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Commercially available aminoacetophenones are used as "Swiss army knife" for the synthesis of a wide variety of natural

products analogs with high therapeutic potential. Being short versatile and uses common reactions, the strategy can be

explored in the generation of chemical libraries to be screened in the frame of drug discovery processes.   
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1. Introduction

Due to an increasing and incessant need for small molecules used as drug candidates or molecular tools for therapeutic

applications, organic and medicinal chemistry is considered the crux of both chemical genetics and drug discovery .

The main strategies to synthesize chemically diverse molecules can be classified into three approaches, namely, Target-

Oriented Synthesis (TOS), Combinatorial Synthesis (CS), and Diversity-Oriented Synthesis (DOS). The TOS approach is

focused on the synthesis of a single compound or a restricted class of compounds directed towards a biological target for

a specific pharmaceutical area. TOS is the oldest approach whose advantage is the possibility to be planned through

retrosynthetic analysis . CS, on the other hand, has emerged as an indispensable strategy to significantly increase the

diversity as well as the number of small molecules to be used for therapeutic and biological applications, contributing to

the rapid discovery of potential hits . Thanks to solid phase organic synthesis, which has its origins in peptide synthesis,

CS takes full advantage of available automated systems. However, disadvantages may stem from the library design

involved in this approach. Finally, DOS established itself as an attractive approach to produce large-sized chemical

libraries , allowing access to a high number of compounds in a few steps starting from one building block that has to

be affordable, safe, and either commercially available or easily prepared on a large scale . On the basis of

comparing the three aforementioned approaches, it can be deduced that TOS and CS focus on a few points in the

chemical space, whereas DOS is meant to ensure large coverage of both the chemical space and molecular diversity,

which is a significant advantage.

Besides the synthetic chemistry strategies discussed above, drug repositioning and natural products may lead to the

discovery of potential hits. Drug repositioning, using large libraries of clinically used drugs to supplement high-throughput

screening , is widely considered a promising approach as it speeds up the drug discovery process by bypassing some

clinical trials that usually take up too much time and massive financial support. The natural products arena, on the other

hand, is another major source of compounds from different origins, including plants, fungi, algae, insects, and animals 

, with countless known molecules and analogs used as major drugs targeting life-threatening diseases. In addition to

relevant biological effects, natural products offer extraordinary and unpredictable chemical diversity that constitutes a

source of inspiration for the medicinal chemistry community.

Based on the importance of both DOS and natural products in drug discovery, their combination could facilitate and

accelerate the identification of novel compounds with improved biological activities . This article, for this reason

reviews the DOS of natural product analogs with a special focus on the synthesis of analogs of flavonoids and coumarins.

Flavonoids are chemical entities commonly found in fruits and vegetables. In addition to their contribution to plant growth

and defense, they exhibit a wide range of biological effects against major diseases. The most known activity of flavonoids

is their antioxidant effect, and, for this fact, they are often considered unique allies for the prevention of cardiovascular

diseases, cancer, and neurological disorders . Based on their structures, flavonoids are classified into many

different sub-classes including flavones, isoflavones, flavonols, flavanones, chalcones, and aurones. In drug discovery,

the tricyclic structure of naturally occurring flavonoids (2-Phenyl-4H-1-benzopyran-4-one) is used as a scaffold in

pharmacophore-based drug design. The introduction of diverse functions on this chemotype has led to the identification of

promising leads and drug candidates. One of the structural modifications operated during the optimization process is the

introduction of amino groups onto the scaffold, either at the periphery of the flavonoidic structure (aminoflavones) or at the

central ring through the replacement of the oxygen by an amino group (turning flavones to 2-phenyl-4-quinolones) .
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In the same vein, the naturally occurring coumarins (1-benzopyran-2-one) were extensively investigated as scaffolds in

drug discovery . Similarly to what was said for flavonoids, one of the chemical modifications operated on coumarins is

the substitution of the furanone ring’s oxygen atom with an amino group (turning coumarins into 2-quinolones). Classically,

the introduction of amines on the flavonoid and the coumarin skeletons requires several synthetic steps and, in some

cases, the use of toxic reagents . This is especially the case when multifunctional derivatives of flavones and

coumarins are targeted.

Based on our own work and literature survey, it was found that amino dimethoxyacetophenones can be used as a “Swiss

army knife” that allows the access to a wide variety of bioactive compounds derived from flavones, aurones, chalcones,

and coumarins in which an amino group was introduced (Figure 1). This includes aminoflavones, quinolones,

azaaurones, aminoepoxychalcones, and azacoumarines. Moreover, by using the same agents, a highly functionalized

azocine derivative, a benzoazocane recognized for its diverse biological activities, can be prepared through a novel and

short synthetic scheme (Figure 1). It should be mentioned that the use of aminoacetophenone in drug discovery is

ancient, as exemplified by chloramphenicol that is a widely produced antibiotic in recent decades .

Figure 1. Chemical structures reported in this review. (A) General structures of the targeted natural products; (B)

Structures of the starting blocks and natural product analogs prepared.

2. Synthesis of the Starting Blocks

The aminodimethoxyacetophenones used as starting blocks were 2-amino-4,6-dimethoxyacetophenone (4) and 4-amino-

2,6-dimethoxyacetophenone (5) (Scheme 1). The synthesis pathways of 4 and 5 are displayed in Scheme 1. The

presence and the positions of the methoxy groups on the starting blocks were chosen in line with the common substitution

patterns found in naturally occurring flavones, aurones, and coumarins, over 50% of which are hydroxylated and/or

methoxylated at the 5, 7 positions (in flavonoids) and the 4, 6 positions (in aurones).

Scheme 1. Synthesis of the starting blocks.

The synthesis of the starting blocks was carried out from the commercially available 3,5-dimethoxy aniline, which was

protected as a trifluoroacetamide (compound 1) then reacted with acetyl chloride in the presence of tin tetrachloride

(SnCl ) to afford the two acetylated regioisomers 2 and 3 with a ratio of 2/1, respectively. The best Lewis acid needed for

the acetylation step by far was SnCl  (compared to AlCl , SnCl , ZnCl ), as it allowed the reaction to proceed in smooth

conditions . The trifluoroacetamide was deprotected in classical conditions by means of potassium carbonate in

methanol to afford the corresponding aminoacetophenones 4 and 5 with excellent yields.
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During the synthesis of 2 and 3, it was reported that, in the presence of a large excess of SnCl , only the formation of 3
was observed, whereas 2 was only produced in traces. Later, it was found that the derivative 2 could undergo a

deacetylation reaction when treated with an excess of SnCl   to give the starting compound (1). Interestingly, this

deacetylation process was found to be regio- and chemo-selective, since no reaction occurred with the regioisomer 3 and

the presence of N-acetyl or O-acetyl was not affected by this reaction. Finally, the presence of SnCl  was required as no

reaction was observed with alternative Lewis acids (AlCl , SnCl , ZnCl ) . The access to derivatives 4 and 5 is easy

and straightforward. The only drawback of the transformation is the use of tin(IV) salt that is reputed to be toxic.

3. Synthesis of 5- and 7-Aminoflavones

The naturally occurring flavones bearing the benzo-γ-pyrone structure are known for their versatile health benefits. Being

polyhydroxylated, the hydroxyl groups in flavones mediate their antioxidant effects by scavenging free radicals and/or by

metal chelation. Henceforth, it is now well established that the health-promoting properties of flavonoids originate from

their high antioxidant capacity. In this context, flavonoids are recommended for their protective effects against chronic

diseases including cancer, cardiovascular, and age-related disorders. During the Covid-19 world pandemic, flavonoids

were among the most investigated and the most relevant natural products tested against the inflammatory storm caused

by SARS-CoV-2 . In the drug discovery domain, the scaffolds and the substitution patterns of naturally occurring

flavones have been served as sources of inspiration for the design and development of flavones-derived drug candidates

.

Among the structural modifications operated on flavonoids, the introduction of amino groups at the flavone scaffold was

one of the most frequent . For example, flavone derivatives bearing amino groups were studied as anticancer

compounds . Among them, flavopiridol was the first cyclin-dependent kinase inhibitor to enter human clinical

trials . Another aminoflavone, known under the name Alvocidib (AFP 464, NSC710464), has been developed by the

National Cancer Institute (NCI) investigational drug program and has entered clinical trials as a promising antitumor drug

candidate for the treatment of acute myeloid leukemia . This drug acts against estrogen-positive breast cancer

(ER+) with a unique mechanism of action involving the activation of the aryl hydrocarbon receptor (AhR) signaling

pathway .

As discussed above, whatever the origin of naturally occurring flavones, the most frequent structural feature in common is

a hydroxy or a methoxy group at the 5 and 7 positions. Hence, amino groups are usually introduced into the flavone

scaffold on the A-ring and especially at C5 and C7, where hydroxy groups were replaced by amino groups.

Classically, the synthesis of simple aminoflavones can be achieved by starting either from reagents already bearing either

amino groups or nitro groups. In the latter case, a nitro 2-hydroxyacetophenone reacted with a benzoyl chloride to give the

corresponding diketone intermediate that is cyclized in acidic conditions to provide the corresponding nitroflavone. Finally,

the nitro group is reduced either by catalytic hydrogenation or by using metal salts to give the aminoflavone .

Unfortunately, in the latter case, the reduction conditions might be incompatible with the presence of sensitive

functionalities. Hence, the prospect for any alternative method to access such compounds is of interest. In this regard, the

amino dimethoxyacetophenones presented in Scheme 1 offer a simple way to obtain 5-aminoflavones and 7-

aminoflavones (Scheme 2). To this end, the derivatives 2 and 3, shown in Scheme 1, were subjected to a selective

demethylation reaction with diluted boron tribromide (BBr ) to provide the derivatives 6 and 7. Boron tribromide

demethylation is favored at the position 5; higher concentrations and a longer reaction time are needed for a possible

demethylation process at the position 7 . The acetophenone derivatives 6 and 7 were esterified with aroyl chloride

derivatives to provide the corresponding esters 8 and 9, which were not purified and directly cyclized upon treatment with

a non-nucleophilic base such as potassium tert-butoxide. In cases where the desired aroyl chloride is not available, the

corresponding aryl carboxylic acid can be used in the presence of a peptide coupling agent. Finally, the amino groups

were deprotected by means of potassium carbonate to afford the aminoflavones 10 and 11 with acceptable mean yields,

starting from 2 and 3. The method offers the advantage of being applicable to diverse derivatives bearing a large variety of

substituents on the B-ring, including halogens, alkoxides, alkyls, heterocycles, and fused cycles. It should be noted that

the methoxy groups of 10 and 11 can be deprotected to obtain the corresponding aminohydroxyflavones. The only

limitation of the method is the moderate yield regarding the transformation of esters 8 and 9 to the final compounds.
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Scheme 2. Synthesis of 5- and 7-aminoflavones.
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