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September 05, 2023

To,

The Controller Of Patents,

The Patent Office,

Patent Office Intellectual Property Building
G.S.T. Road, Guindy, Chennai-600032
India

Re:  Filing of a Provisional Application in the name of “Cochin University of Science
and Technology (CUSAT)”

Dear Sir,
We submit herewith a Provisional Application in the name of “Cochin University of Science
and Technology (CUSAT)” for an invention titled “Process for synthesis of biocompatible

bisphosphonate from adipic acid monomethyl ester and uses thereof”.

The application details and Fees are as below:

Fee (In Rupees)
Total no. of pages : 16
[Description, claims, abstract, and drawings]
Additional pages in excess of 30 : 0x 160 0
Total No. of Claims : 0
Additional Claims in Excess of 10 : 0x 320 0
Additional Priority : 0 x 1600 0
Basic Application Fee : 1600 1600
Application Filing Fees : 1600
Total Fees Payable : 1600
We enclose the following documents with this application:
a) Form 1 (Application for Grant of Patent)
b) Form 2 -Provisional specification;
c) Drawings;
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d) Statement and Undertaking on Form 3;

e) Declaration of Inventorship on Form 5;

f) A copy of duly signed of Original General Power of Attorney [Form 26];
g) Request for claiming the status of Educational Institution on Form 28;

h) Evidence for registration under SSI (Form 28);

i) Official fee of Rs. 1600/- via wire transfer dated September 05, 2023.

The Controller is respectfully requested to take the application on record and provide an

application number for the same.
We thank you in advance for your co-operation in this regard.

Yours Truly,

Manisha Singh
Agent for the Applicant [IN/PA-740]
LEXORBIS

Enclosures: as above
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FORM 1 (FOR OFFICE USE ONLY)
THE PATENTS ACT, 1970
(39 of 1970) Application No.: ...............
& Filing Date: ................
THE PATENTS RULES, 2003 Amount of Fee Paid: ......ccee....
APPLICATION FOR GRANT OF PATENT CBR No.: .cccovvvnnene.
[See sections 7,54 & 135 and rule 20(1)] Signature: .......cc..c...
1. APPLICANT(S):
Sr.No. Name Nationality Address Country State Distict City
The Registrar,
Cochin
Cochin Umversﬁy of
: . Science and
University of Technolo
1 Science and India 4 India Kerala Ernakulam Cochin
(CUSAT),
Technology Cochin
(CUSAT) University P.O.,
Cochin 682022,
Kerala, India
2. INVENTOR(S):
Sr.No. Name Nationality Address Country State Distict City
Department of
Polymer
o Science and
Sailaja Rubber
1 Gopalakrishnanchettiar |India India Kerala |Ernakulam |Cochin
) . Technology,
Sivakamiammal i
Cochin
682022,
Kerala, India
Department of
Polymer
Science and
2 Liz Hannah George India Rubber India Kerala |Ernakulam |Cochin
Technology,
Cochin
682022,
Kerala, India
Department of
Applied
3 Prathapan Sreedharan  |India ggiﬁ;stry’ India Kerala |Ernakulam |Cochin
682022,
Kerala, India

about:blank 1/3
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3. TITLE OF THE INVENTION: Process for synthesis of biocompatible bisphosphonate from adipic
acid monomethyl ester and uses thereof

4. ADDRESS FOR CORRESPONDENCE OF APPLICANT / Telephone No.: 91 11 23716565
AUTHORISED PATENT AGENT IN INDIA:
Fax No.: 91 11 23716556
LEXORBIS 709/710, Tolstoy H 15-17, Tolstoy M N
(0] S 709/710, Tolstoy House 7, Tolstoy Marg, New Mobile No: 9811161518

Delhi — 110 001
E-mail: mail@lexorbis.com

5. PRIORITY PARTICULARS OF THE APPLICATION(S) FILED IN CONVENTION COUNTRY:

Application

Number Filing Date Name of the Applicant | Tilte of the Invention

Sr.No. | Country

6. PARTICULARS FOR FILING PATENT COOPERATION TREATY (PCT) NATIONAL PHASE
APPLICATION:

International Filing Date as Allotted

International Application Number by the Receiving Office

PCT//

7. PARTICULARS FOR FILING DIVISIONAL APPLICATION

Original (first) Application Number Date of Filing of Original (first) Application

8. PARTICULARS FOR FILING PATENT OF ADDITION:

Main Application / Patent Number: Date of Filing of Main Application

9. DECLARATIONS:
(i) Declaration by the inventor(s)

I/We ,Sailaja Gopalakrishnanchettiar Sivakamiammal,Liz Hannah George,Prathapan Sreedharan, is/are the
true & first inventor(s) for this invention and declare that the applicant(s) herein is/are my/our assignee or legal
representative.

(b) Signature(s) of the inventor(s): ...............

(c) Name(s): Sailaja Gopalakrishnanchettiar Sivakamiammal,Liz Hannah George,Prathapan Sreedharan

(ii) Declaration by the applicant(s) in the convention country

I/We, the applicant(s) in the convention country declare that the applicant(s) herein is/are my/our assignee
or legal representative.

(b) Signature(s) : .....ceeueee

about:blank
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(c) Name(s) of the singnatory: Cochin University of Science and Technology (CUSAT)

(iii) Declaration by the applicant(s)

¢ The Provisional specification relating to the invention is filed with this application.
o I am/We are, in the possession of the above mentioned invention.

¢ There is no lawful ground of objection to the grant of the Patent to me/us.

o I am/We are, the assignee or legal representative to true first inventors.

10. FOLLOWING ARE THE ATTACHMENTS WITH THE APPLICATION:

5]

(1]

[~ ]

SSI(FORM-28)

Document Description || FileName
FORM FOR SMALL ENTITY(FORM-28) || Form 28.pdf
EVIDENCE FOR REGISTRATION UNDER .
Evidence.pdf

PROVISIONAL SPECIFICATION

3]

PROVISIONAL SPECIFICATION.pdf

[4] FORM 1 | FORM 1 .pdf

[5] DRAWINGS | DRAWINGS.pdf
¢ [TRANSLATIOIN OF PRIOIRTY DOCUMENTS PO Letter.pdf

] ETC.

| 7 || STATEMENT OF UNDERTAKING (FORM 3) || FORM 3.pdf
] POWER OF AUTHORITY Cochin Unlvzaé%tg X]f“ )S_g;%f ;1(11;1 Technology
o || DECLARATION OF H;I)VENTORSHIP (FORM FORM 5.pdf

I/We hereby declare that to the best of my/our knowledge, information and belief the fact and matters
stated hering are correct and I/We request that a patent may be granted to me/us for the said invention.

Dated this(Final Payment Date): ------------

To The Controller of Patents

The Patent office at CHENNAI

Signature: ...........
Name: MANISHA SINGH

This form is electronically generated.

about:blank
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FORM 3
THE PATENTS ACT, 1970
(39 0of 1970)
&
THE PATENTS [AMENDMENT] RULES, 2006
Statement and Undertaking under Section 8
[See Section §; rule 12]

We, Cochin University of Science and Technology (CUSAT), hereby declare:

(1) That we have not made any application for the same/substantially the same invention
outside India.

(i1) That the rights in the application has been assigned to:

Cochin University of Science and Technology (CUSAT), of The Registrar, Cochin
University of Science and Technology (CUSAT), Cochin University P.O., Cochin
682022, Kerala, India

(ii1)  That we undertake that upto the date of grant of the patent by the Controller, we
would keep him informed in writing the details regarding corresponding applications
for patents filed outside India within six months from the date of filing of such

application.
Dated this 05t day of September, 2023

Manisha Singh
Agent for the Applicant [IN/PA-740]
LEXORBIS

To

The Controller of Patents

The Patent Office

At Chennai



FORM 5
THE PATENTS ACT, 1970
(39 OF 1970)
&
THE PATENTS [AMENDMENT] RULES, 2006
DECLARATION AS TO INVENTORSHIP
[See section 10(6) and rule 13(6)]

1. NAME OF APPLICANT Cochin University of Science and Technology (CUSAT)

hereby declare that the true and first inventors of the invention disclosed in the provisional specification
filed in pursuance of our application numbered dated September 05, 2023, are :

2. INVENTORS:

a) Name . Sailaja Gopalakrishnanchettiar Sivakamiammal

b) Nationality . IN

c) Address : Department of Polymer Science and Rubber Technology, Cochin 682022, Kerala,
India

a) Name : Liz Hannah George

b) Nationality : IN

c) Address :  Department of Polymer Science and Rubber Technology, Cochin 682022, Kerala,
India

a) Name :  Prathapan Sreedharan

b) Nationality . IN

c) Address : Department of Applied Chemistry, Cochin 682022, Kerala, India

Dated this 05 day of September, 2023

Manisha Singh
Agent for the Applicant [IN/PA —740]
LEXORBIS

To,

The Controller of Patents

The Patent Office,

At Chennai
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DECLARATION

I, Manisha Singh the agent for the application hereby declare that the attached document is a
true copy of General Power of Attorney duly executed by authorized signatory of Cochin
University of Science and Technology (CUSAT).

Manisha Singh

Agent for the Applicant [IN/PA-740]

LEXORBIS
New Delhi Mumbai Bengaluru
709/ 710, Tolstoy House 146 Jolly Maker Chamber Il 606-607, 6th Floor, Gamma Block
15-17, Tolstoy Marg Vinay K Shah Marg Sigma Soft Tech Park
New Delhi— 110001 Nariman Point, Mumbai — 400021 No.7 Whitefield Main Road

Varthur Hobli, Bengaluru — 560066

T:+911123716565/F:+91 112371 6556 T:+912241200392/F: +91 22 4120 0396

T:+91 804324 5900/ F: +91 80 4324 5909
mail@lexorbis.com / www.lexorbis.com
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THE PATENTS ACT, 1970
(39 OF 1970)
&

THE PATENTS (AMENDMENT) RULES, 2006
GENERAL POWER OF ATTORNEY
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Proceeding Under the Act
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In all the matter of Patent Applications in the name

Cochin University of Science and Technology (CUSAT)
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FORM - 26
The PATENTS ACT, 1970
(39 OF 1970)
&
THE PATENTS RULES, 2006
GENERAL POWER OF ATTORNEY
Form for Authorization of a Patent Agent/ or Any Person in a Matter or Proceeding
Under the Act
[Refer Sections 127 and 132; and rule 135]

We, Cochin University of Science and Technology (CUSAT), of The Registrar, Cochin
University of Science and Technology (CUSAT), Cochin University P.O., Cochin, Kerala
682022, India do hereby authorize Ms. Manisha Singh (IN/PA-740), Mr. Rajeev Kumar
(IN/PA-1128), Ms. Omana Ramakrishnan (IN/PA-501), Ms. Preeti Tyagi (IN/PA-1441), Dr.
Neetu Kumari (IN/PA-2176), Ms. Preeti Sharma (IN/PA-861), Dr. Pradeep Kumar Kamal
(IN/PA-1306), Mr. Rahul Sharma (IN/PA-1649), Mr. Joginder Singh (IN/PA -1923), Ms. J
Lavanya (IN/PA-2327), Mr. Pankaj Musyuni (IN/PA-2616), Mr. Siddharth Sharma (IN/PA-
2757), Mr. Piyush Sharma (IN/PA-2777), Mr. Manish Aryan (IN/PA-2892), Mr. Ajay Kaushik
(IN/PA-2159), Ms. Sanjeeta Das (IN/PA-2496), Neha Ramani (IN/PA-2323), Rebecca Mathai
(IN/PA-2623) Registered Patent Agents;
and

Mr. M.R. Ramesh Babu (D/555-A/1984), Mr. Abhai Pandey (UP/925/95), Ms. Amaya Singh
(D/1653/2003), Mr. Varun Sharma (D/1486/05), Mr. Omesh Puri (D/2535/2006), Mr. Pranab
Sanyal (D/199/2011), Mr. Gautam Kumar (D/463/15), Harshada Wadkar (MAH/4602/2014),
Dimple Aswani (MAH/5906/2016), Advocates of LEXORBIS, having their registered office at
709/710 Tolstoy House, 15-17 Tolstoy Marg, New Delhi — 110 001, India and 606-607, 6th
Floor, Gamma Block, Sigma Soft Tech Park, No.7 Whitefield Main Road, Varthur Hobli,
Bengaluru — 560066, India and 146 Jolly Maker Chamber II, Vinay K Shah Marg, Nariman
Point, Mumbai — 400021, India to act on our behalf in connection with the filing and
prosecution of Indian Applications filed in our names, and in all matters and proceedings
subsequent to the grant of such letters patent including renewals thereof, filing of Statements of
working thereof, amendments thereof or of the application, specification or any other document
filed in respect thereof, restorations thereof, registrations of any license, mortgage, assignment
transfer or other interest in respect thereof, or change in our name, address or address for
Service and in general to do all acts or things as the said Advocates/Agents may deem necessary
or expedient and request that all notices, requisitions and communications relating thereto may
be sent to such person at the above address unless otherwise specified. This authorization
includes the right to appoint substitutes.

We hereby revoke all previous authorizations, if any made, in respect of same matter or
proceeding.

We hereby assent to the action already taken by the said person in the above matter.

, / K
Dated this the _{3 day of c@é%éz'; 2020

-

g‘lgxl F SN
Cochin Univer s&%’Hﬂ S“c?ence and Technology (CUSAT)

Name of the authorized signatory:

Designation: Dr. MEEHAV

33 §
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worala
To

The Controller of Patents
The Patent Office,
At New Delhi/Mumbai/Kolkata/Chennai
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FORM 2
THE PATENTS ACT 1970
(39 0f 1970)
&
The Patents [Amendment] Rules, 2006
PROVISIONAL SPECIFICATION
(See section 10 and rule 13)

1. TITLE OF THE INVENTION

Process for synthesis of biocompatible bisphosphonate from adipic acid monomethyl
ester and uses thereof

2. APPLICANT
: Cochin University of Science and Technology (CUSAT)

NAME
NATIONALITY : IN
ADDRESS : The Registrar, Cochin University of Science and Technology (CUSAT),

Cochin University P.O., Cochin 682022, Kerala, India

3. PREAMBLE TO THE DESCRIPTION
PROVISIONAL

The following specification describes the invention.




TECHNICAL FIELD:

The present disclosure generally relates to the fields of medicines and pharmaceutical
sciences. Specifically, the present invention provides a process for synthesis of

biocompatible bisphosphonate from adipic acid monomethyl ester and uses thereof.

BACKGROUND ART:

Structurally bisphosphonates (BPs) are synthetic analogs of pyrophosphate in which
easily hydrolyzable P-O-P bond is replaced by stable P-C-P bond as shown in figure
1. Two side chains R1 and R2 connected to P-C-P bond determine the
pharmacological activity of bisphosphonate. Generally, bisphosphonate has hydroxyl
group, CI and H as one of the side chains and the other is a nitrogen containing or

non-nitrogen containing side chain (Figure 1).

Alendronte, zolendronate, pamidronate, risedronate, ibandronate are few examples of
N-containing bisphosphonate (N-BPs) while clodronate, etidronate etc. are non N
containing bisphosphonate (non N-BPs). Due to the presence of two phosphate groups
bisphosphonates have strong affinity towards hydroxyapatite.

Synthesis of bisphosphonate was first reported in 1865. Earlier it was used as
corrosion inhibitors and complexation agents in industries. Later from the researches
carried out in the last 50 years it was concluded that bisphosphonates could prevent
calcification of soft as well as calcified tissue and inhibit hydroxyapatite dissolution.
Several in vitro as well as in vivo experiments revealed that bisphosphonate could
prevent osteoclast mediated bone resorption. Unlike other drugs it can specifically
target to bone and no inactive metabolic products or derivatives are observed.
Clinically bisphosphonates are used for the treatment of postmenopausal osteoporosis,
glucocorticoid induced osteoporosis, Paget’s disease of bone, metastatic bone
diseases, hypercalcemia of malignancy etc. It has been observed that N-BPs are more
potent than non N-BPs. It can be administrated either orally or intravenously. But the
oral availability of bisphosphonate is very low.

Bisphosphonates were first used for the treatment of Paget’s disease. It is a bone

remodeling disease characterized by increased osteoclast resorption and disorganized



bone formation that results in weak and brittle bone. Bisphosphonates such as
etidronate, clodronate and pamidronate were used for the treatment of Paget’s disease.
Later aminobisphosphonate zolendronate was found to be more efficient for the
treatment of this disease.

Osteoporosis is a skeletal disorder which results in reduced bone density and high
fracture risk. It is commonly observed in postmenopausal women while there exists
secondary osteoporosis induced by glucocorticoid. Bisphosphonates are commonly
used drug for the treatment of osteoporosis. Both N-BPs and non N-BPs are used for
inhibiting osteoclast mediated bone resorption but their mode of action at the cellular
level is completely different. Non N-BPs induces osteoclast apoptosis via formation
of toxic analogs of adenosine triphosphate that can inhibit metabolic enzyme and
induce apoptosis while the other act by the inhibition of farnesyl pyrophosphate
synthase. Due to the presence of phosphate groups bisphosphonate can easily bind to
calcium ions in hydroxyapatite. Acidic pH at the site of osteoclast bone resorption
initiates protonation of bisphosphonates and is released from the hydroxyapatite
followed by the uptake of osteoclast which at the molecular level interact with various
biochemical pathway resulting in osteoclast apoptosis.

Antiresorptive studies showed that bisphosphonates with primary nitrogen in the alkyl
chain is 10-100 times more potent than non N-BPs. It has also been observed that
bisphosphonate with heterocyclic N atom is more potent than that containing tertiary

N atom than those with primary N atom.

Potency ~1x 10x 100x >100- >1000- >10000x
<1000x <10000x
Bisphosphonate | Etidronate | Clodronate | Pamidronate | Alendronate | Ibandronate | Zolendronate
Tiludronate | Nerdronate Risedronate

Bisphosphonates are used in patients suffering from bone metastases and the most
commonly used is zolendronate. BPs due to their high affinity for bone, get deposited
in osteoclast surrounding the tumor cells and induce apoptosis thus slowing down the
progression of bone tumor. It is also observed that bisphosphonates along with other

anticancer drugs have synergistic effect on bone metastases. It is also used for the




treatment of hypercalcemia associated with cancer by reducing bone resorption and

subsequently decreasing the serum calcium levels.

Cytotoxicity of bisphosphonate varies depending upon the side chain attached to P-C-
P bond. N-BPs such as alendronate, zolendronate, risedronate etc. are found to be
more toxic than non-N BPs. Cytocompatibility of BPs varies depending upon the type
of cell with which they interact. Tanaka et. al have reported that etidronate and
clodronate was not toxic at concentrations 1-100 uM when tested against human
cementoblasts (HCEM), human gingival fibroblasts (HGF), human gingival
mesenchymal stem cells (HGMS), human periodontal ligament cells (HPDL) and
human umbilical vein endothelial cells (HUVEC). They proposed that that less
cytotoxicity of non N —BPs is due to their inability to enter into the cells when

compared to N-BPs.

Manzano Moreno et. al. have evaluated the cell viability of pamidronate, alendronate,
clodronate, ibandronate treated with MG-63 cell lines for 24 h at concentrations 10,
5x107 and 10> M. Studies showed that osteoblast proliferation has been reduced at
concentrations 10*M and 5x10~> M but not considerable difference has been observed

between control cells and those treated with 10 M concentration of BPs.

Im et. al have studied the human trabecular and MG-63 osteoblast like cells
proliferation effect of alendronate and residronate. They have selected a wider range
of concentration from 10* M to 107" M for their experiments. Higher concentration
(10"* M) inhibited MG-63 cell proliferation while concentrations ranging from 107 M

to 10 M enhances proliferation and latter is reduced at 10"'>M.

Murayama et. al. have treated MG-63 and HOS osteosarcoma cell line with 10 uM
and 50 uM of residronate for 72 h resulting in cell viability of 86 and 78 %
respectively. Effect of zolendronic acid on the cell viability of MC3T3-E1 cells have
been investigated by Huang et. al. Cells incubated with lower concentrations (0.01-
1uM) of zolendronate for 1, 3. 5 and 7 days are found to be biocompatible while cell
viability was significantly inhibited at concentrations >10uM. Knoch et al have

evaluated the effect of alendronate, risedronate and zolendronate (10 M) on human

4



osteoblast proliferation by direct cell counting method. Cell proliferation was
measured on day 7 and 14 and it was increased by 14%, 7% and 15% respectively for

alendronate, risedronate and zolendronate.

The present invention provides an efficient and cost effective process for synthesis of

biocompatible bisphosphonate from adipic acid monomethyl ester.

OBJECTIVES:

An objective of the present invention is to provide a process for synthesis of

biocompatible bisphosphonate from adipic acid monomethyl ester.

Another objective of the present invention is to provide a biocompatible

bisphosphonate obtained from the process of the present invention and uses thereof.
SUMMARY:

The present invention provides a process for synthesis of biocompatible
bisphosphonate from adipic acid monomethyl ester. The process comprises the steps
of mixing of adipic acid monomethyl ester, phosphorous acid, and phosphorous
trichloride in a 250 mL RB flask under stirring; heating the mixture gradually to 80-
90 °C (under N2 atmosphere); refluxing the mixture overnight; adding 150 mL of ice-
cold water into the mixture; heating the above mixture to 90-100 °C till the volume of
the reaction mixture is reduced by 10-15 mL; adding 100 mL of water into the
reduced reaction mixture; increasing the pH of the reaction mixture to 3 by adding 4
N NaOH; adding 200 mL of ethanol into the above mixture; stirring the above
mixture for overnight; collecting the precipitate thus obtained followed by washing
and drying. Further, the present invention provides a biocompatible bisphosphonate

obtained from the process of the present invention and uses thereof.

BRIEF DESCRIPTION OF DRAWINGS:

These and other features, aspects, and advantages of the present invention will become

better understood when the following description is read with reference to the



accompanying drawings in which like characters represent like parts throughout the

drawings wherein:

Figure 1 illustrates structure and classification of bisphosphonates.

Figure 2 illustrates the FT-IR spectrum of as synthesized bisphosphonate. From the
spectrum peak corresponding to O-H stretching of hydroxyl group and carboxyl group
is observed at 3430 cm™'. C-H stretching frequency is obtained at 2941 cm™'. The peak
at 1706 cm™ confirms the presence of carbonyl group in ~COOH. The peaks obtained
at 2790 cm™!, 1156 cm™!, and 674 cm™! corresponds to P-O-H, P-O and P-C stretching

respectively.

Figure 3 illustrates TGA plot of bisphosphonate.

Figure 4 illustrates LC-MS spectrum of bisphosphonate.

Figure 5 illustrates 'H NMR spectrum of bisphosphonate.

Figure 6 illustrates 1°C NMR spectrum of bisphosphonate.

Figure 7 illustrates 3'P NMR spectrum of bisphosphonate.

Figure 8 illustrates MTT assay of bisphosphonate (BP), Etidronate (ED) and

Alendronate (AD) using bone marrow stem cells for 1, 4 and 6 days.

Figure 9 illustrates (A) Alizarin Red assay of BMSc treated with bisphosphonate for
7 and 14 days in DMEM as well as osteogenic medium (ODM), (B) Quantification of
Alizarin Red S assay.

Figure 10 illustrates TRAP positive staining of RAW 264.7 cells (A) treated with
RANKL, (B) RANKL along with bisphosphonate, (c) RANKL along with
alendronate (D) quantification of TRAP positive cells.



DETAILED DESCRIPTION:
Those skilled in the art will be aware that the present disclosure is subject to

variations and modifications other than those specifically described. It is to be
understood that the present disclosure includes all such variations and modifications.
The disclosure also includes all such steps of the process, features of the invention,
referred to or indicated in this specification, individually or collectively, and any and

all combinations of any or more of such steps or features.

Definitions

For convenience, before further description of the present disclosure, certain terms
employed in the specification, and examples are collected here. These definitions
should be read in the light of the remainder of the disclosure and understood as by a
person skilled in the art. The terms used herein have the meanings recognized and
known to those of skill in the art, however, for convenience and completeness,

particular terms and their meanings are set forth below.

The articles “a”, “an” and “the” are used to refer to one or to more than one (i.e., to at
least one) of the grammatical object of the article. The terms ‘“comprise” and
“comprising” are used in the inclusive, open sense, meaning that additional elements
may be included. It is not intended to be construed as “consists of only”. Throughout
this specification, unless the context requires otherwise the word “comprise”, and
variations such as “comprises” and “comprising”, will be understood to imply the
inclusion of a stated element or step or group of elements or steps but not the

exclusion of any other element or step or group of elements or steps.

Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this
disclosure belongs. Although any methods and materials similar or equivalent to those
described herein can be used in the practice or testing of the disclosure, the preferred
methods, and materials are now described. All publications mentioned herein are
incorporated herein by reference. The present disclosure is not to be limited in scope

by the specific embodiments described herein, which are intended for the purposes of
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exemplification only. Functionally- equivalent products and methods are clearly

within the scope of the disclosure, as described herein.

Novel bisphosphonate was synthesized from adipic acid monomethyl ester. A mixture
of adipic acid monomethyl ester, phosphorous acid, phosphorous trichloride was
taken in a 250 mL RB flask under stirring and heated slowly to 80-90 °C (N2
atmosphere). The reaction mixture was refluxed overnight. Then 150 mL of ice-cold
water was added into it and heated to 90-100 °C. The volume of reaction mixture was
reduced 10-15 mL and 100 mL of water was added into it. pH of the reaction mixture
was raised to 3 using 4 N NaOH. 200 mL of ethanol was added into it and kept for

stirring overnight. The precipitate obtained was collected, washed and dried.

PCl, H3PO4 HO\_(IJI,OH

HOOC _~_~ P
COOCH;, S HOOC\/\/\l/OH

80-90 °C, 16 h P
HO’E’“OH

EXAMPLES:

The following examples are set forth below to illustrate the methods and results
according to the disclosed subject matter. These examples are not intended to be
inclusive of all aspects of the subject matter disclosed herein, but rather to illustrate
representative methods, compositions, and results. These examples are not intended to
exclude equivalents and variations of the present invention, which are apparent to one

skilled in the art.

Example 1: Synthesis

Bisphosphonate was synthesized from adipic acid monomethyl ester. A mixture of
adipic acid monomethyl ester (45 mmol), phosphorous acid (30 mmol), phosphorous
trichloride (60 mmol) was taken in a 250 mL RB flask under stirring and heated
slowly to 80-90 °C (N2 atmosphere). The reaction mixture was refluxed overnight.
Then 150 mL of ice-cold water was added into it and heated to 90-100 °C. The
volume of reaction mixture was reduced 10-15 mL and 100 mL of water was added
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into it. pH of the reaction mixture was raised to 3 using 4 N NaOH. 200 mL of
ethanol was added into it and kept for stirring overnight. The precipitate obtained was

collected, washed and dried.

PCls, H3PO; Ho. 3. oH

HOOC~"coocH, > HOOC\/\/\;OH
80-90 °C, 16 h A

HO” ii"OH

Example 2: Characterization of bisphosphonate

Thermogravimetric plot of bisphosphonate shows multiple stage degradation (figure
3). Initial weight loss around 23-116 °C corresponds to the loss of adsorbed moisture
content. Mass loss of 9.3% is observed when the temperature is raised from 114 to
216 °C which may be due the loss of water of crystallization. Thermal degradation of
bisphosphonates begins beyond 200 ©°C indicates the decomposition of
bisphosphonate where C-P bond breaks and further pyrolysis of sample takes place.

Figure 4 represents the mass spectrum of bisphosphonate with negative ion mode. [M-
H]" ion peak is observed at m/z value of 291.02 (M-mass of the compound,

M=292.01) which is in accordance with the structure of bisphosphonate.

'H NMR spectrum of bisphosphonate recorded using D20 solvent is shown in figure

5.

COOH

The peaks can be assigned as shown:



1:8=1.91-1.81 ppm, 2 H, m
2,3:8=1.54-1.51 ppm,4 H, m
4:0=2.32-226 ppm,2 H, t

13C NMR spectrum of bisphosphonate is shown in figure 6. The peak at = 179 ppm
corresponds to C in COOH while that at 75.27-72.97 ppm indicates the C in P-C-P
bond. 3'P NMR spectrum of bisphosphonate is shown in figure 7. The peak at & =
18.5-18.4 ppm corresponds to phosphorous atom in bisphosphonate.

The yield of bisphosphonate in the reaction of the present invention is 23.5%. Purity
of synthesized bisphosphonate was ascertained by LC-MS and NMR spectral analysis
(Figures 4 and 5).

Advantage of the present invention:

- The process of the present invention is cost-effective;

- The process of the present invention is rapid and efficient.

- Synthesized bisphosphonate is found to be cytocompatible and has the
potential for biomineralization.

Dated this 05t day of September, 2023
Manisha Singh
Agent for the Applicant [IN/PA -740]
LEXORBIS
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ABSTRACT OF THE INVENTION

Process for synthesis of biocompatible bisphosphonate from adipic acid

monomethyl ester and uses thereof

The present invention relates to a process for synthesis of biocompatible
bisphosphonate from adipic acid monomethyl ester. The process comprises the steps
of mixing of adipic acid monomethyl ester, phosphorous acid, and phosphorous
trichloride in a 250 mL RB flask under stirring; heating the mixture gradually to 80-
90 °C (under N2 atmosphere); refluxing the mixture overnight; adding 150 mL of ice-
cold water into the mixture; heating the above mixture to 90-100 °C till the volume of
the reaction mixture is reduced by 10-15 mL; adding 100 mL of water into the
reduced reaction mixture; increasing the pH of the reaction mixture to 3 by adding 4
N NaOH; adding 200 mL of ethanol into the above mixture; stirring the above
mixture for overnight; collecting the precipitate thus obtained followed by washing
and drying. Further, the present invention provides biocompatible bisphosphonate

obtained from the process of the present invention and uses thereof.
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