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Abstract 

Pimavanserin (NuplazidTM) is the first FDA atypical antipsychotic drug approved for the treatment of 

hallucinations and delusions associated with Parkinson’s disease psychosis (PDP). Pimavanserin displays a 

unique pharmacological profile with nanomolar potency as a 5-HT2A receptor inverse agonist. Due to the 

importance of Pimavanserin for the field of neurological disorder, numerous reports have appeared in the 

literature dealing with the synthesis of Pimavanserin. In this article we collect, summarize and discuss the 

various synthetic strategies and judge their applicability for larger scale drug synthesis. 
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1. Introduction  
 

Parkinson’s disease (PD) is a common neurological disorder thought to result from the cellular death of 

dopamine secreting cells in the substantia nigra.1 PD is recognized primarily by most people as tremors, limb 

stiffness, impaired balance, slow movement, muscle rigidity, postural instability, clarity of speech, and less 

legible handwriting.2-4 Many PD patients also develop non-motor deficits that are equally disturbing to the 

well-being of patients and their daily functional activities including autonomic dysfunctions, sensory 

disturbances and psychosis. The deteriorations associated with Parkinson’s disease (PD) are comorbid medical 

conditions (e.g. dementia, depression, sleep disorders, reduced vision), duration of illness and axial rigidity 

subtype.5-10 Unfortunately, over the course of the disease the majority of patients are also affected by 

Parkinson’s disease psychosis (PDP), which occurs in up to 60% of individuals.11 PDP causes them to see, hear, 

or experience things that are not real (hallucinations),12,13 or believe things that are not true (delusions).5  

Psychosis in Parkinson’s disease (PD) disturbs the daily functional activities and well-being of patients, 

places a heavy burden on family members and caregivers, and leads to increased premature placement in 

nursing homes and long-term care facilities, repeated hospitalizations, and increased morbidity and 

mortality.14-16 Therefore, psychotic symptoms in patients with PD require treatment. There are many 

antipsychotic medications on the market, and they differ in potency in relation to dopaminergic and serotonin 

receptor types. The first generation or typical antipsychotics17-19 (Scheme 1) were examined as potential drugs. 

However, the clinical studies showed the use of typical antipsychotics in patients with PD is complicated due 

to their ability to block dopaminergic D2 receptors and cause profound dopamine D2 antagonism and drug-

induced Parkinsonism symptoms20 such as dyskinesia which usually accompanied with worsened motor 

symptoms.21 Therefore, atypical antipsychotics (AAP); also known as second generation antipsychotics  (SGAs) 

are commonly used.22 Among these drugs are Olanzapine, Risperidone, Quetiapine and Clozapine (Scheme 2). 

It is generally accepted that second-generation antipsychotics (SGAs) are safer in patients with PD due to their 

lower D2 antagonism but they also can cause extrapyramidal side effects, 23,24,21 even in lower rates, in 

comparison with first-generation antipsychotics (FGAs).25 Recently Barry et al. have published a tutorial review 

that summarized the synthesis, mode of action, effectiveness and limitations of some of the most clinically 

used typical and atypical antipsychotics. 26 

 

 

 

 

https://parkinsonsnewstoday.com/what-causes-parkinsons-disease/
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Scheme 1.  Classes of typical antipsychotics with selected examples. 

 

 
 

Scheme 2.  Classes of atypical antipsychotics with selected examples. 

 

The treatment of psychosis in PD is therefore a complex task and the choice of atypical antipsychotic is 

based on patient-specific parameters, potential benefit, and side effects.27 Accordingly, there is an urgent 

need to develop novel effective, safer and better-tolerated drugs for improved treatment of PDP.28 The only 

antipsychotic with clear evidence regarding efficacy in PD patients is Pimavanserin (Figure 1).  



Arkivoc 2019, i, 340-352   Al-Bujuq, N. R. 
 

 Page 343  ©AUTHOR(S) 

 
Figure 1.  The chemical structure of Pimavanserin. 

  

Pimavanserin (NuplazidTM) is a first medication approved by the FDA for the treatment of hallucinations 

and delusions associated with Parkinson’s disease psychosis (PDP). It was originally developed by Acadia 

Pharmaceuticals29-33 (CAS No. [706779-91-1], April 2016).  Pimavanserin is a first-in-class atypical antipsychotic 

that does not induce clinically significant antagonism of dopaminergic, adrenergic, histaminergic, or 

muscarinic receptors.34 Throughout the clinical trial program, Pimavanserin appeared to be safe and well-

tolerated, particularly with respect to its lack of deleterious effects on motor function.29,35 Collective reviews 

that discuss the pharmacology, pharmacodynamics, pharmacokinetics and clinical trials assessing its efficacy 

and safety have been reported.30,36 

Due to the importance of Pimavanserin for the treatment of hallucinations and delusions associated with 

(PDP), various routes of synthesis of this drug were published in issued patents in late 2004, 2006, 2007, 2009 

and 2010.31-33 As a consequence, to summarize and to discuss the innovative and challenging synthetic 

strategies of Pimavanserin is crucial. The only article that has described the synthesis methods of 

Pimavanserin was published in the Chinese language by Gan and Hu.37 The aim of this review is to describe, 

discuss, and provide a selection of the most commonly used routes for Pimavanserin synthesis based on many 

literature sources including patents. Furthermore, from this study, it will be possible to establish or to judge 

whether novel methods and transformations developed are most frequently employed and which ones are 

not applicable in large-scale syntheses. We believe that this summary will give an enlightening overview of the 

chemical methodologies adopted for the synthesis of Pimavanserin as a novel drug candidate for Parkinson’s 

disease psychosis (PDP). 

 

2.  Synthesis Methods to Pimavanserin (NuplazidTM)  
 

Pimavanserin, is a member of the class of ureas in which three of the four hydrogens are replaced by 4-

fluorobenzyl, 1-methylpiperidin-4-yl, and 4-(isopropyloxy) benzyl groups (Figure 1). The following schemes 

illustrate the methods used for synthesis of Pimavanserin. 

 

2.1. Method A (Acadia Pharmaceuticals Company, 2004)32  

Weiner et al.32 devised an efficient production method for the synthesis of Pimavanserin. Their route was 

improved and developed for the compound’s large scale manufacture. The refined process route (Scheme 3) is 

based on the condensation of readily available N-methylpiperidone 1 with p-fluorobenzylamine 2 followed by 

reduction to offer the precursor S1 quantitatively.  Alkylation of commercially available 4-hydroxyphenyl-

acetate ester 3 gave compound 4. Hydrolysis of ester 4 gave the corresponding acid 5. Heating the carboxylic 

acid 5 with diphenylphosphoryl azide (DPPA)38,39 in the presence of base such as 1,8-bis(dimethylamino)-

naphthalene40 produced acyl azides, which thermally underwent the Curtius rearrangement to afford the key 

isocyanate S2.41 The isocyanate S2 thus formed reacts with amine S1 to furnish the target Pimavanserin 

(Scheme 3). 
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Scheme 3 

 

 

2.2. Method B (Acadia Pharmaceuticals Company, 2006)33 

Thygesen et al.33 have developed an attractive alternative method for synthesis a wide variety of carbamides 

and their tartrate salt derivatives including Pimavanserin for large scale manufacture (Scheme 4).  Reductive 

amination between compounds 1 and 2 was accomplished smoothly by using sodium triacetoxyborohydride to 

generate the key fragment secondary amine S1.  Treatment of phenol 6 with isobutylbromide in the presence 

of K2CO3 gave the corresponding ether derivative 7. Subsequent oximation of 7 produced the oxime 8. 

Reduction of oxime group and subsequent hydrolysis of ammonium salt formed, yielded the desired primary 

amine 9. Treatment of amine 9 with phosgene42,43 provided the corresponding isocyanate41 S2. Coupling the 

key synthon S2 with secondary amine S1 furnished the target carbamide derivative (Pimavanserin) in high 

yield (Scheme 4). 

However, both of the above processes for the preparation of Pimavanserin suffer from low process safety, 

they often utilize hazardous reagents like phosgene44 or diphenylphosphoryl azide.45  Accordingly, there was 

still a need for additional processes allowing the efficient and safe synthesis of Pimavanserin. 
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Scheme 4  

 

In 2016, TEVA Pharmaceutical Industries46 developed various methods for the production of Pimavanserin. 

In their patent work it was shown that the highly toxic phosgene and DPPA reagents can be readily substituted 

by less toxic and less expensive intermediates.  The routes of synthesis were based on coupling of readily 

prepared N-(4-fluorobenzyl)-l-methylpiperidin-4-amine S1 with urea or carbamate derivatives (Scheme 5 and 

Scheme 6).  

 

2.3. Method C (TEVA Pharmaceutical Industries, 2016)46 

The first route starts with the readily available 4-cyanophenol 10. Compound 10 was alkylated with isobutyl 

bromide in the presence of K2CO3 to form the corresponding cyanophenyl ether 11. Catalytic hydrogenation of 

cyanophenyl ether 11 with Raney nickel afforded the key intermediate 4-isobutyloxybenzylamine 9. Coupling 

of amine 9 with 1,1-carbonyldiimidazole (CDI)47 in acetonitrile produced the urea synthon S3. The urea 

derivative S3 was found to be an efficient coupling partner and reaction with N-(4-fluorobenzyl)-l-methyl-

piperidin-4-amine S1 in a mixture of CH3CN and DMF led smoothly to the desired Pimavanserin in an overall 

yield of 82%. (Scheme 5) In general, the reaction conditions are convenient for purification, and the reactions 

proceed with complete conversion. The method is thus convenient for large scale manufacture.  
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Scheme 5  

 

2.4. Method D (TEVA Pharmaceutical Industries, 2016)46 

A modified approach (Scheme 6) from the same stable involved an alternative synthesis of the 

isobutyloxybenzonitrile 11 from 4-fluorobenzonitrile 12 and isobutanol, and formation of the urea unit via the 

nitrophenyl carbamate S4, giving Pimavanserin, but only in unsatisfactory yield, and furthermore long reaction 

times were required.46  

 

 
Scheme 6  
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However, the above-mentioned methods (C and D) have disadvantageous features. One particular 

disadvantage is the formation of l,3-bis-(4-isobutoxybenzyl)urea 13 as a side product. Removal of compound 

13 leads to considerable loss from the total weight of crude products. 

 

 
 

2.5. Method E. Comparative method 

Another possible approach introduced different conditions for the synthesis of Pimavanserin. Initially, the 

condensation of the readily available p-fluorobenzaldehyde 14 with aminopiperidine 15 followed by reduction 

with Pd/C under hydrogen produced S1 in one step (route 1). Alternatively, condensation of N-methyl-

piperidone 1 with p-fluorobenzylamine 2 followed by reduction with NaCNBH3 in the presence of acetic acid 

led to the formation  of the same precursor S1 quantitatively (the second route was described in Method A 

(Scheme 3). The developed approach was based on the direct coupling of S1 with 1,1-carbonyldiimidazole 

(CDI) in presence of Et3N and CH2Cl2 to produce the substituted urea S6. The fully elaborated urea component 

S6 was then heated with the primary amine 5 in the presence of DMAP and DMF at 100 °C to furnish the 

desired Pimavanserin in good yield (58%) for the final step (Scheme 7). It is noteworthy that the method 

involves a different approach to Pimavanserin synthesis, but the total yield is very low, also using catalyst with 

extra heating discourages the use of this approach in comparison with the previous methods. 

 

 

2.6. Method F: An environmentally friendly route 

A novel and eco-friendly method was developed by Mulakayala et al.48 The synthesis developed from the key 

starting material 4-isobutyloxybenzylamine 9. The primary amine 9 was transformed into the corresponding 

isothiocyanate derivative 16 using thiophosgene in water as the solvent. Coupling of the readily available S1 

intermediate with isothiocyanate 16 produced the thiourea 17. Compound 17 was desulfurized by silver 

carbonate to furnish the title compound Pimavanserin. (Scheme 8) 

This procedure provides the advantages of easy workup, good yields of products, and use or water as the 

solvent. No column purification was required for the isolation of the product. However, thiophosgene was 

used to prepare compound 16 which is considered highly toxic, and the use of silver carbonate, and the 

formation of silver precipitates as byproducts, tends to the impracticability of the method.  
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Scheme 7.  Coupling of carbamide S6 derivative with primary amine 9. 

 

 
Scheme 8  
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3. Conclusions 
 

In April 2016, FDA approved Pimavanserin (NuplazidTM) as the first drug indicated for treatment of PDP. 

Pimavanserin has a unique pharmacological profile with its high and selective affinity for 5-HT2A and 5-HT2C 

receptors and potent inverse agonist activity at 5-HT2A receptors. The drug has minimal affinity and does not 

interact with dopaminergic, muscarinic, adrenergic and histaminergic receptor subtypes. Pimavanserin may 

also be useful for treating psychotic conditions associated with other neurodegenerative diseases and 

therefore a study in Alzheimer’s disease psychosis (ADP) has recently been initiated by ACADIA pharmaceutical 

company to explore this possibility.49 Based on the data that collected from different literature resources, a 

number of observations can be drawn for the syntheses of Pimavanserin,. For example, it is established that 

the most applicable method used is based on coupling of readily prepared N-(4-fluorobenzyl)-l-

methylpiperidin-4-amine S1 with urea derivatives in general. Specifically, CDI reagent is used as powerful 

coupling agent (Scheme 5). This can be rationalized by considering the efficiency and the safe synthesis routes 

in comparison with the highly toxic phosgene and DPPA reagents that are used in scheme 3 and 4. Other 

robust method such as coupling of carbamate derivative to a secondary amine (Scheme 7), appear to be rarely 

used. The reasons for this might be the low yield product, in addition to the need of catalyst with extra 

heating. In conclusion, the development and approval of Pimavanserin will encourage the medical arsenal in 

discovering novel 5-HT2A inverse agonists for improved treatment of psychotic symptoms in psychiatric as 

specific and neurological disorders as a general. Undoubtedly, many other developed strategies will be 

discovered in the near future and further applied economic steps will become elaborated in total synthesis of 

Pimavanserin and various analogs.50,51 In summary, this article may be helpful to the field of pharmaceutical 

industry, researchers and scholars working in the field of antipsychotic medicines and health care specialists. 

 

4.  References 
 

1. Sveinbjornsdottir, S. J. Neurochem. 2016, 139, 318.  

https://doi.org/10.1111/jnc.13691   

2. Tolosa, E.; Wenning, G.; Poewe, W. Lancet Neurology 2006, 5, 75. 

https://doi.org/10.1016/S1474-4422(05)70285-4  

3. Jankovic, J. J. Neurology, Neurosurgery, Psychiatry 2008, 79, 368. 

http://dx.doi.org/10.1136/jnnp.2007.131045 

4. Pahwa, R.; Lyons, K. E. Amer. J. Managed Care 2010, 16, S94-99. 

PMID:20297872 

5. Fénelon, G.; Alves, G. J. Neurological Sci. 2010, 289, 12. 

https://doi.org/10.1016/j.jns.2009.08.014 

6. Holroyd, S.; Currie, L.; Wooten, G. F. J. Neurology, Neurosurgery, Psychiatry 2001, 70, 734. 

http://dx.doi.org/10.1136/jnnp.70.6.734 

7. Postuma, R. B.; Bertrand, J.-A.; Montplaisir, J.; Desjardins, C.; Vendette, M.; Rios Romenets, S.; 

Panisset, M.; Gagnon, J.-F. Movement Disorders 2012, 27, 720. 

https://doi.org/10.1002/mds.24939 

8. Biglan, K. M.; Holloway, R. G.; McDermott, M. P.; Richard, I. H. Neurology 2007, 69, 187. 

https://doi.org/10.1212/01.wnl.0000265593.34438.00 

9. Kiziltan, G.; Özekmekçi, S.; Ertan, S.; Ertan, T.; Erginöz, E. J. Neurology 2007, 254, 448. 

https://doi.org/10.1007/s00415-006-0388-4 

https://doi.org/10.1111/jnc.13691
https://doi.org/10.1016/S1474-4422(05)70285-4
https://doi.org/10.1016/j.jns.2009.08.014
http://dx.doi.org/10.1136/jnnp.70.6.734
https://doi.org/10.1002/mds.24939
https://doi.org/10.1212/01.wnl.0000265593.34438.00
https://doi.org/10.1007/s00415-006-0388-4


Arkivoc 2019, i, 340-352   Al-Bujuq, N. R. 
 

 Page 350  ©AUTHOR(S) 

10. Ecker, D.; Unrath, A.; Kassubek, J.; Sabolek, M. BMC Neurology 2009, 9, 23. 

https://doi.org/10.1186/1471-2377-9-23 

11. Fénelon, G.; Soulas, T.; Zenasni, F.; de Langavant, L. C. Movement Disorders 2010, 25, 763. 

https://doi.org/10.1002/mds.22839 

12. Ravina, B.; Marder, K.; Fernandez, H. H.; Friedman, J. H.; McDonald, W.; Murphy, D.; Aarsland, D.; 

Babcock, D.; Cummings, J.; Endicott, J.; Factor, S.; Galpern, W.; Lees, A.; Marsh, L.; Stacy, M.; Gwinn-

Hardy, K.; Voon, V.; Goetz, C. Movement Disorders 2007, 22, 1061. 

https://doi.org/10.1002/mds.21382 

13. Lees, A. J.; Holton, J. L.; O’Sullivan, S. S.; Kempster, P. A.; Revesz, T. Brain 2010, 133, 1755. 

https://doi.org/10.1093/brain/awq059 

14. Aarsland, D.; Larsen, J. P.; Tandberg, E.; Laake, K. J. Amer. Geriatrics Soc. 2000, 48, 938. 

https://doi.org/10.1111/j.1532-5415.2000.tb06891.x 

15. Klein, C.; Prokhorov, T.; Miniovitz, A.; Dobronevsky, E.; Rabey, J. M. J. Neural Transmission 2009, 116, 

1509. 

https://doi.org/10.1007/s00702-009-0302-1 

16. Forsaa, E. B.; Larsen, J. P.; Wentzel-Larsen, T.; Alves, G. Neurology 2010, 75, 1270. 

https://doi.org/10.1212/WNL.0b013e3181f61311 

17. Shen, W. W. Comprehensive Psychiatry 1999, 40, 407. 

https://doi.org/10.1016/S0010-440X(99)90082-2 

18. Weiden, P. J. ; Preskorn, S. H.; Fahnestock, P. A.; Carpenter, D.; Ross, R.; Docherty, J. P. J. Clinical 

Psychiatry 2007, 68, 1. 

PMID:17650057 

19. Tyrer, P.; Kendall, T. Lancet 2009, 373, 4. 

https://doi.org/10.1016/S0140-6736(08)61765-1 

20. Divac, N.; Stojanović, R.; Savić Vujović, K.; Medić, B.; Damjanović, A.; Prostran, M. Behavioural Neurology 

2016, 2016, 1. 

http://dx.doi.org/10.1155/2016/4938154 

21. Friedman, J. H. Behavioural Neurol. 2013, 27, 469. 

http://dx.doi.org/10.3233/BEN-129016 

22. Uçok, A.; Gaebel, W. World Psychiatry (journal of the World Psychiatric Association - WPA) 2008, 7, 58. 

https://doi.org/10.1002/j.2051-5545.2008.tb00154.x 

23. Pierre, J. M. Drug Safety 2005, 28, 191. 

https://doi.org/10.2165/00002018-200528030-00002  

24. Lieberman, J. A.; Stroup, T. S.; McEvoy, J. P.; Swartz, M. S.; Rosenheck, R. A.; Perkins, D. O.; Keefe, R. S.; 

Davis, S. M.; Davis, C. E.; Lebowitz, B. D.; Severe, J.; Hsiao, J. K. New Engl. J. Med. 2005, 353, 1209. 

http://doi:10.1056/NEJMoa051688  

25. Divac, N.; Prostran, M.; Jakovcevski, I.; Cerovac, N. BioMed Res. Internat. 2014, 2014, 1. 

http://dx.doi.org/10.1155/2014/656370  

26. Azmanova, M.; Pitto-Barry, A.; Barry, N. P. MedChemComm 2018, 9, 759-782. 

http://doi:10.1039/C7MD00448F  

27. Chen, J. J. Mental Health Clinician 2017, 7, 262. 

https://doi.org/10.9740/mhc.2017.11.262   

28. Weintraub, D.; Chen, P.; Ignacio, R. V.; Mamikonyan, E.; Kales, H. C. Arch. Neurol. 2011, 68, 899. 

http://doi:10.1001/archneurol.2011.139  

https://doi.org/10.1186/1471-2377-9-23
https://doi.org/10.1002/mds.22839
https://doi.org/10.1002/mds.21382
https://doi.org/10.1093/brain/awq059
https://doi.org/10.1111/j.1532-5415.2000.tb06891.x
https://doi.org/10.1007/s00702-009-0302-1
https://doi.org/10.1212/WNL.0b013e3181f61311
https://doi.org/10.1016/S0010-440X(99)90082-2
https://doi.org/10.1016/S0140-6736(08)61765-1
http://dx.doi.org/10.1155/2016/4938154
http://dx.doi.org/10.3233/BEN-129016
https://doi.org/10.1002/j.2051-5545.2008.tb00154.x
https://doi.org/10.2165/00002018-200528030-00002
http://doi:10.1056/NEJMoa051688
http://dx.doi.org/10.1155/2014/656370
http://doi:10.1039/C7MD00448F
https://doi.org/10.9740/mhc.2017.11.262
http://doi:10.1001/archneurol.2011.139


Arkivoc 2019, i, 340-352   Al-Bujuq, N. R. 
 

 Page 351  ©AUTHOR(S) 

29. Hacksell, U.; Burstein, E. S.; McFarland, K.; Mills, R. G.; Williams, H. Neurochemical Res. 2014, 39, 2008. 

https://doi.org/10.1007/s11064-014-1293-330  

30. Markham, A. Drugs 2016, 76, 1053. 

https://doi.org/10.1007/s40265-016-0597-9 

31. Tolf, B.-R.; Schlienger, N.; Thygesen, M. B. WO2004064738A2, 2004; WO2008144326A2, 2010. 

32. Weiner, D. M.; Davis, R. E.; Brann, M. R.; Andersson, C.-M. A.; Uldam, A. K. WO2006036874A1, 2004; 

WO2004064738A2, 2009 

33. Thygesen, M. B.; Schlienger, N.; Tolf, B.-R.; Andersson, C.-M. A.; Blatter, F.; Berghausen, J. 

WO2006037043A1, 2006; WO2006037043A1, 2010 

34. Cruz, M.P. Pharm. Therapeutics 2017, 42, 368. 

PMID:28579723 

35. Kitten, A. K.; Hallowell, S. A.; Saklad, S. R.; Evoy, K. E. Innovations Clinical Neurosci. 2018, 15, 16. 

PMCID: PMC5819716 

36. Bozymski, K. M.; Lowe, D. K.; Pasternak, K. M.; Gatesman, T. L.; Crouse, E. L. Ann. Pharmacother. 2017, 

51, 479. 

https://doi.org/10.1177/1060028017693029  

37. Gan, R.; Hu, X. N. Int. J. Pharm. Res. 2016, 43, 688. 

38. Ma, D.; Sun, H. J. Org. Chem. 2000, 65, 6009. 

https://doi.org/10.1021/jo000447q 

39. Migawa, M. T.; Swayze, E. E. Org Lett. 2000, 2, 3309. 

https://doi.org/10.1021/ol006383n 

40. Korzhenevskaya, N. G.; Schroeder, G.; Brzezinski, B.; Rybachenko, V. I. Russian J. Org. Chem. 2001, 37, 

1603. 

https://doi.org/10.1023/A:1013868406075 

41. Ozaki, S. Chem. Rev. 1972, 72, 457. 

https://doi.org/10.1021/cr60279a002 

42. Nowick, J. S.; Powell, N. A.; Nguyen, T. M.; Noronha, G. J. Org. Chem. 1992, 57, 7364. 

https://doi.org/10.1021/jo00052a069 

43. Majer, P.; Randad, R. S. J. Org. Chem. 1994, 59, 1937. 

https://doi.org/10.1021/jo00086a061 

44. Batey, R. A.; Santhakumar, V.; Yoshina-Ishii, C.; Taylor, S. D. Tetrahedron Lett. 1998, 39, 6267. 

https://doi.org/10.1016/S0040-4039(98)01330-6 

45. Wolff, O.; Waldvogel, S. R. Synthesis 2004, 2004, 1303. 

https://10.1055/s-2004-815965  

46. Biljan, T.; Dogan, J.; Metsger, L.; Pipercic, S. M.; Ratkaj, M.; Skugor, M. M.; Wang, Y.; WO2016141003A1, 

2016. 

47. Russell, S.; Rahmani, R.; Jones, A. J.; Newson, H. L.; Neilde, K.; Cotillo, I.; Rahmani Khajouei, M.; Ferrins, 

L.; Qureishi, S.; Nguyen, N. J. Med. Chem. 2016, 59, 9686. 

https://doi.org/10.1021/acs.jmedchem.6b00442  

48. Rapolu, R.; Raju, V. V. N. K. V.; Chavali, M.; Mulakayala, N. Asian J. Chem. 2019, 31, 723. 

https://10.14233/ajchem.2019.21808  

49. Ballard, C.; Youakim, J. M.; Coate, B.; Stankovic, S. J. Prevention Alzheimer's Disease 2019, 6, 27. 

https://doi.org/10.14283/jpad.2018.30 

50. Radl, S.; Stach, J.; Klecan, O.; Zezula, J. WO 2017054786, 2017. 

https://doi.org/10.1007/s11064-014-1293-330
https://www.ncbi.nlm.nih.gov/pubmed/28579723
https://doi.org/10.1177%2F1060028017693029
https://doi.org/10.1021/jo000447q
https://doi.org/10.1021/ol006383n
https://doi.org/10.1023/A:1013868406075
https://doi.org/10.1021/cr60279a002
https://doi.org/10.1021/jo00052a069
https://doi.org/10.1021/jo00086a061
https://doi.org/10.1016/S0040-4039(98)01330-6
https://10.0.4.31/s-2004-815965
https://doi.org/10.1021/acs.jmedchem.6b00442
http://dx.doi.org/10.14233/ajchem.2019.21808
https://doi.org/10.14283/jpad.2018.30


Arkivoc 2019, i, 340-352   Al-Bujuq, N. R. 
 

 Page 352  ©AUTHOR(S) 

51. Lin, Y.; Chen, Z.; Cheng, X.; Zhao, L. CN Patent 107641097, 2018. 

 

 

Author’s Biography 
 

 
 

Nader Robin Al Bujuq received his BSc (1995) and MSc (2000) degrees from the University of Jordan.  

He obtained his PhD in Organic Chemistry (2009) from university of Seville, Spain, and European 

Doctorate research from Stuttgart University. In 2010 he began as an assistant professor of organic 

chemistry at the Department of Biotechnology and Genetic Engineering at Philadelphia University. In 

2015 he moved to work at Taibah University, KSA. His research interests involve design and synthesis of 

matrix metalloproteinase inhibitors (MMPs). 

 

 

This paper is an open access article distributed under the terms of the Creative Commons Attribution (CC BY) 

license (http://creativecommons.org/licenses/by/4.0/ 

 

http://creativecommons.org/licenses/by/4.0/

