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The present work involves the synthesis of 1-alkyl-4-aryl-6-
hydroxyperhydro-1,4-diazepine-2,3-diones through the reaction of
epichlorohydrin with some selected arylamine followed by the
reaction of the formed intermediates with the corresponding
cyclohexyl, alkyl, or aralkyl amines. The resulting N,N-
disubstituted-1,3-diamino-2-propanols were cyclized with diethyl
oxalate to afford the target compounds. The structures of the
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obtained compounds were verified by spectral and elemental
methods of microanalysis. Fifteen of the final compounds were
subjected to preliminary pharmacological screening as regards
their anticonvulsant activity. In addition, evaluation of the
hypotensive activity of twenty two compounds was performed. Most
of the tested compounds gave 100% protection against
pentylenetetrazole-induced convulsions with a faster onset of action
(15 min) than diazepam (30 min). On the other hand, most of the
tested compounds gave mild to ~ 50-80% reduction in blood
pressure in comparison to that of propranolol. Moreover, the
cytotoxic activity of twenty eight final compounds was determined
and only three of them elicited mild cytotoxic effects. Also, the
median lethal dose (LD50) of four target representative compounds
was determined and was found to range between 10-20 mg/kg
(i.p.).

INTRODUCTION

Benzodiazepines1 represent an
important class possessing psycho-
therapeutic activities with antianxiety,
sedative, and anticonvulsant
activities.2-5 The fused benzene ring is
essential for their CNS activity, since
it fits to the lipophilic part of their
binding sites.6&7

Also, it was reported that
replacement of the benzene ring of
benzodiazepines by a heterocyclic
ring retained most of the CNS
depressant activities of the parent
compounds but with an increased
toxicity.8

Moreover, other 1,4-diazepines
lacking the benzene ring of the parent
benzodiazepines were found to be
inactive as CNS depressant
compounds, however they exihibited
anti-inflammatory,9 neurotropic,10&11

5HT3 receptor antagonist12&13

activities. Besides, it has been
reported that some 1,4-diazepinones
exhibited HIV-1 protease
inhibition.14&15

In a previous work for this
laboratory, the synthesis and
biological activities of some
symmetrically substituted 1,4-
diazepines with the general structure
1, (Figure 1) was reported.16 It was
found that those compounds
exclusively exhibited a 100%
protection against pentylenetetrazole-
induced convulsions at a dose of 2.8
mmol/kg in comparison to diazepam.
On decreasing the dose to 2.1
mmol/kg only four compounds (1i-l)
exhibited 30-60% of the
anticonvulsant activity of diazepam.
In addition, most of compounds 1
gave mild to comparable reduction in
blood pressure compared to that
produced by propranolol.
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(6-9)
R = C2H5 , C3H7 , i-C3H7 , n-C4H9 ,
i-C4H9 , t-C4H9 , n-C5H11, n-C6H13 ,
cyclo-C6H11 , C6H5CH2,
C6H5CH2CH2 , and C6H5CH(CH3).

Ar = C6H5, p-C6H4CH3, p-C6H4Br, p-C6H4Cl.

1

Figure 1

Taking these findings in
consideration, the present work was
planned to extend the study by
synthesis of the target compounds [6-
9] which incorporate the R-
substituents at N1 (Table I) and
different aryl substituents at N4 of the
diazepindione ring in order to
investigate the effect of such aryl
substituents on the pharmacological
activities previously reported for the
symmetrical substituted compounds
(1).16

EXPERIMENTAL

Chemistry
Materials and equipment

Melting points were determined
using an electrothermal melting point
apparatus (Stuart Scientific, SMP1,
UK) and all are uncorrected.
Precoated silica gel plates (kieselgel
0.25 mm, 60G F254, Merck) were
used for monitoring the progress of
reactions. Visualization of spots was
effected by ultraviolet lamp (model
CM-10, USA) and/or iodine stain.
Silica gel (60-120 mesh, Prolabo) was
used for column chromatography
(gradient elution) using chloroform/

methanol as a mobile phase unless
otherwise specified.

IR spectra (KBr discs or neat
samples) were recorded on a
Shimadzu 200-91527 spectrophoto-
meter and 1H-NMR spectra were
scanned on a Varian EM-360 L NMR
spectrophotometer (60 MHz) at the
Faculty of Pharmacy, Assiut
University. Chemical shifts are
expressed in δ-values (ppm) relative
to TMS as an internal standard, using
CDCl3 as a solvent unless otherwise
specified, and deuterium oxide was
used for assigning of the
exchangeable protons. The mass
spectra were run on a JEOL JMS 600
mass spectrometer at the units of
microanalysis of Assiut and Cairo
Universities. Elemental microanalyses
were performed on a Perkin Elmer
240 elemental analyzer at unit of
microanalysis of Assiut University.

Synthesis of N,N-alkylaryl-1,3-
diamino-2-propanols (No. 2-5)17&18

A mixture of epichlorohydrin
(9.20 mL, 0.03 mol) and the
appropriate arylamine (0.031 mol) in
ethanol (100 mL) was heated under
reflux for 2 h. The selected aliphatic
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amine (0.032 mol) was then added,
and the reaction mixture was refluxed
for further 24 h. Ethanol was
evaporated under vacuum, the residue
was added to 10% aqueous sodium
carbonate (70 mL) and then extracted
with chloroform (50 mL). The
chloroform extract was washed with
brine then with water, dried over
anhydrous sodium sulfate, filtered
and evaporated. The pale yellow
liquids obtained were purified by
column chromatography using ethyl
acetate/hexane as a mobile phase.
Data for the compounds prepared by
this procedure are listed in Table I.

Synthesis of 1-alkyl-4-aryl-6-
hydroxyperhydro-1,4-diazepine-
2,3-diones (No. 6-9)

To a well stirred solution of the
appropriate N,N-alkylaryl-1,3-
diamino-2-propanols (No. 2-5) (0.073
mol) in dry ether (50 mL); diethyl
oxalate (9.9 mL, 0.073 mol) was
added. The reaction mixture was
further stirred at the ambient
temperature for 24 h, concentrated,
and the separated solid residue was
filtered. The products were
crystallized from the appropriate
solvents. Data for the prepared comp-
ounds are listed in Tables II and III.

Pharmacological screening
All screened compounds and

reference drugs were tested as
solutions or suspensions in 5% w/v
aqueous solution of sodium
carboxymethylcellulose (NaCMC).
Also, NaCMC solution was used as a
negative control all over these tests.

I- Anticonvulsant activity
Mice were housed in separate

cages, each containing six animals, in
temperature-controlled rooms at 25°.
Animals were allowed a free access to
food, water, and maintained at 12 h
light/dark cycle. The work was
conducted in accordance with the
internationally accepted principles for
laboratory animal’s use and care as
found in the European Community
Guidelines.19

Materials
Male adult albino mice were

obtained from the animal house of
Faculty of Medicine, Assiut
University, Egypt. Diazepam
(Valinil® 5 mg Tablets, Nile
company, Egypt) pentylenetetrazole
(Sigma, USA), other chemicals and
solvents were obtained from the local
market.

Method
 Fifteen new compounds namely

[No. 6c-f, 7f-i, 8b-e and 9f-h] were
screened for their anticonvulsant
activity by following the
anticonvulsant drug development
(ADD) program protocol.20&21 Test
compounds or diazepam solutions
were injected (i.p.) (1.40 mmol/kg) to
three groups of mice (each of six
animals); fifteen minutes later,
pentylenetetrazole 0.3 mL (1.50 mg)
of an aqueous solution (0.5%) was
administered (i.p.). The elapsed time
before the onset of clonic
convulsions, tonic convulsions,
and/or death was recorded, Table IV.
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Table I: Yields and 1H-NMR data of N,N-alkylaryl-1,3-diamino-2-propanols
(No. 2-5).

NH HN

HO

R
R\

No. R R\ Yield

%
1H-NMR (CDCl3, δ ppm)*

2a CH3(CH2)2 H 50

1.00 (t, 3H, CH3); 1.20-2.00(m, 2H, CH2CH3); 3.00-4.20 (m, 6H, H2CNH

CH2CHOHCH2); 4.26-4.90 (m, 4H, 2NH, and CHOH); and 7.50 (s, 5H,

C6H5).

2b (CH3)2CH H 62
0.95 (d, 6H, 2CH3); 2.00-4.00 (m, 9H, CHNHCH2 CHOHCH2NH); and

6.90 (m, 5H, C6H5).

2c C6H11 H 70
0.80-2.55 (m, 17H, c-hexyl, and NH CH2CHOHCH2); 3.20 (s, 2H, 2NH);

and 7.80 (s, 5H, C6H5).

2d C6H5CH2 H 71
3.40 (brs, 6H, HNCH2CHOHCH2); 4.50 (d, 2H, CH2C6H5); 5.20 (s, 2H,

2NH); and 7.35 (s, 10H, 2C6H5).

2e C6H5(CH2)2 H 70
2.00-4.20 (m, 12H, CH2CH2NHCH2CHOH CH2NH); and 6.90-7.40 (m,

10H, 2C6H5).

2f C6H5CH(CH3) H 72
1.20 (d, 3H, CHCH3); 2.00-4.30 (m, 8H, NHCH2CHOHCH2NH); 6.00 (q,

1H, CHCH3); and 6.95-7.80 (m, 10H, 2C6H5).

3a CH3CH2 CH3 60

1.20 (t, 3H, CH2CH3); 2.30 (s, 3H,CH3); 3.00-4.40 (m, 8H,

CH3CH2NHCH2CHOH CH2NH); 4.70 (s, 2H, 2NH); and 7.00 (dd, 4H,

C6H4).

3b CH3(CH2)2 CH3 65

0.83 (t, 3H, CH2CH3); 1.43 (m, 2H, H2CCH2CH3); 2.20 (s, 3H, CH3);

2.50-4.43 (m, 8H, CH2NHCH2CHOHCH2); 4.90 (s, 2H, 2NH); and 6.86

(dd, 4H, C6H4).

3c (CH3)2CH CH3 62

0.90 (d, 6H, 2CH3); 2.10 (s, 3H, CH3); 2.60-4.63 (m, 6H,

CHNHCH2CHOH CH2NH); 5.40 (sbr, 3H, 2NH,OH); and 6.36-7.46 (m,

4H, C6H4).

3d (CH3)2CHCH2 CH3 70

0.95 (d, 6H, 2CH3); 2.30 (s, 3H, CH3); 2.45-4.20 (m, 9H,

CHCH2NHCH2CHOH CH2NH); 4.30 (s, 2H, 2NH); and 6.80 (dd, 4H,

C6H4).

3e (CH3)3C CH3 65
1.30 (s, 9H, t-butyl); 2.30 (s, 3H, CH3); 2.60-4.60 (m, 6H, HNCH2CHOH

CH2NH); 5.30 (s, 2H, 2NH); and 7.00 (dd, 4H, C6H4).

3f C6H11 CH3 70
0.73-3.30 (m, 17H, c-hexyl, CH2CH OHCH2); 3.43 (s, 3H, CH3); 4.95 (s,

2H, 2NH); and 7.00 (dd, 4H, C6H4).

3g C6H5CH2 CH3 75
2.30 (s, 3H, CH3); 2.50-4.50 (m, 8H, CH2NHCH2CHOHCH2NH); 4.65 (s,

2H, 2NH); 7.00 (dd, 4H, C6H4); and 7.42 (s, 5H, C6H5).
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No. R R\ Yield

%
1H-NMR (CDCl3, δ ppm)*

3h
C6H5(CH2)2 CH3 73

2.10 (s, 3H, CH3); 2.40-3.30 (m, 10H, CH2CH2NHCH2CHOHCH2NH),

4.60 (s, 2H, 2NH); 6.80 (dd, 4H, C6H4); and 7.40 (s, 5H, C6H5).

3i C6H5CH(CH3) CH3 70

1.43 (d, 3H, CHCH3); 2.20 (s, 3H, CH3); 2.50-4.40 (m, 7H,

CHNHCH2CHOH CH2NH); 4.80 (s, 2H, 2NH); 7.00 (dd, 4H, C6H4); and

7.40 (s, 5H, C6H5).

4a CH3CH2 Br 60
1.40 (t, 3H, CH2CH3); 3.00-4.80 (m, 10H, CH2NHCH2CHOHCH2NH);

and 7.80 (dd, 4H, C6H4).

4b C6H11 Br 70
0.73-2.20 (m, 10H, (CH2)5); 2.30-4.23 (m, 7H,

CHaNHCH2CHOHCH2NH); 4.90 (s, 2H, 2NH); and 7.00 (dd, 4H, C6H4).

4c C6H5CH2 Br 75
3.00-4.00 (m, 8H, NHCH2CHOHCH2NH); 4.80 (dd, 2H, CH2C6H5); and

7.45 (sbr, 9H, C6H5, C6H4).

4d C6H5(CH2)2 Br 70
2.80-4.45(m, 8H, CH2CH2NHCH2CHOHCH2 NH); 4.80 (s, 4H, 2NH,

CHOH); 6.76 (dd, 4H, C6H4); and 7.50 (sbr, 5H, C6H5).

4e C6H5-CH(CH3) Br 70
1.53 (d, 3H, CHCH3); 2.10-4.55 (m, 7H, CHNHCH2CHOHCH2NH); 5.50

(s, 2H, 2NH); and 6.40-7.45 (m, 9H, C6H5, C6H4).

5a CH3CH2 Cl 55
1.40 (t, 3H, CH2CH3); 3.00-4.00 (m, 7H, CH2NHCH2CHOHCH2); 4.50

(m, 1H, CHOH); 5.20 (s, 2H, 2NH); and 7.50 (dd, 4H, C6H4).

5b CH3(CH2)2 Cl 56
0.80 (t, 3H, CH3); 1.46 (m, 2H, CH2CH3); 2.00-4.30 (m, 6H, CH2NH

CH2CHOHCH2); 4.80 (s, 4H, 2NH, CHOH); and 7.00 (dd, 4H, C6H4).

5c (CH3)2CH Cl 60
0.90 (d, 6H, 2CH3); 2.00-4.00 (m, 7H, CHNHCH2CHOHCH2NH); 4.30 (s,

2H, 2NH); and 6.80 (dd, 4H, C6H4).

5d (CH3)2CHCH2 Cl 50
1.96 (d, 6H, 2CH3); 2.20-3.90 (m, 9H, CH CH2 NHCH2CHOHCH2NH);

4.10 (s, 2H, 2NH); and 7.00 (dd, 4H, C6H4).

5e (CH3)3C Cl 52
1.40 (s, 9H, t-butyl); 2.70-5.30 (m, 8H, NHCH2CHOHCH2NH); and 7.00

(dd, 4H, C6H4).

5f
Ha

Cl 65
1.50 (m, 10H, (CH2)5); 2.20-4.40 (m, 6H, CHaNHCH2CHOHCH2NH);

5.20 (sbr, 3H, 2NH,OH); and 7.00 (dd, 4H,C6H4).

5g C6H5CH2 Cl 60
2.40-4.00 (m, 10H, CH2NHCH2CH OHCH2NH); and 7.35 (s, 9H,

C6H5,C6H4).

5h C6H5(CH2)2 Cl 68
2.35-4.85 (m, 12H, CH2CH2NHCH2CH OHCH2NH); 6.60 (dd, 4H, C6H4);

and 7.35 (s, 5H, C6H5).

5i C6H5-CH(CH3) Cl 70
1.30 (d, 3H, CHCH3); 2.20-4.90 (m, 5H, CH NHCH2CHOHCH2 NH);

5.49 (sbr, 4H, 2NH, CHOH); and 6.70-7.50 (m, 9H, C6H5, C6H4).

* Protons of OH & NH groups are exchangeable by D2O.

Table I: Continued.



259

Table II: Physical and microanalytical data of 1-alkyl-4-phenyl-6-
hydroxyperhydro-1,4-diazepine-2,3-diones (6-9).

N

N

O H

O

O

R

R \

(6-9 )

Microanalyses
No. R R\ Yield

%
M.pº*

Molecular
formula
(M.wt.)

Calcd.
%

Found
%

ClogP26

6a CH3(CH2)2 H 50 208-10
C14H18N2O3

½ H2O
(271.33)

C
H
N

61.90
7.06

10.32

62.14
6.83

10.39

0.82

6b
(CH3)2CH H 70 198-200

C14H18N2O3

½ H2O
(271.33)

C
H
N

61.90
7.06

10.32

62.14
6.83

10.39
0.65

6c C6H11 H 80 210-12
C17H22N2O3

(302.37)

C
H
N

67.53
7.33
9.26

68.33
7.80
8.85

1.54

6d C6H5-CH2 H 60 >300
C18H18N2O3

2H2O
(346.38)

C
H
N

62.42
6.40
8.08

61.73
6.93
8.78

1.73

6e C6H5-(CH2)2 H 70 194-6
C19H20N2O3

(324.37)

C
H
N

70.35
6.21
8.64

69.83
6.42
7.90

2.01

6f
C6H5-CH-

(CH3)
H 75 190-2

C19H20N2O3

(324.39)

C
H
N

70.35
6.21
8.64

69.68
7.03
7.92

2.41

7a CH3CH2 CH3 56 170-5
C14H18N2O3

¼ H2O
(266.80 )

C
H
N

63.02
6.98

10.49

63.09
6.62

10.55
0.82

7b CH3-(CH2)2 CH3 60 188-90
C15H20N2O3

¼ H2O
(280.35 )

C
H
N

64.26
7.37
9.99

63.86
6.90
9.94

1.31

7c (CH3)2-CH CH3 55 190-2
C15H20N2O3

¼ H2O
(280.35 )

C
H
N

64.26
7.37
9.99

63.75
7.03
9.64

1.14

7d (CH3)2-CHCH2 CH3 70 195-7
C16H22N2O3

¼ H2O
(294.86 )

C
H
N

65.17
7.96
9.50

65.25
7.29
9.47

1.71

7e (CH3)3C CH3 78 200-2
C16H22N2O3

(290.36 )

C
H
N

66.18
7.64
9.65

65.50
7.27
9.51

1.36

7f C6H11 CH3 60 210-2
C18H24N2O3

½ H2O
(325.39)

C
H
N

66.44
7.74
8.61

66.21
7.21
8.58

2.03

7g C6H5-CH2 CH3 60 217-9
C19H20N2O3

¼ H2O
( 328.87 )

C
H
N

69.39
6.28
8.50

69.21
6.05
8.47

2.22
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Microanalyses
No. R R\ Yield

%
M.pº*

Molecular
formula
(M.wt.)

Calcd.
%

Found
%

ClogP26

7h
C6H5-(CH2)2 CH3 80

≥ 300
C20H22N2O3

¼ H2O
(342.90)

C
H
N

70.05
6.60
8.16

70.18
6.49
7.81

2.50

7i C6H5CH-(CH3) CH3 80 225-30
C20H22N2O3

(338.40)

C
H
N

70.99
6.55
8.28

71.49
6.35
8.27

2.54

8a CH3CH2

Br
60 140-2

C13H15BrN2O3

(327.17)

C
H
N

47.72
4.62
8.56

47.35
4.82
8.68

1.16

8b C6H11

Br
82 180-5

C17H21BrN2O3

(381.26)

C
H
N

53.55
5.55
7.35

52.51
5.28
7.42

2.37

8c C6H5-CH2

Br
73 190-2

C18H17BrN2O3

(389.24)

C
H
N

55.54
4.40
7.20

55.86
4.83
7.52

2.56

8d C6H5-(CH2)2
Br

65
>300 C19H19BrN2O3

(403.06)
N 6.95 7.01 2.84

8e C6H5CH-(CH3)
Br

72 198-200
C19H19BrN2O3

(403.27)

C
H
N

56.59
4.75
6.95

56.85
4.22
7.34

2.88

9a CH3CH2 Cl 65 139-40
C13H15ClN2O3

(282.72)
C
H
N

55.23
5.35
9.91

55.85
5.00
9.76

0.89

9b CH3-(CH2)2 Cl 60 164-6
C14H17ClN2O3

(296.75)

C
H
N

56.66
5.77
9.44

56.06
5.99
9.34

1.38

9c
(CH3)2-CH Cl 65 188-90

C14H17ClN2O3

½ H2O
(305.77)

C
H
N

54.99
5.93
9.16

54.41
5.50
9.10

1.21

9d (CH3)3C Cl 67 194-6
C15H19ClN2O3

½ H2O
(319.78)

C
H
N

56.34
6.30
8.76

56.50
5.85
8.83

1.43

9e C6H11 Cl 80 126-8
C17H21ClN2O3

½ H2O
(345.81)

C
H
N

59.04
6.41
8.10

58.18
5.98
8.72

2.10

9f C6H5-CH2 Cl 80 189-92
C18H17ClN2O3

(344.79)

C
H
N

62.78
4.97
8.12

62.67
4.95
8.48

2.29

9g C6H5-(CH2)2 Cl 90
Decomp.

with
charring

C19H19ClN2O3

(358.82)

C
H
N

63.60
5.34
7.81

64.25
4.58
7.93

2.57

9h C6H5CH-(CH3) Cl 90 228-30
C19H19ClN2O3

(358.82)
N 7.81 8.21 2.61

Table II: Continued.
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Table III: 1H-NMR data of compounds (6-9).

N

N

OH

O

O

R

R\

(6-9)

No. R R\ 1H-NMR (CDCl3, δ ppm)*

6a CH3(CH2)2 H
0.90 (t, 3H, CH3); 1.20-2.00 (m, 2H, H2CCH2CH3); 3.00-4.20 (m, 6H,

CH2NCH2CHOHCH2N); 4.53 (sbr, 2H, CH OH); and 7.50 (5H, sbr, C6H5).

6b (CH3)2CH H
1.20 (d, 6H, 2CH3); 3.00-4.10 (m, 5H, CHNCH2CH OHCH2N); 4.15-5.13 (m,

2H, CHOH); and 7.34-8.10 (m, 5H, C6H5).

6c
Ha

H
0.86-2.26 (m, 10H, (CH2)5); 2.50-4.33 (m, 5H, CHaN CH2CHOHCH2); 4.86

(sbr, 2H, CHOH); and 6.60-7.73 (m, 5H, C6H5).

6d C6H5CH2 H
3.40 (s, 6H, NCH2CHOHCH2N); 4.50 (d, 2H, CH2C6H5); and 7.35 (s, 10H,

2C6H5).

6e C6H5(CH2)2 H
2.40-4.20 (m, 9H, CH2CH2NCH2CHOHCH2); 5.45 (hump, 1H, OH); and 7.50

(s, 10H, 2C6H5).

6f C6H5-CH(CH3) H
1.50 (d, 3H, CHCH3); 2.32-4.46 (m, 6H, NCH2CH OHCH2N); 5.80 (q, 1H,

CHCH3); and 7.60 (s, 10H, 2C6H5).

7a CH3CH2 CH3

1.15 (t, 3H, CH2CH3); 2.35 (s, 3H, C6H4CH3); 3.10-4.10 (m, 6H,

CH3CH2NCH2CHOHCH2N); 4.20-4.90 (m, 2H, CHOH); and 7.33 (s, 4H,

C6H4).

7b CH3(CH2)2 CH3

0.93 (t, 3H, CH2CH3); 1.16-2.00 (m, 2H, CH2CH3); 2.45 (s, 3H, C6H5CH3);

3.10-4.00 (m, 6H, CH2NCH2CH2); 4.23-4.76 (m, 2H, CHOH); 7.33 (s, 4H,

C6H4).

7c (CH3)2CH CH3
1.10 (d, 6H, (CH3)2CH); 2.26 (s, 3H, C6H5CH3); 3.00-5.00 (m, 7H,

CHNCH2CHOHCH2N); and 7.26 (dd, 4H, C6H4).

7d (CH3)2CHCH2 CH3
0.90 (d, 6H, CH(CH3)2); 2.33 (s, 3H, C6H5CH3), 3.00-5.00 (m, 9H,

CHCH2NCH2CHOHCH2N); and 7.30 (s, 4H, C6H4).

7e (CH3)3C CH3
1.50 (s, 9H, t-butyl); 2.40 (s, 3H, C6H4CH3); 3.20-4.00 (m, 5H,

NCH2CHOHCH2N); 4.10-4.55 (m, 1H, CHOH); and 7.50 (s, 4H, C6H4).

7f
Ha

CH3
0.73-2.10 (m, 10H, (CH2)5); 2.40 (s, 3H, C6H4CH3); 2.93-4.66 (m, 6H,

CHaNCH2CHOHCH2); 5.63 (sbr, 1H, OH); and 7.44 (s, 4H, C6H4).

7g C6H5CH2 CH3
2.50 (s, 3H, C6H4CH3); 3.00-4.75 (m, 6H, NCH2CHOH CH2N); 5.20 (d, 2H,

CH2C6H5); and 7.45 (sbr, 9H, C6H5, C6H4).

7h C6H5(CH2)2 CH3
2.70-4.40 (m, 13H, CH2CH2NCH2CHOHCH2NC6H4 CH3); and 7.50 (sbr, 9H,

C6H5, C6H4).
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No. R R\ 1H-NMR (CDCl3, δ ppm)*

7i
C6H5CH(CH3) CH3

1.80 (d, 3H, CH3); 2.40 (s, 3H, C6H4CH3); 2.26-5.00 (m, 7H,

CHNCH2CHOHCH2N); 6.76 (d, 2H, Ar-H); and 7.13-8.10 (m, 7H, Ar-H).

8a CH3CH2 Br
1.40 (t, 3H, CH2CH3); 3.00-4.80 (m, 8H, CH3CH2NCH2CH OHCH2N); and

7.80 (s, 4H, C6H4).

8b
Ha

Br
1.00-2.32 (m, 10H, (CH2)5); 3.00-4.83 (m, 7H, CHaNCH2 CHOHCH2N); 6.50-

7.76 (dd, 4H, C6H4).

8c C6H5CH2 Br
3.00-4.75 (m, 6H, NCH2CHOHCH2N); 5.20 (d, 2H, CH2C6H5); and 7.45 (sbr,

9H, C6H5, C6H4).

8d C6H5(CH2)2 Br
2.76-4.60 (m, 10H, CH2CH2NCH2CHOHCH2N); and 7.35 (sbr, 9H, C6H5,

C6H4).

8e C6H5CH(CH3) Br
1.80 (d, 3H, CH3); 2.26-5.00 (m, 7H, CHNCH2 CHOHCH2N); 6.76 (d, 2H,

Ar-H); and 7.13-8.10 (m, 7H, Ar-H).

9a CH3CH2 Cl
1.40 (t, 3H, CH2CH3); 3.00-4.65 (m, 8H, H3CCH2NCH2CH OHCH2N); and

7.33-8.00 (dd, 4H, C6H4).

9b CH3(CH2)2 Cl
1.00 (3H, t, CH2CH3); 1.20-2.00 (2H, m, CH2CH3); 2.10-3.83 (8H, m,

CH3CH2CH2NCH2CHOHCH2); and 7.96 (4H, dd, C6H4).

9c (CH3)2CH Cl

1.20 (d, 6H, 2CH3); 3.10-3.96 (m, 4H, NCH2CHOH CH2N); 4.10-4.50 (m, 1H,

CHOH); 4.60-5.10 (m, 1H, CH(CH3)2); 5.33 (sbr, 1H, CHOH); and 7.56 (dd,

4H, C6H4).

9d (CH3)3C Cl
1.50 (s, 9H, t-butyl); 3.33-4.00 (m, 4H, NCH2CHOHCH2N); 4.55 (sbr, 1H,

CHOH); 5.75 (hump, 1H, OH); and 7.66 (s, 4H, C6H4).

9e
Ha

Cl
0.73-2.53 (m, 10H, (CH2)5); 2.80-4.36 (m, 6H, CHaNCH2CH OHCH2); 5.00

(hump, 1H, OH); and 6.90-7.30 (m, 4H, C6H4).

9f C6H5CH2 Cl
3.33 (sbr, 6H, NCH2CHOHCH2N); 4.40 (d, 2H, CH2C6H5); and 7.26 (sbr, 9H,

C6H5, C6H4).

9g C6H5(CH2)2 Cl
2.66-4.76 (m, 10H, CH2CH2NCH2CHOHCH2N); and 7.40 (sbr, 9H, C6H5,

C6H4).

9h C6H5CH(CH3) Cl
1.50 (d, 3H, CHCH3); 3.35 (s, 6H, NCH2CHOHCH2N); 5.16 (q, 1H, CHCH3);

7.66 (sbr, 9H, C6H5, C6H4).

Compounds 6b, 6d, 6e, 7c, 7g, 7h, 7i, 8c, 8d, and 8e were measured in DMSO-d6 and proton
of OH is exchangeable with D2O.

Table III: Continued.
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Table IV: %Protection against pentylenetetrazole-induced convulsions of
compounds (6-9) in comparison to the corresponding symmetrical
compounds (1)16 at 1.4 mmol/kg.

N

N

O

O

R

R\

OH

No. R R\ C logP % protection
1i c-hexyl c-hexyl 1.43 0%
6c c-hexyl C6H5 1.54 50%
7f c-hexyl p-C6H5CH3 2.03 100%
8b c-hexyl p-C6H5Br 2.37 75%
9e c-hexyl p-C6H5Cl 2.10 75%
1j benzyl benzyl 1.80 0%
6d benzyl C6H5 1.73 75%
7g benzyl p-C6H5CH3 2.22 100%
8c benzyl p-C6H5Br 2.56 75%
9f benzyl p-C6H5Cl 2.29 75%
1k β-phenethyl β-phenethyl 2.36 30%
6e β-phenethyl C6H5 2.01 100%
7h β-phenethyl p-C6H5CH3 2.50 100%
8d β-phenethyl p-C6H5Br 2.84 100%
9g β-phenethyl p-C6H5Cl 2.57 100%
1l α-phenethyl α-phenethyl 2.44 30%
6f α-phenethyl C6H5 2.41 100%
7i α-phenethyl p-C6H5CH3 2.54 100%
8e α-phenethyl p-C6H5Br 2.88 100%
9h α-phenethyl p-C6H5Cl 2.61 100%

Diazepam 2.98 100%

II- Hypotensive activity
Twenty two of the newly

synthesized 1,4-perhydrodiazepines
namely (6b-f, 7c-i, 8b-e, and 9c-h)
were tested for their effect on the
blood pressure of anaesthetized
normotensive rabbits at 28.9 mmol/kg
dose level as solutions or suspensions

in 5% NaCMC (w/v) in comparison
to propranolol as a reference drug.

Materials
Two rabbits were housed per cage

in temperature-controlled rooms
(25°). Animals were allowed a free
access to food, water and maintained
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at 12 h light/dark cycle. The work
was conducted in accordance with the
internationally accepted principles for
laboratory animal’s use and care as
found in the European Community
Guidelines.19

1) Adult healthy male rabbits (6
months old, 1.25-1.50 Kg) were
available from the animal house of
Assiut University.

2) Urethane (Aldrich chemical
company, USA) 25% w/v aqueous
solution was used as an
anaesthetic agent, Heparin
(Amoun, Egypt) 12000 I.U./ 0.5
mL (i.v.) was used as an
anticoagulant.

3) Pure standard propranolol
hydrochloride inderal® (Astra
pharmaceuticals, Astra and
Zeneca, UK and Sweden) 0.1%
i.v. injection, was used as a
reference hypotensive agent. The
same molar concentration of the
tested compounds (28.9 mmol/kg)
was used.

Method
A group of three rabbits was used

for testing each compound. Animals
were prepared for the experiment by
being first anaesthetized with an i.p.
injection of urethane in a dose of 1.6
g/kg (6 mL).22 Arterial blood pressure
was recorded via the carotid artery
which was cannulated to Burden
blood pressure transducer. Heparin
(0.5 mL) was placed in the tip of the
cannula to prevent blood clotting.
Blood pressure was recorded by using
an oscillograph 400 MD 2C
Bioscience (Kent, U.K.). The

transducer was calibrated and the
tested compounds were injected i.p.
Blood pressure was recorded before
and after administration of the tested
compounds over a period of 4 h and
results are recorded in Tables V&VI.

III- Cytotoxic activity
Cytotoxicity of twenty eight final

compounds was done using the Brine
Shrimp Lethality Bioassay method.23

Stock solutions of the tested
compounds (10 mg in 2 mL DMSO)
representing a 5000 ppm/mL was
prepared. In 10 mL disposable glass
scintillation Wheaton vials containing
1 mL saline and 10 napulii; 25, 50,
and 100 µL of the stock solution were
added. Saline was added to complete
the volume of each vial to 5 mL. The
vials were put in a thermostatically
controlled water bath at 24° in a
constant cold light source for 24 h.
The number of surviving larvae per
vial was counted, each test was done
in triplicate, and results obtained,
LC50, and LC90 were calculated using
the probit analysis.24

IV- Acute toxicity (LD50)
The median lethal doses (LD50) of

compounds 6f, 7g, 8e, and 9h were
determined in mice by the graphical
Litchfield method25. Groups of adult
albino mice each of six animals (25-
30g) were injected i.p. with graded
doses of the tested compounds. The
percentage of mortality in each group
of the animals was determined 48 h
after injection. Computation of LD50

was processed by the graphical
method.25
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Table V: Hypotensive activity of compounds (6-9) and propranolol.

Time % Mean decrease in blood pressurea

(min.) 6b 6c 6d 6e 6f Propranolol 5%NaCMC

Db 5±0.63** 5±0.71** 3±0.45** 3.0±0.42** 2.4±0.46** 13.5±1.30 2±0.81

1 7±1.13* 4±0.52** 3±0.46** 0.9±0.10** 2±0.39** 19.0±1.82 0.5±0.09

3 10±1.25** 4±0.54** 2±0.27** 0.9±0.12** 2±0.29** 23.0±3.23 1±0.39

5 12±1.52** 5±0.97** 1±0.21** 0.9±0.11** 2.5±0.52** 27.4±2.77 1.2±1.34

10 15±1.86** 5±0.63** 2±0.29** 1±0.18** 2.7±0.29** 32.5±4.85 1.5±0.42

15 15±1.70** 7±0.84** 6±0.65** 1±0.12** 3±0.42** 41.0±6.11 2.5±0.16

30 22±2.53** 12±1.58** 7±0.89** 3±0.86* 6.7±0.98** 47.0±6.21 2±0.79

45 25±2.96** 18±2.31** 8±2.58* 6±0.84** 9.3±1.28** 52.3±6.53 3±0.57

60 26±3.21** 20±2.34** 10±3.89* 8±1.23** 11±1.54** 45.0±5.53 5±0.87

90 27±3.22** 13±1.42** 11±1.23** 10±1.58** 11±1.46** 48.0±5.56 7±0.87

120 30±3.32** 9±1.27** 7±0.97** 12±1.56** 12±1.56** 42.3±5.24 5±0.91

150 28±4.32 5±0.67** 7±0.89** 12±1.97** 11±1.35** 34.9±4.31 3±1.10

180 26±2.58** 4±1.24** 4±0.87** 7±1.28** 6.9±0.98** 20.0±2.38 2±0.78

240 10±1.87* 2±2.71 3±0.68** 4±1.21* 2±1.31 6.3±0.53 1±0.37

Table V: Continued.

% Mean decrease in blood pressureaTime

(min.) 7c 7d 7e 7f 7g 7h 7i
Db 29±3.21** 24±3.45** 20±2.32** 30±4.87** 40±6.54** 32±4.52** 35±4.25**
1 2.3±2.65** 5±0.97** 2±0.45** 3±0.64** 0±0.00** 2±0.65** 2±0.45**
3 4±0.68** 5±0.67** 3±0.57** 5±0.68** 2±0.37** 3±0.69** 3±0.58**
5 4.5±0.57** 7±0.97** 4±1.10* 8±2.10* 4.8±0.67** 6±0.84** 5±0.69**

10 5.7±0.83** 8±1.57** 5±0.86** 8±0.97** 4.6±1.11** 7±0.92** 9±1.67**
15 8.7±1.56** 7±1.32** 6±1.21** 8±1.28** 6.6±1.12** 7.5±0.98** 10±1.56**
30 13±1.97** 10±1.37** 6±0.94** 9±1.38** 4.3±0.67** 8±1.25** 9±0.99**
45 15±1.85** 15±1.94** 10±1.26** 7±0.67** 4±1.89* 7±1.27** 8±1.47**
60 32±5.56* 18±2.87** 20±3.42** 6±1.28** 4±1.23** 5±0.54** 6±1.23**
90 39±2.56** 20±3.24** 25±3.27** 7±1.50** 3±0.56** 4±1.57* 5±0.87**

120 20±2.86** 30±2.74** 20±2.49** 6±1.17** 2±0.48** 3±0.98* 4±0.47**
150 3±1.10** 20±2.58** 10±1.57** 5±0.60** 1±0.34* 2±0.41** 2±0.31**
180 3±1.11** 10±1.29** 5±0.80** 3±0.54** 0±0.00** 1±0.24** 2±0.84*
240 3±1.12* 6±0.87** 3±0.64** 1±0.27*** 0±0.00** 0±0.00** 0±0.00**
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Table V: Continued.

% Mean decrease in blood pressureaTime
(min.) 8b 8c 8d 8e

Db 24±2.58** 32±1.23** 20±2.68** 25±1.29**
1 5±0.24** 2±0.14** 5±0.34** 3±0.79*
3 6±1.68* 7±0.89** 7±0.97** 5±0.27**
5 10±1.47** 22±1.97** 10±1.25** 10±0.95**

10 13±2.40** 33±4.67** 12±3.24* 15±4.21*
15 15±2.13** 25±2.84** 14±1.28** 22±3.29**
30 20±2.13** 15±1.87** 20±2.45** 24±3.21**
45 25±3.64** 10±1.78** 18±2.34** 17±2.21**
60 20±3.54** 5±2.31* 15±2.57** 16±2.89**
90 20±3.58** 5±2.74* 15±2.80** 13±2.31**

120 16±3.11** 3±1.21* 10±2.32** 12±2.25**
150 15±2.14** 2±0.78* 5±1.47* 10±1.91**
180 10±2.14** 1±0.48* 5±0.98** 7±1.47**
240 5±2.14* 1±0.54* 2±0.47** 5±0.87**

Table V: Continued.

% Mean decrease in blood pressureaTime
(min.) 9c 9dc 9e 9f 9g 9h
Db 10±1.57* 7.4±0.97** 2±0.81* 30±0.78* 4±0.28** 5±0.59**
1 5±1.27** 21±2.87** 0.5±0.09** 0.9±0.10** 1±0.18** 1±0.24**
3 9±1.21** 21±1.84** 1±0.39* 2±0.27** 2.5±0.32** 3±0.21**
5 13±1.65** 25±3.24** 1.2±1.34 2.5±2.98 4±0.57** 5±0.42**

10 15±1.23** 27±2.41** 1.5±0.42* 3±0.21** 6±0.67** 8±1.11**
15 20±2.31** 28±2.15** 2.5±0.16** 5±0.72** 7±0.87** 10±0.86**
30 27±2.21** 30±3.84** 2±0.79* 7±0.98** 9±1.54** 10±1.32**
45 28±3.24** 35±2.57** 3±0.57** 9±1.21** 12±0.98** 8±0.75**
60 30±4.57* 41±3.57** 5±0.87** 11±1.54** 15±1.60** 6±0.70**
90 30±4.52* 25±3.47** 7±0.87** 8±0.46** 10±1.83** 4±0.67**

120 25±3.57** 31±4.13** 5±0.91** 6±0.74** 5±0.74** 3±0.47**
150 23±3.10* 36±4.65** 3±1.10* 4±0.84** 3±0.84* 2±0.64*
180 15±1.87* 36±4.13** 2±0.78* 2±0.34** 2±0.37** 2±0.31**
240 10±1.25** 39±4.58** 1±0.37* 1±0.21** 1±0.24** 1±0.27*

a- Mean value of three observations ± standard deviation.
b- Direct after injection.
 c- This compound exhibited delayed effect, since at 5 hr (20%) and at 6 hr (10%)
*- Significant at P<0.05 vs. Propranolol value (student's-t-test).
**- Significant at P<0.01 vs. Propranolol value (student's-t-test).
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Table VI: Comparison of maximum hypotensive activity of 3 symmetrical
dialkyl derivatives with the corresponding unsymmetrical 1-alkyl-4-
aryl analogues.

N

N

O

O

R

R\

OH

RESULTS AND DISCUSSION

Chemistry
The unsymmetrical disubstituted

1,3-diamino-2-propanol derivatives
(No. 2-5) were prepared by
interaction of the selected aromatic
amines with epichlorohydrin in a 1:1
molar  ratio  by reflux in ethanol for
2 h then another mole of the
appropriate alkyl or aralkylamine was
added and reflux was continued for
24 h17 (Scheme 1). These compounds
are liquids and were purified by
extraction and column chromato-
graphy using ethyl acetate/hexane as
a mobile phase. These intermediates
were cyclized with diethyl oxalate18 in
ether at room temperature to yield the
corresponding perhydro-1,4-diazepine
-2,3-diones (No. 6-9), Scheme 1.

The 1-arylamino-3-chloro-2-
propanols can’t be separated,27

however, only the p-tolyl derivative
was separated, crystallized (ethanol)
and its m.p was determined (80-2ºC)
which is identical to that reported.28

Attempts to prepare compounds
(No. 2-5) by a reversed technique, i.e
interaction first of epichlorohydrin
with alkyl (aralkyl) amines followed
by the aromatic ones, were
unsuccessful. This may be attributed
to the higher basicity and
nucleophilicity of the alkyl and
aralkyl amines.29

The structures of the pure
intermediates were elucidated by IR
and 1H-NMR spectrophotometry. IR
spectra of compounds (No. 2-5) are
characterized by the presence of
broad bands at 3410-3380 cm-1 (υ OH
stretching) and at 3320-3200 cm-1 (υ
NH stretching).

R=R\ Activity R R\ Activity Propranolol
i-Propyl C6H5 18.4
i-Butyl C6H5 -i-Propyl 7.45
t-Butyl C6H5 -
i-Propyl p-tol. 13.01
i-Butyl p-tol. 13.2i-Butyl 12.9
t-Butyl p-tol. 9.9

i-Propyl p-ClC6H4 18.5

i-Butyl p-ClC6H4 22.5t-Butyl 22.5

t-Butyl p-ClC6H4 28.7

32.3
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CIH2CHC CH2

O

+ArNH2
Reflux 2h

Ethanol CICH2CHCH2NHAr

OH

Reflux 24 h

RHNCH2CHCH2NHAr

OH
EtOOCCOOEt

Ether

N
C

C
N

OH

Ar

R

O

O

(No. 6-9)

RNH2

(No.2-5)

Ar = C6H5, p-C6H4CH3, p-C6H4Br, p-C6H4Cl
R = C2H5, CH3(CH2)2, (CH3)2CH, (CH3)2CHCH2, (CH3)3C, cyclo-C6H11, C6H5CH2,

C6H5SCH2CH2, C6H5CH(CH3)

Scheme 1

1H-NMR spectra of compounds
(No. 2a-f, 3a-i, 4a-e, 5a-i) showed a
common pattern for the
HNCH2CHOHCH2NH moiety as a
multiplet in the range of δ 2.25-5.30
and the OH was exchangeable with
D2O. The spectral differences were
attributed to the two substituents on
the N and N\ of the intermediates.

IR spectra of the final compounds
(No. 6-9) revealed the disappearance
of the broad bands corresponding to
the 2NH groups of the intermediates
and characterized by the presence of
two strong bands at 1671-1621 cm-1

(υ C=O stretching) in addition to a
broad band at 3480-3285 cm-1 (υ OH
stretching).

1H-NMR spectra revealed a
common pattern for the
CH2CH(OH)CH2 part of the ring with
some characteristic differences
attributed to the 1,4-substituents.

The mass spectrum of compound
(8e) revealed the molecular ion peak

M+ at m/z 403 (10.4%) corresponding
to C19H19

79BrN2O3, the M-1 at m/z
402 (1.2%), the (M-1)+2 at m/z
C19H19

81BrN2O3 404 (8.6%) and this
confirms the presence of bromine.
The base peak at m/z 105 (100%)
corresponds to the α-phenethyl
radical cation. The mass spectrum of
compound (9d) showed the molecular
ion peak M+ at m/z 311 (9.2%)
corresponding to C15H19

35ClN2O3, the
M+2 at m/z 313 (3.3%) corresponding
to C15H19

37ClN2O3, and this confirms
the presence of chlorine. The base
peak at m/z 140 (100%)
corresponding to N-methyl-p-
chloroaniline radical cation.

Pharmacological screening
Anticonvulsant activity

Study of results listed in Table IV
indicates that substitution of a
cyclohexyl, benzyl, α-phenethyl and
β-phenethyl 1(i-l) at N4 by an aryl
group dramatically increases the
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anticonvulsant activity. This finding
more or less, correlates with the C
logP values of the corresponding
compounds.25 Also, data listed in
Table IV show that, although the C
logP values of compounds having p-
bromo substituents (8b and 8c) are
higher than those of the p-tolyl
derivatives (7f and 7g), yet the latter
compounds elicited more protection
against seizures. This may be
attributed to a better fitting of the
tolyl derivatives than the bromine-
containing compounds on the specific
receptors.

Hypotensive activity
Hypotensive activity of 1-alkyl
(aralkyl)-4-aryl-1,4-diazepines (6-9)
was also carried out and the results
are shown in Table V. These data
show that maximum activity was
reached after 2 h of administration of
compounds (6b-f). Comparison of the
maximum hypotensive activity of the
tested compounds indicates that
substitution of one i-propyl group by
an aryl moiety almost doubles the
hypotensive effect (Table VI).

Substitution of the phenyl moiety by
(p-chlorophenyl, p-bromophenyl or p-
tolyl) either reserved or increased the
activity, but no consistent correlation
could be obtained between the
activity and the corresponding σ & π
constants of these substituents30

(Tables V &VI).

Cytotoxic activity
Cytotoxicity of twenty eight of the

target compounds was determined in
vitro using the brine shrimp bioassay
method.23&24 Results of Table VII
indicate that only compounds 8a, 8e,
and 9e, elicited mild cytotoxic
activity.

Acute toxicity
LD50 of some selected

representative compounds 6f, 7g, 8e,
and 9g was determined using the
graphical Litchfield method.25 Results
showed that their LD50 equals 10, 20,
17, and 15 mg/kg (i.p.) respectively,
while that of diazepam was 710
mg/kg31 showing that these
compounds are far more toxic than
the reference drug.

Table VII: Results of brine shrimp lethality bioassay.

% Inhibition at tested
concentrations (ppm)

Compound
No.

100 50 25

LC50*
ppm

LC90*
ppm

8a 97 82.4 18.8 39 67.9
8e 100 86.1 36 31.5 58.1
9f 100 73.5 42 31 69.3

* The LC50 and LC90 were calculated using probit analysis24 by the use of the results
of 3 concentrations between 1% and 99%.
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