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“STEROID-CHITOSAN KETIMINE NANOPARTICLES FOR
ANTIBACTERIAL AND ANTIFUNGAL ACTIVITY”

FIELD OF THE INVENTION

The invention particularly relates to the synthesis of a class of new Steroid-Chitosan
Ketimine nanoparticles of formula 4, where R=OH or H; n= repeating units. The
compound of formula 4a and 4b having antibacterial and antifungal activities and
possess overall yield 85% after recrystallization. The process of the present invention
does not involve the use of any costly and environmentally toxic reagents and
catalysts and has been developed using a non-toxic reagents under mild reaction

conditions.

BACK GROUND AND PRIOR ART OF THE INVENTION

It is pertinent to note that steroid-chitosan nano particles are recently gaining
importance owing to their potent biological activity. So far, only one literature report
describes the steroidal (cholesterol) A-ring manipulated-modified chitosan nano
particles which have been reported as self-aggregated nanoparticles for delivery of

drugs to ocular surface as reported by Yuan ef al.

[Xu-bo Yuan, Hong Li, Yan-bo Yuan, Preparation of cholesterol-modified chitosan
self-aggregated nanoparticles for delivery of drugs to ocular surface. Carbohydrate

Polymers, 2006, 65, 337-345].

Thus, the steroid-chitosan ketimine nanoparticles of formula 4a and 4b as described in
the present invention are completely new and have so far not been reported by any

other workers.

OBJECTIVES OF THE INVENTION

The main object of the present invention is to provide the novel steroid-chitosan

ketimine nanoparticles.
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Yet another object of the invention is to provide a novel process to synthesize a new
class of steroid-chitosan ketimine nanoparticles of formula 4a and 4b starting from
5,6- dehydro-20-oxopregnane and 5,6-dihydro-20-oxopregnane of formula 1, where
Ri=0OAc or OH and Ac representing the acetyl group and chitosan of formula 2,
where R= OH or H.

Yet another object of the present invention is to provide a general method of
preparation of a new class of steroid-chitosan ketimine nanoparticles of formula 4a
and 4b where R=OH or H starting from 5,6-dehydro-20-oxopregnane and 5,6-
dihydro-20-oxopregnane of formula 1 and their relatives, where R;= OAc or OH and
Ac representing the acetyl group and chitosan of formula 2, where R=OH or H which
could be useful as potent antibacterial and antifungal inhibitors. The size of this new
class of steroid-chitosan ketimine nanoparticles are in the range of 30 nm (Figure 2

for TEM analysis).

Yet another object of the present invention is to provide an one pot process for
synthesizing or constructing a new class of steroid-chitosan ketimine nanoparticles of
formula 4a and 4b where R= OH or H from 5,6-dehydro-20-oxopregnane and 5,6-
dihydro-20-oxopregnane of formula 1, where Rj= OAc or OH and Ac representing the
acetyl group and chitosan of formula 2, where R=OH or H shown in the drawing

(Figure 1) with spectroscopic analysis such as Infra-Red, 'H NMR, °C NMR etc.

SUMMARY OF THE INVENTION

Accordingly, the present invention relates to a compound for formula 4;

— CH, -

co
NH
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wherein, R= OH or H; Rj= OAc or OH; n=repeating units.

In an embodiment of the invention, the compound possesses antibacterial activity

against Gram positive (+ve) and Gram negative (-ve) bacteria.
In another embodiment of the invention, the compound exhibit antifungal activity.
In yet another embodiment of the invention, the representative compound comprising:

4a: 5,6-dehydro-pregn-16-ene-20-ketimine-chitosan
4b: 5,6-dihydro-pregn-16-ene-20-ketimine-chitosan

Accordingly the present invention also provides a process for synthesis of a

compound of formula 4, wherein the process steps comprising:

a) adding a solution of steroid in an alcoholic solvent to a solution of
acetylated chitosan in acetic acid at a temperature in the range of 15-40
oC,

b) adding a solvent of EDC in alcoholic solvent to the above reaction
mixture in above set reaction mixture followed by addition of DMPU
solution in alcoholic solution and further stirring the reaction for a
period of 12 to 35 hrs at a temperature ranging 15 to 40 oc,

c) treating the resulting reaction mixture of (b) step with AIBN to obtain
the precipitate,

d) filtering the reaction mixture and evaporating the solvent to obtain a
crude product,

e) dissolving the crude product in a solvent selected from MeOH, EtOH,
PrOH and BuOHetc,

f) evaporating the solvent to obtain the final desired product.

In another embodiment of the invention, exhibit the size of the particle ranging

between 10-100 nm.

In another embodiment of the invention, the condensation reaction of the compound

of formulas 1 and 3 to the 5,6-dehydro 20-oxopregnane and 5,6—dihydro 20-
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oxopregnane- chitosan ketimine nanoparticles of the formula 4a and 4b was effected
by using catalysts like N, N-dicyclo-hexyl carbodiimide (DCC), N,N-carbonyl
diimidazole (CDI), 1-ethyl-3(3-dimethylaminopropyl) carbodiimide (EDC) and 4-
dimethyl amino pyridine (DMAP) or 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-
pyrimidonone (DMPU) in a solvent selected from MeOH, EtOH, PrOH or BuOH at a

temperature in the range of 15-40°C.

In one more embodiment of the invention, the temperature and time were fixed within
in the range of 15 -40°C and 12-35 hrs respectively in the condensation reaction of the
compound of the formula 1 and 3 to give the desired steroid—chitosan ketimine

nanoparticles of the formula 4a and 4b.

In one more embodiment of the invention, the purification of the final product of
formula 4a and 4b is effected by washing with solvent selected from a group

consisting of MeOH, EtOH, PrOH and BuOH.

The present invention provides a one pot process for synthesizing or constructing a
new class of steroid-chitosan ketimine nanoparticles of formula 4a and 4b where,
R=OH or H from 5,6-dehydro-20-oxopregnane and 5,6-dihydro-20-oxopregnane of
formula 1, where Rj= OAc or OH and Ac representing the acetyl group and chitosan
of formula 2, where R=OH or H shown in the drawing (Figure 1) with spectroscopic
analysis such as Infra-Red, 'H NMR, "C NMR etc. accompanying this specification

which comprises the following Steps :

Step A: Partial acetylation of chitosan of formula 2 where R=OH or H to partial
acetylated of chitosan of formula 3 under a mild acidic reaction conditions as per

literature procedures.

Step B: Facile synthesis of the desired new class of steroid-chitosan ketimine
nanoparticles of formula 4 from 5,6-dehydro or 5,6-dihydro of formula 1 with
partially chitosan acetylated compound of formula 3. Purification of the final product
give of the steroid-chitosan nanoparticles of the formula 4a and 4b by washing the
crude product selected from EtOH, MeOH, PrOH or BuOH to get a white crystalline
solid.
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In a preferred embodiment of the present process, partial acetylation of chitosan of
formula 2 can be effected by using a mild solution of an organic acid selected from
acetic acid (1%), formic acid, propionic acid or acetic anhydride [Step A] to partial
acetylated chitosan of the formula 3, facile synthesis of this new class of steroid-
chitosan ketimine nanoparticles of formula 4a and 4b by condensation reaction of the
compounds of the formula 1 & 3 by using a mild solution of DCC or DMAP in a
solvent selected from EtOH, MeOH, PrOH or BuOH at a temperature in the range of
30° C [Step B]. The purification of the final product of the steroid-chitosan nano
particles of formula 4 [Step C] could be done by washing the crude product with a
solvent selected from EtOH, MeOH, PrOH or BuOH to get as white crystalline solid.

In yet another preferred embodiment of the present invention: these new 5,6 dehydro-
20-oxopregnane and 5,6-dihydro-20-oxopregnane-chitosan ketimine nanoparticles of
formula 4a and 4b, where R=OH or H of formula 2 where, R=OH or H have been
found to show good antibacterial activity in general determined by Agar well

diffusion method as shown in Photographs 1.

In yet another embodiment of the present invention, these new 5,6-dehydro-20-
oxopregnane-chitosan and 5,6-dihydro-20-oxopregnane—chitosan ketimine
nanoparticles of the formula 4a and 4b; where R=OH or H also have been found to
show potent antifungal activity against plant pathogenic fungus Alternaria alternate
with the inhibition percentage 94 as depicted in the Photographs 2 which was

determined by the standard antifungal activity test, viz., Poison Food Technique.

In yet another embodiment of the present invention, the antibacterial test was
performed on four different types of the pathogens and all were found to be sensitive

to compound 4a and 4b with inhibition zones varying from 14 to 16 mm.

In yet another embodiment of the present invention, the product of formula 4a and 4b
where R=OH or H and Ac representing the acetyl groups from 5,6 dehydro-20-
oxopregnane and 5,6 dihydro-20-oxopregnane of formula 1 where R;=OH or H were
found to be much effective against Bacillus subtilis Gram positive and Proteus
vulgaris Gram negative with the zone of inhibitions 16 mm in each and having

moderate effective against the other bacterial strain Staphylococcus aureus Gram
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positive and Escherichia coli Gram negativewith the zone of inhibitions 14 mm in
each. From the analyzed result, these Steroid-chitosan ketimine nanoparticles of the
formula 4a and4b have been found to be the most promising bactericide against both

Gram positive and Gram negative bacteria with MIC values 100-300 pg respectively

BRIEF DESCRIPTION OF THE DRAWINGS

Flow Chart:
a
1 + 3 _ - 4
5,6- d.ehydr0-20- oxopregnane/ Ac-Chitosan 5,6- dehydro-pregn-16-ene-20- ketimine-chitosan/
5,6- dihydro-20- oxopregnane 5,6- dihydro-pregn-16-ene-20-ketimine-chitosan

Reagents and conditions: (a) DCC/ EDC/CDI [in MeOH/ EtOH/PrOH/BuOH (5
mL)], DMAP/DMPU [in MeOH/EtOH/PrOH/BuOH (5 mL)], 10-40°C, 20-24 hrs,
Precipitation by  acetonitrile/AIBN,  purification by  washing  with
MeOH/EtOH/PrOH/BuOH.

Figure 2: Showing the TEM image of the product 4;

Photographs 1: Showing the Zone of inhibition of compound against 1)

Staphylococcus aureus 2) Bacillus subtilis3) Escherichia coli 4) Proteus vulgaris.

Neomycin used as positive control.

Antifungal activity: C= Control, E & E1= Experimental, P= Product, R= Reference.

Photographs 2: Showing the Antifungal activity against plant pathogenic fungus

Alternaria alternate.
Photograph 3: Showing the Antifungal activity of A. Chitosan and B. Steroid (3HP)

DETAILED DESCRIPTION OF THE INVENTION

This invention relates to the synthesis of new and novel steroid-chitosan ketimine

nanoparticles and their antibacterial and antifungal activities.
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The invention also relates to the synthesis of a new and novel class of steroid-chitosan
ketimine nanoparticles starting from pregnenolone acetate and its relatives and their

antibacterial and antifungal activities.

The invention also relates to the synthesis of a new class of steroid-chitosan ketimine
nanoparticles of the formula 4 where R= OH or H from pregnenolones, viz. 5,6
dehydro-20-oxopregnane and 5,6 dihydro-20-oxopregnane of formula 1 where R;=
OH or H and chitosan of the formula 2, where R= OH or H.

The invention particularly relates to the synthesis of a class of new steroid-chitosan
ketimine nanoparticles (30nm) of formula 4a and 4b where R=OH or H and related
products shown in the diagram accompanying this specification from 5,6 dehydro-20-
oxopregnane and 5,6 dihydro-20-oxopregnane of formula 1 where Rj= OAc or OH
and Ac representing the acetyl group and chitosan of formula 2 where R= OH or H
through the reaction of C-20 carbonyl group of formula 1 with amino group of
chitosan of formula 2. The compound of formula 4 having antibacterial and antifungal
activities prepared by the process of invention is found to have an overall yield 90%
after recrystallization. The process of the present invention does not involve the use of
any costly and environmentally toxic reagents and catalysts and has been developed

using a non-toxic reagents under mild reaction conditions.

Accordingly, the present invention provides for the production of a new class steroid-
chitosan ketimine nanoparticles of formula 4a and 4b; where R= OH or H as shown in
the drawing (Figure 1) accompanying this specification from 5,6-dehydro-20-
oxopregnane and 5,6-dihydro-20-oxopregnane of formula 1, where R;= OAc or OH
and Ac representing the acetyl group and R= OH or H and chitosan of formula 2.

The present investigation is to provide an one pot process for synthesizing or
constructing a new class of steroid-chitosan ketimine nanoparticles of formula 4a and
4b is an yield of 90% shown in the drawing (Figure 1) with spectroscopic analysis
such as Infra-Red, '"H NMR, "C NMR etc. of the product 4 accompanying this

specification which comprises the following Steps:
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Step A: Partial acetylation of chitosan of formula 2 to partial acetylated of chitosan of

Formula 3 under a mild acidic reaction conditions.

Step B: Facile synthesis of the desired new class of steroid-chitosan ketimine
nanoparticles of formula 4a and 4b from 5,6-dehydro or 5,6-dihydro of formula 1 and
partially chitosan acetylated compound of formula 3. Purification of the final product
give of the steroid-chitosan nano particles of the formula 4a and 4b by washing the
crude product selected from EtOH, MeOH, PrOH or BuOH to get a white crystalline
solid.

The antifungal activity of chitosan and steroid as photograph 1A and 1B with
percentage of inhibition was 10% & 20% respectively and there was no antibacterial

activity of chitosan and steroid in particular microorganisms.

This is the first ever method where these new 5,6-dehydro-20-oxopregnane and 5,6-
dihydro-20-oxopregnane-chitosan ketimine nanoparticles of formula 4a and 4b where
R=OH or H of formula 2, where R=OH or H have been found to show good
antibacterial activity in general determined by Agar well diffusion method as shown

in Photographs 1.

Antibacterial test was performed on four different types of the pathogens and all were
found to be sensitive to compound 4a and 4b with inhibition zones varying from 12 to

20 mm.

These new 5,6-dehydro-20-oxopregnane-chitosan and 5,6-dihydro-20-oxopregnane—
chitosan ketimine nanoparticles of the formula 4a and 4b, where R=OH or H also
have been found to show potent antifungal activity against plant pathogenic fungus
Alternaria alternate with the inhibition percentage 50-90 as depicted in the
Photographs 2 which was determined by the standard antifungal activity test, viz.,

Poison Food Technique.

Accordingly, the main embodiment of the provides a compound of formula 4,
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wherein: R= OH or H; Rj= OAc, OH or H; n= repeating units
In another embodiment of the present invention, the representative compounds
comprising:

4a: 5,6-dehydro-pregn-16-ene-20-ketimine-chitosan

4b: 5,6-dihydro-pregn-16-ene-20-ketimine-chitosan

In another embodiment of the present invention, the compound possesses antibacterial

activity against Gram positive and Gram negative bacteria.

In another embodiment of the present invention, the compound exhibit antifungal

activity.

In another embodiment of the present invention, exhibit the size of the particle

ranging between 10-100 nm.

Yet another embodiment of the present invention provides a process for synthesis of a
compound of formula 4, wherein the process comprising the steps of:

a) adding a solution of steroid in an alcoholic solvent to a solution of
acetylated chitosan in acetic acid at a temperature in the range of 15-40 °c
to form a reaction mixture,

b) adding a solvent of EDC in alcoholic solvent to the above reaction mixture

of step (a) in above set reaction mixture followed by addition of DMPU



10

15

20

25

30

WO 2016/103280 10 PCT/IN2015/050209

solution in alcoholic solution and further stirring the reaction for a period
of 12 to 35 hrs at a temperature ranging 15 to 40 oc,

) treating the resulting reaction mixture of (b) step with AIBN to obtain the
precipitate,

d) filtering the reaction mixture and evaporating the solvent to obtain a crude
product,

e) dissolving the crude product of step (d) in a solvent selected from MeOH,
EtOH, PrOH and BuOH etc,

) evaporating the solvent to obtain the desired product.

In another embodiment of the present invention, the condensation reaction of the
compound of formulas 1 and 3 to the 5,6—dehydro 20-oxopregnane and 5,6—dihydro
20-oxopregnane - chitosan ketimine nanoparticles of the formula 4a and 4b was
effected by using catalysts like N, N-dicyclo-hexyl carbodiimide (DCC), N,N-
carbonyl diimidazole (CDI), 1-ethyl-3(3-dimethylaminopropyl) carbodiimide (EDC)
and 4-dimethyl amino pyridine (DMAP) or 1,3-dimethyl-3.4,5,6-tetrahydro-2(1H)-
pyrimidonone (DMPU) in a solvent selected from MeOH, EtOH, PrOH or BuOH at a

temperature in the range of 15-40°C.

In another embodiment of the present invention, the temperature and time were fixed
within the range of 15-40°C and 12-35 hrs respectively in the condensation reaction of
the compound of the formula 1 and 3 to give the desired steroid — chitosan

ketiminenano particles of the formula 4a and 4b.

In another embodiment of the present invention, the purification of the final product
of formula 4a and 4b was effected by washing with solvent selected from MeOH,

EtOH, PrOH and BuOH.
EXAMPLES

The following specific examples are given by way of illustration of the invention in
actual practice and therefore should not be construed to limit the scope of the present

invention.
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Example 1: A process for preparation of compound 4a.

Step A: Partial acetylation of chitosan of formula 2 where R=OH or H to partially

acetylated Chitosan of formula 3.

1 gm of chitosan was dissolved in 99 mL water and 1 mL acetic acid in a 100 mL
volumetric flask. The solution was shaken slightly and kept at 30°Cfor 24 hours. Clear

solution of the chitosan thus obtain was used for further reaction.

Step B: Synthesis of a new 5,6-dehydro-20-oxopregnane—hitosan ketimine

nanoparticles of formula 4a from coupling of compounds of the formula 1 and 3.

A solution of steroid 5,6-dehydro-20-oxopregnane of the formula 1 (500 mg) in
MeOH (60 mL) was stirred for 10 min. at 32°C temperature and to it 25 mL of
chitosan solution (1% acetic acid) of the formula 3 was added slowly. A solution of
DCC (500 mg) in MeOH (5 mL) was added and after that DMAP (700 mg) in MeOH
(5 mL) was added to catalyze the reaction system. The reaction mixture was stirred
for 24 hrs at 30°C. In order to enhance the precipitation of the by-products the
resulting suspension was treated with acetonitrile (30 mL). The resulting solution was
filtered and the filtrate was evaporated under reduced pressure to get a crude product.
After that re-dissolved the product in ethyl acetate (50 mL) and discarded the un-
dissolved by-products by filtration. Ethyl acetate was evaporated under reduced
pressure to get the final desired product of steroid (3HP) - chitosan ketimine
nanoparticles of formula 4a. The product was purified by washing with MeOH to get
a white crystalline solid product 5,6 dehydro-20-oxopregnane—chitosan ketimine

nanoparticles (30 nm) of formula 4a in yield of 90%.
Example 2: A process for preparation of compound 4a.

Step A: Partial acetylation of chitosan of formula 2 where R=OH or H to partially

acetylated Chitosan of formula 3

1 gm of chitosan was dissolved in 99 mL water and 1 mL acetic anhydride in a 100
mL volumetric flask. The solution was shaken slightly and kept at 30°C for 24 hours.

Clear solution of the chitosan thus obtain was used for further reaction.
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Step B: Synthesis of new 5,6-dehydro-20-oxopregnane—chitosan ketimine

nanoparticles of formula 4a from coupling of the formula 1 and 3.

A solution of steroid- 5,6-dehydro-20-oxopregnane of the formula 1 (500 mg) in
PrOH (60 mL) was stirred for 30 min. at 30°C temperature and to it 25 mL and to it
35 mL of chitosan solution (1% acetic acid) of the formula 3 was added slowly. A
solution of EDC (300 mg) in PrOH (5 mL) was added and after that DMAP (500 mg)
in PrOH (5 mL) was added to catalyze the reaction system. The reaction mixture was
stirred for 30 hrs at 30°C. In order to enhance the precipitation of the by-products the
resulting suspension was treated with acetonitrile (30 mL). The resulting solution was
filtered and the filtrate was evaporated under reduced pressure to get a crude product.
After that re-dissolved the product in chloroform (50 mL) and discarded the un-
dissolved by-products by filtration. Chloroform was evaporated under reduced
pressure to get the final desired product of steroid (3HP) - chitosan nano particles of
formula 4a. The product was purified by washing with EtOH to get a white crystalline
solid product 5,6-dehydro-20- oxopregnane—chitosan ketimine nanoparticles (30 nm)

of formula 4a in yield of 65%.
Example 3: A process for preparation of compound 4a.

Step A: Partial acetylation of chitosan of formula 2 where R=OH or H to partially

acetylated Chitosan of formula 3.

1 gm of chitosan was dissolved in 99 mL water and 1 mL acetic anhydride in a 100
mL volumetric flask. The solution was shaken slightly and kept at 30°Cfor 24 hours.

Clear solution of the chitosan thus obtain was used for further reaction.

Step B: Synthesis of new 5,6-dehydro-20-oxopregnane—chitosan ketimine

nanoparticles of formula 4a from coupling of the formula 1 and 3.

A solution of steroid (3-HP) (5,6-dihydro) of the formula 1 (500 mg) in EtOH (60
mL) was stirred for 40 min. at 35°C temperature and to it 25 mL and to it 35 mL of
chitosan solution(1% acetic acid) of the formula 3 was added slowly. A solution of

EDC (300 mg) in EtOH (5 mL) was added and after that DMPU (500 mg) in EtOH (5
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mL) was added to catalyze the reaction system. The reaction mixture was stirred for
25 hrs at 30°C. In order to enhance the precipitation of the by-products the resulting
suspension was treated with AIBN (30 mL). The resulting solution was filtered and
the filtrate was evaporated under reduced pressure to get a crude product. After that
re-dissolved the product in chloroform (50 mL) and discarded the un-dissolved by-
products by filtration. Chloroform was evaporated under reduced pressure to get the
final desired product of steroid (3HP)-chitosan nano particles of formula 4a. The
product was purified by washing with PrOH to get a white crystalline solid product
5,6-dehydro-20- oxopregnane—chitosan ketimine nanoparticles (30 nm) of formula 4a

in yield of 45%.

Example 4: A process for preparation of compound 4a.

Step A: Partial acetylation of chitosan of formula 2 where R=OH or H to partially

acetylated Chitosan of formula 3.

1 gm of chitosan was dissolved in 99 mL water and 1 mL acetic acid in a 100 mL
volumetric flask. The solution was shaken slightly and kept at 30°Cfor 20 hours. Clear

solution of the chitosan thus obtain was used for further reaction.

Step B: A process for preparation of compounds 4a and 4b Synthesis of new 5,6
dehydro-20-oxopregnane—chitosan ketimine nanoparticles of formula 4a from

coupling of the formula 1 and 3.

A solution of 5,6-dehydro-20-oxopregnane of the formula 1 (500 mg) in BuOH (60
mL) was stirred for 55 min. at 37°C temperature and to it 25 mL and to it 35 mL of
chitosan solution (1% acetic acid) of the formula 3 was added slowly. A solution of
CDI (500 mg) in BuOH (5 mL) was added and after that DMAP (300 mg) in BuOH (5
mL) was added to catalyze the reaction system. The reaction mixture was stirred for
25 hrs at 30°C. In order to enhance the precipitation of the by-products the resulting
suspension was treated with acetonitrile (30 mL). The resulting solution was filtered

and the filtrate was evaporated under reduced pressure to get a crude product. After
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that re-dissolved the product in ethyl acetate (50 mL) and discarded the un-dissolved
by-products by filtration. Ethyl acetate was evaporated under reduced pressure to get
the final desired product of steroid (3HP) - chitosan nano particles of formula 4a. The
product was purified by washing with BuOH to get a white crystalline solid product
5,6-dehydro-20- oxopregnane—chitosan ketimine nanoparticles (30 nm) of formula 4a

in yield of 35%.
Example 5: A process for preparation of compound 4b.

Step A: Partial acetylation of chitosan of formula 2 where R=OH or H to partially

acetylated Chitosan of formula 3.

1 gm of chitosan was dissolved in 99 mL water and 1 mL acetic acid in a 100 mL
volumetric flask. The solution was shaken slightly and kept at 30°Cfor 24 hours. Clear

solution of the chitosan thus obtain was used for further reaction.

Step B: Synthesis of a new 5,6-dihydro-20-oxopregnane—chitosan ketimine

nanoparticles of formula 4b from coupling of compounds of the formula 1 and 3.

A solution of steroid 5,6-dihydro-20-oxopregnane of the formula 1 (500 mg) in
MeOH (60 mL) was stirred for 10 min. at 32°C temperature and to it 25 mL of
chitosan solution (1% acetic acid) of the formula 3 was added slowly. A solution of
DCC (500 mg) in MeOH (5 mL) was added and after that DMAP (700 mg) in MeOH
(5 mL) was added to catalyze the reaction system. The reaction mixture was stirred
for 24 hrs at 30°C. In order to enhance the precipitation of the by-products the
resulting suspension was treated with acetonitrile (30 mL). The resulting solution was
filtered and the filtrate was evaporated under reduced pressure to get a crude product.
After that re-dissolved the product in ethyl acetate (50 mL) and discarded the un-
dissolved by-products by filtration. Ethyl acetate was evaporated under reduced
pressure to get the final desired product of steroid (3HP)-chitosan ketimine
nanoparticles of formula 4b. The product was purified by washing with MeOH to get
a white crystalline solid product 5,6-dihydro-20-oxopregnane—chitosan ketimine

nanoparticles (30 nm) of formula 4b in yield of 85%.
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Example 6: A process for preparation of compound 4b.

Step A: Partial acetylation of chitosan of formula 2 where R=OH or H to partially

acetylated Chitosan of formula 3.

1 gm of chitosan was dissolved in 99 mL water and 1 mL acetic anhydride in a 100
mL volumetric flask. The solution was shaken slightly and kept at 30°C for 24 hours.

Clear solution of the chitosan thus obtain was used for further reaction.

Step B: Synthesis of new 5,6-dihydro-20-oxopregnane—chitosan ketimine

nanoparticles of formula 4b from coupling of the formula 1 and 3.

A solution of steroid- 5,6-dihydro-20-oxopregnane of the formula 1 (500 mg) in PrOH
(60 mL) was stirred for 30 min. at 30°C temperature and to it 25 mL and to it 35 mL
of chitosan solution (1% acetic acid) of the formula 3 was added slowly. A solution
of EDC (300 mg) in PrOH (5 mL) was added and after that DMAP (500 mg) in PrOH
(5 mL) was added to catalyze the reaction system. The reaction mixture was stirred
for 30 hrs at 30°C. In order to enhance the precipitation of the by-products the
resulting suspension was treated with acetonitrile (30 mL). The resulting solution was
filtered and the filtrate was evaporated under reduced pressure to get a crude product.
After that re-dissolved the product in chloroform (50 mL) and discarded the un-
dissolved by-products by filtration. Chloroform was evaporated under reduced
pressure to get the final desired product of steroid (3HP) - chitosan nano particles of
formula 4b. The product was purified by washing with EtOH to get a white crystalline
solid product 5,6 dihydro-20- oxopregnane — chitosan ketimine nanoparticles (30 nm)

of formula 4b in yield of 70%.
Example 7: A process for preparation of compound 4b.

Step A: Partial acetylation of chitosan of formula 2 where R=OH or H to partially

acetylated Chitosan of formula 3.

1 gm of chitosan was dissolved in 99 mL water and 1 mL acetic anhydride in a 100
mL volumetric flask. The solution was shaken slightly and kept at 30°Cfor 24 hours.

Clear solution of the chitosan thus obtain was used for further reaction.
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Step B: Synthesis of new 5,6-dihydro-20-oxopregnane—chitosan ketimine

nanoparticles of formula 4b from coupling of the formula 1 and 3.

A solution of steroid (3-HP) (5,6-dihydro) of the formula 1 (500 mg) in EtOH (60
mL) was stirred for 40 min. at 35°C temperature and to it 25 mL and to it 35 mL of
chitosan solution (1% acetic acid solution = 1 mL acetic acid + 99 mL H,0) of the
formula 3 was added slowly. A solution of EDC (300 mg) in EtOH (5 mL) was added
and after that DMPU (500 mg) in EtOH (5§ mL) was added to catalyze the reaction
system. The reaction mixture was stirred for 25 hrs at 30°C. In order to enhance the
precipitation of the by-products the resulting suspension was treated with AIBN (30
mL). The resulting solution was filtered and the filtrate was evaporated under reduced
pressure to get a crude product. After that re-dissolved the product in chloroform (50
mL) and discarded the un-dissolved by-products by filtration. Chloroform was
evaporated under reduced pressure to get the final desired product of steroid (3HP) -
chitosan nano particles of formula 4b. The product was purified by washing with
PrOH to get a white crystalline solid product 5,6-dihydro-20-oxopregnane—chitosan
ketimine nanoparticles (30 nm) of formula 4b in yield of 55%.

Example 8: A process for preparation of compounds 4b.

Step A: Partial acetylation of chitosan of formula 2 where R=OH or H to partially

acetylated Chitosan of formula 3.

1 gm of chitosan was dissolved in 99 mL water and 1 mL acetic acid in a 100 mL
volumetric flask. The solution was shaken slightly and kept at room temperature for

20 hours. Clear solution of the chitosan thus obtain was used for further reaction.

Step B: Synthesis of new 5,6-dihydro-20-oxopregnane—chitosan ketimine

nanoparticles of formula 4b from coupling of the formula 1 and 3.

A solution of 5,6-dihydro-20-oxopregnane of the formula 1 (500 mg) in BuOH (60
mL) was stirred for 55 min. at 37°C temperature and to it 25 mL and to it 35 mL of
chitosan solution (1% acetic acid) of the formula 3 was added slowly. A solution of

CDI (500 mg) in BuOH (5 mL) was added and after that DMAP (300 mg) in BuOH (5
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mL) was added to catalyze the reaction system. The reaction mixture was stirred for
25 hrs at 30°C. In order to enhance the precipitation of the by-products the resulting
suspension was treated with acetonitrile (30 mL). The resulting solution was filtered
and the filtrate was evaporated under reduced pressure to get a crude product. After
that re-dissolved the product in ethyl acetate (50 mL) and discarded the un-dissolved
by-products by filtration. Ethyl acetate was evaporated under reduced pressure to get
the final desired product of steroid (3HP)-chitosan nano particles of formula 4b. The
product was purified by washing with BuOH to get a white crystalline solid product
5,6-dihydro-20- oxopregnane—chitosan ketimine nanoparticles (30 nm) of formula 4b

in yield of 42%.
SPECTRAL ANALYSIS:
3-Hydroxy Pregnenolone (3HP):

'H NMR (CDCl3): 6 1.0 (s, 3H, Me-19), 1.2 (s, 3H, Me-18), 1.4-2.2 (m, -CH and —
CH;), 4.3 (s, 3H, methyl ketone), 2.5 (m, 1H, 3-OH), 3.5 (m, 1H, C-3), 5.3 (m, 1H, C-
6 olefinic proton), 7.2 (16-vinyl hydrogen); *C NMR: & 31.4(C-1), 31.7(C-2), 71.5
(C-3), 42.1(C- 4), 140.7(C-5), 121.2(C-6), 29.6(C-7), 31.9(C-8), 42.1(C-9), 38.8(C-
10), 20.7(C-11), 29.6(C-12), 36.5(C-13), 37.1 (C-14), 31.5(C-15), 77.0(C-16),
81.4(C-17), 14.4(C-18), 19.3(C-19), 208.2(C-20), 31.5(C-21); IR (cm™") : 3418 (b),
2932, 2850, 1702, 1452, 1220.

Chitosan (CS):

The FT-IR spectra of chitosan shows the peak of frequency at 3446 cm™ for O-H
stretching overlapping the N-H stretching, 2862 cm™ for C-H stretching, 1662 cm’
for C-O stretching of the acetyl group (amide II), 1426 ecm™ and 1380 cm™ for
asymmetric C-H bending of CH, group and 1380 cm’™ for CO-bridge stretching of

glucosamine residue.

The '"H NMR spectrum of chitosan shows the chemical shifts of the protons appears at
4.58 ppm for acetal proton (-CH) of the glucosamine, 3.01 ppm for -CH-NH2, 3.75
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ppm for -CH-OH, 3.59 ppm for -CH,-OH and 1.94 ppm for acetamido protons (-
NH-CO-CHs).

The ">C NMR spectra of chitosan shows: § 98.3(C-1), 56.9(C-2), 70.9(C-3), 78.0(C-
4), 75.7(C-5), 61.4(C-6).

Steroid-Chitosan ketimine Product (4a):

IR spectra of Steroid-Chitosan ketimine Product shows peaks at 3334 (br) cm™ for —
OH stretching, 2928 and 2851 cm™ for C-H stretching, 1703 cm’ for C-O stretching
of the acetyl group (amide II), 1626 cm’ corresponds to C=N stretching, N-H
deformation (NH,) peak is shifted to 1561 cm™, 1404 cm™ for asymmetric C-H
bending of CH, group and 1649 cm™ for CO-bridge stretching of glucosamine

residue.

The 'H NMR spectrum revealed the signals at 6 3.0 for -NHCO- group, at 1.1 for -
NH- group, 5.2 (s-br, for H-1) of chitosan and 3.2-3.5 (s-sh, br, H-2, H-3, H-4, H-5 &
6) for CH,OH the peak at 2.0 (s-sh), 2.5 for —OH of 3-H (steroid part), 1.0 (s, 3H, H-
18), 1.2 (s, 3H, H-19), 7.2 (16-vinyl hydrogen), 4.3 (s, 3H, methyl ketone),.

In *C NMR of the product shows some new peaks at § 39.3 (C-N-C), 106.6 (C-OH),
138.5(-NHCO-), 176.5 (-C=N-, ketimine) 208 (-COCHj3-) and 71.4 (CH,OH) with

other peaks of the steroid and chitosan part.
BIOLOGICAL ACTIVITY:
In Vitro Antibacterial Activity Determination:

The product 5,6-dehydro-20-oxopregnane-chitosan ketimine or 5,6 dihydro-20-
oxopregnane-chitosan ketimine nanoparticles of formula 4a and 4b where R= OH or
H have been found to show good antibacterial activity in general as shown in

Photographs 1.
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In this invention, four different types of the Bacterial test pathogens were used for this
activity determination and were found to be sensitive to both compounds with

inhibition zones varying from 14 to 16 mm.

The antifungal activity of chitosan and steroid as photograph 3A and 3B with
percentage of inhibition was 10% & 20% respectively and there was no antibacterial

activity of chitosan and steroid in particular microorganisms.
Microorganisms and media:

The antibacterial activity of these new 5,6-dehydro-20-oxopregnane or 5,6 dihydro-
20-oxopregnane-chitosan ketimine nanoparticles of formula 4a and 4b were studied
against both Gram positive and Gram negative bacterial test pathogens. All the used
pathogens, Bacillus subtilis (MTCC 441), Staphylococeus aurens (MTCC 96),
Escherichia coli MTCC 739) and Proteus Vulgais (MTCC 426) were obtained from
Microbial Type Culture Collection available in IMTECH, Chandigarh, India.

The bacterial strains were grown in nutrient broth (NB) at 30 + 2 C with continuous
agitation at 200 rpm for 24 hr. Steroid-chitosan nanoparticles of formula 4a and 4b
was solubilized in dimethyl sulfoxide (DMSO) and the bacterial effect was studied
with 1000 pg/mL solution of the product using Muller Hinton agar medium through
agar well diffusion assay [Schillinger U et. al.]. 100 mL of the product suspension and
60 mL of bacterial culture (approx 108 colony forming units (CFU) were applied for
each study. The zone of inhibition was recorded after 18 hrs of incubation at 30 + 2 °c
for bacterial strains. Neomycin used positive control with same dilution as of the

compound.

[Schillinger U, Lucke FK. Antimicrobial activity of Lactobacillus sake isolated from
meat. Appl. Environ. Microbiol.1989; 55: 1901-6.].

Evaluation of the minimum inhibitory concentration:

Minimum Inhibitory Concentration (MIC) is the lowest concentration of the applied
compound that can inhibit the growth of an organism. MIC was determined by a broth

dilution method, recommended by the NCCLS [NCCLS, 2000]. The investigation was
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carried out through batch cultures containing different volumes of the compounds
(1000 pg/mL, 500 pg/mL, 300 pg/mL, 250 pg/mL, 200 pg/mL, 150 pg/mL, 100
pg/mL and 50 pg/mL). 100 pL of compound suspensions of different concentrations
was added to 100 mL of sterile NB taken in Erlenmeyer flask (250 mL). The flasks
were then inoculated with 1 mL of 24 hrs old bacterial suspension (approx. 10® CFU)
and incubated at 30 + 2 °C with continuous shaking at 200 rpm for 18-24 hrs. After
that incubation period and bacterial growth was observed by taking Optical Density
(OD) at 600 nm. Bacterial culture with only DMSO was treated as control for the
investigations. Neomycin was used as standard drug for the bacteria. The value of OD
for each concentration of compound and standard was subtracted from the value of
control for the calculation of the killing percentage.[NCCLS, 2000. Methods for
dilution antimicrobial susceptibility tests for bacteria that grow aerobically: Approved
standard, 5t ed., NCCLS document M7-AS (ISBN 1-56238-394-9). NCCLS,
Pennsylvania, USA.]

Table 1: Antibacterial activity and MIC of the product 5,6-dehydro-20-oxopregnane
or 5,6 dihydro-20-oxopregnane—chitosan (4a and 4b).

4a:
Sl. No. Name of Zone of inhibition (mm) | MIC (ug/mL)
microorganisms
1. Staphylococeusaurens 14 200
2. Bacillus subtilis 16 100
3. Escherichia coli 14 100
4. Proteus Vulgais 16 300
4b:
Sl. No. Name of Zone of inhibition (mm) | MIC (ug/mL)
microorganisms
1. Staphylococeusaurens 14 200
2. Bacillus subtilis 15 100
3. Escherichia coli 15 200
4. Proteus Vulgais 15 300

These new 5,6-dehydro-20-oxopregnane or 5,6-dihydro-20-oxopregnane-chitosan

ketimine nanoparticles of the formula 4a and 4b were found to be much effective
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against Bacillus subtilis Gram positive and Proteus vulgaris Gram negative with the
zone of inhibitions 16 and 15 mm in each and having moderate effective against the
other bacterial strain Staphylococcus aureus Gram positive and Escherichia coli Gram
negative with the zone of inhibitions 14 and 15 mm in each. From this biological test
result, these new steroid-chitosan nanoparticles of the formula 4a and 4b were found
to possess the most promising bactericidal activity against both Gram positive and
Gram negative bacteria with MIC values 200, 100, 100 and 300 pg and 200, 100, 200,
300 respectively.

Antifungal Activity:

These new 5,6-dehydro-20-oxopregnane or 5,6-dihydro-20-oxopregnane-chitosan
ketimine nanoparticles of the formula 4a and 4b where R= OH or H and Ac
representing the acetyl groups have also shown potent activity against plant

pathogenic fungus Alternaria alternate as shown in Photographs 2.

The inhibitory effects of the sample tested in vitro on mycelia growth of Alternaria
alternata. Poisoned Food technique was applied to test the antifungal activity of the
product of formula 4a and 4b in different concentrations level viz., 100, 200, 300, 400
and 500 ppm. Petriplates (90 mm dia.) each containing 20 ml of potato dextrose agar
(PDA) medium amended with the desired concentrations of samples inoculating with
test fungus. A 5 mm diameter disc of the test fungus with a cork borer, cut from the
periphery of an actively growing 8 -days old culture on PDA plates and placing at the
center in each treated petriplate. PDA plates without product of formula 4a and 4b
served as control which consists of 100, 200, 300, 400 and 500 ppm of the solvent.
The experiments were conducted with three replications. Then plates were kept in
incubator at temperature of 25 £1°C. After 72 hrs of incubation radial growth of the
colony was measured and calculated the mycelia growth in percentage of inhibition
from mean values of colony diameter in treated and control petridishes. Where, it was

shown 88.5% inhibition in the treated petridishes.
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ADVANTAGES OF THE PRESENT INVENTION

1. A novel process to synthesis of a new class of steroid—chitosan ketimine
nanoparticles.

2. A novel one pot facile synthesis of a new class of 5,6—dehydro-20-oxopregnane-
chitosan ketimine nanoparticles. No further steps are required for synthesis of the
steroid-chitosan ketimine nanoparticles.

3. Synthesized nanoparticles have been found to possess good antibacterial activity
against Bacillus subtilis (MTCC 441), Staphylococeus aurens (MTCC 96),
Escherichia coli MTCC 739) and Proteus Vulgais (MTCC 426).

4. Synthesized products have been found to exhibit good antifungal activity.

5. The chemicals used are cheap and commercially available.

6. The process is reported for first time in the most easiest and simple way.
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THE CLAIM:
1. A compound of formula 4,
— (I:H3 -
?O
NH CH,OH
R o

5 wherein: R= OH or H; R;= OAc, OH or H; n= repeating units

2. The compound as claimed in claim 1, wherein the representative compounds
comprising:
4a: 5,6-dehydro-pregn-16-ene-20-ketimine-chitosan
10 4b: 5,6-dihydro-pregn-16-ene-20-ketimine-chitosan

3. The compound as claimed in claim 1, wherein the compound possesses

antibacterial activity against Gram positive and Gram negative bacteria.

15 4. The compound as claimed in claim 1, wherein the compound exhibit

antifungal activity.

5. The compound as claimed in claim 1, exhibit the size of the particle ranging
between 10-100 nm.
20
6. A process for synthesis of a compound of formula 4 as claimed in claim 1,

comprising the steps of:
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a)

b)

24

adding a solution of steroid in an alcoholic solvent to a solution of
acetylated chitosan in acetic acid at a temperature in the range of 15-40 °c
to form a reaction mixture,

adding a solvent of EDC in alcoholic solvent to the above reaction mixture
of step (a) in above set reaction mixture followed by addition of DMPU
solution in alcoholic solution and further stirring the reaction for a period
of 12 to 35 hrs at a temperature ranging 15 to 40 oc,

treating the resulting reaction mixture of (b) step with AIBN to obtain the
precipitate,

filtering the reaction mixture and evaporating the solvent to obtain a crude
product,

dissolving the crude product of step (d) in a solvent selected from MeOH,
EtOH, PrOH and BuOH etc,

evaporating the solvent to obtain the desired product.

The process as claimed in claim 6, wherein the condensation reaction of the
compound of formulas 1 and 3 to the 5,6—dehydro-20-oxopregnane and 5,6 —
dihydro-20-oxopregnane - chitosan ketimine nanoparticles of the formula 4a
and 4b was effected by using catalysts like N, N-dicyclo-hexyl carbodiimide
(DCC), N,N-carbonyl diimidazole (CDI), 1-ethyl-3(3-dimethylaminopropyl)
carbodiimide (EDC) and 4-dimethyl amino pyridine (DMAP) or 1,3-
dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidonone (DMPU) in a solvent
selected from MeOH, EtOH, PrOH or BuOH at a temperature in the range of
15-40°C.

The process as claimed in claim 6, wherein the temperature and time were
fixed within the range of 15-40°C and 12-35 hrs respectively in the
condensation reaction of the compound of the formula 1 and 3 to give the

desired steroid — chitosan ketiminenano particles of the formula 4a and 4b.
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9. The process as claimed in claim 6, wherein the purification of the final
product of formula 4a and 4b was effected by washing with solvent selected

from MeOH, EtOH, PrOH and BuOH.
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Figure 2: TEM photograph of product 4a.
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