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Design and synthesis of novel enantiomerically enriched
morpholino [4, 3–a] benzimidazole derivatives as potential
bioactive agents

Pawankumar R. Tiwari, Marina E. John, and Anil V. Karnik

Department of Chemistry, University of Mumbai, Mumbai, India

ABSTRACT
A series of chiral morpholino [4, 3-a] benzimidazole derivatives were
synthesized effectively from (S)-(-)-2-(a-hydroxyethyl)-benzimidazole
and phenacyl bromide derivatives using an efficient synthetic proto-
col in good yields and moderate diastereoselectivities. The substrate
controlled diastereoselective route makes available structurally
attractive morpholine-fused benzimidazole derivatives with two
chiral centers in enantiomerically enriched forms. The preliminary
biological evaluation shows scope for potential applications.
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Introduction

Chiral benzimidazoles have attracted much attention due to ease of accessibility and
proven applications in many areas of stereodiscriminations.[1,2] Additionally, many bio-
active compounds of both natural and synthetic origin contain benzimidazole scaffolds
as a core structural motif.[3] Our group has contributed to some of these applications in
significant ways, including kinetic resolutions,[4] enantioselective synthesis,[5] and chiral
molecular recognition.[6] Our research efforts in the last decade were focused on devel-
oping chiral benzimidazoles and their applications in chiral processes.[7–9]

Morpholines, in general, are derived from amino alcohols and amino acids and intro-
duction of chiral center in morpholines is often inherited from the enantiopure amino
alcohols and amino acids from the chiral pool.[10] Such an approach, however, is expen-
sive and limits the number of chiral morpholines that can be accessed.
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Chiral morpholines have been employed as versatile synthons for the syntheses of
diversely substituted enantiopure amino acids,[11,12] amino alcohols,[13] and the total
syntheses[14] of various natural products.[10] Morpholines have also found applications
as catalysts and ligands in asymmetric addition of organo-zinc compounds to aldehydes,
amides, and cyclization of enals with ketones, aldolization, indoles with unsaturated
aldehydes, alkylation of Heck cross-coupling of aryl halides with alkenes, Michael add-
ition of a,b-unsaturated aldehydes to 1,3-diketones, Buchwald–Hartwig amination of
aryl chlorides.[15] Morpholines exhibit a wide range of bioactivities like anti-cancer,[16]

anti-microbial,[17] anti-inflammatory,[18] antioxidants,[19] etc. Several drugs containing
morpholine scaffold are marketed.[15] Morpholines, developed by Williams and cow-
orkers, have been widely employed as chiral auxiliaries.[20]

Looking into our earlier accomplishments[21,22] of the compounds possessing (S)-
(-)-2-(a-hydroxyethyl) benzimidazole scaffolds, we have envisioned that chiral benzimi-
dazole fused morpholines could be potential candidates for chiral applications. Thus, it
was decided to employ a chiral benzimidazole and an inexpensive phenacyl bromide,
reacting in a controlled diasteroselective manner, to yield enantiomerically enriched
morpholines.

Results and discussion

We utilized (S)-(-)-2-(a-hydroxyethyl)-benzimidazole 1 as an enantiopure precursor,
which is obtained via Philips condensation[23] of (L)-(þ)-lactic acid and o-phenylene
diamine. Introduction of prochiral center on the benzimidazole 1 was achieved by alky-
lating it at the nitrogen atom with phenacyl bromide derivatives 2a–e to afford alkylated
product 3(a–e). The reduction of the alkylated compounds 3(a–e) were carried out with
sodium borohydride in methanol at 0 �C to yield 4(a–e). The acid catalyzed cyclization
of the reduced products 4(a–e) produced the desired cyclized morphilino benzimidazole
derivatives 5(a–e) (Scheme 1). The cyclization step involves protonation of the hydroxyl
group along with generation of secondary carbocation followed by intramolecular attack
of internal nucleophile resulting in formation of benzimidazole derived morpholines.
All the target 2’-aryl-6’-methyl morpholino [4, 3-a] benzimidazoles (5a–e) were deduced
by their spectral (1H NMR, 13C NMR, and DEPT) studies, and the stereochemical out-
come of the diastereoselective reaction was determined using Chiral HPLC analyses.
The diastereomeric nature of the alkylated compound 3a was confirmed using 1H

NMR and 13C NMR, wherein we could observe well distinguishable diastereomeric
peaks for CH3, CH2, and CH protons (Figure 1) and carbons. The presence of carbonyl
group was confirmed using 13C NMR, exhibited a signal at d 192.17 ppm. DEPT spec-
trum displayed two negative diastereomeric peaks one at d 49.87 and other at 52.17
indicating two types of methylene carbons in the analyte. The diastereomeric nature of
the alkylated product was a bit of surprise for us as the alkylated compound has one
chiral carbon. The diastereomeric nature can only be accounted for if the alkylated
nitrogen of the benzimidazole ring acts as the other stereogenic center. The configur-
ational stability of nitrogens at room temperature is rather low. The pyramidal inver-
sion, responsible for poor configurational stability seems to be prevented, allowing the
nitrogen to exhibit stereoisomerism. It can be proposed that the dissymmetric influence
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of the chiral carbon makes one of the configurational isomer, due to dissymmetry at
nitrogen, more preferred and the molecule clearly exhibits diastereomeric pattern in 1H
NMR spectrum. The geminal coupling of CH2 group clearly indicated that two protons
existed in dissimilar environments. The mass spectrum showed m/z 280 molecular ion
peak. It can be expected that a chiral center in close proximity to a prochiral reaction
center should exhibit strong influence and should be able to exhibit diastereoselectivity.
To confirm this aspect, we have oxidized[24] 3a to 6 as shown in (Scheme 2). The com-
pound 6 has been adequately characterized. The IR shows absence of hydroxyl group,
the signal for carbonyl group appears as overlapped signal for two types of carbonyls,
the 1H NMR, 13C NMR, and DEPT do not exhibit the diastereomeric nature. The mass
spectrum confirmed the molecular weight and additionally exhibited m/e 43 peak and
the corresponding m/e 235 signal due to the loss of acetyl group. Another important
change is absence of 160 base peak seen in mass spectrum of 3a. This can be due to the
elimination of enolic acetophenone, formed via proton of hydroxyl group abstraction by
the carbonyl group present in 3a. The same carbonyl group is also present in com-
pound 6, but the base peak no longer is m/e 160. The removable hydrogen in the form
of hydroxyl group is oxidized to carbonyl group in compound 6.
The reduction of 3a was also found to be a diastereoselective process with formation

of another chiral center in the molecule leading to diol formation. Again, the NMR

Figure 1. 1H NMR spectra (a) for 3a, (b) for 4a, (c) for 5a.
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signals for 4a appear as diastereomeric, but only two diasteromeric signals are seen for
each set of equivalent protons. The nitrogen behaves as a chiral center in 3a and there-
fore after reduction step, with the introduction of one more chiral center, one could
expect three diastereomeric signals for each set of equivalent protons; however, only
two were seen in NMR spectra, both 1H NMR and 13C NMR. The 1H NMR showed
diastereotopic protons signals. One signal appeared as a doublet with J¼ 5.7Hz, at d
1.55 was diastereomeric with signal at d 1.46 (Figure 1). The geminal coupling related
to CH2 protons was less pronounced in the reduced product. The presence of diastereo-
meric signal was confirmed using 13C NMR. The disappearance of carbonyl group was
clearly seen in 13C NMR. Diastereomeric peaks were seen for methyl, methylene, and
two methine group. The presence of diastereomeric peaks was also confirmed using
DEPT showing two negative peaks one at d 51.47 and other at 51.67 indicating two
methylene carbons in the product. The mass spectrum showed m/z 282 molecular
ion peak.
The 1H NMR for 5a showed diastereotopic protons signals. One signal appeared as a

doublet with J¼ 6.6Hz, at d 1.85 was diastereomeric with signal at d 1.75. The 1H
NMR clearly indicates that reaction had taken place in a highly diastereoselective man-
ner (Figure 1). The presence of diastereomeric signal was confirmed using 13C NMR.
Diastereomeric peaks were seen for methyl, methylene, and two methine groups. The
presence of diastereomeric peaks was also confirmed using DEPT showing two negative
peaks one at d 47.46 and other at 48.39 indicating two methylene carbons in the prod-
uct. The mass spectrum showed m/z 264 molecular ion peak. The diastereomeric ratios
of the product were further confirmed using Chiral HPLC method with diastereomeric
excess up to 77.36%. Under the standard reaction conditions, the reactions scaled up to
multigram quantities provided uniform results, indicating the practical usefulness of
this method.

Antibacterial and antifungal activity of lactic acid benzimidazole
derived morpholine

The antimicrobial activities of synthesized compounds were determined using broth
microdilution method.[25–29] All synthesized compounds and standard drugs were
assessed against two representatives of Gram-Negative and Gram-Positive bacterial
strain, namely Escherichia coli (MTCC 443), Pseudomonas aeruginosa (MTCC 1688),
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Scheme 2. Oxidation of (3a) gives compound (6).
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Staphylococcus aureus (MTCC 96), and Streptococcus pyogenes (MTCC 442) and three
fungi, namely Candida albicans (MTCC 227), Aspergillus niger (MTCC 282), and
Aspergillus clavatus (MTCC 1323). The strains employed for the activity were procured
from Institute of Microbial Technology, Chandigarh (India). Mueller Hinton Broth was
used as a nutrient medium and used to dilute the compound suspension for the test
bacterial strain, whereas Sabouraud Dextrose Broth was used for fungal nutrition.
Ampicillin, Chloramphenicol and Nystatin, Griseofulvin were used as reference stand-
ards for anti-bacterial and anti-fungal drugs, respectively. Bacterial strains were primar-
ily inoculated into Mueller–Hinton agar for overnight growth. A number of colonies
were directly suspended in saline solution until the turbidity matched the turbidity of
McFarland standard (approximately 105 CFU mL�1], i.e., inoculum size for test strain
was adjusted to 105 CFU mL�1 (Colony Forming Unit per milliliter) per well by com-
paring the turbidity (turbidimetric method). Similarly, fungi were inoculated on
Sabouraud Dextrose Broth, and the procedures of inoculum standardization were simi-
lar. DMSO was used as solvent to get the desired concentration of the synthesized com-
pounds and standard drugs to test upon standard microbial strains. Each compound
and standard drug was diluted obtaining 2000mg/mL concentration, as a stock solution.
By further progressive dilutions with test medium, the required concentrations were
obtained for primary and secondary screening. In primary screening 0.2mL of 1000,
500 and 250mg/mL concentrations of the synthesized compounds were tested. The
active compounds found in this primary screening were further diluted and 0.2mL of
200, 100, 62.5, 50, 25, 12.5, and 6.25 mg/mL concentrations for secondary screenings to
test against all microorganisms. Briefly, the control tube containing no antibiotic was
immediately sub cultured (before inoculation) by spreading a loopful evenly over a
quarter of plate of medium suitable for growth of tested organisms. The tubes were
then put for incubation at 37 �C for 24 h for bacteria and 48 h for fungi. Growth or lack
of growth in the tubes containing the antimicrobial agent was determined by compari-
son with the growth control, indicated by turbidity. The lowest concentration that com-
pletely inhibited visible growth of organism was recorded as the minimal inhibitory
concentration (MIC, mg/mL), i.e., the amount of growth from the control tube before
incubation (which represents the original inoculum) is compared. A set of tubes con-
taining only seeded broth and the solvent controls were maintained under identical con-
ditions so as to make sure that the solvent had no influence on strain growth.

Table 1. Antibacterial and antifungal activity of compounds 5(a–e).

Minimum inhibitory concentration (MIC, mM)

Gramþ ve bacteria Gram� ve bacteria Fungi

Compound E. coli P. aeruginosa S. aureus S. pyogenus C. albicans A. niger A. clavatus

5a 200 100 250 250 500 1000 500
5b 62.5 125 100 250 1000 1000 1000
5c 250 250 250 500 1000 250 250
5d 200 100 250 250 500 1000 1000
5e 62.5 100 250 100 1000 1000 1000
Standard drugs
Ampicillin 100 – 250 100 – – –
Chloramphenicol 50 50 50 50 – – –
Nystatin – – – – 100 100 100
Griseofulvin – – – – 500 100 100
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The result of this is much affected by size of the inoculum. The interpretation of the
results was based on the standard drugs used for bacterial and fungi strain, respectively.
The results are summarized in Table 1 as minimal inhibitory concentration (MIC,
mg/mL).
Antimicrobial activity of the synthesized compounds 5(a–e) was determined using

broth microdilution method as shown in Table 1. Compounds 5(a–e) were found to be
active against gram-positive as well as gram-negative strains. Compounds 5(a,c,d)
showed similar level of activity against S. aureus, in accordance with standard drug
ampicillin. Compound (5b) showed higher activity than standard drug ampicillin
against E. coli and S. aureus. Compound (5e) also showed higher activity than standard
drug ampicillin against E. coli and a similar level of activity was seen in accordance
with S. aureus and S. pyogenes. The antifungal activity test indicated that compounds
5(b,c,e) are less active against all fungal strains in comparison with standard drugs.
Compounds (5a) and (5d) were found to exhibit similar activity against C. albicans in
comparison with Griseofulvin. Presence of electron donating groups like methyl,
methoxy, chloro, bromo at position 4 of the aromatic ring seems to be important for
antibacterial activity due to resonance effect.

Conclusion

An efficient methodology was developed for the synthesis of enantiomerically enriched
morpholines. The method gives access to a series of benzimidazole fused morpholines
containing two chiral centers in the morpholine ring structure in good yields (up to
60% yield) and moderate diastereoselectivity (up to 77.36%). Moreover, the current
method provides a convenient approach for the facile incorporation of two biologically
important scaffolds. The newly synthesized benzimidazole derived morpholines were
screened for antimicrobial activity. Compound (5b) showed higher activity than stand-
ard drug ampicillin against E. coli and S. aureus.

Experimental

General experimental procedures

Synthesis of 2-[2-(1-hydroxyethyl)-benzoimidazol-1-yl]-1-phenyl ethanone)] (3a–e)

An equimolar proportion of (S)-(-)-2-(a-hydroxyethyl)-benzimidazole, 2 g (12.34mmol)
and Phenacyl bromide (12.34mmol) were taken in DMF (15mL) and reaction was car-
ried out using 2.040 g (14.80mmol) K2CO3 as a base. The reaction was found to be over
in 6–8 h at room temperature when monitored with tlc. Purification of the product,
obtained on aq. work up, was carried out with column chromatography. The eluent
mixture was 80:20 (Chloroform:Pet Ether) which afforded pure white solid product.

2 -[2-(1-Hydroxyethyl)-benzoimidazol-1-]yl-1-phenyl ethanone (3a)

M.p.¼ 178–180 �C; Yield: 85%; IR (KBr, cm�1): �¼ 3220, 3059, 2932, 1685, 1578, 1249,
1076, 986; 1H NMR (300MHz, CDCl3, ppm): d 7.16–6.98 (m, 2H; ArH), 7.25–7.19
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(m, 2H; ArH), 7.50–7.39 (m, 1H; ArH), 7.70–7.53 (m, 2H; ArH), 8.00–7.76 (m, 2H;
ArH), 5.77–5.51 (two doublets, J¼ 18.3Hz; 2H; CH2, coupled due to geminal coupling),
5.01–4.99 (q, J¼ 6.6Hz, 1H;CH), 1.77–1.582 (two doublets for CH3 attached to CH,
J¼ 6.6Hz); 13C NMR (75MHz, CDCl3, ppm): d 19.22, 21.88, 49.88, 52.17, 64.46, 65.07,
94.63, 108.88, 109.04, 119.12, 119.67, 122.28, 122.39, 156.17, 192.17; Anal.calcd for
C17H16N2O2 C, 72.85H 5.75N 10.01 found C 72.74; H 5.65; N 10.01; DEPT 135

(75MHz, CDCl3, ppm): Two negative peaks one at d 49.87 and other at d 52.17 indicat-
ing two methylene protons in compound; Mass Spectrum: Molecular ion m/z¼ 280.
Optical Rotation: [a] 58925¼�130� (c 1, MeOH).

Synthesis of 2-[2-(1-Hydroxyethyl) benzoimidazol-1-yl]-1-phenylethanol (4a–e)

The 2-[2-(1-hydroxyethyl)-benzoimidazol-1-yl]-1-phenyl ethanone (3.57mmol) was
taken in methanol and was treated with sodium borohydride (0.892mmol) with external
cooling. The reaction mixture was stirred for 3–4 h and then poured into ice cold water
resulting in a white solid product which was filtered, washed, and dried.

2 -[2-(1-Hydroxyethyl) benzoimidazol-1-yl]-1-phenylethanol (4a)

M.p.¼ 108–112 �C;; Yield: 80%; IR (KBr, cm�1): �¼ 3291, 3055, 2671, 1614,1495, 1330,
1068; 1H NMR (300MHz, CDCl3, ppm): d¼ 7.268–7.231 (m, 2H; ArH), 7.37–7.273 (m,
2H; ArH), 7.429–7.378 (m, 2H; ArH), 7.501–7.45 (m, 1H; ArH), 7.72–7.769 (m, 2H;
ArH), 5.205–5.114 (m, 1H; CH attached to CH2 group) 5.009–4.961 (q, 1H; J¼ 3.3Hz;
CH), �4.2743.994 (m, 2H; CH2 attached to CH group), 1.526–1.411 (two doublets for
CH3 attached to CH, J¼ 6.6Hz); 13C NMR (75MHz, CDCl3, ppm): 20.49, 22.35, 51.48,
51.67, 61.62, 63.89, 71.63, 72.13, 109.65, 118.92, 122.35, 134.59, 141.41, 156.37, 156.71;
Anal.calcd for C17H18N2O2 C, 72.34; H, 6.38; N 9.9 Found C, 72.42; H, 6.48; N 9.7;
DEPT 135 (75MHz, CDCl3, ppm): Two negative peaks one at d 51.47 and other at 51.67
indicating two methylene protons in the product; Mass Spectrum: Molecular ion m/
z¼ 282. Optical Rotation: [a] 58925¼�107� (c 1, MeOH)

Synthesis of 2’-aryl-6’-methyl morpholino [4, 3-a] benzimidazole (5a–e)

The 2-[2-(1-Hydroxyethyl)-benzoimidazol-1-yl]-1-phenylethanol (3.54mmol) was taken
in a round bottom flask and refluxed for 5–6 h in 4N HCl. After complete disappear-
ance of starting material on tlc, the reaction mixture was poured into ice cold water fol-
lowed by neutralization using NaHCO3 which afforded a sticky mass. The crude mass
was subjected to column chromatography by taking eluent mixture as 90:10
(CHCl3:CH3COOC2H5) resulting in semisolid product.

2 ’-phenyl-6’-methyl morpholino [4, 3-a] Benzimidazole (5a)

M.p.¼ 56–60 �C, yield =60%; IR (KBr, cm�1): �¼ 3062, 2981, 2206, 1616, 1519, 1474,
1109, 944 cm; 1H NMR (300MHz, CDCl3, ppm): d¼ 7.362–7.196 (m, 7H; ArH),
7.742–7.373 (m, 2H; ArH), 7.429–7.378 (m, 2H; ArH), 7.501–7.45 (m, 1H; ArH),
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7.72–7.769 (m, 2H; ArH), 5.205–5.114 (m, 1H; CH attached to CH2 group) 5.009–4.961
(q, 1H; J¼ 3.3Hz; CH), 4.274–3.994 (m, 2H; CH2 attached to CH group), 1.853–1.752
(two doublets for CH3 attached to CH, J¼ 6.6Hz); 13C NMR (75MHz, CDCl3, ppm):
19.34, 19.50, 47.46, 48.40, 69.23, 69.71, 72.19, 75.63, 108.90, 119.45, 122.34, 126.11,
128.75, 134.05, 151.68. Anal.calcd for C17H16N2O C, 72.77H 5.55N 10.08 found C
72.74; H5.45;N10.05; DEPT 135 (75MHz, CDCl3, ppm): Two negative peaks one at d
47.46 and other at 48.39 indicating two methylene protons in the product. Molecular
ion m/z¼ 264. Chiral HPLC: Chiralcel OD column of diacel, Solvent system:
IPA:Hexane, 15:85, Flow rate¼ 0.5mL/min, k¼ 255 nm, t¼ 14.24min, t¼ 19.39min.
Optical Rotation: [a] 58925¼�40� (c 1, MeOH).

Synthesis of 2-(2-Acetyl-1H-benzimidazol-1-yl)-1-phenylethanone 6

To a solution of 3a, 1 g (3.57mmol) in dil H2SO4 (5% 10mL) was added at room tem-
perature a solution of K2Cr2O7 1.05 g (3.57mmol) in water (6mL) and conc. H2SO4

(4mL) in a dropwise fashion, over a period of 20min. The reaction mixture was stirred
vigorously during addition. The separated solid was filtered and washed with water
(3� 5mL). The precipitate was stirred in water (10mL) and treated very carefully with
aq. NH3 to a pH of 6.0–6.5. The suspension was stirred for 0.5 h and filtered. The resi-
due was washed with water (3� 5mL) and dried to obtain 6. The m.p. of the com-
pound obtained was 166–168 �C.
IR (KBr, cm�1): �¼ 2939 cm�1, 1683 cm�1, 1613 cm�1, 1595 cm�1, 1480 cm�1,

1449 cm�1, 1397 cm�1, 1356 cm�1.
1H NMR (300MHz, CDCl3, ppm):d¼ 8.049–7.934(m, 3H;3Ar protons),

7.657–7.264(m, 6H;6Ar protons) 6.024 (s, 2H; CH2 group), 2.81 (s, for 3H, CH3group).
13C NMR (75MHz, CDCl3, ppm):27.750, 51.340, 9.962, 122.199, 123.965, 126.302,

128.053, 129.015, 134.159, 134.597, 136.685, 141.741, 146.035, 191.797, 193.600.
DEPT 135 (75MHz, CDCl3, ppm): One negative peaks at d 51.45 indicating methylene

proton in the product.
Mass Spectrum: Molecular ion m/z value of 278.
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