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Abstract: New 3-hydroxy-1,5-benzodiazepin-2-ones were synthesized through condensation between o-

phenylenediamines with glycidic ester. Alkylation and oxidation of some of the obtained compounds were also explored 

in different conditions yielding various oxidized and alkylated benzodiazepines. The structural elucidation of the synthe-

sized compounds was achieved by MS, NMR spectroscopy and also through X-ray diffraction analysis. The glycidic ester 

was thus shown to be an interesting synthon in the synthesis of new 1,5-benzodiazepines used in alkylation and oxidation 

reactions. 
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INTRODUCTION  

 Benzodiazepine derivatives are important compounds 
family with various biological properties. They have attrib-
uted to many pharmacological activities among which are 
tranquilisant, antiviral, anti-inflammatory, analgesic, antipy-
retic and anticonvulsivant [1-12]. Benzodiazepine adducts 
are also considered as important precursors in the synthesis 
of benzimidazole, pyrazole, isoxazole and quinoxaline de-
rivatives [13-18].  

 These beneficial health properties have led to several 
investigations on their chemical structures and have initiated 
a number of synthetic efforts to access 1,5-benzodiazepine 
derivatives [15, 19-28]. In this work, we describe a new 
method for the synthesis of 3-hydroxy-1,5-benzodiazepin-2-
ones based on the condensation of o-phenylenediamines with 
a cis and trans ethyl 3-phenylglycidate. 

MATERIAL AND METHODOLOGY  

Generals  

 Melting points were determined on a Mettler FP 62 and 
are uncorrected. IR spectra were recorded on a Perkin-Elmer 
1760x spectrometer. Mass spectra were recorded on a Ner-
mag R-10-10C spectrometer in EI mode or on a Varian Mat 
311A spectrometer DCI/NH3 mode. NMR spectra were ac-
quired using a Bruker AC 250 spectrometer. Chemical shifts 
are given in ppm using TMS as an internal standard. 
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Synthesis of 3-hydroxy -4-phenyl tetrahydro-1,5-

benzodiazepin-2-one (4) and (5) 

 A mixture of o-phenylenediamine 1 or its dimethylated 
derivative 2 (0.03 mole) and ethyl glycidate (0.03 mole) was 
refluxed in 80 mL of xylene during 48 hours. The obtained 
crude mixture was left at room temperature during one night. 
The trans diastereoisomers 4a or 5a which precipitate were 
filtered under reduced pressure. 

 The filtrate was concentrated under reduced pressure and 
the residual obtained oil was chromatographed on silica gel 
column with a mixture of ether/chloroform (50/50) as eluent 
and yielding the trans 4a or 5a and the corresponding cis 4b 
or 5b 1,5- benzodiazepines with a predominance of the trans 
isomers. 

trans 3-hydroxy -4-phenyl tetrahydro-1,5-benzodiazepin-2-

one (4a) 

 Yield ( %) = 85 %; F = 166 – 168 °C (methanol) 

 MS (I.E): m/z = 254 (M )  

 1
H NMR (DMSOd6, ppm): : 4.15 (dd, 1H, C3H, J= 10 

Hz and 6 Hz); 4.45 (d, 1H, C4H, J= 10 Hz); 4.95 (d, 1H, OH, 
J= 6 Hz); 5.60 (s, 1H, NH); 6.80-7.45 (m, 9 H, Harom); 9.95 
(s, 1H, NH). 

 13
C NMR (DMSOd6, ppm): : 70.04 (CH); 70.31 (CH); 

122.63 (CHarom); 123.48 (CHarom); 124.32 (CHarom); 
126.90 (Cq); 127.45 (CHarom); 129.11 (CHarom); 135.43 
(Cq); 139.83 (Cq); 173.78 (C=O). 

cis 3-hydroxy -4-phenyl tetrahydro-1,5-benzodiazepin-2-

one (4b)  

 Yield ( %) = 15 %; F = 190 – 192 °C (methanol) 

 MS (I.E): m/z = 254 (M )
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 1
H NMR (DMSOd6, ppm): : 4.45 (t, 1H, C3H, J= 5 Hz); 

4.60 (d, 1H, OH, J= 5 Hz); 4.90 (dd, 1H, C4H, J= 5 and 6 
Hz); 6.40 (d, 1H, NH, J= 6 Hz); 6.40-7.40 (m, 9 H, Harom); 
9.95 (s, 1H, NH). 

trans 3-hydroxy-7,8-dimethyl-4-phenyl tetrahydro-1,5-

benzodiazepin-2-one (5a) 

 Yield (%) = 90 %; F = 236 – 238 °C (methanol) 

 MS (I.E): m/z = 282 (M )
  

 1
H NMR (DMSOd6, ppm): : 2.15 (s, 6H, 2 CH3); 4.08 

(dd, 1 H, C3H, J= 10 and 6 Hz); 4.40 (d, 1 H, C4H, J= 10 
Hz); 4.85 (d, 1H, OH, J= 6 Hz); 5.25 (s, 1 H, NH); 9.85 (s, 1 
H, NH); 6.75 (s, 2 H, Harom); 7.25-7.40 (m, 5 H, Harom).

 

 13
C NMR (DMSOd6, ppm): : 19.22 (CH3); 19.40 (CH3); 

68.13 (CH); 70.92 (CH); 125.89 (CHarom); 126.84 (Cq); 
128.26 (CHarom); 129.73 (CHarom); 130.29 (Cq); 131.69 
(CHarom); 139.07 (Cq); 142.59 (Cq); 172.29 (C=O). 

cis 3-hydroxy-7,8-dimethyl-4-phenyl tetrahydro-1,5-

benzodiazepin-2-one (5b) 

 Yield (%) = 10 %; F = 184 – 186 °C (methanol) 

 MS (I.E): m/z = 282 (M ) 

 1
H NMR (DMSOd6, ppm): : 2.05 (s, 3H, CH3); 2.10 (s, 

3H, CH3); 4.40 (t, 1 H, C3H, J= 5 Hz); 4.85 (dd, 1 H, C4H, 
J= 6 and 5 Hz); 4.50 (d, 1H, OH, J= 5 Hz); 6.10 (d, 1 H, NH, 
J= 6 Hz); 9.80 (s, 1H, NH); 6.75 (s, 2H, Harom); 7.20-7.40 
(m, 5H, Harom).

 

Synthesis of Compounds (9) and (10) 

 To a 0,02 mole of compound 5a in benzol (15 mL) were 
added 5 mL of 50 % NaOH solution and ethyl bromide 
(0,0022 mole) in presence of triethylbenzylammonium chlo-
ride. The mixture was stirred at 70 °C during 2 hours and 
extracted with methylene chloride. The organic layer was 
washed with water and dried with magnesium sulphate. The 
solvent was evaporated under reduced pressure and the ob-
tained oil was treated with ether and the solid obtained was 
recristallized in methanol. 

3-hydroxy-1-ethyl-7,8-dimethyl-4-phenyl tetrahydro-1,5-

benzodiazepin-2-one (9) 

 Yield % = 70 %; F = 153 – 155 °C (methanol) 

 MS (I.E): m/z = 310 (M ) 
 1

H NMR(CDCl3, ppm): : 1.21 (t, 3H, CH3, J= 7 Hz); 
2.22 (s, 3H, CH3); 2.25 (s, 3H, CH3); 3,40 (broad s, 1H, OH); 
3.75 (d, 1H, C3H, J= 10 Hz); 4.01 (q, 2H, CH2, J= 7 Hz); 
4.27 (d, 1H, C4H, J= 10 Hz); 4,32 (broad s, 1H, NH); 6.60 
(s, 1H, Harom); 6.99 (s, 1H, Harom); 7.25-7.36 (m, 5H, 
Harom). 
 13

C NMR (CDCl3, ppm): : 13.35 (CH3); 19.29 (CH3); 
19.49 (CH3); 44.29 (CH2); 70.35 (CH); 71.38 (CH); 123.49 
(CHarom); 124.44 (CHarom); 126.99 (CHarom); 128.19 
(CHarom); 128.88 (CHarom); 129.47 (Cq); 131.32 (Cq); 
135.83 (Cq); 137.55 (Cq); 143.42 (Cq); 171.78 (C=O). 

3-hydroxy-1-benzyl-7,8-dimethyl-4-phenyl tetrahydro-1,5-
benzodiazepin-2-one (10) 

 Yield % = 85 %; F = 162 – 164 °C (methanol) 

 MS (I.E): m/z = 344 (M ) 

 1 
H NMR (CDCl3, ppm): : 4.85 (s, 2H, CH2); 5.12 (d, 

1H, C3H, J= 10 Hz); 4.88 (d, 1H, C4H, J= 10 Hz); 7.16-7.39 
(m, 14H, Harom). 

 13
C NMR (CDCl3, ppm): : 53.74 (CH2); 70.25 (C3H); 

68.74 (C4H); 124.68; 125.62; 126.99; 127.18; 128.32; 
128.34; 128.85; 129.22; 129.38; 129.57 (CHarom); 127.40 
(Cq); 132.01 (Cq); 135.39 (Cq); 135.72 (Cq); 171.78 (C=O). 

Synthesis of Compounds (11) and (12) 

 The same procedure indicated above was used but with a 
large excess of the alkylant agent and the mixture was heated 
at 70°C during 48 hours. 

3-ethoxy-1-ethyl-7,8-dimethyl-4-phenyl tetrahydro-1,5-

benzodiazepin-2-one (11) 

 Yield (%) = 65%; F = 156– 158 °C (methanol) 

 MS (I.E): m/z = 338 (M ) 

 1
H NMR (CDCl3, ppm): : 0.89 (t, 3H, CH3, J= 7 Hz); 

1.17 (t, 3H, CH3, J= 7 Hz); 2.20 (s, 3H, CH3); 2.25 (s, 3H, 
CH3); 3.24 (m, 2H, CH2); 3.88 (m, 2H, CH2); 4.10 (d, 1H, 
C3H, J= 10 Hz); 4.20 (s, 1H, NH); 4.63 (d, 1H, C4H, J= 10 
Hz); 6.56 (s, 1H, Harom); 6.99 (s, 1H, Harom); 7.25-7.32 
(m, 5H, Harom). 

 13
C NMR (CDCl3, ppm): : 13.29 (CH3); 14.82 (CH3); 

19.34 (CH3); 19.43 (CH3); 44.08 (CH2); 66.10 (CH2); 70.05 
(CH); 71.10 (CH); 124.00 (CHarom); 124.24 (CHarom); 
126.93 (CHarom); 127.87 (CHarom); 128.87 (CHarom); 
131.62 (Cq); 134.94 (Cq); 137.76 (Cq); 142.57 (Cq); 170.20 
(C=O). 

3-benzyloxy-1-benzyl-7,8-dimethyl-4-phenyl tet-
rahydro-1,5-benzodiazepin-2-one (12) 

 Yield (%) = 75 %; F = 170 – 172 °C (methanol) 

 MS (I.E): m/z = 434 (M ) 

 1
H NMR (CDCl3, ppm): : 5.26 (d, 1H, C3H, J= 10 Hz); 

5.19 (d, 1H, C4H, J= 10 Hz); 3.78 (s, 2H, CH2-N); 4.51(s, 
2H, CH2-O); 6.81-7.31(m, 19H, Harom).  

 13
C NMR (CDCl3, ppm): : 51.30 (CH2-N); 61.68 (CH2-

O); 70.86 (C3H); 70.15 (C4H); 124.68; 125.62; 126.99; 
127.18; 128.32; 128.34; 128.85; 129.22; 129.38; 129.57 
(CHarom); 127.40 (Cq); 132.01 (Cq); 135.39 (Cq); 135.72 
(Cq); 171.78 (C=O). 

Synthesis of 3-(2-amino-4,5-dichloroanilino)-2-hydroxy-3-

phenyl ethyl propanoate (7) 

 A mixture of 2,4-dichloro-phenylene 6 (0,03 mole) and 
ethyl glycidate 3 (0,03 mole) was refluxed in xylen during 
24 hours. The obtained crude mixture was left at room tem-
perature during one night. The formed solid was filtrated and 
recristallized in methanol. 

 Yield (%) = 60%; F = 132– 134 °C (methanol) 

 MS (IE): m/z = 368, 370, 372 (M ) 

 1
H NMR (DMSOd6, ppm): : 1.15 (t, 3H, CH3, J= 7 Hz); 

4.07 (q, 2H, CH2, J= 7 Hz); 4.37 (t, 1H, CH, J= 6.2 Hz); 4.63 
(dd, 1H, CH, J= 9 Hz); 5.89 (d, OH, J= 6.2 Hz); 5.37 (d, 1H, 
NH, J= 9 Hz); 5.10 (s, 2H, NH2); 6.37 (s, 1H, Harom); 6.70 
(s, 1Harom); 7.22-7.43 (m, 5H, Harom). 
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 13
C NMR (DMSOd6, ppm): : 13.89 (CH3); 59.15 (CH); 

60.18 (CH2); 73.45 (CH); 112.02 (CHarom; 114.27 
(CHarom); 117.52 (Cq); 118.13 (Cq); 127.17 (CHarom); 
127.81 (CHarom); 127.87 (CHarom); 134.31 (Cq); 136.55 
(Cq); 139.08 (Cq); 171.99 (C=O). 

Synthesis of 7,8-dichloro-3-hydroxy-4-phenyl tetrahydro-

1,5-benzodiazepin-2-one (8) 

 The aminoester 7 (0,03 mole) was refluxed in xylene 
during 48 hours. The mixture was then left at room tempera-
ture and the formed solid was filtered and recristallised in 
methanol. 

 Yield (%) = 70%; F = 232– 234 °C (methanol) 

 MS (I.E): m/z = 322, 324, 326 (M ) 
 1

H NMR (DMSOd6, ppm): : 4.24 (d, 1H, C3H, J= 8 
Hz); 4.57 (dd, 1H, C4H, J= 8 and 2Hz); 5.21 (broad s, 1H, 
OH); 6.06 (d, 1H, NH, J= 2 Hz); 9.93 (s, 1H, NH); 7.11 (s, 
1H, Harom); 7.12 (s, 1H, Harom); 7.27-7.33 (m, 5H, 
Harom). 
 13

C NMR (DMSOd6, ppm): : 67.00 (CH); 72.89 (CH); 
119.64 (Cq); 120.08 (CHarom); 122.27 (CHarom); 125.55 
(Cq); 127.08 (CHarom); 127.31 (CHarom); 128.07 
(CHarom); 139.933 (Cq); 142.47 (Cq); 171.78 (C=O). 

Synthesis of 3-hydroxy-1-ethyl-7,8-dimethyl-4-phenyl tet-

rahydro-1,5-benzodiazepin-2-one (13b) 

 To a 0,0015 mole of pyridinium chlorochromate in 5 ml 
of dichloromethane was rapidly added a solution of 0,001 
mole of 11 in 5 ml of dichloromethane at room temperature 
and under nitrogen atmospher. The mixture was stirred dur-
ing 1 hour and diluted with dichloromethane. The black solid 
was removed by filtration under vacuum and the filtrate was 
concentrated by evaporation under reduced pressure. The 
obtained residual oil was twisted in methanol yielding pure 
compound 13b. 

 Yield (%) = 60%; F = 112– 113°C (methanol) 

 MS (IE): m/z = 336 (M ) 

 1
H NMR (DMSOd6, ppm): : 0.96 (t, 3H, CH3, J= 6.8 

Hz); 1.01 (t, 3H, CH3, J= 6.8 Hz); 2.29 (s, 3H, CH3); 2.31 (s, 
3H, CH3); 3.37 (m, 2H, CH2); 3.96 (m, 2H, CH2); 4.39 (s, 
1H, C3H); 7.21 (s, 1H, Harom); 7.36 (s, 1H, Harom); 7.45-
8.05 (m, 5H, Harom). 

 13
C NMR (CDCl3, ppm): : 16.43 (CH3); 17.14 (CH3); 

22.50 (CH3); 22.87 (CH3); 45.97 (CH2); 68.87 (CH2); 82.62 
(CH); 126.83 (CHarom); 130.40 (CHarom); 131.53 
(CHarom); 131.66 (CHarom); 132.77 (Cq); 133.85 
(CHarom); 134.22 (Cq); 139.27 (Cq); 139.55 (Cq); 142.62 
(Cq); 166.18 (C=N); 168.02 (C=O). 

RESULTS AND DISCUSSION 

 In an ongoing program dealing with the synthesis of new 
1,5-benzodiazepin-2-ones with potent biological properties, 
a new method for the preparation of 3-hydroxy-1,5-
benzodiazepin-2-ones was investigated through the conden-
sation of o-phenylenediamines with a cis and trans ethyl 3-
phenylglycidate. This was achieved by heating both reactants 
in xylen. In these conditions, a mixture of two cis and trans 
3-hydroxy-4-phenyl-1,3,4,5-tetrahydro-1,5-benzodiazepin-2-
one 4a, 4b or 5a, 5b diastereoisomers were formed and sepa-
rated through silica gel column chromatography (Scheme 1). 

 The obtained compounds were identified through MS and 
1
H and 

13
C NMR spectroscopy. The configuration of each 

diastereoisomer was determined from the 
1
H NMR spectrum 

through the coupling constant between the 3 and 4 protons of 
the seven membered ring. Thus in the case of compounds 4a 
and 5a the obtained doublets showed a coupling constant of 
10 Hz (trans) while a coupling constant of 5 Hz (cis) was 
obtained in compounds 4b and 5b. The 

13
C NMR spectrum 

showed specific signals assigned as the methylene groups 
appearing at 70 ppm. 
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Scheme 1. 

 

 It may be noted that no intermediate has been isolated in 
these reactions. However, when the 4,5-dichloro o-
phenylenediamine 6 was refluxed during 24 hours in xylen 
with the cis/trans ethyl 3-phenylglycidate mixture, the ami-
noester ethyl 3-(2-amino-4,5-dichloroanilino)-2-hydroxy-4-
phenylpropanoate 7 has been isolated. When the latter was 
refluxed in xylen during 48 hours, the 7,8-dichloro-3-
hydroxy-4-phenyl-1,3,4,5-tetrahydro-1,5-benzodiazepin-2-
one 8 was isolated (Scheme 2), and identified through 

1
H, 

13
C NMR and MS spectroscopy.  
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Scheme 2. 

 

 This result showed the effect of the used diamine deriva-
tive on the reaction. Thus when the dichlorinated diamine 6 
was used only one diastereoisomer 8 was obtained with the 
aminoester 7 as intermediate. 

 A mechanism of formation of the synthesized benzodi-
azepinones 4, 5 and 8 has been proposed. The first step of 
this mechanism is an attack of the amino group on the posi-
tion 3 carbon atom. This causes an opening of the oxirane 
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ring and gives the intermediate aminoester which through the 
attack of the second amino group on the ester carbonyl group 
yield the seven membered ring. 

 After having synthesized the benzodiazepinones, we 
were interested to their alkylation by various alkylant agents. 
Thus the reaction of ethyl bromide and benzyl chloride on 
the trans 3-hydroxy-4-phenyl-1,3,4,5-tetrahydro-1,5-
benzodiazepin-2-one 4b and 5b was investigated. The reac-
tion, achieved in the conditions of liquid-solid CTP condi-
tions, showed the influence of the used amount of the alkyla-
tion agent. Thus when the substrate was heated during 2 
hours with a small excess of the alkylant agent, the only al-
kylated site was the nitrogen in position 1 giving 1-alkyl-3-
hydroxy-4-phenyl-1,3,4,5-tetrahydro -1,5-benzodiazepin-2-
one 9 and 10. When the same reaction was conducted with a 
large excess of the alkylant agent during 48 hours, only one 
dialkylated derivative was obtained where the nitrogen in 
position 1 and the hydroxyl oxygen atoms were involved 
giving the dialkylated derivatives 11 and 12 (Scheme 3). 
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12: R= H, R1= R2= CH2-C6H5  

Scheme 3. 

 

 It may be noted that when the same reaction was con-
ducted in the conditions of liquid solid CTP conditions using 
DMF in presence of K2CO3 as a basis and triethylbenzylam-
monium chloride as catalyst, only the monoalkylated adducts 
9 and 10 were obtained even with a large excess of alkylant 
agent. It may finally noted that during these reactions no 
alkylation involving the position 5 nitrogen atom was ob-
served. The structures of the mono and dialkylated deriva-
tives were all elucidated through 

1
H and 

13
C NMR spectros-

copy which showed the signals corresponding the alkyl 
groups and were also confirmed by MS spectroscopy and X 
ray diffraction analysis (Figs. 1 and 2).  

 We were also interested to oxidize the 3-ethoxy-1-ethyl-
7,8-dimethyl-4-phenyl tetrahydro-1,5-benzadiazepin-2-one 
11 in order to prepare new 1,5-benzodiazepines with potent 
biological properties. This was achieved through the Corey 
and Suggs [29] method using pyridinium chlorochromate in 
anhydrous dichloromethane and under nitrogen. Compound 
13b was thus obtained and its structure was showed to be the 

1-ethyl-3-ethoxy- -7-8-dimethyl-4-phenyl tetrahydro-1,5-
benzadiazepin-2-one as confirmed by its 

1
H, 

13
C and MS 

spectral data. Its formation with a high yield could be ex-
plained by a dehydrogenation of compound 11 yielding the 
dihydro-1,5-benzodiazepin-2-one 13 which exists in two 13a 
and 13b tautomeric forms. The equilibrium being largely 
dominated by the 13b form (Scheme 4). 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). ORTEP of compound 9. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2). ORTEP of compound 11. 
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 The structure of compound 13b was elucidated through 
1
H and 

13
C NMR spectroscopy which results were in agree-

ment with the proposed structure. This was also confirmed 
by MS spectroscopy and X ray diffraction analysis (Fig. 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (3). ORTEP of compound 13b. 

 

REFERENCES 

[1] Brambilla, G.; Carrozzino, R.; Martelli, A. Pharm. Res., 2007, 56, 

443. 
[2] Dourlat, J.; Liu, W.Q.; Gresh, N.; Garbay, C. Bioorg. Med. Chem. 

Lett., 2007, 17, 2527. 
[3] Clark, R.L.; Carter, K.C.; Mullen, A.B.; Coxon, G.D.; Owusu-

Dapaah, G.; McFarlane, E.; Duong, T.; Grant, M.H.; Tettey, 
J.N.A.; Mackay, S.P. Bioorg. Med. Chem. Lett., 2007, 17, 624. 

[4] Gaillard, R.; Ouanas, A.; Spadone, C.; Llorca, P.-M.; Lôo, H.; 
Baylé, F.-J. L'Encéphale, 2006, 32, 1003. 

[5] Francis, T.M.; Sundberg, T.B.; Cleary, J.; Groendyke, T.; Opipari, 
A.W.; Glick, G.D. Bioorg. Med. Chem. Lett., 2006, 16, 2423. 

[6] Zappalà, M.; Pellicanò, A.; Micale, N.; Menniti, F.S.; Ferreri, G.; 

De Sarro, G.; Grasso, S.; De Micheli, C. Bioorg. Med. Chem. Lett., 
2006, 16, 167. 

[7] Mikkelsen, J.D.; Søderman, A.; Kiss, A.; Mirza, N. Eur. J. Phar-
macol., 2005, 519, 223. 

[8] Kumar, R.; Lown, J.W. Eur. J. Med. Chem., 2005, 40, 641. 
[9] Di Braccio, M.; Grossi, G.; Roma, G.; Vargiu, L.; Mura, M.; Ma-

rongiu, M.E. Eur. J. Med. Chem., 2001, 36, 935. 
[10] De Lucca, G.V.; Otto, M.J. Bioorg. Med. Chem. Lett., 1992, 2, 

1639. 
[11] Grossi, G.; Di Braccio, M.; Roma, G.; Ballabeni, V.; Tognolini, 

M.; Calcina, F.; Barocelli, E. Eur. J. Med. Chem., 2002, 3, 933. 
[12] Narayana, B.; Vijaya Raj, K.K.; Ashalatha, B.V.; Suchetha, K.N. 

Eur. J. Med. Chem., 2006, 41, 417. 
[13] Ahabchane, N.H.; Essassi, E.M.; Lopez, L.; Bellan, J.; Lamandé, L. 

C.R. Acad. Sci. Paris, Série IIc, 2000, 3, 313. 
[14] Ahabchane, N.H.; Essassi, E.M.; Lopez, L.; Bellan, J.; Lamande, L. 

Phosphorus Sulfur Silicon, 2001, 173,175. 
[15] Ahabchane, N.H.; Ibrahimi, S.; Salem, M.; Essassi, E.M; Hamzazi, 

S.; Benjouad, A. C. R. Acad. Sci. Paris, Série IIc, 2001, 4, 917. 
[16] Ghomsi, N.T.; Ahabchane, N.H.; Essassi, E.M. Phosphorus Sulfur 

Silicon, 2004, 179, 353. 
[17] El Azzaoui, B.; Azzaoui, B.; Bouhfid, R.; Doumbia, M.L.; Essassi, 

E.M.; Gornitzka, H.; Bellan, J. Tetrahedron Lett., 2006, 47, 8807. 
[18] Ghomsi, N.T.; Ahabchane, N.H.; Es-Safi, N.; Garrigues, B.; Essas-

si, E.M. Spect. Lett., 2007, 40, 741. 
[19] Essassi, E.M. Bull. Soc. Chim. Belg., 1994, 103, 694. 

[20] Benchidmi, M.; Essassi, E.M.; Ferfra, S.; Fifani, J. Bull. Soc. Chim. 
Belg., 1993, 102, 679. 

[21] Nishimura, N.; Koyano, Y.; Sugiura, M.; Maeba, I. Heterocycles, 
1999, 51, 803. 

[22] Essassi, E.M.; Viallefont, Ph.; Zniber, R. Bull. Soc. Chim. Fr., 
1986, 797. 

[23] Essassi, E.M.; El Abbassi, M.; Fifani, J. Bull. Soc. Chim. Belg., 
1987, 28, 1389. 

[24] Di Braccio, M.; Grossi, G.; Ceruti, M.; Rocco, F.; Loddo, R.; San-
na, G.; Busonera, B.; Murreddu, M.; Marongiu, M.E. Il Farmaco, 

2005, 60, 113. 
[25] Hussenether, T.; Hübner, H.; Gmeiner, P.; Troschütz, R. Bioorg. 

Med. Chem., 2004, 12, 262. 
[26] Fruscella, P.; Sottocorno, M.; Di Braccio, M.; Diomede, L.; Piccar-

di, N.; Cagnotto, A.; Grossi, G.; Romano, M.; Mennini, T.; Roma, 
G. Pharm. Res., 2001, 43, 445. 

[27] Roma, G.; Grossi, G.C.; Di Braccio, M.; Ghia, M.; Mattioli, F. Eur. 
J. Med. Chem., 1991, 26, 489. 

[28] Di Braccio, M.; Roma, G.; Grossi, G.C.; Ghia, M.; Mereto, E. Eur. 
J. Med. Chem., 1990, 25, 681. 

[29] Corey, E.J.; Suggs, W. Tetrahedron Lett., 1975, 31, 2647. 
 

 
 

Received: March 08, 2008 Revised: July 01, 2008 Accepted: July 03, 2008 

 

 

© Rida et al.; Licensee Bentham Open. 
 

This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License 

(http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction in any medium, provided the 

work is properly cited. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


