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IENE-1,1-BISPHOSPHONIC ACIDS

This invention relates to a process for continuously
producing alkylpyrophosphonates, alkylpyrophosphates and multimers

thereof and in particular for producing 4-amino-1-hydroxybutylidene-1,1- -

bisphosphonic acid and salts thereof, where the end product is obtained in
particularly.pure form and at high yields in a continuous reaction.
It is known according to U.S. Patent No. 4,407,761 to

' Henkei Kommanditgesellschaft to prepare 4-amino-1-hydroxy-butyl-
- idene-1,1-bisphosphonic acid with phosphonating reactants and then

15

quenching the reaction mixture 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 heterogeneous solidification of the reaction mixture.

20

25

‘30

This solidification causes 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-
bisphosphonic acid and an additional step to convert this to the
monosodium salt. Further, the use of concentrated hydrochloric acid in
the quench, whose fumes present an environmental problem, is also
required: B
| U.S. Patent No. 4,922,007 to G.R. Kieczykowski, et al.,

(assignéd to Merck & Co., Inc.) discloses the use of methanesulfonic acid

to overcome the non-homogeneity and solidification problems associated

with the formation of intermediates during the bisphosphonation phase.
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h drobyze t he forned phosphorous i nternedi ates to flnal product. However,
1YY phosphonati on reacti on does .not femai n honbgeneous, thereby producing
het er ogeneous solidification of the reaction mixture. This solidification
causes vari abl e yields and | eads to the devel opnent of 20 "hot spots" which
-in part result fromthe exotherm c nature of the reaction. Mreover, to
make the sodiumsalt, using the prior art processes, requires |solat|on of
4-am no-1 -hydroxybutylidene- 1,1- bisphosphonic acid and an additional
step to convert this to the nonosodium galt. Further, the use of
concentrated hydrochloric acid in 25 e quench, mhose funes present an
environnental problem is also required. U S Patent No. 4,922 007 to GR
Ki eczykowskHoveever, this msesywmlms amonipH omtrolladcw;atemqwmhdhat he use of
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bi sphosphonBUX8HE l'equ“'eSSPecl equipment.

' U.S. Patent No. 5,019,651 to G.R. Kieczykowski, et al.,
(assigned to Merck & Co., Inc.), discloses using a pH controlled quench
step in the range of 4 to 10, followed by hydrolysis, that eliminates the
concentrated hydrochloric acid formed in the quench step and the need to
handle a corrosive acidic product hydrolysis mixture. |

Prior methods teach the requirement that the reaction be
completed at temperatures above the boiling point of PCI3, for instance
90°C. However, this temperature is known to be in the adiabatic self-
heat range that is an unsafe operating range as batch volumes increase

‘and available cooling capacity decreases. In addition, control of
stoichiometric ratio is important to achieving useful intermediates.
However, control of stoichiometric ratios at constant temperature,
typically 90°C, is impossible using prior batch methods because
stoichiometric quantities of PCl3 may only be added at sub reflux
temperatures. For example, in U.S. Patent No. 5,019,651, stoichiometric
ratios were achieved by use of temperature programming whereby the
stoichiometric amount of PCI3 could be added at sub-reflux temperatures.
Alternatively, in U.S. Patent No. 4,407,761, PCI3 was added slowly at
isothermal reaction temperatures above PCI3's boiling point. Thus, it is
desirable to control both stoichiometry and reaction temperature at the
same time to provide consistent distribution of useful intermediates and
to ensure a safe operating environment. The prior batch modes of

' operation made control of stoichiometric ratios impossible while

maintaining a constant temperature.

The present invention solves both of these problems through

- operatlon of the reaction in a continuoas stined taok reactor that allows

greater heat transfer for temperature control while maintaining constant

stoichiometric ratios of reactants. The more favorable surface to volume

ratio of the present invention allows greater heat transfer for temperature
_ control. Further, contiriuous steady operation results in fixed ratios of

products and intermediates in a small controllable environment by
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rﬁ% -2- However, this process utilizes a non-pH controlled water

é 1¥tr1 | eads to the presence of a strongly acidic and corrosive
hydrely5|s m xture which requires specialized equiprment. U S. Patent No.
5,019,651 to G R Kieczykowski, et al., (assigned to Merck & Co., Inc.),

di scl oses using a pH controlled quench step in the range of 4 to 10,

fol Lowed by hydiolysis, that elimnates the concentrated hydrochloric acid
formed in the quench step and the need to handle a corrosive acidic product
hydrol ysis mxture. Prior nethods teach {fe requirement that the reaction
be conpl eted at tenperatures above-the boili-ng point of [err], -for instance

controlling both reaction temperature and stoichiometric ratio at all times.
The smaller reacting mixture reduces severity of an unexpected thermal
event and allows the entire reacting mixture to be quenched.

5 :
SUMMARY OF THE INVENTION |

o By this invention, there is provided a process for the

continuous preparation of compounds of the structural Formula ]

. ~ ZR]
1 | 1
wherein Z is selected from the group consisting of:
a)  H2N-C2-5alkyl-;
b)

T &
.~
o

YT N . wherein R is Cy.galkyl,

and Y is selected from
(i) hydrogen;
20 (i) Cq.galkyl;
. (i) ROO;
(iv) R®s;
(v) REREN;
(vi) halogen;:
R® is H or C;_calkyl; and
25 -
c) C2-6alkyl-(N-CH3)C2H4-; and
R] is a member selected from the group consisting of:
a) 0\ lx H - b) O 0\ lx
_P—0, P-O
30 el .. ana KT |
HO ,R-O" © O-Py P—(X);
O . o 1l
_ X X Yo
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9q5@ﬁ{] However,. this tenmpéerature s known to be in the adi abatic self-
heat range that is an unsafe operating range as batch vol unes increase and
avai kabl e cooli'ng capacity decreases. I.n addition, control of
stoichionetric ratio is inportant to achieving useful I nt er medi at es.
However, control of stoichionmetric ratios at constant tenperature,
typi.cally 90[.err], is inpossible using prior batch nethods because
stoichionetric quantities of [err] may only be added at sub reflux
tenperatures. For exanple, in U'S. Patea4 No. 5,019, 651, stoichionmetric 20
ratdi os were achi eved by use of tenperature programm ng whereby the

A Cernat vl St RS OH £ Tt gt el éhfzﬁ%&“ﬁpaﬁét“res
sotherrml r GptingAus production of inteowedjate ucpmpnundsgofpﬁemu arHdy,
desirabl e togag I both stoi chionetry and reaction tenperature at the

sane tinme to provide consistent distribution of useful internediates and 25
to ensurg a safe operating envjronment. The prior batch nodes of

o. OM -  \ : -
Z °P'—0 0O O, o QN
‘o0 on | \HO RO H/ " Ho’ ' ,:F’\—O' o- | M
. o o \ - 0.0
10 '
na - 18 | e

wherein Z is defined as above, and M is a monovalent, divalent or
trivalent cation such as Nat, K+, Ca2t, Mg2+. 1t should be noted that all
ionic forms of these intermediate compounds are encompassed by this
invention. This invention further includes a process for the continuous
production of compounds of Formula [IIA, IIIB, and JIIC

15

_oH o/ PH - o, PH
Z. C‘.P‘OH “P~ONa P~ONa
| z-C-OH Z-C-OH
20 _ HO’ P—O and l and |
HO OH | O,,p\-oH O,P\ ONa
OH OH

25 that comprises: : -
a) - continuonsly mixing an ammoalkane carboxylic acid of
formula |
'Z-COOH,
wherein Z is as defined previously,
30 ' with H3PO3 and PCl13 in methanesulfonic acid (MSA), or
" optionally PCI3 in MSA;and
b)  continuously adding aqueous base to the overflow mixture
containing the compound of Formula ] to produce the
compounds of Formula II; and
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operation made control of stoichionetric ratios inpossible while
1@t ai ni ng a constant tenperature. The present invention solves both of

t hese probl ens through operation of the reaction in a continuous stirred
tank reactor that allows 30 .greater heat transfer for tenperature control
-Whi | e. mai ntai ni ng constant stoichionmetric ratios of reactants. The nore
favorabl e surface to volune ratio of the present invention allows great er
heat transfer for tenperature control. Further, continuous steady operation
*results in fixed ratios of products an%; nternedlates in a smnal
control |l abl e environment by [err] s - controlling both reaction
tenperature and stoichionetric ratio at all tines.

.¢)  hydrolyzing the overflow mixture containing the compounds
of Formula [I to produce the compounds of Formula [II; and
d)  recovery of the products of Formula ]I and salts thereof.
~ Itis noted that all possible hydrated forms are contemplated
by this invention. For compounds of Formula ITIB, a trihydrate is a
preferred embodiment.
In a preferred embodiment, the compound is of the Formula
Ia, Z-R}1 wherein Z is group a) H2N-C2.5alkyl. Preferred intermediate
compounds of the Formula I1a include compounds of the Formulas IIa(i)

1% and Madi):

P

| > 7
R P 0.0 | R \c'P-O‘ o R
15 . HO O-,P\‘O H HO RO H
OH | O o

wherein R2 is C2-5alkyl substituted with a terminal amine or a
20 protonated terminal amine.
This invention preferably includes a process for the
continuous production of compounds of the Formula [Ila(i), Illa(ii), and

Ia(iii).
25 OH o, OH o, bH
R2_ “P-OH P‘ONa | P~ONa
HOC R0 and R "(|3 OH and R? —? OH
HO OH ~R-OH ~R—ONa
S o"on 0* o |
30 . le@ liai) Wlai)

wherein R2 is C2-5alkyl substituted with a terminal anﬁne, andthe
compounds may be in any hydrated state or a protonated terminal amine,
said process comprising: :

T —
———
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Th IIer reacting mixture reduces severity of an unexpected thermal
event and allows the entire reacting mxture to be quenched. 5 SUMVARY OF
THE I NVENTION By this invention, there is provided a process for the

continuous preparation of compounds of the structural Fornula I [err] 10
| wherein Z is selected fromthe group consisting of: a) H2N- C2- 5al kyl -
b) Lerr] 15 [err] , Wherein [err] is [err], and Y is selected from (i)
hydr ogen; ' _
- -6-
a) contmuously mixing an ammoalkane carboxyhc acid of the
formula
-H2N-C2.531k'yl-COOH
with H3PO3 and PCl3 in methanesulfonic acid (MSA), or
s optionally PCI3 in MSA; and

b)  continuously adding aqueous base to the overflow mixture
containing the compound of Formula ]a to produce the
compounds of Formula [la; and |

c) - hydrolyzing the overflow mixture containing the compounds

/ 10 of Formula [Ia to produce the compounds of Formula Ila;
and .
d) recovery of the products of Formula JIla and salts thereof.

DETAILED DESCRIPTION OF THE INVENTION
15 This invention relates to compounds of the structural
Formula ]
| ZR]
1
wherein Z is selected from the group consisting of:
20 a) HoN-C.s5alkyl-;
N b)
RS~
2
25 YN . whersin RS- is C, salkyl,
and Y is selected from
() hydrogen
(i) Cq.galkyl;
(i) R®O;.
(iv) RSs; .
30 (v) ROREN;
(vi) halogen;

ReisHor 01.5alkyl and

c) C2.6alkyl-(N-CH3)C2H4 and
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(ii) [err]-alkyl; (iit) [err]; (iv) [err]; (V) .

7Y :
Fbﬁ%kf (vi) halogen; R6 is Hor [err]alkyl; and 25 c) [err] and [err] is
a menber selected fromthe group consisting of: a)

b) 0 0X 3

10

15

20

25

30

[err] [err]

-7-

wherein R} is a member selected from the group consisting of:

a) o X | b) 0o, X
* . \_ ¢ — P-O Z
Sel F,  ana &2 >< X
HO" ,p~0" O ~FS P~ {X)
X 06

- 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-hydroxybutylidene-1,1-bisphosphonic acid
(ABP) and salts thereof. Specifically, this process may consist of five
operations: continuous bisphosphonation reaction, continuous or batch
pH controlled quench, continuous or batch hydrolysxs, crude
crystallization, and pure crystallization.

More specifically, the continuous bisphosphonation reaction
consists of producing an carboxylic acid feed and reacting this feed with
PCI3 in a continuous stirred tank reactor.

The carboxylic acid feed is assembled by dissolving solid

“carboxylic acid and solid phosphorous acid (H3PO3) in methanesulfonic

acid (MSA). Generally, 1t03, preferably 2 moles of H3PO3 and
generally 6.3 to 6.4, preferably about 6.38 moles of MSA are used per
mole of carboxylic acid. To facilitate complete dissolution of the solid
components in the liquid MSA, the mixture 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 maintained from 10°C to 90°C,
preferably 70°C using an external heat source. Alternately, the H3PO3
addition may be eliminated in the carboxylic acid feed preparation. If
this alternate procedure is chosen, then H3PO3 may be formed in situ
from PC13 in methanesulfonic acid (MSA), PCI3 and y-amino butyric

- acid (GABA) in MSA, or H20 in MSA.

The carboxylic acid feed is added to the cold reaction vessel
to a point below the overflow level. During this fill, a heating medium is
placed in the jacket and the vessel agitator turned on. Temperature
control is used to bring the temperature up to about 45-100°C, preferably

* 90°C. The liquid PCI3 feed is then initiated to the reactor vessel until the
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-4- wherein Xis OHor d. This invention also provides a process for the

C Fnuous production of -intermediate conpounds of Formula [err], [err] and
[err] 5 [Lerr] wherein Z is defined as above, and Mis a _
monoval ent, divalent or trivalent cation such as Na+, K+, Ca2+, M2+. It
shoul d be noted that all ionic forns of these |nterned|ate conmpounds are
encanpassed by this 15 invention. This invention further includes a process
for the continuous production of conpounds of Formula [err], [err], and
[err] 20 [err] 25 that8conpr|ses a) conti nuously

m xi ng an am noal Kahe carboxylic acid of "fornula Z- COOH,

weight of PCI3 fed to the reactor (adJusted for vapor loss) d1v1ded 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 flowrate sufficient to
_provide a residence 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. Shortly after the carboxylic acid feed is resumed,
the reactor will overflow into the quench vessel which can initially be
filled with either water or dilute aqueous base. The carboxylic acid and
liquid PC13 are added simultaneously at their respective flowrates until
the desired amount of material is produced.

Three res1dence 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 overcomes this problem through stoichiometrically

- controlling the reaction components thereby minimizing the formation of
unwanted intermediates.
' The overflowing batch is neutrahzed 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 MHCO2 or MCO2 such as sodium carbonate or sodium
bicarbonate, wherein M is any ion. 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 response to fluctuations 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 bisphesphonation mixture produces compound of

10

15

20

25

30 Formula 1.

Z-R1
1
wherein Z is selected from the group cons1st1ng of:

a) 2N-C2-5a1kyl-
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Whegei-n Z is as defined previously, 30 with [err] and [err] in
met hanesul fonic acid (MSA), or optionally [err] in MSA, and b) continuously
addi ng aqueous base.to the overflow m xture containi-ng the conpound of
Formula [err] to produce the conpounds of Formula [err]; and [err] - 5 -
C) hydrolyzing the overfl ow m xture containing the corrpounds of Fornmul a
[err] to produce the conpounds of Fornula [err]; and d) recovery of the
products of Formula [err] and salts thereof. It is noted that all possi bl e
hydr at ed forms are cont enpl at ed -9.

B

YT N . wherein R® is Cy.calky},

' and Y is selected from
(i) hydrogen;
(ii) Cg.salkyl;

- (i) RO;
1 (v) RES;
(v) R°RN;
(vi) halogen;
R® is H or C,_salkyl; and

15 )  C2-galkyl-(N-CH3)C2H4-~; and
wherein R is a member selected from the group consisting of:
a o X b Qq;
p-o _H —p_ P-0O
el F,. and X7F X
20 HO" R-O° O O—Ry P—(X)
0 X X 08
. wherein X is “OH or Cl. It is likely that the compound of the following
formula
. 25 . O\\ 'x
Z. P-0O,
c. _.p-Cl
HO _R-O
O X

30 . is also formed prior to quenching. Preferred coinpounds according to this
invention are as follows. For compounds of the formula Z-R1, where Z
. is a) H2N-C2-5alkyl-, Z is preferably a H2N-C4alkyl and the resulting
compound may be used as an intermediate for the production of
alendronate (4-amino-1-hydroxybutylidene-1,1-bisphosphonic acid,
sodium salt trihydrate.) | |
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bysos7Ayi-s i nventi on. For conpounds of Formula [err], a trihydrate is a
preferred enbodinent. In a preferred enbodi nent, the conpound is of the
Formula la, [err] wherein Z is group a) [err]. Preferred internediate
conmpounds of the Formula IIa i ncl ude conmpounds of the Formulas Ila(i) 0 and
Llta(ii): [err] 15 [err] wherein R2 is [err] substituted with a
termnal am ne -or a 20 protonated termnal amne. This invention preferably
|ncludes a process for the continuous production of conpounds of the
Formula Illa(i), Illa(ii), and Illa(iir)1025 [err] [err]

For compounds where Z=1), the preferred compound is

where RS is CH2, and the resulting compound may be used as an
* intermediate for the production of risedronate (1-hydroxy-2-(3-

pyridinyl)ethylidene bisphosphonic acid.

For compounds where Z = c) a preferred compeund is where
Z = C4alkyl-(N-CH3)C2H4-. This can be used as an intermediate for the
production of the compound designated BM210955.
(1-hydroxy-3-(methylpentylamino)propylidenebisphosphonate).

This reaction and/or the bisphosphonation mixture itself

. exhibits significant exothermic characteristics. Therefore sufficient
safety precautions must be undertaken to assure the reaction proceeds
‘safely. To this end, for a given productivity, the smaller reaction volume
of the continuous reaction provides faster quench time in the event of
reaction runaway than a batch system of similar productivity. The vessel
that receives the normal overflow from the ‘bisphosphonation 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.
20 The compound of Formula IIA, IIB; or IIC:

10

15

25

30 wherein Z is as defined previously, and preferably a C2-5 alkyl

substituted with a termihal amine or a protonated terminal amine and M+
is a monovalent or a divalent cation such as Na+, K+, Ca2+, Mg2+, may
be accumulated or may be continuously removed from the quenching
vessel via overflow into a new reactor for hydrolysis. It should be
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3 [err] mhereln R2 is [err] substltuted with a termnal am ne,
the conpounds nmay be in any hydrated state or a protonated term nal

an1ne sai d process -conpri si.ng: -6- a) continuously mxing an
am noal kane carboxylic acid of the fornula [err] with [err] and [err] in
met hanesul fonic acid (MSA), or 5 optionally [err] in MSA, and

b) ., continuously addi ng aqueous base to the overflom/n1xture containing
the conpound of Formula |l a to produce the

-11-

appreciated that other anionic forms of compounds of Formula I, for
example tri-ionic, 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 batch is heated in a vessel composed of thick walled PYREX™,
or if vessel degradation is a problem, then in a vessel lined with
Hastealloy™ C-276, to about 100-175°C, preferably 140°C at 60 psig
19 and aged for about 20 hours to breakdown Compounds [IA and IIB into
product III.

15 | 'HO" R=0

20 Wherein Z is as defined previously and is preferably a C2-5 alkyl
- substituted with a terminal amine and salts thereof, partxcularly the -
monosodium and disodium salts.
. The batch is then cooled to 85°C and a sample is taken to
confirm pH and completnon of hydrolysis. However, hydrolysis of the
25 Ppyrophosphonate may be carried out at room temperature and recovery of
the desired end product is possible. The batch volume may be adjusted
before or after the hydrolysis by either distillation or the addition of
water. Pure mother liquors may be returned to the batch before
hydrolysis and the excess volume taken off by distillation to ensure the
30 total solids specification for the crude crystallization is met. .
The pH of the warm solution is corrected if needed by the
addition 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 III or its mono or di- salt forms which may be present at the

| -appropnate pH
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' %“Sounds of Forrmula Ila; and c) hydrol yzi ng the overflow m xture -
ai ning the conpounds of Fornmula Ila to produce the conpounds of Formula

I11a; and d) recovery of the products of Formula Illa and salts thereof.
DETAI LED DESCRI PTI ON OF THE | NVENTION 15 This invention rel ates
- to conpounds of the structural Formula | [err] wherein Z is selected from
the group consisting of: 20 a) - [err] b) [err] 25 Y N
" [err] is [err], and Y is selected from
) ' -12-
o, PH
Z- “P—OH
HO' P"O
HO OH
5
T

The batch is cooled to 0-25°C, This crude solution is aged
for >6 hours and the crystal slurry is isolated by filtration. The resulting
10 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 temperature is taken up to from about
,  40°C to about 100°C, preferably 50°C and the solution aged until
- 15 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 mono salt. The batch is filtered and then concentrated by
distillation. The resulting slurry is cooled to from about 0°C to about 5°C
. and aged for longer than two hours. The chilled slurry is filtered and the
20 wetcake washed with cold deionized water (0-5°C) and then dried in
~ vacuo. The compound of Fo:_mula I

o, OH

7 SP-OH

25 | - HO" P=0O
- | " HO OH

i

" wherein Z is as defined previously and is preferably a C2.5 alkyl
substituted with a terminal amine and salts théreof, particularly the
monosodium and disodium saits, is obtained by this process.

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

30
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j%)% nydrogen - (ii) [err] (iii) [err] 30 - (iv) [err];

é 7] (V) [err]; (vi) halogen; [err] is Hor [err]; and c) [err]; and
-7.- wherein [err] .is a nenber selected fromthe group consi sting of a)
[err] ~. b) 00 X [err]

®

~,

[

-13-
- (1) PClg/HgPOgy/
il : CH3303
Z-C-OH -~
: (2) aqueous NaOH, pH = 4- 10 °
. (3) 140°C, 20 hours at pH of 5
5 (4)pH 4.3
o, oH o oA o, oH
7. P-OH P‘ONa ";"ONa
10 - H O/ "P\':O and Z"?'OH .and Z"'CI OH
| HO OH - _.R~OH R—ONa
'\ '\
O oH 0" oH

wherein Z is defined previously and is preferably a C2-5alkyl suBstituted
with a terminal amine.

15
A particular 111ustrat10n of this reaction wherein Z is NH2-
CH?2-CH2-CH2 leads to
o, OH o OH o, OH
Zoi: POH  P-ona P~ONa
20 { Z—C-OH3H0 —C -
HO' "R=0 ‘and £ | 20 and Z (|: OH
HO OH o?R-OH - ,R=ONa
OH O OH

The bisphosphonic acids described here are useful because
23 of their sequestering power for polyvalent metal ions and for complex
formation with alkaline earth'ions, preferably calcium ions. Therefore,
substituted bisphosphonic acids may be useful in water softening, water
punﬁcatmn, and in the preparation of non-toxic pharmaceutical
medicaments.
30 . Specifically, 4-amin -l-hydroxybutyhdene-l ,1-bisphos-
phonic acid monosodium salt trihydrate described here is useful as a
. pharmaceutical composition and for the treatment or prevention of
diseases involving bone resorption. Such diseases as hypercalcemia of
malignancy, Paget's disease and osteoporosis are advantageously treated
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wherei'ln X is -CHor -C. The present invention is also directed to a
pw&Eess for produci ng said conpounds and the bi sphosphonate products 10

t hereof includi ng 4-ani no-1- hydroxybutyl i dene-1, 1- bi sphosphoni ¢ acid ( ABP)
and salts thereof. Specifically, this process may consist of five
operations: continuous bisphosphonati on reaction, continuous or batch pH
controll ed quench, continuous or batch hydrolysis, crude crystallization,
apd pure crystallization. 15 Mre specifically, the continuous
bi sphosphonati on reaction consists of pizducing an carboxylic acid feed and
reacting this feed with [err] in a conttidgous stirred tank reactor. The
carboxylic acid feed is assenbl ed by dissolving solid carboxylic acid and

22' i d Iolhos pidtlvd4caminet 1chypdrdxybutylidénev cb-bisphusphaflic aciddn6i6sddium 6.4
prgsgfabyy éﬁ@ﬁPﬁgdﬁﬁgﬁﬁ#ﬁﬁhﬁﬁgﬁﬂﬁé§$Q%%g§§% %fﬁﬂﬂ?ﬁﬁgﬁm@aﬁﬁgﬁ} an0|d To
facilitate conplete dQther phannaoeutma:ll)smoe@table salts, such as for example
potassium salts, can be prepared according to the processes of the present
invention and are included within the scope thereof. Other
bisphosphonates that may be prepared by this continuous process include
(2) 2-amino-1-hydroxyisobutylidene-1,1-bisphosphonic acid, (b) 3-
amino-1-hydroxypropylidene-1,1-bisphosphonic acid, (c) 5-amino-1-
‘hydroxypentylidene-1,1-bisphosphonic acid (d) 6-amino- -hydroxy-
hexylidene-1,1-bisphosphonic acid, (e) risedronate, (1-hydroxy-2-3-
pyridinyl)ethylene-1,1-bisphosphonic acid, and (f) BM210955 N-butyl-
N-methyl-3-amino-1-hydroxypropylidine-1,1-bisphosphonic acid.

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

S

10

15
EXAMPLE 1

- Continuous preparatlon of 4-ammo-1—hydroxybutyhdene—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 H3PO3. This mixture of MSA, GABA and H3PO3 shall
hereinafter be referred to as the GABA Feed. The mixture was
maintained at 70°C during dissolution. The remaining 0.645 kg of MSA
was added as a rinse and the solut:on stirred at 70°C until GABA and
H3PO3 were dissolved. |

The bisphosphonation reactor was jacketed and fitted with a
mechanical agitator, feed ports, temperature probe, and a reflux-
condenser and a bottom outlet. A standard kydrogenation 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. Also attached to the impeller shaft and located above the Rushton

. turbine was a propeller type agitator. The propeller type agitator had a

20

25

30
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C ents I n the liquid MBA, the mxture can be heated from40 [err] to
[egr&ﬁ}n preferably [err]. Once the solid conponents of the carboxylic acid
5 .feed are dissolved, this feed may be nmaintained from[err] to [err],
preferably [err] using an external heat source. Alternately, the [err]
addition may be elimnated in the carboxylic acid feed preparation. If this
alternate procedure is chosen, then [err] may be forned in situ from[err]
in et hanesul f oni ¢ acid (MSA), [err] and [err]-amino butyric 30 acid
¢GABA) in MBA, or H20 in MBA. - The -carppxylic acid feed is added to the
cold reaction vessel to a point below the o-verflowlevel Durlng this fill,

o et 19, Tl ek B s R e B bS RS Rekel SoiabRting 150 "
[err], pref ethetiepcforrwas lodated beneath| therwetted walk The batlnusediteeato t he
reactor vessge jBkét medfurhWhs set between 97-105°C depending on the heat load
requirements of the reaction mass to maintain a batch temperature of
90°C. The condenser and medium were set to achieve an off-gas
temperature of -10°C. o -

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 temperature 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 continuously adjusted as needed to
maintain batch temperature of 90°C. The PCI3 reservoir 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 warm GABA
feed. At this time agitation and bath circulation of the reactor jacket
commenced. The GABA feed in the reactor was heated to 90°C. 50 ml
of GABA feed was drained from the reactor. PCI3 flow was initiated into
the reactor at 0.95 mi/min. After 95 minutes, the flow of the GABA feed
was initiated at 3.7 ml/min. This time corresponds to 90 ml of PCI3
20 entering the reactor and a ratio of PCI3/GABA feed of 0.33 (g/g). At this
- stage, the semi-batch start-up procedure was completed and the

continuous operation mode was established.

PCI3 and GABA feeds were continued at 0.95 ml/min. and
3.7 ml/min., respectively, for the desired run time. The flowrates were
chosen to give a residence time of 1.8 hours based on the flow rate of
GABA feed. During the entire process, the reactor was overflowing into
the quench vessel. The yield to intermediates that will subsequently be
‘available after hydrolysis for recovery is about 60-72%, typically 70% at
steady state. This is 10% above the yield expected from a direct change
from batch to continuous mode.

The amount of material needed was the hmmng factor in the
length of the run. At the end of the run, the PCI3 and GABA feeds were
tumed off. The reactor was drained once PCI3 was no longer refluxing.

e
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- 8 --weight of [err] fed to the reactor (adjusted for vapor |oss) divided
by%%¥Pe wei ght of carboxylic acid feed is fromO0.22-0.33, preferably 0.32.

At this point, the carboxylic acid feed is resuned at a flowate sufficient
to provide a residence tinme in the reactor fromabout 1.5-2.5 hours, -
preferably 1.8 hours. The residence tine is expressed as the volune of the
reactor overflow conditions divided by the flowate (vol/mn) of carboxylic
aC|d feed. Shortly after the carboxylic acid feed is resuned, the reactor
wWll overflowinto the guench vessel mh|%£ can initially be fllled W th
ei-ther water or dilute agueous base. é arboxylic acid and liquid [err]
are added S|nultaneously at their respective flowates until the desired

amount of material is @ontinueus quenchingdookglace in aS00 mi cytindrical,
bi' sphosphonaheRetddeRaktiofl fdsk with an attached overflow leg and a teflon paddie

. stirring mechanism. The pH probe for the quench was calibrated with

‘buffer solutions of pH 4.0 and 7.0. The lower limit was set at 5.0. The

> 479% NaOH reservoir was filled and maintained. The deionized (DI)

water or the pure mother liquor reservoir was filled and maintained.
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 the pure mother
liquor reservoir flow rate was calibrated to 18.75 ml/min. An initial
charge of 700 ml of DI water was placed in the quench vessel. As
reaction 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 controller. Once sufficient batch mixture and NaOH -
were charged to result in >550 g/l total solids, the DI water or pure
mother liquor pump was turned on. At this time, the quench vessel
overflowed via the overflow leg and the semi-batch start-up was
completed. '

10

15

For continuous operation, the quench vessel 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 after
completion of the mass quenching, the pumps and the pH controller were
turned off and the quench vessel was drained.

The compound of the formula |

20

25
o on
HoN-H,C-HaC-HyCo c’P 0, ,
 HO" R0 O
O oH

30
was produced and had the following characteristics: .

~a)  Molecnlar weight = 295; and

b) 31PNMR at 161.98 MHz using H3PO4 (50.0) as an extemnal
reference standard 83.8, (t, JpP=13.5, JPH=669.4) and

015.9, (d, Jpp=13.5); and
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undertaken bef or e steady state synthesis occurs. Prior batch processes
P89¥It in the uncontrollable formation of unwanted internediates. The
present invention avercones this problemthrough stoichionetrically
controlling the reaction conponents thereby minimzing the formation of
.unwant ed intermedi ates. The overflow ng batch is neutralizedin an attached
quench vessel by the addition of aqueous base. The aqueous base may be any
aqueous base of the fornula MOH such as .sodi um hydroxide, or of the fornula
-MHCO2 or [err] such as sodlun1carbonati or sodi um bi carbonate, wherein Mis
any ion. Separate deionized (D) water an base feeds are utilized to
mai ntain an effective concentration of base in the quench solution from -

about 15-50% proaferaltﬂcvl\ﬂbmmt POO(6 1/ M usinigedioxiane {867 @ )tag arpi ntain.pH in

response to fluctuati %@rﬂ r%@?e\,gg& &éng&?nggﬁ_ac&ds?w% ngo ’It_l :Snot h‘el'he

uench vessel is mai ta
'?errper ature of the q?ﬁfﬂe g31¢8l(deJCP—3 2), 623. 8 (, JCP-64

3 Th_e compound of the formula
. o o
(HQ)Z-p ><P—QXGH2 CHy-CH,- NHZ
S HaN-HC-HC-H,C™ O-F "P—~(OH),
10 HO O O
was also produced and had the following characteristics

a)  Molecular welght 462; and '

b) 31P NMR at 161.98 MHz using H3PO4 (50. 0) as an external
15 reference standard 8§12.9 (t, Jpp=17.1), 8.0 (t, Jpp=17.1);

' and
¢)  13C NMR at 100.61 MHz using dioxane (867 4)as an
external standard 686.4 (ddd, JCp=139.7,129.3,15.3), 841.0,
| 633.3, 623.0(m).
20 Hydrolysis was carried out in a 250 ml Ace glass heavy

walled safety coated storage bottle equipped with a Teflon™ coated
magnetic stir bar and a modified Teflon™ cap to include a Teflon™ .
coated thermocouple that allowed in situ temperature monitoring. The
vessel was suspended in a heated Silicon™ oil bath. 200 ml of quench
25 material was charged to the 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
to 140°C. Once the proper temperature was reached the hydrolysis was
aged for 20 hours at 140°C. After the aging was completed, the contents
30 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 a 3-neck 250 m! .
round bottom flask equipped with a teflon paddle. 200 m! of 85°C
solution from the hydrolysis vessel were charged to the 250 m] 3-neck
'round bottom flask with stirring. The pH of the solution was measured
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e nalntalned fron10[err] to 100[err], preferably <50[erf]. The
EF%#R

osphonati on m xture produces conpound of Formula | [err] | wherein Z
is selected fromthe group consisting of: a) [err]; - 9 - Db) [err]
[err] , Wherein [err] is [err], and Y is sel ected from

-18 -

and adjusted accordingly. However, if the pH was below 4.0, the
solution was discarded and a new hydrolysis was done. The solution was
allowed to cool to 20-25°C during which time the batch crystallized. The
slurry was aged for >15 hours at room temperature with stirring and

> filtered with vacuum. The crystals were washed with 2 x 15 m! 0-5°C DI
water. The product was dried overnight in vacuo at 45-50°C. '

The purification was carried out in a 3-neck 250 ml round
bottom flask equipped with a teflon paddle. 10 g of dry crude material
was charged into the 3-neck flask. 150 ml of DI water was charged to the

10 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

13 flask were allowed to age for two hours. The slurry was cooled to 0-5°C,
aged for two hours and filtered with vacuum. The crystals were washed
with 2 x 15 m] 0-5°C water.

20

Continuous preparation of (a) 2-amino-1-hydroxyisobutylidene-1,1-
bisphosphonic acid, (b) 3-amino-1-hydroxypropylidene-1,1-
bisphosphonic acid, (c) 5-amino-1-hydroxypentylidene-1,1-
. bisphosphonic acid or (d) 6-amino-1 -hydroxyhexyhdene—l 1-
bisphosphonic acid '
Using the appropriate aminocarboxylic acid in equivalent
amounts to 4-aminobutyric acid it is possible to produce the title
 bisphosphonic acids using the method of Example 1. The appropriate
aminocarboxylic acid include but are not limited to; 2-aminoisobutyric

30 acid, 3-aminopropionic acid, S-aminovaleric acid and 6-aminocaproic
acid. |
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(;i.) r;;,/drogen; (ii) [err]; 10 | _(i'ii) RGO; (tv) Terr];

{987YR6R6N; (vi) halogen; R6 is Hor [err]; and 15 - O [err]; and
wherein [err] is a _nmenber selected fromthe group consisting of: a)

[err] : b) 0 OX [err] 20 wherein Xis -OHor G. It is likely
_that the corrpound of the follow ng fornula 25 :

-19-.
AMPLE 3
-Continuous preparation of (a) risedronate, and (b) BM210955
Using the appropriate starting materials, it is possible to
S produce the title compounds using the method of Example 1. Starting

materials include: but are not limited to: 3-pyridylacetic acid, and N-
butyl-N-methyl-3-amino propionic acid.

* T
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[érr 30 is also formed pricor to quenching. Preferred conpounds according
t%@? is invention are as follows. For conpounds of the fornula [err], where
Zis a) [err], Zis preferably a H2N-C4al kyl and the resulting conpound may

be used as  an i e production of -al endronate

(‘4-am no- 1- hydrgmummmm'ummnrbl sphosphoni ¢ acid, sodium salt
trihydrate.) [err] ¢ + 10 -° Fdr conpounds where Z = b), the preferred

" cofpound is where [err] is CH2, and the resulting conpound may be used as

-an.intermediate for the production of rdgedronate (1-hydroxy-2-(3-

WHAT IS CLAIMED IS:
1. A compound of the structural Formula I
| | ZR1
° - I

wherein Z is selected from the group consisting of:
a) H2N-C2-5alkyl-;
b) |
RS~
Z | :
YN . wherein RP- is Cy galkyl,
and Y is selected from
(i} hydrogen;
(ii) - Cq.galkyl;
(i) R°O;
(v) R®Ss;
(v) ReRON;
(vi) halogen;
R®is H or Cy.galkyl; and

10

15

20

¢)  C2-6alkyl-(N-CH3)C2H4-; and ~
R] is selected from the group consisting of:

S X : b . X Q\.
25 ' ' a)" o\\ A H ) o'\\;:/o{ ""(X)z'
: I 2and O 0 21 .
\/C\ ,.P\‘ . and —'J\ /Pe z
HO  R-0" O o-F ©'x©
o
X | X)2

a0 - wherein X is <OH or CL.

2. A compound according to Claim 1, having the
formula H2N-C2-5alkyl-R]1 wherein R] is a member selected from the
group consisting of: :

.- This Sheet Has Been

L.



y yr‘i-‘di nyl ) et hyl i dene bi sphosphoni c acid. For conmpounds where Z = ¢) a
19§'¥§ferred conpound is where Z = C4al kyl - (N-CH3) C2H4-. This can be used as
an internedi ate fortheproduction of the conpound desi gnated BM210955. (1

- hydr oxy- 3- (e iinoRRr opyl i denebi sphosphonate).  This reaction
and/or the bi si) H mﬂ‘ Wm ﬂt ure itself 0 exhibits significant
exotherm c characteristircs.s erefore sufficient safety precautions nust be

tindert aken to assure the reaction proceeds safely. To this end, for a given
. Jproductivity, the smaller reaction vgz:fge of the continuous reaction
provides faster quench tinme in the ev€nt -of reaction runaway than a batch
systemof simlar productivity. The vessel 15 that_receives the normal
overflow fromthe bi sphogphonation reactjon i al S(p\\enpl oyed for the

emer gency quen@. TheOgi X mum vol une of Phew-fdwmch i s about twice
Thits en

t he reaction vol une of ,E’.he\r;!'hctor vessel . es ntire reaction
vol ume to be qui ckl y\,GuenchEQ.d'n and _;\ _Ps 2.5a|k§‘5Nﬁ2 | :
- HO PO . 0____R O )'( o
5 ' 0 _
- - X (X)2

whefein X is OHor Cl

3.  The compound of Claim 2 of the formula
10 HON-CH2-CH2-CH2-R1. =

4.  The compound of Claim 3 wherein R] is

15 . - N 7

and is characterized by :

a)  Molecular weight = 295; and

b) 31PNMR at 161.98 MHz using H3PO4 (50.0) as an
external reference standard 53.8, (t, Jpp=13.5,

, JPH=669.4) and 815.9, (d, Jpp=13.5); and

“¢) 13C NMR at 100.61 MHz using dioxane (567.4) as an

external reference standard 883.2, (td, JCp=134.9,
10.4), $41.2, 831.8 (d, JCp=3.2), 823.8 (1, ICP=6.4).

20

25
5.  The compound of Claim 3 wherein R} is

30 _ 03} O P—(OH),

and is characterized by
' - This Sheet Has Been Replaced
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the event of an undesired thermal event. 20 The conpound of
Pos7¥ul a [err] 25 [err] 30 wherien Z is as defined previously, and
preferably a—ferri—atkyr substituted with a term nal am ne or a protonated

termnal amn ' fipval ent or a divalent cation such as Na+, K+,
. Ca2+, My2+, nmmnmc“ﬂuﬂm‘mhr may be continuously renoved fromthe
quenching vesset watoverfFowinto a new reactor for hydrolysis.- It should
be [err] appreci ated that other anionic forns of conmpounds of Fornul a
-1M, for exanple tri-ionic, are formed ynder appropriate pH conditions:

(structures throughout this specificat’i?&T shoul d be understood as

a)  Molecular weight = 462; and

b) 31PNMR at 161.98 MHz using H3PO4 (50.0) as an
-external reference standard $12.9 (t, JPp=17.1),
8.0(t, Jpp=17.1); and

3 ¢)  13C NMR at 100.61 MHz using dioxane (567.4) as an
external reference standard 886.4 (ddd, JCpP=139.7,
129.3,15.3), 841.0, 833.3, 523.0 (m).
0 6. A compound according to Claim 1 having the formula .
. RS/R'I
A
Y b
| A
15 -
wherein R3 is C1-5alkyl, and R] and Y are as defined above. '
7. A compound according to Claim 6, wherein RS is
CH2 and Y = H. ' '
20

8. A compound according to Claim 1 having the formula
C2-6alkyl-(N-CH3)C2H4-R1.

9. A process for the continuous préparation' of
25 compounds of the structural Formula I

A3
- 1
wherein Z is selected from the group consisting of:

30 a) HoN-C2-5akyl;
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including all possible ionic forns. dependent on the pH of the environnent).
THos7YpH of t he quéenche s checked and adjusted, if necessary, to
bet.ween about 3 rably to about 4.6 and 5.0. The batch is
heated in a ves mﬂﬂmmuawuﬂmhl ck wal l ed PYREX[ err], or if vessel
degradation is a*probliem® then*in a vessel lined wth Fbstealloy[err]
C-276, to about 100-175 [err], preferably [err] at 60 psig and aged for
abbut 20 hours to breakdown. Cbnpounds [err] and [err] into product I
.[err] 15 [err] 20 wherein Z is as defiped previously and is preferably a
[err] alkyl substituted with a terninal4amnine and salts thereof,

particularly the nonosodi um and di sodium salts. The batch is then cooled to
[err] and a sanpbk is taken to :

RS~
Z
5 Y/-\\/N , wherein R®- is C,_zalkyl,
- and Y is selected from
(i) hydrogen;
(i) Cqgalkyl;
(i) ROO;
1o (iv) R®S;
(v) RORSN;
(vi) halogen;
R® is H or Cy.salkyl; and
c) Ca-6alkyl-(N-CH3)C2H4-;and
15 R] is a member selected from the group consisting of:
" a) o X H. | b)Oo” |
| PO, | “P-0
Sof DRl ana M >(
. HO" R—O0" © - -P\ P— X)2
20 . ‘O x

and wherein X is -OH or Cl;
that comprises:
a) continuously mixing a carboxylic acid of formula
25 Z-COOH,
: wherein Z is as defined previously,
with H3PO3 and PCI3 in methanesulfomc amd (MSA), or

optionally PCI3 in MSA; and _
b)  continuously adding aqueous base to the overflow mixture
30 containing the compound of Formula ] to produce the
" compounds of Formula IIa, IIb or [Ic; and
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confirm pH and conpl eti on of hydrol ysi's. However, hydrolysis of the 25
pysvphosphonate may be carried out at room tenperature and recovery of the
desired end product s possible. The batch volunme iy be adjusted before or
after the hdem r distillation or the addition of water. Pure
ot her |iquor mm#” @mgﬁﬂ[to t he batch before hydrolysis and the
excess volune t*akén o I-llation to ensure the 30 total solids
specification for the crude crystallization is net. The pH of the warm -

'solution is corrected if needed by the dition of an appropriate acid or
base. After the pH adjustnent at 85 [er47; the hydrol yzed batch nay be

seeded with crude or pure conpound of Fornmula Ill or its nono or di- salt
forms which may bg—present at tpe appropriate pH [err
O, o o
'0\ ¢ S 4
z. PO 0 2. JP-0, D P-0, 0
L PH i K im | Be K
. HO' OP“O * \ HO" R-O" H + \ HO" ,R-0" O
ja 1B Ic
10 wherein Z is as defined above and

‘M is a monovalent, divalent, or trivalent cation; .
c)  hydrolyzing the Compounds of Ila, IIb or IIC to produce the
compounds of Formula JA, IIIB and IIIC

o, OH o, OH o, OH
15 7 P-OH Poom - P~oM
| .. 2—C-OH *3H,0 Z-C-OH
HO" R=0 |
HO OH . ~ZR-OH ~-R—OM
0™ on O™ "on
20 1A jill=] ' Hc
10. A process of Claim 9 for the continuous production of
a compound of Formula I:
| H2N-C2-5alkyl-R]
- 25 "wherein R] is a member selected from the group consisting of
a) o, X ’ b) O o. X
P-0_ | B p- o _C,.salkyl NH
HO ,P-O° U O—P\ P=(X):
30 . 9 x 0o

wherein X is “OH or Cl comprising:
a)  continuously mmng an aminoalkane carboxylic acid of

formula
o H2N-C2.5alkyl-COOH :
Hiiiiﬂ’iiilﬂl’ii"l‘ffi’i“" '




- 12 - 5 ' [err] The batch is cooledto
19875 [err]. This crude soI ution is aged for >6 hours and the crystal slurry
is isolated by filtration. The resulting 10 cake may be washed with cold,
dei oni zed water-—The crude cake may be dried or charged directly into the

purification st ied-m xture and dei oni zed water are added
to the purlflcal -mmg“‘ﬂﬂ“mmtessel tenperature is taken up to from
about [err] to abeutc[érr], preterably [err] and the solution aged until 15
- dissolution is conplete. The recoverysgf end product is pH dependent, from
about pH 3.0 to about pH 12.0. Prefer%gly, the pHis adjusted to 4.3 to

obtain the nono salt. The batch is filtered and th n concentrated by
“distillation. The raithPGI3 andH3PQ3 in the preseace esYlEoRIC ¢ ™ about.

[ egf { ha”d aged for LRPEMSAYSr bpHohally PCIE lhb'ﬂx’e@@héd of MSAsahdl t er ed
n

: © b)  continuously removing the mixture contammg the

compound of Formula .

11. The proCess of Claim 10 further comprising:

a)  continuously adding aqueous base of formula MOH,
MHCO2 or MCO2 to a mixture containing the compound of
Formula ] to produce the compound of Formula J1a and JTb

or Hc:

10
o“"o M o o O\ p—
P-0, O\ ., 7z P-0, 0\ ,

s / ) /C\ 7
15 HO' ROT M\ \ om0 W/ T ¢\ HOR-0" O,
O oH 0 o- of o-

mo B e

20 wherein R2 is a C2-5 alkyl substituted with a terminal amine

or a protonated terminal amine and M is a monovalent,
divalent or trivalent cation of the base; and
b) continuously removing the mixture containing the
25 compound of Formula IIa, b or Ic.
12. The process of Claim 11 wherein the aqueous base
has a conoentratlon of about 5% to about 50%.

13. The process of Claim 12 wherein the aqueous base

30 has a concentratnon of about 50%,

: , 14. The process of Claim 11 wher_ein the aqueous base is
NaOH. - |
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20 wetcake washed with cold deionized water (0-5 [err]) and then dried in
78 Ho. The corrp@und_oj_Eom [11 [err] 30 wherein Z is as defined
previously and i erably a [err] alkyl substituted with a term nal

am ne and salts r!ﬁwwms"mmurrl y the nonosodi um and di sodiumsalts, is
. obtained by this ction is schematically represented as
foll ows when the base is Oft: lerr] - 13 - (1) [err] (2) aqueous NaCH,
QH =4- 10 : : :
.3 _26-

| 15. The process of Claim 11 further comprising
hydrolyzing the removed mixture containing the compound of Formula JI
~ to produce the compound of Formula III:

5 0. OH
3 “P-OH
Ra~c
HO' 'R=0
HO OH
1
10 .

or salt thereof.

16. The process of Claim 15 wherein hydroljfsis is carried
out at a pH from about 3.0 to 12.0.
15 '
17.  The process of Claim 16 wherein hydrolysis is carried
out at a pH of about 5.

_ 18. The process of Claim 17 wherein hydrolysis is carried
20 out at a temperature of 110°C to about 175°C.

19. The process of Claim 18 wherein the temperatﬁre is
- about 140°C,

25 20. The process of Claim 9 wherein the carboxylic acid is
a member selected from the group consisting of:
a)  2-Aminoisobutyric acid;
b)  3-Aminopropanoic acid;
) ¢) 4-Aminobutyric acid;
30 | d)  5-Aminovaleric acid;
' e) 6-Aminocaproic acid;
f)  3-Pyridylacetic acid; and :
g) - N-butyl-N-methyl-3-amino propionic acid.

This Sheet Has Been Replaced
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(‘é& err] 20 hours at pHof 5 (4) pH 4.3 10 - [err] wherein Z
eflned previously and is preferably a [err] substituted 15 with a
ter.mi nal am ne. “A-partt+eutar—+t+tustration of this reaction wherein Z is

NH2- CH2- CH2- CH2 The bi sphosphonic aci ds descri bed here -
.are useful becausH“MﬂMﬂ“ﬁl ﬂEuesteri ng power for polyvalent netal i ons
and for conplex fofnatian w aline earth ions, preferably cal cium
i ons. Therefore, substituted b| sphosphoni ¢ acids may be useful in water

-softening, water purification, and in A9e_preparation of non- toxic
pkhar maceuti cal medi canents. : :

21. The process of Claim 13 carried out at a temperature
of 45°C to about 100°C.

22. The pfocess of Claim 24 carried out at the temperature
> of about 90°C.

23. A process for the continuous production of
compounds of Formula III B

10 . 0 OH
Ra~ ,P—OH
HO’ P—O
HO OH
15 : i1

or salt thereof; wherein R2 is a C2-5alkyl substituted with a terminal
amine that comprises: :
20 a)  continuously mixing an aminoalkane carboxylic acid of
formula .
H2N-C2-5alkyl-COOH
with PC13 and H3PO3 in the presence of methanesulfonic
acid (MSA); or optionally PCI3 in the presence of MSA; and

25 b)  continuously adding aqueous base to the overflow
compound of Formula (I) |
HzN-Cz.salkyl-Rl
. @
wherein R1 is a member selected from the group consisting of:
3¢ 8 g X b) 0o X

p-o,_H | —p_ P-O

~C P ana % 'P><

HO  R-0° O O-R P-(X)
O x . X 09

wherein’)E is OH or Cl to produce compounds of Formula II

This Sheet Has Been Reilaced
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30 . Speci-fically, 4-anino-I-hydroxybutylidene-I,!-bisphos-
19917¥ni ¢ aci d nonosodi um-.salt trihydrate descti bed here is useful as a
phar maceutical conposition and for the treatnent or prevention of diseases
i nvol vi ng bone_igsi_o_m;@sdi seases as hypercal cem a of nalignancy,
Paget' s di sease and osteoporo are advantageously treated [err] - 14 -
ne- 1, 1- bi sphosphoni ¢ aci d nonosodi um sal t

V\,ith4an1no-H mmn
t i hydrate ma !" mm:mmHmhe process of the present invention. O her
as for exanple potassiumsalts, can

iphar maceutical |y accept"ablse sal ts, sg?g
be prepared according to the processeé€®i the present invention and are
i ncluded within the scope thereof. O her

o.M 0.9
Z\ 'P—O\ ,:O Z\C:P O‘ P,lo +
| HO' R-0" H HO .R-O" H
5 | _ OH 0 o
1A 1]

and M is a monovalent, divalent or trivalent cation of the base; and
c)  hydrolyzing the overflow mixture containing compounds of

10 Formula II to produce the compounds of Formula II1.
. Sheet Has Been Replaced
SR T

20

25

30



] .
buﬁghgsphonates that may be prepared’ by thls continuous process include (a)
2-am no- 1- hydroxylsobutylldene 1,1- blSphOébhOth acid, (b) 3-
am no- | - hydr oxypr opyl i dene-1|, 1-bi sphosphoni ¢ aci d, (c) 5-am no- 1| -
hydroxypentylidene-l,l-bisphosphonic acid (d) 6-anino-1-hydroXy-
hexyl i'dene- 1, | - bi sphosphonic acid, (e) risedronate, (1-hydroxy-2-(3-
'pyrldlnyl)ethylene 1,1- blsphosphonlc acid, and (f) 'BM210955 N butyl -
N- rfet hyl - 3- ami no- 1- hydr oxypropyl i di ne-1, 1- bi sphosphoni c- aci d. The follomnng

exanples are illustrative of the practi<29ef the invention without being
limted in any way. 15 EXANPLE 1 Continuous preparation of
4-anino-1-hw@ bOB/T] NTION bi sphosphonic acid 2.6 kgs of MSA was

D)

e TRORHS el PROUGING L AMO TS Bty Ak |

IDENE-1,1-BISPHOSPHONIC ACIDS
> ABSTRACT OF THE DISCLOSURE
| ' A process for continuously producing alkylpyro-
phosphonate, alkylpyrophosphate and multimers thereof and for

producing 4-amino-1-hydroxyalkylidene-1,1-bisphosphonic acids or salts
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Toetn-s P05

0.865kg [err]. This mixture of MSA, GABA and [ eyri—shalt—herei-nafter_he
‘referyed to as the GABA Feed. The mixture was na ?rfédﬁ*ia{l"@éﬂ HERTSI ngSG
di ssotution. The remaining 0.645 kg of MSA was ’&S“kémlﬂl wsgcahd te tpaged 1.
solution stirred at [err] until GABA and [err] 1 (i8¢0l vedaeFhe. to paged .28.
bi sphosphonation reactor was jacketed and fitted \M thagingtsd hangail... to paged

agitator, feed ports, tenperature probe, and a r*effﬁui‘s)&?t.Mndelpagfd antb daged .-
bottom outl et. A standard hydrogenation mlt ng 30 configuration was used
to design the reactor. The reactor includes four’ ha,}'fﬁb@f&fi@tgﬁ;q{ [4@;!{,_]

apart extend: MITILBOFFHEINVENTIONe reactor. ‘A Rushton-t-urbi-he yPe
the fmpel | or SRPCESS FORPRD m@@wmmmageﬁ eE"

type agit at or .IDENFs dpBISPHOSPHANICACIDSad a [err]

.....

> BACKGROUND OF THE INVENTION

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

It is known according to U.S. Patent No. 4,407,761 to
Henkel Kommanditgesellschaft to prepare 4-amino-1-hydroxy-butyl-
idene-1,1-bisphosphonic acid with phosphonating reactants and then
‘quenching the reaction mixture 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 heterogeneous solidification of the reaction mixture.
This solidification causes 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-
bisphosphonic acid and an additional step to convert this to the
monosodium salt. Further, the use of concentrated hydrochloric acid in
the quench, whose fumes present an environmental problem, is also
require_d.-

10

15
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25

U.S. Patent No. 4,922,007 to G.R. Kieczykowski, et al.,
(assigned to Merck & Co., Inc.) discloses the use of methanesulfonic acid
to overcome the non-homogeneity and solidification problems associated

30 with the formation of intermediates during the bisphosphonation phase.

REPLACEMENT SHEET
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- 15+ ‘larger dianmeter than the Rushton type turbine. The jacket surrounding
" the reactor was | ocated beneath the wetted wall. The bath used to heat the
j atket nmedi um was set between 97-105[err] dependi ng on the heat | oad
requirenents of the reaction mass to maintain a batch tenperature of [err].
The condenser and nmedium were set to achieve an off-gas tenperature of -10
[err]. Before the continuous bi sphosphonati on reaction reached steady state-
a sem -batch start up was enployed. Theoreactor bath was set to [err] to
mai ntain tenperature of reaction nass at [err]. The reactor jacket was not

Ferper at ur e QMeYSh- iR BiteesE lfiEEs & 30adpH cuolfed WaRrtinenthind "
t enper at ur e leads to the pmesen¢eof a strongly acidinand icortosiveshydrolysis
mixture which requires specialized equipment.

U.S. Patent No. 5,019,651 to G.R. Kieczykowski, et al.,
(assigned to Merck & Co., Inc.), discloses using a pH controlled quench
step in the range of 4 to 10, followed by hydrolysis, that eliminates the
concentrated hydrochloric acid formed in the quench step and the need to
handle a corrosive acidic product hydrolysis mixture. '

Prior methods teach the requirement that the reaction be
completed at temperatures above the boiling point of PCI3, for instance
90°C. However, this temperature is known to be in the adiabatic self-
heat range that is an unsafe operating range as batch volumes increase
and available cooling capacity decreases. In addition, control of
stoichiometric ratio is important to achieving useful intermediates.
However, control of stoichiometric ratios at constant temperature,
typically 90°C, is impossible using prior batch methods because
stoichiometric quantities of PCI3 may only be added at sub reflux
temperatures. For example, in U.S. Patent No. 5,019,651, stoichiometric
ratios were achieved by use of temperature programming whereby the
stoichiometric amount of PC13 ‘could be added at sub-reflux temperatures.
Alternatively, in U.S. Patent No. 4,407,761, PCI3 was added slowly at
isothermal reaction temperatures above PCI3's boiling point. Thus, it is
desirable to control both stoichiometry and reaction temperature at the
same time to provide consistent distribution of useful intermediates and
to ensure a safe operating environment. The prior batch modes of
operation made control of stoichiometric ratios impossible while

. maintaining a constant temperature.

The present invention solves both of these problems through
operation of the reaction in a continuoas stinred tank reactor that allows
greater heat transfer for temperature control while maintaining constant
stoichiometric ratios of reactants. The more favorable surface to volume
ratio of the present invention allows greater heat transfer for temperature

_control. Further, continuous steady operation results in fixed ratios of
products and intermediates in a small controllable environment by
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refitl-ed as needed. The GABA feed reservoir was filled and refilled as
needed. The reactor vessel was filled with 400 m of the warm GABA 15
feed. At this tinme agitation and bath circulation of the reactor jacket
commenced. The GABA feed in the reactor was heated to [err]. 50 m of GABA
feed was drained fromthe reactor. [err]g flowwas initiated into the
reactor at 0.95 mM/mn. After 95 mnutes, the flow of the GABA feed was
initiated at 3.7 m/mn. This time corresponds to 90 m of [err] 20
entering the reactor and a ratio of [err]/GABA feed of 0.33 (g/g). At this

oporation mogquinEbabiehctdn b @?ﬁ%ﬁ@g@#@eﬁ’@&s?ﬁﬂeéﬂ?}lnueék2?"3595
m /nin. and 'é‘h¢ SF3 Iﬁrrreacmpuature ucegsoseveny of annmexpested

fl ow at es wegeentandcdliows the eftitcreactigimixtare {0 Be qaéndhell.hour s based on
the flow rate of GABA feed. During the entire process the reactor was

overflowng into the quench vessel. The yield to internediates that wll
subsequent | mmm&zmummm

By this invention, there is provided a process for the
continuous preparation of compounds of the structural Formula I

Z-R1
I
wherein Z is selected from the group consisting of:
a)  H2N-C2.5alkyl-;
b)

15 H\
— l '
YN , wherein RS- is C, salkyl,
and Y is selected from
(i) hydrogen;
20 (i) Cqsalkyl;
(i) RCO;
(iv) RSs;
(v) ROREN;
(vi) halogen;
R®is H or C,.satkyl; and

10

25

c) C2-6alkyl-(N-CH3)C2H4-; and
R1 is a member selected from the group consisting of:

A oX . b Qo X
P-0, | - -0
30 U e, e B
(o Y X 0o
REPLACENFNT SHEET
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avai l-abl e after hydrolysis for recovery is about 60-72% typically 70% at
"steady state. This is 10% above the yield expected froma direct change 30
frem batch to continuous node. The anobunt of material needed was the
limting factor in the length of the run. At the end of the run, the [err]
and GABA feeds were turned off. The reactor was drained once [err] was no

| onger refluxing. [err] - 16 - Continuous quenching took place in a 500
m cylindrical, jacketed reaction flask4d th an attached overflow | eg and a
teflon paddle stirring nmechanism The pH probe for the quench was

cal i brated vwheréinfX é¢s Off lontClorEhis inpéntioalkoprévidesEprocesefor thei t was set

at 5.0. The continuous production of intermediate compounds of Formula IA, IB

and IC

06M+

10

wherein Z is defined as above, and M is a monovalent, divalent or
trivalent cation such as Nat, K+, Ca2+, Mg2+. It should be noted that all
ionic forms of these intermediate compounds are encompassed by this
invention. This invention further includes a process for the continuous
production of compounds of Formula JITA, IIB, and IIIC

15

o, PH Qs OH o, PH
z._,P—OH P~ONa P~ONa
H O,C‘ p=g and z—'c': -OH and Z.—Cl-OH
=
HO OH ©__R-OH ~R—ONa
0" on O oH

WA e | c

20

25 that comprises:
a)- continuously mixing an aminoalkane carboxylic acid of
formula
Z-COOH,
wherein Z is as defined previously,
30 with H3PO3 and PCl13 in methanesulfonic acid (MSA), or
" optionally PCI3 in MSA; and
b) continuously adding aqueous base to the overflow mixture
containing the compound of Formula ] to produce the
" compounds of Formula II; and

ST mlal
=
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47% MaOH reservoir was fi-lled and mai ntai ned.” The deionized (D) water or
the pure nother liquor reservoir was filled and maintained. During the -
sefii -batch start-up, the flow rate of the agqueous NaOH sol uti on was
calibrated to 12.3 m/mn. The DI water or the pure nother |iquor reservoir
flowrate was calibrated to 18. 75 m/mn. An initial charge of 700 m of DI
wat er was placed in the quench vessel. As reaction nass fromthe

bi sphosphonati on reaction reactor overf_ls)\_/ved into the quench vessel, a pH
of 5.0 was established by activating the” NaOH punp via the pH controller.
Once suffi.cient batch m'xtlllre, and NaOH were_charged to result in >550 g/l
total .solids, theCh RBydrolyzingthe ovsrilawimixture GoR REOMPQ on. At

this L i {reh t Pe ?uench ofPoahulvH tolproddcy tise tompouads bﬁ;ﬁdmmla\%g; ahd ]
vessel was oper a S v RrOSERL BF Bk pradinctE F FRHA AT ahd sl ndBel’ 0T o
mat eri al _was It is noted that all possible hydrated forms are contemplated
3 by this invention. For compounds of Formula IIIB, a trihydrate is a
preferred embodiment.
In a preferred embodiment, the compound is of the Formula
Ia, Z-R1 wherein Z is group a) HPN-C2.5alkyl. Preferred intermediate

compounds of the Formula Ila include compounds of the Formulas a(i)

ot
-

10 and Ha(i):
O\ I? o )
2 P- O
R\C'P O\P/:O R2\ 'P_. X //0 .
HO  P—0" H Lo R
15 0\ HO ,P\—O H
O OH o’ o
ET] Ha(ii)

wherein R2 is C2-5alkyl substituted with a terminal amine or a
20 protonated terminal amine.
This invention preferably includes a process for the
continuous production-of compounds of the Formula JH1a(i), Illa(ii), and

Iiaiii). |
25 oM o oM o, P
R -F oM , W -ONa 2 F~ONa
' o and R —C-OH and —C-OH
HO R=O | l
HO OH o?R-OH o?R-ONa
Y oH OH
30 . lla® ila(ii) adii)

wherein R2 is C2-5alky] substituted with a terminal amine, and the

compounds may be in any hydrated state or a protonated terminal aming_,
said process comprising: :




20 collected. At reaction shut down, supra, the quench vessel remained on
pH control until the entire mass was quenched. 30 mnutes after conpletion
of: the mass quenching, the punps and the pH controller were turned off and
t he quench vessel was drai ned. The conpound of the fornula 25 [err] 30 was
produced and had the foll ow ng characteristics: a) Mol ecul ar wei ght =
295; and b) [err] NVR at 161.98 MHz using [err] (80.0) as an external

ref erence standard 83.8, (t, Jpp=13.5, -8p+=669.4) and [err]15.9, (d,
Jpp=13.5); and [err]

a)  continuously mixing an aminoalkane carboxylic acid of the

formula
-H2N-C2-5alkyl-COOH

with H3PO3 and PCl3 in methanesulfonic acid (MSA), or
optionally PCI3 in MSA; and

b)  continuously adding aqueous base to the overflow mixture
containing the compound of Formula Ja to produce the
compounds of Formula [Ta; and

¢) . hydrolyzing the overflow mixture containing the compounds
of Formula IIa to produce the compounds of Formula IIIa;
and

d)  recovery of the products of Formula IIla and salts thereof.

10

DETAILED DESCRIPTION OF THE INVENTION
s This invention relates to compounds of the structural
Formula )|
Z-R]
1

wherein Z is selected from the group consisting of:
20 a) HoN-Ca.5alkyl-;
b)
_ RS-
2
25 YN . wherein R®- is Cy.salkyl,
and Y is selected from
(i) hydrogen
(i) Cq.palkyl;
(i) R°O; N
(iv) R®s; - ———
3 . (v) ROREN; IREPLACENENT SHRET

(vi) halogen; ﬂ . '
RE is H or Cy.galkyl; and I Eﬂr'vmﬂﬂz /
. ! e ‘ i

)  C2-6alkyl-(N-CH3)C2H4-; and




- 17 - ¢)

[err] NWMR at 100.61 MHz using di oxane (867.4) as an external

reference standard [err]83.2, (td, [err]=134.9, 10.4), [err]41.2, 831.8 (d,
823.8 (t, JCP=6.4). The conpound of the fornula [err] was al so

[err]=3.2),

produced and had the foll ow ng characteristics a) "

and b) [err] NVR at 161.98 MHz using [err] as an external 15

reference standard [err]12.9 (t, Jpp=17.1), 8.0 (t, Jpp=17.1); and c)
NVR at 100.61 MHz using dioxane.([err]67.-4) as an external standard 886. 4
(ddd, Jcp=139.7,129.3,15.3), 841.0,

10

wherein R1 is a member selected from the group consisting of:

a) o X b 0o X
-0, _H —p_ P-0_,Z
O B, and RPN
HO" 0" O -Py P—(X),
o' . 4 O 1]
X X Y0

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-hydroxybutylidene-1,1-bisphosphonic acid
(ABP) and salts thereof. Specifically, this process may consist of five

- operations: continuous bisphosphonation reaction, continuous or batch

15

20

25

30

pH controlled quench, continuous or batch hydrolysis, crude
crystallization, and pure crystallization.

More specifically, the continuous bisphosphonation reaction
consists of producing an carboxylic acid feed and reacting this feed with
PCI3 in a continuous stirred tank reactor.

The carboxylic acid feed is assembled by dissolving solid
carboxylic acid and solid phosphorous acid (H3PO3) in methanesulfonic
acid (MSA). Generally, 1 to 3, preferably 2 moles of H3PO3 and
generally 6.3 to 6.4, preferably about 6.38 moles of MSA are used per
mole of carboxylic acid. To facilitate complete dissolution of the solid
components in the liquid MSA, the mixture 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 maintained from 10°C to 90°C,
preferably 70°C using an external heat source. Alternately, the H3PO3
addition may be eliminated in the carboxylic acid feed preparation. If
this alternate procedure is chosen, then H3PO3 may be formed in situ
from PCl3 in methanesulfonic acid (MSA), PCI3 and y-amino butyric
acid (GABA) in MSA, or H20 in MSA.

The carboxylic acid feed is added to the cold reaction vessel

to a point below the overflow level. During this fill, a heating medium is
placed in the jacket and the vessel agitator turned on. Temperature
control is used to bring the temperature up to about 45-100°C, preferably

~ 90°C. The liquid PCI3 feed is then initiated to the reactor vessel until the

REPLACEMENT SHEET
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[err]33.3, 823.0(m. 20 Hydrol ysis was carried out in a 250 m
Ace gl ass heavy wall ed safety coated storage bottle equipped with a
Tefi{on[err] coated nagnetic stir bar ‘and a nodified Teflon[err] cap to
include a Teflon[err] coated thernocouple that allowed in situ tenperature
noni toring. The vessel was suspended in a heated Silicon[err] oil bath. 200
m of quench 25 material was charged to the hydrol ysis vessel. The pH of

t he quench material was neasured and adj®sted accordingly to insure that
the pH was between 4.6-5.5. The contents of the hydrolysis vessel were

hoo aged T éi‘%ﬁ%ﬂ? pes f&@ﬁ? Q?f%%%rre@ﬁiﬁi%d‘%s%giﬁgﬁwﬂ?#' o
contents 30 igh op ghisH was
checked and yaint s car gﬁc@h&fé&dis%s&heﬁ%‘i’oaw saffieieht to Cr ude

crystallizati on out .l neck 250 bottom fl ask
equi pped gni t PTAVAAErS Bt |tgnegg8h¢,{e49torgigpgp ??Out i gufg
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. Shortly after the carboxylic acid feed is resumed,
the reactor will overflow into the quench vessel which can initially be
filled with either water or dilute aqueous base. The carboxylic acid and
liquid PCI3 are added simultaneously at their respective flowrates until
the desired amount of material is produced.

Three 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 overcomes this problem through stoichiometrically
controlling the reaction components thereby minimizing the formation of
unwanted intermediates. _

The overflowing batch is neutralized 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?2 or MCO2 such as sodium carbonate or sodium
bicarbonate, wherein M is any ion. 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 response to fluctuations 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

10
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30 Formula ].

Z-R1

I
wherein Z is selected from the group consisting of:

a) H2N-C2.-5alkyl-;




solution fromthe hydrolysis vessel were charged to the 250 ml 3-neck round
bottomflask with stirring. The pH of the solution was neasured [err] -
18 - and adj usted accordingly. However, if the pH was below 4.0, the

sol ution was discarded and a new hydrol ysis was done. The sol ution was
allowed to cool to 20-25[err] during which tine the batch crystallized. The
slurry was aged for >15 hours at roomtepperature with stirring and
filtered with vacuum The crystals Were'Qvas_hed with 2 x 15 m 0-5[err] D
wat er. The product was dried overnight in vacuo at 45-50[err]. The
purification was barried out in a 3-neck 250 m round bottom fl ask equi pped
wth a teflon paddle. 10 g of dry crude materi al

RS-
5 £
YT N . wherein R is Cy salkyl,
and Y is selected from
(i) hydrogen;
: (i) Cy.zalkyl;
1o (i) R®O;
(iv) REs;
(v) RREN;
(vi) halogen;
R®is H or C,_zalkyl; and
1 )  C2-6alkyl-(N-CH3)C2H4-; and
wherein R] is a member selected from the group consisting of:

a) o. X 'b) 0o X
o H B P-
£ B, and BTSN
20 HO" R-O" © O-R_P—(X)

wherein X is “OH or Cl. Itis likely that the compound of the following
formula :

25

30 is also formed prior to quenching. Preferred compounds according to this
invention are as follows. For compounds of the formula Z-R1, where Z
is a) H2N-C2-5alkyl-, Z is preferably a HON-C4alkyl and the resulting
compound may be used as an intermediate for the production of
alendronate (4-amino-1-hydroxybutylidene-1,1-bisphosphonic acid,
sodium salt trihydrate.)
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was charged into the 3-neck flask. 150 m of DI water was charged to the 10
flask. The flask was heated to [err] and held at that tenperature until all
the solids were dissolved. The flask was renoved fromthe heat and the
contents were filtered by vacuum The filtrate was charged to the 3-neck
flask and atnospherically distilled to 44 ml. The flask was renoved from
the heat and allowed to cool to roomtepperature. The contents of the 15
flask were allowed to age for two hour s 10The slurry was cooled to 0-5
[err], aged for two hours and filtered with vacuum The crystals were
washed with 2 x 15 ni Foﬁé@m bunds wher&Z b)) Ahe pefaved composindrigpar at i on

of (a) 2-a
3- aEn' 310 1- wy%gg&gr opy éne }“ﬁié%%%osn}#am C § é(;em f (D)

5- ami no- | - hymt ribeproduction @gy%%p-

6-am no- 1 hYﬁyﬁ&ﬁ{}q)éthyﬁﬂéﬂe bisphosphonic acid.

For compounds where Z = c) a preferred compound is where
Z = C4alkyl-(N-CH3)C2H4-. This can be used as an intermediate for the
production of the compound designated BM210955.
(1-hydroxy-3-(methylpentylamino)propylidenebisphosphonate).

This reaction and/or the bisphosphonation mixture itself
exhibits significant exothermic characteristics. Therefore sufficient
safety precautions must be undertaken to assure the reaction proceeds
safely. To this end, for a given productivity, the smaller reaction volume
of the continuous reaction provides faster quench time in the event of
reaction runaway than a batch system of similar productivity. The vessel
that receives the normal overflow from the bisphosphonation 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.

10

15

20 The compound of Formula [IA, IIB; or IIC:
o, 0 M -
o) -
“p-0, O Ot
ol K zFo P\ L [ ;%0 0
o5 HO R—O \ v R M . K Imt
o QH o \0_ HO ,R-O O}
\ © 0
1A 1B 1c
30

wherein Z is as defined previously, and preferably a C2.5 alkyl
substituted with a terminal amine or a protonated terminal amine and M+
is a monovalent or a divalent cation such as Na+, K+, Ca2+, Mg2+, may
be accumulated or may be continuously removed from the quenching
vessel via overflow into a new reactor for hydrolysis. It should be
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bi sphosphoni c acid Using the appropriate am nocarboxylic acid in equival ent
anmpunts to 4-am nobutyric acid it is possible to produce the title

bi sphosphoni ¢ acids using the e nmethod of Exanple 1. The appropriate

am nocar boxylic acid include but are not limted to: 2-am noisobutyric 30
acid, 3-am nopropionic acid, 5-am novaleric acid and 6-am nocaproic acid.
[err] - 19- EXAMPLE 3 Continuous preparation of (a) risedronate. and (b)
BM210955 Using the appropriate starting-bhterials, it is possible to

10

15

20

25
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-appropriate pH. '

appreciated that other anionic forms of compounds of Formula II, for
example tri-ionic, 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 batch is heated in a vessel composed of thick walled PYREX™,
or if vessel degradation is a problem, 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 to breakdown Compounds IIA and [IB into
product III.

o, PH
*p~OH
Ec
HO" R=0
HO OH

il

wherein Z is as defined previously and is preferably a C2-5 alkyl
substituted with a terminal amine and salts thereof, particularly the
monosodium and disodium 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 carried out at room temperature and recovery of
the desired end product is possible. The batch volume may be adjusted
before or after the hydrolysis by either distillation or the addition of
water. Pure mother liquors may be returned to the batch before
hydrolysis and the excess volume taken off by distillation to ensure the ~
total solids specification for the crude crystallization is met.

The pH of the warm solution is corrected if needed by the
addition 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




5 produce the title conpounds using the method of Exanple 1. Starting
materials include: but are not limted to: 3-pyridylacetic acid, and N
butyl - N-nmet hyl - 3-ami no propionic acid. 10 15 20 25 [err] 30 -20 - WHAT
IS CLAIMED I'S: 1. A conpound of the structural Fornula I

10

15

20

25

30

-12-

o, OH

z. ,P-OH
HO" "R=O

HO OH

il

The batch is cooled to 0-25°C. This crude solution is aged
for >6 hours and the crystal slurry is isolated 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 temperature is taken up 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 mono salt. The batch is filtered and then concentrated by
distillation. The resulting slurry is cooled to from about 0°C to about 5°C
and aged for longer than two hours. The chilled slurry is filtered and the
wetcake washed with cold deionized water (0-5°C) and then dried in
vacuo. The compound of Formula JII

o

Z P—-OH
HO" R=0
HO OH

"
wherein Z is as defined previously and is preferably a C2-5 alkyl
substituted with a terminal amine and salts thereof, particularly the
monosodium and disodium salts, is obtained by this process.

The reaction is schematically represented as follows when
the base is NaOH:
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wherein Z is selected fromthe group consisting of: a) [err]; b) 10 [err]
, Wherein [err] is [err], and Y is selected from (i) hydrogen; (ii) [err];
(iisi) RBO; (iv) [err]; (v) [err]; (vi) halogen; [err] is Hor [err]; and 20
c) [err]; and

-13-
(1) PClg/HaPOq/
3 CHsSOgH
Z—C-OH
(2) aqueous NaOH, pH=4-10 °
(3) 140°C, 20 hours at pH of 5
5 (4) pH 4.3
~ IOH o\‘ ’OH O‘s IOH
Zo C‘,P-OH ~ P-oNa B~ONa
HO OH -R—-OH R-ONa
7'\ '\
O oH 0" oH

wherein Z is defined previously and is preferably a C2-5alkyl substituted
with a terminal amine,

15
A particular illustration of this reaction wherein Z is NH2-
CH2-CH2-CH2 leads to
o OH o PH o, OH
Z. C.P‘OH P~ONa P~ONa
N Z~—C ~OH+3H,0 -
20 HO' R=0 and ? 20 and Z-C-OH
HO OH P-~-OH R-ON
21\ oA a
: o OH - O \QH_
*‘The bisphosphonic acids described here are useful because
25

of their sequestering power for polyvalent metal ions and for complex
formation with alkaline earth ions, preferably calcium ions. Therefore,
substituted bisphosphonic acids may be useful in water softening, water
purification, 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 a
pharmaceutical composition and for the treatment or prevention of
diseases involving bone resorption. Such diseases as hypercalcemia of
malignancy, Paget's disease and osteoporosis are advantageously treated
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[err] is selected fromthe group consisting of: a)

b) [err] 25 (X)2 30 wherein Xis -OHor d. 2. A conpound according to
Claim1, having the fornmula [err] wherein [err] is.a nenber selected from
t he group consisting of: -21 - [err] wherein Xis OHor d. 3. The
conpound of Claim2 of the formul a :

-14 -

with 4-amino-1-hydroxybutylidene-1,1-bisphosphonic acid monosodium
salt trihydrate made according to the process of the present invention.

Other pharmaceutically acceptable salts, such as for example
potassium salts, can be prepared according to the processes of the present
invention and are included within the scope thereof. Other
bisphosphonates that may be prepared by this continuous process include
(a) 2-amino-1-hydroxyisobutylidene-1,1-bisphosphonic acid, (b) 3-
amino-1-hydroxypropylidene-1,1-bisphosphonic acid, (c) 5-amino-1-
hydroxypentylidene-1,1-bisphosphonic acid (d) 6-amino-1-hydroxy-
hexylidene-1,1-bisphosphonic acid, (e) risedronate, (1-hydroxy-2-(3-
pyridinyl)ethylene-1,1-bisphosphonic acid, and (f) BM210955 N-butyl-
N-methyl-3-amino-1-hydroxypropylidine-1,1-bisphosphonic acid.

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

10

15

MPLE 1

Continuous preparation of 4-amino-1-hydroxybutylidene-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 H3PO3. This mixture of MSA, GABA and H3PO3 shall
hereinafter be referred to as the GABA Feed. The mixture was
maintained at 70°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
H3PO3 were dissolved. '

The bisphosphonation reactor was jacketed and fitted with a
mechanical agitator, feed ports, temperature probe, and a reflux-
condenser and a bottom outlet. A standard kydrogenation 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. Also attached to the impeller shaft and located above the Rushton

- turbine was a propeller type agitator. The propeller type agitator had a

20

25

30
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10 Terr] 4. - The conpound of Claim3 wherein [err] is [err] and is
characterized by 20 a) Mol ecul ar wei ght- = 295; and b) 31lp
NVR at 161.98 MHz using [err] ([err]0.0) as an external reference standard
[err]3.8, (t, Jpp= 13.5, JPH=669.4) and 815.9, (d, Jpp=13.5); and c) 13C
NMR at 100. 61 MHz using di oxane (867.4) as an external reference standard
[err]83.2, (td, [err]=134.9, 25 10.4), 841.2, [err]31.8
(d, [err]=3.2), [err]23.8 (t, [err]=6.4}5-5. The conpound of Caim3
wherein [err] is [err] and is characterized by

larger diameter than the Rushton type turbine. The jacket surrounding
_the reactor was located beneath the wetted wall. The bath used to heat
the jacket medium was set between 97-105°C depending on the heat load
requirements of the reaction mass to maintain a batch temperature of
90°C. The condenser and medium were set 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 temperature 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 continuously adjusted as needed to
maintain batch temperature of 90°C. The PCI3 reservoir 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 warm GABA
feed. At this time agitation and bath circulation of the reactor jacket
commenced. The GABA feed in the reactor was heated to 90°C. 50 ml
of GABA feed was drained from the reactor. PCI3 flow was initiated into
the reactor at 0.95 ml/min. After 95 minutes, the flow of the GABA feed
was initiated at 3.7 ml/min. This time corresponds to 90 ml of PCI3
entering the reactor and a ratio of PCI3/GABA feed of 0.33 (g/g). At this
stage, the semi-batch start-up procedure was completed and the
continuous operation mode was established.

PCI3 and GABA feeds were continued at 0.95 ml/min. and
3.7 mi/min., respectively, for the desired run time. The flowrates were
chosen to give a residence time of 1.8 hours based on the flow rate of
GABA feed. During the entire process, the reactor was overflowing into
the quench vessel. The yield to intermediates that will subsequently be
available after hydrolysis for recovery is about 60-72%, typically 70% at
steady state. This is 10% above the yield expected from a direct change
from batch to continuous mode.

The amount of material needed was the limiting factor in the
length of the run. At the end of the run, the PCI3 and GABA feeds were
turned off. The reactor was drained once PCl3 was no longer refluxing.

10
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Vo
-22 = a)

Mol ecul ar wei ght = 462; and b) 31p NWVR at 161.98 MHz usi hg

[err] ([err]0.0) as an external reference standard [err]12.9 (t, Jpp=17.1),
8.0(t, [err]=17.1); and c) 13C NWR at 100. 61 MHz using di oxane (867.4) as

an external

[err]41.0,

reference standard [err]86.4 (ddd, [err]=139.7, 129.3,15.3),

[err]33.3, [err]23.0 (m. 6. A conpound according to Caiml

having the fornmula 10 [err] 15 wherein [err] is [err] and [err] and Y are
as defined above. -16 -

10

15

20

25
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Continuous quenching took place 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 calibrated with
buffer solutions of pH 4.0 and 7.0. The lower limit was set at 5.0. The
47% NaOH reservoir was filled and maintained. The deionized (DI)
water or the pure mother liquor reservoir was filled and maintained.
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 the pure mother
liquor reservoir flow rate was calibrated to 18.75 ml/min. An initial
charge of 700 ml of DI water was placed in the quench vessel. As
reaction 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 controller. Once sufficient batch mixture and NaOH
were charged to result in >550 g/l total solids, the DI water or pure
mother liquor 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 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 after
completion of the mass quenching, the pumps and the pH controller were
turned off and the quench vessel was drained.

The compound of the formula

(J 10 H
HN-HLC-HC-H,0 PO H
HO' .R—0" O

0" oH

was produced and had the following characteristics:
a)  Molecular weight = 295; and
b) 31PNMR at 161.98 MHz using H3PO4 (50.0) as an external
reference standard 83.8, (t, JPP=13.5, JPH=669.4) and
815.9, (d, Jpp=13.5); and

(i wbine o
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7. A compound according to Caim®6, wherein [err] is CH2 and Y = H 20 8.

A conpound according to Caim1l having the fornula [err] 9. A process for
t he‘conti nuous preparation of 25 conpounds of the structural Formula |
[err] wherein Z is selected fromthe group consisting of: 30 a)
[err] -23- b)

-17-

c) 13C NMR at 100.61 MHz using dioxane (367.4) as an
external reference standard 883.2, (td, JCP=134.9, 104),
541.2, 531.8 (d, JCP=3.2), 523.8 (t, JCP=6.4).

The compound of the formula

0 o, OH -
“p~0 CHy-CH2-CHo-NH,

(HO)z- X X

HoN-Ho,C-H,C-H,C O~ P—(OH),
10 HQ 0 o)

was also produced and had the following characteristics
a)  Molecular weight = 462; and '
b) 31PNMR at 161.98 MHz using H3PO4 (50.0) as an external

15 reference standard 812.9 (t, Jpp=17.1), 8.0 (t, JpP=17.1);

and

¢) 13CNMR at 100.61 MHz using dioxane (867.4) as an

external standard 886.4 (ddd, JCp=139 7 129.3,15.3), 841.0,

633.3, 623.0(m).

20 Hydrolysis was carried out in a 250 ml Ace glass heavy
walled safety coated storage bottle equipped with a Teflon™ coated
magnetic stir bar and a modified Teflon™ cap to include a Teflon™
coated thermocouple that allowed in sifu temperature monitoring. The
vessel was suspended in a heated Silicon™ oil bath. 200 ml of quench

25 material was charged to the 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 -
to 140°C. Once the proper temperature was reached the hydrolysis was
aged for 20 hours at 140°C. After the aging was completed, the contents

3o 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% HCI.

Crude crystallization was carried out in a 3-neck 250 ml
round bottom flask equipped with a teflon paddle. 200 ml of 85°C
solution from the hydrolysis vessel were charged to the 250 ml 3-neck
round bottom flask with stirring. The pH of the solution was measured
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[err] 5 - ' Y N ,wherein [err]- is [err] and Y is selected
from (i) hydrogen; (i) [err] (iii) [err] 10 (iv)
[err] (V) [err] (vi) halogen; R6 is Hor [err] and c) [err] and 15 [err]
is a menber selected fromthe group consisting of: [err] and wherein X is
-OHor C; that conprises:

-18 -

and adjusted accordingly. However, if the pH was below 4.0, the.
solution was discarded and a new hydrolysis was done. The solution was
allowed to cool to 20-25°C during which time the batch crystallized. The
slurry was aged for >15 hours at room temperature with stirring and
filtered with vacuum. The crystals were washed with 2 x 15 ml 0-5°C DI
water. The product was dried overnight in vacuo at 45-50°C,

The purification was carried out in a 3-neck 250 ml round
bottom flask equipped with a teflon paddle. 10 g of dry crude material
was charged into the 3-neck flask. 150 ml of DI 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 slurry was cooled to 0-5°C,
aged for two hours and filtered with vacoum. The crystals were washed
with 2 x 15 mi 0-5°C water.

10

15

20 EXAMPLE 2
Continuous preparation of (a) 2-amino-1-hydroxyisobutylidene-1,1-
bisphosphonic acid, (b) 3-amino-1-hydroxypropylidene-1,1-
bisphosphonic acid, (c) S-amino-1-hydroxypentylidene-1,1-
bisphosphonic acid or (d) 6-amino-1-hydroxyhexylidene-1,1-
bisphosphonic acid
Using the appropriate aminocarboxylic acid in equivalent
amounts to 4-aminobutyric acid it is possible to produce the title
bisphosphonic acids using the method of Example 1. The appropriate
aminocarboxylic acid include but are not limited to: 2-aminoisobutyric
acid, 3-aminopropionic acid, S-aminovaleric acid and 6-aminocaproic
acid. :

25

30
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a) ‘continuously mxing a carboxylic acid of formula 25

Z- COOH, wherein Z is as defined previously, with [err] and [err] in

met hanesul fonic acid (MSA), or optionally [err] in MSA, and b)

conti nuously addi ng aqueous base to the overflow m xture 30

contai ning the conmpound of Formula | to produce the conpounds of ‘Fornmnul a

[err] or [err]; and - 24 - [err] 10 wherein Z is as defined above and M
is a nonoval ent, divalent, or trivalent ggtion;

EXAMPLE 3

Cdntinuous preparation of (a) risedronate. and (b) BM210955
Using the appropriate starting materials, it is possible to

> produce the title compounds using the method of Example 1. Starting
materials include: but are not limited to: 3-pyridylacetic acid, and N-
butyl-N-methyl-3-amino propionic acid.
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c) c“hydrolyzing the Conpounds of Ila, Ilb or LLIC to produce the conpounds
of Fornula IlA TI1TB and TTTT[err] 10. A process of Claim9 for the

cont i nuous prod " ' nd of Formula |I: [err] 25 wherein [err] is
a menber sel ect 3m mum mmwmrcon3| sting of: [err] wherein Xis -CH or
Cl conprising: a)* C‘cohtihuousl?y mixing an am noal kane carboxylic acid of
formula [err]

-20-

WHAT IS CLAIMED IS:

1. A compound of the structural Formula I
Z-R] '
1
wherein Z is selected from the group consisting of:
a) H2N-C2-salkyl-;
b)
RS~
Z
Y/'\/N , wherein RS- is C,_alkyl,
and Y is selected from
(i} hydrogen;
15 (") C1-5alkyl;
@iy R®O;
" {iv) R®s;
(v) RERN;
(vi) halogen;
R®is H or Cy.salkyl; and

10

20

c) C2-6alkyl-(N-CH3)C2H4-~; and
R] is selected from the group consisting of: =

xQ~

o, X b) 0410
“6—0. H P
' \,C:P O:P'e and —7l\ :"SZ
HO ,R-0" O °=’? o”}0
o
X B4

25 a)

30 Wherein X is -OH or ClL.

2. A compound according to Claim 1, having the
formula HoN-C2-5alkyl-R] wherein R] is a member selected from the
group consisting of:




-25 -"with [err] and [err] in the presence of methanesul fonic acid (MSA) or
optionally [erﬂ*rrr“rher‘p'r esence of MSA; and b) conti nuously renoving the
m xture contain conpound of Forrmula I. 11. The
process of C ai Himmp Ill:‘H“lrl sing: a) continuously addi ng aqueous
base of formula lerr or [Ferr] to a m.xture containing the conpound of
Formula | to produce the conpound of Fornmula Ila and IIb or Ilc: [err]

wherein J[err] is a [err] alkyl substjdyted with a termnal amne and M
is a nonoval ent, divalent or trivalent catlon of the base; and b)

continuously renoving the mxture containing the 25 o conmpound of
Formula I1a, Ilbgllc . X W
)0 X D 0 O P00,
oP_O\ 4 ’ -
e Py and ___p CesdlkyNH;
- HO" )P-O0" O g 00
5 o’ x A X
(X)2
wherein X is OH or CL

3.  The compound of Claim 2 of the formula
10 HoN-CH2-CH2-CH2-R}.

4,  The compound of Claim 3 wherein R] is

15 ' ~_ PO,

and is characterized by
20 a)  Molecular weight = 295; and
b) 31PNMR at 161.98 MHz using H3PO4 (50.0) as an
external reference standard 83.8, (t, Jpp=13.5,
JPH=669.4) and 815.9, (d, Jpp=13.5); and
¢) 13CNMR at 100.61 MHz using dioxane (567.4) as an
external reference standard 683.2, (td, JCp=134.9,

25 10.4), 541.2, 531.8 (d, JCp=3.2), 523.8 (t, JCP=6.4).
5.  The compound of Claim 3 wherein R] is
30 l-b P (OH),

j\ \'< CH2)3NH2 [REPLACEVENT 5 5&35?‘

o=k I 24@\35119%}

\

(OH)z |
and is characterized by ' S—




12. The process of Caim 11l wherein the aqueous base has a concentration of
about 5% to about—50%—30—13—The process of Claim 12 wherein the aqueous

base has a conce 50% 14. The process of Caim1ll wherein
the aqueous base >B MMI"‘"“ The process of O aim1l further
conprising hydro hemr esroved mxture cont ai ni ng the conpound of
Formula Il to produce the conmpound of Formula I11: 10

[err] or salt thereof. _29.

a)  Molecular weight = 462; and

b) 31PNMR at 161.98 MHz using H3PO4 (50.0) as an
-external reference standard 812.9 (t, Jpp=17.1),
8.0(t, JpP=17.1); and

c) 13C NMR at 100.61 MHz using dioxane (567.4) as an
external reference standard 886.4 (ddd, JCp=139.7,
129.3,15.3), 841.0, 833.3, 823.0 (m).

6. A compound acbording to Claim 1 having the formula

A .

MO

10

15
wherein RS is C]-5alkyl, and R1 and Y are as defined above.

7. A compound according to Claim 6, wherein R3 is
CH2and Y=H. '
20
8. A compound according to Claim 1 having the formula

C2-6alkyl-(N-CH3)C2H4-R1.

9. A process for the continuous preparation of
25 compounds of the structural Formula I

Z-R1
wherein Z is selected from the group consisting of: REPLACEMENT _ SHEET ]

30 a)  H2N-C2.5alkyl-;
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16. © The process of Caim 15 wherein hydrolysis is carried out at a pH from
about 3.0 to—12-6—15 17 The process of Claim16 wherein hydrolysis is
carried out at The process of Caim 17 wherein

hydr ol ysi s |s|@m.-“m.mwg'“ a terrper ature of [err] to about [err] 19.
The process of erein the tenperature is about [err] 25

20. The process of CQaim9 wherein the carboxylic acid is a nenber

sel ected fromthe group consisting of: 2- Am noi sobutyric acid; b)
3- Ami nopr opanoi ¢ acid; c) 4- Ami nobut yTic acid; 30 d)
5- Am noval eric aﬁid;
-
-
L
5 Y7 N . wherein R®-is Cy.salkyl,

and Y is selected from
(i) hydrogen;
(i) Cy.salkyl;

(i) R®O;
(iv) RSS;
10 (v) RORSN;
(vi) halogen;
R®is H or C,.salkyl; and
. c)  C2-6alkyl-(N-CH3)C2H4-; and
3 R1 is a member selected from the group consisting of:
a) o, X ’ b) O o, .
P-0O, , —p. .P-0O
e .. and X2 P><
HO® R-0" O ~Ps  P—(X)
20 o x X 08 o)
and wherein X is “-OH or Cl;
that comprises:
a) continuously mixing a carboxyhc acid of formula

25 Z-COOH,
: wherein Z is as defined previously,
with H3PO3 and PCI3 in methanesulfonic acid (MSA), or
optionally PCI3 in MSA; and
b)  continuously adding aqueous base to the overflow mixture
30 containing the compound of Formula ] to produce the
" compounds of Formula IIa, IIb or Ic; and




e) .. 6-Am nocaproic acid; f) 3-Pyridylacetic acid; and g)

N- but yl - N- net hyl - 3-am no propi oni c aC| d. -27 - 21. The process of. Claim
13 carried out at a tenperature of [err] to about [err] 22. The process of
Claim 24 car umum:“ﬂﬂmﬂjm enperature of about [err] 23. A process for

t he conti nuc conpounds of Forrrul alll 10

CH [err]

-%.
(o) 0— M — _
7 O ) O‘ |
Z\C,P—O.PI,O Z\C'P—O‘ P,,O y Z\’c PO, F('O "
. HO O"ag Mo\ Hor-oH » \ HO" R-0" ©
o~ . o~
1A us (¢

wherein Z is as defined above and
M is a monovalent, divalent, or trivalent cation;
¢)  hydrolyzing the Compounds of IIa, IIb or IIC to produce the
compounds of Formula I1A, IIIB and IIIC

10 .

o, OH 0, PH o, PH
15 ~ z._,P-OH P~om P~om
: C. Z—C-0OH +3H,0 Z—C-OH
'HO" R=0 |
HO OH -R—OH -R-OM
7'\ v
©” on O™ oH
20 1A iz} 11ie3
10. A process of Claim 9 for the continuous production of
a compound of Formula I:
H2N-C2.5alkyl-R]
25 wherein R] is a member selected from the group con31st1ng of
R N o3 o“P'xo C,.salkyl NH
P-O_ | — - al
\,0: ‘P, and (X)o—P X 2.58IKYl NFp
HO' JR-0" O O-F{ "P—(X);
(o)

30 . 0 X ' X Up

wherem X is “OH or Cl comprising:

'a) continuously mixing an aminoalkane carboxylic acid of
formula

H2N -C2.5a1kyl-CO0H




or salt theregwbemlwcz-%l Kyl substituted with a term nal

am ne that co L ses continuously m xi ng an am noal kane
carboxylic acr?[mumﬂymuﬂmﬁm with [err] and [err] in the presence of
met hanesul f oni optlonally [err] in the presence of MSA; and
25 b) cont i nuousl y *add i ng aqueous base to the overflow conpound of

Formula (1) [err] wherein [err] is a nenber selected fromthe group

consisting of: 30a [err] wherein X is-@§eor O to produce conpounds of
Forrmula 11

with PCI3 and H3PO3 in the presence of methanesulfonic
acid (MSA) or optionally PCl3 in the presence of MSA; and
b)  continuously removing the mixture containing the

5 compound of Formula .
* 11.  The process of Claim 10 further comprising:
a)  continuously adding aqueous base of formula MOH,
MHCO2 or MCO2 to a mixture containing the compound of
10 Formula ] to produce the compound of Formula Jla and IIb
or Ilc:
- +
O\‘ 'O M 3 O_
z ; :P-O: :O y4 C\:P'-O‘ P'IO + Z. C:\ -0, P:o +
15 HOO',P\_O H HO":,P\—O’ T , HO' ;P\- % M
OH o- o
1A 1B uc
20 . . . . . ¥
wherein R2 is a C2.5 alkyl substituted with a terminal amine
or a protonated terminal amine and M is a monovalent,
divalent or trivalent cation of the base; and
b)  continuously removing the mixture containing the
25 compound of Formula ITa, ITb or Ilc.
12. The process of Claim 11 wherein the aqueous base
has a concentration of about 5% to about 50%.
30 13.  The process of Claim 12 wherein the aqueons base

has a concentration of about 50%,

14. The process of Claim 11 wherein the aqueous base is
NaOH.

REPLACEMENT SHEBT
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-28 - [err] and Mis a nonoval ent, divalent or trivalent cation of the
base; and c) —hydrotyzing—theoverfl ow m xture containi ng conpounds of

Fornmul a || tol“lﬂ”Ml'ﬂﬂllBﬂmrunds of Formula Ill. 15 20 25 30.

-26 -

15.  The process of Claim 11 further comprising
hydrolyzing the removed mixture containing the compound of Formula I
to produce the compound of Formula III:
5 _OH
“P—-OH
Roet
HO" "R=0
HO OH
n
10
or salt thereof.

16.  The process of Claim 15 wherein hydrolysis is carried
out at a pH from about 3.0 to 12.0.
15 :
17.  The process of Claim 16 wherein hydrolysis is carried
out at a pH of about 5.

18.  The process of Claim 17 wherein hydrolysis is carried
20 outat a temperature of 110°C to about 175°C.

19.  The process of Claim 18 wherein the temperature is
about 140°C.

25 20. The process of Claim 9 wherein the carboxylic acid is
a member selected from the group consisting of:
a)  2-Aminoisobutyric acid;
b)  3-Aminopropanoic acid;
c¢) 4-Aminobutyric acid;
30 ' d) 5-Aminovaleric acid;
' e) 6-Aminocaproic acid;
f)  3-Pyridylacetic acid; and :
g)  N-butyl-N-methyl-3-amino propionic acid.
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21.  The process of Claim 13 carried out at a temperature
of 45°C to about 100°C. |

22. 'The process of Claim 24 carried out at the temperature
of about 90°C.

23. A process for the continuous production of
compounds of Formula IIT .

O, OH
Ro ,P-OH
HO’ P—O

HO OH

i}

or salt thereof; wherein R2 is a C2-5alkyl substituted with a terminal
amine that comprises:

a)  continuously mixing an aminoalkane carboxyhc acid of
formula

| H2N-C2.5alkyl-COOH
with PCI3 and H3PO3 in the presence of methanesulfonic
acid (MSA); or optionally PCI3 in the presence of MSA; and
b) continuously adding aqueous base to the overflow

compound of Formula (I)
H2N-C2-5alkyl-R1
: @D
wherein R] is a member selected from the group consisting of:
a) o, X y - b o, X
P-O,_ | B P-
\,C: Ps and X% P>< >(
HO" R-0" O N \\ P=X)2
0] X O

wherein X is OH or Cl to produce compounds of Fopmula ]I

24 0CT 179
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o, 92M o. O
z. P00 7. .F-0 L\
o L. M
HO' RO" H -\ o' R0 H
OH o /)
1A 1B

and M is a monovalent, divalent or trivalent cation of the base; and
¢)  hydrolyzing the overflow mixture containing compounds of
 Formula ]I to produce the compounds of Formula Il

ey

2M0T19995 |

N e PR




10

15

20

25

30

-29.

TITLE OF THE INVENTION
PROCESS FOR PRODUCING N-AMINO-1-HYDROXY-ALKYL-
IDENE-1,1-BISPHOSPHONIC ACIDS

B DISCLO
A process for continuously producing alkylpyro-
phosphonate, alkylpyrophosphate and multimers thereof and for
producing 4-amino-1-hydroxyalkylidene-1,1-bisphosphonic acids or salts
thereof.




