
415

DIELS-ALDER CYCLOADDITION :  etc  ......

DIELS-ALDER CYCLOADDITION :
SYNTHESIS AND REACTIONS OF  N-ARYL-1,

2-(DICARPOXY IMIDE)-3-BENZOYL-6-PHENYL-4-CYCLOHEXENES

Al–Shara’ey, A. A. A.1*; Khalifa, F. A. M.2

and Douqan, E. M. A.1

1Department of Chemistry, Faculty of Science, Taiz  - University, Taiz - Yemen

2Department of Chemistry, Faculty of Science, Cairo - University, Cairo - Egypt

*Author to whom correspondence should be addressed

ABSTRACT

The N-aryl-1,2-(dicarpoxy imide)-3-benzoyl-6-phenyl-4-cyclohexenes 3a-f were synthesized by

Diels-Alder cycloaddition of 1,5-diphenyl-2,4-pentadiene-1-one 1 with N-arylmaleimides 2a-f. Some

of the synthesized compounds were subjected to reduction, hydrolysis and dehydrogenation to

give compounds 4a-c, 5a-c and 6a–c respectively. The structures of the new synthesized com-

pounds were established from their elemental analyses and spectral data.
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1999 and Jenner, 1999). Sometimes, the vol-

ume of activation is even more negative than

the reaction volume. (Kiselev, et. al., 2001 and

Kiselev, et. al., 2002).

The maleimide moiety can be used as a

platform in synthesis as dienophile due to its

ability toward DA cycloaddition reactions with

dienes.  (Al-Shara’ey and Khalifa  2007 ; Bald-

win et. al. 1991 ; Ghabrial and Gaber 2003

and Grigg, et. al., 1988). 

The present work, focused on the synthesis

and reactions of some new heterocyclic com-

pounds from the reaction of 1,5-diphenyl-2,4-

pentadiene-1-one 1 as a diene with N-

arylmaleimide 2a-f as dienophile by DA cyclo-

addition reaction.

 

RESULTS AND DISCUSSION
The starting material 1,5-diphenyl-2,4-

INTRODUCTION
Diels-Alder (DA) reaction is a [4 + 2]-

cycloaddition  (Corral, et. al., 1997 ;  Kumar

and Balasubrahmanyam, 1997; Padwa, et. al.

1997 ;  Thiemann, et. al., 1997 and Zhang

and Trudell, 1996)   i.e. an addition that in-

volves a diene (with 4 centers involved in the

reaction) and a second species with a double

bond (2 centers involved in the reaction),

(Sauer et. al. 1980) usually referred to as ‘die-

nophile’. This results in strongly negative en-

tropy of activation, due to the highly ordered

activated complex, and in a stereospecific

course of the reaction.

The DA reaction is characterized by large

negative volumes of reaction and activation,

due to the simultaneous formation of two new

σ-bonds. It is therefore not surprising that in-

creasing the pressure can speed up the reac-

tion considerably. (Klärner and Breitkopf,
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cyclohexenes  3a-f  were  synthesized  from

reaction  of  1  with   each   of  N-

arylmaleimides  2a-f (Ar = C6H5-, p-

CH3C6H4-, p-I C6H4-, p-NO2C6H4-,  p-

BrC6H4- and α-naphthyl). The preparation

compounds 3a-f constitutes a new and facile

procedure for synthesis of the latter com-

pounds (cf. Scheme 1). 

pentadiene-1-one 1 was prepared by conden-

sation reaction between cinnamaldehyde and

acetophenone as described in the literature

(Cava et. al., 1973 and Kiselev et. al., 2004).

The trans, trans configuration of the diene 1

must be stereospecific, for the DA cycloaddi-

tion reaction.  Thus,  the  N-aryl-1,2-(dicar-

boxy imide) - 3 - benzoyl - 6 - phenyl - 4 -

O O
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aqueous acid gave N-aryl carboxy amide-2-

carboxy-3-benzoyl-6-phenyl - 4 - cyclohex-

enes 5a-c which exists in an equilibrium form

with its zwitterionic species. The I.R spectra of

5a-c showed the presence of stretching broad

band for zwitterionic species, stretching

bands for aliphatic (C-H), carbonyl groups, al-

iphatic and aromatic (C=C), bonds and bend-

ing bands for aliphatic (C-H) and 1H NMR

spectra  showed appearance of signals for ali-

phatic, aromatic and amide protons. The

mass spectrum of 5a as a typical example of

this series showed a peaks at m/z 364 for

[C26H22NO]+ and 105 for [C7H5O]+.

Dehydrogenation  of  3a-c  was  obtained

via fusion reaction with sulfur to produce

phthalimides 6a-c. The I.R spectra of 6a-c

showed   stretching  bands  for  aromatic,

(=C-H), carbonyl groups and aromatic (C=C)

with  the  disappearance  of  the  stretching

and bending bands for aliphatic (C-H) in 6a, c

and 1H NMR spectra showed the appearance

of signals for aromatic protons with disap-

pearance of the signals for the aliphatic pro-

tons in 6a, c. The mass spectrum of 6a as a

typical example of this series, showed a peaks

at m/z 256 for [C19H12O]+ and 192 for

[C14H7O]+.

EXPERIMENTAL :

All melting points are uncorrected. The IR

spectra in mill (nujol) were recorded on BUCK

Model 500 IR. The 1H NMR spectra were re-

corded on Observe 200 MHz, Gemini-200 and

Bruker Wp-80 spectrometers using CDCl3 as

a solvent. Chemical shifts (δ) are in ppm rela-

tive to internal tetramethylsilane (TMS) as in-

ternal standard. Mass spectra were recorded

on a Hewlett-Packard-GC-MS type 2988 se-

ries using DIP technique at 70 EV. Microanal-

The  result  of  elemental  analyses  for 3a-f

was   in  agreement  with  their  molecular

formulas  corresponding  to  the addition of

one  molecule  of  1  to  one molecule of each

of  2a-f, respectively.

The IR spectra of 3a-f showed the presence

of stretching bands for unsaturated and aro-

matic (=C-H), saturated (C-H), carbonyl

groups (C=O), aliphatic and aromatic (C=C)

and bending bands for saturated (C-H). Its 1H

NMR spectra revealed the presence of signals

for the aliphatic and aromatic protons in the

proper positions and the mass spectra of

compounds 3a and c showed   molecular  ion

peaks  at  m/z 407 and   533 which are in

agreement their formulas (cf. Experimental).

Some of the synthesized compounds were

subjected to reduction, hydrolysis and dehy-

drogenation to give compounds 4a-c, 5a-c and

6a-c, respectively.

The reduction  of  3a-c with sodium boro-

hydrid in diethyl ether (Mase et al., 2002)

gave 3-hydroxy benzyl-6-phenyl-7-oxo-8-aza-

9-hydroxy bicycle [3.4.0]non-4-enes 4a-c. The

I.R spectra of 4a-c showed the presence of

stretching bands characteristic for hydroxyl

groups, aromatic (=C-H), aliphatic (C-H), car-

bonyl group, aliphatic and aromatic (C=C),

and  bending bands for aliphatic (C-H) and

the 1H NMR spectra displayed signals for ali-

phatic, hydroxyl and aromatic protons in the

proper positions. The mass spectrum of 6a as

a typical example for this series showed a

peaks at m/z 346 for [C26H20N]+ and 93 for

[C6H7N]+. 

The hydrolysis of 3a-c in basic solution

(Knight, 1979) followed by neutralized with
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Anal. Calcd. For C28H23NO3: C, 79.80; H,

5.46; N, 3.32 %. Found: C, 79.40; H, 5.60; N,

3.91 %.

 

3c: Ar = p-Iodo phenyl 

White crystals, Yield: 62.03 %, m.p, 159oC.

IR : νmax (cm-1) 3040(aliphatic and aromatic,

=C-H); 2900(aliphatic, C-H); 1700(C=O

groups); 1600, 1500(aliphatic and aromatic,

C=C) and 1400, 1350(bend. C-H, aliphatic).
1H NMR: 2.6(1H, d, H6), 3.8-4.8(3H, d, m, ali-

phatic protons, H1, H2, H3); 6.2-6.6(2H, dd,

H4, H5); 7.0-8.2(14H, m, aromatic protons).

MS: m/z (%): 533[M.+] (53), 105(80). Anal.

Calcd. For C27H20INO3: C, 60.78; H, 3.75; N,

2.62; I, 23.82 %. Found: C, 60.41; H, 3.33; N,

2.31; I, 23.60 %.  

3d: Ar = p-Nitro phenyl 

White crystals, Yield: 69.91 %, m.p 190oC.

IR : νmax (cm-1) 3010(aliphatic and aromatic,

=C-H); 2980, 2900(aliphatic, C-H); 1720(C=O

groups); 1610, 1500 (aliphatic and aromatic,

C=C and NO2) and 1430, 1350(bend. C-H, ali-

phatic). 1H NMR: 2.6(1H, d, H6), 3.8-4.8(3H,

d, m, aliphatic protons, H1, H2, H3); 6.2-6.6

(2H, dd, H4, H5), 7.0-8.2(14H, m, aromatic

protons). Anal. Calcd. For C27H21N2O5: C,

71.68; H, 4.42; N, 6.19 %. Found: C, 71.28;

H, 3.96; N, 6.08 %.

3e: Ar = p-Bromo phenyl 

Yellow crystals, Yield: 81.89 %, m.p 160oC.

IR : νmax (cm-1) 3020(aliphatic and aromatic,

=C-H); 2970, 2900(aliphatic, C-H); 1700(C=O

groups); 1600, 1500(aliphatic and aromatic,

C=C) and 1400, 1300(bend. C-H, aliphatic).
1H NMR: 2.6(1H, d, H6), 3.8-4.8(3H, d, m, ali-

phatic protons, H1, H2, H3); 6.2-7.0(2H, dd,

H4, H5), 7.0-8.2(14H, m, aromatic protons).

Anal. Calcd. For C27H20BrNO3: C, 66.66; H,

yses were performed at the Micro analytical

Center of Cairo University using a Perkin-

Elmer 2400. C, H, N elemental analyzer. Thin

layer chromatography (TLC) was preformed on

aluminum plates coated with 0.25 mm layer

of silica gel f245 (fluka).  

1) General  procedure  for  the  synthe-

sis of N-aryl-1,2-(dicarpoxy imide)-

3benzoyl-6-phenyl-4-cyclohexene 3a-f.

A mixture of 1,5-diphenyl-2,4-pentadiene-

1-one 1 (1.17 g, 0.005 mol) and each of N-

arylmaleimides 2a-f (0.005 mol) was heated in

an oil bath at 140oC. TLC showed that the re-

action was completed after 3 hours. The solid

obtained after cooling were recrystallized from

ethanol to give 5a-f. 

3a: Ar = Phenyl

White crystals, Yield: 73.89%, m.p, 140oC.

IR : νmax (cm-1) 3040 (aliphatic and aromatic,

=C-H); 2950, 1900  (aliphatic C-H); 1720-

1710 (C=O groups); 1620, 1520 (aliphatic and

aromatic, C=C) and 1420, 1300(aliphatic C-

H). 1H  NMR: 2.9 (1H, d, H6); 3.7-4.8(3H, d,

m, aliphatic protons, H1, H2, H3); 6.5-6.8(2H,

dd, H4, H5); 7.0-8.1(15H, m, aromatic pro-

tons). MS: m/z (%):  407(55) [M.+] in agree-

ment with [C27H21NO3].+, 105(75) [C7H5O]+.

Anal. Calcd. For C27H21NO3: C, 79.60; H,

5.15; N, 3.43 %.  Found: C,  79.90;  H, 5.28;

N, 3.33 %.

3b: Ar = p-Methyl phenyl 

White crystals, Yield: 78.09 %, m.p 198oC.

IR : νmax (cm-1) 3030(aliphatic and aromatic,

=C-H); 2920(C-H); 1700 (C=O groups); 1630,

1480(aliphatic and aromatic, C=C) and 1400,

1350(bend. C-H, aliphatic). 1H NMR: 2.5(3H,

s, -CH3); 2.7 (1H, d, H6); 3.5-4.9(3H, d, m, ali-

phatic protons, H1, H2, H3); 6.5-6.8(2H, dd,

H4, H5), 7.0-8.2(14H, m, aromatic protons).



419

DIELS-ALDER CYCLOADDITION :  etc  ......

m, aromatic protons). MS: m/z (%): 346[M+]

(70), 175(70) and 93(76). Anal. Calcd. For

C27H25NO3: C, 78.83; H, 6.08; N, 3.40 %.

Found: C, 78.67; H, 6.11; N, 3.52 %.

4b: Ar = p-Methyl phenyl 

Yellow crystals, Yield: 71.49%, m.p 140oC.

IR : νmax (cm-1)  3400(–OH groups); 3020(ali-

phatic and aromatic, =C-H); 2950, 2900(ali-

phatic, C-H); 1710-1700(C=O group); 1490(al-

iphatic and aromatic, C=C); 1400, 1300(bend.

aliphatic, C-H) and 1000(for, C-O).  1H NMR:

2.2(3H, s, -CH3); 2.5(1H, d, H6); 3.5-4.6(7H,

s, m, H1, H1', H2, H3, H9, aliphatic and hy-

droxyl protons); 6.4-6.8(2H, dd, H4, H5); 7.0-

8.2(14H, m, aromatic protons). Anal. Calcd.

For C28H27NO3: Calcd C, 79.05; H, 6.35; N,

3.29 %. Found: C, 79.00; H, 6.41; N, 3.03 %.

4c: Ar = αααα-Nphthyl 

White crystals; yield 81.46 %, m.p 285oC;

IR : νmax (cm-1)  3400(-OH groups); 3050 (ali-

phatic and aromatic, =C-H); 2950(aliphatic,

C-H); 1710-1700(C=O group); 1480(for ali-

phatic and aromatic, C=C); 1400, 1300 (bend.

aliphatic, C-H) and 1000 (for, C-O). 1H NMR:

2.4(1H, d, H6); 3.6-4.8(7H, s, m, H1, H1', H2,

H3, H9, aliphatic and hydroxyl protons); 6.4-

6.8(2H, dd, H4, H5); 7.0-8.0(17H, m, aromatic

protons). Anal. Calcd. For C31H27NO3: Calcd

C, 80.69; H, 5.85; N, 3.03 %; Found: C,

80.55; H, 5.75; N, 2.95 %.

3) General procedure for the synthesis

of 1-(aryl carboxy amide)-2-carboxy-3-

benzoyl-6-phenyl-4-cyclohexenes 5a-c.

Solutions of each of 3a-c (0.01 mole) in

aqueous sodium hydroxide (30 ml, 0.1 N)

were stirred. TLC showed that the reaction

was completed after 2.5 hours. The resulting

mixtures were neutralized with hydrochloric

4.11; N, 2.88; Br, 16.44 %. Found: C, 66.73;

H, 4.40; N, 2.73 %.

3f: Ar =αααα-Naphthyl 

White crystals, Yield: 83.77 %, m.p 180oC.

IR : νmax (cm-1)  3040  (aliphatic  and  aro-

matic, =C-H); 2900(aliphatic, C-H); 1690(C=O

groups); 1620, 1500(aliphatic and aromatic,

C=C) and 1450, 1350(bend. C-H, aliphatic).
1H NMR: 2.6(1H, d, H6), 3.8-4.8(3H, d, m, ali-

phatic protons, H1, H2, H3); 6.4-6.8(2H, dd,

H4, H5), 7.0-8.2(17H, m, aromatic protons).

Anal. Calcd. For C31H23NO3: C, 81.40; H,

5.03; N, 3.06 %. Found: C, 81.02; H, 5.21; N,

3.42 %.

2) General procedure for the synthesis

of 3-hydroxybenzyl-6-phenyl-7-oxo-8-

aza-8-aryl-9-hydroxy bicyclo [3.4.0]

non-4-enes 4a-c.

A mixture of each of 3a-c (0.01 mole) and

sodium borohydride (0.024 mole) in dry die-

thyl ether (50 ml) was stirred. TLC showed

that the reaction was completed after 3 hours.

The resulting mixtures were decomposed by a

dropwise addition of ice water and dilute ac-

tice acid then extracted with diethyl ether.

The diethyl ether was evaporated and the resi-

due was recrystallized from ethanol as crys-

tals. 

4a: Ar = Phenyl

Colorless solid, Yield: 68.35 %, m.p 210oC.

IR : νmax (cm-1) 3400(-OH groups); 3020 (ali-

phatic and aromatic, =C-H); 2950, 2900 (ali-

phatic, C-H); 1710-1700(C=O group); 1500(al-

iphatic and aromatic, C=C); 1400, 1320

(bend. C-H aliphatic) and 1000 (for, C-O). 1H

NMR: 2.4(1H, d, H6); 3.6-4.8(7H, s, m, H1,

H1', H2, H3, H9, aliphatic and hydroxyl pro-

tons); 6.4-6.8(2H, dd, H4, H5); 7.0-8.0(15H,
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(3H, d, H3, and m, H1, H2, aliphatic protons);

6.2-6.8(2H, dd, H4, H5); 7.0-7.8(14H, m, aro-

matic and amide protons). Anal. Calcd. For

C27H22INO4: Calcd C, 58.80; H, 3.99; N,

2.54; I, 23.04 %. Found: C, 58.80; H, 3.63; N,

2.12; 23.07 %.

4) General procedure for the synthesis

of phthalimides 6a-c.  

A mixture of each of 3a-c (0.01mole) and

sulfur (0.7 g, 0.02 mole) was heated in an oil

bath at 180oC till the evolution of H2S ceased.

The solid obtained was recrystallized from

96% ethanol to give 6a-c as white crystals.

 

6a: Ar = Phenyl :

Yield :  59.57 %,  m.p 250oC. IR : νmax
(cm-1) 3010(aromatic, C-H); 1710-1700(C=O

groups); 1480(aromatic, C=C). 1H NMR: 7.0-

8.2(17H, m, aromatic protons). MS: m/z (%):

256[M+] (40), 192(15). Anal. Calcd. For

C27H17NO3: Calcd C, 80.39; H, 4.21; N, 3.47

%. Found C, 80.39; H, 4.06; N, 3.11 %.

  

6b: Ar = p-Methyl phenyl : 

Yield :  69.28 %,  m.p 200oC. IR : νmax
(cm-1) 3000-2950(for aliphatic and aromatic,

C-H); 1710-1700(C=O groups); 1480(aromatic,

C=C) and 1400, 1300(bend. aliphatic, C-H).

Anal. Calcd. For C28H19NO3: Calcd C, 80.57;

H, 4.55; N, 3.35 %. Found: C, 80.17; H, 4.69;

N, 3.35 %  

6c: Ar = p-Iodo phenyl :

Yield : 83.45 %;  m.p 180oC. IR  : νmax
(cm-1)  3050(for aromatic, =C-H); 1710-1700

(C=O groups); 1480(aromatic, C=C).  1H NMR:

7.0-8.2(16H, m, aromatic protons). Anal.

Calcd. For C27H16INO3: Calcd C, 61.24; H,

3.02; N, 2.64; I, 24.03 %. Found. C, 61.31; H,

3.36; N, 2.45; I, 24.40 %.  

acid (0.1) and then extracted with chloroform.

The extract was evaporated and the residue

was recrystallized from ethanol. 

5a: Ar = Phenyl.

White crystals, Yield: 59.57 %, m.p 250oC.

IR : νmax (cm-1) 3500 - 2900  (zwitterionic

species); 3010(aliphatic and aromatic, =C-H);

2900(aliphatic, C-H); 1720-1710 (C=O

groups); 1600, 1480(aliphatic and aromatic,

C=C); 1400, 1350 (bend. aliphatic, C-H) and

1000 (for, C-O).  1H NMR : 2.7(1H, d, H6);

3.6-4.7(3H, d, H3, and m, H1, H2, aliphatic

protons); 6.2-6.8 (2H, dd, H4, H5); 7.0-7.8

(15H, m, aromatic and amide protons). MS:

m/z (%): 364[M+] (70), 105(80). Anal. Calcd.

For C27H23NO4: Calcd C, 76.23; H, 5.41; N,

3.29%.  Found : C, 76.33; H, 5.13; N, 3.37%.

5b: Ar = p-Methyl phenyl :

Brown crystals, Yield: 64.47 %, m.p 225oC.

IR : νmax (cm-1)  3500-2900(zwitterionic spe-

cies); 3000(aliphatic and aromatic, =C-H);

2900 (aliphatic, C-H); 1720-1710 (C=O

groups); 1630, 1490(aliphatic and aromatic,

C=C); 1400, 1330(bend. aliphatic, C-H) and

1000(for, C-O). 1H NMR: 2.4(3H, s, -CH3); 2.7

(1H, d, H6); 3.6-4.7(3H, d, H3, and m, H1, H2,

aliphatic protons); 6.2-6.8(2H, dd, H4, H5);

7.0-7.8(14H, m, aromatic and amide protons)

Anal. Calcd. For C28H25NO4: Calcd C, 76.53;

H, 5.69; N, 3.18%. Found: C, 76.40; H, 5.62;

N, 3.28%.

  

5c: Ar = p-Iodo phenyl :

Yellow crystals; Yield: 70.00 %; m.p 220oC.

IR : νmax (cm-1) 3500-2900(zwitterionic spe-

cies); 2920(aliphatic, C-H); 1720-1710(C=O

groups); 1620, 1490(aliphatic and aromatic,

C=C); 1400, 1350(bend. aliphatic, C-H) and

1000(C-O).  1H NMR: 2.7(1H, d, H6); 3.6-4.6
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and Aspergillus flavus) using the filter paper

disc method (Küçükbay et. al., 2003 and Pan-

deya et. al., 2000). The table below exhibits

the distinct results which indicated that no to

strong activities of the tested compounds to-

ward the bacterial and fungal species which

were observed.

Estimation of biological activity :

The synthesized  compounds were

screened in vitro for their antimicrobial activi-

ties against three strains of bacteria (Staphy-

lococcus aureus, Streptococcus and Escheri-

chia coli) and two fungal species (fungi niger

8

Table 1 :  The antibacterial activity of some new synthesized compounds.

Com.
Staphaureus

aureus
Strep

tococcus
Escherichia

coli
Fungi
niger

Aspergillus
flavus

3c - - - - -

3e - - - - -

3f - - - - -

4a ++ + - + ++

5a - + - + -

5b ++ + - ++ ++

( -)  No act ivi ty, (+)  m oderate and (++) st rong act ivit y. 
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v�dF�« h�K*«
¨± ≠ q�—« ≠ N  ö‡‡�UH�Ë oOK�� ∫ WOIK(« —b‡‡�« ≠ e‡‡K�œ W‡‡�U{≈

vIK 5�J� ≠ ¥ ≠ qOMO� ≠ ∂ ≠ q‡‡�ËeM� ≠ ≥ ≠ bO�« v��u�d� vzUM� ≠≤

1ÊUI�œ Áb�� bL�� ‰U��«         2tHOK� bL�� —u�√ v���        1v�«dA�« .dJ�«b�� tK�«b��
…d‡‡‡‡�UI�« W‡‡‡F�U� ≠ Âu‡‡KF�« WOK� ≠ ¡UOLOJ�« r�� 2       e‡‡F� W‡‡‡F�U� ≠ Âu‡‡KF�« WOK� ≠ ¡UOLOJ�« r�� 1 

≠ ≥ ≠ b?O?�√ v�?�u�d??� vzUM�≠≤ ¨± ≠ q�—« ≠N  U?�?�d* W??O?IK(«  ö?�U?H??��« s� …b�b?'«  U?�?�d?*« iF?�� oOK�� - W??�«—b�« Ác� v�

¨≤ ≠ q�UMO?� vzUM� ≠ µ ¨± 5� W?O?IK(« W?�U{û� —b�« ≠ e?‡K�œ q‡‡�U?H� o�d� s� p�–Ë 3a-f vIK 5�J� ≠ ¥ ≠ qOMO?� ≠ ∂ ≠ q�ËeM�

vzU*« qK�?��« ¨‰«e�?�ô«  ö?�UH?�� XFC?�√ W?IK<«  U�?�d*« Ác� iF� È Æ2a-f  «b�UL?OK� q�—« ≠ N l� ± ÊË« ≠ ± ≠ 5�«œU�M� ≠ ¥

Æv�«u��« vK� 6a-c Ë 5a-c ¨4a-c  U��d*«  XD�Q� 5ÇË—bON�«  «—–  «—– W�«“≈Ë

ÆW�b� UN� X�d�√ v��« vHOD�« qOK���«Ë ÈdBMF�« qO�U���« ZzU�� ”U�√ vK� Áb�b% - …b�b'« WIK<«  U��d*« ÁcN� v�O�d��« ¡UM��«

Æ «bOLK!� q�—« ≠N Ë  «bOLOK� q�—« ≠N ¨—b�« ≠ eK�œ q�UH� ∫ WOU�H�  ULK�
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