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ABSTRACT

Green and efficient MCR protocol for the synthesis of 1,8-dioxo-
decahydroacridine derivatives was achieved through a one-pot, three-
component condensation of dimedone, aryl amines and aryl aldehydes
utilizing tetrachlorosilane (TCS) as catalyst under solvent-free conditions.
Reaction of thetitled compoundswith TCS-Na,, to give novel functionalized
pyrido[ 3,2-c]tetrazol o[ 1,5-a]azepine derivativesis al so described.
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INTRODUCTION

1,8-Dioxo-decahydroacridines are
polyfunctionalized 1,4-dihydropyridine derivatives
(DHPs), aclassof nitrogen heterocyclesof broad spec-
trum of important biological propertiesand pharmaceu-
tical applications?. For example, DHPs act as poten-
tid drugsintreatment of congestive heart failuré? and
possess antimicrobia®, anti-tuberculosig¥, anti-oxi-
dant®!, and anti-tumor activities®. 1,8-
Dioxodecahydroacridines are known as | aser dyes”
and anumber of them possessantimicrobia activity!®
and act assirtuinsinhibitorg®. Synthesisof 1,8-dioxo-
decahydroacridinesisgenerdly achieved by multi-com-
ponent coupling reaction (MCR) of 5,5-dimethyl-1,3-
cyclohexadione, aromatic d dehydesand aminesusing
Lewisor Bronstedacid catayst§'?. Nevertheless, some
of these protocols are disadvantageous in terms of
readily unavailability of cataly<t, long reectiontimesor
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usingthermd conditionsat eevated temperature. There-
fore, effortsforimproving thissynthessviaeco-friendly,
economic, and convenient catalyzed-protocol saretill
relevant. On the other hand, tetrazolesare very useful
compoundsinmedicina chemistry andimportant syn-
thetic intermediatesY. For example, they have been
congdered assurrogatesfor the cis-amidebonds, mak-
ingitavauabletool inthedesign of conformationally-
constrained peptidomimetics*3, they area so known
as HIV-protease inhibitors'*® as well as
cyclooxygenase-2 (COX-2) inhibitors*. In addition,
therearealot of biologically active substancesamong
their fused analogs such as tetrazolo[1,5-
a]quinolines™, tetrazol o-pyrimidines®, tetrazol o[ 5,1-
a|phthal azines'", and tetrazol o[ 1,5-c] quinazolines*®l,
Moreover, sometetrazole derivatives are of the best-
s ling 5-membered ring heterocyclic pharmaceuticals.
For example, Losartan*¥, an angiotensin || antagonist
whichiscommonly used for treatment of hypertension
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and Cilostazol®, a1,5-disubstituted tetrazol e, used as
aplatelet aggregationinhibitor areinthetop selling 200
drugs®@(Figurel).
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Figurel: Examplesof sometetrazole-based drugs

Losartan

In conjunctionwith our interest’? in exploring the
utility of tetrachlorosilane (TCS)??¥ in organic synthe-
ss, wereport herein afacile green and mild procedure
for the synthesis of 1,8-dioxo-decahydroacridine de-
rivativesin high yieldsthrough aone-pot three-com-
ponent reaction of dimedone, aryl aminesand various
aromatic aldehydes catalyzed by theinexpensveand
readily availabletetrachl orosilane under solvent-free
conditions. Transformations of the prepared 1,8-dioxo-
decahydroacridinederivativesinto nove functionaized
pyrido-bistetrazol o] 1,5-a] azepine derivativeswered o
accomplished through their reactions with SiCl,-
N aN3[24—26] .

RESULTSAND DISCUSSION

The multi-component reaction of dimedone (1, 2
mole), benza dehyde (2a, 1 mole) and aniline(1.2mole)
inthe presence of SiCl, wasstudied asamode! reac-
tion. An optimized study of thereaction conditionshas
shownthatonly 10mol%of SCl, wasenoughtoachieve
the reaction product in the highest yields at 60-70°C
for 1h, under neat conditions(TABLE 1, entry 2).

TheMCR of dimedone, anilinederivativesand aro-
matic aldehydesin the presence of SiCl, workswell
giving excellent yields of respective 1,8-dioxo-
decahydroacridines under solvent-free conditions.
(Schemel, TABLE 2).

Thegeneral processwas examined through apply-
ing thereaction conditionsto various aromatic alde-

TABLE 1: Optimization of theamount of tetr achlorosilane

o) O Ph O
ﬁ sicl, ? )| ?
+Ph-CHO + PhNH, ——————>
1 h, 60-70°C
o) N
Ph
Entry SiCl, (mole %) Yield (%)?
1 00 22
2 10 87
4 20 81
5 30 67
a|solated yield
R2
RS R?
i @
>ii N Ar-NH,, SiCly 0 0
o R 1 60-70°C, Solvent-
) free
R N
|
1 2a-i Ar 3a-i

2a,3a; Ar=Ph,R'=R?=R3=H

2b, 3b; Ar = Ph, Rt =R3=H, R?=Cl

2c¢, 3c; Ar=Ph, R'=R3=H, R?>=Br

2d, 3d; Ar = Ph, R! = R%= H, R?= Me

2e, 3e; Ar = Ph, R = R3= H, R?= OMe

2f, 3f; Ar = 4-MeOCgH,4-, R'=R3 =H, R?=Cl
29 3g; Ar = 4-MeCgHy-, Rt = R3=H, R2=Cl
2h, 3h; Ar = 4-MeCgH,4-, R* = R? = R3= OMe
2i, 3i; Ar = 4-MeCgH,-, R = R®= H, R?=CN

Schemel: Syntheisof 1,8-dioxo-decahydroacridines

TABLE 2 : TCS - Catalyzed synthesis of 1,8-dioxo-
decahydroacridines

. Time Yield
Entry Aldehyde Amine (h) Product (%)°
1 Benzaldehyde Aniline 1 3a 87
2 4-Chlorobenzaldehyde Aniline 1 3b 80
3 4-Bromobenzaldehyde Aniline 15 3c 81
4 4-Methylbenzaldehyde Aniline 2 3d 91
5  4-Methoxybenzaldehyde Aniline 2 3e 90
6  4-Chlorobenzaldehyde o 15 3 92
Anisidine
- p-
7  4-Chlorobenzaldehyde Toluidine 1 39 83
34,5 p-
8 Trimethoxybenzaldehyde Toluidine 1 3h 85
pP- .
9  4-Cyanobenzaldehyde Toluidine 1 3i 82
10 4-Nitrobenzaldehyde Aniline 1 3j® 83
11  4-Nitrobenzaldehyde LN 1 3k® g1
Toluidine

2|solated yield; PDioxo-octahydroxanthene derivative

hydesbearing either e ectron donating groups(such as
methyl, mono or tri methoxy groups) or moderately
el ectron-withdrawing groups (such as, cyano and ha
lide). However, the reaction with aldehydes bearing
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strongly e ectron-withdrawing group (such as, nitro)
gave exclusively the 1,8-dioxoxanthene derivative
(TABLE 2, entries10and 11). Inal casesstudied, the
respective 1,8- dioxo-decahydroacridines were ob-
tained in good to excellent isolated yields. The struc-
tureof isolated 1,8-dioxo-decahydroacridine deriva
tiveswasassigned based on their spectral analysesas
well asby matching their melting pointswith reported
analogues™.

Asdepicted in scheme 2, the mechanism of syn-
thesis of acridinederivatives (3) has been proposed
through aSiCl -catal yzed cascade K novenagel con-
densation-nucleophilic addition and cyclization resem-
bling thewell-documented Hantzsch-type reaction*9 4,

(0]
HCI Ar'/N\
+ ArNH, ———>
H,0
0 o

o) ) t WSiCly
J SiCly 9 - ClSioSiCly
Ar”TH T /“\
Ar'dH 0O-Si -HCl

o ( Q,SiCl3

SiCl,

——» O
- HCl
0 o Ar

—= Pyl Peper

Owingto thewell-documented medicina impor-
tance of both DHPSY and potentid drugsrelated tothe
terazol o[ 1,5-a)azepine core structure, e.g. Pentetrazol
(PTZ) [27] (Figure 1),wethought that combinations of
pharmacol ogicallyactive DHPswith atetrazole moiety
may increase their biological activity or create new
medicina properties. Thus, we pursued studying reac-
tion of the prepared 1,8-dioxo-decaahydroacridines
with silylazides (formedin situ by areaction of TCS
with NaN,) envisaging the formation of novel
tetrazol oazepinesincluding dihydropyridine core struc-
turefor biologica evauation. To our delight, thereac-
tionof 1,8-dioxo-decahydroacridineswith TCS-NaN,
according to thewel |-documented procedure [ 24-26]

H
Ar‘/Nﬁ
Ar
Ar ‘) 5 —> o
O

O// y

<U7sicl,

- HOSICl4

Scheme?2: A plausiblemechanism for thefor mation of 1,8-dioxo-decahydroacridines

ledtoasmooth formation of nove functionaized pyrido-
biq 3,2-c|tetrazol o[ 1,5-a] azepinesin very good yields.
However, the reaction can proceed at room tempera-
tureover alongtime (12 h), it wasmore convenient to
conduct thereaction at 60-70°C, which shortened the
reactiontimeto 1h (Scheme 3, TABLE 3).

The structure el ucidation of tetrazol oazepines(4)
was performed onthebas sof both e ementa and spec-
tral analyses. Inthe IR spectra, the products displayed
acharacteristic C=N stretchingband atv_ 1652-1655
cmt, supporting theformation of bis-tetrazole. The*H-
NMR spectraof bis-tetrazol oazepineswerein agree-
ment with the depi cted structures.For example, theH
NMR spectraof (4c) showed asinglet at 6 5.74 ppm
attributed to the methine proton (CH) andtwo charac-
teristic quartetsof integration correspondingtofour pro-
tonseach, ato4.0-4.12 and 2.04-2.21ppm. Thesetwo
quartetsaremost likely attributed to theprotonsat car-

4a; Ar=Ph,R=R'=H
4b; Ar=Ph,R=CI,R'=R" =
4c; Ar=Ph,R=Br,R'=R" =
4d; Ar=Ph,R=Me,R'=R" =H
4e; Ar=Ph,R=0OMe,R'=R" =H
4f; Ar = 4-MeOCgHy4-, R=CI,R'=R" =H
4g; Ar = 4-MeCgHy-, R=CI, R'=R" =H
4h; Ar = 4-MeCgHy-, R = R' = R" = OMe
Scheme3: Synthesisof aryl-pyrido-bis-tetrazoloazepinede-
rivatives
bon attached to the nitrogen (2 x N-CH,) and allylic
protons (2 x CH,-C=C) respectively.Furthermore,

mass spectrum of 4cdisplayed two peaks at m/z 606
and 608 of almost equal intensity (dueto bromineiso-
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topes) corresponding in mass to its molecular ion
(M+Na)*. Thesimplicity, mild conditions, cheap and
ease of reagent handling and tol eration to diverse sub-
strates arefeatures of the present synthetic procedure.

TABLE 3: TCS—NaN, M ediated syntheisof aryl-pyrido-bis-
tetrazoloazepinederivatives

Entry RR'R" Ar &Tﬁ Product ‘(/0'/::")?

1 HHH Ph 60 4a 87
2 CIHH Ph 40 4b 85
3 BrHH Ph 35 4c 93
4 MeHH Ph 50 4ad 91
5 OMeHH Ph 50 4e 95
6 CIHH 4-MeOCgH,- 60 4f 96
7 CIHH 4-MeCgH4- 45 49 88
8 OMeOMeOMe  4-MeCgHy4- 60 4h 92

3 solated yield

EXPERIMENTAL
General

Mélting pointsweredetermined using aBuchi melt-
ing point M 565 apparatusand areuncorrected. ThelR
spectrawere recorded with Mattson FTIR spectrom-
eter 5000. Absorption maximaweremeasuredin cm?.,
TheNMR spectrawererecorded with Bruker 300 MHz
spectrometer instrument in CDCL.,. Thechemical shifts
(8) were measured in ppm. Mass spectra were recorded
onaAgilent LC-M S spectrometer (pump quarter nary
1200 Series, quadrupole M SD 6110). LC columninto
multimode (ESI+APCI) ion source of MSD.
Columnchromatography was performed on silicagel
(100-200 or 200-300 mesh) using petroleum ether and
ethyl acetateasd uent. Thinlayer chromatography (TLC)
was performed on Merck silicagel GF254 platesand
visualized by UV-light (254 nm) and iodine.
Tetrachl orosilanewas used as obtai ned from commer-
cia sourcesand used without further purification.

Typical procedurefor the synthesisof 1,8-dioxo-
decahydroacridinederivatives:

To a stirred mixture of aldehyde (5 mmol),
dimedone (10 mmol) and aryl amine (6 mmoal), acata-
lytic amount of SiCl, (1.5mmol, 0.18mL) was added
and thereaction mixturewasvigoroudy stirred at 60-
70°C with exclusion of moisture. On completion (the

@Wu'c CHEMISTRY co—

reaction was monitored by TLC), the mixture was
guenched with cold water, extracted with EtOAc, dried
over anhydrous MgSO, and the sol vent was vaporized
under vacuum and theresiduewasrecrystallized from
EtOH to give pure (3). Thedecahydroacridinediones3
except for (3h), areknown compounds and all spec-
troscopic datawerein agreement with literature.
Datafor (3h): Mp=226°C; IR (KBr, cm™): v 3043,
2955, 2936, 1641, 1574, 1508, 1361, 1218, 1096,
921, 734; *HNMR (300 MHz, CDCl,):07.33(d,J=9
Hz, 2H, Ar-H), 7.05 (d, J = 9 Hz, 2H, Ar-H), 6.69 (s,
2H,Ar-H), 5.26 (s, 1H, CH), 3.81 (s, 6H, 2x OCH,),
3.77(s,3H,0CH,), 2.48 (s, 3H, CH,), 2.07-2.20 (m,
6H), 1.84 (d, J= 18 Hz, 2H), 0.96 (s, 6H, 2x CH,),
0.86 (s, 6H, 2 x CH,);EI-MS: 552 (M+Na)*;Anal.
Caled. ForC H,NO, (529.28).C, 74.83; H, 7.42, N,
2.64. Found: C, 74.97; H, 7.31, N, 2.49.
Synthesis of aryl-pyrido[3,2-c]tetrazolo[1,5-
alazepinederivatives:

A typica procedurefor thereaction of 3withSICl /
NaN, intheratio 1:2:6, to give (4) : Toastirring mix-
ture of 3 and NaN, in CH,CN at room temperature
was added SiCl,, and the mixturewarmed at 60-70°C
with stirring until TL C showed disappearance of the
starting materid . Thereactionwasthen poured into ag.
NaHCO, solution and the mixture was extracted with
EtOAc. Theextractsweredried over MgSO, and con-
centrated, cooled to give pure (4).

Datafor (4c,e h) asrepresentative examplesare
showed: (4c):Mp = 270°C; IR (KBr, cm™): v 2959,
2926, 2869, 1654, 1597, 1283, 1095, 728, 512;
'HNMR (300 MHz, CDCl,):0 7.55 (m, 3H, Ar-H),
7.42 (d, J =6 Hz, 4H, Ar-H), 7.21 (m, 2H, Ar-H),
5.74 (s, 1H, CH), 4.06 (q, J = 12 Hz, 4H, 2 x N-
CH,),2.12(q,J=15Hz, 4H,2x CH,), 1.03 (s, 6H,
2x CH,), 0.84 (s, 6H, 2 x CH,);EI-MS: 608, 606
(M+Na)*;Anal. Calcd. ForC H, BrN, (583.18):C,
59.59; H, 5.17; N, 21.57. Found: C, 59.43; H, 5.28,
N, 21.39.

For (4e):Mp = 255°C; IR (KBr, cm™): v 2960,
2926, 1653, 1608, 1509, 1372, 1251, 1117, 791, 633;
'HNMR (300 MHz, CDCl,):0 7.53 (m, 3H, Ar-H),
7.43 (d, J =6 Hz, 2H, Ar-H), 7.24 (m, 2H, Ar-H),
6.79 (d, J=6Hz, 2H, Ar-H), 5.63 (s, 1H, CH), 4.01
(9, J=12Hz, 4H, 2x N-CH,), 2.05 (g, J = 15 Hz,

Au Tudian Yournal



OCAIJ, 10(2) 2014

Hanan A.Soliman and Tarek A.Salama 67

4H 2x CH,), 3.72 (s, 3H, OCH,), 1.01 (s, 6H, 2 X
CH, ), 0.87 (s, 6H, 2 x CH,); EI-MS: 558
(M+Na)*;Ana. Calcd. ForC,H,N,O (535.46):C,
67.27; H, 6.21; N, 23.53. Found: C, 62.03; H, 6.28,
N, 23.29.

For (4h): Mp = 262°C; IR (KBr, cm™): v 2961,
2934, 1655, 1590, 1508, 1461, 1321, 1241, 1126, 780,
536; '"HNMR (300 MHz, CDCl,):6 7.30 (d, J= 9 Hz,
2H, Ar-H), 7.09 (d, J=9Hz, 2H, Ar-H), 6.80 (s, 2H,
Ar-H),5.73(s, 1H, CH), 4.06 (g, J=9Hz,4H, 2x N-
CH,),3.79(s,9H, 3x OCH,), 2.45 (s, 3H, CH,), 2.10
(9, J=12Hz, 4H, 2x CH,), 1.03 (s, 6H, 2x CH,),
0.88 (s, 6H, 2 x CH,);EI-MS: 632 (M+Na)*;Anal.
Calcd. ForC H, N0, (609.32).C, 65.01; H, 6.45; N,
20.68. Found: C, 64.93; H, 6.38, N, 20.55.

CONCLUSION

In conclusion, anew green and efficient approach
to 1,8-dioxo-decahydroacridines catd yzed by TCSun-
der solvent-free conditions has been presented. The
present method has severd advantagesfrom economi-
ca and environmenta point of view, suchasmildreac-
tion conditionswithout use of any harmful organic sol-
vent, cheap and easily handled reagent, and the easy
purification of products. In addition, use of the pre-
pared 1,8-dioxo-decahydroacridinesin synthesis of
novel aryl-pyrido-di-[ 3,2-c]tetrazol o[ 1,5-alazepine
derivatives by readily available TCS-NaN, wasalso
presented. Biological evaluation of the novel
functiondized pyrido-bistetrazol oazepinesdescribed in
thiswork iscurrently in progress.
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