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Abstract: We report the first stereoselective synthesis of 

dihydroacridines through synergistic catalysis, achieving the final 

target compounds with good to excellent yields and good to excellent 

enantioselectivities and diastereoselectivities. The synergistic 

approach consists in an activation of substituted quinolines with a 

Lewis acid catalyst that react in a cascade fashion with enals activated 

in the iminium form. Mechanistic calculations support the consecutive 

Michael-aldol reaction, followed by dehydration. 

Acridine was first identified by Grebe and Caro as an impurity of 

anthracene isolated from coal tar.[1] The development of orange 

Dye (1895)[2] and the discovery of acriflavine[3] are two of the most 

important milestones of the early history of acridines.[4] Their 

application as antiseptics and antibacterials during the World War 

II was of paramount importance until their replacement by 

penicillins and antibiotics. Acridines present a large number of 

fascinating properties ranging from antibacterial,[5] to anticancer[6] 

without missing their use as dyes or sensors for biological or 

technical purposes.[7] For example, Amsacrine [N-(4-(acridin-9-

ylamino)-3-methoxyphenyl)methanesulfonamide] 1 is an 

antineoplastic agent for the treatment of acute leukemia, Ledakrin 

2 is an antitumor agent and the old Acriflavine 3 has been used  

as a topical antiseptic as well as antibacterial and anticancer 

agent. Partially saturated acridine derivatives like 1,2,3,4-

tetrahydroacridines also shown interesting properties: for 

example, Tacrine 4 has been used as a cholinesterase inhibitor 

for the treatment of Alzheimer (Figure 1).[8] 

 

Despite these promising properties of acridines and derivatives, 

few methodologies have been reported for their synthesis, and 

almost none of them for the enantioselective synthesis of chiral 

dihydroacridines. 

  

Figure 1. Examples of biologically active acridine derivatives. 

The most classical approach for the preparation of acridine 

derivatives are the ring closure reactions leading to the synthesis 

of the central pyridine ring. For example, 2-aminoaryl ketones 

react with arynes generated “in situ” to form acridines in good 

yields (Scheme 1).[9] 

 

Scheme 1. Example of synthesis of acridines. 

Acridines and dihydroacridines represent an interesting 3D 

scaffold to develop new libraries for pharma- and agrochemical 

industries. One of the main issues of acridines is their poor 

solubility and selectivity. To overcome these constraints, we 

speculated that the increase of sp3-carbons in the structure of the 

acridine enables us to improve the pharmacokinetic properties, 

such as solubility, which is predicted by Lovering when 

introducing the concept of “escape the flatland”.[10] At the same 

time, the presence of chiral centers could increase the selectivity 

of the compounds. We envisioned an effective synergistic 

catalysis approach for the synthesis of dihydroacridines, based 

on our previous works on the activation of heterocycles[11] and the 

previous work of Prof K. A. Jørgensen on the activation of 

quinoline and their derivatives (Scheme 2).[12] 
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Scheme 2. Previous works in activation of heterocycles and new synergistic 

approach for the synthesis of dihydroacridines. 

In this communication, we report the first example of 

enantioselective version of the synthesis of 3,4-dihydroacridines 

8 via synergistic catalysis. Starting from quinoline derivative 5, the 

addition of a metal Lewis acid, which coordinates the aromatic 

nitrogen, increases the acidity of the -methylene and thus 

enhance its nucleophilicity. Next, the enal 6 reacts with the chiral 

secondary amine catalyst 7 to form the iminium ion that facilitates 

the conjugated addition by the nucleophile. The enolate 

intermediate formed “in situ” undergoes an intramolecular aldol 

reaction with the strategically located carbaldehyde, through a 6-

exo-trig cyclization, to form the six-membered ring. Finally, the 

dehydration renders the desired dihydroacridine 8. Advantages of 

the present protocol is the use of simple Lewis acid without the 

need of expensive ligand for the carbon activation as well as with 

the stereochemical discrimination coming from the chiral amino 

catalyst.  

We started to study the reaction between 2-methylquinoline-3-

carbaldehyde and 4-nitro-cinnamaldehyde. The best conditions 

involve the use of the TMS-protected diphenyl prolinol 7 as chiral 

organocatalyst and Yb(OTf)3 as a metal Lewis acid with o-nitro 

benzoic acid as additive in dichloroethane (DCE), rendering the 

product 8a in 75% yield and 94% ee (see Supporting Information 

= SI). We then studied the scope of the reaction, testing differently 

substituted aromatic ,-unsaturated aldehydes 6 (Scheme 3). 

The reaction works well with different electron-withdrawing group 

(EWG), electron-donating group (EDG) and halogen substituents 

at the para-position of the enal 6, giving the products in 57-75% 

yields and high enantioselectivity (82-94% ee, 8a-f and 8h). 

Unsubstituted cinnamaldehyde afforded the dihydroacridine 8g in 

good yield and up to 96% ee. Similar results were obtained when 

EWG, EDG and halogen are placed on the ortho-position of the 

enal (8k-m). However, lower yield was achieved with meta-

bromo-cinnamaldehyde while still maintaining high 

enantioselectivity (8j). The reaction was successfully expanded to 

a more sterically demanding 2-naphthyl cinnamaldehyde, 

isolating the dihydroacridine 8n with good yield and high 

enantioselectivity. Furthermore, the heteroaromatic substituted 

enal can also be converted to the desired product in high ee value, 

as in the case of 2-furyl substituted dihydroacridine 8o, albeit in 

moderate yield. When an aliphatic enal was tested, high ee was 

obtained but with only 26% yield (8p), so no other aliphatic enal 

was explored further (Scheme 3). The reaction was tested on 2g 

scale of 2-methylquinoline-3-carbaldehyde and the product 8a 

was obtained in 49% yield. 

 

Scheme 3. Reaction scope of quinoline 5 and ,-unsaturated aldehydes 6. 

Yields of isolated products. The ee was determined by chiral HPLC analysis. 

The reactions were performed on a 0.1 mmol scale. 

Substituted quinoline derivatives 5 gave, in all cases, high 

enantioselectivities (88-96% ee) (Scheme 4). When chloro-

substituent was present in the 7-position or in 6- and 8-positions 

of the quinoline, moderate yields were observed (8q-s) while 

methyl-substituent in 6-position or fluoro-substituent in 5-position 

gave the desired products (8t and 8u) in 69% and 64% yields, 

respectively. 
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The reaction was expanded to longer chain at the 2-position of 

the starting quinoline in order to obtain dihydroacridines with two 

new stereocenters. The new stereocenter epimerizes during the 

column chromatography, allowing getting the thermodynamic 

compound. As can be seen in the table, when bigger is the 

substituent in the 2-position of the starting quinoline, better is the 

diastereomeric ratio. In the major part of the examples, the minor 

diastereomer was not detected after the column chromatography.  

 

Scheme 4. Reaction scope with various quinoline derivatives 5 and , 

unsaturated aldehydes 6. Yields of isolated products. The ee was determined 

by chiral HPLC analysis. The reactions were performed on a 0.1 mmol scale. a) 

Catalyst 7a was used, in the other entries 7b was used. b) Isolated as an 

inseparable mixture of diastereomers, dr: 6:1. 

The dihydroacridine products (8v-8ab) with ethyl, propyl and 

hexyl substituents were isolated in moderate to high yields (40% 

to 80% yield) with high enantioselectivities (80% to 96% ee) 

(Scheme 4).  

The absolute configuration of product 8b was assigned by X-ray 

crystallography,[13] while the absolute and relative configuration of 

product 8x was inferred by 2D NMR spectroscopy (see SI). The 

other structures were assigned by analogy. 

To illustrate the high potential of this reaction, several useful 

transformation of dihydroacridine products (8m, ent-8m, 8g and 

8c) have been devised (Scheme 5). For example, the reduction 

of 8m with sodium borohydride provided the corresponding 

product 12 in high yield (85%). The Wittig reaction of ent-8m 

rendered ,-unsaturated ketone 13 in 72% yield and reductive 

amination between aldehyde 8g and benzylamine 10 gave the 

desired product 14 in 58% yield. Moreover, the bromo-substituted 

dihydroacridine 8c was used in a Suzuki reaction, leading to the 

target product 15 in 47% yield (Scheme 5).  It is noteworthy that 

the enantiopurity of the diverse products was perfectly maintained 

during the organic transformations in all cases. 

To shed light on the synergy exerted by the combination of a 

Lewis acid and an organocatalysts, we carried out a detailed 

computational study mainly directed to understand the pathway 

operating in the synergistic. DFT calculations with ytterbium 

require relativistic effective core potentials adapted to the 

corresponding oxidation state that should be used in combination 

with its optimized basis set augmented by a polarization 

function.[14] 

 

 

Scheme 5. Examples of derivatization of dihydroacridine products. Yields of 

isolated products. The ee was determined by chiral HPLC. The reactions were 

performed on a 0.1 mmol scale. 

Calculations with a minimum of accuracy for such large systems 

and considering the various reaction pathways are prohibitive in 

terms of computer time. Since similar results were obtained with 

indium (90% ee and 19% yield, see SI, Table 1) we carried out 

calculations with In(OAc)3 as Lewis acid. We use the B3LYP 

functional with dispersion correction and Ahlrichs’ basis sets 

DEF2SVP and DEF2TZVP. Solvent effects were included in 

energy calculations (for details, see SI). Our mechanistic studies 

were based on two different cycles operating at organocatalytic 

and Lewis acid levels (Scheme 6). It is well-known that catalyst 7 

operates following a typical steric model.[15] Consequently, only 

the attack through the less hindered Re face of the iminium has 

been considered in agreement with previous calculations for other 

similar reactions,[15] not being necessary to include chirality in the 

pyrrolidine for unravelling the reaction mechanism. 
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Scheme 6. Catalytic cycle. 

Initially, after the Lewis acid activation of PY by forming IN5 and 

the formation of the iminium salt IM, the reaction commences with 

the development of the encounter pair EP. We have considered 

six approaches for the corresponding TS1 (see SI), the most 

stable showing an energy barrier of 5.5 kcal/mol. After formation 

of (S)-IN1, as a consequence of the attack by the less hindered 

Re face of the iminium salt, the ring closing leading to IN2 that 

can account through four different approaches depending on the 

attack by Re/Si faces of the aldehyde and enamine functionalities. 

For this step, the presence of benzoic acid for activating the 

aldehyde is crucial. All the transition structures TS2 

corresponding to the different approaches were more stable than 

TS1 thus confirming the formation of the new stereogenic center 

as the rate-limiting step. The most stable TS1 showed favorable 

London dispersion interactions between the aromatic rings as 

confirmed by a NCI analysis[16] (Figure 2). 

 

Figure 2. Most stable TS1 (rate-limiting step of the catalytic cycle). Left: Red 

arrow indicates the position of the bulky group at the original enantiopure 

catalyst. Green double arrow indicates favorable London interaction at the most 

stable transition structure. Right: NCI analysis confirming London dispersion 

interactions between the quinoline and the phenyl group. 

The most stable TS2 corresponds to the approach between the 

Re face of the aldehyde and the Si face of the enamine leading to 

(S,S,R)-IN2. Addition of water to IN2 yield IN3 generating more 

stereogenic centres (see SI) which are, however, irrelevant for the 

course of the reaction. After hydrolysis releasing the catalyst and 

benzoic acid, the dehydration also promoted by the acid, forms 

complex IN4. Exchange of the Lewis acid between IN4 and the 

starting material PY yields IN5 that, after combination with the 

newly formed iminium salt IM, produces EP starting a new 

catalytic cycle. The energy balance of the catalytic cycle 

illustrated in Scheme 6 is favourable in agreement with the energy 

profile and a driving force of -2.4 kcal/mol (Figure 3). 

 

Figure 3. Energy profile for the catalytic cycle (the most favorable route is 

showed) and driving force. 

In summary, we have reported a new synergistic methodology for 

the enantioselective synthesis of dihydroacridines with excellent 

results. This practical protocol is easy to perform and shows a 

broad substrate scope tolerating a range of functionalities with 

high enantioselectivity (up to 99% ee). The mechanistic studies 

revealed that the formation of the new stereogenic center as the 

rate-limiting step of the reaction and fully determined the 

synergistic cooperation between Lewis acid and organocatalyst 

though a double catalytic cycle. 

Experimental Section 

In a closed vial were added in this sequence: the organic catalyst (R)- or 

(S)-α,α-diphenyl-2-pyrrolidinemethanol trimethylsilyl ether (10.3 mg, 0.03 

mmol, 20 mol%) or (R) or (S)-α,α-bis[3,5-bis(trifluoromethyl)phenyl]-2-

pyrrolidinemethanol trimethylsilyl ether (17.9 mg, 0.03 mmol, 20 mol%), 2-

alkyl quinoline-3-carbaldehyde (0.30 mmol, 2 equiv), α,β-unsaturated 

aldehyde (0.15 mmol, 1 equiv), ytterbium(III)trifluoromethanesulfonate 

(18.6 mg, 0.03 mmol, 20 mol%), o-nitro-benzoic acid (7.5 mg, 0.045 mmol, 

30 mol%), and 1,2-dichloroetane (7.5 mL). The reaction mixture was 

stirred at 50 °C and then monitored by1H NMR spectroscopy. 
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A higly enantio- and diastereoselective synthesis of dihydroacridines have been 

reported. A synergistic activation of quinolone derivatives through metal Lewis acid 

catalysis (Yb(OTf)3 and enals activated by chiral secondary amines furnish via a 

cascade reacrion the dihydroacridines in good yields and excellent 

stereoselectivities.  
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