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Descrihtlon

TECHNICAL FIELD

The present invention relates to processes for the preparation of aminomethylene phosphonoaliylphos-
phinate compounds.

BACKGROUND OF THE INVENTION

Methylene phosphonoalkylphosphinate compounds which are useful for treating abnomal calcium and
phosphate metaboiism are the subject of co-pending patent application of Frank H. Ebatino entitled "Methylene
Phosphonoalkylphosphinates, Pharmaceutical Compositions, and Methods for Treating Abnormal Calcium and
Phosphate Metabolism”, EP-A-298553, filed on the same day as the present patent application.

Some of the highly preferred compounds disclosed in this copending patent application are substituted
aminomethylene phosphonoalkylphosphinates.

Certain methylene phosphonoalkylphosphinate compounds are disclosed in the following references ; Gil-
more, W. F., & J. W. Huber, "Base-Catalized Condensation of Aldehydes with Ethyl Bis(diethylphos-
phonomethyl)phesphonate”, Journal of Organic Chemistry, Volume 38, No, 7 {1973), pp, 1423-1424 ; Gilmore,
W. F.. & J. S. Park, "Base-Catalized Condensation of Bis(diethylphosphonomethyl}phosphinic Amides with
Aldehydes®”, Phosphorus and Sulfur, Volume 29 (1987), pp. 287-292 ; Aboujaoude, E. E., N. Collignon & P.
Savignac, "Synthesis of Beta-carbonyl Phosphinates®, Journal of Organometallic Chemistry, Volume 264
(1984), pp. 9-17 ; Henning, H. G., & G. Petzold, "Methylene-bis-phosphonic Acid Ester and Methylene-bis-
phosphinic Acid Ester”, Z, Chem., Volume 5, No. 11 (1965), pp. 419-420 ; Abramov, V.S., & V. |. Barabanov,
"Reaction of Phosphinic Acids with Aldehydes and Ketones, XXVIL." Zhurnal Obshchel Khimii, Volume 36, No.
10 (1966), pp. 1830-1834 ; Abramov, V., S., V. |. Barabanov & L. |. Long, *Reactions of Phosphinic Acids with
Aldehydes and Ketones, XXXiL." Zhurnal Obshchei Khimii, Volume 37, No. 3 (1967), pp. 714-718 ; Pudovik,
A.N., .V.Gur'yanova, . V. Banderova & M. G. Limin, *"Reaction of Partial Esters of Ethylphosphinic and Phos-
phorothioic Acids with Alpha-oxo Phosphonic Acid Esters and Diacetyl", Zhurnal Obshchei Khimii, Volume 37,
No. 4 (1867), pp. 876-881 ; Pudovik, A. N., . V. Gur'yanova & M. G. Zimin, "Reactions of Phosphorus Acid,
Ethylphosphinic Acid, and Thiophosphorus Acid Esters with some Substituted Benzoy! Phosphates”, Zhurnal
Obshchei Khimil, Volume 37, No. 11 (1967), pp. 2580-2585 ; Pudovik, A. N., I. V. Guryanova, L. V. Banderova
& G. V. Romanov, "Phosphonate-phosphate Rearrangement of Esters of Alpha-hydroxyalkylphosphonic
Acids”, Zhumal Obshchei Khimii, Volume 38, No. 1 (1968), pp. 143-150 ; Pudovlk, A. N., G. E. Yastrebova, V.
1. Nikitina & Y. Y. Samitov, "Synthesis and Reactions of Esters of (Beta-cyanovinyl}phosphonic Acid™, Zhumal
Obshchel Khimii, Volume 38, No. 2 (1968), pp. 292-299 ; Romanov, G. V., M. 8. Yafarov, A. |. Konovaloy, A.
N. Pudovik, I. V. Konovalova & T. N. Yusupova, "Thermodynamic and Kinetic Characteristics of the Phos-
phonate-phosphate Rearrangement”, Zhurnal Obshchei Khimii, Volume 43, No. 11 (1973), pp. 2378-2386 ;
Novikova, Z. S., S. N. Mashoshina & I. F. Lutsenko, "Addition of Tetraethyl Pyrophosphite and Tetraethy! Iso-
hypophosphate to Compounds with Activated Multiple Bonds", Zhurnal Obshchel Khimii, Volume 44, No. 2
(1974), pp. 276-281; Novikova, Z. S., A. A. Prishchenko & i. F. Lutsenko, “Synthesis of 1,3-Di(oxoal-
koxyphosphajcycloalkanes”, Zhumal Obshchei Khimii, Volume 47, No. 11 (1977), pp. 2636-2637 ; Novikova,

Z.8., 8. Y. Skorobogatova & 1. F. Lutsenko, "Reaction of Tetrasthyl Carbomethoxymethylene-1,1-diphospho--

nite with Alkyl Halides", Zhurnal Obshchei Khimii, Volume 48, No. 4 (1978), pp. 757-764. These references are
hereby incorporated herein in their entirety. Processes for synthesizing certain phosphonoalkylphosphinate
compounds are disclosed in the above references.

Processes for the synthesis of alpha-aminophosphinates are disclosed in the following references : Maier,
L., "Advances in the Chemistry of Aminophosphinic Acids", Phosphorus and Sulfur, Volume 14 {1983), pp. 295-
322 ; and Oleksyszyn, J., M. Soraka & J. Rachon, "Phosphoranaloge von Aminosauren und Peptiden : Phos-
phon- und Phosphinanaloge von Cycloleucin®, Chimia, Volume 32, Number 7 (July, 1978}, pp. 253-255.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide novel processes for preparing certain aminomethylene
phosphonoaikylphosphinate compounds.

It is a further object of this invention to provide such processes which result in aminomethylene phos-
phonoalkylphosphinate products having a minimal quantity of diphosphonate (bisphosphonate) impurities.

The present invention provides a process for making aminomethylene phosphonoalkylphosphinate com-
pounds, said process comprising :

%
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(a) heating a substantiaily anhydrous mixture cormnprising an amine, an ester of an alkyl phosphite, and an
ester of a phosphonate acetal ; and then
(b) adding water to sald mixture.

DETAILED DESCRIPTION OF THE INVENTION

The process of the present invention uses as raw materials for making certain aminomethylene phos-
phonoalkylphosphinate compounds an amine, an ester of an alkyl phosphite, and an ester of a phosphonate
acetal. The three raw materials are combined, preferably with a small amount of a suitable solvent, to form a
substantialty anhydrous mixture. The mixture is heated for a period of time, then preferably cooled, and then
mixed with water and allowed to react.

The term "alkyl” as used herein unless otherwise specified, means chemically-stable carbon-containing
chains which may be straight, branched, or cydlic ; and further which may be saturated, monounsaturated {e.g..
one double bond ; one triple bond), or polyunsaturated (e.q., two double bonds ; two triple bonds ; three double
bonds ; one double and one triple bond). Preferred alkyl have from 1 to about 20 carbon atoms, more preferred
alky| have from 1 to about 10 carbon atoms, and more preferred still alkyl have from 1 to about 6 carbon atoms.
Still more preferred alkyl have from 1 to 4 carbon atoms, most preferred alkyl have 1 or 2 carbon atoms. "Cye-
loalkyls” as used herein, having from about 4 to about 10 carbon atoms are preferred ; more preferred are cyc-
loalkyls having 5 or 6 carbon atoms. Also preferred are straight chain alkyl, saturated alkyl or monounsaturated
alkyl. Most preferred are straight chain, saturated alkyl.

Alkyl is preferably unsubstituted but may be substituted. Preferred substituent groups for alkyl are as fol-
lows : fluoro ; cyano ; heterocycle ; aryl ; heteroary! ; unsubstituted amino, and the amide thereof derived from
a carboxylic acid of an alkyl, heterocycle, aryl or heteroaryt group ; amino substituted with one alkyl, heterocy-
cle, aryl or heteroaryl group and the amide thereof derived from a carboxylic acid of an alkyl group ; hydroxy ;
ether having an alkyl, heterocycle, aryl or heteroaryl group ; thiol ; thiosther having an alkyl, heterocycle, aryl
or heteroaryl group ; —SO,H, the pharmaceutically-acceptable salts thereof, the ester thereof derived from an
alcohol of an alky! group, the unsubstituted amide thereof, and the amide thereof substituted with one or two
alkyl groups ;—CO,H, the pharmaceutically-acceptable salts thereof, the ester thereof derived from an alcohol
of an alkyl group, the unsubstituted amide thereof, and the amide thereof substituted with one or two alkyl
groups ; PO4H,, the pharmaceutically-acceptable salts thereof, the ester thereof derived from an alcohol of an
alkyl group, the unsubstituted amide thereof, and the amide thereof substituted with one or two alkyl groups ;
—{R8PO,H (where R? is hydrogen ar unsubstituted lower alkyl), the pharmaceutically-acceptable salls thereof,
the ester thereof derived from an alcohol of an alkyl group, the unsubstituted amide thereof, and the amide
thereof substituted with one or two alkyl groups ; carbamate, unsubstituted or substituted with one or two alkyl
groups ; peptidyl ; and chemically-stable combinations thereof. More preferred alkyl substituents are halogen,
especially fluore ; trifucromethyl ; ether having a lower alky! group ; unsubstituted amino, and the amide thereof
derived from & carboxylic acid of a lower alkyl group, amino substituted with one lower alkyl group and the amide
thereof derived from carboxylic acid of a lower alkyl group ; peptidyl having from one to about six amino acid
moieties ; and chemically-stable combinations thereof.

The term “lower alkyl", as used herein, unless otherwise specified, means unsubstituted alkyl having from
1 to about 6 carbon atoms which may be saturated or unsaturated. Preferred lower alkyl have from one to about
4 carbon atoms ; more preferred fower alkyl have one or two carbon atoms, Preferred lower alkyl are saturated.
Most preferred lower alkyt are methyl and ethyl. For lower alkyl groups specified herein as substituted, preferred
substituents are the same as for alkyi hereinabove.

The term "heterocycle”, as used herein unless otherwise specifisd, means chemically-stable non-aromatic
rings having from about 5 to about 20 atoms, comprising at least one hetercatom selscted from nitrogen, suliur,
phosphorus and oxygen. Preferred are 5 and 6 membered ring heterocycles which comprise from about 1 to
about 3 heteroatoms. More preferred are § and 6 membered ring heterocycles which comprise one or two
heteroatoms (especially nitragen heteroatoms). Most preferred are the 6 membered ring heterocycles compris-
ing one nitrogen atom, especially piperidinyl and piperidinylidene heterocycles. Heterocycles may be unsub-
stituted or substituted. Preferred heterocycles are unsubstituted or substituted with atkyl ; halogen ; nitro ;
cyano ; heterocycle ; aryl ; hateroaryl ; unsubstituted amino, and the amide thereof derived from & carboxylic
acid of an alkyl, heterocycle, aryl or heteroary] group ; amino substituied with one alkyl, heterocycle, aryl or
heteroaryl group and the amide thereof derived from a carboxylic acid of an alkyl group ; hydroxy ; ether having
an alkyl, heterocycle, aryl or heteroaryl group ; thiol ; thlosther having an alkyl, heterocycle, aryl or heteroaryl
group ;—S0,H, the pharmaceutically-acceptable salts thereof, the ester thereof derived from an alcohol of an
alkyt group, the unsubstituted amide thereof, and the amide thereof substituted with one or two alkyl groups ;
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—CO,H, the phamaceutically-acceptable salts thereof, the ester thereof derived from an alcohol of an alkyl
group, the unsubstituted amide thereof, and the amide thereof substituted with one or two alkyl groups ; PO,3H,
the pharmaceutically-acceptable salts thereof, the ester thereof derived from an alcohol of an alkyl group, the
unsubstitluted amide therecef, and the amide thereof substituted with one or two alky! groups ; —(R®&)PO.H
(where R® is hydrogen or unsubstituted lower alkyl), the pharmaceuticatly-acceptable salts thereof, the ester
thereof derived from an alcohol of an alkyl group, the unsubstituted amide thereof, and the amide thereof sub-
stituted with one or two alkyl groups ; aldehyde ; ketone having an atky! group ; carbamate, unsubstituted or
substituted with one or two alkyl groups ; peptidyl ; and chemically-stable combinations therecf. More preferred
heterocycles are unsubstituted or substituted with lower alkyl ; fluoro ; trifluoromethyl ; ether having a lower
alkyl group ; unsubstituted amino, and the amide thereof derived from a carboxylic acid of a lower alkyl group,
amino substituted with one lower alkyl group and the amide thereof derived from carboxylic acid of a lower alky!
group ; peptidyl having from one to about six amino acid moieties ; and chemically-stable combinations thereof,

The term "aryl", as used herein uniess otherwise specified, means chemically-stable aromatic rings having
from about € to about 20 carbon atoms. Preferred aryl are phenyl or naphthyl ; most preferred is phenyl. Aryls
may be unsubstituted or substituted. Preferred aryls are unsubstituted or substituted with alkyl ; fluoro ; cyana;
heterocycle ; aryl ; heteroaryf ; unsubstituted amino, and the amide thereof derived from a carboxylic acid of
an alkyl, heterocycle, aryl or heteroaryl group ; amino substituted with one alkyl, heterocycle, aryl or heteroaryl
group and the amide thereof derived from a carboxylic acid of an alkyl group ; hydroxy ; ether having an alkyl,
heterocycle, aryt or heteroaryl group ; thiol ; thioether having an alkyl, heterocycle, aryl or heteroaryl group ;
~-S04H, the pharmaceutically-acceptable salts thereof, the ester thereof derived from an aicohol of an alkyl
group, the unsubstituted amide thereof, and the amide thereof substituted with one or two alkyl groups ;
—COH, the phanmaceutically-acceptable salts thereof, the ester thereof derived from an alcohol of an alkyl
group, the unsubstituted amide thereof, and the amide thereof substituted with one or two alkyl groups ; PO3H,,
the pharmaceutically-acceptable salts thereof, the ester thereof derived from an alcohol of an alkyl group, the
unsubstituted amide thereof, and the amide thereof substituted with one or two alkyl groups ; —(R8)PO,H
(where R® is hydrogen or unsubstituted lower alkyl), the pharmaceutically-acceptable salts thereof, the ester
thereof derived from an alcohol of an atky! group, the unsubstituted amide thereof, and the amide thereof sub-
stituted with one or two alkyl groups ; carbamate, unsubstituted or substituted with one or two alkyl groups ;
peptidy! ; and chemically-stable combinations thereof. More preferred ary] are unsubstituted or substituted with
lower atkyl ; fiuoro ; trifiuoromethyl ; ether having a lower alkyl group ; unsubstituted aminc, and the amide
thereof derived from a carboxylic acid of a lower alkyl group, amino substituted with one lower alkyt group and
the amide thereof derived from carboxylic acid of a lower alkyl group ; peptidyl having from one to about six
amino acid moieties ; and chemically-stable combinations thereof.

The term "heteroaryl”, as used herein unless otherwise specified, means chemically-stable aromatic rings
having from about 5 to about 20 atoms, comprising atleast one heteroatom selected from nitrogen, sulfur, phos-
phorus and oxygen. Preferred are 5 and 6 membered ring hetercaryls which comprise from about 1 to about
3 heteroatoms. More preferred are 5 and 6 membered ring heteroaryls which comprise one or two heteroatoms
(especially nittogen heteroatoms). Most preferred heteroaryl is pyridinyl. Heteroaryls may be unsubstituted or
substituted. Preferred heteroaryls are unsubstituted or substituted with alkyl ; fluoro ; cyano ; heterocycle ; aryl;
heteroary! ; unsubstituted amino, and the amide thereof derived from a carboxylic acid of an alkyl, heterocycle,
aryl or heteroaryl group ; amino substituted with ane ailky!, heterocycle, aryl or heteroaryl group and the amide
thereof derived from a carboxylic acid of an alkyl group ; hydroxy ; ether having an alkyl, heterocycle, aryl or
heteroaryl group ; thiol ; thioether having an alkyl, heterocydle, aryl or heteroaryl group ; —S0;H, the phar-
maceutically-acceptable salts thereof, the ester thereof derived from an alcohol of an alkyl group, the unsub-
stituted amide thereof, and the amide thereof substituted with one or two alkyl groups ; —CO,H, the
pharmaceutically-acceptable salts thereof, the ester thereof derived from an alcohol of an alkyl group, the
unsubstituted amide thereof, and the amide thereof substituted with one or two alkyl groups ; PO3H,, the phar-
maceutically-acceptable salts thereof, the ester thereof derived from an alcohol of an alkyl group, the unsub-
stituted amide thereof, and the amide thereof substituted with one or two atkyl groups ; —{R&)PO,H (where R®
is hydrogen or unsubstituted lower alkyl), the pharmaceutically-acceptable salts thereof, the ester thereof
derived from an alcohol of an alkyl group, the unsubstituted amide thereof, and the amide thereof substituted
with one or two alkyl groups ; carbamate, unsubstituted or substituted with one or two alkyl groups ; peptidyl ;
and combinations thereof. More preferred heteroaryls are unsubstituted or substituted with lower alky! ; fluoro;
trifluoromethyl ; ether having a lower alkyl group ; unsubstituted amino, and the amide thereof derived from a
carboxylic acid of a lower alkyl group, amino substituted with one lower alkyl group and the amide thereof
derived from carboxylic acid of a lower alkyl group ; peptidyl having from one to about six amino acid moieties;
and chemically-stable combinations thereof,

The term "substituent group” as used herein means hydrogen or an alkyl, heterocycle, aryl or heteroaryl
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group, unless otherwise specified. .

The term "chemically-stable, as used herein, refers to compounds which are sufficiently stable under nor-
mal storage and use conditions such that they can provide their intended uses. Compounds having combi-
nations of substituents and/or moieties which wouid result in chemically-unstable compounds are not included
in the compounds made by the processes of the present invention. Such chemicaliy-unstable compounds are
readily identified by a skilled chemist.

As used herein, an "amine” is a compound having the following chemical structure :

In structure (1) hereinabove, m is an integer from 0 to about 10 ; preferably m is from 0 to about 5 ; more
preferably mis 0 or 1 ; and most preferably m is 0 ; and R3 is hydrogen or lower alkyl.

in structure (1) hereinabove, each R is independently selected from the group consisling of hydrogen,
fluoro, lower alkyl, unsubstituted amino or the amide thereof derived from a carboxylic acid of a lower alkyl
group, amino substituted with one lower atkyl group or the amide thereof derived from a carboxylic acld of a
lower alkyl group, hydroxy, —CO;H or the pharmaceutically-acceptable salts thereof or the ester thereof
derived from an alcohol of a lower alkyl group or the unsubstituted amide thereof or the amide thereof substi-
tuted with one or two lower alkyl groups, ether having a fower alkyl group, —PO3H; or the pharmaceutically-
acceptable salts thereof, and nitro, or two R''s on the same carbon atom are =0 or =NR® {where RY is
unsubstituted lower alkyl or may be hydrogen when there is another nitrogen atom attached to the same carbon
atom as the =NRP moiety), or two R"'s on adjacent carbon atoms may be replaced by an additional bond bet-
ween the carbon atoms., (For the sake of chemical stability of the compounds of the present invention, R cannot
be such that there is a halogen and an oxygen or sulfur or nitrogen singly bonded to the same carbon atom or
such that two of an oxygen or sulfur or nitrogen are singly bonded to the same carbon atom). Each R moiety
is preferably independently selected from hydrogen, methyl, ethyl, hydroxy, unsubstituted amino, or two RY's
on the same carbon atom are =0 or =NR® {where R? is unsubstituted lower alky! cr may be hydrogen when
there is another nitrogen atom attached to the same carbon atom as the =NR? moiety), or two R"'s on adjacent
carbon atoms are replaced by an additional bond between the carbon atoms, Most preferred is all R! groups
being hydrogen.

In structure (1} hereinabove, Y is a substituent of atkyl as defined hereinbefore. Y is preferably ¥, Y2.or Z
as hereinafter defined.

When Y is Y*, m is more preferably from 1 to about 5, The Y1 molety is preferably selected from hydrogen,
fluoro, unsubstituted amino or the amide thersof derived from a carboxylic acid of a lower alkyi group, amino
substituted with one lower alkyl group or the amide thereof derived from a carboxylic acid of a lower alkyl group,
hydroxy, -—COzH or the pharmaceutically-acceptable salts thereof or the ester thereof derived from an alcohol
of a lower alkyl group or the unsubstituted amide thereof or the amide thereof substituted with one or two lower
alkyl groups. Prefered Y is hydrogen, fluoro, unsubstituted amino or the amide thereof derived from a car-
boxyiic acid of a lower alkyl group, amino substituted with one lower alkyl group, and hydroxy. Most preferred
Y1 is hydrogen, hydroxy, amino substituted with one methyl group, and especially unsubstituted amino.

When Y is Z, m is preferably from 0 to about 2 ; especially preferred is m being 0 ar 1 ; most preferred is
m =0, The Z moiety is selected from the group consisting of unsubstituted or substituted cycloalkyl, heterocycle,
aryl and heterocaryl ; with preferred Z being selscted from five-membered ring heterocycies and heteroaryls hav-
ing one heteroatom, five-membered ring heterocycles and heteroaryls having two heteroatoms, unsubstituted
or substituted phenyl, six-membered ring heterocycles and heteroaryls having one heteroatom, and six-mem-
bered ring heterocycles and heteroaryls having two heteroatoms ; and preferably all the hetercatoms in the ring
are nitrogen. More preferred Z is phenyl, pyrrolidinyl, pymolyl, pyridinyl, piperidinyl, piperidinylidene, pyridazinyl,
pyrimidinyl, pyrazinyl, and morpholinyl. Most preferred Z is pyrimidinyl, and especially piperidinyl and pyridinyl.

The Z moiety may be unsubstituted or substituted. Preferred is the Z molety being unsubstituted or sub-
stituted on the carbon atoms of the ring with one or more substituents selected from the group consisting of
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lower alkyl ; unsubstituted amine, and the amide thereof derived from a carboxylic acid of a lower alkyl group;
aming substituted with one lower alky! group, and the amide thereof derived from a carboxyiic acid of a lower
alkyl group ; hydroxy ; ether having a fower alky! group ; —CO,H, the pharmaceutically-acceptable salts
thereof, the ester thereof derived from an alcoho! of a lower alkyl group, the unsubstituted amide thereof, and
the amide thereof substituted with one lower alky! group ; and chemicatly-stable combinations thereof. Prefer-
red is the Z moiety being unsubstituted or substituted on the carbon atoms of the ring with one or more sub-
stituents selected from the group consisting of fluoro, lower alkyl, unsubstituted amino and the acetyl amide
thereof, amino substituted with one methyl group and the acetyl amide thereof, hydroxy, methyl ether, ethyl
ether, --CO,H and the pharmaceutically-acceptable salts thereof, —LC0,CHy, —CO,CHs, —CONH,,
—CONHCH;, and —CON(CH,),. More preferred is the Z moiety being unsubstituted, or mono-, di-, or tri-sub-
stituted independently with the preceding substituents. Most preferred is the Z moiety being unsubstituted, or
mono-substituted with a substituent selected from the group consisting of methyl, ethyl, fiuoro, trifluoromethyl,
hydroxy, (N-methyl)amino, methyl ether, —CO,H and the pharmaceutically-acceptable saits thereof,
—LCO0,CH;, —CONH;, and especially unsubstituted amino.

When Y is Y2, mis preferably 0 to about 2, more preferably 0 or 1, most preferably 0. Y2 is peptidyl having
the following chemical structure :

C-V-N or R -v-C (2)

In structure (2) hereinabove, n is an integer from 1 to about 100, preferably from 1 to about 6 ; each RS
and R7 is independently hydrogen or iower alkyl, preferably each R® and R7 are hydrogen ; each V is indepen-
dently unsubstituted or substituted lower alky!, or independently each R® and V together with the included nit-
rogen atom to which they are bound, form a 5- or 6-membered ring which Is unsubstituted or substituted,
preferably each V or rings in which they are incorporated are moieties found in naturally-occurring amino acid
moleties, i.e. lysine, leucine, isoleucine, valine, phenylaianine, arginine, histidine, methionine, alanine, aspartic
acid, threonine, proline, glycine, serine, tyrosine, tryptophan, glutamine and cysteine.

As used herein, an "ester of an alkyl phosphite” is a compound having the following chemical structure :

i

R—-FI’—-ORS (3)

H

In structure (3) hereinabove, RS is alkyl, preferably fower alkyl. Ris a moiety selected from the group con-
sisting of hydrogen, and alkyl, other than alkyt having unsaturation between the carbon adjacentthe phosphorus
and an adjacent carbon or nitrogen atom. Preferred R is unsubstituted alkyl, especially lower alkyl. Preferred
substituents on the R alkyl, when substituted, include fluoro, unsubstituted and substituted phenyl, unsubsti-
tuted and substituted pyridinyl, unsubstituted amino, amine substituted with one lower alkyl group, hydroxy,
carboxy, and combinations thereof. More preferred substituents are fluaro, phenyl, unsubstituted amino, and
hydroxy ; and most preferved are fluoro (especially when present as triftuoromethyl) and phenyl. Particularly
preferred R moieties are selected from unsubstituted, straight-chain, saturated lower alkyl groups. Also prefer-
red R moieties are selected from methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl, and tert-butyl.
More preferred still R moieties are selected from methyl, ethyl, n-propyl, and n-butyl. Most preferred R moiety
is methyl.

As used herein, an "ester of a phosphonate acetal” is a compound having the chemical structure :



10

15

20

25

30

35

45

55

EP 0 298 555 B4

0 Or’
: o1
R o-——T—m-$———B (4)
or® ORS

wherein RS is alkyl, preferably lowsr alkyl.

In structure (4) hereinabove, B is a moiety selected from the group consisting of hydrogen ; fiuoro ; unsub-
stituted and substituted lower alkyl ; unsubstituted and substituted cycloalkyl having from about 3 to about 7
atoms In the ring ; unsubstituted and substituted heterocycle having from about 3 to about 7 atoms in the ring;
unsubstituted and substituted phenyl ;—CO,H, the pharmaceutically-acceptable salts thereof, the esterthereof
derived from an alcohol of & lower alkyl group, the unsubstituted amide thereof, and the amide thereof substi-
tuted with one or two lower alkyl groups. Preferred B is selected from the group consisting of hydrogen, fluoro,
unsubstituted and substituted lower alkyl, unsubstituted and substituted phenyl, unsubstituted and substituted
benzyl, and -~CQO;H and the pharmaceutically-acceptable salts thereof and the ester thereof derived from an
alcohol of a lower alkyl group and the unsubstituted amide thereof or the amide thereof substituted with one
or two lower alky! groups. More preferred B is selected from hydrogen, methyl, ethyl, —CO,H and the phar-
maceutically-acceptable salts thereof, —CO,CH,, and ——CONH,. Most preferred B is hydrogen.

The ester of a phosphonate acetal can be synthesized from trialkyl orthoformate and diatkyl chiorophos-
phite, as exemptified in Dietsche, W., "Darstellung von C-phosphorylierten Formaldehydacetalen®, Liebigs Ann.
Chem., Vol. 712 (1968), pp. 21-27, which is incorporated herein by reference.

The process of the present invention Is depicted schematically as follows ;

1\ g3 0 0 OR®
| 1 fl |

R
' 5 , &5

Y4~ C—fNH + ReweP—=OR® + R°0—P—C—B8
| | &
R

1 H OR® OR
m

) F
() hest, Y CpN—C—8
(2) H,0 R] 0=P =R

m I

OH

LV, » |

wherein m, Y, R, R1, R® and R® are as described hereinbefore,

To prepare the aminomethylene phosphonoalkylphosphinates according to the process of the present
invention, the amine, ester of an alkyl phosphite, and ester of a phosphonate acetal are combined in a reaction
vessel. (If necessary to prevent unwanted reactions of substituents on the raw materials, suitable protecting
groups may be placed on such substituents for later removal.) A small amount of solvent is preferably included
in this reaction mixture ; preferred solvents are aicohols having from 1 to about 6 carbon atoms ; more preferred
are methanol, ethanol, n-propancl and isopropanotl ; most preferred is ethanol. The reaction mixture is heated
to a temperature which is determined for each combination of reactants ; overheating causes side reactions to
be accelerated, and product of unacceptable purity results. Progress of the reaction is preferably followed by
detenmining consumption of the amine by liquid chromatography or other suitable means. The alcohol is allowed
to distill off the reaction mixture. Equarmolar amounts of the three reactants are preferably included in the reac-
fion mixture,

When the reactants have been consumed in the reaction, the resulting mixture is preferably cooled and
an excess of water {preferably hot water) is added to the reaction mixture. The water is added with care since
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this can resultin an exotherm. The reaction mixture is preferably heated for a period sufficient ta insure complete
conversion to the phosphonophosphinic acid, preferably about one hour. The solid product is then filtered from

the reaction mixture, washed with hot water, and dried.

Further product can generally be obtained by stripping the filtrate to one-quarter to one-third of its volume,
cooling it to room temperature, and allowing it to stand. The resulting crystals are filtered, washed with water
and dried.

The following nonlimiting examples are provided to exemplify the processes of the present invention.

Example 1
Synthesis of N-(2'-(3'-methyl}-pyridinyl)-Aminomethane Phosphonomethylphesphinic Acid

To a flask containing triethy! orthoformate (23.6 gm ; 0,16 moles) equipped with a magnetic stirrer, con-
densor, and nitrogen atmosphere, is added diethyl chlorophosphite {25 gm ; 0.16 moles} over 15-30 minutes;
an extremely exothemnic reaction occurs. The reaction solution is then heated at 135°C for 3 hours, The result-
ing solution is distilled using a Kugelrohr distillation apparatus at 80°C (0.01 mm Hg) to yield 32 gm of dieth-
oxymethylphosphonic acid diethy! ester (3'P NMR 13,2 ppm).

This ester {15 gm, 62.5 mmoles) is combined with ethyl hydrogen methylphosphinate (9.6 gm ; 62.5
mmoles ; See Dougherty, K.E., W. A. Eychaner & J. . Stevens, Applied Spectroscopy, Volume 22, No. 2 (19686},
p. 95, which Is incorporated herein by reference in its entirety) and 2-amino-3-methylpyridine (6.75 gm ; 62.5
mmoles) in a flask equipped with a short path distillation head, magnetic stirrer, and a nitrogen atmosphere.
The flask is placed in an oil bath and the temperature is slowly brought to 150°C. The reaction mixture is kept
at this temperature until no further ethanal is distilled off {approximately 30 minutes), and then the mixture is
heated at 170-175°C for 4 to 5 hours. After this time, the bath temperature is cooled to 110°C, 75 ml of water
is added, and this reaction mixture is allowed to refiux for one hour, The resulting white precipitate is collected,
rinsed with hot water (2 »x 10 mf), and dried to yield 5.7 gm of N-{2'-(3"-methyl)-pyridinyl)-aminomethane phos-
phonomethyiphasphinic acid.

The monosodium sait is prepared by the addition of one equivalent of 6N NaOH to bring a 10% aqueous
solution to a pH of 4,0. TH NMR (D50 ; 1 equivalent NaOH) : 7.69 (1H, d, J = 7.2 Hz) ; 7.65 (1H, d, J = 6.3 Hz):
6.8 (1H, dd) ; 4.0 (1H, dd, J = 20.1 Hz, J = 15.6 Hz) ; 2.23 (3H, s); 1.42 ppm (3H, d, J = 14.4 Hz). 3P NMR :
35.11(d, J =15 Hz) ; 11.54 ppm (d, J = 15 Hz). Anal. calc'd. for CaH4N2OgP, : C=34.30 : H=5.04 ; N =10.00.
Found:C=34,54 ; H=5.30; N=9.79.

Example 2

Synthesis of N-(2'-(3"-methyl)}-piperidinylidene)-Aminomethane Phtiosphonomethylphosphinic Acid,
Monosodium Salt

To a 10% solution of N-(2'-(3"-methyl)-pyridinyl)}-aminomethane phosphonomethylphosphinic acid is added
& N NaOH until the pH is adjusted to 4.0. The resulting solution is diluted to 820 m! water and hydrogenated
for 48 hours at 50 psi at room temperature with 12 gm of 10% Pd/C in a Parr hydrogenation apparatus. The
solution is then filtered and evaporated to dryness to yield 43 gm of N-(2'-{3’-methyl)-piperidinylidene)-ami-
nomethane phosphonomethyiphosphinic acid, monasodium salt. The following spectral data are reported on
the 1 : 1 mixture of diasterecisomers. 3'P NMR (2.5% in D,0) : 33.37 (d, J =13 Hz) 32.93 (d, J = 13 Hz), 9.99
{d, J = 13 Hz), 9.66 (d, J = 13 Hz). "H NMR (1% in D,0) : 3.88 (1H, dd, J = 15.6, 19.9) ; 3.45 (2H, m) ; 2.92
(1H, m) ; 1.96 (2H, m) ; 1.82 (1H, m) ; 1.66 {1H, m) ; 1.46 (1.5H, d, J = 14.5); 1.44 (1.5H, d, J = 13.9) ; 1.40
(1.5H. d, J = 6.9) ; 1.39 ppm (1.5H, d, J = 6.8), 13C NMR (10% in D;0) : 169.6, 56.7 (2 overlapping dd's), 44.0,
33.3,27.7, 20.6, 19.5, 17.7 (d, J = 98). Anal. calc'd for CaH17N,OsP,Na H,0: C=20.63; H= 5.91; N = 8.64.
Found : C=30.06 ;H=6.31;N=8.77.

Example 3

Synthesis of N-(1-(5-amino-2-methyl-1-oxo)-penty)-Aminomethane Phosphonomethylphoesphinic Acid

A 10% aqueous solution of sodium N-(2'-(3'-methyl)-pyridyl}-amine methane-1-phosphano-1-methylphos-
phinate (10 g} i refluxed for 72 hours under a nitrogen atmosphere. After noting approximately a 75% conver-
sion to new material, pure
N—(1-(5-amino-2-methyl-1-oxo)-panlyl)-aminomethana-1-phosphono—1-methylphosphinic acid is isolated on a



EP 0 298 555 B1

preparative HPL.C silica gel column on elution with approximately 91 : 9 MeOH/H;O. The product isclated is
reported as a 1 : 1 mixture of diastereoisomers, 3'F NMR (D;0, pD = 12) : 35, 12 ppm. 1*C NMR {10% in D,0):
180.4, 52.2 (2 overlapping dd's), 42.5, 41.4, 32.4, 26.9, 19.2, 17.6 {d, J = 96). "H NMR (1% in D,0) : 4.35 (1H,
m}, 3.00 (2H, m), 2,55 (1H, m), 1.58 (2H, m), 1.53 (1H, m), 1.39 (1.5H, d, J = 14.0), 1.36 (1.5H, d, J = 14.0),
1.17 (1.5H, d, J = 6.8), 1.16 {1.5H, d, d = 6.8).

Claims

1. A process for making aminomethylene phosphonoalkylphosphinate compounds having the chemical
structure :

said process comprising :
(a) heating a substantially anhydrous mixture comprising :
(1) an amine having the chemical structure :

wharein

{i) mis an Integer from 0 to 10;

(i) each R! is independently hydrogen, fluore, lower alkyl, unsubstituted amino or the amide thereof
derived from a carboxylic acid of a lower alky! group, amino substituted with one lower alkyl group or
the amide thereof derived from a carboxylic acid of a lower atkyi group, hydroxy, —CG.,H or the phar-
maceutically-acceptably salts thereof or the ester thereof derived from an alcohol of a lower alky! group
or the unsubstituted amide thereof or the amide thereof substituted with one or two lower alkyl groups,
ether having a lower alkyl group, —FO3H, or the phammacsutically-acceptable salts thereof, or nitro, or
two R!'s on the same carbon atom are =0 ar sNR? {where R? is unsubstituted lower alkyl or may be
hydragen whren there is another nitrogen atom attached to the same carbon atom as the =NR® molety),
or two R¥s on adjacent carbon may be replaced by an additional bond between the carbon atoms ;
except that R''s are not such that there is a halogen and an oxygen or sulfur or nitrogen singly bonded
to the same carbon atom or such that two of an oxygen or sulfur or nitrogen are singly bonded to the
same carbon atom.

{ili) R3 is hydrogen or lower alkyl ; and

(iv) Y is hydrogen, flucro ; cyano ; hersrocycle ; aryl ; heteroaryl ; unsubstituted amino, or the amide
thereof derived from a carboxylic acid of an alkyl, heterocycle, aryl or heteroaryl group ; amina sub-
stitued with one alkyl, heterocycle, aryl or heteroaryl group or the amide thereof derived from a car-
boxylic acid of an alkyl group ; hydroxy ether having an alkyl, heterocyele, aryl or heteroaryl group ; thiol;
thioether having an alkyl, heteracycle, aryl or hetercaryl group ; —SOaH, the phammaceutically-accept-
able salts therecf, the ester thareof derived from an alcohol of an alkyl group, the unsubstituted amide
theraof, or the amide thereof substitued with one or two alkyl groups ; —CO,H, the pharmaceutically-
acceptable salts thereof, the ester thereof derived from an alcohol of an alkyl group, the unsubstituted
amide thereof, or the amide thereof substituted with one or two alkyt groups ; PO3H,, the pharmaceuti-
cally-acceptable salts thereof, the ester thereof derived from an alcohol of an alkyl group, the unsub-
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stituted amide thereof, or the amide thereof substituted with one or two alkyl groups ; —(R®)POH
{where R® is hydrogen or unsubstituted lower alkyl}, the phammaceutically-acceptable salts thereof, the
ester thereof derived from an alcohol of an alkyl group, the unsubstituted amide thereof, or the amide
thereof substituted with one or two alkyl group ; carbamate, unsubstituted or substituted with one or two
alkyl groups ; or peptidyl ;

{2) an ester of an alkyl phosphite having the chemical structure :

i

R-—-T-—oas
H

wherein

() R is hydrogen or alky! ; and

(i) RS is alky! ;

(3) an ester of an phosphonate acetal having the chemical structure :

0 OR?
il

!

R
L5 bos
OR” OR

whereln
(i) B is hydrogen ; fluoro ; unsubstituted or substituted lower alkyl ; unsubstituted or substituted cycloal-
kyl having from 3 to 7 atoms in the ring ; unsubstituted or substituted heterocycle having from 3 to 7
atoms in the ring ; unsubstituted or substituted phenyl ; and—CO_H, the pharmaceutically-acceptable
saits thereof, the ester thereof derived from an alcoho! of a lower alky! group, the unsubstituted amide
thereof, or the amide thereof substituted with one or two lower alky! groups ; and
(if) R® is alkyl ;
(b} and then adding water to said mixture.
2. The process of Claim 1 wherein
(a) each R is hydrogen, methyl, ethyl, hydroxy, unsubstituted amino, or two R"s on the same carban atom
are =0 or =NR?, or two R''s on adjacent carbon atoms are replaced by an additional bond between the
carbon atoms ; and -
{b) R3is hydrogen ;
{(c) each RS is lower alkyl ;
(d) R is unsubstituted fower alkyl or lower alkyl substituted with fluoro, unsubstituted or substituted phenyl,
unsubstituted or substituted pyridinyl, unsubstituted amino, amino substituted with one lower atky! group,
hydroxy, or carboxy, or combinations thereof ; preferably unsubstituted, straight-chain, saturated lower
alkyl ; and
(e) B is hydrogen, methyl, ethyl, —CO,H or the pharmaceutically-acceptable salts thereaf, —CO,CH,, or
—CONH; ; preferably hydrogen.
3. The process of Claim 2 wherein
(a) m is an integer from 1 t0 5 ; and
(b) Y is unsubstituted amino or the amide thereof derived from a carboxylic acid of a lower alkyl group,
amino substituted with one fower alkyl group or the amide thereof derived from a carboxylic acid of a lower
alkyl group, hydroxy,—CO,H or the pharmaceutically-acceptable salts thereof or the ester thereof derived
from an elcohol of a lower alkyl group or the unsubstituted amide thereof or the amide thereof substituted
with one or two lower alkyt groups ; preferably amino substituted with one methyl group, or unsubstituted
amino,
4. The process of Claim 2 wherein Y is hydrogen, hydroxy, amino substituted with one methyl group, or

unsubstituted amino.

5, The process of Claim 4 wherein
10
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(a) m is an integer from 0 to 2 ; preferably 0 ;

{b) Y is unsubstituted or substituted cycloalkyl), heterocycle, aryl or heteroaryl ; preferably phenyl, pyrroli-
dinyl, pyrrotyl, pyridinyl, piperidinyl, piperidinylidene, pyridazinyl, pyrimidinyt, pyraziny} or morpholinyl, whe-
rein said Y is unsubstituted or monosubstituted with methyl, ethyl, fluoro, trifluaromethyl, hydroxy,
(N-methyljamino, methyt ether, —CO,H or the pharmaceutically-acceptable salts thereof, —CO,CH,, or

—CONH,.
6. The process of Claim 5 wherein Y is pyridiny! attached at the 2-position, and is unsubstituted or mono-

substituted with a methyl or amino at the 3-, 4- or 5-position,
7. The process of Claim 6 wherein in a subsequent reaction step said pyrdinyl is hydrogenated to piperi-

dinylidene.
8. The process of Claim 5 wherein Y is piperidinyl attached at the 2-position, and is unsubstituted or mono-

substituted with methyl.
9. The process of Claim 2 wherein Y is peptidyl having the following chemical structure :

or R7

wherein
{a) n is an integer from 1 to 100 ; preferably from 1to 6
{b) each R® and R7 is independently hydrogen or lower alkyl ; preferably hydrogen ; and
{c) each V is independently unsubstituted or substituted fower alkyl, or independently each R® and V
together with the included nitrogen atorn to which they are bound, fonm a 8- or 6-+nembered ring which is
unsubstituted or substituted ; preferably wherein each V or rings in which they are incorporated are moleties

found in haturally-occurring amino acid moleties.

Patentanspriiche

1. Verfahren zur Herstellung von Aminomethylenphosphonoalkylphosphinat-verbindungen mit der cheml-
schen Struktur :

welches Verfahren umfallt :
(g) Erhitzen eines im wesentlichen wasserfreien Gernisches, umfassend :
{1) ein Amin mit der chemischen Struktur ;

)

11
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worin

(i) m eine ganze Zahl von 0 bis 10 bedeutet :

(i)} jeder Rest R? unabhangig voneinander Wasserstoff, Fluor, Niederalkyl, unsubstituiertes Amine oder
das von einer Carbonséure einer niederen Alkylgruppe abgeleitete Amid hievon, Amino, das mit einer
Niederalkylgruppe substitulert ist, oder das von einer Carbonsdure einer Niederalkylgruppe abgeleitete
Amid hievon, Hydroxy, —COOH oder die pharmazeutisch annehmbaren Salze hievon oder der von ei-
nem Alkohol elner Niederalkylgruppe abgeleitete Ester hievon oder das unsubstituierte Amid hievon
oder das mit einer oder mit zwei Niederalkylgruppen substituierte Amid hievon, Ether mit einer Niede-
ralkylgruppe, —PO,H, oder die pharmazeutisch annehmbaren Salze hievon oder Nitro bedeutet, oder
zwei Reste R' am gleichen Kohlenstoffatom fir <O oder =NR® stehen {worin R? unsubtituiertes Niede-
ralkyl ist oder Wasserstoff darstellt, wenn ein anderes Stickstoffatorn an das gleiche Kohlenstoffatom
wie der =NR®-Rest gebunden ist), oder zwei Reste R' an benachbarten Kohlenstoffatomen durch eine
zusdtzliche Bindunt zwischen den Kohlenstoffatomen ersetzt sein kdnnen ; mit der Ausnahme, daf die
Reste R! nicht solche sind, dafl ein Halogen und ein Sauerstoff oder Schwefel oder Stickstoff einfach
an das gleiche Kohlenstoffatom gebunden sind, oder nicht solche sind, daf zwei der Reste Sauerstoff
oder Schwefel oder Stickstoff einfach an das gleiche Kohlenstoffatom gebunden sind ;

(iif) R3 filr Wasserstoff oder Niederalkyl steht ; und

{iv) Y Wasserstoff, Fluor ; Cyano ; einen Heterocyclus ; Aryl ; Heteroaryl ; unsubstituiertes Amino oder
das von einer Carbonsiure eines Alkyls, Heterocyclus, Aryls oder einer Heteroarylgruppe abgelsitete
Amid hlevon ; mit einer Alkyl-, Heterocyclus-, Aryl- ader Heteroarylgruppe substituiertes Amino oder das
von einer Carbons&ure einer Alkylgruppe abgeleitete Amid hievon ; Hydroxy ; Ether mit einer Alkyl-,
Heterocyclus-, Aryl- oder Heteroarylgruppe ; Thiol ; Thiosther mit einer Alkyl-, Heterocyclus-, Aryl- oder
Heteroarylgruppe ; ——S0;H, die pharmazeutisch annehmbaren Salze hievon, den von einem Alkohol
einer Alkylgruppe abgelsiteten Ester hievon, das unsubstituierte Amid hievon oder das mit einer oder
mit zwei Alkylgruppen substituierte Amid hievon ; —COOH, die pharmazeutisch annehmbaren Salze
hievon, den von einem Alkohol einer Alkylgruppe abgeleiteten Ester hievon, das unsubstitulerte Amid
hlevon oder das mit einer oder mit zweai Alkylgruppen substituierte Amid hievon ; —PO;H,, die phar-
mazeutisch annehmbaren Salze hievon, den von einem Alkohol einer Alkylgruppe abgeleiteten Ester
hievon, das unsubstituierte Amid hievon oder das mit einer oder mit zwei Alkylgruppen substituierte
Amid hievon ; —(R&)PO,H (worin R? Wasserstoff oder unsubstituiertes Niederalkyl bedeutet), die phar-
mazeutisch annehmbaren Saize hievon, den von einem Alkchol einer Alkylgruppe abgeleiteten Ester
hievon, das unsubstituierte Amid hievon oder das mit einer oder mit zwei Alkylgruppen substituierte
Amid hievon ; unsubstituiertes oder mit einer oder mit zwei Alkylgruppen substituiertes Carbamat ; oder
Peptidyl bedeutet ;

(2) einen Ester eines Alkyiphosphits mit der chemischen Struktur :

1 e

R—-T—OR
H

worin

(i) R fiir Wasserstoff oder Alky! steht ; und

(ii) RS fior Alkyl steht ;

(3) einen Ester eines Phosphonatacetals mit der chemischen Struktur :

o or’
|

RSO-—-lp--..(l:_.._a ,
or® ORr®

worin

(i) B Wasserstoff ; Fluor ; unsubstituiertes oder substituiertes Niederalkyl ; unsubstituiertes oder sub-
stituiertes Cycloalky! mit 3 bis 7 Ringatomen ; unsubstituierten oder substituierten Heterocyclus mit 3
bis 7 Ringatomen ; unsubstituiertes oder substituiertes Phenul ; und —COOQH, die pharmazeutisch
annehmbaren Safze hievon, den von einem Alkohal einer Niederalkylgruppe abgeleiteten Ester hievon,

12
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das unsubstituierte Amid hievon oder das mit einer oder mit zwei Nlederalkylgruppen substituierte Amid
hieven bedeuted ; und
(i) RS fir Alkyl steht ;
{b) und anschlieBendes Zusetzen von Wasser zu dam genannten Gemisch.
2. Verfahren nach Anspruch 1, worin
{a) jeder Rest R fiir Wasserstoff, Methyl, Ethyl, Hydroxy, unsubstituiertes Amino steht, oder zwei Reste
R1 am gleichen Kohlenstoffatomn fiir 2O oder =NR? stehan, oder zwei Reste R1 an benachbarten Kohlen-
stoffatomen durch eine zusétzliche Bindung zwischen den Kohlenstoffatomen ersetzt sind ; und
{b) R3 fiir Wasserstoff steht ;
{c} jeder Rest R® Niederalky} bedeutet ;
{d) R unsubstituiertes Niederalkyl oder Niederalkyl bedeutet, das durch Fluor, unsubstituiertes oder sub-
stituiertes Phenyl, unsubstituiertes oder substituiertes Pyridinyl, unsubstituiertes Amino, mit einer Niede-
ralkylgruppe substituiertes Amino, Hydroxy oder Carboxy cder Kombination hievon substitulert ist;
vorzugsweise unsubstituiertes, geradkettiges, geséttigtes Niederalkyl darstellt ; und
(e) B fir Wasserstoff, Methyl, Ethyl, —COOH oder die phannazeutisch annehmbaren Salze hievon, —CO-
OCH,; oder —CONH; ; vorzugsweise fir Wasserstoff steht.
3. Verfahren nach Anspruch 2, worin
{z) m eine ganze Zaht von 1 bis 5 badeutst ; und
(b) Y fiir unsubstitufertes Aminc oder das von einer Carbonsiure einer Niederalkylgruppe abgeleitete Amid
hievon, mit einer Niederalkylgruppe substituiertes Amino oder das von einer Carbonsaure einer Niederal-
kylgruppe abgeleitete Amid hievon, Hydroxy, -—COOH oder die phannazeutisch annehmbaren Salze hie-
von oder den von einem Alkoho! einer Niederatkylgruppe abgeleiteten Ester hievon oder das
unsubstituierte Amid hievon oder das mit einer oder mit zwei Niederalkylgruppen substituierte Amid hievon;
vorzugsweise fiir mit eiser Methylgruppe substituiertes Amino oder fiir unsubstituiertes Amino steht.
4. Verfahren nach Anspruch 2, worin Y fir Wasserstoff, Hydroxy, mit einer Methylgruppe substituiertes

Amino oder unsubstituiertes Amino steht.

5. Verfahren nach Anspruch 4, worin

(a) m eine ganze Zahi von 0 bis 2 ; vorzugsweise 0 bedeutet ;

(b} Y unsubstituiertes oder substituiertes Cycloalkyl, einen Heterocyclus, Aryl oder Heteroaryl dastellt ; vor-
zugsweise Phenyl, Pyrrolidinyl, Pyrrolyl, Pyridinyl, Piperidinyl, Piperidinyliden, Pyridazinyl, Pyrimidinyl,
Pyrazinyl oder Morpholinyl ist, worin der Rest Y unsubstituiert oder durch Methyl, Ethyl, Fluor, Trifluorme-
thyl, Hydroxy, (N-Methyljamino, Methylether, —COOH oder die pharmazeutisch annehmbaren Salze hie-
von, —COOCH, oder CONH, einfach substituiert ist.

6. Verfahren nach Anspruch 5, worin Y in der 2-Stellung verknfipftes Pyridinyl ist und unsubstituient cder

mit einem Methyl- oder Aminorest an der 3-, 4- oder 5-Stellung einfach substituiert ist,

7. Verfahren nach Anspruch 6, worin In einer anschlieRenden Reaktionsstufe das Pyridinyl zu Piperidiny-

liden hydriert wird.

8. Verfahren nach Anspruch 5, worin Y in In der 2-Stellung verknipftes Piperidinyl ist, das unsubstitulert

oder einfach durch Methy] substitulert ist.

9, Verfahren nach Anspruch 2, worin Y fir Peptidyl mit der folgenden chemischen Struktur :

i i
R’ c-v-lia oder R’ r-v-L
6 6
R n R n

steht, worin

{a) n eine ganze Zahl von 1 bis 100 ; vorzugsweise von 1 bis 6 bedeutet ;

{b) jeder Rest R® und R7 unabhiéngig voneinander Wasserstoff oder Niederalkyl ; vorzugsweise Wasser-
stoff bedeutet ; und

{c) jeder Rest V unabhangig voneinander unsubstituiertes oder substituiertes Niederalkyl darstellt, oder
unabhéngig voneinander jeder Rest R® und V zusammen mit dem eingeschlossenen Stickstoffatom, an
das die gebunden sind, einen 5- ader 6-gliedrigen Ring ausbilden, der unsubstituiert oder substituiert ist ;
wobei vorzugswelse jeder Rest V oder Ringe, worin die Reste V enthalten sind, in natirlich vorkommenden
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Aminasiureresten varkommende Reste sind.

Revendications

1. Procédé pour préparer des phosphanoalkylphosphinates d’aminométhyléne, ayant la structure chimi-
que:

ledit procédé comprenant ;

(&) te chauffage d’un mélangs sensiblement anhydre comprenant :

{1) une amine ayant Ia structure chimique :

z—2A

-
“_\
n—N—D

A
7

m

dans laquelle

(I} m est un nombre entier valant de 0 & 10 ;

(I) chaque R représente, indépendamment, un atome d'hydrogéne ou de fluor, un groupe alkyle infé-
rieur, amino non substitué ou son amide provenant d'un acide carboxylique a groupe alkyle inférieur,
amino substitué par un groupe afkyle inférieur ou son amide provenant d'un acide carboxylique a groupe
alkyle inférieur, un groupe hydroxy, —CO;H ou ses sels pharmaceutiquement acceptables ou ses
esters provenant d'un alcool & groupe alkyle inférieur ou son amide non substitué ou son amide subs-
titué par un ou deux groupes alkyles, un groupe éther camportant un groupe alkyle inférieur, —PO;H,
ou ses sels phammaceutiquement acceptables, ou un groupe nitro, ou bien deux R fixés sur le méme
atome de carbone représentent =0 ou =NR® (ol R? représente un groupe alkyle inférieur non substitué
ou peut représenter un atome d’hydrogéne lorsqu'il existe un autre atome d'azote fixé sur e méme
atome de carbone que le fragment =NRS), ou bien deux R fixés sur des atomes de carbone adjacents
peuvent &ire remplacés par une liaison supplémentaire entre les atomes de carbone ; sauf que les R?
ne sont pas tels qu'il y alt un atome d'balogéne et un atome d'oxygéne ou de soufre ou d'azote fixé par
liaison simple au méme atome de carbone ou bien qu'il y ait deux atomes d'oxygéne ou de soufre ou
d'azote fixés par une liaison simple sur le méme atome de carbone ;

{IN R? représente un atome d’hydrogéne ou un groupe alkyle inférieur ; et

{IV} Y représente un atome d’hydrogéne, un groupe fluoro ; cyanc ; hétérocyclique ; aryle ; hétéro-aryle,
amino non substitué ou son amide provenant d'un acide carboxylique & groupe alkyle, hétérocyclique,
aryie ou hétéro-aryle ; amine substitué par un groupe alkyle, hétérocyclique, aryle ou hétéro-aryle, ou
son amide provenant d'un acide carboxylique & groupe alkyle ; un groupe hydroxy ; éther ayant un
groupe alkyle, hétérocyclique, aryle ou hétéro-aryle ; un groupe thiol ; thioéther comportant un groupe
alkyle, hétérocyclique, aryle ou hétéro-aryle ; —S0O,H, ses sels phamaceutiquement acceptables, ses
esters provenant d'un alcool 4 groupe alkyle, son amide non substitué, ou son amide substitué par un
ou deux groupes alkyles ; —COQ,H, ses sels phammaceutiquement acceptables, ses esters provenant
d'un alcaol ayant un groupe alkyle, son amide non substitué ou son amide substitué par un ou deux
groupes glkyles ; PO3H,, ses sels pharmaceutiquement acceptables, ses esters provenant d'un alcool
comportant un groupe alkyle, son amide non substitué ou son amide substitué par un ou deux groupes
alkyles ; —(R})PO,H {oii R® représente un atome d’hydrogéne ou un groupe alkyle inférieur non subs-
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titué), ses sels pharmaceutiquement acceptables, ses esters provenant d'un alcool ayant un groupe
alkyle, son amide non substitué ou son amide substitué par un ou deux groupes alkyles ; un groupe
carbamate, non substitué ou substitué par un ou deux groupes alkyles ; ou un groupe peptidyle ;

{2} un ester d'un phosphite d'alkyle ayant la structure chimique :

i

R-——T---ORS
H

dans laquelle

(1) R représente un atome d'hydrogéne ou un groupe alkyle ; at

(11} RS représante un groupe alkyle ;

(3) un ester d’'un acétal de phosphonate ayant la structure chimique :

0 ORS
s M
R*0 P o meB

| ]
OrR® ORS

dans laquelle
(i) B représente un atome d'hydrogéne ; un groupe fluoro ; un groupe alkyle inférieur non substitué ou
substitué ; un groupe cycloalkyle non substitué ou substitué, comportant de 3 4 7 atomes de carbone
dans le noyau ; un hétérocycle non substitué ou substitué, comportant 3 4 7 atomes dans le noyau ;
un groupe phényle non substitué ou substitué ; et—CO;H, ses sels pharmaceutiquement acceptables,
ses esters provenant d'un alcool comportant un groupe alkyle inférieur, son amide non substitué ou
son amide substitué par un ou deux groupes alkyles inférieurs ; et
(If) R® représente un groupe alkyle ;
{b) puis 'addition d'eau audit mélange.
2. Procedé selon |la revendication 1, dans lequel
{a) chaque R représente un atome d’hydrogéne, un groupe méthyie, éthyle, hydroxy, amino non substitué,
ou bien deux R! fixés surie méme atome de carbone représentent =0 ou =NR?, ou bien deux R! fixés sur
das atomes de carbone adjacents sont remplacés par une liaison supplémentaire entre les atomes de car-
bone ; et
(b) R? représente un atome d'hydrogéne ;
(c) chaque RS représente un groupe alkyle inférieur ;
(d) R représente un groupe alkyle inférieur non substitué ou un groupe alkyle inférieur substitué par un
atome de fluor, par un groupe phényle non substitué ou substitus, pyridinyle non substitlué ou substitué,
amino non substitué, amino substitué par un groupe alkyle inférieur, hydroxy ou carboxy, ou leurs combi-
naisons, de préférence un groupe alkyle inférieur saturé, linéaire, non substitué ; et
(e) B représente un atome d'hydrogéne, un groupe méthyle, éthyle, —CO,H ou ses sels phammaceutique-
ment acceptables, —CO;CH; ou—CONH; ; et de préférence B représente un atome d’hydrogéne.
3. Procédé selon la revendication 2, dans lequel
(2) m est un nombre entier valant1 4 5 ; et
(b) Y représente un groupe amino non substitué ou son amide dérivant d'un acide carboxylique & groupe
alkyle inférieur, un groupe amino substitué par un groupe alkyie inférieur ou son amide dérivant d’'un acide
carboxylique & groupe alkyle inférieur, un groupe hydroxy, ---CO;H ou ses sels pharmaceutiquement
acceptables ou ses esters pravenant d'un alcool &4 groupe atkyle inférieur ou son amide non substitué ou
son amide substitué par un ou deux groupes alkyles Inférieurs ; de préférence un groupe amino substitué
par un groupe méthyle, ou amino non substitué,
4. Procéda selon ia revendication 2, dans leguel Y représente un atome d'hydrogéne, un groupe hydroxy,

amino substitué par un groupe méthyle, ou amino non substitué.

5. Procédé selon la revendication 4, dans lequel

{a) m est un nombre entler valant 0 & 2 el de préférence m est nui ;

(b) Y représente un groups cycloalkyle, hétérocyciique, aryle ou hétére-aryle, non substitués ou substitués;
de préferance un groupe phényte, pyrrolidinyle, pyrrolyle, pyridinyle, pipéridinyle, pipéridinylidéne, pyrida-
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zinyle, pyrimidinyle, pyrazinyle ou morphalinyle, dans lesquels Y n'est pas substfitué ou est monosubstitué

par un groupe méthyle, éthyle, fiuoro, trifluorométhyle, hydroxy, (N-méthyl)amino, éther méthylique,

—CO,H ou ses sels pharmaceutiquement acceptables, —CO,CH, ou —CONH,.

6. Procédé selon la revendication 5, dans lequel Y représente un groupe pyridinyle fixé en position 2, et
qui n'est pas substitué ou est monosubstitué par un groupe méthyle ou amino fixé en position 3, 4 ou 5.

7. Procédé selon la revendication 6, dans quue! dans une étape de réaction subséquente, on hydrogéne
ledit groupe pyridinyle en pipéridinylidéne.

8. Procédé selon la revendication 5, dans lequel Y représente un groupe pipéridinyle fixé en position 2, et
qui n'est pas substitué ou est monosubstitué par un groupe méthyle,

9. Procédé selon la revendication 2, dans leque! Y représente un groupe pepndy!e ayant la structure chi-
mique suivante :

? ou T
R R

formules dans lesquelles
(a) n est un nombre entier valant 1 & 100, de préférence 1 46 ;
(b) chaque R® et R7 représente, indépendamment, un atome d’hydrogéne ou un groupe alkyle inférieur et,
de préférence, un atome d'hydrogéne ; et
{v) chaque V est, indépendamment, un groupe alkyle inférieur, non substitué ou substitué, ou bien, indé-
pendamment, chague R® et V forment, avec 'atome d'azote inclus auquel ils sont fixés, un noyau penta-
gonal ou hexagonal qui n'est pas substitué ou qui est substitué, ; de préférence chaque V ou les noyaux
auxquels ils sont incorparés est ou sont des fragments qu'on trouve dans des fragments d'amincacides
naturels.
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