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Introduction 

This  Ph.D. work presents the medicinal chemistry aspects of research among NR2B selective 

NMDA antagonists carried out at the Gedeon Richter Chemical Works. Our therapeutic aim 

was to produce an orally active painkiller to alleviate chronic and neurogen pains. These pain 

form hardly respond to traditional analgesics therefore new, efficient medicines are needed. 

According to the literature the possible role of the NMDA antagonists in the alleviation of 

neurophatic pain was raised already in 1987. At the start of our research tests already carried 

out on animals proved that NMDA antagonists are able to alleviate both neurogen and 

inflammatory pain. Clinical experiences with medicines on the market (e.g. ketamine, 

dextrometorphan, memantine) which possess other receptorial activity in addition to NMDA 

antagonist effect, confirm their applicability for painkilling. However their efficient 

therapeutic usage was hampered by their typical side effects such as pszichotomimetic, 

sedative and memory damage. Appearance of NR2B subtype selective antagonists - which are 

free from these side effects - meant a considerable improvement. 

Firstly the ifenprodil, a blood pressure decreasing medicine was identified as NR2B subtype 

selective NMDA antagonist. The ifenprodil and its analogues are substances with a mixed 

profile, it has affinity mainly for the α1 receptors in addition to NR2B receptors. Because of 

their applications are limited by side effects which are not related to the mechanism of NR2B, 

we had reason to hope that a selective compound with a clear profile may calm the 

neurophatic pain without side effects. Considering the unmet medical need and the novelty of 

the mode of action, in 1999 the company opted for setting up a new research project into 

painkillers based on NR2B selective NMDA antagonist mechanism. For this reason it was 

decided to synthese and test the ifenprodil type NR2B selective antagonist. It was 

presupposed that the basic nitrogen in ifenprodil analogues is responsible for the off target 

effect. The chemical research has been based on this recognition and amide type compounds 

have been synthesised, initially alone amongst the competitors. The reserach has been based 

on the structure of the known molecules of competitors, as the structure of the receptor was 

not revealed entirely at that time and the possibility of a high-throughput screening was not 

available either. Starting from a moderately active molecule, published in scientific literature, 

we have identified and optimized numeorus families of compounds which provided 

opportunity for further modifications.  
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2. Literary background 

         NR2B selective NMDA receptor antagonists can be classified into two main groups: 

ifenprodil type and non ifenprodil type molecules. The research for NR2B subtype-selective 

NMDA antagonists, choosing the prototypical ifenprodil as starting point, resulted in a large 

number of potent molecules and molecule families with similar pharmacofore. 

 

HO

OH

CH3

N

              
                     Ifenprodil 

 

Ifenprodil is a mixed-profile drug with significant α-1 adrenoceptor antagonistic effect. For 

this reason the goal of the research starting from ifenprodil was the enhancement of NMDA 

antagonism and elimination of affinity to the α-1 adrenoceptor. Researchers at Pfizer have 

first examined the different activity of ifenprodil stereoisomers.46  It was found that (-)-threo-

ifenprodil had the highest NMDA antagonism, with about fifty-fold selectivity over α-1 

affinity (CC-IC50: 13.3 nM; α-1-IC50: 629 nM). Several analogues of ifenprodil were prepared 

and tested in order to establish the structure activity relationships (SAR). 
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1    2         3 

 CC-IC50: 3700 nM  CC-IC50: >10000 nM    CC-IC50: 153 nM 
 α-1-IC50: 3400 nM  α-1-IC50: >10000 nM    α-1-IC50: 130 nM 

The results show that the OH group on the left hand side benzene ring (1)and the benzyl 

moiety in the  position 4 of the piperidine (2) are essential for both effects, while the hydroxyl 

group at the benzyl position (3) is not essential for either effects. It was discovered that the 

OH group in position 4 of the piperidine (4) is not tolerated for α-1 adrenoceptor affinity, 

while it did not influence the NMDA activity.48  The modification of the length of the alkyl 

spacer between position 4 of the piperidine ring and the terminal benzene ring at the right-

hand side of the molecule showed that optimal potency-selectivity was obtained with 

compound 5.  
                                                
46 Chenard, B. L.at al. 1991, 34, 3085-3090. 
48 Chenard, B. L. at al. J. Med. Chem. 1995, 38, 3138-3145. 
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     CC-IC50: 58 nM         CC-IC50: 10,2 nM 
     α-1-IC50: >10000 nM        α-1-IC50: 5700 nM                                        

The dextro-rotatory enantiomer of 5 (CP-101,606 or traxoprodil), which had the better 

selectivity from among the two stereoisomers, was selected for clinical studies that proved it 

is able to alleviate central and peripheral neuropathic pain.50 In the first phase of the research, 

as the result of Pfizer's and others' work, the pharmacophore features of ifenprodil type 

NMDA antagonists can be summed up: two terminal benzene rings connected by a spacer of 

certain length which contains a basic nitrogen as often part of a piperidine. The presence of a 

hydroxyl group is necessary on one of the benzene rings. 

The lead compound of Merck KgaA (8, EMD 95885) represented an important 

milestone in the evolution of the ifenprodil pharmacophore.  It showed that there is no need 

for chiral carbon atoms in the spacer between the two terminal benzene rings to achieve 

potent and selective NMDA antagonists. (ifenprodil binding test IC50: 3,9 nM, α-1-IC50: 332 

nM ).38, 52    
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Moreover it was possible to substitute the phenolic OH  by another metabolically more stable 

H-bond donor moiety,  the NH group of the benzoxazolinone ring system. Subsequently, this 

compound became the prototype for many 1-substituted benzylpiperidine NR2B subtype 

selective NMDA antagonists where the benzene ring substituted with a H-bond donor group is 

connected to the piperidine N with a three-atom spacer. 

One of the first lead molecules of the F. Hoffmann-La Roche Ltd. was 9 (Ro 25-6981), 

a homologue of ifenprodil which has significant α-1 adrenoceptor antagonistic effect like 

ifenprodil. 53, 56 

                                                
50 Sang, C. N. at al. Program No 814.9  Society for Neuroscience: Washington, DC, 2003. Online. 
38 Borza, I.; Domány, Gy. Curr. Top. In Med. Chem. 2006, 6, 687-695. 
52 Leibrock, J. at al. Pharmazie 1997, 52, 479-480. 
53 Fischer, G.et al. J. Pharmacol. Exp. Ther. 1997, 283, 1285-1292.  
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                                NR2B-IC50: 5,6 nM         NR2B-IC50: 4,9 nM 
                  α-1-IC50: 0,18µM        α-1-IC50: 7,3 µM                              

The affinity to α-1 adrenoceptors could significantly be decreased with the incorporation of 

an additional hydroxyl group at position 4 of the piperidine ring. 54 

 Collaborating researchers of University of Oregon, CoCensys Inc. and Parke-Davis 

Pharm. Res. demonstrated with the simplification of ifenprodil structure, that the piperidine 

and the alkyl-chain substitutions are not pre-requisites of either potency or selectivity. 62 The 

opening of the piperidin ring did not decrease potency substantially either. Compound 18, one 

of the simplest molecule synthesised by them, turned out to be the most potent. The molecule 

was not protected by a patent application, we found that the 18 bis-arylalkil derivative is 

effective on α-1 and 5HT2A receptors as well. This confirmed the general conception, that a 

more rigid structure providing less conformers, behaves more specifically in biological 

systems, therefore the 4-benzyl-piperidines remained as a favourite molecule elements. 
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                18       

       IC50: 8 nM 

In compound 28 (CI-1041, bezonprodil) synthesised in a collaboration of CoCensys Inc. and 

Warner-Lambert, benzoxazolinone plays the role of the phenol moiety, just like in the close 

analogue 8. 68 
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                                         28                     32 
                       NR2B-IC50: 6,6 nM                          NR2B-IC50: 5,3 nM 

 

                                                                                                                                                   
56 Greengrass P.et al. Eur. J. Pharmacol. 1979, 55, 323-326.  
54 Mutel, V.et al. J. Neurochem. 1998, 70, 2147-2155. 
62 Tamiz, A. P.et al. J. Med. Chem. 1998, 41, 3499-3506. 
68 Wright, J. L. et al. WO 2000/000197-A1. 
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There have been attempts to rigidify the spacer between the two benzenes with an acetylene 

group. Amongst this series of heterobicyclic derivatives a benzimidazolinone (32) was the 

most potent one. 70 An important observation of the joint team of the University of Oregon, 

CoCensys and Parke-Davis was that the presence of a basic nitrogen in the spacer part is not a 

precondition of selective NMDA receptor antagonism. Their compound 35 (N-(2-

phenethyl)cinnamide) was identified as a potent and selective antagonist of the NR2B 

subtype. 72 During the optimization of this structure even more potent analogues were found 

such as 37. 73  
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35          37 

NR2B-IC50: 170 nM                       NR2B-IC50: 120 nM 

Compound 37 represented a new level in the evolution of the ifenprodil pharmacophore. Here 

the benzylpiperidine moiety is connected to position 4 of a phenol by a three-atom spacer in 

such a way, that the nitrogen in the molecule is not a basic nitrogen. The significance of this 

development originates from the observation that receptors of natural ligands containing basic 

N (e.g. adrenaline, dopamine, serotonin etc.) prefer basic nitrogen containing compounds. In 

many cases the presence of a basic nitrogen is a pre-requisite for good affinity and the 

pharmacophore model contains the basic nitrogen. It therefore follows that an active series 

without a basic nitrogen atom might well show reduced side effects compared to those in 

which a basic nitrogen atom is present. 

Scientists from Merck Research Laboratories also investigated compounds having 

ifenprodil-type pharmacophore. Through screening of their corporate sample collection 

benzimidazole derivatives were identified and then optimized. Compounds 40 and 41 were 

the most potent and most selective. 75 
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  40        41 
NR2B binding Ki: 0,85 nM; Ca2+-IC50: 9,7 nM         NR2B binding Ki: 0,68 nM; Ca2+-IC50: 0,72 nM 

                                                
70 Wright, J. L.et al. J. Med. Chem. 2000, 43, 3408-3419. 
72 Tamiz, A. P.et al. Bioorg. Med. Chem. Letters 1998, 8, 199-200. 
73 Tamiz, A. P.etal. J. Med. Chem. 1999, 42, 3412-3420. 
75 McCauley, J. A.et al. U.S. Patent 6,316,474 B1. 
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The phenomenon that a basic nitrogen is not a necessary requirement for potent subtype  

selective NMDA receptor antagonists has also been explored by Merck & Co. Inc. One of 

their patent application covering N-benzyloxycarbonylpiperidine derivatives are represented 

by 42 and 43. 76
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   42         43 
         NR2B-IC50: 4,8 nM (own data)           NR2B-IC50 : 6,0 nM(own data) 

 In recent years some molecule types have been identified which did not match with the 

ifenprodil pharmacophor model. In spite of having difficulty setting up a common 

pharmacophor model among these compounds, several similar structural elements can be 

observed. They do not contain hydrogen bond donor moiety and in most cases the basic 

nitrogen is missing which is specific to ifenprodil-type NR2B selective NMDA antagonists.  

They are quite compact molecules, generally containing two terminal aryl groups connected 

by a short rigid, in many cases, ring spacer. The amidine moiety is the most visible common 

structural element. Screening of the Merck Sharp & Dohme compound library led to the 

identification of (E)-N1-(benzyl)cinnamamidines as NR2B selective NMDA antagonist 

compounds. During the optimization of this compound-family, the 2-methoxy-benzyl-

derivative (46) turned out to be the most active.78 It is a more drug-like and improved version 

of the 48 benzyl-benzamidine derivative.79  
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              46                          48 
         NR2B binding Ki : 0,7 nM                      NR2B binding Ki: 5,7 nM 

Hoffmann La Roche also presented a molecule-family containing a hidden  amidine 

moiety.80 Their 52 triazole derivative showed high affinity in the [3H]-Ro 25-6981 binding 

                                                
76 Liverton, N. J. et al. WO 2002080928-A1. 
78 Curtis, N. R.et al. Bioorg. Med. Chem. Letters  2003, 13, 693-696. 
79 Curtis, N. R.et al. Bioorg. Med. Chem. Letters  2003, 13, 697-700. 
80 US6265426 (2001).   
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test. The exchange of triazole spacer for piridazine (53) or imidazole (54) also resulted in 

active molecules. 81, 82 
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52       53    54 

          NR2B binding IC50 : 8,3 nM         NR2B binding IC50 : 7 nM             NR2B binding IC50 : 1 nM    

Screening of the Roche compound library using tritiated Ro 25-6981 as the radioligand led to 

the identification of the 4-aminoquinoline derivatives.83, 84 56 and 58 derivatives are the 

optimized representatives of these compound families. 
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      56                    58 

               NR2B binding Ki: 7,5 nM                                    NR2B binding Ki: 3,5 nM 

During optimization one of the critical parameter was the pKa value of the molecules. 

According to their observation, it is important that the compound could be protonated under 

physiological conditions, on the other hand the excessive basicity is disadvantageous. 

Researchers from Merck syntesised 4,5-dihydro-1H-imidazole (62) and isoindolin-1-

imine (63) derivatives by rigidification of their earlier benzamidine (48) derivative.89 

H
N

NH OCH3

CF3O CF3O

N

NH OCH3

CF3O

N

N

Cl

CH3O

H   

     62              48                              63 
NR2B binding Ki:  75 nM               NR2B binding Ki:  5,7 nM               NR2B binding Ki:  3,6 nM 

 

 

 

                                                
81 WO03097637 (2003). 82 US6683097 (2004). 
83 Alanine, A. et al. Bioorg. Med. Chem. Letters. 2003, 13, 3155-3159. 
84 Pinard, E.et al. Bioorg. Med. Chem. Letters. 2002, 12, 2615-2619. 
89 Nguyen, K. T. et al. Bioorg. Med. Chem. Letters 2007, 17, 3997-4000. 
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3.   Experimental methods 

The synthetic work were performed using traditional preparative chemical methods, 

combinatorial chemistry and parallel reactions. The progress of reactions was monitored and 

the compound purity was determined by using thin layer chromatography (TLC), HPLC and 

HPLC-MS. Purification of the prepared compounds were carried out by crystallization, 

column chromatography and preparative HPLC. 

Structure determination of the synthetised compounds were carried out by modern 

spectroscopy and spectrometry methods (1H-, 13C-NMR, two-dimenzional NMR, IR, MS, 

HRMS). Following the column chromatographical purification of the crude products 

synthetised by combinatorial chemistry and parallel reactions, their identity and purity were 

determined by HPLC-MS method and characterised by their k’ value (purity and capacity 

factor). k’factors are evaluated by the following formula:   k' = (tR - t0) / t0    

where k’ = capacity factor, tR = retention time and t0 = eluent retention time. 

The potent compounds had been resynthesized and fully characterized (IR, 1H and 13C NMR, 

and high resolution MS). 

 

4. Results 

Recognising the presumable benefits of the nonbasic molecules, a CoCensys molecule 

35 was selected as a chemical starting point of the research. The advantageous exchange of 

the amine component of the cinnamide 35 resulted in a more active derivative (69).  
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                           35 (Co 101526)                                           69        
        NR2B-IC50 : 319 nM (lit.: 170 nM)                                                  NR2B-IC50 : 130 nM  

Using the novel results of the joint team of the University of Oregon, CoCensys and Parke-

Davis among the cinnamides (65, 37), I explored which cinnamid shows proper efficacy 

among those that are synthesised from secunder amines other than the popular piperidines of 

ifenprodil analogs. Applying combinatorial chemistry, selected secunder amines were 

acylated with cynnamic acides where the phenolic hydroxyl group were substituded with a 

metabolically more stable group.   
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     NR2B-IC50 : 385 nM (lit.: 330 nM)                 NR2B-IC50: 131 nM (lit. 120 nM) 

In this manner a nearly five-fold more active and presumably metabolically more stable 

cinnamic acid derivative (81) was successfully synthesised. 

                                             

O

NO
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H  
                  81 

                                                          NR2B-IC50: 28 nM 

The successful  rigidification of cinnamic acid lead to a fundamental turning point in 

the research. The incorporation of an NH group between the α carbon atom and the benzene 

ring of the cinnamic acid part of the molecule resulted in a 6-hydroxyindole-2-carboxamide 

derivative, compound 82, with more than 6-fold increase in potency. 
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                  82 
  NR2B-IC50: 18 nM 

During the optimization of the lead compound 82 modification was carried out on the 

designated points of the general formula A and the biological effect of the changes were 

examined. As a result of this process even more active derivatives were obtained. 
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                 A 

The replacement of the CH-group in the 3rd position of indole with a N atom was the most 

fruitful change (142). The benzimidazole-2-carboxamides obtained in this way were ten times 

more active generally than the corresponding indole-2-carboxamides. 

 



 10 

N

N

O

N
 HO

H
 

                                 142 
                   NR2B-IC50: 2,2 nM 

An active molecule, the 183 oxamide was obtained by the opening of pyrrole part of 

the indole ring. In vivo the most effective molecules of the project got derived from them. A 

strategy for the replacement of metabolically unstable phenolic hydroxyl group was 

established. The exchange of the phenol moiety for the condensed heterobicycles with at least 

one NH, led to improvement in ADME parameters as well as in activity. 
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                                 183                                                                 185 (RGH-896, radiprodil) 
                    NR2B-IC50: 11 nM                                     NR2B-IC50: 4 nM 

Another active molecule, the 230 kynurenic acid amide derivative, was obtained by 

the ring-enlarging of pyrrole part of the indole ring with a carbonyl group. The optimization 

of this compound family soon followed by forming a dosen derivatives. This was based on the 

experience aquired while working with indole- and benzimidazole-2-carboxamides.  
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230 
NR2B-IC50: 9,1 nM 

After the effectiveness of the oxamides was proven, ten three-membered spacer (ABC) 

were examined between the left-hand side benzene ring and the piperidine N resulting in 

druglike molecules (B). The benzoyl urea derivative (274) was the most active from among 

these. The optimization of the molecule was solved by solution- phase combinatorial 

chemistry, during which several in vitro active derivatives were identified. The unsubstituted 

analogue 274 had excellent oral efficacy in the formalin test and was free from locomotor 

activity increasing side-effect. The compound has not been developed further due to its 

modest ADME characteristics and inefficiency shown in neuropathic pain models of mice. 
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                                  B                                                                                274 
                                                                                                         NR2B-IC50:  24 nM 

The majority of the previously synthetised compounds were 4-benzyl-piperidine 

derivatives.  Their benzylidene analogues bind with similar affinity to NR2B receptors and 

have another advantageous feature too. In connection with the examined side effects, in 

particular the increasing effect on locomotor activity, their therapeutic window is much larger.  

This effect can be observed especially in the case of benzimidazole (312) and oxamide (321) 

derivatives.  
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                                         312                                                                                   321  

          NR2B-IC50: 3,3 nM                                                                      NR2B-IC50: 21 nM 

The indole- and benzimidazole carboxylic acid amide, derived from benzylidene-piperidines 

were synthetised by conventional method, while the oxamides were formed with parallel 

solution phase synthesis. The research of non-ifenprodil type molecules was started following 

a publication by Merck, where NR2B effective amidines were reported (46). 

 Based on the results of Merck’s researchers and my earlier experience I designed a 

novel type, more drug-like structure: indole-2-carboxamidines. The synthetic work was 

performed using combinatorial chemistry. They were the most soluble compounds obtained in 

this project. They were in vitro active and NR2B selective. The compound 299 proved to be 

the most effective from among them in the mouse formaline pain test. However it’s analgetic 

effect does not reach the level of that of the reference compounds or the compounds 

synthesised earlier in this research. 
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  46 (Merck)        299       

         NR2B-Ki:   0,7 nM (lit. data)                                                       NR2B-IC50:  5,4 nM  
                      NR2B-IC50:  4,2 nM (own data ) 
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5.  Theses 

 
1.   Recognising the presumable benefits of the nonbasic molecules, starting from a 

published moderately active amide type molecule, in vitro active cinnamamides were 

synthesised as NR2B selective NMDA antagonists. The hypothesis, that the cinnamides don’t 

show any affinity towards α-1 and 5-HT2A receptors was proven true.  

  

2.   Using the novel results of the joint team of the University of Oregon, CoCensys 

and Parke-Davis among the cinnamides (65, 37), I explored which cinnamid shows proper 

efficacy among those that are synthesised from secunder amines other than the popular 

piperidines of ifenprodil analogs. Applying combinatorial chemistry, selected secunder 

amines were acylated with cynnamic acides where the phenolic hydroxyl group were 

substituded with a metabolically more stable group but nevertheless H-bond donor moieties 

than the phenolic hydroxyl group. In this manner a cinnamic acid derivative (81) was 

successfully synthesised, which is presumably metabolically more stable, more potent than 

both of the competitor’s and our own previously synthesised most active compounds. 

  

3.   The suggested hypothesis of this research was verified, that the rigidification of 

cinnamic acid results in more active molecules. The incorporation of an NH group between 

the α carbon atom and the benzene ring of the cinnamic acid part of the molecule, resulted in 

a much more potent group of molecules, the 6-hydroxyindole-2-carboxamides. Some of their 

representatives are potent even in vivo and comply with the pharmacokinetic and 

pharmacodynamic requirements. The aim was the thorough examination of the pharmacophor 

model, using structure/biological activity relationships (SAR) of the numerous derivatives 

synthesised during the optimalisation of lead compound, in order to open up the possibility of 

identifying new potent compounds. 105, 106, 108 

 

4.   The replacement of the indol skeleton with benzimidazole ring system resulted in  

on avarage ten times more active derivatives.105, 107, 108
 

 

5. By opening the pyrrole part of the indole ring in the 6-hydroxy-indole-

carboxamides, an active molecule, oxamide was obtained. In vivo the most effective 

molecules of the project emerged from them.  A successful strategy has been established for 

the replacement of metabolically unstable phenolic hydroxyl group. The exchange of the 
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phenol moiety for the condensed heterobicycles, containing at least one NH, led to an 

improvement of ADME parameters in addition to an improvement of the activity. 110, 111 

 

6.   An active family of molecules, kynurenic acid amide derivatives, was obtained by 

the enlarging of pyrrole part of the indole ring with a carbonyl group.113, 114 

 

7.   Following the effectiveness of the oxamides a spacer, between the left-hand side 

benzene and the piperidine N, was analysed and benzoyl-urea derivatives were identified as in 

vivo potent, NR2B selective NMDA antagonists. 117, 118   

 

8. The exchange of 4-benzyl-piperidine moiety for 4-benzylidene-piperidine resulted 

in compounds with more favourable side effect profiles. This procedure during which the exo 

double bound remains stable, allowed the application of 4-benzylidene-piperidines in 

medicinal chemistry. 125, 126 

 

9.  Based on the results of Merck’s researchers and my earlier experience concerning 

non ifenprodil type molecules, a novel type was designed with a more drug-like structure: 

indole-2-carboxamidines. The synthetic work was performed using combinatorial chemistry.  
120, 121 

6.    Application 

Compound 148 (radiprodil) which showed the most beneficial characteristics during the 

project, was selected as the clinical candidate.   
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