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Abstract

A novel series of various 2-hydroxypyrrolidine/piperidine
derivatives were synthesized and their antibacterial activity against
MTCC bacterial strains, anticancer activity and larvicidal effects
were studied. Among the ten synthesized compounds, three were
found to be antibacterial in nature. All the five test strains were
highly sensitive to 1-(quinolin-3-yl) pyrrolidin-2-ol (P7), moderately
sensitive to 1-(pyridin-4-yl) pyrrolidin-2-ol (P3) and less significantly
to 1-(pyyrolidin-2-yl) piperidin-2-ol (p8). The maximum zone of
inhibition was 28 * 0.14 mm against Escherichia coli (MTCC 78)
followed by 23+ 0.14 mm against Klebsiella pneumoniae with 100
percent of relative inhibitory zone. The relative inhibitory zone of
P3 against E.coli was 56% and 80 % against Klebsiella pneumoniae.
Similarly 1-(quinolin-3-yl) pyrrolidin-2-ol (P7) showed a 60 % of
larvicidal activity against Anaphelous sp and 53% against Culex sp.
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Introduction

Heterocyclic compounds especially pyrrolidine and
piperidines are considered as pharmaceutically important
biologically active compounds have been used as Vitamins,
hormones and antibiotics [1-3]. Pyrrolidine and piperidine
occupied a unique place in the development of pharmacologically
active substance by replacing the nucleus [4, 5]. Piperidine
nucleus is an important core of many drug molecules.
Piperidine and its analogues are reported in literature for varied
pharmacological activities like antihistamines, anticancer, and
antibacterial [6]. The tetrahydropyrrolidine moiety is present
in various natural products and they exhibit a broad range of
biological activities. Codonopsinine and Codonopsine are the
derivatives of pyrrolidine, isolated from Codonopsis chematidea,
which have been found to possess hypotensive pharmacological
activity [7]. Lilidine, an alkaloid occurring in the epigeal
parts of Lilium Martagon which contains pyrrolidine analog
has been isolated and reported [8]. N-alkylated-D-fagomine
derivatives and N-alkylated hydroxylated pyrrolidine bearing
an improved inhibitory selectivity towards a-D-glucosidase and

a-L-fucosidase, respectively. Cell lines compared to their non-
alkylated progenitors. Barbaraetal., have been reported a series of
1-substituted pyrrolidin-2-one and pyrrolidine derivatives were
synthesized and tested for electrocardiographic, antiarrhythmic
and antihypertensive activity as well as adrenoceptors binding
affinities [8-10]. Biologically active alkaloids of substituted
piperidines ring system have been targeted for their total or
partial synthesis. Piperidine was first isolated from the alkaloid
piperine, which occurs in black pepper. Piperidine fragment
was substituted via variety of synthetic reactions to develop
more improved moieties with enhanced activities and to
suppress the side effects when taken as medicine for different
ailments. Specifically, piperidine based chemical entities with
aryl substituent’s have been documented as potent microbial
agents [9]. Developing antimicrobial drugs and maintaining
their potency, in opposition to resistance by different group of
microorganisms as well as a broad spectrum of antimicrobial
activity major concern of research in this area. Mosquito’s are
one of the major vectors responsible for the transmittance of
diseases to more than 700 million people annually. Control
of such diseases is becoming increasingly difficult because of
increasing resistance of mosquitoes to pesticides [11].

Experimental Studies

All anhydrous solvents and reagents were obtained from
commercial suppliers and used without any further purification
unless otherwise noted [Merck and Alfa Aesar products]. All the
reactions were carried out in the closed condition. The melting
points of the synthesized compounds were measured on EZ - Melt
automated melting point apparatus. IR spectra were recorded
on Shimadzu FT-IR spectrometer using KBr pellet in the 400-
4000 cm™ region. The IR spectra were recorded from St. Joseph
College, Trichy. The NMR spectral studies were carried out using
Bruker 300 MHz spectrometer using TMS as an internal standard
and DMSO-d, as solvent and recorded at Sastra University,
Tanjore. Mass spectra were recorded on a JEOL GCMATE I GC-MS
spectrometer using a direct injection method. The mass spectra
were recorded from IIT Madras, Chennai.
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General Synthesis of 2-hydroxypyrrolidine /piperidine
derivatives

Among the different approaches employed for the synthesis
of 2-hydroxypyrrolidine and piperidine derivatives, one pot
synthesis method is the most efficient. To the mixture of
2,3-cyclic ethers and acetonitrile, heterocyclic amine was
added and followed by CeCl,.7H,0. The reaction condition was
maintained at 60 °C using silicone oil bath and the contents
were kept over a magnetic stirrer and stirred well. The colorless
was solid separated and washed several times with water [12-
14].

Antimicrobial effect of 2- hydroxy Pyrrolidine/
Piperdine derivatives (11=15)

The antibiotic sensitivity of the isolates was determined
using the disc diffusion method. Standardized inoculum of the
0.5 Mcfarnald overnight grown Nutrient agar culture of E. coli
(MTCC 78), P. aeruginosa (MTCC 2488), S. aureus (MTCC 96), B.
subtilis (MTCC 121), K. pneumoniae (MTCC 109) were spread on
Mueller-Hinton agar plates using sterile swabs. The plates were
dried at room temperature for 20 min and 100 pl (5 mg /ml) of
synthesized pyrrolidine and piperidine derivatives loaded on
their respective wells and allowed to diffuse. The plates were
incubated for 24 h at 37°C. All the tests were triplicate and the
diameter of zone of inhibition was measured and statistically
reported [15].

Screening of larvidial effect of 2- hydroxy Pyrrolidine/
Piperdine derivatives

About 100 ml of sterile tap water was taken in conical flask and
one ml of pyrrolidine and piperidine derivatives were added to
obtain 10 ppm concentration. The control tubes were maintained
as tap water alone. 25 numbers of 3" instar Anopheleses and
Culex mosquito larvae were inoculated into the above tubes and
incubated at 2°C for 48 h. The larvicidal activity was observed
for over 30 min. and death of the larvae confirmed the larvicidal
activity. The experiment was checked daily for recording the
biological effects of following criterias [19].

Larval mortality percent: was estimated by using the
following equation:

Larval mortality % =A-B /A x 100

Where A = number of tested larvae and B = number of tested
pupa
Papal mortality % =A-B /A x 100

Where A = number of produced pupae and B = number of
observed adults.

Adult emergence % =A /B x 100

Where A = number of emerged adults and B =number of
tested pupae.

Results and discussion
Synthesis and characterization

Synthesis of 1-(quinolin-3-yl)pyrrolidin-2-ol (P7): To a
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solution of 3-aminoquinoline (1.18 mmol) in acetonitrile (5 mL),
2,3-dihydrofuran (1.4 mmol) was added followed by cerium
chloride hexa hydrate (CeCl,.6H,0) (0.59 mmol) at 0°C. The
reaction mixture was kept in an oil bath maintained at 60° C and
stirred well for 30 min. Progress of the reaction was continuously
monitored by LCMS. The reaction mixture was diluted with ethyl
acetate and washed with water. The organic layer was dried over
Na,S0O, and concentrated by vacuum. The crude mass obtained
was purified by column Chromatography packed with 60/120
silica gel and eluted with 25-35% ethyl acetate in petroleum
ether. The above procedure was employed for the preparation of
remaining compounds.

Characterization: Series of new 2 hydroxy pyrrolidine
(fig 1) and piperidine (fig 2) derivatives were synthesized
and the structure of compound was elucidated by elemental
analysis, 'H NMR (Fig 3 & 4), *C NMR and mass spectra.
1-(quinolin-3-yl)pyrrolidin-2-ol (P7) was synthesized from
2,3-dihydrofuran and quinolin-3-amine. Yield: 85%. M.P. 198-
200°C, 'H NMR § in ppm (300 MHz, DMSO-d,): 8.51(s, 1H, OH),
7.84-7.50(m, 6H, naphthalene ring), 5.10(s, 1H), 3.41(m, 2H),
2.74-2.55(m, 2H), 2.25-1.78(m, 2H) (pyrrolidine). *C NMR § in
ppm (100 MHz, DMSO-d,) 151, 148, 144, 136, 132,129, 128, 127,
126(naphthalene), 92, 54, 38, 24(pyrrolidine) M/z = 214 (M+1).
Elemental Analysis: C,H,,N,0. Found (%): C=72.76, H=6.55,
N=13.12, 0=7.62. Calcd: C=72.87, H=6.59, N=13.07, 0=7.47.

1-(pyrazin-2-yl) piperidin-2-ol (PP8) was synthesized from 3,
4-dihydro-2H-pyran and pyrazin-2-amine. Yield: 94%. M.P. 244-
246°C, '"H NMR 6 in ppm (300 MHz, DMSO-d,): 9.14 (s, 1H, OH),
8.52-8.31 (m, 2H, pyrazine) 4.61 (q, 1H) 3.40-3.23 (m, 2H) 2.30-
2.10 (m, 2H) 1.70-1.60 (m, 2H) 1.52-1.43 (m, 2H) (piperidine).
BC-NMR 6 in ppm (100MHz, DMSO-d,) 161, 151, 141 (3C,
pyrazine), 93, 49, 38, 27, 21 (5C, piperidine). M/z = 179 (M+1).
Elemental Analysis: C,H ,N,0. Found (%): C=60.32, H=7.88,
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N=23.65, 0=8.44. Calcd: C=60.32, H=7.31, N=23.45, 0=8.93.

Antimicrobial activity of 2- hydroxy Pyrrolidine/
Piperdine derivatives: Out of ten compounds 1-(pyridin-4-yl)
pyrrolidin-2-ol, 1-(quinolin-3-yl)pyrrolidin-2-ol and 1-(pyrazin-
2-yl)piperidin-2-ol (P3,P7 P8) were found to be active against

Figure 1: Structure of 1-(quinolin-3-yl) pyrrolidin-2-ol (P7).
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Figure 2: Structure of 1-(pyrazin-2-yl)piperidin-2-ol (PP8).

Citation: Suresh M, Ali Padusha MS, Raja A (2016) Antimicrobial and larvicidal activities of 2-hydroxypyrrolidine/

piperidine derivatives. SO] Pharm Pharm Sci, 3(1), 1-6. DOI: http://dx.doi.org/10.15226/2374-6866/3/1/00132

| Page2ofs ]|



Antimicrobial and larvicidal activities of 2-hydroxypyrrolidine/piperidine derivatives Copyright:
© 2016 Suresh et al.

uw) e m [ I R R N =]
P @ T oo
528 & sisunnha <)
oW - e R RS N N R
H \\\\W/ BLR%R

Current Data Paramstars
HRAME

HM-3565
EXENO 2
FROCHD 1
FZ - Acquisition Paramstars
Dats_ 20140220
Tima 12.41
INSTEOM apect
FROBHD  § == EBO BE-1H
FULFROS zg30
™ £5536
SOLVERT eSO
us 18
D3 2
SWE GL88.11% Hz
FIDRES 0. 094423 Hz
A 5.2853587 sac
BG 161
™ 80.800 usec
LE 6. 00 usec
TE 300.0 K
ol 1.00000000 sac
D0 1
======== CHANWEIL fl ========
HUCL 1R
F1l E. 60 usec
FL1 -2.00 d8
sFol 300.131B534 MHz

Fl - Procassing paramesters
£

SF 300.1299873 HHz
W ™
558

1]
LB 0.30 Hz
JJL N . :
BC 1.00
16 15 14 13 12 11 10 9 &8 7 & 5 4 3 2 1 0 -1 =2 ppm
el
5|8

Figure 3: 'H NMR spectrum of 1-(quinolin-3-yl)pyrrolidin-2-ol (P7) ).
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Figure 4: 'H NMR spectrum of 1-(pyrazin-2-yl)piperidin-2-ol (PP8).
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Figure 5: *C NMR spectrum of 1-(pyrazin-2-yl)piperidin-2-ol (PP8).

all tested bacterial strains and showed broad spectrum
antimicrobial activity against Gram negative and less extend to
against Gram positive Bacillus sp. The experimental result of
antimicrobial activity indicated variable degree of efficacy of the
compounds against different microbial strains (Table 1). Among
the three active compounds, piperdine derivative P7 1-(quinolin-
3-yl) pyrrolidin-2-ol showed potent antimicrobial activity against
tested bacterial strains. All the five tested pathogens were highly
sensitive to P7 1-(quinolin-3-yl) pyrrolidin-2-ol. Of these five
sensitive strains, E.coli and K. pneumoniae were Highly sensitive to
1-(quinolin-3-yl) pyrrolidin-2-ol and 1-(pyridin-4-yl) pyrrolidin-
2-ol (P3). E.coli and K. pneumoniae have shown 100 percent
relative inhibitory zone against 1-(quinolin-3-yl) pyrrolidin-2-
ol(P7). The least Relative Inhibitory zone of 1-(quinolin-3-yl)
pyrrolidin-2-ol (P7) was 12.5% (16 = 0.29 mm) against Bacillus
subtilis. The results revealed that above synthesized compounds
exhibited good antimicrobial activity comparable to rifampicin

against all tested pathogens. Antimicrobial activity of compounds
containing nature of functional linkage [16] and substituted
aromatic ring [17] has been reported. A series of 4-substituted
4-(1H-1,2,3-triazol-1-yl)piperidine building blocks was found to
be active against against multidrug-resistant strains, especially
to Staphylococcus aureus and Staphylococcus epidermidis [18].

Larvicidal activity of 2- hydroxy Pyrrolidine/ Piperdine
derivatives: Among the 2-hydroxypyrrolidine/piperidine
series seven were showed larvicidal activity against Culex sp and
Anopheles sp. The maximum larvicidal activity was 64% by P7
1-(quinolin-3-yl) pyrrolidin-2-ol against Anopheles sp (table 2)
followed by 62% by P8 1-(pyrazin-2-yl) pyrrolidin-2-ol against
culex sp (table 3) with the dosage of 50 ppm. 1-(quinolin-3-yl)
pyrrolidin-2-ol showed strong larvicidal and pupicidal activity
against both tested larvae. Similarly piperdine derivatives also
showed significant larvicidal effect againt Culex (58%) and

Table 1: Antimicrobial activity of 2- hydroxy Pyrrolidine/ Piperdine derivatives.
Zone of inhibition mm in dm (10 pg/ ml)
Compound N - N
E.coli S. aereus Bacillus sp Proteus sp Klebsiella sp
P3 21+0.12 18+0.16 15+ 0.22 10+ 0.14 20+0.14
P7 28+0.14 17+£0.12 16+0.29 18+ 0.08 23£0.06
P8 16 £0.10 14 +0.16 13+£0.14 14 £0.22 15+ 0.14
PC(Rifampicin) 16 £0.12 16+ 0.14 16+ 0.08 15+ 0.10 15+ 0.06
NC(DMSO0) 12+ 0.21 10+ 0.16 14+ 0.14 8+ 0.12 8+0.12
P3 56 50 6.25 13 80
RIZ % P7 100 43.75 12.5 66 100
P8 25 25 -6.25 40 46.6
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Table 2: Larvicidal activity of 2- hydroxy Pyrrolidine/ Piperdine derivatives against Anopheles sp.
S. No Compd. Name Ml(;?_:;’]ig;;;)) Morf:l?t?rl (%) Adult emergence (%)
1 Pp8 1-(pyrazin-2-yl)piperidin-2-ol 48 38 62
2 Pp6 1-(pyrimidin-2-yl)piperidine-2-ol 36 31 69
3 Pp4 1-(5-methyl-1,3,4-thiadiazol-2-yl)piperidin-2-ol 40 53 47
4 P8 1-(pyrazin-2-yl)pyrrolidin-2-ol 40 43 57
5 P7 1-(quinolin-3-yl)pyrrolidin-2-ol 64 55 45
6 P4 1-(5-methyl-1,3,4-thiadiazol-2-yl)pyrrolidin-2-ol 60 50 50
7 P3 1-(pyridin-3-yl)pyrrolidin-2-ol 36 18 82
8 DMSO 44 35 65
9 Water 28 26 74
Table 3: Larvicidal activity of 2- hydroxy Pyrrolidine/ Piperdine derivatives against Culex sp.
S. No Compd. Name Mz:::liict;d;;)) Morrz:ll?t?/l (%) Adult emergence (%)
1 Pp8 1-(pyrazin-2-yl)piperidin-2-ol 58 100 0
2 Pp6 1-(pyrimidin-2-yl)piperidine-2-ol 31 50 50
3 Pp41-(5-methyl-1,3,4-thiadiazol-2-yl)piperidin-2-ol 51 100 0
4 P8 1-(pyrazin-2-yl)pyrrolidin-2-ol 62 100 0
5 P7 1-(quinolin-3-yl)pyrrolidin-2-ol 53 100 0
6 P4 1-(5-methyl-1,3,4-thiadiazol-2-yl)pyrrolidin-2-ol 42 100 0
7 P3 1-(pyridin-4-yl)pyrrolidin-2-ol 40 100 0
8 DMSO 40 90 10
9 Water 31 50 50

Anopheles (48%). Larvicidal activity of Piperdine from natural
sources already reported [19-22].

Conclusion

Result of present study demonstrates that, a new class
of 2-hydroxypyrrolidine & 2-hydroxypiperidine derivatives
were synthesized and evaluated as antibacterial agents. The
newly synthesized heterocyclics 1-(quinolin-3-yl) pyrrolidin-
2-ol (P7)) exhibited promising antibacterial, anticancer activity
and larvicidal activity at minimal concentration level. It can
be concluded that this class of compounds certainly holds
great promise towards medicinal chemistry. A further study to
acquire more information concerning pharmacological activity
is in progress. To exploit these findings for human welfare, it is
necessary to carry out field trials and in vivo studies to explore as
valuable bioactive substance.
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