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Abstract
Medicinal plants have been an inspiration source for developing new chemical entities, 

providing diverse chemical structures and modes of action for medicinal chemistry strategies. 
Modern medicinal chemistry approaches promote functional group changes to improve NCE’s 
biological activity. Incorporating the trifl uoromethyl (-CF3) group into organic compounds is 
crucial in modern drug design. It may affect the compound's lipophilicity, solubility, stability, 
molecular conformation, and pKa, changes that may lead to the discovery of new medicines 
to treat diseases of our times. For this reason, this chemical transformation is currently a 
hot topic in the organic chemistry fi eld. Chemists are competing to develop better methods 
to carry out this transformation effi  ciently, less hazardously, and cost-effectively. The high 
number of annual scientifi c publications on trifl uoromethylation evidences the competition. 
This review profi les 21 trifl uoromethylated New Chemical Entities (NCE) selected in December 
2020 from the GlobalData database, mainly in late stages of clinical trials (Phase II and III) 
or already in the commercial phase, containing one or two -CF3 groups in para or meta 
positions of benzene, or a pyridine ring. Synthetic approaches, therapeutic applications, and 
manufacturing industrial challenges are provided.
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Introduction
Medicinal plants have been a resource for healing in local communities 

around the world for thousands of years [1]. The oldest written evidence of 
medicinal plants’ usage for the preparation of drugs is approximately 5000 
years old and was found on a Sumerian clay slab from Nagpur, describing 
12 recipes using over 250 diff erent plants, some of them alkaloids such 
as poppy, henbane, and mandrake [2]. So, plants are the most signifi cant 
natural source for potential new drugs, due to their chemical, structural 
diversity and biodiversity of its components [3]. There are several 
examples of common drugs derived from plants. Aspirin an analgesic [4], 
was obtained by acetylation of the natural product salicylic acid [5] (from 
willow tree bark) [6].



160Leitão EPT, et al. (2024) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1883

Morphine is an opiate alkaloid isolated from the opium plant (present in poppy seeds) [7,8] used for pain 
relief and illegal recreation [9,10]. Codeine is a naturally opium alkaloid morphine derivative with less analgesic 
and sedative eff ects than morphine. It is usually prepared for medicinal use by methylation of morphine [11,12]. 
Heroin is a powerful synthetic opiate analgesic synthesized from morphine by acetylation [13]and a potent illegal 
addictive drug [14].

Cocaine derived from the coca plant (Erythroxylon coca) is an illegal recreational drug. It is also used to 
treat medical conditions [15]. Besides being favored by many surgeons for sinonasal surgery due to its superior 
vasoconstrictive and anesthetic properties, historical reports suggested cocaine was associated with an increased 
risk of cardiac events [16]. For this reason, cocaine was modifi ed structurally to produce other anesthetic drugs 
with diff erent properties such as procaine [17], tetracaine [18] and lidocaine [19]. 

Cannabis, contains more than 460 known products, of which more than 60 are cannabinoids. The main 
psychoactive ingredient of marijuana and hashish is delta-9-Tetrahydrocannabinol (THC), which holds a methyl 
group instead of a methylene group compared to cannabidiol [20,21]. Cannabis is used for illegal recreation while 
cannabidiol was approved by the FDA for treating severe forms of epilepsy [22-24].

  
-9-Tetrahydrocannabinol (THC) Cannabidiol (CBD) 

Paclitaxel a more complex molecule, is a broad-spectrum anti-cancer compound (from the bark of the yew 
tree Taxus brevifolia Nutt) [25]. Cabazitaxel and docetaxel are derived from Paclitaxel. Cabazitaxel (brand name: 
Jevtana®) was approved in the USA in 2010 for hormone-refractory prostate cancer. Docetaxel (brand name: 
Taxotere®) was approved in the USA (1995) for breast, head and neck, stomach, prostate, and non-small-cell 
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lung cancers [26].

 
  

Paclitaxel Cabazitaxel Docetaxel 

Sophocarpine, a tetracyclic quinolizidine alkaloid, is one of the most abundant active ingredients in Sophora 
alopecuroides L. and exerts anti-infl ammatory activity in an animal model [27]. This molecule can be synthesized 
from matrine, an alkaloid found in plants from the genus Sophora. It has a variety of pharmacological eff ects, 
including anti-cancer eff ects [28].

Lefamulin, derived from pleuromutilin, a naturally occurring antibacterial isolated from an edible mushroom 
(Pleurotus mutilus), is a novel antibiotic for Community-acquired Bacterial Pneumonia (CABP) [29]. The 
antibiotic was synthesized from (+)-pleuromutilin by SN2 displacement of the p toluenesufonate group of 
(+)-pleuromutilin p-toluenesulfonate derivative with 5-amino-2-mercaptocyclohexan-1-ol [30].

From a medicinal chemistry perspective, functional groups provide specifi c properties and behaviors that allow 
drug molecules to exert their desired biological activity. Among the relevant functional groups in modulating 
biological activity are the methyl groups [31]. An example is the discovery of Suvorexant, a medicine approved 
by the FDA for the treatment of insomnia [32]. A high-throughput program identifi ed previously compound 2 as 
having enhanced potency and improved physicochemical properties; further studies demonstrated that replacing 
the quinazoline in compound 2 with a chlorobenzoxazole aff orded a dramatic improvement in pharmacokinetic 
and suppression of reactive metabolites with potential safety risk for the molecule. Then, substitutions on the 
seven-membered diazepane ring were studied to assess impacts on binding affi  nity, pharmacokinetics properties, 
receptor potency, brain penetration, and in vivo effi  cacy. The introduction of a 7-methyl substituent on the 
diazepane core provided additional improvements in potency and pharmacokinetics.
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Previous examples showed that nature is still the inspiration and source of new drugs. It also showed that 
modifying or introducing a chemical group might change the drug's physical and biological properties. However, 
drug screening and design can be done from scratch using computational methods [33], and incorporating specifi c 
functional groups into a molecule, such as a trifl uoromethyl ( CF3) group, to obtain specifi c properties.

The Incorporation of the -CF3 group into organic compounds may benefi t their pharmacological profi le 
aff ecting the compounds' lipophilicity, solubility, stability, molecular conformation, and pKa [34]. Therefore, the 
-CF3 substituted building blocks are crucial in modern drug design. In 2020 the FDA approved 53 New Molecular 
Entities (NMEs). 68% (36 molecules) were small molecules, (19%) were fl uoro-compounds containing one or 
two fl uorines, and one of them held the -¬CF3 group, Berotralstat (ORLADEYO™) [35]. Berotralstat is an orally 
administered kallikrein inhibitor developed by BioCryst Pharmaceuticals for Hereditary Angioedema (HAE). 

Berotralstat

This review describes the profi le of 21 New Chemical Entities (NCE), which are small molecules containing 
the -CF3 group, mainly in advanced stages of clinical trials (Phase II and III) or a lready in the commercial phase. 
It details therapeutic applications, mechanisms of action, synthetic approaches followed, and manufacturing 
industrial challenges.

Compounds containing trifl uoromethyl group in benzene ring para position

CORT 108297: (1) (alternative name: ADS-108297) is an investigational drug developed by Corcept Therapeutics 
to treat severe metabolic and psychiatric disorders [36,37]. Unlike Mifepristone (2) [38], which is a Corcept fi rst-
generation compound that directly blocks the Glucocorticoid Receptor (GR) and the progesterone (PR) receptor,36 
CORT 108297 (1) had no activity at the progesterone receptor, a condition associated to weight gain, and showed 
to attenuate weight gain induced by the antipsychotic medication Olanzapine (Figure  1) [3,38,39].

(2) was also examined for Retrograde Amnesia (RA) [40], a memory loss for information acquired before the 
onset of amnesia. It is caused by a brain injury or by the start of a neurological disease [41]. CORT 108297 (2) was 
also tested for acute stress [40,42-44]. This compound is still in phase II trials for mild cognitive impairment, 
Alzheimer’s disease, memory impairment and post-traumatic stress disorder in the USA. 

CORT 108297 synthesis: (1) (CAS number: 1018679-79-2) starting raw material (5) may be prepared as reported 
by Zhou and co-workers with 100% yield [45]. CORT 108297 synthesis can be done starting from optically active 
chiral building block piperidine 5, as reported by Christoff ers and Scharl [46] in 2002, followed by the process 
described by Clark and co-workers [47] in 2008, starting from intermediate 9. The acid-catalyzed conversion of 
-ketocarboxylate 5 with equimolar amounts of the auxiliary L valine diethylamide 6 yielded the enamino ester 7 
with 82% yield. Treatment of the Michael donor 7 with a catalytic amount of copper (II) acetate and a slight excess 
of methyl vinyl ketone 8 gave the optically active product 9 in 74% yield after acidic hydrolysis. The reaction 

Figure 1 CORT108297 (1), Mifepristone (2) Olanzapine (3) molecular structures.
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was performed at 23 °C in acetone, and excluding moisture or air was unnecessary. According to the authors, the 
carbamate protective group of 9 seemed to be stable under workup conditions (1 M HCl). The auxiliary could be 
recovered from the aqueous layer by extraction. The piperidine 9 was cyclized to aff ord 10 in 70% yield with 97% 
ee Scheme 1.

CORT108297: (1) may also be synthesized starting from homochiral enone 10 prepared according to Christoff ers 
and Scharl46, as reported by Clark and co-workers [47], scheme 2. The formylation of 10 was accomplished 
by conversion of the enolate generated by the LDA, followed by a reaction of 2,2,2-trifl uoroethyl formate and 
then with (4-fl uorophenyl)hydrazine hydrochloride 11 to aff ord pyrazole intermediate 12. After removal of the 
N Boc protecting group with TFA, the amine was sulfonated with trifl uoromethanesulfonyl chloride (source of 
trifl uoromethyl group) in the presence of N,N-diisopropylethylamine (DIPEA) to yield 13, which was then reduced 
with DIBAL-H (diisobutylaluminum hydride) to form 14. The esterifi cation of 14 with ethyl bromide or iodide 
provided 2, Scheme 2.

Lafl unimus: (15) (alternative names: afl unimus; AP325) is an investigational drug developed by Aventis [48]. 
The compound was under investigation as an immunosuppressive agent to prevent the progression of vascular 
injury in hypertension and lower blood pressure [49]. In vitro and in vivo studies demonstrated that Lafl unimus 
(15) inhibits the secretion of immunoglobulin, an eff ect consistent with the hypothesis that this compound exerts 
its immunosuppressive eff ect by interfering with pyrimidine metabolism [48]. More recently, a clinical trial was 
reported to evaluate the effi  cacy and safety of AP-325 (15) in subjects with peripheral post-surgical neuropathic 
pain. The compound acts as an inhibitor of the enzyme Dihydroorotate Dehydrogenase (DDOH) and such inhibitors 
have been used to treat autoimmune diseases like rheumatoid arthritis and multiple sclerosis [50]. The inhibitors 
of dihydroorotate dehydrogenase have also been investigated for the treatment of cancer [51,52]. Lafl unimus (15) 

Scheme 1 Copper-catalyzed asymmetric Michael reaction with L-valine diethylamide 6 as auxiliary.

Scheme 2 108297 (2) synthetic route.
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is an analog of Terifl unomide (16) which contains a cyclopropyl moiety instead of a methyl group, as depicted in 
fi gure 2. Lafl unimos is still in the Phase IIa trial to evaluate the effi  cacy in subjects with peripheral post-surgical 
neuropathic pain [53].

Lafl unimus synthesis: Lafl unimus (CAS number: 147076-36-6) may be prepared as reported by Kuo54 
and co-workers. The process starts with the acylation of cyanoacetic acid 17 with PCl5, in dichloromethane, at 
refl ux temperature, or with Diisopropylcarbodiimide (DCI) in THF, followed by the coupling with 3-methyl-4-
(trifl uoromethyl)aniline to aff ord the amide 19 with 89% yield.The acylation of 19 with cyclopropanecarbonyl 
chloride 20 in the presence of NaH aff ords the desired product 15 as colorless crystals, Scheme 3.

Seladelpar: Seladelpar (21) (alternative names: MBX 8025 and RWJ 800025; (Figure  3) is an investigational 
drug fi rst reported by Johnson & Johnson in 2007 as a selective and potent peroxisome proliferator-activated 
receptor-delta (PPAR) agonist, but originally discovered by Ortho-McNeil Pharmaceutical (a subsidiary of 
Johnson & Johnson) [55]. Now is being developed by CymaBay Therapeutics [56]. Seladelpar (21) was under Phase 
III clinical trials for the treatment of primary biliary cholangitis, a chronic liver disease with a higher prevalence in 
women than in men [57-59]. Primary biliary cholangitis is an autoimmune disease characterized by progressive 
destruction of the small bile ducts of the liver, the cholangiocytes, causing bile to build up in the liver, a condition 
designated by cholestasis [60]. Cholangiocytes are the epithelial cells of the bile duct and are involved in the fi rst 
line of defense of the biliary system against foreign substances. Seladelpar (21) is a potent selective agonist for the 
PPAR-, a class of proteins expressed in hepatocytes and cholangiocytes that controls genes involved in bile acid 
homeostasis [57,61,62].

Seladelpar synthesis: In 2005, Kuo and co-workers [63] from Janssen Pharmaceutica N.V. fi led a patent 
(WO2005042478 A2) claiming the preparation of 4-((phenoxyalkyl)thio)-phenoxyacetic acids and analogs, 
which includes Seladelpar (21) (CAS number: 851528-79-5). Seladelpar (21) was prepared by a convergent 
synthesis starting from intermediates 24 and 27. Intermediate 24 was prepared by sulfonating the benzenic ring of 
(2-methylphenoxy) acetate 22 with chlorosulfonic acid to aff ord 23. The reaction of 23 with Sn and HCl in ethanol 
provided 24 in excellent yield. Intermediate 27 was prepared by the Mitsunobu reaction of 4-fl uoromethyl)phenol 
25 (fl uoromethyl source) with oxiran-2-ylmethanol 26 in the presence of Diisopropyl Azodicarboxylate (DIAD) 

Figure 2 Lafl unimus (15) Terifl unomide (16) molecular structures.

Figure 3 Seladelpar (21) molecular structure.

Scheme 3 Lafl unimus (15) synthetic route.
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and triphenylphosphine (Ph3P) in THF. The product obtained was purifi ed by chromatography to provide pure 
27. The epoxide ring opening of 27 with 24 in the presence of a catalytic amount of tetrabutylammonium fl uoride 
in THF for 8 hours furnished pure alcohol 28 after column chromatography. The hydroxyl group from 28 was 
alkylated with iodoethane in the presence of sodium hydride to aff ord 29, which was then purifi ed by column 
chromatography. The ester group of 29 was hydrolyzed with aqueous lithium hydroxide and THF to provide the 
desired product 21, Scheme 4.

Intermediate 27 may also be synthesized starting from 4-(trifl uoromethyl)phenol but with (2-chloromethyl)
oxirane 26, in the presence of cesium carbonate and dioxane, with a higher yield (80%) [64],as described in WO 
2006/032023 patent, also from Janssen Pharmaceutica N.V., Scheme 5.

Tasquinimod: Tasquinimod [30]; (Figure  4) (alternative names: ABR-215050 and TASQ) is an experimental 
drug developed by Active Biotech and licensed by Ipsen, initially tested for castration-resistant prostate cancer, 

Scheme 4 Seladelpar (21) synthetic route.

Scheme 5 Intermediate 27 improved process.

Figure 4 Tasquinimod (30) molecular structure.
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and currently under test for the treatment of myeloma [65-68]. According to studies performed during clinical 
trials on prostate cancer, the molecule inhibits tumor angiogenesis needed for cancer cell survival by targeting 
Histone Deacetylase 4 (HDAC4). The studies conducted during myeloma clinical trials showed that the molecule 
inhibits the growth and metastasis of tumor cells by enhancing the host immune response and inhibiting the 
angiogenic response through binding to the calcium-binding protein S100A9 [69,70]. 

Tasquinimod is currently being evaluated in Phase I multiple myeloma to establish the maximum tolerated 
dose (MTD) and optimal schedule, alone and in combination with a standard oral myeloma regimen of ixazomib, 
lenalidomide, and dexamethasone (IRd) [71].

Tasquinimod synthesis: Jönsson, and co-workers [72] reported in 2004, the synthesis of Tasquinimod (30) 
(CAS Number: 254964-60-8) starting from commercially available 2-amino-6-methoxybenzoic acid (32). 
The 2-amino-6-methoxybenzoic acid 32 was transformed into an isatoic anhydride 34 with phosgene 33 in 
1,4-dioxane, at 20 ºC. The isatoic anhydride 34 was methylated with methyl iodide, in the presence of sodium 
hydride in DMF at 5 ºC for 5 hours to give 35, which was condensed with diethylmalonate 36 to aff ord the 
corresponding methyl ester 37. The methyl ester 37 was condensed with the appropriate aniline 38 in toluene to 
provide the desired fi nal compound 30, Scheme 6.

Later on, in 2012, Bock and co-workers,[73] from Active Biotech, fi led a patent (WO 2012004338 A1) claiming a 
method to prepare quinoline 3-carboxamides such as Paquinimod (38), Laquinimod (39), and Tasquinimod (30), 
by reacting the appropriate alkyl ester and an aniline derivative (Figure  5).

According to the authors, the new process was short and avoided using expensive reagents. All intermediates 
were stable and easy to isolate in high purity by precipitation and fi ltration. The synthesis route presented in the 
patent was exemplifi ed for Paquinimod (38). The route started with an anthranilic acid 40 which was transformed 
into an isatoic anhydride 43 with ethyl chloroformate 41, followed by acetyl chloride 42 in 1,4-dioxane. The 
isatoic anhydride 43 formed was methylated with MeI in the presence of K2CO3 and DMF to give the N-methyl 44. 
Compound 44 was condensed with dimethylmalonate 36 to give the corresponding methyl ester 45. The methyl 
ester 45 was subsequently condensed with the appropriate aniline 46 in n-octane to provide the desired fi nal 
compound 38. The main impurity in the last condensation step was the remaining alkyl ester 45, Scheme 7.

According to the authors, when Tasquinimod was prepared from intermediate 37 and using the prior art 
conditions, 94% yield was obtained, with 4% of unreacted ester (37). Using optimized conditions (4Å molecular 
sieves in n-octane for 2 hours), the yield increased to 99%, with 1% of ester (37), Scheme 8.

Several methods are described in the literature to prepare 34 starting from 32 and phosgene; in NaOH and 
water, with 90% yield (reported by Wang and co-workers in 2007) [74], and in NaOH, water and toluene, for 
30 minutes at room temperature, with 88% yield (reported by Morgentin and co-workers in 2012) [75]. This 
conversion can also be performed with bis(trichloromethyl) in ethyl acetate and K2CO3 (reported by Chai and co-

Scheme 6 Tasquinimod (30) synthetic route.

Figure 5 Paquinimod (38), Laquinimod (39) Tasquinimod (30) molecular structures.
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Scheme 7 Paquinimod 38 alternative synthetic route.

Scheme 8 Tasquinimod (30) alternative synthetic route.

workers in 2007) [76] with 99% yield, in THF at 50 ºC for 12 hours (reported by Crew and co-workers in 2012) [77], 
in THF at room temperature overnight, with 87% yield (reported by Suzuki and co-workers in 2013) [78], in THF 
at -5 ºC for 5 hours with 95% yield (reported by Chen and co-workers 2019) [79] or in THF at 70 ºC for 6 hours, 
with 97% yield (reported by Lou and co-workers) [80].

The methylation of 34 may also be prepared with MeI in the presence of NaH in DMF, at room temperature for 
30 min, with 53% yield, as reported by Lou and co-workers in 2018 [80].

Terifl unomide: Terifl unomide (16), commercially available under the tradename AUBAGIO® by Sanofi , [81] is 
a once-daily oral immunomodulatory Disease-Modifying Therapy (DMT) presently approved in several regions, 
including Europe, North America, Latin America and Australia, for the treatment of Relapsing Forms of Multiple 
Sclerosis (RMS; RRMS). The therapeutic mode of action of Terifl unomide in Multiple Sclerosis (MS) continues to 
be investigated [82]. Multiple sclerosis is an autoimmune infl ammatory disorder of the Central Nervous System 
(CNS) of unknown etiology, characterized by demyelination and variable degrees of axonal loss. The disease 
aff ects mostly young women (between ages 20 and 40) and is one of the leading causes of disability in young 
adults in the United States [83]. Terifl unomide received its fi rst approval for the same indication in pediatric 
patients aged ≥ 10 years in the EU on 18 June 2021 [84]. Terifl unomide (16) is the active metabolite of lefl unomide 
(46) [85], formed by in-vivo isoxazole ring opening (Figure  6).

Terifl unomide synthesis: Several methods are described in the literature to prepare Terifl unomide (16) (CAS 
number: 163451-81-8) and some of them are presented herein. In 1996, Bartlett and Kammerer [86], from 
Hoechst Aktiengesellschaft,fi led the patent U.S. Patent No. 5,494,911 for the synthesis of Terifl unomide (16). 
The process consisted of reacting 5-methyl isoxazole-4-carbonyl chloride 47 with 4-(trifl uoromethyl) aniline 
48 in acetonitrile to obtain lefl unomide (46). Subsequent hydrolysis with aqueous sodium hydroxide solution in 
methanol gives Terifl unomide (16), which was then purifi ed in a mixture of acetonitrile and water at 60-65 ºC to 
obtain a pure product Scheme 9, [86].

In the same year, Morris and Bartlett fi led a patent (US 5,519,042) [87] claiming a new method to treat 

Figure 6 Terifl unomide (16) Lefl unomide (46) molecular structures.
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hyperproliferative vascular disease comprising the administration of Terifl unomide or lefl unomide or derivatives 
thereof, and they used the same process described above. This process was also followed by Rajan and Eswaraiah 
[88], from MSM Laboratories Private Limited, in a patent fi led in 2015 (WO2015/029063) to prepare a new 
polymorphic form of Terifl unomide.

Later, in 2016, Palle and co-workers [89] from Biocon Limited fi led the patent WO2016203410A1 claiming a safe, 
simple, economical and commercially practical process providing a product with high yield and chemical purity. 
The process consisted of chlorinating 5-methylisoxazole-4-carboxylic acid 47 with thionyl chloride, in toluene, 
at 70 80 ºC to aff ord 50, which reacts with 4-(trifl uoromethyl) aniline 48 in the presence of cesium carbonate, in 
a biphasic mixture composed of ethyl methyl ketone and water, at 45 ± 2°C, to aff ord 46. The compound 46 was 
not isolated and was readily hydrolyzed with aqueous sodium hydroxide solution in methanol to give pure 16, 
after recrystallization from water acetonitrile at 60-65 ºC. According to the authors, this process eliminated the 
Lefl unomide (46) intermediate isolation, which was a time-consuming and often led to impurities in the product 
mixture, Scheme 10. 

In 1999, Hirth and co-workers [90], from Sugen Inc., fi led a patent (US patent 5,990,141) entitled “Treatment of 
platelet-derived growth factor-related disorders such as cancer” which describes the synthesis of Terifl unomide 
(16), starting from the reaction of 51 with 4-(trifl uoromethyl) aniline 48, under refl ux, to aff ord acetoacetyl-(4-
trifl uoromethyl)aniline 52. Compound 52 reacts with acetic anhydride in triethoxymethane 53, under refl ux, to 
give 54. The reaction of 54 with hydroxylamine hydrochloride in ethanol, at refl ux for 1 hour, aff orded Lefl unomide 
(46), which after treating with DBU in EtOH at room temperature, provided the fi nal product (16), Scheme 11. 

In 2017, Subramaniam and co-workers [91] reported the same synthetic route starting from 52. The main 
diff erence of this route synthesis was the conversion of Lefl unomide (46) to Terifl unomide (16) with HCl in 
methanol.

In 1999, Mahajan and co-workers [92], reported the synthesis of Terifl unomide (16), starting from cyanoacetic 
acid 55. The process involved the coupling of cyanoacetic acid 55 with 4-(trifl uoromethyl) aniline 48, in the 
presence of diisopropylcarbodiimide to form pure 56, after recrystallization from ethanol. Intermediate 56 was 
treated with NaH and acylated with acetyl chloride to aff ord pure product 16. Uckun and co-workers also described 
this process in US 6,355,678 B1 patent, fi led in 2002, Scheme 12 [93].

In 2004, Hachtel and co-workers from Aventis Pharma Deutschland GmbH fi led the US 2004/0186173 A1 
patent [94] describing the preparation of Terifl unomide (16)by reacting phenyl-substituted 2-cyano-N-(phenyl)
acetamide 56 in the presence of acetic anhydride and sodium hydroxide, Scheme 13. According to the authors, 

Scheme 9 Terifl unomide (16) synthetic route.

Scheme 10 Terifl unomide (16) synthetic route.
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Scheme 11 Terifl unomide (16) synthetic route.

Scheme 12 Trifl unomide (16) synthetic route.

Scheme 13 Terifl unomide (16) synthetic route.

the disadvantages of the processes described in US 5,519,042 and US patent 5,700,822 patents were low yield and 
purity.

In 2009, Keshav and co-workers, from Alembic Limited, fi led a patent (WO 2009/147624 A) claiming a process 
to prepare Terifl unomide (16). Ethyl cyanoacetate 57 reacts with acetic anhydride 58 in the presence of K2CO3 in 
DMF at room temperature to aff ord 59. The compound 59 reacts with 4-(trifl uoromethyl) aniline 48 in xylene, 
under refl ux, for 48 hours to provide the desired product (16), Scheme 14.

In 2010, Keshav and co-workers [95], reported in the patent WO 2010013159 that the processes described in 
the patents US 5,494,91, US 5,990,141 and US 6,365,626 require chromatographic purifi cation, which in turn 
results in low yield. According to the authors, the process presented in WO 2010013159 had less steps and was 
feasible at a commercial scale. The process consisted of refl uxing the ethyl acetoacetate 60 with 4 (trifl uoromethyl 
phenyl) aniline 48 in xylene to give pure 3-oxo-N-(4-trifl uoromethylphenyl)butanamide 61, after column 
chromatography purifi cation. At room temperature, the 61 was brominated with KBr, H2O2 and HCl in toluene 
to aff ord pure 2-bromo-3-oxo-N-[4-(trifl uoromethyl)phenyl]butanamide 62, after column chromatography 
purifi cation. Finally, 62 reacts with NaCN in DMSO to give Terifl unomide (16), Scheme 15.

In 2012, Chen and Sun, from China Pharmaceutical University, fi led the patent CN 102786437 claiming a 

Scheme 14 Terifl unomide (16) synthetic route.
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process for preparing Terifl unomide (16) [96], The process starts by reacting 2-cyanoacetic acid 55 in toluene, 
under refl ux, to form 2-cyanoacetic anhydride 63, which reacts with 4-trifl uoroaniline 48 to aff ord 2-cyano-N-
(4-(trifl uoromethyl)phenyl)acetamide 56. Treatment of 56 with NaH, followed by acylation yields Terifl unomide 
(16), Scheme 16. 

In 2014, Xinliang Chen and co-workers [97], from Hybio Pharmaceuticals (Wuhan), fi led a patent CN 103848756 
to prepare Terifl unomide (16) and its intermediate. The process starts by using a diff erent source of fl uorine, 
4-(trifl uoromethyl)benzoic acid 64. Compound 64 reacts with sodium azide to aff ord 4-(fl uoromethyl)benzoyl 
azide 65, which after Curtius rearrangement produces the 4 (trifl uoromethyl)benzoyl isocyanate 66. Finally, the 
isocyanate 66 was treated with NaH, followed by the reaction with 3-oxobutanenitrile 67 to aff ord 16, Scheme 17.

One year later, in 2015, Li and co-workers [98], also from Hybio Pharmaceutical Co., fi led another patent 
(CN 104693070) claiming a new synthetic method for preparing terifl unomide (16). The process consists of 
chlorinating 2-cyanoacetic acid 55 with thionyl chloride to aff ord 2-cyanoacetyl chloride 67, which reacts with 
4-trifl uoroaniline 48, in the presence of triethylamine, in dichloromethane to aff ord 56. The treatment of 56 with 
sodium followed by acylation provided (16) in 91% yield, Scheme 18.

Vicriviroc: Vicriviroc (68); (Figure  7) (alternative names: SCH-417690 and SCH-D) is an investigational drug 
originally from Schering-Plough, for the treatment of immunodefi ciency virus type 1 (HIV-1) infection. Vicriviroc 

Scheme 15 Terifl unomide (16) synthetic route.

Scheme 16 Terifl unomide (16) synthetic route.

Scheme 17 Terifl unomide (16) synthetic route.

Scheme 18 Terifl unomide (16) synthetic route.
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(68)is a next-generation antiretroviral compound that blocks HIV from entering uninfected cells by binding to 
the virus's cellular co-receptor chemokine receptor 5 (CCR5) [99,100]. It was shown that vicriviroc is a potent 
antagonist of the CCR5 receptor, possessing broad-spectrum antiviral activity [100].

Vicriviroc (68) was acquired by Merck as part of its merger with Schering-Plough, which had been developing 
the drug for over ten years. In 2010 Merck announced that it was to halt all development of the CCR5 inhibitor 
Vicriviroc (68), following disappointing data from a Phase II study of the drug in people with HIV with no previous 
history of treatment [101]. However, in 2011, the pharmacokinetic interaction of Vicriviroc in regimens containing 
the most common antiretroviral agents (protease inhibitors atazanavir, darunavir, fosamprenavir, indinavir, 
nelfi navir, saquinavir and tipranavir) was assessed with positive results [102]. It also assessed the eff ect of 
Vicriviroc with or without ritonavir on oral contraceptive pharmacokinetics [103]. In 2015, a Phase I study was 
performed to evaluate the pharmacokinetics and safety of two Intravaginal rings (IVRs) containing diff erent doses 
of a combination of two HIV ARV drugs, Vicriviroc (VCV) (MK-4176) and MK-2048, in healthy, HIV-uninfected 
women [104]. The safety and pharmacokinetics of IVRs containing Vicriviroc, MK-2048, and a combination of 
Vicriviroc/MK-2048, in healthy, HIV-uninfected women were assessed in the following year [105]. The safety and 
effi  cacy of Vicriviroc (MK-7690), at 2 dose levels in combination with pembrolizumab (MK-3475), in participants 
with advanced/Metastatic Microsatellite Stable (MSS) Colorectal Cancer (CRC) was evaluated in 2018 [106]. 

Vicriviroc synthesis: In 2003, Leong and co-workers [107] from Schering Corporation fi led a patent 
(WO2003084950 A1) claiming the preparation of Vicriviroc (68) (CAS number. 541503-81-5) starting from 
intermediates 75 and 78 in the presence of a cyanate compound 79, according to Scheme 19. Intermediate 75 
was prepared by reacting 69 with 4 chlorobenzenesulfonyl chloride 70 in the presence of 1,4-diazabicyclo[2,2,2]
octane (DABCO), in toluene, at -5/-15 ºC, for 1 hour to aff ord 71. Compound 71 reacts with 72 in the presence of 
potassium carbonate in acetonitrile at room temperature to give 73. The hydrolysis of 73 in acidic media, at 95-100 
ºC for 1 hour, aff ords an oily free base, which was then converted to its corresponding salt as white solid 75, in the 
presence of D-tartrate acid 74, in a mixture of methanol and toluene. Intermediate 78 was prepared by reacting 
76 with 4 piperidone monohydrate hydrochloride 77 in the presence of N,N,N',N'-tetramethylethylenediamine 
(TMEDA) and acetonitrile at -10 ºC to 0°C, followed by the addition of methanesulfonyl chloride and more TMEDA 
to aff ord 78. The reaction of tartrate salt 75 with 78 and cyanohydrin 79 yields 80, which reacts with AIMe3 and 
MeMgCl at 20-30°C to give 68, Scheme 19.

In 2004, Tagat and co-workers [108] from Schering-Plough Research Institute reported the synthesis of 
piperazine-piperidine compounds, which includes Vicriviroc (68), according to a route designated as the SN2 
displacement route (Scheme 20). The process starts by adding aryllithium 81 to the Weinreb amide 82 to aff ord 
-alkoxyacetophenone 83 as an amber oil. The  alkoxyacetophenone 83 was reduced by (S)-CBS (or Corey–
Bakshi–Shibata catalyst) in borane dimethylsulfi de to furnish chiral benzylic alcohol 69 as a yellow oil. Activation 
via mesylate yields 84 (colorless oil) which, upon reaction with the chiral piperazine 85 led to the desired (R,S) 
diastereomeric 86, after fl ash chromatography treatment. The N-Boc deprotection of 87, followed by the reaction 
with titanium isopropoxide and diethylaluminum cyanide and then magnesium bromide, was aff orded 88. At 
room temperature the Boc deprotection of 88 with TFA in dichloromethane aff orded 89, which condensed with 
4,6 dimethylpyrimidine-5-carboxylic acid 76 to give the fi nal target 68, Scheme 20.

In 2006, Ramanathan and co-workers [109] from Schering Corporation USA fi led a patent (US 20060105964 
A1) claiming the preparation of piperazine derivatives, which included Vicriviroc (68), Scheme 21. The process 

Figure 7 Vicriviroc (68) molecular structure.
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Scheme 19 Vicriviroc (68) synthetic route.

Scheme 20 The SN2 displacement route for Vicriviroc (68).

starts by oxidizing 1-(trifl uoromethyl)-4-vinylbenzene 90 with m-chloroperoxybenzoic acid (m-CPBA) to form 
2-(4-(trifl uoromethyl)phenyl)oxirane 91 as a colorless oil. The epoxide 91 formed was opened with NaOCH3 in 
methanol to aff ord 92 as a colorless oil, which is mesylated in the presence of triethylamine in dichloromethane 
to aff ord 93. The coupling of 93 with 85 in acetonitrile, under refl ux, aff orded a racemic mixture. After fl ash 
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Scheme 21 Vicriviroc (68) alternative synthetic route.

Scheme 22 The modifi ed forward-synthetic route toward Sch-D.

chromatography on silica gel, aff orded pure 94. The reductive amination of the free N-Boc-piperidin-4-one with 
the installation of the ipso-methyl group provided the Boc-protected piperidinyl 95. The Boc protecting group 
was removed from the piperidine nitrogen with TFA. The resultant compound was coupled with acid 76 in the 
presence of EDCI/HOBt to provide 68.

Vicriviroc (68), may also be prepared as reported in 2007 by Jiang (Feng) and co-workers [110]. The 
process consists of 8 steps, starting with the bromination of 1-(4-(trifl uoromethyl)phenyl)ethan-1-one 95 in 
dichloromethane, at refl ux temperature, to aff ord 96 as white crystals. The bromo from the  bromoacetophenone 
96 is displaced by nucleophilic substitution with methanol in the presence of Ag2O, BF3.Et2O, at room temperature 
to aff ord 83 as white crystals. The asymmetric reduction of 83 with borane dimethylsulfi de (BMS) catalyzed by 
CBS aff orded 92 as a yellowish oil. Compound 92 leads to 93 by mesylation with mesyl chloride in the presence 
of triethylamine. The condensation with L alanine methyl ester 97 yielded 98 which, by acetylation with 2 
chloroacetyl chloride 99, gives 100. The condensation with 101 aff ords 102, which after N-Boc deprotection with 
TFA in dichloromethane at room temperature and coupling with 76 in the presence of EDCl, HOBt and DIPEA 
aff ords Vicriviroc (68), Scheme 22.

Voruciclib: Voruciclib (103) (alternative name: P-1446A-05) is an investigational drug originally from Piramal 
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Life Sciences and developed by MEI Pharma Piramal Enterprise [111,112]. Voruciclib initiated in 2018 a Phase I 
clinical trial to determine the safety and effi  cacy in patients with relapsed/refractory B cell malignancies like 
chronic lymphocytic leukemia and acute myeloid leukemia [113]. Approximately 35% to 40% of patients with 
diff use large B-cell lymphoma and who did not cure with standard frontline therapy, will exhibit primary refractory 
or relapsed disease [114]. Novel biological targets, enabled by biological advances in the characterization of B 
cell lymphomas, are being evaluated in clinical trials [115]. Inhibition of Cycline-Dependent Kinase 9 (CDK9), a 
member of the CDK proteins family, results in the repression of short-life cells like Mcl-1 which are associated 
with apoptosis implicated in the pathogenesis of malignancies like lymphomas and leukemias. Voruciclib (103) 
(Figure  8) acts as an inhibitor of CDK9, indirectly inhibiting the apoptotic function of Mcl-1.

The approach of targeting Mcl-1 by inhibiting specifi c CDK isoforms that regulate transcription, particularly 
CDK9, was conducted after failure in the preclinical development of Mcl-1 inhibitors, due to their toxicity [116]. 

Voruciclib synthesis: In 2007 Sivakumar and co-workers [117], from Piramal India Limited, fi led a patent (WO 
2007148158 A1) claiming the preparation of the enantiomerically pure compound and its intermediates which 
includes Voruciclib (103) (Cas number. 1000023-04-0), Scheme 23. The process starts by reacting 1-methyl-
4-piperidone 104 with 1,3,5-trimethoxybenzene [105] in glacial acetic acid, at a temperature below 40 ºC, to 
aff ord [106], which is reduced to [107] with NaBH4 in the presence of BF3.Et2O, in THF. The hydroxyl group on 

Figure 8 Voruciclib (103) molecular structure.

Scheme 23 Voruciclib (103) synthetic route.
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the piperidine ring is activated with methanesulfonyl chloride and triethylamine. The following step is the ring 
contraction with sodium acetate to aff ord [108], which after hydrolysis with an aqueous NaOH solution in methanol 
yields [109]. Resolving [109] with (-)-DBTA (dibenzoyl tartaric acid) followed by acylation with acetic anhydride 
aff ords [110], which reacts with [111] in the presence of a base DCC-DMAP combination in dichloromethane to 
aff ord [112]. The Baker-Venkataraman rearrangement of the resolved 112 with a lithium hexamethyl disilazide 
in THF led to the corresponding -diketone [113], which cyclizes to give hydrochloride fl avone [114] after acid 
treatment. Subjecting the compound of formula [114] to dealkylation by heating it with a dealkylating agent 
pyridine hydrochloride at a temperature ranging from 120-180 °C to obtain the {+)-trans enantiomer of the 
compound of formula [103]. Rathos and co-workers, [118] also from Piramal Life Sciences Limited, described the 
same process in a patent (WO2012066508 A1) fi led in 2012.

Compounds containing one trifl uoromethyl group in benzene ring meta position

Alvelestat: MPH-966, previously AZD-9668 and also known as Alvelestat (115; (Figure  9)), is an oral small 
molecule that selectively and reversibly inhibits Neutrophil Elastase (NE), an aggressive and cytotoxic protease 
enzyme that is associated with the destruction of lung tissue. NE has long been known to be implicated in the 
signs, symptoms, and disease progression in many lung disorders through its role in infl ammatory processes, 
mucus over-production, and lung tissue damage. Normally NE activity is tightly regulated by endogenous 
protease inhibitors including 1-antitrypsin (AAT), secretory leukoprotease inhibitor, and 2-macroglobulin. 
AstraZeneca initially developed Alvelestat for treating COPD, Cystic Fibrosis (CF) and bronchiectasis, where these 
NE pathways are known to be disrupted [119,120]. 

More recently, in 2020, Phase II clinical trials were conducted to reduce lung damage and slow the progression 
of lung disease in patients with AAT defi ciency [121]. Alvelestat was also tested for Covid treatment as reported by 
Erin in 2022 [122].

Alvelestat synthesis: In 2005, Anderson and co-workers123 from AstraZeneca AB, fi led a patent (WO 2005/026 
123) claiming the preparation of novel 2-pyridone derivatives, which included Alvelestat (115) (CAS number 
848141-11-7), Scheme 25. Alvelestat (115) is prepared by a convergent synthesis starting from intermediates 124 
and 128. The intermediate 124 preparation process starts by coupling 3-trifl uoromethyl aniline 116 with ethyl 
3-chloro-3-oxopropanoate 117, in acetone with triethylamine, to aff ord 118. The reaction of 118 with 119 in the 
presence of sodium methoxide in ethanol, followed by cyclization and ethyl ester hydrolysis with HCl, provided 
the correspondent acid 120, which was recrystallized twice from heptane/ ethyl acetate. The esterifi cation 
of 120 with iodoethane in the presence of disodium carbonate in NMP, aff orded [121]. The iodination of the 
pyridine ring with N-iodosuccinimide (NIS) with TFA and dichloromethane aff orded [122]. Compound [122], 
after the Stille palladium-catalyzed coupling with [123] aff orded [124]. Intermediate 128 was prepared by 
reacting 5-bromopicolinonitrile [125] with sodium methanethiolate to provide [126], which after oxidation with 
3-chloroperbenzoic acid followed by hydrogenation aff orded [127]. The amide formation by coupling 128 with 
124, in NMP, with HBTU and DIEA, provided crude 115 which was purifi ed by preparative HPLC and freeze-dried 
to give the free base as a white solid, Scheme 24. 

Alcaraz and co-workers [124],also from AstraZeneca UK Limited, fi led a patent (WO2010094964A1) in 2010 
claiming a process which, according to the authors, had signifi cant advantages compared to previous routes. This 
process had less steps and aff orded signifi cantly improved yields. The route also minimized the use of potentially 

Figure 9 Alvelestat (115) molecular structure.
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Scheme 24 Alvelestat (115) synthetic route.

Scheme 25 Alvelestat (115) alternative synthetic route.

toxic reagents such as ethyl iodide and organotin compounds, Scheme 25. The route also provides the fi nal 
compound with improved purity.

Enobosarm: Enobosarm (136) (alternative names: ostarine, GTx-024, S-22) is an investigational drug 
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developed by GTx, Inc., formerly under development by Merck & Company [125], 126 GTx-024 is an orally 
bioavailable nonsteroidal selective androgen receptor modulator (SARM), with tissue-selective anabolic and 
androgenic pharmacologic activity [127-131]. Enobosarm (136) is under clinical trials for treating cancer cachexia, 
sarcopenia and muscle wasting diseases [132-134]. It was designed to work like testosterone, promoting muscle 
growth. Muscle wasting, with or without fat mass loss, is a complex metabolic syndrome designated by cachexia 
[135]. It is a common condition in cancer, characterized by systemic infl ammation, negative protein and energy 
balance, and an involuntary loss of lean body mass. Enobosarm (136) is a member of the class of organic compounds 
known as trifl uoromethylbenzenes (Figure  10) and has been shown to stimulate the growth of lean muscle mass 
in humans in Phase I, II, and III clinical trials [136].

The rational design of Enobosarm (136) was based on the anilide molecular structures of non-steroidal 
androgen drugs approved for the treatment of prostate cancer, namely, Flutamide (137), 2 Hydroxyfl utamide 
(138), Bicalutamide (139), Nilutamide (140) and Enzalutamide (141) (Figure  11) [137].

Interestingly, novel Enobosarm analogs (Figure  12) were designed by the rational addition of bis trifl uoromethyl 
groups into the phenol ether ring, resulting in an improved binding affi  nity for the androgen receptors.138 SK33 
(142) and SK51 (143) analogs showed in vitro to be 100-fold more potent than Enobosarm (136), using a panel of 
LNCaP prostate cancer cell lines [138].

Enobosarm synthesis: In 2007 Dalton and co-workers fi led a patent (US 2007/0123563 A1) describing the 
synthesis of Enobosarm (136) (CAS number 841205-47-8) [139]. More recently, in 2019, Narayanan and co-
workers [140-143] from Oncternal Therapeutics fi led a patent (US 2020/028593 A1), describing the same synthesis 
of Enobosarm (136) (enantiomer S), as illustrated in Scheme 26. 2-Methyl-acroloy chloride [144] is coupled 
with pyrrolidine 2-carboxylic acid [145]in a mixture of acetone with aqueous NaOH 2N, at 0 – 5 ºC to rt, for 3 
hours, aff ording crude 146 as a colorless oil, which after recrystallization from ethyl ether and hexanes aff orded 
[146] as colorless crystals. Recrystallized [146] reacts with N-Bromo Succinimide (NBS) in Dimethylformamide 
(DMF) at room temperature to aff ord [147]. Acidic hydrolysis with aqueous HBr produces the crude carboxylic 

Figure 10 Enobosarm (136) molecular structure.

Figure 11 Approved drugs for the treatment of prostate cancer.

Figure 12 Enobosarm analogs SK33 (142) SK51 (143) molecular structures.
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acid 148, which after workup, isolation and recrystallization from toluene aff orded pure [148]. The chlorination 
with thionyl chloride aff orded the acid chloride [149], which was coupled with [150] in triethylamine at room 
temperature to give the pure amide [151], after the column chromatography and recrystallization. The coupling 
with 4-hydroxybenzonitrile 152 in the presence of K2CO3 and 2-propanol yielded Enobosarm (136).

According to Dalton and co-workers 139, alternatively, intermediate [151] may be treated with K2CO3 in 
acetone to aff ord an oxirane [152], which reacts with 4-hydroxybenzonitrile [153], in the presence of K2CO3 and 
in 2-propanol (as presented in Scheme 27), to aff ord the desire 136.

In 2013, Schragl [141] and co-workers reported the synthesis of a new, simple route for the effi  cient preparation 
of racemic O-dephenylostarine [154], a potential intermediate for the synthesis of Enobosarm (136), Scheme 28.

According to the authors, a short, highly cost-eff ective pathway providing [154] in 31% yield over fi ve reaction 
steps was developed (Scheme 29). The synthesis starts with the epoxidation of methacrylic acid [155] with m-CPBA 
to give epoxide 156 in 70% yield. The DIPEA-salt of epoxy acid [156] was reacted with in-situ generated isocyanate 
[157] to provide intermediate [158], which after decarboxylation yielded the desired epoxyamide [153] together 
with the corresponding chlorohydrins [159]. The authors explained that the formation of the chlorohydrins could 
be due to the presence of chloride ions in the reaction mixture, resulting from triphosgene. The conversion of [15-
159] was easily achieved by treatment of the corresponding chlorohydrin with DBU to give [153] in good yield over 
three steps. The best result for the epoxide opening reaction was obtained by refl uxing [153] in a mixture of DMF/
water and O dephenylostarine [154] in 72% yield.

2-Hydroxyfl utamide: 2-Hydroxyfl utamide (138) (alternative names: SCH-16423) is an investigational drug 

Scheme 26 Enobosarm (136) synthetic route.

Scheme 27 Enobosarm (136) alternative synthetic route via oxirane intermediate.

Scheme 28 Enobosarm (136) retrosynthesis.
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originally from LIDDS; Uppsala University, Inc. [142]. 2 Hydroxyfl utamide (138) is the active metabolite of 
Flutamide (137) and its molecular structure holds an additional hydroxyl group, as depicted in fi gure 13.

Analyses of plasma, urine and feces, following oral dose administration of Flutamide (137), showed rapid 
conversion of Flutamide (137) to Hydroxyfl utamide (138), being observed high plasma levels of Hydroxyfl utamide 
(138), which suggested Hydroxyfl utamide (138) be the active form of Flutamide (137) [143]. 2-Hydroxyfl utamide 
(138) acted as a nonsteroidal antiandrogen and was used in Phase II clinical trials to treat prostate cancer [144]. 
Reduction in serum prostate-specifi c antigen and prostate volume were observed in most patients participating 
in the clinical trials. It was thought that the drug might have controlled cancer by inducing apoptosis or inhibiting 
cell growth through cell cycle arrest, resulting in long-term cancer suppression. In vitro prostate cancer cell 
studies suggested that 2-Hydroxyfl utamide (138) modulates the phosphorylation of cadherin, catenin and 
androgen receptors [145]. Cadherins are a family of cell surface proteins, and catenins are a family of proteins 
found in complexes with cadherin in cell adhesion molecules of animal cells [146]. The complex cadherin/catenin 
is essential in maintaining epithelial integrity through cell-to-cell adherence. Any dysfunction or destabilization 
of the cadherin-catenin complex may result in loss of intercellular adhesion and possible tumor progression [147]. 
The cadherin/catenin complex stability is related to its phosphorylation status because phosphorylation regulates 
cellular functions like cell growth, diff erentiation, apoptosis, and alterations in phosphorylation pathways may 
result in cancer disease.

2-Hydroxyfl utamide synthesis: 2-Hydroxyfl utamide (CAS number: 52806-53-8) may be prepared using the 
conditions reported by Bal'on and co-workers [148] in 2009. Intermediate 161 is commercially available but may 
be synthesized in 100% yield with thionyl chloride, at room temperature, for 4 hours, starting from 2-bromo-
2-methyl propanoic acid (160), as described in the Chinese patent by Jiang and co-workers in 2017 [149]. The 
intermediate 161 is condensed with4 nitro-3-(trifl uoromethyl)aniline 162 in the presence of ZnCl2, in benzene, 
at refl ux temperature, to yield 138 (Scheme 30).

Lifi rafenib: Lifi rafenib (163) (alternative names: BGB-283) is an investigational drug originally from BeiGene 

Scheme 29 Synthesis of racemic O-dephenylostarine.

Figure 13 Flutamide (138) and 2-Hydroxyfl utamide (137) molecular structures.
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[150]. Lifi rafenib (163) is a novel small molecule under Phase I clinical trials for the treatment of solid tumors in 
patients with mutated B-Raf (Rapidly accelerated fi brosarcoma) and K-Ras/N-Ras (Rat Sarcoma) kinase proteins 
[151]. Raf kinases initiate the Mitogen-Activated Protein Kinase (MAPK) pathway, which regulates cell proliferation 
by transmitting signals from the membrane receptors to the cell nucleus [152,153]. Raf and Ras mutations have 
been found in melanomas and cancers, providing a better understanding of the mechanisms underlying resistance 
and driving specifi c therapies for mutant forms mediating malignant transformation. [154,155]. Lifi rafenib (163) 
is a fused tricyclic compound (Figure  14) that inhibits Raf's activities, showing potential for treating cancers with 
aberrations in the MAPK pathway [156]. 

The compound also inhibited the Epidermal Growth Factor Receptor (EGFR) at the biochemical and cellular 
levels. EGFR is a trans-membrane protein acting as a receptor for extracellular protein ligands of the epidermal 
growth factor family [157]. It regulates signaling pathways to control cellular proliferation. Mutations aff ecting 
EGFR expression or activity may lead to cancer. Results on in vitro and in vivo K RAS models support a new 
strategy to target K RAS-mutated cancers in the clinic. This strategy was currently being tested in a Phase I-b 
study evaluating Lifi rafenib (163) (BGB-283) in combination with Mirdametinib (165) (PD-0325901; fi gure 15) 
in patients with advanced or refractory solid tumors harboring RAS mutations, RAF mutations, and other MAPK 
pathway aberrations [158].

Lifi rafenib synthesis: Lifi rafenib maleate (163-a) (CAS number: 1446090-79-4) may be prepared using the 
process described in a patent fi led in 2016 by Zhang and Zhou, from Biopharmaceutical company BeiGene Ltd 
(WO2016165626A), Scheme 31 [159]. The process starts by the tosylation of the alcohol group from the benzofuran 
5 ol 166 with TMSCl, in dichloromethane, at -5 to 0 ºC. The tosylate residue 167 obtained after the workup, was 

Scheme 30 Synthetic route of 2-Hydroxyfl utamide (138).

Figure 14 Molecular structure of Lifi rafenib maleate (163-a).

Figure 15 Mirdametinib (165) molecular structure.
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directly used in the next step. The tosylate 167 reacted with ethyl diazoethanoate in the presence of copper trifl ate 
complex with toluene and (S,S)-Evans Ligand in DCM to aff ord the crude residue 168, which was collected by 
distillation at 120~140 ºC. Treatment of 168 with HCl in methanol aff orded 169, which, after recrystallization from 
n-heptane/EtOAc, gave 169-a with 99.3% chiral purity. The coupling of 169-a with 5-fl uoro-3,4-dihydro-1,8-
naphthyridin-2(1H)-one 170 in the presence of cesium carbonate in DMF aff orded 171, which after hydrolysis 
with aqueous sodium hydroxide and THF gave 172. The coupling of 172 with 173 in the presence of HATU and 
DIPEA, in DMF, yielded 174, which cyclized to 163 free base by treatment with acetic acid, and afterwards, was 
converted to a crystalline form of maleate salt 163-a.

Ligandrol: Ligandrol (176) (alternative names: VK5211, LGD-4033) was initially developed to address conditions 
associated with the loss of muscle mass with age. Phase I clinical trials were found to act as a Selective Androgen 
Receptor Modulator (SARM), binding to the androgen receptor with high affi  nity and selectivity [160]. The clinical 
trial showed that the compound stimulated preferentially skeletal muscle while sparing the prostate, indicating 
that its pharmacologic actions were tissue-selective. The androgenic activity was confi rmed in this study by 
signifi cant gains in muscle mass and strength, and by the suppression of testosterone, sex hormone-binding 
globulin and High-Density Lipoprotein (HDL) cholesterol levels. It has been hypothesized that non-steroidal 
selective androgen modulators like Ligandrol (176) provide the benefi cial eff ects of androgens, like increased 
muscle mass and bone density, and have reduced anabolic side eff ects associated with androgenic steroids, 
like prostate stimulation in men and virilizing activity in women [161]. Ligandrol (176) is a small nonsteroidal 
molecule exhibiting two trifl uoromethyl moieties in its molecular structure (Figure  16).

In vitro and animal model studies conducted with a combination of Ligandrol (176) and bisphosphonate 
alendronate, provided positive results regarding the potential use of such combination therapy for osteoporosis 
and bone frailty [162]. Interestingly, a review article about osteosarcopenia, a condition where osteoporosis and 
sarcopenia occur together, published in a geriatric maganize, referred that clinical Phase II trials with Ligandrol 
(176), showed a signifi cant increase in lean muscle mass and a signifi cant improvement in procollagen type 1 N 
propeptide (P1NP), a marker of bone formation, suggesting a dual eff ect on bone and muscle (unpublished results) 
[163]. In 2020, Barbara [164] reported the case of a 32-year-old man who developed severe drug-induced liver 
injury after using Ligandrol (176). In the same year, Roch and co-workers [165] reported the results of a study to 
investigate the eff ect of Ostarine (136; fi gure 17) and Ligandrol (176) on the muscle tissue of ovariectomized rats 
as the standard model for postmenopausal conditions. A benefi cial eff ect on muscle vascularization was observed 
for both SARMs, with a more substantial impact on Ostarine (136). Ligandrol (176) showed more eff ect on muscle 
metabolism. However, higher intramuscular fat content was observed after Ligandrol (176) treatment, and a 

Scheme 31 Synthetic Route of Lifi rafenib maleate (163-a).
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Figure 16 Ligandrol (176) molecular structure.

Figure 17 Ostarine or Enobosarm (136) molecular structure.

Figure 18 Vecabrutinib (182) and Ibrutinib (183) molecular structures.

uterotrophic eff ect of both SARMs at higher dosages, which could be considered unfavorable side eff ects, and a 
limitation for applying the dosages used. 

Ligandrol synthesis: Recently, in 2019, Grill and co-workers [166] reported the synthesis of Ligandrol (176) 
starting from the reaction of 4-fl uoro-2-(trifl uoromethyl)benzonitrile 177 with D-prolinol 178 in THF, and 
with Hünig base, at room temperature, for 2 days, to aff ord 179. The reaction of 179 with oxalyl chloride 180 in 
dichloromethane at -78 ºC aff orded 181. The reaction of 181 with trimethyl(trifl uoromethyl)silane in THF at 0 ºC 
for 15 hours aff orded 176 (Scheme 32).

Vecabrutinib: Vecabrutinib (182; fi gure 18) (alternative name: SNS-062) is a second-generation, noncovalent 
(reversible) Bruton's Tyrosine Kinase (BTK) inhibitor developed by Sunesis Pharmaceuticals as a therapeutic for 

Scheme 32 Alternative synthetic route of Ligandrol (176).
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B cell malignancies that have developed resistance to fi rst-generation BTK inhibitors such as Ibrutinib (183), 
through the acquisition of the Cys481Ser mutation in the enzyme's active site [167].

In 2016, Newman and co-workers reported the results of a randomized, double-blind placebo-controlled 
Phase I study and the results were encouraging, with favorable pharmacokinetic and safety properties [168]. In 
2018, Jebaraj and co-workers investigated the effi  cacy of Vecabrutinib (182) using the Eμ-TCL1 adoptive transfer 
model. Vecabrutinib was effi  cacious in vivo in a preclinical Chronic Lymphocytic Leukemia (CLL) adoptive transfer 
model, decreasing tumor burden in diff erent organs and signifi cantly improving survival [169].In 2019, Alan and 
co-workers reported an open-label modifi ed 3+3 dose-escalation, cohort expansion Phase I trial in patients with 
advanced B-cell malignancies. According to the results, Vecabrutinib's (182) safety profi le at 25 and 50 mg BID 
dose levels was acceptable and the dose escalation was ongoing [170]. In 2020, Sunesis Pharmaceuticals announced 
that the Company would not advance its non-covalent BTK inhibitor Vecabrutinib (182) into a planned Phase II 
trial in adults with relapsed/refractory Chronic Lymphocytic Leukemia (CLL) and other B-cell malignancies [171].

Vecabrutinib synthesis: In 2013, Hopkins and co-workers167 from Biogen IDEC MA INC. fi led a patent 
(WO2013185084 A1) on pyrimidinyl tyrosine kinase inhibitors which include Vecrabrutinib (182) (CAS number: 
1510829-06-7). The synthesis of the key intermediate 194 is presented in Scheme 33. The process starts with 
N-Bn protecting group removal of 184 with Pd/C catalyst under hydrogen atmospheric pressure, in methanol, 
for 16 hours, to aff ord 185, which is protected with Boc anhydride and triethylamine in methanol, at room 
temperature, for 16 hours to aff ord 186. The reaction of 186 with (R)-1-phenylethan-1-amine with p-TSA 187, in 
toluene, at refl ux, aff orded 188, which is reduced with NaBH(OAc)3 in a mixture of acetonitrile and acetic acid at 0 
ºC, for 2 hours, to yield 189. The treatment of 189 with aqueous sodium ethoxide in ethanol aff orded enantiomer 
190, which after hydrogenation with Pd/C under hydrogen pressure, in methanol, at 50 ºC, provided 191. The 
coupling with 5-bromopentanoyl chloride 192 with triethylamine, in dichloromethane, at room temperature, for 
2 hours, aff orded 193, which cyclizes in the presence of sodium hydride in methanol for 8 hours, at 50 ºC, to aff ord 
intermediate 194.

The intermediate 194 previously prepared was subjected to -halogenation with I2 in the presence of TMSCl 
and TMEDA to aff ord 195, which was purifi ed by column chromatography. Displacement of iodide atom by 
3-chloro-5-(trifl uoromethyl) aniline 196 with lithium bis(trimethylsilyl)amide in THF aff orded 197, hydrolysis 
of the ethyl ester with sodium hydroxide in ethanolic solution produced the corresponding carboxylic acid 198 as 
an oil, after purifi cation. The amide formation with HBTU in the presence of DIPEA, in DMF, at room temperature, 
aff orded 199, which after N-Boc protecting group removal with TFA in dichloromethane provided 200. Finally, the 
coupling with 6-chloro-5-(trifl uoromethyl)aniline 201 in the presence of DIPEA, in butanol, at 120 ºC, provided 
Vecrabrutinib (182), after purifi cation by preparative HPLC (Scheme 34). 

The alternative process (Scheme 35), also disclosed in the same patent, starts with removing the N-Bn 
protecting group of 184 with palladium in acetic acid and replacement with the N-Boc protecting group to 
aff ord 186 as an oil. The reaction of 186 with (R)-1-phenylethan-1-amine 187 and p-TSA, in toluene at refl ux, 
aff orded 188 as a thick oil with 3-10% of amide byproduct. The reduction of 188 with NaBH4 in the presence of 

Scheme 33 Intermediate 194 synthetic route.
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Scheme 34 Vecrabrutinib (182) alternative synthetic route.

Scheme 35 Vecrabrutinib (182) alternative synthetic route.

TFA aff orded 189. The treatment of 189 with aqueous LiOH in THF and MeOH aff orded 202. Treatment of 202 with 
HCl yielded 203, which after coupling with Cl-pyridine 201 aff orded 204. The reduction of 204 with palladium 
hydroxide and hydrogen in the presence of potassium fl uoride gave 205. The coupling of 205 with 206 provided 
207 (cis/trans), which was cyclized at 90 ºC to form 208 (cis/trans). The reaction of 208 (trans) with l-ethyl-3-(3-
dimethylaminopropyl)carbodiimide (EDCI) in the presence of 4-dimethylaminopyridine, in DMF, aff orded 208 
(trans) which was not isolated and was converted to 182 by the reaction with ammonium chloride, in the presence 
of HATU and DIPEA.

The same patent also describes a process for the preparation of Intermediate 206. The process starts with 
the reaction of ethyl 5-oxopyrrolidine-2-carboxylate 209 with 1-choro-3-iodo-5(trifl uoromethyl)benzene to 
prepare 211, which after reduction with DIBALH gives 206 (Scheme 36).

Another alternative process is also disclosed in this patent, Scheme 37. The process starts with the 
hydrogenation of 189 with palladium hydroxide under hydrogen pressure to aff ord 212. The 212 reacts with 
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Scheme 36 Preparation of intermediate 206.

Scheme 37 Vecrabrutinib (182) alternative synthetic route.

Scheme 38 Intermediate 223 synthetic route.

3-chloro-5-(trifl uoromethyl) aniline 206 in DMSO, with sodium triacetoxyborohydride and Et3N, at 50 ºC for 3 
hours to aff ord 213, which after the workup provided the racemic mixture 198. The 198-trans isomer is obtained 
by treating the mixture with EDAC and DMAP in DMF at 20 ºC. The following step is the N-Boc deprotection with 
HCl in ethyl acetate to aff ord 214, which after coupling with 6-chloro-5-fl uoropyrimidin-4-amine 201 in the 
presence of n-butanol aff ords 208-trans. The reaction of 208-trans with ammonia chloride provides the desired 
compound 182.

More recently, in 2018, Macphee and Dreis [172], also from Biogen IDEC MA INC., fi led a patent of succinate 
forms and compositions of Bruton's tyrosine kinase inhibitors which described the process for the preparation of 
Vecrabrutinib (182) disclosed by Hopkins and co-workers167 (Scheme 34).

Compounds containing two trifl uoromethyl groups in meta positions of the benzenic ring

Eltanexor: Eltanexor (215; fi gure 19) (alternative names: ATG-016, KPT-8602 and ONO-7706) is an 
investigational second-generation oral Selective Inhibitor of Nuclear Export (SINE) developed by Antengene 
Corporation. In May 2018, Antengene and Karyopharm entered into a strategic collaboration for the development, 
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manufacturing and commercialization of XPOVIO® (Selinexor (216)), aka ATG-010) and Eltanexor (215) for all 
human oncology indications in mainland China and Macau. Eltanexor (215) binds to and inhibits the nuclear 
export protein XPO1 (also called chromosomal region maintenance 1, CRM1), accumulating tumor suppressor 
proteins in the cell nucleus. Eltanexor (215) has demonstrated minimal animal brain penetration, associated with 
reduced toxicities in preclinical studies, while maintaining potent anti-tumor eff ects [173].

Eltanexor (215) is orally bioavailable and has similar pharmacokinetic properties to Selinexor (216) but 
has markedly reduced (approximately 30-fold less) penetration across the blood−brain barrier [174]. The FDA 
approved an IND for KPT-8602 (IND Number 126583) and KPT-8602 entered into a Phase I/II open-label study 
of safety, tolerability and effi  cacy in patients with Relapsed/Refractory Multiple Myeloma, in January 2016.174 
The Phase I/II open-label study was ongoing in 2020 to evaluate Eltanexor (216) in myelodysplastic syndrome, 
colorectal cancer and castrate-resistant prostate cancer [173].

Eltanexor synthesis: In 2014, Baloglu and co-workers, from Karyopharm Therapeutics Inc. USA, fi led a 
patent (WO2014205393 A1) comprising the preparation of intermediate 223 by a convergent synthesis in 5 steps, 
Scheme 38 [175] The process begins with the reaction of 3,5-bis(trifl uoromethyl)benzonitrile 217 with sodium 
hydrosulphide hydrate in the presence of magnesium chloride in DMF at room temperature, for 3 hours, to aff ord 
3,5-bis(trifl uoromethyl)benzothioamide 218, which reacts with hydrazine hydrate monohydrate and formic acid 
in DMF at 90 ºC for 3 hours, to aff ord 219. The reaction of 219 with 222 in the presence of 1,4-diazabicyclo[2.2.2]
octane (DABCO), at room temperature, for 30 minutes, aff orded the intermediate 223.

The same authors fi led another patent (WO 2014/205389 A1) describing the preparation of Eltanexor (215) 
starting from intermediate 223 (Scheme 39) [176]. The process starts with the bromination of the double bond 

Figure 19 Molecular structures of Eltanexor (215) and Selinexor (216).

Scheme 39 Eltanexor (215) synthetic route starting from intermediate 223.
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in intermediate 223 with bromine in dichloromethane for 6 hours at room temperature to aff ord 224, which, 
by elimination in the presence of triethylamine in DMF, at room temperature for 16 hours, provides 225. The 
ester hydrolysis with lithium hydroxide in a mixture of THF and water gives 226, which by reaction of isobutyl 
chloroformate 227 followed by ammonia reaction provides 228. The Suzuki reaction between 228 and pyrimidin-
5-ylboronic acid 229 provides the desired compound 215.

Serlopitant: Serlopitant (230; fi gure 20) (alternative names: JTS 661, MK-0594 and VPD-737) was discovered 
by Merck in January 2005 and was included in thirteen Phase I studies and two Phase II studies in patients with 
overactive bladder and alcohol dependence. In 2012, the Serlopitant (230) clinical development program was 
licensed to Menlo Therapeutics, formerly Tigercat Pharma, where Phase II clinical studies have been completed 
in patients with chronic pruritus, pruritus associated with PN (Prurigo nodularis), pruritus associated with atopic 
dermatitis, pruritus associated with psoriasis and chronic cough. In addition, researchers at Stanford University 
completed an exploratory Phase II investigator-initiated study in patients with epidermolysis bullosa [177]. 
Neurokinin-1 antagonists (Serlopitant (230) and Aprepitant (231)) have been found to relieve chronic pruritus 
[178,179].

The neurokinin-1 receptor targets substance P (SP), a mediator of itch and a probable pathogenic agent in 
PN179 (Prurigo nodularis, characterized by papules and nodules with primary intense pruritus) [180]. Binding by 
these agents likely disrupts substance P signaling, halting PN pathogenesis.. Chronic pruritus treatment includes 
antihistamines, topical and systemic corticosteroids, or certain antidepressants. However, their effi  cacy is limited, 
and systemic application of corticosteroids and antidepressants may be associated with severe side eff ects.

In 2018, Yosipovitch reported the assessment results of the safety and effi  cacy of P/neurokinin 1 Serlopitant 
(230) in treating chronic pruritus (Phase II clinical trial – NCT01951274). Although the results showed a 
statistically signifi cant reduction in chronic pruritus and was well tolerated, according to the authors, the sample 
size was insuffi  cient for subgroup analysis of the effi  cacy of Serlopitant (230) for chronic pruritus based on the 
conditions used [181].

In 2019, Chiou and co-workers reported the results of a study to evaluate the safety and effi  cacy of oral NK1 
receptor antagonist Serlopitant (230) in treating moderate-severe pruritus in Epidermolysis Bullosa (EB). The 
serlopitant (230) was well-tolerated. However, the small sample size of the study was considered a limitation 
[182].

In the same year Ständer and co-workers reported a phase II placebo-controlled study to evaluate Serlopitant in 
adults with alcohol dependence (ClinicalTrials.gov identifi er: NCT00835718). However, the study was prematurely 
terminated by Merck, the study sponsor, for business reasons [177].

In 2020, Pariser and co-workers reported the eff ects of Serlopitant (230) in oral, once-daily treatment of 
psoriatic pruritus in a Phase II clinical trial. Serlopitant (230) was well tolerated and could be a benefi cial addition 
to treatments directed at psoriatic lesions [183]. However in 2022 it was reported that due to a corporate decision 
to no longer pursue an indication of treatment for pruritus, the phase II trials of this drug were terminated 
prematurely [184]. 

Serlopitant synthesis: In 2005, Bunda and co-workers [185] from Merck & CO. Inc. fi led a patent describing the 
preparation of Serlopitant (230) (CAS number: 860642-69-9), Scheme 40. The process starts with the coupling 

Figure 20 Serlopitant (229) and Aprepitant (230) molecular structures.
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reaction between 4-fl uorophenyl acetic acid 232 and N,O-dimethylhydroxyl amine 233 in acetonitrile, with EDC, 
Et3N and catalyzed by DMAP, followed by the reaction with vinylmagnesium bromide 234 in Et2O and THF to 
aff ord 235. Finally, the reaction of compound 235 with TBDMSCl in the presence of t BuOK in THF provided 236. 
The Diels-Alder reaction of the crude 236 with diethyl fumarate 237 in xylenes at 160 ºC provides adduct 238 as a 
mixture of the two phenyl isomers. Without purifi cation, the silyl group in 238 was removed with hydrogen fl uoride 
in acetonitrile and gave a mixture of two ketone isomers 239, which were epimerized with sodium hydroxide 
in acetonitrile to provide the desired enantiomer 240, after chiral column chromatography. SN2 reaction of the 
enantiomerically pure alcohol 240 with 241 catalyzed with tetrafl uorohydroboric acid gave ether 242 in 59% yield 
with about 15% of the undesired more polar (1S)-diastereomer, which was readily removed by silica gel column 
chromatography. Treatment of the product obtained with lithium borohydride in refl uxing THF aff orded the 
alcohol, which was then converted into dimethanesulfonate 243, by reaction with methanesulfonyl chloride. The 
crude dimethylsulfonate 243 was heated at 150 °C with benzylamine to provide bicyclic amine protected with an 
N-benzyl group, which was then removed by hydrogenolysis to give compound 244. Finally, the reaction of 244 
with cyclopentane-1,3-dione 245 and PTSA for 2 hours at refl ux aff orded 230. 

Intermediate 241 may be prepared as depicted in Scheme 41, by the reaction of (S)-1-(3,5-bis(trifl uoromethyl)
phenyl)ethan-1-ol with trichloroacetonitrile in the presence of DBU in diethyl ether, at 0 ºC, for 2 hours.

Later, the same authors and other colleagues [186] reported the same process in an article issued in 2009.

In 2007, Kuethe and co-workers [187], also from MERCK & CO. INC fi led a patent (WO 2007/008564 A1) 
claiming a process for preparing hydroisoindole compounds. According to the authors, the previous process has 
signifi cant disadvantages. The route produces racemic products and requires chromatographic separation of 

Scheme 40 Serlopitant (230) synthetic route.

Scheme 41 Intermediate 241 synthetic route.
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enantiomers and diastereomers after reducing racemic ketone 252. In addition, the synthesis requires 5 steps to 
bismesylate VIE from ketone 252 (reduction, separation, etherifi cation, reduction, and mesylation). This route 
utilized a benzyl-protecting group of the octahydroisoindole. 

According to the authors, the conversion of 232 to 246 gives a consistently high yield and high purity of 246, 
with no signifi cant side products identifi ed. The product is an oil, typically transparent or slightly yellow. The 
conversion of 246 to 235 is a reaction susceptible to the quality of the Grignard reagent and the quench method. 
The major side products were identifi ed. When concentrated in an oil, the product is unstable and has moderate 
stability in solution. The TES diethyl ether 247 is prepared with TES chloride in isopropyl ether, in a mixture 
of acetonitrile, toluene and THF. The di-(-)-methylfumarate 250 is prepared by reacting 248 with 249 in the 
presence of Hünig's base and DMAP, in toluene, from -20 ºC to room temperature. The Diels-Alder reaction 
between 247 and 250 provides 251. The following reaction is the deprotection and epimerization to aff ord 252, 
which was then reduced to triol with Li(t BuO)3AlH, followed by lithium aluminum hydride to aff ord 254. The 
sulfonylation of 254 provided 255 as an oil. The reaction of 255 with 241 aff orded 256. The etherifi cation of 255 
with 241 provided 256, which cyclized with allylamine 257 to aff ord 258. The deprotection of 258 was performed 
in the presence of 2-mercaptobenzoic acid 259, Pd2(dba)3 and dppb in THF at 40 ºC for 4 hours to aff ord 260-a. 
The reaction of cyclopentane-1,3-dione 245 in isopropanol, at 70 ºC, for 2 hours, aff orded 230-a, Scheme 42. 

Tradipitant: Tradipitant (261; fi gure 21) (alternative names: LY-686017 and VLY 686) is an experimental 
drug developed by Eli Lilly and Company (Lily) and licensed by Vanda from Lilly, in April 2012. Tradipitant was 

Scheme 42 Serlopitant (230) synthetic route.
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designed to focus on novel therapies for alcohol dependence [188]. Currently, it is in clinical development for 
chronic pruritus in patients with atopic dermatitis. Tradipitant (261) (VLY-686) is a potent selective inhibitor of 
NK1R and is hypothesized to treat gastroparesis by acting centrally in the nausea-vomiting centers of the brain 
and peripherally in the smooth muscle of the intestines. Gastroparesis is a severe illness characterized by delayed 
gastric emptying and chronic symptoms of nausea, vomiting, bloating, fullness, and abdominal pain [189]. NK1 
receptor (NK1R) antagonists are approved to treat nausea and vomiting in chemotherapy and the mechanism 
has been investigated in gastroparesis, which showed positive eff ects on nausea [189]. In 2020, Welsh and co-
workers reported the effi  cacy and safety of Tradipitant (261) in the reduction of chronic pruritus in adults with 
mild to severe Atopic Dermatitis (AD) (Phase III clinical trial). According to the authors, future studies are needed 
to confi rm the effi  cacy results and refi ne treatment recommendations for AD patients who despite having mild 
lesions, experience signifi cant pruritus [190]. In 2021, Carlin and co-workers investigated the safety and effi  cacy 
of Tradipitant (261), in patients with idiopathic or diabetic gastroparesis [189]. The results of this Phase II study 
further validate the NK1 receptor as a useful target for symptom relief in diabetic and idiopathic gastroparesis 
[189].

Tradipitant synthesis: In 2005, Borghese and co-workers [191] from Lilly fi led a patent (WO 2005042515 A1) 
claiming the preparation of Tradipitant 261 (CAS number: 622370-35-8) by reacting (2-chlorophenyl)-[2-(2-
hydroxy-2-pyridin-4-yl-vinyl)pyridine-3-yl]methanone 265-a or a phosphate salt thereof with 1-azidomethyl-
3,5-bistrifl uoromethylbenzene 266 in the presence of K2CO3 and DMSO as a solvent. The authors also presented 
in the same patent the preparation of 266 starting from 2-fl uoropyridine 262 and 2-chlorobenzaldehyde 263, as 
shown in Scheme 43.

In 2008, Kobierski and co-workers [192] from Vanda Pharmaceuticals fi led a patent (WO 2008079600 A1) 
reporting an improved process (Scheme 44). According to the authors, the use of this procedure results in 
several shortcomings for synthesis on a commercial scale. For example, the use of DMSO as a solvent, with 

Figure 21 Tradipitant (261) molecular structure.

Scheme 43 Tradipitant 261 synthetic route.
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(2-chlorophenyl)-2-(2-hydroxy-2-pyridin-4-yl-vinyl)pyridin-3-yl)methanone phosphate, required a 
complex work-up that had the propensity to emulsify. This process also required extraction with CH2Cl2, 
which is discouraged due to its potential as an occupational carcinogen, as well as the use of MgSO4 and acid-
washed carbon, which can generate large volumes of waste on a commercial scale. The improved process would 
control 1-azidomethyl-3,5- bistrifl uoromethylbenzene impurity level and improve the yield. According to the 
authors, using benzoate salt and tert-butanol as the reaction solvent improves reaction times and fi nal yield 
while decreasing impurities in the fi nal product. The novel process for the preparation of (2-chlorophenyl)-2-(2-
hydroxy-2-pyridin-4-yl-vinyl)pyridin-3-yl)methanone benzoate, in which a pre-formed enolate of 4-acetyl 
pyridine is added to (2-phenylsulfonyl-pyridine-3-yl)-(2-chlorophenyl) methanone, results in an overall 
improved yield, improved purity and is helpful on a commercial scale.

In 2017, the same authors fi led a new patent (US 9708291) claiming the preparation of useful intermediates 
for the synthesis of 261, Scheme 45 [193]. In this synthetic route, 2-chloronicotinitrile reacts with 1-(pyridin-
4-yl)ethan-1-one 272 in the presence of NaH, in THF, to aff ord 276 (Z)-2-(2-hydroxy-2-(pyridin-4-yl)vinyl)
nicotinonitrile. Compound 276 cyclizes with NaOH in water and ethanol at 65 ºC to aff ord 277. The reaction of 277 
with (2-chlorophenyl)magnesium iodide 278 provided the 265, which by the addition of acetophenone 279 formed 
the benzoate salt 265. The reaction of the benzoate salt 265 with 1-azidomethyl-3,5-bistrifl uoromethylbenzene 
266 provided the desired product 261.

In 2017, Kopach and co-workers [194] from Lilly fi led a patent (WO 2017/031215 A1) claiming the preparation 

Scheme 44 Tradipitant (261) alternative synthetic route.

Scheme 45 Tradipitant (261) alternative synthetic route.
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of Tradipitant (261) using two diff erent processes and the preparation of the intermediates 284. Compound 
281 was prepared from the reaction of 4-bromopyridine hydrochloride 280 in the presence of Zinc bromide, 
triphenylphosphine and palladium (II) chloride. The intermediate 281 obtained was combined with 266 at 100°C 
for 18 hours to aff ord a 92:8 mixture of regioisomers, which after crystallization from heptane, aff orded 282-a 
in 62-72% yield, with no need for chromatography. The 282-a was converted to 283 in the presence of iodine 
monochloride in 1,2-dichloroethane, at 75 ºC, for 4 hours. Zinc dust combined with dimethylformamide was 
treated with 1,2-dibromoethane and heated to 65°C. The mixture obtained was cooled to ambient temperature and 
treated with trimethylsilyl chloride. Zinc chloride 1M in diethyl ether was added to the mixture followed by 283. 
The mixture was heated to 65°C and further treated with 1,2-dibromoethane and trimethylsilyl chloride. After 2.5 
hours, via HPLC chromatogram, the reaction showed some formation of the zincate and was allowed to stir at 
ambient temperature for 16 hours. At this time, tetrakis(triphenylphosphine)palladium(0) and 284 were added to 
the reaction and the mixture was heated to 65°C to aff ord 261 (Scheme 46). 

Intermediate 284 was prepared by coupling 2-chlorobenzoyl chloride 285 with morpholine 286 in the presence 
of pyridine and in toluene to aff ord (2-chlorophenyl)(morpholino)methanone 287. The reaction of 287 with 
2-bromopyridine 288 and LDA in THF at -70 ºC aff orded intermediate 284, after recrystallization (Scheme 47).

As an alternative, chloronicotinonitrile 275 may react with 1-(pyridin-4-yl)ethan-1-one 272 in the presence 
of NaH, in THF, at refl ux temperature, to aff ord 276 as a yellow solid with an approximate 95:5 enol-ketone 
mixture in CDCI3. In the presence of a base, 276 may form 277.The Grignard reaction of 277 with 289 in THF 
and DME may aff ord 265 as a free base, which may be converted into its benzoate salt in isopropanol and then 
combined with 266 to aff ord the desired compound 261 (Scheme 48).

Verdinexor: Verdinexor (291; fi gure 22) (alternative names: ATG-527 and KPT-335) is a fi rst-in-class, oral 
Selective Inhibitor of Nuclear Export (SINE) compound being investigated by Antegengene Therapeutics and 
Karyopharm Therapeutics for a variety of non-oncology indications in humans with an initial focus as a potential 
broad-spectrum treatment for viral diseases. Verdinexor (291) acts by binding to and inhibiting the nuclear 
export protein XPO1 (also called CRM1), which is believed to be responsible for the movement of the critical host 
cell and pathogen-encoded cargoes across the nuclear membrane into the cytoplasm. Inhibition of this process 
with Verdinexor (291)results in the accumulation of these cargoes in the nucleus, where they promote an anti-
infl ammatory state and prevent key steps in pathogen replication from occurring [173].

In 2014, Perwitasari and co-workers demonstrated that Verdinexor (291) was effi  cacious against infl uenza 

Scheme 46 Tradipitant (261) preparation via Negishi coupling route.
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Scheme 47 Intermediate 284 synthetic route.

Scheme 48 Tradipitant (261) alternative synthetic route.

Figure 22 Verdinexor (291) molecular structure.

virus infection in vitro and in vivo [195]. In 2019 Jorquera and co-workers evaluated the effi  cacy of KPT-335 
as an anti-Respiratory Syncytial Virus (RSV) drug, a respiratory leading cause of hospitalization of infants and 
young children that may lead to chronic respiratory conditions such as asthma, wheezing, and bronchitis [196]. 
According to the authors the results obtained were promising [196]. 

Verdinexor synthesis: In 2013, Sandanayaka and co-workers [197] from Karyopharm Therapeutics Inc. USA, 
fi led a patent (WO2013019548 A1) claiming the synthesis of hydrazide containing nuclear transport modulators, 
which included Verdinexor (291) (CAS number 1392136-43-4) starting from intermediate 223 (Scheme 50). Baloglu 
and co-workers synthesized intermediate 223 according to Scheme 49 [175]. Intermediate 223 is hydrolyzed with 
LiOH to aff ord (Z)-3 -(3 -(3,5-bis(trifl uoromethyl)phenyl)- 1H-1,2,4-triazol- 1-yl)acrylic acid 292. The fi nal 
step is the coupling of 292 with 293, in the presence of T3P and DIPEA, in dichloromethane, at -40 ºC, for 30 
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Scheme 49 Verdinexor (291) synthetic route.

Scheme 50 Buparlisib (301) synthetic route.

minutes, to aff ord 291.

Compounds containing trifl uoromethyl group in pyridine ring

Buparlisib: Buparlisib (295) (alternative names: BKM120, BKM120-AAA, AN-2025) was developed by Novartis 
Pharma AG (Basel, Switzerland) and is an oral pan-phosphatidylinositol 3-kinase (pan-PI3K) inhibitor with 
demonstrated antiproliferative, pro-apoptotic and antitumor activity in cancer cell lines and tumor xenograft 
models, as a single agent and in combination with other anticancer therapies [198]. PI3K (phosphoinositide-3-
kinase) inhibitors are a family of lipid kinases involved in diverse cellular functions like cell growth, proliferation, 
motility, diff erentiation, glucose transport, survival, intracellular traffi  cking, and membrane ruffl  ing [199]. They 
are important oncology targets due to the deregulation of this signaling pathway in a wide variety of human 
cancers. PI3K inhibitors are divided into pan-PI3K inhibitors (Buparlisib (295), Pictilisib (296), Copanlisib (297)) 
and isoform-specifi c PI3K inhibitors (Alpelisib (298)). Pan-PI3K inhibitors target all four isoforms (, ,  and ) 
of the class-IA PI3K p110 catalytic subunit (Figure  23).

In 2014, Ando and co-workers reported a fi rst-in-man Phase I study, in predominantly European and US 
patients with advanced solid tumors (NCT01068483), the Maximum Tolerated Dose (MTD) of single-agent 
Buparlisib (295) given on a continuous daily schedule (100 mg). Buparlisib (295) was well tolerated with a minority 
of patients experiencing Grade 3/4 Adverse Events (AE) [198]. In the same year, Rodon and co-workers reported 
that Buparlisib (295) was well tolerated using the same dose and showed preliminary activity in patients with 
advanced cancers [200]. Bedard and co-workers reported the results of Phase I-b to determine MTD and/or RP2D 
for Buparlisib (295) combined with Trametinib (299; fi gure 24), when administered orally to adult patients with 
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Figure 23 Buparlisib (295), Pictilisib (296), Copanlisib (297) and Alpelisib (298) molecular structures.

Figure 24 Trametinib (299) molecular structure.

selected advanced solid tumors, and then to evaluate the safety and preliminary antitumor activity of MTD and/or 
RP2D in patients with advanced NSCLC, ovarian cancer, or pancreatic cancer with RAS or BRAF mutations in the 
expansion part of the study (NCT01155453). Promising results were obtained in patients with Ras or BRAF mutant 
NSCLC [201]. However, in 2015, the Phase II clinical trials results reported by Vansteenkiste and co-workers, with 
Buparlisib (295) in NSCLC patients with PI3K pathway activation, did not show any benefi t [202].

Buparlisib (295) was also assessed for Glioblastomas (GBM) by Netland and co-workers, in 2016. GBMs are 
aggressive brain tumors with a dismal prognosis, despite combined surgery, radio- and chemotherapy. The 
results showed that Buparlisib has anti-tumour effi  cacy as monotherapy in preclinical studies [203]. The effi  cacy 
of Buparlisib (295) plus Fulvestrant (300; fi gure 25) in postmenopausal with advanced breast cancer was assessed 
in a Phase III clinical trial with positive results, as reported by Baselga (295) and co-workers in 2017. The most 
common adverse events were increased liver transaminases, hyperglycemia, and rash [204]. 

In 2017, Martin and co-workers reported that Buparlisib in combination with Paclitaxel (301; fi gure 26) did 
notimprove PPFS in the full or PI3K pathway-activated study population. For this reason, the trial was stopped at 
the end of Phase II [205].

In 2020, Garrido and co-workers reported a Phase II study of Buparlisib (295). The primary objective of this 
Phase II study was to evaluate the clinical activity of Buparlisib (295) monotherapy in patients with metastatic 
triple-negative breast cancer. According to the authors, although the results did not support additional testing of 
single-agent PI3K inhibitors in triple-negative breast cancer, they do not preclude the potential benefi t for the 
effi  cacy of rational combinations including selective PI3K pathway inhibitors [206].

Buparlisib synthesis: Buparlisib (295) (CAS number: 944396-07-0) may be prepared by a convergent synthesis 

Figure 25 Fulvestrant (300) molecular structure.
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as described by Pick and co-workers [207] in a patent fi led in 2007, by Novartis Vaccines and Diagnostics (WO 
2007084786 A1, Scheme 50).

One arm of the synthesis is the preparation of dimorpholine-pyrimidine 303-p. The process starts with the 
nucleophilic substitution of cyanuric chloride 302 with morpholine 286 in THF, at room temperature, followed by 
the separation of 303 and 304 by chromatography to aff ord 303-p in 46% yield. The second arm is the preparation 
of 309. The process consists of bromination of 305 with NBS 306 in chloroform, for 2 hours at room temperature, 
to aff ord 5-bromo-4-(trifl uoromethyl)-2-pyridylamine 307, which after Miyaura borylation reaction with 
1,1’-bis(diphenylphosphino)ferrocene (dppf) 308 and PdCl2 in acetic acid and dioxane at refl ux for 8 hours aff ords 
309. The borate 309 is used in a Suzuki coupling reaction between 303-p and 309, catalyzed by PdCl2 and dppf, in 
1,2-dimethoxiethane, to provide the desired Buparlisib 301.

Alternatively, dimorpholine-pyrimidine 303 may be synthesized, as described in the same patent,207 starting 
from the reaction of morpholinoformamidine hydrobromide 311 with diethyl malonate 36 to aff ord 311. The 
compound 311 is chlorinated with POCl3 at 120 °C, for 16 h, to aff ord 312, which by nucleophilic substitution with 
morpholine 286 provides 303 (Scheme 51).

In 2011, Burgers and co-workers from Novartis Institutes for Biomedical Research reported the synthesis 
of Buparlisib 301 with minor changes [208]. The preparation of 307 was performed in dichloromethane instead 
of chloroform with a similar yield. The reaction of 307 with 308 was performed with the same catalyst but in 
dichloromethane and with KOAc, with 48% yield. The dimorpholine-pyrimidine 303 was prepared with 
morpholine 286 and DIEA, in ethanol, with 80% yield. The process used by Pick and co-workers was described 
by Zhao and co-workers, from Dana-Farber Cancer Institute Inc., in a patent fi led in 2012 [209]. In 2011, Calienni 
and co-workers [210], from Novartis, described an alternative route of compound 301 (Scheme 52), starting 
from dimorpholine-pyrimidine 303 which after Miyaura borylation reaction aff orded 312. The Suzuki coupling 
of boronate 312 and bromopyridine 307 aff orded 301 in 89% yield. An alternative route synthesis starts with the 
acetylation of 307 with acetic anhydride to aff ord 313, followed by borylation to aff ord 314 and fi nally by Suzuki 
reaction with 304 to provide 301.

Flubacher and co-workers from Novartis [211] fi led in 2014 a patent (WO2014064058 A1) claiming a new 
process for manufacturing 301 (Scheme 53). By reacting N-(5-bromo-4-(trifl uoromethyl)pyridin-2-yl)

Figure 26 Paclitaxel (301) molecular structure.

Scheme 51 Intermediate 303 synthetic route.
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Scheme 52 Buparlisib (301) alternative synthetic route.

Scheme 53 Buparlisib (301) alternative synthetic route.

acetamide 313 with isopropylmagnesium chloride and lithium chloride in tetrahydrofuran followed by the 
borylation reaction by adding tris(isopropylborate) to aff ord compound 314, which is then converted to 315 by 
adding 2,2'-azanediyldiethanol. The Suzuki coupling of 315 with 303 with a palladium catalyst is generated in-
situ using a mixture of palladium(ll) acetate, triphenylphosphine and an aqueous base to aff ord 316, which is 
then hydrolyzed under acidic conditions to form 301. Alternatively, 301 can be prepared via a palladium-catalyzed 
Kumada coupling reaction, coupling 307 with 303.

Hebeisen and co-workers [212] from Basel University, Switzerland fi led a patent in 2015 (WO2015162084 A1), 
using a diff erent process as depicted in Scheme 54.

In 2016, Xu [213] fi led a patent (US 20160264546 A1) claiming a new process for preparing 301. According to 
the author, the reaction route is simple and easy to control for industrial production (Scheme 55). An example 
is presented for the preparation of compound 301 by reacting cyanuric acid with morpholine, in TEA and 
dichloromethane. The yields obtained were 91% and 92%. The Buparlisib (301) is prepared by borylation of 307 
with 308, in DMSO, catalyzed by PdCl2(PPh3)2, in the presence of KOAc, in DMSO, for 3 hours at 15 ºC, to aff ord 
301 with 93% yield. 

In 2016, Wu [214] from Xuanzhu Pharma described the synthesis of Buparlisib 301. The process starts by reacting 
cyanuric chloride 302 with morpholine 266 in a biphasic mixture of toluene and water at room temperature to 
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Scheme 54 Buparlisib (301) alternative synthetic route.

Scheme 55 Buparlisib (301) alternative synthetic route.

aff ord 303 in 92% yield. Coupling of aryl halide 303 with bis(pinacolato)diboron 308, in the presence of palladium 
catalyst yields 312, which reacts with 307 to yield the desired compound 301. The same patent also describes the 
synthesis of compound 307, as presented in Scheme 56.

Pradigastat: Pradigastat (324; fi gure 27) (alternative names: ANJ908; LCQ 908; LCQ908-NXA; LCQ908A), 
developed by Novartis and licensed by Anji Pharma is a novel Diacylglycerol Acyltransferase 1 (DGAT1) inhibitor 
that substantially reduces extremely high Triglycerides (TGs) levels and seems to be promising in the treatment 
of the rare Familial Chylomicronemia Syndrome (FCS). Since DGAT1 catalyzes the fi nal step in TGs synthesis and 
is highly expressed in the small intestine enterocytes, where it plays a key role in the absorption of dietary fat, 
DGAT1 inhibition is an attractive strategy to reduce the synthesis and secretion of TGs, and thereby lower plasma 
TGs [215]. 

In 2014, Yan and co-workers reported a study to determine whether Pradigastat (324) alters the clinical 
pharmacokinetics of Warfarin (325) or Digoxin(326), two drugs with narrow therapeutic windows, which are 
used in patients with cardiometabolic disease [216]. The study also assessed the potential Pharmacodynamic 
(PD) drug-drug interaction (DDI) eff ects of Pradigastat (324) on Warfarin (325)The safety of dosing Pradigastat 
(324), Warfarin (325), and Digoxin (326; fi gure 28) to healthy subjects as mono or combined treatment was also 
evaluated in the study [216]. The authors concluded that Pradigastat (324) and Digoxin (326) or Warfarin (325) 
had no relevant clinical Pharmacokinetic (PK) or Pharmacodynamic (PD) drug–drug interactions. Administration 
of Pradigastat (324) and warfarin (325) or Pradigastat (324) and digoxin (326) as mono or combined treatment 
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Scheme 56 Buparlisib (301) alternative synthetic route.

Figure 27 Pradigastat (324) molecular structure.

Figure 28 Warfarin (325) and Digoxin (326) molecular structures.

appeared to be safe and tolerated [216].

In 2015, Meyers and co-workers reported a study (Phase I/II) to assess the safety, tolerability, and eff ects of 
Pradigastat (324) on fasting and postprandial plasma TG in patients with Family Chylomicronomia Syndrome 
(FCS) and severe hypertriglyceridemia. The authors concluded that Pradigastat (324) substantially reduced 
plasma TG levels in FCS patients and could be a promising new treatment for this orphan disease [217]. In the 
same year, they also reported a fi rst-in-human study to evaluate the pharmacokinetics, pharmacodynamics, 
safety, and tolerability of Pradigastat (324) administered at single and multiple doses to overweight or obese 
healthy subjects. According to the authors, Pradigastat (324) was safe and tolerated in healthy subjects at single 
and multiple doses. These results support that Pradigastat (324) was a potential therapeutic agent for conditions 
in which postprandial hypertriglyceridemia has a pathophysiological role [218]. In 2015, Ayalasomayajula and 
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co-workers reported two studies that evaluated the eff ect of food on the oral bioavailability of Pradigastat (324). 
The study concluded that pradigastat (324) could be administered with or without food [219]. In 2016, Gane and 
co-workers reported that Pradigastat (324) had been envisaged as a plausible strategy to control Hepatitis C Virus 
(HCV) infection. However, despite its potent antiviral eff ect in vitro, the clinical trial of Pradigastat (324) was 
prematurely terminated due to a lack of antiviral effi  cacy.

Pradigastat synthesis: The intermediate 334 of Pradigastat (324) (CAS number: 956136-95-1) may be prepared 
as reported by Zhou and co-workers in 2014 [220], from Merck Research Laboratories, Scheme 57. The process 
begins with reacting 4-(4-hydroxyphenyl)cyclohexanone 327 with trimethyl phosphonoacetate 328 and NaH in 
THF, at a temperature below 10 ºC, to aff ord 329. Compound 329 is hydrogenated with Pd in ethyl acetate, at room 
temperature, to yield 330. Compound 330 reacts with trifl uoromethanesulfonic anhydride and triethylamine in 
dichloromethane at 0 ºC for 5 hours to aff ord 331, which by Miyaura borylation provides intermediate 332. The 
synthesis of Pradigastat 324 starting from intermediate 334, was described by Serrano-Serrano-Wu and co-
workers [221] from Novartis Pharma G.m.b.H. in a 2007 patent. The process starts by coupling the Suzuki reaction 
of 334 with 335 catalyzed with Pd(PPh3)4 in the presence of K2CO3 in H2O and DME, at room temperature, for 
1 day, to aff ord 336. Compound 336 is hydrogenated with Pd/C and ammonium formate in ethanol at refl ux for 
4 hours to aff ord 337. The following step is the Suzuki coupling with 338 catalyzed by Pd2dba3 and Xantphos in 
dioxane at 80 ºC, for 18 hours, to aff ord 339, which after hydrolysis with LiOH in water, at room temperature, 
overnight, provided 324.

Relacorilant: Relacorilant (340; fi gure 29) (alternative name: CORT-125134), an experimental drug developed 
by Corcept Therapeutics [222], is an orally active, high-affi  nity antagonist of the Glucocorticoid Receptor (GR) 

Scheme 57 Pradigastat (324) synthetic route.

Figure 29 Relacorilant (340) and Mifepristone (2) molecular structures.
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with excellent selectivity for the GR over other steroid receptors. The clinical relevance of GR modulation has 
been demonstrated in several settings, most notably in Cushing syndrome [223]. which is caused by excessive 
cortisol activity. Excess cortisol activity leads to a plethora of severe symptoms, including the typical body habitus 
of patients with Cushing’s syndrome, as well as diabetes mellitus, hypertension, dermatologic manifestations, 
and psychiatric disturbances [224]. Mifepristone (2) (KorlymR ®) is marketed in the United States to control 
hyperglycemia secondary to hypercortisolism in adult patients with endogenous Cushing syndrome. Unlike 
Mifepristone (2), Relacorilant (340) does not bind to the progesterone receptor and is therefore anticipated to 
be devoid of antiprogesterone eff ects, such as termination of pregnancy, endometrial hypertrophy, and irregular 
vaginal bleeding.223 Relacorilant (340) has received orphan drug designation in the United States for treating 
Cushing’s syndrome and pancreatic cancer [225].

In 2017, Hunt and co-workers reported a fi rst-in-human study to evaluate the dose-related safety, tolerability, 
pharmacokinetics and pharmacological eff ects of CORT125134 and its active metabolite CORT125201 with positive 
results [223]. More recently, in 2021, Auchus and co-workers reported a Phase II study in patients with endogenous 
Cushing Syndrome (CS) demonstrating improvements in glycemic control and hypertension with no instances of 
drug-related hypokalemia or antiprogesterone eff ects. They also reported an international, multicenter Phase 
III clinical trial to evaluate the effi  cacy and safety of Relacorilant (340) in CS of various etiologies with evidence 
of hypercortisolism documented through two independent biochemical tests and at least two clinical signs and 
symptoms of CS [226].

Relacorilant synthesis: The intermediate 9 of Relacorilant (340) (CAS number: 1496510-51-0) may be prepared 
as reported by Christoff ers and Scharl [227] in 2002, previously presented in Scheme 1. In 2012, Clark and co-
workers [228], from Corcept Therapeutics Inc., reacted 341 with 2,2,2-trifl uoroethyl formate 342 in the presence 
of n butyl lithium and diisopropylamine in diethyl ether, at -78 ºC, for 90 minutes, to aff ord 343, which reacts with 
344 in the presence of AcONa, in acetic acid, for 1 hour, at room temperature, to provide 345 as pure solid after 
chromatographic treatment (Scheme 58).

In 2017, Hunt and co-worker [224] reported the synthesis of Relacorilant (340) in 2 steps starting from 345. 
The Grignard reaction between 345 and 346 in the presence of isopropyl magnesium chloride in THF and dry 
ether at room temperature aff orded 347, which reacts with 1-methyl-1H-pyrazole-4-sulfonyl chloride 348 in the 
presence of trifl uoroacetic acid in dichloromethane, at room temperature, to yield 340 in 73% yield (Scheme 59).

Tavapadon: Tavapadon (349) (alternative names: CVL 751, PF 6649751 and PF-06649751) originally from 
Pfi zer was later developed by Cerevel Therapeutics to target Parkinson’s disease treatment [229-231] Parkinson’s 

Scheme 58 Relacorilant (340) synthetic route starting from intermediate 9.

Scheme 59 Relacorilant (340) alternative synthetic route starting from intermediate 345.
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disease is characterized by disruption of brain signaling via the neurotransmitter dopamine. Dopamine replacement 
can partly alleviate the symptoms of Parkinson’s disease but is associated with side eff ects that limit its use [232]. 
Parkinson’s disease is currently treated with Levodopa (L-DOPA) (350; fi gure 30). However, prolonged treatment 
for 3 or more years can lead to motor fl uctuations in up to 40% of treated patients, representing a substantial 
source of disability [233]. 

The results of two Phase I studies to evaluate the safety pharmacokinetics, and pharmacodynamics of PF-
06649751 were assessed by Sohur and co-workers in 2018 [234].In the same year Gurrell and co-workers 
reported a Phase I clinical trial (NCT02565628) to evaluate the safety, tolerability, pharmacokinetics, and 
pharmacodynamics of PF-06669571 (349) in subjects with idiopathic Parkinson’s disease [232]. Riesenberg, in 
2019, reported the results of Phase II to assess the effi  cacy and safety of fl exible-dose of PF-06649751 (349) 
in subjects with early-stage Parkinson’s disease (NCT02847650) [235]. In October 2020, Cerevel Therapeutics 
reinitiated the Phase III TEMPO-3 trial in Parkinson's disease (Adjuvant therapy) in the USA, Germany, Czech 
Republic, Hungary and Spain (PO) (EudraCT2019-002951-40). Tavapadon is in a Phase III trial for Parkinson's 
disease [236].

Tavapadon synthesis: Tavapadon (349) (CAS number 1643489-24-0) may be prepared as described by 
Brodney and co-workers, from Pfi zer Inc. USA, in a patent fi led in 2014 (WO 2014207601A1, Scheme 60) [237]. 
The synthesis starts from 1 methylurea 351, which is combined with ethyl 2-cyanopropanoate 352 in the presence 
of NaOMe in methanol, at refl ux temperature, for 18 hours to aff ord the 6-amino-1,5-dimethylpyrimidine-
2,4(1H,3H)-dione 353. Bromination of 353 in the presence of sodium nitrite and copper(ll) bromide, in a biphasic 
mixture of water and acetonitrile, at room temperature, for 66 hours, aff orded 354. Protection of 354 with BOC 

Scheme 60 Tavapadon (349) synthetic route.

Figure 30 Tavapadon (349) and Levodopa (350) molecular structures.
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anhydride 355, in the presence of triethylamine and 
DMAP in THF, at 70 ºC, for 1 hour, aff orded 356, which 
reacted by Suzuki coupling with boronic acid 357 to 
aff ord 358. The selective deprotection of Boc and Bn 
with HBr and acetic acid aff orded 359. Compound 
359 reacted with 360 to provide a racemic mixture, 
which gave the desired 349 after chromatographic 
treatment.

Conclusion
This review describes the synthesis and biological 

activity of 21 trifl uoromethyl-containing drugs that 
were recently approved (after 2020) in the late stages 
of clinical studies (Phase II/III). The NCE herein 
described have been tested for several therapeutic 
applications, such as cancer, diabetes, Parkinson’s, 
autoimmune diseases like rheumatoid arthritis and 
multiple sclerosis, HIV-1, respiratory diseases such 
as bronchiectasis and chronic obstructive pulmonary 
disease, alcohol dependence and psoriasis. Only 
a few compounds were abandoned due to adverse 
eff ects. Synthetic routes describing diff erent ways 
of incorporating the trifl uoromethyl group into the 
target molecule were discussed, highlighting the most 
advantageous methods leading to more accessible 
paths and/or higher yields. Mechanisms of action on 
biological targets are briefl y presented, describing 
whenever possible interactions drug-target at the 
molecular level, with emphasis on the trifl uoromethyl 
participation in the therapeutic activity. Collecting 
this data is important to help in the growing demand 
for new drugs, that are more eff ective and have fewer 
side eff ects.
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