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IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF NEW JERSEY

MERCK & CO., INC.,

Plaintiff,
v. C.A. NO. 06-2484 (WHW)(MF)
TEVA PHARMACEUTICALS USA, INC.,

Defendants.

R i

FIRST AMENDED COMPLAINT FOR PATENT INFRINGEMENT

For its Complaint, Plaintiff Merck & Co., Inc. (“Merck™) alleges as follows:

1. This is a declaratory judgment action for a declaration that defendant Teva
Pharmaceuticals USA, Inc. (“Teva”) will infringe valid and enforceable claims of plaintiff Merck
& Co., Inc.’s (*Merck”) United States patents for processes for the manufacture of alendronate
sodium. The term alendronate sodium is used herein to refer both to alendronate and to
alendronate sodium, a salt of alendronate that is the commercial form of the drug. Alendronate

sodium 1s a medicinal drug compound.

PARTIES

2. Merck is incorporated under the laws of New Jersey with its principal place of

business at One Merck Drive, Whitehouse Station, New Jersey 08889,
3. On information and belief, Teva is incorporated under the laws of Delaware, with

its principal place of business at 650 Cathill Drive, Sellers, Pennsylvania,
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4. On information and belief, Teva is in the business of making and selling generic
drug products.
5. On information and belief, Teva owns and operates manufacturing facilities 1p

New Jersey.
6. On information and belief, Teva has submitted to the jurisdiction of the United

States District Court for the District of New Jersey.

7. On information and belief, Teva employs numerous people within New Jersey.
JURISDICTION AND VENUE
8. This action arises under the patent laws of the United States of America, Title 35,

United States Code and jurisdiction is founded on Title 28, United States Code §§ 1331, 1338,
2201, and 2202.

9. Venue is proper in this Court under Title 28, United States §§ 1391(c) and
1400(b), because Teva employs individuals in this judicial district and has offices and
manufacturing facilities in this judicial district and thus purposefully avails itself of the privilege

of conducting activities within New Jersey.

BACKGROUND

10. On May 1, 1990, United States Letters Patent No. 4,922,007 (the *“’007 patent”)

issued to inventors Gerard R. Kieczykowski, David G. Melillo, and Ronald B. Jobson, entitled

PROCESS FOR PREPARING 4-AMINO-1-HYDROXYBUTYLIDENE-1,1-

BISPHOSPHONIC ACID OR SALTS THEREOF. A copy of the '007 patent is attached as

Exhibit 1.
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11. On May 28, 1991, United States Letters Patent No. 5,019,651 (the “’651 patent™}
issued to inventor Gerard R. Kieczykowski, entitled PROCESS FOR PREPARING 4-AMINO-1-
HYDROXYBUTYLIDENE-1,1-BISPHOSPHONIC ACID (ABP) OR SALTS THEREOF. A
copy of the 651 patent is attached as Exhibit 2.

12. On April 23, 1996, United States Letters Patent No. 5,510,517 (the *’517 patent™)
issued to inventors Richard R. Dawer, Lisa DiMichele, Mauricio Futran, and Gerard R.
Kieczykowski, entitled PROCESS FOR PRODUCING N-AMINO-1-HYDROXY-
ALKYLIDENE-1,1-BISPHOSPHONIC ACIDS. A copy of the ’517 patent is attached as
Exhibit 3.

13. On July 15, 1997, United States Letters Patent No. 5,648,491 (the “’491 patent”)
issued to inventors Richard R. Dauer, Lisa DiMichele, Mauricio Futran, and Gerard R.
Kieczykowski, entitled PROCESS FOR PRODUCING N-AMINO-1-HYDROXY-ALKYL-
IDENE-1,1-BISPHOSPHONIC ACIDS. A copy of the 491 patent is attached as Exhibit 4.

14.  On August 13, 1991, United States Letters Patent No. 5,039,819 (the *’819
patent”) issued to inventor Gerard R. Kieczykowski, entitled DIPHOSPHONATE
INTERMEDIATE FOR PREPARING AN ANTIHYPERCALCEMIC AGENT. A copy of the
’819 patent is attached as Exhibit 5.

15.  On October 27, 1992, United States Letters Patent No. 5,159,108 (the “'108
patent™) issued to inventor Gerard R. Kieczykowski, entitled PROCESS FOR PREPARING AN
ANTIHYPERCALCEMIC AGENT. A copy of the *108 patent is attached as Exhibit 6.

16. Merck is the owner through assignment of the *007, *651, *517, ’491, "819, and
’108 patents. Merck is the holder of an approved New Drug Application (NDA 20-560) for
alendronate sodium tablets that are sold under its trademark FOSAMAX",

3
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17.  Alendronate is an extremely successful drug that is widely used in the United
States and throughout the world to treat osteoporosis and other bone diseases.

18. On information and belief, Defendant Teva has filed Abbreviated New Drug
Application (“ANDA™) No. 75-710 with the Food and Drug Administration (“FDA™), for tablets
containing 5 milligrams, 10 milligrams, 35 milligrams, 40 milligrams and 70 milligrams of
alendronate sodium.

19, On information and belief, Teva filed its ANDA for alendronate sodium tablets
because Teva seeks to enter the alendronate sodium market that FOSAMAX® pharmaceutical
products have created due to their benefits and advantages.

20. On information and belief, Merck s not aware of any proven commercially viable
process to manufacture alendronate sodium, or its active ingredient, alendronate monosodium
trihydrate, that is not covered by the processes claimed in the 007, 651, *517, °491, ’819, and/or
108 patents.

21. Merck made a reasonable effort to determine the process actually used in the
production of the alendronate sodium tablets that are the subject of Teva's ANDA prior to the
filing of its Original Complaint (Dkt. No. 1).

22. Specifically, May 22, 2006, Merck sent a letter to Teva’s representatives seeking
information about Teva’s process for preparing alendronate sodium. At the time Merck filed its
Original Complamt (Dkt. No. 1) in this case, Merck had received no substantive response to its
letter to Teva, and thus, pursuant to 35 U.S.C. § 295, the alendronate sodium tablets that are the
subject of Teva’s ANDA were presumed to have been made by one or more of the processes for
the manufacture of alendronate sodium patented under the *007, 651, '517, '491, ’819 and/or

108 patents.
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23.  On February 12, 2007, Teva provided Merck with information purportedly
disclosing the method of manufacture of the alendronate sodium that will be used in the
formulation of the alendronate sodium tablets that are the subject of Teva's ANDA No. 75-710.
Based on its initial review of the information provided by Teva, Merck believes that the process
for the manufacture of the alendronate sodium that will be used in the formulation of the
alendronate sodium tablets that are the subject of Teva’s ANDA No. 75-710 will infringe the
007 and 651 patents.

24. Should Merck learn, discover, and/or be informed that the disclosure provided by
Teva on February 12, 2007, is not accurate, real, and/or sufficient, Merck, regardiess of the state
of its infringement assertions as to the 007 and *651 patents, may reassert that Teva infringes the
517, 7491, *819 and/or 108 patents.

25.  Merck previously brought declaratory judgment action against Teva in the United
States District Court for the District of Delaware, C.A. No. 02-1377 (“the prior Teva litigation™),
for a declaration of infringement of the 007 and 651 patents. The prior Teva litigation was

voluntarily dismissed without prejudice on May 19, 2004.

COUNTI
26. Each of the preceding paragraphs 1-25 is incorporated as if fully set forth herein.
27. Teva has submitted ANDA No. 75-710 for alendronate sodium tablets in order to
obtain approval under the Federal Food, Drug and Cosmetic Act to engage in the commercial

manufacture, use, or sale of alendronate sodium drug products prepared using a process claimed

in the *007 patent, beforc the expiration of the *007 patent, thus infringing the 007 patent.
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28. A real, immediate and justiciable controversy exists with respect to Teva’s
anticipated future infringement of the *007 patent.

29.  This litigation constitutes a substantial and continuing controversy between
Merck and Teva. Based on Teva’s filing of ANDA No. 75-710, Teva will manufacture
alendronate sodium using one or more of Merck’s patented processes and enter the alendronate
sodium market. An imminent threat of injury to Merck exists because Teva’s actions will

infringe valid and enforceable claims of Merck’s *007 patent.

COUNT II

30.  Each of the preceding paragraphs 1-29 is incorporated as if fully set forth herein.

31. Teva has submitted ANDA No. 75-710 for alendronate sodium tablets in order to
obtain approval under the Federal Food, Drug and Cosmetic Act to engage in the commercial
manufacture, use, or sale of alendronate sodium drug products prepared using a process claimed
in the *651 patent, before the expiration of the *651 patent, thus infringing the *651 patent.

32. A real, immediate and justiciable controversy exists with respect to Teva’s
anticipated future infringement of the 651 patent.

33. This litigation constitutes a substantial and continuing controversy between
Merck and Teva. Based on Teva's filing of ANDA No. 75-710, Teva will manufacture
alendronate sodium using one or more of Merck’s patented processes and enter the alendronate

sodium market. An imminent threat of injury to Merck exists because Teva’s actions will

infringe valid and enforceable claims of Merck’s 651 patent.
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REQUESTED RELIEF

WHEREFORE, Plaintiftf MERCK respectfully secks the following relief:

a. That judgment be entercd that Defendant Teva’s manufacture, use,
importation, offer for sale and/or sale of alendronate sodium tablets that are the subject of
Defendant Teva’s ANDA will infringe the 007 and 651 patents;

b. That judgment be entered that the process by which the alendronate
sodium tablets that are the subject of Defendant Teva’s ANDA are made infringes the *007 and
’651 patents;

C. That a preliminary and permanent injunction be issued under 35 U.S.C.
§271(e) restraining or enjoining Defendant Teva, its officers, agents, or attorneys and employees,
and those acting in privity or in concert with them, from engaging in the commercial
manufacture, use, ofter to sell, or sale within the United States, or importation into the United
States, of any composition covered by either or both of the 007 and 651 patents, and any
corhposition made by a process covered by either or both of the 007 and *651 patents, for the
full term thereof;

d. That judgment be entered that Defendant Teva’s manufacture, use,

importation, offer for sale and/or sale of alendronate sodium tablets that are the subject of
Defendant Teva’s ANDA will be willful and deliberate infringement of the 007 and ’651
patents;

e. That this is an exceptional case under 35 U.S.C. § 285, and that judgment
be entered for costs and reasonable attorneys fees to be awarded to Merck; and;

f. That this Court award such other and further relief as the Court may deem

proper under the circumstances.
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Dated: June 13, 2007
Newark, New Jersey

Respectfully submitted,

GIBBONS P.C.

A Professional Corporation
One Gateway Center
Newark, New Jersey 07102
Phone: (973) 596-4637
Facsimile: (973) 639-6482

By: s/ Sheila F. McShane

OF COUNSEL:

Nicolas . Barzoukas

Suzy S. Harbison

Jason C. Abair

WEIL, GOTSHAL & MANGES, LLP
700 Louisiana, Suite 1600

Houston, Texas 77002
(713)546-5000

John F. Lynch

HOWREY, LLP

1111 Louisiana, 25th floor
Housten, TX 77002

(713) 787-1400

Paul D. Matukaitis

MERCK & CO., INC.

One Merck Drive

Whitehouse Station, NJ 08889-0100

Edward W. Murray
Gerard M. Devlin, Jr.
MERCK & CO., INC.

126 E. Lincoln Avenue
Rahway, NJ 07065-0907
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United States Patent 9
- Kieczykowski et al.,

[11; Patent Number; 4,922,007
[45) Date of Patent: May 1, 1990

(34

[75}

PROCESS FOR FPREPARING
4-AMINO-1-HYDROXYBUTYLIDENE-L,1-
BISPHOSPFHONIEC ACID OR SALTS
THEREOF

Inventors: Gerard R. Kieczykowski, Westfield;
David G, Melillo, Scotch Plains;
Ronald B, Jobson, East Brunswick,
all of N.J.

Agsignee: Merck & Co,, Inc., Rahway, N.J.
Appl. No.: 363,820
Filed: Jom, 9, 1989

Int, €15 CO7F 9/38

USs. Cl, 562/13

Field of Search 562/13
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ABSTRACT

A process for the preparation of 4-aminc-1-hydrox-
ybutylidene-1, 1-bisphosphonic acid or salts thereof

which comprises:

(a) reacting 4-aminobutyric acid with a mixture of
phosphorous acid and PCly in the presence of
methanesulfonic acid; and

(b} recovering said 4-amino-I-hydroxybutylidene-1,
1-bisphosphounic acid or salts thereof.

& Claims, No Drawings




4,922,007

1

PROCESS FOR PREPARING
4-AMINO-1-HYDROXYBUTYLIDENE-1,1-BIS-
PHOSFHONIC ACID OR SALTS THEREOF

BACKGROUND OF THE INVENTION

This invention relates to an improved process for
making 4-amino-1-hydroxybutytidene-1,1-bisphos-
phonic acid or salts thereof, where the end product is
obtained in particularly pure form and at high vields in
a one-pot pracedore.

It is known according to U.S. Pat, No. 4,407,761 to
prepare 4-amino-1-hydroxybutylidene-1,1-bisphos-
phonic acid by reacting an aminocarboxylic acid with a
phosphonating reactant and then hydrolyzing the reac-
tion mixture by addition of concentrated hydrochloric
acid with heating. Problems resuit from this reaction
whereby it does not remain homogeneous and local
solidification occurs. This solidificaiton causes vartable
yields, which in part results from the exothermic nature
of the reaction witk development of hot spots. Marever,
to make the sodium sait utilizing the prior art processes
required isolation of 4-amino-1-hydroxybutylidine-1,1-
bisphonic acid and an additional step to convert to the
monosodium salt.

The present invention solves there problems by al-
lowing the reaction to remain fluid and homogeneous
making commerical manufacturing possible, reducing
the number of process steps and providing a large im-
provement in isoiated yield of from abour 45-50% o
about 85-90%.

SUMMARY OF THE INVENTION

The present invention provides a process for the
preparation of 4-amino-l-hydroxybutylidene-1,1-bis-
phosphonic acid or salts thereof which comprises;

(2) reacting 4-aminobutyric acid with a mixture of
phosphorous acid and PCly in the presence of
methanesulfonic acid; and

(b} recovering said 4-amino-1-hydroxybutylidene-
1,1-bisphosphonic acid or saits thereof.

The reaction can be conducted, if desired, in the
presence of an inert organic diluent which does not
solubilize the reaction product and at a temperature of
from abour 45* C. to 125" C,, although this is not neces-
sary when methanesulfonic acid is vsed.

DETATLED DESCRIPTION OF THE
INVENTION

It has been found that pure crystallize 4-amino-1-
hydroxybutylidene-1,1-bisphosphonic acid or salts
thereof can surprisingly be obtained in high yields when
using the procedure of the invention. The invention
involves the reaction of an aminoalkane carboxylc acid
with phosphonating reactants in the presence of meth-
anesulfonic acid and recovering 4-amino- 1-hyroxyutyli-
dene-1,1-bisphosphonic acid or salts thereof. The com-
peound is crystallized directly from the reaction mixture
in about 90% yield after quenching, hydrolysis, and pH
adjustment 10 about 4.3 with no further purification
necessary.

The aminoalkane carboxylic acids which can be ased
is 4-aminobutyric acid. The phosphonylation reaction
generally takes place at temperatures of from 45° two
125° C., preferably at about 65° C.

Preferably 1 to 2, particularly 1.5 moles of H3PO3and
i to L5, particularly 2.4 mols of PCl3 are used per mol
of aminocarboxylic acid. If desired, inert organic dilu-

0
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ents, which do not solublize the reaction product, par-
ticularly hexane or chlorinated hydrocarbons, such as
chlorcbenzene, tetrachloroethane, tetrachloroethylene
and trichloroethylene can be used in the reaction. It is
not necessary to use a diluent when methanesulfonic
acid is used in the reaction.

In general, the hydrolysis is completed after about 3
hours boiling under reflux, as iz shown by the chro-
matographic test of the reactin solution.

The reaction is schematically represented as follows:

(1) PCL/H:PO3/
CHaSO0:H
HaNCH>CHCH2CO:H O H0
(3) NADH
CyHgNO;
MW 103.12
[x] OH
al
P—0Na

+
H;N-CH;-CH;—CH;—-?—OHJH:D :

pP—0-
7\
0 oH

CaH 1) NNalyP1. 3H0
MW 325.13

4-amino-1-hydroxybutylidene-1,1-bisphosphonic acid
monosodium salt trihydeate described here is nseful as a
pharmaceutical composition and for the treatment or
prevention of diseases involving bone resorption. Such
diseases as hypercalcemia of malignancy, Paget's dis-
ease, and osteoporosis are advantageously treated with
4-amino-1-hydroxybutylidene-1,1-bisphosphonic  acid
monosodium salt trihydrate made according to the pro-
cess of the present invention.

Other pharmaceutically acceptable salts, such as for
example the caleium, potassium salis, can be prepared
sccording to the processes of the present invention and
are included within the scope thereof.

The following examples are illustrative of the prac-
tice of the invention without being limiting in any way.
EXAMPLE |
Preparation of
4-amino- 1-hydroxybutylidene- 1,1-bisphosphonic acid
monosodium salt trihydrate

A 250 mL flask was fitted with a mechanical stirrer,
a thermcouple, an additton funnel and a reflux con-

denser through which is circulated —20° C. brine. The
system was connected {0 a canstic scrubber which

places a back pressure of 7-10 psi on the system. The .

system was flushed with nitrogen and charged with 20
£ (0.19 mol) of aminobutyric acid, 80 mI, of methanesuol-
fonic acid, and 24 g (0.29 mol) of phosphorous acid. For
larger scale operations, the methanesulfonic acid can be

charged first, followed by the 4-aminobutyric acid and

phosphorus acid. Upon mixing, the heat of nentraliza-
tion and solution increased the reaction temperature to
75° C. The suspension was aged for 15 minutes at
70°-75" C. resuiting in clear colorless solution. The
solution was cooled to 35° C. and phosphorus trichlo-
tide (PCl3), 40 mL (0.46 mol) was added cautionsiy
over 20 minutes. The reaction was then heated to 65° C.
and aged at that temperature for 20 hours. The reaction
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should not be aflowed to get much above 65° C. The
reaction becomes self-heating above 85° C. and under
adiabatic conditions the temperature will increase stead-
ily. At about 150 degrees an exotherm accompanied by
a large pressure release occurs. It is therefore recom-
mended that the reaction be immediately quenched into
cold water if the temperature reaches 85° C. The reac-
tion was then cooled 10 25° C. and added to 200 mL. of
deionized water over 5 minutes. The flask was rinsed
with an additional 100 mL of water and the combined
solution aged at 95°-100° C. for 5 hours. The reaction
was cooled to 20° C. and maintained at 20°-25° C. while
the pH was adjusted to 4.3 with ca. 80 mL of 50%
NaOH. The resulting white suspension was then cooled
10 0°-5" C, and aged for 1 hour. The pH was readjusted
to 4.3 if necessary and the suspension aged at 0°-5" C.
for an additional 2 bours. The product was collected by
filtration, then washed with 2 X 50 mL of cold (0°-5° C.)
water and 100 mL. of 95% EtOH. The yield after air
drying at 40° C, to constant weight was 56.4 g (90%).

EXAMPLE 2
Analysis of
4-amino-1-hydroxybutylidene-1,1-bisphosphonic acid
monosodium sait trihydrate
The reaction product of Example 1 was analysed
with the results as follows:

25

Tests Results 30
color,form,appearance fne white free flowing
. crystalline powder
Particle size 10-100p, average <50
Metlting point inserted at 245, starts
to melt at 257,
decomposes at 262.5 35
Asgeay (NaQH
titration} 99.7%
Assay (complexomettic
tritration) 90949,
HPLC 99.5%
Karl Fisher 16.6% (theory 16.6%) 44
Loss on drying 16,79
GC-residual ethane] <001%
TLC for other acigs <001% (not detected)
Heavy metals <20 ppm
pH of 0.58; HzO salution 4,38
IR conforms 45
X-ray confarms
Flame test for Na conforms
Microchemical analysis
Theary Found
Carbon 14.77 14.67 50
Hydrogen 5.54 5.58
Mitrogen 431 4.22
Sodium* T.08 T00
Phosphortus 19.08 19,00
Residual chloride < 0.0%
"Determined by AA, 55
EXAMPLE 3
Preparation of
4-amino-1-hydroxybutylidene-1,1-bisphosphonic acid

To isolate the bhisphosphonic acid, the pH was ad-
justed to 1.8 rather than 4.32 as follows: The reaction

a5

4

was cooled to 20 degrees C. and maintained at 20-25
degrees C. while the pH was adjusted ro 1.0 with about
30 mL of 50% NaOH. The resuliing white suspension
was then cooled to (-3 degrees C. and aged for 1 hour.
The pH was adjusted to 1.8 and the suspension aged at
(-5 degrees C. for an additional 2 hours. The product
was collected by filtration and wasked with 100 mL of
20.degrees C. deionized water, then air dried at 40 de-
grees C, yielding 44.0 g (869 yield) of white crystalline
product.

EXAMPLE 4

Analysis of
4-amino-1-hydroxybutylidene-1,1-bisphosphonic acid

The reaction product of Example 3 was analysed
with the results as follows:

Tests Results
Colar,form,appearance Clesam, crystalline, white
powder
NaOH titration 99.5%
Complexometric Htration 99357
Loss on drying 6.79% (theory 6.14)
pH of 0.5% sclution 2.15%
Miccrochemical analysis
CaFi3NCHPz H1O
Theory Found
Caron 17.97 17.84
Hydrogen 5.62 5.55
Nitrogen 5.24 516
Sodiom* — Q5
Phosphorous 2321 23.02

“By aromic nbsorbrien spectroseopy. The other eiements are determined by com.
bustion anaiysis.

The preceding specific embodiments are illustrative
of the practice of the invention. It is to be understood,
however, that other expedients known to those skilled
in the art or disclosed hercin, may be emploved without
departing from the spirit of the invention or the scope of
the appended claims.

What is claimed is:

1. A process for the preparation of 4-amino-1-hydrox-
ybutylidene-1,1-bisphosphonic acid or salts thereof
which comprises;

(a) reacting d-amincbutyric acid with a mixture of
phosphorous acid and PCl; in the presence of
methanesulfonic acid; and

{b) recovering said 4-amino-1-hydroxybutylidene-
1,1-bisphasphonic acid or salts thereof.

2. The process of claim 1 wherein said reaction is

conducted at a temperature of from 45" C. to 125" .

3. The process of claim 2 wherein said reaction is

conducted at a temperature of about §5° C.

4. The process of claim 3 wherein sufficient sodium
hydroxide is added to the reaction mixture and 4amino-
1-hydroxybutylidene-1,1-bisphosphenic acid monoso-
dium sait trihydrate is recovered.

5. The process of claim 3 wherein 4-amino-1-hydrox-

vbutylidene- 1, I-bisphosphonic acid is recovered.
L L L - L]
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[57] ABSTRACT

An improved process is described for the preparation of
4-amino-1-hydroxybutylidené-1,1-bisophosphonic  acid
(ABP) or salts thereof which comprises:

{a) reacting #-aminobutyric acid with a mizture of
phosphorous acid and PCl3 in the presence of
methanesulfonic acid;

(b) contacting the mixture from Step (2) with an aque-
ous hydrolysis mixture, wherein the pH is main-
tained in the range of 4 to 10 during the contacting;
and

(c) recovering said 4-amino- l-hydroxybutylidene-1,1-
bisphosphonic acid or salts thereof.

10 Claims, No Drawings
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PROCESS FOR PREPARING
4AMINO-1-HYDROXYBUTYLIDENE-1,1-BIS-
PHOSPHONIC ACID (ABP) OR SALTS THEREOF

BACKGROUND OF THE INVENTION

This invention relates to an improved procens for
making 4-aminc-]-hydroxybutylidene-1,1-bisphos-
phonic acid {ABP) or salts thereof, where the end prod-
uct is obtained in pure form and high yield, and which

10

avoids the use of a strongly-acidic hydrolysis medium.

It is known according to U.S. Pat. No. 4,407,761 to
Henkel Kommanditgesellschaft to prepare 4-amino-1-
hydroxy-butylidene-1,1-bisphosphenic acid by bisphos-
ponating an aminocarboxylic acid with phosphonating
reactants and then quenching the reaction mixture by
addition of a strong non-oxidizing acid, preferably con-
centrated hydrochloric acid, with heating, to hydrolyze
the formed phosphorous intermediates to final product.
However, problems result from this reaction because
the bisphosphonation reaction mixture does not remain
homogeneous and local solidification occurs. This solid-
ification causes variable yields, which in part results
from the exothermic nature of the reaction due to the
deveiopment of “hot spots”. Moreover, to make the
sodium salt, utilizing the prior art processes, requires
isolation of 4-amino-1-hydroxybutylidene-1,1-bisphos-
phonic acid and an additional step to convert this to the
monosodium salt. Further, the use of concentrated hy-
drochloric acid in the quench, whose fumes present an
environmental problem, is also required.

Furthermore, U.S. Pat. No. 4,922,007 to G. R. Kiec-
zykowski, et al. (assigned to Merck & Co., Inc.} dis-
closes the use of methanesulfonic acid to overcome the
non-homogeneity and solidification problems associ-
ated with the bisphosphonation phase; but utilizes a
non-pH controlled water quench which leads to the
presence of a strongly acidic and corrosive hydrolysis
mixture which requires the use of expensive glass reac-
tion vessels with their inherent pressure limitations.

The present invention solves these problems by the
use of methanesulfonic acid to allow the bisphosphona-
tion reaction to remain fluid and homogeneous, and
using a pH-controlled aqueous quench in the range of 4
to 10, followed by hydrolysis, which eliminates the
need for concentrated hydrochioric acid in the quench.
The present invention also eliminates the need to handle
a corrosive acidic product hydrolysis mixture, such that
stainless steel hydroliysis equipment rather than glass
equipment can be utilized. Glass equipment has inherent
pressure limitations not px d by stainless steel. This
is a big advantage in the instant process since it has been
found that, by conducting the hydrolysis under pres-
sure, the hydrolysis rate can be significantly increased.

It has been found that, in the quench, a pH above 10
leads to lower yields due to formed intermediates which
resist hydrolysis, and a pH below # leads to much
longer hydrolysis times. Further, it has been found that
ABP is unstable at a pH above 8, thus limiting the reac-
tion times and hydrolysis times at higher pHs.'

'SUMMARY OF THE INVENTION
By this invention, there is provided a process for the

preparation of 4-amino-1-hydrozy-butylidene-1,1-bis-
phosphonic acid or salts thereof which comprises:

20

2
{a) reacting 4-aminobutyric acid with a mixture of
phosphorous acid and PCl; in the presence of
methanesulfonic acid; :
{b) contacting the resulting mixture from Step (2)
with an aqueous hydrolysis mixture, wherein the
pH is maintained in the range of 4 to 10 during the
contacting; and

(c) recovering said 4-amino-1-hydroxybutyl-idene-

1,1-bisphosphonic acid or salts thereof.

The reaction can further be conducted by controlling
the pH during the aqueous quench in a parrow range,
i.e. 6-8, maintaining the temperature between 0°-20° C,,
and then heating the hydrolysis mixture at 50° C. - re-
flux, or under pressure for a sufficiant time to insure
complete hydrolysis to the titled product.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention process provides pure erystal-
lized 4-smino-1-hydroxybutylidene-1,1-bisphosphonic
acid, or salts thereof, which can surprisingly be ob-
tained in high yields. The invention involves the bis-
phosphonation of an sminoalkane carboxylic acid with
phosphonating reactants in the presence of methanesul-
fonic acid, quenching the reaction mixture with an

~ aqueous hydrolysis mixture, maintaining the pH at 4 to

15

40

63

10, hydrolyzing the phosphorus intermediates, formed
in the quench procedure, and recovering 4-amino-1-

- hydroxybutylidene-1,1-bisphosphonic acid or salts

thereaf. The compound can be crystallized directly
from the reaction mixture in about %)% yield afier the
pH controlled hydrolysis, and pH adjustment to about
4.3 with no further purification necessary.

The aminoalkane carboxylic acids which can be used
is 4aminobutyric acid. The bisphosphonation resction
generally takes place at temperatures of from 45" w
125° C., preferably at abour 65° C.

Generally 1 to 3, preferably 2.0 moles of H3PO3 and
generally 1 to 5.0, preferably 4.0 mois of PCl; are used
per mol of aminocarboxylic acid. Smaller amounts of
4-aminobutyric acid can be used which limits the forma-
tion of ABP dimers and decreases the necessary hydro-
lysis times. If desired, inert organic diluents, which do
not solubilize the reaction product, particularly helped
or chlorinated hydrocarbons, such as chlorobenzene,
tetrachloroethane, tetrachloroethylene and trichloro-
ethylene can be used in the reaction with methanesul-
fonic acid.

Following the reaction to form the product, the reac-
tion is quenched, i.e. drowned into an aqueous hydroly-
sis mixture, The conditions of the quench are such that
pH is controllied in the range of pH 4 10 10, and prefera-
bly the pH is controlled in a narrow pH region, i.c. 6-8.
By controlling the pH in this manner, it has been found
that the yield of ABP can be maximized.

The aqueous hydrolysis mixture can contain basic or
acidic materials or buffering agents.

Representative examples include sodium, potassium
and lithium hydroxides, carbonates, bicarbonates, dihy-
drogen phosphates, hydrogen phosphates, borates, oxa-
lates, tartrates, phthalates, phosphorous acid salts, and
the like, and mixtures thereof.

Preferred is where the hydrolysis mixture is 2 buff-
ered solution, preferrably a phosphate or bicarbonate
buffered solution in the range pH 6-8.

The pH of the resulting quench mixture can also be
controlled during the hydrolysis drown by the simulta-
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necus addition of a basic reagent, ¢.g. sodium hydrox-
ide.

The temperature of the quench is carried out in the
range of 0°-90° C,, and preferably 0*-20° C.

The required time of the queach drowning procedure
will vary according to the volumes used.

Following the pH-controiled, temperature-con-
trolisd quench, the resulting mixture is stirred and
beated in the tempernture range of 50° C. to reflux and
preferably at the reflux temperature of about 105°-110°
C. to complete and inaure complete hydrolysis.

The volume ratio of the reaction mixture from the
phosphonation Step (8} to the volume of the agueous
hydrolysis mixture in the quench Step (b) is about 1 to
5.

Alternatively, the hydrolysis mixture can be partially
concentrated to about haif the original volume, by dis-
tillation at stmospheric or reduced pressure, diluted
with water to about the original volume and then re-
fluxed. This procedure substantially reduces the hydro-
lysis time.

As a further alternative, the hydrolysis mixture can
be heated at 110°-~165" C. in a closed vessel under pres-
sure. This also substantially reduces the hydrolysis
times,

It should be noted that s pH above about 7-8, the
product ABP starts to undergo degradation with resul-
tant yield loss, and thus preferably the desired hydroly-
sis workup procedure should be carried out in the pH
range 6-8.

The reaction is schematically represented as follows:

(1) PCly/HaPOy/
H;NCHzCH;CHCOH CH1SOH
INCHICHICHCOH o~ = o107
(3) NaOH
CaHgNDy
MW 103,12
0. OH
v
P=0Na
+
H;N—CH;—CH;—CH;—?—OH.JHJO
IP:O_
o OH
CoH | s NNa0 P2, 3H 0
MW 325.13

4-amino-1-hydroxybutylidens-1,1-bisphosphonic acid
monosadiuim salt trihydrate described here is useful as &
pharmaceutical composition and for the treatment or
prevention of diseases involving bone resorption. Such
discuses as hypercalcemis of malignancy, Paget's dis-
ease, and osteoporosis are advantageously treated with
4-ymino-1-bydroxybutylidene-1,1-bisphosphonic  acid
monosodium salt trihydrate made according to the pro-
cess of the present invention.

Other pharmaceutically acceptable salia, such as for
example the calcium, potassium salts, can be prepared
according to the processes of the present invention and
sre included within the scope thereof,

The following examples are illustrative of the prac-
tice of the invention without being limiting in any way.

5
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EXAMPLE 1
Non-pH-Controlled Hydrolysis

Preparation of
4-amino-1-hydroxybutylidene-1,1-bisphosphonic acid
monosodium salt trihydrate

Bisphosphonation Reaction Phase

A 250 mL flask was fitted with a mechanical stirrer,
a thermocouple, an addition funnel and & reflux con-
denser through which is circulated —20° C. brine. The
system was connectsd to a caustic scrubber which
piaces » back pressure of 0.5-1 psig on the system. The
system was flushed with nitrogen and charged with 20
g (0.15 mol} of amincbutyric acid, 80 mL of methanesul-
fonic acid, and 24 g (0.29 mol) of phosphorous acid. For
larger scale operations, the methanesulfonic acid can be
charged first, followed by the 4-aminobutyric acid and
phosphorous acid. Upon mixing, the heat of neutraliza-
tion and solution increased the reaction temperature to
75" C. The suspension was aged for 15 minutes at
70*-7%* C. resulting in a clear colorless solution. The
solution was cooled to 35° C. and phosphorus trichio-
tide (PCly), 40 mL (0.46 mol) was added cautiously
over 20 minutes. The reaction was then heated to 65* C.
and aged st that temperature for 20 hours. The reaction
should not be allowed to get much above 65° C. The
reaction becomes scif-heating above 85" C. and under
adiabatic conditions the temperature will increase stead-
ily, At about 150 degrees an exotherm accompanied by
a large pressure release occurs. It is therefore recom-
mended that the reaction be immediately quenched into
cold water if the temperature reaches 85* C.

Quench; Hydrolysis

The reaction was then cooled to 25° C. and added to
200 mL of deicnized water over 5 minutes. The flask
was rinsed with an additional 100 mL of water and the
combined strongiy-acid solution (pH less than zero)
aged at 95°-100° C. for 5 hours. The reaction was
cooled to 20° C. and maintained at 20°-25" C. while the
pH was adjusted to 4.3 with ca. 80 mL of 50% NaOH.
The resulting white suspension was then cooled to 0°-5°
C. and aged for 1 hour. The pH was readjusted to 4.3 if
necessary and the suspension aged at 0°-5* C. for an
additional 2 hours. The product was collected by filtra-
tion, then washed with 2x50 mL of coid {0°-5° C.)
water and 100 mL of 95% EtOH. The yield after air
drving at 40°* C. to constant weight was 56.4 g (50%).

EXAMPLE 2
Use of pH-Controlled Hydrolysis

4-aminobutyric acid: 20 g
methanesulfonic acid: 160 ml
phosphorous acid: 32 g
phosphorus trichloride: 80 ml
Bisphosphonation Reaction Phase
The above reagenis were mixed and heated at 65° C.
for 5 hours analogously according to the procedure of

%0 Example .-

65

Quench; Hydrolysis

The reaction mixture was quenched over 35 minutes
by adding dropwise to a sclution of 10 g Na;HPO4 in
one liter of water, at pH=7.0. The pH of the quench
was maintained between 6.0 and 7.0 by simultaneously
adding 25% sodium hydroxide and maintained below
25* C. by cooling with ice. Once the quench was com-
plete, the pH was adjusted to 7.0 and the solution con-
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centrated 10 1080 ml by atmospheric distillation
(100°-104* C.) over 3 hours. At this point, the reaction
was subdivided into 2 parts, A and B.

A, being 630 ml, was concentrated further to 450 m)
after adjusting the pH to 4.3, The solution was aged
overnight st ambient temperature during which time
the product crystallized. ‘The suspension was aged at 0*
C. for 2 hours then filtered, washed with 100 ml of coid
water, 100 ml of 1:1 water/ethanol, and 100 ml of 1009
ethanol and dried, yielding 20.5 g (56% yield).

B, being 430 ml, was treated by refluxing an addi-
tional 16 hours before adjusting the pH to 4.3 and con.
centrating to 300 ml. The product was isolated as above
providing 16.5 g. (63% yield) of ABP.

This Exampie {llnstrates that the above bisphospho-
nation reaction, in conjunction with a buffered quench,
minimized the ABP dimers and phosphonates which are
mere difficult to hydrolyze, thus reducing the required
bydrolysis times. '

EXAMPLE 3

4-aminobutyric acid: 60 g
methanesulfonic acid: 240 ml
phosphorous acid: 48 g
phosphorus trichloride: 120 ml

Bisphosphonation

The reaction was run analogously using the proce-
dure described in Example 1 (65° C. overnight) with the
above quantity of reagents. The total reaction volume
was 430 ml. The reaction was subdivided into aliguots
prior to quenching. '

Quench; Hydrolysis

Aliquots were quenched into 100 m] of water while
simultaneously adding 20% sodium hydroxide to main-
tain a pH of 6-10. The pH was adjusted to different
values between 4-10 and the reaction refluxed for an
appropriate amount of time to produce and isolate prod-
uct {see below). The pH was then adjusted to 7 and the
solution filtered. The pH was then adjusted to 4.3 and
the solution aged overnight during which time the
product crystallized. The suspension was then aged at
0" C. for 2 hours and filtered. The cake was washed
with water then ethanol and dried.

Aliquot pH Time Reflured' Yield
50 m! 1 1 day 56 (M%)
46 ml 10 2 diyn 114 g (56%:)
10 mi 9 2 days 50 g {54%)
2iml ] & dayy 63 g (66%)
20 ml ? 10 days 66 g (729%)
2l ml 7 10 days 7.1 g ()P
2lml 7 5 days 0 g (75%)°
2{ 7 42 hryt 245 [65%)
2 mi [ 11 days 68 g (T4}
mi 5 days? g ( %)
ml 4 days’ £ 0 %)

3
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6
-continued
Aliquat pH Time Refluxed! Yield
ml 3 days® gE{ %)

"Temperature batween (05-110° C. s | semosphere.

Used am wqual volume of ethunol in the crystadlisasion.

?Partially coscentrated by sasupheric disllation to sbout half the volue, dil uted
with an squal volume of water and then refluned,

“After quenching, refluasd &t 340° €. in 3 chosed pressurs vesl,

Lafier 12 duys, the bydroiys e by phosphora MME. The pH
=5 and pH = 4 ions indicated i plate kydrolyss mi The pK = 3

o indicated Incomphete hydrotyms mi and significantiy longer hydroiysa
rimes projacuad foc its completion,

This Example illustrates that the product can be
quenched and hydrolyzed under neutral and basic con-
ditions in good yieid, but that at the higher pH values,
the yields are lower due 1o competing degradation of
the product.

What is claimed is:

1. A process for the preparation of 4-amino-1-hydroz-
ybutylidene-1,1-bisphosphonic acid or salts thereof
which comprises:

() reacting 4-aminobutyric acid with a mixture of
phosphorous acid and PCl; in the presence of
methanesulfonic acid;

{b) contacting the resulting mixture from Step (a)
with an aqueous hydrolysis mixture, wherein the
pH is maintained the range at 4 to 10 during the
contacting; and

{c) recovering said 4-amino-1-hydroxybutylidene-1,1-
bisphosphonic acid or salts thereof.

2. The process of claim 1 wherein the pH is main-

tained in Step (b) in the range of 6-8.

3. The process of claim 1 further comprising step
{b-2), heating said resulting mixture from Step (b) in the
range of 50° C. to the boiling point.

4. The process of claim 1 wherein said Step (b} is
conducted at a temperature of from 0" C. t0 90" C.

5. The process of claim 4 wherein said temperature is
0*-20° C.

6. The process of claim 1 wherein said agueous hy-
drolysis mixture in Step (b) is a phosphate buffer.

7. The process of claim 6 wherein said buffer com-
prises monosodium dihydrogen phosphate and diso-
dium monohydrogen phosphate.

8. The process of claim 1 whersin 4-amino-1-hydrox-
ybutylidene-1,1-bisphosphonic acid monosodium salt
trihydrate is recovered.

9. The process of claim 1 wherein #amino-1-hydrox-
ybutylidene-1,1-bisphosphonic acid is recovered.

18. A process for the preparation of 4-amino-1-
hydrexybutylidene-1,1.bisphosphonic  acid or salts
thereof which comprises:

(@) reacting 4-aminobutyric acid with a mixture of
phosphorous acid and PCly in the presence of
methanesulfonic acid at a temperature of about 65°
C,;

(b) contacting the resplting mixture from Step (a)
with an aqueous phosphate buffer at a temperature
in the range of 0'-20' C., and maintaining the pH

. between 6-8 during the contacting;

(b-2) heating the resulting mixture from Step (b) at
the beiling point; and .

(c) recovering said 4-amino-1-hydroxybutylidene-1,1-

bisphosphonic acid or salts thereof.
» - » [ ] [ 3
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PROCESS FOR PRODUCING
N-AMINQ-I-HEYDROXY-ALKYLIDENE-1,1-
BISPHOSFHONIC ACIDS

BACKGROUND OF THE INVENTION

This application i3 a continuation-in-part of 1J.S. patent
application Ser. No. 08/239,640, filed May 9, 1994 now
abandoned, which is 4 eentinuation of U.S. patent applica-
tion Ser. No, 08/111,751, filed Aug. 25, 1993, now aban-
doncd.

This invention relates to a process for continuously pro-
ducing alkyipyrophosphonates, alkylpyrophosphates and
multimers thereof and in particular for producing 4-amino-
1-hydroxybutylidene-1,1-bisphosphonic acid and sahis
thereof, where the end product is obtained in particularly
pure form and at high yields in & continuous reaction.

It is known according to U.S. Pat. No. 4,407,761 w©
Henkel Kommanditgesellschaft to prepare 4-amino-1 -hy-
droxybutylidene-1,1-bisphosphonic acid with phosphonat-
ing reactants and then quenching the reaction mixture by the
addition of a strong non-oxidizing agent, preferably concen-
trated hydrochloric acid, with heating, to hydrolyze the
formed phosphorous intermediates to final product. How-
ever, (his phosphonation reaction does not remain homoge-
neous, thereby producing heterogeneous solidification of the
reaction mixiure. This solidification cavses variable yields
and leads to the development of “hot spots” which in part
result from the exothermic nature of the reaction. Moreover,
to make the sodium salt, using the prior art processes,
requires isolation of 4-amino-1-hydroxybutylidene-1,1-bis-
phesphonic acid and an addidonat step to convert this to the
monosodium salt, Further, the use of concentrated hydro-
chloric acid in the quench, whese fumes present an envi-
ronmental problem, is also required.

U.S. Pat. No. 4,922,007 to G. R. Kieczykowski, et al.,
(assipned to Merck & Co., Inc,) discioses the use of meth-
anesulfonic acid to overcome the non-homogeneity and
solidification problems associated with the formation of
intermediates during the bisphosphonation phase. However,
this process utilizes a non-pH controlled water quench that
leads 1o the presence of a strongly acidic and corrosive
hydrolysis mixiure which requires specialized equipment.

U.S. Pat. No. 5,019,651 w G. R. Kieczykowski, =t al.,
(assigned to Merck & Co., Inc.), discloses using a pH
controlled gquench step in the range of 4 to 10, followed by
hydrolysis, thal eliminales the concentrated hydrochloric
acid formed in the quench step and the need to handle a
corrosive acidic produet hydrolysis mixture.

Prior methods teach the requirement that the reaction be
completed at temperatures above the boiling peint of PCl,,
for instance 90° C. However, this temperature is known to
be in the adiabaric seti-heat range that is an unsafe operating
range as batch volumes increasc and available cooling
capacity decreases. ln addition, control of stoichiomeiric
ratio is important to achieving useful intermediates. How-
ever, control of stoichiometric ratios at constant tempera-
ture, typically 80° ., is impossible using prior batch meth-
ods because stoichiometric quamitics of PCl, may only be
added at sub reflux temperatures. For example, in U.S. Pat.
Ne. 5,019,65 1, stoichiometric ratios were achieved by usc
of temperature programming whereby ihe stoichiometric
amount of PCl; could be added at sub-reflux temperatures.
Aliernatively, in U.S. Pat. No. 4,407,761, PCl; was added
slowly -at isothermal reaction temperaiures above PCL,'s
boiling point, Thus, it is desirable to contrel both stoichi-

2

ometry and reaction lemperature at the same time o provide

consistent distribution of useful intermediates and to ensure

a safe operating environment The prior baich modes of

operation made control of stoichiometric ratios impossible
5 while maintaining a constant temperaturc,

The present invention solves both of these problems
through operation of the reaction in a continuous stirred tank
reactor thal allows greater heat transfer for temperature
enntrol while maintaining constant stoichiometrie ratios of

10 reactants. The more favorable surface to volume ratio of the
present invention aliows greater heat tramsfer for tlempera-
ture control. Further, continuous stcady operation results in
fixed ratios of products and intermediates in a small con-
trollable environment by controlling both reaction tempera-

15 ture and stoichiometric ratio at all times, The smaller react-
ing mixture reduces severity of an pnexpected thermal event
and aliows the entire reacling mixiure to be quenched.

SUMMARY OF THE INVENTION

By this invention, there is provided a process for the
continuous preparation of compounds of the strucrural For-
mula I

20

75 Z—R,

I

wherein Z is selected from the group consisting of:
a) HoN—C,_.alkyl—;
b)

35 |

wherein R*— is C,_,alkyl, and Y is selected from
40 (i) hydrogen;
(ii) C,;_salkyl;
(iil) R°O;
{iv) RSS;
a5 (V) R°R°N;
{vi) halogen;
R%is H or C,_.alkyl; and
¢) C, galkyl -(N—CH;)C;H,—: and R, is a member
selected from the group consisting of:

50
Q X 1]
\/ )
P—0 H
N/ N/
C P and
s /N N
HO P—i 0
7\
0 X
O X B}
N
a0 (Xp—P P—0
o—p P—{X}
/N B
X 1]

65
wherein X is OH or Cl. This invention aiso provides a
process for the continuous production of intermediale com-
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c) hydrolyzing the overflow mixturc containing the com-
pounds of Formula II to produce the compounds of

0\\ /O'M' NA . Formula I; and
z P—0 0 d) recovery of the products of Formula II and salts
N/ NA 5 thereof.
A It is noted that all possible hydrated forms are contem-
HO P—0 H plated by this invention. For compounds of Fermula ITTR, a
V2N trihydrate is a preferred embodiment.
o oH In 2 preferred emboddiment, the compound is of the
0 0 B 10 Formula la, Z—R, wherein Z is group a) H,N—C, .alkyl.
N/ Preferred intermediate compounds of the Formula Ia
z\ /P_o\ //0 include compounds of the Formulas 1a(i) and Ha(ii);
/ N / \ 0 CoM® (i)
HO //P\O 5 A WA
o \ / \ //
o\ o 1ic / \ / \
Z \P£0 o // \
\ SN / P
/ \ / \ 0 o b
/ \ ? \\ / 0
\ / \ //
wherein Z is deﬁned as above, and M is a monovalent, 25 Ve \ / \
divalent or trivalenl cation such as Na*, K¥, Ca*, Mg®". It HO // \

shouid be noted that all ionic forms of these intermediate
compounds are encompassed by this inventien. This inven-

tion further includes a process for the continuous production

wherein R? is CZ__saJkyl substituted with a terminal amine or
a prolonated terminal amine.

of compounds of Formula ITA, TB, and IIC * " Inis invention preferably includes a process for the
A continuous production of compounds of the Formula Iafi),
\ / Mladi}, and Mla(iii).
z P—OH
NS o OH Magi
c and 38 N/
SN R? P—OH
HO P=0 N/
Ve \ c and
HO od RN
o OH mB HO /Pfo
\\P/ 40 HO OH
| o Mlafii)
ONa X/
Z—C—0OH P
1|= —OH and |\DN
45 2
/4N Ri—C—OH
0 OH !
o oH c //P<0Hnnd
T
\\P/ o ‘“oH
50 o oH Wlatiii)
J ONa \ /
Z—(r:-—OH F
P—ONa { ONa
AN R2—C—0H
o o1 55 I
that comprises: Vi L Oone
o 0H

aj contimuously mixing an aminoalkane carhoxyiic acid of

formula wherein R? is C, qalkyl substituted with a terminal amine,
and the compounds may be in any hydrated state or a
2—COOH, 60 protonated terminal amine, said process comprising:
wherein Z i as defined previously, with H,PO, and PCl, in a) continuousiy mixing an aminoalkane carboxylic acid of
methanesnlfonic acid (MSA), or optionally PC, in MSA; the formula
and HN—-C, salicyl—COOH

b) continuously adding aqueous base to the overflow g5
mixture containing the compound of Formula I to

produce the compounds of Formula IT; and

with H,PO, and PCl, in methanesulfonic acid (MSA), or
optionally PCl, in MSA; and
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b} contimpusly adding aqueous base to the overflow
mixture comaining the compound of Formula Ia to
produce the compounds of Formula Ma; and

¢) hydrolyzing the overflow mixture containing the com-
pounds of Formwula Ila o produce the compounds of
Formula [a: and

d) recovery of the products of Forrnula Iz and salts
thereof.

DETAILED DESCRIPTION OF THE
INVENTION

This invention relates to compounds of the stroctural
Formula I

Z-R,
1
wherein Z is selected from the group consisting of:
2} H;N—C,;_salkyl—;
b}
R
= :
e L M

wherein R>— is C, salkyl, and Y is selected from

(i) hydrogen

(if) C,.salkyl,

(i) R°O;

(iv) RSS;

(v) R°R°N;

(vi) halogen;

R°is H or C,_salkyl; and

¢} C,_galkyl—(N—CH,)C,H,—; and
wherein R, is a member selected from the group consisting
of:

0\\ /X a)

B—0 H
NSNS
c b3 and
VARV
HO P—0 4]
AN

u] X )

L]

wherein X is "OH or "Cl. The present invention is also
directed to a process for producing said compounds and the
bisphosphonate product= thereof including 4-amino-1-hy-
droxybutylidene-1,1-bisphosphonic acid (ABP) and salts
thereof. Specifically, this process may consist of five opera-
tions: continuous bisphosphonation reaction, eentinnous or
batch pH controlled quench, continuous or batch hydrolysis,
crude crystallization, and pure crystallization.

S
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More specifically, the continupus bisphosphonation reac-
tion consists of producing an carboxylic acid feed and
reacting this feed with PCl, in a continuous stirred tank
Teactor.

The carboxylic acid feed is assembled by dissolving solid
carboxylic acid and solid phosphorous acid (H,PO,) in
methanesulfonic acid (MSA). Generally, 1 to 3, preferably 2
moles of H;PO, and generally 6.3 to 6.4, preferably ahout
6.38 moles of MSA are used per mole of carboxylic acid. To
facilitate complete dissolution of the solid componeats in the
liquid MSA, the mixiure can be heated from 40° C. to 90°
C., preferably 70° C. Once the solid components of the
carboxylic acid feed are dissolved, this feed may be main-
tatned from 10° C. 10 90° C., preferably 70° C, using an
extemal heat source, Alternately, the HyF0, addition may be
eliminated in the carboxylic acid fecd preparation. If this
ajiermnale procedure is chosen, then H,PO, may be formed in
situ from PCl, in methanesulfonic acid (MSA), PCl, and
-amino butyric acid (GABA) in MSA, or H,0 in MSA,

The carboxylic acid feed is added to the cold reaction
vessel 1o a point below the overfiow level. During this fil,
a heating medium is placed in the jacket and the vessel
agitator funed on. Temperature contre! is used to bring the
temperature up to ahout 45°-100° C., preferably 90° C, The
liquid PCl, feed is then initiated to the reactor vessel uniil
the weight of PCl, fed to the reactor {adjusted for vapor joss}
divided by the weight of carboxylic acid feed is from
0.22-0.33, preferably 0.32. At this point, the carboxylic acid
feed is resumed at a lowrate sufficient to provide a residence
time in the reacter from about 1.5-2.5 hours, preferably 1.8
hours. The residence time is expressed as the volume of the
reaclor overflow conditions divided by the Nowrate (vol/
min) of carboxylic acid feed. Shortly after the carboxylic
acid feed is resumed, the reactor will overflow into the
quench vessel which can inidally be filled with either water
or dilute agusous base. The carboxylic acid and liguigd PCL,
are added simultancously at their respective flowrates until
the desired amount of material is produced.

Three residence times for the bisphosphonation reaction
are undertaken befbre steady state synthesis occurs. Prior
batch processes result in the uncontroliable formation of
unwanted intermediates. The present invention overcomes
this problem through stoichiometrically controlling the reac-
tion components thereby minimizing the formation of
unwanted intermediates.

The overflowing batch is neutralized in an attached
quench vessel by the addition of agueous base. The aquzons
hasge may be any agqueous basc of the forrnula MOH such as
sodium hydroxide, or of the formula MHCQ, or MCO, such
as sodium carbonate or sodium bicarbonate, wherein M is
any ion. Separate deionized {DI) water and base feeds are
utilized 1o maintain an effective concentration of base in the
quench solution from about 15-50%, preferably about 20%.
Aqueocus base is added to maintain pH in respoase to

fluctyations in the pH of the quench solution, The pH in the
quench vessel is maintained between 4.0 and 7.0, preferably

about 5.0. The temperature of the quench mixture may be
maintained from 0° C. to 100° C., preferably <50° C.
The bisphosphonation mixture produces compound of

Formula I,
Hl

I

wherein Z is sclected from the group consisting of:
a) HoN—C,;_catkyl—;
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wherein R— is C,_salkyl, and Y is selected from

(i) hydrogen:

(if) C,_salkyl;

(iii) R%0;

(iv) R°S;

(v) R°R°N;

(vi) halogen;

R% is H or C,_salkyl; and

¢) Cy_galkyl—(N—CH,)CHye—: and

of:

0\ /x
pl0  H
NSNS

wherein X is "OH or Cl. It is likely that the compound of the
following formula

D\\ /X
z P—0
NV
N
7\
0 X

P—C1
HO

is also formed prior to guenching. Preferred compounds
according 1o this invention are as follows. For compounds of
the formula Z—R,, where Z is a} H,N—C,_salkyl—, Z is
preferably a H;N—C,alkyl and the resulting compound may
be used as an intermediate [or the production of alendronate
(4-amino- 1-hydroxybutylidene-1,1-bisphosphonic  acid,
sodium salt trihydrate.)

For compounds where Z=h), the preferred compound is
where R® is CH,, and the resulting compound may be used
as an intermediate Jor the production of risedronate (1-hy-
droxy-2-(3-pyridinyl)ethylidene bisphosphonic acid.

For compounds where Z=c) a preferred compound is
where Z=C  alkyl—(N—CH;)C,H,~—. This can be used as
an intermediate for the production of the compound desig-
nated BM210955. (1-hydroxy-3-{methylpentylamino)pro-
pyiidenebisphosphonate).

This reaction and/or the bisphosphonation mixture itself
exhibiis significant exothermic characteristics. Therefore

15

wherein R, is a member selected from the group consisting
2

30

35

a0

45

55

63

sufficient safety precautions must be underiaken lo assure
the reaction proceeds safely. To this end, for a given pro-
ductivity, the smaller reaction volume of the continuous
reaction provides faster quench time in the event of reaclion
runaway than a batch system of similar productivity. The
vessel that teccives the normal overflow from the bisphos-
phongtion reaction is also employed for the emergency
quench. The minimym volume of the emergency quench is
about twice the reaction volume of the reactor vessel. This
enables the entire reaction volume to be quickly quenched in
the event of an undestred thermal event.
The compound of Formula IEA, TIB; or TIC:

o, oM uA
N/

z. rpP-0_ O

NN

ANV
o' p—D H

7\

0o° ‘oH

oe

o, o
N/

z. P-0_ 0
\C/ \P//
/N SN

o' p—0 H

7\
0" o
°\ o nc

z_ p-0_ 0
\C/ \P//
/N /N

no’ r-o’ o

VN
o7 o

+

wherein Z is as defined previousty, and preferably & C,_5
alkyl substituted with a terminal amine or a protonated
terminal amine and M* is a monovalent or a divalent cation
such as Na+, K+, Ca®, Mg®*, may be accumulated or may
be continuously removed from the guenching vessel via
overfiow inio a new reactor for hydrolysis. It should be
appreciated that other anionic forms of compounds of For-
mula II, for example tri-ienic, are formed under appropriate
pH conditions: (structures throughout this specification
should be understood as including all possible ionic forms
dependent on the pH of the environment). The pH of the
quenched material is checked and adjusted, if necessary, to
between about 3.3 to 12.3, preferably to about 4.6 and 5.0,
The bawch is heated in a vessel composed of thick walled
PYREX™, or if vesse! degradation is a probiem, then in a
vessel lined with Hastealloy™ C-276, to about 100°-175°

C., preferably 140° C. at 60 psig and aged for about 20 hours
10 breakdown Compounds I7A and IIB into product I

o, ,OH
\/

Z P—0H
N

/N
. HO P=0

/N

HO OH
wherein Z is as defined previously and is prelerably a C,_;
alkyl substituted with a terminal amine and salts thereof,
particularly the monosodium and disodinm salts.
The batch is then cooled to 85° C. and a sample is taken
to confirm pH and completion of hydrolysis. However,
hydrolysis of the pyrophosphonate may be carded out at

it}
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room temperature and recovery of the desired cnd product is
possible. The batch volume may be adjusted before or after
the hydrolysis by either distllation or the addition of water.
Pure mother liquors may be reurmed to the batch before
hydrolysis and the cxcess volume taken off by distiliatien to
cosure the total solids specification for the crude crystalli-
zation is met.

The pH of the warm solation is corrected if nesded by the
addition of an appropriate acid or base. Afier the pH
adjustment at 85° C., the hydrolyzed batch may be seeded
with crude or pure compound of Formula Iil or its mono or
di- salt forms which may be present at the apprapriate pH.

m

0 N o
z_ FOH
N/

The batch is cooled to 0°-25° C. This crude sclution is
aged for >6 howrs and the crystal sturry is isoiated by
filtration. The resulting cake may be washed with cold,
deionized water. The crude cake may be dried or charged
directly into the purification step.

“The crude undried mixture and deionized water are added
to the purification vessel. The vessel temperamre is taken op
to from about 40° C. to about 100° C., preferably 50° C. and
the solution aged until dissolution is complete, The recovery
of end product is pH dependent, from about pH 3.0 to about

pH 12.0. Preferably, the pH is adjusted to 4.3 to obtain the 0

mono salt. The batch is filtered and then concentraicd by
distillation, The resulting slurry is cooled to from about (°
C. to about 5° C. and aged for longer than two hours. The
chilicd slurry is filtered and the wetcake washed with cold
deionized water (0°-5° C.) and then dried in vacuo. The
compound of Formuta IIT

I

wherein Z is as defined previonsly and is preferably a C, .
alkyl substituted with a terminal amine and salts thereof,
particutarly the monosodium and disodium salts, is obtained
by this process.

45

The reaction is schematically represented as follows when 50

the base is NaOH:
0
13 P
7 —C—OH (1) PCIyH3PORCHSCRH
{2) aqueous NeOH, pH =4-10
(3) 140° C., 20 hours af pH of 5
@pH43

-~

o OH © OH
0 or N/ A4
A4 P P
[\ |\
ONa ONa

Z P—0H
and Z—C —OH and Z—C —OH

NS
C
PN | i

/Piﬂ //P {(JH /P KOH
HG OH © OH O OH

HO

wherein Z is defined previously and is preferably a G, salkyl
substituted with a terminal amine.

65

10
A particular illustration of this reaction whercin Z is
NH.—CH,—CH,—CH, leads 10
o oH 0 OH
o oa N/ N/
\\P/OH P\ ]!)\
Z\ s B | ONa | ‘ONa
C end Z—C—OH.3H,0 end Z—C—OH.
FARN | . |
HO P=0 P—OH P—ONz
VARN VAN 7\
HO oH © OH o CH

The bisphosphonic acids describped here are useful
because of their sequestering power for polyvalent metal
ions and for complex formation with alkaline earth ioms,
preferably calciun: ions. Therefore, substifuted bisghospho-
nic acids may be useful in water sofiening, water purifica-
tion, and in the preparation of non-toxic pharmaceutical
medicaments.

Specifically, 4-amino-1-hydroxybutylidene-1,1-bisphos-
phonic acid monosodium salt trihydrate described here is
useful as & pharmacentical composition and for the treatrnent
or prevention of diseases involving bone resorption. Such
discascs as hypercalcemia of malignancy, Paget’s diseasc
and osteoporosis are advantageously treated with 4-amino-
1-hydroxybutylidene-1,1-bisphosphoaic acid monosadium
salt trihydrate made according Lo the process of the present
invention.

Other pharmaceutically acceptable salis, such as for
example potassium salis, can be propared according to the
processes of the present invention and are incinded within
the scope thereof. Other bisphosphonates that may be pre-
pared by this continuous process include (a) 2-aminol-
hydroxyisobutylidene-1,1-bisphosphonic acid, (b) 3-amino-
1-hydroxypropylidene-1,1-bisphosphonic acid, (¢} 5-amino-
1-hydroxypentylidene-1,1-bisphosphonic acid (d) 6-amino-
1-hydrosy-hexylidene-1,1-bisphosphonic acid, (e)
msedronate,  (1-hydroxy-2-(3-pyridinyl)ethylene-1,1-bis-
phosphonic acid, and (f) BM210955 N-butyl-N-methyl-3-
amino- 1 -hydroxypropylidine-1,1-bisphosphonic acid.

The foliowing examples are illustrative of the practice of
the invention without being limited in any way.

EXAMPLE 1

Continnous preparation of
4-aming- 1-hydroxybuntytidene- 1,1-bisphosphonic
acid

2.6 kgs of MSA was charged to a reactor flask. 0.545 kg
of GABA was charged into the flask with stirring followed
by a charge of 0.865 kg H.PO,. This mixmre of MSA,
GABA and H,PO, shal! hereinafier be referred 1o as the
GABA Feed. The mixture was maintained at 7¢° C. during
dissolution. The remaining 0.645 kg of MSA was added as
a rinse and the solution stirred at 70° C. until GABA and
H,PO, were dissolved.

The bisphosphonation reactor was jacketed and fitted with
a mechanical agitator, feed ponts, temperature probe, and a
refiux-condenser and a hottom outlet. A standard hydroge-
nation mixing configuration was used io design ihe rcactor.
The reactor includes four balf baffles sct 90° C. apart
exiending from the bottom of the reactor. A Rushton turbine
type agitator is Jocated at the bottom of the impelier shaft.
Also attached 1o the impeller shaft and located above the
Rushton turbine was a propeller type agitator. The propeller
typc agitator had a larger diameter than the Rushton type
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turbine, The jacket surrounding the reactor was located
beneath the wetted wall. The bath usedt 10 heat the jacket
medium was set between #7°-105° C. depending on the heat
load requircments of -the reaction mass to maintain a bawh
temperature of 90° C. The condenser and medium were sel
to achieve an off-gas temperature of ~10° C.

Before the continuous bisphosphonation reaction reached
steady state a semi-batch start up was employed. The reactor
bath was set to 97° C. to maintain temperatore of reaction
mass at 90° C. The reacior jacket was not circulated until the
GABA feed was charged to the reactor. The bath temperature

was continuously adjusted as needed to maintain batch.

temperature of 90° C. The PCl; rescrvoir was filled and
refilled as needed. The GABA feed reservoir was filled and
refilled as needed. The reactor vesset was filled with 400 mnl
of the warm GABA feed. At this time agitation and bath
cirenlation of the reactor jacket commenced. The GABA
feed in the reactor was heated to 90° C. 50 m! of GABA feed
was drained from the reactor. PCL, flow was initiated into the
reactor at 0.95 ml/min. Afier 95 minutes, the flow of the
GABA fecd was initiated at 3,7 ml/min. This time corre-
sponds to 90 ml of PCl, entering the reactor and a ratio of
PCl,/GABA feed of 0.33 (g/p). At this stage, the semi-batch
start-up procedure was completed and the continuous opera-
tion mode was established.

PCl, and GABA feeds were continued at 0.95 ml/min. and
3.7 mb/min., respectively, for the desired run time. The
Aowrates were chosen to give a residence time of 1.8 hours
based on the flow mate of GABA feed. During the catire
process, the reactor was overflowing into the quench vessel.
The yield to intermediates that will subsequently be avail-
able after hydrolysis for recovery is about 60-72%, typically
70% at steady state, This is 10% above the yicld expected
from a direct change from baich to continuous mode.

The amount of material needed was the Jimiting factor in
the length of the run. At the end of the run, the PCl, and
GABA feeds were mmed off. The reactor was drained once
PCl, was no longer refluxing.

Continucus quenching took ptace in a 500 ml cylindrical,
jacketed reaction flask with an attached overflow leg and a
teflon paddle stirring mechanism. The pH probe for the
quench was calibraied with buffer solutions of nH 4.0 and
7.0. The Jower limit was set at 5.0. The 47% NaOH reservoit
was filled and maintained. The deionized (DI) water or the
pure mother liquor reservoir was filled and mainmained.
During the semi-batch start-up, the flow rate of the aqueous
NaOH solution was calibrated to 12.3 ml/min. The DI water
or ihe pure mother liquor reservoir flow rate was calibrated
to 1875 ml/min. An initigl charge of 700 mi of D1 water was
placed in the quench vessel. As reaction mass from the
bisphosphonation reaction Ieactor gverfiowed into the
quench vessel, a pH of 5.0 was established by activating the
NaOH pump via the pH controller. Once sufficient batch
mixture and NaOH were charged to result in 550 g/ total
solids, the DI water or pure mother liquor pump was turned
on. At this time, the guench vessel overflowed via the
overflow leg and the semi-batch start-up was completed.

For continuous operation, the quench vesscl was operated
with pH control and overflow until the desired mass of
material was collected. At reaction shut down, supra, the
quench vessel remained on pH control until the entire mass
was quenched. 30 minutes afier completion of the mass
quenching, the pumps and the pH controller were tuned off
and the quench vessel was drained,
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The compound of the formula

0
HN—H;C—HaC—HaC P-—0Q H
\c/ \P/
VANV
HO P—0 [e]
2N
o] 431

was produced and hed the following characteristics:

a) Molecular weight=295; and

b) P NMR a1 161,98 MHz using H,PO, (80.0} as an
external reference standard 83.8, (t, To=13.5, Jpr=
669.4) and 815.9, (d, I,,=13.5); and

¢) 13C NMR at 100.61 MHz using dioxane (567.4) as an
external reference standard 5832, (id, Jo~=134.9,
10.4), 5412, 8318 (4, 1=3.2), 823.8 (1, 1,~6.9).

The compound of the formula

5 Oy o8
N/
(HOp—P Q ><CH;—CI-I1—CHQ—-NH1
EN—HC—HC—BC | g_p T—OW:
A Y
o’ o

was also produced and had the following characteristics
a) Molecular weight=462; and
b) *'P NMR a 161.98 MHz using H,PO,(80.0) as an
external reference standard 5129 (1, J,,~=17.1), 8.0 (¢,
1p~17.1}; and
¢} 12C NMR at 100.6} MHz vsing dioxane (367.4) as an
extcmal standard 3864 (ddd, J.,~139.7,129.3,15.3),
841.0, §33.3, 523.0(m).

Hydrolysis was carried out in a 250 ml Ace glass heavy
walled safety coated storage bottle equipped with aTeflon™
coated magnetic stir bar and a modified Teflon™ cap to
inciude a Tefion™ coatcd thermocouple that allowed in situ
temperature monitoring, The vessel was suspended in a
heated Silicon™ oi] bath. 200 m! of guench material was
charged to ihe hydrolysis vessel. The pH of the quench
material was measured and adjusted accordingly to insure
that the pH was between 4.6-5.5. The contents of the
hydrolysis vessel were heated 10 140° C. Once the proper
temperature was reached the hydrolysis was aped for 20
hours at 140° C. Afeer the aging was completed, the contents
of the vessel were allowed to cool to 85° C. and the pH was
checked and adjusted to 4.3 by addition of 50% NaOH or
37% HCL.

Crude crystallization was carried out in 2 3-neck 250 n1l
round bottom flask equipped with a teflon paddle. 200 mt of
85° C. solution from the hydrolysis vessel were charged to
the 250 ml 3-neck round bottomn flask with stirring. The pH
of the solption was measured and adjusted accordingly.
However, if the pB was below 4.0, the solution was dis-
carded and a new hydrolysis was done. The solution was
allowed to cool to 20°-25° C. during which time the batch
crystalized. The slurry was aged for >15 hours at room
temperature with stirring and filtered with vacuum. The
crystals were washed with 2x15 mi 0°-5° C. DI water. The
product was dried overnight in vacuo at 45°-50° C.

The purification was carried out in 2 3-neck 250 ml round
bottom flask equipped with a teflon paddie. 10 g of dry crude
material was charged into the 3-neck flask. 150 ml of DI
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water was charged to the flask. The flask was heated to 50°
C. and held at that temperature until all the solids were
dissolved. The flask was removed from the heat and the
contents were filtered by vacuum, The filrate was charged
10 the 3-neck flask and atmospherically distilled to 44 mi.
The flask was removed from the heat and allowed to cool to
room temperature. The contenis of the flask were allowed to
age for Lwo hours. The siurry was cooled © 0"-5° C., aped
for two hours and filtered with vacuum. The crysials were
washed with 2x15 ml §°-5° C. water.

EXAMPLE 2

Continuous preparation of (2)
2-aming-1-hydroxyisobutylidene-1,1-bisphosphonic
acid, (b)
3-amino-1-hydroxypropylidene-1,1-bisphosphonic
acid, (c)
5-amino-1-hydroxypentylidenc-1,1-bisphosphonic
acid or (d)
6-amino-1-hydroxyhexylidene-1,1-bisphosphonic

' acid
Using the appropriate aminacarboxylic acid ia equivalent
amounis to 4-aminobutyric acid it is possible 1o produce the
title bisphosphonic acids using the method of Example 1.
The appropriate aminocarboxylic acid include but are not
limited to: 2-aménoisghutyric acid, 3-aminopropionic acid,
S-aminovaleric acid and 6-aminocaproic acid.

EXAMPLE 3

Continuous preparation of (a)risedronate, and (i)
BM210955

Using the appropriate starting materials, it is possible 10
produce the title corapounds using the method of Example
1. Starting materisls include: but are not limited to; 3-py-
ridylacetic acid, and N-butyl-N-methyl-3-amine prepiomnic
acid.

What is claimed is:

1. A compound of the structural Formula 1

Z—R,
I

wherein Z is selected from the group consisting of:
a) H,N—C,_salkyl—;

15
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R, is:
0\\ /X a)
P— H
NSNS
C 3
/N /N
HO P—0 O
7\
0 X
wherein X is —OH or CL

2. A compound according o claim 1, having the formula
H,N—C,_alkyi—R, wherein R, is:
[4] X a}
N/
P—0 H
N/ N/
C P
VANV
HO P—0 v}
7\
0 X

wherein X is OH or Cl.

3, The compound of claim 2 of the formula HyN—CH,—
CH,—CH,~R,.

4, The compound of claim 3 wherein R, is

0\\ /OH
P—0_ H
N/ NS

c P
VANV
po’  p-0" 0
VAN
0" ‘om

and is characterized by

2) Molecular weight=293; and

b) 3P NMR at 161.98 MHz using H,PO, (30.0) as an
external reference standard 53.8, Q, Jpp=13.5, Jar™
669.4) and 8§15.9, (d, Jp~13.5); and

¢) "*C NMR at 100.61 MHz using dioxane (867.4) as an
extcrnal refercnce standard §83.2, (d, Jop=134.9,
10.4), §41.2, 531.8 {d, Jo=3.2), 823.8 (1, Ip=6.42.

5. A compound according to claim 1 having the formula

Ca_aliyl—(N—CHL)CH I3 R,

: 283
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PROCESS FOR PRODUCING N-AMINO-1-
HYDROXY-ALKY] -IDENE-1,1-
BISFHOSPHONIC ACIDS

This applicatin is a 371 of PCT/US94/09620 filed Aug,
24, 1994,

BACKGROUND OF THE INVENTION
This invention relates to a process for continnously pro-

ducing alkylpyrophosphonates, alkylpyrophosphates and
maultimers thereof and in particular for producing 4-amino-
1-hydroxybutylidene-1,1-bisphosphonic acid and salts
thereof, where the end product is obtrined in particularly
pure form and at high yields in a continuous reaction.

It is known according to U.S. Pat. No. 4407761 to
Henkel Kommanditgesellschaft to prepare 4-amino-1-
hydroxy-butylidene-1.1-bisphosphonic acid with phospho-
nating reactants and then quenching the reaction mixmire by
the addition of a strong non-oxidizing agent, preferably
concentrated hydrochloric acid, with heating, to hydrolyze
the formed phosphorous intermediates to final product
However, this phosphonation reaction does not remain
homogeneous, thereby producing hetetogeneous solidifica-
tion of the reaction mixture. This solidification causes vari-
able yields and Jeads to the development “hot spots” which
in part result from the exothermic nature of the reaction.
Moreover, to make the sodium salt, using the prior art
processes, requires isolation of 4-amino-i-
hydroxybutylidene-1.1-bisphosphonic acid and an addi-
tional step to convert this to the monosodium salt Further,
the wse of concentrated hydrochloric acid in the quench,
whose fumes present an environmental problem, is also
required.

U.S. Pat. No. 4,922,007 to G. R. Kieczykowski. et sl.,
(assigned to Merck & Co., Inc.) discloses the use of meth-
anesulfopic acid to overcome the non-homogeneity and
solidification problems associated with the formation of
intermediates during the bisphosphonaticn phase. However,
this process utilizes a non-pH controlied water quench that
leads to the presence of a strongly acidic and comrosive

hydrolysis mixture which requires specialized equipment. |

U.8. Pat. No. 5.019,651 to G. R. Kieczykowski, ¢t al.,
(assigned to Merck & Co., Inc.). discloses msing a pH
controlled quench st=p in the range of 4 to 10, foliowed by
hydrolysis. that eliminates the concentrated hydrochloric
acid formed in the quench step and the need to handle a
comosive acidic product hydrolysis mixture.

Prior methods teach the requirement that the reaction be
completed at temperatures above the boiling poine of P(3,,
for instance 90° C, However, this temperature is known to
be in the adiabatic self-heat range that js an nusafe operating
range as batch volumes increase and available cooling
capacity decrecases. In addilion, coatrel of stoichiometric
ratic is importani to achieving useful intermediates.

However, control of stoichiometric ratios at constant
{emperature, typically 90° C., is impossible nsing prior batch
methods because stoichiometric quantities of PCL, may only
be added at sub reflux temperatures. For example, in U.S.
Pat. No. 5.019,651, stoichiometric ratios were achieved by
use of temperature programming whereby the stoichiometric
amount of PCl, could be added at sub-sreflux temperatures.
Alternatively. in U.S. Pat. No. 4,407,761, PCl, was added
slowly at isothermal reaction temperatures above PCL.'s
boiling point. Thus, it is desirable to control both stoichi-
omewry and reaction temperature at the same time to provide
consistent distribution of useful intermediates and to ensure
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a safe operating environment. The prior batch modes of
operatfon made control of stoichiometric ratios impossible
while mafntaining a corstant temperature.

The present invention solves both of these problems
throvgh operation of the reaction in a continuons stirred tank
reactor that allows greater heat transfer for temperature
contio]l while maintaining constant stoichiometric ratios of
reactants. The more favorable surface to volume ratio of the
present invention allows greater heat transfer for tempera-
ture control. Further, contimious steady operation results in
fixed ratios of products and imermediates in a small con-
troliable environment by controlling both reaction tempera-
ture and stoichiometric ratio at ali times. The smaller react-
ing mixture raduces severity of an nnexpected thermal event
and allows the eptire reacting mixture to be quenched.

SUMMARY OF THE INVENTION

By this inveniion, tiere is provided a process for the
continuous preparation of componnds of the structural For-
mula T

Z—E, 1

whereir 7, Is selected from the group consisting of:

2) H,N—C,_salikyl—;
b)

wherein R*— is C,_salkyl, and Y is selected from
(i) hydrogen;
(i) C,_salkyl;
(iii) R°0;
(iv) R®S;
(v} R°RN;
(vi) halogen; R% is H or C,_.alkyl; and

€) C,_calkyl{N—CH,)C,H,—; and
R, is a member selected from the group consisting of:

o X
\Péo H
N/ N/
c P

wherein X is OH or Cl. This invention also provides a
process far the continuous production of intermediate com-
pounds of Formula ITA, TIB and IIC
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N/
z F—0 4]
N/ NS
[ P,
/N SN
HO P—0 H
4\
8] OH
LN,
\C/ \P//
N /N
HO P—0 H
7\

o

+

o
: e
N
z. P-o_ 0
N/ \/4
c 3
/N /' \
p—o O
VAN
o o

-

HO

wherein 7 is defined as above. and M is a monovalent,
divaient or trivalent cation such as Na*, K, Ca®*, Mg*". It
should be noted that all ionic forms of these intermediate
compounds are encompassed by this invention. This inven-
tion further includss a process for the comtinuous production
of corpounds of Formmula TIA, TOB, and HIC

A

OH

Ve
P
1\
QONa
Z-?—-OH

F—=0Na

ol\

that comprises:
a) continuously mixing an amminoalkane carboxylic acid of
formula

OH

Z—C00H,

wherein Z is as defined previously, with HyPQ, and PCL, in
methanesnlfonic acid (MSA), or optionally PCl, in MSA;
and
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©) continuously adding aquecus base to the overflow
mixture containing fhe compound of Formula I to
produce the cormpounds of Formula IL; and

¢) hydrolyzing the overflow mixtare containing the com-
pounds of Formuta 11 to produce the compounds of
Formula HI; and

d) recovery of the products of Formula I and saits
thereof

It is noted that all possible hydrated forms are conterm-
plated by this invention. For compounds of Formula 1B, a
irihydrate is a prefemed embediment.

In a preferred embodiment, the compound is of the
Formula Ia, Z—R, wherein Z is group &) H,N—C, salkyl.
Preferred intenmediate compounds of the Formula Tz
include compounds of the Formulas Ta(i) and Ua(ii):

o Tha(i)

QEME
N/

B P=0_ 0
N/ \p//
HO/ \p—o/ \H
J\

o o

N Vi
p~o 0
\c/ \P/f
YAV
g’ PO H
7\
o’ o

B2

+

wherein R? is C,_4alky! substinried with a ferminal amine os
2 protonated terminal amine,

This invention preferably includes a process for the
continuous production of compounds of tie Formula IMa(i).
TMla(ii), and IHa(jii).

THa(i)

Ta(i)

Rz—(IS—O'H

Hia(ji)

R*—C—OH

P=—0Na

A

wherein B? is C,_salkyl substituted with a terminal amine,
and the compounds may be iv any hydrated state or a
protonated terminal amine, said process comprising:

OH




Case 2:06-cv-02484-WHW -CCC Document 20 Filed 06/13/07 Page 31 of 50 PagelD: 288

5.648,491
5 6
a) continuously mixing an amincalkane carboxylic acid of ~ tions: coatinuous bisphosphonation reaction, cominuous o
the formula batch pH controlled quench, continuous or batch hydrolysis,
crude crystallization, and pure crystallization.
B, N—C, yalkyl—COOH More specifically, the continuons bisphosphonation reac-

with H,PQ, and PC!; in methanesuifonic acid (MSA), or
cptionally PCl, in M8SA; and
b) continnousty adding aqueous base to the overflow
mixture containing the compound of Formula Ia to
produce the compaunds of Formwla Iis; and
¢} hydrolyzing the overfiow mixture containing the com-
pounds of Farmula Ia to produce the compounds of
Formula Ia: and
d) recovery of the products of Formola Hla apd salts
thereof.

DETAILED DESCRIPTION OF THE
INVENTION

This invention relates to compounds of the siuctural
Formula I

7R, 1

wherein Z is selected from the group consisting of:

) ;N—C,_sallyl—;
b)

SR

wherein R*— is C,_salkyl, and Y is selected from
(i) hydrogen
(i) C,_salkyk:
(i) R°O;
(iv) R%S;
(v) R°R*M
(vi) halogen; RS is H aor C,_salkyl; and

¢) C,_galkyl-(N—CH,)C,H,—; and
wherein R, is a member selected fTom the group consisting

of:
Ny
NS OONS
a) C P
NN
HO P} 0
AN
8] x
and
0
0
N,
T T X
- P—(Xp
/ \\O 1

wherein X is —OH or —Cl. The present invention is also
directed to a process for producing said compounds and the
bisphosphonate products thereof including 4-amino-1-
hydroxybutylidere-1.1-bisphosphonic acid (ABP) and salts
thereof. Specifically, this process may consist of five opera-
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tion consists of producing an carbexylic acid feed and
reacting this feed with PCl; in a contipuous stirred tank
FEacior.

The carboxylic acid feed is assembled by dissolving solid
carboxylic acid and solid phosphorous acid (H;PO,) in
methanesulfonic acid (MSA). Generally, 1 to 3, preferably 2
moles of H.PO, and generally 6.3 to 6.4, preferably about
6.38 moles of MSA are used per mole of carboxylic acid. To
facilitate complete dissoiution of the solid components in the
Hquid MSA, the mixture can be heated from 40° C. to 50°
C., preferably 70° C. Once the solid components of the
carboxylic acid feed are dissolved, this feed may be main-
tained from i0° C. to 90° C., preferably 70° C. using an
external heat source, Alternately, the H,PO, addition may be
eliminated in the carboxylic acid feed preparation. If this
alternate procedure is chosen, then HyPO; may be formed in
site from PCl, in methanesulfonic acid (MSA), PCl, and
y-amino butyric acid (GABA) in MSA, or H,0O in MSA,

The carboxylic acid feed is added to the cold reaction
vessel to a point below the overflow level, During this fll.
a heating medium is placed in the jacket and the vessel
agitator tumed on. Temperature control is used to bring the
temperature up io about 45°-100° C., preferably 90° C. The
liquid PCL, feed is then initiated to the reactor vessel until
the weight of PCl, fed to thereactor (adjusted for vapor loss)
divided by the weight of carboxylic acid feed is from
0.22-0.33, preferably 0.32. At this point, the carboxylic acid
feed is resumed at a flowrats sufficient to provide aresidence
time in the reactor from about 1.5-2.5 hours, preferably 1.8
hours. The residence time is expressed as the volume of the
reactor overflow conditions divided by the flowrate (vol/
min) of carboxylic acid feed. Shonty after the carboxylic
acid feed is resumed, the reactor will overflow into the
quench vessel which can intially be filled with either water
or dilute agueous base. The carboxylic acid and liguid PCl,
are added simultanecusty at their respective flowrates untit
the desired amount of material is produced.

Thres residence times for the bisphosphonation reaction
are undertaken before steady state synthesis occurs. Prior
batch processes result in the uncontrollable formation of
unwanted intermediates. The present invention OVEICOmes
this problem through stoichiometrically controlling the reac-
tion components thereby minimizing the formation of
unwanted intermediates.

The overflowing batch is newtralized in an attached
quench vessel by the addition of aqueous base, The aqueous
base may be any aqueous base of the formula MOH such as
sodium hydroxide, or of the formula MHCO,, or MCO,, such
ag sodinm carbonate or sodium bicarbopats, wherein M is
any jon. Separate deionized (DI) water and base feeds are

utilized to maintain an effective concentration of base in the

quench solution from about 15-50%, preferably about 20%.
Aqueous base is added to maintain pH in respomse to
fiuctuations in the pH of the guench solution. The pH in the
quench vessel is maintained between 4.0 and 7.0, preferably

about 5.0, The temperature of the quench mixture may be
maintained from 0° C. to 100° C., preferably <50° C.
The bisphosphonation mixture produces compound of
Formula L
Z—FE, I

wherein Z is selected from the group consisting of:
a) H.N—C, _salkyl—;
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b)

wherein R*— is C,_salkyl. and Y is selected from
(i} hydrogen;
(i) C,_salkyl;
{iii) R°O;
(iv) R°S;
(v) R°R®N;
(vi) halogen; R® is H or C,_salkyl; and
¢) C,_galkyl—(N—CH,)C H,~: and wherein R, is a
membet selected from the group consisting of: a)

D\\ /X

P—0_ H
) \C/ \r/
HO/ \p-—o/ \o
VAN
0 X
and
ﬁ O\PCXO
B (Xp—P

0—P P—(Xp
/N b
X 0

wherein X is —OH or Cl, It is likely that the compound of
the following formula

is also formed prior to quenching. Preferred compounds
according to this invention are as follows. For compounds of
the formula Z—R,, where Z is a) H,N—C, satkyl—, Z is
preferably a H,.N—C alkyl and the resulting compound may
be used as an intermediate for the production of alendronate
(4-amino- 1-bydroxybutylidene-1.1-bisphosphonic acid,
sodivm salt trihydrate.)

For compounds where Z=b), the preferred compound is
where R® is CH,. and the resulting compound may be used
as ap intermediate for the production of risedronate
{1-hydroxy-2-(3-pyridinyDethylidene bisphosphonic acid.

For compounds where Z=c) a prefermred compound is
where Z=C,atkyl-{(N—CH,)C,H -~ This can be used as an
intermediate for the production of the compound designated
BM210955. (1-hydroxy-3-(methylpentylamino)
propylidencbisphosphonate).

This reaction andfor the bisphosphonation mixture itseff
exhibits significant exothermic charactetistics. Therefore
sufficient safety precautions must be undertaken to assure
the reaction proceeds safely. To this end, for a given
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productivity, the smaller reaction volume of the continuous
Teaction provides faster quench time in the event of reaction
runaway than a baich systemn of similar productivity. The
vessel that receives the normai overfiow from the bisphos-
phonation reaction is also employed for the emergency
quench. The minimum volume of the emergency quench is
about twice the reaction volume of the reactor vessel. This
enables the entire reaction volume to be quickly quenched in
the event of an undesired thermal event.
The compound of Formula IIA, 1IB; or JIC:

Q o ac
N/
Z P00
N/ \J
c 3
/N /N
o’ p=0 0"

7\
o’ o

+

wheicin Z is as defined previously, and preferably a C, 5
alkyl substituted with a terminal amine ar a protonated
terminal amine and M is a monovatent ar a divalent cation
such as Na+, K+, Ca*", Mg®*, may be accumulated or may
be continuously removed from the quenching vessel via
overflow into 2 new reactor for hydrolysis. It should be
appreciated that other anionic forms of compounds of For-
mula IL for example tri-ionic, are formed under appropriate
pH conditions: (structures throughont this specificarion
should be understood as including all pessible ionic forms
dependent on the pH of the envirooment). The pH of the
quenched material is checked and adjusted, if necessary, to
between about 3.3 to 12.3, preferably to about 4.6 and 5.0.
The batch is heated in a vessel composed of thick walled
PYREX™, or if vessel degradation is a problem. thep in 2
vessel lined with Hastealloy™ C-276. to about 100°-175°
C., preferably 140° C. at 60 psig and aged for about 20 hours
to breakdown Compounds HA and 1B into product IIL

o] OH

N/

Z P—OH

\/
C
/N
HO P=0
/N

HO OH

wherein Z is as defined previously and is preferably 2 C,.s
alkyl substituted with a tepminal amire and salts thereof.
particularly the monosodium and disodiwm salts.

The batch is then cooled to 85° C. and a sample is taken
to confim pH and completion of hydrolysis. However,
hydrolysis of the pyrophosphonate may be carried out at
room temperamire and recovery of the desired end product is
possible. The batch volume may be adjusted before or after




Case 2:06-cv-02484-WHW -CCC Document 20 Filed 06/13/07 Page 33 of 50 PagelD: 290

5.648,491

9

the hydrolysis by either distillation or the addition of watsr,
Pure mother liqeors may be retumned 1o the batch before
hydrolysis and the excess volume taken off by distillation to
ensure the total solids specification for the crude crystalli-
zation fs met,

Tae pH of the warm solution is corrected if needed by the
addibon of an appropriate acid or base. After the pH
adjustment at 85° C., the hydrolyzed batch may be seeded
with crude or pure compound of Formula I or its mono or
di-salt forms which may be present at the appropriate pH.

o OH o

The batch is cooled to (°-25° {Z. This crude solution is
aged for »6 hours and the crystal slury is isolated by
filiration. The resulting cake may be washed with cold,
deionized water. The crude cake may be dried or charged
directly into the purification siep.

The crude undried mixture and deionized water are added
to the purification vessel. The vessel temperature is taken up
to from about 40° C. to about 100° C.. preferably 50° C. and
the solution aged until dissolption is complete. The recovery
of end product is pH dependent, from about pH 3.0 to about
pH 12.0. Preferably, the pH is adiusted to 4.3 to obtain the
moro salt. The batch is filtered and then concentrated by
distillation. The resulting shury is cooled to from about 0°
C. to abomt 5° C. and aged for longer thar two hours. The
chilled siurry is filtered and the weicake washed with cold
deionized water (0°—5° C.) and then dried in vacuc. The
compoimnd of Formula TH

o\ Vs m
z_  p-ou
\c/
/N
H' P=0
/N
o' oM

wherein Z is as defined previously and is preferably a C; g
alkyl substituted with a terminal amine and salts thereof,
particulady the monosodium and disodinm salts, is obtained
by this process.

The reaction is schematicalty represented as follows when
the base is NaOH:

9 ()PCHHPOY
I CH:SO:H

Z—C O e e Va0, pH =410 >
(3) 140° C., 20 honws at pH of 5
() pH 43
o OH o} OH o OH
, \P/ o \\P/ \\P/
N b B e
—C— Z—C—OH
HD/ \P—O 1]= OH 1'1 o
/ N\ 7\ 7\
10 OH 0 OH 0 CH
wherein Z is defined previcusliy and is preferably a C,_salkyl
substituted with a termingl amine.
A particular iliustation of this reaction wherein Z is
NH,—CH.,—CH,—CH, izads io
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10
o OH o OH
2z \P£0H \\P/
N/ 1™oma
c ad Z—C—OHIH0 end
HO/ \P o 1I=-—0H
FARN g\
HO OH o oH
Lo} OH
\P/
| ™0oNa
Z={=0H .
P—0Na
7\
o OH

The bisphosphonic acids described here are uscful
because of their sequestering power for polyvalent metal
ions and for complex formation with alkaline carth ioms,
preferably calcium ions. Therefore, substituted bisphospho-
nic acids may be useful jn water softening, water
purification, and in the preparation of non-toxic pharmacen-
tical medicaments.

Specifically, 4-amino-l-bydroxybutylidene-1,1-
bisphosphonjc acid moncsodirm salt trihydrate described
here is useful as a pharmacsutical composition and for the
treatment or prevention of discases involving bone resorp-
tion. Such diseases as hypercalcemia of malignancy, Paget’s
diszase and osteoporosis are advantageously treated with
4-amino-1-hydroxybutylidene-1,1-bisphosphonic acid
monosodium salt trihydrate made according 1o the process
of the present invention.

Other pharmaceatically acceptable salts, such a&s for
example potassium salis, can be prepared according to the
processes of the present invention and are included within
the scope thereof. Other bisphosphonates that may be pre-
pared by this continnous process inciude (a) 2-amino-1-
hydroxyisobutylidene-1,1-bisphosphonic acid, (b) 3-amine-
1-hydroxypropylidene-1,1-bisphosphonic acid, (¢) 5-amino-
1-hydroxypentylidens-1,1-bisphosphonic acid (d) 6-amino-
1-hydroxyhexylidene-1,1-bisphosphonic gcid, (e)
risedronate, (1-hydroxy-2-(3-pyridinyl)ethylene-1,1-
bisphosphonic acid, ard (f) BM210955 N-butyl-N-methyl-
3-amino-1-hydroxypropylidine-1,1-bisphesphonic acid.

The following examples are llustrative of the practice of
the invention withomt being limited in any way.

EXAMPLE 1

Continuous Preparation of 4-amino-1-
hydroxybutylidene-1,1-bisphosphonic Acid
2.6 kgs of MSA was charged to a reactor flask. (.545 kg
of GABA was charged into the flask with stirring followed
by a charge of 0.865 kg H,PO,. This mixinre of MSA,
GABA and H,PO, shall hereinafter be refarred to as the

GABA Feed. The mixture was maintained at 76° C. during
dissolution. The remaining 0,645 kg of MSA was added as

a rinse and the solmtion stired at 70° C. uniil GABA and
H.PO, were dissolved.

The bisphosphonatfon reactor was jacketed and fitted with
a mechanical agitator, feed ports, terperature probe, and a
refiux-condenser and a bottom outlet. A standard hydroge-
pation mixing configuration was used to design the reactor.
The reactor includes four half baffles set 90° C. apart
extending from the bottom of the reactor. A Rushton turbine
type agitator is located at the bottom of the impeller shaft.
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Alse attached to the impeller shaft and located above the
Rushton turbine was a propeiler type agitator. The propelier
type agitator had a larger diameter than the Rushton type
furbine. The jacket strrounding the reacior was located
beneath the wetted wall. The bath used o heat the jacket
medium was sct between 97°-105° C. depending on the heat
load requirements of the reaction mass to maintain 2 batch
temperature of 90° C. The condenser and medium were set
to achieve an off-gas temperature of -10° C.

Before the contimtous bisphosphonation reaction reached
steady state a semi-batch start up was employed. The
redotion bath was set to 97° C. to maintain teroperature of
reaction mass at 90° C. The reactor jacket was not circulated
until the GABA. feed was charged to the reactor. The bath
temperature was continucusly adjusted as nesded to main-
tain batch temperature of 90° C. The PCl, Teservoir was
filled and refilled as needed. The GABA feed reservoir was
filled and refilled as needed. The reactor vessel was filled
with 400 ml of the warrt GABA feed. At this time agiation
and bath dirculation of the reactor jacket commenced. The
GABA feed in the Teactor was heated to 90° C. 50 m! of
GABA feed was drained from the reactor. PCl; flow was
initiated into the reactor at 0,05 mi/min. After 95 minutes,
the flow of the GABA feed was initiated at 3.7 ml/min. This
time cortesponds to 90 ml of PCl; entering the reactor and
a ratio of PCL/GABA feed of 0.33 (g/g)- At this stage, the
semni-batch start-up procedure was compieted and the con-
tinuous operation mode was established,

PCl, and GABA feeds were confinued at 0.95 ml/min. and
3.7 ml/min., respectively, for the desired ton time. The
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flowrates were ckosen to give a residence time of 1.8 hours *

based on the flow rate of GGABA feed. During the entire
process, the reactor was overflowing into the quench vessel.
The yield to intermediates that will subsequently be avail-
able after hydrotysis for recovery is about 60~72%. typically
0% at sieady state. This is 10% above the yicld expected
from a direct change from batch to continsous mode.

The amount of material needed was the limiting factor in
the length of the run. At the end of the rug, the PCL, and
GABA feeds were turned off. The reactor was drained once
PCl, was ro longer refluxing,

Contizuous guenching took place in a 500 ml cylindrical,
jacketed reaction flask with an attached overflow leg and a
teflon paddle stiming mechanism. The pH probe for the
guench was calibrated with buffer solutiops of pH 4.0 and
7.0. The lower limit was set at 5.0. The 47% NaOH reservoir
was filled and maintained The dejonized (D) water or the
pure mother liquor reservoir was filled and maintained.
During the semni-batch start-up, the flow rate of ths aqueous
NaOH solution was calibrated 1o 12.3 ml/min. The DI water
or the pure mother liquor reservoir flow rate was calibrated
to 18.75 ml/min. An initial charge of 700 ml of DI water was
piaced in the gquench vesscl. As Teaciion mass from the
bisphosphonation reaction reactor overflowed into the
quench vessel, a pH of 5.0 was established by activating the
NaOH pump via the pH controlier. Qnee sufficient batch
mixture and NaOH were charged to result in >550 g/l total
solids, the DI water or pure mother liguor pump was turned
on. At this time, the quench vessel overflowed via the

overflow leg and the semi-batch start-up was completed.

For continuous operation, the quench vessel was operated
with pH coatrol and overfiow until the desired mass of
material was collected. At reaction shut down. supra. the
quench vessel remained on pH contro] untit the entire mass
was quenched. 30 minutes after completion of the mass
quenching, the pumps and the pH controlier were turned off
and the quench vessel was drained.
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"Fhe compound of the formula

Q 4131
N/
ro M
\C/ \P/
/N, /N
o’ p—0 o
7\
0 OH

HN—H U —FRC—HC

was produced and had the following characteristics:

a) Molecular weight=295; and

b) /P NMR at 161.98 MHz using HyPO, (80.0} as an
external reference standard 8§3.8, (t, Jpp=13.5, Tep
669.4) and §15.9, (d, Jpp=13.5); and

¢) ¥C NMR at 100.61 MHz using dioxane (567.4) as an
external reference standard $83.2, (td, I=134.9,
10.4). 8412, 831.8 (d, Jz=3-2), 823.8 (t. Jop=6.4)-

The compound of the formula

0 o] OH
I \pc 0
(HO)—P CH; =—CH—CHy—NH;
BN-RC—HC—BC  o_p POk
/N o
HO 0

was also produced and had the fellowing characteristics

a) Molecular weight=462; and

b) ¥P NMR at 161.98 MHz using H,PO, (50.0) as an
external reference standard §12.9 (8, Fpp=17.1), 8.0 (.
1 =17.1); and

¢) “C NMR at 100.61 MHz using dioxane (867.4} as an
extemal standard 586.4 (ddd, Jop=139.7.129.3.15.3),
3410, 833.3, 523.0(m).

Hydrolysis was carried out in a 250 ml Ace glass heavy
walled safety coated storage bottle equipped with a Teflon™
coated magpetic stir bar and a modified Teflon™ cap to
inclade a Teflon™ coated thermocouple that allowed in situ
wemperapire mmonitoring. The vessel was suspended in 2
beated Silicon™ oil bath. 200 ml of guench material was
charged to the hydrolysis vessel. The pH of the quench
material was measurad and adjusted accordingly to insure
that the pH was between 4.6-5.5. The contetls of the
hydrolysis vessel were heated to 140° C. Once the proper

e was reached the hydrolysis was aged for 20
hours at 140° C. After the aging was completed, the contents
of the vessel were allowed to cool to 85° C. and the pH was
checked and adjnsted to 4.3 by addition of 50% NaOH or
37% HCL

Crude crystallization was carried cut in a 3-peck 250 ml
round bottom flask equipped wifh: a tefon paddle. 200 ml of
85° C. solution frorm the hydrolysis vessel were charged to
the 250 ml 3-neck round bottom flask with stirring. The pH
of the solution was measured and adjusted accordingly.
However, if the pH was below 4.0. the solution was dis-
carded and a new bydrolysis was dome. The solutien was
allowed to oool to 20°-25° C. during which time the batch
crystallized, The shurry was aged for >15 hours at room
temperature with stirring and filtered with vacuum. The
crystals were washed with 2x15 mt 0°-5° C, DI water. The
product was dried overnight in vacuo at 45°-50° C.

The purification was carried outina 3-peck 250 ml round
bottom fask equipped with & teflon paddle. 10 g of dry crude
material was charged into the 3-neck flask. 150 ml of DI
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water was charged to the flask. The flask was heated to 50°
C. and held at that temperature until all the solids were
dissolved. The flask was removed from the heat and the
contents were filtered by vacuum. The filtrate was charged
to the 3-neck flask and atmospherically distilled to 44 ml,
The flask was removed from the heat and allowed to cool to
room temperature. The contents of the flask were allowed to
age for two hours. The shuery was cooled to (°-5° C., aged
for two hours and filtered with vacuum. The erystals were
washed with 2x15 ml 0°-5° C. water.

EXAMPLE 2

Continuous Preparation of (a) 2-amino-1-
hydroxyisobutylidene-1,1-bisphosphonic Acid, (b}
3-amino-1-hydroxypropylidens-1,1-bisphosphonic

Acid, (c) 5-amino-1-hydroxypentylideges-1.1-
bisphosphonic Acid

Using the appropriate aminocarboxylic acid in equivalent
moumnts to 4-aminobutyTic acid it Is possible to produce the
title bisphosphonie acids using the method of Example 1.
The appropriate aminocarboxylic acid include but are not
limited to: 2-aminoisobutyric acid, 3-aminopropionic acid,
S-aminovateric acid and 6-aminocaproic acid.

EXAMPLE 3

Continunons Preparation of () Risedropate, and (b)
BM210055

Using the appropriate starting materials, it is possible to
produce the title compounds using the method of Exampie
1. Starting materials incinde: but are not limited to;
3-pyridylacetic acid, and N-butyl-N-methyl-3-amino propi-
anic acid,

What is claimed is:

1. Aprocess for the continuous preparation of compounds
of the structural Formula T

2—R, 1

wherein Z is selected from the group consisting of:

a) H.N—C,_salkyl—;
b)
. »
Z I
"

wherein R®:— is €, _.alkyl. and Y is selected from
(1) hydrogen;
(i) C,_salkyl;
(ii) R°0;
(iv) R5S;
(v) R°R*N:
(vi) halogen; R® is H or C,_salkyl; and
c) Cp_tlkyl-(N—CH,)C,H,—; and

A

15

0

35

45

&5

14
R, is a member selected from the group consisting of:

a o] X
\\P£0 H
\C/ \P/
VARV
HG F—0 a

VAN

4] X

and

b}
o, x
i N/
Ge—p P05

X X

[ o

A

0

o

—(X

07 |
X

=]

and wherein X is —OH or CL;
that comprises:
a) continnonsly mixing a carboxylic acid of formula

Z—COOH,

wherein Z is as defined previously, with H,PO, and PCl, in
methanesulfonic acid (MSA), or optionally PCl, in MSA;
and

b} continucusly adding aqueous base to the overflow
mixture copfaining the compound of Formula I to
produce the compounds Of Formula Iia, 1Ib o Ie; and

o M ma

U\/
Z P—0 1]
N/ N\/

[ | .
SN SN

0O H

o

0 o
z \\péo o
N/ \/
C P
N /N
s’ p~0o’ o

7\
4] o
wherein Z is as defined above and M is a monovalent,

divalent, or trivalent cation;

¢) hydrolyzing the Compounds of Iia, T or He to produce
the compounds of Forrula ITA, ITB and IMIC
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H +
o N NG B
NS NS ON\Y
C 5 [ 4 P,
HO \p=0 HG/ \P-O/ \}i
VAN /2N
Ho' oH o oH
O\P/O}l s " 0\\P£ - . B
|\0M \c/ \P//
2 C—OH.3H:0 VANV ‘
1I3—0H HO quo
/ \ ]5 o o
o oH
o, o me N/ =
‘\\P/ z\ P——D\ //0 +
| Nou ” VANEVAY
Z—C—OH 0 P—0 0
i 7\
//P{OM. o o
o) oH wherein R, is a C,_s afkyl substituted with a terminal amisc

25
2. A process of claim. 1 for the continuous production of
a compound of Formula I:

HN—Cp_calkyl—R,

wherein R, is 2 member selected from the group consisting
of:

a) a X
\ / as
P=0 H
NSNS
o P
FARN 7N\
HO P—0 8]
AN
Q X
and
®) o, X
TN/
P P—0

X

Cp.salkyl NHz 4

o—pP ﬁ"(xh
/N o
X o

wherein X is —OH or Cl comprising:
a) continuotsly mixing an aminoalkane carboxylic acid of

formula s

H,N—C, salkyl—COOH

with PCl, and H;PO, in the presence of methanesulfonic
acid {MSA) or optionally PCl, in the presence of MSA; and

b) continuously removing the mixture containing the %
compound of Formnla I

3, The process of claim 2 furthes comprising:

a) continwously adding aqueous base of formula MOH.
MHCO, or MCO, to 2 mixture containing the com- 63
pound of Formula I to produce the compound of
Formula Jla and IIb or HOe:
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or a protopated terminal amine and M is a monovalent,
divalent or fivalent cation of the base; and

b) continuously removing the mixture containing the

compoundofFonnula]Ia,I[bor!Ic.

4. The process of claim 3 wherein the aqueous basc has a
concentration of about 5% to about 50%.

8, The process of claim 4 whereip the aqueots base has 2
concentratioh of about 50%.

6. The process of claim 3 wherein the aqueous base is
NaOH.,

7. The process of claim 3 further comprising hydrolyzing
the removed mixture containing the compound of Formula
10 to produce the compound of Formula II:

or saft thereof,

8. The process of claim 7 whetein hydrolysis is carried out
at a pH from about 3.0 to 12.0,

9. The process of claim 8 wherein hydrolysis is carried out
at a pH of about 5.

10, The process of claim ¥ wherein hydrolysis is carrded
out at a temperature of 11¢° C. to about 175° C.

11. The process of claim 10 wherein the temperatuse is
about 140°¢ C.

12. The process of claim 1 wherein the carboxylic acid is
2 member selected from the group consisting of:

a) 2-Aminoisobuiyric acid;

b) 3-Aminopropanoic acid;

¢) 4-Aminobutyric acid;

) 5-Aminovaletic acid;

€) 6-Aminccaproic acid;

f) 3-Pyfidylacetic acid; and
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£) N-butyl-N-methyl-3-amino propionic acid. 14. The process of claim & carried out at the temperature
13. The process of claim § carried out at a temperature of of about 50° C.
45° C. to about 100° C. . s % % a
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DIPHOSPHONATE INTERMEDIATE FOR
PREPARING AN ANTIHYPERCALCEMIC AGENT

BACKGROUND OF THE INVENTION

4-Amino-1-hydroxybutylidene-1,1-bisphosphonic-
acid (ABF), and salts thereof, is a new antihypercal-
cemic agent effective in the treatment or prevention of
diseases involving hypercalcemia of pregnancy, Paget’s
disease and osteoporosis.

Methods for preparing ABP are known in the art and
are disclosed in U.S. Pat. No. 4,407,761 to Henkel and
T.S. Pat. No. 4,922,007 to G. R, Kiecykowski et al
(assigned to Merck & Co., Inc.). However, these meth-
ods employ the use of toxic and environmentally dan-
gerous phosphorus trichjoride and phosphorous acid in
their procedures. Newer methods which do not employ
these particularly hazardous and toxic reagents are con-
stantly being searched for.

The articles, J. Org. Chem. Vol. 36, No. 24, pp
3843-45 (1571} and J. Med. Chem. 1987, Vol. 30, pp.
1426-1433, describe general methods of preparation of
tetramethylalkyl-§-hvdroxy-1,1-diphosphonates but do
not specifically describe the preparation of omega-
amino-1-hydroxyatky] diphosphonates.

The use of the phthaloy! protecting grouwp in amino
acid chemistry is well known, e.g., J. Med. Chem. 1979,
vol. 22, No. 11, pp. 1399-1402, but there is no specific
teaching as to their possible use in preparing omega-
emino-1-hydroalkyl diphsophonates.

SUMMARY OF THE INVENTION

1t has been found that ABP can be produced in good
yield via a novel process that does not employ PClaor
HiPOs. The process involves reacting 4-phthalimidobu.
tanoyl chloride with a tri C1-Cy alkylphosphite, e.g.,
trimethyl phosphite, and then with a di C;-Cy alkyl-
phosphite, e.g., dimethy! phosphite, to form: the new
disphosphonate tetraalkyl ester, e.g., tetramethyl bis-
phosphonate, which is then acid hydrolyzed to form
ABP in good yield and purity.

In addition, the process is applicable to the prepara-
tion of other omega-amino-1-hydroxy-Cz-Cg alkyl dis-
phosphonates as well.

By this invention there is provided a compound of the
formula:

O OCH;3 v
Il v
FI"""OCHJ
N—(CH;),—C—OH
P—0{CH;
] N
s} a OCH;

where n=1-5.
Specifically, there is further provided a compound of
the formutla:

(2] o OCH; 4
I{ i
P—0CH;
N~CHy=CH;— CH;“(!:—OH
p—
N T # \OC]'I:
Q o OCH;

20
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The claimed diphosphonate intermediate is useful in a
new process for producing omega-amino-1-hydroxy-
C3-Cs alkylidene-bisphosphonic acid comprising the
steps of: '

(a) contacting omega-phthaiimido Cy-Ce alkanoyl
chloride with a tri C1-Cqalkyl trimethy] phosphite in a
dry inert organic solvent at a temperature in the range
of 0* to 60" C. to form di Ci-Cs alkyl omega-
phthalimido-C3-Cs alkanoyl phosphonate;

(t) contacting di Ci-Cs alkyl omega-phthalimido-
C3-Cg alkanoyl phosphonate from Step {a) with di
C;-Cq alkyl phosphite in a dry inert organic solvent in
the temperature range of 0' to 60° C. to form tetra
C1-C4 alkyl omega-phthalimido-1-hydroxy-C;-Cs al-
Lylidene-bisphosphonate;

{c) contacting tetra C1-Cy alkyl omega-phthalimido-
L-hydroxy-Cr-Cealkylidene-bisphosphonate; from Step
(b) with aqueous strong acid at a temperature in the
range of 90° C. to reflux to form omega-amino-i-
hydroxy-C;-Cg alkylidene-bisphosphonic acid.

Specifically there is provided a process for producing
4-amino-1-hydroxybutylidene-bisphosphonic acid com-
prising the steps of:

(a) contacting 4-phthalimidobutanoyl chloride with
trimethyl phosphite in a dry inert organic solvent at a
temperature in the range of 0" to 60° C. to form di-
methyl 4-phthalimidobutanoyl phosphonate;

(b) contacting dimethyl 4-phthalimidobutanoyl phos-
phonate from Step (a} with dimethy! phosphite in a dry
tnert organic solvent in the temperature range of 0° to
60' C. to form tetramethy! phthalimido-i-hydroxy
butylidene-bisphosphonate;

{c} contacting tetramethyl phthalimido-1-hydros-
ybutylidens-bisphosphonate frem Step (b) with aqueous
hvdrochloric acid at a temperature range of 80" C. to
reflux to. form 4-amino-l-hydroxybutylidene-bisphos-
phonic acid.

BRIEF DESCRIPTION OF PREFERRED
EMBODIMENTS

‘The invention process can be more readily seen and
appreciated by referring to the following Flow Chart 1.
This new process for the preparation of ABP can pro-
ceed in good overall yield from gamma-d-aminobutyric
acid (GABA). As depicted in the flow chart, phehalic
anhydrnide is reacted with GABA, e.g. in acetic acid, to
form the known 4-phthalimido-butyric acid 1 which can
be isolated by e.g., crystallization from acetic acid-
water. It is converted into the known acid chloride 2 by
reaction with gbout 1.2 equivalents of thionyl chloride
in, e.g. toluene, and without isolation can be converted
10 the acyl phosphonate 3 with about 1.05 equivalents of
trimethy! phosphite. The acyl phosphonate 3 can then
be in turn converted, without isolation, into the bisphos-
phonate 4 by reacting with dimethy! phosphite (in e.g.
toluene) in the presence of an amine base, ¢.g., triethyl-
amine. The bisphosphonate can crystallize as it is
formed and can be isolated by filtration in good overall
vield. Hydrolysis of the bisphosphonate with a strong
aqueous acid, ¢.g., 6N HCI, provides ABP which can
then be converted into the monasodium salt, which is

the preferred pharmaceutical dosage form, with sadium
hydroxide at about a pH of 4.3, in which the sodium
aqueous salt can easily be isolated.

In addition to utilizing 4-aminobutanoic acid, also
operable are glycine, 3-aminopropancic acid, 3-
aminopentanoic acid and 6-aminohexanoic acid, which
yield the corresponding omega-amino-1-hydroxy
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C3-Cg alkylbisphosphonates in the invention progess,
e.g., Z2-amino-1-hydroxyethylidenre-1,1-bisphosphonic
acid, 3-amino-1-hydroxypropylidene-1,1-bisphosphonic
acid, 5-amino-l-hydroxypentyhdene-1,1-bisphosphonic

acid, 6-amino-1-hydroxy-hexyiidene-1,1-bisphosphonic
acid.
Moaore detail concerning the individual steps is as fol-
lows:
FLOW CHART

a
]

Il
o

o]
il
O + HaNCHCHCHCOzH ‘H‘Oi} @N-CHI—CHZ—CHZ—CUIH
I
O

4
thionyl chioride and concentrating the solvent toluene
to about one-half its originat volume.

Step (a) in the process is conducted by reacting the
acid chloride {2} with a tri C-Cy4 alkyl-phosphite,
wherein C1-C4 alkyl includes methyl, ethyl, propyl,
isopropyl, n-butyl, isobutyl, sec-butyl, t-butyl, e.g., tri-
methyl phosphite. In peneral, a 1:1.05 molar ratic of
acid chioride/trimethylphosphite is used, in which a

J, S0C!;

Q o
Il 1
Q OCH;
7 P{OCH1)3
N—CH;-CH;-——CH:—(E‘—P e N—CH;—CH;—CH;—COcl
6] OCH;3
I Il
o 3 2
\L(CH,O};P(O}H
0O OCH; o CH
il 7 NS
P—0OCH; le_o—
’ +
N—CHz—CH;—CHz-—-tlz-—OH Hdl ~, H3N—CH3—CH1—CH1—-(|:—OH
P—0CH; ABP F—0OH
“ 4 5 / \
¢ OH

8] (CH;

/ NaOH
o

OH
Ve
P—ONa

+
HjN—CH;—CHz=CHy=C—0H

6

The 4-phthalimidobutanoic acid is known in the art,
The compound can be easily made in our process by for
example, reacting phthalic anhydride and aqueous am-
inobutyric acid in a 1:1 mole ratio in a liguid alkanoic
acid, e.g. acetic acid, at about a 40% concentration, at a
temperature in the range of 60° to reflux, preferably
110° C,, for about 1-4 hours at § atmosphere pressure,
under anhydrous conditions and then quenching the
reaction mixture with water to isolate the resulting acid
).

The acid chloride (2) also known in the art can easily
be made by heating a mixture of the acid (1) with thio-
nyl chloride in a 1:1.2 molar ratio in a dry inert solvent,
including C¢-Cyp aromatic hydrocarbons, chlorinated
C¢~Cyg aromatic hydrocarbons, chiorinated alky! hy-
drocarbons, C3-Cj alkylnitriles, C4—Cg linear or cyclic
ethers. Represeniative examples are: toluene, xylene,
methylene chloride, chloroform, chlorobenzene, aceto-
nitrile, ethylene dichloride, dichlorobenzene, THF,
dioxane, dimethoxyethane, and the like, at a tempera-
ture of about 40° C.-reflux, preferably 45° C,, at aimo-
spheric pressure, under a dry atmosphere, e.g. under
nitrogen, for 1-2 hours. The resulting acid chioride
does not need 1o be isolated at this point but can be used
directly in the next step by evaporating off the excess

45

50

65

P—OH.3H,0
~

slight excess of phosphite is empioyed. The solvent used
can be the same as that described above used in forming
the acid chloride, e.g. toluene, et al., and preferably the
same reaction vessel is employed. The concentration of
the reactants is about 5-50% and the reaction is carried
out at a temperature of 0°-60° C.,, preferably 20°-25° C,,
in the solvent in a dry atmosphere, e.g. under nitrogen,
for 4-20 hours at atmospheric pressure. The resulting
mono-phosphonate (3) does not need to be isolated but
can be directly reacted without isolation with dimethyl-
phosphite in Step (b}.

The acylphosphonate (3) is next reacted in Step (b)
with or without prior isolation, preferably without iso-
lation, with a di Cj-C4 alkyl phosphite, wherein
“Cy=Cq alkyl” is defined above, and preferably dime-
thylphosphite, in 2 1:1.1 molar ratio, the dimethyl-
phosphite being in slight excess, aiso in the presence of
a hydrogen acceptor, e.g. tertiary nitrogen amine.
Large amounts of the phosphite can also be used but are
not necessary. The amine, preferably a tertiary nitrogen

amine, e.g. trimethylamine, triethylamine, phenyldime- -

thylamine, and the like, is used in a 0.25-1:1 molar ratio
of amine/acylphosphonate (3). The inert solvent used in
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this step can be the same as used for Step (a), e.g. tolu-
ene, methylene chloride, chloroform, and the like, pref-
erably toluene. The temperature foc the step is carried
out at 0°-60* C., preferably 20°-25" C., wherein higher
temperatures may cause degradation. The pressure is
atmospheric, and the reaction is conducted under a dry
atmosphere, e.g. nitrogen, for 1-2 hours and then
cooled and filtered to isolate the prodoct. Alternatively,
the product can be directly treated in Step (c) with
agueous strong acid in the hydrolysis, but preferably for
purity consideration, at this point, the tetramethyl ester
{(4) is isolated by filtration.

Step (), the strong acid hydrolysis, is conducted by
freating the bisphosphonate (4) with agueouns strong
acid at a temperature in the range of 85°-100" C. to
reflux, and preferably at reflux. Strong acids operable in
the process are: HCl, H;S04, benzenesulfonic acid,
p-toluenesulfoiric acid, methanesclfonic acid, HBr, tri-
chloroacetic acid, and the like. Preferably, 6N HCl is
used. Generally the reaction #s conducted from 4-24
hours at reflux at atmospheric pressure. The product
can be isolated by the addition of e.g. ethanol, to precip-
itate the product and the solution. Or preferably, the
monoscdinm salt can be formed in-situ by the addition
of agueous sodium hydroxide to the cooled hydrolysis
reaction mixture, sufficient caustic being added to dis-
solve the acid and produce a pH of about 4.3, allowing
the reaction mixture to age for 1 hour, then filtering the
meonosodium salt, The obtajned salt can be used directly
or parified by conventional purposes, e.g. recrystalliza-
tion from water to form suitable material for pharma-
ceutical purposes,

Apparatus for carrying out the above procedures is
conventional in the art.

Also disclosed is the novel general process intermedi-
ate compound (IIT)

O OCH;
|V
N=—(CHz);—C—F
1 N
0 OCH;

where n=1-5, and the specific intarmediate (3),

0 OCHa
. Vg
N-—CH;=—CH;— CHz—ﬁ—P\

Q OCH3

made by the above process and having the following
physical properties described below in the Examples.
Claimed is the novel general process intermediate

compound (EV})

o1

O o] OCH3 1v
i s
P=0CH;3
N—(CH;},.—‘C—OH
P—{CH
Il N
o o OCH;
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25
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6
where n=1-5, and the specific intermediate (4):
O O OCH; 4
i

I"'— OCH3
N-—CH;-CH;-CH;—rI:-—OH
P=OCH;

{'I) Oy \OCi-h
made by the above process and having the above physi-
cal properties deseribed below in the Examples.

The following Examples are illustrative of carrying
out Applicant’s novel process and should not be cor-
strued to bimit the scope or spirit of Applicant's inven-
tion.

EXAMPLE
Step |
Preparation of 4-Phthalimidobutancic Acid {1)

A 2 liter nitrogen flushed flask fitted with a mechani-
cal stirrer and a reflux condenser was charged with 103
E (1 mole) of 4-aminobutyric acid (GABA), 148 g (1
mole) of phthalic anhydride and 250 ml of glacial acetic
acid.

The suspension was heated to reflux (120° C.) and the
resulting clear sclution was maintained at reflux for 2
hr. The solution was cooled to 25° C. over 1 hr during
which time the product crystallized cut. Water (1.5
liters) was added over 15 min. and the resulting suspen-
sion aged at 5°-10° C. for 2 hours. The product was
collected by filtration and washed with an additional 0.3
1 of water, The product was vacuum dried (house vac)
at 60° C. to constant weight vielding 214 g (91.8%, 93%
corrected for GABA purity), MP 114°-117° C.

Anal. Caled. For Ciz Hyy NO: C, 61.80; H, 4.72; N,
6.00; Found: C, 61.78; H, 4.65; N, 5.98.

Step 2
Preparation of 4-Phthalimidobutanoy! Chloride {2)

A 250 ml flask flushed and blanketed with nitrogen
and fitted with a mechanical stirrer was charged with
23.3 g of 4-phthalimidobutyric acid from Step 1, 100 mi
of toluene, 9.0 ml of thionyl chioride and 6.1 m! of
DMF. The slurry was agitated gently and warmed to
45°_50" C. resulting in a clear, colorless solution.

Duririg the age, gentle gas evolution was cbserved
and ceased approximately 1 hour into the age. The
excess thionyl chloride was removed by distillation.
The volume of the reaction was reduced toc 50 ml by
distillation under house vacwum (100 mm Hg) and a
jacket temperature of 80° C. An additional 100 ml of

toluene was added and distilled. The clear, colorless
solution was used without purification.
The acid chloride was isolated for characterization as
a crystalline solid by concentrating the solution to an
oil, adding diethyl ether and filtering, MP 65°-68" C.
Anal. Caled. For C1zH1oNQO3Cl: C, 57.26; H, 3.97; N,
5.56; Cl, 14.09: Found: C, 57.48; H, 407, N, 5.52; C},

14.05.
Step 3

Preparation of Dimethyl 4-Phthalimidobutanoyl .
Phosphonate (3)

The toluene solution from Step 2 containing a theo-
retical 25.1 g (0.1 mole) of acid chloride was stirred at
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20°-25° C, under nitrogen. To this solution was charged
13.0 g (0.105 mole) of trimethyl phosphite in one por-
tion. The reaction temperature increased slightly from
25° C.10 27° C. The clear colorless solution was aged at
20°-25" C. for 18 hours.

Once the formation of the acyl phosphonate was
complete, the solution was used without purification for
the next reaction in the sequence, formation of the tetra-
alkyl bisphophonate ester. The acyl phosphonate was
isolated as a crystalline solid by concentrating in vacuo

‘%0 almost dryness, adding hexanes and fiitering, MP
60°-63" C,

Anal. Caled. For CjaHisNOgP: C, 51.65; H, 4.92; N,

4.30; P, 9.53; Found: C, 51.27; H, 4.93; N, 4.25; P, 9.31.

Step 4

Preparation of Tetramethyl
Phthalimido- 1-Hydroxybutylidene)Bisphosphonate (4)

The toluene soluticn from Step 3 contairing a theo-
retical 32.5 g (0.1 mole) of the acyl phosphonate was
used without purification for formation of the tetraalkyl
bisphophonate ester. To the solution stirred at 20°-25°
C. under nitrogen was added dimethyl phosphite, 11.6 g
(0.105 mole} in one portion. Triethylamine, 10.0 g (0.1
mole} was added dropwise over 15 minutes while main-
taining a reaction 1emperature of 20"-25" C. with exter-
nal cooling. During the addition of the triethylamine
there was a rapid crystallization of the bisphosphonate
resulting in a thick slurry. The slurry was stirred at
20°-25° C. for an additional 1 hour.

The reaction mixture was cooled to 0°-5° C., aged for
1 hour then filtered. The cake was washed with 50mi of
toluene and the product dried in vacuo (house vacuum)
at-40° C. to constant weight yielding 40.0 g (92%%) of
white crystalline bisphosphonate, MP 140°-143° C,

Amal. Caled. For CigH3NGoPy: C, 44,14, H, 5.28; N,
3.21; P, 14.24; Found: C, 44.10; 1, 5.23; N, 3.09; P,
14.20.

Step 5

Preparation of
{d-Amino-1-Hydroxybutylidene)-Bisphosphonic Acid
(ABF) (5)

Tetramethyl-1,1-bisphosphono-1-hydroxy-4-
phthalimidobutane 40 g (0.091 mole) from Srep 4 was
dissolved in 200 ml of 6N HCI and the solution refluxed
for 18 hours.

The resulting suspension was cooled to 0°—5* C. and
the phthalic acid was removed by filtration. The
phthalic acid cake was washed with 50 m! of 6N HCI
and the combined filtrate concentrated to 25 ml then
flushed with an additionai 50 ml of water. The solution
was cooled to 20°-25° C. during which time the ABP

o
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crystallizes. The crystallization was completed by add-
ing 75 ml of 95% ethanol.

The suspension was cooled to 0°-5° C. and aged at
that temperature for 2 hours. The titled product was
collected by filtration and washed with 25 ml of 95%
ethanol. The yield was 24.0 g {97.8%, but §9.8% based
on starting GABA) after air drying to constant weight.

Step 6

Preparation of
(+Amino-1-Hydroxybutylidene)-Bisphosphonic Acid
Monosadium Salt Trihydrate (6)

Ten grams (374 mmol) of (4-amine-1-hydrox-
ybutylidene)biphosphonic acid, (ABP) was suspended
in 300 mL of distilled deionized water with vigorous
stirring at 25° C. The pH was 2.27 and was titrated to
pH 4.3 to 4.4 by the gradual addition of 7.5 ml (37.4
mmol} SN sedium hydroxide solution, resulting in a
clear sclution.

The clear solution was filtered through a medium
sintered-glass funnel to remove any insoluble material.
Twenty percent of the filtrate (~60 ml) was ad-
dedover 5 minutes to 400 mL of 95% ethanol at 20°-25"
C. with vigorus stirring and aged for one hour.

The remaining 240 mL of aqueous solution was added
over 15 minutes and the mixture aged for 2 hours at
20°-25° C. The white sodinm sait was collected by
filtration, washed with 100 ml of 2:1 EtOH:H20 and air
dried at 40° C. to yield 11.25 g (939) of mono sodium
salt trihydrate,

What is claimed is:

1. A compound of the formula:

o o OCH; v
If N 7
P—(OCH;3
N—(CHa},—C—OH
- P—OCH;
l V4N .
0 c OCH;

where n=1-5.
2. The compound of ¢laim T of the formula:

o 0 OCH; 4
! P—QCH;
N—cnz-cnz—cnz—(lz—OH
P—OCH;
(Iil) Oj \OCH 3 .

* Rk X ¥ ¥
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157] ABSTRACT

Described is a new process for producing 4-amino-1-
hydroxybutyiidene-1,1-bisphosphonic acid (ABP), a
new antihypercalcemic agent. The process involves a
J-step sequence starting with 4-phthalimidobutanoyl
chloride which can be practiced as a *one-pot™ reaction
sequence, without employing PCl; or HaPO:.
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PROCESS FOR PREPARING AN
ANTIHYPERCALCEMIC AGENT

This is a continuation of application Ser. No.
07/584,318, filed on Sep. 18, 1990 now abandoned.

BACKGROUND OF THE INVENTION

4 Amino-1-hydroxybutylidene- 1, I-pisphosphonic
acid (ABP), and salts thereof, is a new antihypercal-
cemic agent effective in the treatment or prevention of
diseases involving hypercalcemia of pregnancy, Paget's
disease and osteoporosis.

Methods for preparing ABP are known in the art and
are disclosed in U.S. Pat. No. 4,407,761 to Henkel and
.S, Pat. No, 4,922,007 to G. R. Kiecykowski et al
(assigned to Merck & Co., Inc.). However, these meth-
pds employ the nse of toxic and environmentally dan-
gerous phosphorus trichloride and phospherous acid in
their procedures. Newer methods which do not empioy
these particularly hazardous and toxic reagents are con-
stantly being searched for.

The articles, J. Org. Chem. Vol. 36, No. 24, pp.
3843-45 (1971) and J. Med. Chem. 1987, Vol. 30, pp.
1426-1433, describe general methods of preparation of
tetramethylalkyl-1-hydroxy-1,1-diphosphonates but do
not specifically describe the preparation of omega-
amino-1-hydroxyalky] diphosphonates.

The use of the phthaloyl protecting group in aming
acid chemistry is well known, e.g., J. Med. Chem. 1979,
vol. 22, No. 11, pp. 1399-1402, but there is no specific
teaching as 1o their possible use in preparing omega-
amino-1-hydroalkyl diphosphonates.

SUMMARY OF THE INVENTION

It has been found that ABP can be produced in good
yield viz a novel process that does not employ PClyor
H3PQOs. The process involves reacting 4-phthalimidobu-
tanoyl chloride with a tri C;-Cy4 alkyiphosphite, e.g.,
trirmethyl phosphite, and then with a di C;-Cq alkyl-
phosphite, e.g., dimethyl phosphite, to form the tetraal-
kyl ester, e.g., tetramethyl bisphosphonate, which is
then acid hydrolyzed to form ABP in good yield and
purity.

In addition, the process is applicabie to the prepara-
tion of other omega-amino-1-hydroxy-Cy-C alky] dis-
phosphonates as well. :

By this invention there is provided a process for pro-
ducing omega-sminc-1-hydroxy-C2-Cg¢ alkylidene-bis-
phosphanic acid comprising the steps of:

(a) contacting omega-phthalimido C;-Cs alkanoyl
chionde with a tri C1-Cy alkyl phosphite in a dry
inert organic solvent at a temperature in the range
of 0" to 60° C. to form di C;-Cy alkyl omega-
phthalimido-C;-Ce alkanoy] phosphonate;

(b) contacting di C|-Cs alkyl omega-phthalimido-
Ca—Cg alkanoy] phosphonate from Step (a) with di
C-C; 2lkyl phosphite in a dry inert organic sol-
vent in the temperature range of 0° 10 60° C. 1o
form tetra C)-C4 alkyl omega-phthalimido-1-
hydroxy-C2—Cg alkylidene-bisphosphonate;
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{c) contacting tetra C,—Cs4 alky] omega-phthalimido-
I-hydroxy-Ca-Cy alkylidene-bisphosphonate from
Step (b) with aqueous strong acid at a temperature
in the range of 90° C. to reflux to formm omega-
amino-1-hydroxy-Ca-Ce alkylidene-bisphosphonic
acid.

Specifically there is provided a process for producing
4-amino-1-hydroxybutylidene-bisphosphonic acid com-
prising the steps of: "

{a) contacting 4-phthalimidobutanoyl chloride with
trimethyl phosphite in 2 dry ineri organic solvent
at a temperature in the range of 0° to 60° C. to form
dimethy} 4-phthalimidobutanoyl phosphonate;

(b) contacting dimethy) 4-phthalimidobutanoyl phos-
phonate from Step (a)} with dimethy] phosphite in a
dry inert organic solvent in the temperature range
of 0" 10 60° C. to form tetramethyl phthalimido-1-
hydroxy butylidene-bisphosphonate;

() contacting tetramethyl phthaiimido-J-hydrox-
ybutylidene-bisphosphonate from Step (b) with
aqueous hydrochloric acid at a temperature range
of 80° C. 10 reflux to form 4-amino-1-hydrox-
ybutylidene-bisphosphonic acid.

BRIEF DESCRIPTION OF PREFERRED
EMBCDIMENTS

The invention process can be more readity secn and
appreciated by.referring to the following Flow Chart 1.
This new process for the preparation of ABP can pro-
ceed in good overall yield from gamma-4-aminobutyric
acid (GABA). As depicted in the flow chart, phthalic
anhydride is reacted with GABA, e.g. in acetic acid, to
form the known 4-phthalimidobutyric acid I which can
be isolated by e.g., crystallization from aceric acid-
water. It is convertad into the known acid chioride 2 by
reaction with about 1.2 equivalents of thionyl chloride
in, &.g. toluene, and without isolation can be converted
to the acyl phosphonate 3 with about 1.05 equivalents of
trimethyl phosphite. The acyl phosphonate 3 can then
be in turn converted, without isolation, into the bisphos-
phonate 4 by reacting with dimethyl phasphite (in e.g.
toluene} in the presence of an amine base, e.g., triethyl-
amine. The bisphosphonate can crystallize as it is
formed and can be isolated by filtration in good overall
yield. Hydrolysis of the bisphosphonate with a strong
agneous acid, e.g., 6N HCl, provides ABP which can
then be converted into the monosodinm salt, which is
the preferred pharmaceutical gosage form, with sodium
hydroxide at about a pH of 4.3, in which the sodium
aqueons salt can easily be isolated.

In addition to wutilizing 4-aminobutanoic acid, also
operable are glycine, 3-aminopropancic acid, 5-
aminopentanoic acid and 6-aminchexanoic acid, which
yield the corresponding omega-amino-l-hydroxy
C2-Cg alkylbisphosphonates in the invention process,
€.g., 2-amino-l-hydroxyethylidene-1,1-bisphosphonic
acid, 3-amino-I-hydroxypropylidene-1,1-bisphosphonic
acid, S-amino-1-hydroxypentylidene-1,1-bisphosphonic
acid, 6-amino-1-hydroxy-hexylidene-1,1-bisphosphonic
acid.

More detail concerning the individuat steps is as fol-
lows:
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FLOW CHART -
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The 4-phthalimidobutancic acid is known in the art.
The compound can be easily made in our process by for
example, reacting phthalic anhydride and agqueous am-
incbutyric acid in a 1:] mole ratio in a ligeid alkanoic
acid, e.g. acetic acid, at about a 40% concentration, at a
temperature in the range of 60° to reflux, preferably
110° C,, for about 1-4 hours at 1 atmospherc pressure,
under anhydrous conditions and then quenching the
reaction mixture with water to isolate the resutting acid
(1).

The acid chloride (2) also known in the ari can easily
be made by heating & mixture of the acid (1) with thio-
nyl chloride in & 1:1.2 molar ratic in a dry inert solvent,
including C¢-Cio aromatic hydrocarbons, chlorinated
Ce—Cio aromatic hydrocarbons, chlorinated alkyl hy-
drocarbons, Cz—C alkylnitriles, Cy—Cg linenr or cyche
ethers. Representative ples are: tol . xylene,
methylene chioride, chloroform, chlorobenzene, aceto-
nitrile, ethylene dichloride, dichlorobenzene, THF,
dioxane, dimethoxyethane, and the like, at a tempera-
ture of about 40* C.-reflux, preferably 45° C., at atmo-
spheric pressure, under a dry atmosphere, e.g. under
nitrogen, for 1-2 hours. The resulting acid chloride
does not nzed to be isclated at this point but can be used
directly in the next step by evaporating off the excess
thiony! chloride and concentrating the solvent 1oiuens
to about one-half its original volume,

Step (a) in the process is conducted by reacting the
acid chloride (2) with a tri Ci-C4 alkylphosphite,

45

50

60

65

P—OH.3H:0
hY
OH

wherein C1-Cy alkyl includes methyl, athyl, propyl,
isopropyl, n-butyl, isobutyl, sec-butyl t-butyl, e.g., tri-
methyl phosphite. In general, a 1:1.05 molar ratic of
acid chloride/trimethylphosphite is used, in which 2
slight excess of phosphite is employed. The solvent used
can be the same as that described above used in forming
the acid chloride, e.g. toluene, et al., and preferably the
same reaction vessel is employed. The concentration of
the reaciants is about 5-50% and the reaction is carried
out at a temperature of 0'-60° C.,, preferably 20°-25° C,,
in the solvent in a dry atmosphere, ¢.g. under nitrogen,
for 4-20 hours at atmospheric pressure. The resulting
mono-phosphonate (3} does not need to be isolated but
can be directly reacted without isolation with dimethyl-
phosphite in Step (b).

The acylphosphonate (3} is next reacted in Step (b)
with or without prior isolation, preferably without iso-
lation, with a di C)-Cq alkyl phosphite, wherein
“C-Cy alky]” is defined above, and preferably dime-
thylphosphite, i a 1:1.] molar ratio, the dimethyl-
phosphite being in slight excess, also in the presence of
& hydrogen acceptor, e.g. tertiary nitrogen amine.
Large amounts of the phosphite can also be used but are
not necessary. The amine, preferably a tertiary nitrogen
amine, e.g. trimethylamine, triethylamine, phenyldime-
thylamine, and the like, is used in & 0.25-1:} molar ratio
of amine/acylphosphonate (3). The inert solvent used in

Filed 06/13/07 Page 47 of 50 PagelD: 304
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this step can be the same as used for Step (a), e.g. tolu-
ene, methylene chloride, chioroform, and the like, pref-
erably toluene. The temperature for the step is cartied
out at 0°-60° C., preferably 20°-25° C., wherein higher
temperatures may cause degradation. The pressure is
armospheric, and the reaction is conducted under a dry
atmosphere, e.g nitrogen, for 1-2 hours and then
cooled and filtered 1o isolate the product. Alternatively,
the product can be directly treated in Step {c) with
aqueous strong acid in the hydrolysis, but preferably for
purity consideration, at this point, the tetramethy] ester
(4) is isolated by filtration.

Step (c), the strong acid hydrolysis, is conducted by
treating the bisphbosphonate (4} with aquenus sirong
acid at a temperature in the range of 85°-100° C. 10
teflux, and preferably at reflux. Strong acids operable in
the process are: HCl, H;S0Qy, benzenesulfonic acid,
p-toluenesulfonic acid, methanesulfonic acid, HBr, tri-
chioroacetic acid, and the like. Preferably, 6N HCl is
used. Generzlly the reaction is conducted from 4-24
hours at reflux at atmospheric pressure. The product
can be isolated by the addition of e.g. ethanol, to precip-
itate the product and the solution. Or preferably, the
monosodium salt can be formed in-situ by the addition
of aqueous sodium hydroxide to the cooled hydrolysis
reaction mixture, sufficient caustic being added to dis-
solve the acid and produce a pH of about 4.3, allowing
the reaction mixture to age for 1 hour, then filtering the
monosodium salt. The obtained salt can be used directly
or purified by conventional purposes, e.g. recrystalliza-
tion from water to form suitable material for pharma-
ceutical purposes.

Apparatus for carrying out the above procedures is
conventional in the art.

Also disclosed is the novel general process intermedi-
ate compound (I1I)

ﬁ 111
O OCH,
'
N=(CHa)y=C~P
o OCH;3

o=

where n=1-5, and the specific intermediate (3),

L

o
]

O OCH;
|74
Ne=CH3=CHy~CH;—C—F
N
OCH3

made by the above process and having the following
physical properties described beiow in the Examples.
Also disclosed is the novel general process intermedi-

ate compound (IV)

ﬁ] D\ /OCH3 v
P=0CH;
N—{(CHzly=C—0H
!I=—oc:H3
y) Oy \OCH3
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where n=1-5, and the spegiﬁc intermediate (4):
i N
P——0OCH3
N=CH;=CHy=CHy=C==0OH
/ P—OCH;
g) Q OCH3

made by the above process and having the above physi-
cal properties described below in the Examples.

The following Examples are illustrative of carrying
out Applicant’s novel process and should not be con-
strued to limit the scope or spirit of Applicant’s inven-
tion,

EXAMPLE
Step 1
Preparation of 4-Phihalimidobutancic Acid (1)

A 2 liter nitrogen flushed flask fitted with a mechani-
cal stirrer and a reflux condenser was charged with 103
g (1 mole) of 4-aminobuiyric acid (GABA), 148 g (1
mole) of phthalic anhydride and 250 ml of glacial acetic
acid.

The suspension was heated to reflux (120° C.) and the
resulting ciear solution was maintained at reflux for 2
hr. The solution was cooled to 25° C. over 1 hr during
which time the product crystallized out. Water (1.5
liters) was added over 15 min. and the resulting suspen-
sion aged at 5°-10° C. for 2 hours. The product was
collected by filtration and washed with an additional 0.5
1 of water. The produect was vacuum dried (house vac)
at 60° C. to constant weight yielding 214 g (91.89, 93%
corrected for GABA purity), MP 114°-117° C.

Anal, Caled. For C17H1NO: C, 61.80; H, 4.72; N,
6.00; Found: C, 61.78; H, 4.65; N, 598,

Step 2
Preparation of 4Phthalimidobutanoyl Chloride (2)

A 250 ml flask flushed and blanketed with nitrogen
and fitted with a mechanical stirrer was charged with
23.3 g of 4-phthalimidobutyric acid from Step 1, 100 ml
of toluene, 9.0 mi of thionyl chloride and 0.1 ml of
DMF. The slurry was agitated gently end warmed 1o
45°-50" C. resulting in a clear, colorless solution.

During the age, gentle gas evolution was observed
and ceased approximetely 1 hour into the age. The
excess thionyl chloride was removed by distillation.
The volume of the reaction was reduced to 50 ml by
distitlation under house vacuum (100 mm Hg) and a
jacket temperature of 80° C. An additional 100 ml of
1oluene was added and distilled. The clear, colorless
solution was used without purification.

The acid chioride was isolated for characterization as
a crystalline solid by concentrating the solution to an

oil, adding dicthyl ether and filtering, MP 65°-68"-C.
Anal, Calcd. For CiaH1oNOsCL: C, §7.26 H, 39T N,
5.56; Cl, 14.09; Found: C, 57.48; K, 4.07; N, 5.52; CL
14.05.
Step 3

Preparation of Dimethyl 4-Phthalimidobutanoyl
Phosphonate (3)

The toluene solution from Step 2 containing a theo-
retical 25.1 g (0.1 mole) of acid chloride was stirred at
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20°-25" C. under nitrogen. To this solution was charged
13.0 g (0.105 moale} of trimethyl phosphite in one por-
tion. The reaction temperature increased siightly from
25" C. 10 27" C. The clear colorless solution was aged at
20°-25" C. for 18 hours.

Once the formation of the acyl phosphonate was
complete, the solution was used without purification for
the next renction in the sequence, formation of the teten-

alkyl bisphophonate ester. The acyl phosphonate was
isolated as a crystalline solid by concentrating in vacuo
to almost dryness, adding hexanes and filtering, MP
&0"-63° C.

Anal. Caled. For Ci4HieNOgP: C, 51.69; H, 4.92; N,
4.30; P, 9.53; Found: C, 51.27; H, 4.93; N, 4.15; F, 9.31.

Step 4

Preparation of Tetramethy}
Phthalimido-1-Hydroxybutylidene)Bisphosphonate (4)

The toluene solution from Step 3 containing a theo-
retical 32.5 g (0.1 mole) of the acy) phosphonate was
used without purification for formation of the tetraalkyl
bisphophonate ester. To the solution stirred at 20°-25*
€. under nitrogen was added dimethy] phosphite, 11.6 g
(0.105 mole) in one portion. Triethylamine, 10.0 g (C.1
mole)} was added dropwise over 15 minutes while main-
taining a reaction temperature of 20°-25° C. with exter-
na! cooling. During the addition of the triethylamine
there was a rapid crystallization of the bisphosphonate
resulting in a thick slurry. The slurry was stirred at
20°-25" C. for an additional 1 hour.

The reaction mixture was cooled 10 0*-5* C., aged for
1 hour then filtered. The cake was washed with 50 ml of
toluene and the product dried in vacuo (house vacuum)
at 40° C. to constant weight yielding 40.0 g (929%) of
white crystalline bisphosphonate, MP 140°-143* C.

Anal. Caled, For CrgH23NO9P:: C, 44.14; H, 5.28; N,
3.21; P, 14.24; Found: C, 44.10; H, 5.23; N, 1.09; P,
14.20.

Step §

Preparation of
{4-Amino-1-Hydroxybutylidene)Bisphosphonic Acid
(ABP) (5)

Tetramethyl-1,1-bisphosphono-1-hydroxy-4-
phthalimidobutane 40 g (0.09] mole) from Step 4 was
dissolved in 200 ml of 6N HCl and the solution refluxed
for 18 hours.

The resuiting suspension was cooled to 0°-5* C. and
the phthalic acid was removed by filtration. The
phthalic acid cake was washed with 50 ml of 6N HCI
and the combined filtrate concentrated to 25 ml then
flushed with an additional 50 m! of water. The solution
was cooled to 20°-25" . during which time the ADP
crystallizes. The crystallization was completed by add-
ing 75 ml of 95% ethanol.

The suspension was cooled to 0°-5" C. and aged at
that temperature for 2 hours. The ftitled product was

collected by filtration and washed with 25 m! of 95%

—
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ethanol. The yield was 24.0 g (57.8%, but 89.8% based

on starting GABA) after air drying 1o constant weight.
Step 6

Preparation of
(#Amino-1-Hydroxybutylidene)-Bisphosphonic Acid
Monosodivm Salt Trihydrate (6)

Ten grams (374 mmol) of (4amino-1-hydrox-
ybutylidene)biphosphonic acid, (ABP)} was suspended
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in 300 mL of distilled deionized water with vigorous
stirring at 25° C. The pH was 2.27 and was titrated to
pH 4.3 to 4.4 by the gradual addition of 7.5 ml (37.4
mmol) 5N sodium hydroxide solution, resulting in =
clear solution.

The ciear solution was filtered through a mediom
sntered-glass funnel to remove any insoluble material.
Twenty percent of the filtrate (~60 ml) was ad-
dedover 5 minutes to 400 mL of 5% ethanol at 20°--25°
C. with vigorus stirring and aged for one hour.

The remaining 240 mL of aqueous solution was added
over 15 minutes and the mixture aged for 2 hours ar
20"-25" C. The white sodium salt was collected by
fiitration, washed with 100 ml of 2:1 EtOH:H,O and air
dried at 40° C. 10 yield 11.25 g (93%) of mono sodium
salt trihydrate.

What is ciaimed is:

1. A process for producing omega-amino-1-hydroxy-
Cz-Cealkylidene-bisphosphonic acid comprising the
steps of:

(a} contacting omega-phthalimido-C>—-Cg alkanoyl
chloride with tri C|-C4 2lky) phosphite in a dry
inert organic solvent at a temperature in the range
of 0" to 60" C. to form di Ci-Cy alky! omega-
phthalimido-C2-Cg-alkanoyl phosphonate;

{b) contacting di Ci~C4 alkyl omega-phthalimido-
C2-Cg-alkanoy] phosphenate from Step (a) with di
Cy-Cy alkyl phosphite in a dry inert organic sol-
vent in the temperature range of 0 to 60° C. in the
presence of a tertiary nitrogen smine, 1o form tetra
C1-C4 alky! omega-phthalimido- 1-hydroay-Cy-Ce-
alkylidene-bisphosphonate;

(c) contacting tetra C1~Cy alkyl omega-phthalimido-
V-hydroxy-C3-Ce-alkylidene-bisphosphonate from
S1ep (b} with aqueous strong acid at » temperature
in the range of 90° C. to reflux to form omega-
amino-1-hydroay-C>—Cg-alkylidene-bisphosphonic
acid.

2. The process of claim 1 wherein said alkanoy] chilo-
ride is derived from glycine, 3-aminopropanoic acid,
4-aminobutanoic acid, 5-aminopentanoic acid or 6-
aminchexanoic acid. )

3. The process of claim 1 wherein the temperature
range for Step {a) is in the range of 20" to 25" C.

4. The process of claim 1 wherein the temperature
range for Step (b) is in the range of 20" 10 25" C.

5. The process of claim 1 wherein the temperature for
Step (c) is the refiux temperature of the solvent.

6. The process of ciaim 1 wherein the solvent for Siep
(@) is selected from Ce—Cyp aromatic hydrocarbons,
chlorinated Cs~Ciparomatic hydrocarbons, chlorinated
C1-Cy alky] hydrocarbons, Ca—Cj alkylnitriles, C4—Cs
linear or cyclic ethers.

T. The process of clairn 1 wherrin the solvent for Step
(b} is the same as for Step (a).

8. The process of claim I wherein the strong acid in
Step (c) is aqueous hydrochloric acid.

9. The process of claim 1 wherein the product phos-
phonate from Step (a) is not isolated prior to conducting
Step (b).

10. A process for producing 4-amino-1-hydrox-
ybutylidene-bisphosphonic acid comprising the steps of:

(a) contacting 4-phthalimidobutanoyl chloride with
trimethyl] phosphite in a dry inert organic solvent
at a temperature in the range of 0* to 60" C. to form
dimethyl 4-phthalimidobutanoyl phosphonate;
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{b) contacting dimethy] 4-phthalimidebutanoy! phos-
phonate from Step (a) with dimethylphosphire in a
dry inert organic solvent in the temperature range
of 0° to 60° C. to form tetramethy] phihalimido-i-
hydroxybutylidene-bisphosphonate;
(c) contacting tetramethyl phthalimido-1-hydrox-
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ybutylidene-bisphosphonate from Step (b) with
aqueous hydrochloric acid at a temperature in the
range of 80° C. 1o reflux to form 4-amino-1-hydrox-

* &
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ybutylidene-bisphosphonic acid.



