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ABSTRACT

A synthésis of novel 3-(1-chloropiperidin-4-yl)-6-fluoro benzisoxazole was carried out under mild réaction
conditions using 1.2 équivalents of calcium hypochlorite. Interestingly, the developed method does not involve
any additives like acids or bases and provides 96% of isolated yields at room temperature. This novel molécule,
3-(1-chloropiperidin-4-yl)-6-fluorobenzisoxazole 2 was stable at ambient conditions and stereo chemistry was
established the single crystal XRD technique. Compound 2 was exhibited potent antioxidant activity (107
pg/mL), and also shown their inhibition on diabetes causing enzymes such as alpha amylase (270 pg/mL) and
alpha glucosidase (37 pg/mL).
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INTRODUCTION

Diabetes mellitus is a disorder characterized by increased blood glucose levels and it
is associated with a host of changes in micronutrient status [1-3]. Several studies showed
increased oxidative stress in both type | and type Il diabetes leading to oxidative damage [4].
It is also widely reported that antioxidants intake significantly reduces the oxidative stress.
Apart from oxidative stress alpha amylase and alpha glucosidase involved in the
carbohydrate metabolism also play a major role in diabetes. It is desirable that the
antidiabetic agents lower the blood glucose level by inhibiting these major two enzymes
delay the absorption of carbohydrates and suppress the rise of postprandial blood glucose
level [7-8]. Acarbose is the hypoglycaemic agent which was used to control the diabetes by
inhibiting the action of alpha amylase [9-11]. A commercially available drug such as
acarbose, miglitol and voglibose inhibits the binding of oligosaccharides to alpha
glucosidases [12]. It has been reported that the glycon binding subsites are the target
binding sites of alpha glucosidase inhibitors. Kim et al., 1999 reported that certain inhibitors
such as acarbose, acarviosine-glucose and isoacarbose were found to inhibit alpha-
glucosidase, alpha amylase and CGTase (Cyclodextrin Glycosyltransferase). Among these
three inhibitors acarviosine-glucose was found to inhibit 430 times more when compared to
acarbose [13]. a-Glucosidase inhibiting activities of series of tetrachlorophthalimide
derivatives have been reported [14]. Many plant and microbial extracts with a-glucosidase
and a-amylase inhibitory activities have been reported. But the purification of the
compounds from plant and microbial extracts in pure form is difficult (due to the more no of
compounds presents in it) and often isolation of these compounds in pure and single
isomeric form requires laborious and tedious process. Chemical synthesis of these
molecules overcomes the difficulty of isolation from their natural sources.

N-chloro compounds were found to be versatile reagents and starting materials for
the synthesis of various chemical and biologically important compounds [15-19]. Many of
these derivatives are known to possess antimicrobial activity and reduced potential for the
development of antibiotic resistance [20]. In recent years, various improved methods were
reported for N-chlorination [21-22].
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Figure 1: Some of the important benzisoxazole carrying active pharmaceutical ingredient (API's)

However the reported methods made the low chemical selectivity, involves
laborious workup procedure, removal of byproducts (e.g. removal of succinamide when
used as NCS reagent) and usage of the additives and monitoring the pH conditions makes
the process inconvenient [23-24]. There is tremendous scope for developing new or
improved to overcome this problem. Therefore it is necessary to explore the synthesis and
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biological evaluation studies on N-chlorinated compounds. Recent work from our laboratory
described the potential use of Ca(OCl), as an oxidizing agent for various organic
transformations such as chlorination and oxidation of alcohols [21-22 and 25].

As per the reported method on derivatives of benzisoxazole are used to treat
psychological diseases (Fig.1, i) [26], inhibition of histamine receptors (Fig.1, ii) [27], used as
anti psychotic drugs (Fig.1, iii and iv) [28], cholinesterase inhibitors (Fig.1, v) [29], In Fig.1,
compound vi used as key intermediate for the production of drugs like iloperidone,
paliperidone and resperidone [30]. In Benzisoxazole, chromans skeleton and fluorine atom
substitution can alter the chemical properties and biological activities of drugs. Each
substituent may have its particular merits in any given case of a biologically-active molecule
[31]. In the present study we are reporting the first time, synthesis of novel N-chloro
derivatives using calcium hypochlorite and its antioxidant, alpha amylase and alpha
glucosidase inhibitory activities.

N O’N
NH Cca(OCl), 1.2 eq. N N-ClI
_—
Acetonitrile
1 RT, 1 hr, 96% yield ¢

2
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Scheme 1: N-chlorination of 6-fluoro-3-(piperidin-4-yl) benzisoxazole using various solvents and Ca(OCl),

RESULTS AND DISCUSSIONS

Keeping in view the importance of benzisoxazole as a model substrate, current study
focuses on the possibility of N-chlorination reaction with 1.2 equivalents of calcium
hypochlorite in acetonitrile under mild reaction conditions. This procedure is very simple,
mild, clean, and works efficiently without any additives and produces excellent yield (96%).
Our initial studies were focused on optimizing the suitable solvent system and the amount
of oxidizing agent using one mmol of compound 1 with the various solvents were screened
such as acetonitrile, dichloromethane, ethyl acetate, acetone, toluene, hexane, chloroform,
methanol and dimethyl formamide. Among these acetonitrile was found to be the better
solvent system which gave >99% conversion (confirmed by 1H NMR) and 96% of isolated
yield as compared to other solvents. This is the first ever report on the synthesis of
derivatized N-chloro benzisoxazole 1 and the crystal structure of compound 1 are shown in
Figure 2.

Figure 2: Single crystal ORTEP diagram of the 3-(1-chloropiperidin-4-yl)-6-fluoro benzisoxazole 2
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Biological Activities of compound 2
Anti-oxidant by DPPH Scavenging assay

DPPH radical scavenging activity of compound 2 is given in figure 2. The antioxidant
activity was observed in dose dependent manner. The ICso value was found to be 107
ug/mL. There were reports on heterocyclic compounds with halogen substituted (CI” or Br’)
patterns showing greater antioxidant activity [32]. Antioxidant activity of methoxy
substituted phenyl rings exhibited antioxidant activity with 1Csq value of 42.74 uM to 60.28
UM [33]. Inami and coworkers were recently reported that introducing the chlorine atom
into the various 6-chromanol derivatives enhanced the radical scavenging activity thereby
enhancing it’s the antioxidant activities of the compounds [34]. In the present study we
have also substituted chlorine atom in our compound, which might be the reason for
significant antioxidant activity. Notably the compound 1 did not show any anti oxidant
property. This is the first report on the antioxidant activity of compound 2. Maximum
inhibition (64.85%) was found at 500 pug/mL. The values were significant at P<0.005 with

95% confidence level.
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Figure 3: antioxidant activity of compound 2. The IC 50 value was found to be 107 pg/mL

Alpha amylase and alpha glucosidase inhibition

Compound 2 showed significant and notable inhibition of a-amylase and a-
glucosidase. Maximum a-amylase inhibition was found to be at 500 pug/mL (61.58%). The
IC50 value was found to be 270 pg/mL. The percent inhibition varied from 61.58% to 31.74%
from highest (500 pg/mL) to lowest concentration (100 pg/mL). Similarly maximum a-
glucosidase inhibition was found to be at 100 pug/mL (75.86%). The IC50 value was found to
be 37 pg/mL. Dose dependent inhibition was noticed with both a-amylase and a-
glucosidase. The percent inhibition of a-glucosidase was varied from 75.86% to 5.17% from
highest (50 pug/mL) to lowest concentration (10 pg/mL). This is the first report on the a-
amylase and a-glucosidase inhibitory activity of the compound 2. These enzyme inhibitors
are important in the treatment of type 2 diabetes by delaying carbohydrate digestion which
causes a reduction in glucose absorption rate and lowers post prandial serum glucose levels
(Eichler, 1984). These drugs when taken with food, delays the absorption of carbohydrates.
The main advantage of these inhibitors is that there is no alteration in the amount of
carbohydrate being absorbed, so that there will not be any nutritional loss (Jong sang et al.,
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2000). The values were significant at P<0.005 with 95% confidence level. The compound 2
possess significant antidiabetic activity as tested in vitro, thus the compound could be
studied further for its antidiabetic property and its molecular mechanism using cellular and
animal models.
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Figure 4: alpha amylase inhibitory activity of compound 2. The ICs, value was found to be 270ug/mL Values
are mean * SD
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Figure 5: alpha glucosidase inhibitory activity of compound 2. The IC5, value was found to be 37ug/mL.
Values are mean * SD

CONCLUSION

This is the first ever report on in vivo of biological activity of 3-(1-chloropiperidin-4-
yl)-6-fluorobenzisoxazole 2. Current study shows the remarkable antioxidant activity, alpha
amylase and alpha glucosidase inhibitory activity of compound 2. Hence the compound 2
can be considered as potential antidiabetic drug candidates after further safe in vivo studies.
The parent compound 1 which is key intermediate for the production of various bioactive
compounds such as iloperidone, paliperidone and resperidone. Surprisingly, does not show
any bio activities performed in the present study.

EXPERIMENTAL

Chemistry

The materials were purchased from Sigma-Aldrich, Merck and were used without
any additional purification. All reactions were monitored by thin layer chromatography
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(TLC). Melting points were recorded on an Elchem digital melting point apparatus in open
capillaries and are uncorrected. The 'H NMR was measured on a Bruker Avance-400 MHz
instrument at room temperature. The 'H NMR was measured for ~0.03 M solutions in CDCls
using TMS as internal reference. The accuracy of the 'H shifts is considered to be 0.02 ppm.
The coupling constants J are in Hertz. Mass spectra were obtained using ESI mass
spectrometry.

General procedure for the N-Chlorination of 6-fluoro-3-(piperidin-4-yl) benzisoxazole
(Scheme 1)

Charged 6-fluoro-3-(piperidin-4-yl) benzisoxazole (5 g, 22.7 mmol) into 50 mL of
acetonitrile at 0°C. Slowly added calcium hypochlorite (3.9 g, 27.3 mmol) over ten to twenty
minutes. Completion of the reaction was monitored by TLC. Filtered the salts, washed with
acetonitrile, dried and concentrated under vacuum. Crude solid was purified by column
chromatography to give 3-(1-chloropiperidin-4-yl)-6-fluoro benzisoxazole 2 in 96% (5.54g,
21.8mmol) as pale yellow color solid. The structure of the N-chloro benzisoxazole was
confirmed from their spectral data from NMR, ES Mass and single crystal XRD.

Mp: 81-83°C; 'H NMR (CDCls, 400 MHz) d (ppm): 7.71-7.08 (m, 3H), 3.65 (d, 2H), 3.22 (t, 3H),
2.36-2.15(m, 4H); *C NMR (CDCl3, 100 MHz) d (ppm): 165.3, 163.9, 162.8, 159.9, 122.6,
122.2, 122.1, 116.9, 112.4, 97.6, 97.4, 32.9; MS (ESI) m/z Calcd: 254.1, found: 253 (M-1);
Crystallographic data for N-chloro benzisoxazole derivative: Mol. Formula:C;,H1,CIFN,O;
CCDC reference number is 878706; Intensity data were collected on an APEX CCD diffract
meter equipped with Mo—Ka (I = 0.7107 A°) radiation; Cell length a =5.8979(4); Cell length
b=10.4965(7); Cell length c=19.1492(12); Cell Angle a=90.0; Cell Angle =91.783; Cell Angle
v=90.0; Cell Volume=1184.90(11); The crystallographic data for N-chloro benzisoxazole have
been deposited with the Cambridge Crystallographic Data Centre. Copies of this information
may be obtained free of charge from the Director, CCDC, 12 Union Road, Cambridge, CB2
1EZ, UK [Fax: 44(1223)336033, E-mail: deposit@ccdc.cam.ac.uk or http://
www.ccdc.cam.ac.uk].

Biological activity Experimental Procedures
Evaluation of antioxidant activity using DPPH model:

The radical scavenging activity was determined using DPPH as described in the
literature [33]. Briefly, 2 mL of 0.3 mM alcoholic solution of DPPH was added to 2 mL of
compound 2 with varying concentrations (100, 200, 300, 400 and 500 pg/mL). The samples
were kept in dark for 30 minutes after which the optical density was measured at 518 nm.
The radical scavenging activity was determined by following formula-

AA %:( Acontrol - Asample)/Acontrol *100
Where, A control, is the absorbance of free radical alone and A sample is the

absorbance of the free radical in the presence of compound 2. The optical density of
samples was measured against methanol which was taken as blank.
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Evaluation of a-amylase inhibitory activity

The a-amylase inhibitory activity was investigated as described in the literature [35].
500 pL of compound 2 with various concentrations (100, 200, 300, 400 and 500 pg/mL) was
mixed with 500 pl of porcine a-amylase solution (0.5 mg/mL) prepared in 0.02 M sodium
phosphate buffer (pH-6.9 with 0.006M sodium chloride) and incubated for 10 min at 25°C.
After 10 min, 500 pL of 1% starch solution in 0.02M sodium phosphate buffer was added to
each tube at 5s intervals. The reaction mixture was kept at 25°C for 10 min and finally the
reaction was stopped with 1.0 mL of dinitrosalicylic acid color reagent. The test tubes were
kept in boiling water bath for 5 min and cooled to room temperature. The reaction mixture
was then diluted by adding 10 mL of distilled water and absorbance was measured at 540
nm. % inhibition was calculated by formula-

% inhibition= [A540 control — A540 extract] X 100/A540 control
Evaluation for a-glucosidase inhibitory activity

The a-glucosidase inhibitory activity was investigated as described in the literature
[34]. 50 pL of compound 2 with different concentrations (10, 25, 50, 75, 100 pg/mL) were
mixed with 100 pL of yeast a-glucosidase prepared in 0.1M phosphate buffer solution and
kept in 96 wells plate at 25°C. After 10 min, 50 puL of 5 mM p-nitro phenyl a- D-
glucopyranoside solution in 0.1 M phosphate buffer was added to each well at 5s intervals.
The reaction mixture was then incubated at 25 °C for 5 min. then the absorbance was
measured at 540 nm by micro-plate reader and compared with control which had 50ul of
buffer solution in place of compound 2.

The inhibitory activity was calculated by this formula
%inhibition = [(AcontroI540 - Aextract540)] * 1OO/A control 540
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