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Recently, it has been demonstrated that additional dopaminergic element can effectively reduce 

anhedonia which is associated with a deficit in dopaminergic  transmission and is a central 

component to depression. Tremendous efforts are underway to inhibit all three 

neurotransmitters: dopamine (DAT), serotonin (SERT), and norepinephrine (NET) with an aim to 

discover effective drugs to treat depression. Triple uptake inhibitor (TUI, e.g., DOV 21,947, JNJ-

39836966, Figure 2) offer novel treatment with broader spectrum ,fast onset of action, and 

reduced side effects that are associated with currently used antidepressants.3  

Scheme 1: Synthesis of compounds 30 and 31 

Conformational analysis revealed that a ‘folded’ conformation is crucial to activity against all the three monoamine 

transporters. The pharmacophore model and the SAR developed suggested that the benzhydryl group and its 

orientation and distance from the N-benzyl moiety are important for activity.  
 

Pyran derivative 31 exhibited DNRI activity by being potent at dopamine and norepinephrine transporters. 

Interestingly, 31 adopted an extended conformation giving insights into the structural architecture required for 

selectively inhibiting the monoamine transporters. 
 

A series of asymmetric (3S,5S)-5-benzhydryl tetrahydrofuran derivatives were synthesized and evaluated as novel 

TUIs for the treatment of depression. 

In our pursuit to combat depression our lab has discovered novel di- and tri-substituted pyran 

derivatives (Figure 3) that have shown to be efficacious in animal models of depression and are 

being investigated as the next generation antidepressant.4 

 

Figure 3. Chemical  structures of selected lead di- and tri-substituted pyran TUIs.  

Molecular Operating Environment (MOE) software was used for computational studies. A training 

set of ten potent pyran derivatives developed as TUIs were used for pharmacophore modeling. 

Conformational analysis within an energy window of 3 kcal/mol using the stochastic search 

method revealed two possible conformations for each compound: a predominant  ‘folded’ 

conformation and an ‘extended’ conformation that occurred less frequently. The global minimum 

energy conformations of all compounds in the training set adopted a ‘folded’ orientation of  the 

benzhydryl group with respect to the pyran template. A five-point hypothesis (HHR+D) was 

developed (Figure 4a) with unified scheme using the pharmacophore elucidator module in MOE. 

The inter-pharmacophore feature distances are shown in Figure 4c. 

Conformational analysis on the new pyran and tetrahydrofuran derivatives synthesized in this 

study was performed and  the minimum energy conformers were aligned to the pharmacophore 

model. A common TUI pharmacophore model (Figure 4b) was developed with 12 compounds by 

including the tetrahydrofuran derivative 34 and 38 into the pyran template based TUI model. 

Figure 4. (a) TUI pharmacophore model based on pyran template; (b) common 

pharmacophore model based on pyran and tetrahydrofuran derivatives; (c) inter-feature 

distances of the pyran-based model. 
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a For uptake by DAT, SERT and NET, [3H]DA, [3H]5-HT and [3H]NE accumulation were measured. Results are average ± SEM of three to eight 

independent experiments assayed in triplicate.  

Figure 2. Chemical structures of selected transporter inhibitors.  

Aim 1: To develop a TUI pharmacophore model. 

Aim 2: To further explore the structural requisites of pyran-based TUIs. 

Aim 3: Synthesis and evaluation of tetrahydrofuran derivatives as novel TUIs. 

Scheme 2: Synthesis of compound 32 

Compound DAT uptake, Ki, nM, [3H]DAa SERT uptake, Ki, nM, [3H]5-HTa NET uptake, Ki, nM [3H]NEa 

30 (D-488) 245.0±80.0 346.0±52.0 181.0±41.0 

31 (D-487) 45.7±23.4 473.0±126.0 37.7±10.6 

32 (D-504) 920.0±89.0 2496.0±519.0 240.0±38.0 

33 (D-469) 3690.0±513.0 408.0±138.0 975.0±250.0 

34 (D-470) 260.0±62.0 150.0±37.0 165.0±26.0 

35 (D-561) 266.0±70.0 358.0±48.0 198.0±16.0 

36 (D-562) 586.0±92.0 1353.0.0±234.0 196.0±52.0 

37 (D-560) 642.0±161.0 2046.0±406.0 427.0±80.0 

38 (D-452) 943.0±238.0 1147.0±158.0 151.01±686.0 

39 (D-564) 454.0±55.0 844.0±187.0 739.0±176.0 

D-185 85.0±5.9 37.7±2.6 5.09±0.92 

D-411 15.9±1.7 12.9±1.3 29.3±4.8 

D-161 42.0 ± 3.3 29.1 ± 3.5 33.0 ± 8.1 

D-142 31.2 ± 3.4 14.7 ± 2.1 29.3 ± 7.9 

D-199 34.6 ± 6.5 19.9 ± 1.5 54.3 ± 9.8 

D-391 31.3 ± 10.6 40.1 ± 4.9 38.5 ± 6.0 

D-471 38.4 ± 2.6 58.4 ± 4.0 4.20 ± 2.3 

D-478 11.2 ± 2.8 3.0 ± 0.3 6.1 ± 2.4 

D-451 32.5 ± 4.3 69.1 ± 19.8 8.4 ± 1.7 

D-168 85.2 ± 8.2 25.0 ± 8.4 25.5 ± 9.6 

Fluoxetine  1092 ± 98.0  12.2 ± 2.4  120 ± 41.0  

1. A TUI pharmacophore model was developed that revealed 3D-spatial features crucial for a TUI profile. 
 

2. In the pyran series a selective dopamine and norepinephrine transporter inhibitor, compound 31, was discovered. 
 

3. Synthesis of a novel series of tetrahydrofuran derivatives led to the discovery of 4-(2-(((3S,5S)-5-

benzhydryltetrahydrofuran-3-yl)amino)ethyl)phenol, compound 34, with a promising TUI profile.  

Scheme 3: Synthesis of compounds 33-39 

Unipolar depression, caused by an imbalance of monoamine neurotransmitters in brain, is 

ranked as the most prevalent of all somatic and psychiatric illness. It is estimated that about 40 

% of patients remains refractory to treatment thereby limiting the use of current antidepressant 

drugs. Moreover, because of relapse and unwanted side effects of existing drugs there is an 

unmet need to discover novel agents for the treatment of this devastating mental disorder. 

Current treatment aims at alleviating extraneuronal concentration of serotonin (5-HT) and /or 

norepinephrine (NE) (Figure 1). Tricyclic antidepressants were among the first class to have 

been discovered but due to their nonspecific side effects they have limited use in clinics. They 

have been largely replaced by second-generation antidepressants including selective serotonin 

reuptake inhibitors (SSRI, e.g., fluoxetine, Figure 2), selective norepinephrine reuptake 

inhibitors (NRI, e.g. reboxetine, Figure 2), and serotonin and norepinephrine reuptake inhibitors 

(SNRI, venlafexine, Figure 2).1,2 
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Figure 1. Uptake of monoamine transmitters in brain and their role in physiological functions. 
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