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Abstract: Anefficient, greener approach was adopted for the synthesis of 1,8-
dioxodecahydroacridines using Zn(L-proline), as al.ewis acid, recyclable organometallic
catalyst in solvent-free conditionsemploying aromatic aldehydes, dimedone and ammonium
acetate. Short reaction times, good to excellent yields, non-toxicity, easy separation and
reusability of the catalyst and easy work-up are the main advantages of this method.
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Introduction

Nowadays, one-pot multi-component reactions (MCRs) are more demand due to the benefit
of their convergence, efficiency, facile performance and high yield.'There has been an
enormous development in MCRs, particularly the Ugi,"Passerini, 'Biginelli,"' Mannich"and
Hantzsch"" reactions. Great effort is needed to find new MCRs and/or to modify the
previously known reported procedures.

One such reaction is the synthesis of 1,8-dioxodecahydroacridines. Throughout the recent
years, great attention has been paid to the synthesis of 1,8-dioxodecahydroacridines because
of their highly complete physiological and biological activities for example
amtimalarial,VHanticancer,Vmcy‘totoxic,IXantimicrobialX and widely prescribed as calcium
blockers.XAlso, 1,8-dioxodecahydroacridines were created to act as laser dyesxnand used as
photo initiators.*""These compounds have been commonly synthesized in a three-component
one-pot Hantzschreaction of 1,3-diketone, aldehydes and ammonium acetate using several
catalysts for example ionic liquids,*"saccharose,*Yammonium chloride,*"'boron
triftuoride,*V"'"Fe-ZrO,, " "'nanocrystalline Ti0,,**p-dodecylbenzenesulfonic acid
(DBSA)*and carbon based solid acid.**'Most of these methods suffer from disadvantages
such as harshcondition, low yield, very high reaction temperature, expensive reagent etc.
Recently, proline and zinc complexes have been shown to act as efficient catalysts for the
reactions.” " *VzZn(L-proline), is an efficient, inexpensive, non-toxic, stable and reusable
catalyst which is not dissociated under reaction conditions. Also, many advantages such as
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higher solubility in water, insolubilty in organic solvents, eco-friendly nature and convenient
work-up make Zn(L-proline), a green catalyst in organic synthesis.*"

Due to our interest in the synthesis of heterocyclic compounds and in continuation of our
previous works on the applications of reusable catalysts in organic reactions, """ **V herein
we report the new efficiently and green method for synthesis of 1,8-
dioxodecahydroacridinesusing Zn(L-proline),as a catalyst (Scheme 1). To the best of our
knowledge, this is the first report of synthesis of dioxodecahydroacridines using
organometallic catalyst specially Zn(L-proline),under solvent-free conditions.

(0] O Ar O
Q Zn(L-proline),
Ar)kH + + NH,OAc —MMM
o solvent-free N
120 °C H
1a-j 2 3 4a-j

Scheme 1.Synthesis of 1,8-dioxodecahydroacridines in the presence of Zn(L-proline),

Results and Discussion

Catalytic activity for synthesis of 1,8-dioxodecahydroacridines

The one-pot synthesis of 1,8-dioxodecahydroacridineswas carried out by the three-component
condensation of aromatic aldehydes,dimedone and ammonium acetatein the presence of
Zn(L-proline); as a recyclable catalyst (Scheme 1). Initially, 4-chlorobenzaldehyde (1 mmol),
dimedone (2 mmol) and ammonium acetate (1 mmol) were selected as representative
substrates to investigate the reaction conditions (Table 1). The catalyst plays an important
role in the formation of 3,3,6,6-tetramethyl-1,8-diox0-9-(4-chlorophenyl)-decahydroacridine
(4a).No product was obtained in the absence of the catalyst after 90 min (entry 1).Thus, we
focused our attention on using Zn(L-proline), catalyst, that might help to reduce the reaction
time and improve the yields of the target compound. Our studies show that increasing the
amount of the catalyst increased the yield of the product (entries 2-10). The optimum amount
of Zn(L-proline),was 0.05 g (entry 10) under solvent-free conditions; increasing the amount
of the catalyst beyond this value did not increase the yield noticeably (entries 11,
12).Furthermore, we observed that, temperature could improve yield of the reaction and the
reaction was carried out in three different temperature under solvent-free conditions(entries
2-10).The best result was obtained at 120 °C for 15 minusing 0.05 g of the catalyst (entry
10).Finally, we used the various solvents in this reaction (entries 13-17).We found that yield
of the reaction with using the different solvents is lower than solvent-free conditions.
Therefore,all reactions were carried out at 120 °Cin the presence of 0.05 g Zn(L-
proline);under solvent-free conditions.

Table 1. Screening of the reaction conditions for the synthesis of 4a”

Entry  Catalyst (gr) Conditions Time (min) Temperature (°C)  Yield (%)°
1 None Solvent-free 90 120 -
2 0.01 Solvent-free 30 90 54
3 0.01 Solvent-free 20 110 76
4 0.01 Solvent-free 15 120 89
5 0.03 Solvent-free 30 90 59
6 0.03 Solvent-free 20 110 82
7 0.03 Solvent-free 15 120 82
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8 0.05 Solvent-free 30 90 63
9 0.05 Solvent-free 20 110 78
10 0.05 Solvent-free 15 120 91
11 0.07 Solvent-free 15 120 85
12 0.08 Solvent-free 15 120 90
13 0.05 H,0 270 reflux 48
14 0.05 EtOH 270 reflux 75
15 0.05 MeOH 270 reflux 70
16 0.05 CHCl, 270 reflux 62
17 0.05 n-Hexan 270 reflux 53

*Reaction conditions: dimedone (2 mmol), 4-chlorobenzaldehyde (1 mmol), and ammonium acetate (1 mmol).
*Isolated yields

After optimization of the reaction conditions, the catalyticactivitiy of Zn(L-proline),was
tested by different aromatic aldehydes, dimedone and ammonium acetate. The corresponding
compounds (4a—j) were synthesized by the reaction of aromatic aldehydes, dimedone and
ammonium acetate using 0.05 g Zn(L-proline)at 120 °C under solvent-free conditions. As
shown in Table 2, it was found that this method works well with a wide variety of substrates
and the yields of the reactions in the presence of the catalyst weregood to excellent(entries 1-
10).

Table 2. Preparation of 1,8-dioxodecahydroacridines using Zn(L-proline); as catalyst*

Mp °C

Entry Ar Product®  Time (min) Yields (%)°
Found Reported

1 4-CICgH, 4a 15 91 >300 300-302*X!

2 4-BrC¢H, 4b 15 91 240-241  239-242%%

3 2-MeOC4H, 4c 15 85 298-300  294-296 XV
4 CeHs 4d 15 92 190-192  192-195*¢

5 4-MeCgH, 4e 15 86 275276  269-271™%!

6 2-HOC¢H, 4f 15 82 312-315  >300™XV!

7 3-0,NC4H, 4g 15 86 290292  288-290™*

8 4-0,NC¢H, 4h 15 91 285-286  286-289™%!

9 Pyridin-3-yl 4i 15 89 300-302  298-300*V!
10 Thiophen-2-yl 4j 15 88 307-310  >300™VH

* Reaction conditions: dimedone (2 mmol), aromatic aldehyde (1 mmol), and ammonium acetate (1 mmol) at
120 °C under solvent-free conditions.

PAll the products were characterized by IR spectral data and comparison of their melting points with those of
authentic samples. Also the structures of some products were confirmed by "HNMR spectral data.

¢ Isolated yields.

S - XXXVILXXXIX:,
Based on the proposed mechanism in the literature, ’ it is reasonable to assume

that, at first, intermediatel is formed from the Knoevenagel condensation ofaromatic
aldehyde 1a-j with dimedone2 in which the carbonylgroup of aldehyde is activated with Znin
Zn(L-proline),anddimedone is deprotonated with assistant of the catalyst. Next,another
dimedonethat is activated with catalyst,react with intermediate Ito produce intermediate II
through a Michael addition reaction. Finally,from the nucleophilic attack of ammonium
acetate to carbonyl part of intermediate II, 1,8-dioxodecahydroacridine4a-jis produced
(Scheme 2).
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Scheme 2.Proposed mechanism

In order to examine the efficiency of the present methodfor the synthesis of 1,8-
dioxodecahydroacridines,compound 4dwascompared with some of those reported in the
literature(Tables 3). As one can see, our results show a very goodcomparability with
previously reported data when all termsincluding yield, reaction time, and reaction conditions
aretaken into account.

Table 3. Comparison of catalytic activity of Zn(L-proline), with other catalysts

Entry Catalyst Conditions Time (min) Yield (%) Ref

1 Zn(L-proline), Solvent free, 120 °C 15 92 This study
2 CTAB H,0, reflux 90 80 XL

3 SPNP H,0, reflux 120 91 XLI

4 PVPP-BF; CH;CN, reflux 180 92 XVII

5 Broensted acid (IL) H,O0, reflux 240 85 XXXIX

6 FSG-Hf(NPf;)4 C,H;s0H, reflux 240 82 XLII

7 Amberlyst-15 CH;CN, reflux 300 81 XLIII
Conclusion

In summary, we have developed a green and efficient method for the synthesis of 1,8-
dioxodecahydroacridines usingZn(L-proline), as an organometallic high-loaded of Lewis
acid, which is stable, easy to prepare and handle and retains effective activity after several
time using. In addition, this catalyst is suitable both for preparative and industrial usage
because of its low cost, non-toxic and recyclability.

Experimental

General

All chemicals were available commercially and used without additional purification.Melting
points were recorded on a Stuart SMP3 melting point apparatus. The IR spectra were
obtained using a 4300 Shimadzu spectrophotometer as KBr disks. The "H NMR (400 and 500
MHz) spectra were recorded with Bruker DRX400and 500 spectrometers.
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General experimental procedure for synthesis of 1,8-dioxodecahydroacridines 4a-j

A mixture of aromatic aldehyde 1a-j (I mmol),dimedone2 (2 mmol), ammonium acetate3(1
mmol) and Zn(L-proline), (0.05 g) was heated in the oil bath at 120 °C for 15min. During the
procedure, the reaction was monitored by TLC. Upon completion, hot ethanol was added to
reaction mixture. The catalyst was insoluble in ethanol and could be separated from the
product by filtration.The product was collected after evaporated the solvent and then
recrystallized from ethanol to give compounds 4a-j in high yields.

Selected 'H NMR and FT-IR Data
3,3,6,6-Tetramethyl-1,8-dioxo-9-(4-chlorophenyl)-decahydroacridine(4a) (500 MHz,
DMSO0-de)d0.86 (s, 6H, CH3), 1.0 (s, 6H, CH3), 1.99 (d, 2H, J= 16.1 Hz, CH,), 2.16 (d, 2H,
J=16.1 Hz, CH,), 2.32 (d, 2H, J=17.1 Hz, CH,), 2.45 (d, 2H,J= 17.1 Hz, CH,), 4.79 (s, 1H,
CH), 7.16 (d, 2H, J= 8.4 Hz, arom-H), 7.22 (d, 2H, J= 8.4 Hz,arom-H), 9.33 (s br., 1H,
NH).IR (KBr Disc) cm™'= 3278 (NH), 1650 (C=0).
3,3,6,6-Tetramethyl-1,8-dioxo-9-(2-hydroxyphenyl)-decahydroacridine(4f): (400
MHz,DMSO-d¢) ¢ 0.91 (s, 6H, CH3), 1.03 (s, 6H, CH3), 2.07 (d, 2H, J=16.4 Hz, CH)), 2.28
(d, 2H, J=16.4 Hz, CH,), 2.38 (d, 2H, J=17.2 Hz, CH)), 2.51 (d, 2H, J= 17.2 Hz, CH,), 4.86
(s, 1H, CH), 6.68-6.75 (m, 2H, arom-H), 6.88-7.00 (m, 2H, arom-H), 9.48 (s br., 1H, NH),
9.66 (s, 1H, OH). IR (KBr Disc) cm™'= 3300, 3202 (NH, OH), 1641 (C=0).
3,3,6,6-Tetramethyl-1,8-dioxo-9-(pyridin-3-yl)-decahydroacridine(4i) (400 MHz, DMSO-dg)
0 0.86 (s, 6H, CH3), 1.02 (s, 6H, CHj3), 2.22 (d, 2H, J= 16.4 Hz, CH;), 2.31 (d, 2H, J=16.4
Hz, CH,), 2.38 (d, 2H, J=17.2 Hz, CH,), 2.51 (d, 2H, J= 17.2 Hz, CH,), 4.80 (s, 1H, CH),
7.20-7.25 (m, 1H, arom-H), 7.48-7.55 (m, 1H, arom-H), 8.25-8.45 (m, 2H, arom-H), 9.42 (s
br., IH, NH). IR (KBr Disc) cm™'= 3172 (NH), 1636 (C=0).
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