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ABSTRACT 

DESIGN AND SYNTHESIS OF ACHIRAL AND CHIRAL BENZODIAZEPINES AND 

IMIDAZODIAZEPINES TO MODULATE THE ACTIVITY OF GABAA RECEPTORS FOR 

THE TREATMENT OF CANCER, CNS DISORDERS AND PAIN 

 

 

by 

Farjana Rashid 

The University of Wisconsin-Milwaukee, 2021 

Under the Supervision of Professor James M. Cook 

 

A series of α2/3-subtype selective GABAA receptor agonist imidazodiazepines (IBZs) were 

synthesized and investigated. The lead compound (KRM-II-81) exhibited anxiolytic, 

antinociceptive and anticonvulsant effects, displayed promising α2/3 GABAergic subtype 

selectivity in HEK cells and noteworthy anxiolytic activity and no sedation nor ataxia using a 

rotarod assay in mice (80mg/Kg) or rats (300 mg/Kg).Based on the "privileged 

imidazodiazepine (IMZD) structures" derived from the unified pharmacophore model of 

Milwaukee, the design, synthesis and biological activities of more than 30 novel 2’ Cl 

achiral GABAAR α2/α3 subtype selective imidazodiazepines (IMDZs) related to KRM-II-81 

achiral ligand Hz-166 are described. Several compounds from the α2/3 subtype selective group are 

anxiolytic, antidepressant, and are targeted toward the treatment of major pain, epilepsy disorders. 

In regard to the design of new 2’Choloro benzodiazepine analog, an improved large-

scale synthesis of (2-amino-5-bromophenyl) (2-chlorophenyl) (4)was performed which is very 

expensive in market (1800 USD/ 500g). A novel synthetic route with minimal cost 

for large quantity production of the (4) was described here. After several attempt and optimization, 

the yield of 2 amino 5 bromo 2’Cl benzophenone was increased from 35-44%. No column 
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chromatography was needed to purify the large-scale product. This new developed route to 

synthesize of (2-amino-5-bromophenyl) (2-chlorophenyl can be applied to synthesize another 

benzophenone with different substituents. 

 FR-II-60 and more than 30 analogs were designed, synthesized, and evaluated where (4) 

was used as a starting material. The goal of this research is to design new analogs with 

improved metabolic stability that also retain the desired biological properties with little or no side 

effects for the treatment of CNS disorders, pain. The α2/3 selective achiral oxazole, FR-II-60 looks 

very good in rodent models for the treatment of epilepsy and pain. It exhibited anti-depressant and 

anxiolytic activities in mice. It shows sightly sedation using a rotarod assay in mice (40, 80mg/Kg) 

due to the presence of halogen (Cl) at 2’ position in its structure. No cytotoxicity observed in 

HEK293 cell in lower concentration (up to 300 uM). Behavioral observations in female rhesus 

monkeys after the administration of FR-II-60 (3mg/kg, iv) did not show any deep sedation. Further 

study of this compound is presently taking place. According to the data and ongoing research FR-

II-60 looks very promising ligand to treat conditions such as chronic pain and epilepsy.  

After evaluation of a series of novel IMDZs that were α5 subtype selective for the treatment 

of asthma, one compound MIDD0301 (originally named GL-II-93) was found to be orally 

active and as an inhalant in rodent asthma models. Ligand MYM-FR-II-88 and FR-III-45 was as 

active as GL-II-93 in the airway smooth muscle (ASM) relaxation assay. FR-III-45 does not induce 

any immunotoxicity in animal models as well as no sedation nor ataxia using a rotarod assay in 

mice up to dose 40 mg/Kg. This research is still ongoing and several ligands, especially the α5 

subtype selective acid, described herein have been shown to relax precontracted human and guinea 

pig airway smooth muscle and could deliver a novel treatment for asthma patients. 
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The medulloblastoma is known as a Pediatric brain cancer, It’s subtype, subgroup 3 also 

has a high expression of the. GABRA5.  The α 5 selective ligand QH-II-066 and KRM-II-08 

positive allosteric modulators showed very high potency in cell viability by decreasing the 

expression of HOXA5 which is a homeobox transcription factor that controls p53 expression. To 

understand the role of α5-GABAAR in group 3 cell viability, 763 primary medulloblastoma patient 

tumor has been studied. Two ligands FR-I-44 and FR-I-43 have also been screened in a particular 

cell line D283 and did not show appreciable potency compared to KRM-II-080. Although these 

ligands did not show any cytotoxicity in HEK293 cell, it might show some potency in other cancer 

cell lines- an area of research that is currently ongoing. 
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Chapter 1. Introduction  

The gamma-aminobutyric acid (γ-aminobutyric acid), or GABA, is an amino acid that 

naturally occurs in the human body. This amino acid works as a neurotransmitter in the human 

brain. GABA is considered an “inhibitory neurotransmitter” because it inhibits, or blocks certain 

signals to the Central Nervous System (CNS) and  decreases the overall neuronal activity.1 When 

GABA attaches to a protein ion channel in the brain (GABA receptor), it produces a calming effect. 

There are two main classes of GABA receptors: GABAA receptors (GABAAR) and GABAB 

receptors (GABABR). The latter is not discussed in this thesis. Another formerly used class, the 

GABAA-rho receptors (GABACR) are now considered members of the GABAARs, as their rho (ρ) 

subunits are related to GABAARs.2 The GABAARs can be found in the chloride channels of 

integral membrane proteins knows as ligand-gated ion channels (LGICs). The LGICs enable fast 

synaptic transmission in the order of milliseconds (0.001 s) in the nervous system as well as 

somatic neuromuscular junction; therefore are considered fast-acting transmembranes.3 When 

activated, GABAAR causes a suppression of neuronal transmission by hyperpolarizing the 

electrochemical gradient in the chlorine channel.4 In contrast, the GABABRs are slow-acting 

receptors that work in potassium and calcium channels.5 The available literature has long 

suggested that the neurological disorders  such as schizophrenia, anxiety disorder, epilepsy, 

neuropathic pain disorders, clinical depression, etc. are all connected to the GABAARs in the 

central nervous system.6-10 

Numerous researchers have reported the potential relationship between the GABAAR and 

the CNS diseases, where they attribute its pharmacological benefits to the abundance of a specific 

combination of GABAAR subunits.11 Of a total of nineteen subunit isoforms that are found in the 
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human body (α1-6, β1-3, γ1-3, δ, ε, π, θ, ρ1-3)12, GABAARs host a combination of the α, β and γ2 

subunits (α1-6β1-3γ2) in a stoichiometric ratio of 2:2:1.2 This is the requirement for a completely 

effective allosteric function by benzodiazepines at the α-γ2 interface. 

The immunocytochemistry studies of rodents have determined that the central nervous 

system of such animals contain different distributions of GABAAR assemblies.13 The GABAAR 

subunits are highly abundant throughout the rodents’ brains both as synaptic and extrasynaptic 

receptors.14
 Of all the GABAA receptors in rat brain, 60% consist of α1β2γ2 whereas some of the 

other subunits are found in lower percentages. Among these, α2 and α3 are present at about 20-

30% and α5 at about 5%.14-17 Furthermore, there is also evidence of the presence of GABAA 

receptors in the other bodily tissues such as the sinoatrial node of the heart, intestines, lungs, 

stomach, etc.1 

 

Figure 1. A suggested GABAAR subunit topology. The beginning of the extracellular domain 

with the N-terminal end, and the M1-M4 are regions within the membrane. (Modified from 

the Figure in Burt, et al. 18 and Clayton, et al.19) 

 

A GABAAR subunit has a molecular mass of about 50 kD with a receptor structure 

characterized by high homology. As shown in Figure 1. A suggested GABAAR subunit 

topology. The beginning of the extracellular domain with the N-terminal end, and the M1-

M4 are regions within the membrane. (Modified from the Figure in Burt, et al. 18 and 
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Clayton, et al.19), there are four transmembrane domains (M1-M4) in the lipid bilayer of the 

neuron of each receptor subunit. The GABAARs have their N- and C- terminals situated outside 

the cell membrane, including possible glycosylation sites. Also, there is a Cys-loop enabled by a 

disulfide bond at the N- terminal end. Beneath the membrane, there exists a large intracellular 

region between M3 and M4. The intracellular region is mainly responsible for regulating GABAAR 

at phosphorylation sites. A hetero- or homo- pentameric chloride channel is formed by five 

monomeric GABAAR subunits arranged in the shape of a ring.18-20  (Figure 2) 

 
Figure 2. A depiction of the ligand-gated chlorine ion channel GABAAR. (A) shows the 

longitudinal vision and (B) the cross-sectional vision. The M1-M4 transmembrane domains 

labeled accordingly. The M2 domain mostly exists in the pore lining within the lipid bilayer 

membrane. (Modified from the Figure in Keramidas et al.20, and Clayton et al.19) 

 

It is quite well known and reported across the literature that GABAARs feature a number 

of binding sites for psychoactive compounds such as benzodiazepines, anesthetics, barbiturates, 

neurosteroids, ethanol, etc. at the synapse and synaptic ion channels.1, 2, 11, 15, 19 Illustrated in the  

Figure 3 is the clockwise arrangement of the αβαβγ subunits in the extracellular region. This view 

clearly illustrates the binding sites of GABAAR. While benzodiazepines bind at the γ-α+
 interface, 

the GABA binds at the two α-β+ interfaces.1, 2, 8, 19 Another interface of interest is that of β-α+ which 

was recently reported as the binding site for the subtype-selective CGS 9895 PQ site.19, 21, 22 
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Moreover, this receptor has been found to be α6-selective.23-25 Additionally, barbiturates and 

ethanol can also bind in the intra-channel region to enhance the response as well as open up the 

pores directly which in turn exposes the patient to the possibility of addiction and death.1, 2, 15-18, 26, 

27  

 
Figure 3. The schematic arrangement in the 132 GABAAR subtypes as viewed from the 

synaptic cleft. The GABA and BZD binding sites are located at the interfaces of +- subunits 

and +- subunits respectively. The + represents the loop C of each subunit. (Modified from 

the Figure in Clayton, et al.19 and Ernst, et al.28)  

 

1.1. Benzodiazepines (BZDs) 

Benzodiazepines (BZDs) are a general class of drugs that are prescribed by doctors for 

treatment of a variety of different conditions. In the United States, the Food and Drug 

Administration (FDA) has approved benzodiazepines for the treatment of insomnia, anxiety 

disorders (generalized and social), seizure disorders (e.g. epilepsy) and panic disorder. It has been 

prescribed for such conditions for over 50 years in this country.29, 30 Other uses of the drug includes 

sleep disorders, bipolar disorders, managing alcohol withdrawal, etc.31   

BZDs were first discovered by Leo Sternbach in 1955. Perhaps the most well-known, 

widely used and commercially successful BZD drug is diazepam or Valium which was marketed  

as back as 1963.29 The immense commercial success of diazepam can be attributed to the drug’s 
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potency, low toxicity,32 fast and efficient penetration of the blood-brain barrier, negligible drug-

drug interaction within the liver, fast absorption of the drug in the gastrointestinal tract and efficient 

distribution within the brain, etc.33-36Some common BZD structures illustrated in Figure 4, all of 

which have some common features: a core of a benzene ring attached to a diazepine ring which in 

turn is attached to a pendant C ring.37  

 
 

Figure 4. The structures of several well-known BZDs: diazepam, chlordiazepoxide, 

imidazodiazepine (IMDZ) midazolam and flumazenil. The atoms are labeled for both BZDs 

and IMDZs. All four of them can bind at the DS sites, but only flumazenil can also bind to 

the DI sites. 

 

Generally, the benzodiazepines including the ones shown in Figure 4 as well as alprazolam 

have very high, non-selective affinity for GABAAR at the BzR binding site at the γ
-α+ interface.1, 

2, 8, 19 Thus, the pharmacological properties of the BZDs are dependent mostly upon the α and γ 

subunits rather than the β subunits.38 The existing evidence suggests that the BZDs interact most 

prominantly with the α1-3,5β2/3γ2 subtypes of the GABAARs and less effectively with the γ1,3 

subtypes.39 The two other subtypes α4 and α6 are not very sensitive to BZDs.40 The α4 and α6 

subtypes do not bind with diazepam (1,4- benzodiazepine) and midazolam (imidazodiazepine),41, 
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42 but readily bind with dugs like flumazenil.12 This is because of the absence of the pendent phenyl 

C ring in the flumazenil structure (Figure 4) and the above are called diazepam insensitive 

sites(DI). 

A BZD is incapable of modulating GABAAR by itself, without the presence of GABA.43 

Rather, the affinily of GABA to GABAAR is enhanced by the binding of the BZD to the GABAAR 

ion channel, resulting in the hyperpolarization of the neuronal membrane electric potential.44 This 

is how BZDs are capable of lowering the neuronal firing frequency, which is the desired outcome 

that results in numerous pharmalocological effects including anticonvulsive effects, ataxic, 

anxiolytic effects but also ataxic, sedative and amnesic effects. These properties have earned as 

the BZDs the preferrable drug for variuos CNS disorders (e.g. GAD, SAD, PTSD, status 

epilepticus, panic disorders, etc). On the other hand, BZDs also have undesirable effects on the 

human body, some of which can be attributed to the simulteneous non-selective binding and 

efficacy at other GABAARs.2, 29 The common adverse effects of BZDs are well reported in the 

literature, which includes sedation, amnesia, ataxia, addiction, dependence, fatigue, withdrawals, 

muscle-relaxation and building up of tolerances to the anticonvulsant and antinociceptive 

effects.45-47 Therefore, the current stage of BZD drugs have left much room for research and 

improvements. It is desired to design better drugs for CNS disorders with similar or better 

pharmacological effects to BZDs but with little to no side effects.  

1.2 Modulation of BZDs on the Pharmacological Effects of GABAAR 

Over the years, strong evidence has been found confirming that the pharmacological effects 

of the GABAARs are dependent upon the modulation of receptor subtypes, principally the αx 

subunits. The pharmacological effects associated with each subunit have been determined by 

receptor binding, pharmacological methods, and a molecular genetic procedure by introducing a 
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point mutation into the respective α subunits. This remarkable work was accomplished by Mohler, 

Sieghart, McKernan, Sigel, Seeburg, Squires, and Haefely. This process takes place via replacing 

the histidine amino acid by an arginine amino acid in the subunit: (α1His101Arg,48 α2His101Arg, 

α3His126Arg,49 and α5His105Arg50). The subject animals that were found with the above 

mutations were administered diazepam and the behavioral response was recorded. Any changes to 

the response compared to the untreated animals were attributed to the mutated subunits.48-50 

These results have been summarized in  

Table 1. 

Subtype Associated Effect 

α1  Axiolytic,sedation, anterograde amnesia, ataxia, some anticonvulsant action, 

addiction, dependence, as well as involved in the development of tolerance, and 

muscle relaxation  

α2 Anxiolytic, anticonvulsant action, antihyperalgesic effects 

α3 Some anxiolytic action, some antinociceptive effects, anticonvulsant action at 

higher doses, some muscle relaxation at higher doses 

α4 Diazepam-insensitive (DI) site, important in lung disorders in the periphery  

α5 Cognition, learning, temporal and spatial memory (maybe memory component of 

anxiety); schizophrenia, depression and in the peripheral-asthma 

α6 Diazepam-insensitive (DI) site, important in Tic disorders, Tourette's syndrome, 

migraine, trigerminal orafacial pain and perhaps schizophrenia 

 

Table 1. The CNS effects at GABAA α1-6 receptor subunits.19, 48-60 Presented at the Mona 

Symposium (2014), University of the West Indies.61 Earlier reported, in part, by Mckernan 

et al. (ACNP). Pharmacology indicated in red was discovered by pharmacologists in 

collaboration with the Milwaukee group. Presented by J. Cook at the BBC meeting, San 

Antonio, March 2018. 

 

The α1 subunits with GABAARs are associated with the mediation of a number of 

conditions (e.g. anxiolytic, sedative effects, ataxia, anterograde amnesia, development of 

tolerance, dependence, addiction, anticonvulsant actions, muscle relaxation etc.).48, 62 On the other 
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hand, the α2 subunit of GABAARs are mainly anxiolytic, antinociceptive and anticonvulsant 

effects,49, 53 as well as occasional muscle relaxation and hypnotic effects. The triple-point mutation 

study and the work of Zeilhofer, Cook et al. have already confirmed that the antihyperalgesic 

effects of the GABAAR take place mainly in the spinal cord.51, 57 The α3 subunits containing 

GABAARs are responsible for possible anxiolytic, anticonvulsant, antinociception and muscle 

relaxation effects.49, 53-55 The α5 subunits containing GABAARs play a role in cognition such as 

memory, spatial learning and possibly in a memory component of anxiety.50, 56 The α4 and α6 

subunits containing GABAARs do not exhibit any appreciable ataxic or sedative CNS effects, 

which is due to the lack of a large binding pocket for the pendant C ring of the BZDs.41, 42 Recently, 

is has been shown that the α4 and α5 subunit containing GABAARs are expressed in the peripheral 

nervous system (PNS) of the lungs as well, which opens up the possibility of treating asthma with 

IMBZDs.58, 59, 63Savic et al. have just reported that GABA(A) BZR are located in blood vassels. 

Moreover, Knutson et al. reported that the α6 Bz/GABAergic subtypes are associated with diseases 

such as migraine, trigeminal pain, tic diseases (e.g. Tourette’s syndrome), OCD and possibly 

schizophrenia.23-25  

The influx of the chloride ions into membrane ion channels is also capable of causing the 

pharmacological effects due to the GABAARs enabled by the allosteric modulation of the GABA 

in the central nervous system. On the chloride channel, a BZD binds to the GABAAR BZD 

allosteric site locking increasing the orthosteric binding of GABA to the chloride channel and 

holding the ion channel open longer. After the GABAAR is bound to GABA, it changes its 

conformation causing the frequency and duration of opening of the chloride channel to increase 

and the membrane potential to decrease. (Figure 5) This process further reduces the neuronal 

transmission- causing the pharmacological effects in the CNS. Although BzR ligands in the 
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absence of GABA are incapable of acting on the chloride channels, they can still modulate the 

influx of the chloride ions and the opening frequencies of other allosteric complex modulators in 

the presence of GABA.64-66 There are mainly three types of BZDs that are capable of interacting 

with GABAA/BzR. The first, the agonist or the positive allosteric modulators (PAMs) enhance the 

activity of GABA as well as increases the chloride ion influx. This type of BZDs do not bind at 

the GABA binding site. The second, the inverse-agonist or the negative allosteric modulators 

(NAMs), reduce both the activity of GABA and the chloride ion influx. This causes the 

depolarization of the membrane and also the increase in the neuronal firing frequency. These BZDs 

readily bind at the GABA binding sites. The third kind are the compounds termed the antagonists2 

which do not modify the functions of the GABA and yield no pharmacological effects. The 

antagonists are capable of blocking both PAMs and NAMs from binding at the BzR site, Since 

they have high binding affinity but no allosteric modulation.19 On the other hand, antagonists such 

as flumazenil, βCCt, 3PBC, etc. are used to reverse BZD overdose and other responses caused by 

BZD.67 These drugs have the ability to occupy BzR sites and prevent the other BZDs from binding. 

 
Figure 5. The changes in membrane potential during the “depolarization stimulus” initiating 

a nerve signal, plotted as a function of time. A hyperpolarized state is characterized by a 
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potential considerably above the threshold. (Modified from the Figure in the Ph.D. thesis of 

Terry Clayton68) 

 

In order to make progress towards better ligand design for the treatment of various CNS 

disorders, it is important to understand the pharmacological effects from GABAARs. The BZD 

allosteric modulation and the multiplicity of GABAAR subtypes is central to this concept. As an 

example, α1-subtype selective antagonists are able to reverse effects induced by BZDs such as 

ataxia, hypnosis, amnesia, sedation, respiratory depression, etc. whereas α1-subtype selective 

agonists can induce these effects. The ligands that are α2/3/5 or α2/3-subtype selective agonists or 

partial agonists with α1-subtype antagonist effects (inverse agonists) or no effects at all and have 

been found able to treat convulsions, anxiety disorders, diabetic neuropathy, inflammatory pain, 

neuropathic pain and in animal models and they have very little sedative effects, if at all. Moreover, 

α-5 subtype selective invers agonists are able to help with learning and memory deficiencies 

especially if it binds only to the α-5 subtype. Proper understanding of these features are very 

valuable in developing a spectrum of pharmacological effects. 

1.3. Molecular Modeling – Pharmacophore Model 

Although the development of newer and more improved BZDs is much desired, one of the 

biggest barriers to that goal in recent years has been the crystallization of the transmembrane 

protein GABAAR, and more critically the α1-6β1-3γ2 GABA subtypes. The conventional methods 

for investigating the effects of BZDs and develop new drugs have been the fragment-based 

molecular modeling and the structure-activity relationship (SAR) studies, until recently. In 2019, 

the structure of the α1β3γ2 ion channel was determined via electron microscopy which permits 

much better understanding of BZD binding and pharmacology. 
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The Unified Pharmacophore/Receptor Model, that has been developed in Milwaukee, WI 

over the course of a few decades, is based on in vitro binding affinities of the 50 rigid ligand at 

BzR subtypes. Over the years, the studies included over 150 different agonists, antagonists and 

inverse agonists.19, 52, 60, 69 Approximate binding pockets were generated by overlaying subtype 

selective ligands for α1-6β2/3γ2 GABAARs on  planar template ligands within the BZD binding site. 

The ligands were studied from fifteen classes of structural families (e.g. BZDs,70 

triazolopyrimidines,71 β-carbolines,72-74pyridodiindoles,75, 76 pyrazoloquinolines77 and 

imidazopyridines78). A 2-D representation of the pharmacophore model has been illustrated in 

Figure 6. The four important descriptors (H1 (Y210), H2 (H102), A2 (T142) and L1) are used as 

anchor points. Here, H1 and H2 are the donor sites of the two hydrogen bonds; A2 is the acceptor 

site of one hydrogen bond and L1 is the lipophilic pocket. In the other lipophilic regions (L2, L3, 

and LDi), the ligand-protein interactions are mediated by van der Waals interactions and p – π , π 

– π stackings are responsible for the effect on the ion channel.  The proposed negative steric 

repulsive regions (S1, S2, and S3) represent the proteins.19, 52 



12 
 

 
Figure 6. The locations of the descriptors and areas of the Milwaukee-Unified 

Pharmacophore/Receptor Model for BZD at GABAAR BzR. Here, pyrazolo[3,4-c]quinolin-

3-one (CGS-9896) is shown as a dotted line, diazadiindole is as a thin line, and diazepam as 

a thick line aligned within the unified pharmacophore/receptor model for the BzR. H1 and 

H2 are the hydrogen bond donor sites within the BzR. A2 is a hydrogen bond acceptor site 

that might be relevant in potent inverse agonist activity in vivo.  L1, L2, L3, and LDi denote 

the four lipophilic regions and S1, S2, and S3 denote the regions of negative steric repulsion. 

LP stands for the lone pair of electrons on the nitrogen (N) or oxygen (O) atoms of the 

ligands. (Modified from the Figure in Clayton et al.19)  

 

The BzR was studied via ligand docking using the pharmacophore model. The main results 

of this study are shown in Figure 7. These results have been instrumental in the ongoing ligand 

design and ligand modification.19 It was found that in the region L2 there is a small difference 

between the induced volumes of the subtypes α1 and α2. It was also determined from the included 

volumes of α2 and α3 that the corresponding binding pockets containing GABAAR subtypes are 

very similar in size, lipophilicity and shape. The induced volume of the α4 subtype was generally 

smaller than that of the α6, and this difference was more prominent in the L2 and LDi regions. 

Moreover, the L3 liphophilic pocket is negligible in the α4 and α6 BZR, which is consistent with 
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the fact that they are both DI sites do not have the binding pocket required for the pendant phenyl 

rings in the common BZDs and IMDZs. The α5 subtypes have the largest L2 region, which is an 

important observation for α5 selectivity with reduced binding at α1 subtypes. An example of that 

is the switch from a Cl atom (diazepam) to an ethinyl group (QH-II-066) at the C(7) position which 

increases the α5/α1 ratio by nearly a factor of 9 (from 1.27 to 11.22) as shown in Figure 8.52, 79 

This breakthrough has led to QH-II-066, a potential treatment for cancer. Moreover, it was recently 

reported that the development of tolerance to the antinociceptive effects of BZDs are caused by 

the coupling of α1 and α5 subtypes.80 For this reason, it is beneficial to attempt to limit the binding 

affinities and efficacy at both of these subtypes, which has guided in the synthesis of several 

antinociceptive compounds that did not exhibit the development of tolerance to its effects.61, 81, 82 

This is a groundbreaking achievement, for the treatment of status epilepticus in humans; the 

conventional BZDs develop tolerance after just about three days but KRM-II-81(2) and HZ-I-66(1) 

do not in animal models. 
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Figure 7. These images depict the overlaps between the induced volumes derived from 

receptor subtype selective ligands: a) α1 and α2; b) α2 and α3; c) α4 and α6; d) α1 and α6; e) 

α1 and α5; f) diazepam and the descriptors of the unified pharmacophore model in the 

included volume of the α1 subtype. The yellow color indicates an overlap has occurred, and 

each grid is 4 Å in side measures.60 
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Figure 8. Bz/GABAAR in vitro binding data of diazepam and QH-II-066. (Modified from the 

Figure in the Ph. D. thesis of M. Poe and T. Clayton) 52, 79 

 

There have been some recent developments that are important for this research. Several 

updated pharmacophore models and homology models have been proposed over the years.60 A 

new lipophilic region (L4) have been reported at the C(4) position in two chiral methyl enantiomers 

of the IMDZ class, namely, from SH-053-2'F-R-CH3 (α5 subtype-selective) and its enantiomer 

SH-053-2'F-S-CH3 (α2/3/5 subtype-selective); as shown in Figure 9. The region L4 was only 

located in α5, and not in α2 or α3 subtypes. The volumes of both enantiomers (R and S) indicate 

that the binding pocket is adequate for them. But the R-isomer did not fit in the either of the α2 

and α3 binding pockets. This resulted in zero efficacy in the case of the R-isomer at the α2 and α3 

subtypes. The findings of the pharmacophore receptor model agreed with the efficacy data from 

the above which was a non-sedating anxiolytic in rhesus monkeys. While the R-isomer was not 

anxiolytic. (fischer 2000) α2/3/5 subtype-selective ligand.60  

 

 

 

 
Figure 9. The structures of enantiotopic chiral imidazodiazepine (IMDZ) ligands 1 and 2. 
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Figure 10. The ligand occupation of SH-053-2'F-R-CH3 (31) and SH-053-2'F-S-CH3 (32) in 

the pharmacophore/receptor models of 𝛼2 and 𝛼5 subunits. (Modified and reproduced from 

that reported by Clayton et al.)60 
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Chapter 2: Achiral α2/3 Imidazodiazepines for the Treatment of 

Epilepsy and Pain 

2.1. Lead Compound 

 

Figure 11. The lead compound for pain, epilepsy and seizure 

 

HZ-166 (1) was an α2/3 subtype selective GABAkine(PAM) which showed no sedation 

nor motor impairment compared to diazepam82. HZ-166 (1) exhibited its efficacy in different 

animal models of anxiolytic activity of a drug83 and anticonvulsant action of compounds.84 In 

addition, it is active against Pain models of rodents.85  HZ-166 is stable in human liver microsomes 

(HMLs), but it is not as stable in mouse liver microsomes due to its metabolically liable ester 

function , Hydrolysis to the carboxylic acid and decrease the BBB penetration and bioavailability. 

To increase the stability in mouse liver different types of bioisosteres have been synthesized and 

KRM-II-81 (2) is one of them which is an oxazole bioisostere of an ester function. It is sterically 

close to the non-sedating microsomes GABAKine, MP-III-024( C-3 methyl ester) 

KRM-II-81(2) was synthesized by reducing the ester function of HZ-166(1) with LiAlH4 

to an alcohol and this was followed by the oxidation with manganese dioxide to convert the alcohol 

into an aldehyde. This was further treated with TosMIC and K2CO3 to provide the final oxazole 

with 28% yield.86 To increase the yield and also minimize the steps a new route was addressed  to 
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convert the ester directly to aldehyde using diisobutyl-tert-butoxyaluminum hydride (PDBBA), 

which was subsequently treated with TosMIC and K2CO3 to generate the final product KRM-II-

81(2) in 71% yield.87 In addition, the improved  large scale GLP -focused to HZ-166(1) was 

reported with an overall yield of 27.6%.88  

2.2. Pharmacology 

In electrophysical systems, the ability of KRM-II-81(2) on amplification of GABA 

signaling was studied. In recombinant receptors which consist of alpX/beta3/gamma2 receptors 

were administrated with GABA and the expansion effect on the induced current due to GABA 

combined with KRM-II-81(2) was measured. According to the  electrophysiological recording of 

KRM-II-81(2), it demonstrated that it was a  α2/3 GABAAR subtype-selective ligand due to its 

higher potency  at 100 nM  with a very low potentiation at α1 or α5 containing GABAARs. In 

comparison to KRM-II-81(2), diazepam showed more potentiation α1- and α5-containing 

GABAARs. In comparison to KRM-II-81(2), PF-06372865 (a-2/3/5- selective) ligand was 9000 times 

more effective at α1 and 11 times more effective at α5. The coupling of these two subtypes increases 

the possibility of the development of tolerance to the antihyperalgesic and anticonvulsant side 

effects.80  

In radio ligand binding studies, the IC50 value for KRM-II-81(2) was more than 10 mM 

for NMDA, AMPA, kainite, h5HT receptors (1a-f, 2a-c, and 5-HT7), hACHE, hADRa (1a, 1b, 1d, 

2a, 2b, 2c), hADRb (1 and 2), hADORA3, hD1, hD2S, hDAT, hH1, hM2, hM3 which illustrated 

that it did not bind to other off target receptor proteins. Moreover, as KRM-II-81(2) did not bind 

to the hERG ion channel this greatly decreased the likely effectof a the heart QT problems.  KRM-

II-81(2)  exhibited weak activity at the norepinephrine transport (NET). At a KRM-II-81(2) 



19 
 

concentration of 1 µM, more than 50% radioligand can be replaced. In addition, KRM-II-81(2) 

did not inhibit CYP 3A4, CYP2D6, and CYP2C9 enzyme.86  

2.3. Pharmacokinetics  

In a cytotoxicity assay in HEK293T cells, KRM-II-81(2) showed good liver microsomal 

stability and the value of the LD50 is greater than 100 mM.86 After intraperitoneal and oral dosing 

in rat, KRM-II-81(2) showed excellent bioavailability. In comparison with HZ-166 (1), the 

concentration of KRM-II-81(2) in the rat plasma sample was 3910 nM wheres, the concentration 

of HZ-166 (1)was less than 12.2 nM.86 In addition, the concentration of KRM-II-81 (2) after oral 

dosing in mouse was tested for 0.25-12h and found the highest concentration of the drug (600 nM) 

after 1h dosing. 

2.4. Antiepileptic activity.   

The antiepileptic activities of the lead compounds are discussed in this section. 

Acute Seizure Models: 

       In the 6 Hz 44 mA seizure model in mice (i.p.), maximal electroshock seizure (MES) model, 

in rats (i.p.), and subcutaneous metrazol (pentylenetetrazole) seizure model (s.c. MET) in rats 

(p.o.); which are known as a“first-pass” animal acute seizure models to identify the anticonvulsant 

activity of ligand has been applied and KRM-II-81 was anticonvulsant in all three. 

  The 6 Hz kindled seizure model is found to be very useful as an early identification  

screening for potential anticonvulsant drugs that can reduce the seizure which caused by a long-

duration, low frequency (6 Hz) stimulation, where sometimes  different screening methods are not 

able to identify. Mice were pretreated p.o. with KRM-II-81 (2), and  after 2 hours the mice were 

challenged with  6 Hz stimulation for 3 seconds through corneal electrodes at 44 mA intensity and 
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the observation for seizure activity was recorded. Ligand(2) was anticonvulsant for the motor 

impariment and possible toxicity , another group of mice were treated with KRM-II-81(2) and 

observed at 4 hours after dosing. KRM-II-81(2) was not abe to protect the mice (n=8) that were 

challenged to 6Hz stimulation at the dose of 10 mg/kg. Mice, which were orally admistrated with 

KRM-II-81(2) provided protection for 3 out of 8 at the dose of 25 mg/kg. After 2 hours of oral 

dosing full protection was achieved  at the dose of 50 mg/kg. No motor impariment, as well as 

toxicity or loss of righting response was observed at the dose of 50 mg/kg. At the oral dosing of 

100 mg/kg mild tremors were observed in the mice and with the oral dosing of 200 mg/kg severe 

tremor was observed in  3 out of 8 mice. They lost their ability of righting reflex at the dose of 150 

mg/kg and most noable is at the dose of 120 mg/kg. However, there were 3 metabolities in 

mice,which are believed to be the reason of this effect. Because these metabolities in rats were 

very low and at 300 mg/Kg (p.o) and there was no sedation on the rotarod nor loss of righting 

reflex. Moreover, in monkeys there were none of the metabolities and there was no sedation at 10 

mg/Kg and no observed toxicity. 

Dose Number protected/number tested  

10 0/8  

25 3/8  

50 7/8  

Dose Number with observed motor effects Observation 

50 0/8  

100 3/8 tremor 

150 5/8 tremor, unable to grasp  

200 8/8 more severe tremor, loss of righting 

Table 2. A summary results of the 6 Hz seizure model and the motor effects study of KRM-

II-81 (2) p.o. (Originally reported by Witkin, et al89) 

The maximal electroshock is one of the standard assays for  initial screening for potential 

antiepileptic drugs in vivo animal models.90 The 1,3-oxazole KRM-II-81 (2) along with diazepam, 

Hz-166 (1) were assessed in the MES test.89 For the following procedure male CD-1 mice (n=10) 



21 
 

were selected. The pre-test adminstration(i.p) was done 30 minutes prior to testing and one of the 

foloowing drugs was used ; vehicle (1% CMC), diazepam (1, 3 or 6 mg/kg), ester 1 (3, 10 or 30 

mg/kg) or oxazole  (3, 10 or 30 mg/kg). The animals were subjected to 10 uA electroshock for 0.2 

seconds which induced the tonic-clonic seizures in their hindlimb. The protection of animal from 

tonic and/or clonic seizures at the hindlimb defines the effectiveness of the drug. At the dose of  

3mg/kg diazepam (DZP) was able to decrease MES-induced convulsions. At the dose of 3 mg/kg 

KRM-II-81(2) was slightly effective and  at the dose of 10 mg/kg it was able to exhibit more 

anticonvulsant activity and the dose of 30 mg/kg it was able to protect the animals fully from tonic 

and clonic seizures where HZ-166 (1) was not able to show any effectivenss up to 30 mg/kg dose. 

 

Figure 12. Seizure percentage vs dosage of Diazepam, HZ-166 (1) and KRM-II-81 (2) in the 

MES assay for the evaluation of their anticonvulsant activities. Male CD-1 mice (n = 10) 

were administrated i.p. 30 min before testing with either vehicle (1% CMC), diazepam (1, 3 

or 6 mg/kg), KRM-II-81 (3, 10 or 30 mg/kg) or HZ-166 (3, 10 or 30 mg/kg). Analyzed using 

ANOVA (Dunnett’s test versus vehicle: * P < 0.05). (Adopted from Figure in Witkin, Cook 

et al) 89 

 

A commonly used antagonist of GABAARs is pentylenetetrazole (PTZ), which is used to  

effect convulsion activities in animal models of seizure and epilepsy. The 1,3-oxazole KRM-II-
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81 (2)  diazepam (DZP) and Hz-166 (1)89 were assessed   in the PTZ-induced seizure test. At first 

DZP (3 or 10 mg/kg), 1 (30 mg/kg) or 2 (10, 30 or 60 mg/kg) was given to the animals and  they 

were  then allowed to recover for 30 mins. Then PTZ (35 mg/kg) was administrated in order to 

induce seizures. The seizure activity on the rat were recorded. At the dose of 3mg/kg, diazepam 

was able to reduce PTZ induced seizures and the was able to achieve the full protection at the dose 

of 10 mg/Kg.The etheyl ester HZ-166 (1) was able to reduce some  PTZ induced convulsion at the 

dose of 30 mg/kg.  The 1,3-oxazole (2)exhibited some effectiveness at the dose of 10 mg/kg and 

gave full protection from PTZ-induced convulsions at the dose of  30 and 60 mg/kg. According to 

this assay, Diazepam is 10X more active than KRM-II-81(2) in order to provide protection to the 

animal from PTZ induced seizures. The data achieved from this assay was found to be consistant 

with the MES-induced assay. Before the PTZ induced assay, the animals were checked for 

potential motor impairmemts during 1 and 2 hours by doing inverted screen assay. For the inverted 

screen assay, rats were dosed with the drug and were scored for 1 min after 25 mins of dosing. 

Diazepam was found to have a minimal toxic dose (MTD) of 10 mg/kg with sedation/ataxia. For 

comparison, the MTD for 2 was reported to be 150 mg/kg (see more details in the ETSP report in 

Appendix V) with no ataxia and sedation was reported up to doses up to 250 mg/kg. The protective 

index (PI) had been calculated according to the following formula: (PI) = F(MTDinverted 

screen/MEDPTZ convulsions). The PI values for diazepam and  KRM-II-81(2) were 1 and 5 respectively. 

Thus 2 was found to have a wider safe therapeutic range than diazepam. Furthermore, at NINDS, 

ETSP; KRM-II-81(2) was given up to rats and no sedation nor ataxia or loss of righting response 
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was observed. 

 

Figure 13. Seizure percentages in pentylenetetrazole (PTZ)-induced seizures (35 mg/kg, 

s.c.) (A) and mean inverted screen failures (B) with different doses of diazepam, Hz-166 (1), 

KRM-II-81 (2). Significant probability was analyzed by Fisher’s Exact Probability test (*: 

p<0.05). For the motor score, n = 5 (diazepam, 3 mg/kg) or 8 (all other data) rats, 

0=climbed over to the top of the screen, 1= hanging on to screen, 2= fell off. Data were 

analyzed by ANOVA followed by Dunnett’s test with * p<0.05. PTZ alone produced 

convulsions in 96 ± 4%. The baseline motor scores were 0.12 ± 0.8. (Adopted from Figure 

in Witkin et al.) 89 

 

A seizure threshold assay was performed to determine the threshold limits on the decrease 

of seizure threshold for the drugs (KRM-II-81(2), HZ-166 (1) and diazepam). The rats were 

divided into two groups (with and without drug pretreatment). For both groups PTZ was 

administrated i.v. to induce convulsions and the threshold doses were recorded. It was found that 

the appropriate necessary PTZ dosage (administrated as bolus) to induce seizures was 35 mg/kg, 

while the threshold was 37.1 ± 1.9 mg/kg. These results have been outlined in Figure 14. The 

results imply that all the three drugs raised the requirment of PTZ dosage for inducing seizures. 

While 1 mg/kg Diazepam was able to increase the required dosage to 49 mg/kg, 60 mg/kg of ethyl 

ester Hz-166 (1) did not increase the required dosages. A dose of 10 mg/kg of 1,3 oxazole KRM-

II-81(2) required 71 mg/kg of PTZ to induce convulsions. Furthermore, 60 mg/kg of KRM-II-
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81(2) increased the dosage requirement to 108 mg/kg. In contrast, the anticonvulsant drug Valproic 

acid, at 300 mg/kg, only increases PTZ dosage requirement to 81 mg/kg. While diazepam was 

clearly the most potent, KRM-II-81 (2)was found to have a much wider range of dosage effect. 

 
Figure 14. The determination of the threshold of Hz-166 (1), KRM-II-81 (2), and diazepam 

(DZP) against PTZ-induced seizures. Subjects were dosed with diazepam, KRM-II-81, HZ-

166 or valproic acid 30 minutes prior to an i.v. infusion of PTZ until convulsions occurred in 

subjets, n = 8. Analyzed using ANOVA (Dunnett’s test: * P < 0.05). (Modified from Figure 

in Witkin, et al) 89 

 

The protective index (PI) was calculated following the method described above. A PI value 

>1 represents a separation between anticonvulsant and side-effect doses. PI=1 means there is no 

difference between the doses and PI<1 indicates the dosage to induce a toxic effect is smaller than 

the dosage required for the desired effect. As illustrated in Table 2, KRM-II-81(2) exhibited a 

much broader safety margin between the dose producing the desired effect and that inducing side 

effects. KRM-II-81(2) exhibited a strong and wide anticonvulsant profile against seizures in 

animals induced by both PTZ and electrical stimulus.  
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Table 3. PTZ-induced seizure data. 

Chronic Seizure Model 

The anticonvulsant effects of KRM-II-81 were further analyzed using the following 

chronic seizure models:  the lamotrigine (LTG) resistant amygdala-kindled seizure model in rats 

(i.p.), the corneal kindled seizure model in mice (p.o.), model of mesial temporal lobe epilepsy 

(mTLE) induced by the focal chemoconvulsant injection in mice (p.o.), and the chronic post-SE 

(KA) spontaneously seizing in rats: Stage 1 (i.p.). Since the acute seizure models indicated the 

possibilty of an anticonvulsant ligand KRM-II-81(2), this ligand was furtehr investigated in the 

chronic seizure models. Large scale synthesis of KRM-II-81(2) and MP-II-080 (3) was executed 

prior to this process, as it was essential. 

    One of the fastest and lower-cost screening processs for potential anticonvulsant ligands 

at ETSP is the corneal kindled mouse model. This method involves either electrical shock or 

epileptogenic drug stimuli. The results obtained in this study was further confirmed by the 

pharmacological profiles of drugs tested in humans for partial epilepsy.  In the corneaal kindled 

mouse model, stage 5 seizures were induced in CF-1 mice by subjeting them to kindled electrical 

Witkin et al – KRM-II-81                                                           1 

 

 

Table 2.  Protective indices (PI) for diazepam and KRM-II-81
a
. 

 

Assay    KRM-II-81  Diazepam 

 
Electroshock

    
15  3.3 

PTZ Clonus    5  1 

PTZ Threshold
  

 15  10 

After-Discharge Threshold  15  1 

After-Discharge Duration 
 

15  <1
 

Seizure Severity   15  1 
 

__________________________________________________________________________________________________________ 

aPI values were calculated as the minimal effective dose producing motor impairment 

/minimal effective doses producing efficacy.  Values for HZ-166 could not be calculated 

for any measure due to lack of efficacy.  Values of <1 are highlighted in bold. 
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stimulations (3 mA, 60 Hz) for a duration of 3 s on 12 h intervals. The stimulation process was 

continued for 10-14 days. The testing period was considered to start 5-7 days after the last day of 

stimulation. A group of 8 mice were administrated (2) p.o. with increasing doses of KRM-II-81 

(2) (1, 3,  8, 5, 15, 25, 30 mg/kg). The time of peak effect (TPE) was measured after 2 h. KRM-

II-81(2) was confirmed to possess moderate anticonvulsant effects at doses as low as 3 mg/kg, 

whereas considerable effects were obtained at doses over 8 mg/kg. The full protection was 

achieved at the dose of 15 mg/kg. It should be noted that KRM-II-81(2) was not found to exhibit 

any toxicity in doses lower than 50 mg/kg and 120 mg/kg in mice and rats respectively. 

 

Table 4. The effect of KRM-II-81 in a corneal kindled mouse model 

 

The lamotrigine (LTG)-resistant amygdala-kindled rat model is used both for investigating 

drug-effectiveness against symptomatic seizures as well as comparison of multiple drugs for 

effectiveness against resistant epilepsy. A state of resistant epilepsy was achieved in the animals 

by making them LTG-resistant. A daily administration of lamotrigine (5 mg/kg) causes a resistance 

to Na+ channel blockers during the kindling acquisition state. The effectiveness of KRM-II-81(2) 

in the cases of resistent epilepsy was tested by administering the LTG-resistant mice with doses of 

1, 5, 10, 20 and 40 mg/kg of the drug. The time of peak effect (TPE) in this case was determined 
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to be 1 h. The doses of 5 and 10 mg/kg of KRM-II-81(2) were moderately successful at protecting 

the animals, whereas 50% protection was achieved at a dosage of 20 mg/kg. At an even higher 

level of 40 mg/kg, signification protection was achieved where 75% of the animals were protected 

1 hr post-administration of KRM-II-81(2) (outlined in Figure 15). A 40 mg/kg dosage of KRM-

II-81(2) not only lowered the siezure score by nearly 60%, it also cut the duration of seizure by 

half (Figure 15 B & C). 

 
Figure 15. The seizure protection percentage at the doses of 1, 5, 10, 20, and 40 mg/kg (A), 

seizure severity at 40 mg/kg as compared to vehicle (B) and seizure duration at 40 mg/kg as 

compared to vehicle (C) of lamotrigine (LTG)-resistant amygdala-kindled rats administered 

with KRM-II-81 (2). The average seizure scores ± S.E.M.and afterdischarge duration is 

noted, as are the number of animals protected from seizure (defined as a Racine score < 3) 

over the number of animals tested.  
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The MTLE mouse model includes many features of  Temporal Lobe Epilepsy (TLE) in 

humans. One of the major causes of refractory epilepsy is Mesial Temporal Lobe Epilepsy 

(MTLE), originating from the hippocampus of the affected patient’s brain. For this test, a non-

convulsive Severe Epilepsy (SE) was induced in a subject mouse by the administration by injection 

i.v. of the neurotoxin Kainic Acid (KA) (1 mmol in 100 mL of vehicle) as an epileptogenic agent. 

This induced severe epilepsy in the animal that can last for hours. An electrode was implanted into 

the left part of the hippocampus of male rats in order to measure Paroxysmal Hippocampal 

Discharges (HPD). After 4 weeks of KA administrations, the mice reached a stage of recurrent 

seizures (30-60 times per hour, each lasting 15-20 s). A group of MTLE mice (n = 5) were injected 

i.v. with KRM-II-81 (15 or 30 mg/kg) and EEG recordings were raken 20 min prior and 90 min 

post-administration of the drug. The HPD signals were recorded each time for a 20-min interval 

starting 10 min before the PTE. KRM-II-81(2) was able to reduce the rate of epilepsy to 31.3% at 

a dosage of 15 mg/kg and to 8.7% at 30 mg/kg (Table 5). This data confirms the potential of the 

drug as a possible cure for refractory epilepsies in humans. 

 

 

Table 5. The effect of KRM-II-81 (2) at 15 mg/kg on in MTLE mice model. 

 

Table 6. The effect of KRM-II-81 (2) at 30 mg/kg on in MTLE mice model. 
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Status Epilepticus (SE) is a type of severe epilepsy, where either repeated seizures happen without 

an interval of full recovery or continuous seizures occurs for longer than 30 min. In the SE-induced 

spontaneous recurrent seizure model, rats were administered i.p. with Kainic Acid (7.5 mg/kg) on 

an hourly basis for up to 4 h to induce SE in the animals. At the end of the 4 h period, all animals 

achieved stage 5 seizures. The treatment was continued for 10 weeks. Then each animal was 

implanted with a wireless telemeter into the peritoneal space under its skin. This  implant was used 

for EEG monitoring and only the rats with the highest seizure burden scores were selected for the 

study (n = 24). During the first week of the study, the baseline seizure rate was determined. The 

rats were then divided into a vehicle and a drug-treated group (n = 12 each). On the week 2, the 

subject animals were administered with KRM-II-81(2) (20 mg/kg) for a period of 5 days. On week 

3, the rats were given only vehicle treatment for  washout. The cross-over paradigm was used to 

account for any possible design variations. A group of rats (n = 6) were administered with vehicle 

only, whereas another group of rats (n = 6) were administered first with the vehicle and then with 

KRM-II-81 (2). The animals were monitored post-treatment and a list of detected events was 

produced. The results indicated that KRM-II-81(2) considerably improved the condition of KA-

induced SE in the rats that were treated with the drug either on week 2 or week 3. A 75% drop in 

daily seizure burden score was observed in the test group. 50% of the drug-treated rats were 

protected from SE whereas the baseline and the vehicle did not exhibit any changes. The 

generalized seizures were found to be recurrent in the control group during the vehicle treatment 

period. These results have been outlined in Figure 16.  
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Figure 16. The effect of KRM-II-81 (2) in the spontaneous recurrent seizures caused by SE 

in rat models. At week 1, a baseline seizure rate is determined. A group of rats (n = 12) were 

enrolled in Stage 1 chronic monitoring and then split into two treatment groups (n = 

6/group). On week 2, one group of rats was given 20 mg/kg of KRM-II-81 (2) for 5 days, 

(Monday-Friday). At the end of the treatment period, rats were monitored throughout week 

3 with only vehicle treatment. On the other hand, the second group (n = 6) received vehicle 

first, followed by the treatment of 2. Each data represents a seizure event. * p<0.05 as 

compared to the vehicle group. (Unpublished data) 
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Combination therapy 

Adult male Sprague-Dawley rats (Envigo, Indianapolis, IN, USA) weighing 200-250 g 

were used for these studies. The animals were kept in 12/12 h light/dark cycles. The access to food 

and water were only restricted during the experimental sessions. A group of 8 rats were selected 

for each session. The inflammatory pain was induced by inoculating the anesthetized rats with 

Complete Freund’s Adjuvant (CFA) (0.1 mL), injected into the right hind foot pad. On the other 

hand, neuropathic pain was induced by the Chronic Constriction Injury (CCI) procedure. Upon 

anesthetizing the rats, the sciatic nerves were exposed and four ligatures (4-0 chromic gut; Roboz 

Surgical Instrucment Co. Inc., Rockville, MD) were placed on each rat about 1 mm apart around 

the sciatic nerve. 

Mechanical hyperalgesia was determined using von Frey filaments (1.4 g – 26 g; North 

Coast Medical, Mogran Hill, CA) two days post-inoculation and 7 days post-surgery respectively.  

These subject animals were placed in elevated chambers with mesh floors. The filaments (starting 

with 1.4 g in ascending order) were applied to the medial plantar of the hind paw for approximately 

2 s until buckling occurred. The mechanical threshold is defined as the lowest force that cause the 

animal to withdraw the hind paw. The time course study was conducted upon administering a 

single injection of either one of the compounds (KRM-II-81 (2), NS16085 or the vehicle) and 

assessments made every 15 min for a duration of 4 h. For cumulative dosing procedures, 

measurements were made every 20 min and each dosage was administered immediately after 

measurement. 

The food maintained operant responding experiments were carried out in commercially 

available chambers inside a sound-reducing, ventilated enclosures.91 Two groups of rats (n=8) 
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were trained to press a lever for food. The chamber contained one active and another inactive lever. 

There were six experimental cycles, and each cycle started with a 15-min inactive period during 

which the chamber was dark, followed by a 5-min response period under light during which 

pressing the active lever would dispense food. The drugs were administered in combination at the 

beginning of each inactive period. The response period ended either after 5 min or after dispensing 

5 food pellets- whichever came first. The light was turned off at the end of each cycle. 
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Figure 17. The effects of oxycodone, morphine, and GABAA receptor positive allosteric 

modulators on CFA-treated rats (shown as percentage in von Frey (top) and Hargreaves 

(bottom) assay. 

 

 

 

Treatment von Frey Hargreaves 

Morphine 3.17 (2.59, 3.89) 2.99 (2.45, 3.65) 

Midazolam 3.05 (2.96, 3.73) 2.66 (1.95, 2.67) 

KRM-II-81 3.84 (3.13, 4.72) > 10 

NS16085 9.63 (7.39, 12.5) > 17.8 

Oxycodone 1.13 (0.90, 1.43) 0.91 (0.56, 1.47) 
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Oxycodone/Midazolam   

1:3 1.96 (1.34, 2.87) 1.08 (0.41, 2.90) 

1:1 1.03 (0.83, 1.30) 0.68 (0.35, 1.34) 

3:1 

Oxycodone/KRM-II- 

81 

0.76 (0.58, 1.00) 0.52 (0.37, 0.73) 

1:3 3.29 (2.77, 3.91) 3.55 (1.98, 6.36) 

1:1 1.76 (1.32, 2.32) 2.80 (1.54, 5.09) 

3:1 0.93 (0.68, 1.27) 0.67 (0.32, 1.40) 

Oxycodone/NS16085   

1:3 6.36 (4.02, 10.1) 11.0 (7.07, 17.2) 

1:1 4.60 (2.91, 7.29) 3.34 (1.99, 5.62) 

3:1 2.32 (1.81, 2.96) 1.16 (0.57, 2.37) 

Morphine/Midazolam   

1:3 1.84 (1.35, 2.51) 1.93 (1.28, 2.91) 

1:1 1.79 (1.29, 2.48) 0.86 (0.69, 1.07) 

3:1 0.67 (0.47, 0.96) 0.27 (0.14, 0.52) 

Morphine/KRM-II-81   

1:3 1.88 (1.50, 2.36) 1.23 (0.83, 1.83) 

1:1 1.44 (1.25, 1.65) 0.87 (0.51, 1.50) 

3:1 0.83 (0.72, 0.95) 0. 56 (0.42, 0.74) 

Morphine/NS16085   

1:3 5.37 (4.26, 6.76) 3.98 (3.19, 4.96) 

1:1 4.07 (3.06, 5.40) 2.46 (1.95, 3.10) 

3:1 2.60 (2.05, 3.30) 1.88 (1.33, 2.65) 

 

Table 7. ED50 values (95% CL) for different individual and combination drugs in the von 

Frey (center column) and Hargreaves' test (right column). For drug combinations, only the 

ED50 values of the GABAA PAMs are shown. 

 

The mean Paw Withdrawal Threshold (PWT) under control conditions for the von Frey 

test was 23.4 g. The PWT value after the CFA administration was 4.67 g. Significant reduction of 

PWT was observed after the administration of KRM-II-81(2) and NS16085. The potent dosage 

for these two drugs were found to be 3.2-5.6 mg/kg and 10-32 mg/kg, respectively. The GABAA 

receptor PAMs mildazolam, KRM-II-81(2) and NS16085 all produced significant mechanical 
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analgesia. These drugs are also promising in combination therapy with opioids such as oxycodone 

and morphine. 

2.5. Behavioral effects of subtype-selective GABAA PAMs 

For this study, adult male Sprague-Dawley rats (Envigo, Indianapolis, IN, USA) weighing 

200-250 g were used. The animals were maintained and prepared for experiments. The 

inflammatory pain was induced and mechanical hyperalgesia was measured. The animals were 

administered a single injection of one of the three drugs: KRM-II-81(2), NS16085 and midazolam 

at the beginning of each test session and then placed in the test chamber. 

 
Figure 18. The effects of GABAA PAMs on CFA-induced mechanical nociception, muscle 

relaxant activity and control responding rate. The filled-in symbols (gray) indicate that 

effects are significantly different from vehicle treatment condition (p <0.05). 
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Figure 19. The effects of GABAA PAMs on the working memory in rats as percentage of 

alternation for different drugs. Asterisks indicate scores which are significantly different 

from the saline-treated group (p <0.05). 

 

Place escape/avoidance paradigm 

The affective-emotional component of pain was analyzed on the basis of the place 

escape/avoidance paradigm.92, 93 The animals were placed in an inverted cage that was painted half 

white and half black. The 60 g von Frey filament was applied to the hind paws of the rats every 15 

s over the course of 30 min. When the rat was on the black side of the cage, the filament was 

applied on the inflamed paw and when it was on the white side, the filament was applied on the 

non-inflamed paw. The percentage of time spent on the white half of the cell was used to determine 

the escape/avoidance learning. This was a blind experiment, where the experimenter was unaware 

whether the vehicle or one of the drugs had been administered to the animal.  
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Horizontal wire test 

A horizontal wire (galvanized, 16 gauge 1/16” diameter) was strung across the cage. A 

group of 10 rats were lifted by the tail and allowed to grasp the wire, following the previously 

established procedure.94 If the animal was unable to complete the task within 3 s, it was recorded.  

The cumulative dosage procedure was followed in this study. Measurements were made every 20 

min and the next dosage of drug was administered immediately after measurement. This was also 

a blind test where the experimenter was unaware of the drug and dosage. 

T-maze spontaneous alternation task 

A Plexiglass T-maze was constructed and painted with a grey color for this experiment. 

The maze was 30 cm tall, with the start arm and goal arm having the measurements of 50 cm x 16 

cm and 50 cm x 10 cm, respectively. Guillotine doors were positioned at the midpoint of each arm 

to prevent the animal from escaping after a choice was made. Four groups of rats (n=10 each) were 

selected and each group treated with one of the following: KRM-II-81 (2), NS16085, midazolam 

and saline. The treatments were administered 20 minutes before the first trial. A total of seven 

trials were carried out. At the beginning of each trial, the animal was placed in the start arm and 

allowed 2 min to choose either the right or left goal arm. Once its whole body had entered its 

chosen goal arm, the guillotine door was quietly slid down to prevent the animal from escaping. 

After keeping the animal confined for 30 s, it was removed and placed back in the home cage for 

another 30 s. This process was repeated until all 7 trials were done. This was a blind experiment 

where the experimenter was unaware of the drugs administered. In the placed escape/avoidance 

study, a dosage of 1.0 – 3.2 mg/kg of KRM-II-81(2) was found to significantly reduce the behavior 
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25 – 40 min after administration of the drug. In the horizontal wire test, the KRM-II-81(2) 

produced a dose-dependent impairment of the grasping reflex and increased myorelaxant activity 

at dosage 17.8 and 32 mg/kg. In the T-maze test, the mean alternation percentage was reduced 

from 70% to 61% in case of KRM-II-81(2) which was deemed to be statistically insignificant. In 

general, KRM-II-81(2) and NS16085 both displayed a favorable side-effect profile in comparison 

with midazolam. Both drugs were able to selectively produce analgesic effects. These data strongly 

suggest that KRM-II-81(2) and NS16085 are able to produce analgesia without causing the 

undesired pharmacological effects associated with benzodiazepines. 

2.6. Discriminative Stimulus Effects  

The subject animals were chosen and prepared following the same method as described in 

the section 2.5. Behavioral effects of subtype-selective GABAA PAMs For the drug discrimination 

studies, two-lever operant chambers were placed inside sound-attenuating and ventilated 

enclosures following previously published procedures.95-97 Two groups of animals were trained to 

discriminate saline from midazolam or KRM-II-81(2) (3.2 mg/kg, injected i.p.). This is a multiple-

cycle training procedure described in the previous literature.97, 98 Each cycle started with a 15-min 

timeout period where the chamber was kept dark. After that, light was turned on and a 5-min 

response period was started during which a cue light above each lever was illuminated. Ten 

consecutive correct responses would result in food delivery. Each lever was predetermined to 

either resulting into an injection of the saline or the drug (midazolam or KRM-II-81). The response 

period ended after 5 min or the delivery of 10 food pellets. 

The training session started at single-cycles. The animals were trained by first 

administering either of the drugs or their respective vehicles. These sessions were conducted on a 
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daily basis and alternated between drug and saline every two days. When an animal would achieve 

90% or better accuracy of responses, it was promoted to multi-cycle training. During the multi-

cycle trainings, each day would either consist of two vehicle/drug training sessions or one to three 

vehicle-only sessions. There were also training cycles with five consecutive vehicle training days. 

This training protocol was to ensure that there was minimal lever-bias in the animals. 

The test sessions were similar to the training sessions and lasted up to five cycles. During 

the test sessions, 10 consecutive responses on either lever delivered food pellets. The animals were 

administered either the vehicle or the drugs before the first cycle of teach test session. The drugs 

were prepared and administered i.p. While rats achieved reliable dose-discrimination with 

midazolam, only 40-80% of the response was produced with KRM-II-81. Upon a series of over 

115 training sessions, reliable drug discrimination response was not achieved with KRM-II-81. 

This is an important finding because the ability of drug discrimination indicates the potential of 

abuse of a certain drug. KRM-II-81 (2) does not substitute for midazolam which indicates it will 

not create dependence addiction like benzodiazepines. 

2.7. Chemistry of deutarated analog of KRM-II-81 

 

Scheme 1. Synthesis of D5 KRM-II-81 

 



40 
 

The synthesis of the deuterated analog of KRM-Ii-81, D5-KRM-II-81 followed the same 

procedure as KRM-II-81 except dry CD3OD was used here for deuterium source. The 

toluenesulfonylmethyl isocyanide, K2CO3 and the aldehyde were dissolved in CD3OD instead of 

methanol and run for 2 h. For full conversion mass spectroscopy and NMR were employed over 

time to ensure deuterium atoms had replaced the corresponding hydrogen atom.. From D6 KRM-

II-81 to D5 KRM-II-81, the deuterium on C8 position was exchanged with proton by using 

methanol which was the proton source. In this case the amount of methanol is very important. 

 

Scheme 2. Synthesis of d4-KRM-II-81. 

In case of d4 KRM-II-81, KRM-II-81 was stirred with base K2CO3 dissolved in dry 

CD3OD. It was heated to reflux for 2 h. Again, to exchange the C (8) deuterium with a proton 

methanol was added quantitative amount and heated for 30 minutes as shown above.  

In previous several studies it was found that introduction of a chlorine molecule into one 

or more certain positions of a molecule can improve the biological activity. For SAR, different 

analog with 2’Cl of lead compound KRM-II-81 had synthesized. Most of them are noncytotoxic 

and less sedative in rotarod assay. The 2’Cl non chiral analog of  KRM-II-81 has discussed in this 

section. 
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Figure 20. Analogs and bioisosteres of the lead compound 

 

2.8. Molecular Docking  

Recently, several cryo-EM independent studies have provided crucial insights into the 

structure  the heteropentameric GABAA Rs ion channels.99-102 These structures not only yielded 

unprecedented insights into the overall architecture of heteropentameric GABAA Rs but also into 

the protein interactions of diverse ligands including the agonist GABA and positive allosteric 

modulators (PAM) BZDs (diazepam and alprazolam).103 The GABAA receptor-signaling 

mechanism is described by a “lock and pull” mechanism.  The binding of GABA at the β3+/α1- 

interface leads to the movement of loop-C, which initiates a concerted global anti-clockwise 

motion in the extra cellular domain (ECD). The BZDs facilitate this motion by binding at the 

α1+/γ2- ECD interface.103 Examination of cryo-ER structures of the α1β3γ2L GABAA R (6HUP 
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and 6HUO) clearly illustrates what is believed to be the active conformations of diazepam (DZP) 

and alprazolam (ALP). These cryo-ER structures reveal three of the most important interactions 

which are important for BZDs to function as a PAM, i) bifurcated hydrogen bonding with 

1Ser205, ii) halogen bonding with the backbone of 1His102, note that flunitrazepam and 

clonazepam have nitro group at C7 which are highly likely involved in a hydrogen bond with the 

histidine side chain and the compensating halogen bond interactions with diazepam and, iii) pi-pi 

stacking with 1Tyr210 and 1Phe100 showed in Figure 21 and Figure 22.  In the case of 

diazepam the  subunit is indispensable because diazepam have other binding site but in our 

research we are only interested in at the BZPs binding site.104 DZP and ALP interact with the 

1His102 via halogen bonding with the backbone carbonyl as shown in Figure 21 and Figure 22. 

The distance between the chlorine atom and carbonyl oxygen of 1His102 was 3.8 Å in the DZP 

bound cryo-ER structure (6HUP) and 2.9 Å in the case of ALP (6HUO). The σ-hole angle is 165-

167° in both cyro-ER structures. The bifurcated hydrogen bond formed by ALP with 1Ser205 is 

shorter than that configured with bound DZP. The shorter halogen bond and bifurcated hydrogen 

bond interaction are consistent with the more potent affinity of ALP toward 1 as compared to 

DZP.  
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Figure 21. Diazepam (yellow) in a complex with α1 (aquamriane) and γ2 (orchid) subunits of 

α1β3γ2L GABAA receptor 6HUP. Dashed lines indicate π–π interactions, hydrogen bonds 

and halogen bond.100  

 

The active confirmation of BZDs is unique at the +- interface of GABAA R and enable 

the ligands to function as PAMs. The movement of the loop-C at the +- interface during GABAA 

channel opening is facilitated by BZD binding in this unique conformation. The unique active 

confirmation of BZDs is further evident from two cryo-ER structures (6HUP and 6HUO), both 

structures of which have similar active confirmations of DZP and ALP (Figure 22 and Figure 

23).103 Flumazenil is a competitive antagonist of BZDs and it is used as an antidote in the treatment 

of benzodiazepine overdose.105 Examination of the cryo-ER structure of flumazenil (6D6U) with 

the GABAA R illustrates that flumazenil binds at the +- interface in a different conformation  as 

compared to DZP or ALP (Figure 22 and Figure 23).102 Examination of the cryo-ER structure 

(6D6U) also indicates that flumazenil does not form the two key interactions of the bifurcated 

hydrogen bond and the halogen bond interaction with the protein. The lack of these two 



44 
 

interactions is responsible for the inability of flumazenil to facilitate the loop-C movement at the 

+- interface of the GABAA R. Therefore, flumazenil acts as a competitive antagonist at this site 

(Figure 23) where it overlaps with only part of the structure of the BZDs.  

 
Figure 22. Alprazolam (orange) in the complex with α1 (aquamriane) and γ2 (orchid) 

subunits of α1β3γ2L GABAA receptor 6HUO. Dashed lines indicate π–π interactions, 

hydrogen bonds and a halogen bond. 

 
Figure 23. Overlap of diazepam (yellow) and flumazenil (grey) in complex with α1 

(aquamriane) and γ2 (orchid) subunits of α1β3γ2L GABAA receptor 6HUP and 6D6U. 
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The sequence alignment of 1-6 subunits indicates that in the 4 and 6 peptides the 

1His102 is replaced with an arginine residue, the larger side chain of which sterically clashes 

with ALP and DZP. This explains why classical BZDs such as DZP and ALP do not act on 

GABAA R subtypes containing α4 or α6 subunits.  In addition, the pocket L3 is smaller. The 

His102 is conserved in 1-3 and 5 subunits. The amino acid residues involved in the interaction 

with the pendant phenyl ring of DZP and ALP are conserved in 1-3 and 5 subunits. Examination 

of the loop-C region of the  subunits show subtle differences in amino acid residues inside the 

BZDs binding site. The Ser205 residue in the 1 subunit is replaced in the 5 subunits with 

Thr205. Moreover, the Val203 residue in the 1 subunit is replaced with an Ile203 in 2-3 and 5 

subunits. These subtle differences in amino acids provides unique 3-dimensional shapes of BZD 

R binding pockets. 

The cryo-ER structure of the α1β3γ2L GABAA Rs (6HUP and 6HUO) has been used with 

the help of Dr. Golani to interrogate the differences in the molecular interactions.103 The role of 

the halogen atom at C7 in the DZP ring can be explained by this and also the molecular interactions 

of  the 2’-substituent on the pendent phenyl ring of DZP can be investigated by this docking. 

  Here structural docking studies were conducted to identify the unique structural features 

of KRM-II-81(2) that might be responsible for reduced sedative effects. KRM-II-81(2) with poor 

interaction with α1-associated GABAARs is described, KRM-II-81(2).86  KRM-II-81 was docked 

in the ALP (alprazolam) bound CryoER structure (6HUO). Overlay of the bound ALP 

conformation and the best pose of KRM-II-81(2) showed that the pendant ring of both compounds 

bound similarly; however, the imidazodiazepine ring and triazole/imidazole rings bound in a 

different conformation.106  The chlorine atom at the C8 position in alprazolam formed a halogen 
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bond with the carbonyl oxygen of the 1His102 amino acid backbone. In contrast, the acetylene 

in place of the chlorine atom at C8 of KRM-II-81 (2) did not interact with this 1His102.  Docking 

scores of alprazolam and KRM-II-81 (2) were -10.8 kcal/mol and -9.4 kcal/mol, respectively 

demonstrating that alprazolam binds more strongly to the α1β3γ2L GABAA receptor as compared 

to KRM-II-81(2)  

 

Figure 24.  Binding of KRM-II-81 at the α+γ- interface of the GABAA receptor.  Docked 

KRM-II-81 (sandy brown) in complex with the α1β3γ2L GABAA receptor 

 

FR-II-60 (14) was also docked with ALP (alprazolam) bound CryoER structure (6HUO) 

(Figure 26). FR-II-60 (14) does not interact with the 1His102 via a halogen bond with the 

backbone carbonyl KRM-II-81(2). In FR-II-60 (14), the acetelene group forms a hydrogen bond 

instead of a halogen bond with Val203, in addition the three centered bifurcated hydrogen bond is 

formed between the N atom of seven membered ring, the nitrogen of the imidazole top ring and 

the oxazole ring with the SER205 which value is 2.1A. The bifurcated hydrogen bond formed by 

FR-II-60 (14) (2.1 A) with 1Ser205 is shorter than that configured with bound KRM-II-81(2) 
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(2.7A). The shorter halogen bond and bifurcated hydrogen bond interaction should make FR-II-

60 (14) more potent the 1β3γ2 sites as compared to KRM-II-81. The docking score of FR-II-60 

(14) and KRM-II-81(2) is -10.8 kcal/mol and -9.4 kcal/mol respectively. Due to the halogen atom 

at 2’ position of FR-II-60 (14), it forms one more halogen bond with the Val203. The analysis of 

FR-II-60 (14) on the rotarod is very important to test the alignment of the molecule, because 

indication from this model suggest FR-II-60(14) will be more sedating than KRM-II-81(2). 

 
Figure 25. Binding of FR-II-60 at the α+γ- interface of the GABAA receptor. Docked KRM-

II-81 (sandy brown) in complex with the α1β3γ2L GABAA receptor 

 

Figure 26. Overlap of FR-II-60 (yellow) and Alprazolam (grey) in complex with α1 

(aquamriane) and γ2 (orchid) subunits of α1β3γ2L GABAA receptor 6HUO. Dashed lines 

indicate π–π interactions, hydrogen bonds and halogen bond.  
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2.9. Chemistry of FR-II-60 

To synthesize FR-II-60 and other analogs of 2’Cl amino benzophenone, the starting  

2`amino benzophenone was synthesized first.  Many kinds of routes have been tried to make this 

starting material. At first the lithium halogen exchange reaction was attempted in the presence of 

n-BuLi and  this was followed by addition of  4-Br amino benzoic acid. After several attempts 

with different kinds of optimization (temperature, solvent, time), this route was developed. The 

other route, Friedel-craft benzoylation was found. The proposed Friedel–Crafts benzoylation of 4-

aminobenzophenone using different kinds of Lewis acids is a method which consists of three steps 

(i) the first step is to protect the amino group in order to stop N-acylation, (ii) the second step 

requires the Friedel–Crafts benzoylation reaction, (iii) and the third step is the deprotection of the 

amide in acidic solution. Different types of Lewis acids were used but only ZnCl2 was able to 

provide the desired final 2’Chloro benzophenone. Under this Lewis acid contains a Fries-type 

rearrangement was attempted under the same conditions. But that reaction did not work and this 

confirmed that ZnCl2 with heat effected the Friedel–Crafts acylation. 

 

Scheme 3. Reaction Scheme for (2-amino-5-bromophenyl)(2-chlorophenyl)methanone 

 

 
Scheme 4. The failed attempt of synthesis of (2-amino-5-bromophenyl)(2-

chlorophenyl)methanone 
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Table 8. Optimization of large scale synthesis of (2-amino-5-bromophenyl)(2-

chlorophenyl)methanone 

 

A mixture of 4-bromoaniline and 2-chlorobenzoyl chloride was charged in a 3L round 

bottom flask and the mixture was heated to and kept at 150oC for an hour under an argon 

atmosphere. The temperature was gradually increased to 220-230°C and kept for 6-7 h for 

complete evolution of HCl.  After cooling to 120°C, water was added dropwise, and the mixture 

was stirred and heated to reflux for 30 minutes. The hot water layer was decanted, and this 

procedure was repeated three times to remove white Zn(OH)2. The resulting gummy mass was 

finally dissolved in a mixture of 30.0 mL of H2O, 90.0 mL of CH3COOH and 210.0 mL of 

concentrated H2SO4 and refluxed for 24 hours to deprotect the amine. Although the yield was very 

poor due to the steric hindrance of the ortho chloro group accompanied by the electron withdrawal 

bromine atom the Lewis acid–base adduct formed between the aniline with ZnCl2, the best yield 
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was 44%. This reaction was scaled up to 200 grams  and run 6 times to provide the expensive 

2’Chloro benzophenone. 

 

 

 

Figure 27. Proposed mechanism for 2’Cl benzophenone 
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Scheme 5. The total Synthesis of ethyl acetelene ester of 2’Cl benzophenone (6) 

To acylate the 2’chloro benzophenone (6) in the presence of sodium bicarbonate, 

bromoacetyl bromide was employed. The acylated intermediate (7) was isolated and without any 

column chromatography it was purified by washing the solid with 10% ethyl acetate and hexane 

mixture. To make the cyclized amide the acylated intermediate (7) was dissolved in methanol and 

this was followed by adding a saturated solution of NH3 in meyhanol to produce a β-amino amide 

intermediate which further cyclized to form the amide (8). There are two problems associated with 

this route; the first of which was the imidate by product which formed due to the use of excess 

saturated ammonia and the prolonged time of reaction was on big scale. This is the reason for less 

yield upon the scale up chemistry. This imidate by product was isolated and the structure confirmed 

by Dr. Danial Knutson. The second problem was purification, column chromatography is needed 

to purify (8) at this stage.  Consequently a new method was developed by Dr. Knutson  based on 

the work of by Blažević and Kajfež107 and further refined by Cepanec,108 where 

hexamethylenetetramine-(HMTM) was used instead of a saturated solution of ammonia. This 

Delépine reaction, which is used to make primary amines from alkyl halides using HMTM 
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followed by acidic hydrolysis of the quaternary ammonium salt was established by the French 

chemist Stéphane Marcel Delépine.109  

In this new approach, by using HMTM this furnished the quaternary ammonium via a 

nucleophilic substitution reaction which subsequently was hydrolyzed to produce the β-amino 

amide intermediate. This intermidiate further condensed with the carbonyl function of the 

benzophenone and yield the 2’ Cl-benzodiazepine (8). In this reaction solvent plays very important 

role to increase the yield. It was noticed that using primary alcohol (methanol and ethanol) increase 

the tendency to have β-alkoxy amide as by product. To avoid this by product IPA (isopropyl 

alcohol) was used as a solvent. This reaction was finished in 4 hours. After cooling to the room 

temperature, the IPA was concentrated under reduced pressure. The off-white solid was 

precipitated and was filtered off. In the remaining IPA filtrate, water was added dropwise and 

product which was dissolved in the IPA started precipitated. The next batch of precipitate was 

again filtered off. The yield of this reaction was 95% and no column chromatography was needed. 

 

 
Scheme 6. Hexamethylenetetramine-Based Cyclization Reaction 
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The next step involved the installment of imidazole ring to the benzodiazepine ring. In well 

studied conventional process potassium t-butoxide was used as a base to deprotonate the amide of 

the benzodiazepine that can underwent a nucleophilic addition reaction with 

diethylchlorophosphate to form an iminophosphate. This was followed by a nucleophilic addition 

with the enolate of ethyl isocyanoacetate yielded the desired imidazodiazepine. The purification 

of the product was done by column chromatography. Moreover, the reagent was added to the 

reaction mixture by cooling it to -78o C and again running for few hours at room temperature. This 

process was developed in the 2’N imidazodiazepine series which was also applied to the 2’Cl 

benzodiazepine and monitored by TLC.88 The temperature and addition of the reagent plays a very 

important role in this reaction. The formation of the iminophosphate ion required -20o C to form 

and the nucleophilic addition of the enolate of ethylisocyanate requires needs -30-35o C, so the 

temperature was tried to keep -20 to 15o C the entire time until the last reagent was added. Also, 

the isocyanate reagent including the potassium t-butoxide (in a mixture with THF) was added 

dropwise to the reaction mixture to control the rate of reaction. In the modified procedure, the 

homogenous solution of THF and benzodiazepine under  argon pressure was cooled to -20o C, 

after which the mixture of potassium t-butoxide and dry THF was added to the reaction mixture 

dropwise. The reaction was stirred for 1 h while the temperature was maintained -20o to -15o C. 

Then the diethylchlorophosphate (1.4 eq) was added to the reaction mixture dropwise and the 

reaction stirred for 2 more hours at -20o to -15o C. After checking the TLC when no starting 

material was left, which indicated the formation of the iminophosphate intermediate was complete, 

the ethyl isocyanoacetate was added dropwise and right after that a mixture of potassium t-

butoxide and dry THF was added dropwise to the reaction mixture. The second portion of 

potassium t-butoxide helps to form the enolate, to add the iminophosphate intermediate. After 
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addition of all the reagent, the reaction mixture was allowed to stir for 12 h in room temperature. 

When the reaction was complete, the reaction was quenched with 5% sodium bicarbonate solution, 

which was followed by extraction by DCM. After washing with the brine, all the organic layer 

combined and concentrated under reduced pressure to obtain a brownish colored slurry and this 

was washed with t-butyl methyl ether (tBME) to remove all the phosphate related byproducts. In 

this modified method no column chromatography was needed and the reaction yield increased 

from 56% to 65%. This process was scaled up to 90 g and run for 5 times. 

To convert the aryl bromide to the silyl protected acetylene, the copper free Sonogashira 

coupling reaction was performed. In the previous method TMS-acetylene (1.5 eq) and 

bis(triphenylphosphine) palladium (II) diacetate (Pd(OAc)2(PPh3)2)  was employed as the 

catalyst, as well as a large excess of triethylamine was used. The reaction time was 15 hours, 

moreover the catalyst was too much sensitive to air. A small amount of oxygen can poison the 

catalyst and to avoid the problem a very careful de- gassing protocol was required. Sometimes to 

complete the reaction excess TMS-acetylene was needed and added with fresh catalyst but this 

could react with the 2’Cl as well and form a byproduct. Moreover, the purification was very 

difficult if there was any starting aryl bromide left because the final product protected silyl 

acetylene has very close Rf values. 

Since the catalyst was very sensitive to oxygen, a different catalyst which is less sensitive to 

oxidation was needed. The previous catalyst was poisoned very easily due to the oxidation of the 

triphenylphosphine and the triphenylphosphine oxide was difficult to remove. Consequently, a 

different ligand tri-ortho-tolylphosphine [(P(o-tolyl)3] was used with the catalyst which has a 

larger cone (1940) than triphenylphosphine (145o). Since this catalyst is less sensitive to air, there 

is no need to de-gas the system. In addition, the TIPS-acetylene reagent (1.2 eq) was used instead 
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of the TMS-acetylene (1.5 eq) to easy separation from starting bromide compound. The Rf of the 

TIPS protected product is not close to the starting aryl bromide consequently, it is easy to remove 

the sedating bromide. In this modified process the reaction time reduced from 15 hour to 4 hour. 

The silica pad was used to remove the undissolved, used catalyst after reaction. The filtrate was 

extracted with dicholoromethane and sodium bicarbonate to eliminate triethylammonium bromide. 

All the organic layers combined and concentrated. This was followed by a flash chromatography 

to remove baseline impurities. This modified method increased the yield 72 to 78%. This Process 

scaled up to 60 g and repeated 5 times. 

The next step was to remove the TIPS group by using tetrabutylammonium fluoride which 

is a source of F-. The homogenous mixture of the TIPS acetylene and THF was cooled to -20o C 

as the deprotection began at -20-15o C, then TBAF·xH2O (1.0M in THF) was added dropwise to 

the reaction mixture. The process was completed after 1 hour and was confirmed by the TLC 

(Silica gel). After quenching the reaction with water, ethyl acetate was added to the reaction 

mixture to make a biphasic solution. All the organic layers were combined and reduced under 

pressure. The crude residue was purified by flash column chromatography which was able to 

remove the TBA-OH and TIPS-F side products. This reaction was scaled up to 50 g and repeated 

5 times. The best yield of this reaction 90%. 

 

Scheme 7. Synthesis of FR-II-60 
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Figure 28. Proposed mechanism for ester to aldehyde 

 

 

Figure 29. Proposed mechanism for aldehyde to oxazole 

 

1,3 oxazole is one of the exclusive bioisosteres which has a an electron density diagram 

similar to an ester functional group. In the past different kinds of 1,2,4-oxadiazoles have shown 

very good therapeutic profiles and important clinical value. In this research it was found that 

KRM-II-81(2) which is a 1,3 oxazole of a 2’N imidazodiazepine demonstrated very good 

anticonvulsant activity as well as anxiolytic properties with good bioavailability. It was 

anticonvulsant in different animal assay and antinociceptive in 8 assays. However, the 1,3 oxazole 

in 2’Cl series never had been reported before.  
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In order to synthesize the 2’Cl 1,3 oxazole, the first step is to convert the ester function to 

aldehyde, and which is the most challenging step. In the case of choosing a reducing agent for the 

diazepine moiety is very difficult because the[N(5)-C(6)] imine bond undergoes reduction very  

also the aldehyde can be reduced to the alchol very easily. Diisobutylaluminium hydride (DIBAL) 

which is very well known reducing agent and widely emplyed to convert an ester to aldehyde in 

the case of 2’ F series of IMDZ  it worked very well and the aldehyde  with a reported yield of 75-

80%. However, it did not work well in case of 2’N series of IMDZ. In  2’Cl series,  FR-I-59(11) 

was treated with DIBAL at -78o C but the yield was very poor and also most of the ester remained. 

The purification was also very hard since the elution time of ester and aldehyde on the comlumn 

was very close. To solve this problem a new reducing agent was employed  by Li et. al.87 Potassium 

diisobutyl-t-butoxy aluminum hydride (PDBBA)110 was used to convert 2’ N IMDZ ester to 

aldehyde and the  desired reported yield was very good. However, the reaction time was very short. 

The same reducing agent was used in 2’Cl series and monitored by TLC in every two minutes. In 

this new method, the PDBBA was freshly made before the reaction. In dry THF potassium t-

butoxide was added and cooled to 0o C then the same equvalents of DIBAL in hexane was added 

dropwise and this was allowed to stir at 0o C to room temparature for 2 hour. As PDBBA had three 

bulky groups, the steric hinderence prevented reduction of the imine bond. In this case only one 

hydride was available.Consequently, the reaction could more easily be controlled. This retarded 

reduction also of the aldehyde to the alchol. 

The freshly made PDBBA was poured into the homogenous mixture of DCM and FR-I-

59 (11) at 0o C and monitored by taking TLC at each minutes. However in 5 minutes the reaction 

was expected to be complete, as it was reported in 2’N series, but in the case of 2’Cl the reaction 

is not complete. In 5 minutes, some ester remained unconverted and some aldehyde had reduced 
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to the alchol. So the equivalance of PDBBA had to be optimized. In the 2’N series the PDBBA 

was employed 1.5 eq. The amount of PDBBA was reduced in the 2’ Cl series to 1.2 eq used and 

again observed. But this time there is less amount of alchol but again some ester remained 

unconverted. Even when the PDBBA was reduced to 1 eq and monitored by TLC and this time 

more ester remained. The second changes that was done to monitor the temparature at 0o C in the 

flask when PDBBA was added. 

In drug discovery, some of the  problem with metabolism had been solved by replacing the 

ester fuction with its bioisosteres.111-115 The 1,2,4- oxadiazoles containing compounds had been 

reported to to have broad radius of  pharmaceutical and biological uses containing anti-

inflammatory and analgesic activities.116  The ligand MP-III-080 (3) which is a 1,2,4-oxadiazole   

subtituted with a 2’ N function with 2’N is a very potent compound and proved to be a 

anticonvulsant, anxiolytic and antinociceptive activities in different  kinds of animal models. FR-

I-75(16) is a analoge of MP-III-080 (3) which is also showed α2,  α3 selectivity might be a 

promising back up ligand. 

 

 

Scheme 8. Synthesis of oxadiazole 
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To synthesize the 1,2,4-oxadiazole, with 3 Å molecular sieves the corresponding oxime 

was treated with 1 equivalent of sodium hydride and stirred, the ethyl ester was added after 30 

minutes  and this was allowed to run in room temperature for 2 h. As mentioned earlier in case of 

FR-II-60, the imine [N(5)-C(6)] double bond can easily undergo reduction so the equivalents of 

sodium hydride and the temperature is very important in this case. An excess of sodium hydride 

can reduce the imine bond which can cause the formation of a byproduct.117 The first step of 

synthesis the 1,2,4-oxidiazole was formation of  an amidoxime anion, which initiate the acylation 

with ester and produce a O-acylamidoxime and this was followed by a thermal cyclizataion to 

afford 1,24-oxadiazole. However high temparature can cause a low yield. So the conventional 

route of  refluxing was avoided and this reaction was performed at room temparature. 

 

Figure 30. Efficacy data of FR-I-75 with EC3 GABA Concentration 

 

Efficacy data at 100 nM, EC3 GABA of FR-I-75 (16) is illustrated in Figure 30 is   

According to the data FR-I-75 is α1, α2,3 subtype selective with potent efficacy. Although in 

rotarod assay there was no sedation at 10,30,60 min at the dose of 40mg/kg. FR-I-75(16) resulted 
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almost no efficacy in 100 nm, in HEK cells. It shows α1 and α2 selectivity at 1µM. However, at 

100 nM (0.1 µM) it exhibits very poor efficacy at α1, α2 and α3. FR-I-75 does not show any 

cytotoxicity in HEK293 cell. (IC50 value reported 375.6 nM) 

 

Figure 31. Efficacy data of FR-I-75 at β1 (EC3 GABA) 

 
Figure 32. Rotarod assay in female CFW ice of FR-I-75 
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Figure 33. Cyro Er Structure of MP-III-024 

 

Another promising α2, α3 subtype selective ligand is MP-III-024 (2’ N analog) which has  

better metabolic stability than the ethyl ester HZ-166 (1) in rodents. The ethyl ester may undergo 

omega minus one oxidation in the liver, wheres the methyl ester can not.MP-III-024 had shows 

both anxiolytic , antinociceptive activity in different types of animal models. To make the analoge 

of MP-III-024 in 2’Cl series, the ethyl ester of 2’Cl was dissolved in dry methanol and then stirred 

with sodium methoxide under reflux for 0.5 hour. 

 

Scheme 9. Synthesis of methyl ester 
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Figure 34.  Modeling of FR-I-98 at the +- interface of GABAA receptor of the cyro er 

structure. 

 
Figure 35. Rotaraod assay of FR-I-98 

 

According to the Cyro ER structure of FR-I-98 (19), It shows the same the binding activity 

of alpha 1 like MP-III-024. FR-I-98 (19) does not interact with 1His102 via halogen bonding 

with the backbone carbonyl as does MP-III-024. In FR-I-98 (19), the acetelene group forms a 
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hydrogen with Val203 and that is why it is different from MP-III-04, the three centered bifurcated 

hydrogen bond form between the N atom of the seven membered ring, the imidazole top ring and  

the oxazole ring with the SER205 which value is 2.93A. The bifurcated hydrogen bond formed by 

FR-I-98(19) (2.9 A) with 1Ser205 is same as configured with bound MP-III-024 (2.9A). The 

shorter halogen bond and bifurcated hydrogen bond interaction might make FR-I-98 less potent 

affinity toward 1 as MP-III-024. FR-I-98 (19) at this point looks like a potential back up agent 

of MP-III-024 ( antinociceptive) but in depth bioanalysis now required. 

2.10. Biology of FR-II-60 

FR-II-60 was screened in the 6 Hz kindled seizure model to verify their abilty to reduce 

the seizures induced by low frequency (6 Hz) stimulation employed for a long time. The male CD-

1 mice ( n=4) were given 6 Hz stimulation for 3 seconds with the corneal elctrode at 44mA, 2 

hours after the  dosing (i.p) of FR-II-60 (14).To observe the prospective motor impariment and 

probable toxicity  another group of mice were given a high dose of FR-II-60 (14) (30, 100, 300 

mg) After half an hour dosing of 30 mg/kg,FR-II-60 (14) was able to protect 3 out of 4 mice  and 

the full protection was observed at the dose of 300 mg/kg at 2 hour. 

 In case of KRM-II-81 (2) after 30 mg/kg it was able to protect 1 out of 4 mice and the full 

protection was observed at the dose of  300 mg/kg after half an hour.  
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Table 9. Effect of FR-II-60 (12) in the 6 Hz kindled seizure model 

 

In maximal electroshock (MES) assay FR-II-60 (14) showed good potency as an 

antiepileptic agent as illustrated, 30 minutes prior to testing the male CD-1 mice (n = 4) were given 

(i.p.) vehicle (1% CMC), FR-II-60 (14) (30,100,300 mg/kg). Then the mice were given 10 uA 

electroshock  during the test to induce the clonic and tonic seizure for 0.2 seconds. The observation 

was recorded. The reduction of the clonic and tonic seizures at the  hindlimb caused by the 

elctroshock indicates the protection of the animal. FR-II-60 (14) was able to reduce the MES-

induced convulsions at the dose of 30 mg/kg. the full protection was observed at the dose of 100 

mg/kg. 

 

Figure 36. Longer duration of action of FR-II-60 against PTZ-induced seizures in C57BL/6 

mice 
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FR-II-60 (14) was evaluted in the PTZ (pentylenetetrazole) -induced seizure test. PTZ was 

given to the C57BL/6 male mice at a dose of 75 mg/kg after sixty minutes of oral dosing with DZP 

(3 or 10 mg/kg), FR-II-60 (12) (10 mg/kg). Mice were observed for sixty minutes after PTZ 

administration for clonic and tonic seizures and death. At the dose of 10 mg/kg FR-II-60 (14) 

significantly increased the latency to produce clonic and tonic seizures produced by PTZ.  There 

was a trend for (14) to protect against PTZ-induced lethality (3/6 mice with vehicle treatment died, 

whereas 0/6 FR-II-60 (14) treated mice died. No mice died (n=4) after 60-, 120-, 240- and 480-

minutes observation. KRM-II-81(2) was able to reduce the clonic and tonic seizure induced by 

PTZ at the dose of 30 mg/kg. 

No Motor Impairment in the Rotarod Study: 

FR-II-60 (14) was asssesd in the rotarod(oral) assay for a longer test period with higher 

doses in order to verify the dose of toxicity as well as ataxic and sedative effect. FR-II-60 (14) 

showed a very little sedative at the dose of 40 mg/kg but at the higher dose it did not showed any 

sedativeness. No tremor or death was reported even at the very high dose (120 mg/kg) which was 

confirmed by the data of ETSP/NINDS . However, at the dose of 100 mg/kg and 300 mg/kg 8 out 

of 8 mice were sedated. 
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Figure 37. Rotarod assay of FR-II-60 in female CFW mice 

 

 Cytotoxicity of FR-II-60 (14):    

ThFR-II-60 is not very toxic as the lC50 is high (275). This means that it does not show much 

toxicity until higher concentrations, 300 uM in this case. 

Behavioral observations of FR-II-60: 

Three adult rhesus monkeys have implanted iv catheters. Twice a week a FR-II-60 the 

tested drug (0.1-3 mg/kg) was injected via iv and an observer (blinded to the drug administered) 

scores behavior for 5 minutes at predetermined intervals (5, 10, 20-, 40-, 80,160- and 320-min 

post drug infusion). Max score per behavior was 20.  

 

Figure 38. Behavioral observations in female rhesus monkeys after administration of FR-II-

60 (0.1-3mg/kg, iv) 
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           Three adult rhesus monkeys were implanted with i.v catheters. Twice a week FR-II-60 

(14) (0.1-3 mg/kg) was injected via i. and an observer (blinded to the drug administrated) scored 

the behavior for 5 minutes at predetermined intervals (5,10,20,40,80,160 and 320 min post drug 

infusion). The maximum score per behavior was 20. 

For the time course graph, the averages of all monkeys were employed (Mean ± SEM) at 

that time point are graphed. Here the assay emphasized on sedative measures (ataxia, sleep/rest 

posture and deep sedation) and one added a species-specific behavior that is relatively frequent 

(forage). 

For the cumulative graph, all observation scores across the 320 min are summed up and 

then the average of the monkeys (Mean ± SEM) are graphed. According to this study, only one 

monkey at the dose of 3 mg/kg showed some sedation. 

2.11. Metabolic Study of FR-II-60 (14) 

According to the PK study the concentration of FR-II-60 (14) in brain is much less than 

KRM-Ii-81 (2). It decreased with time and the highest concentration was found after 4 hour 

which was 143.80 ng/ml. The concentration of the compound (14) in plasma and kidney sample 

also found very less than KRM-II-81 (14). It is possible that the more lipophilic FR-II-60 (14) 

was metabolized much faster in the liver than the more polar (2’N) KRM-II-81 (2) leading to less 

accumulation in tissues. 
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Table 10. Metabolic stability of FR-II-60 (14) in kidney 

 

 
Table 11. Metabolic stability of FR-II-60 (14) in plasma 

 

 
Table 12. Metabolic stability of FR-II-60 (14) in brain 
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2.12. PDSP data of FR-II-60 (14) 

PDSP 
code 

Receptor 
Inhibition 

1 
Inhibition 

2 
Inhibition 

3 
Inhibition 

4 
Mean 

% 
Secondary 

58187 5-HT1A 35.27 28.53 20.97 21.96 26.68  

58187 5-HT1B 25.21 0.72 6.85 9.33 10.53  

58187 5-HT1D 36.58 18.55 5.97 25.26 21.59  

58187 5-HT1E 6.7 -13.71 -3.65 8.14 -0.63  

58187 5-HT2A 47.3 31.59 33.44 34.21 36.64  

58187 5-HT2B 20.19 -2.03 -6.3 -8.65 0.8  

58187 5-HT2C 10.4 12.19 -9.05 -11.14 0.6  

58187 5-HT4 9.07 1.9 46.7 24.3 20.49  

58187 5-HT5A 43.49 7.71 -6.03 -13.29 7.97  

58187 5-HT6 29.4 2.82 -5.84 -17.64 2.19  

58187 5-HT7A 23.93 15.31 4.43 -11.96 7.93  

58187 Alpha1A 18.98 3.98 5.98 -5.83 5.78  

58187 Alpha1B 20.24 3.49 -13.27 -9.25 0.3  

58187 Alpha1D 18.1 21.27 19.34 25.28 21  

58187 Alpha2A 30.14 17.38 3.8 1.86 13.3  

58187 Alpha2B 24.94 18.81 13.8 16.5 18.51  

58187 Beta1 14.84 11.53 6.98 57.25 22.65  

58187 Beta2 1.98 3.9 11.07 -3.35 3.4  

58187 Beta3 42.38 15.44 26.79 41.04 31.41  

58187 D1 19.89 -9.98 11.18 52.79 18.47  

58187 D2 -10.33 1.54 -16.27 -21.02 
-

11.52 
 

58187 D3 -1.7 -2.73 11.29 -13.04 -1.55  

58187 D4 -5.66 10.1 5.51 4.98 3.73  

58187 D5 -2.63 0.95 11.45 29.31 9.77  

58187 DAT 14.14 -12.55 -5.25 -23.79 -6.86  

58187 DOR 22.54 15.11 8.78 22.91 17.34  

58187 GABAA 28.92 15.4 -1.88 -8.64 8.45  

58187 H1 -1.75 -2.32 -15.38 -8.75 -7.05  

58187 H2 10.37 11.52 27.65 0.84 12.6  

58187 H3 34.32 23.66 17.82 31.02 26.71  

58187 H4 -16.25 -22.9 -6.66 2.93 
-

10.72 
 

58187 KOR 68.89 48.82 52.64 43.4 53.44 Secondary 

58187 M1 11.57 1.98 3.86 11.76 7.29  
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Table 13. PDSP data of FR-II-60 

 

2.13. Efficacy data of FR-II-60 (14) 

 According to the selectivity data from Figure 39 (A) at 0.1 µM in HEK cell it shows 

very poor efficacy at α1, α2, α3 and α5. However, at higher concentration 1µM it exhibits more 

potent selectivity at α1 as well as α2, α3. And from Figure 39 (B) α with β3 and γ2L subunits, it 

is clear from the data that poor efficacy at the β3 ion channels at 1 µM is about the same at β1 

58187 M2 34.76 5.13 1.63 -6.07 8.86  

58187 M3 -0.63 12.03 14.38 -5.09 5.17  

58187 M4 25.23 -5.55 -12.21 1.01 2.12  

58187 M5 18.87 -9.43 -18.9 -25.65 -8.78  

58187 MOR 7.34 15.42 14.34 11.48 12.15  

58187 NET 12.86 -11.38 -8.39 -35.03 
-

10.49 
 

58187 PBR 47.44 33.47 27.04 33.16 35.28  

58187 SERT 6.32 -5.1 -28.66 -18.94 -11.6  

58187 Sigma 1 27.43 -11.4 7.01 12 8.76  

58187 Sigma 2 66.2 59.33 46.58 69.92 60.51 Secondary 

58187 NTS1 -7.97 -17.15 -18.07 -5.22 -12.1  

58187 Alpha2Beta2 -3.2 -3.91 -4.73 -4.97 -4.2  

58187 Alpha2Beta4 1.5 0.75 -8.57 -8.68 -3.75  

58187 Alpha3Beta2 4.08 -4.13 -2.94 -9.23 -3.06  

58187 Alpha3Beta4 20.47 10.67 12.22 13.41 14.19  

58187 Alpha4Beta2 0.62 2.08 1.63 -5.98 -0.41  

58187 

Alpha4Beta2 

(Rat Brain) 
-8.59 24.31 3.23 -1.04 4.48  

58187 Alpha4Beta4 13.71 20.8 8.25 11.53 13.57  

58187 Alpha7 27.69 14.67 14.4 0.48 14.31  

58187 NET -8.85 -10.39 -10.29 -25.89 
-

13.86 
 

58187 PBR 50.13 46.9 21.69 41.53 40.06  

58187 SERT -11.09 16.57 21.75 -9.6 4.41  

58187 GABAA 5.67 9.55 -14.26 -27.54 -6.65  
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ion channel. Whereas, in the non-sedating KRM-II-81(2) even at 0.1 µM shows difference in 

efficacy at β1 versus the more potent β3 ion channels. 

 

 

Figure 39. Efficacy data of FR-II-60(14) (A) Efficacy data of FR-I-75 at β1 (EC3 GABA) 

. B) Whole-cell voltage clamp recordings from transiently transfected HEK-293T cells.  

indicated is co-transfected with β1 and γ2L GABA concentration is EC3-5  

 

 

 

Figure 40. Efficacy data of KRM-II-81(2). Whole-cell voltage clamp recordings from 

transiently transfected HEK-293T cells.   indicated is co-transfected with β1 and γ2L GABA 

concentration is EC3-5 
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2.14. Conclusion 

For over 70 years, GABAkines have been important and highly used medicines with 

diazepam being on the list of Essential Medicines of the World Health Organization.  A search for 

the perfect GABAkine has been ongoing for this period of time: therapeutic efficacy with reduced 

side-effect burden (sedation, motor-impairment, respiratory depression, tolerance, and 

dependence) has been the primary goal of this search.  To date, multiple a-subtype selective 

GABAkines have not fully succeeded either because the sought-after efficacy/side-effect margin 

was not attained or, in the case of ocinaplon, because of unanticipated liver toxicity. 

Several new GABAkines are currently in development including three neuroactive 

steroids, and two a2/3-prefereing KRM-II-81(2).  The neuroactive steroids are in clinical 

development for depression and intractable epilepsy.  KRM-II-81(2) is the newest GABAkine to 

enter development and is currently in the late preclinical phase.  Preclinical pharmacological 

studies of KRM-II-81(2) have demonstrated its efficacy in animal models of anxiety, depression, 

acute and chronic pain, epilepsy, and traumatic brain injury.  The preclinical data highlight the 

possibility of developing provocative new drugs in areas of clinical need, which might also provide 

insight into the neural substrates of these disease states. 

FR-II-60 (14) is a good analog of KRM-II-81(2). It shows good activity in acute seizure 

model with no mortality. It is not sedative as well as not toxic until high dose. The PK study is 

needed to recheck its metabolic stability. Further, extensive investigation necessary. FR-II-60 (14) 

might serve as a backup compound to KRM-II-81 (2). However, FR-I-75 (16) at this point looks 

promising as a backup compound for MP-III-080. FR-I-98 (19) also looks very promising and 

could be a very good back up compound for MP-III-024. 
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2.15. Experimental 

(2-amino-5-bromophenyl)(2-chlorophenyl)methanone: (FR-I-11) (6) 

 

 

 

A mixture of 4-bromoaniline (100g, 581.3 mmol) and 2-chlorobenzoyl chloride (203.16g, 

1162.6 mmol) was charged to a 3L round bottom flask and the mixture was heated to 150oC and 

kept at 150oC for an hour under an argon atmosphere. The mixture was then heated to 180-220°C 

and anhydrous zinc chloride (95.06 g, 697.56 mmol) was added in one portion. The temperature 

was gradually increased to 220-230°C and kept for 6-7 h until complete evolution of HCl(g) was 

observed.  After cooling to 120°C, water was added dropwise carefully, and the mixture was stirred 

and heated to reflux for 30 minutes. The hot water layer was decanted, and this procedure was 

repeated three times to remove white Zn(OH)2. The resulting gummy mass was finally dissolved 

in a mixture of 30.0 mL of H2O, 90.0 mL of CH3COOH and 210.0 mL of concentrated H2SO4 and 

refluxed for 24 hours to deprotect the amine. Once the reaction was completed, the mixture was 

cooled to room temperature and poured into a 5L Erlenmeyer flask containing ice-water. The 

reaction product was extracted with dichloromethane (3x500 mL), which separated the product   

from the acid-soluble 4-bromoaniline. The organic layer was then washed with an aq. NaHCO3 

(2x300mL) to remove the benzoic acid and then aq.  10% sodium chloride solution (2x400mL). 
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The organic layer was dried with magnesium sulfate and concentrated under reduced pressure. The 

gummy mass was then purified by a flash column chromatography (300g silica gel, EtOAc (5): 

hexane(95)) and the solvents were evaporated under reduced pressure. The residue was dried in 

vacuum(30oC) for 4 h to afford a yellow solid (79.4g,44%). 1H NMR (500 MHz, CDCl3) δ 7.50 

– 7.47 (m, 1H), 7.44 (td, J = 7.7, 1.4 Hz, 1H), 7.37 (ddd, 2H), 7.32 (dd, J = 7.5, 1.2 Hz, 1H), 7.28 

(d, J = 2.1 Hz, 1H), 6.64 (d, J = 8.8 Hz, 1H), 6.52 (s, 2H). 13C NMR (126 MHz, CDCl3) δ 196.36 

(s), 150.27 (s), 138.97 (s), 137.90 (s), 136.19 (s), 130.81 (s), 130.73 (s), 130.10 (s), 128.44 (s), 

126.84 (s), 118.94 (s), 118.63 (s), 106.70 (s).HRMS (ESI/IT-TOF) m/z: [M + H]+ Calcd for  

C13H9BrClNO 309.9629; found 309.9604. 

2-bromo-N-(4-bromo-2-(2-chlorobenzoyl)phenyl)acetamide (FR-I-15)(7) 

 

 

A homogenous solution of benzophenone 4 (100 g, 324.6 mmol) was obtained by 

dissolving it in dry CH2Cl2 (300mL) in a 3-neck flask. It was stirred it until the solution was 

obtained. After that, solid NaHCO3 (54.54g, 649.2 mmol) was slowly added to the solution and 

the mixture was cooled to 0oC (ice bath). The bromoacetyl bromide (42.55 g, 486.96 mmol; 

dissolved in 100 mL of dry CH2Cl2) was added dropwise at 0oC. The mixture was allowed to stir 

at rt until the starting material was consumed as indicated by TLC (Silica gel:EtOAc/hexanes, 2:1). 

Then the reaction was quenched by adding ice-water (1000 mL) to the mixture. Then the organic 
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layer was separated, and the water layer was extracted with CH2Cl2 (3 x 500 mL). The organic 

layers were combined and washed (800 mL each) sequentially with a sat’d aq NaHCO3 solution, 

water, 10% HCl, brine and then dried (Na2SO4). The organic solution was then reduced to 1/3 of 

its original volume by concentration under reduced pressure Then it was directly used in the next 

step without any further purification. 1H NMR (500 MHz, CDCl3) δ 12.02 (s, 1H), 8.70 (dd, J = 

9.0, 3.0 Hz, 1H), 7.72 (dd, J = 9.0, 2.4 Hz, 1H), 7.54 – 7.48 (m, 3H), 7.43 (ddd, J = 7.7, 4.8, 3.7 

Hz, 1H), 7.40 – 7.36 (m, 1H), 4.08 (s, 2H). 13C NMR (126 MHz, CDCl3) δ 197.86 (s), 165.44 (s), 

139.62 (s), 138.32 (s), 137.71 (s), 136.37 (s), 131.89 (s), 131.11 (s), 130.38 (s), 128.95 (s), 127.02 

(s), 123.94 (s), 122.57 (s), 115.77 (s), 29.46 (s). HRMS (ESI/IT-TOF) m/z: [M + H]+ Calcd for 

C15H10Br2ClNO2 429.8814 found 429.8805 

N-(4-bromo-2-(2-chlorobenzoyl)phenyl)-2-chloroacetamide( FR-I-99): 

 

 

In a homogenous mixture of 2-amino-5-bromophenyl)(2-chlorophenyl)methanone (100 g, 

321.97 mmol) and dicholoromethane (1000 ml) , sodium bicarbonate (54 g, 642.7 mmol) was 

added in one portion at rt. Then the solution was cooled to 0o C and choloroacetyl chloride (38.41 

ml, 482.9 mmol) was added dropwise using an additional funnel. The reaction mixture was allowed 

to stir for 4 h at rt. After completion of the reaction, which was confirmed by TLC using silica gel 

20% ethyl acetate/ hexane. To quench the reaction water (500 mL) was added dropwise over 30 
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min. The mixture which resulted was extracted with dicholoromethane (500 mL). After washing 

with 5% of sodium bicarbonate solution and 10%  sodium chloride solution. The organic layer was 

dried (Na2SO4) combined and concentrated under reduced pressure which results off white solid 

powder.  After removing all solvent, ethanol(500mL) was added to the white  powder and made a 

slurry which was heated at 50-55 o C for 30 min. After cooling down to room temperature the solid 

was filtered off, washed with ethanol and the residue was dried under vacuum (40o C). Total yield 

115g, 92%.1H NMR (500 MHz, CDCl3) δ 12.18 (s, 1H), 8.73 (d, J = 9.0 Hz, 1H), 7.72 (dd, J = 

9.0, 2.4 Hz, 1H), 7.51 (dd, J = 4.5, 1.5 Hz, 3H), 7.43 (ddd, J = 8.5, 4.7, 3.8 Hz, 1H), 7.39 – 7.37 

(m, 1H), 4.26 (s, 2H). 13C NMR (126 MHz, CDCl3) δ 197.79 (s), 165.84 (s), 139.34 (s), 138.31 

(s), 137.73 (s), 136.38 (s), 131.89 (s), 131.12 (s), 130.37 (s), 128.97 (s), 127.02 (s), 124.08 (s), 

122.60 (s), 115.84 (s), 43.23 (s). HRMS (ESI/IT-TOF) m/z: [M + H]+ Calcd C15H10BrCl2NO2 

for 384.943 found 384.942 

7-bromo-5-(2-chlorophenyl)-1,3-dihydro-2H-benzo[e][1,4]diazepin-2-one(FR-I-20): (8) 

 

 

Methanol (800 mL) was placed a 1000 mL flask and put in an ice-brine mixture in a cooling 

bath and cooled to -10oC. Then it was saturated with anhydrous ammonia gas. The organic solution 

from above was then added to the saturated methanolic-ammonia solution at 0oC. The mixture was 

left to warm to rt and then gradually heated to reflux until the starting material was consumed, as 
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indicated by analysis by TLC (silica gel). Then the reaction mixture was cooled to rt and the solvent 

was removed under reduced pressure. The solid which was remained was washed with water and  

EtOAc and then filtered to produce the amide (8) which is an off-white colored solid and the yield 

was 91%1H NMR (500 MHz, CDCl3) δ 9.54 (s, 1H), 7.58 (td, 1H), 7.55 – 7.52 (m, 1H), 7.45 – 

7.38 (m, 3H), 7.22 (d, J = 2.1 Hz, 1H), 7.09 (d, J = 8.6 Hz, 1H), 4.41 (s, 2H). 13C NMR (126 

MHz, CDCl3) δ 171.20 (s), 169.27 (s), 138.33 (s), 137.01 (s), 136.98 (s), 134.83 (s), 133.23 (s), 

132.16 (s), 131.04 (s), 130.22 (s), 129.58 (s), 127.05 (s), 122.76 (s), 116.73 (s), 56.53 (s). HRMS 

(ESI/IT-TOF) m/z: [M + H]+ Calcd for 

7-bromo-5-(2-chlorophenyl)-1,3-dihydro-2H-benzo[e][1,4]diazepin-2-one(FR-I-20): 

 

 

A 3L dry round bottom flask was charged with N-(4-bromo-2-(2-chlorobenzoyl)phenyl)-

2-chloroacetamide (110g, 284.2 mmol), hexamethylenetetramine (HMTM, 87.65g ,625.24 mmol) 

, ammonium acetate (48.19 g, 625.29 mmol) and isopropanol ( 2000 mL). The mixture was  heated 

to reflux at 82o for 4h. The reaction progress was monitored by the TLC using silica gel 40% Ethyl 

acetate and hexane. After completion of the reaction the mixture was concentrated under reduced 

pressure. When half of the solvent had been removed, the water was added to the solution and the 

solid was filtered off. The solid was further washed with isopropanol : water(50:50, 200 mL) and 

the residue was dried under vacuum (40o C) to get off white solid( 95.95g, 95%).1H NMR (500 

MHz, CDCl3) δ 9.54 (s, 1H), 7.58 (td, 1H), 7.55 – 7.52 (m, 1H), 7.45 – 7.38 (m, 3H), 7.22 (d, J = 
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2.1 Hz, 1H), 7.09 (d, J = 8.6 Hz, 1H), 4.41 (s, 2H). 13C NMR (126 MHz, CDCl3) δ 171.20 (s), 

169.27 (s), 138.33 (s), 137.01 (s), 136.98 (s), 134.83 (s), 133.23 (s), 132.16 (s), 131.04 (s), 130.22 

(s), 129.58 (s), 127.05 (s), 122.76 (s), 116.73 (s), 56.53 (s). HRMS (ESI/IT-TOF) m/z: [M + H]+ 

Calcd for. 

Ethyl 8-bromo-6-(2-chlorophenyl)-4H-benzo[f]imidazo[1,5-a][1,4]diazepine-3-carboxylate 

(FR-I-45): (9) 

 

 

The homogenous solution of7-bromo-5-(2-chlorophenyl)-1,3-dihydro-2H-

benzo[e][1,4]diazepin-2-one (90g, 257.42 mmol ) and  dry tetrahydrofuran (1200 mL) was cooled 

to -20o C by using a dry ice / isopropyl alcohol. Potassium t butoxide (37.55g, 334.6 mmol) was 

dissolved in dry tetrahydrofuran and added to the previous reaction mixture dropwise over 30 min 

maintaining the temperature at -20o- -15o C. After addition, the reaction mixture was stirred for 

another 1h at -20o C. Diethyl chlorophosphate (52.18 mL, 360.40 mmol) was added dropwise to 

the reaction mixture maintaining the temperature at -20o C over 30 min time period. The reaction 

mixture was allowed to stir for another 4 h at -20 o C. At this point the completion of reaction was 

confirmed by TLC using silica gel (ethyl acetate / hexane, 40:60, 1% triethylamine). The ethyl 

isocyanoacetate (36.052 mL, 334.65 mmol) was added dropwise over 15 minutes at -20o C, After  

this addition, a solution of potassium t butoxide (37.55 g, 334.6 mmol) in THF was added and the 

reaction mixture brought to room temperature and stirred for 12 h. The completion of the reaction 
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was confirmed by  TLC using silica gel ( ethyl acetate /hexane; 40:60). To quench the reaction, 

5% aq sodium bicarbonate (1000 mL) was added and the aq layer separated from the biphasic 

mixture which is followed by extraction of the water layer with dichloromethane (1000 mL x 2).  

The organic layers were combined and washed with 10% aq sodium chloride solution (1000 mL), 

5% of sodium bicarbonate solution and dried over Na2SO4. After removing the solvent under 

reduced pressure, t-butyl methyl ether was added to the brownish residue which resulted in a slurry. 

This slurry was stirred for 30 min at 50-55o C. After cooling to rt the slurry was stirred overnight 

and then the solid was filtered off and washed with t butyl methyl ether. For purification, ethanol 

was added to the former solid and it was heated to reflux for 1 h at 60o C. After cooling to rt ,the 

solid was filtered with cold ethanol and dried under vacuum which gave a light brown solid. (65 g 

,55%)1H NMR (500 MHz, CDCl3) δ 7.94 (s, 1H), 7.76 (dt, 1H), 7.59 – 7.54 (m, 1H), 7.49 (d, J = 

8.6 Hz, 1H), 7.41 – 7.38 (m, 2H), 7.33 (dd, 2H), 6.09 (d, J = 14.8 Hz, 1H), 4.42 (q, J = 5.9 Hz, 

2H), 4.14 (d, J = 8.8 Hz, 1H), 1.43 (t, J = 7.1 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 167.58 (s), 

162.80 (s), 138.44 (s), 138.26 (s), 135.09 (s), 134.20 (s), 133.88 (s), 132.93 (s), 132.55 (s), 131.18 

(s), 130.94 (s), 130.49 (s), 130.16 (s), 129.60 (s), 127.19 (s), 124.03 (s), 121.25 (s), 60.85 (s), 44.85 

(s), 14.44 (s). HRMS (ESI/IT-TOF) m/z: [M + H]+ Calcd for C20H15BrClN3O2  444.0109 and 

found 444.0104. 

 

 

 

 



80 
 

Ethyl 6-(2-chlorophenyl)-8-((triisopropylsilyl)ethynyl)-4H-benzo[f]imidazo[1,5-a][1,4]diaz-

epine-3-carboxylate ( FR-II-29): (10) 

 

 

A catalyst was prepared by adding palladium acetate (1.59g, 7.08mmol) and tri-o-

tolylphosphine (4.312g, 14.16 mmol) to dry acetonitrile (200 mL) and then stirring  the slurry for 

30 min at rt. Then the following reagents were added to the mixture sequentially: ethyl 8-bromo-

6-(2-chlorophenyl)-4H-benzo[f]imidazo[1,5-a][1,4]diazepine-3-carboxylate ( 63g, 141.66 mmol), 

triethylamine (39.819 mL, 283.33 mmol), (triisopropylsilyl)acetylene (41.31 mL, 184.16 mmol) 

and additional dry acetonitrile (400 mL). Then the mixture was heated to 75 oC to reflux and held 

for 4 h until the reaction was complete as confirmed by analysis by TLC (silica gel; 40% EtOAc 

/hexane). Then the reaction mixture was allowed to cool to rt and silica gel (25 g) was added. Then 

the mixture was stirred for 30 min and the spent catalyst collected on the silica gel and was filtered 

off a celite, silica gel plug. The catalyst was then washed with acetonitrile (100 mL x 2). Then 

solvent was removed under reduced pressure. The resulting residue was dissolved in DCM  (700 

mL) and  5% aq  solution of NaHCO3 (700 mL) was added. This resulted in a biphasic mixture. 

This mixture was allowed to stand for 15 min until the layers separated. The aq layer was removed 

to leave the dichloromethane layer (700 mL). the organic layers were washed with 5% aq NaHCO3 

solution (700 mL) and then 10% aq NaCl solution (700 mL). The organic layer was then dried 

(Na2SO4), concentrated under reduced pressure and then purified by flash chromatography with 
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silica gel (600 g) and EtOAc/hexanes (1:1). Then the pure fractions were pooled and concentrated 

under reduced pressure. The resulting oil was dried at 40 oC for 2 h under reduced pressure. This 

resulted into the final product as a clear, golden oil (64.2 g, 106%, HNMR analysis displayed 

90wt% product, 10wt% solvents); Rf = 0.6 (100% EtOAc); 1H NMR (500 MHz, CDCl3) δ 7.96 

(s, 1H), 7.71 (dd, J = 8.3, 1.8 Hz, 1H), 7.59 (dd, J = 5.8, 3.2 Hz, 1H), 7.54 (d, J = 8.3 Hz, 1H), 7.42 

– 7.39 (m, 2H), 7.35 – 7.33 (m, 1H), 7.26 (d, J = 1.7 Hz, 1H), 6.17 (d, J = 7.0 Hz, 1H), 4.44 (q, 

2H), 4.14 (d, J = 9.3 Hz, 1H), 1.44 (t, J = 7.1 Hz, 3H), 1.15 – 1.07 (m, 3H), 1.11 (s, 18H). 13C 

NMR (126 MHz, CDCl3) δ 168.28 (s), 162.86 (s), 138.74 (s), 138.37 (s), 135.53 (s), 134.26 (s), 

134.23 (s), 133.19 (s), 132.60 (s), 130.95 (s), 130.86 (s), 130.08 (s), 129.52 (s), 128.96 (s), 127.06 

(s), 123.28 (s), 122.39 (s), 104.53 (s), 94.39 (s), 60.82 (s), 44.85 (s), 18.60 (s), 14.45 (s), 11.22 (s). 

HRMS (ESI/IT-TOF) m/z: [M + H]+ Calcd for C31H36ClN3O2Si was 546.2334 and found 

546.233. 

Ethyl 6-(2-chlorophenyl)-8-ethynyl-4H-benzo[f]imidazo[1,5-a][1,4]diazepine-3-carboxylate 

(FR-I-59): (11) 

 

A mixture was prepared by adding ethyl 6-(2-chlorophenyl)-8-((triisopropylsilyl)ethynyl) 

-4H-benzo[f]imidazo[1,5-a][1,4]diazepine-3-carboxylate (10), 60.5 g, 110.76 mmol) and water 

(6.0 mL) to a solution of THF (600 mL). Then this mixture was cooled to -20 oC using a dry ice / 

IPA bath. The tetrabutylammonium fluoride hydrate, 1M in THF (132.92 mL, 132.92 mmoL) was 
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added dropwise over 30 min at -20 to -15 oC. Then the mixture was brought to rt and stirred for 

additional 1 h until the reaction was complete, as confirmed by analysis by TLC (silica gel, 100% 

EtOAc; Rf: 10 = 0.6, Rf: 11 = 0.4). Then EtOAc (600 mL) and 10% aq NaCl (600 mL) was added 

to the mixture for dilution. This formed a biphasic mixture which was allowed to stand for 15 min 

until the layers separated. The aq layer was extracted with EtOAc (600 mL) and the organic layer 

was dried (Na2SO4). The organic layer was concentrated under reduced pressure to remove the 

solvents. The remaining residue was slurried with methanol (250 mL) for 30 min while 

maintaining a temperature of 50 – 55 oC. Then water was added to the slurry and stirred for an 

additional 30 min maintaining the temperature at 50 – 55 oC. Then the mixture was cooled to 20 – 

25 oC and held at that for 2 h. Then the solid was filtered and washed with methanol/water (1:1, 

50 mL x 4). Then it was further washed with hexanes (50 mL x 3). The subsequently solid, which 

resulted, was dried at 40 oC under vacuum to obtain the final white crystalline solid product. (yield 

94% ,40.4 g) 1H NMR (500 MHz, CDCl3) δ 7.96 (s, 1H), 7.74 (dd, J = 8.3, 1.8 Hz, 1H), 7.57 (d, 

J = 8.3 Hz, 2H), 7.42 – 7.36 (m, 2H), 7.33 (dd, J = 3.6, 1.8 Hz, 2H), 6.13 (d, J = 22.9 Hz, 1H), 4.47 

(q, J = 35.6, 11.4 Hz, 2H), 4.20 (d, J = 15.6 Hz, 1H), 3.16 (s, 1H), 1.44 (t, J = 7.1 Hz, 3H). 13C 

NMR (126 MHz, CDCl3) δ 168.14 (s), 162.83 (s), 138.67 (s), 138.32 (s), 135.37 (s), 134.75 (s), 

134.26 (s), 133.84 (s), 132.58 (s), 131.05 (s), 130.92 (s), 130.13 (s), 129.58 (s), 129.02 (s), 127.12 

(s), 122.55 (s), 121.91 (s), 81.41 (s), 79.83 (s), 60.85 (s), 44.86 (s), 14.44 (s). HRMS (ESI/IT-

TOF) m/z: [M + H]+ Calcd for C22H16ClN3O2 is 390.1004 and found 390.0983. 
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8-bromo-6-(2-chlorophenyl)-4H-benzo[f]imidazo[1,5-a][1,4]diazepine-3-carbaldehyde (FR-

II-58) (13) 

 

Potassium tert-butoxide(1.3 g , 2.57 mmol) was dissolved in dry THF and cooled it to 0o 

C . DIBALH (4.5mL, 1.0 M in hexane, 4.50mmol) was added dropwise to the homogenous 

solution of potassium tert-butoxide at 0 °C. The mixture was allowed to stir at rt for 2 h.  

In a 100 ml flask, the ethyl ester (11) (2 g) was dissolved in dry DCM (10 mL) at 0 °C. The 

ice-water bath was removed, and PDBBA solution was added in one portion with vigorous stirring. 

After adding the PDBBA solution the color of the reaction mixture changes light brown to dark 

black. The reaction was monitored by TLC (silica gel) after each minute and was completed in 5 

min, and this was followed by hydrolysis of the mixture in 1N aq HCl at 0 °C. Water (20mL) was 

added to the mixture, and it was stirred for 0.5 h. The resulted aluminum salt was formed and 

filtered off on a celite pad. The filtrate was extracted with DCM (3 x 50 mL). All the organic layers 

were combined and concentrated with reduced pressure, and this was followed by washing with 

brine and dried (Na2SO4). The solid residue was dissolved in a mixture of DCM (100 mL) and 

EtOAc (100 mL) at 50 °C. The filtrate was combined and further purified by flash chromatography 

(silica gel, etOAc and 1% of each TEA and MeOH) to afford additional aldehyde as a white solid 

(1.4 g).1H NMR (500 MHz, CDCl3) δ 10.08 (s, 1H), 8.00 (s, 1H), 7.79 (dd, J = 8.6, 2.2 Hz, 1H), 

7.61 – 7.58 (m, 1H), 7.51 (d, J = 8.6 Hz, 1H), 7.44 – 7.40 (m, 2H), 7.37 – 7.33 (m, 2H), 6.12 (d, J 
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= 20.6 Hz, 1H), 4.44 (d, J = 12.6 Hz, 1H). 3.18 (s, 1H) 13C NMR (126 MHz, CDCl3) δ 186.71 (s), 

167.76 (s), 138.28 (s), 137.72 (s), 136.91 (s), 135.22 (s), 135.12 (s), 133.46 (s), 133.05 (s), 132.53 

(s), 131.33 (s), 131.01 (s), 130.64 (s), 130.22 (s), 127.26 (s), 124.01 (s), 121.59 (s), 80.51 (s), 79.67 

(s) 44.23 (s). HRMS (ESI/IT-TOF) m/z: [M + H]+ Calcd for C20H12ClN3O  was 346.0789 and 

found 346.0654. 

5-(6-(2-chlorophenyl)-8-ethynyl-4H-benzo[f]imidazo[1,5-a][1,4]diazepin-3-yl)oxazole(FR-

II-60) (14) 

 

The toluenesulfonylmethyl isocyanide (TosMIC, 1.06 g), K2CO3 (1.89 g) and the 

aldehyde  (1.4.g) were placed in a dry two neck round bottom flask. Dry MeOH (100 mL) was 

added to the mixture under an argon atmosphere at rt. The reaction mixture was allowed to heat to 

reflux for 2 h. After completion of the reaction on analysis by TLC (silica gel, EtOAc and 1% of 

each TEA and MeOH), the reaction mixture was quenched with cold water (30 mL) and extracted 

with EtOAc (3 x 100 mL). The organic layers were combined, and this was followed by washing 

with brine. The solution was then dried (Na2SO4) and concentrated under reduced pressure to 

dryness and further purified by flash chromatography (silica gel, EtOAc and 1% of each TEA and 

MeOH) to afford additional oxazole as a white solid (800 mg).1H NMR (500 MHz, CDCl3) δ 8.02 

(s, 1H), 7.92 (s, 1H), 7.74 (dd, J = 8.3, 1.8 Hz, 1H), 7.58 (t, J = 6.0 Hz, 2H), 7.47 (s, 1H), 7.42 – 

7.38 (m, 2H), 7.36 – 7.32 (m, 2H), 5.72 (d, J = 17.4 Hz, 1H), 4.30 (d, J = 26.0 Hz, 1H), 3.16 (s, 
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1H). 13C NMR (126 MHz, CDCl3) δ 168.15 (s), 149.82 (s), 146.53 (s), 138.83 (s), 135.46 (s), 

135.06 (s), 134.92 (s), 134.04 (s), 132.58 (s), 131.04 (s), 130.88 (s), 130.18 (s), 129.81 (s), 128.85 

(s), 127.65 (s), 127.12 (s), 122.62 (s), 122.37 (s), 121.58 (s), 81.51 (s), 79.67 (s), 45.01 (s). HRMS 

(ESI/IT-TOF) m/z: [M + H]+ Calcd for  C22H13ClN4O  was 385.0851 and found 385.0836 

5-(8-bromo-6-(2-chlorophenyl)-4H-benzo[f]imidazo[1,5-a][1,4]diazepin-3-yl)-3-methyl -

1,2,4-oxadiazole:(FR-III-48) (15) 

 

In a flask with 3Å molecular sieves isopropyl oxime (0.919g, 8.99 mmol) was added to the dry 

THF under argon pressure. Sodium hydride ((60% dispersion in mineral oil, 59.36 mg, 2.47 mmol) 

was added to the reaction mixture and stirred for 1 hour. In another flask the Br-ethyl ester, (11) 

(1g, 2.24 mmol) was dissolved in dry THF. The former homogenous mixture was added to the first 

one dropwise and allowed to be stirred for 2 h. The completion of the reaction was confirmed by 

checking TLC when all the starting material consumed. (Silica gel, 40% etOAc/ hexane). NaHCO3 

solution (20 mL) was added to quench the reaction. Then etOAc (100 mL) and 10% aq solution 

NaCl (100 mL) was added to the mixture and form a biphasic solution which allowed to stand for 

10 minutes to separate the layers. The organic layers all combined and dried over Na2SO4. The 

organic layers removed under the reduced pressure to result a brownish crude. The crude was 

purified with column chromatography to afford an off-white solid (900 mg, 82.56%) 1H NMR 

(500 MHz, CDCl3) δ 8.09 (s, 1H), 7.77 (dd, J = 8.3, 1.8 Hz, 1H), 7.63 (d, J = 8.3 Hz, 1H), 7.60 
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(dd, J = 4.9, 2.7 Hz, 1H), 7.40 (dd, J = 5.8, 3.5 Hz, 2H), 7.36 (d, J = 1.8 Hz, 1H), 7.33 (dd, J = 5.9, 

3.3 Hz, 1H), 3.18 (s, 1H), 2.47 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 170.73 (s), 168.36 (s), 

167.45 (s), 138.59 (s), 136.15 (s), 135.60 (s), 135.50 (s), 134.50 (s), 133.98 (s), 132.56 (s), 131.15 

(s), 130.97 (s), 130.15 (s), 129.10 (s), 127.13 (s), 124.88 (s), 122.51 (s), 122.18 (s), 81.33 (s), 80.01 

(s), 44.70 (s), 14.20 (s).HRMS (ESI/IT-TOF) m/z: [M + H]+ Calcd for C22H14ClN5O was 

400.0847 and found 400.0829. 

5-(6-(2-chlorophenyl)-8-ethynyl-4H-benzo[f]imidazo[1,5-a][1,4]diazepin-3-yl)-3-ethyl-1,2,4-

oxadiazole (FR-I-75) (16) 

 

In a flask charged with 3Å molecular sieves N'-hydroxypropionimidamide (904.06 mg, 

10.26 mmol) was added to dry THF under argon pressure. Sodium hydride ((60% dispersion in 

mineral oil,67.72 mg, 2.82 mmol) was added to the reaction mixture and it was allowed to stir for 

1 hour. In another flask the ethyl ester, (11) (1g, 2.565 mmol) was dissolved in dry THF. The 

former homogenous mixture was added to the first one dropwise and allowed to be stirred for 2 h. 

The completion of the reaction was confirmed by checking by TLC when all the starting material 

was consumed. (Silica gel, 40% etOAc/ hexane). Aqueous NaHCO3 solution (20 mL) was added 

to quench the reaction. Then EtOAc (100 mL) and 10% aq NaCl (100 mL) solution were added to 

the mixture, and this resulted in a biphasic solution which was allowed to stand for 10 min to 

separate the layers. The organic layers were all combined and dried over Na2SO4. The organic 
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layer was removed under the reduced pressure to result a brownish colored crude solid. The solid 

was purified by column chromatography to afford an off-white solid (700 mg, 61%)1H NMR (500 

MHz, CDCl3) δ 8.09 (s, 1H), 7.77 (dd, J = 8.3, 1.8 Hz, 1H), 7.62 (d, J = 8.3 Hz, 2H), 7.60 (dd, J = 

5.6, 3.5 Hz, 1H), 7.43 – 7.39 (m, 2H), 7.36 (d, J = 1.8 Hz, 1H), 7.35 – 7.32 (m, 1H), 6.20 (d, J = 

7.7 Hz, 1H), 4.32 (d, J = 16.2 Hz, 1H), 3.18 (s, 1H), 2.84 (q, J = 7.6 Hz, 2H), 1.40 (t, J = 7.6 Hz, 

3H). 13C NMR (126 MHz, CDCl3) δ 171.90 (s), 170.68 (s), 168.36 (s), 138.62 (s), 136.11 (s), 

135.56 (s), 135.50 (s), 134.54 (s), 133.99 (s), 132.56 (s), 131.15 (s), 130.93 (s), 130.16 (s), 129.07 

(s), 127.15 (s), 125.04 (s), 122.51 (s), 122.15 (s), 81.34 (s), 79.99 (s), 44.73 (s), 19.76 (s), 11.55 

(s). HRMS (ESI/IT-TOF) m/z: [M + H]+ Calcd for C21H14ClN3O2 was 376.0847 and found 

376.0828. 

5-(6-(2-chlorophenyl)-8-ethynyl-4H-benzo[f]imidazo[1,5-a][1,4]diazepin-3-yl)-3-isopropyl-

1,2,4-oxadiazole (FR-III-51) (17) 

 

To a flask  3Å molecular sieves were charged and this was followed by the addition of 

isopropyl oxime (1.047g, 10.25 mmol). It was added to the dry THF mixture under argon pressure. 

Sodium hydride ((60% dispersion in mineral oil, 67.7mg, 2.82 mmol) was added to the reaction 

mixture and it was allowed to stir for 1 hour at rt. In another flask the ethyl ester, (11) (1g, 2.565 

mmol) was dissolved in dry THF. The latter homogenous mixture was added to the first one 

dropwise and the mixture was allowed to be stir for 2 h. The completion of the reaction was 
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confirmed by checking by TLC, when all the starting material had been consumed. (Silica gel, 

40% etOAc/ hexane). NaHCO3 solution (20 mL) was added to quench the reaction. Then EtOAc 

(100 mL) and 10% aq NaCl (100 mL) solution were added to the mixture to provide a biphasic 

solution, which allowed to stand for 10 minutes to separate the layers. The organic layers all 

combined and dried over Na2SO4. The organic layers combined and removed under the reduced 

pressure to provide a brownish colored crude solid. The crude was purified with column 

chromatography to afford an off-white colored solid (850 mg, 77%). 1H NMR (500 MHz, CDCl3) 

δ 8.09 (s, 1H), 7.77 (dd, J = 8.3, 1.8 Hz, 1H), 7.62 (d, J = 8.4 Hz, 1H), 7.60 (t, 1H), 7.43 – 7.39 (m, 

2H), 7.36 (d, J = 1.8 Hz, 1H), 7.34 (dd, 1H), 6.15 (d, 1H), 4.29 (d, 1H), 3.24 – 3.15 (m, 1H), 3.18 

(s, 1H), 1.42 (s, 3H), 1.41 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 175.34 (s), 170.59 (s), 168.35 

(s), 138.64 (s), 136.08 (s), 135.52 (s), 135.50 (s), 134.58 (s), 134.00 (s), 132.56 (s), 131.14 (s), 

130.88 (s), 130.18 (s), 129.05 (s), 127.16 (s), 125.16 (s), 122.50 (s), 122.13 (s), 81.35 (s), 79.98 

(s), 44.77 (s), 26.76 (s), 20.62 (s).HRMS (ESI/IT-TOF) m/z: [M + H]+ Calcd for C24H18ClN5O 

was 428.1273 and found 428.1253. 

Methyl 6-(2-chlorophenyl)-8-ethynyl-4H-benzo[f]imidazo[1,5-a][1,4]diazepine-3-carboxyla- 

te (FR-I-98) (19) 
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To the homogenous mixture of (11) (1g, 2.24 mmol) and methanol (80 mL), sodium 

methoxide was added, and the mixture heated at 60-65o C to reflux for 0.5 h. The reaction 

completion was confirmed by the TLC (silica gel 4:1, etOAc: hexane), when there is no starting 

material left which took approximately 1 h. The reaction mixture was cooled to rt and a saturated 

solution of sodium bicarbonate (20 mL) and water (60 mL) was added to quench the reaction. 

After removing the methanol under reduced pressure, the reaction mixture was extracted with ethyl 

acetate (3x100 mL). After combining all the organic layers and washed with brine and dried over 

Na2SO4. The solvent was removed under the reduced pressure to provide a brownish colored crude, 

which was purified followed by a flash column chromatography (silica gel, 40% etOAc/ hexane) 

to afford an off-white powder product. ( 720 mg, 75%)1H NMR (500 MHz, CDCl3) δ 7.97 (s, 

1H), 7.74 (dd, J = 8.3, 1.8 Hz, 1H), 7.59 (d, J = 8.3 Hz, 2H), 7.43 – 7.37 (m, 2H), 7.35 – 7.31 (m, 

2H), 6.08 (d, J = 4.8 Hz, 1H), 4.18 (d, J = 5.0 Hz, 1H), 3.96 (s, 3H), 3.17 (s, 1H). 13C NMR (126 

MHz, CDCl3) δ 168.17 (s), 163.21 (s), 138.65 (s), 138.34 (s), 135.38 (s), 134.70 (s), 134.32 (s), 

133.86 (s), 132.58 (s), 131.07 (s), 130.93 (s), 130.13 (s), 129.35 (s), 129.04 (s), 127.12 (s), 122.54 

(s), 121.96 (s), 81.40 (s), 79.85 (s), 51.89 (s), 44.83 (s) HRMS (ESI/IT-TOF) m/z: [M + H]+ Calcd 

for C21H14ClN3O2 was 376.0847 and found 376.0828.  
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6-(2-chlorophenyl)-8-ethynyl-N-methyl-4H-benzo[f]imidazo[1,5-a][1,4]diazepine-3-

carboxamide (FR-I-70) (20) 

 

The ethyl ester (11) (1g, 2.56 mmol) was dissolved in excess amount of methyl amine (0.729 mL, 

15 mmol) and the reaction was allowed to run for 16 h. The reaction completion was confirmed 

by TLC. The methyl amine removed under reduced pressure. The ethyl acetate was added to the 

solution and extracted with brine. All the organic layer combined and reduced under pressure.1H 

NMR (500 MHz, CDCl3) δ 7.85 (s, 1H), 7.72 (dd, J = 8.3, 1.8 Hz, 1H), 7.61 (dd, J = 5.8, 3.3 Hz, 

1H), 7.54 (d, J = 8.3 Hz, 1H), 7.41 – 7.37 (m, 2H), 7.33 – 7.30 (m, 2H), 7.14 (s, 1H), 6.11 (d, 1H), 

3.90 (d, 1H), 3.15 (s, 1H), 2.99 (d, J = 5.0 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 167.65 (s), 

163.16 (s), 138.90 (s), 135.61 (s), 135.18 (s), 134.96 (s), 133.84 (s), 132.85 (s), 132.54 (s), 131.94 

(s), 131.15 (s), 130.92 (s), 130.02 (s), 129.15 (s), 127.07 (s), 122.41 (s), 121.66 (s), 81.53 (s), 79.61 

(s), 44.63 (s), 25.65 (s). HRMS (ESI/IT-TOF) m/z: [M + H]+ Calcd for  C22H13ClN4O  was 

375.1007 and found 375.0984. 
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8-bromo-6-(2-chlorophenyl) -4H-benzo[f]imidazo[1,5-a][1,4]diazepine-3-carboxylic acid: 

(23) 

 

Ethyl ester (300 mg, 77 mmol) was dissolved in ethanol (100 mL). After adding sodium 

hydroxide (8.48 mmol), the solution was heated to 55 °C at reflux for 1 h. When the reaction was 

complete, this was confirmed by checking TLC (silica gel), the solution was cooled to rt and water 

was added to dilute the solution.  One half of the solvent was removed under reduced pressure. 

The remaining 50% of the solution was stirred at rt and then hydrochloric acid was added dropwise 

(pH = 4) until the product began to precipitate from the solution. The filtration of the solution gave 

a white solid product 17. 1H NMR (300 MHz, CD3OD)  9.0 (s, 1H), 8.88 (t, J = 23.8 Hz, 1H), 

8.6 (s, 1H), 8.4 (m, J = 4.2, 1.8 Hz, 2H), 8.0 (d, J = 16.3 Hz, 1H), 7.8 (d, J = 18 Hz, 1H), 7.6(d, J 

= 13 Hz, 1H)  6.0 (m, J = 10.4 Hz, 1H), 4.57 (m, 2H), 4.27 (d, J = 10.0 Hz, 1H); 13C NMR (75 

MHz, CD3OD)  168.88, 163.88, 151.95, 138.16, 136.41, 135.43, 133.38, 132.62, 130.77, 129.48, 

128.49, 127.77, 124.67, 124.0, 122.45, 120.89, 83.0, 82.42, 44.7; LC-MS calcd for 

C18H12BrClN3O2 (M + H)+  416,418,420 ; HRMS calcd for C18H12BrClN3O2 (M + H)+ 415.9417. 

found 415.9814 
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8-bromo-6-(2-chlorophenyl)-4H-benzo[f]imidazo[1,5-a][1,4]diazepine-3-carboxylic-1,4,4-d3 

acid (24) 

 

The Choloro-bromo substituted acid was dissolved in CH3OD and the base potassium 

carbonate (2 eq) was added to the solution with stirring. The solution was heated to reflux for 6 h. 

After completion of the reaction, by TLC (Silica gel ) the solvent was removed under reduced 

pressure. D2O was added to the solution to dilute the reaction mixture and it was then cooled to 0 

oC. Deuterated hydrochloric acid was added dropwise until the product precipitated out of the 

solution. After filtration this afforded a white solid 18. 1H NMR (300 MHz, CD3OD)  9.0 (s, 1H), 

8.88 (t, J = 23.8 Hz, 1H), 8.6 (s, 1H), 8.4 (m, J = 4.2, 1.8 Hz, 2H), 8.0 (d, J = 16.3 Hz, 1H), 7.8 (d, 

J = 18 Hz, 1H), 7.6(d, J = 13 Hz, 1H) , 4.27 (d, J = 10.0 Hz, 1H) 13C NMR (75 MHz, CD3OD)  

168.88, 163.88, 151.95, 138.16, 136.41, 135.43, 133.38, 132.62, 130.77, 129.48, 128.49, 127.77, 

124.67, 124.0, 122.45, 120.89, 83.0, 82.42, 44.7; LC-MS Calc. for C18H9D3BrClN3O2 (M + H)+ 

419,421,423 found 419, 421,423; HRMS calcd for C18H9D3BrClN3O2 (M + H)+ 418.9577, 

,420.9887,421.9777found  418.9414, 420.9775,421.9767. 
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6-(2-chlorophenyl)-8-ethynyl-4H-benzo[f]imidazo[1,5-a][1,4]diazepine-3-carboxylic  

acid (26) 

 

 

Ethyl ester (300 mg, 77 mmol) was dissolved in ethanol (100 mL). After adding sodium 

hydroxide (8.48 mmol), to the solution it was heated at reflux for one h. When the reaction was 

complete on checking TLC (Silica gel) the solution was cooled to rt and water was added to dilute 

the solution. One half of the solvent was removed under reduced pressure until 50% of the solution 

remained. The solution which remains was stirred at rt and hydrochloric acid was added dropwise 

until the product began to precipitate from the solution. The product was filtered to give a white 

solid . 1H NMR (300 MHz,CDCL3)  8.86 (s, 1H), 8.34 (t, J = 7.5Hz, 1H), 7.94 (s, 1H), 7.84(m, 

J = 4.2, 1.8 Hz, 2H), 7.63(d, J = 12 Hz, 1H), 7.52(d, J = 18 Hz, 1H),  7.15 (m, J = 10.4 Hz, 

1H),6.89(s,1H) 4.57 (m, 2H),3.89 (s,1H); 13C NMR (75 MHz, CDCl3)  168.6, 160.32, 156.64, 

148.77, 138.43, 137.60, 136.23, 135.92, 135.57, 135.15, 129.12, 127.19, 125.47, 124.20, 123.86, 

120.35, 82.98, 82.42, 45.10; LC-MS Calc 361 found 361. for C20H13ClN3O2 (M + H)+ 360.9967 

(calc) found 360.9959. 
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6-(2-chlorophenyl)-8-ethynyl-4H-benzo[f]imidazo[1,5-a][1,4]diazepine-3-carboxylic-1,4,4-

d3 acid (27) 

 

 

The acid was dissolved in methanol-D and potassium carbonate was added to the solution 

with stirring under argon . The solution was heated to reflux for 6 h under argon. After completion 

of the reaction, the solvent was removed under reduced pressure. D2O was then added to the 

solution to dilute the reaction mixture and it was cooled to 0o C.  The deuterated hydrochloric acid 

was added dropwise until the product precipitated from the solution. After filtration the product 

was obtained as a white solid 21. 1H NMR (300 MHz,CDCl3)  8.86 (s, 1H), 8.34 (t, J = 7.5Hz, 

1H), 7.94 (s, 1H), 7.84 (m, J = 4.2, 1.8 Hz, 2H), 7.63(d, J = 12 Hz, 1H), 7.52(d, J = 18 Hz, 1H),  

7.15 (m, J = 10.4 Hz, 1H), 3.89 (s,1H); 13C NMR (75 MHz, CDCl3)  167.2, 162.42, 156.64, 

148.77, 138.43, 137.60, 136.23, 135.92, 135.57, 135.15, 129.12, 127.19, 125.47, 124.20, 123.86, 

120.35, 82.98, 82.42, 45.10; LC-MS calcd for C20H10D3ClN3O2 (M + H)+ 364 found 364; HRMS 

calcd for C20H10D3ClN3O2 (M + H)+   363.9980, 365.9986, 367.9765 (calc):  found  363.9975 , 

365.9879 , 367.9758. 
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5-(8-(ethynyl-d)-6-(pyridin-2-yl)-4H-benzo[f]imidazo[1,5-a][1,4]diazepin-3-yl-1,4,4-

d3)oxazole-2,4 d2: (4a) 

 

 

The toluenesulfonylmethyl isocyanide (TosMIC, 150.02 mg, 0.77 mmol), K2CO3 (265.5 

mg, 1.92 mmol) and the aldehyde (200 mg, 45.5 mmol) were placed in a dry two neck round 

bottom flask. Dry CD3OD (10 mL) was added to the mixture under an argon atmosphere at rt. The 

reaction mixture was allowed to heat to reflux for 2 h. After completion of the reaction on analysis 

by TLC (silica gel, EtOAc and 1% TEA), the reaction mixture was quenched with D2O (10 mL) 

and extracted with EtOAc (3 x 100 mL). The organic layers were combined and dried over Na2SO4. 

Excess solvent was removed under reduced pressure and further purified by flash chromatography 

(silica gel, EtOAc:hexane, 3:1) to afford oxazole (d6-KRM-II-81) as a white solid (228.86 mg, 

78% yield). Rf = 0.3 (EtOAc and 1% of each MeOH and TEA); 1H NMR (300 MHz, CDCl3): δ 

8.60 (d, J = 4.5 Hz, 1H), 8.04 (d, J = 7.9 Hz, 1H), 7.85-7.76 (m, 2H), 7.59-7.55 (m, 2H), 7.38 (t, J 

= 6 Hz, 1H), 3.17 (s, 0.3H); LC-MS calcd C21H8D6N5O (M + H)+  358 found 358. 
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5-(8-(ethynyl-d)-6-(pyridin-2-yl)-4H-benzo[f]imidazo[1,5-a][1,4]diazepin-3-yl1,4d3)oxazole-

2,4 d2: (4b) 

 

 

Compound 3 (100 mg, 0.28 mmol) was dissolved in methanol (10 mL) and the mixture 

heated to 50 °C for 30 min with stirring to afford compound 4 (d5-KRM-II-81) (85 mg, yield 95%). 

Rf = 0.3 (EtOAc and 1% of each MeOH and TEA); 1H NMR (300 MHz, CDCl3): δ 8.60 (d, J = 

4.5 Hz, 1H), 8.04 (d, J = 7.9 Hz, 1H), 7.85-7.76 (m, 2H), 7.59-7.55 (m, 2H), 7.38 (t, J = 6 Hz, 1H), 

3.17 (s, 1H); LC-MS calcd C21H9D5N5O (M + H)+ 357 found 357; HRMS (ESI) calcd for 

C21H9D5N5O (M + H)+  357.1512, found 357.1489. 

5-(8-(ethynyl-d)-6-(pyridin-2-yl)-4H-benzo[f]imidazo[1,5-a][1,4]diazepin-3-yl-1,4,4-

d3)oxazole-2,4 d2: (4c) 

 

The oxazole 5 (50 mg, 0.14 mmol) and K2CO3 (19 mg, 0.14 mmol) was placed in a round 

bottom flask. Dry CD3OD (5 mL) was added to the mixture under an argon atmosphere at rt. The 
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reaction mixture was allowed to stir for 2 h at reflux. The excess solvent was evaporated. Ethyl 

acetate was added to the solution and it was filtered through celite. Excess of solvent was removed 

under reduced pressure to afford oxazole 6 as a white solid (89 mg, 89% yield). Compound 6 was 

dissolve in methanol 10 mL and heated to 50 °C for 30 min with stirring to final afford compound 

7 (d4-KRM-II-81) (85 mg, yield 95%). Compound 6 Rf = 0.3 (EtOAc and 1% of each MeOH and 

TEA); Compound 6 1H NMR (300 MHz, CDCl3): δ 8.60 (d, J = 4.5 Hz, 1H), 8.04 (d, J = 7.9 Hz, 

1H), 7.85-7.76 (m, 2H), 7.59-7.55 (m, 2H), 7.45 (s, 1H), 7.38 (t, J = 6 Hz, 1H), 3.17 (s, 0.63H); 

Compound 6 LC-MS calcd C21H9D5N5O (M + H)+  357 found 357; Compound 7 Rf = 0.3 (EtOAc 

and 1% of each MeOH and TEA); Compound 7 1H NMR (300 MHz, CDCl3): δ 8.60 (d, J = 4.5 

Hz, 1H), 8.04 (d, J = 7.9 Hz, 1H), 7.85-7.76 (m, 2H), 7.59-7.55 (m, 2H), 7.45 (s, 1H), 7.38 (t, J = 

6 Hz, 1H), 3.16 (s, 1H); Compound 7 LC-MS calcd for C21H10D4N5O (M + H)+  356 found 356; 

HRMS (ESI) calcd for C21H10D4N5O (M + H)+  356.1449, found 356.1423. 

2.16. Methods 

Dorsal Root Ganglion Electrophysiology (Dr. Kevin Freeman, University of Mississippi 

Medical Center) 

A culture of dorsal root ganglia (DRG) sensory neurons was prepared following the method 

of (Bleakman et al., 1996). The ganglia were isolated from 2-month-old rats weighing 235 - 310 g 

and then digested enzymatically with type II collagenase (3 mg/mL), at a temperature of 37 oC for 

50 min. After that, the mechanical dissociation of the tissues was performed using a set of fire-

polished sterile glass pipettes of decreasing diameters and plated on Nunc 35 x 10 tissue culture 

dishes. The tissue was incubated in Nb Active1 (Brainbits LLC, Springfield, IL), 5% dialyzed fetal 

bovine serum and 0.25% Glutamax (Gibco). The tissue incubators were always maintained at (37 
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oC, 5% CO2) and not used beyond seven days. DRG neurons were recorded at rt using the voltage 

clamp methods of Cerne et al. (2016). Cells were clamped at -80mV voltage throughout the 

procedure. GABA currents were initiated by 4 s perfusion (GABA concentration: EC10; 

ValveBank II eight channel perfusion system, AutoMate Scientific, Berkeley, CA). Test 

compounds were dissolved in DMSO to prepare stock solutions and further diluted by the GABA 

EC10 or the external solution to make sure that the DMSO concentrations were less than 0.1% 

(v/v). Perfusion of the test compound was performed for 2 min and then GABA was co-

administered for 4 s. The perfusion of Nunc 35 x 10 tissue culture dishes was continued using a 

gravity flow perfusion system throughout the recording, following the method reported by Witkin 

et al. (2019). The recorded data was first normalized using the GABA EC10 current amplitudes as 

the baseline and then the mean and standard error of the mean (SEM) were reported. The data was 

then fitted using the four-parameter logistic equation. 

Marble Burying Assay (CRO) 

The evaluation of the ligands was performed following the methods of marble-burying in 

mice (Li, et al., Life Sci., 2006, 78, 1933 – 1939). Either 1% carboxymethyl cellulose vehicle or a 

test compound was administered to the mice i.p. 30 min prior to testing. A plastic tub (17 cm x 28 

cm x 12 cm , with 5 mm sawdust shavings) was placed on the floor and then the mice were put in 

it (Harlan Sani-Chips, Harlan-Teklad, Indianapolis, IN). At the center of the tub, 20 blue marbles 

of 1.5 cm diameters were placed and the mice were left alone for 30 min. The number of murbles 

covered at least two-third in sawdust were recorded. 
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Vogel Conflict Assay (Dr. Jeffrey M. Witkin, CRO) 

The evaluation of the ligands was performed in male Sprague-Dawley rats weighing 

between 200-300 grams (Harlan Industries, Indianapolis, IN) following the Vogel conflict assay 

methods of (Alt, et al., Neuropharmacology, 2007, 52, 1482 – 1487). Operant behavior test 

chambers were ENV-007 (Med Associates Inc., Georgia, Vermont, USA) 30.5 x 24.1 x 29.2 cm, 

for the assay. A Compaq computer running MED-PC Version IV (Med Associates Inc., Georgia, 

Vermont, USA) was used to record the data. For the first training session, water was withheld for 

1 day. A duration of 6 min following the first lick was considered as the training. The two 3-min 

intervals were the unpunished and punished components respectively. In the first two training days, 

no shock was given during the punished component of the training. At the end of the session, the 

rats were returned to the home cages and provided with water for 30 min. Then water was again 

withheld for the next 24 h prior to the next session. For the third day onwards, the rats were 

administered i.p. with vehicle (0.5% Tween 80, 1% hydroxyethyl cellulose, 0.05% Dow anti-foam 

administered at 3 mL/kg), chlordiazepoxide (20 mg/kg at 1 mL/kg), Hz-166 (30 mg/kg at 3 mL/kg) 

or KRM-II-81 (3, 10, 30, or 60 mg/kg; 3 and 10 mg/kg at 1 mL/kg, 30 mg/kg at 3 mL/kg, and 60 

mg/kg at 6 mL/kg) 30 min prior to testing (n = 6 – 8). On the third day, electric shocks were given 

in the punished session (100 msec, 0.5 mA) after every 20th lick (FR20). The number of licks 

during each session was recorded. The mean number of licks for each session was analyzed and 

compared to the control vehicle group. Dose-effect functions were analyzed by ANOVA. Then 

post-hoc Dunnett’s test was performed with vehicle as the control. The statistical significance 

margin was set at ≤ 0.5. 
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6 Hz 44mA Seizure Model (ETSP/ NINDS) 

The mice were administrated p.o. with KRM-II-81 (2). After two hours, a 6 Hz stimulation 

was delivered for 3 seconds using corneal electrodes (44 mA). The seizure was observed and 

recorded. Another group of mice were given higher doses of 1 and after 4 hr observed for possible 

motor impairment and toxicity. 

Maximal Electroshock Seizure (MES) Model (ETSP) 

The purpose of  the MES assay is to investigate the anticonvulsant effects of the test 

compounds that either cause or alleviate seizures. For this stuty, male CD1 mice (Taconic Farms) 

weiging 21-32 g were used. A Wahlquist stimulator Model H with 0.2-sec stimulation via corneal 

electrodes was used in the procedure. Diazepam was dissolved in 1% hydroxyethylcellulose/0.25% 

Tween- 80/0.05% with Dow antifoam in water. KRM-II-81 (2) and HZ-166(1) were suspended in 

carboxymethylcellulose. The dose volumes for rats and mice were different. In the case of 

diazepam, rats were given 1 mL/kg and mice were given 10 ml/kg. In the cases of both KRM-II-

81(2) and HZ-166(1) mice were administered with 10 mL/kg. For rats, the dose volumes of HZ-

166 (1) and KRM-II-81(2) were 5 mL/kg and 1 mL/kg, respectively, below doses of 30 mg/kg; 3 

mL/kg for doses of 30 mg/kg and 6 mL/kg for doses of 60 mg/kg. Mice were given diazepam (1, 

3 or 6 mg/kg), 1 (3, 10 or 30 mg/kg) 2 (3, 10 or 30 mg/kg) or 14(3, 10 or 30 mg/kg)  i.p. 30 min 

before testing, and were observed for 10 sec after the electrical stimulus (10 uA). The convulsions 

were recorded (0 = no convulsion, 1 = clonus, 2 = tonic flexion, 3 = tonic extension). The animals 

were immediately euthanized following the test. The tonic extension at hindlimb was considered 

to be the primary endpoint. Fisher’s probability test was used to analyze the proportion of mice 

showing convulsions. 
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Inverted Screen Test (ETSP) 

This assay was performed with male Sprague Dawley rats weighing 90-110 g(Harlan 

Sprague Dawley, Indianapolis, IN). The deveice consisted of four 13 x 16 cm squares with round 

holes, perforated stainless steel mesh (18 holes/square inch, 3/16 inch diameter, ¼ inch staggered 

centers, 50% open area) mounted 15 cm apart on a metal rod and 35 cm above the table top. Test 

compounds diazepam (3 or 10 mg/kg), 2 (30 mg/kg) , 12, 1(10 or 30 or 60 mg/kg) were 

administered to the rats and then were put back into the home cage. After 25 mins, inverted screen 

test was used for evaluation of the rats were evaluated. The evaluation was scored after 60 seconds 

as follows: 0 = climbed to the top of the screen, 1 = hanging on to the screen, 2 = fell off). 

Pentylenetetrazole (PTZ)-Induced Seizure Threshold (ETSP) 

For this procedue, male F-344 Harlan rats (Indianapolis, IN) were used. The animals were 

randomly administrated vehicle or test compounds. Rats were restrained inside a container with a 

winged infusion needle inserted into the lateral tail vein. Intravenous infusion of 10 mg/ml PTZ at 

0.5 ml/min was administered until a clonic seizure occured, and the time required to the produce 

a seizure was recorded in seconds. The maximum time was set at 4 min at which point procedure 

ended. The infusion rate concentration of PTZ, time to clonic convulsion, and animal weight were 

recorded. The rats were euthanized at the end of the procedure. 

Corneal Kindled Mouse Model (ETSP) 

A group of male CF-1 mice were given a kindled electrical 3-s stimulation by corneal 

electrodes (3 mA, 60 Hz) two times daily for 10-14 days until they satisfied the criterion of Stage 

5 seizures. If any mouse did not reach the criterion at that point, it was not included for the 

experiment. The test was started after 5-7 days since the last stimulation. Two groups of mice were 
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selected with each group consisting of 4 fully kindled mice. The groups were then administrated 

p.o. with different doses of KRM-II-81 (2) (1, 3, 8, 15, 25, 30 mg/kg). At the 2 hr mark, the Time 

of Peak Effect (TPE) was determined. Then the mice were returned to their home cage and allowed 

to rest for 3-4 days to wash out the test compoounds. 

Lamotrigine (LTG)-Resistant Amygdala Kindled Rat Model (ETSP) 

A group of male Sprague-Dawley rats (250-300 g) were used for this procedure. For each 

animal, an electrode was implanted into the left amygdala and then allowed to recover for 1 week. 

Then the animals were given a daily dose of 200 µAmp stimulus until they all reached at stage-4 

or stage-5 seizures. The fully kindled animals were each administered i.p. with LTG (30 mg/kg) 

to induce resistant seizures. The they were stimulated to ensure the LTG-sensitivity of both the 

vehicle control group and the LTG-resistance group. Then LTG was allowed to wash out for 3 

days. After 3 days, animals were administrated with different doses of KRM-II-81 (2) (1, 5, 10, 

20, and 40 mg/kg). Then the animals were given the stimulus with the TPE determined at 1 hr. 

After concluding the test, the animals were sent back to their home cage and any test compounds 

were allowed to wash out for 3-4 days.  

Model of Mesial Temporal Lobe Epilepsy (ETSP) 

Kainic Acid  (KA) (1 mmol in 100 mL) was administered by injection i.v. into the dorsal 

hippocampus of adult male C57BL/6J mice for 4 weeks to induce non-convulsive severe epilepsy. 

An electrode was implanted into the left hippocampus in male mice. After the 4 weeks, a group of 

4 MTLE mice were administered with 15 mg/kg of KRM-II-81 by injection i.v. and digital EEG 

data was recorded for 20 minutes before and 90 min post administration. The number of HPDs 

were recorded 10 min before and 10 min after the PTE (Peak Time Effect).  
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Chronic Post-SE (KA) Spontaneously Seizing Rats: Stage 1 with IP Administration (ETSP) 

A mild dose of kainic acid (KA) (7.5 mg/kg) was administered i.p. to rats hourly for up to 

4 hours until the animal achieved Stage 5 seizures this to induce chronic epilepsy with status 

epilepticus. Milder doses can also be used if lower-stage convulsions are retained. Rats were 

administered with 3 mL of Ringers solution to prevent dehydration. This process was continued 

for 10 weeks at which point a wireless telemeter was impanted subdermally into the peritoneal 

space between the stomach and the head. The initial seizure rate in rats was recorded by EEG suites 

for over a week. Only the animals with the highest scores were chosen (n = 24). At the beginning 

of the test period (week 1), the baseline seizure rate was determined. In week 2, 20 mg/kg of KRM-

II-81 (2) was administrated for 5 days (Monday-Friday). The animals were randomly divided into 

two groups (vehicle and test). The week 3 was the washout period where the rats were only 

monitored for 1 week with vehicle treatment. The cross-over paradigm was utilized to account for 

design variations. A second group of rats were treated similarly, but vehicle was followed by the 

treatment of 2. A MATLAB algorithm developed to detect events ( focal seizures and generalized 

seizures) was utilized to accumulate a list of detected events. The results were reported by seizure 

burden, frequency and Racine scores. 

Evaluation of Seizure Protection in Resistant Epileptic Human Brain Tissue (Dr. Jeffrey M. 

Witkin; Elily and Co Wikin Consulting)  

The tissue was prepared following the previously reported procedue (Zwart et al., 2014). 

Tissue slices were perfused by normal ACSF (NACSF) solution at 1.0 mL/min at 37 ° C for 1 h. 

If no spontaneous activity was detected, the tissue was then bathed in excitable ACSF (EACSF) 

solution containing 5 mM K+ in order to induce a strong local field potential (LFP) activity in the 
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tissues. Then 10 µM of picrotoxin was added, and a baseline was established by recording the 

activity for 1 hr. After 1 hr, 30 µM of KRM-II-81(2) was added and activity-recording for an 

additional 1 hr was continued. For another batch, the same procedue as above was followed, but 

with 50 µM of AP-4 with all 60 channels activated. Time points were binned at 4 ms. A two-way 

ANOVA was carried out to evaluate the effectiveness of KRM-II-81(2) was effective and the 

dependency of this effectiveness on different channels, as described in Witkin et al.89 

Acetic Acid and Lactic Acid-Induced Writhing Model (Dr. Lakeisha A. Lewter and Jun-Xu 

Li, University at Buffalo) 

One of the two compounds 0.32% lactic acid or 0.6% acetic acid in water were 

administered to the mice. Acid-induced writhes were counted for 25 min from 5 or 10 min post-

injection time points for acetic acid and lactic acid respectively. A writhe is defined as a contraction 

in the abdominal region followed by a stretch of hind limbs. Difference treatment groups of mice 

were administered with one of the three compounds via subcutaneous (s.c.) injections: morphine 

(0.1−3.2 mg/kg, 10 min pretreatment), KRM-II-18B (1−10 mg/kg, 30 min pretreatment), or KRM-

II-81(2) (3.2−10 mg/kg, 30 min pretreatment). Also, the flumazenil blockade experiment was 

conducted by administering s.c. injections of flumazenil 15 min prior to the injections of each 

PAM. 

CFA-Induced Inflammatory Pain Model by the Von Frey Test (Dr. Lakeisha A. Lewter and 

Jun-Xu Li, University at Buffalo) 

Adult male Sprague-Dawley rats (Harlan, Indianapolis, IN, USA) were selected for this 

study. The rats were housed individually and kept in on a 12/12 h light/dark cycle. The light periods 

were used for the behavioral studies. The animals were only barred from food and water during 
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the experimental sessions. This study was conducted following the guidelines of the International 

Association for the Study of Pain (Zimmermann, 1983A) and was approved by the Institutional 

Animal Care and Use Committee, University at Buffalo, the State University of New York 

(Buffalo, NY ), following the 2011 guide: Care and Use of Laboratory Animals (Institute of 

Laboratory Animal Resources on Life Sciences, National Research Council, National Academy of 

Sciences, Washington, DC).  

Following the same procedure as previously described (Li et al., 2014), Complete Freund’s 

Adjuvant (CFA) inoculations containing approximately 0.05 mg of Mycobacterium butyricum 

were used to induce inflammatory pain. CFA induces inflammation and increases paw thickness. 

For this experiment, the subjects were put under isoflurane anesthesia (2% isoflurane mixed with 

100% oxygen at a flow rate of 5 L/min) and then 0.1 mL of CFA (Difco, Detroit, MI, USA) was 

injected into right hind paw of the subjects. Then after 48 hrs, mechanical nociception tests were 

conducted. 

Two days after CFA treatment, the mechanical hyperalgesia was measured by von Frey 

filaments (1.4 g - 26 g; North Coast Medical, Morgan Hill, CA). Groups of 6 rats were placed in 

elevated boxes with mesh floors (IITC Life Science Inc., Woodland Hills, CA). The lowest 

filament (1.4 g) was applied perpendicularly to the medial plantar aspect of the right hind paw. 

Then increasingly higher filaments were used until the withdrawal of the hind paw (behavioral 

response) was observed. Filaments were maintained for approximately 2 seconds each time and 

cotinued until buckling occurred.  Rats were administered the next dose of the drug every 20 min. 

Maximum threshod was observed at 26 g upon which point experiment was concluded. 

From 2 days past the treatment, mechanical hyperalgesia was measured every 4 days for 

12 days. On the first three intervals (days 1-3; 5-7; 9-11) rats were administered with either of the 
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PAMs (KRM-II-18B, KRM-II-81(2), or midazolam) or saline two times every day at 9:00AM-

10:30AM and 5:00PM-6:30PM.  On the days of mechanical hyperalgesia measurement, the 

animals were not administered the AM dose. The dosage for each PAMs is as follows: 3.2 mg/kg 

of KRM-II-18B; 5.6 mg/kg of KRM-II-81(2) and midazolam.  On the days of mechanical 

hyperalgesia testing, cumulative dose-response curves contained KRM-II-18B (1.0-5.6 mg/kg), 

KRM-II-81(2) (1.0-5.6 mg/kg) , and midazolam (1.78-10 mg/kg). 

For the preparation of drugs, KRM-II-18B and KRM-II-81(2) were dissolved into a 

mixture containing, 20% DMSO, 10% emulphor, and 70% saline, whereas midazolam (Akorn, 

Inc.) was dissolved in 0.9% saline. Doses were calculated as the weight of the drug in mg per kg 

of body weight. The drugs were administered intraperitoneally. Following pre-treatment of PAMs 

in the antagonist study, rats received injections at 20 min intervals, while the dosage of flumazenil 

(or saline)  was gradually increased. 

Formalin Assay (Dr. Jeffrey M. Witkin, Wikin Consulting) 

Rats were introduced to the test chamber (SR-Lab Startle Response System, San Diego 

Instruments, San Diego, CA) and allowed to acclimate. A 5% formalin solution (50 μL ) in 0.9% 

saline was administered by injection i.p. at the plantar surface of right hind paw. The pain-response 

was monitored and recorded by a force-transducer for a period of 50 minutes. The behavioral 

responses were observed where licking, resting, sniffing or any such events were counted. The 

response time is defined as time the rats spend licking the injected paw. Data were in two parts: 

the initial 5 minutes and the following 10-50 minutes, and analyzed separately by ANOVA and 

post-hoc Dunnett's test with p < 0.05 was considered a statistically significant difference. 
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SNL-Induced Hyperalgesia Model of Neuropathic Pain (Dr. Jeffrey M. Witkin, Wikin 

Consulting) 

This procedure was performed using male Sprague-Dawley rats (Harlan Industries, 

Indianapolis, IN), with weights ranging 225 - 300 g. 90 – 104 days prior to testing, these rats 

underwent the SNL surgery following the procedures reported by Witkin et al., 2019. At first, 

baseline was obtained for each group of rats (n = 5). The rats were then administrated i.p. with 

either one of the following: vehicle (1% CMC), gabapentin (50 mg/kg) or 2 (30 mg/kg). The Paw 

Withdrawal Threshold (PWT) was determined by subjecting the rats to mechanical sensitization 

using Von Frey filaments. This process was repeated every hour throughout the 4 h testing period. 

The animals were monitored for any signs of response (e.g. licking, withdrawal or shaking the 

paw, etc.). Any exhibited response while either administering or immediately after removing the 

filament was considered a positive response. PWT measurement was carried out once every 15 

min. The animals were administered by injection increasing doses of flumazenil or saline every 20 

min immediately following the pre-treatment of drugs during the mechanical hyperalgesia study. 

For the second study, five rats were administered p.o. either one of the following: vehicle, 2(10, 

30, or 100 mg/kg), or gabapentin (75 mg/kg) 30 minutes prior to testing.  

Chemotherapy Induced Neuropathic Pain (CINP) Models (Dr. Bronwyn Kivell, Victoria 

University of Wellington) 

Male C57BL/6J mice (Victoria University of Wellington, Australia) were used for all the 

procedures involving this experiment. 

Acute treatment: On the day 0, two pre-treatment groups were formed of 4 and 12 mice 

respectively. On days 0, 2, 4 and 6, the first group was administered i.p. the vehicle (one part 
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1:1:18 mix of kolliphor EL, ethanol and saline) and the second group with paclitaxel (4 mg/kg) in 

the vehicle. Therefore, the paclitaxel group received a cumulative paclitaxel dose of 16 mg/kg.  

The mice were allowed to be accustomed to the experimental room for 1 hour in presence 

of the experimenter and then to the experimental chambers for at least 10 min. The mechanical 

hyperalgesia and thermal allodynia were measured the paclitaxel injections on days 0, 2 and 4 

before, whereas on days 7, 11, 13 and on Day 15 it was done before the dose-response. The 

enclosure used for hyperalgesia and allodynia measurements was transparent, raised, and with a 

grated floor (to ensure proper access to the animals’ paws). A von Frey anesthesiometer (IITC 

Inc., Life Science Instruments, Woodland Hills, CA, USA) was used for measuring the mechanical 

hyperalgesia. The center of the underside of a rear hind paw of the subject animal was applied with 

a measured and slowly increasing force. The force was immediately removed and recorded upon 

observing a reaction (e.g. removal of paw). This process was repeated for each hind paw, for three 

times on each measurement day. For the measurement of the thermal allodynia, acetone was 

applied to a hind paw with a syringe, and the time-length of the exhibited reaction (e.g. raising, 

licking, shaking or biting of the paw) was recorded. This process was repeated for each hind paw, 

two times on each measurement day. 

Dose-response study: After two weeks, the pre-treatment process was concluded. On day 

15, the Paclitaxel group of mice were distributed into three groups (n = 4 each). Each group would 

receive one of the following: KRM-II-81(2), MP-III-80 (3) and the vehicle. It was made sure that 

the experiementer was unaware as to which group the subject animal belonged to. During the 

study, each animal received six injections on 30 min intervals. The dosages for KRM-II-81(2) and 

MP-III-80 (3) injections were increased at each injection. The cumulative doses for both of the 



109 
 

drugs were: 0.1, 1, 5, 10, 15, 20 mg/kg. For each of the hind paws, mechanical hyperalgesia was 

measured twice and thermal allodynia was measured once, roughly 30 min post each injection. 

Chronic neuropathic pain: For the chronic pain treatment, first the groups were decoded 

after the dose-response study on day 15. The mechanical hyperalgesia data (ED80 dose) was used 

to calculate the chronic treatment dosages for both drugs (KRM-II-81(2) and MP-III-80 (3)). 

During the chronic experiment, both test groups as well as the control group received a 1:2:7 ratio 

of KRM-II-81(2), MP-III-80 (3) or the vehicle in tween 80: dimethyl sulfoxide: saline. The animals 

pre-treated with paclitaxel then received chronic treatments of either of the drugs or the vehicle in 

groups of 4. The treatments were performed as blinded experiments. 

From day 18 onwards, each of the hind paws of each of the subject animals was 

administered with an injection of chronic treatment, as well as three mehcnical hyperalgesia and 

two thermal allodynia measurements. During this entire interval, the mechanical hyperalgesia and 

thermal allodynia measurements were performed 30 min post-treatment on the even days and 

immediately after treatment on the odd days. This process was contninued until day 40. 

Respiratory Depression (Dr. Kevin Freeman, University of Mississippi Medical Center) 

A group of eight rats were selected for this procedure and allowed to become accustomed 

to the recording chamber 1 h prior to the testing, following a method proposed by Bassi et al. 

(2015). After 1 h, the chamber was opened and the animal was administered i.p. the vehicle or 

either of the drugs KRM-II-81(2) (1.0, 3.2, and 10 mg/kg, 30 min before testing) or alprazolam 

(0.32, 1.0, and 3.2 mg/kg, 15 min before testing). Immediately afterwards, the chamber was re-

sealed after filling it with air (21% of O2 and 0.04% CO2). The pressure fluctuations within the 

chamber were measured for 1 min. After 1 min, 1 mm of air was pumped into the chamber for 

calibration of pressure. The measure of one-way ANOVA with Dunnett's multiple comparisons 
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was used to determine the pulmonary ventillation, following a plethysmography method reported 

by Bassi et al. (2015). Respiration frequency (f) and tidal volume (VT) were determined for each 

baseline in each drug condition by taking 1-min sample data containing rhythmic breathing 

acquired by PowerLab data acquisition software. Minute Volume was determined by the method 

of Bassi et al. (2015). The statistical tests were completed in Prism 6 (GraphPad Software, San 

Diego, CA). 

Pain-Depressed Intracranial Self-Stimulation (ICSS model, Dr. Megan Moerke and Dr. 

Steve Nuggus, Virginia Commonwealth University 

Following a procedure reported by Negus et al. (2012) a group of adult male Sprague-

Dawley rats from Envigo (Indianapolis, IN) weighing 310-350 g was selected, and trained under 

a fixed-ratio 1 schedule of electrical brain. After obtaining the baseline, the animals were 

administrated i.p. with either vehicle or KRM-II-81(2) (0.32-10 mg/kg) (n=8) or 0.1-10 mg/kg 

ketorolac (n=6) or 0.32-10 mg/kg diazepam (n=6) without the dilute lactic acid. For each frequency 

trial, first the reinforcement rate of stimulations was normalized and then converted into percent 

Maximum Control Rate (% MCR), by calculating the mean of the observed maximal rates as 

compared to the baseline, following the process reported by Moerke et al., 2018. 
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Chapter 3: Cancer  

3.1. Introduction 

Medulloblastoma is known as a pediatric brain cancer (modulating paper) which has a high 

rate of mortality. It develops at the base of skull called the posterior fossa.118, 119 Different kinds 

of standard-of-care including surgical resection, and this is followed by radiotherapy and 

chemotherapy, which cause neurocognitive side effects.120-122 There are four different subgroups 

of medulloblastoma has reported according to the genomic studuies, wingless (WNT), sonic 

hedgehog (SHH), group 3, and group 4.123-125 Among them WNT and SHH shows anomalous 

expression of genes related with the Wnt and Shh pathways which has a constancy g with genomic 

alterations126-128 but group 3 and 4 do not show any sub-group specific genomic alteration.  The 

group 3 subtype is the most lethal and 20% survival rate with standard care treatment. Although it 

was reported that the Group 3 subtype is MYC-driven but only one subset of the group 3 tumors 

exhibit MYC expression.129 TP53 wild-type group 3 medulloblastoma has a very poor diagnosis.130, 

131 The medulloblastoma subtype, subgroup 3 also has a high expression of the.118, 119, 128 GABRA5 

gene. 

QH-II-066 and KRM-II-008 are α5GABAR positive allosteric modulators and showed 

very high potency in cell viability assay by decreasing the  expression of HOXA5 which is a 

homeobox transcription factor that controls p53 expression.132 To understand the role of α5-

GABAAR in group 3 cell viability, 763 primary medulloblastoma patient tumors has been studied 

by Dr. Soma Sengupta. 
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Figure 41. QH-II-066 at α^+ γ^- Interface of GABAA Receptor 

 

The three most important interactions of (QH-II-066) was described by cryo-ER structures 

which help them to function as a PAM: i) bifurcated hydrogen bonding with 1Ser205 was 3.1A 

with the N atom in seven-member ring and 2.9A with the oxygen atom. ii)  the hydrogen bonding 

with the backbone of 1His102 was less then the halogen bond formed by diazepam with 

1His102 via the halogen bonding with the backbone carbonyl and the , iii) pi-pi stacking with 

1Tyr210 and 1Phe100. The distance between the chlorine atom and carbonyl oxygen of 

1His102 was 3.2 Å in the DZP bound cryo-ER structure (6HUP) and 3.8 Å in the case QH-II-

066(6HUO). The σ-hole angle is 165 in both cyro-ER structures. The bifurcated hydrogen bond 

formed by QH-II-066 with 1Ser205 is shorter than that configured with bound DZP. The shorter 

hydrogen bond and bifurcated hydrogen bond interaction are consistent with same sedative effect 

of via α1β3γ2, but it is less than diazepam.( US patent, Cook et al 2006) 
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Figure 42. KRM-II-008 at 𝜶+𝜸− Interface of GABAA

 

Receptor 

 

The most important bifurcated hydrogen bonding with 1Ser205 was 2.2A with N atom 

in seven-member ring and 2.5A with the oxygen atom. ii) the hydrogen bonding with the 

backbone of 1His102, which is less than the halogen bond formed by diazepam with 1His102 

via halogen bonding with the backbone carbonyl and, iii) pi-pi stacking with 1Tyr210 and 

1Phe100.The bifurcated hydrogen bond formed by  QH-II-066 with 1Ser205 is longer than 

that configured with bound KRM-II-008. As the hydrogen bond of KRM-II-008 is shorter than 

QH-II-066, so it exhibit more potent affinity for 1 than QH-II-066. 
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Figure 43. FR-I-44 at 𝜶+𝜸− Interface of GABAA Receptor 

 

FR-I-44 shows same bonding affinity in the cryo-ER structure (6HUP) like KRM-II-008.  

Similar to KRM-II-008, it formed a hydrogen bond with the backbone of the 1His102 as it has 

ethylene function at its 8 position. The bifurcated hydrogen bonding with 1Ser205 was 2.1A 

with the N atom in seven-member ring and 2.6A with the oxygen atom this is almost similar like 

KRM-II-008. pi-pi stacking with 1Tyr210 and 1Phe100 also was observed here. The 

structural difference between QH-II-066, KRM-II-008 and FR-I-44 is the the substituent at 2’ 

position. All these compounds showed affinity toward 1. And from the selectivity it matches 

the data, but this compound also has expression of 5 which is most important for this project. 

This modeling is an indication of some α1 mediated sedation. Since we know both QH-II-066 

and KRM-II-008 are both active against group 3 medulloblastomas and diazepam is not, some α1 

mediated sedation and anxiolytic effects of the active ligands is perfectly acceptable during the 

treatment with our ligand coupled with radiation and for this reason 2’Cl analogs of active anti-

cancer ligand KRM-II-008 was synthesized and assayed. 
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The synthetic route of FR-I-44 and FR-I-43 is shown in the scheme 10. At first step the the 

benzophnenone which on SN2 reaction with bromoacetal bromide produce acyl intermidiate followed by 

methanol cyclization lead to form the cyclized benzodiazepine.The copper free sonogahira reaction 

performed to produce TMS (trimethylsilyl) protected benzodiazepine. TBAF was used to deprotect TMS. 

CH3I was used in the presence of potassium tert butaoxide to exchnage the H with methyl group and form 

the final product FR-I-44. 

 

Scheme 10. The total synthesis of FR-I-44 and FR-I-43 
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Figure 44. The efficacy of ligands expressed in HEK, α1-6,β3γ2 GABA ion channels with EC3 

GABA. 

3.2. Cytotoxicity Study 

In both human embryonic kidney cells (HEK293T) and human liver cancer cell lines (HEPG2) 

the cytotoxicity assay was performed to study the toxicity of all analogs at the cellular level for 

the selection of safe lead compounds. The results are depicted in the following table: 

  Code HEK293 LD 50 HEPG2 LD 50 

1 QH-II-66 174.6 ± 13 242.7 ± 10 

2 KRM-III-70 >400 >400 

3 KRM-II-08 257.5 ± 12.9 277.4 ± 15.5 
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4 FR-I-44(KRM-III-77) 138.5 ± 8.7 248.4 ± 32.5 

5 NOR-KRM-II-08 210.1 ± 11.6 260.8 ± 13.5 

6 FR-I-43 165.1 ± 22.9 130.9 ± 6.7 

7 NOR-KRM-III-70 NA NA 

8 NOR-QH-II-66 NA NA 

Table 14. Cytotoxicity data of all synthesized analogs. 

 

Ligands were incubated with HEK293T cells and HEPG2 cells, respectively, for 48 hours 

followed by detection of cell viability using a Cell-Titer Glo (Promega). The results were 

normalized using DMSO as a negative control and 3-dibutylamino-1-(4-hexyl-phenyl)-propan-1-

one (150 mM in DMSO final concentration used as a positive control). Data was determined by 

three independent experiments carried out in quadruplet. The LD50 values in HEK293 and HEPG2 

cell lines of each compound was presented in the last two columns, respectively. According to the 

LD50 value most of the compounds are non-toxic. 

In HEPG2 cell lines the LD50 values for most of the compounds were greater than 200 µM 

(except FR-I-43) which indicate  these compounds are safe and not cytotoxic. FR-I-43 also  has 

LD50 value higher than 100 µM which is safe to use. In the clinical trial the concentration of the 

compound will be much less than 100 µM for safety. For further investigation, toxicity assays must 

be run for ADME with GMP material. In  most cases, the LD50 value of the same compound is 

higher in the liver HEPG2 cell lines than the kidney HEK293 cell lines due to the presence of more 

metabolic enzymes in liver than in kidney. However, the LD50 value in HEK293 cells should be 
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studied more cautiously than the value in HEPG2 in order to avoid possible cytotoxicity that could 

trigger kidney problem. This will the part of the ADME toxicity study, if  a drug is pushed forward 

to phase 1 chemical trials. 

3.3. IC50 value 

 

Figure 45. The potency of the ligands 

 

 

Bz IC
50 

(μM) 

QH-II-066 3.4 ± 0.3 

KRM-II-70 - 

KRM-II-08 0.8 ± 0.1 

FR-I-44 16.3 ± 3.4 

NOR-QH-II-066 

 

0.51 ± 0.06 

 

NOR-KRM-III-70 

 

12.16 ± 1.85 

 

NOR-KRM-II-08 

 

0.85 ± 0.09 

 

FR-I-43 

 

14.97 ± 2.54 

 

Table 15. The IC50 value of the ligands in D283 cell line. 
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To verify the potency of different kinds of α5 preferring ligands were screened in D283 

cell lines. All the benzodiazepines showed very good potency except KRM-II-70, it might bind to 

an alternative target such as the peripheral benzodiazepine channel TSPO.   According to the IC50 

value, QH-II-066, NOR QH-II-066, KRM-II-008 and NOR KRM-II-008 has great potency. 2’Cl 

compound, FR-I-43 and FR-I-44 has less potency in this particular cell line. 

3.4. Gene expression of Medulloblastoma 

As mentioned, to determine the expression of GABR and MYC in all subgroups of 

medulloblastoma, 763 resected tumor cells were analyzed. According to the online resources it 

was found that 1) In all subgroups of medulloblastoma there is a high expression of selective 

GABR genes. 2) The expression of GABAR varies by sub-group. 129 Some of the sub-groups have 

a high expression of GABAR expression than another sub-group 3. In group 3 and WNT tumors, 

the positive correlation between GABAR and MYC has been reported. In all subgroups of 

medulloblastoma tumor cell line has very high expression of GABRB3 but the degree of 

expression varies group to group. The degree of expression for GABRG2 also varies in subgroup 

but in group 3 and 4 the expression of GABRG2 was found the most. Again, the degree of 

GABR genes varies in SHHγ subtype that differentiate it from SHHα, SHHβ, SHHδ.  The high 

expression of GABRA2 and GABRG1 were reported in all SHH subgroup133 and in group 3 

medulloblastoma, patients have a high expression of the GABRA5 gene. 

To investigate the differences for both GABRA5 and MYC within group 3 and WNT 

subgroups, supervised heatmaps and boxplots were used. There is no statistically significant 

correlation between MYC and GABRA5 found in group 3 (p = 0.202) but in the group 3α subtype 

(p = 0.006), the positive correlation between MYC and GABRA5 were reported with loss of MYC 
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expression (11). In the group 3γ subtype (p = 0.634), there is no significant correlation 

between MYC and GABRA5 were found but it has a high MYC expression. In other group WNT 

tumor also has a high MYC expression but with poor expression of GABRA5 than in group 3. 

It is very important to select the cell line which will replicate the molecular profile of group 

3 patient tumors as well as those helps to investigate whether the benzodiazepine has any role in 

impairment of group 3 cell viability. Group 3 subtypes and other subgroups of medulloblastoma 

can be differentiated by the degree of expression of the GABRA5 gene. Generally, in group 3 

tumors they have a high expression of MYC and low expression of N-MYC. Different kinds of 

patient derived lines Daoy, the D283 and D425 have been analyzed by qRT-PCR to investigate 

the expression of N/C-MYC and GABRA5. The SHH subgroup derived cell line is  

Daoy,  D283  cell line was reported for group 3 medulloblastoma, TP53-wildtype (11) and also 

D425 is a group 3 medulloblastoma line, TP53-mutated [26].  From qRT-PCR, it was shown that 

Daoy, D283, and D425 these cell lines have very low and the same degree expression of N-MYC.  

Daoy cell lines did not have any expression for MYC where D283 and D425 had a higher 

expression of MYC. The high correlative expression of GABRA5, GABRB3, and GABRG2 had 

found in group 3 tumors. In the D283 cell line has high expression of the GABRA5 gene than any 

other GABRA gene. In term of the expression of GABRA5, the consistency was found between 

the D283 cell line and group 3 tumors. D283 cell line is generally used for group 3β or 3γ because 

group 3α has high expression for GABRA1 than GABRA5. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6478651/#CR26
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Figure 46. GABR expression MYC and  in medulloblastoma and evidence for a functional 

α5-GABAA receptor in patient cell lines Daoy, D283, and D425 a. qRT-PCR of N-MYC (left) 

and MYC (right).  b. in D283 qRT-PCR of GABR expression. 

 

Figure 47. The structures of compounds for comparison in treatment of Medulloblastoma 

(A) Structurally α5 subtype selective benzodiazepine(B) The structures of the standard-of-

case treatment compounds. JQ1 shares a similar structural similarity as the ligand SH-I-75 

In several tumor models, the intratumor microdose efficacy of several benzodiazepines 

(Figure 47) which increase the action of GABA at 5-GABAA receptors were compared with 

different clinically relevant treatments, including cisplatin, mebendazole and the bromodomain 
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inhibitor JQ1. The medulloblastoma tumor cell lines were used to create nude mice flank 

xenografts (4). D425 and D283 tumor cell flank xenografts which have more expression of 5-

GABAA receptor were found more delicate (p < 001) to benzodiazepine derivatives than DAOY 

flank xenografts which is a cell line which has a expression of non-5-GABAA receptor expressing 

medulloblastoma. This observation were determined by using microdevice technology.134 The 

positive allosteric modulators of 5-GABAA receptors, KRM-II-008, was found more active at 

D425 tumors. Besides that, SH-I-75 and QH-II-066 also found sensitive towards the tumor via 

killing the tumor cell. With in 24 hour, KRM-II-008 has apoptosis rate 38% where for SH-I-75 it 

was 21% and for QH-II-066 was 13% in the exposed tumor cell. (Figure 48). In this tumor, KRM-

II-008 is found more effective than all other standard-of-care treatments. In other tumor cell line 

D283, both KRM-II-008(AI = 32%) and QH-II-066(AI = 30%) showed high rate of apoptosis. On 

the other hand, on the non-5-GABAA receptor expressing tumor cell line DAOY (Figure 48), 

cisplatin,4 JQ1,135 and mebendazole136 exhibited a greater effect. 

 

Figure 48. Representative images of D425 and DAOY tumor sections removed 24 hours after 

exposure to microdose of each drug from the device, showing distinct regions of apoptosis 

assessed by cleaved-caspase-3 expression (brown) after 24 hours. Scale bars, 250 μm. (B) 

Apoptotic index (%apoptotic cells/all cells in drug-affected tissue region) for human D425 

and DAOY tumors exposed to KRM-II-08, SH-I-75, QH-II-066, JQ1, mebendazole and 

cisplatin (all 35% drug in PEG1450). Averages are taken from 6 spatially distinct reservoirs 

from at least 3 tumors please give (p <0.01). 
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Figure 49. The molecular imaging of compound distribution in MALDI FTICR mass 

spectrometry. The distribution of three drugs in sections of a mouse flank tumor with an 

implanted device via Matrix-assisted laser desorption/ionization Fourier-transform ion 

cyclotron resonance (MALDI FTICR) mass spectrometric imaging (MSI): (A) KRM-II-08 

(m/z 293.1084); (B) QH-II-066 (m/z 275.1178); and (C) a fragment of JQ1 (m/z 401.0834). 

MALDI mass spectrometry imaging analyses1213 were used to determine the distribution 

of compounds released via the microdevice on cross-sectioned mouse frozen flank tissue. The 

distribution of KRM-II-08 (Figure 49 (A)), QH-II-066 (Figure 49 (B)), and JQ1 (Figure 49 (C) 

were showed by using MALDI mass spectroscopy. FTICR analyzer (better than 1 ppm) was used 

to achieve the high mass accuracy measurement which confirmed the release of each compound 

from the microdevice. The ions the fragmentation parent molecule was found only in case of JQ1. 

An in-source fragmentation of the drug occurs due to the high laser intensity (i.e 35%). All the 



124 
 

compounds were distributed into the tumor tissue at maximum diffusion distances of 560 m for 

JQ1 and greater than 1150 m for KRM-II-08 and QH-II-066 (Figure 49) depending on the 

correlation eosin (H/E) and hematoxylin-stained serial section. In this analysis the area of drug 

exposure is related with the apoptosis induction. 

3.5. Rotarod Test via Oral Gavage 

In order to compare the sensorimotor coordination of the cyclized benzodiazepines (FR-I-

44, FR-I-43 and KRM-II-08) were assessed on the rotarod test. To compare the sensorimotor 

coordination of the lead compound KRM-II-08 and 2’ Cl compounds were assessed on the rotarod 

test. All compounds were given via oral gavage at 40 mg/kg in a vehicle of 2 % polyethylene 

glycol and 2.5 % hydroxypropylmethylcellulose solution. Diazepam used as the positive control 

(5 mg/kg), showed the greatest impairment of sensorimotor steadiness at 10 minutes, followed by 

30 and 60 minutes on the rotarod.  This result indicates that FR-I-43 and FR-I-44 both showed 

same type of motor impairment like the lead compound KRM-II-008 and with the higher dose the 

motor impairment increases. 

 

Figure 50. Rotarod data of FR-I-44 
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Figure 51. Rotarod data of FR-I-43 

 

Figure 52. 3 Rotarod data of KRM-II-08 

 

3.6. Discussion 

To the efficacy of inducing tumor apoptosis in vivo, different kinds of new 

medulloblastoma drugs were tested by using medulloblastoma tumors. The α5 selective GABAA 
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receptors ligands were found to be very potent in vivo against the MYC subtype of 

medulloblastomas. In comparison with cisplatin, JQ1 and mebendazole, α5 selective ligand, KRM-

II-008 and QH-II-066 found more effective in selective tumor cell line. Due to have less toxicity, 

all the benzodiazepines are safe to use in animal models and also in human for further study it can 

be use in clinical trials. It must be remembered that KRM-II-008, QH-II-066 and other active 

ligand will be combined with radiation or some other inhibitor, the so the anxiolytic and sedation 

properties are plus here in this cancer treatment. There is no chance of addiction as these will not 

be taken daily. It was reported that only Medulloblastoma tumor cell has shown only very 

expression for α5 selective GABAA receptors, for α1-GABAA receptor subtype it has very less 

expression and that is the reason why diazepam showed very less efficacy in inducing apoptosis 

medulloblastoma tumors cell. Further studies need to be done to check whether the receptor 

subtype(s) eliciting the beneficial effect against medulloblastoma growth and to clarify the exact 

mechanism of downstream events mediated by these compounds.132 

3.7. Conclusion 

In targeting Group 3 medulloblastomas tumor cell α5 selective GABAA receptors ligand 

showed very promising result among them KRM-II-08 and QH-II-066 showed better efficacy to 

induce the apoptosis of tumor cell than standard-of care treatment Cisplatin. The involvement of 

GABA pathway was found out in several other tumor types, including neuroblastoma137, 138 and 

pancreatic cancer.139 The IC50 value varies to different cell lines. Since we do not have a good 

Cyro er structure of the α5 subunit yet, we can not put FR-I-44 and diazepam.  

3.8. Method 

Implantable microdevice study targeting Group 2 medulloblastomas 
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In order to compare the efficacies of the conventional treatments with that of the KRM-II-

08, a high-throughput localized intratumor drug delivery and efficacy testing was developed using 

a newly developed implantable microdevice.140  

The subject for this study were 6-8 week-old female athymic nude mice (Charles River 

Laboratories). Medulloblastoma cell lines (D425, D283 and DAOY) were passaged in Dulbecco’s 

Modified Eagle Medium/Nutrient Mixture (DMEM/F-12 with 1% of 10,000 units/mL penicillin 

and 10,000 µg/mL streptymycin (Pen-Strep), 1% of 200 mM L-glutamine and 10% fetal bovine 

serum, following the guidelines described in an earlier work.132 The mice were injected with tumor 

cells subcutaneously into the flank above the hind limbs and the tumors were then allowed to grow 

for 4-5 weeks until they were about 6-10 mm in size. The animals were handled carefully in 

accordance with the guidelines approved by the Committee on Animal Care of the Massachusetts 

Institute of Technology. 

The device implants (microdose drug delivery devices) were manufactured as described in 

a previous work.134 First, cylindrical devices (0.82 mm diameter and 4 mm length) were 

manufactured, then 8-12 circular reservoirs (230 µm diameter and 250 µm length) were created 

on the outer layer of each device and finally, the reservoirs were filled with drug-polymer mixtures.  

The mice were implanted with the devices directly into the tumor by a spinal biopsy needle 

and then pushed into the tissue using a retractable needle obturator. The devices were allowed to 

remain inside the tumors for 24 h. Three benzodiazepine drugs were tested: QH-II-066, KRM-II-

08 and SH-I-75. The other drugs used for comparison were JQ1, Mebendazole, Cisplatin and 

Diazepam. Each drug reservoir contained 1 µg drug of one of the kinds.  
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The tumor was excised after the 24 h period and the tissue was fixed with 10% formalin 

and perfused with paraffin. The tissue samples were collected from each reservoir in such way. 

Standard immunohistochemistry was used to score the sections following a blinded process. Flash 

frozen samples were placed at -20 oC for 1 h and then sectioned (12 µm thickness) for mass 

spectrometry.  

3.9. Results  

The intratumor microdose efficacy of the benzodiazepines were compared. The α5-

GABAA receptors expressing the D425 and D283 have been found considerably more sensitive 

to benzodiazepine derivatives. D425 tumors were the most sensitive to KRM-II-08, as well as 

highly sensitive to SH-I-75 and QH-II-066. Exposure to KRM-II-08 was found to cause 

apoptosis in roughly 38% of the cells within 1 day of time, whereas the same measure was 21% 

and 13% for SH-I-75 and QH-II-066 respectively. 

3.10. Experimental 

5-(2-chlorophenyl)-7-((trimethylsilyl)ethynyl)-1H-benzo[e][1,4]diazepin-2(3H)-one.(4): (28) 

 

The amide (7 g, 20 mmol) from previous step was dissolved in triethylamine (250 mL) and 

acetonitrile (250 mL). The mixture was degassed under vacuum and argon. 

Trimethylsilylacetylene (2.16 g, 22 mmol) and bis(triphenylphosphine)-palladium (II) acetate 
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(.75g, 1 mmol) were added to the reaction mixture. A reflux column was attached and the mixture 

was degassed under vacuum and argon repeatedly for four times. The solution was then heated to 

reflux under argon and stirred overnight until the starting material was fully consumed, as indicated 

by analysis by TLC (silica gel). The reaction mixture was cooled to rt, filtered through celite and 

the celite washed with EtOAc. The filtrate was concentrated under reduced pressure. The black 

residue which resulted was purified by a wash column (silica gel, EtOAc/hexanes 2:1 with 1% 

each E3N and CH3OH) to afford 4 as an off-white. 1H NMR (300 MHz, CDCl3): 𝛿 8.66(br s, 1H), 

7.72-7.65(m, 2H), 7.58-7.46(m, 3H), 7.19(s, 1H), 7.07(d, J = 8.1 Hz, 1H), 4.47 (d, J = 4.8 Hz, 2H), 

0.25(s, 9H); 13C NMR (75 MHz, CDCl3): 𝛿 170.8, 169.8, 138.6, 137.5, 135.2, 133.3, 133.01, 131.0, 

130.9, 130.6, 130.2, 127.9, 127.0, 120.9, 119.0, 105, 95.3, 56.5, -0.16; HRMS (ESI/IT-TOF) m/z: 

[M + H]+ Calcd for 

7-ethynyl-5-(2-Chlorophenyl)-1H-benzo[e][1,4]diazepin-2(3H)-one (5) or FR—01-43) (30) 

 

Intermediate (6 g, 16 mmol) was dissolved in THF (300ml) and cooled to 00C. After that 

tetrabutylammonium fluoride hydrate (1 M solution in THF, 51.4 mmol) was added to the solution. 

The reaction mixture was stirred at 0oC  to room temperature until the starting material was 

consumed as indicated by TLC (silica gel), in about 0.5h. The reaction was a quenched by adding 

water (500 mL), followed by extraction with EtOAc (5 x 500 mL). The combined organic extracts 

were washed with brine (2 x 500 mL), dried (Na2SO4), and the solvent was removed under reduced 
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pressure. The residue which resulted was purified by a wash column (silica gel, EtOAc/hexanes 

4:1 and  to afford pure  as a white powder 5.5g ( 90% yield) 1H NMR (500 MHz, CDCl3) δ 8.58 

(s, 1H), 7.59 (dd, J = 8.4, 1.9 Hz, 1H), 7.56 – 7.53 (m, 1H), 7.43 – 7.38 (m, 4H), 7.24 (d, J = 1.8 

Hz, 1H), 7.10 (d, J = 8.4 Hz, 1H), 4.41 (s, 3H), 3.05 (s, 1H). 13C NMR (126 MHz, CDCl3) δ 

170.69 (s), 169.71 (s), 138.54 (s), 137.83 (s), 135.17 (s), 133.56 (s), 133.22 (s), 131.01 (s), 130.95 

(s), 130.18 (s), 127.96 (s), 127.00 (s), 121.00 (s), 117.89 (s), 82.06 (s), 78.00 (s), 56.52 (s). HRMS 

(ESI/IT-TOF) m/z: [M + H]+ Calcd for C17H11ClN2O is 295.0050 and found 295.1004. 

7-ethynyl-5-(2-chlorophenyl)-1-methyl-1H-benzo[e][1,4]diazepin-2(3H)-one (6) or KRM-II-

77: (29) 

 

Potassium tert-butoxide (2.1 gram, 18 mmol) was dissolved in Dry THF. After 10-15 

minutes (5) or FR-01-43 (5 g, 17 mmol) was added to the reaction mixture. After 5 minutes,  

methyl iodide (2.89g, 20 mmol) was added to the reaction mixture. The mixture was allowed to 

stir at rt until all starting material (5) was consumed, as indicated by TLC (silica gel). The reaction 

mixture was quenched by adding cold water followed by the extraction with (100 ml x 3) of ethyl 

acetate and after that the combined organic extract was washed with brine and dried with Na2SO4. 

The solvent was removed under reduced pressure. The residue was purified by column 

chromatography, (EtOAc/hexane 4:1) and the yield was 85%(4.25g) 1H NMR (500 MHz, CDCl3) 

δ 7.64 (dd, J = 8.5, 2.0 Hz, 1H), 7.61 – 7.59 (m, 1H), 7.45 – 7.41 (m, 2H), 7.39 (dd, J = 7.7, 5.1 
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Hz, 1H), 7.32 (d, J = 8.5 Hz, 1H), 7.20 (d, J = 1.9 Hz, 1H), 4.89 (d, J = 10.5 Hz, 1H), 3.85 (d, J = 

10.5 Hz, 1H), 3.47 (s, 3H), 3.06 (s, 1H). 13C NMR (126 MHz, CDCl3) δ 169.35 (s), 169.14 (s), 

143.33 (s), 138.11 (s), 134.75 (s), 133.09 (s), 132.23 (s), 131.03 (s), 130.15 (s), 129.96 (s), 128.94 

(s), 127.07 (s), 121.35 (s), 118.17 (s), 82.01 (s), 78.15 (s), 56.85 (s), 34.79 (s). HRMS (ESI/IT-

TOF) m/z: [M + H]+ Calcd for C18H13ClN2O is 309.0789 and found 309.0756.  
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Chapter 4: Chiral α5 or α2/3/5 Ligands for the Treatment of   

Schizophrenia and Depression 

4.1. Introduction 

One of the most challenging and prevalent CNS disorders known is schizophrenia. Roughly 

1% of the world’s population is estimated to suffer from it. The patients having this disorder can 

be divided into three major categories based on the symptoms exhibited: 1) positive symptoms 

(hallucinations, delusions, etc.), 2) negative symptoms (blunted affect, social dysfunction, lack of 

motivation, etc.) and 3) cognitive abnormalities (disruption of cognition, memory impairments, 

attention deficits, etc.).141 Common treatments to manage the positive symptoms are a different 

range of antipsychotic drugs that prevent the over-activation of dopamine receptors.142 The 

common drugs are frequently ineffective or insufficiently effective in managing symptoms is many 

patients with schizophrenia, especially those with negative symptoms and cognitive 

abnormalities.143 Additionally, conventional antipsychotic drugs have severe side effects such as 

liver toxicity, addiction, sedation, weight gain, tolerance etc.144 Therefore, it is desirable to develop 

a new and novel drug that can address all aspects of schizophrenia with little or no side effects. 

There has been published evidence that suggests that the disruption of a specific inhibitory 

neurotransmitter γ-aminobutyric acid (GABA) is very important in the pathophysiology of 

schizophrenia and depression.145, 146 

In most physiological processes, one of the main features of importance is asymmetry. 

Most of the commonly used drugs are actually chiral molecules with two enantiomers- one 

provides the beneficial effect whereas the other often causes severe undesirable effects.147, 148 From 

earlier developments of BZD/GABAA pharmacophore models,19 a series of chiral molecules have 
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been synthesized and analyzed. Depicted in Figure 53 is the structure of the main stereospecific 

GABAAR α5-selective positive allosteric modulator (PAM), SH-053-2`F-R-CH3. The α5 subtype 

selectivity can be attributed to the (R)-methyl group at the C-4 position of imidazodiazepine . This 

feature facilitates potency at α5 subtypes, whereas the S-Ch3 isomer has enhanced potency at α2, 

α3 and α5 subtypes. This α5-selective ligand can efficiently reduce the hyperactivity of dopamine 

in the methylazoxymethanol acetate schizophrenia model of Tony Grace.149, 150 The ligand 1 was 

also found to axhibit anxiolytic and antidepressant effects in mice exposed to chronic mild stress. 

This effect was found to be sex-dependent wherein female mice showed significantly more 

response to the drug than male ones.151 Moreover, several analogs have also been investigated and 

included in behavioral studies with improved potency (methyl amide MP-III-022, carboxylic acid 

SH-053-2`F-R-CH3-acid, and others based on the antidepressant activity of ester 1).58, 63, 152, 153 

             

Figure 53. Structures of enantiotopic chiral lead imidazodiazepine ligands 

It is essential to further study the effect of chirality at the C-4 position of imidazodiazepine 

in regard to the pharmacological response. Therefore, the enantiomer SH-053-2`F-S-CH3 was 

synthesized and studied.82 The S-enantiomer was found to be α2-, α3-, α5-β3γ2 subtype selective 

as mentioned above, while the R-enantiomer was an α5-subtype selective ligand. Since both 

enantiomers target the α5-subtype, it was essential to study them further in behavioral models 

assays. Upon performing a series of studies, the S-enantiomer was found to have anxiolytic effects 
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in animal models, whereas the R-enantiomer had minimal effect at considerably higher doses in 

rhesus monkeys.83, 154 The S-enantiomer also exhibited promising results in relieving hyperactivity 

in animal models of schizophrenia in a completely different study.155 

Although, both enantiomers showed potential in the treatment of schizophrenia-like 

symptoms, the S-enantiomer was found to metabolize at a very high rate in human liver 

microsomes, but R-enantiomer was stable in the same study.156 Illustrated in the table is the result 

of this study. 

 

 

Error! Not a valid bookmark self-reference.: In vitro liver microsomal stability of SH-053-2`F-

R-CH3 and SH-053-2`F-S-CH3: 

The %-remaining after 30 minutes in 
a
Human liver microsomes, 

b
dog liver microsomes, 

c
mouse liver microsomes, 

d
rat liver microsomes. 

 

4.2. Analogs of the 2’-F S-CH3 and R-CH3 ligrands with a a 2’-Cl in place of the 2’-F group 

According to the previously reported ligand based GABAAR pharmacophore/receptor 

model and SAR19, 60 slight changes in the imidazole substituents could bring a effect on 

BzR/GABA(A)R subtype selectivity without destroying it. For example, the α5-subtype selective 

efficacy depends on the chiral methyl group at the C (4) position of the IMDZ ring. With the loss 

of the chiral methyl group at the C(4) position, the  α5-subtype selective efficacy decreases.  The 
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α1 subtype efficacy will increase with a halogen substituent at the C(8) position. The α5 

selectivity of a IMDZ ring depends on different lipophilic groups at the C(8) position. To achieve 

the improved and extended physiological effects, the C (3) position has been optimized and this 

also increased the affinity and potency at α5-157 or α2/3-86, 158, 159 subtypes. Different kinds of 2’F 

S-CH3 ligands had been synthesized (guanguan paper) with bioisosteres at the C(3) position 

which showed very good metabolic profiles for ongoing studies primarily for schizophrenia and 

depression. A novel analogs with a 2’Cl S-CH3 analog in the place of 2’-F CH3 group have been 

synthesized and characterized in order to evaluate this modification of the IMDZ ring. 
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Figure 54. 2’-Cl S-CH3 analogs prepared in this work to compare with the 2’-F compounds 

studied by G.Li. 
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4.3. Chemistry and Result  

 

Scheme 11. Total synthesis of FR-III-10 

In the first step, to make the amide (33), L-Boc-alanine was coupled with (2-amino-5-

bromophenyl)(2-chlorophenyl)benzophenone with N,N'-dicyclohexylcarbodiimde (DCC) used as 

the coupling agent. The yield was 65% on a 100 g scale. In this coupling reaction, dissolving the 

DCC into dry DCM to form a homogenous mixture is compulsory before adding it to the mixture 

of L-Boc-alanine and starting material. The DCC was added to the prior mixture dropwise at 0o C. 

To avoid the formation of the dimer of the DCC urea, DCC was added dropwise into the solution 

mixture. The yield of the reaction depended on the quality of DCC. To achieve a good yield, DCC 

must be stored properly. The next step was to deprotect the Boc group, which carried out by 

dissolving the amide in dry DCM and adding 4M HCl in ether dropwise at 0o C. This is allowed 

to stir  for 12h at room temperature. In the previous reactions HCl gas was used but for safety and 

also to quantify the amount of HCl, 4M HCl in ether was used. When the staring material was 
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consumed, the reaction was quenched and washed with aqueous NaHCO3 solution. To cyclization 

to the 7 membered ring, the neutral path was employed. No base was used in this step to maintain 

the pH at 8.5. Instead of using a strong base, the previous route had been worked up with NaHCO3. 

But no base was used to prevent racemization of the 4-chiral S-CH3group. For cyclization, only 

dry MeOH was used at room temparature. The yield was 80% and optical purity was checked in 

HPLC. The (34) was 99% optically pure. 

 

Scheme 12. Synthesis of NCA 

To increase the yield and optical purity, A new route to synthesize the benzodiazepine  core 

was explored. This new route was developed by Fier and Whitakker160
 at Merck and Co. They had 

used N-carboxyanhydrides (NCAs) by using neutral conditions and a non-polar solvent to 

synthesize optically pure amino acid derived benzodiazepines. Due to the unavailability of 

commercial L-amino acid NCAs, N-carboxy-L-alanine anhydride was synthesized. In the 

literature, phosgene gas161, 162
 or triphosgene163, 164 was used with the free amino acid. For safety 

issues in large scale synthesis, triphosgene used. The reaction yield depends on the equivalents of 

the triphosgene employed. The yield of the reaction was very poor when only the free amino acid 

(1.0 eq) and triphosgene (0.3eq) used. To increase the yield, a new procedure was followed which 

was developed by Wilder and Mobashery.165  In their work, they had used Boc-protected amino 

acids (1 eq) with triphosgene in the presence of triethylamine (1 eq). The yield was reported to be 
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55-60% on small scale. This procedure exhibited consistent yields (65%) on big scale. 100 g (2 

times) (65% yield) of L-alanine-NCA crystalline solid were synthesized via this following 

procedure. 

 

Scheme 13. Synthesis of the Benzodiazepine core using NCA 

The next step was to synthesize the benzodiazepine. The L-alanine-NCA was reacted with 

the aminobenzophenone in toluene in the presence of trifluoroacetic acid (2 eq) which produced 

the β-amino amide intermediate as the trifluoroacetate salt. For the condensation of the primary 

amine with the benzophenone carbonyl group, two equivalence of  triethylamine were added which 

produced the 99.5% optically pure benzodiazepine in 70% yield. 

Among these two routes, the first one using L-Boc alanine is time consuming, but the 

overall yield and optically purity is almost identical to the second route. However, using 

trisphosgene in a large scale synthesis requires extra precautions and very dry solvent is needed 

for this NCA route. Consequently, the Boc amino acid route with DCC was employedin future 

routes which was much cheaper and safer. 

In the next step the imidazole ring were installed to produce the imidazodiazepine(35). The S-CH3 

substituted benzodiazepine (34) was dissolved in THF and cooled to -20o. After reaching the 

desired temperature, a homogenous mixture of potassium-t-butaoxide (1.3eq) in THF was added 

to the solution dropwise. The reaction was allowed to stir for 1h at -20 to -15oC degree until the 
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completion of deprotection of amide from benzodiazepine. The next step required adding  the 

diethylchlorophosphate (1.4 eq) in THF dropwise over 15 minutes. The reaction mixture was 

allowed to stir for another two hours at -20 to -15oC. By confirming the complete formation of the 

iminophosphate intermediate by the TLC (silica gel), then ethyl isocyanoacetate (1.3 eq) was 

added dropwise in THF over 20 minutes. This was followed by the addition of a homogenous 

mixture of potassium-t-butaoxide in THF solution and the reaction was allowed to stir for 12 h at 

room temparature. After completion the reaction, which is confirmed by the TLC (silica gel), the 

reaction was quenched with 5% aq NaHCO3 solution and t-butyl methyl ether was used for 

purification. 

This chiral imidazodiazepine bromide was then reacted with TIPS-acetylene, palladium 

acetate, tri(O-tolyl)phosphine in one pot under refluxing conditions for 4 hours. The yield of this 

reaction was 86%. In previous cases, trimethylsilyl was required but degassing was needed to 

protect the palladium catalyst.  In this Greg Fu-type process it was easy to manage for no degassing 

was needed, and the catalyst was produced in situ. Moreover, the TMS-analog has lower Rf value 

than new TIPS-product. Therefore, it was easy to separate the TIPS acetylene product from the 

bromo starting material in column chromatography. To deprotect the TIPS, (36) was dissolved 

in THF and tetra-n-butylammonium fluoride in THF was added dropwise at 0o C to produce (37) 

in r 90 % yield, respectively. 

To modify the ester group at the C-3 (37) as well as the chirality at the C (4) position, FR-

III-24 was synthesized. MP-III-022 is a 2’F R methyl C-3 ester is α5 selective compound, The 

2’Cl S methyl ester would be a good ligand for SAR to check how the chirality can affect the 

selectivity and other biological activities but in the 2’Cl series Yeunus Mian made this 2’Cl R-

CH3 isomer. To synthesize this compound, the lead compound FR-III-10 was dissolved in dry 
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methanol and sodium methoxide were added along with the compound and the mixture was held 

at 60o C, reflux for 2 hour. The yield of this reaction was good (82%), as expected for 

transesterification. 

 

Scheme 14. Synthesis of the 2’Cl methylester (FR-III-24). 

To make better clinical candidates, ester bioisosteres are widely used in drug design to 

replace the esters metabolic liability.117 It had been reported that if the ester function was replaced 

by the substituted 1,2,4-oxadiazoles,38, 46  the vitro and vivo stability would increased but also 

hydrophilicity of the ligands should improve often enhancing bioavailability.20 Furthermore, the 

efficacy of this ester bioisosteres at BDZ receptor  are sometimes more potent than the ester itself. 

To make the C(3)-substituted oxadiazole ligands, NaH was dissolved in dry THF and the 

corresponding amido oxime was added. This reaction mixture was allowed to stir at 0.5 hour and  

then the ester was added dropwise in THF. To avoid the isomerization of imine bond of the C(5)-

C(6) to the C(4)-C(5) position,  NaH was stirred with corresponding amido oxime before adding 

it to the ester. Otherwise the strong base generated could racemize the chirality at C(4) position. 

In addtion presence of excess NaH can reduce the yield of product by isomerization of the imine 

bond. 
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Scheme 15. Synthesis of Oxadiazoles. 
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Chapter 5: Asthma 

 5.1. Introduction 

Asthma is an inflammatory disease which affects 334 million people in the world and it is 

prevalent in humans of all ages.166 The number of affected people is projected to rise to 400 million 

in the next ten years.167 The common symptoms of this condition may include cough, mucus 

formation,breathing problems, pain or discomfort in the chest etc.166, 168, 169 There are numerous 

genetic, environmental and medical factors that can trigger an asthma attack.166, 168, 169 People who 

have been diagnosed with the condition require proper care and efficient liftlong control of the 

condition, failure to which can lead to more complicated conditions like chronic obstructive 

pulmonary disease (COPD) which can even be fatal.166 In the US alone, the total annual economic 

burden attributed to this condition is roughly 56 billion dollars.170  

One of the biggest challenges is designing an effective approach for individual patients 

with asthma. All of the conventional treatments, as well as emerging potential treatments have 

ranges of undesired side effects. As asthmatic inflammation can be caused by many facors. 

Sometimes allergens interacting with macrophages, dendritic cells and mast cells can cause the 

activation of the CD4T lymphocytes at lymph noded which in turn can lead to eosinophilia.167, 171-

174 The development of asthmatic inflammation is a comlext problem, and it contains several 

pathways, inflammatory cells, proteins and mediators, and therefore, there is a vast range of 

therapies and treatments that are prescribed to treat different patients on a case-by-case basis.  

All the existing treatments of the condition are used to merely manage the symptoms but 

none of them can actually cure the disease completely. This leaves the patients vulnerable to 

complications, and even death if they, at some point, fail to maintain their treatment regime or fail 



144 
 

to seek medical help promptly when needed. One of the main regimes of treatment is relieving 

bronchoconstriction, which is conventionally done with β2-adrenergic agonists (bronchodilators). 

More recently, airway inflammations have been reported as a major cause of asthma which has led 

to the use of antri-inflammatory drugs such as corticosteroid-based treatments.  A typical 

management plan for asthma might include a short-acting β2 agonist (SABA) in the first step for 

initial relief, followed by a prescription of a low-dose corticosteroid accompanied by SABA in the 

second step. At the third step, the SABA will be replaced by a long-acting β2-agonist (LABA). 

Based on the severity of the condition, as well as the medical history of the patient, there can also 

be steps 4 (medium dosage of corticosteroid and LABA) and 5 (high dosage of corticosteroid, 

LABA, and other add-ons such as biologic therapies injections, muscarinic antagonists, 

immunosuppressants, etc. 166, 175-180 In addition to the fact that none of the current therapies can 

cure asthma completely, these therapies often cause undesired problems like diabetes, cataracts, 

cadiovascular dysfunction, growth delay in children, CNS problems, etc. over long term use.166, 

168, 169, 175-180 Therefore, it is necessary to continue the research for synthesizing more potent drugs 

that can cure asthmatic inflammations and cause little or no undesired problems with 

bronchodialation as well. 

 

Figure 55. The Chemical structures of two SABAs: R-salbutamol (left), corticosteroid 

(center), and LABA: R-salmeterol (right). 
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5.2. Background 

There is considerable amount of evidence in the literature that certain GABAARs are found 

in the brain and spinal neurons, as well as peripheral tissues and cells (e.g. liver, heart and lung). 1 

The GABAARs found in the human lung have been reported to be related to the cholinergic 

outflow, which controls the muscle relaxant effects associated with asthmatic inflammation. 181, 

182 One of the major questions that perplexed researchers for some time was where in the lung 

tissue were GABAARs specifically located and how they functioned. It was later reported that the 

subtypes α4, α5, β3and γ2 were found in the airway smooth musle (ASM) of guinea pigs and 

humans. It was also reported that the GABAARs enhanced muscle relaxation regulated by β-

agonists via the potassium channels in the ASM of both guinea pigs and humans.58, 59, 183, 184  

Moreover, the existing evidence strongly suggests that the GABAARs located in the airway 

epithelium controlled the overproduction of mucus, which is a possible complication of using 

GABAAR agonists- although this process was not mediated by the α4β3γ2 and α5β3γ2 subtypes. 

The subtypes in the airway epithelium that were found containing GABAAR were β2, β3 and π. 

On the other hand, α4, α5, β3, and γ2  proteins were found in the ASM. It is important to consider 

all factors relevant to the use of GABAergic signaling for treatment of airway inflammation caused 

by asthma, including the balance of ASM contractions and inflammation, the over-excretion of 

mucus, the immune response, etc.183, 185 Moreover, the total receptor composition of the β3 

subtypes is much lower in comparison to the others. Therefore, it is desirable to develop subtype-

selective ligands for GABAARs that would ideally only interact with the subtypes expressed in the 

ASM. This would permit the treatment of asthma without either invoking an immune response or 

causing excessive mucus. The most promising candidates for this are the PAMs for Bz/GABAAR 

(in particular, the α4- or α5-subtype selective ones). These PAMs can not only mediate ASM 
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relaxation by binding with α and γ subunits, but also avoid  the activation of GABAARs containing 

β2/3- and π- subtypes that are associated with CNS side effects, mucus production and the immune 

response. 

There have recently been considerable advancements in the development and testing of α4- 

and α5-subtype selective ligands with the goal of treating asthma. The α4 PAMS XHe-III-74 and 

CMD-45 were reported to possess the ability to relax tracheal rings in the ASM in guinea pigs, 

mice and humans even at low doses.59, 186 Furthermore, XHe-III-74 successfully mediated acute 

bronchospasm in in vivo models.186 These promising findings encouraged the development of 

several analogs of the XHe-III-74.187, 188 Moreover, XHe-III-74EE and XHe-III-74A was reported 

to help with inflammation, ASM contraction, airway eosinophilia, airway hyperresponsiveness 

(AHR) and the production of excessive mucus.188  

 

Figure 56. The structures of four α4- prefering ligands, CMD-45, XHe-III-74, XHe-III-74EE 

(ethyl ester) and XHe-III-74A (acid). 

 

As mentioned before, both α4 and α5 subtypes are expressed in human ASM. Therefore, 

one of the interesting questions to answer was whether the α5 PAMs also have the ability to induce 

ASM relaxation similar to  those mediated by the α4 subtypes. Thus, in a parallel line of research, 

the receptors in the ASM containing α5β3γ2- subtypes were also examined. The α5 subtype 

selective ligand SH-053-2'F-R-CH3 was synthesized and found to alleviate bronchoconstrictions 

in human ASM and guinea pig trachial rings.63, 83 Since this ligand was initially developed for 
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schizophrenia and MDD drug and was designed to cross the BBB to induce the desired CNS 

effects,19, 60, 149-151 It was predictably found to cause mild sedation at higher doses.189 However, the 

fact that SH-053-2'F-R-CH3 was able to induce ASM relaxation provided an  essential indication 

for the design of future ligand which will maintain the therapeutic benefits but avoid the BBB 

penetration and reduce the possibility of undesired CNS effects. 

These important findings have led to the development of a series of ligands: Hz-166, SH-

I-048A, SH-053-2'F-R-CH3, SH-053-2'F-R-CH3-acid, MP-III-004, MP-III-058 and their 

evaluation for their relaxation effects at ASM as well as electrophysiology of the GABAAR 

response in Xenopus laevis oocytes. 

 
Figure 57. The structures of Hz-166, SH-I-048A, SH-053-2'F-R-CH3, SH-053-2'F-R-CH3-

acid, MP-III-004 and MP-III-058 

 

The α2/3 subtype selective ligand Hz-166 was merely used as a control in these studies 

since the efficacy at α5 subtypes is too low to cause ASM relaxation. An organ bath study was 
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performed, and no noticeable relaxation occurred with Hz-166 when compared to the vehicle. On 

the other hand, SH-I-048A is a BZD agonist with the S chirality at C4 which invoked GABAAR 

response at all α1-3,5 subtypes and was found to have the highest efficacy at α5 subtypes it did 

effect the best ASM relaxation. However, it was also found to be sedative, ataxic and able to 

penetrate the BBB.190 This effect was not entirely unexpected due to the ligand’s structural 

similarity to diazepam. Another promising candidate SH-053-2'F-R-CH3-acid, which is the 

carboxylic acid of the ethyl ester, was found to be α5 subtype selective, but only resulted in low to 

moderate ASM relaxation similar to ethyl ester. Two other analogs MP-III-004 and C(8)-bromo 

methyl ester MP-III-058 also yielded similar results where the former was less effective than the 

parent compound and the latter was only marginally improved in comparison. But encouragingly 

enough, the C(8)-bromo methyl ester (MP-III-058) exhibited significant ASM relaxation which 

was very much comparable to SH-I-048A in its efficacy. 

 

Figure 58. The oocyte efficacies of the Hz-166 (1), SH-I-048A, and the α5 subtype selective 

ligands.191 
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Figure 59. The alteration of airway muscle relaxation effects due to Hz-166 (1), SH-I-048A 

and α5-subtype selective ligands, from the precontracted guinea pig tracheal rings induced 

by substance P (1 µM) followed by vehicle (0.1% EtOH) or a test ligand (50 µM) in an organ 

bath. ** and *** represent p< 0.01 and 0.001 respectively, as compared to vehicle control; 

$$$ p< 0.001 compared to SH-053, n = 6-17. SH-053 = SH-053-2'F-R-CH3; SH-053 Acid = 

SH-053-2'F-R-CH3-acid.191 

 

It was demonstrated by Dr. Arnold’s group in a PK study that all the three esters SH-053-

2’F-R-CH3, MP-III-004 and MP-III-058 all had the ability to penetrate the BBB but the SH-053-

2’F-R-CH3-Acid showed only trace amounts present in rodent brain. However, since the esters 

should be metabolized to an active acid, it is believed that the ester function will be hydrolyzed in 

the liver or blood  rapidly, and produce the acid as a metabolite. Also, the acid is unable to exhibit 

undesired CNS effects due to its increased hydrophilicity. It can not cross the BBB. The drug also 

has a good potential for oral administration.153 To summarize, the SH-053-2’F-R-CH3-Acid (47) 

is a potential drug for the treatment of asthma which has significantly reduced CNS effects and 

also shows the promise of being administered both as aerosol and oral medications.  
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5.3. Chemistry and Result 

MYM-FR-II-88 was synthesized by Yeunus and myself. It is direct  analog of GL-II-93. 

For future SAR it was a very important compound to evaluate. To synthesize of MYM-FR-II-88, 

the 2’Cl R-CH3 ester was dissolved in dry ethanol and 4 eq of NaOH was added and heated to 50o 

C. It is important to keep the temparature below 55o C to prevent the recemization. The reaction 

was completed by 0.5 hour which was confirmed by the TLC (silica gel) and yield is 80%. The 

most important part of this synthesis was maintaing the pH when carboxylic acid  was precipitated 

out from the reaction mixture. In the previous procedure, hydrochloric acid was used and it was 

reported by Roni, et al.192 that there was  a pH dependent equilibrium between the  desired closed 

seven-membered ring and the open-ring acyclic benzophenone. If the pH was 3 or lower, then the 

seven member rings to open up. To control the PH acetic acid was used instead of hydrochloric 

acid. 

  

Figure 60. The structure of MYM-FR-II-88 

Another important compound for the SAR was FR-III-45. It is an olefinic isomer. It is a 

racemic analog of FR-III-10. To synthesize this compound, the S or R CH3 ester was dissolved in 

dry THF. Then potassium t-butoxide was added and heated it for 0.5h at 50o C. The olefinic 

migration was confirmed by TLC and further confirmed by NMR.  
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The next step was to convert this C(4)-C(5) olefinic migrated ester FR-III-10 to carboxylic 

acid. To synthesize this compound, the general procedure for acid was followed. The ester was 

dissolved in dry ethanol and 4 eq NaOH was added. The acid was precipitate out by using 6 eq of 

acetic acid. The yield of this acid was 95%. 

 

Scheme 16. The synthesis of FR-III-45 

 

 

Figure 61. The proposed mechanism of the olefinic isomerization of FR-III-40. 
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5.4. No Motor Impairment in the Rotarod Study 

FR-III-45 was asssesd in the rotarod(oral) test and there is no induction of sedative/ataxia 

activity at 40mg/kg nor the lossof righting reflex. This assay need to be run at 120mg/kg to 

ensure there is no sedation. 

 

 

Figure 62. Rotarod data of FR-III-45 in CFW female mice. 

In HEK293 cell, the LC50 and IC50 values reported 140.1 and 1.807 (µM) respectively. It 

is not cytotoxic at all.  
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Figure 63. Relaxation of ex vivo guinea pig airway smooth muscle with Dr. Emala 

 

Figure 64. Relaxation of ex vivo guinea pig airway smooth muscle with Dr. Emala 

GL-II-93 was very active in the organ bath assay for relaxation of pre-contracted ASM and 

was original lead compound. This experiment was done by Dr. Emala’s group, in the medical 

school at Columbia University. In order to verify the data,  differnet acid and ester analogs were 

evaluated in this asthma ex vivo model. Indeed MYM-FR-II-88 demonstrated in the Figure 64, 

did  potently relax the condition of ASM on a pre-existing substance P-induced contraction on 

guinea pig tracheal rings. There are a couple of observations regarding the data above. In this series 

of experiments, the batch of MYM-FR-II-88 showed good potency was GL-II-93. But MYM-III-

100 which was the C (8) bromo olefinic isomer of 2’F series acid showed better potency than GL-
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II-93. After observing this data, FR-III-45 was made which was 2’Cl olefinic C(4)-C(5) migrated  

C(3) acid. It shows better potency than GL-II-93 but MYM-III-100 is slightly more active. 

However FR-III-45 and MYM-III-100 are equipotent within experimental error. There are a 

number of explanations that could explain this increase in activity, such as handling the mice 

differently, the experience of the person who ran the assay, etc. MYM-III-100 showed slightly 

more relaxation effect on ASM than FR-III-45 in the most recent experiments, as compared to the 

earlier published findings. 

5.5. Discussion 

Based on the accumulated evidence, research is ongoing on the synthesis and evaluation of 

different  2’Cl-S-CH3 analogs and C(4) -C(5) olefenic isomer. To investigate the role of chirality 

in the structure in the drug’s therapeutic properties in the treatment of asthma, the S-isomer of GL-

II-093 was synthesized by modifying the chirality at the C(4) position. Several  S-CH3 chiral 

analogs with different functional groups (e.g. amide, oxadiazole) were also synthesized by 

changing substituents at the C(3) position. The carboxylic acids  are non-toxic, as evidenced in the 

cytotoxicity data. The two most potent analogs that have been biologically evaluated to date are 

the  2’Cl C(8)-Br R and C(8)-Br R,  olifinic migrated acid analogs in ASM Assay. These two 

analogs are more ppotent than GL-II-93 since chloride substituents are very similar to fluoride 

substituents at 2’ position. Therefore, the C(4)-C(5) olefinic C(2)-Cl analog FR-III-45 was 

evaluated in the organ bath assay where it showe considerable activity ASM relaxaion, and was 

found  more potent than GL-II-93 and as potent as MYM-III-100. 
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5.6. Method 

Binding Studies (PDSP) 

The binding studies were performed according to the previously discussed methods. The 

HEK-293 cells (AmericanType Culture Collection ATCCs CRL-1574TM) were kept in Dulbecco's 

modified Eagle medium (DMEM, high glucose, GlutaMAXTM supplement, Gibco61965-059, 

ThermoFisher, Waltham, Massachusetts, USA), MEM (Non-Essential Amino Acids Gibco 11140-

035, ThermoFisher, Waltham, Massachusetts, USA), 100U/ml Penicillin-Streptomycin (Gibco 

15140-122, ThermoFisher, Waltham, Massachusetts, USA), and 10% fetal calf serum (Sigma-

AldrichF7524, St. Louis, Missouri, USA) in 10 cm Cell culture dishes (Cell+, Sarstedt, 

Nürnbrecht, Germany) at 37 °C and 5% CO2. cDNAs encoding rat GABAAR subunits, subcloned 

into pCI expression vectors, were used to transfect HEK-293 cells. The ratio of α(1,2,3 or 5) to β3 

to γ2 plasmids used per 10 cm dish was 3 mg: 3 mg: 15 mg employed for transfection with 

Ca3(PO4)2 precipitation.193 Transfection was allowed to occur for 4-6 h and then the medium was 

changed. After a 72 d waiting period, cells were harvested by scraping into phosphate buffered 

saline. Centrifugation was performed for 10 min (12000 g, 4o C) and then cells were resuspended 

in TC50 (50 mM Tris-citrate pH¼7.1), homogenized using Ultra-Turraxs (IKA, Staufen, 

Germany) and centrifuged again for 20 min (50000 g). Membranes were then washed thrice in 

TC50 and frozen at -20 oC.  

Before examination, frozen membranes were thawed, suspended in TC50 and incubated 

for 90 min (4 oC) in a 500 mL solution. The solution was made of 150 mM NaCl, 50 mM 

Tris/citrate buffer, pH=7.1, and 2 nM [3H]-Flunitrazepam (Perkin Elmer New England Nuclear, 

Waltham, Massachusetts, USA). Additionally, the solution could also contain 5 mM diazepam 
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(Nycomed, Opfikon, Switzerland) or different concentrations of the test compounds (dissolved in 

DMSO, final DMSO concentration 0.5 %). Whatman GF/B filters were used to filter the 

membranes and then the GF/B filters were rinsed two times in 4 mL of ice-cold 50 mM Tris/citrate 

buffer. Then the filters were moved to scintillation vials, 3 mL Rotiszint Eco plus liquid 

scintillation cocktail was added and then scintillation counting was performed. The specific 

binding was calculated by determining non-specific binding by the 5 mM DZP and subtracting 

from the total [3H]-flunitrazepam binding. The equilibrium binding constant was determined for 

various receptor-subtypes by incubating membranes with various concentrations of 3H-

flunitrazepam with or without 5 mM DZP. The equation used for analyzing the saturation binding 

was Y = Bmax ∗ X/(KD + X). A non-linear regression analysis was performed on the 

displacement curve using the equation Y = 100 1 + 10(logIC50−x)∗Hill−slope⁄  (log(inhibitor) vs. 

response-variable slope with Top = 100 % and Bottom = 0 %). Drug concentrations resulting into 

half-maximal inhibition of 3H-flunitrazepam binding (IC50) were transformed into Ki values by 

using the Cheng-Prusoff relationship194 Ki =  IC50/(1 + (S/KD)) where S is the concentration 

of raioligand (2 nM). 

KOR Stimulation Response Test (Dr. Petra Scholze, University of Vienna) 

HitHunter Chinese hamster ovary cells (CHO-K1) (DiscoverX Corp., Fremont, CA) 

stablity expressing the human κ-opioid receptor (OPRK1, catalog no. 95-0088C2) were 

maintained in F-12 media with 800 μg/mL geneticin (Mirus Bio, Madison, WI), 10% fetal bovine 

serum (Life Technologies, Grand Island, NY), and 1% penicillin/streptomycin/L-glutamine (Life 

Technologies), then incubated (37 oC, 5% C02) in humidified incubator and allowed to grow. Using 

non-linear regression, forskolin-induced cAMP accumulation was analyzed and sigmoidal dose-

response curves were generated for the cAMP accumulation assay. Later the data was normalized 
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by subtracting the vehicle data and adjusted to represent forskolin-only control values. Each ligand 

was tested in three parallel assays. The EC50 and Emax values were calculated by as means ± SEM 

and were expressed by the average of each experiment upon performing nonlinear regression 

analysis following the method previously reported by Riley et al.195 and Crowley et al.196. 

Electrophysiological Recordings (Dr. Fisher, University of South Carolina School of 

Medicine) 

Electrophysiological recordings were performed following a previously reported 

method.197 The cDNAs for GABAAR subtypes (generously provided by Dr. David Weiss, the 

University of Texas Health Science Center, San Antonio, TX and Dr. Robert Macdonald, 

Vanderbilt University) were transfected into HEK-293T cell lines (GenHunter, Nashville, TN). 

Rat clones were used for all subtypes except α2, for which a human clone was used. Cells were 

transfected using Ca3(PO4)2 precipitation. α-, β- and γ- Subtypes cDNA encoding plasmids (2 μg 

each) were added to the cells. The cells were then patch clamped (-50 mV). GABA was made into 

a bath solution either from stocks in water. The compounds to be tested were dissolved in DMSO 

and prepared into a bath solution. The DMSO level was not allowed to reach beyond 0.01%. Both 

solutions both with and without the compounds were applied to cells for 5 s. An axon 200B (Foster 

City, CA) patch clamp amplifier recorded the currents which were then analyzed. The 

concentration-response data was analyzed by fitting with the equation current = (min. current +

(max. current − min. current))/(1 + (10(log(EC50) − log(modulator))n), with n being the 

Hill number. All data were normalized by the response to GABA alone for each cell and expressed 

as a percentage that response. 
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Pharmacokinetic Studies (Dr. Aleksandra Vidojevic and Dr. Miroslav Savic, University of 

Belgrade) 

The subjects for this study were 15 young mice divided into 5 groups (n = 3 each) and each 

group was assigned a predetermined time interval (5, 20, 60, 180 or 720 min). The test compound 

was administered i.p. to the subject animals at a dosage of 10 mg/kg dosage (10 mL/kg). The brain 

concentrations were measured 20 min post each i.p. injection. 

The animals were administered with ketamine solution (10% Ketamidor, Richter Pharma 

Ag, Wels Austria, dosed at 100 mg/kg i.p.) to anesthetize them at the predetermined time. Blood 

samples were collected by cardiac puncture and plasma samples collected by centrifugation (800 

rcf, 10 min). Then the mice were decapitated, and the brains were weighed, homogenized in 

methanol (1.25 mL) and centrifuged (3400 rcf, 20 min). Using solid phase extraction by Oasis 

HLB cartridges (Waters Corporation, Milford, Massachusetts), compounds were extracted from 

both the plasma and the brain tissue. Sample was prepared and concentration measured by 

ultraperformance liquid chromatography-tandem mass spectrometry (UPLC–MS/MS) with 

Thermo Scientific Accela 600 UPLC system connected to a Thermo Scientific TSQ Quantum 

Access MAX triple quadrupole mass spectrometer (Thermo Fisher Scientific, San Jose, 

California), equipped with the electrospray ionization (ESI) source. Pharmacokinetic analysis was 

carried out with PK functions.  

In vitro hydrolytic stability study in plasma 

An in vitro hydrolytic stability test of the test compounds was carried out at 37 oC. The respective 

compound and the internal standard were both spiked with blank mouse plasma (SH-I-048A; 
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synthesized at the Department of Chemistry and Biochemistry, University of Wisconsin–

Milwaukee, USA). 

Plasma protein and brain tissue binding studies  

The free fraction of GL-II-73, GL-II-74, and GL-II-75 in mouse plasma and brain tissue were 

determined by rapid equilibrium assay. The free concentrations of GL-II-73, GL-II-74, and GL-

II-75 in the brain were obtained from rapid equilibrium dialysis (12.14%, 4.49% and 1.34%, 

respectively). 

Griess Assay and Toxicity Assay (Amanda Nieman, UWM) 

The non-activated mouse microglia (80 μL, 1x106 cells/mL) were placed in sterile 384 

well plates. The remaining culture was activated with LPS (50 ng/mL) and IFNγ (150 U/mL) and 

distributed into the plates. 0.1 μL of 800 μM GABA was diluted in MilliQ water into a final 

concentration of 1 μM, and proper concentrations of relevant compounds (diluted in DMSO) were 

added. After an incubation period of 24 h at 37 oC, the assay plate was spun down. Then 40 μL of 

supernatant was transferred to another plate and analyzed by Griess assay (Promega, Madison, 

WI). TECAN Infinite M1000 plate reader was used to measure absorbance. The remaining 40 μL 

cells were analyzed for toxicity. 
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5.7. Experimental 

Tert-butyl(S)-(1-((4-bromo-2-(2-chlorobenzoyl)phenyl)amino)-1-oxopropan-2-yl)carbamate 

(FR-I-90) (33) 

 

 The (2-amino-5-bromophenyl)(2-Chlorophenyl)benzophenone  (150 g, 482.96 mmol) and Boc-

L-alanine (133.07 g, 470 mmol) were added to dry DCM (500 mL) in a 5 L round bottom flask at 

0 oC and stirred continuously until completely dissolved. Afterwards, dicyclohexylcarbodiimide 

(DCC; 139.44 g, 676.144 mmol) was added to dry DCM (150 mL) in another container and a 

homogenous solution was formed. This solution was then added to the previous solution in a 

dropwise manner, over half an hour, all the while maintaining a constant temperature of 0 oC. The 

solution was stirred continuously for 22 h at rt. As a result, dicyclohexyl urea byproduct formed 

which was then filtered off and washed with DCM until the solid urea became completely 

colorless. The organic layers were combined and concentrated under reduced pressure. The crude 

solid was a yellow gum which was purified by a column chromatography (silica gel, DCM/hexane 

1:1) to yield additional amide (225 g, 97 %): 1H NMR (300 MHz, CDCl3) δ 11.68 (s, 1H), 8.71 

(d, J = 9.0 Hz, 1H), 7.69 (dd, J = 9.0, 2.3 Hz, 1H), 7.64 – 7.53 (m, 2H), 7.51 – 7.42 (m, 1H), 7.35 

– 7.27 (m, 1H), 7.21 (t, J = 9.1 Hz, 1H), 5.13 (s, 1H), 4.37 (s, 1H), 1.52 (d, J = 7.2 Hz, 3H), 1.45 

(s, 9H); 13C NMR (75 MHz, CDCl3) δ 195.47 (s), 172.42 (s), 159.56 (d, J = 253.2 Hz), 155.28 
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(s), 139.68 (s), 137.97 (s), 135.97 (d, J = 1.9 Hz), 133.62 (d, J = 8.4 Hz), 130.31 (d, J = 2.4 Hz), 

126.77 (d, J = 14.5 Hz), 124.51 (s), 124.46 (s), 122.63 (s), 116.55 (d, J = 21.4 Hz), 114.95 (s), 

80.26 (s), 51.86 (s), 28.26 (s), 18.58 (s) HRMS (ESI/IT-TOF) m/z: [M + H]+ Calcd for 

C18H13ClN2O is 481.770 and found 481.750.  

(S)-7-Bromo-5-(2-Chlorophenyl)-3-methyl-1,3-dihydro-2H-benzo[e][1,4]diazepin-2-one 

(FR-I-93) (34) 

 

Amide (221.6 g, 467.2 mmol) was added to dry DCM (1 L) and the solution cooled to 0 

oC. Then, anhydrous HCl (g) was slowly added over 2 h to saturate the solution. The solution was 

allowed to stir for 8 h at rt. After completion of the reaction, a sat aq solution of NaHCO3 (2 x 500 

mL) and water (2 x 300 mL) was added maintaining a pH of 8.5. The organic layers were combined 

and concentrated under reduced pressure which resulted into an oily mixture. The reaction mixture 

was dissolved in dry methanol (400 mL) and allowed to stir at rt overnight. The completion of the 

reaction was confirmed upon analysis by TLC (silica gel, EtOAc/hexanes, 7:3). The methanol was 

removed under reduced pressure. The concentrated oily mixture was dissolved in DCM and 

washed with water (2 x 400 mL). The organic layers were combined again and washed with brine 

(2 x 400 mL) and dried (Na2SO4). Then the organic layer was concentrated under reduced pressure 

which resulted in a yellow oily mixture. Then the mixture was purified on a column 

chromatography (silica gel, hexane/EtOAc 4:1) to yield benzodiazapine (230 g, 78 %): [α] 26
D

 = -
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20.1 (c 0.71, EtOAc. 1H NMR (500 MHz, CDCl3) δ 9.79 (s, 1H), 7.58 (dd, J = 8.6, 2.2 Hz, 1H), 

7.55 – 7.49 (m, 1H), 7.42 – 7.35 (m, 3H), 7.22 (d, J = 2.2 Hz, 1H), 7.11 (d, J = 8.6 Hz, 1H), 3.83 

(q, J = 6.5 Hz, 1H), 1.79 (d, J = 6.5 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 172.28 (s), 167.29 

(s), 138.21 (s), 136.91 (s), 134.74 (s), 133.32 (s), 131.88 (s), 131.13 (s), 130.91 (s), 130.19 (s), 

129.85 (s), 127.01 (s), 122.80 (s), 116.47 (s), 58.77 (s), 16.88 (s). HRMS (ESI/IT-TOF) m/z: [M 

+ H]+ Calcd for  C16H12BrClN2O is 362.9879 and found 362.9894.  

(S)-4-methyloxazolidine-2,5-dione (FR-III-18) (38) 

 

In a homogenous mixture of Boc-L-Alanine (100g, 528.5 mmol), triphosgene (62.7g, 211.4 

mmol) and anhydrous ethyl acetate (4000mL), triethylamine (81.0mL, 581.4 mmol) was added 

dropwise over 60 min while maintaining the temperature between 25 – 30 o C and while observing 

the CO2(g) and HCl(g) evolution. The reaction mixture was then allowed to stir 1h at rt and this 

was followed by 2 h at reflux (65 – 70 o C) at which point the reaction was considered complete 

as gas evolution had stopped. The reaction mixture (a white slurry) was then cooled to rt. The 

white solid (TEA-HCl and residual L-Alanine) was removed by filtration which result a pale-

yellow solution. The solid was washed with 2 portions of ethyl acetate (2 x 100 mL) and the 

filtrates were combined. The solvent was removed under reduced pressure which result a semisolid 

mass. The semi solid resulted mixture was then dissolved in dichloromethane (400 mL). Hexane 

(400mL) was added dropwise over 1 hr with vigorous stirring to precipitate the product. The 

resulted slurry was then put in a freezer at -20 o C for 12 hr for maximum product precipitation. 

The solid was filtered and washed with hexanes (250 mL x 2). The solid was dried under vacuum 
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at rt to afford the product as an off-white solid (34 g, 55.0%)1H NMR (500 MHz, DMSO) δ 8.98 

(s, 1H), 4.47 (q, J = 6.7 Hz, 1H), 1.28 (d, J = 58.3, 6.8 Hz, 3H). 13C NMR (126 MHz, DMSO) δ 

172.85 (s), 152.15 (s), 53.27 (s), 17.18 (s). HRMS (ESI/IT-TOF): m/z [M + H]+ calcd for 

C4H6NO3: 116.0348; found: 116.0350. 

(S)-7-Bromo-5-(2-chlorophenyl)-3-methyl-1,3-dihydro-2H-benzo[e][1,4]diazepin-2-one (34) 

 

 

The 2-amino-5-bromo-2'-chlorobenzophenone (140.7 g, 478.4 mmol) was dissolved by 

adding the starting material to anhydrous toluene (2200 mL) and stirring at rt for 30 min. Then, 

the solid N-carboxy-L-alanine anhydride (66.0g, 574.0 mmol) was added to the mixture and heated 

at 50 – 55 oC over 1 h until the reaction was complete (intermediate TFA salt formation, <5% 2-

amino-5-bromo-2'-chlorobenzophenone remained, Rf = 0.8 (100% EtOAc)) upon analysis by TLC 

(silica gel, EtOAc/hexanes 1:1). After completing the reaction, anhydrous triethylamine (133.3 

mL, 956.7 mmol) was added dropwise for 30 min at 50 – 55 oC. Then the temperature of the 

reaction mixture was maintained at 50 – 55 oC for 2 h and then the completion of the reaction was 

confirmed by disappearance of intermediate TFA salt, Rf = 0.1 (100% EtOAc) and analysis by 

TLC (silica gel, EtOAc/hexanes, 1:1). Then the reaction mixture was cooled to rt and concentrated 

under reduced pressure. The resulting residue was dissolved in EtOAc (1500 mL) and water (1500 

mL) which caused the formation of a biphasic mixture. This mixture was left for 15 min to settle 

until formation of layers and then the layers were separated. The organic layer was washed with 
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5% aq NaHCO3 solution (1500 mL) and then with 10% aq NaCl solution (1500 mL). Then the 

layer was dried (Na2SO4, 50 g). The EtOAc was removed under reduced pressure and the residue 

was again dissolved in 10% EtOAc/heptane (25 mL x 2). Then the residue was dissolved by 

slurrying in 10% EtOAc/heptane (1700 mL) at 60 – 65 oC for 30 min. Then it was cooled to rt and 

held for 2 h. The solid product was filtered out and then washed with 10% EtOAc/heptane (50 mL 

x 2) and then with heptane (50 mL x 2). The resulting solid was then vacuum-dried at 35 – 40 oC 

to obtain the off-white solid product (127.0 g, 77.0%): Rf = 0.7 (100% EtOAc) 1H NMR (500 

MHz, CDCl3) δ 9.79 (s, 1H), 7.58 (dd, J = 8.6, 2.2 Hz, 1H), 7.55 – 7.49 (m, 1H), 7.42 – 7.35 (m, 

3H), 7.22 (d, J = 2.2 Hz, 1H), 7.11 (d, J = 8.6 Hz, 1H), 3.83 (q, J = 6.5 Hz, 1H), 1.79 (d, J = 6.5 

Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 172.28 (s), 167.29 (s), 138.21 (s), 136.91 (s), 134.74 (s), 

133.32 (s), 131.88 (s), 131.13 (s), 130.91 (s), 130.19 (s), 129.85 (s), 127.01 (s), 122.80 (s), 116.47 

(s), 58.77 (s), 16.88 (s). HRMS (ESI/IT-TOF) m/z: [M + H]+ Calcd for  C16H12BrClN2O is 

362.9879 and found 362.9894.  

Ethyl (S)-8-bromo-6-(2-Chlorophenyl)-4-methyl-4H-benzo[f]imidazo[1,5-a][1,4]diazepine-

3-carboxylate (FR-III-05) (35) 

 

(S)-7-bromo-5-(2-chlorophenyl)-3-methyl-1,3-dihydro-2H-benzo[e][1,4]diazepin-2-one (90.0 g, 

247.49 mmol) was added to anhydrous tetrahydrofuran (1200 mL) and then the mixture was cooled 

to -20 oC in dry ice / IPA bath. Another solution of potassium t-butoxide (36.1 g, 321.74 mmol) in 
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tetrahydrofuran (250 mL) was prepared separately, which was then added dropwise to the previous 

reaction mixture over 30 min at -20 to -15 oC. Then the reaction mixture was set to stir for 1 h 

while the temperature was maintained at -20 oC. Afterwards, Diethyl chlorophosphate (50 mL, 

346.48 mmol) was added dropwise to the mixture for 15 min while the temperature was held at -

20 to -15 oC. The reaction mixture was then again set to stir for 2 h at -20 oC. The completion of 

the reaction was confirmed by analysis by TLC (silica gel, 100% EtOAc). Upon completion, ethyl 

isocyanoacetate (35.16 mL, 321.73 mmol) was added to the reaction mixture dropwise over 15 

min and then a solution of potassium t-butoxide (36.1 g, 321.74 mmol) in tetrahydrofuran (300 

mL)  over 30 min, maintaining a temperature of -20 to -15 oC, Then the mixture was allowed to 

warm to rt and set to stir for 12 h until the reaction was complete, confirmed by analysis by TLC 

(silica gel, 100% EtOAc). Then 5% aq sodium bicarbonate (2000 mL) and then ethyl acetate (2000 

mL) was added to dilute the mixture, resulting in a biphasic mixture. This biphasic mixture was 

allowed to stand for 30 min at which point the layers were separated. The aq layer was extracted 

with ethyl acetate (1500 mL). Then the combination of organic layers was washed first with 10% 

aq NaHCO3 solution (1500 mL) and later with 20% aq NaCl solution (2000 mL). Then the organic 

layer was dried (Na2SO4, 200 g) and concentrated under reduced pressure to remove solvents. The 

resulting solid residue was solvent exchanged to t-butyl methyl ether (150 mL x 2) and then 

slurried with t-butyl methyl ether (800 mL) at 50 – 55 oC for 30 min. Then it was cooled to rt and 

held for 12 h. Then the solid was filtered and washed with t-butyl methyl ether (100 mL x 4) and 

then dried under vacuum at a temperature of 35 – 40 oC which resulted in a white powder product 

(96.6 g, 60.7%); Rf = 0.4 (100% EtOAc); 1H NMR (500 MHz, CDCl3) δ 7.91 (s, 1H), 7.72 (d, J 

= 7.7 Hz, 1H), 7.48 (d, J = 8.6 Hz, 1H), 7.39 (dd, J = 10.2, 7.8 Hz, 3H), 6.69 (q, J = 6.0 Hz, 1H), 

4.42 (q, J = 13.3, 6.4 Hz, 2H), 1.42 (t, J = 1.5 Hz, 3H), 1.34 (d, J = 5.8 Hz, 3H). 13C NMR (126 
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MHz, CDCl3) δ 162.90 (s), 141.51 (s), 139.34 (s), 134.81 (s), 134.72 (s), 134.17 (s), 132.84 (s), 

132.35 (s), 130.95 (s), 130.85 (s), 130.69 (s), 130.17 (s), 129.84 (s), 129.69 (s), 127.18 (s), 123.52 

(s), 120.96 (s), 60.85 (s), 50.15 (s), 14.99 (s), 14.42 (s). HRMS (ESI/IT-TOF) m/z: [M + H]+ Calcd 

for C21H17BrClN3O2 is 458.0265 and found 458.0249.  

Ethyl (S)-6-(2-Chlorophenyl)-4-methyl-8-((triisopropylsilyl)ethynyl)-4H-benzo[f]imidazo 

[1,5-a][1,4]diazepine-3-carboxylate [FR-III-04-TIPS] (36) 

 

A mixture was prepared by adding palladium acetate (.978 g, 4.3 mmol) and tri-o-

tolylphosphine (2.65g, 8.72 mmol) to acetonitrile (200 mL) and then stirring it for 30 min at rt. 

Then the following reagents were added to the mixture sequentially: ethyl (R)-8-bromo-6-(2-

chlorophenyl)-4-methyl-4H-benzo[f]imidazo[1,5-a][1,4]diazepine-3-carboxylate (40g, 87.19 

mmol), triethylamine (30.9 mL, 221.0 mmol), (triisopropylsilyl)acetylene (23.42 mL, 104.4 mmol) 

and additional acetonitrile (400 mL). Then the mixture was heated to 75 oC to reflux and held for 

4 h until the reaction was complete, confirmed by analysis by TLC (silica gel; 40% EtOAc 

/Hexane). Then the reaction mixture was allowed to cool to rt and silica gel (25 g) was added. 

Then the mixture was stirred for 30 min and the spent catalyst on silica gel was filtered out and 

washed with acetonitrile (100 mL x 2). Then solvents were removed under reduced pressure. The 

resulting residue was dissolved in dichloromethane (700 mL) and 5% aq NaHCO3 (700 mL). This 

resulted into a biphasic mixture. This mixture was allowed to stand for 15 min until the layers 
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separated. The aq layer was removed by dichloromethane (700 mL) and the organic layers were 

washed with 5% aq NaHCo3 solution (700 mL) and then 10% aq NaCl solution (700 mL). The 

organic layer was then dried (Na2SO4), concentrated under reduced pressure and then purified by 

flash chromatography with silica gel (600 g) and EtOAc/hexanes (1:1). Then the pure fractions 

were pooled and concentrated under reduced pressure. The resulting oil was dried at 40 oC for 2 h 

under reduced pressure. This resulted into the final product as a clear, golden oil (64.2 g, 106%, 

HNMR analysis displayed 90wt% product, 10wt% solvents); Rf = 0.6 (100% EtOAc);  

1H NMR (500 MHz, CDCl3) δ 7.92 (s, 1H), 7.65 (d, J = 8.0 Hz, 1H), 7.52 (d, J = 8.3 Hz, 3H), 

7.40 – 7.35 (m, 4H), 7.18 (s, 1H), 6.66 (q, 1H), 4.40 (q, J = 13.1, 6.6 Hz, 3H), 1.42 (t, J = 7.1 Hz, 

5H), 1.32 (d, J = 7.1 Hz, 3H), 1.15 – 1.06 (m, 3H), 1.10 (s, 18H).13C NMR (126 MHz, CDCl3) δ 

171.13 (s), 162.93 (s), 135.28 (s), 134.78 (s), 134.51 (s), 133.15 (s), 132.38 (s), 130.60 (s), 130.05 

(s), 129.56 (s), 129.38 (s), 127.03 (s), 122.99 (s), 121.92 (s), 104.58 (s), 94.25 (s), 60.79 (s), 50.13 

(s), 14.97 (s), 14.42 (s), 11.21 (s). HRMS (ESI/IT-TOF) m/z: [M + H]+ Calcd for 

C32H38ClN3O2Si is 560.2495 found 560.2507. 

Ethyl (R)-8-ethynyl-6-(2-fluorophenyl)-4-methyl-4H-benzo[f]imidazo[1,5-a][1,4]diazepine-

3-carboxylate (FR-III-10) (37) 

 

A mixture was prepared by adding ethyl (S)-6-(chlrophenyl)-4-methyl-8-

((triisopropylsilyl) ethynyl)-4H-benzo[f]imidazo[1,5-a][1,4]diazepine-3-carboxylate (FR-III-05 
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TIPS, 60.5 g, 111.3 mmol) and water (6.0 mL) to tetrahydrofuran (600 mL). Then this mixture 

was cooled to -20 oC using a dry ice / IPA bath. Then tetrabutylammonium fluoride hydrate, 1M 

in THF (127.6 mL, 127.6 mmoL) was added dropwise over 30 min at -20 to -15 oC. Then the 

mixture was brought to rt and stirred for additional 1 h until the reaction was complete, confirmed 

by analysis by TLC (silica gel, 100% EtOAc; Rf: FR-III-05-TIPS = 0.6, Rf: FR-III-05 = 0.4). 

Then EtOAc (600 mL) and 10% aq NaCl (600 mL) was added to the mixture for dilution. This 

formed a biphasic mixture which was allowed to stand for 15 min until layers separated. The aq 

layer was extracted with EtOAc (600 mL) and the organic layer was dried (Na2SO4). Then the 

organic layer was concentrated under reduced pressure to remove solvents. The remaining residue 

was slurried with methanol (250 mL) for 30 min while maintaining a temperature of 50 – 55 oC. 

Then water was added to the slurry and stirred for an additional 30 min maintaining the temperature 

at 50 – 55 oC. Then the mixture was cooled to 20 – 25 oC and held for 2 h. Then the solid was 

filtered and washed with methanol/water (1:1, 50 mL x 4). Then it was further washed with 

hexanes (50 mL x 3). The resulting solid was dried at 40 oC under vacuum to obtain the final white 

crystalline solid product (38.1 g, 88.6%): Rf = 0.4 (100% EtOAc); 1H NMR (500 MHz, CDCl3) 

δ 7.93 (s, 1H), 7.69 (d, J = 8.0 Hz, 1H), 7.57 (d, J = 8.3 Hz, 2H), 7.40 (dd, J = 5.7, 3.5 Hz, 3H), 

7.27 (s, 1H), 6.68 (q, 1H), 4.42 (q, J = 14.7, 7.2 Hz, 2H), 3.15 (s, 1H), 1.63 (d, 1H), 1.43 (t, J = 7.1 

Hz,3H), 1.33 (d, J = 7.0 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 162.91 (s), 141.62 (s), 139.60 

(s), 135.16 (s), 135.02 (s), 134.80 (s), 133.75 (s), 132.84 (s), 131.95 (s), 131.82 (s), 130.72 (s), 

130.12 (s), 129.66 (s), 129.49 (s), 127.11 (s), 122.07 (s), 121.65 (s), 81.44 (s), 79.73 (s), 60.84 (s), 

50.14 (s), 15.00 (s), 14.42 (s).HRMS (ESI/IT-TOF) m/z: [M + H]+ Calc C22H16ClN3O2 for is 

458.0265 found 458.0249 
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(S)-6-(2-chlorophenyl)-8-ethynyl-4-methyl-4H-benzo[f]imidazo[1,5-a][1,4]diazepine-3-

carboxylic acid(FR-III-12)(41) 

 

 In a homogenous mixture of ethyl (s)-8-ethynyl-6-(2-Cholorophenyl)-4-methyl-4H-

benzo[f]imidazo[1,5- a][1,4]diazepine-3-carboxylate ( 15.0 g, 37.22 mmol) and tetrahydrofuran 

(200 mL), a solution of lithium hydroxide (3.56 g, 148.8 mmol) and water (150 mL) was added 

dropwise by maintaing the temperature between 25 – 30 o C. The reaction mixture was then heated 

to 50 – 55 o C and allowed to run for 4 h, at which point the reaction completion was checked by 

TLC (silica gel; 100% ethyl acetate; the reaction temperature should maintain between 50- 55 o C 

and the reaction should not run longer than 4 hr otherwise the product might racemize. After 

cooling down to rt, water (150 mL) was added to the reaction mixture to dilute. Glacial acetic acid 

(10 mL, 160.85 mmol) was then added dropwise to the reaction mixture over 15 min, by keeping 

the temperature at 20 to 25 o C. The tetrahydrofuran was removed under reduced pressure. 

Methanol (150 mL) was added to the resulted semi solid slurry. The mixture was stirred at 40 – 45 

o C for 30 min and kept in rt for maximum precipitation. The solid was filtered and washed with 

water (25 mL x 4). The solid was dried under vacuum at 35 – 40 o C to afford the product as an 

off-white powder (13.9 g, 92%).1H NMR (500 MHz, MeOD) δ 8.28 (s, 1H), 7.85 (d, J = 8.4 Hz, 

1H), 7.76 (d, J = 7.9 Hz, 1H), 7.63 – 7.55 (m, 1H), 7.50 (dd, J = 6.4, 3.1 Hz, 2H), 7.44 (d, J = 3.9 

Hz, 1H), 7.17 (s, 1H), 6.64 (q, J = 7.0 Hz, 1H), 3.67 (s, 1H), 1.33 (d, J = 6.7 Hz, 3H).  13C NMR 
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(126 MHz, MeOD) δ 167.12 (s), 165.60 (s), 139.81 (s), 139.21 (s), 135.54 (s), 135.32 (s), 135.04 

(s), 133.30 (s), 131.86 (s), 130.90 (s), 130.48 (s), 129.66 (s), 128.94 (s), 127.09 (s), 122.78 (s), 

121.84 (s), 80.69 (s), 80.05 (s), 49.90 (s), 13.76 (s). HRMS (ESI/IT-TOF) m/z: [M + H]+ Calcd 

for 376.0987 found 376.0978 

S)-8-bromo-6-(2-chlorophenyl)-4-methyl-4H-benzo[f]imidazo[1,5-a][1,4]diazepine-3-

carboxylic acid (FR-III-27)(42) 

 

In a homogenous mixture of ethyl (S)-8-bromo-6-(2-chlorophenyl)-4-methyl-4H-

benzo[f]imidazo[1,5-a][1,4]diazepine-3-carboxylate ( 10.0 g, 21.88 mmol) and tetrahydrofuran 

(200 mL), a solution of lithium hydroxide (2.09 g, 87.5 mmol) and water (100 mL) was added 

dropwise by maintaing the temperature between 25 – 30 o C. The reaction mixture was then heated 

to 50 – 55 o C and allowed to run for 4 h, at which point the reaction completion was checked by 

TLC (silica gel; 100% ethyl acetate; the reaction temperature should maintain between 50- 55 o C 

and the reaction should not run longer than 4 hr otherwise the product might racemize. After 

cooling down to rt, water (100 mL) was added to the reaction mixture to dilute. Glacial acetic acid 

(8.7 mL, 154.85 mmol) was then added dropwise to the reaction mixture over 15 min, by keeping 

the temperature at 20 to 25 o C. The tetrahydrofuran was removed under reduced pressure. 

Methanol (100 mL) was added to the resulted semi solid slurry. The mixture was stirred at 40 – 45 

o C for 30 min and kept in rt for maximum precipitation. The solid was filtered and washed with 
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water (25 mL x 4). The solid was dried under vacuum at 35 – 40 o C to afford the product as an 

off-white powder (8.7g, 92%)  (1H NMR (500 MHz, DMSO) δ 12.77 (s, 1H), 8.40 (s, 1H), 7.91 

(ddd, 10H), 7.62 (dd, J = 18.0, 9.8 Hz,1H), 7.56 – 7.29 (m, 3H), 7.15 (dd, 1H), 6.48 (q, J = 6.3 Hz, 

1H),1.21 (d, J = 6.1 Hz, 3H). 13C NMR (126 MHz, DMSO) δ 164.84 (s), 164.66 (s), 140.93 (s), 

139.67 (s), 136.71 (s), 135.44 (s), 134.52 (s), 132.08 (s), 131.60 (s), 130.68 (s), 130.14 (s), 129.40 

(s), 127.97 (s), 125.57 (s), 120.19 (s), 49.84 (s), 15.18 (s).  

(S)-5-(6-(2-chlorophenyl)-8-ethynyl-4-methyl-4H-benzo[f]imidazo[1,5-a][1,4]diazepin-3-yl)-

3-isopropyl-1,2,4-oxadiazole (FR-III-39)(45) 

 

To a flask 3Å molecular sieves were charged and this was followed by the addition of 

isopropyl oxime (1.012g, 9.88 mmol). It was added to the dry THF mixture under argon pressure. 

Sodium hydride ((60% dispersion in mineral oil, 63.87mg, 2.729 mmol) was added to the reaction 

mixture and it was allowed to stir for 1 hour at rt. In another flask the ethyl ester, (1g, 2.488 mmol) 

was dissolved in dry THF. The latter homogenous mixture was added to the first one dropwise and 

the mixture was allowed to be stir for 2 h. The completion of the reaction was confirmed by 

checking by TLC, when all the starting material had been consumed. (Silica gel, 40% etOAc/ 

hexane). NaHCO3 solution (20 mL) was added to quench the reaction. Then EtOAc (100 mL) and 

10% aq NaCl (100 mL) solution were added to the mixture to provide a biphasic solution, which 

allowed to stand for 10 minutes to separate the layers. The organic layers all combined and dried 
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over Na2SO4. The organic layers combined and removed under the reduced pressure to provide a 

brownish colored crude solid. The crude was purified with column chromatography to afford an 

off-white colored solid (760 mg, 77%). 1H NMR (500 MHz, CDCl3) δ 8.06 (s, 1H), 7.72 (d, J = 

7.9 Hz, 1H), 7.62 (d, J = 8.3 Hz, 1H), 7.54 (dd, J = 10.1, 4.2 Hz, 1H), 7.42 – 7.35 (m, 4H), 6.72 

(q, 1H), 3.22 – 3.17 (m, 1H), 3.17 (s, 1H), 1.41 (d, J = 1.2 Hz, 3H), 1.39 (d, J = 1.4 Hz, 6H). 13C 

NMR (126 MHz, CDCl3) δ 175.33 (s), 139.57 (s), 139.18 (s), 136.16 (s), 135.31 (s), 134.76 (s), 

133.86 (s), 132.35 (s), 130.80 (s), 130.61 (s), 130.16 (s), 129.42 (s), 127.15 (s), 125.23 (s), 122.04 

(s), 121.83 (s), 81.37 (s), 79.90 (s), 50.32 (s), 26.75 (s), 20.63 (s), 20.56 (s), 17.71 (s), 15.12 (s). 

HRMS (ESI/IT-TOF) m/z: [M + H]+ Calcd for C25H20ClN5O is 442.1560 found 442.1539. 

(S)-5-(6-(2-chlorophenyl)-8-ethynyl-4-methyl-4H-benzo[f]imidazo[1,5-a][1,4]diazepin-3-yl)-

3-ethyl-1,2,4-oxadiazole(FR-III-25)(44) 

 

In a flask charged with 3Å molecular sieves N'-hydroxypropionimidamide (873.44 mg, 

9.99 mmol) was added to dry THF under argon pressure. Sodium hydride ((60% dispersion in 

mineral oil, 63.87 mg, 2.77 mmol) was added to the reaction mixture and it was allowed to stir for 

1 hour. In another flask the ethyl ester, (1g, 2.488 mmol) was dissolved in dry THF. The former 

homogenous mixture was added to the first one dropwise and allowed to be stirred for 2 h. The 

completion of the reaction was confirmed by checking by TLC when all the starting material was 

consumed. (Silica gel, 40% etOAc/ hexane). Aqueous NaHCO3 solution (20 mL) was added to 
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quench the reaction. Then EtOAc (100 mL) and 10% aq NaCl (100 mL) solution were added to 

the mixture, and this resulted in a biphasic solution which was allowed to stand for 10 min to 

separate the layers. The organic layers were all combined and dried over Na2SO4. The organic 

layer was removed under the reduced pressure to result a brownish colored crude solid. The solid 

was purified by column chromatography to afford an off-white solid (770 mg, 71%)1H NMR (500 

MHz, CDCl3) δ 8.06 (s, 1H), 7.72 (d, J = 7.9 Hz, 1H), 7.62 (d, J = 8.3 Hz, 1H), 7.54 (d, J = 18.7 

Hz, 1H), 7.37 (ddd, J = 25.4, 10.5, 3.5 Hz, 4H), 6.72 (q, J = 7.0 Hz, 1H), 3.17 (s, 1H), 2.83 (q, J = 

7.6 Hz, 2H), 1.39 (d, J = 7.6 Hz, 3H), 1.39 (t, J = 7.6 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 

171.89 (s), 139.48 (s), 139.23 (s), 136.19 (s), 135.31 (s), 134.73 (s), 133.90 (s), 133.38 (s), 132.37 

(s), 130.80 (s), 130.70 (s), 130.15 (s), 129.45 (s), 127.13 (s), 125.52 (s), 125.12 (s), 122.03 (s), 

121.86 (s), 81.37 (s), 79.91 (s), 50.27 (s), 19.75 (s), 15.11 (s), 11.53 (s). HRMS (ESI/IT-TOF) 

m/z: [M + H]+ Calcd for C24H18ClN5O is 428.1367 found 428.1349. 

(S)-5-(6-(2-chlorophenyl)-8-ethynyl-4-methyl-4H-benzo[f]imidazo[1,5-a][1,4]diazepin-3-yl)-

3-methyl-1,2,4-oxadiazole(FR-III-47)(43) 

 

In a flask with 3Å molecular sieves isopropyl oxime (0.7344g, 9.92 mmol) was added to 

the dry THF under argon pressure. Sodium hydride (60% dispersion in mineral oil, 56.32 mg, 

2.44mmol) was added to the reaction mixture and stirred for 1 hour. In another flask the Br-ethyl 

ester, (1g, 2.48 mmol) was dissolved in dry THF. The former homogenous mixture was added to 
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the first one dropwise and allowed to be stirred for 2 h. The completion of the reaction was 

confirmed by checking TLC when all the starting material consumed. (Silica gel, 40% etOAc/ 

hexane). NaHCO3 solution (20 mL) was added to quench the reaction. Then etOAc (100 mL) and 

10% aq solution NaCl (100 mL) was added to the mixture and form a biphasic solution which 

allowed to stand for 10 minutes to separate the layers. The organic layers all combined and dried 

over Na2SO4. The organic layers removed under the reduced pressure to result a brownish crude. 

The crude was purified with column chromatography to afford an off-white solid (900 mg, 

82.56%)1H NMR (500 MHz, CDCl3) δ 8.06 (s, 1H), 7.73 (dd, J = 8.0 Hz, 1H), 7.62 (d, J = 8.3 Hz, 

1H), 7.52 (d, J = 1.4 Hz, 1H), 7.42 – 7.35 (m, 3H), 6.72 (q, 1H), 3.17 (s, 1H), 2.47 (s, 3H), 1.39 

(d, J = 6.9 Hz, 2H). 13C NMR (126 MHz, CDCl3) δ 167.45 (s), 139.47 (s), 139.21 (s), 136.22 (s), 

135.31 (s), 134.71 (s), 133.89 (s), 133.39 (s), 132.39 (s), 131.04 (s), 130.80 (s), 130.70 (s), 130.15 

(s), 129.49 (s), 127.12 (s), 125.01 (s), 122.02 (s), 121.87 (s), 81.37 (s), 79.91 (s), 50.22 (s), 15.08 

(s), 11.66 . HRMS (ESI/IT-TOF) m/z: [M + H]+ Calcd for C23H16ClN5O is 414.1116 found 

414.1116. 

Ethyl 8-bromo-6-(2-chlorophenyl)-4-methyl-6H-benzo[f]imidazo[1,5-a][1,4]diazepine-3-

carboxylate(FR-III-40) (53) 

 

 In a container ethyl (S)-8-bromo-6-(2-chlorophenyl)-4-methyl-4H-benzo[f]imidazo[1,5-

a][1,4]diazepine-3-carboxylate was dissolved (1g, 2.188mmol) in dry THF (100 mL), potassium 
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t-butoxide (269.5 mg, 2.40 mmol) was added to the reaction mixture and heated for 0.5 h. The 

reaction completion was confirmed by TLC. After completion the reaction, THF was removed 

under reduced pressure. The semi solid residue was dissolved in ethyl acetate (100 mL) and extract 

with water (50x4). After extraction, all organic layer combined, washed with brine which followed 

by drying over Na2SO4. The organic layer reduced under pressure and the residue purified by 

column chromatography using silica gel 50% ethyl acetate /hexane ( 1H NMR (500 MHz, CDCl3) 

δ 8.42 (dd, J = 7.8, 1.5 Hz, 1H), 8.09 (s, 1H), 7.58 (dd, J = 8.4, 2.1 Hz, 1H), 7.54 (td, J = 7.4, 1.6 

Hz, 1H), 7.45 – 7.37 (m, 3H), 6.85 (d, J = 1.9 Hz, 1H), 5.48 (s, 1H), 4.48 (qd, J = 7.1, 1.9 Hz, 2H), 

2.59 (d, J = 1.0 Hz, 3H), 1.47 (t, J = 7.1 Hz, 3H).  

8-bromo-6-(2-chlorophenyl)-4-methyl-6H-benzo[f]imidazo[1,5-a][1,4]diazepine-3-

carboxylic acid (FR-III-45) (54) 

 

In a homogenous mixture of Ethyl 8-bromo-6-(2-chlorophenyl)-4-methyl-6H-

benzo[f]imidazo[1,5-a][1,4]diazepine-3-carboxylate( (1.0 g, 2.188 mmol) and tetrahydrofuran 

(200 mL), a solution of sodium hydroxide (.209 g, 8.75 mmol) and water (10 mL) was added 

dropwise by maintaing the temperature between 25 – 30 o C. The reaction mixture was then heated 

to 50 – 55 o C and allowed to run for 4 h, at which point the reaction completion was checked by 

TLC (silica gel; 100% ethyl acetate. After cooling down to rt, water (10 mL) was added to the 

reaction mixture to dilute. Glacial acetic acid (.87 mL, 15.485 mmol) was then added dropwise to 
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the reaction mixture over 15 min, by keeping the temperature at 20 to 25 o C. The tetrahydrofuran 

was removed under reduced pressure. Methanol (10 mL) was added to the resulted semi solid 

slurry. The mixture was stirred at 40 – 45 o C for 30 min and kept in rt for maximum precipitation. 

The solid was filtered and washed with water (5 mL x 4). The solid was dried under vacuum at 35 

– 40 o C to afford the product as an off-white powder (800 mg, 89%)  1H NMR (500 MHz, DMSO) 

δ 8.58 (s, 1H), 8.35 (d, J = 7.5 Hz, 1H), 7.78 (dd, J = 24.3, 7.9 Hz, 2H), 7.62 (t, J = 7.3 Hz, 1H), 

7.55 (d, J = 7.6 Hz, 1H), 7.50 (t, J = 7.2 Hz, 1H), 1.91 (s, 3H). 13C NMR (126 MHz, DMSO) δ 

172.51 (s), 164.49 (s), 160.29 (s), 138.38 (s), 138.01 (s), 136.21 (s), 133.70 (s), 132.61 (s), 132.45 

(s), 131.24 (s), 130.92 (s), 130.30 (s), 130.23 (s), 128.37 (s), 128.17 (s), 126.13 (s), 121.84 (s), 

61.39 (s), 26.30 (s), 21.57 (s). 
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NMRs of KRM-III-77 

 

 



222 
 

NMRs of FR-I-93 

 

 



223 
 

NMRs of FR-III-4 
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NMRs of FR-III-5 

 

 



225 
 

NMRs of FR-III-10 
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HRMS data 
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Subunits Associated Effect

 1 Sedation, Anterograde Amnesia, some Anticonvulsant action, 

Ataxia

 2 Anxiolytic, AntihyperalgesiaHypnotic (EEG), maybe some Muscle 

Relaxation at higher dose

 3 Some Anxiolyticaction, some Anticonvulsant action,

maybe some Muscle Relaxation at higher dose

 4 Diazepam-insensitivresite

 5 Cognition, Temporal and Spatial memory

(maybe memory part of anxiety)

 6 Diazepam-insensitivresite
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 QH-II-66 174.6  13 242.7  10

 KRM-III-70  400  400

 KRM-II-08 257.5  12.9 277.4  15.5

 FR-I-44(KRM-III-77) 138.5  8.7 248.4  32.5

 NOR-KRM-II-08 210.1  11.6 260.8  13.5

 FR-I-43 165.1  22.9 130.9  6.7

 NOR-KRM-III-70 NA NA

 NOR-QH-II-66 NA NA
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