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PROCESS FOR PREPARING PHOSPHONATE ESTERS

Technical Field

[0001] The disclosure belongs generally to the field of synthetic organic chemistry. In
particular, it relates to a process for preparing medronic acid, which can be further derivatized

to its corresponding esters.

Background

[0002] Medronic acid, CAS No. 1984-15-2, is a useful diphosphonate compound, which has
been used in a complex with radioactive technetium in nuclear medicine procedures. Known
processes generally suffer from low yields and involve the use of air and moisture sensitive

reagents.

Summary

[0003] In summary, the disclosure provides a process for the preparation of certain
bisphosphonate compounds and their ester derivatives. In this process certain bisphosphonate
compounds such as medronic acid (where z is 1 below) is prepared via the reaction of the
corresponding isopropyl esters with (i) trimethylsilylbromide or trimethylsilyl iodide, or (ii)
trimethylsilyl chloride and an alkali metal iodide or bromide; followed by treatment with a
liquid comprising water. The process surprisingly provides the desired compounds, despite
having relatively bulky ester groups such as isopropyl on the starting material bisphosphonate

ester.

Detailed Description

AP TS LR

[0004] As used in this specification and the appended claims, the singular forms “a”, “an”,
and “the” include plural referents unless the content clearly dictates otherwise. As used in
this specification and the appended claims, the term “or” is generally employed in its sense

including “and/or” unless the content clearly dictates otherwise.
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[0005] The term “about” generally refers to a range of numbers that is considered equivalent
to the recited value (e.g., having the same function or result). In many instances, the term
“about” may include numbers that are rounded to the nearest significant figure.

[0006] Numerical ranges expressed using endpoints include all numbers subsumed within that
range (e.g., 1 to Sincludes 1, 1.5, 2, 2.75, 3, 3.80, 4 and 5).

[0007] In a first aspect, the disclosure provides a process for preparing a compound of the

Formula (I)
HO—O
OH
\P¢O o
o T\ 1 |
| [HZC%P—OH
OH z |
O .

wherein z is an integer of from 1 to 12, which comprises contacting a compound of the

Formula (A)
HsC CH,
>—O\ o
2
HyC /P/ 0 CH;
o |
)\[Hzc%ﬁ—o
z
HsC CH; © > Chs

HsC (A),

with (i) trimethylsilylbromide or trimethylsilyl iodide, or (ii) trimethylsilyl chloride
and an alkali metal iodide or bromide; followed by treatment with a liquid comprising
water.
[0008] In the process, compounds of the Formula (A) are commercially available. For
example, when z is 1, the CAS No. is 1660-95-3, and is available from Sigma Aldrich.

Exemplary alkali metal iodides or bromides include sodium iodide, potassium iodide, sodium
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bromide, and potassium bromide. When trimethylsilyl bromide or iodide is utilized, the
process is generally conducted at elevated temperatures, for example about 60-80°C. When a
combination of trimethylsilyl chloride and an alkali metal iodide is utilized, the process can be
conducted at room temperature up to about 70°C. In addition, a compound of the Formula
(A) may be reacted with (ii) trimethylsilyl chloride and an iodide or bromide of Groups II or
X (for example MgBr», Nilo, etc.).

[0009] In either case, generally polar aprotic solvents can be utilized, such as acetonitrile or
dichloroethane.

[0010] In the second step above, a trimethylsilyl phosphate ester intermediate is hydrolyzed in
situ with a liquid comprising watcr, for cxample water containing alcohol(s). In onc
embodiment, the trimethylsilyl phosphate ester is treated with water at room temperature.
[0011] In a further aspect, the disclosure provides a process wherein the compound of
Formula (I) is treated further with an alkylating compound of the formula HC(OR)3, wherein

R is a primary or secondary C;-Cg alkyl group, to form a compound of the Formula (1I):

RO—O
OR
\P4O o
o\ |
| [HZC%P—OR
OR z ||
O (1.

[0012] In this aspect, suitable alkylating agents include trimethyl orthoformate, triethyl
orthoformate, tri(n-octyl) orthoformate, and the like.

[0013] Existing methodology for producing compounds of Formula (I) include treatment of a
compound of Formula (A) with phosphorous pentachloride (PCls), to yield a tetra-chlorinated
intermediate which is in turn reacted with an alcohol in the presence of an amine such as
triethylamine. In this existing process, phosphoryl chloride (POCl3) is generated in situ.
Advantageously, the process of the disclosure does not utilize phosphorous pentachloride.

Accordingly, the process provides compounds of Formula (I) (and compounds of Formula



WO 2024/015263 PCT/US2023/027133

(I)) which are in one embodiment, essentially free of contaminants of the formula PO(OR)3,
and their partially-chlorinated counterparts. In certain embodiments, the compounds of
Formula (I) and (IT) possess less than about 1000 ppm of PO(OR)3, less than about 700 ppm
of PO(OR);, less than about 500 ppm of PO(OR )3, less than about 250 ppm of PO(OR);, less
than about 100 ppm of PO(OR)3, less than about 75 ppm of PO(OR)3, less than about 50 ppm
of PO(OR)3, less than about 25 ppm of PO(OR)3. or less than about 10 ppm of PO(OR)3;. In
this regard, PO(OR)3 can be measured by HPLC (high performance liquid chromatography).

[0014] EXAMPLES

[0015] General Procedures: All manipulations were performed under an inert atmosphere

unless otherwise stated. NMR analyses were performed in air. NMR measurements were
carried out on a Bruker 400 MHz
[0016] Diphosphonic acid syntheses

[0017] Example 1: A 250 mL 3-neck round-bottom flask was charged with tetraisopropyl
methylene diphosphonate (36 mL, 112 mmol) and heated to 50°C. Bromotrimethylsilane (70
mL, 530 mmol) was added and the mixture heated to 75°C for 2 hours. The mixture was
cooled to 30C and the volatiles removed in vacuo. Analysis of the mixture by NMR showed
complete conversion to the intermediate tetrakis(trimethylsilyl) methylene diphosphonate. 'H
NMR (400 MHz, CDCl3): & =2.29 (t (br), 2H, 2Jpu = 21Hz, CH>), 0.27 (s (br), 36H, SiCH3).
BC{'H} NMR (100 MHz, neat): 30.58 (t, 'Jpc = 139.7 Hz, CHz), 1.04 (s, SiCH3). *'P{'H}
NMR (162 MHz, neat): 6 = 2.29 (br).

[0018] Water was added to the mixture and stirred for 1 hour at ambient temperature. The
layers were allowed to separate and the organic layer discarded. The water was removed by
trituration with isopropanol (4x30 mL), then filtered and washed with more isopropanol (20
mL) and dried in vacuo to give a white powder (18.3 g, 92% yield). 'H NMR (400 MHz,
D20): §=2.29 (t 2H, *Jpu= 21 Hz, CH>). *C{'H} NMR (100 MHz, D20): § = 26.9 ppm (t,
Lcp = 130 Hz). 3'P{'H} NMR (162 MHz, neat): § = 18.1 ppm. Purity by *P{'H} assay was
99.8%. Purity by 'H assay was 98.0%

[0019] Example 2:
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[0020] A flask is charged with a slurry of Nal (4.5 eq) in dichloroethane (20 mL).
Tetraisopropyl methylene diphosphonate (5.0 mL, 15.6 mmol) is added at 50 °C, followed by
trimethylsilyl chloride (TMSCI) (9.0 mL 4.5 eq). The mixture is stirred for 24 hours at 70°C,
cooled to room temperature, filtered, and washed with dichloroethane (2 x 20 mL). The
volatiles are then removed under vacuum. From here the workup is carried out in the same
fashion as in Example 1 following the addition of water. Obtained medronic acid in 21%
yield. The low yield is attributed to the air sensitivity of the tetrakis(trimethylsilyl) methylene
diphosphonate intermediate, as a gummy solid formed during the initial filtration.

[0021] Example 3:

[0022] A flask is charged with a slurry of Lil (9.4 g, 4.5 ¢q) in DCE (20 mL). Tetraisopropyl
methylene diphosphonate (5.0 mL, 15.6 mmol) is added at 50°C, followed by TMSCI (9.0 mL
4.5 eq). The mixture is stirred for 50 hours at 70°C, cooled to room temperature, diluted
further with DCE (20 mL), filtered under nitrogen, and washed with DCE (3x10 mL). The
volatiles are then removed under vacuum at 60°C. From here the workup is carried out in the
same fashion as in Example 1 following the addition of water. Obtained medronic acid in
89% yield.

[0023] Example 4:

[0024] A flask is charged with a slurry of KBr (8.4 g, 4.5 eq) in DCE (20 mL).

Tetraisopropyl methylene diphosphonate (5.0 mL, 15.6 mmol) is added at 50°C, followed by
TMSCI (9.0 mL 4.5 eq). The mixture is stirred for 50 hours at 70°C, After which *'P NMR
(D20) indicated 77% conversion to medronic acid (based on -OiPr groups converted to -OH).
The mixture was discarded.

[0025] Example 5:

[0026] A flask is charged with a slurry of KI (11.6 g, 4.5 eq) in MeCN (20 mL).
Tetraisopropyl methylene diphosphonate (5.0 mL, 15.6 mmol) is added at 50°C, followed by
TMSCI (9.0 mL 4.5 eq). The mixture is stirred for 21 hours at 50°C, cooled to room
temperature, diluted further with DCM (40 mL), filtered under nitrogen, and washed with

DCM (3x10 mL). The volatiles are then removed under vacuum at 60°C. From here the
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workup is carried out in the same fashion as in Example 1 following the addition of water.
Obtained medronic acid in 77% yield.

[0027] Example 6:

[0028] A flask is charged with a slurry of MgBr2 (6.3 g, 2.2 eq) in MeCN (20 mL).
Tetraisopropyl methylene diphosphonate (5.0 mL, 15.6 mmol) is added at 50°C, followed by
TMSCI (9.0 mL 4.5 eq). The mixture is stirred for 24 hours at 70°C, then more MgBr2 (1.1
eq) and TMSCI (2.25eq) were added. After a total of 65 hours at 70°C 3P NMR (D20)
showed that the complex mixture contained only 6% medronic acid (confirmed by spiking) by
assay. The mixture was discarded.

[0029] Examplc 7:

[0030] A flask is charged with a slurry of Znl> (11.9 g, 2.4 eq) in MeCN (20 mL).
Tetraisopropyl methylene diphosphonate (5.0 mL, 15.6 mmol) is added at 50°C, followed by
TMSCI (9.0 mL 4.5 eq). The mixture is stirred for 43 hours at 70°C, after which 'P NMR
(D20) indicated 98% conversion to medronic acid (based on -OiPr groups converted to -OH).
[0031] Example 8:

[0032] A flask is charged with a slurry of Calz (5.5 g, 2.4 eq) in MeCN (20 mL).
Tetraisopropyl methylene diphosphonate (5.0 mL, 15.6 mmol) is added at 50°C, followed by
TMSCI (9.0 mL 4.5 eq). The mixture is stirred for 43 hours at 70°C, after which 3'P NMR
(D20) showed that the complex mixture contained only 8.8% medronic acid (confirmed by
spiking) by assay. The mixture was discarded.

[0033] Example 9:

[0034] A procedure identical to Example 1 is carried out using tetraethyl ethylene
diphosphonate. Obtained 1,2-ethylenediphosphonic acid in 53% yield (0.65 g). 'H (400
MHz, D>0): § = 1.84 (m, 4H). *C{'H} NMR (100 MHz, D20): § = 20.0 ppm (m). *'P{'H}
NMR (162 MHz, D20): 6 =28.4 ppm

[0035] Example 10:

[0036] A procedure identical to Example 1 is carried out using tetraethyl dodecylene
diphosphonate. Obtained 1,12-dodecylenediphosphonic acid in 43% yield (0.65 g). 'H (400
MHz, McOH-d4): § = 1.33-1.73 ppm (m, 24H). '3C{'H} NMR (100 MHz, McOH-d4): § =

-6-
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31.8 (d, 2Jpc = 16 Hz), 30.7 (s), 30.5 (s), 30.3 (s), 28.2 ppm (Jpc = 138 Hz), 23.9 ppm (*Jpc =
5.8 Hz). *'P{'H} NMR (162 MHz, MeOH-d4): & = 30.2 ppm
[0037] Diphosphonate Syntheses

[0038] Example 11
[0039] Medronic acid (17.4 g, 98.8 mmol) and trimethyl orthoformate (56 mL, 511 mmol)

were charged into a 250 mL flask equipped with a stir bar and water-cooled distillation
apparatus. The mixture was heated to 90C for 2 hours, then cooled to 40°C. The distilled
byproducts were discarded and another aliquot of trimethyl orthoformate (46 mL, 420 mmol)
was added. The stillpot was heated to 100°C, then incrementally to 120°C over 2.5 hours.
Aftcr another 1 hour at 120°C, the rcaction was complete by 3'P{'H} NMR. Thc distilled
byproducts were discarded and all other volatiles removed in vacuo at 60°C. The product was
distilled at 110-118°C/540-570 mTorr to give tetramethyl methylene diphosphonate as a clear,
colourless liquid (20.4 g, 89.1% yield) '"H NMR (400 MHz, CDCl3): 6 = 3.74 (d, 12H, 3Ipu=
11 Hz, CH3), 2.31 (t 2H, 2Jpu=21Hz, CH>). BC{'H} NMR (100 MHz, CDCl3): § = 52.58
(m), 22.92 (t, 'Jpc=136.5 Hz, CH>) *P{!H} NMR (162 MHz, CDCl3): § =21.9. Purity by
SIP{'H} assay was 99.8%. Purity by 'H assay was 99.1%

[0040] Example 12

[0041] Medronic acid (0.50 g, 2.84 mmol) and triethyl orthoformate (10 mL, 21 eq) were
combined and heated to 120°C for 2 days. The volatiles were removed in vacuo at 50°C to
give tetracthyl methylene diphosphonate as a yellow oil in essentially quantitative yield (0.82
2). '"H NMR (400 MHz, CDCl3): 6 =4.18 ppm, (m, 8H, CH:-0), 2.44 ppm (2H, t, 2Jpn =20.9
Hz), 1.34 ppm (12H, t, J = 7.0 Hz), 88% assay. *C{'H} NMR (100 MHz, CDCls): § = 62.5
ppm (m), 25.5 ppm (t, 'Jpc= 136 Hz, CH>), 16.3 (m) *'P{'H} NMR (162 MHz, CDCls): § =
19.4 (99.8% assay).

[0042] Example 13

[0043] Medronic acid (0.50 g, 2.84 mmol) and triisopropyl orthoformate (13 mL, 20 eq)

were combined and heated to 120-140°C for 3 days after which *'P NMR (CDCls) indicated

98% conversion to tetraisopropylmethylene diphosphonate. Example 14 (Prophetic)
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[0044] A procedure similar to Example 13 is used, with tributyl orthoformate as the
alkylating agent. Achieved 98.5% conversion to tetrabutyl methylene diphosphonate by 3P
NMR (CDCl3)*'P{'"H} NMR (162 MHz, CDCl3): § = 19.5

[0045] Example 15

[0046] A procedure similar to example 12 is used, with ethylene diphosphonic acid as the
substrate. Obtained tetramethylethylene-1,2-diphosphonate as a yellow oil in quantitative
yield. 'H NMR (400 MHz, CDCl5): § 3.72 (m, 12H, CH3), 1.96 (m, 4H, CH>), 92% assay.
BC{'H} NMR (100 MHz, CDCl3): 6= 52.4 ppm (m, CH3), 18.0 ppm (m, CH>) *'P{'H}
NMR (162 MHz, CDCI3): § =32 (95.2% assay).

[0047] Examplc 16

[0048] A procedure similar to Example 12 is used, with dodecylene diphosphonic acid as the
substrate. Obtained tetramethyldodecylene-1,12-diphosphonate as a tacky solid in
quantitative yield. 'H NMR (400 MHz, CDCls): § 3.72 (t, J = 5.4hz, 12H, CH3), 1.96 (m, 4H,
CH>), 92% assay. *C{'*H} NMR (100 MHz, CDCls): 6 = 52.5 (d, 2Jpc = 6.6Hz, CH3), 30.5
(d, 2Jpc =17 Hz), 29.5, 29.3, 29.1, 24.6 (d, 'Jpc = 140 Hz, P-CH>), 22.2 (d, J = 5.5 Hz),
SIP{'H} NMR (162 MHz, CDCls): § = 35.2 (89.8% assay).

[0049] ASPECTS

[0050] In a first aspect, the disclosure provides a process for preparing a compound of the

Formula (I)

HO—Q
\ o

P
o\ |
| [HZC%P—OH
OH 2 ||
0

OH

@,

wherein z is an integer of from 1 to 12, which comprises contacting a compound of the

Formula (A)
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H,G CH;
o\ o
HsC r~ O CHs
3 ~
o1\ | |
)\[HQC ﬁ—o
z
H4C CH, © > CHs
FsC (A),

with (1) trimethylsilylbromide or trimethylsilyl iodide, or (ii) trimethylsilyl chloride
and an alkali metal iodide or bromide; followed by treatment with a liquid comprising
water.
[0051] In a second aspect, the disclosure provides the process of the first aspect, wherein the
compound of the Formula (A) is reacted with trimethylsilyl bromide or trimethylsilyl iodide.
[0052] In a third aspect, the disclosure providces the process of the first aspect, wherein the
compound of the Formula (A) is reacted with (ii) trimethylsilyl chloride and an alkali metal
iodide or bromide.
[0053] In a fourth aspect, the disclosure provides the process of the third aspect, wherein an
alkali metal 10dide is utilized and is sodium iodide.
[0054] In a fifth aspect, the disclosure provides the process of the third aspect, wherein an
alkali metal iodide is utilized and is potassium iodide.
[0055] In a sixth aspect, the disclosure provides the process of any preceding aspect, wherein
the compound of Formula (I) contains less than about 1000 ppm of compounds of the formula
PO(OR)3.
[0056] In a seventh aspect, the disclosure provides the process of any preceding aspect,
wherein the compound of Formula (I) contains less than about 100 ppm of compounds of the
formula PO{OR)s.
[0057] In an eighth aspect, the disclosure provides the process of any preceding aspect,
further comprising the step of reacting the compound of the Formula (I) with an alkylating
compound of the formula HC(OR)s, wherein R is a

primary or secondary C1-Cs alkyl group, to form a compound of the Formula (II):

-9.
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RO—O
OR
\P4O o
o1\ |
| [HZC%P—OR
OR 2 ||
O (.

[0058] In a ninth aspect, the disclosure provides the process of the eighth aspect, wherein R is
chosen from methyl, ethyl, n-pentyl, n-octyl, and isopropyl.

[0059] In a tenth aspect, the disclosure provides the process of the eighth aspect, wherein z is
1 and R is methyl.

[0060] In an eleventh aspect, the disclosure provides the process of any of the eighth through
tenth aspects, wherein the compound of Formula (II) contains less than about 1000 ppm of
compounds of the formula PO(OR)s.

[0061] In a twelfth aspect, the disclosure provides the process of any of the eighth through
eleventh aspects, wherein the compound of Formula (II) contains less than about 100 ppm of
compounds of the formula PO(OR)s.

[0062] In a thirteenth aspect, the disclosure provides a compound of the Formula (I)

HO—O
\ o

P
o\ |
| [HZC]LP—OH
OH 2 ||
0

OH

@,

wherein z is an integer of from 1 to 12, prepared by the process of any of the first
through seventh aspects.

[0063] In a fourteenth aspect, the disclosure provides a compound of the Formula (I)

-10 -
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HO—O

OH
\P40 o
o\ 1 |
| [HZC%P—OH
OH 2 ||
O (0,

wherein z is an integer of from 1 to 12, and which contains less than about
1000 ppm of compounds of the formula PO(OR)s.
[0064] In a fifteenth aspect, the disclosure provides the compound of the fourteenth aspect
which contains less than about 100 ppm of compounds of the formula PO(OR)s.
[0065] In a sixteenth aspect, the disclosure provides the compound of the fourteenth aspect,
which contains less than about 10 ppm of compounds of the formula PO(OR)s.

[0066] In a seventeenth aspect, the disclosure provides a compound of the Formula (II):

RO—O
OR
\P4O o
o\ ; |
| lHQC%P—OR
OR z ||
O (II),

wherein R is a C;-Cs primary or secondary alkyl group, and which contains
less than about 1000 ppm of compounds of the formula PO(OR)s.
[0067] In an eighteenth aspect, the disclosure provides the compound of the seventeenth
aspect which contains less than about 100 ppm of compounds of the formula PO(OR)s.
[0068] In a nineteenth aspect, the disclosure provides the compound of the seventeenth
aspect, which contains less than about 10 ppm of compounds of the formula PO(OR)s.
[0069] Having thus described several illustrative embodiments of the present disclosure, those
of skill in the art will readily appreciate that yet other embodiments may be made and used

within the scope of the claims hereto attached. Numerous advantages of the disclosure

S11 -
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covered by this document have been set forth in the foregoing description. It will be
understood, however, that this disclosure is, in many respects, only illustrative. The
disclosure’s scope is, of course, defined in the language in which the appended claims are

expressed.

_12-
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What is claimed is:

1. A process comprising:

contacting a compound of the Formula (A)

HsC CH,
> A o

HsC \P¢ 0 CHj

3 -

o\ |
[ed—r—a
gl CH
HsC CH; © ¥
FsC (A),

with (1) trimethylsilylbromide or trimethylsilyl iodide, or (ii) trimethylsilyl chloride
and an alkali metal iodide or bromide to form a mixture; and
treating the mixture with a liquid comprising water, thereby forming a compound of

the Formula (I)

HO—Q
\ o

P
o\ ; |
| [Hzci—P—OH
OH 2|
0

OH

M,

wherein z is an integer of from 1 to 12.

2. The process of claim 1, wherein the compound of the Formula (A) is reacted with
trimethylsilyl bromide or trimethylsilyl iodide.

3. The process of claim 1, whercin the compound of the Formula (A) is rcacted with
trimethylsilyl chloride and an alkali metal iodide or bromide.

4. The process of claim 3, wherein an alkali metal iodide is utilized and is sodium iodide.

5. The process of claim 3, wherein an alkali metal iodide is utilized and is potassium

1odide.

13-
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6. The process of claim 1, wherein the compound of Formula (I) contains less than about
1000 ppm of compounds of the formula PO(OR)s.

7. The process of claim 6, wherein the compound of Formula (I) contains less than about
100 ppm of compounds of the formula PO(OR)s.

8. The process of claim 1, further comprising reacting the compound of Formula (I) with
an alkylating compound of the formula HC(OR )3, wherein R is a

primary or secondary C1-Cs alkyl group, to form a compound of the Formula (II):

RO—O
OR
\P¢O o
o |
| [HQC%P—OR
OR 2 ||
) am.

9. The process of claim 8, wherein R is chosen from methyl, ethyl, n-pentyl, n-octyl, and
isopropyl.

10. The process of claim 8, wherein z is 1 and R is methyl.

11. The process of claim 9, wherein z is 1 and R is methyl

12. The process of claim 8, wherein the compound of Formula (II) contains less than
about 1000 ppm of compounds of the formula PO(OR)s.

13. The process of claim 8, wherein the compound of Formula (II) contains less than
about 100 ppm of compounds of the formula PO(OR )s.

14. A compound of the Formula (I)

HO—O

OH
\P¢O o
o\ |
| [HZC]LP—OH
OH 2 ||
O .

wherein z is an integer of from 1 to 12, prepared by the process of claim 1.

S 14 -
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15. A compound of the Formula (I)

HO—O
OH
\P¢O o
o\ |
| [Hzci—P—OH
OH 2 ||
O .

wherein z is an integer of from 1 to 12, and which

contains less than about 1000 ppm of compounds of the formula PO(OR)s.
16. The compound of claim 15, wherein the compound contains less than about 100 ppm
of compounds of the formula PO(OR)s.
17. A compound of the Formula (II):

RO—O

OR
\P¢O o
o\ 7 |
| [HZC%P—OR
OR 2 ||
O (Im),

wherein R is a C;-Cg primary or secondary alkyl group, and which contains
less than about 1000 ppm of compounds of the formula PO(OR)s.
18. The compound of claim 17, wherein the compound contains less than about 100 ppm

of compounds of the formula PO(OR)3,

-15-



INTERNATIONAL SEARCH REPORT

International application No.

PCT/US2023/027133

A. CLASSIFICATION OF SUBJECT MATTER
CO7F 9/38(2006.01)i; CO7F 9/40(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

CO7F 9/38(2006.01); CO7F 9/6558(2006.01); CO7F 9/6561(2006.01)

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

trimethylsilyl halide, alkylating

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

eKOMPASS(KIPO internal), STN(Registry, Casreact, Caplus) & Keywords: diphosphonate compound, phosphonate esters,

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A pages 145, 146; scheme 1

A pages 2, 3; scheme 2

acid”, Tetrahedron, 2001, Vol. 57, No. 41, pp. 8637-8645
A the whole document

A the whole document

A the whole document

HUTCHINSON, D. W. et al., “Synthesis of alkylated methylene bisphosphonates via organothallium
intermediates”, Journal of organometallic chemistry, 1985, Vol. 291, No. 2, pp. 145-151

STEPINSKI, D. C. et al., “Facile high yielding synthesis of symmetric esters of methylenebisphosphonic

US 6534488 B1 (GIBSON, A. M. et al.) 18 March 2003 (2003-03-18)

US 2019-0169214 Al (BIOVINC, LLC et al.) 06 June 2019 (2019-06-06)

CHIMINAZZO, A. et al., “Challenging synthesis of bisphosphonate derivatives with reduced steric
hindrance”, Tetrahedron Letters, 2021, Vol. 70, Article No. 153012, pp. 1-4

D Further documents are listed in the continuation of Box C.

See patent family annex.

*  Special categories of cited documents:
«A” document defining the general state of the art which is not considered
to be of particular relevance
“p”  document cited by the applicant in the international application

«g» earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

«0” document referring to an oral disclosure, use, exhibition or other
means

«p>” document published prior to the international filing date but later than
the priority date claimed

wr

D&

wyr

g

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand the
principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search

Date of mailing of the international search report

35208, Republic of Korea
Facsimile No. +82-42-481-8578

27 October 2023 30 October 2023
Name and mailing address of the [SA/KR Authorized officer
Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Daejeon HEO, Joo Hyung

Telephone No. +82-42-481-5373

Form PCT/ISA/210 (second sheet) (July 2022)




INTERNATIONAL SEARCH REPORT International application No.
Information on patent family members

PCT/US2023/027133
. Patf‘/nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
uUs 6534488 Bl 18 March 2003 AU 6991400 A 19 February 2001
EP 1200451 Al 02 May 2002
JP 2003-506330 A 18 February 2003
WO 01-09146 Al 08 February 2001
uUs 2019-0169214 Al 06 June 2019 CA 3028343 Al 07 December 2017
CA 3105829 Al 16 January 2020
CN 110114366 A 09 August 2019
CN 112672787 A 16 April 2021
EP 3464307 Al 10 April 2019
EP 3464307 A4 22 January 2020
EP 3820565 Al 19 May 2021
EP 3820565 A4 06 April 2022
JP 2019-518792 A 04 July 2019
JP 2021-532087 A 25 November 2021
JP 2022-166008 A 01 November 2022
us 10865220 B2 15 December 2020
us 2021-0101920 A1l 08 April 2021
WO 2017-210611 Al 07 December 2017
WO 2020-014269 Al 16 January 2020
WO 2020-014269 A9 05 March 2020

Form PCT/ISA/210 (patent family annex) (July 2022)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - wo-search-report
	Page 18 - wo-search-report

