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N,N=DibromoN,N-1,2-ethanediyis(p-toluenesulfonamide) [BNBTS] as a reusable catgbystmoted one-pot synthesis of
benzo|c]acridines in good to high yields under ¢hcemponent reaction from anilines, aldehydes amdicc1,3-dicarbonyl

compounds under solvent-free conditions.
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INTRODUCTION some DNA-intercalating anticancer drugs [7]. Thuke
synthesis of acridine derivatives is an importard principal
Development of simple synthetic routes for nitnege task in organic chemistry. In the current contekte to the
containing heterocyclic systems from ready reagéstan industrial production of synthetic fuels, that magntain
essential task in organic synthesis [1]. Multi-cament nitrogen analogues of polycyclic aromatic hydrocad
reactions (MCR) are significant tools for the rapid and (PAH), the acridine derivatives are becoming ofréasing
efficient synthesis of a wide variety of organicngmounds. concern [3].
These reactions have been investigated extensivealyganic A straightforward method for the synthesis of thes
and diversity oriented syntheses, primarily du¢htir ability = compounds involves a condensation between aldehydes
to complex molecular functionality from simple diag  dimedone and naphthalen-1-amine that is catalygadibous
materials via one-pot reactions. In recent years, extensiveompounds such as poly-phosphoric acid [8], TEBAQ [
research on the synthesis of tricycle compound&adauing the  organic solvents [10]jonic liquids [11] and microwave
1,4-dihydro-pyridines, such as acridine derivatjieas been irradiation [12].
reported. Acridine derivatives have been found tssgss In continuation of our interest in the applicatiohN,N-
useful biological activities such as antitumor mdes [2], dibromoN,N-1,2-ethanediylis(p-toluenesulfonamide)
carcinogenic activity [3], anti-malaria activity ][and heart [BNBTS] [13], in organic synthesis [14,15], we report here a
defibrillation [5]. Due to its planar structure, ratine  convenient method for the preparation of acridirfiemn
chromophore moiety sometimes has excellent DNA ibhipd naphthalen-1-amine, dimedone and various aldehydéle
properties. Recently, the synthesis of polyacridoimpounds presence of BNBTS under solvent-free condition$é8we 1).
[6], as potentiabis-intercalating agents, has been extensively
studied. Moreover, new acridine (naphthalene-qimes) EXPERIMENTAL
skeleton fused with a five or six-membered ringldse
polycyclic derivatives, which also play impamt roles as General
Substrates, solvents and other chemicals werehpsed
*Corresponding author. E-mail: rgvaghei@yahoo.com from Fluka, Merck and Aldrich chemical compes. The
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progress of the reaction was monitored by (TLC ,SiO
hexane:acetone). IR spectra (KBr) were recordeStomadzu
infrared Fx-90 spectrophotometer and the nucleagnmtic

resonance (NMR) spectra were conducted on a Je@n€0

400 MHz spectrometer using TMS as the internal deesh

BNBTS was prepared according to our previously regob

procedure [13].

Synthesis of Benzo[c]acridine Derivatives Using
BNBTS under Solvent-Free Conditions

A mixture of the aldehyde (2 mmol), naphthalenariine
or various anilines (2 mmol), 5,5-dimethylcyclohegal,3-
dione (2 mmol) and BNBTS (0.1 g, 0.2 mmol) was pthin a

test-tube at 90 °C and stirred. The progress oféhetion was

monitored by TLC (8:2, n-hexane/acetone). After ptation
of the reaction, ethanol (15 ml) was added andréid to yield
recovered products which were then recrystallizedmf
ethanol to afford the pure products.

Synthesis of 1,8-Dioxo-decahydroacridines Using
BNBTS under Solvent-Free Conditions

A mixture of the aldehyde (1 mmol), various arésnor
ammonium acetate (1 mmol), 5,5-dimethylcyclohexhyge-
dione (2 mmol) and BNBTS (0.1 g, 0.2 mmol) was pthin a

test-tube at 60 °C (for produd, 90 °C) and stirred. The
progress of the reaction was monitored by TLC (%2,

hexane/acetone). After completion of the reactilba, mixture

958

was cooled, ethanol (15 ml) was added and filteceglield
recovered products which were then recrystallizedmf
ethanol to afford the pure products.

Analytical Data for Compounds which are not
Reported Earlier

Compound (2). Yellow solid; m.p.: 250-252 °C; IR (KBr):
v 3330, 2930, 1589, 1530, 1497, 1385, 1346, 12631 tii'.
'H NMR (FT-90 MHz, DMSO-g): § 9.39 (s, 1H ), 8.45 (d,=
6.2 Hz, 1H), 8.05 (d) = 6.3 Hz, 1H), 7.76-7.43 (m, 8H), 5.41
(s, 1H), 2.48 (dJ = 10.7 Hz, 1H), 2.36 (d] = 10.7 Hz, 1 H),
2.20 (d,J = 9.8 Hz, 1 H), 2.09 (dJ = 9.8 Hz, 1 H), 1.03 (s,
3H), 0.96 (s, 3H)**C NMR (FT-90 MHz, DMSO-¢): § 25.1,
26.2, 28.9, 31.9, 37.2, 49.9, 105.9, 119.6, 12122,.4, 125.6,
126.5, 126.6, 127.4, 127.7, 130.3, 130.9, 131.3,8,3134.3,
144.4, 151.2, 192.8. MSm(2 398 (M. Anal. Calcd. for
CysH2oNL,04: C, 72.17; H, 5.49; N, 6.75%. Found: C, 72.11; H,
5.28; N, 6.73%.

Compound (9). Wight solid; m.p.: 238-240 °C; IR (KBr):
v 3336, 2926, 1604, 1573, 1493, 1374, 1262, 1141. ¢k
NMR (FT-90 MHz, DMSO-g): & 9.33 (s, 1H ), 8.49 (d] =
10.7 Hz, 1H), 7.92 (dJ = 9.8 Hz, 1H) 7.72-7.67 (m, 3H),
7.51-7.72 (m, 3H), 7.44-7.30 (m, 5H), 5.38 (s, 1PB4 (d,
J=9.8 Hz, 1H), 2.73 (d] = 9.8 Hz, 1H), 2.19 (d] = 8.0 Hz,
1H), 2.01 (d,J = 8.0 Hz, 1H), 1.06 (s, 3H), 0.97 (s, 3RC
NMR (FT-90 MHz, DMSO-¢): & 25.8, 25.9, 29.2, 31.6,
37.9,38.2, 106.5, 106.7, 120.6, 121.5, 122.2, 122A!..0,
124.7, 125.1, 125.3, 125.9, 126.8, 127.1, 127.5,4,3131.2,
131.6, 132.5, 134.1, 145.1, 145.7, 152.5, 193.1.(MS) 403
(M%). Anal. Calcd. for GH,sNO: C, 81.74; H, 6.21; N,
2.99%. Found: C, 81.66; H, 5.93; N, 3.05%.

Compound (5b). Yellow solid; m.p.: 152-154 °C; IR
(KBr): v 3288, 2966, 1705, 1604, 1510, 1386, 1247, 1091
cm™. *H NMR (FT-400 MHz, CDG)): 6 8.02 (s, 1H), 7.06-
7.72 (m, 7H), 5.24 (s, 1H), 3.79 (s, 3H), 2.06-2(88 4H),
1.23 (s, 3H), 0.98 (s, 3H}3C NMR (FT-400 MHz, CDG):
27.2, 29.2, 29.7, 32.3, 41.8, 42.9, 50.6, 55.5,.9,1427.1,
128.4, 128.7, 129.4, 129.9, 130.7, 131.3, 136.8,0,4143.5,
150.5, 195.9. MSni/2) 368 (M).

Compound (5¢). Yellow solid; m.p.: 295-297 °C; IR
(KBr): v 3273, 2958, 1650, 1521, 1473, 1374, 1278, 1087
cm™. 'H NMR (FT-400 MHz, CDG)): 6 8.46 (s, 1H), 7.18-
7.50 (m, 7H), 5.25 (s, 1H), 2.21-2.25 (m, 3HY,0-1.81 (d,
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J=8.7 Hz, 1H), 1.21 (s, 3H), 0.98 (s, 3f’C NMR (FT-400 Compound (7). Yellow solid; m.p.: 153-155 °C; IR (KBr):
MHz, CDCk): 25.8, 27.2, 29.8, 32.3, 32.6, 42.0, 42.1, 50.0y 3066, 2933, 2825, 1600, 1598, 1581, 1521, 1473812
50.1, 114.9125.5,128.2,128.3, 129.5131.0,131.8,144.1, 1178, 840 crl. *H NMR (FT-400 MHz, CDCJ): § 7.04-8.08
144.7,148.0,148.4, 195.5. MSni/2 384 [M+1]". (m, 8H), 5.24 (s, 1H), 3.99 (s, 3H), 1.64-2.42 @hi), 0.81-
Compound (6a). Wight solid; m.p.: 146-148 °C; IR 1.25 (m, 12H)*C NMR (FT-400 MHz, CDG)): 6 21.5, 26.7,
(KBr): v 3288, 2950, 1597, 1460, 1332, 1270, 1060'cti  32.4, 42.1, 50.1, 55.3, 55.6, 115.3, 124.6, 1289,7, 129.4,
NMR (FT-400 MHz, CDCJ): § 7.74 (s, 1H), 3.85 (1 = 12.8  129.2, 130.9, 131.4, 135.6, 144.8, 159.8, 195.9,AL9MS
Hz, 1H), 2.24-2.45 (m, 8H), 2.01-2.10 (m, 2H), 6R29 (m, (m/2 489 (M).
12H), 0.85 (t,J = 12.8 Hz, 3H)C NMR (FT-400 MHz,
CDCly): § 13.5, 21.8, 22.2, 25.5, 29.7, 31.1, 31.6, 45.8,41 RESULTSAND DISCUSSION
127.1, 189.5, 190.1. M$n(2) 301 (M").
Compound (6b). Grey solid; m.p.: 150-152 °C; IR (KBr): Initially, we decided to explore the role of owatalyst for
v 3288, 2960, 1597, 1498, 1332, 1240, 1062'cti NMR  the synthesis of acridines, from 4-chlorobenzaldehy
(FT-400 MHz, CDC})): 6 11.94 (s, 1H), 7.11-7.56 (m, 8H), naphthalen-1-amine and dimedone as model compounds
5.56 (s, 1H), 2.20-2.56 (m, 8H), 0.97-1.25 (m, 1280 NMR  (Scheme 1).
(FT-400 MHz, CDC)): & 21.5, 27.4, 29.8, 31.4, 32.7, 42.9, In the absence of the catalyst, no acridine swisheas
45.4, 125.8, 127.1, 128.2, 136.4, 189.9, 190.0.(M&) 350 observed, even after prolonged reaction time. Sitioe
[M+1]". synthesis of acridine from the model compoundsthih the
Compound (6¢). Yellow solid; m.p.: 194-196 °C; IR absence of the catalyst, the effect of the catalyas$ also
(KBr): v 3250, 3059, 2960, 1602, 1495, 1363, 1261, 10l4nvestigated in various conditions and the resaléspresented
cm®. 'H NMR (FT-400 MHz, CDGCJ): 6 11.94 (s, 1H), 7.11- in Table 1.
7.31 (m, 5H), 5.57 (s, 1H), 2.01-2.76 (m, 8H), 11026 (m, In the solvent system, the best results were geHiesing
12H). *C NMR (FT-400 MHz, CDGQ): & 27.4, 29.6, 31.4, H,O/C,HsOH (140 min, 77%, Entry 11). In recent years, there
32.7,45.4,125.8, 126.7, 127.9, 128.2, 138.0,4,.890.4. MS  has been an increasing interest in reactions ttoaepd in the
(m/2) 350 [M+1T. absence of solvents due to the reduced pafiutiow cost,

Table 1. Synthesis of 4c under Different Conditiéns

Entry Conditions Cata. (g) Timenin) Yield (%)
1 Solvent-free, 50 °C 0.10 71 85
2 Solvent-free, 90 °C 0.05 100 58
3 Solvent-free, 90 °C 0.08 43 75
4 Solvent-free, 90 °C 0.10 25 93
5 Solvent-free, 90 °C 0.12 35 87
6 Solvent-free, 110 °C 0.10 15 93
7 Solvent-free, ft 0.10 320 67

8 Solvent-free, rt 0.08 331 62
9 H,O/CH;CH,OH (30/70), rt 0.10 180 69
10 H,O/CH;CH,OH (30/70), 30 °C 0.12 121 70
11 H,O/CH;CH,OH (30/70), 30 °C 0.10 140 77
12 H,O/CH;CH,OH (30/70), 30 °C 0.08 153 74
13 H,0, 50 °C 0.10 480 trace

Tatalyst and conditiond: (2 mmol),2c (2 mmol),3 (2.2 mmol).”Isolated yield°Room temperature.
959
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o] Ar

simplicity in process and handling. Therefore, veeided to I\H o

(0]
test this reaction under solvent-free conditionngsvarious D/ ENETS ‘ O
+ Solvent-free, 90 C X

ratios of the catalyst. N O
We found that the reaction was rapid and gave liexte 1 3 4

yields of products when catalyzed ByN-dibromoN,N*-1,2- ArCHO

ethanediybis(p-toluenesulfonamide) [BNBTS] (0.1 g) (25 2

min, 93%, Entry 4, Table 1). Scheme 2

To test the generality and versatility of this gedure in
the synthesis of acridines, we examined the syighefsa
number of acridines using the optimized conditig@sheme under solvent-free conditions usirlg,N-dibromoN,N-1,2-

2, Table 2). ethanediybis(p-toluenesulfonamide) [BNBTS] in good to high
It is noteworthy that various acridines with etect  Yields (Table 2).
donating or electron-withdrawing groups wesnthesized Functional groups such as methoxy (Entrytg)iroxyl

Table2. Preparation of Benzo|[c]acridines under SolveneReenditions

Entry Ar Product$ Time Yields Ref.
(min) (%)

1 35 82 [9]
2 60 96 -
3 25 93 [9]
4 25 82 [9]
5 50 86 [9]
6 83 84 [9]
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Table 2. Continued

O‘
9 CHO ‘°] O

Iz

20 85 [9]
®

5 90 [9]
®

60 92 -

®

Products were characterized from their physiwalperties, by comparison with
autheneic samples, and by spsobpic methods.

(Entry 8), amine (Entry 7), hallogen (Entries 3,a)d nitro
(Entries 2, 5) were unchanged during the
Furthermore, when polycyclic aromatic aldehyde ()
was treated with naphthalen-1-amine and dimedon¢hén
presence of BNBTS, the corresponding benzoacridvas
obtained in high yield under thermal solvent-fremdition.
However, aliphatic aldehydes were not suitable fbis
reaction and could not produce benzoacridine déves in
good yields.

Our experiments also indicated that BNBTS wasugable
catalyst and after four runs, the catalytic acyiat the catalyst
was almost the same as before (Table 3).

N,N-DibromoN,N*-1,2-ethanediyis(p-toluenesulfon-
amide) [BNBTS] is inexpensive and non-hazardoualgst. It
can be conveniently handled and can be removed fream
reaction mixture by simple filtration.

reaction.

Table 3. The Recycling of BNBTS in the Synthesis

op-Chlorobenzo[c]acridine
Entry Time (min) Yield (%)
1 25 93
2 25 90
3 25 87
4 25 85

solvent-free conditions in which tetrahydroacridies were
obtained in good to high yields (Scheme 3). Theiltesare
shown in Table 4.

Furthermore, when 1 mmol of dimedone was udeat, 5
was obtained, but if 2 mmol of dimedone was addethe
mixture of aldehydes and various anilines, 1,8-diox

1,4-Dihydropyridines (DHPs) can be synthesized bydecahydroacridines were obtained (Scheme 4). Thetseare

different methods. Therefore, we prepared acridiexvatives
by using different molar ratios from dimedone, aigde,
aniline, aniline substituted and naphthalen-1-amimethe
presence of BNBTS under solvent-free conditions.

We also examined this reaction with aniline andirzas
substituted with electron-donating and electrorhdiiawing
groups and aldehydes in the presence BBBTS under

summarized in Table 5.

It is noteworthy that compourt (60%, 24 min) can also
be synthesized by NJ@Ac (Scheme 5).

Moreover, we can synthesize compoundy catalytic
amount of BNBTS and molar ratio 2:1:1 from dimedode
chlorobenzaldehyde and 4-methoxy aniline with higéld
under thermal solvent-free conditions (Scheme 6).
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R o
NH,
S0 () e S YY)
o o R// : R N
1 2 3 5a-c
5a R =H,R'=Phenyl
5b R =4-Methoxy, R'=4-Chlorophenyl
5¢c R =4-Nitro, R'=4-Chlorophenyl
Scheme 3
Table4. Yield and Reaction Time for the Synthesis of Commutaba-c
Compd. No. R R' M.P. (°C) Time (min)  Yield (%)
ba Phenyl Phenyl 193-195 25 20
5b 4-Methoxy 4-Chlorophenyl 152-154 144 80
5c 4-Nitro 4-Chlorophenyl 295-297 150 87
o R o
i BNBTS (0.1 g)
2 + RNH, + RCHO — - >
Solvent-free, 60 C N
(o] (6] H
1 2 3 6a-c
6a R =Phenyl, R' =Ethyl
6b R =4-Methoxyphenyl, R' = phenyl
6¢c R =4-Nitrophenyl, R' = phenyl
Scheme 4
o R
BNBTS (0.1 g)
2 + NH OAc+ RCHO — o>
Solvent-free, 60 C N
o o H
1 2 3 6c (60%, 24 min)
Scheme 5
Tableb. Yield and Reaction Time for the Preparation of Coms6a-c
Compd. No. R R' M.P. (°C) Time (min) Yield (%)
6a Phenyl Ethyl 146-148 30 70
6b 4-Methoxyphenyl Phenyl 150-152 28 85
6¢ 4-Nitrophenyl Phenyl  194-196 135 88
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NH,

2
/ii . BNBTS (0.1 g)
o

Solvent-free, 96 C, 84%

Scheme 6

NBS (0.08 g)
e oo S e O 7 00
Solvent-free, 96 c N N

o o

R = Phenyl, R'= Phenyl

R = 4-Methoxyphenyl, R'= 4-Chlorophenyl
R = 1-Naphthyl, R' = 4-Chlorophenyl

R = Phenyl, R =Ethyl

Scheme 7

Table6. Yield and Reaction Time for Preparation of AcridiDerivatives Catalyzed by NBS

Entry R R' Time (min)  Yield (%)
1 Phenyl Phenyl 50 84
2 4-Methoxyphenyl 4-Chlorophenyl 93 80
3 1-Naphthyl 4-Chlorophenyl 40 75
4 Phenyl Ethyl 144 70

Table 7. Reaction Time and Yield for the Proposed Methodl 8ame of the Previously Published Methods

Entry Aldehyde Condition Time Yield (%) Ref.
1 4-CICH,4 BNBTS (0.1 g), Solvent-free, 9C 25 min 93 This work
2 4-CICH,4 NBS (0.08 g), Solvent-free, 9C 40 min 75 This work
3 4-CICsH, TEBAC (0.1 g), HO, 100°C 12 h 93 [16]
4 4-CICgH, Ultrasound irradiation, EtOH/25-3C 1h 90 [17]
5 CeHs BNBTS (0.1 g), Solvent-free, 9C 35 min 82 This work
6 CeHs NBS (0.08 g), Solvent-free, 9C 50 min 84 This work
7 CsHs Reflux, Absolute EtOH 4 h 62 [18]
8 CsHs MW, EtOH, Neutral Alumina 9 min 75 [18]
9 CsHs MW, EtOH, Basic Alumina 8.5 min 80 [18]
10 CeHs MW, Neat 2 min 87 [18]
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For the sake of comparison, in a set of experiment
used NBS as a catalyst for this reactidFrBromosuccinimide

3]

accelerated this reaction at $Dunder solvent-free conditions [4 ]

to give benzoacridine derivatives (Scheme 7). Tést besult

was obtained when 0.08 g of NBS was used at 90N:C.

Bromosuccinimide promoted the reaction between theghbn-
1l-amine, substituted aniline, various aldehydesdintedone
under solvent-free conditions to give tetrahydr@ioones
with moderate to good yields (Scheme 7). The resate
shown in Table 6.

[51]

6]
(7]

By comparison, BNBTS was found to be more effitien [8 ]

than NBS. The advantages of our catalyst overctmemon
catalysts in the synthesis of benzoacridine derigat are
demonstrated in Table 7.

CONCLUSIONS

In summary, in this study we have introduced a e
useful solvent-free application of BNBTS as an cifint
catalyst for the synthesis of acridines under m#dction
conditions. The method has the advantages of highugt
yields, selectivity, operational simplicity (easyorkup of
reaction) and solid state reaction.
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