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ABSTRACT

A series of novel bis-pyrrolidines (9-14) were prepared by the reaction of two moles of Schiff’s bases (7 &
8) in a 1,3-anionic cycloaddition manner with substituted (1E,4E)-1,5-diphenyl-1,4-pentadien-3-one (1-4). All new
compounds were characterised using 1H, BC-NMR, IR, UV and elemental analysis. The antibacterial activity of some
of these compounds was also evaluated. The proposed reaction mechanism was investigated using theoretical
methods such as heat of formation (H.F.) and steric energy (S.E.) calculation. MOPAC, (H.F.) and MM2 methods
were also used in this study.
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INTRODUCTION

Pyrrolidines play an important role in medicinal and pharmaceutical chemistry. These
compounds show biological activities such as analgesic potency [1], antibacterial [2], dipeptidyl-
4 peptidase inhibitors [3], histamine Hs-receptor ligands [4], antimicrobial [5], and antitumor
[6]. Some pyrrolidines also act as potent Hs-antagonists [7].

The value of the pyrrolidines and their N-substituted analogues is not limited to the use
of these compounds, but they can also be used as precursors for building other important
compounds. These compounds undergo typical reactions of secondary or tertiary alkyl amines.
Therefore, these compounds can be alkylated, acylated and nitrosated [8].

Mikhova et al [25] and Popandova-Yambolieva et al [26] prepared several of these pyrrolidinyl
ketones. They [25, 26] also studied the stereochemistry and the NMR spectroscopy of these
compounds in detail (Scheme 1).

We would like to report herein the synthesis of bis-pyrrolidinyl ketones, their *H, *C-
NMR as well as their antibacterial activity.

MATERIALS AND METHODS
Experimental

General: Ultra-violate spectra (UV) were obtained using Shimadzu UV-VIS spectrometer UV-160
and JASCOW32 (UV-VIS) spectrometer V-500, CHCIl3, Scale 200-800nm. Infrared spectra were
recorded on Shimadzu FT 8400 S, Fourier Transform-Infrared Spectrometer in Tikrit
University/Iraq. Proton Nuclear Magnetic Resonance (*H-NMR) and Carbon Nuclear Magnetic
Resonance (*C-NMR) spectra were recorded on Brucker (400 MHz) using tetramethylsilane
(TMS) as an internal standard, and CDCl; as a solvent in AL-Baath University/Syria and on
Brucker (500 MHz) using tetramethylsilane (TMS) as an internal standard, and DMSO-dg as a
solvent were performed in Technische University/Germany. The elemental analyses were
recorded on C.H.N. Elemental analyser “FIASH AE1112 in Technische University/Germany.

Computational Work
In the present work, the CS ChemOffice (version 6.0) was used for the computational work.

Synthesis of Diaryledene acetone
Typical procedure for the synthesis of compounds (1-4) [9]:

A solution of acetone (1.4 g, 25 mmol) and benzaldehyde [(50 mmol) or substituted
benzaldehyde] was added dropwise with stirring at room temperature to a stirred solution of

sodium hydroxide (5 g, mmol), in [water (50 mL) and ethanol (40 mL)]. The stirring was
continued for 30 min at room temperature. The resulting precipitate was filtered, washed with
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cold water (3x30 mL) and dried. Recrystallization from ethanol (95%) afforded the required
product. Melting point, yield and colour of these compounds are compiled in Table (1).

Synthesis of Schiff’s bases
Typical procedure for the synthesis of compounds (5-8) [10]:

Benzylamine (800 mg, 10 mmol) and benzaldehyde (or substituted benzaldehyde) were
dissolved in n-butanol (10 mL) and heated at (100°C) for 10 min. The cold reaction mixture was
filtered and dried. The product was purified by distillation at atmospheric pressure. For melting
point / boiling point, yield and the colour of these compounds see (Table 2).

Synthesis of Dipyrrolidinyl Ketone (9-15)
Typical procedure for the synthesis of compounds (9-15) [11]:

A mixture of Schiff's bases (5-8) (5 mmol), diarylidene acetone (9-15)(2.5 mmol),
tetrabutylammonium bromide (TBAB) (0.12 g, 0.5 mol), sodium hydroxide (50%, 3 mL) and
dimethyl sulphoxide (DMSO) (10 mL) was stirred at room temperature for 1h. The separated
product was filtered, washed with water until the filtrate became clear and neutral, and then
the product was dried and recrystallized from methanol / ethyl acetate. For the physical
properties see (Tables 3a and 3b).

RESULTS AND DISCUSSION
[1] Condensation of substituted benzaldehyde with acetone

Substituted benzaldehydes were condensed with acetone using Claisen-Shmidt
condensation methodology in the presence of sodium hydroxide. This reaction gave rise to the
required products (1-4) (Scheme 2). This was similar to the work of Mikhova et al [25], Khalaf et
al [27, 28] and Popandova-Yambolieva et al [26] (Scheme 1) in which they synthesised
substituted (2E)-1,3-diphenyl-2-propen-1-ones.

0] o H 0]
I i TP
R1 R2 R1 R2

Scheme 1. Synthesis of substituted (2E)-1,3-diphenyl-2-propen-1-one
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These compounds (1-4) were fully characterised using *H-NMR, *C-NMR, IR, UV, and
microanalysis, (Table 4). These compounds were prepared as illustrated in (Scheme 2)
analogous to the method in (Scheme 1).

O 0 H 1 (0] 5
M N NaOH NN N
+ | > | 2 4 |
X TG
X

two moles [1]X=H
[2] X = 2,5-di-methoxy
[3] X = 4-methoxy
[4] X = 2,6-dichloro

Scheme 2. Synthesis of substituted (1E,4E)-1,5-diphenyl-1,4-pentadien-3-one.

The infra red (IR) spectra of these compounds (1-4) showed strong absorption bands at
(1650-1681 cm™) which represent the stretching vibration of the carbonyl group (vC=0) [12].
The conjugation of carbonyl group with (C=C) bond resulted in the delocalization of the
carbonyl group with the (C=C) bond which led the absorption to shift to a lower frequency [13].
The bands at (1606-1589 cm™) represent (C=C) stretching vibration (vC=C) and the bands at
(1560-1492 cm™) represent aromatic ring stretching vibration (vC=C).

The *C NMR spectrum of compound (2) showed a peak at §(55.82)ppm due to the
methoxy carbon at the ortho position in the two rings; another peak at §(56.10)ppm was
attributed to the methoxy carbon at the meta position in the two rings [14]. There are four
peaks at 6§(112.43)ppm, 6(113.17)ppm, 6(117.19)ppm, and 6(124.46)ppm, which represent the
0, p, m carbon atoms attached to the two olefinic carbon at C, and C4. There is a peak at
(138.07)ppm attributed to the ortho carbon attached to the methoxy group of the two rings.
The peak at 6(153.12)ppm referred to the olefinic carbon at C; and Cs, while the peak at
6(153.50)ppm referred to the meta carbon attached to the methoxy group of the two rings;
finally the peak at §(189.58)ppm was due to the carbonyl carbon [15]. **C NMR data of
compounds (1, 2, 13) are summarized in (Table 8).

The 'H NMR data of compound (2) are in (Table 9). The (UV) spectra showed a (Amax) in
the range of (312-390)nm, which seemed in good agreement with the analogous (1E,4E)-1,5-
diphenyl-1,4-pentadien-3-one [16], due to the conjugation of carbonyl group with the double
bond and the spectrum showed red shift (bathochromic shift).

[2] Condensation of Benzaldehydes with Benzylamines

Benzaldehydes were condensed with benzylamine to afford substituted Schiff’s bases
(5-8) (Scheme 3).
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[6] X = 4-Br
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[8] X = 2,5-di-OCHj

Scheme 3. Preparation of Schiff's bases

Schiff’s bases were identified according to the spectroscopic data obtained (Table 5). IR
spectra showed strong absorption bands at (1650-1641 cm™) which represents the stretching
vibration of the (vC=N) bond [17], while the bands at (1600-1440 cm™) related to the aromatic
ring stretching vibration (vC=C). The (UV) spectra showed a (Amax) in the region of (306-313
nm), which were in good agreement with analogous Schiff’s bases [18].

[3] Condensation of Schiff’s bases with (1E,4E)-1,5-diphenyl-1,4-pentadien-3-one

Compounds (9-14) were identified on the basis of spectroscopic evidence (Table 6). The
IR spectra exhibited bands in the range of (1705-1700 cm) corresponding to the carbonyl
group stretching vibration (vC=C) [19], while the weak absorption bands in the range of (3429-
3326 cm™) were related to the stretching vibration of (N-H).

The (*H-NMR) spectrum of compound (13) showed a peak at §(2.14) ppm integrated for
2H, which attributed to the protons of the two nitrogen atoms. The peak at 6(2.85) ppm
integrated for 2H corresponds to the protons at C3 & C3/ of the two pyrrolidine rings. The other
peak at 6(3.25) ppm integrated for 2H corresponds to the protons at C; & C4/ of the two
pyrrolidine rings. The peak at 6(3.58) ppm integrated for 2H corresponds to the protons at C, &
CZ/ of the two pyrrolidine rings. The other peak at 6(3.83) ppm integrated for 2H corresponds to
the protons at Cs & C5/ of the two pyrrolidine rings. Finally, a doublet at §(6.43) ppm and the
multiplet at §(6.82-7.49) ppm integrated for 28H corresponding to the aromatic protons.

B3C-NMR spectrum of compound (13) shows a peak at §(58.33) ppm attributed to the
carbon of the two methoxy groups. There are four peaks at §(62.08, 65.33, 65.80 and 70.52)
ppm corresponding to (C3 & C3/), (C, & Cz/), (Cq &C4/) and (Cs & C_:,/) of the two pyrrolidine rings
respectively. A peak at 6(116.54) ppm referred to the meta carbons of the two rings attached to
the methoxy groups. The peak at §(118.27) ppm was due to the para carbons of the phenyl
rings at C,, Cz/, Cs and C_:,/ of the two pyrrolidine rings. The two peaks at 6(130.40) ppm and

January - March 2012 RJPBCS Volume 3 Issue 1 Page No. 912



aCS

{ ISSN: 0975-8585

[ =

6(130.70) ppm referred to the ortho carbons of the phenyl rings at C,, Cz/, Cs and C5/ while the
peak at §(133.02) ppm corresponding to the two carbons of the two phenyl rings attached to
pyrrolidine rings at Cg4, C/. The peak at 6(142.60) ppm due to the four carbons of the four
phenyl rings attached with pyrrolidine rings at C,, G/, Cs and Cs’ as well as the 6(160.02) ppm
attributed to the para carbons of the two phenyl rings containing the methoxy groups, and
finally, the peak at 6(203.34) ppm was attributed to the carbonyl carbon [20].

The (UV/VIS) spectra (Table 6) of the products showed a (Amax) in the range of (365-
420)nm indicating a red shift. The observed red shift may be attributed to the presence of
additional aromatic rings [21]. The elemental analysis of compound (13) showed a considerable
agreement with the calculated values of this compound (see Table 10). For mp, yield, colour
and nomenclature see (Tables 1, 2, 3a and 3b).

The suggested mechanism [22] for the 1,3-anionic cycloaddition reaction of two moles
of Schiff’s base and (1E,4E)-1,5-diphenyl-1,4-pentadien-3-one was initiated by the abstraction
of the more acidic proton from Schiff’s base to afford two moles of the anion An; or An, and
the delocalization of the negative charge on An; or An, giving rise to the resonance hybrid Ans
(Scheme 4), which in turn may attack the two double bonds of the a, B-unsaturated system via
1,3-anionic cycloaddition to afford one of four possible structures: a, b, ¢, or d. Depending on
the values of (H.F) (Table 7). It can be concluded that the final products are those having the
lowest values of (H.F) as shown in (Scheme 4).
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X =H, Y =4-OCH,
X =2,6-di-Cl, Y = H
X = 2,6-di-Cl, Y = 4-Br
(©) X = 4-OCHj, Y = H (d)
X = 2,5-di-OCHjg, Y = H
X = 2,5-di-OCHj, Y = 2,5-di-OCH,

Scheme 4. Preparation of bis pyrrolidinyl ketones

Biological Evaluation

The biological inhibitory effects of certain products such as (DAA)(2), Schiff base (6) and
pyrrolidine (13) against five types of bacterial groups such as Gram-negative E. coli, Proteus
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vulgaris, Bacillus subtilis, Klebsiella pneumonia and Gram-positive, such as Staphylococcus
aureus, were investigated (Table 11).

The standard Kirby and Bauer [23] method was used. Aliquot of each bacterial species
was cultured in nutrient broth and incubated at (37°C) for (14-16h) and then evenly distributed
on the nutrient agar by using a sterile swab. The plates were incubated at (37°C) for (30 min)
and the filter paper (Whatman No.1 discs) were distributed on the agar and an amount equal to
(2 mg/1 mL) or (1 mL/ 1mL) of the compound per solvent (DMSO) was added. Tetracycline and
Gentamycine were used as control.

The plates were then incubated at (37°C) for (18-24h). The interpretation of the results
based on the diameter (mm) of the inhibition zone appeared around the disc [24]. The results
were interpreted according to the report of (W.H.O.).

(A): The resistance (R) result represented the diameter of inhibition < (11) mm.

(B): The moderately sensitive (MS) result was regarded when the zone inhibition was between
(12-16) mm.

(C): The sensitive (S) result was over (16) mm.

Table (1): Physical properties of diarylidene acetone (1-4)

No | Product name X m.p./°C(Lit. Yield | Colour
value)[ref]
1 (1E,4E)-1,5-diphenyl-1,4-pentadien-3-one H 108-110(109- 80 yellow
110)[32]
2 (1E,4E)-1,5-bis(2,5-dimethoxyphenyl)-1,4- 2,5-di- 98(105-106)[30] 82 yellow
pentadien-3-one OCHj;
3 (1E,4E)-1,5-bis(4-methoxyphenyl)-1,4-pentadien-3- | 4-OCH; 110-112(119- 72 green
one 120)[29]
4 (1E,4E)-1,5-bis(2,5-dichlorophenyl)-1,4-pentadien- 2,6-di-Cl 135-138(145- 76 Pale
3-one 146)[31] yellow

Table (2): Physical properties of Schiff’s bases (5-8)

No | Product name Y m.p./°C(Lit. value)[reference] | Yield | Colour
5 phenyl-N-[(E)-phenylmethylidene]methanamine | H 278-280(2)[bp:130- 65 yellow
145°C@0.4mmHg][33]

6 N-[(E)-(4-bromophenyl)methylidene](phenyl) 4-Br 38-40(43)[34] 75 yellow
methanamine

7 N-[(E)-(4-methoxyphenyl)methylidene](phenyl) 4-OCH; | 203-206(bp:195- 83 yellow
methanamine 205°C@2.5mmHg)[33]

8 N-[(E)-(2,5-dimethoxyphenyl)methylidene] 2,5-di- 148-150(48)[35] 66 yellow
(phenyl)methanamine OCH;

Table (3a): Physical properties of substituted bis-pyrrolidines (9-14)

No | Product Name X Y m.p°C | Yield% | Colour

9 bis[5-(2,6-dichlorophenyl)-2,4-diphenyl-3- 2,6-di-Cl | H 102- 75 Green
pyrrolidinyllmethanone 105

10 | bis[5-(4-methoxyphenyl)-2,4-diphenyl-3- H 4-OCH; | 105- 75 Pale yellow
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pyrrolidinyllmethanone 107

11 | bis[5-(4-bromophenyl)-4-(2,6-dichlorophenyl)-2- 2,6-di-Cl | 4-Br 89-93 75 White
phenyl-3-pyrrolidinyllmethanone

12 | bis[4-(4-methoxyphenyl)-2,5-diphenyl-3- 4-OCH; | H 135- 53 Bright
pyrrolidinyllmethanone 137 brown

13 | bis[4-(2,5-dimethoxyphenyl)-2,5-diphenyl-3- 2,6-di- H 78-80 | 71 Yellowish
pyrrolidinyllmethanone OCH; green

14 | bis[4,5-bis(2,5-dimethoxyphenyl)-2-phenyl-3- 2,5-di- 2,5-di- 54-55 94 Yellowish
pyrrolidinyllmethanone OCH; OCH; green

Table (3b): Structures of substituted bis-pyrrolidines (9-14)

No | Structure Name

9 bis[5-(2,6-dichlorophenyl)-2,4-diphenyl-3-pyrrolidinyllmethanone

10 bis[5-(4-methoxyphenyl)-2,4-diphenyl-3-pyrrolidinyllmethanone

11 bis[5-(4-bromophenyl)-4-(2,6-dichlorophenyl)-2-phenyl-3-

pyrrolidinyllmethanone
12 MeO OMe bis[4-(4-methoxyphenyl)-2,5-diphenyl-3-pyrrolidinyllmethanone
13 bis[4-(2,5-dimethoxyphenyl)-2,5-diphenyl-3-pyrrolidinyllmethanone
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14 bis[4,5-bis(2,5-dimethoxyphenyl)-2-phenyl-3-pyrrolidinyllmethanone

Table (4): Spectral data of diarylidenes acetone (1-4)

No | UV (CHCl3) IR(KBr)
Amax (nm) v(em™)
C=0 | C=C | Aromatic C=C | Others
1 312 1681 | 1602 | 1492 | = -
2 390 1650 | 1589 | 1492 C-0-C=1218
3 360 1655 | 1600 | 1508 C-0-C=1253
4 316 1655 | 1606 | 1560 | = -

Table (5): Spectral data of Schiff’s bases (5-8)

No | UV (CHCI;) IR(KBr)
Amax (M) v(cm'l)
C=N | Aromatic C=C | Others
5 306 1641 | 1600 | = -
6 313 1646 | 1465 | -
7 320 1650 | 1440 C-0-C=1245
8 328 1645 | 1452 C-0-C=1235

Table (6): Spectral data of substituted bis-pyrrolidines (9-14)

No | UV (CHCIy) IR(KBr)

Amax (nm) v(em™)

C=0 | N-H Others

9 390 1705 | 3350 C-0-C=1218
10 | 390 1703 | 3326 | = --—---
11 | 365 1701|3399 | = --—---
12 | 384 1701 | 3429 C-0-C=1249
13 | 410 1701 | 3326 C-0-C=1218
14 | 420 1700 | 3416 C-0-C=1249

Table (7): Heat of formation and steric energy of substituted bis-pyrrolidines (9-14)

No | X Y Form | H.F. S.E.
Kcal/mol Kcal/mol
9 H 4-OCH; A 126.80111 | 16025.135
B 127.61088 | 16125.662
C 113.57259 | 17034.495
D 131.14659 | 18243.066
10 | 2,6-di-Cl H | - 278.65581 | 26852.879
11 | 2,6-di-Cl 4-Br A 449.41400 | 34728.680
B 187.27365 | 17651.598
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C 296.58571 | 537.09700

D 207.64118 | 117599.35

12 | 4-OCH,4 H

----- 127.33769 | 16459.190

13 | 2,5-di-OCH; | H

----- 151.64306 | 26546.446

14 | 2,5-di-OCH; | 2,5-di-OCH3

7.3826600 | 26338.026

-119.44988 | 18354.610

A
B 5.2691900 | 14864.541
C
D

37.651410 | 48178.447

Table (8): *C-NMR data of compounds (1,2 and 13)

No

Structure

BC-NMR (CDCl; or DMSO), & ppm

125.67(C2&C4); 128.28(four ortho-position); 128.25(two
para-position); 130.49(four meta position); 134.26(two
carbons attached to a-f system); 142.74(C1 & C5);
188.50(C3).

55.82(ortho-CHs); 56.10(meta-OCHs;); 112.43(unsubstituted
ortho-position); 113.17(two para-position);
117.19(unsubstituted meta-position); 12.46(two carbons
attached to a-B system); 126.30(C2 & C4).

13

58.33(two OCH;); 62.08(C3 & C'3); 65.33(C4 & C'4);
65.80(C2 & C'2); 70.52(C5 & C'5); 116.54-181.02(aromatic
carbons); 203.34(C=0).

Table (9): *H-NMR data of (2 & 13):

No

Structure

'H-NMR (CDCl; or DMSO), 6 ppm

MeO !

™ = O OMe
OMe MeO

3.82(0OCH3) at two ortho position, 6H, s; 3.89(0OCHj;) at two
meta position, 6H, s); 6.90 & 7.15 Ar-H, 6H, d, m; 7.37
(olefinic at C2 & C4, 2H, d; 8.03 (olefinic at C1 & C5, 2H, d).

13

2.14(N-H, 2H, s); 2.85(CH at C4 & C'4, 2H, t); 3.38(0OCHjs), 6H,
s; 3.83(CH at C2 & C’2, 2H, d); 3.58(CH at C5 & C’5, 2H, d);
6.43 & (6.82 —7.49) Ar-H, 28H, d & m).
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Table (10): Elemental analysis of (1, 2 and 9-14)

No | Molecular Formula CHN analysis
Calculated/Found

C% H% N%

1 | CyyHO 87.17 | 597 | -
87.19 | 5.92

2 | CyHpOs 7112 621 |
71.13 | 6.22

9 C47H44N,03 82.46 | 6.42 4.09
81.97 | 6.53 3.99

10 | C45H36CIN,0 70.88 | 4.72 3.67
71.02 | 5.02 3.93

11 | Cu5H34Cl4Br,N,0 58.72 | 3.69 3.04
58.60 | 3.71 2.94

12 | C47H4sN,05 82.46 | 6.42 4.09
82.37 | 6.38 4.07

13 | C4oH4sN,05 79.04 | 6.44 3.76
79.26 | 6.25 3.67

14 | Cs3Hs6N,Og 73.62 | 6.47 3.24
73.63 | 6.56 3.19

Table (11): Inhibition effect of compounds (2, 6, 12, 14) on the growth of Staph Aureus, Bacillus subtilis, K.
Pneumonia, Proteus vulgaris & E. Coli

No Staph aureus Bacillus subtilis | K. Pneumonia Proteus vulgaris | E. coli
2 MS MS S R MS

S R R R
12 S S S S MS
14 MS S MS S S
Control
Tetracycline 30 mg/disc
Gentamycine 10 mg/disc
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