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Discovery and optimisation of 1-acyl-2-benzylpyrrolidines as potent dual 

orexin receptor antagonists 

 

Jodi T. Williams,* John Gatfield, Catherine Roch, Alexander Treiber, Francois Jenck, 

Martin H. Bolli, Christine Brotschi, Thierry Sifferlen, Bibia Heidmann and Christoph 

Boss 

 

Abstract 

Starting from a thienopiperidine lead compound with high intrinsic clearance in rat 

and human liver microsomes, and low aqueous solubility, a novel series of 1-acyl-2-

benzylpyrrolidines were discovered as potent and competitive dual orexin receptor 

antagonists. Metabolic stability was improved to afford oral exposure and aqueous 

solubility was increased by twenty-fold, providing compounds suitable for pre-clinical 

evaluation. Compound 27 showed insurmountable antagonism at both orexin 1 and 

orexin 2 receptor sub-types, and displayed a comparable sleep-promoting effect in 

the rat to almorexant and suvorexant. 

 

Introduction 

The vertebrate orexin neuropeptide – receptor system plays a pivotal role in the 

regulation of sleep and wake states as well as emotional states related to stress or 

reward. The neuropeptides orexin-A and orexin-B are synthesised by a small 

number of neurons in the lateral hypothalamus, a brain region involved  in arousal, 

emotional and metabolic regulation, and motivated behaviours, e.g. feeding.1-4 

Orexin peptides are released at axonal terminals and - pre- or post-synaptically - 

bind and activate two closely related G protein coupled receptors (GPCR): orexin 

receptor type 1 (OX1) and orexin receptor type 2 (OX2).
5-7 Activated neuronal orexin 

receptors couple to the Gq / phospholipase C / protein kinase C pathway resulting in 

cellular depolarisation and increased cytosolic Ca2+ concentrations.8 Thus, orexin 

receptor signaling is excitatory by enhancing synaptic transmission. 

 

The distribution of OX1 and OX2 in mammalian brains is indicative of their important 

role in the regulation of vigilance states and circadian activity. Orexin-secreting 

neurons of the lateral hypothalamus project to the basal forebrain, corticolimbic 

structures, and brainstem, especially to those regions related to sleep / wake 
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regulation (locus coeruleus, raphe nucleus, tuberomammillary nucleus), regions 

activated in anxiety/stress-related conditions (paraventricular nucleus) as well as 

regions involved in reward processing and drug abuse (nucleus accumbens, 

ventrotegmental area).1, 2, 9-18 Intracerebellar orexin-A and orexin-B infusion in rats 

results in enhanced arousal, delayed onset of REM sleep, and maintenance of 

cortical activation. Pharmacological inhibition of the orexin system in animal models 

of insomnia, stress/anxiety and drug abuse has demonstrated a central role of an 

overactive orexin system in these pathologies and suggests orexin receptors as 

therapeutic targets in insomnia, stress/anxiety-related disorders and addiction.19-30 

Extensive clinical trials with two dual orexin receptor antagonists (DORAs) have 

demonstrated that targeting the orexin system is an effective strategy in treating 

sleep disorders. In insomnia patients, both almorexant and suvorexant dose-

dependently increased sleep efficiency by decreasing latency to persistent sleep and 

wake after sleep onset.31-33 Suvorexant received FDA marketing authorization in 

2014 and represents the first-in-class dual orexin receptor antagonist for the 

treatment of insomnia characterised by difficulties with sleep onset and/or sleep 

maintenance.34, 35 Studies into the respective contributions of pharmacologically 

blocking OX1 and OX2 on sleep-wake states have revealed a more important role for 

OX2.
36  Recent reports describing OX2 subtype-selective antagonists suggest that 

blockade of OX2 alone may be suitable for the treatment of sleep disorders, and 

future clinical studies should shed light on whether there is an advantage of 

selectively blocking OX2 over dual OX1 and OX2 blockade.37, 38 

 

The ideal profile of a sleep drug from a pharmacokinetic perspective is difficult to 

achieve. Metabolic stability in particular needs to be carefully assessed, too stable 

runs the risk of overshooting with the pharmacodynamic effect and could lead to 

“hangover” phenomena. Too unstable on the other hand, will lead to lower 

bioavailability and higher doses may be required to achieve the required duration of 

action. The latter is then associated with a greater risk for safety findings. It is 

increasingly recognised that the rate at which a drug associates with and dissociates 

from its target receptor – its binding kinetics – directly affects the drug’s efficacy and 

safety. In the context of orexin receptor antagonism and sleep,  a desired compound 

profile may be characterised by relatively slow receptor dissociation kinetics eliciting 

insurmountable antagonism, to allow it to also be effective with increasing orexin 
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peptide concentrations. These two independent features of a potential novel sleep 

drug, namely pharmacokinetic profile and binding kinetics, need to be carefully 

evaluated to identify the appropriate balance. 

 

In this manuscript we describe the structural optimisation of our initial lead 

compound 1 into the in vivo active compound 27. During the optimisation process we 

focus more on OX2 potency and monitor the lipophilic ligand efficiency (LLE) metric 

to assess design progress.39 DORA 27 shows single digit nM potency at both OX 

receptors, and exhibits insurmountable antagonism in calcium release assays at OX1 

and OX2. An investigation into the binding kinetics of 27 reveals an estimated 

receptor occupancy half-life of 1-5 min at both orexin receptor subtypes.  DORA 27 

decreases wakefulness and increases sleep efficiency in male Wistar rats after oral 

administration of 100 mg/kg. 

 

Results and discussion 

The efforts described herein began with racemic N-acylthienopiperidine 1 (Scheme 

1), a dual orexin receptor antangonist that we disclosed earlier.40 DORA 1 showed 

single digit nM potency at both OX receptors however suffered from poor in vitro 

ADME and physicochemical properties (Table 1). Our initial investigation centred on 

reducing the lipophilicity of DORA 1 as a means of modulating the high in vitro 

metabolic clearance as determined experimentally in the presence of rat and human 

liver microsomes (RLM, HLM). 

 

Table 1 Properties of racemic thienopiperidine lead compound 1 

hOX1 IC50
a 5.4 nM MW 460 

hOX2 IC50
a 1.4 nM clogP 5.5 

HLM CLint
b 

>1250 L/(min*mg) LLEd 3.5 

RLM CLint
b 

>1250 L/(min*mg) Solubilitye 
7 g/mL (pH 4.1) 

CYP3A4c IC50 3 M   

 a
 Geomean of at least 3 experiments, standard deviation is <50% in all cases 

b
 Intrinsic metabolic clearance with liver microsomes, at 1M 

c
 Testosterone 6-hydroxylation used as a P450 isoform-specific marker 

d 
Calculated from hOX2 IC50 

e
 Water, unbuffered 
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As we considered the thiophene moiety present in 1 a metabolic liability41 we 

eliminated this ring leading to compound 2 (Scheme 1). The removal of the 

thiophene ring resulted in only a modest 5-fold loss in potency at OX1, however a 

more pronounced 70-fold loss in potency at OX2 was observed. In the 

thienopiperidine series the indole moiety was required to obtain low nM potency at 

both OX receptors. Attempts to replace it with an ortho-biaryl motif, a common 

feature of many orexin receptor antagonists,42-45 to give compound 3, led to a 24-fold 

and 300-fold loss in potency at OX1 and OX2, respectively. Having removed the 

thiophene from 1 we explored the possibility that we would have greater flexibility in 

terms of acylating the piperidine nitrogen and we prepared the piperidine analog of 

compound 3. To our delight this modification resulted in DORA 4 showing single digit 

nM potency at both OX receptors. 

 

The LLE metric is used to capture the efficiency of improved in vitro potency in 

relation to change in lipophilicity: LLE = pIC50 – cLogP. It has been proposed that an 

acceptable target LLE for a drug candidate, lies in the range of 5-7 or greater.46 The 

modifications leading to 4 clearly were steps in the right direction in terms of 

addressing the poor physicochemical properties highlighted for DORA 1. LLE was 

improved (4.8 vs. 3.5), molecular weight was leaner (420 vs. 460) and there was a 

measurable improvement in intrinsic clearance in HLM (CLint 616 vs. >1250). 

 

Scheme 1 Initial strategy for reducing lipophilicity of lead compound 1 
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We next explored modifications of the benzyl group at the 2-position of the piperidine 

ring (Table 2). Extending to the phenethyl analog 5, led to a 10-fold and 5-fold loss in 

potency at OX1 and OX2, respectively. Subsequent removal of the 4-methoxy 

substituent led to a further loss in potency as illustrated by compound 6. Intrinsic 

clearance in HLM were measured for compounds 5 and 6 and offered no advantage 

over 4. Given the apparent preference for benzyl over phenethyl in terms of potency, 

we chose to keep the benzyl group in further optimisation efforts. 

 

Table 2 SAR exploration of the benzyl group 

 

   IC50
a (nM)  
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Cmpd R n OX1 OX2 HLMb 

(+/-) 4 OMe 1 2.7 3.3 616 

(+/-) 5 OMe 2 28 16 817 

(+/-) 6 H 2 108 243 1173 
a
 Geomean of at least 3 experiments, standard deviation is <50% in all cases 

b
 Intrinsic metabolic clearance [L/(min*mg)] with human liver microsomes, at 1M 

 

All compounds that have been described so far were prepared as racemates. The 

next modification that was investigated was ring contraction of the piperidine to the 

corresponding pyrrolidine. This modification gave us the opportunity to prepare the 

desired analogs in enantiomerically pure form as the required enantiomerically pure 

starting material was readily available (Scheme 2). We envisaged that DORA 4 

would have a similar receptor binding mode to the known (S)-pyrrolidine SB-674042 

disclosed by Smithkline Beecham47 and we therefore set out to first prepare the (S)-

enantiomer of our pyrrolidine.48 

 

Scheme 2 Representative synthetic route to 1-acyl-2-benzylpyrrolidines 

 

 

Reaction of prolinol with sulfuryl chloride in pyridine and dichloromethane at -78°C 

provided the bicyclic sulfamate intermediate, that was subsequently reacted with the 

lithium anion of the chosen benzene derivative. Acidic hydrolysis of the isolated 

sulfamic acid under elevated temperature furnished the corresponding 2-benzyl 

pyrrolidine with intact stereochemical integrity. Amide formation with the required o-

biaryl carboxylic acid gave the desired compound. 

 

This ring contraction led to compound 7 (Table 3), showing a 6-fold loss in potency 

at both OX1 and OX2 (assuming racemic 4 would be ~two times more potent as its 

active enantiomer). Although the in vitro clearance of 7 in RLM remained high (CLint 
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>1250), this structural modification was encouragingly accompanied by a further 

improvement in metabolic stability in HLM (CLint 356 vs. 616). Rat pharmacokinetics 

were assessed for compound 7 and in line with the measured in vitro metabolic 

stability, this compound had high clearance (55 mL/min/kg) and low oral 

bioavailability (<10%). Nevertheless, physicochemical characteristics were found to 

be favourable for compound 7, logD was determined to be 3, LLE was 4.7, and 

aqueous solubility was measured as 160 g/mL (pH 4.1, unbuffered). Consequently, 

pyrrolidine 7 demonstrated that the optimisation of physicochemical properties was 

on track. With the aim to improve pharmacokinetic parameters, the pyrrolidine ring 

was kept constant in the next round of optimisation and attention turned to the biaryl 

carboxamide, in particular the tolyl methyl group which was considered a likely 

metabolic soft spot. 

 

Table 3 Potency, microsomal stability, and LLE of selected 1-acyl-2-

benzylpyrrolidines 

 

  IC50
a (nM)   

Cmpd R OX1 OX2 HLMb (RLMb) LLE 

7 
 

8.5 8.4 356 (>1250) 4.7 

8 
 

16 3.5 104 (>1250) 5.4 

9 
 

45 65 >1250 3.9 

10 
 

16 4.7 102 4.5 

11 
 

60 71 17 3.8 

12 
 

23 4.0 158 4.5 
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13 

 

3.5 3.1 338 (>1250) 3.3 

14 
 

33 12 129 4.0 

a
 Geomean of at least 3 experiments, standard deviation is <50% in all cases 

b
 Intrinsic metabolic clearance [L/(min*mg)] with liver microsomes, at 1M 

 

Removal of the tolyl methyl group from 7 had little impact on orexin receptor affinity 

and in line with expectation, compound 8 showed improved stability in HLM. 

Disappointingly however, this observation did not translate across species and 8 

remained highly unstable in RLM. We next removed one of the triazole nitrogens 

leading to pyrazole 9 and this resulted in lower potency at both OX receptors. 

Replacement of the triazole by a 2-pyrimidine was well tolerated (10 vs 8). Attempts 

to introduce further polarity such as pyridine 11 resulted in higher microsomal 

stability albeit with lower potency. Additional heteroaromatic rings were also explored 

and found to be well tolerated, particularly by OX2 (12-14).  

 

Several structural modifications of the biaryl carboxamide led to an improved stability 

in HLM, and compounds with CLint values below 100 [L/(min*mg)] were even 

considered too stable for a potential sleep drug. Our next move was to assess 

central nervous system (CNS) distribution in the rat after oral administration. To 

circumvent the persistent rat microsomal instability observed so far for this 

compound class, we opted for high dose experiments with the intention of saturating 

metabolic processes. Compound concentration was determined in plasma, brain, 

and cerebrospinal fluid (CSF), the latter being used as a surrogate for brain free 

concentration. Four compounds were investigated for CNS penetration and all were 

found to reach low plasma and consequently, brain concentrations (Table 4). In 

terms of brain/plasma ratio, 13 appeared to be the most promising although this 

compound had the lowest CSF concentration suggesting it was the most highly 

protein bound.49, 50 Encouraged by the CNS penetration potential of 13, we selected 

this compound to explore the dimethoxyphenyl moiety which had largely remained 

constant during our SAR investigation. 
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Table 4 Plasma, brain, and CSF exposure 3 h after po dosing to male Wistar rats 

(n=3, 100 mg/kg) 

Cmpd [Plasma] ng/mL [Brain] ng/g [CSF] ng/mL B/P ratio 

8 114 45 12 0.39 

10 737 134 113 0.18 

12 225 89 22 0.40 

13 129 125 6 0.97 

 

Tethering the two methoxy groups to give compound 15 led to at least a 10-fold loss 

in potency at both OX receptors and the same was observed for the corresponding 

piperonyl derivative 16 (Table 5). Relocating the 4-methoxy substituent to the 5-

position was well tolerated by the OX receptors however had little influence on 

microsomal stability as illustrated by 17. Replacement of the 3-methoxy substituent 

by chlorine was also well tolerated by both OX receptors albeit with a significant loss 

of microsomal stability, indicating that 18 had an in vitro half-life of less than one 

minute in the presence of both RLM and HLM. Other structural analogs bearing a 

chloromethoxy di-substitution pattern as well as 3-chloro,4-methyl and 3,4-dichloro 

derivatives furnished inferior DORAs with LLE clearly heading in the wrong direction 

(19-22). 

 

Table 5 Potency, microsomal stability, and LLE of selected 1-acyl-2-

benzylpyrrolidines 

 

  IC50
a (nM)   

Cmpd R OX1 OX2 HLMb (RLMb) LLE 

15 
 

35 39 1040 2.0 

16 
 

64 40 124 1.9 
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17 

 

3.4 4.3 798 3.1 

18 

 

3.8 1.8 >1250 (>1250) 2.8 

19 

 

26 16 >1250 (>1250) 1.9 

20 

 

33 18 996 (>1250) 1.8 

21 

 

13 10 >1250 (>1250) 1.6 

22 

 

22 66 >1250 0.6 

a
 Geomean of at least 3 experiments, standard deviation is <50% in all cases 

b
 Intrinsic metabolic clearance [L/(min*mg)] with liver microsomes, at 1M 

 

Although oxidative demethylation of the dimethoxyphenyl moiety was considered a 

likely culprit involved in the metabolic turnover of 13, our SAR investigation into the 

nature and position of substituents on the phenyl ring provided us with no handle 

with which to tune metabolic stability. The 3,4-dimethoxy pattern actually turned out 

to be the most promising when considering both potency and microsomal stability. It 

is conceivable that the polarity conveyed by the two methoxy groups contributes to 

lowering the overall lipophilicity of the compound and replacing just one of them is 

detrimental for metabolic stability.51 Subsequent attempts to modulate the 

metabolism were directed back towards the phenylthiazole moiety (Table 6). The 4-

fluoro substituted phenyl derivative 23 was not well tolerated by either receptor, 

resulting in a 32-fold and 21-fold loss in potency at OX1 and OX2, respectively. This 

motif is present in SB-649868, a clinical compound from GSK which reached phase 

II trials.43 The fact that this decoration was not tolerated in our pyrrolidine series, 

implied a different receptor binding mode to the one of the GSK compound. The 3-

chloro derivative 24 showed a similar potency to 13 however switching methyl for 
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chlorine contributed little to reducing overall lipophilicity. We next explored the 3- and 

4- methoxy derivatives 25 and 26, respectively. Both positions were able to 

accommodate a methoxy substituent retaining good potency and reasonable stability 

in HLM. The related piperonyl derivative 27 showed the same profile as either 

methoxy derivative and replacement of one of the piperonyl oxygen atoms by carbon 

was well tolerated as illustrated by 28. 

 

Table 6 Potency, microsomal stability, and LLE of selected phenylthiazole 

carboxamides 

 

  IC50
a (nM)   

Cmpd R OX1 OX2 HLMb (RLMb) LLE 

23 
 

111 62 216 2.2 

24 

 

9.1 6.3 612 2.7 

25 

 

11 7.8 300 3.3 

26 
 

17 10 210 3.2 

27 
 

11 6.6 197 (>1250) 3.2 

28 
 

8.3 8.0 235 3.0 

a
 Geomean of at least 3 experiments, standard deviation is <50% in all cases 

b
 Intrinsic metabolic clearance [L/(min*mg)] with liver microsomes, at 1M 

 

Having made initial efforts to explore the SAR around the 5-phenyl ring of the 

phenylthiazole moiety it became clear that in terms of potency several modifications 
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were possible. Piperonyl 27, showing reasonable human microsomal stability and 

having an LLE of 3.2, was also measured in RLM and metabolic turnover remained 

too high to be exactly determined under the chosen assay conditions. The aqueous 

solubility of 27 was measured as 147 g/mL (pH 4.3, unbuffered) indicating that the 

improvement in solubility for this series of compounds, as already demonstrated for 

compound 7, was maintained. Compound 27 was selected for a blood-brain barrier 

(BBB) experiment under the same conditions already used for 13 (Table 4). To our 

surprise plasma concentrations of 27 at 3 h were found to be 2328 ng/mL, 18-fold 

higher than those determined for 13. Brain concentrations were found to be 698 

ng/g, only 6-fold higher than those of 13, resulting in a total brain/plasma ratio of 0.3 

and suggesting that 27 partitions less readily into the CNS as compared to 13. 

Unbound fractions in rat plasma and brain52 were determined in vitro to be 2.7% and 

4%, respectively for 27. As in vitro binding data yielded a brain/plasma partition ratio 

of 0.68, 27 was suspected a P-gp substrate in rats. Indeed, 27 exhibited polarised 

transport in a human P-gp transport assay with an efflux ratio of 7. A brain free 

fraction of 4% for 27 translated into a free compound concentration of 60 nM, well 

above its OX2 IC50 value and in line with a measured CSF concentration of 133 

ng/mL. 

 

The mode of antagonism of 27 at OX1 and OX2 was assessed in more detail using 

Ca2+ release assays and stably transfected Chinese hamster ovary (CHO) cells 

recombinantly expressing human or rat OX1 or OX2 receptors. Orexin A 

concentration-response curves (CRC) were generated in the presence of increasing 

concentrations of 27 (Figure 1A). The compound induced rightward shifts of the OxA 

CRCs and a suppression of the maximal OxA response demonstrating 

insurmountable antagonism. Apparent Kb values (an approximation of the inhibitory 

constant if IC50 values generated at low agonist concentrations are used) were thus 

calculated with the help of the generalised Cheng-Prusoff equation as described in 

the electronic supplementary information (ESI). Apparent Kb values for 120 min 

antagonist pre-incubation were calculated to be Kb=5.3 nM (human OX1) and 1.4 nM 

(human OX2). No differences in potency, selectivity, or surmountability between 

human and rat receptors were detected.53 
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Insurmountable antagonism can be caused by competitive antagonists with slow 

dissociation rates as well as by allosteric antagonists, that do not compete with the 

natural ligand for binding, but change the affinity for the natural ligand through 

binding to an allosteric site. These two mechanisms causing insurmountability can 

be differentiated by performing the previously described curve shift experiments with 

simultaneous addition of the antagonist dilutions together with the OxA dilutions. In 

this experimental setting, a competitive binding mode results in antagonist-induced 

rightward shifts of the OxA CRC without suppression of maximal response while an 

allosteric mode of antagonism still results in an insurmountable antagonist profile. 

Figure 1B shows the CRCs for OxA in the presence of increasing concentrations of 

27 on human OX1 and OX2. Clearly, 27 caused rightward shifts in OxA CRCs without 

suppression of maximal responses demonstrating the competitive nature of its 

binding mode. 
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Figure 1. Effect of 27 on OxA-induced calcium release. (A) CHO cells expressing either the 

human OX1 or human OX2 receptor were pre-incubated with dilution series of 27 for 120 min followed 

by the addition of a dilution series of OxA. Calcium release was recorded, peak fluorescence values 

were exported, and concentration-response curves were generated. IC50 values at 1.6 nM OxA were 

determined and used as a basis to calculate the apparent Kb via the generalised Cheng-Prusoff 

equation. Representative experiment of n=4 independent experiments is shown. Values represent 

arithmetic mean of duplicates +/- SD. (B) Experiment performed as described in (A), but with 

simultaneous addition of pre-mixed antagonist and OxA instead of the pre-incubation. Representative 

experiment of n=2 independent experiments is shown. Values represent arithmetic mean of duplicates 

+/- SD. 

 

Next, the receptor occupancy half-life (t1/2) of 27 at human OX1 and human OX2 was 

assessed using antagonist washout assays in combination with calcium mobilisation 

assays. CHO cells expressing the recombinant human OX1 or OX2 receptors were 

dyed with fluo-4 and then subjected to a dilution series of 27. After 120 min of 

incubation at room temperature, cells were extensively washed to remove all 

unbound antagonist and then after different recovery times (0-30 min) stimulated 
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with EC50-70 of OxA to analyse for residual receptor blockade. The residual blockade 

was quantified by determining the IC50 value at the different time points and then 

calculating the apparent Kb via the generalised Cheng-Prusoff equation using the 

EC50 and slope of the OxA CRC determined at every time point. Three independent 

experiments were performed. Figure 2 shows the development of the apparent Kb 

values after 27 washout. Kb values of the three individual experiments are displayed 

as fine lines, their geometric mean as bold line. For both receptors, the three 

experiments yielded similar increases in Kb after washout with a statistically 

significant change in Kb value versus Kb (0 min) occurring at 5 min (OX1) and at 20 

min (OX2). The fold-change in Kb at these time points was used to calculate an 

approximate t1/2 assuming first order dissociation kinetics yielding half-lives of 1.1 

min (human OX1) and 5.4 min (human OX2). For comparison, the half-life of 

suvorexant was reported as being 79 min at human OX2.
54 Thus, 27 displays a 

rather short half-life at OX1 and OX2, but long enough to result in insurmountable 

antagonism in calcium release assays, which represent - due to their rapid response 

time - the most sensitive assays to detect insurmountable antagonism. 

 

 

Figure 2. Dissociation kinetics of 27 determined by calcium release assays in CHO cells 

expressing either human OX1 or human OX2. Cells were pre-incubated for 120 min with antagonist 

dilution series and then either directly stimulated with OxA (EC50–EC70) or subjected to a compound 

wash out procedure followed by stimulation with OxA at the indicated time points after washout. The 

peak calcium responses were used to calculate IC50 values which were transformed into apparent Kb 

values as described in the ESI. Shown are the time-dependent changes in apparent Kb after washout 

of three independent experiments (fine lines) and their geometric mean (bold line). Kb values after 
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washout significantly different (p<0.05) from the Kb at 0 min are indicated with an asterisk. Test: one 

way ANOVA, Dunnett’s post test. 

 

To evaluate the pharmacodynamics of compound 27, it was tested in a rat sleep 

model. Male Wistar rats implanted with radiotelemetry probes recording continuously 

electroencephalogram/electromyography (EEG/EMG) and locomotor activity were 

administered with a single oral dose of 100 mg/kg at the beginning of the nocturnal 

active phase, when endogenous orexin levels increase. DORA 27 showed a 

comparable sleep-promoting effect to almorexant and suvorexant when tested under 

the same experimental conditions (Figure 3). Behaviourally, it significantly decreased 

home cage activity by 47% over the first 6 h of the night period following 

administration compared to vehicle treated animals (-42% and -31% vs. vehicle for 

almorexant and suvorexant at 100 mg/kg po, respectively, p<0.001 for 27 and 

almorexant and p<0.01 for suvorexant, paired t-test). Electrophysiologically, it 

decreased significantly the time spent in active wake compared to vehicle treated 

animals (-29%, -20% and -16% vs. vehicle for 27, almorexant, and suvorexant, 

respectively, p<0.001 for 27 and almorexant and p<0.01 for suvorexant, paired t-

test). Compound 27 increased the time spent in quiet wake by 17% compared to 

vehicle treated animals (p<0.05, paired t-test). However, the impact on this 

parameter is not predictive for sleep quality and depends on the compound tested (-

8% for almorexant and +9% for suvorexant vs. vehicle, p<0.05 and p>0.05 

respectively, paired t-test). As a consequence of the decrease in time spent in wake 

stages, the time spent in non-REM (rapid eye movement) sleep was significantly 

increased vs. vehicle over the 6 h period following administration; by +18% for 27, by 

+19%, for suvorexant and by +22% for almorexant (p<0.01 for 27 and suvorexant 

and p<0.001 for almorexant, paired t-test). Finally, as observed with other DORAs,44, 

55-59 the time spent in REM sleep was also increased compared to vehicle treated 

rats, significantly for 27 and almorexant (+84 and +50% respectively, p<0.01, paired 

t-test) and non-significantly for suvorexant (+20%, p>0.05, paired t-test). 
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Figure 3. Effect of 27, suvorexant, and almorexant on the time spent in sleep and wake stages 

(% of total time) during the first 6 h of the night active period post administration in male 

Wistar rats. Rats were administered a single oral dose of vehicle (PEG 400) or 100 mg/kg of 

compound. Data are expressed as mean ± SEM. *p<0.05, **p<0.01, ***p<0.001 (n=8 for 27, n=12 for 

almorexant and n=14 for suvorexant). 

 

Conclusions 

In summary, the structural optimisation of a thienopiperidine lead compound led to 

the discovery of a novel 1-acyl-2-benzylpyrrolidine series of competitive dual orexin 

receptor antagonists with improved physicochemical properties. Compound 27 

showed insurmountable antagonism in calcium release assays at OX1 and OX2, 

combined with a rather short estimated receptor occupancy half-life of 1-5 min at 

both orexin receptor subtypes. Compound 27 showed a comparable sleep-promoting 

effect to almorexant and suvorexant when tested under the same experimental 

conditions. Whilst the potential of the 1-acyl-2-benzylpyrrolidines to deliver in vivo 

active compounds has been demonstrated, further studies shall aim at improving 

CNS distribution. 
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The orexin neuropeptides (orexin A and B) and their receptors (orexin 1 and 2) play a pivotal 

role in the regulation of arousal, wakefulness, and stress. On our journey to discover small 

molecule orexin receptor antagonists, we identified a novel series of 1-acyl-2-

benzylpyrrolidines. The evolution of our lead compound 1 into the in vivo active, competitive 

dual orexin receptor antagonist 27, is described. 

N
S

MeO

OMe

O

N

Et

MeO

OMe

(+/-) 1

OX1 IC50 = 5.4 nM

OX2 IC50 = 1.4 nM

(S)-27

OX1 IC50 = 11 nM

OX2 IC50 = 6.6 nM

N

O

SN

O

O

 

Page 21 of 21 MedChemComm

M
ed

C
he

m
C

om
m

A
cc

ep
te

d
M

an
us

cr
ip

t


