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Abstract

Synthesis and characterization of drug metabolites has emerged as an important area of 

research in consideration to the significant contribution of studies on metabolites in drug 

research. The present work comprises synthesis of 2-(4-((4-chlorophenyl)(hydroxy)methyl) 

phenoxy)-2-methylpropanoic acid, a metabolite of anti-hyperlipidemic drug fenofibrate. The 

desired compound was prepared by two different synthetic routes. The ketone group of fenofibric 

acid was reduced using sodium borohydride in one route whereas the hydrolysis of isopropyl ester 

of the reduced fenofibrate was achieved by the mild alkaline hydrolysis in the other path. Both the 

ways of synthesis furnished the desired compound in excellent yield and purity. The new synthetic 

congener was characterized by spectroscopic methods.
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Introduction

The fibrate class of drugs are in clinical use since their discovery without severe adverse 

effects [1]. These molecules are reported to have attractive diverse pharmacological 

properties [2–9]. In addition to the anti-hyperlipidemic regimen the fibrates are also under 

investigation for other therapeutic applications due to their high safety index [10–12]. 
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Recent reports suggest that the fibrate class of drugs are being explored for the repurposing 

approach to address other diseases, diabetes, cardiovascular disorder and cancer [13,14]. 

Also there are articles on developing new formulation for improving therapeutic efficacy of 

fibrates [15,16].

There are a variety of approaches being explored for the discovery of new drugs 

and therapeutic treatment but in the recent past the drug metabolism studies namely, 

pharmokinetics played an important role towards the development of new drugs as well 

as drug formulations. Over the past few decades remarkable progress in the understanding 

of drug metabolism and pharmacokinetics suggest the significance of metabolites in the 

mechanism of action as well toxicity of the drugs in the research area of drug discovery 

and development [17]. The methodology for the comprehension of drug metabolism, 

identification of metabolites, bioavailability are developing rapidly with advanced analytical 

techniques too. Recently quantitative analysis of organelle-level absolute quantification 

through mass spectrometry imaging is reported [18]. The metabolomics studies are highly 

relevant to recognizing metabolism in biological milieu also facilitate the exploration of 

drug repurposing and drug-drug interactions [19,20]. Drug molecules undergo various 

chemical modifications at different organs and flow through different pathways in the human 

body following its administration, resulting in metabolites which can have toxicological or 

functional characteristics that are distinct from their parent drugs. Recently this is reported 

as a new area of drug metabolism caused by factors including gut microbiome [21].

Fibrates are known to reduce the catalytic activity of Aldo-Keto Reductase (AKR) family 

of proteins, AKR1B10 and Aldose reductase where the latter is implicated in diabetes and 

related complications [22–26]. Furthermore, it has been believed that fenofibrates regulate 

the lipid metabolism by augmenting the involvement of PPAR-α receptors and AKR family 

enzymes [25]. Fenofibrate is converted to its active metabolites, fenofibric acid, reduced 

fenofibrate and reduced fenofibric acid in its mode of action [27]. The metabolism of 

fenofibrate was investigated in different species, rats, dogs and monkey. The data with the 

administration of fenofibrate in Sprague-Dawley (SD) rats revealed the presence of above 

mentioned metabolites as well as identification of additional metabolites, fenofibric acid 

taurine and reduced fenofibric acid [28]. Similar studies were described for Cynomolgus 

monkeys, Sprague-Dawley (SD) rats and beagle dogs and in all of these cases presences 

of the metabolites reported confirm the operation of proposed metabolic pathways. 

Metabolomics approach reveals the effects of antihypertensives and lipid-lowering drugs 

on the human metabolism [28,29]. The chemical structure of the important metabolites of 

fenofibrate are shown in Fig. 1.

The studies of drug metabolites have been an important area of new drug development 

strategy due to the integrated role of metabolites to understand the efficacy and toxicity of 

the therapeutically significant molecules. In addition, the various biochemical and biological 

studies of the metabolites, the chemical synthesis of these attractive molecules remains 

an interesting area of research for exploration. The chemical synthesis of these molecules 

are challenging as the metabolites are sophisticated molecules which are generated as a 

consequence of drug metabolism in the biophase. In recent past synthesis of several novel 

drug metabolites that are reported in the literature employed de novo chemical synthesis 
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of the metabolites using wide range of chemical reactions describing innovative chemical 

transformations, functional group tolerance, orthogonally compatible reactions including 

chiral reactions [30–33].

The synthesis of reduced fenofibric acid (4), the inadequately investigated metabolite of 

fenofibrate, is challenging if the molecule is prepared by total synthesis approach especially 

when sufficient quantity is expected to be available for better characterization. However, 

a facile expeditious synthesis of this molecule can be achieved by late-stage derivatization 

approach. The late-stage functionalization comprises the introduction of a chemical group or 

transforming a functional group at the last-stage of the synthesis starting with a commonly 

available and characterized molecule. This approach has the potential to speed up the 

preparation of novel chemical entities and expand and diverse chemical libraries and will 

have major impact on drug discovery. Functional group tolerance and mild conditions 

allows access to new molecules not easily accessible by conventional approaches without 

the need for laborious de novo chemical synthesis. Number of literature reports suggest 

that the late-stage derivatization/transformation is an attractive approach for the facile 

synthesis of complex molecules like natural product analogs, immuniosuppressive drug and 

drug metabolites [34–37]. In view of the above discussion, the present work comprises 

development of a facile synthesis and characterization of a unique secondary metabolite of 

fenofibrate. The main objective of the present work comprises the first synthesis of 2-(4-((4-

chlorophenyl)(hydroxy)methyl) phenoxy)-2-methylpropanoic acid (4) an underexplored 

metabolite of the fenofibrate. Since the synthesis of compound 4 has not been reported 

so far, here we present the work comprises of the synthesis and characterization of 

the novel metabolite of fenofibrate, 2-(4-((4-chlorophenyl)(hydroxy)methyl) phenoxy)-2-

methylpropanoic acid.

Materials and methods

The reduced fenofibric acid can be prepared by either reduction of already known 

metabolites like fenofibric acid (3) (Scheme 1) or by the hydrolysis of reduced fenofibrate 

(2) (Scheme 2). It is important to note that starting material for both the routes are not 

available commercially and therefore they required to be prepared from fenofibrate (1) and 

fully characterized before these can be used as starting materials. Our laboratory has already 

standardized the synthesis of fenofibric acid (3) and reduced fenofibrate (2) and therefore, 

the synthesis of these molecules needed as starting materials are prepared in gram quantities 

in highly pure form following the procedures reported recently [38–42]. The synthesis of 

the desired product (4) is carried out by both the routes to standardize the optimized route 

of synthesis to get best yield and purity. The experimental details of both the routes are 

described in the following text.

Synthesis of 2-(4-((4-chlorophenyl)(hydroxy)methyl) phenoxy)-2-methylpropanoic acid (4) 
from fenofibric acid (3)

As mentioned the required starting material, fenofibric Acid (3), is not commercially 

available therefore the needed starting compound 3 is prepared in the laboratory and 

characterized by spectroscopic methods according to the methods previously reported [34]. 
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Briefly, fenofibric acid (3) was prepared by the mild alkaline hydrolysis of fenofibrate. The 

fenofibrate was stirred in equimolar amount of aqueous 1 N NaOH at 50–60 °C for 2–3 

hrs. After completion of reaction as monitored by TLC the reaction mixture was evaporated 

under reduced pressure, acidified to pH 2 by aq. HCl and the precipitate is extracted in 

ethyl acetate. The organic layer is concentrated and the desired compound is precipitated by 

addition of hexane to get chromatographically homogeneous solid in excellent yield. The 

compound is characterized by spectroscopic methods.

The Synthesis of reduced fenofibric acid (4) was carried out from fenofibric acid as shown 

in Scheme 1. A solution of fenofibrate was treated with sodium borohydride at 0–5 °C and 

the reaction mixture was stirred for a period of 10 min or till the completion of the reaction 

as monitored by TLC. The reaction mixture was quenched with dilute HCl and after usual 

work up the desired compound 4 was obtained as chromatographically pure white solid as 

shown in Scheme-1.

Experimental

A solution of fenofibric Acid (640 mg, 2 mmol) in methanol (15 ml) was stirred in a round 

bottom flask on a magnetic stirrer maintaining the temperature between 0 and 4 °C. To this 

stirred solution sodium borohydride (200 mg) was added in potions. After complete addition 

the stirring was continued for additional 15 min or till the reaction come to culmination as 

monitored by TLC. The excess methanol was removed under reduced pressure and residue 

was diluted with cold water (10 ml) followed by the addition of 2 N HCl until the reaction 

mixture reaches pH 2. The acidified mixture was extracted with ethyl acetate (2 ×15 ml), and 

the combined organic layer was washed with brine until neutral and dried over anhydrous 

magnesium sulphate. The organic layer is separated by filtration and the clear filtrate is 

evaporated under reduced pressure to obtain a gummy matter which gave a white solid from 

ethyl acetate and hexane mixture. Yield: 580 mg, (90 %). Melting point: 133–135 °C.

1H NMR (500 MHz, CDCl3): δ 1.54 (S, 6H: -(CH3)2), 5.68 (S,1H: –CH-OH), 6.83, 6.84 (d, 

J =8.6 Hz, 2H: Ar), 7.19, 7.20 (d, J =8.6 Hz, 2H: Ar), 7.24, 7.26 (d, J = 8.6 Hz, 2H: Ar), 

7.30, 7.32 (d, J = 8.6 Hz, 2H: Ar).

13C NMR (125 MHz CDCl3): δ 23.23, 25.21, 25.25, 39.47, 39.64, 39.81, 39.98, 74.22, 

77.13, 77.39, 77.64, 78.79, 118.84, 123.70, 127.22, 127.44, 127.86, 128.06, 132.26, 137.90, 

143.54, 154.68, 176.16.

ES-MS: Calculated for C17H17ClO4 [M + H]+
=320.77 Observed 320, [M + Na]+

= 343.

Synthesis of reduced fenofibric acid (4) by the hydrolysis of compound 2—
Synthesis of reduced fenofibric acid (4) was carried out by the mild alkaline hydrolysis of 

reduced fenofibrate as starting material. The required starting material is not commercially 

available, therefore the starting material (compound 2) was prepared and characterized 

in the laboratory according to the procedure reported earlier by the mild reduction [36]. 

Briefly, fenofibrate was stirred in methanol followed by the addition for 4–5 M excess of 

sodium borohydride at room temperature. After complete addition the reaction mixture was 
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quenched by the addition of dilute HCl and after usual work up the compound 2 is isolated 

as oily material in almost quantitative yield.

The reduced fenofibrate (2), thus obtained was subjected to alkaline hydrolysis by the 

treatment of 2 with equimolar amount of aqueous 1 N NaOH at 50–60 °C for 2–3 hrs. After 

completion of the reaction, it was acidified to pH 2 by aq HCl and the precipitate is extracted 

in ethyl acetate. The organic layer is concentrated and the desired compound is isolated as 

chromatographically homogeneous white powder as shown in Scheme-2.

Experimental

To a solution of compound 2 (724 mg, 2 mmol) in methanol (10 ml), 1 N NaOH (2.5 ml, 

2.5 mmol) was added dropwise and the reaction mixture was magnetically mixed at 50–60° 

for 2–3 h in a round bottom flask. The reaction mixture was monitored on TLC and after 

completion of the reaction, solvent was evaporated under reduced pressure on a rotavapor. 

The residue was taken in water and acidified with 2 N HCl up to pH 2. The reaction was 

extracted in ethyl acetate 10 ml x 3 times and the combined organic layer was washed 

with brine until neutral and dried over MgSO4 and filtered. The ethyl acetate layer was 

concentrated at reduced pressure to get chromatographically homogeneous gummy solid. 

Upon purification the product was obtained as solid white powder from ethyl acetate and 

hexane mixture. Yield 565 mg (88 %). Melting point: 134–135 °C.

Results and discussion

Traditionally, drug metabolites have been both difficult and highly challenging to synthesize 

but are favourably important for biochemical and pharmacological studies as well as 

understanding the mode of their action. Conventional methods for metabolite synthesis, such 

as those engage the use of microsomes or multistep synthetic chemistry, are extremely costly 

and time consuming. Also the environmental waste generated by such processes face another 

level of negative consequences including health and or environmental hazards. The present 

work comprises a first report for a facile and efficient synthesis of a secondary metabolite 

(compound 4) by late-stage functionalization/derivatization strategy to obtain the desired 

compound in single step in high yield and purity under mild experimental conditions. The 

compound 4 was successfully prepared by two different synthetic routes and using different 

starting material under different experimental conditions. The required starting material 

(compounds 2 and 3) are not commercially available hence these compounds are also 

prepared in the laboratory and fully characterized by the procedures already reported. The 

products, obtained by both the different routes, were analysed using spectroscopic methods 

and found identical in terms of their spectroscopic data and the yields and purity of the 

products were also matching. Thus, it is evident that both routes gave similar quality product 

and successful development of new routes for the synthesis of reduced fenofibric acid, a 

metabolite of fenofibrate. The 1H NMR data of compound 4 show a sharp singlet at ~ 5.68 

corresponding to the proton generated after the reduction of the ketone carbonyl. The 13C 

data clearly show the presence of only one carbonyl peak at 176.16 ppm whereas a sharp 

peak around 195 ppm corresponding to the benzophenone carbonyl is absent in compound 4. 
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Finally the base peak corresponding to the [M + Na]+ at 343 further supports the structure of 

2-(4-((4-chlorophenyl) (hydroxy) methyl) phenoxy)-2-methylpropanoic acid (4).

Conclusion

In summary, a facile and efficient synthesis of compound 4 was successfully developed by 

late-stage derivatization methodology. The synthetic transformations were carried out under 

mild experimental conditions in high yields by two different routes. The synthetic metabolite 

will be highly useful for the in vivo and in vitro studies pending so far due to unattainability 

of this compound.
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Acknowledgement

The authors gratefully acknowledge the financial support from the research grant award by NIDDK of National 
Institute of Health.

Data availability

All the data/results/information associated with this study is disclosed and not is withheld.

References

[1]. Thorp JM, Waring WS, Modification of metabolism and distribution of lipids by ethyl 
chlorophenoxyisobutyrate, Nature 194 (4832) (1962) 948–949, 10.1038/194948a0. [PubMed: 
13921051] 

[2]. Van Der Hoogt CC, De Haan W, Westerterp M, Hoekstra M, Dallinga-Thie GM, Romijn JA, 
Princen H, Jukema JW, Havekes LM, Rensen PC, Fenofibrate increases HDL-cholesterol by 
reducing cholesteryl ester transfer protein expression, J. Lipid Res 48 (8) (2007) 1763–1771, 
10.1194/jlr.m700108-jlr200. [PubMed: 17525476] 

[3]. Repova K, Aziriova S, Krajcirovicova K, Šimko F, Cardiovascular therapeutics: A new potential 
for anxiety treatment? Med. Res. Rev 42 (3) (2022) 1202–1245, 10.1002/med.21875. [PubMed: 
34993995] 

[4]. Chandra A, Kaur P, Sahu SK, Mittal A, A new insight into the treatment of diabetes by means 
of pan PPAR agonists, Chem. Biol. Drug Des 100 (6) (2022) 947–967, 10.1111/cbdd.14020. 
[PubMed: 34990085] 

[5]. Sabaa M, El-Fayoumi HM, Elshazly SM, Youns M, Barakat W, Anticancer activity of salicin and 
fenofibrate, Naunyn-Schmiedebergs Archiv. Pharmacol. 390 (10) (2017) 1061–1071, 10.1007/
s00210-017-1407-y.

[6]. Kogami M, Abe S, Nakamura H, Aoshiba K, Fenofibrate attenuates the cytotoxic effect of 
cisplatin on lung cancer cells by enhancing the antioxidant defense system in vitro, Oncol. Lett 
26 (1) (2023), 10.3892/ol.2023.13899.

[7]. Lourenço T, Vale N, Pharmacological efficacy of repurposing drugs in the treatment of prostate 
cancer, Int. J. Mol. Sci 24 (4) (2023) 4154, 10.3390/ijms24044154. [PubMed: 36835564] 

[8]. Teramoto T, Shirai K, Daida H, Yamada N, Effects of bezafibrate on lipid and glucose metabolism 
in dyslipidemic patients with diabetes: the J-BENEFIT study, Cardiovasc. Diabetol 11 (1) (2012) 
29, 10.1186/1475-2840-11-29. [PubMed: 22439599] 

Majethia et al. Page 6

Results Chem. Author manuscript; available in PMC 2024 July 31.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



[9]. Study BIP, Secondary prevention by raising HDL cholesterol and reducing triglycerides in 
patients with coronary artery disease, Circulation 102 (1) (2000) 21–27, 10.1161/01.cir.102.1.21. 
[PubMed: 10880410] 

[10]. Giampietro L, Ammazzalorso A, Amoroso R, De Filippis B, Development of fibrates as 
important scaffolds in medicinal chemistry, ChemMedChem 14 (11) (2019) 1051–1066, 10.1002/
cmdc.201900128. [PubMed: 30957432] 

[11]. Hassan RM, Ali IH, Abdel-Maksoud MS, Abdallah HMI, El Kerdawy AM, Sciandra F, Ghannam 
IAY, Design and synthesis of novel quinazolinone-based fibrates as PPARα agonists with 
antihyperlipidemic activity, Arch. Pharm 355 (2022) e2100399.

[12]. Hassan RM, Aboutabl ME, Bozzi M, El-Behairy MF, El Kerdawy AM, Sampaolese B, Desiderio 
C, Vincenzoni F, Sciandra F, Ghannam IAY, Discovery of 4-benzyloxy and 4-(2-phenylethoxy) 
chalcone fibrate hybrids as novel PPARα agonists with anti-hyperlipidemic and antioxidant 
activities: Design, synthesis and in vitro/in vivo biological evaluation, Bioorg. Chem 115 (2021) 
105170, 10.1016/j.bioorg.2021.

[13]. Lian X, Wang G, Zhou H, Zheng Z, Fu Y, Cai L, Anticancer Properties of Fenofibrate: A 
Repurposing Use, J. Cancer 9 (9) (2018 Apr 6) 1527–1537, 10.7150/jca.24488. [PubMed: 
29760790] 

[14]. Jan CI, Tsai MH, Chiu CF, Huang YP, Liu CJ, Chang NW, Fenofibrate Suppresses Oral 
Tumorigenesis via Reprogramming Metabolic Processes: Potential Drug Repurposing for Oral 
Cancer, Int. J. Biol. Sci 12 (7) (2016 May 15) 786–798, 10.7150/ijbs.13851. [PubMed: 
27313493] 

[15]. Stefano L, Linciano S, Moro G, De Toni L, Cendron L, Angelini A, Structural Analysis of 
Human Serum Albumin in Complex with the Fibrate Drug Gemfibrozil, Int. J. Mol. Sci 23 (3) 
(2022) 1769, 10.3390/ijms23031769. [PubMed: 35163693] 

[16]. Guay DR, Micronized fenofibrate: a new fibric acid hypolipidemic agent, Ann. Pharmacother 33 
(10) (1999 Oct) 1083–1103, 10.1345/aph.18432. [PubMed: 10534222] 

[17]. Baillie TA, Metabolism and Toxicity of Drugs. Two Decades of Progress in Industrial 
Drug Metabolism, Chem. Res. Toxicol 21 (1) (2008) 129–137, 10.1021/tx7002273. [PubMed: 
18052111] 

[18]. Siuzdak G, Subcellular quantitative imaging of metabolites at the organelle level, Nat Metab 5 
(2023) 1446–1448, 10.1038/s42255-023-00882-z. [PubMed: 37679555] 

[19]. Pang H, & Hu Z Acta Pharmaceutica Sinica B. Volume 13, Issue 8, August 2023, Pages 
3238–3251. D.S. Wishart. Metabolomics for investigating physiological and pathophysiological 
processes. Physiol Rev, 99 (2019), pp. 1819–1875. DOI: 10.1152/physrev.00035.2018. [PubMed: 
31434538] 

[20]. Rinschen MM, Ivanisevic J, Giera M, Siuzdak G, Identification of bioactive metabolites 
using activity metabolomics, Nat. Rev. Mol. Cell Biol 20 (2019) 353–367, 10.1038/
s41580-019-0108-4. [PubMed: 30814649] 

[21]. Zimmermann M, Zimmermann-Kogadeeva M, Wegmann R, Goodman AL, Mapping human 
microbiome drug metabolism by gut bacteria and their genes, Nature 570 (2019) 462–467, 
10.1038/s41586-019-1291-3. [PubMed: 31158845] 

[22]. Balendiran GK, Balakrishnan R, In Search of Aldose Reductase Inhibitors, Purdue University 
Press, West Lafayette 12 (2004) 276–283.

[23]. Balendiran GK, Rajkumar B, Fibrates Inhibit Aldose Reductase Activity in the Forward and 
Reverse Reactions, Biochem. Pharmacol 70 (2005) 1653–1663, 10.1016/j.bcp.2005.06.029. 
[PubMed: 16226225] 

[24]. Klemin S, Calvo RY, Bond S, Dingess H, Rajkumar B, Perez R, Chow L, Balendiran GK, 
WY 14,643 Inhibits Human Aldose Reductase Activity, J. Enzyme Inhib. Med. Chem 21 (2006) 
569–753, 10.1080/14756360600720887. [PubMed: 17194029] 

[25]. Balendiran GK, Verma M, Perry E, Chemistory of Fibrates, Curr. Chem. Biol 1 (2007) 311–316, 
10.2174/2212796810701030311. [PubMed: 34485047] 

[26]. Sawaya MR, Verma M, Balendiran V, Rath NP, Cascio D, Balendiran GK, Characterization of 
WY 14,643 and Its Complex with Aldose Reductase, Sci. Rep 6, Article No. 34394 (2016), 
10.1038/srep34394. [PubMed: 27721416] 

Majethia et al. Page 7

Results Chem. Author manuscript; available in PMC 2024 July 31.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



[27]. Liu A, Patterson AD, Yang Z, Zhang X, Liu W, Qiu FG, Sun H, Krausz KW, Idle JR, Gonzalez 
FJ, Dai R, Fenofibrate Metabolism in the Cynomolgus Monkey using Ultraperformance Liquid 
Chromatography-Quadrupole Time-of-Flight Mass Spectrometry-Based Metabolomics, Drug 
Metab. Dispos 37 (6) (2009) 1157–1163, 10.1124/dmd.108.025817. [PubMed: 19251819] 

[28]. Altmaier E, Fobo G, Heier M, Thorand B, Meisinger C, Römisch-Margl W, Waldenberger M, 
Gieger C, Illig T, Adamski J, Suhre K, Kastenmüller G, Metabolomics approach reveals effects 
of antihypertensives and lipid-lowering drugs on the human metabolism, Eur. J. Epidemiol 29 (5) 
(2014) 325–336, 10.1007/s10654-014-9910-7. [PubMed: 24816436] 

[29]. Yang J, Luo W, Chen L, Dai R, Liu A. (2013) Metabolism of fenofibrate in beagle dogs: new 
metabolites identified and metabolic pathways revealed. Pharmazie. Jun;68(6):414–20. PMID: 
23875247]. [PubMed: 23875247] 

[30]. De Santos PG, Cañellas M, Tieves F, Younes SHH, Molina-Espeja P, Hofrichter M, Hollmann F, 
Guallar V, Alcalde M, Selective synthesis of the human drug metabolite 5′-Hydroxypropranolol 
by an evolved Self-Sufficient peroxygenase, ACS Catal. 8 (6) (2018) 4789–4799, 10.1021/
acscatal.8b01004.

[31]. Slavik R, Peters J, Giger R, Bürkler M, Bald E, Synthesis of potential drug metabolites 
by a modified Udenfriend reaction, Tetrahedron Lett. 52 (7) (2011) 749–752, 10.1016/
j.tetlet.2010.12.014.

[32]. Kiebist J, Holla W, Heidrich J, Poraj-Kobielska M, Sandvoβ M, Simonis R, Gröbe G, Atzrodt 
J, Hofrichter M, Scheibner K, One-pot synthesis of human metabolites of SAR548304 by fungal 
peroxygenases, Bioorg. Med. Chem 23 (15) (2015) 4324–4332, 10.1016/j.bmc.2015.06.035. 
[PubMed: 26142319] 

[33]. Najmi A, Jafariyeh-Yazdi E, Hadian M, Hermans J, Bischoff R, Yue J, Dömling A, Wittstock 
A, Permentier HP, Nanoporous gold catalyst for the oxidative N-Dealkylation of drug molecules: 
a method for synthesis of N-Dealkylated metabolites, ChemMedChem 17 (11) (2022), 10.1002/
cmdc.202200040.

[34]. Albitz K, Csókás D, Dobi Z, Pápai I, Soós T, Late-Stage formal double C−H oxidation of 
prenylated molecules to alkylidene oxetanes and azetidines by Strain-Enabled Cross-Metathesis, 
Angew. Chem 135 (13) (2023), 10.1002/ange.202216879.

[35]. Moir M, Danon JJ, Reekie TA, Kassiou M, An overview of late-stage functionalization 
in today’s drug discovery, Expert Opin. Drug Discov 14 (11) (2019) 1137–1149, 
10.1080/17460441.2019.1653850. [PubMed: 31411499] 

[36]. Shang M, Wang M, Saint-Denis TG, Li M, Dai H, Yu J, Copper-Mediated Late-Stage 
functionalization of Heterocycle-Containing molecules, Angew. Chem 56 (19) (2017) 5317–
5321, 10.1002/anie.201611287. [PubMed: 28393446] 

[37]. Montgomery AP, Joyce JM, Danon JJ, Kassiou M, An update on late-stage functionalization 
in today’s drug discovery, Expert Opin. Drug Discov 18 (6) (2023) 597–613, 
10.1080/17460441.2023.2205635. [PubMed: 37114995] 

[38]. Rath NP, Haq W, & Balendiran GK (2005) Fenofibric acid, Acta Crystallogr C 61 (Pt 2), o81–
o84. Doi: 10.1107/S0108270104032573.

[39]. Kotheimer AE, Haq W, Balendiran GK, Synthesis and Chiral Separation of Fibratol, Isopropyl 
2-(4-((4-chlorophenyl)(hydroxyl) me-thyl)-phenoxy)-2-methylpropanoate, Int. J. Org. Chem 8 
(2) (2018) 201, 10.4236/ijoc.2018.82015.

[40]. Kotheimer AE, Haq W, Balendiran GK, Fibrane the reduced derivative of fenofibrate. Results, 
Chemistry 2 (2020) 100018/, 10.1016/j.rechem.2019.100018.

[41]. Majethia GN, Haq W, Balendiran GK, A facile and chemoselectivity in synthesis of 4-
chloro-N-(4-((1-hydroxy-2-methylpropan-2-yl)oxy)phenethyl)benzamide, the alcohol derivative 
of Bezafibrate, Result. Chem 4 (2022) 100417, 10.1016/j.rechem.2022.100417.

[42]. Majethia GN, Haq W, Balendiran GK, Chemoselective reduction of fenofibric acid to alcohol in 
the presence of ketone by mixed anhydride and sodium borohydride, Int. J. Org. Chem 12 (02) 
(2022) 116–125, 10.4236/ijoc.2022.122010.

Majethia et al. Page 8

Results Chem. Author manuscript; available in PMC 2024 July 31.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 1. 
Chemical structure of fenofibrate and its prominent metabolites.
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Scheme 1. 
Synthesis of 2-(4-((4-chlorophenyl)(hydroxy)methyl) phenoxy)-2-methylpropanoic acid (4) 

from Fenofibric acid (3).
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Scheme 2. 
Synthesis of 2-(4-((4-chlorophenyl)(hydroxy)methyl) phenoxy)-2-methylpropanoic acid (4) 

from compound 2.
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