 9.1 Hz, 1H), 1.73-1.69 (m, 

1H), 1.50 (qd, J = 12.0, 3.4 Hz, 1H), 1.40-1.23 (m, 1H); 
13

C NMR (125 MHz, CDCl3)  

160.5, 149.1, 145.3, 136.2, 135.9, 130.1, 130.0, 125.1, 118.9, 115.6, 115.3, 115.1, 73.4, 

61.7, 60.9, 53.7, 42.7, 32.8, 28.8, 28.4; HRMS – ESI: m/z [M + H]
+
 calculated for 

C21H26FNO3: 360.1975, measured 360.1952. 
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(1-(4-fluorophenethyl)piperidin-4-yl)(3-hydroxy-2-methoxyphenyl)methanone (3.16) 

OO

HO

N

F

3.16

 

From 3.26:   To a solution of (1-(4-fluorophenethyl)piperidin-4-yl)(2-methoxy-3-

(triisopropylsilyloxy)phenyl)methanone (3.26) (500 mg, 1.0 mmol) in 3 mL anhydrous 

THF at room temperature was added 1M TBAF (1.3 mL, 1.3 mmol) dropwise over 5 

minutes. The reaction was stirred at room temperature for 2 hours. After 2 hours the 

reaction was diluted with brine and extracted 3 times with CH2Cl2. The combined organic 

layers were dried over MgSO4 and concentrated. The crude reaction mixture was purified 

by flash chromatography (100% CH2Cl2 to 10% MeOH in CH2Cl2) to afford 232 mg of 

(1-(4-fluorophenethyl)piperidin-4-yl)(3-hydroxy-2-methoxyphenyl)methanone (3.16) as a 

red-orange oil (65%).  

From 3.27:    To a solution (3-(tert-butyldiphenylsilyloxy)-2-methoxyphenyl)(1-(4-

fluorophenethyl)piperidin-4-yl)methanone (3.27) (595 mg, 1.0 mmol) in 3 mL anhydrous 

THF at room temperature was added 1M TBAF (1.3 mL, 1.3 mmol) dropwise over 5 

minutes. The reaction was stirred at room temperature for 2 hours. After 2 hours the 

reaction was diluted with brine and extracted 3 times with CH2Cl2. The combined organic 

layers were dried over MgSO4 and concentrated. The crude reaction mixture was purified 

by flash chromatography (100% CH2Cl2 to 10% MeOH in CH2Cl2) to afford 286 mg of 

(1-(4-fluorophenethyl)piperidin-4-yl)(3-hydroxy-2-methoxyphenyl)methanone (3.16) as a 

red-orange oil (80%). 
1
H NMR (500 MHz, CDCl3)  7.14-7.11 (m, 2H), 7.06-7.02 (m, 

2H), 6.96-6.93 (m, 3H), 3.80 (s, 3H), 3.09 (tt, J = 10.1, 4.0 Hz, 1H), 3.00 (d, J = 11.4 Hz, 
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2H), 2.77 (dd, J = 8.0, 5.7 Hz, 2H), 2.58 (dd, J = 8.0, 5.2, Hz, 2H), 2.16 (dd, J = 10.0, 10 

Hz, 2H), 1.90 (d, J = 12 Hz, 2H), 1.88 (qd, J = 3.5, 10.9 Hz, 2H); 
13

C  NMR (125 MHz, 

CDCl3)205.5, 162.5, 160.5, 149.4, 145.3, 132.8, 130.2, 130.1, 125.0, 120.3, 118.9, 

115.3, 115.2, 62.9, 60.7, 53.2, 32.8, 28.1; HRMS – ESI: m/z [M + H]
+
 calculated for 

C21H24FNO3: 358.1818, measured 358.1824. 

 

4-(2-(4-((2,3-dimethoxyphenyl)(hydroxy)methyl)piperidin-1-yl)ethyl)phenol (3.17) 

OHO

O

N

OH

3.17

 

To a stirred solution of (2,3-dimethoxyphenyl)(piperidin-4-yl)methanol (3.12) (190 mg, 

0.76 mmol) and K2CO3 (105 mg, 0.76 mmol) in 7 mL DMF was added 4-(2-

bromoethyl)phenol (3.28) (169 mg, 0.84 mmol). The reaction was stirred at 75 
o
C for 24 

hours. After the reaction was complete the DMF was removed under reduced pressure. 

The residue was taken up in brine and extracted three times with CH2Cl2. The combined 

organic layers were dried over MgSO4 and concentrated to give a residue that was 

purified by flash chromatography (100% CH2Cl2 to 40% MeOH in CH2Cl2) to afford 149 

mg of 4-(2-(4-((2,3-dimethoxyphenyl)(hydroxy)methyl)piperidin-1-yl)ethyl)phenol 

(3.17) as a white solid (53%). 
1
H NMR (500 MHz, CDCl3)  7.01 (dd, J = 8.0, 8.0 Hz, 

1H), 6.91 (d, J = 8.0 Hz, 2H), 6.86 (dd, J = 8.1, 1.2 Hz, 1H), 6.81 (dd, J = 8.0, 1.2 Hz, 

1H), 6.67 (d, J = 8.6 Hz, 2H), 4.59 (d, J = 8.0 Hz, 1H), 3.84 (s, 3H), 3.82 (s, 3H), 3.10 (d, 

J = 10.9 Hz, 1H), 2.96 (d, J = 10.9 Hz, 1H), 2.68 (dd, J = 9.7, 5.8 Hz, 2H), 2.52 (dd, J = 

8.6, 7.4, 2H), 2.04 (dd, J = 11.5, 9.1 Hz, 2H), 1.94 (dd, J = 12.0, 9.7 Hz, 1H), 1.71-1.64 
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(m, 1H), 1.51 (q, J = 10.5 Hz, 1H), 1.41 (ddd, J = 13.2, 13.2, 3.5 Hz, 1H), 1.25 (dd, J = 

6.9, 3.4 Hz, 1H); 
13

C NMR (125 MHz, CDCl3) 155.1, 152.5, 146.5, 136.4, 131.0, 130.0, 

129.7, 124.1, 119.8, 116.1, 115.9, 111.5, 74.3, 61.0, 55.8, 53.5, 42.7, 32.2, 28.3, 28.1; 

HRMS – ESI: m/z [M + H]
+
 calculated for C22H29NO4: 372.2175, measured 372.2174. 

 

tert-butyl 4-(2-methoxy-3-(triisopropylsilyloxy)benzoyl)piperidine-1-carboxylate 

(3.21) 

OO

O

N O

Si

O  

A solution of triisopropyl(2-methoxyphenoxy)silane (3.19) (8.0 g, 28.5 mmol) in 65 mL 

freshly distilled THF was cooled to -78 
o
C. 2.5M nBuLi (63 mL, 156.8 mmol) was added 

dropwise and stirred an additional an additional 10 minutes at -78 
o
C. The solution was 

then stirred at 0 
o
C for 2 hours and then warmed to room temperature and stirred an 

additional 2 hours. After stirring at room temperature the solution was refluxed for 2 

hours and then cooled to -78 
o
C. Tert-butyl 4-(methoxy(methyl)carbamoyl)piperidine-1-

carboxylate (3.8) (9.3 g, 34.2 mmol) in 10 mL freshly distilled THF was added and the 

reaction mixture was warmed to room temperature. The reaction was stirred for 18 hours 

at room temperature, cooled to 0 
o
C, and quenched with aqueous NH4Cl. The aqueous 

solution was extracted 3 times with CH2Cl2, and the organic extracts were dried over 

MgSO4 and concentrated. The crude reaction mixture was purified by flash 

chromatography (100% hexane to 20% EtOAc in hexane) to afford 7 g of tert-butyl 4-(2-

methoxy-3-(triisopropylsilyloxy)benzoyl)piperidine-1-carboxylate (3.21) as a yellow oil 
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(50%). 
1
H NMR (500 MHz, CDCl3)  6.99-6.93 (m, 3H), 4.06 (bs, 2H), 3.84 (s, 3H), 

3.23 (tt, J = 11.0, 3.7 Hz, 1H), 2.84 (dd, J = 12.4, 9.3 Hz, 2H), 1.83 (d, J = 10.5 Hz, 2H), 

1.63-1.53 (m, 2H), 1.45 (s, 9H), 1.30 (septet, J = 7.8 Hz, 3H), 1.11 (d, J = 7.3 Hz, 18H); 

13
C NMR (125 MHz, CDCl3)  206.3, 154.8, 149.5, 134.8, 124.3, 123.4, 121.0, 79.6, 

61.7, 48.0, 28.5, 27.9, 18.0, 12.9, 12.4 

 

tert-butyl 4-(3-(tert-butyldiphenylsilyloxy)-2-methoxybenzoyl)piperidine-1-

carboxylate (3.22) 

OO

O

N O

Si

O  

A solution of tert-butyl(2-methoxyphenoxy)diphenylsilane (3.20) (8.0 g, 21.9 mmol) in 

55 mL freshly distilled THF was cooled to -78 
o
C. 2.5M nBuLi in THF (11.4 mL, 26.3 

mmol) was added dropwise and stirred an additional an additional 10 minutes at -78 
o
C. 

The solution was then stirred at 0 
o
C for 2 hours and then warmed to room temperature 

and stirred an additional 2 hours. After stirring at room temperature the solution was 

refluxed for 2 hours and then cooled to -78 
o
C. Tert-butyl 4-

(methoxy(methyl)carbamoyl)piperidine-1-carboxylate (3.8) (5.68 g, 20.8 mmol) in 10 

mL freshly distilled THF was added and the reaction mixture was warmed to room 

temperature. The reaction was stirred for 18 hours at room temperature, cooled to 0 
o
C, 

and quenched with aqueous NH4Cl. The aqueous solution was extracted 3 times with 

CH2Cl2, and the organic extracts were dried over MgSO4 and concentrated. The crude 

reaction mixture was purified by flash chromatography (100% hexane to 20% EtOAc in 
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hexane) to afford 5.2 g of tert-butyl 4-(3-(tert-butyldiphenylsilyloxy)-2-

methoxybenzoyl)piperidine-1-carboxylate (3.22) as a light orange solid (44%). 
1
H NMR 

(500 MHz, CDCl3) 7.71 (d, J = 6.8 Hz, 4H), 7.43 (dd, J =  7.5, 7.5 Hz, 2H), 7.37 (dd, J 

= z, 4H), 6.85 (d, J = 6.3 Hz, 1H), 6.69 (dd, J = 8.0, 7.5 Hz, 1H), 6.64 (d, J = 

6.9 Hz, 1H), 4.06 (bs, 2H), 3.92 (s, 3H), 3.18 (tt, J = 11.4, 3.4 Hz, 1H), 2.84 (bs, 2H), 

1.80 (d, J = 11.5 Hz, 2H), 1.56 (d, J = 10.3 Hz, 2H), 1.46 (s, 9H), 1.13 (s, 9H); 
13

C NMR 

(125 MHz, CDCl3)206.2, 154.8, 149.0, 148.6, 135.6, 134.8, 132.3, 130.2, 127.9, 124.1, 

123.7, 121.0, 79.6, 62.1, 47.9, 28.5, 27.9, 26.6, 19.6 

 

(2-methoxy-3-(triisopropylsilyloxy)phenyl)(piperidin-4-yl)methanone (3.23) 

OO

O

NH

Si

 

tert-butyl 4-(2-methoxy-3-(triisopropylsilyloxy)benzoyl)piperidine-1-carboxylate (3.21) 

(7.5 g, 15.3 mmol) was cooled to 0 
o
C and then 40 mL TFA (58 g, 505 mmol) was added 

dropwise with stirring. The reaction was warmed to room temperature and stirred an 

additional 2 hours. After 2 hours the reaction was cooled to 0 
o
C and then quench with 6 

M NaOH. The neutralized reaction was extracted 3 times with CH2Cl2, the combined 

extracts were dried over MgSO4 and concentrated to afford 5.6 g of (2-methoxy-3-

(triisopropylsilyloxy)phenyl)(piperidin-4-yl)methanone (3.23) as a red oil (94%). 
1
H 

NMR (500 MHz, CDCl3)  6.98-6.93 (m, 3H), 3.84 (s, 3H), 3.24 (tt, J = 11.0, 3.7 Hz, 

1H), 3.16 (ddd, J = 12.8, 3.7, 3.7 Hz, 2H), 2.74 (ddd, J = 11.5, 2.7, 2.7 Hz, 2H), 1.90 (dd, 

J = 13.7, 2.7 Hz, 2H), 1.63 (qd, J = 11.4, 4.1 Hz, 2H), 1.35-1.25 (m, 3H), 1.11 (d, J = 7.3 
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Hz, 18H); 
13

C NMR (125 MHz, CDCl3) 206.3, 149.5, 148.9, 134.7, 124.3, 123.3, 121.0, 

61.7, 47.6, 45.5, 28.4, 18.0, 12.9 

 

(3-(tert-butyldiphenylsilyloxy)-2-methoxyphenyl)(piperidin-4-yl)methanone (3.24) 

OO

O

NH

Si

 

tert-butyl 4-(3-(tert-butyldiphenylsilyloxy)-2-methoxybenzoyl)piperidine-1-carboxylate 

(3.22) (6.1 g, 10.7 mmol) was cooled to 0 
o
C and then 30 mL TFA (40.2 g, 353 mmol) 

was added dropwise with stirring. The reaction was warmed to room temperature and 

stirred an additional 2 hours. After 2 hours the reaction was cooled to 0 
o
C and then 

quench with 6 M NaOH. The neutralized reaction was extracted 3 times with CH2Cl2, the 

combined extracts were dried over MgSO4 and concentrated to afford 4.9 g of (3-(tert-

butyldiphenylsilyloxy)-2-methoxyphenyl)(piperidin-4-yl)methanone (3.24)  as a red oil 

(96%). 
1
H NMR (500 MHz, CDCl3)  7.73 (d, J = 6.9 Hz, 4H), 7.40 (dd, J = 7.5, 6.9 Hz, 

2H), 7.35 (dd, J = 7.5, 6.8 Hz, 4H), 6.92 (dd, J = 7.5, 1.2 Hz, 1H), 6.71 (dd, J = 8.0, 1.7 

Hz, 1H), 6.67 (dd, J = 8.0, 7.5 Hz, 1H), 3.96 (s, 3H), 3.49-3.42 (m, 2H), 3.13 (dd, J = 

10.3, 9.8 Hz, 2H), 2.12 (d, J = 10.8 Hz, 2H), 1.99 (dd, J = 10.3, 9.8 Hz, 2H), 1.15 (s, 9H); 

13
C NMR (125 MHz, CDCl3) 204.1, 149.0, 148.9, 135.6, 133.5, 132.2, 130.3, 

128.0,124.4, 124.3, 121.4, 118.0, 115.7, 62.2, 50.1, 44.7, 43.2, 26.6, 24.7, 19.5 
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(1-(4-fluorophenethyl)piperidin-4-yl)(2-methoxy-3- (triisopropylsilyloxy)phenyl) 

methanone (3.26) 

OO

O

N

Si

F  

A solution of 2-methoxy-3-(triisopropylsilyloxy)phenyl)(piperidin-4-yl)methanone (3.23) 

(822 mg, 2.1 mmol), 4-fluorophenethyl 4-methylbenzenesulfonate (3.25) (550 mg, 2.5 

mmol), and N,N-DIEA (650 mg, 5.0 mmol) in 12 mL CH3CN was refluxed for 24 hours 

and then cooled to room temperature. The solvent was removed under reduced pressure 

and the residue was taken up in a saturated solution of NaHCO3. The aqueous solution 

was extracted 3 times with CH2Cl2. The organic extracts were dried over MgSO4 and 

concentrated. The residue was purified by flash chromatography (100% CH2Cl2 to 10% 

MeOH in CH2Cl2) to afford 631 mg of (1-(4-fluorophenethyl)piperidin-4-yl)(2-methoxy-

3-(triisopropylsilyloxy)phenyl)methanone (3.26) as an orange oil (60%). 
1
H NMR (500 

MHz, CDCl3)  7.14 (dd, J = 5.7, 5.2 Hz, 2H), 6.99-6.93 (m, 5H), 3.83 (s, 3H), 3.08 (tt, J 

= 10.9, 4.0 Hz, 1H), 2.97 (d, J = 11.4 Hz, 2H), 2.76 (dd, J = 8.6, 7.5 Hz, 2H), 2.55 (dd, J 

= 8.6, 8.0 Hz, 2H), 2.13 (dd, J = 11.5, 9.7 Hz, 2H), 1.90 (d, J = 11.5 Hz, 2H), 1.75 (qd, J 

= 11.4, 3.5 Hz, 2H), 1.30 (septet, J = 7.4 Hz, 3H), 1.12 (d, J = 7.5 Hz, 18H); 
13

C NMR 

(125 MHz, CDCl3)  206.7, 162.3, 160.4, 149.4, 148.8, 136.1, 136.1, 135.0, 130.5, 130.1, 

130.0, 124.2, 123.1, 120.9, 115.3, 115.2, 115.0, 63.5, 61.2, 60.8, 53.5, 53.3, 47.9, 38.5, 

32.9, 28.1, 17.9, 13.1, 12.9, 12.6 
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(3-(tert-butyldiphenylsilyloxy)-2-methoxyphenyl)(1-(4-fluorophenethyl)piperidin-4-

yl)methanone (3.27) 

OO

O

N

Si

F 

A solution of (3-(tert-butyldiphenylsilyloxy)-2-methoxyphenyl)(piperidin-4-

yl)methanone (3.24) (2.6 g, 5.5 mmol), 4-fluorophenethyl 4-methylbenzenesulfonate 

(3.25) (1.9 g, 6.6 mmol), and N,N-DIEA (1.7 g, 13.2 mmol) in 28 mL CH3CN was 

refluxed for 24 hours and then cooled to room temperature. The solvent was removed 

under reduced pressure and the residue was taken up in a saturated solution of NaHCO3. 

The aqueous solution was extracted 3 times with CH2Cl2. The organic extracts were dried 

over MgSO4 and concentrated. The residue was purified by flash chromatography (100% 

CH2Cl2 to 10% MeOH in CH2Cl2) to afford 2.3 g of (3-(tert-butyldiphenylsilyloxy)-2-

methoxyphenyl)(1-(4-fluorophenethyl)piperidin-4-yl)methanone (3.27) as a red oil 

(70%). 
1
H NMR (500 MHz, CDCl3)  7.73 (d, J = 8.6 Hz, 4H), 7.43 (dd, J = 7.5, 7.4 Hz, 

2H), 7.37 (dd, J = 7.5, 6.8 Hz, 4H), 7.15 (dd, J = 8.6, 6.9 Hz, 2H), 6.96 (dd, J = 9.2, 8.6 

Hz, 2H), 6.86 (dd, J = 7.4, 1.7 Hz, 1H), 6.69 (dd, J = 8.0 Hz, 1H), 6.62 (dd, J = 8.0, 1.7 

Hz, 1H), 3.93 (s, 3H), 3.06 (tt, J = 10.9, 3.5 Hz, 1H), 2.98 (d, J = 11.5 Hz, 2H), 2.78 (dd, 

J = 8.0, 5.2 Hz, 2H), 2.56 (dd, J = 8.5, 5.7 Hz, 2H), 2.13 (ddd, J = 11.4, 2.2, 2.2 Hz, 2H), 

1.87 (d, J = 10.8 Hz, 2H), 1.74 (qd, J = 13.2, 3.5 Hz, 2H), 1.13 (s, 9H); 
13

C  NMR (125 

MHz, CDCl3)206.8, 149.0, 148.5, 135.6, 135.1, 132.4, 130.2, 130.1, 128.0, 124.0, 

123.4, 121.0, 115.4, 115.3, 115.1, 62.1, 61.0, 53.4, 33.0, 28.2, 26.6, 19.6  
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(1-(4-butoxyphenethyl)piperidin-4-yl)(2,3-dimethoxyphenyl)methanol  (3.29)  

OH O

O

N

O

3.29

 

A solution of (2,3-dimethoxyphenyl)(1-(4-hydroxyphenethyl)piperidin-4-yl)methanone 

(3.37) (172 mg, 0.40 mmol) in 8 mL EtOH is cooled to 0 
o
C. Then NaBH4 (75 mg, 2.0 

mmol) was added portionwise with stirring. The reaction was warmed to room 

temperature and allowed to stir for 1 hour. After 1 hour the reaction was quenched with 

aqueous NH4Cl. The EtOH was removed under reduced pressure. The residue was diluted 

with H2O and extracted 3 times with CHCl3. The combined organic layers were dried 

over MgSO4 and concentrated under reduced pressure to provide 105 mg of (1-(4-

butoxyphenethyl)piperidin-4-yl)(2,3-dimethoxyphenyl)methanol (3.29) as a white solid 

(62%). 
1
H NMR (400 MHz, CDCl3)  7.06 (d, J = 8.2 Hz, 2H), 7.04 (dd, J = 8.3, 8.3 Hz, 

1H), 6.90 (dd, J = 7.8, 0.9 Hz, 1H), 6.83 (dd, J = 7.8, 0.9 Hz, 1H), 6.79 (d, J = 8.7 Hz, 

2H), 4.63 (d, J = 8.2 Hz, 1H), 3.92 (t, J = 6.4 Hz, 2H), 3.85 (s, 6H), 3.07 (d, J = 11.5 Hz, 

1H), 2.92 (d, J = 11.4 Hz, 1H), 2.71 (dd, J = 8.7, 7.8 Hz, 2H), 2.49 (dd, 8.7, 7.8 Hz, 2H), 

2.07 (d, J = 12.8 Hz, 1H), 1.95 (ddd, J = 11.4, 2.3, 2.3 Hz, 1H), 1.87 (ddd, J = 11.4, 2.3, 

2.3 Hz, 1H), 1.74 (quintet, J = 6.4 Hz, 2H), 1.65 (tt, J = 3.6, 11.4 Hz, 1H), 1.47 (sextet, J 

= 7.8 Hz, 3H), 1.35 (ddd, J = 9.7, 3.2, 3.2 Hz, 1H), 1.27 (d, J = 14.6 Hz, 1H), 0.95 (t, J = 

7.8 Hz, 3H); 
13

C  NMR (100 MHz, CDCl3)7.5, 152.5, 146.6, 136.6, 132.4, 129.6, 

124.1, 119.8, 114.5, 111.4, 74.4, 67.8, 61.3, 61.0, 55.8, 53.8, 43.0, 32.9, 31.4, 28.9, 19.4, 
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14.0; HRMS – ESI: m/z [M + H]
+
 calculated for C26H37NO4: 428.2801, measured 

428.2788. 

 

(2,3-dimethoxyphenyl)(1-(4-(2-methoxyethoxy)phenethyl)piperidin-4-yl)methanol 

(3.30) 

OH O

O

N

O

O

3.30

 

(2,3-dimethoxyphenyl)(1-(4-(2-methoxyethoxy)phenethyl)piperidin-4-yl)methanone , 

(3.39) (20 mg, 0.05 mmol) in 0.7 mL EtOH was cooled to 0 
o
C. NaBH4 (8.8 mg, 0.25 

mmol) was added, and the reaction mixture was warmed to room temperature. The 

reaction was stirred 1 hour and then quenched with aqueous NH4Cl. The EtOH was 

removed under reduced pressure. The residue was diluted with H2O and extracted 3 times 

with CHCl3. The combined organic layers were dried over MgSO4 and concentrated 

under reduced pressure to provide 13.0 mg of (2,3-dimethoxyphenyl)(1-(4-(2-

methoxyethoxy)phenethyl)piperidin-4-yl)methanol (3.30) as a white solid (61%).  
1
H 

NMR (500 MHz, CDCl3)  7.08 (d, J = 9.2 Hz, 2H), 7.04 (dd, J = 7.5, 7.5 Hz, 2H), 6.90 

(dd, J = 7.5, 1.2 Hz, 1H), 6.83 (d, J = 6.8 Hz, 3H), 4.64 (d, J = 8.1 Hz, 1H), 4.08 (dd, J = 

4.5, 4.5 Hz, 2H), 3.86 (s, 6H), 3.73 (dd, J = 4.5, 4.5 Hz, 2H), 3.44 (s, 3H), 3.12 (d, J = 

11.4 Hz, 1H), 2.97 (d, J = 11.4 Hz, 1H), 2.76 (dd, J = 10.3, 6.3 Hz, 2H), 2.55 (dd, J = 8.6, 

8.0 Hz, 2H), 2.08 (dd, J = 12.6, 5.8 Hz, 1H), 2.01 (dd, J = 9.4, 9.4 Hz, 1H), 1.95 (t, J = 

10.3 Hz, 1H), 1.69 (qdd, J = 12.0, 4.0 Hz, 1H), 1.53 (qd, J = 12.6, 4.1 Hz, 1H), 1.43 (qd, J 
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= 12.6, 4.0 Hz, 1H), 1.31 (d, J = 13.2 Hz, 1H); 
13

C NMR (125 MHz, CDCl3)157.2, 

152.6, 146.6, 136.5, 132.5, 129.7, 124.1, 119.8, 114.7, 111.5, 74.4, 71.2, 67.4, 61.0, 60.9, 

59.3, 55.8, 53.7, 42.8, 32.6, 28.6; HRMS – ESI: m/z [M + H]
+
 calculated for C25H25NO5: 

430.2593, measured 430.2578. 

 

(3-butoxy-2-methoxyphenyl)(1-(4-fluorophenethyl)piperidin-4-yl)methanone 

(3.31) 

O O

O

N

F

3.31

 

To a solution of (1-(4-fluorophenethyl)piperidin-4-yl)(3-hydroxy-2 methoxyphenyl) 

methanone (3.16) (181.5 mg, 0.51 mmol) in 8 mL acetone was added butyl 4-

methylbenzenesulfonate (232.9 mg, 1.02 mmol) and K2CO3 (141 mg, 1.02 mmol). The 

reaction mixture was refluxed for 22 hours, and then cooled to room temperature. The 

solvent was then removed under reduced pressure. Flash chromatography (100% CH2Cl2 

to 8% MeOH in CH2Cl2) isolated 205 mg of (3-butoxy-2-methoxyphenyl)(1-(4-

fluorophenethyl)piperidin-4-yl)methanone (3.31) as an orange oil (97%).  
1
H NMR (500 

MHz, CDCl3)  7.16-7.13 (m, 2H), 7.06-6.99 (m, 2H), 6.96-6.92 (m, 3H), 4.01 (t, J = 6.3 

Hz, 2H), 3.88 (s, 3H),  3.11-3.08 (m, 1H), 2.97 (d, J = 11.4 Hz, 2H), 2.78-2.74 (m, 2H), 

2.56-2.53 (m, 2H), 2.11 (t, J = 9.8 Hz, 2H), 1.91 (d, J = 11.5 Hz, 2H), 1.85-1.82 (m, 2H), 

1.80-1.74 (m, 2), 1.53 (sextet, J =  7.4 Hz, 2H), 0.99 (t, J =  7.4  Hz, 3H); 
13

C NMR (125 

MHz, CDCl3)  206.6, 162.3, 160.4, 152.3 147.1, 136.2, 136.2, 134.4, 130.1, 124.2, 
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120.1, 115.8, 115.2, 115.0, 68.5, 61.6, 60.8, 53.5, 53.4, 48.2, 32.9, 31.4, 28.1, 19.4, 13.9; 

HRMS – ESI: m/z [M + H]
+
 calculated for C25H32FNO3: 414.2444, measured 414.2438. 

 

(1-(4-fluorophenethyl)piperidin-4-yl)(2-methoxy-3-(2-methoxyethoxy)phenyl) 

methanone (3.32) 

O O

O

N

F

O

3.32

 

(1-(4-fluorophenethyl)piperidin-4-yl)(3-hydroxy-2 methoxyphenyl)methanone (3.16) 

(85.4 mg, 0.24 mmol), 2-methoxyethyl 4-methylbenzenesulfonate (110 mg, 0.48 mmol), 

and K2CO3 (66 mg, 0.48 mmol) in 5 mL acetone was refluxed for 22 hours then cooled to 

room temperature. The solvent was removed under reduced pressure and the crude 

reaction mixture was purified by flash chromatography (100% CH2Cl2 to 8% MeOH in 

CH2Cl2) to afford 75.3 mg of (1-(4-fluorophenethyl)piperidin-4-yl)(2-methoxy-3-(2-

methoxyethoxy)phenyl)methanone (3.32) as an orange oil (75%). 
1
H NMR (500 MHz, 

CDCl3)  7.17-7.13 (m, 2H), 7.08-7.02 (m, 2H), 7.00-6.93 (m, 3H),  4.17 (dd, J =  6.0, 

4.6 Hz, 2H), 3.90 (s, 3H), 3.80 (dd, J =  6.0, 4.6 Hz, 2H), 3.45 (s, 3H), 3.14-3.09 (m, 1H), 

3.00-2.98 (m, 2H), 2.81-2.77 (m, 2H), 2.60-2.56 (m, 2H), 2.18 (dd, J = 10.1, 10.1 Hz, 

2H), 1.93 (dd, J = 13.7, 3.2 Hz, 2H), 1.81-1.72 (m, 2H); 
13

C NMR (125 MHz, CDCl3)  

206.5, 162.7, 160.2, 152.0, 147.5, 136.0, 134.5, 130.2, 130.1, 124.3, 120.9, 116.7, 115.3, 

115.1, 76.8, 71.1, 70.7, 68.5, 61.7, 60.7, 59.3, 53.2, 47.9, 32.8, 27.9; HRMS – ESI: m/z 

[M + H]
+
 calculated for C24H30FNO4: 416.2237, measured 416.2239. 
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(3-butoxy-2-methoxyphenyl)(1-(4-fluorophenethyl)piperidin-4-yl)methanol (3.33) 

OH O

O

N

F

3.33

 

(3-butoxy-2-methoxyphenyl)(1-(4-fluorophenethyl)piperidin-4-yl)methanone (3.31) 

(116.2 mg, 0.28 mmol) in 5 mL anhydrous EtOH was cooled to 0 
o
C. NaBH4 was added 

portionwise with stirring over 5 minutes. The reaction was stirred at 0 
o
C an additional 10 

minutes and then stirred at room temperature for 1 hour. The solvent was removed under 

reduced pressure, and the residue was taken up in aqueous NH4Cl and extracted three 

times with CH2Cl2. The combined organic fractions were dried over MgSO4 and 

concentrated to give 89.1 mg of (3-butoxy-2-methoxyphenyl)(1-(4-

fluorophenethyl)piperidin-4-yl)methanol (3.33) as an orange solid (77%). 
1
H NMR (500  

MHz, CDCl3)  7.17-7.12 (m, 2H), 7.03-6.92 (m, 3H), 6.88 (dd, J = 7.8, 1.3 Hz, 1H), 

6.82 (dd, J = 8.2, 1.3 Hz, 1H), 4.66 (d, J = 7.3 Hz, 1H), 3.99 (ddd, J = 6.4, 1.8, 1.8 Hz, 

2H), 3.88 (s, 3H), 3.20 (d, J = 11.4 Hz, 1H), 3.85 (d, J = 11.0 Hz, 1H), 2.89-2.85 (m, 2H), 

2.68-2.64 (m, 2H), 2.19-2.07 (m, 3H), 1.89-1.79 (m, 2H), 1.77-1.61 (m, 2H), 1.60-1.49 

(m, 3H), 1.38 (d, J = 12.8 Hz, 1H), 0.99 (t, J = 7.3 Hz, 3H);  
13

C NMR (125 MHz, CDCl3) 

 187.1, 162.8, 160.3, 152.0, 146.5, 136.2, 135.1, 130.2, 130.1, 124.0, 119.5, 115.4, 

115.2, 112.4, 74.1, 68.3, 60.9, 60.2, 53.5, 42.3, 32.0, 31.5, 28.1, 27.7, 19.5, 13.9; HRMS 

– ESI: m/z [M + H]
+
 calculated for C25H34FNO3: 416.2601, measured 416.2587. 

 

(1-(4-fluorophenethyl)piperidin-4-yl)(2-methoxy-3-(2-methoxyethoxy)phenyl) 

methanol  (3.34) 
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OH O

O

N

F

O

3.34

 

(1-(4-fluorophenethyl)piperidin-4-yl)(2-methoxy-3-(2-

methoxyethoxy)phenyl)methanone (3.32) (11.2 mg, 0.028 mmol) in 0.6 mL 

anhydrous EtOH was cooled to 0 
o
C. NaBH4 was added with stirring. The reaction 

was stirred an additional 10 minutes and then stirred at room temperature for 1 hour. 

The solvent was removed under reduced pressure, and the residue was taken up in 

aqueous NH4Cl and extracted three times with CH2Cl2. The combined organic 

fractions were dried over MgSO4 and concentrated to give 6.1 mg of (1-(4-

fluorophenethyl)piperidin-4-yl)(2-methoxy-3-(2-methoxyethoxy)phenyl)methanol 

(3.34) as an orange solid (55%). 
1
H NMR (500 MHz, CDCl3)  7.12 (dd, J = 8.6, 5.7 

Hz, 2H), 7.01 (q, J = 8.0 Hz, 1H), 6.96-6.89 (m, 3H), 6.84 (dd, J = 8.0, 1.7 Hz, 1H), 

4.60 (d, J = 8.0 Hz, 1H), 4.14 (dd, J = 5.2, 4.0 Hz, 2H), 3.90 (s, 3H), 3.78 (dd, J = 6.3, 

4.0 Hz, 2H), 3.44 (s, 3H), 3.05 (d, J = 11.4 Hz, 1H), 2.91 (d, J = 11.4 Hz, 1H), 2.75 

(dd, J = 8.6, 5.8 Hz, 2H), 2.50 (dd, J = 8.6, 8.3 Hz, 2H), 2.05 (d, J = 13.2 Hz, 1H), 

1.94 (ddd, J = 12.0, 2.3, 2.3 Hz, 1H), 1.87 (dd, J = 11.4, 2.8 Hz, 1H), 1.66 (qt, J = 

11.5, 4.0 Hz, 1H), 1.45 (qd, J = 12.6, 3.5 Hz, 1H), 1.35 (qd, J = 11.8, 3.5 Hz, 1H), 

1.27 (d, J = 11.5 Hz, 1H); 
13

C NMR (125 MHz, CDCl3) 162.3, 160.4, 151.7, 146.9, 

136.6, 136.1, 130.1, 130.0, 123.8, 120.3, 115.2, 115.0, 113.0, 74.6, 71.1, 68.1, 60.9, 

59.2, 53.8, 53.5, 42.9, 32.9, 28.8; HRMS – ESI: m/z [M + H]
+
 calculated for 

C24H32FNO4: 418.2394, measured 418.2379. 
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(2,3-dimethoxyphenyl)(1-(4-hydroxyphenethyl)piperidin-4-yl)methanone (3.35) 

O

O

O

N

OH

 

A solution of (2,3-dimethoxyphenyl)(piperidin-4-yl)methanone (3.11) (3.94 g, 15.8 

mmol), 4-hydroxyphenethyl bromide (3.49 g, 17.4 mmol), and NaHCO3 (1.99 g, 23.7 

mmol) in 70 mL DMF was stirred at 110 
o
C for 48 hours. The reaction was then cooled to 

room temperature and the DMF was removed under reduced pressure. The residue was 

purified by flash chromatography (100% CH2Cl2 to 10% MeOH in CH2Cl2) to afford 3.0 

g of  (2,3-dimethoxyphenyl)(1-(4-hydroxyphenethyl)piperidin-4-yl)methanone (3.35) as a 

red solid (53%). 
1
H NMR (500 MHz, CDCl3)  7.10-7.00 (m, 3H), 6.95 (d, J = 8.0 Hz, 

2H), 6.71 (d, J = 8.0 Hz, 2H), 3.90 (s, 3H), 3.85 (s, 3H), 3.17-3.13 (m, 1H), 3.03 (d, J = 

10.9 Hz, 2H), 2.73 (dd, J = 9.2, 4.6 Hz, 2H), 2.61 (dd, J = 9.5, 4.5 Hz, 2H), 2.27 (dd, J = 

10.3, 10.3 Hz, 2H), 1.96 (d, J = 11.5 Hz, 2H), 1.82 (qd, J = 13.7, 3.4 Hz, 2H); 
13

C NMR 

(125 MHz, CDCl3)206.5, 154.9, 152.8, 147.0, 134.1, 131.0, 130.2, 129.8, 124.6, 120.5, 

115.9, 115.7, 115.1, 63.9, 61.9, 60.8, 56.1, 53.0, 47.5, 38.4, 32.1, 27.3; HRMS – ESI: m/z 

[M + H]
+
 calculated for C22H27NO4: 370.2018, measured 320.2001. 

(1-(4-butoxyphenethyl)piperidin-4-yl)(2,3-dimethoxyphenyl)methanone (3.37) 

O

O

O

N

O

 

A solution of (2,3-dimethoxyphenyl)(1-(4-hydroxyphenethyl)piperidin-4-yl)methanone 

(3.35) (215 mg, 0.58 mmol), butyl 4-methylbenzenesulfonate (3.36) (399 mg, 1.75 

mmol), and K2CO3 (160 mg, 1.16 mmol) in 7 mL acetone was refluxed for 2 days. The 
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reaction was cooled to room temperature and the acetone was removed under reduced 

pressure. Flash chromatography (100% CH2Cl2 to 10% MeOH) isolated 173 mg of -(4-

butoxyphenethyl)piperidin-4-yl)(2,3-dimethoxyphenyl)methanone (3.37) as a red solid 

(70%). 
1
H NMR (400 MHz, CDCl3)  7.08 (dd, J = 8.7, 6.9 Hz, 3H), 6.99 (ddd, J = 14.6, 

8.2, 1.8 Hz, 2H), 6.81 (d, J = 8.7 Hz, 2H), 3.93 (t, J = 6.9 Hz, 2H), 3.89 (s, 3H), 3.86 (s, 

3H), 3.08 (tt, J = 11.0, 3.7 Hz, 1H), 2.96 (d, J = 11.9 Hz, 2H), 2.73 (dd, J = 7.2, 5.0 Hz, 

2H), 2.57-2.52 (m, 2H), 2.11 (ddd, J = 11.5, 2.3, 2.3 Hz, 2H), 1.91 (dd, J = 13.8, 2.8 Hz, 

2H), 1.78-1.71 (m, 4H), 1,47 (sextet, J = 7.8 Hz, 2H), 0.96 (t, J = 7.4 Hz, 3H); 
13

C NMR 

(100 MHz, CDCl3)  206.6, 157.5, 152.8, 147.0, 134.5, 132.3, 129.6, 124.4, 120.3, 114.8, 

114.5, 67.7, 61.8, 61.1, 56.0, 53.4, 48.2, 32.8, 31.5, 28.1, 19.3, 14.0; HRMS – ESI: m/z 

[M + H]
+
 calculated for C26H35NO4: 426.2644, measured 426.2629. 

 

(2,3-dimethoxyphenyl)(1-(4-(2-methoxyethoxy)phenethyl)piperidin-4-yl)methanone 

(3.39) 

O

N

O

O

O

O

 

A solution of (2,3-dimethoxyphenyl)(1-(4-hydroxyphenethyl)piperidin-4-yl)methanone 

(3.35) (214 mg, 0.58 mmol), 2-methoxyethyl 4-methylbenzenesulfonate (3.38) (401 mg, 

1.74 mmol), and K2CO3 (160 mg, 1.16 mmol) in 12 mL acetone was refluxed for 2 days. 

The reaction was cooled to room temperature and the acetone was removed under 

reduced pressure. Flash chromatography (100% CH2Cl2 to 10% MeOH) isolated 155 mg 

of (2,3-dimethoxyphenyl)(1-(4-(2-methoxyethoxy)phenethyl)piperidin-4-yl)methanone 
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(3.39)  as a red oil (62%). 
1
H NMR (400 MHz, CDCl3)  7.08 (dd, J = 8.2, 7.3 Hz, 3H), 

6.98 (ddd, J = 16.1, 8.3, 1.3 Hz, 2H), 6.85 (d, J = 8.7 Hz, 2H), 4.09 (dd, J = 4.5, 3.2 Hz, 

2H), 3.88 (s, 3H), 3.84 (s, 3H), 3.73 (dd, J = 4.5, 3.2 Hz, 2H), 3.44 (s, 3H), 3.08 (tt, J = 

11.0, 4.1 Hz, 1H), 2.99 (d, J = 11.5 Hz, 2H), 2.74 (dd, J = 7.7, 5.1 Hz, 2H), 2.54 (dd, J = 

7.7, 5.0 Hz, 2H), 2.11 (ddd, J = 11.0, 1.8, 1.8 Hz, 2H), 1.91 (d, J = 11.5 Hz, 2H), 1.75 

(ddd, J = 11.0, 11.0, 3.2 Hz, 2H); 
13

C NMR (100 MHz, CDCl3)  206.6, 157.2, 152.8, 

146.9, 134.4, 132.8, 129.7, 124.4, 120.3, 114.8, 114.6, 71.2, 67.3, 61.8, 61.1, 59.3, 56.0, 

53.4, 48.2, 32.8, 28.1; HRMS – ESI: m/z [M + H]
+
 calculated for C25H33NO5: 428.2437, 

measured 428.2453. 

 

General procedure for O-alkylation of (1-(4-fluorophenethyl)piperidin-4-yl)(3-hydroxy-

2-methoxyphenyl)methanone (3.16) with a tosylated alkylating agent. 

A solution of (1-(4-fluorophenethyl)piperidin-4-yl)(3-hydroxy-2-

methoxyphenyl)methanone (3.16) (105 mg, 0.30 mmol), a tosylated alkylating agent 

3.43, 3.44, or 3.45 (0.60 mmol, 190-218 mg), and K2CO3 (62 mg, 0.45 mmol) in 8 mL 

acetone was refluxed for 24 hours. The reaction mixture was cooled to room temperature 

and the solvent was removed under reduced pressure. The crude reaction mixture was 

purified by flash chromatography (100% CH2Cl2 to 10% MeOH in CH2Cl2). 

  

(3-(2-(2-ethoxyethoxy)ethoxy)-2-methoxyphenyl)(1-(4-fluorophenethyl) piperidin-4-

yl)methanone (3.46) 
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The above procedure with 2-(2-ethoxyethoxy)ethyl 4-methylbenzenesulfonate 

(3.43) as the alkylating agent produced 145 mg of (3-(2-(2-ethoxyethoxy)ethoxy)-2-

methoxyphenyl)(1-(4-fluorophenethyl) piperidin-4-yl)methanone (3.46) (93%) as a red 

oil. 
1
H NMR (500 MHz, CDCl3) 7.17-7.13 (m, 2H), 7.07-7.01 (m, 2H), 7.0-6.93 (m, 3), 

4.20 (dd, J =  5.1, 4.6 Hz, 2H), 3.91 (dd, J = 6.9, 2.9 Hz, 2H), 3.91 (s, 3H), 3.72 (dd, J = 

6.3, 4.6 Hz, 2H), 3.61 (dd, J = 6.3, 4.5 Hz, 2H), 3.52 (q, J = 7.5 Hz, 2H), 3.12 (tt, J = 

10.9, 4.0 Hz, 1H), 3.00 (d, J = 11.5 Hz, 2H),  2.78 (dd. J = 8.5, 5.8 Hz, 2H), 2.57 (dd, J = 

8.6, 5.8 Hz, 2H), 2.17 (dd, J = 11.5, 9.7 Hz, 2H), 1.93 (d, J = 10.9 Hz, 2H), 1.79 (qd, J = 

10.9, 2.9 Hz, 2H). 1.21 (t, J = 6.9 Hz, 3H); 
13

C NMR (125 MHz, CDCl3)  206.2, 162.1, 

160.2, 151.7, 147.1, 134.1, 129.9, 129.8, 124.0, 120.5, 116.3, 115.0, 114.9, 70.7, 69.7, 

69.5, 68.2, 66.5, 61.5, 60.4, 53.0, 32.5, 27.7, 15.0; HRMS – ESI: m/z [M + Na]
+
 

calculated for C27H36FNO5: 496.2475, measured 496.2455. 

 

(3-(2-(2-(2-ethoxyethoxy)ethoxy)ethoxy)-2-methoxyphenyl)(1-(4-fluorophenethyl) 

piperidin-4-yl)methanone (3.47) 

O

O

O

N

F

O

O

O
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The above procedure with 2-(2-(2-ethoxyethoxy)ethoxy)ethyl 4-methylbenzenesulfonate 

(3.44) as the alkylating agent produced 153 mg of (3-(2-(2-(2-

ethoxyethoxy)ethoxy)ethoxy)-2-methoxyphenyl)(1-(4-fluorophenethyl)piperidin-4-

yl)methanone (3.47) (99%) as a red oil. 
1
H NMR (500 MHz, CDCl3) 7.16-7.13 (m, 2H), 

7.08-7.02 (m, 2H), 7.00-6.93 (m, 3H), 4.19 (dd, J = 5.1, 4.6 Hz, 2H), 3.90 (dd, J = 5.7, 

3.4 Hz, 2H), 3.90 (s, 3H), 3.74 (dd, J = 5.8, 2.9 Hz 2H), 3.68 (dd, J = 5.8, 2.9 Hz, 2H), 

3.65 (dd, J = 5.4, 2.9 Hz, 2H), 3.58(dd, J = 5.4, 2.9 Hz, 2H) 3.52 (q, J = 6.9 Hz, 2H), 3.13 

(tt, J = 10.9, 4.0 Hz, 1H), 3.01 (d, 11.5 Hz, 2H), 2.78 (dd, J = 8.0, 5.1 Hz, 2H), 2.61 (dd, J 

=  8.3, 5.2 Hz, 2H), 2.19 (t, J = 10.2 Hz, 2H), 1.93 (d, J = 11.4 Hz, 2H), 1.79 (qd, J = 

10.3, 3.4 Hz, 2H), 1.21 (t, J = 6.9 Hz, 3H); 
13

C NMR (125 MHz, CDCl3)  206.1, 162.1, 

160.2, 151.7, 147.1, 135.6, 134.0, 129.9, 129.8, 124.0, 120.5, 116.4, 115.0, 114.8, 70.6, 

70.5, 70.4, 69.6, 69.4, 68.2, 66.4, 61.5, 60.2, 52.8, 47.6, 32.3, 27.5, 15.0; HRMS – ESI: 

m/z [M + H]
+
 calculated for C29H40FNO6: 518.2918, measured 518.2904. 

 

(3-(2,5,8,11-tetraoxatridecan-13-yloxy)-2-methoxyphenyl)(1-(4-fluorophenethyl) 

piperidin-4-yl)methanone  (3.48) 
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The above procedure with 2,5,8,11-tetraoxatridecan-13-yl 4-methylbenzenesulfonate 

(3.45) as the alkylating agent produced 164 mg of (3-(2,5,8,11-tetraoxatridecan-13-

yloxy)-2-methoxyphenyl)(1-(4-fluorophenethyl)piperidin-4-yl)methanone (3.48) (100%) 
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as a red oil. 
1
H NMR (500 MHz, CDCl3) 7.15 (dd, J = 8.6, 5.1 Hz, 2H), 7.07-7.02 (m, 

2H), 7.00-6.93 (m, 3H), 4.18 (dd, J = 5.2, 4.6 Hz, 2H), 3.90 (dd, J = 5.2, 4.6 Hz, 2H), 

3.90 (s, 3H), 3.73 (dd, J = 6.3, 4.0 Hz, 2H), 3.69-3.62 (m, 8H), 3.54 (dd, J = 6.3, 4.0 Hz, 

2H), 3.37 (s, 3H), 3.11 (tt, J =  10.8, 4.0 Hz, 1.0H), 2.99 (d, J = 11.4 Hz, 2H), 2.77 (dd, J 

= 8.1, 5.2 Hz, 2H), 2.57 (dd, J =  8.1, 5.7 Hz, 2H), 2.15 (t, J = 10.9 Hz, 2H), 1.92 (d, J = 

10.9 Hz, 2H), 1.77 (qd, J = 10.9, 3.4 Hz, 2H); 
13

C NMR (125 MHz, CDCl3)  206.1, 

162.0, 160.0, 151.6, 147.1, 135.6, 134.0, 129.9, 129.8, 123.9, 120.4, 116.2, 114.9, 114.7, 

71.6, 70.5, 70.4, 70.3, 70.2, 69.4, 68.1, 62.1, 61.4, 58.8, 47.9, 32.4, 27.6; HRMS – ESI: 

m/z [M + H]
+
 calculated for C30H42FNO7: 548.3024, measured 548.3030. 

 

2-(2-(3-(1-(4-fluorophenethyl)piperidine-4-carbonyl)-2-methoxyphenoxy) ethoxy) 

ethyl 4-methylbenzenesulfonate (3.68) 
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A solution of (1-(4-fluorophenethyl)piperidin-4-yl)(3-hydroxy-2-

methoxyphenyl)methanone (3.16) (295 mg, 0.82 mmol), 2,2'-oxybis(ethane-2,1-diyl) 

bis(4-methylbenzenesulfonate) (3.54) (1.4 g, 3.3 mmol), and K2CO3 ( 228 mg, 1.65 

mmol) in 20 mL acetone was refluxed for 24 hours. The reaction mixture was cooled 

to room temperature and the solvent was removed under reduced pressure. The crude 

reaction mixture was purified by flash chromatography (100% CH2Cl2 to 10% MeOH 

in CH2Cl2) to afford 437 mg of 2-(2-(3-(1-(4-fluorophenethyl)piperidine-4-carbonyl)-
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2-methoxyphenoxy) ethoxy) ethyl 4-methylbenzenesulfonate (3.68)  as a red oil 

(89%). 
1
H NMR (500 MHz, CDCl3)  7.77 (d, J = 8.0 Hz, 2H), 7.30 (d, J = 8.1, 2H),  

7.15 (dd, J = 8.6, 5.7 Hz, 2H), 7.07-7.01 (m, 1H), 6.95 (tt, J = 8.6, 1.7 Hz,  2H),  4.17 

(dd, J =  4.6, 4.5 Hz, 2H), 4.10 (dd, J = 4.6, 4.5 Hz, 2H), 3.87 (s, 3H),  3.82 (dd, J = 

4.6, 3.8 Hz, 2H), 3.75 (dd, J = 4.6, 2.9 Hz, 2H), 3.11 (tt, J = 10.9, 4.1 Hz, 1H), 3.00 

(d, J = 1.4 Hz, 2H), 2.78 (dd, J = 10.9, 5.1 Hz, 2H), 2.57 (dd, J = 10.8, 5.2 Hz, 2H), 

2.41 (s, 3H), 2.15( t, J = 10.3 Hz, 2H), 1.92 (d, J = 11.4 Hz, 2H), 1.76 (qd, J = 11.5, 

3.5 Hz, 2H); 
13

C  NMR (125 MHz, CDCl3) 206.2,162.2, 160.3, 151.8, 147.3, 144.9, 

135.9, 134.2, 132.8, 130.1, 130.0, 129.8, 127.9, 124.1, 120.7, 116.5, 115.1, 114.9, 

69.6, 69.3, 68.7, 68.3, 61.6, 60.6, 53.5, 53.2, 47.9, 32.7, 27.9, 21.6; HRMS – ESI: m/z 

[M + H]
+
 calculated for C32H38FNO7S: 600.2431, measured 600.2437. 

 

2-(2-(2-(3-(1-(4-fluorophenethyl)piperidine-4-carbonyl)-2-methoxyphenoxy)ethoxy) 

ethoxy)ethyl 4-methylbenzenesulfonate (3.69) 
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A solution of (1-(4-fluorophenethyl)piperidin-4-yl)(3-hydroxy-2-

methoxyphenyl)methanone (3.16) (78.3 mg, 0.22 mmol), 2,2'-(ethane-1,2-

diylbis(oxy))bis(ethane-2,1-diyl) bis(4-methylbenzenesulfonate) (3.55) (215 mg, 0.44 

mmol), and K2CO3 (61 mg, 0.44 mmol) in 7 mL acetone was refluxed for 24 hours. The 

reaction mixture was cooled to room temperature and the solvent was removed under 
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reduced pressure. The crude reaction mixture was purified by flash chromatography 

(100% CH2Cl2 to 10% MeOH in CH2Cl2) to afford 53 mg of 2-(2-(2-(3-(1-(4-

fluorophenethyl)piperidine-4-carbonyl)-2-methoxyphenoxy)ethoxy)ethoxy)ethyl 4-

methylbenzenesulfonate (3.69) as an orange oil (38%). 
1
H NMR (500 MHz, CDCl3)  

7.79 (d, J = 8.0 Hz, 2H), 7.33 (dd, J = 8.0, 5.5 Hz, 2H), 7.14 (dd, J = 8.6, 5.2 Hz, 2H), 

7.07-7.01 (m, 2H), 6.99-6.94 (m, 3H), 4.19-4.13 (m, 4H), 3.88 (dd, J = 9.6, 5.6 Hz, 2H), 

3.88 (s, 3H), 3.70-3.68 (m, 4H), 3.61 (dd, J = 6.6, 4.0 Hz, 2H), 3.09 (tt, J = 10.8, 3.4 Hz, 

1H), 2.98 (d, J = 12.9 Hz, 2H), 2.77 (dd, J = 8.6, 5.1 Hz, 2H), 2.56 (dd, J = 8.6, 5.1 Hz 

2H), 2.43 (s, 3H), 2.13 (t, J = 10.9 Hz, 2H), 1.91 (d, J = 11.5 Hz, 2H), 1.75 (qd, J =  11.5, 

3.4 Hz, 2H); 
13

C NMR (125 MHz, CDCl3)206.5, 162.4, 160.4, 152.0, 147.4, 145.0, 

136.1, 134.5, 133.0, 130.2, 130.1, 130.0, 128.0, 124.3, 120.8, 116.6, 115.2, 115.1, 70.9, 

70.8, 69.8, 69.3, 68.8, 68.5, 61.7, 60.8, 53.3, 48.1, 32.9, 28.1, 21.7; HRMS – ESI: m/z [M 

+ H]
+
 calculated for C34H42FNO8S: 644.2693, measured 644.2697. 

 

2-(2-(2-(2-(3-(1-(4-fluorophenethyl)piperidine-4-carbonyl)-2-methoxyphenoxy) 

ethoxy)ethoxy)ethoxy)ethyl 4-methylbenzenesulfonate  (3.70) 
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A solution of (1-(4-fluorophenethyl)piperidin-4-yl)(3-hydroxy-2-

methoxyphenyl)methanone (3.16) (80 mg, 0.22 mmol), 2,2'-(2,2'-oxybis(ethane-2,1-

diyl)bis(oxy))bis(ethane-2,1-diyl) bis(4-methylbenzenesulfonate) (3.56) (452 mg, 0.90 
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mmol), and K2CO3 (62 mg, 0.45 mmol) in 7 mL acetone was refluxed for 24 hours. The 

reaction mixture was cooled to room temperature and the solvent was removed under 

reduced pressure. The crude reaction mixture was purified by flash chromatography 

(100% CH2Cl2 to 10% MeOH in CH2Cl2) to afford 143 mg of 2-(2-(2-(2-(3-(1-(4-

fluorophenethyl)piperidine-4-carbonyl)-2-methoxyphenoxy)ethoxy)ethoxy)ethoxy)ethyl 

4-methylbenzenesulfonate (3.70)  as an orange oil (93%). 
1
H NMR (500 MHz, CDCl3)  

7.78 (d, J = 8.6 Hz, 2H), 7.33 (d, J = 8.0 Hz, 2H), 7.15 (dd, J = 8.6, 5.1 Hz, 2H), 7.07-

7.02 (m, 2H), 6.99-6.92 (m, 3H), 4.18 (dd, J = 5.2, 4.5 Hz, 2H), 4.15 (dd, J = 4.6, 4.2 Hz, 

2H), 3.90 (dd, J = 5.7, 4.0 Hz, 2H), 3.90 (s, 3H), 3.72 (dd, J = 6.3, 4.0 Hz, 2H), 3.67 (dd, 

J =  5.2, 4.6 Hz, 2H), 3.64 (dd, J = 6.3, 4.0 Hz, 2H), 3.58 (septet, J = 2.9 Hz, 4H), 3.10 

(tt, J =  10.9, 4.0  Hz, 1H), 2.98 (d, J = 11.5 Hz, 2H), 2.77 (dd, J = 10.3, 5.7  Hz), 2.56 

(dd, J = 10.3, 5.7 Hz, 2H), 2.43 (s, 3H), 2.12 (dd, J = 11.4, 9.8 Hz, 2H), 1.91 (d, J = 11.5 

Hz, 2H), 1.75 (qd, J = 10.9, 3.4 Hz, 2H); 
13

C NMR (125 MHz, CDCl3) 206.4, 162.3, 

160.4, 151.9, 147.3, 144.9, 136.1, 134.4, 132.9, 130.1, 130.0, 129.9, 128.0, 124.2, 120.7, 

116.5, 115.2, 115.0, 70.8, 70.7, 70.6, 70.5, 69.7, 69.3, 68.7, 68.4; HRMS – ESI: m/z [M + 

Na]
+
 calculated for C36H46FNO9S: 710.2775, measured 710.2780. 

 

14-(3-(1-(4-fluorophenethyl)piperidine-4-carbonyl)-2-methoxyphenoxy)-3,6,9,12-

tetraoxatetradecyl 4-methylbenzenesulfonate (3.71) 
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A solution of (1-(4-fluorophenethyl)piperidin-4-yl)(3-hydroxy-2-

methoxyphenyl)methanone (3.16) (119 mg, 0.34 mmol), 3,6,9,12-tetraoxatetradecane-

1,14-diyl bis(4-methylbenzenesulfonate) (3.57) (738 mg, 1.35 mmol), and K2CO3 (94 

mg, 0.68 mmol) in 11 mL acetone was refluxed for 24 hours. The reaction mixture was 

cooled to room temperature and the solvent was removed under reduced pressure. The 

crude reaction mixture was purified by flash chromatography (100% CH2Cl2 to 10% 

MeOH in CH2Cl2) to afford 163 mg of 14-(3-(1-(4-fluorophenethyl)piperidine-4-

carbonyl)-2-methoxyphenoxy)-3,6,9,12-tetraoxatetradecyl 4-methylbenzenesulfonate 

(3.71) as an orange oil (66%). 
 1

H NMR (500 MHz, CDCl3)  7.79 (d, J = 8.0 Hz, 2H), 

7.33 (d, J = 8.0 Hz, 2H), 7.14 (dd, J = 8.6, 5.8 Hz, 2H), 7.07-7.01 (m, 2H), 6.95 (q, J = 

8.6 Hz, 3H), 4.18 (dd, J = 5.2, 4.6 Hz, 2H), 4.15 (dd, J = 5.2, 4.5 Hz, 2H), 3.90 (dd, J = 

5.1, 4.5 Hz, 2H), 3.89 (s, 3H), 3.73 (dd, J = 5.1, 4.0 Hz, 2H), 3.69-3.65 (m, 2H), 3.65-

3.60 (m, 2H), 3.58 (s, 4H), 3.09 (tt, J = 10.9, 4.0 Hz, 1H), 2.98 (d, J = 11.5 Hz, 2H), 2.77 

(dd, J = 8.6, 7.5 Hz, 2H), 2.54 (dd, J = 8.6, 7.5 Hz, 2H), 2.44 (s, 3H), 2.12 (t, J = 10.8 Hz, 

2H), 1.90 (d, J = 11.4 Hz, 2H), 1.76 (qd, J = 11.4, 3.5 Hz, 2H); 
13

C NMR (125 MHz, 

CDCl3) 206.6, 162.4, 160.5, 152.0, 147.4, 145.0, 136.2, 134.5, 133.1, 130.2, 130.1, 

129.9, 128.1, 124.3, 120.8, 116.6, 115.3, 115.1, 70.9, 70.8, 70.7, 70.6, 69.8, 69.4, 68.8, 

68.5, 61.8, 60.8, 53.4, 48.2, 33.0, 28.1, 21.8; HRMS – ESI: m/z [M + Na]
+
 calculated for 

C38H50FNO10S: 754.3037, measured 754.3030. 

 

17-(3-(1-(4-fluorophenethyl)piperidine-4-carbonyl)-2-methoxyphenoxy)-3,6,9,12,15-

pentaoxaheptadecyl 4-methylbenzenesulfonate (3.72) 
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A solution of (1-(4-fluorophenethyl)piperidin-4-yl)(3-hydroxy-2-

methoxyphenyl)methanone (3.16) (130 mg, 0.36 mmol), 3,6,9,12,15-

pentaoxaheptadecane-1,17-diyl bis(4-methylbenzenesulfonate) (3.58) (850 mg, 1.44 

mmol), and K2CO3 (100 mg, 0.72 mmol) in 10 mL acetone was refluxed for 24 hours. 

The reaction mixture was cooled to room temperature and the solvent was removed under 

reduced pressure. The crude reaction mixture was purified by flash chromatography 

(100% CH2Cl2 to 10% MeOH in CH2Cl2) to afford 209 mg of 17-(3-(1-(4-

fluorophenethyl)piperidine-4-carbonyl)-2-methoxyphenoxy)-3,6,9,12,15-

pentaoxaheptadecyl 4-methylbenzenesulfonate (3.72) as an orange-yellow oil (75%). 
1
H 

NMR (500 MHz, CDCl3)  7.78 (d, J = 6.9 Hz, 2H), 7.33 (d, J = 6.9 Hz, 2H), 7.14 (dd, J 

= 6.3, 5.8 Hz, 2H), 7.07-7.03 (m, 2H), 6.98-6.93 (m, 3H), 4.16 (ddd, J = 16.6, 6.3, 3.4 Hz, 

4H), 3.90 (s, 3H), 3.90 (dd, J = 4.6, 1.1 Hz, 2H), 3.72 (d, J = 3.4 Hz, 2H), 3.66 (dd, J = 

12.6, 12.6 Hz, 14H), 3.56 (dd, J = 4.6, 1.1 Hz, 2H), 3.09 (m, 1H), 2.98 (d, J = 9.7 Hz, 

2H), 2.77 (dd, J = 8.6, 6.3 Hz, 2H), 2.55 (dd, J = 9.2, 5.7 Hz, 2H), 2.43 (s, 3H), 2.11 (t, J 

= 10.9 Hz, 2H), 1.90 (d, J = 12.0 Hz, 2H), 1.75 (dd, J = 10.9, 10.3 Hz, 2H); 
13

C NMR 

(125 MHz, CDCl3)206.5,162.3, 160.4, 152.0, 147.4, 144.9, 136.2, 134.4, 133.0, 130.1, 

130.0, 129.9, 128.0, 124.2, 120.7, 116.6, 115.2, 115.0, 70.8, 70.7, 70.6, 70.6, 70.5, 69.4, 

68.7, 61.7, 60.7, 53.6, 53.3, 48.1, 32.9, 28.1, 21.7; HRMS – ESI: m/z [M + Na]
+
 

calculated for C40H54FNO11S: 798.3299, measured 798.3286. 
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20-(3-(1-(4-fluorophenethyl)piperidine-4-carbonyl)-2-methoxyphenoxy)-

3,6,9,12,15,18-hexaoxaicosyl 4-methylbenzenesulfonate (3.73) 
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A solution of (1-(4-fluorophenethyl)piperidin-4-yl)(3-hydroxy-2-

methoxyphenyl)methanone (3.16) (55 mg, 0.15 mmol), 3,6,9,12,15,18-hexaoxaicosane-

1,20-diyl bis(4-methylbenzenesulfonate) (3.66) (198 mg, 0.31 mmol), and K2CO3 (43 

mg, 0.31 mmol) in 5 mL acetone was refluxed for 24 hours. The reaction mixture was 

cooled to room temperature and the solvent was removed under reduced pressure. The 

crude reaction mixture was purified by flash chromatography (100% CH2Cl2 to 10% 

MeOH in CH2Cl2) to afford 78 mg of 20-(3-(1-(4-fluorophenethyl)piperidine-4-

carbonyl)-2-methoxyphenoxy)-3,6,9,12,15,18-hexaoxaicosyl 4-methylbenzenesulfonate 

(3.73) as an orange-yellow oil (62%). 
1
H NMR (400MHz, CDCl3) 7.80 (dd, J = 1.8, 8.2 

Hz, 2.0H), 7.34 (dd, J = 7.7, 2.0 Hz, 2H), 7.15 (dd, J = 8.7, 5.5 Hz, 2H), 7.08-7.01 (m, 

2H), 6.99-6.93 (m, 3H), 4.19-4.14 (m, 4H), 3.89 (dd, J = 6.8, 2.8 Hz, 2H), 3.89 (s, 3H), 

3.75-3.57 (m, 22H), 3.09 (tt, J = 11.0, 3.7 Hz, 1H), 2.98 (d, J = 11.9 Hz, 2H), 2.77 (dd, J 

= 10.7, 7.3 Hz, 2H), 2.56 (dd, J = 11.0, 7.8 Hz, 2H), 2.44 (s, 3H), 2.13 (t, J = 10.9 Hz, 

2H), 1.91 (d, J = 11.5 Hz, 2H), 1.75 (qd, J = 11.0, 3.6 Hz, 2H); 
13

C NMR (400MHz, 

CDCl3) 151.9, 146.4, 144.9, 136.1, 134.5, 133.0, 130.2, 130.1, 129.9, 128.0, 124.3, 

120.8, 116.5, 115.3, 115.1, 72.6, 70.9, 70.8, 70.7, 70.6, 70.3, 69.7, 69.3, 68.7, 68.5, 61.7, 
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60.8, 53.6, 53.3, 48.1, 32.9, 28.1, 21.7; HRMS – ESI: m/z [M + Na]
+
 calculated for 

C42H58FNO12S: 842.3561, measured 842.3548. 

 

23-(3-(1-(4-fluorophenethyl)piperidine-4-carbonyl)-2-methoxyphenoxy)-

3,6,9,12,15,18,21-heptaoxatricosyl 4-methylbenzenesulfonate (3.74) 
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A solution of (1-(4-fluorophenethyl)piperidin-4-yl)(3-hydroxy-2-

methoxyphenyl)methanone (3.16) (62 mg, 0.17 mmol), 3,6,9,12,15,18,21-

heptaoxatricosane-1,23-diyl bis(4-methylbenzenesulfonate) (3.67) (350 mg, 0.52 mmol), 

and K2CO3 (47 mg, 0.34 mmol) in 10 mL acetone is refluxed for 24 hours. The reaction 

mixture is cooled to room temperature and the solvent is removed under reduced 

pressure. The crude reaction mixture is purified by flash chromatography (100% CH2Cl2 

to 10% MeOH in CH2Cl2) to afford 110 mg of 23-(3-(1-(4-fluorophenethyl)piperidine-4-

carbonyl)-2-methoxyphenoxy)-3,6,9,12,15,18,21-heptaoxatricosyl 4-

methylbenzenesulfonate (3.74) as an orange-yellow oil (75%). 
1
H NMR (500 MHz, 

CDCl3)  7.79 (d, J = 8.6 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H), 7.16 (dd, J = 8.6, 5.2 Hz, 

2H), 7.07-7.02 (m, 2H), 6.99-6.93 (m, 3H), 4.18 (dd, J = 5.1, 4.6 Hz, 2H), 4.15 (dd, J = 

5.2, 4.0 Hz, 2H), 3.90 (dd, J = 5.7, 4.0 Hz, 2H), 3.90 (s, 3H), 3.72 (dd, J = 6.3, 4.0 Hz, 

2H), 3.69-3.60 (m, 20H), 3.58 (s, 4H), 3.10 (tt, J = 10.9, 4.0 Hz, 1H), 2.98 (d, J = 11.5 

Hz, 2H), 2.77 (dd, J = 8.6, 5.1 Hz, 2H), 2.56 (dd, J = 8.3, 5.7 Hz, 2H), 2.44 (s, 3H), 2.13 

(t, J = 10.9 Hz, 2H), 1.91 (d, J = 12 Hz, 2H), 1.75 (qd, J = 11.4, 3.4 Hz, 2H); 
13

C NMR 

(125 MHz, CDCl3) 206.5, 162.4, 160.4, 152.0, 147.4, 144.9, 136.1, 134.4, 133.0, 130.2, 
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130.1, 129.9, 128.0, 124.2, 120.7, 116.5, 115.2, 115.1, 70.9, 70.8, 70.7, 70.7, 70.6, 70.5, 

69.7, 69.3, 68.7, 68.5, 61.7, 60.8, 53.6, 53.3, 48.1, 32.9, 28.1, 21.7; HRMS – ESI: m/z [M 

+ Na]
+
 calculated for C44H62FNO13S: 886.3824, measured 886.3818. 

 

(3,3'-(2,2'-oxybis(ethane-2,1-diyl)bis(oxy))bis(2-methoxy-3,1-phenylene))bis((1-(4-

fluorophenethyl)piperidin-4-yl)methanone) (3.75) 

OO

O

N

F

O O

O

N

F

O
1

 

A solution of (1-(4-fluorophenethyl)piperidin-4-yl)(3-hydroxy-2-

methoxyphenyl)methanone (3.16) (68 mg, 0.19 mmol), 2-(2-(3-(1-(4-

fluorophenethyl)piperidine-4-carbonyl)-2-methoxyphenoxy) ethoxy)ethyl 4-

methylbenzenesulfonate (3.68) (57 mg, 0.096 mmol), and K2CO3 (26 mg, 0.19 mmol) in 

5 mL acetone was refluxed for 48 hours. The reaction mixture was cooled to room 

temperature and the solvent was removed under reduced pressure. The crude reaction 

mixture was purified by flash chromatography (100% CH2Cl2 to 10% MeOH in CH2Cl2) 

to afford 72 mg of (3,3'-(2,2'-oxybis(ethane-2,1-diyl)bis(oxy))bis(2-methoxy-3,1-

phenylene))bis((1-(4-fluorophenethyl)piperidin-4-yl)methanone) (3.75) as an orange oil 

(96%). 
1
H NMR (400 MHz, CDCl3)  7.14 (dd, J = 8.7, 5.5 Hz, 4H), 7.08-7.01 (m, 4H), 

7.00-6.93 (m, 6H), 4.20 (dd, J = 5.1, 4.6 Hz, 4H), 3.98 (dd, J = 5.1, 4.6 Hz, 4H), 3.88(s, 

6H), 3.07 (tt, J = 11.0, 4.2, Hz, 2H), 2.97(d, J = 11.5 Hz, 4H), 2.77 (dd, J = 8.7, 5.5 Hz, 

4H), 2.56 (dd, J = 8.3, 5.2 Hz, 4H), 2.12 (t, J = 10.3 Hz, 4H), 1.90 (d, J = 11 Hz, 4H), 

1.75 (qd, J = 11.0, 3.2 Hz, 4H); 
13

C NMR (100 MHz, CDCl3)  206.5, 162.7, 160.3, 
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152.0, 147.5, 136.1, 134.7, 130.3, 130.2, 124.4, 121.0, 116.7, 115.4, 115.2, 70.1, 69.0, 

61.8, 60.9, 53.4, 48.2, 33.0, 28.2; HRMS – ESI: m/z [M + H]
+
 calculated for 

C46H54F2N2O7: 785.3977, measured 785.3966. 

 

(3,3'-(2,2'-(ethane-1,2-diylbis(oxy))bis(ethane-2,1-diyl))bis(oxy)bis(2-methoxy-3,1-

phenylene))bis((1-(4-fluorophenethyl)piperidin-4-yl)methanone) (3.76) 

OO

O

N

F

O O

O

N

F

O
2

 

A solution of (1-(4-fluorophenethyl)piperidin-4-yl)(3-hydroxy-2-

methoxyphenyl)methanone (3.16) (59 mg, 0.164 mmol), 2-(2-(2-(3-(1-(4-

fluorophenethyl)piperidine-4-carbonyl)-2-methoxyphenoxy)ethoxy)ethoxy)ethyl 4-

methylbenzenesulfonate (3.69) (53 mg, 0.082 mmol), and K2CO3 (23 mg, 0.164 mmol) in 

5 mL acetone was refluxed for 48 hours. The reaction mixture was cooled to room 

temperature and the solvent was removed under reduced pressure. The crude reaction 

mixture was purified by flash chromatography (100% CH2Cl2 to 10% MeOH in CH2Cl2) 

to afford 31 mg of (3,3'-(2,2'-(ethane-1,2-diylbis(oxy))bis(ethane-2,1-diyl))bis(oxy)bis(2-

methoxy-3,1-phenylene))bis((1-(4-fluorophenethyl)piperidin-4-yl)methanone) (3.76) as 

an orange oil (44%). 
1
H NMR (500 MHz, CDCl3)  7.14 (dd, J = 8.3, 5.5 Hz, 4H), 7.07-

7.01 (m, 4H), 7.00-6.94 (m, 6H), 4.18 (dd, J = 5.0, 4.6 Hz, 4H), 3.90 (dd, J = 5.0, 4.6 Hz, 

4H), 3.88 (s, 6H), 3.75 (s, 6H), 3.09 (tt, J = 10.9, 4.0 Hz, 2H), 2.99 (d, J = 11.5 Hz, 4H),  

2.79 (dd, J = 11.0, 5.0 Hz, 4H), 2.58 (dd, J = 11.0, 5.5 Hz, 4H), 2.16 (t, J = 10.3 Hz, 4H), 

1.92 (d, J = 11 Hz, 4H), 1.76 (qd, J = 11.4, 3.6, 4H); 
13

C NMR (125 MHz, CDCl3)  
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206.4, 162.7, 151.9, 147.4, 135.9, 134.5, 130.2, 130.1, 124.3, 120.8, 116.5, 115.3, 115.1, 

71.0, 69.8, 68.5, 61.7, 60.6, 53.2, 47.9, 32.7, 27.9; HRMS – ESI: m/z [M + Na]
+
 

calculated for C48H58F2N2O8: 851.4059, measured 851.4045. 

 

(3,3'-(2,2'-(2,2'-oxybis(ethane-2,1-diyl)bis(oxy))bis(ethane-2,1-diyl))bis(oxy)bis(2-

methoxy-3,1-phenylene))bis((1-(4-fluorophenethyl)piperidin-4-yl)methanone) (3.77) 

OO

O

N

F

O O

O

N

F

O
3

 

A solution of (1-(4-fluorophenethyl)piperidin-4-yl)(3-hydroxy-2-

methoxyphenyl)methanone (3.16) (44 mg, 0.12 mmol), 2-(2-(2-(2-(3-(1-(4-

fluorophenethyl)piperidine-4-carbonyl)-2-methoxyphenoxy) ethoxy) ethoxy)ethoxy)ethyl 

4-methylbenzenesulfonate (3.70) (42 mg, 0.062 mmol), and K2CO3 (17 mg, 0.124 mmol) 

in 5 mL acetone was refluxed for 48 hours. The reaction mixture was cooled to room 

temperature and the solvent was removed under reduced pressure. The crude reaction 

mixture was purified by flash chromatography (100% CH2Cl2 to 10% MeOH in CH2Cl2) 

to afford 28 mg of (3,3'-(2,2'-(2,2'-oxybis(ethane-2,1-diyl)bis(oxy))bis(ethane-2,1-

diyl))bis(oxy)bis(2-methoxy-3,1-phenylene))bis((1-(4-fluorophenethyl)piperidin-4-

yl)methanone) (3.77) as an red oil (51%). 
1
H NMR (500 MHz, CDCl3)  7.16-7.13 

(m,4H), 7.07-7.00 (m, 4H), 6.99-6.94 (m, 6H), 4.17 (dd, J = 5.2, 4.6 Hz, 4H), 3.89 (dd, J 

= 5.2, 4.6 Hz, 4H), 3.89 (s, 6H), 3.73 (dd, J = 3.4, 3.4 Hz, 2H), 3.72 (dd, J = 3.5, 3.5 Hz, 

2H), 3.68 (dd, J = 2.3, 2.3 Hz, 2H), 3.67 (dd, J = 3.5, 3.5 Hz, 2H), 3.10 (tt, J = 10.9, 4.0 

Hz, 2H), 2.98 (d, J = 11.5 Hz, 4H), 2.79 (dd, J = 8.0, 8.0 Hz, 4H), 2.57 (dd, J = 8.0, 8.0 
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Hz, 4H), 2.15 (bs, 4H), 1.92 (d, J = 12.0 Hz, 4H), 1.76 (q, J = 10.9 Hz, 4H); 
13

C  NMR 

(125 MHz, CDCl3)206.5, 162.5, 160.6, 152.1, 147.5, 136.0, 134.6, 130.3, 130.2, 124.4, 

120.9, 116.7, 115.4, 115.2, 71.0, 70.9, 69.8, 68.6, 61.8, 60.8, 53.3, 48.0, 32.8, 28.0; 

HRMS – ESI: m/z [M + Na]
+
 calculated for C50H62F2N2O9: 895.4321, measured 

895.4341. 

 

(3,3'-(3,6,9,12-tetraoxatetradecane-1,14-diylbis(oxy))bis(2-methoxy-3,1-

phenylene))bis((1-(4-fluorophenethyl)piperidin-4-yl)methanone) (3.78) 

OO

O

N

F

O O

O

N

F

O
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A solution of (1-(4-fluorophenethyl)piperidin-4-yl)(3-hydroxy-2-

methoxyphenyl)methanone (3.16) (157 mg, 0.44 mmol), 14-(3-(1-(4-

fluorophenethyl)piperidine-4-carbonyl)-2-methoxyphenoxy)-3,6,9,12-tetraoxatetradecyl 

4-methylbenzenesulfonate (3.71) (163 mg, 0.22 mmol), and K2CO3 (61 mg, 0.44 mmol) 

in 12 mL acetone was refluxed for 48 hours. The reaction mixture was cooled to room 

temperature and the solvent was removed under reduced pressure. The crude reaction 

mixture was purified by flash chromatography (100% CH2Cl2 to 10% MeOH in CH2Cl2) 

to afford 102 mg of (3,3'-(3,6,9,12-tetraoxatetradecane-1,14-diylbis(oxy))bis(2-methoxy-

3,1-phenylene))bis((1-(4-fluorophenethyl)piperidin-4-yl)methanone) (3.78) as an red-

brown oil (51%). 
1
H NMR (500 MHz, CDCl3)  7.15 (dd, J = 8.0, 5.1 Hz, 4H), 7.069-

7.01 (m, 4H), 6.99-6.97 (m, 6H), 4.18 (dd, J = 4.6, 4.6 Hz, 4H), 3.89 (dd, J = 4.6, 4.6 Hz, 
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4H), 3.89 (s, 6H), 3.73 (dd, J = 6.8, 4.0 Hz, 4H), 3.67 (dd, J = 5.1, 2.9 Hz, 4H), 3.64 (s, 

4H) 3.08 (tt, J = 10.9, 4.19 Hz, 2H), 2.98 (d, J = 11.4 Hz, 4H), 2.78 (dd, J = 8.6, 7.4 Hz, 

4H), 2.56 (dd, J = 7.4, 5.4 Hz, 4H), 2.13 (t, J = 10.9 Hz, 4H), 1.91 (d, J = 11.4 Hz, 4H), 

1.77 (qd, J = 10.8, 2.9 Hz, 4H); 
13

C NMR (125 MHz, CDCl3)206.5, 162.5, 160.5, 

152.0, 147.4, 136.1, 134.6, 130.2, 124.3, 120.8, 116.6, 115.3, 115.1, 70.9, 70.8, 70.7, 

69.8, 68.5, 61.8, 60.8, 53.4, 48.1, 32.9, 28.1; HRMS – ESI: m/z [M + Na]
+
 calculated for 

C52H66F2N2O10: 939.4583, measured 939.4551. 

 

(3,3'-(3,6,9,12,15-pentaoxaheptadecane-1,17-diylbis(oxy))bis(2-methoxy-3,1-

phenylene))bis((1-(4-fluorophenethyl)piperidin-4-yl)methanone) (3.79) 

OO

O

N
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O O

O

N

F

O
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A solution of (1-(4-fluorophenethyl)piperidin-4-yl)(3-hydroxy-2-

methoxyphenyl)methanone (3.16) (193 mg, 0.54 mmol), 17-(3-(1-(4-

fluorophenethyl)piperidine-4-carbonyl)-2-methoxyphenoxy)-3,6,9,12,15-

pentaoxaheptadecyl 4-methylbenzenesulfonate (3.72) (209 mg, 0.27 mmol), and K2CO3 

(75 mg, 0.54 mmol) in 12 mL acetone was refluxed for 48 hours. The reaction mixture 

was cooled to room temperature and the solvent was removed under reduced pressure. 

The crude reaction mixture was purified by flash chromatography (100% CH2Cl2 to 10% 

MeOH in CH2Cl2) to afford 125 mg of (3,3'-(3,6,9,12,15-pentaoxaheptadecane-1,17-

diylbis(oxy))bis(2-methoxy-3,1-phenylene))bis((1-(4-fluorophenethyl)piperidin-4-

yl)methanone) (3.79) as an red-brown oil (48%). 
1
H NMR (500 MHz, CDCl3)  7.14 (dd, 
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J = 8.6, 5.2 Hz, 4H), 7.07-7.01 (m, 4H), 6.99-6.94 (m, 6H), 4.18 (dd, J = 5.2, 4.6 Hz, 4H), 

3.89 (dd, J = 5.2, 4.6 Hz, 4H), 3.89 (s, 6H), 3.73 (dd, J = 6.3, 4.0 Hz, 4H), 3.66 (dd, J = 

6.9, 4.0 Hz, 4H), 3.64 (s, 8H), 3.09 (tt, J = 10.9, 4.0 Hz, 2H), 2.98 (d, J = 11.4  Hz, 4H), 

2.78 (dd, J = 8.6, 5.5 Hz, 4H), 2.56 (dd, J = 8.6, 5.2 Hz, 4H), 2.1 (dd, J = 10.9, 10.9 Hz, 

4H), 1.91 (d, J = 11.4 Hz, 4H), 1.76 (qd, J = 10.9, 3.4 Hz, 4H); 
13

C NMR (125 MHz, 

CDCl3)  206.5, 162.5, 160.5, 152.0, 147.4, 136.1, 134.6, 130.2, 130.1, 124.3, 120.8, 

116.6, 115.3, 115.5, 70.9, 70.8, 70.7, 70.7, 69.8, 68.5, 61.8, 60.8, 53.3, 48.1, 32.9, 28.1; 

HRMS – ESI: m/z [M + Na]
+
 calculated for C54H70F2N2O11: 983.4845, measured 

938.4855. 

 

(3,3'-(3,6,9,12,15,18-hexaoxaicosane-1,20-diylbis(oxy))bis(2-methoxy-3,1-

phenylene))bis((1-(4-fluorophenethyl)piperidin-4-yl)methanone) (3.80) 

OO
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A solution of (1-(4-fluorophenethyl)piperidin-4-yl)(3-hydroxy-2-

methoxyphenyl)methanone (3.16) (71 mg, 0.20 mmol), 20-(3-(1-(4-

fluorophenethyl)piperidine-4-carbonyl)-2-methoxyphenoxy)-3,6,9,12,15,18-

hexaoxaicosyl 4-methylbenzenesulfonate (3.73) (84 mg, 0.10 mmol), and K2CO3 (28 mg, 

0.20 mmol) in 8 mL acetone was refluxed for 48 hours. The reaction mixture was cooled 

to room temperature and the solvent was removed under reduced pressure. The crude 

reaction mixture was purified by flash chromatography (100% CH2Cl2 to 10% MeOH in 

CH2Cl2) to afford 62 mg of (3,3'-(3,6,9,12,15,18-hexaoxaicosane-1,20-diylbis(oxy))bis(2-
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methoxy-3,1-phenylene))bis((1-(4-fluorophenethyl)piperidin-4-yl)methanone) (3.80) as 

an red-brown oil (62%). 
1
H NMR (500 MHz, CDCl3)  7.14 (dd, J = 8.6, 5.1 Hz, 4H), 

7.07-7.01 (m, 4H), 6.99-6.94 (m, 6H), 4.18 (dd, J = 4.7, 4.7 Hz, 4H), 3.89 (dd, J = 4.7, 

4.7 Hz, 4H), 3.89 (s, 6H), 3.73 (dd, J = 6.3, 2.9 Hz, 4H), 3.67 (dd, J = 5.2, 2.9 Hz, 4H), 

3.64-3.62 (m, 12H), 3.11-3.06 (tt, J = 10.9, 3.4 Hz, 2H), 2.98 (d, H = 11.5 Hz), 2.77 (dd, J 

= 8.5, 5.1 Hz, 4H), 2.55 (dd, J = 8.6, 5.7 Hz, 4H), 2.11 (t, J = 9.7 Hz, 4H), 1.90 (d, J = 

11.5 Hz, 4H), 1.75 (qd, J = 11.4, 3.4 Hz, 4H); 
13

C NMR (125 MHz, CDCl3)206.5, 

162.4, 160.5, 152.0, 147.4, 136.1, 134.6, 130.2, 124.3, 120.8, 116.5, 115.3, 115.1, 70.9, 

70.7, 70.7, 70.6, 69.7, 68.5, 61.7, 60.8, 53.4, 48.2, 32.9, 28.1; HRMS – ESI: m/z [M + 

Na]
+
 calculated for C56H74F2N2O12: 1027.5108, measured 1027.5078. 

 

(3,3'-(3,6,9,12,15,18,21-heptaoxatricosane-1,23-diylbis(oxy))bis(2-methoxy-3,1-

phenylene))bis((1-(4-fluorophenethyl)piperidin-4-yl)methanone) (3.81) 
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A solution of (1-(4-fluorophenethyl)piperidin-4-yl)(3-hydroxy-2-

methoxyphenyl)methanone (3.16) (91 mg, 0.25 mmol), 23-(3-(1-(4-

fluorophenethyl)piperidine-4-carbonyl)-2-methoxyphenoxy)-3,6,9,12,15,18,21-

heptaoxatricosyl 4-methylbenzenesulfonate (3.74) (110 mg, 0.125 mmol), and K2CO3 (35 

mg, 0.25 mmol) in 8 mL acetone was refluxed for 48 hours. The reaction mixture was 

cooled to room temperature and the solvent was removed under reduced pressure. The 

crude reaction mixture was purified by flash chromatography (100% CH2Cl2 to 10% 
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MeOH in CH2Cl2) to afford 69 mg of (3,3'-(3,6,9,12,15,18,21-heptaoxatricosane-1,23-

diylbis(oxy))bis(2-methoxy-3,1-phenylene))bis((1-(4-fluorophenethyl)piperidin-4-

yl)methanone) (3.81)  as an red-brown oil (68%). 
1
H NMR (500 MHz, CDCl3)  7.16 

(dd, J = 8.5, 5.7 Hz, 4H), 7.07-7.01 (m, 4H), 6.99-6.93 (m, 6H), 4.18 (dd, J = 5.2, 5.2 Hz, 

4H), 3.89 (dd, J = 5.2, .2 Hz, 4H), 3.89 (s, 6H), 3.72 (dd, J = 5.8, 4.0 Hz, 4H), 3.67 (dd, J 

= 5.1, 4.6 Hz, 4H), 3.65-3.63 (m, 16H), 3.10 (tt, J = 10.9, 4.0 Hz, 2H), 2.98 (d, J = 11.5 

Hz, 4H), 2.78 (dd, J = 8.6, 5.1 Hz, 4H), 2.56 (dd, J = 8.5, 5.1 Hz, 4H), 2.13 (t, J = 11.4 

Hz, 4H), 1.92 (d, J = 11.5 Hz, 4H), 1.75 (qd, J = 11.4, 3.4 Hz, 4H); 
13

C NMR (125 MHz, 

CDCl3) 206.5, 162.4, 160.4, 152.0, 147.4, 136.1, 134.5, 130.2, 130.1, 124.3, 120.8, 

116.5, 115.3, 115.1, 70.9, 70.7, 70.7, 70.6, 69.7, 68.5, 61.7, 60.8, 53.6, 53.3, 48.1, 32.9, 

28.1; HRMS – ESI: m/z [M + H]
+
 calculated for C58H78F2N2O13: 1071.3570, measured 

1071.5347. 
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Chapter 4: Summary / Future Work 

 The successful synthesis of 5-HTR DMLs was a complex process involving the 

completion of a number of steps. These steps included choosing parent compounds with 

activity at either the 5-HT2AR or the 5-HT2CR, determining an appropriate linker location, 

choosing an appropriate linker, and finally establishing optimal linker length through the 

synthesis of a series of DMLs. In order to synthesize heterodimeric 5-HT2AR / 5-HT2CR 

DMLs in addition to homodimeric 5-HT2AR DMLs or homodimeric 5-HT2CR DMLs 

some of these steps were accomplished while others are still under investigation. 

Specific Aim 1: Chose appropriate parent compounds  

 The first step in the synthesis of DML was to choose an appropriate parent 

compound. This step was accomplished through the use of compounds with known 

activity at the 5-HT2AR or the 5-HT2CR. The 5-HT2AR antagonist M-100907 and the 5-

HT2CR agonists WAY-470 and WAY-163909 were chosen as the initial compounds on 

which structural modifications were attempted. These molecules were chosen as parent 

molecules for DMLs because they have known 5-HTR activity and their structures were 

amenable to the modifications necessary for linker attachment.  

Specific Aim 2: Determine appropriate linker locations  

 The next step was to determine an appropriate linker location for the 5-HT2AR 

antagonist M-100907 and the 5-HT2CR agonists WAY-470 and WAY-163909. This aim 

was completed for the 5-HT2AR antagonist M-100907 but not the 5-HT2CR agonists 

WAY-470 and WAY-163909. M-100907 was shown to tolerate modification at the 3’-

methoxy position. The 3’-methoxy can be replaced with a hydroxy group which can be 

used as a linker attachment point for polyethylene glycol linkers. The addition of linkers 
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at this location produced only a minimal decrease in IC50. The M-100907 derivatives 

were also tested in an ERK activation assay to determine the ability of these derivatives 

to antagonize DOI-induced ERK activation. The data from the ERK activation assay was 

in agreement with the calcium release assay. This validated the data suggesting that the 

3’-methoxy position was an appropriate location to attach a linker. A variety of structural 

modifications of WAY-470 and WAY-163909 were made in order to determine an 

appropriate linker attachment point. These modifications included the addition of a linker 

through an amide bond to the benzylic nitrogen, the addition of a bromine atom to the 

aryl ring, and changing the cycloalkyl ring to either a piperidine ring or a cyclohexanol 

ring, but all modifications have led to the loss of biological activity. Successfully 

determining an appropriate linker location for M-100907 allowed for the synthesis of a 

series of derivatives with different linkers. Since a linker location could not be 

determined for the 5-HT2CR agonists, these compounds were not used to synthesize 

additional derivatives or DMLs.  

Specific Aim 3: Determine appropriate linker 

 The series of M-100907 derivatives containing pseudo-tethers that were 

synthesized were used to determine which type of linker could be employed in the 

synthesis of DMLs. The derivatives synthesized contain either an alky chain pseudo-

tether or an ethyl methyl ether pseudo-tether. The IC50 for these derivatives containing 

pseudo-tethers was determined, and from this data the ethyl methyl ether pseudo-tether 

was shown to be the preferred choice for a linker over a simple alkyl chain. Since ethyl 

methyl ether was shown to be an acceptable pseudo-tether, tethers similar to ethyl methyl 

ether were used to synthesize homodimeric M-100907 derivative DMLs. 
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Specific Aim 4: Determine appropriate linker lengths 

The appropriate linker length was determined for homodimeric M-100907 derivative 

DMLs but not for homodimeric 5-HT2CR agonist DMLs or heterodimeric 5-HT2AR / 5-

HT2CR DMLs. To determine appropriate linker length for homodimeric M-100907 

derivative DMLS a series of DMLs containing linkers of various lengths was 

synthesized. The linkers were composed of polyethylene glycols which are structurally 

similar to the pseudo-tether ethyl methyl ether. Polyethylene glycol linkers varying in 

length from 5 atoms to 23 atoms were used to synthesize a series of seven homodimeric 

M-100907 derivative DMLs. The IC50 value for these seven DMLs was determined, and 

from this data the optimal linker length was determined to be between 8 and 17 atoms in 

length.  

Discussion  

 The IC50 data of the synthesized M-100907 homodimers supports the existence of 

5-HT2AR homodimers in-vivo. Previous research indicates that the 5-HT2AR forms 

homodimers through non-covalent interactions that are not SDS-PAGE resistant.
115

 In 

order to determine if the newly synthesized M-100907 homodimers bind to the 

homodimeric or oligomeric receptors the ligand-receptor complexes could be isolated.  

 In order to isolate the ligand-receptor complex a variety of techniques may be 

used. One method to isolate the desired complexes is to extract a variety of proteins from 

the cells of interest through sonication, homogenization, or permeabilizing the cell 

membrane with numerous freeze-thaw cycles. Once the proteins have been extracted they 

could be isolated using HPLC. The complex of interest could then be identified by 

molecular weight. Another method to isolate the desired ligand-receptor complex is the 
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use of ultracentrifuge. This method employs centrifugal force to separate components of 

a sample based on differences in molecular weight.
116 

The sample is added to the top of a 

concentration gradient of a sucrose solution in a centrifuge tube.
 116

 When the sample is 

spun at increasing centrifugal force components with higher molecular weights move to 

the bottom of the gradient while the component with lower molecular weight are 

distributed throughout the sucrose gradient.
 116

 The layer containing compounds 

corresponding to the molecular weight of the protein complex of interest can then be 

removed and the ligand-receptor complex isolated. Gel electrophoresis could also be used 

to isolate the desired ligand-receptor complex. The use of a non-denaturing gel would 

allow for the isolation of the desired ligand-receptor without disrupting the interaction 

between the ligand and its receptor.  

 Introducing biotin to the M-100907 homodimers would also allow for the 

isolation of the ligand-receptor complex by exploiting the highly stable interaction 

between biotin and avidin.
117

 The linker connecting two M-100907 derivatives is the 

ideal place to introduce biotin because this circumvents further structural modifications to 

the M-100907 derivatives. Additionally N-BOC-diethanolamine could be used in place of 

the polyethylene glycol linkers when synthesizing M-100907 homodimers.  

 The commercially available N-Boc-diethanolamine could be elongated to produce 

long chain linkers using chemistry previously described (Scheme 3.12). The di-tosylated 

N-BOC-diethanolamine 4.1 could then be employed as a linker in the synthesis of M-

100907 derivative homodimers (Scheme 4.1). Derivative 3.16 could be alkylated with 

4.1 in the presence of K2CO3 in acetone under reflux to afford intermediate 4.2. 

Intermediate 4.2 would then be alkylated with another molecule of 3.16 to give 
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homodimer 4.3 containing a BOC protected amine. The BOC protecting group would 

then be removed with TFA at room temperature to give the free amine 4.4. The free 

amine 4.4 could be coupled to biotin using EDAC and DIEA in acetonitrile to give the 

desired biotinylated M-100907 homodimer 4.6 (Scheme 4.1).  

 The biotinylated M-100907 homodimer 4.6 could be used to identify 5-HT2AR 

dimers and oligomers. After treating cells with compound 4.6, proteins including the 

complex of compound 4.6 and 5-HT2ARs would be extracted. The protein extract would 

then be added to beads containing avidin.
 117

 The proteins complexes containing biotin 

would bind to the avidin beads and the remaining proteins could be washed away.
 117

 The 

remaining proteins are then eluted from the avidin beads and collected and identified. In 

this way compound 4.6 could be used to determine if these M-100907 homodimers bind 

to 5-HT2AR monomers, dimers, or oligomers. 

 These novel 5-HT2AR antagonist homodimers could also be used to probe the role 

of 5-HT2AR antagonists when bound to 5-HT2AR oligomers. A recent study has revealed 

that the 5-HT2AR antagonist M-100907 exhibits a biphasic binding curve when it binds to 

5-HT2AR dimers or oligomers.
115

 This biphasic binding curve suggests that M-100907 

binds to these dimer and oligomers with negative cooperativity.
115

 When a single 

molecule of M-100907 binds to a 5-HT2AR dimer or oligomer a second molecule will 

have diminished affinity to bind the receptor. The biphasic binding curve and negative 

cooperativity suggests that 5-HT2AR monomers and 5-HT2AR dimers or oligomers may 

have variations in their signaling pathways. The M-100907 homodimers synthesized in 

this work could be used to probe the theory of negative cooperativity by determining if 

these homodimers exhibit a biphasic binding curve similar to M-100907. 
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Scheme 4. 1 Synthesis of a biotinylated M-100907 homodimer 
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Conclusion 

 The work reported here represents the first steps to the successful synthesis of 5-

HT receptor DMLs. First generation homodimeric 5-HT2AR antagonist DMLs were 

synthesized, but the IC50s of these compounds may be improved by reducing the ketone 

to an alcohol and resolving the diastereomers. Additional modifications could be made to 

the linker to alter the polarity of the DMLs which may also improve the IC50. In order to 

synthesize homodimeric 5-HT2CR agonist DMLs and heterodimeric 5-HT2AR / 5-HT2CR 

DMLs more work must be done. An appropriate 5-HT2CR agonist must be chosen and a 

linker site determined, and then heterodimeric DMLs may be synthesized. The synthesis 

of DMLs is not a straightforward process, but this work lays the groundwork for 

continuing exploration into production of 5-HT receptor DMLs. 
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Appendix A: Chapter 2 Spectral Data 
1
H NMR and 

13
C NMR  

 

Figure A. 1: 
1
H-NMR Spectra (500 MHz, DMSO-D6)                                                                          

3,4-dihydro-1H-benzo[e][1,4]diazepine-2,5-dione (2.4) 
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Figure A. 2: 
13

C-NMR Spectra (125 MHz, DMSO-D6)                                                                              

3,4-dihydro-1H-benzo[e][1,4]diazepine-2,5-dione (2.4) 
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Figure A. 3: 
1
H-NMR Spectra (400 MHz, CDCl3)                                                                     

2,3,4,5-tetrahydro-1H-benzo[e][1,4]diazepine (2.5) 
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Figure A. 4: 
13

C-NMR Spectra (100 MHz, CDCl3)                                                                     

2,3,4,5-tetrahydro-1H-benzo[e][1,4]diazepine (2.5) 
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Figure A. 5: 
1
H-NMR Spectra (500 MHz, CDCl3)                                                                              

1-(2,3-dihydro-1H-benzo[e][1,4]diazepin-4(5H)-yl)ethanone (2.6)  
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Figure A. 6: 
13

C-NMR Spectra (125 MHz, CDCl3)                                                                             

1-(2,3-dihydro-1H-benzo[e][1,4]diazepin-4(5H)-yl)ethanone (2.6) 
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Figure A. 7: 
1
H-NMR Spectra (500 MHz, CDCl3)                                                                                                  

1-(1-nitroso-2,3-dihydro-1H-benzo[e][1,4]diazepin-4(5H)-yl)ethanone (2.7)  
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Figure A. 8: 
13

C-NMR Spectra (125 MHz, CDCl3)                                                                                                  

1-(1-nitroso-2,3-dihydro-1H-benzo[e][1,4]diazepin-4(5H)-yl)ethanone (2.7) 
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Figure A. 9: 
1
H-NMR Spectra (500 MHz, CDCl3)                                                                                

1-(1-amino-2,3-dihydro-1H-benzo[e][1,4]diazepin-4(5H)-yl)ethanone (2.8) 
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Figure A. 10: 
13

C-NMR Spectra (125 MHz, CDCl3)                                                                                

1-(1-amino-2,3-dihydro-1H-benzo[e][1,4]diazepin-4(5H)-yl)ethanone (2.8) 
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Figure A. 11: 
1
H-NMR Spectra (500 MHz, CDCl3)                                                                                               

1-(1,2,8,9,10,11,12,13-octahydrocycloocta[b][1,4]diazepino[6,7,1-hi]indol-3(4H)-

yl)ethanone (2.9) 
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Figure A. 12: 
13

C-NMR Spectra (125 MHz, CDCl3)                                                                                      

1-(1,2,8,9,10,11,12,13-octahydrocycloocta[b][1,4]diazepino[6,7,1-hi]indol-3(4H)-yl) 

ethanone (2.9) 
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Figure A. 13: 
1
H-NMR Spectra (500 MHz, CDCl3)                                                     

1,2,3,4,8,9,10,11,12,13-decahydrocycloocta[b][1,4]diazepino[6,7,1-hi]indole (2.10) 
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Figure A. 14:
 13

C-NMR Spectra (125 MHz, CDCl3)                                                     

1,2,3,4,8,9,10,11,12,13-decahydrocycloocta[b][1,4]diazepino[6,7,1-hi]indole (2.10) 
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Figure A. 15:
 1

H-NMR Spectra (500 MHz, CDCl3)                                                                    

1,2,3,4,8,9,10,11-octahydro-[1,4]diazepino[6,7,1-hi]pyrido[4,3-b]indole (2.14) 
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Figure A. 16: 
13

C-NMR Spectra (125 MHz, CDCl3)                                                                             

1,2,3,4,8,9,10,11-octahydro-[1,4]diazepino[6,7,1-hi]pyrido[4,3-b]indole (2.14) 
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Figure A. 17: 
1
H-NMR Spectra (400 MHz, CDCl3)                                                                  

1,2,3,4,8,9,10,11-octahydro-[1,4]diazepino[6,7,1-jk]carbazol-9-ol (2.15) 
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Figure A. 18: 
13

C-NMR Spectra (100 MHz, CDCl3)                                                             

1,2,3,4,8,9,10,11-octahydro-[1,4]diazepino[6,7,1-jk]carbazol-9-ol (2.15) 
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Figure A. 19:
 1

H-NMR Spectra (400 MHz, CDCl3)                                                                                       

benzyl 3-acetyl-1,2,3,4,10,11-hexahydro-[1,4]diazepino[6,7,1-hi]pyrido[4,3-b]indole-

9(8H)-carboxylate (2.21) 

 

 

 
 

N

N

N O

O

O



186 

Figure A. 20: 
13

C-NMR Spectra (100 MHz, CDCl3)                                                                                    

benzyl 3-acetyl-1,2,3,4,10,11-hexahydro-[1,4]diazepino[6,7,1-hi]pyrido[4,3-b]indole-

9(8H)-carboxylate (2.21) 
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Figure A. 21: 
1
H-NMR Spectra (500 MHz, CDCl3)                                                                                             

1-(1,2,8,9,10,11-hexahydro-[1,4]diazepino[6,7,1-hi]pyrido[4,3-b]indol-3(4H)-

yl)ethanone (2.22) 
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Figure A. 22: 
13

C-NMR Spectra (125 MHz, CDCl3)                                                                                             

1-(1,2,8,9,10,11-hexahydro-[1,4]diazepino[6,7,1-hi]pyrido[4,3-b]indol-3(4H)-

yl)ethanone (2.22) 
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Figure A. 23: 
1
H-NMR Spectra (300 MHz, CDCl3)                                                                                             

1-(9-(benzyloxy)-1,2,8,9,10,11-hexahydro-[1,4]diazepino[6,7,1-jk]carbazol-3(4H)-

yl)ethanone (2.27) 
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Figure A. 24: 
13

C-NMR Spectra (300 MHz, CDCl3)                                                                                            

1-(9-(benzyloxy)-1,2,8,9,10,11-hexahydro-[1,4]diazepino[6,7,1-jk]carbazol-3(4H)-

yl)ethanone (2.27) 
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Figure A. 25: 
1
H-NMR Spectra (300 MHz, CDCl3)                                                                                                              

1-(9-hydroxy-1,2,8,9,10,11-hexahydro-[1,4]diazepino[6,7,1-jk]carbazol-3(4H)-

yl)ethanone (2.28) 
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Figure A. 26: 
13

C-NMR Spectra (300 MHz, CDCl3)                                                                                            

1-(9-hydroxy-1,2,8,9,10,11-hexahydro-[1,4]diazepino[6,7,1-jk]carbazol-3(4H)-

yl)ethanone (2.28) 
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Figure A. 27: 
1
H-NMR Spectra (500 MHz, CDCl3)                                                                                                 

2-ethoxy-1-(1,2,8,9,10,11,12,13-octahydrocycloocta[b][1,4]diazepino[6,7,1-hi]indol-

3(4H)-yl)ethanone (2.30) 
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Figure A. 28: 
13

C-NMR Spectra (125 MHz, CDCl3)                                                                                             

2-ethoxy-1-(1,2,8,9,10,11,12,13-octahydrocycloocta[b][1,4]diazepino[6,7,1-hi]indol-

3(4H)-yl)ethanone (2.30) 
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Figure A. 29: 
1
H-NMR Spectra (400 MHz, CDCl3)                                                                                               

4-(1,2,8,9,10,11,12,13-octahydrocycloocta[b][1,4]diazepino[6,7,1-hi]indol-3(4H)-yl)-

4-oxobutanoic acid (2.32) 
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Figure A. 30: 
13

C-NMR Spectra (100 MHz, CDCl3)                                                                                    

4-(1,2,8,9,10,11,12,13-octahydrocycloocta[b][1,4]diazepino[6,7,1-hi]indol-3(4H)-yl)-

4-oxobutanoic acid (2.32) 
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Figure A. 31: 
1
H-NMR Spectra (400vMHz, CDCl3)                                                                                           

1,4-bis(1,2,8,9,10,11,12,13-octahydrocycloocta[b][1,4]diazepino[6,7,1-hi]indol-3(4H)-

yl)butane-1,4-dione (2.33) 
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Figure A. 32: 
13

C-NMR Spectra (400vMHz, CDCl3)                                                                                       

1,4-bis(1,2,8,9,10,11,12,13-octahydrocycloocta[b][1,4]diazepino[6,7,1-hi]indol-3(4H)-

yl)butane-1,4-dione (2.33) 
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Figure A. 33: 
1
H-NMR Spectra (500 MHz, CDCl3)                                                                                               

1-(9-(2-methoxyethyl)-1,2,8,9,10,11-hexahydro-[1,4]diazepino[6,7,1-hi]pyrido[4,3-

b]indol-3(4H)-yl)ethanone (2.35) 
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Figure A. 34: 
13

C-NMR Spectra (125 MHz, CDCl3)                                                                                                

1-(9-(2-methoxyethyl)-1,2,8,9,10,11-hexahydro-[1,4]diazepino[6,7,1-hi]pyrido[4,3-

b]indol-3(4H)-yl)ethanone (2.35) 
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Figure A. 35: 
1
H-NMR Spectra (400 MHz, CDCl3)                                                                                                 

9-(2-methoxyethyl)-1,2,3,4,8,9,10,11-octahydro-[1,4]diazepino[6,7,1-hi]pyrido[4,3-

b]indole (2.36)   
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Figure A. 36: 
13

C-NMR Spectra (100 MHz, CDCl3)                                                                                               

9-(2-methoxyethyl)-1,2,3,4,8,9,10,11-octahydro-[1,4]diazepino[6,7,1-hi]pyrido[4,3-

b]indole (2.36) 
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Figure A. 37: 
1
H-NMR Spectra (500 MHz, CDCl3)                                                                

1,2,3,4,7b,8,9,10,11,11a-decahydro-[1,4]diazepino[6,7,1-hi]pyrido[4,3-b]indole (2.53) 
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Figure A. 38: 
13

C-NMR Spectra (125 MHz, CDCl3)                                                         

1,2,3,4,7b,8,9,10,11,11a-decahydro-[1,4]diazepino[6,7,1-hi]pyrido[4,3-b]indole (2.53) 
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Figure A. 39: 
1
H-NMR Spectra (500 MHz, CDCl3)                                                     

1,2,3,4,7b,8,9,10,11,11a-decahydro-[1,4]diazepino[6,7,1-jk]carbazol-9-ol (2.54) 
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Figure A. 40: 
13

C-NMR Spectra (125 MHz, CDCl3)                                                     

1,2,3,4,7b,8,9,10,11,11a-decahydro-[1,4]diazepino[6,7,1-jk]carbazol-9-ol (2.54) 
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Figure A. 41: 
1
H-NMR Spectra (500 MHz, CDCl3)                                                                                            

6-bromo-2,3,4,7b,8,9,10,10a-octahydro-1H-cyclopenta[b][1,4]diazepino[6,7,1-

hi]indole (2.55) 
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Figure A. 42: 
13

C-NMR Spectra (125 MHz, CDCl3)                                                                                          

6-bromo-2,3,4,7b,8,9,10,10a-octahydro-1H-cyclopenta[b][1,4]diazepino[6,7,1-

hi]indole (2.55) 
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Figure A. 43: 
1
H-NMR Spectra (500 MHz, CDCl3)                                                                                             

benzyl 3-acetyl-1,2,3,4,7b,8,11,11a-octahydro-[1,4]diazepino[6,7,1-hi]pyrido[4,3-

b]indole-9(10H)-carboxylate (2.56) 
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Figure A. 44: 
13

C-NMR Spectra (125 MHz, CDCl3)                                                                                 

benzyl 3-acetyl-1,2,3,4,7b,8,11,11a-octahydro-[1,4]diazepino[6,7,1-hi]pyrido[4,3-

b]indole-9(10H)-carboxylate (2.56) 
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Figure A. 45: 
1
H-NMR Spectra (500 MHz, CDCl3)                                                                                            

1-(1,2,7b,8,9,10,11,11a-octahydro-[1,4]diazepino[6,7,1-hi]pyrido[4,3-b]indol-3(4H)-

yl)ethanone (2.57) 
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Figure A. 46: 
13

C-NMR Spectra (125 MHz, CDCl3)                                                                                               

1-(1,2,7b,8,9,10,11,11a-octahydro-[1,4]diazepino[6,7,1-hi]pyrido[4,3-b]indol-3(4H)-

yl)ethanone (2.57) 
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Figure A. 47: 
1
H-NMR Spectra (500 MHz, CDCl3)                                                                                                 

9-(2-methoxyethyl)-1,2,3,4,7b,8,9,10,11,11a-decahydro-[1,4]diazepino[6,7,1-

hi]pyrido[4,3-b]indole (2.58) 

 

 

 
 

N

N
H

N

O



214 

Figure A. 48: 
13

C-NMR Spectra (125 MHz, CDCl3)                                                                                          

9-(2-methoxyethyl)-1,2,3,4,7b,8,9,10,11,11a-decahydro-[1,4]diazepino[6,7,1-

hi]pyrido[4,3-b]indole (2.58) 
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Figure A. 49: 
1
H-NMR Spectra (500 MHz, CDCl3)                                                                                          

1-(9-(benzyloxy)-1,2,7b,8,9,10,11,11a-octahydro-[1,4]diazepino[6,7,1-jk]carbazol-

3(4H)-yl)ethanone (2.59) 
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Figure A. 50: 
13

C-NMR Spectra (125 MHz, CDCl3)                                                                                               

1-(9-(benzyloxy)-1,2,7b,8,9,10,11,11a-octahydro-[1,4]diazepino[6,7,1-jk]carbazol-

3(4H)-yl)ethanone (2.59) 
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Figure A. 51: 
1
H-NMR Spectra (500 MHz, CDCl3)                                                                                            

1-(9-hydroxy-1,2,7b,8,9,10,11,11a-octahydro-[1,4]diazepino[6,7,1-jk]carbazol-3(4H)-

yl)ethanone (2.60) 
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Figure A. 52: 
13

C-NMR Spectra (125 MHz, CDCl3)                                                                                             

1-(9-hydroxy-1,2,7b,8,9,10,11,11a-octahydro-[1,4]diazepino[6,7,1-jk]carbazol-3(4H)-

yl)ethanone (2.60) 
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Figure A. 53: 
1
H-NMR Spectra (500 MHz, CDCl3)                                                                                           

1-(9-(2-methoxyethyl)-1,2,7b,8,9,10,11,11a-octahydro-[1,4]diazepino[6,7,1-

hi]pyrido[4,3-b]indol-3(4H)-yl)ethanone  (2.62) 
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Figure A. 54: 
13

C-NMR Spectra (125 MHz, CDCl3)                                                                                                

1-(9-(2-methoxyethyl)-1,2,7b,8,9,10,11,11a-octahydro-[1,4]diazepino[6,7,1-

hi]pyrido[4,3-b]indol-3(4H)-yl)ethanone (2.62) 
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Appendix B: Chapter 3 Spectral Data 
1
H NMR and 

13
C NMR  

Figure B. 1: 
1
H-NMR Spectra (500 MHz, CDCl3)                                                                               

3-((1-(4-fluorophenethyl)piperidin-4-yl)(hydroxy)methyl)-2-methoxyphenol (3.15) 
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Figure B. 2: 
13

C-NMR Spectra (125 MHz, CDCl3)                                                                                           

3-((1-(4-fluorophenethyl)piperidin-4-yl)(hydroxy)methyl)-2-methoxyphenol (3.15) 
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Figure B. 3: 
1
H-NMR Spectra (500 MHz, CDCl3)                                                                               

(1-(4-fluorophenethyl)piperidin-4-yl)(3-hydroxy-2-methoxyphenyl)methanone (3.16) 
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Figure B. 4: 
13

C-NMR Spectra (125 MHz, CDCl3)                                                                                         

(1-(4-fluorophenethyl)piperidin-4-yl)(3-hydroxy-2-methoxyphenyl)methanone (3.16) 
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Figure B. 5: 
1
H-NMR Spectra (500 MHz, CDCl3)                                                                                        

4-(2-(4-((2,3-dimethoxyphenyl)(hydroxy)methyl)piperidin-1-yl)ethyl)phenol (3.17) 
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Figure B. 6: 
13

C-NMR Spectra (125 MHz, CDCl3)                                                                                            

4-(2-(4-((2,3-dimethoxyphenyl)(hydroxy)methyl)piperidin-1-yl)ethyl)phenol (3.17) 
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Figure B. 7: 
1
H-NMR Spectra (500 MHz, CDCl3)                                                                                              

tert-butyl 4-(2-methoxy-3-(triisopropylsilyloxy)benzoyl)piperidine-1-carboxylate 

(3.21) 
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Figure B. 8: 
13

C-NMR Spectra (125 MHz, CDCl3)                                                                                       

tert-butyl 4-(2-methoxy-3-(triisopropylsilyloxy)benzoyl)piperidine-1-carboxylate 

(3.21) 
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Figure B. 9: 
1
H-NMR Spectra (500 MHz, CDCl3)                                                                                        

tert-butyl 4-(3-(tert-butyldiphenylsilyloxy)-2-methoxybenzoyl)piperidine-1- 

carboxylate  (3.22) 
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Figure B. 10: 
13

C-NMR Spectra (125 MHz, CDCl3)                                                                                 

tert-butyl 4-(3-(tert-butyldiphenylsilyloxy)-2-methoxybenzoyl)piperidine-1- 

carboxylate (3.22) 
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Figure B. 11: 
1
H-NMR Spectra (500 MHz, CDCl3)                                                                  

(2-methoxy-3-(triisopropylsilyloxy)phenyl)(piperidin-4-yl)methanone (3.23) 
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Figure B. 12: 
13

C-NMR Spectra (125 MHz, CDCl3)                                                                                        

(2-methoxy-3-(triisopropylsilyloxy)phenyl)(piperidin-4-yl)methanone (3.23) 
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Figure B. 13: 
1
H-NMR Spectra (500 MHz, CDCl3)                                                                           

(3-(tert-butyldiphenylsilyloxy)-2-methoxyphenyl)(piperidin-4-yl)methanone (3.24) 
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Figure B. 14: 
13

C-NMR Spectra (125 MHz, CDCl3)                                                                          

(3-(tert-butyldiphenylsilyloxy)-2-methoxyphenyl)(piperidin-4-yl)methanone (3.24) 
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Figure B. 15: 
1
H-NMR Spectra (500 MHz, CDCl3)                                                                                                   

(1-(4-fluorophenethyl)piperidin-4-yl)(2-methoxy-3-(triisopropylsilyloxy)phenyl) 

methanone (3.26) 
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Figure B. 16: 
13

C-NMR Spectra (125 MHz, CDCl3)                                                                                            

(1-(4-fluorophenethyl)piperidin-4-yl)(2-methoxy-3-(triisopropylsilyloxy)phenyl) 

methanone (3.26) 
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Figure B. 17: 
1
H-NMR Spectra (500 MHz, CDCl3)                                                                                                              

(3-(tert-butyldiphenylsilyloxy)-2-methoxyphenyl)(1-(4-fluorophenethyl)piperidin-4-

yl)methanone (3.27) 
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Figure B. 18: 
13

C-NMR Spectra (125 MHz, CDCl3)                                                                                                                        

(3-(tert-butyldiphenylsilyloxy)-2-methoxyphenyl)(1-(4-fluorophenethyl)piperidin-4-

yl)methanone (3.27) 
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Figure B. 19: 
1
H-NMR Spectra (400 MHz, CDCl3)                                                                                      

(1-(4-butoxyphenethyl)piperidin-4-yl)(2,3-dimethoxyphenyl)methanol (3.29) 
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Figure B. 20: 
13

C-NMR Spectra (100 MHz, CDCl3)                                                                                        

(1-(4-butoxyphenethyl)piperidin-4-yl)(2,3-dimethoxyphenyl)methanol (3.29) 
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Figure B. 21: 
1
H-NMR Spectra (500 MHz, CDCl3)                                                                                    

(2,3-dimethoxyphenyl)(1-(4-(2-methoxyethoxy)phenethyl)piperidin-4-yl)methanol 

(3.30) 
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Figure B. 22: 
13

C-NMR Spectra (125 MHz, CDCl3)                                                                                     

(2,3-dimethoxyphenyl)(1-(4-(2-methoxyethoxy)phenethyl)piperidin-4-yl)methanol 

(3.30) 
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Figure B. 23: 
1
H-NMR Spectra (500 MHz, CDCl3)                                                                           

(3-butoxy-2-methoxyphenyl)(1-(4-fluorophenethyl)piperidin-4-yl)methanone (3.31) 
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Figure B. 24: 
13

C-NMR Spectra (125 MHz, CDCl3)                                                                          

(3-butoxy-2-methoxyphenyl)(1-(4-fluorophenethyl)piperidin-4-yl)methanone (3.31) 
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Figure B. 25: 
1
H-NMR Spectra (400 MHz, CDCl3)                                                                                    

(1-(4-fluorophenethyl)piperidin-4-yl)(2-methoxy-3-(2-methoxyethoxy)phenyl) 

methanone (3.32) 
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Figure B. 26: 
13

C-NMR Spectra (100 MHz, CDCl3)                                                                            

(1-(4-fluorophenethyl)piperidin-4-yl)(2-methoxy-3-(2-methoxyethoxy)phenyl) 

methanone (3.32) 
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Figure B. 27: 
1
H-NMR Spectra (400 MHz, CDCl3)                                                                           

(3-butoxy-2-methoxyphenyl)(1-(4-fluorophenethyl)piperidin-4-yl)methanol (3.33) 
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Figure B. 28: 
13

C-NMR Spectra (100 MHz, CDCl3)                                                                             

(3-butoxy-2-methoxyphenyl)(1-(4-fluorophenethyl)piperidin-4-yl)methanol (3.33) 
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Figure B. 29: 
1
H-NMR Spectra (500 MHz, CDCl3)                                                                           

(1-(4-fluorophenethyl)piperidin-4-yl)(2-methoxy-3-(2-methoxyethoxy)phenyl) 

methanol (3.34) 

 

 

 
 

O

O

N

F

O
H

O



250 

Figure B. 30: 
13

C-NMR Spectra (125 MHz, CDCl3)                                                                                        

(1-(4-fluorophenethyl)piperidin-4-yl)(2-methoxy-3-(2-methoxyethoxy)phenyl) 

methanol (3.34) 
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Figure B. 31: 
1
H-NMR Spectra (500 MHz, CDCl3)                                                                                   

(2,3-dimethoxyphenyl)(1-(4-hydroxyphenethyl)piperidin-4-yl)methanone (3.35) 
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Figure B. 32: 
13

C-NMR Spectra (125 MHz, CDCl3)                                                                                         

(2,3-dimethoxyphenyl)(1-(4-hydroxyphenethyl)piperidin-4-yl)methanone (3.35) 
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Figure B. 33: 
1
H-NMR Spectra (400 MHz, CDCl3)                                                                                           

(1-(4-butoxyphenethyl)piperidin-4-yl)(2,3-dimethoxyphenyl)methanone (3.37) 
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Figure B. 34: 
13

C-NMR Spectra (100 MHz, CDCl3)                                                                                        

(1-(4-butoxyphenethyl)piperidin-4-yl)(2,3-dimethoxyphenyl)methanone (3.37) 
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Figure B. 35: 
1
H-NMR Spectra (400 MHz, CDCl3)                                                                                             

(2,3-dimethoxyphenyl)(1-(4-(2-methoxyethoxy)phenethyl)piperidin-4-yl)methanone 

(3.39) 
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Figure B. 36: 
13

C-NMR Spectra (100 MHz, CDCl3)                                                                                           

(2,3-dimethoxyphenyl)(1-(4-(2-methoxyethoxy)phenethyl)piperidin-4-yl)methanone 

(3.39) 
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Figure B. 37: 
1
H-NMR Spectra (500 MHz, CDCl3)                                                                                            

(3-(2-(2-ethoxyethoxy)ethoxy)-2-methoxyphenyl)(1-(4-fluorophenethyl)piperidin-4-

yl)methanone (3.46) 
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Figure B. 38: 
13

C-NMR Spectra (125 MHz, CDCl3)                                                                                         

(3-(2-(2-ethoxyethoxy)ethoxy)-2-methoxyphenyl)(1-(4-fluorophenethyl)piperidin-4-

yl)methanone (3.46) 
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Figure B. 39: 
1
H-NMR Spectra (500 MHz, CDCl3)                                                                                                      

(3-(2-(2-(2-ethoxyethoxy)ethoxy)ethoxy)-2-methoxyphenyl)(1-(4-fluorophenethyl) 

piperidin-4-yl)methanone (3.47) 
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Figure B. 40: 
13

C-NMR Spectra (125 MHz, CDCl3)                                                                                       

(3-(2-(2-(2-ethoxyethoxy)ethoxy)ethoxy)-2-methoxyphenyl)(1-(4-fluorophenethyl) 

piperidin-4-yl)methanone (3.47) 
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Figure B. 41: 
1
H-NMR Spectra (500 MHz, CDCl3)                                                                                           

(3-(2,5,8,11-tetraoxatridecan-13-yloxy)-2-methoxyphenyl)(1-(4-

fluorophenethyl)piperidin-4-yl)methanone                                                                                

(3.48) 
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Figure B. 42: 
13

C-NMR Spectra (125 MHz, CDCl3)                                                                                          

(3-(2,5,8,11-tetraoxatridecan-13-yloxy)-2-methoxyphenyl)(1-(4-

fluorophenethyl)piperidin-4-yl)methanone                                                                                        

(3.48) 
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Figure B. 43: 
1
H-NMR Spectra (500 MHz, CDCl3)                                                                                   

2-(2-(3-(1-(4-fluorophenethyl)piperidine-4-carbonyl)-2-methoxyphenoxy)ethoxy) 

ethyl 4-methylbenzenesulfonate (3.68) 
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Figure B. 44: 
13

C-NMR Spectra (125 MHz, CDCl3)                                                                                         

2-(2-(3-(1-(4-fluorophenethyl)piperidine-4-carbonyl)-2-methoxyphenoxy)ethoxy) 

ethyl 4-methylbenzenesulfonate (3.68) 
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Figure B. 45: 
1
H-NMR Spectra (500 MHz, CDCl3)                                                                                            

2-(2-(2-(3-(1-(4-fluorophenethyl)piperidine-4-carbonyl)-2-methoxyphenoxy)ethoxy) 

ethoxy)ethyl 4-methylbenzenesulfonate (3.69) 
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Figure B. 46: 
13

C-NMR Spectra (125 MHz, CDCl3)                                                                                          

2-(2-(2-(3-(1-(4-fluorophenethyl)piperidine-4-carbonyl)-2-methoxyphenoxy)ethoxy) 

ethoxy)ethyl 4-methylbenzenesulfonate (3.69) 
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Figure B. 47: 
1
H-NMR Spectra (500 MHz, CDCl3)                                                                                          

2-(2-(2-(2-(3-(1-(4-fluorophenethyl)piperidine-4-carbonyl)-2-methoxyphenoxy) 

ethoxy)ethoxy)ethoxy)ethyl 4-methylbenzenesulfonate (3.70) 
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Figure B. 48: 
13

C-NMR Spectra (125 MHz, CDCl3)                                                                                           

2-(2-(2-(2-(3-(1-(4-fluorophenethyl)piperidine-4-carbonyl)-2-methoxyphenoxy) 

ethoxy)ethoxy)ethoxy)ethyl 4-methylbenzenesulfonate (3.70) 
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Figure B. 49: 
1
H-NMR Spectra (500 MHz, CDCl3)                                                                                         

14-(3-(1-(4-fluorophenethyl)piperidine-4-carbonyl)-2-methoxyphenoxy)-3,6,9,12-

tetraoxatetradecyl 4-methylbenzenesulfonate (3.71) 
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Figure B. 50: 
13

C-NMR Spectra (125 MHz, CDCl3)                                                                                       

14-(3-(1-(4-fluorophenethyl)piperidine-4-carbonyl)-2-methoxyphenoxy)-3,6,9,12-

tetraoxatetradecyl 4-methylbenzenesulfonate (3.71) 
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Figure B. 51: 
1
H-NMR Spectra (500 MHz, CDCl3)                                                                                        

17-(3-(1-(4-fluorophenethyl)piperidine-4-carbonyl)-2-methoxyphenoxy)-3,6,9,12,15-

pentaoxaheptadecyl 4-methylbenzenesulfonate (3.72) 
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Figure B. 52: 
13

C-NMR Spectra (125 MHz, CDCl3)                                                                                        

17-(3-(1-(4-fluorophenethyl)piperidine-4-carbonyl)-2-methoxyphenoxy)-3,6,9,12,15-

pentaoxaheptadecyl 4-methylbenzenesulfonate (3.72) 
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Figure B. 53: 
1
H-NMR Spectra (400 MHz, CDCl3)                                                                                       

20-(3-((1-(4-fluorophenethyl)piperidin-4-yl)(hydroxy)methyl)-2-methoxyphenoxy)-

3,6,9,12,15,18-hexaoxaicosyl 4-methylbenzenesulfonate (3.73) 
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Figure B. 54: 
13

C-NMR Spectra (100 MHz, CDCl3)                                                                                 

20-(3-((1-(4-fluorophenethyl)piperidin-4-yl)(hydroxy)methyl)-2-methoxyphenoxy)-

3,6,9,12,15,18-hexaoxaicosyl 4-methylbenzenesulfonate (3.73) 
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Figure B. 55: 
1
H-NMR Spectra (500 MHz, CDCl3)                                                                                      

23-(3-(1-(4-fluorophenethyl)piperidine-4-carbonyl)-2-methoxyphenoxy)-

3,6,9,12,15,18,21-heptaoxatricosyl 4-methylbenzenesulfonate (3.74) 

 

 

 

 

O

O

N

O

F

O
O

O
O

O
O

O
S

O

O

O



276 

Figure B. 56: 
13

C-NMR Spectra (125 MHz, CDCl3)                                                                                           

23-(3-(1-(4-fluorophenethyl)piperidine-4-carbonyl)-2-methoxyphenoxy)-

3,6,9,12,15,18,21-heptaoxatricosyl 4-methylbenzenesulfonate (3.74) 
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Figure B. 57: 
1
H-NMR Spectra (400 MHz, CDCl3)                                                                                          

(3,3'-(2,2'-oxybis(ethane-2,1-diyl)bis(oxy))bis(2-methoxy-3,1-phenylene))bis((1-(4-

fluorophenethyl)piperidin-4-yl)methanone) (3.75) 
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Figure B. 58: 
13

C-NMR Spectra (100 MHz, CDCl3)                                                                                 

(3,3'-(2,2'-oxybis(ethane-2,1-diyl)bis(oxy))bis(2-methoxy-3,1-phenylene))bis((1-(4-

fluorophenethyl)piperidin-4-yl)methanone) (3.75) 
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Figure B. 59: 
1
H-NMR Spectra (400 MHz, CDCl3)                                                                                          

(3,3'-(2,2'-(ethane-1,2-diylbis(oxy))bis(ethane-2,1-diyl))bis(oxy)bis(2-methoxy-3,1-

phenylene))bis((1-(4-fluorophenethyl)piperidin-4-yl)methanone) (3.76) 
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Figure B. 60: 
13

C-NMR Spectra (100 MHz, CDCl3)                                                                                        

(3,3'-(2,2'-(ethane-1,2-diylbis(oxy))bis(ethane-2,1-diyl))bis(oxy)bis(2-methoxy-3,1-

phenylene))bis((1-(4-fluorophenethyl)piperidin-4-yl)methanone) (3.76) 
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Figure B. 61: 
1
H-NMR Spectra (500 MHz, CDCl3)                                                                                            

(3,3'-(2,2'-(2,2'-oxybis(ethane-2,1-diyl)bis(oxy))bis(ethane-2,1-diyl))bis(oxy)bis(2-

methoxy-3,1-phenylene))bis((1-(4-fluorophenethyl)piperidin-4-yl)methanone) (3.77) 
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Figure B. 62: 
13

C-NMR Spectra (125 MHz, CDCl3)                                                                                       

(3,3'-(3,6,9,12-tetraoxatetradecane-1,14-diylbis(oxy))bis(2-methoxy-3,1-phenylene)) 

bis((1-(4-fluorophenethyl)piperidin-4-yl)methanone)  (3.77) 
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Figure B. 63: 
1
H-NMR Spectra (500 MHz, CDCl3)                                                                                        

(3,3'-(3,6,9,12-tetraoxatetradecane-1,14-diylbis(oxy))bis(2-methoxy-3,1-phenylene)) 

bis((1-(4-fluorophenethyl)piperidin-4-yl)methanone) (3.78) 
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Figure B. 64: 
13

C-NMR Spectra (125 MHz, CDCl3)                                                                                    

(3,3'-(3,6,9,12-tetraoxatetradecane-1,14-diylbis(oxy))bis(2-methoxy-3,1-phenylene)) 

bis((1-(4-fluorophenethyl)piperidin-4-yl)methanone) (3.78) 
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Figure B. 65: 
1
H-NMR Spectra (500 MHz, CDCl3)                                                                                         

(3,3'-(3,6,9,12,15-pentaoxaheptadecane-1,17-diylbis(oxy))bis(2-methoxy-3,1-

phenylene))bis((1-(4-fluorophenethyl)piperidin-4-yl)methanone) (3.79) 

 

 

 

 

O

O

N

O

F

O
O

O
O

O

O

N

O

F

O



286 

Figure B. 66: 
13

C-NMR Spectra (125 MHz, CDCl3)                                                                                                  

(3,3'-(3,6,9,12,15-pentaoxaheptadecane-1,17-diylbis(oxy))bis(2-methoxy-3,1-

phenylene))bis((1-(4-fluorophenethyl)piperidin-4-yl)methanone) (3.79) 
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Figure B. 67: 
1
H-NMR Spectra (500 MHz, CDCl3)                                                                                   

(3,3'-(3,6,9,12,15,18-hexaoxaicosane-1,20-diylbis(oxy))bis(2-methoxy-3,1-

phenylene))bis((1-(4-fluorophenethyl)piperidin-4-yl)methanone) (3.80) 
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Figure B. 68: 
13

C-NMR Spectra (125 MHz, CDCl3)                                                                                       

(3,3'-(3,6,9,12,15,18-hexaoxaicosane-1,20-diylbis(oxy))bis(2-methoxy-3,1-

phenylene))bis((1-(4-fluorophenethyl)piperidin-4-yl)methanone) (3.80) 
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Figure B. 69: 
1
H-NMR Spectra (500 MHz, CDCl3)                                                                                     

(3,3'-(3,6,9,12,15,18,21-heptaoxatricosane-1,23-diylbis(oxy))bis(2-methoxy-3,1-

phenylene))bis((1-(4-fluorophenethyl)piperidin-4-yl)methanone) (3.81) 
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Figure B. 70: 
13

C-NMR Spectra (125 MHz, CDCl3)                                                                                            

(3,3'-(3,6,9,12,15,18,21-heptaoxatricosane-1,23-diylbis(oxy))bis(2-methoxy-3,1-

phenylene))bis((1-(4-fluorophenethyl)piperidin-4-yl)methanone) (3.81) 
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