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Abstract An efficient and improved process for the synthesis of novel 1-in-
danones derivatives has been developed. In the first step of the presented new
process, 4-bromobenzaldehyde reacts with 5, 6-dimethoxy-2, 3-dihydro-1H-inden-
1-one by N-arylation of corresponding compounds with a variety of aliphatic and
aromatic amines to produce a novel category of l-indanones as the final step.
Comparison of this newly designed method with conventional methods show that
our method is much more efficient in producing a higher total yield. This innovative
synthesis methodology offers several advantages, among which the consumption of
inexpensive reagents and the resulting higher total yields of final products are of its
remarkable points.
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Introduction

1-Indanones are important chemical, pharmaceutical, and agrochemical intermedi-
ates [1]. On the other hand, various 1-indanone structures are also commonly found
in numerous bioactive natural products [2, 3]. Many indanone structures have
demonstrated various biological activities, including antiproliferative activity, as
well as acetylcholinesterase inhibition as therapeutics [4], such as donepezil
(Aricept), for the treatment of Alzheimer’s disease, etc. [5]. Alzheimer’s disease
(AD) is the most common form of dementia, accounting for about 50-60 % of the
overall cases of dementia among persons over 65 years of age [6, 7].
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However, while many other compounds have anti-Alzheimer’s effects with
different structures from that of donepezil [8-23], donepezil remains the most
important drug for the treatment of AD [24, 25]. Its unique chemical structure
makes it more specific in targeting Alzheimer’s disease much more efficiently
compared to similar drug classes. There are many processes for producing donepezil
[26-29], but the prior procedures for its preparation of have certain disadvantages,
such as multiple reduction steps, expensive catalysts, side-product formation, and
low yield results [28, 29]. Due to the mentioned disadvantages, development of
novel, simple, and efficient routes for the synthesis of donepezil and donepezil-like
compounds continues to attract a great deal of interest. The crystal structure of
donepezil in its crystal state and in solution clearly shows three main parts: a
1-indanone moiety, a linker moiety, and a benzyl piperidine moiety (Fig. 1) [27]. As
shown in Fig. 1, the principle difference between the presented donepezil-like
compounds and donepezil is in both the linker and basic components. Otherwise, all
of them are similar in the indanone part and in the position of the basic part at C-2.
On the other hand, more of the synthesized donepezil-like compounds are of the
kind bearing amine moieties in their structure, such that the synthesis of these
compounds possessing aliphatic and aromatic amines are scarcely reported in the
literature. Moreover, it is well-known that the combination of the indanone moiety
with an aromatic ring via an aldol condensation enhances the activity [30, 31]. It is
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Fig. 1 Structure of donepezil (1), some known compounds with anti-Alzheimer’s effect (I, 111, IV), and
our target compounds (V)
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notable that recently some new donepezil like compounds have been reported that
are different in the indanone moiety [32-35].

A literature survey shows that two methods for the synthesis of donepezil-like
compounds have been developed. The most popular method is the use of
commercially available aldehydes with various functional groups in the para
position [36]. Another approach is the consumption of 4-fluorobenzaldehyde and a
subsequent arylation reaction in the specific conditions [37]. Due to weak points of
each method, the development of novel, simple, and efficient routes for the
synthesis of donepezil-like compounds have attracted growing interest.

These observations prompted us to design a novel method for the synthesis of an
indanone-based library of new small molecules represented by V (Fig. 1), in which
the 5,6-dimethoxy-2,3-dihydro-1H-inden-1-one ring was retained and new side-
chains with various amine groups linked to the para position of benzylidene group
were added at C-2. Because of structural similarity of V with IV [38], III [39], I [36]
and I, we anticipated that molecules based on V might show biological activities.

Results and discussion

As the starting point, we designed and synthesized compound (8) by two methods
(Scheme 1) to investigate the feasibility of two strategies, and furthermore, to
optimize the reaction conditions. Comparing the final results introduced the most
efficient method.

For this purpose, in method A 4-halobenzaldehyde 3 reacted with 5,
6-dimethoxy-2, 3-dihydro-1H-inden-1-one 4 and compound 5 was produced. To
optimize the reaction conditions, a variety of solvents (EtOH, MeOH) and bases
(KOH, NaOH) were tested. The results are summarized in Table 1.

To avoid superfluous byproducts produced during the reaction procedure in high
temperatures and reflux, the reaction must be performed at room temperature. As
Table 1 shows, the best result (86 % yield) was obtained when the reaction was
performed using EtOH as a solvent and 10 mol % of NaOH as a base (entry 4).

H4CO
N H3CO l
CHO 8a
3 N i
N
s © .

6a

N
X=F, Cl, Br g
CHO

7a

Scheme 1 Two selected paths for the synthesis of 2-(4-imidazolobenzilidine)-5, 6-dimethoxy-2,3-
dihydro-1H-inden-1-one
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Table 1 Optimization of synthesis of indanone derivatives under various conditions

X o] (o]
H;CO H;CO
+ — et
H;CO H;CO
F

OHC

3a:x=

3b:x=Cl

3c:x=Br 4 5 X
Entry Solvent Base mol % Yield %
1 MeOH KOH 5 50
2 EtOH KOH 5 55
3 EtOH NaOH 5 75
4 EtOH NaOH 10 86
5 EtOH NaOH 15 85

Reaction conditions: Halobenzaldehyde (0.1 mmol), Indanone (0.1 mmol), EtOH (5 cc), NaOH 10 %,
r.t./24 h

With the precursor 5 in hand, we focused on the feasibility of the following Cul
catalyzed intermolecular N-arylation reaction with imidazole 6a. As shown in
Table 2, to identify the best operative system for N-arylation of imidazole 6a with 5,
the coupling reaction was surveyed by a variety of solvents, bases, ligands, and
halobenzaldehyde in different temperatures. Among various solvents and bases
screened at 80 °C and in the presence of 2-picolonic acid as ligands, the optimal
result was obtained when DMSO was used as a solvent and Cs,CO5; was employed
as the base (Table 2, entry 5).

It was also observed that L-proline was better than other ligands (Fig. 2) in
producing considerable reaction yields (Table 2, entries 5 and 8—11). As itis presented
in the following, the reaction was studied at different temperatures (Table 2, entries 8
and 12-14), which in conclusion led to the selection of 100 °C as the optimal
temperature (Table 2, entry 13). Thus, a catalyst system consisting of 10 mol % Cul,
20 mol % L-proline, and 2.0 equiv Cs,CO5; in DMSO at 100 °C was employed for the
reaction under study, which produces 86 % of the desired product 8a as a successful
result. In continuance, we chose a variety of substituted forms of compound 5 to
compare. The results show that among different types of halobenzaldehyde used
(Table 2, entries 13, 15, 16), the yield of bromo derivative Sc is much greater than that
of the corresponding flouro and chloro analogues.

It is notable that use of 4-bromobenzaldehyde Sc as starting material is economic,
due to its reasonable price and availability in comparison to other halobenzaldehydes.

In continuance, we investigated method B, which is the most popular method for
the preparation of indanone derivatives in the literature [38] (Scheme 1, path B). As
the starting point for this method, the reaction of 4-bromobenzaldehyde 3¢ with
imidazole 6a was chosen as our model reaction to investigate. For this purpose, we
used an optimized catalytic system which was obtained from the arylation step of
path A.
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Table 2 Various ligands used in the N-arylation reaction

Entry X Solvent Base Ligand Temp (°C) Yield (%)
1 Br Toluene K>CO;3 2-picolonic acid 80 11
2 Br DMF K>,CO;3 2-picolonic acid 80 49
3 Br DMSO K>CO;3 2-picolonic acid 80 53
4 Br DMSO Na,CO;3 2-picolonic acid 80 48
5 Br DMSO Cs,CO;3 2-picolonic acid 80 65
6 Br DMSO K;POy4 2-picolonic acid 80 61
7 Br DMSO KOH 2-picolonic acid 80 21
8 Br DMSO Cs,CO3 L-proline 80 72
9 Br DMSO Cs,CO3 1,10-phenantroline 80 44
10 Br DMSO Cs,CO3 TMEDA 80 42
11 Br DMSO Cs,CO3 EDA 80 36
12 Br DMSO Cs,CO3 L-proline 90 83
13 Br DMSO Cs,CO5 L-proline 100 86
14 Br DMSO Cs,CO;3 L-proline 110 85
15 Cl DMSO Cs,CO3 L-proline 100 62
16 F DMSO Cs,CO;3 L-proline 100 21

Reaction conditions: halobenzaldehyde (0.1 mmol), imidazole, Cul (10 mol %), ligand (20 mol %), base
(2 eq), solvent (2 mL), 24 h

Fig. 2 Various ligands used in N
the N-arylation reaction OH
N/ OH N
H

(0]
(0]
2-picolonic acid  L-proline 1,10-phenantroline
—N N HoN NH,
N/
TMEDA EDA

Initially we synthesized 4-imidazolobenzaldehyde 7a via the Ullman reaction of
4-bromobenzaldehyde 3¢ with imidazole 6a (Scheme 2) using dimethylsulfoxid
(DMSO) as the solvent and Cul/L-proline as catalyst. The reaction was performed at
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100 °C for 24 h. 7a reacted with 5, 6-dimethoxy-2, 3-diydro-1H-inden-1-one S5,
using ethanol as a solvent and NaOH 10 % as a base at room temperature for 24 h to
afford the 2-(4-imidazolobenzilidine)-5,6-dimethoxy-2, 3-diydro-1H-inden-1-one
8a in good yields (Scheme 3).

Comparison of the total yields of methods A and B shows that the results of
method A is more satisfactory than that of method B. To explore the scope and
generality of method A, we extended this method to the synthesis of the
corresponding indanone derivatives 8a—g via the N-arylation of compound Sc¢ with a
variety of aliphatic and aromatic amines 6a—g (Fig. 3) under the optimal condition.

As shown in Scheme 4, the reactions were carried out efficiently and the desired
products were produced in good yields (79-86 %).

Conclusion

In summary, we have demonstrated a simple, efficient, and novel route for the
synthesis of a drug-like indanone scaffold (8a—g). Two different methods were
examined and a novel series of 2-(4-dialkylaminobenzilidine)-5, 6-dimethoxy-2,
3-dihydro-1H-inden-1-one was synthesized in two steps. In the first step,
condensation of aldehyde with 6-dimethoxy-2, 3-dihydro-1H-inden-1-one produced
intermediate compound 5. In the second step, N-arylation of compound S with a
variety of aliphatic and aromatic amines synthesized the corresponding final
products. Ready availability of 4-bromobenzaldehyde as a starting material, the use
of cheaper reagents, and higher total yields of the final products are some
advantages of this method over previously reported processes. This provides a
convenient synthetic route to a variety of substituted indene derivatives with good
yields. Studies of possible practical applications of these new drug-based materials
are also being actively pursued. The results of these and related studies will be
reported in due course.

Experimental

General methods

Melting points were determined on a MEL-TEMP model 1202D and are
uncorrected. FT-IR spectra were recorded on a Bruker Tensor 27 spectrometer as

KBr disks. The '"H NMR spectra were recorded on a Bruker Spectrospin Avance
400 spectrometer using CDCl5 as solvent. '*C NMR spectra were determined on the

Scheme 2 Synthesis of /\

Br
4-imidazolobenzaldehyde [S CsCO,/ DMSO N\&N
* N Cul/ L-prolin
4 100°C/ 24h
OHC
3c 6a

OHC
7a 5%
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Scheme 3 Synthesis of 2-(4-imidazolobenzilidine)-5, 6-dimethoxy-2, 3-dihydro-1H-inden-1-one
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Scheme 4 Synthesis of compounds 8a—8g

same instrument at 100 MHz. All chemical shifts were reported as & (ppm) and
coupling constants (J) were given in Hz. Elementary analyses (C, H, N) were
performed on a Vario EL III analyzer. Column chromatography was done using
silica gel (MerkKieselgel 60 HF;s4, Art. 7739). The chemical reagents used in
synthesis were purchased from Merck and Sigma-Aldrich.
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General procedure for the synthesis of compound 5c

To a stirred solution of 4-bromobenzaldehyde (1 mmol) and indanone (1 mmol) in
EtOH (10 cc) the aqueous solution of NaOH (10 %) was added dropwise. The
reaction mixture was stirred overnight at room temperature. The obtained solid was
collected by filtration and purified by recrystallization from EtOH to give Sc as a
pure solid.

2-(4-bromobenzilidine)-5,6-dimethoxy-2,3-dihydro- 1 H-inden-1-one (5¢) Pale yel-
low solid; Yield 86 %; mp: 178-180 °C; FT-IR (KBr) v 2961, 1687, 1630, 1497,
1304, 1252, 1087 cm™'; "HNMR (400 MHz, CDCl3): & 3.90 (2H, s, -inden-CH,),
3.94 (3H, s, O-CHs3), 3.99 (3H, s, O-CH3), 6.96 (1H, s, Ar—H), 7.31 (1H,s, Ar—H),
7.47-7.50 (2H, d, J = 8.4 Hz, Ar-H), 7.50 (1H, s, methine-H), 7.55-7.57 (2H, d,
J = 8.4, Ar-H).

General procedure for the synthesis of compounds 8a—g by method A

To a solution of compound S¢ (2 mmol) in DMSO (3 mL), Cs,CO;3 (2 eq), Cul
(10 mol %), and L-proline (20 mol %) and compounds 6a—g were added, and the
reaction mixture was heated at 100 °C for 24 h (monitored by TLC). After cooling,
the reaction mixture was poured into water and extracted with EtOAc. The organic
layer was washed with brine, dried over MgSO, and concentrated under reduced
pressure. The residue was purified by silica gel preparative layer chromatography
(EtOAc/n-hexane, 1:9) to give the desired products 8a—g.

2-(4-imidazolobenzilidine)-5, 6-dimethoxy-2,3-dihydro-1H-inden-1-one 8a Yel-
low solid; Yield 86 %; mp: 223-225 °C; FT-IR (KBr) v 2935, 2838, 1688, 1635,
1497, 1303, 1250, 1093 cm™'; 'H NMR (400 MHz, CDCls): § 3.92 (2H, s, inden-
CH,), 3.93 (3H, s, O-CH3), 3.98 (3H, s, O-CH3;), 6.96 (1H, s, Ar-H), 7.22 (1H, s,
Ar-H), 7.31 (1H, s, Ar-H), 7.32 (1H, s, Ar-H), 7.44-7.46 (2H, d, ] = 8.2 Hz, Ar-
H), 7.55 (1H, s, Ar-H), 7.71-7.73 (2H, d, J = 8.2 Hz, Ar-H), 7.91 (1H, s, methine-
H) ppm; *CNMR (100 MHz, CDCls): § 31.0, 55.1, 55.2, 104.0, 106.1, 116.7,
120.3, 126.0, 129.5, 129.8, 129.9, 130.8, 133.7, 134.3, 135.1, 136.4, 143.6, 148.7,
154.5, 191.7 ppm. Anal. Calcd. For C,;H;gN,03: C, 72.89; H, 5.25; N, 8.09; Found:
C, 70.51; H, 5.08; N, 7.83 %.

2-(4-pyrrolidinobenzilidine)-5,6-dimethoxy-2,3-dihydro-1H-inden-1-one  8b  Auburn
solid; Yield 84 %; mp: 170-172 °C; FT-IR (KBr) v 2960, 1672, 1516, 1385,
1300, 1178, 1303, cm™'; '"H NMR (400 MHz, CDCl3): & 1.97-2.02 (4H,m,
pyrrolidino-CH,-3,4), 3.33-3.37 (4H,m,pyrrolidino-CH,-2,5),3.90 (2H, s, inden-
CH,), 3.94 (3H, s, O-CHs), 3.99 (3H, s, O-CHs), 6.55-6.57 (2H, d, J = 8.2 Hz,
Ar-H), 6.94 (1H, s, Ar-H), 7.31 (1H,s, Ar-H), 7.52-7.54 (2H, d, J = 8.2 Hz, Ar-
H), 7.54 (1H, s, methine-H) ppm; I3CNMR (100 MHz, CDCl»): 6 24.4, 31.4, 46.5,
55.1, 55.2, 103.9, 106.1, 110.8, 121.7, 129.0, 130.7, 131.6, 132.7, 143.2, 147.5,
155.5, 191.9 ppm. Anal. Calcd. For C5,H,3NO;3: C, 75.70; H, 6.65; N, 4.01; Found:
C, 73.42; H, 6.41; N, 3.86 %.
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2-(4-morpholinobenzilidine)-5,6-dimethoxy-2,3-dihydro-1H-inden-1-one 8c Yel-
low solid; Yield 84 %; mp: 210-212 °C; FT-IR (KBr) v 2967, 2833, 1677, 1594,
1504, 1223, 1301, cm™'; 'H NMR (400 MHz, CDCls): § 3.21-3.23 (4Hy,
J = 8 Hz, Morpholino-CH,-2,-6), 3.81-3.83 (4H,t, ] = 8 Hz, Morpholino-CH,-3,-
5,), 3.83 (2H, s, inden-CH,), 3.89 (3H, s, O-CHj3), 3.94 (3H, s, O—CHj3), 6.86-6.88
(2H, d, J = 8.7 Hz, Ar-H), 6.92 (1H, s, Ar—-H), 7.27 (1H, s, Ar-H), 7.47 (1H, s,
methine-H), 7.51-7.53 (2H, d, J = 8.7 Hz, Ar-H), ppm; *CNMR (100 MHz,
CDCly): & 31.0, 46.7, 54.8, 55.0, 65.4, 103.6, 105.9, 113.4, 125.2, 130.1, 130.9,
131.0, 131.2, 143.3, 148.2, 150.3, 153.7, 191.9 ppm. Anal. Calcd. For Cy,H»3NOy:
C, 72.39; H, 6.36; N, 3.83; Found: C, 70.18; H, 6.14; N, 3.83 %.

2-(4-piperidinobenzilidine)-5, 6-dimethoxy-2, 3-dihydro-1H-inden-1-one 8d Brown
solid; Yield 85 %; mp: 204-206 °C; FT-IR (KBr) v 2927, 2849, 1680, 1587, 1507,
1232, 1301 cm™'; '"H NMR (400 MHz, CDCls): § 1.62-1.68 (6H,m, piperidino-
CH,-3, 4, 5), 3.29-3.31 (4H,t, J = 10.3 Hz, piperidino-CH-2, 6), 3.89 (2H, s, inden-
CH,), 3.94 (3H, s, O-CH3), 3.97 (3H, s, O-CH3), 6.90-6.92 (2H, d, J = 8.8 Hz,
Ar-H), 6.96 (1H, s, Ar-H), 7.32 (1H, s, Ar-H), 7.53-7.55 2H, d, J = 9.0 Hz, Ar-
H), 7.55 (1H, s, methine-H) ppm; '*CNMR (100 MHz, CDCl5): & 23.2, 24.4, 31.2,
48.0, 55.1, 55.1, 103.9, 105.7, 106.1, 113.0, 113.8, 124.0, 130.3, 130.5, 131.3,
132.0, 132.2, 143.4, 148.4, 151.0, 153.8, 192.3 ppm. Anal. Calcd. For C,3H,5NO5:
C, 76.10; H, 6.95; N, 3.85; Found: C, 73.09; H, 6.73; N, 3.73 %.

2-[4-(N-methylpiperazinobenzilidine)]-5,6-dimethoxy-2,3-dihydro- 1 H-inden-1-one.
8e Brown solid; Yield 79 %; mp: 220-222 °C; FT-IR (KBr) v 2925, 2862, 1684,
1610, 1510, 1312, 1127, 1093 em™'; '"H NMR (400 MHz, CDCl;): & 2.39 (3H, s,
CH3), 2.62-2.64 (4H,t, J = 8 Hz, piperazino-CH), 3.35-3.37 (4H, t, J = 8 Hz,
piperazino-CH),3.87 (2H, s, inden-CH,), 3.94 (3H, s, O-CH3), 3.98 (3H, s, O—CH3),
6.86-6.88 (2H, d, J = 8.7 Hz, Ar-H), 6.92 (1H, s, Ar-H), 7.27 (1H, s, Ar-H), 7.47
(1H, s, methine-H), 7.51-7.53 (2H, d, J = 8.7 Hz, Ar-H), ppm; I3CNMR
(100 MHz, CDCl5): 6 32.0, 46.7, 52.0, 54.8, 55.0, 57.0, 104.6, 105.9, 114.4,
124.2, 130.1, 130.9, 131.0, 132.2, 143.3, 149.2, 150.3, 152.7, 192.9 ppm. Anal.
Calcd. For Cy3HN,O5: C, 73.07; H, 6.94; N, 7.41; Found: C, 70.84; H, 6.68; N,
7.12 %.

2-(4-benzimidazolobenzilidine)-5, 6-dimethoxy-2, 3-dihydro-1H-inden-1-one. 8f Yel-
low solid; Yield 82 %; mp: 238-240 °C; FT-IR (KBr) v 3002, 2964, 1679, 1494,
1457, 1302, 1254, 1220, 1120 cm™'; "H NMR (400 MHz, CDCl;): & 3.94 (3H, s,
O-CH3), 4.00 (3H, s, O-CHs), 4.00 (2H, s, inden-CH,), 6.99 (1H, s, Ar-H),
7.33-7.38 (3H, m, Ar-H), 7.60 (1H, s, Ar-H), 7.59-7.61 (2H, d, ] = 8.4 Hz, Ar—H),
7.61 (1H, s, methine-H), 7.82-7.84 (2H, d, J] = 8.4 Hz, Ar-H), 7.88-7.91 (1H,m,
Ar-H), 8.16 (1H,s, Ar-H) ppm; "*CNMR (100 MHz, CDCIl5): & 31.0, 55.1, 55.2,
103.9, 106.0, 109.4, 119.7, 122.0, 122.8, 129.5, 129.8, 130.9, 132.2, 134.1, 135.3,
135.6, 140.9, 143.1, 143.6, 148.6, 154.5, 191.7 ppm. Anal. Calcd. For C,sH,oN,05:
C, 75.82; H, 5.10; N, 7.07; Found: C, 72.96.24; H, 4.92; N, 6.83 %.

2-(4-pyrazolobenzilidine)-5, 6 dimethoxy-2, 3-dihydro-1H-inden-1-one 8¢ Yel-
low solid; Yield 81 %; mp: 220-222 °C; FT-IR (KBr) v 3115, 2926, 1685, 1598,
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01, 1308, 1121, 1090 cm™"; 'H NMR (400 MHz, CDCls): & 3.98 (2H, s, inden-

CH,), 3.94 (3H, s, O-CHs), 4.00 (3H, s, O—CH3), 7.00 (1H, s, Ar—H), 7.34 (1H, s,
Ar-H), 7.59 (1H, s, Ar-H), 7.72-7.98 (5H, m, Ar-H), 7.99 (1H, s, Ar-H), ppm;
BCNMR (100 MHz, CDCly): & 31.1, 55.1, 55.2, 104.0, 106.1, 107.1, 118.0, 125.6,

13

0.0, 130.2, 130.6, 132.5, 134.4, 139.3, 140.6, 143.7, 148.6, 154.4, 191.9 ppm.

Anal. Calcd. For C,;H3N,05: C, 72.89; H, 5.25; N, 8.09; Found: C, 70.48; H, 5.07;

N,

7.79 %.

Supplementary material

Experimental details, '"H NMR, B¢ NMR, FT-IR and elemental analysis of new

CO

mpounds are available.
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