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SUBSTITUTED AMINOPHOSPHONATE DERIVATIVES, 

PROCESS FOR THEIR PREPARATION AND PHARMACEUTICAL 

COMPOSITIONS CONTAINING THEM 

.. . 

This invention relates to a novel class of compounds, aminophosphonates substituted 

at alpha position by phenol groups as well as the processes for their preparation. 

The invention further relates to the pharmaceutical compositions containing the 

above mentioned compounds, especially for the treatment of hyperlipidemia and 

hypercholesterolemia which are at the origin of the arteriosclerotic process. 

Plasma cholesterol, in particular cholesterol transported by low density lipoproteins 

(LDL), is a key factor in the pathology of cardiovascular diseases (T. Gordon et al, 
The Framingham Study, Am. J. Med. 62, 707, 1977). It has been shown recently 

that the use of h)'pocholesterolemic drugs could decrease the incidence of 

cardiovascular diseases (R.Z. Levy et al, Results of the NHLBP Type II Coronary 

Intervention ~tudy, Circulation ,fil!, 325, 1984; M.H. Frick et al, The Helsinki 

Heart Study, N. Engl. J. Med., 3l7, 1237-1245, 1987). 

The studies of D.H. Blankenhorn et al (J. Am. Med. Ass. 257, 3233-3240, 1987; J. 

Am. Med. Ass. 259, 2698, 1988) have clearly demonstrated that it was possible to 

prevent the progression or furthermore, to facilitate the regression of the already_ 

formed atherosclerotic coronary plaques by a therapeutic approach. The studies of 

Steinberg's group (Atherosclerosis Reviews Vol. 18, 1-23, 1988) have shown that 

the oxidation of low density lipoproteins is at the origin of the formation of foam 

cells which contribute to deposition of cholesterol in the arteries (atherosclerotic 

plaques) or in tendons and skin (xanthornas). 

The hypocholesterolemic and antioxidant drug Probucol prevents the deposition of 

cholesterol in the arteries of hereditary atherosclerotic rabbits (T. E. Carew et al, 

Proc. Natl. Acad. Sci. USA~. 7725-7729, 1987; T. Kita et al, Proc. Natl. Acad. 

Sci. USA _M, 5928-5931, 1987) and induces the regression of xanthomas in patients 

suffering from familial hypercholesterolemia (A. Yamamoto et al, Am. J. Cardiel. 

5], 29-35, 1986). These results are proof that it is possible to decrease or to prevent 

the deposition of arterial or peripheric tissue cholesterol by using potent 

hypocholesterolemic and antioxidant drugs, these two properties being synergistic. 
------·----~-----
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On the other hand, a suxvey of the literature has shown that known amine 
phosphonic acids, which are analogs of amino acids. possess a large spectrum c 
biological and phannacological properties and are enzyme inhibitors, antimicrobi< 
agents, herbicidal agents, anticancer agents, antiosteoclastic agents (K. Issleit 
Phospha-Pharmaka, Nachr. Chem. Tech. Lab. J2. (10), 1037-1042, 1977). Th 
present inventors have found useful to incorporate to the aminophosphonate functio 
a phenol substituent derived from the BHT compound (2,6-di-tert-butyl-4-meth; 
phenol). 

The experiments performed by the present inventors have shown that som 
arninophosphonates, in particular those substituted at the alpha position by phenc 
groups, are potent hypocholesterolemic compounds and furthennore, hav 
remarkable antioxidant properties. Therefore, these aminophosphonates a.r 
potentially drugs of choice for treating cardiovascular and metabolic disease 
induced by or associated with lipid· (cholesterol) metabolism perturbation or with 
decrease of defense mechanisms due to "oxidative stress". 

,, 
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The aminophosphonate derivatives, which present the above mentioned properties 

and which are described by the present invention. are comjJounds of general formula 

(I) 

( I ) 

where: 

X 1, x2, identical or different, are H, a straight or branched alkyl or alkoxy 
group having from 1 to 8 carbon atoms, .a hydroxy group or a nitro group, 

,, 
x3 is H, an alkyl group from 1 to 4 carbon atoms, x3o and one of the two 
other substituents X l or x2 may form an alkylidene dioxy ring having from 1 
to 4 carbon atoms, 

Rl, R2, identical or different, are H, a straight or branched alkyl group 

having from 1 to 6 carbon atoms, 

n is zero or l, 

Z is H, a straight or branched alkyl group having from 1 to 8 carbon atoms, 
an acyl group R3-co where R3 is an alkyl group from 1 to 4 carbon atoms, a 

perfluoroalkyl group from 1 to 4 carbon atoms. 

A is H, CHz-CH=CH2, a straight, branched or cyclic alkyl group having 

from 1 to 8 carbon atoms, or is selected from the following groups: 

___________ .•. --
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-0-!CH, 

k is an integer from 2 to 4' m is an integer from 0 to 5' x4' x5' x6' iden 

different, are H. a straight or branched alkyl or -~_!'~2C}'_g~!l.P-Jrnm_J __ to 8_ 
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atoms, a hydroxy, trit1uoromethyl, nitro, amino, dimethylamino, diethylamino 

group, a halogen atom (F, Cl, Br, I), x4 and x5 may form an alkylidendiox:y ring 

having from l to 4 carbon atoms, x7 is H or CH3, R is a straight or branched alkyl 

group having from 1 to 6 carbon atoms, an aryl or alkylaryl group from 6 to 9 

carbon atoms. 

According to the specific examples of the invention, the compounds of formula (I) 

include those in which: 

x3 is Hor an alkyl group having from 1to4 carbon atoms, preferably x3.is 
H, 

X 1 and x2, identical or different, are a straight or branched alkyl group 

having from 1 to 6 carbon atoms, preferably x l and x2 are both t-butyl, 

Rl and R2 are each H or a straight or branched alkyl group from 1 to 4 

carbon atoms, preferably Ethyl, 
,, 

n is zero or 1, preferably n is zero, 

Z is H, a straight or branched alkyl group from I to 4 carbon atoms, an acyl 

group R3-co- where R3 is a C1-4 alkyl group, and, 

A is H or is selected from the following groups: 

4 

4 x 

where m, x4' xs, x6 are as previously defined. 
-··---·-~------~--·--- --··. ·-
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This invention also relates to the processes for the preparation of compound: 

fonnula (I), represented in page 9. 

Following procedure a), aminophosphonates of formula (I) are prepared 

nucleophilic addition of a phosphite on the imine (IV) obtained by condensatio1 

the aldehyde (II) with the primary amine Cim. The appropriate aldehyde and an 

are reacted with or without a catalyst in a solvent such as ether, tetrahydrofu: 

benzene, toluene or ethanol. The catalyst can be a molecular sieve, an acid sud 

glacial acetic acid, p-toluenesulfonic acid, thionyl chloride, titanium tetrachlor. 

boron trifluoride etherate, or a base such as potassium carbonate. The reactio: 

carried out at temperatures between 0° and the boiling point of the solvent m 

Reaction times vary between one hour to one day. For the less reactive aldeh; 

amine series, condensation can be brought about by azeotropic distillation " 

benzene or toluene as solvent in a Dean-Stark apparatus. 

Some imine derivatives (IV) can be isolated, purified, characterized and poss: 

tested for their biological properties. In general, however, they are used directl~ ,, 
the next reaction step. 

The nucleophilic addition of a phosphite on the carbon atom of an imine can 

carried out by reacting the relevant reactants imine (IV) and dialkyl phosphite 

or its derivative trimethylsilyl-dialkyl phosphite (MC3SiO)P(QRl)QR2) (VI) witl 

without using as catalyst an amine, such as diethyl amine or triethyl amine. 

addition, the addition can be carried out by using the salt of dialkyl phosp: 

formed in situ by reacting dialkyl phosphite with a base such as sodium hydri 
sodium methoxide or ethoxide. The reaction is carried out with or without a soh 

such as petroleum ether, benzene, toluene, diethyl ether, tetrahydrofuran, 1 

dimethoxyethane at a temperature between 30° and 140°C. Reaction times v 

between 2 h and overnight. 

In the case of secondary amines, the corresponding aminophosphonate (I) 

prepared by reacting aldehyde cm with equimolar amounts of the secondary arr. 
(Ill) and dialkyl phosphite (V) dissolved in a hydrocarbon solvent such as petrole 

ether, benzene, toluene, xylene at a temperature between room temperature and 

boiling point of the selected solvent. The reaction can last between 15 min . 
several days. 

----~~-:-.-~-·-----
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According to procedure b), the aminophosphonates of formula (1) where A and Z 

are both hydrogen atoms, are easily prepared by catalytic hydrogenation of the 

corresponding amino phosphonate of formula (I) where Z is hydrogen and A an 

alpha substituted benzyl group such as 1-phenyl ethyl, 1-phenyl cyclopentyl or a 

benzyloxycarbonyl group. The catalyst can be palladium on charcoal or palladium 

(II) hydroxide on charcoal, the solvent can be ethanol or glacial acetic acid. 

The arninophosphonic acids of formula (I) can be obtained by nucleophilic addition 

of phosphorous acid (V) on the appropriate imine (IV). The reaction is carried out 

with or without a solvent {benzene, toluene) at a temperature between 80° and 

140°C. The aminophosphonic acids of formula (I) can also be prepared by 

hydrolysis of their corresponding esters according to established literature methods 

by using reagents such as hydrochloric acid, hydrobromic acid, bromotrimethyl 

silane or iodotrimethyl silane. 

According to procedure c), the N-acylated aminophosphonates of formula (I) where 

Z = R3-co are obtained by acylation of the corre~onding aminophosphonates (I) 

where Z=H,'' the acylating agent can be R3-co-c1 or (R3co)20 (VII). The 

reaction is carried out in a solvent such as petroleum ether, benzene, toluene, ether, 

tetrahydrofuran, with a tertiary base such as triethylamine. 

When Rl, &2 are hydrogen, the aminophosphonic acids (I) can form salts with 

inorganic or organic bases. These inorganic salts can be ammonium salts, salts· of 

alkali or alkaline-earth metals such as lithium, sodium, potassium, magnesium or 

calcium. The organic salts can be salts of amines such as alkylamines, e.g. 

triethylamine, dicyclohexylamine, alkanolamines, e.g. diethanol-amine, 

benzylamines, e.g. dibenzylamine, heterocyclic amines, e.g. morpholine etc ... 

These salts are integral part of the invention. 

Through their amino function, the aminophosphonate esters (I) can form salts of 

inorganic acids such as HCl, H2S04 or with organic acids such as oxalic acid, 

maleic acid, etc ... An example of hydrochloride salt of aminophosphonate (I) is 

provided (example 2). All these salts are integral part of this invention. 
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Compounds of structure (I) have at least one asymmetrical center which is the 

carbon atom in position alpha to the phosphonate group. The compounds (I) 

therefore exist under the two enantiomeric fonns. The racemic mixtures (503 of 

each enantiomer) and the pure enantiomers are comprised in the scope of this 

application. 

The structures of compounds of formula (I) are established by their elementa: 

analysis, their infrared (IR), mass (MS) and nuclear magnetic resonance (N?vIR: 

spectra. The purity of the compounds is checked by thin layer, gas liquid ~r hig:t 

performance liquid chromatographies. 

The abbreviations used in this application are the. following: in the tables, n i: 

normal, i is iso, s is secondary and t is tertiary. In the description of the NM! 

spectra, respectively s is singlet, d doublet, t triplet and m multiplet. Thi 

temperatures were recorded in Celsius degrees and the melting points are nc 

corrected. 
,, 

This invention is illustrated by the examples 1-23 which are representative of th 

compounds in the application and of the processes of synthesis employed. 

-. 



SYNTllETIC PROCESSES 
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Example l (compound 22) 

.. . 
" .. 

Diethyl •-(3.S-di-tert-butyl-4-hydroxvphenyl)-N-<3-ghenvlpropvl)­
aminomethylphosphonate 

HO 

t-Bu 

. . ~ 

• 

A solution containing 312. 7g (1.35 mol) of 3 ,5-di-tert-butyl-' 
hydroxybenzaldehyde in 2400ml THF was added to a solution of 189.4 g (l.40mo 
of 3-phenylpropyl-amine in 200 ml THF. The resulting mixture was stirred at rooi 
temperature for 24h. The solution was then dried with MgS04 and evaporated ~ 

dryness to yield 480g of a light brown solid which was recrystallized in petroleu: 
ether. 400g of a yellow solid were obtained; mp= ·s6-87°C; yield = 86%. I 
(KBr): 1,610 cm-1: CH=N. 

To the previously obtained imine (350g, 0.997mol) dissolved in 220ml toluene t 
slight warming was added dropwise diethyl phosphite (172g, l.25mol). TI 
resulting mixture was refluxed for 7h then toluene was removed under vacuum. Tl 
viscous mass was trirurated in hot petroleum ether and after cooling, was filteri 
and dried. Recrystallization in t-butyl methyl ether gave 340g of a white soli 
yield= 66%, mp= 99-100°C. 

Elemental analysis C2gH44N04P 
% Cale. C 68.68 H 9.06 

% Found c 68.45 H 9.36 

N2.86 

N2.74 

IR (KBr): 3340 cm-1: OH, 3240 (broad): NH, 1440: tert-Bu, 1190: P=O, 
1120: P-OEt, 1030: P-0-C. 

MS: m/e = 488: M+-1, 351: 488- P03Et2 

-----·-~--·--=--·--·-------- -- -· 
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NMR (CDCl3): 

8 = 7.22 (m, SH) : phenyl H 

7.20 (d, J P-H =2.2Hz, 2H): aromatic H, 3,5-di-t-butyL-4-hydroxy phenyl 

5.20 (s, lH) : OH 

4.08, 3.95 and 3.80 (3m, 4H): P-O-CH2-CH3 

3.94 (d, J P-H = 19 Hz, lH): CH-P03Et2 

2.65 (m, 4H): NH-CH2-CH2-CH2-Ph 

1.80 (m, 3H): NH-CH2-CH2-CH2-Ph 

1.45 (s,18H): tert-Bu 

1.30 and 1.12 (2t, J =7Hz, 6H): P-O-CH2-CH3 

Example 2 (compound 26) 

Hvdrochloride salt of diethyl cx-(3.5-di-tert-butvl-4-hydroxyphenyl)-N-<3-phenyl­

propvl)-aminomethvlphosphonate 

14 HO 

t-Bu 

A solution of diethyl °' -(3 ,5-di-tert-butyl-4-hydroxyphenyl)-N-(3-phenylpropyl) 

aminomethylphosphonate (3.0g, 6.13 mmol) in 50 ml ether was cooled to -10°C 

and was saturated with gazeous hydrogen chloride. The closed flask was left in the 

freezer overnight. Evaporation of the solvent gave 3.3g of a solid which was 

recrystallized in ethanol/water. 

mp= 132-134°C with volume contraction 

IR (KBr): 3620 cm-1: OH, 2700 (broad) + 1600 + 1330: NH2 1 1230: P=O, 

1160: P-0-Et, 1040: P-0-C. 

Elemental analysis C2gH45ClN04P 

% Cale. C 63.92 H 8.62 

3 Found c 63.57 H 8.46 

Cl 6.74 

Cl 6.52 

N2.66 

N2.56 

------------

p 5.89 

p 5.71 

------------A 
B R:eplaced 
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Example 3 (compound L7) 

Diethyl °'-(3 .5-di-tert-butvl-4-hvdroxvphenyl)-N-[2-(4-chloropheny!)ethvll-amin1 

methylphosphonate 

A mixture of 80.2g (342 mmol) 3,5-di-tert-butyl-4-hydroxybenzaldehyde and 56 

(360 mmol) 2-(4-chlorophenyl)ethylamine dissolved in 750ml THF was stirrec 

room temperature for 24h. The solution was dried with MgS04, filtered 

evaporated. The solid residue was recrystallized in ligroin to yield lOlg; 79% yit 

mp= 116-l19°C. 

IR (K.Br): 1610 cm-.1: CH=N 

The ;1bove imine (9.0g, 24. l mmol) was dissolved in 57ml toluene. Die 

phosphite (4.2g, 30.2 mmol) was added dropwise and the mixture was refluxed 

5 h. The solvent was evaporated to yield 14.0g of solid residue. Recrystallizatio 

30ml ligroin, then 30ml t-butyl methyl ether gave 9.0g (74% yield) of a solid, rr 

119.5-121°C. 

Elemental analysis C27H41ClN04P 

% Cale. C 63.58 H 8.10 

% Found c 63.77 H 8.30 

N2.75 

N2.80 

p 6.07 

p 6.21 

IR(KBr): 3480 cm-1: OH, 3400 (broad): NH, 1440: tert-Bu, 1230: P=O, 

1100: Ph-Cl, 1030: P-0-C. 

NMR (CDCI3): 

8 = 7.23 and 7.10 (2d, J=8Hz, 4H): aromatic H, 4-chlorophenyl 

7.11 (d, J P-H=2Hz, 2H): aromatic H, 3,5-di-tert-butyl-4-hydroxyphenyl 

5.20 (s, lH): OH 

4.00, 3.91 and 3.78 (3m, 4H): P-O-CH2CH3 

3.94 (d, Jp_H= 19 Hz, lH): CH-P03Et2 

2.80 (m, 2H): NH-CH2-CH2-Ph-Cl 

2.75 (m, 2H): NH-CH-,-CH-,Ph-Cl - - .. 
------·-------·· - ---



1.90 (broad): NH-

1.44 (s, 18H): tert-Bu 

1.25 and l.10 (2t, J = 7Hz, 6H): P-O-CH2-CH3 

Example 4 (compound 42) 

.. . .. . . ~ -. . 
a • ~ • ..._ n 

Diethvl GlC-(3 .5-di-tert-butyl-4-hvdroxvphenvl)-N-(3-picolvl)-aminomethvl­

phosphonate 

A mixture of 5.0g (21.4 mmol) of 3,5-di-t-butyl-4-hydroxy benzaldehyde, 2.34g 
' (21.6 mmol)' of 3-picolylamine and 6.0g (42.8 mmol) anhydrous potassium 

carbonate in 50 ml benzene was refluxed for one day. The potassium carbonate was 

filtered and the solvent was evaporated. The residue was heated at 140°C with 3.0g 

(21.6 mmol) of diethylphosphite for 3h. An amount of 6.6g of compound was 

isolated by column chromatography (95/5 CHCl3/MeOH), which gave 5.9g (60%) 

after recrystallization in petroleum ether; mp = 100-101°C. 

IR (film): 3650 cm-l:oH, 3300 (large): NR, 1430: tert-Bu, 1230: P=O, 

1030: P-0-C, 

NMR (CDCl3): 

cS = 8.50, 7.65 and 7.25 (3m, 4H): aromatic H, 3-picolyl 

7.20 (d, J P-H =2Hz, 2H): aromatic H, 3,5-di-t-butyl-4-hydroxyphenyl 

5.25 (s, lH): OH 

4.08, 3.94 and 3.80 (3m, 4H): P-O-CH2CH3 

3.91 (d, 1 P-H = 19 Hz, lH): CH-P03Et2 

3.81 and 3.61 (2d, J=l3Hz, 2H): NH-CHz-Py 

2.20 (broad): NH-, 1.45 (s, 18H): tert-Bu 

1.30 and l.10 (2t, J=7Hz, 6H): P-O-CH2CH3 

MS: m/e= 462: M+, 324: M+-HP03Et2 (base peik) 
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Elemental analysis C25H39N204P 

%Cale C64.91 H8.50 

%Found C 64.83 H 8.70 

Example 5 (compound 44) 

• . 

N 6.06 

N 5.88 

" ..... . . . " ...... 
" . ,,. ... 

p 6.70 

p 6.45 

Diethyl «-{3 .5-di-tert-buty l-4-h vdroxypheny n-N-<2-benzothiazolyl)-amino­

methvlphosphonate 

HO 

t-Bu 

CH-P03Et2 k-<u 
A solution of 5.0g (21.4 mmol) 3,5-di-tert-butyl-4-hydroxybenzaldehyde and 3.2 

(21.6 mmol) 2-aminobenzothiazole dissolved in 60 ml toluene contained_ in a flas 

connected to a Dean-St.ark apparatus was heated to reflux overnight. Toluene w' 
evapora,~d under vacuum then the residue was heated with 3.0g (21.6 mrno· 

diethyl phosphite at 140°C for 3 h. The title compound was purified by colurn 

chromatography with a mixture of 95/5 CHCl3/MeOH. Trituration in petrolem 

ether gave 6.5g (60% yield) of a solid; mp= 198-199°C. 

IR (KBr): 3620 cm-1: OH, 3260: NH, 1540: C=N, benzothiazole, 1450: tert-B1 

1240: P=O, 1030: P-0-C. 

NMR(CDCl3) 

8 = 7.56, 7.29 and 7.09 (3m, 4H): aromatic H, benzothiazolyl 

7.33 (d, J P-H= 2Hz, 2H): aromatic H, 3,5-di-t-butyl-4-hydroxyphenyl 

6.55 (broad): NH-

5.32 (d, J P-H=21.5 Hz, lH): CH-P03Et2 

5.25 (s, lH): OH 

4.17, 3.98 and 3.75 (3m, 4H): P-O-CHz-CH3 

1.45 (s, 18H): tert-Bu 

1.28 and 1.08 (2t, J = 7Hz, 6H): P-O-CHz-CH3 

-----·-· 
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Example 15 (compound 49) 
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Diethyl ex -{3 .5-di-tert-butyl-4-hvdroxvphenyl)-N-methyl-N-(3-picolyl) aminQ­

mechylphosphonate 

.. .. ., 

3,5-Di-tert-butyl-4-hydroxybenzaldehyde (5.0g, 21.4 mmol) was added at room 

temperature to a solution of N-methyl-3-picolylamine (2.6g, 21.6 mrnol) and 

diethyl phosphite (3.0g, 21.6 mmol) in 20ml toluene. The reaction mixture was 

stirred at room temperarure for 2h then refluxed for 15 min. After the evaporation 

of toluene, the residue was column chromatographed using 95/5 CHCl3/MeOH as 

eluent. An amount of 4.4g of title compound was isolated, yield = 43 % • 

IR (film): 3640 cm-1: OH, 1480: C=N, pyridine, 1430: tert-Bu, 1240: P=O, 

1040: P-0-C. 

NMR (CDCl3): 

C = 8.52, 7.77 and 7.27 (3m, 4H): aromatic H, 3-picolyl 

7.25 (d, J P-H =2Hz, 2H): aromatic H, 3,5-di-t-butyl-4-hydroxyphenyl 

5.29 (s, lH): OH 

4.20, 3.90 and 3.70 (3m, 4H): P-O-CH2-CH3 

3.90 (d, J P-H = 23.5Hz, lH): CH-P03Et2 
3.90 and 3.37 (2d, J=13.5Hz, 2H): N(CH3)-CH2-Py 

2.42 (s, 3H): N(CH3)-CH2-Py 

1.45 (s, 18H): tert-Bu 

1.37 and 0.99 (2t, J=7Hz, 6H): P·O-CH2-CH3 

MS: rn/e = 477 : M+ + 1, 339 : M+-Po3Et2 

------·-----------------·----
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Example 7 {compound 29) 

Diethyl ot.-(3.5-di-tert-butyl-4-hydroxyphenyl)-N-C1-phenylethyl)-amino-

methyldiphosphonate 

The process described in example 4 was used. The title compound was isolated by 

column chromatography using 98/2 CHCI3/MeOH as eluent. Yield: 54%, mp= 95-

l 100C. 

IR (film): 3620 cm-1: OH, 3300 (broad): NH, 1430: tert-Bu, 1230: P=O, 1150: 

P-0-Et, 1020: P-0-C. 

NMR (CDCl3): mixrure of diastereoisomers 

O = 7.27 (m, SH): H phenyl 

7.09 {d, J P-H = 2Hz, 2H): aromatic H, 3,5-di-t-butyl-4 hydroxyphenyl 

5.16 (s, lH): OH 

4.14, 3.90 and 3.80 (3m, 4H): P-O-CH2-CH3 

4.00 (d, J P-H = 19Hz, lH): CH-P03Et2 

3.70 (q, J=6Hz, lH): NH-~H-Ph . 
CH3 

2.0 (broad): NH-

1.42 (s, 18H): tert-Bu 

1.35 (d, J =6Hz, 3H): NH-CH-Ph 
I 

CH3 
1.33 and 1.07 (2t, J=7Hz, 6H): P-O-CH2CH3 

MS: m/e= 338: M +-P03Et2 

__________ ______ .. _____ ....-

This Sheet' Has Been Replaced 
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Example 8 (compound 38) 
Diethyl ot.-{3 .5-di-tert-butyl-4-hydroxyphenv!l-N-gigeronvl-amjno­

methylphosohonate 

HO h cr-Po3Et~f v llH-CH 0 
t-au 2 ~ ~ 

.. .. -

The process described in example l was used. The title compound was purified by 

column chromatography using 98/2 CHCl3/MeOH as eluent. Yield = 77%, mp= 

122.5-123.5°C. 

IR (film): 3640 cm-1: OH, 3340: NH, 1440: tert-Bu, 1250: P=O, 1030: P-0-C. 

NMR (CDCl3): 

O = 7.19 (d, J P-H = 2Hz, 2H): aromatic H, 3,5-di-tert-butyl-4-hydroxyphenyl 

6.80(d,1=1.5Hz, IH), 6.75 (d, J=8Hz, lH) 

and 6.69 (dxd, J= 1.5, J=8Hz, IH): aromatic H, piperonyl 

5.95 (s, 2H): methylenedioxy 

5.20 (s, lH): OH 

4.80, 3.95 and 3.83 (3m, 4H): P-O-CHz-CH3 

3.91 (d, J H-P = 19Hz, lH): CH-P03Et2 

3.73 and 3.50 (2d, J= 13Hz, 2H): NH-CH2-Ar 

2.04 (large): NH-
1.46 (s, 18H): tert-Bu 

1.30 and 1.12: (2t, J=7Hz, 6H): P-O-CH2-CH3 

MS: m/e= 505: M+' 368: M +-P03Etz. 

Elemental analysis C27H40N06P 

%Cale. C 64.14 H 7.95 

%Found c 64.41 H 8.07 

N2.77 

N 2.73 

p 6.10 

p 6.21 

~ ---~- .. 
---~----·· 

---~-:~::-::Been Replaced 
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Example 9 (compound 73) 

Diethvl "'-{J .5 di-sec-butyl-4-hvdroxyphenyll-N-(2-phenvlethyl) amino­

methvlphosphonace 

HO 

s-Bu 

The starting compound 3,5-di-sec-butyl-4-hydroxybenzaldehyde was prepared b~ 

fonnylation of 2,6-di-sec-butylphenol, mp = 65-68°C, IR (KBr): 2740 cm-1 

(CHO), 1650: C=O. 

The process described in example 1 was used to prepare the title compound whict 

was purified by column chromatography (95/5 CHCl3/MeOH). Yield 68 % . 

IR (film): 3300 cm-1: OH, 1460: CH2 and CH3, 1200: P=O, 1160: P-0-Et, 

'' 1030: P-0-C. 

NMR (CDCl3): 

0 = 7.20 (m, 5H): phenyl H 

6.97 (d, 2H): aromatic H, 3,5-di-sec-butyl-4-hydroxyphenyl 

4.90 (s, lH): OH 

3.95 and 3.73 (2m, 4H): P-O-CH2-CH3 

3.97 (d, J P-H = 19Hz, lH): CH-P03Et2 

2.88 (m, 2H), 1.60 (m, 4H), 1.22 (m, 6H) and 

0.86 (m, 6H): sec-Bu 

2. 77 (m, 4H): NH-(CH2)2-Ph 

1.88 (large): NH-

1.23 and 1.09 (2t, J=7Hz, 6H): P-O-CH2-CH3 

MS: m/e= 338 : M+-P03Et2 

Elemental analysis Cz7H42N04P 

%Cale. C 68.20 H 8.90 

%Found c 68.04 H 9.15 

N2.90 

N 3.13 

p 6.50 

p 6.36 

-------------------

-\\iii~U\ 
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Example IO (compound 45) 

Diethvl <X-(3 .5-di-tert-butvl-4-hydroxvphenvll-N-Cl-phenvl cvclopentyD-amino­

methvlphosphonate 

HO 

t-Bu 

1-Phenyl-cyclopentylamine was prepared according to Organic Syntheses, Coll Vol 

VI, p. 910, John Wiley & Sons, 1988. A mixture of 5.0g (21.37 mrnol) 3,5-di-tert­

butyl-4-hydroxybenzaldehyde and 3.5g (21.5 mmol) 1-phenyl-cyclopentylamine 

dissolved in 30ml THF to which 2g of 3 A molecular sieve was added, was stirred 

overnight. The molecular sieve was filtered and the THF was evaporated. Diethyl 

phosphite (3.0g, 21.50 mmol) was added to the residue and the mixture was heated 

to 140° for 5 h. The title compound was isolated by column chromatography (95/5 

CHCl3/MeOH)"and recrystallized in petroleum ether: 3.9g were obtained, yield 

35%, mp= 114-l 15°C. 

IR (KBr): 3620 cm-1: OH, 3300: NH, 1430: ten-Bu, 1200: P=O, 1030: P-0-C. 

NMR (CDCl3): 

6' = 7.20 (m, 5H): H phenyl 

6.92 (d, J P-H = 2Hz, 2H): aromatic H, 3,5-di-tert-butyl-4 hydroxyphenyl 

5.05 (s, lH): OH 

3.97, 3.74 and 3.45 (3m, 4H): P-O-CH2-CH3 

3.60 (d, 1 P-H = 23Hz, lH): CH-P03Et2 

1.85 (broad): NH-

1.50-2.10 (m, 8H): H, cyclopentylidene 

1.37 (s, 18H): tert-Bu 

1.24 and 0.94 (2t, J=7Hz, 6H): P-O-CH2-CH3 

This Sheet Has Been Replaced 
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Example l l (compound 43) 

Diethyl oc-(3 .5-di-tert-butvl-4-hvdroxvphenvl)-N-(2-(2-gyridyl)-ethyll­

aminomethyl-ghosphonate 

• .. # 

The process described in example 1 was used. The title compound was purified by 

column chromatography (9/1 CHCl3/MeOH) and recrystallized in petroleum ether 

40-60. Yield 81 %, mp = 76-78°C. 

IR(film): 3640 cm-1: OH, 3300: NH, 1590, 1570, 1470: -2Py, 1430: tert-Bu, 

1230: P=O, 1160: P-OEt, 1020: P-0-C. 

" 
NMR (CDCl3): 

6' = 8.47, 7.53 and 7.09 (3m, 4H): aromatic H, 2-pyridyl 

7.12 (d, J P-H = 2Hz, 2H): aromatic H, 3,5-di-t-butyl-4-hydroxyphenyl 

5.15 (s, lH) : OH 

3.94 (d, J P-H = 19Hz, lH): CH-P03Et2 

3.86 (m, 4H): P-O-CH2-CH3 

2.92 (m, 4H): NH-(CH2)2-Py 

2.15 (broad): NH-

1.38 (s, 18H): ten-Bu 

1.19 and 1.05 (2t, J=7Hz, 6H): P-O-CH2CH3 

MS: m/e = 477: M+ + 1, 339 : M+ - P03Et2 

Elemental analysis C26H41 N104P 

%Cale. C 65.52 H 8.67 

%Found C 65.33 H 8.52 

N 5.88 

N 5.69 

p 6.50 

p 6.62 

-·------·-----··----···--·· 

· B Rep· ~aced 
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Example 12 (compound 80) 

. . . 
•2" • . 

.. .... .. ...... .. . 
.. .. . " . . - . . . . ' 

Diethvl oi:-<3. 4-meth vlenediox vphenv[)-N-{3-phenv lpropvl)-aminomethyl­

phosphonate 

.. 
--. 

• ~ r 

The process described in example 10 was followed. The title compound was 

purified by column chromatography using 9/1 CHCl3/MeOH as eluent. Yield 68%. 

IR (film): 3300 cm-1: NH, 1240: P=O, 1020: P-0-C. 

NMR (CDCl3): 

0 = 7.25 and 7. l.5 (2m, 5H): phenyl H 

6.95, 6.83 and 6. 77 (3m, 3H): aromatic H, 3,4-methylenedioxyphenyl 

5.95 (s, 2H): methylenedioxy 

4.11, 4.00 and 3.89 (3m, 4H): P-O-CH2-CH3 

3.92 (d, J P-H = 19.5 Hz, lH): CH-P03Et2 

2.58 (m, 4H): NH-CH2-CH2-CH2Ph 

1.75 (broad): NH-

L 77 (m, 2H): NH-CH2-CH2-CH2Ph 

1.30 and 1.19 (2t, J =7Hz, 6H): P-O-CH2CH3 

MS: m/e = 404 M+-1 

~-~---------------------This Sheet Has 8 ---- -
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Example l3 (compound 7) 

• .. 

Diethvl Q(.(3.5-di-tert-hutyl-4-hvdroxvphenvl)-N-<4-methoxvphenvl)-aminQ­

methylphosphonate 

,. ~ r 

A mixture of 5g (21.4 mmol) 3,5-di-tert-butyl-4-hydroxybenzaldehyde and 2.66g 

(21.6 mmol) 4-methoxyaniline in 30ml of THF was reacted overnight on 3 

Angstrom molecular sieves. Molecular sieve was filtrated, THF was evaporated 

then 2.98g (21.6 mmol) diethyl phosphite was added. The reaction mixture was 

heated at l40°C for 6h then purified by column chromatography (98/2 

CHCl3/MeOH ). A white solid weighing 8.6g was obtained, yield 83%, mp= 108-
1090C. 

•' 
IR (film) 3640 crn-l:OH, 3400 (broad): NH, 1520: Phenyl, 1430: tert-Bu, 1240: 

P=O, 1030: P-0-C. 

NMR (CDCI3): 

cf= 7.20 (d, J P-H = 2Hz, 2H): aromatic H, 3,5-di-tert-butyl-hydroxyphenyl 

6.65 (2d, J=9Hz, 4H): aromatic H, 4-methoxyphenyl 

5.15 (s, lH): OH 

4.60 (d, J P-H = 23Hz, lH): CH-P03Et2 

.4.10, 3.90 and 3.60 (3m, 4H): P-O-CH2-CH3 
3.70 (s, lH); -OCH3 

1. 80 (broad): NH 

1.40 (s, 18H): tert-Bu 

1.25 and 1.05 (2t, J= 7Hz, 6H) P-O-CH2-CH3 

Elemental analysis C26H40N05P 

%Cale. C 65.40 H 8.40 

%Found c 65.34 H 8.54 

N2.90 

N 2.97 

p 6.50 

p 6.64 

------------ ·---~- .. 



Example 14 (compound 60) 
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Diethvl or. -(3.5-di-tert-butvl-4-hvdroxvphenvl)-N-acetvl-N-<3-ghenvlpropvl)-amino­

methylphosyhonate 

Acetic anhydride (17.5g, 0.172 mol) was added to a solution of 80g (0.164 mol) 
diethyl <X-(3 ,5-di-tert-butyl-4-hydroxyphenyl)-N-(3-phenylpropyl)­

aminomethylphosphonate and 17.35g (0.172 mol) triethylamine in 450ml toluene. 
The reaction mixture was heated to reflux for 6 h then was extracted with brine and 
finally dried over MgS04. After evaporation to dryness, the residue was 

recrystallized in a ;nixture of acetone and tert-butyl methyl ether. 59g were 
' obtained, yield 68%, mp= 135-136°C. 

The title compound can also be obtained by using acetyl chloride as acylating agent. 

Acetyl chloride (0.28g, 3.62 mmol) was added to a solution containing l.77g (3.62 

mmol) aminophosphonate and 0.36g (3.62 mmol) triethylamine. After heating at 
reflux temperature, work-up was carried out as described above. 2.2g was obtained, 
yield 70%, mp = 134-136°C. 

Elemental analysis C30H46N05P 

%Cale. C 67.80 H 8.6l 

%Found C 67.76 H 8.61 

N2.64 

N 2.50 

IR (KBr): 1620 cm-1: C=O, 1425: tert-Bu, 1230: P=O, 1020: P-0-C. 

MS: m/e= 532: M+ 1, 488: M+ - CH3CO, 394: M+ - P03Et2 

RMN (CDCl3): mixture of two amide rotation isomers. The characteristics of the 

major isomer are reported here 
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cf= 7.47 (s, 2H): aromatic H, 3,5-di-tert-butyl-4-hydroxyphenyl 
7.15 and 6.94 (2m, 5H): phenyl H 

6.28 (d, J P-H =22Hz, lH): CH-P03Et2 
5.3 (s, lH): OH 

4.1 (m, 4H): P-O-CH2-CH3 

3.59 and 3.42 (2m, 2H): NH-CHz-(CH2)2-Ph 
2.32 (t, J=8Hz, 2H): NH-(CH2)2-CH2-Ph 

2.06 {s, 3H): CO-CH3 

1.42 (s, 18H): tert-Bu 

1.32 and 1.14 (2t, J= 7Hz, 6H): P-O-CH2-CH3 
1.60 and 0.93 (2m, 2H)-: NH-CH2-CH2-CH2-Ph 

Example 15 (compound 64) 

-- - ... 

Diethyl a -(3 .5-di-tert-butvl-4-hvdrmcyphenvn-N-trifluoroacetvl-N-(3-
phenvlpropvl)-aminomethylphosphonate ,, 

HO CH-PO Et I 3. 2 

t-3u ~-(CH;z)3 ~ 
..... c-ci:o - -\-=1' 

0... .. 3 

.. .. 
- -. 

.. ,.. • r .. 

Trifluoroacetic anhydride (l.03g, 4.9 mmol) was added under nitrogen to a mixture 
of 2.0g (4.1 mmol) of diethyl at -(3,5-di-tert-butyl-4-hydroxyphenyl)-N-{3-phenyl 
propyl)-arninomethylphosphonate and 0.4g (4.1 mmol) of triethylamine in 20ml 
benzene. The mixture was heated to 40° C for 1 h, evaporated to dryness and the 
residue was recrystallized in petroleum ether. 2.3g of a white solid was obtained, 
yield 96%; mp = 74-79°C. 
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Example 16 (compound 27) 

Diethyt ex -(3 .5-di-tert-butyl-4-hvdroxvphenyl}-N-( 4-phenylbutyl)-amino­

methylphosphonate 

The process described in example 1 was employed using 4-phenylbutylamine as 

amine. A white solid was obtained with a yield of 51 % , after purification by 

column chromatography (98/2 CHCl3/MeOH), mp = 93-94 °C. 

IR (KBr) 3400 cm·l: NH, 1430: tert-Bu, 1220: P=O, 1030: P-0-C. 

NMR (CDCl3) 

O = 7.25 and 7.1~ (2m, 5H): phenyl H 

7.17 (d, J P~H = 2Hz, lH): aromatic H, 3,5-di-t-butyl-4-hydroxyphenyl 

5.2 (s, lH): OH 

4.06, 3.92 and 3.78 (3m, 4H): P-O-CR2-CH3 

3.90 (d, J P-H = 19Hz, lH): CH-P03Et2 

2.56 (m, 4H): NH-CH2-(CH2)2-CH2-Ph 

1.74 (broad): NH-

1.65 and 1.50 (2m, 4H): NH-CH2-(CH2)2-CH2-Ph 

1.42 (s, 18H): tert-Bu 

1.26 and 1.12 (2t, J=7Hz, 6H): P-O-CH2-CH3 

Elemental analysis C29H46N04P 
%Cale. C 69.20 H 9.20 

%Found c 69.01 H 9.45 

N 2.80 

N 2.93 

p 6.10 

p 6.27 



Example 17 (compound 40) 

~ . . . 
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Diethvl <X-(3 .5-di-tert-butvl-4-h yd roxvphen vl)-N-{3 .5-di-tert-butyl-4-

hvdrolCvbenzyl)-am i nomech vl phosphonate . 

t-Bu 

........ "' ... 

-- .. 

A mixture of 0.97g (4.13 mmol) 3,5-di-tert-butyl-4-hydroxybenzaldehyde and l.Og 

(4.25 mmol) 3,5-di-tert-butyl-4-hydroxybenzylamine (mp = 158-163°C, prepared 

according to E. Muller et al, Chem. Ber. 21,, 2278-2293, 1959) in 20ml THF was 

stirred at room temperature overnight. It was dried over MgS04 then evaporated. A 

solution of the obtained imine in IOml toluene is reacted with 0.42g (4.16 mmol) 

triethylamine and 0.57g (4.25 mmol) diethyl phosphite at 100°C for 6h. After 

evaporation the residue was purified by two column chromatographies (Si~, 9515 
' then 98/2 tHCl3/MeOH). An amount of 0.4g (16%) of a white solid was obtained, 

mp = 120-123°C. 

IR (KBr) 3640 cm-1: OH, 3400 (broad): NH, 1440: tert-Bu, 1240: P=O, 1030: 

P-0-C. 

NMR (CDCl3): 

O =_7.20 (d, J P-H =2Hz, 2H): aromatic H, -substituted 3,5-di-t-butyl-4-

h ydrox yphenyl 

7.05 (s, 2H): aromatic H, 3,5-di-ten-butyl-4-hydroxy benzylamino 

5. 18 and 5 .14 (2s, 2H) = OH of the two phenols 

4.06, 3.94 and 3.80 (3m, 4H): P-O-CHz-CH3 

3.97 (d, J P-H = 19Hz, lH): CH-P03Et2 
3.72 and 3.48 (2d, J= 12.5 Hz, 2H): NH-CH2·Ph 

1.44 and L42 (2s, 36H): 4 groups tert-Bu 

1.27 and l.12 (2t, J=7Hz, 6H): P-O-CH2CH3 

MS: m/e = 452: M+-Po3 Et2 --- -..---------- --·--- ----· ·--

illiiffiflfili 
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Examgle l 8 (compound 68) 

Diethyt ot-(3 .5-di-tert-butyl-4-hydroxvbenzyll-N-<3-ghenylpropvll-amino­

methyiQhosphonate 

3,5-Di-tert-butyl-4-hydroxyphenylacetaldehyde was obtained by reduction of ethyl 

3,5-di-tert-butyl-4-hydroxyphenylacetate with a double molar excess of diisobutyl 

aluminum hydride in hexane at -78°C, mp = 74-76° (MS = m/e: 248=M+, 

219=M+-CHO). 

The above described aldehyde (4g, 15.3 mmol) was reacted with 3-phenyl­

propylamine (2. lg, 15.5 mmol) in 50 ml THF at room temperature for 18h. After 

' drying and solvent evaporation, diethyl phosphite (2.2g, 15.5 mmol) was added and 

the mixture was heated at 140°C for 5 h. Purification by column chromatography 

(98/2 CHCl3/MeOH) gave 2.38g (31 % ) of a light yellow oil. 

IR (film) 3640 cm·l: OH, 3300 (broad): NH, 1440: tert-Bu, 1230: P=O, 1030 

P-0-C 

NMR (CDCl3): 

0 = 7.20, 7.13 and 7.0 (3m, SH): phenyl H 

7 .03 (s, 2H): aromatic H, 3,5-di-tert-butyl-4-hydroxyphenyl 

5.20 (s,lH): OH 

4.14 (m, 4H): P-O-CHz-CH3 

3.08 (m, 2H): NH-CH2-(CH2)2-Ph 

2.72 (m, 2H): Ph-CH2-CH-P03Etz 

2.50 (dxt, J P-H = 12Hz, J=7.5Hz, lH): CH-P03Et2 
2.42 (t, J = 7Hz, 2H): NH-(CH2)2-CH2-Ph 

1.58 (m, 2H): NH-CH2-CH2-CH2-Ph 

l.42 (s, l 8H): tert-Bu 

1.32 and 1.29 (2t, J =7Hz, 6H): P-O-CH2-CH3 

MS: rn/e = 504: M+ + 1, 366: M+ - P03Et2 



Example 19 (compound 67) 

• . 
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Diethvl CX-{3 .5-di-tert-burvl-4-merhoxvphenyl)-N-<3-phenvlprogyl)-aminomethj'.l­
phosphonate 

A mixture containing 2g (9. 7 mmol) 2,6-di-tert-butyl phenol, 0.4g NaOH dissolved 

in 4ml water, 13. 7g (60.1 mmol) benzyl triethyl ammonium chloride and 12g (84.5 

mmol) methyl iodide was heated at 45° for 18 h. After purification 0.67g 2,6-di­

tert-butyl anisol was obtained. This compound (1.46g, 6.63 mmol) was formylated 

by reaction at 0°C with dichloromethyl methyl ether (l.15g, 10 mmol) in presence 

of tin tetracljtoride (3. lg, 11.9 mmol) in 20ml CHzCl2. After hydrolysis and 

extraction into ether, l .15g of 3 ,5-di-tert-butyl-4-methoxybenzaldehyde were 

obtained (MS: m/e= 248: M+; 233 = M+-CH3). 

This aldehyde was reacted with 0.63g (4.68 mrnol) 3-phenyipropylarnine in 25ml 

THF, then 0.65g (4.68 mmol) diethylphosphite was added and the resulting mixture 

heated at l 10°C for 4 h. Purification by column chromatography gave 0.9g (37% 

of a yellow oil). 

IR (film) 3400 cm-1 (broad): NH, 1440: tert-Bu, 1220: P=O, 1020: P-0-C. 

Niv!R (CDCl3): 

0 = 7.24 and 7.14 (2m, 5H) phenyl H 

7.26 (d, J P-H = 2Hz, 2H): aromatic H, 3,5 di-tert-butyl-4-hydroxyphenyl 

4.05, 3.93 and 3.79 (3m, 4H): P-O-CH2-CH3 

3.95 (d, J P-H = 19 Hz, lH): CH-P03ET2 
3.66 (s, 3H): Ph-O-CH3 

2.66 and 2.59 (2m, <1H): NH-CHz-CHz-CHz-Ph 

1.79 (m, 3H): NH and NH-CH2-CH2-CH2-Ph 

1.42 (s, 18H): ten-Bu 

l.'.!7 and 1.10 (2t, 1 = 7Hz, 6H): P-O-CH1-CH3 

MS: m/e = 504: M+ + 1, 366: M+-Po3Et2 

-------------·- .I 
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Example 20 (compound 84) 

Dieth vi oc. -£3 .5-d i-tert-butvl-4-h vdroxvpheny 1)-N-all v 1-aminomethylphosphonate 

HO 

t-Bu 

3,5-Di-tert-butyl-4-hydroxybenzaldehyde (10.0g, 43 rnrnol) was reacted at room 
temperature with allyl amine (2.45g, 43 mmol) in 20 ml THF overnight. The 
solution was dried over MgS04 and evaporated to dryness. 

The reagent diethyl trimethylsilylphosphite was prepared by adding chloro 
trimethylsilane (5.1 gt 47 mmol) dissolved in lOml CH2Cl2 into a solution cooled 
to 0°C containiflg HP03Et2 (5.9g, 43 mmol), Et3N (4.7g, 47 mmol) in 40 ml 

I 

CH2Cl2. The mixture was stirred at 0°C for 20 min, then the previously described 
imine dissolved in 70ml CHzClz was added. The reaction mixture was left to reach 
room temperature and was stirred for 5 h. Hydrolysis was carried out with lOOml 
water and the aqueous phase was extracted with CH2Cl2. The pooled organic 
phases were dried over KzC03. The crude compound (21.0g) was purified by 
column chromatography (98/2 CHCl3/MeOH), 16.0g were obtained, yield 90%; 
mp = 91-92°C. 

IR (film): 3640 cm-l:OH, 3300 (broad): NH, 1430: tert-Bu, 1230: P=O, 1020: P-0-C 

-----··--------------------··--· 
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NMR (CDCl3): 

• . 

0 = 7 .20 (s. 2H): aromatic H, 3,5-di-tert-butyl-4-hydroxyphenyl 

5.85 (m, lH): NH-CH2-CH=CH2 

5.19 (s, lH): OH 

5.12 (rn, 2H) : NH-CH2-CH=CH2 

3.98 (d, J P-H = 18.5 Hz, lH): CH-P03Et2 

3.93 (m, 4H): P-O-CHz-CH3 

3.18 (m, 2H): NH-CH2-CH=CH2 

1.88 (broad, lH): NH-CH2-CH=CH2 

1.43 (s, 18H): tert-Bu 

1.28 and 1.12 (2t, J=7Hz, 6H)~ P-O-CH2-CH3 

Example 21 (compound 84) 

• 

c< -0 .5-Di-tert-bu tvl-4-h vdroxyphenvD-N-C3-phenv1propyl)-aminomethvl­

phosphonic acid 

I 
I 

I ...... ., ,... ... I" 

~ 

" . '· 

Diethyl D<-(3 ,5-di-tert-butyl-4-h ydroxyphen yl)-N-(3-phenylpropyl)­

aminomethylphosphonate (compound 22, 3.0g, 6.1 mmol) was heated at reflux in 

30ml 6N HCl for 24 h. The compound was extracted with chlorofonn, 2.5g were 

obtained. Yield= 94%, mp= 162-169°C. 

IR (KBr): 3640 cm-1: OH, 3400 (broad): NH, 2800 and 1600: PO-H, 1430: tert­

Bu, 1200: P=O, 1000 and 940: P-OH 

Elemental analysis: C24H36N04P. 

%Cale. C 66.49 H 8.37 

%Found C 66.69 H 8.52 

N 3.23 

N2.95 

The structure of the compound was confirmed by titration. 

p 7.14 

P 6.91 0.2% H20 
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Example 22 (compound 83) 

Diethvl oc-{3. 5-di-tert-hutvl-4-hydrox vphenvl)-ami nomethvl-phosphonate 

Diethyl OC-(3,5-di-tert-butyl-4-hydroxyphenyl)-N-(1-phenylethyl)-aminomethyl 

phosphonate, compound 29 (3.0g, 6.3 mmol) was hydrogenated in ethanol with 

3.0g 10% Pd/C. The compound was purified by column chromatography (9/1 

CHCl3/MeOH): l.5g was obtained; yield = 62%, mp = 131-133°C. 

The title compound was also obtained by catalytic hydrogenation (10% Pd/C), 

EtOH) of diethyl C:X-(3 ,5-di-tert-butyl-4-hydroxyphenyl)-N-(1-phenylcyclopentyl) 

aminophosphonate (compound 45) or diethyl o<-(3,5-di-tert-butyl-4-hydroxy­

phenyl)-N-benzyloxycarbonyl-amino methylphosphonate (compound 85). 

IR (KBr) 3300 and 3360 cm-1: NH2, 1440: tert-Bu, 1170: P=O, 1030: P-0-C 

NMR (CDCI3): 

6' = 7.24 (ct •. J P-H = 2Hz, 2H): aromatic H, 3,5 di-tert-butyl-4-hydroxyphenyl 
5.21 (s, lH): OH 

4.17 (d, J P-H = 16Hz, lH): CH-P03Et2 
3.94 (m, 4H): P-O-CH2-CH3 

1. 77 (broad, 2H): NH2 

1.44 (s, 18H): ten-Bu 

1.28 and 1.15 (2xt, J =7Hz, 6H): P-O-CH2-CH3 

... 



Example 23 (compound 85) 
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Diethyl o<.-{3.5-di-tert-butvl-4-hvdroxvphenvl)-N-benzvloxycari?onvl-aminomethvt-

12hosphonate 

In a flask were mixed acetic acid (17.0g, 282 mmol) and thionyl chloride (10.0g, 

83 mmol). Then were added sequentially benzyl carbamate (3.0g, 20 mmol), 

diethyl phosphite (2.8g, 20 mmol) and 3,5-di-tert-butyl-4-hydroxybenzaldehyde 

(5.0g, 21.3 mmol). The mixture was stirred at room temperature for 20 min then 

at 80°C for 2 h. The mixture was left to cool, then was dissolved in CHCI3 and 

was extracted successively with H20, 20% NaOH and H20. The crude compound 
' was extracted 4hot with ethyl acetate and the pure crystals were filtered, 6.0g were 

obtained, yield 60%, mp = 196-197°C. 

IR(KBr) 3520 Cm-1: OH, 3240: NH, 1690: C=O, 1530: amide II, 1430: tert-Bu, 

1230: P=O, 1110: C-N, 1030: P-0-C. 

NMR (CDCl3): 

8 = 7.33 (m, SH): aromatic H, NHCOO-CH2-Ph 

7.18 (s, 2H): aromatic H, 3,5-di-ten-butyl-4-hydroxyphenyl 

5.74 (m, lH): CH-P03ET2 

5.22 (broad): NH-COOBz 

5.15 and 5.08 (2xd, 1 = 12,5 Hz, 2H): NH-COO-CH2-Ph 

3.89 (m, 4H): P-O-CH2-CH3 

1.42 (s, 18H): tert-Bu 

1.27 and 1.06 (2xt, J = 7Hz, 6H): P-O-CH2-CH3 

·-~---·--·--------·-----------· 
~~----------·-
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Pharmacological studies performed in vivo have established that 

aminophosphonates of formula (I) are potent hypocholesterolemic compounds. 

Their antioxidant activity has also been clearly demonstrated in vitro. The 

antioxidant activity of aminophosphonates may be the basis for their use as 
inhibitors of platelet aggregation or hypoglycemic agents. 

METHODS 

A. Hypochotesterolemic activi~ 

Mouse fed a normal diet is a convenient model which was proposed by several 

authors (P. Olivier et al, Atherosclerosis 70, 107-114, 1988) for the screening for 

hypocholesterolemic drugs. OF1 strain mice (Iffa Credo) weighing between 25 and 

35g were divided into 5 groups of 5 animals each, four groups received the test 

compounds and the fifth group served as control. The test compounds were 

dissolved in diethyl ether. The ether solution was added to food to obtain a final , 
concentration o-t 0.1 % . compound in food. Ether was then evaporated at room 

temperature. The animals were fed for 10 days, the daily food intake corresponds 

to ca. 180mg/kg. After an overnight fast, they were sacrificed by decapitation 

under ether anesthesia. Blood samples were collected using EDT A as 
anticoagulant. 

Plasma cholesterol was measured by an enzymatic test (DIAMED, Morat, 

Switzerland). The mean values of each group receiving the test or reference 

compounds were expressed as percent of mean value of the contemporary control. 

B. Antioxidant activity 

The liver of a Wistar rat anesthetized with ether was collected and homogenized in 

4 volumes of phosphate buffer ( +4 ° C, pH 7.4) by means of a Potter. After 

centrifugation at 2000 rpm for 10 min the supernatant obtained was kept at +4°C. 

Lipid peroxidation was carried out in presence of FeS04 according to the method 

described by A.T. Quitaniha et al, Ann. N. Y. Acad. Sci., 393, 32-47, 1982. 



• )? 
".I .. • .. .. .. • .. . . ~ . 

The mixture contained 1. 7ml phosphate buffer, 0.2ml homogenate and O. lml of a 
2mM FeS04 solution. The test compounds were added in a volume of 6µ1 of 
ethanol or DMSO. Oxydation was earned out at 37°C for 2 hand was stopped by 
the addition of 20µ1 of 2 % ethanolic solution of BHT. Generated peroxides were 
measured using thiobarbituric acid according to the method described by Yagi (in 
"Lipid Peroxides in Biology and Medicine", p. 223-242, 1982, Ed. K. Yagi, 
Academic Press Inc.) using 1,1,3,3-tetramethoxypropane as standard. 

In a first step, the compounds were tested at the concentration of 25µM. For most 
compounds which displayed an inhibition superior to 50% of the iron induced 
oxidation at a concentration of 25µM, the dose inhibiting peroxidation by 50% 
(IC50) was determined by sequential dilutions of the product between 10-1 and 
io-5M. In cases where IC50 was not determined the only < 25 µ.M mention is 
specified. Compounds whose IC50 are inferior to 25 µM are considered as having 
a significant antioxidant activity. 

' ' 
RES'ULTS 

The values listed on table 1 show that a great number of aminophosphonates of 
fonnula (I) are remarkable hypocholesterolemic agents in the mouse. 

In particular, compounds 3, 7, 9, 17, 19, 21, 22, 27, 29, 38, 42, 43, 60, 61, 62, 
73 decrease plasma cholesterol by more than 30 % and can be considered more 
active than known hypocholesterolemic agents. In the same experimental 
conditions, Clofibrate, Gemfibrozil and Fenofibrate, which are drugs used 
clinically for treatment of hyperlipidemia, have respectively the following plasma 
cholesterol values of +4 % , -7%, -26 % as compared to control. The antioxidant 
product BHT, 2,6-di-tert-butyl-4-methylphenol, has no hypocholesterolemic 
activity in this model. 

Regarding the mechanism of hypocholesterolemic activity, the aminophosphonates 
srudied were found inactive on the enzyme HMGCoA reductase at lOµM 
concentration. These results were confirmed by the absence of effect of these 
compounds on the incorporation of l 4c acetate in cholesterol synthesized by Hep 
G2 cells and CaCo-2 at doses up to lOµM. In these two tests the positive control 
Lovastatin (hypocholesterolemic drug with HMGC::oA reductase inhibitory activity) 
inhibits the enzyme and the 14c acetate incorporation by more than 98%. The 
mechanism of hypocholesterolemia of chis class is different and potentially unique. 

-·-------------~·--··-··-
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Funhermore the above-mentioned aminophosphonates display at the same time an 

in vitro antioxidant activity which is superior to ~hat of the drug Probucol and 

which is comparable to BHT, an established antioxidant: IC50 (Probucol) > 
25µM; IC50 (BHT) = SµM. The hypocholesterolemic drugs from the fibrate family 

did not display any measurable antioxidant activity in this test. 

In conclusion the aminophosphonates tested display simultaneously a 

hypocholesterolemic and antioxidant activity which are remarkable. 

The aminophosphonates of fonnula (I) can thus be used for the treatment of·. 

hyperlipidemia and can be administered preferably in the form of capsules, tablets 

and granules. For this purpose the active principle should be mixed with a 

pharmaceutical carrier. 

As used herein, the term npharmaceutical carrier1
' denotes a solid or liquid filler, 

diluent or encapsulating substance. Some examples of the substances which can 

serve as pharmaceutical carriers are sugars, starches, cellulose and its derivatives, 

ethyl cellulose, .. eHulose acetate, powdered tragacanth, malt, gelatin, talc, stearic 

acid, magnesium stearate, calcium sulphate, vegetable oils, polyols and 

polyethylene glycol, agar, alginic acid, pyrogen-free water, isotonic saline and 

phosphate buffer solutions, as well as other non-toxic compatible substances used 
in pharmaceutical formulations. Wetting agents and lubricants such as sodium 

lauryl sulphate, as well as colouring agents, flavouring agents and preservatives, 

can also be present. 

The pharmaceutical carrier employed in conjunction with the phosphonates is used 

at a concentration sufficient to provide a practical size to dosage relationship. 

Preferably the pharmaceutical carrier comprises from about 0.1 % to 99% by 

weight of the total composition. Capsules and tablets are prepared by conventional 

methods using aminophosphonates in their liquid or crystalline fonn as described in 

the following examples: 

-----------
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Example of a. Capsule Formulation 

Ingredients 

Compound 73 

Gelatin 

Polyethylene glycol 1000 

Potassium sorbate 

mg/Caosule 

300 

100 

600 

0.5 

Example of a Tablet Formulation 

Ine:redients 

Compound 22 

Hydroxypropyl methyl cellulose 

Magnesium stearate 

I 

' 

miz/Tablet 

500 
500 

3 

, ,,.. ... •." . ,.. 

For the treatment of specific disease states, compositions containing a 

pharmaceutically acceptable aminophosphonate can be administered as a solution, 

suspension, emulsion or by intradermal, intra.muscular, intravenous or 

intraperitoneal injection. Rectal administration of aminophosphonates can be 

performed by incorporating the active principle into conventional jelly bases to 

produce suppositories. 

:or 

4 
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Table l: Aminophosphonates substituted by phenol groups (I) 

Plasma Antioxidant 
Structure mp(°C) Cholesterol Activity· 

(%Control) IC50 (µM) 

t-Bu P03Et2 

HO-~+ 49-51 +8 >25 

t-Bu NH-t-Bu 

t-Bu ,' )03Et2 

HO~TH 90-91 -8 2.5 

t-Bu NH-C5H11 

t-Bu P03Et2 

HO-~+ 124-125 -30 5 .1 

t-Bu NH-@ 

t-Bu P03Et2 

HO-~+ 69-70 -15 4.1 

t-Bu NH-@-OH 

t-Bu P03Et2 

HO~JH wax +2 1.3 

t-Bu ~H-(Q(-OH 
CH3 

t-Bu l03Et2 

HO~CH 132-134 -17 <25 

t-Bu ~H-\Q)-c1 
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Table 1 (continued) 

Compound Structure mp(°C) 

t-Bu P03Et2 
7 HO-~+ 108-109 

t-Bu NH..;@-ocH3 

t-Bu P03Et2 
8 H0-\0+ 146-147.5 

t-Bu NH-@( 

CH3 
t-Bu P03Et2 

9 HO-~+ 90-91 

t-Bu NH-@-oc2H5 

t-Bu P03Et2 
10 HO-©-~\H 

t-Bu NH-~5H11 
t-Bu P03Et2 

11 HO-©-~H O 165-158 
t-Bu ~H-@(~C/ 

CH3 o 

12 99-100 

13 89-90 

Plasma 
Cholesterol 
(%Control) 

-47 

-31 

+11 

-23 

-28 

Antioxidant 
Activity 

IC50 (µM) 

<25 

<25 

<25 

2.9 

2.7 

0.7 

4.9 
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5 

.6 

.7 
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Table 1 (continued) 

Structure mp(°C} 

91-93 

105-107 

Plasma 
Cholesterol 
(%Control) 

-6 

-18 

133-133.5 -28 

119.5-121 -43 

116-118 -23 

133-134 -33 

65-67 -9 

Antioxidant 
Activity 
rc

50
(µM) 

<25 

<25 

4.9 

5.3 

2.9 

3.0 

3.4 
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Tab1e l (continued) -
Plasma Antioxidant :o: 

ompound Structure mp(°C) Cholesterol Activity 
(%Control) IC50 (µM} 

t-Bu -~0 3Me2 
21 HO%CH 78-79 -33 <25 

t-Bu ~H-(CH2 ) 3-@ 
t-Bu P03Et2 

22 Ho%& 99-100 -53 4.0 

t-Bu ~H-(CH2 ) 3-@ 
t-Bu P03Pr2 

23 HO-w-~H 91-92 -4 <25 
'-' l 

t-Bu NH-(CH2)3-@ 
i t-Bu P03 Pr2 

24 HO-©+ 126-127 -22 <25 

t-Bu NH-(CH2)3@ 
t-Bu P03Bu2 

25 HO-©+ 57-60 -4 <25 

t-Bu NH-(CH2)3-@ 
~ 

t-Bu P03Et2 
26 HO-~+ · HC1 132-134 -11 <25 

t-Bu NH-(CH 2)3-@ 
~ 

t-Bu P03Et2 
27 HO~H 93-94 -43 2.1 

t-Bu NH-(CH2)4-@ 
.... 
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Table 1 (continued) 

Structure 

t-Bu P03Et2 

HO~~H @ 
t-Bu ~H-yH~ 

CH3 

t-Bu P03Et2 

HO~~© 
t-Bu NH-CH~ 

t-Bu P03Et2 

Ha-@+~ 
t-Bu NH-CH-CH2~ 

mp(°C) 

75-77 

95-110 

110-111 

95-97 

156-160 

107.5-
108.5 

wax 

-. ... -

Plasma 
Cholesterol 
(% Control) 

+4 

-32 

-12 

-3 

-12 

-14 

Antioxidant 
Activity 
rc

50
(µM) 

<25 

5.5 

15.6 

<25 

<25 

<25 

>10 
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Compound 

35 

36 

37 

38 

39 

40 

41 

. .,. . .. .. 
Table l (continued) 

Structure mp(°C) 

135-137 

120-123 

107-108 

122.5-
123.5 

125-130 

120-123 

155-156 

. .. . ,.. - ... 
.. • - ..... .. P't 

Plasma 
Cholesterol 
{% Control) 

-17 

-6 

+12 

-40 

-4 

-25 

-35 

Antioxidant 
Activity 
ICSO(µM) 

>25 

<25 

4.0 

4.3 

4.9 

3.5 
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Table 1 (continued) 

Jound Structure mp(°C) 

100-101 

76-78 

198-199 

~5 

t-Bu P03Et2 

Ha-lo>+_ ~ 
t-i: NHo· 

114-115 

t-Bu P03Et2 

H:fr~:-8 161-163 

i1 130-132 

+a 153-155 

. . . ,.. ~,.. . . -

Plasma 
Cholesterol 
(%Control) 

-43 

-35 

-17 

-14 

-8 

-2 

+3 

Antioxidant 
Activity 
IC50 (µM} 

12.8 

<25 

<25 

<25 

3.8 

2.7 

<25 
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49 

50 

51 

52 

53 

54 

-. 41 
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Table 1 (continued) 

mp(°C} 

109-113 

.. 
• • • • -'t . . .. . . . - -- ... ..... 

Plasma 
Cholesterol 
(%Control) 

-19 

+5 

Antioxidant 
Activity 
rc

50
(µM) 

12.8 

2.9 

<25 

<25 

<25 

<25 
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rpound Structure 

55 

56 

57 

58 

59 

60 

~ . . 
• 

Table 1 (continued) 

mp(°C) 

83-87 

129-131 

88-92 

68-70 

135-136 

" . 

Plasma 
Cholesterol 
(% Control) 

~36 

-49 

--~-----------

.... ~, 

Antioxidant 
Activity 
rc50 (µM) 

>25 

<25 

<25 

<25 

<25 

2.6 
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Table 1 (continued) 

Plasma Antioxidant 
ompound Structure mp{°C) Cholesterol Activit) or 

{%Control) Ic50 (µM 

t-Bu P0lr2 
61 HO-®+ 107-108 -43 <25 

t-Bu ~-{CH2)3-@ 
CH3-co 

t-Bu P03iPr2 
62 HO·~+ 123-124 -32 <25 

t-Bu ~-(CH2}3-@ 
CH3-co 

t-Bu,' ~03Bu2 
63 HO-~-rH 65-67 +4 <25 

t-Bu ~-(CH2)3-@ 
CH3-co 

t-Bu P03£t2 
64 HO·~+ 74-79 <25 

t-Bu ~-(CHz)3-@ 
CF3-CO 

t-Bu ~03Et2 
65 HO·@+ 108-115 +7 <25 

t-B·u NH-© 

t-Bu P03Et2 
66 HO·@+ <25 

t-B·u ~-(CH2 ) 4-@ 
CF3-co 



npound Structure 

67 

68 

69 

70 

71 

72 

73 
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. ~ . 

• . .. 
Table 1 {continued) 

mp(°C) 

wax 

- " . 

Plasma 
Cholesterol 
(% Control) 

-22 

-18 

+2 

-10 

+l 

-1 

-40 

~~----- ----· ··-. ----· 

., 

Antioxidant 
Activit,y 
IC50 (µM} 

>25 

<25 

>10 

>25 

>25 

>25 

2.9 
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Table 1 (continued) 

Plasma Antioxidant 
lmpound Structure mp(°C) Cholesterol Activi t1 

(% Control} rc50 (µM 

i 
Pr f03Et2 

74 HO~Cll 78-82 -16 4.4 
. I -@ 1Pr NH-(CH2)2 Q 

t-Bu P03Et2 

75 HO-~+ -12 4.8 

CH3 NH-(CH2 ) 2~ 

)03Et2 

76 Ho-@-cH 87-88 -16 >25 

I I -@-NH-(CH
2

)
2 

Q Cl 

P03Et2 I 
77 HO~CH 64-65 -3 >25 

I ~ 
o2N NH-(CH2 ) 3-<~~) 

HO P03Et2 

78 Ho-@+ wax -5 <25 

NH-(CH2)3-@ 

P03Et2 I 
79 CH3o-@-yH +9 >25 

NH-(CH2)3-@ 
:@-P03Et2 

80 ( ~H -29 >25 o I 
NH-{CH2)3-@ 
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Table 1 (continued) 

Plasma Antioxidant 
:>mpound Structure mp(°C) Cholesterol Activit) 

(% Contra 1) rc50 (µM 

t-B.u ~03H2 
81 HO-~-rH "162-169 

t-Bu NH-(CH2)3-@ 

t-Bu P03tBu2 
82 H0-0>+ 152.5 -

153.5 
t-Bu NH-(CH2)2-@-c1 

t-Bu P03Et2 
83 HO-©-~H 129-130 +4 

' I t-Bu NH2 

t-Bu P03Et2 
84 HO-~+ 91-92 -19 

t-Bu NH-CH2-CH=CH2 

t-~u ~03 Et2 
85 HO-~-rH 193-194 0 

t-Bu NH-COO-CH2-@ 

t-Bu POltz 

86 HO-~+ 87-91 -15 

t-Bu NH-CH2~N 

P03Et2 I 
87 HO- @-cH t-Bu 202.5 -

~H-CH2-@-0H 
203.5 

\ 
t-Bu 
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Table 1 (continued) 

:ompound Structure mp(°C) 

89 90-91 

t-Bu ~03 Et2 
91 HO-@-~H ;:: 

t-liu ~H-g 

t-Bu P0lt2 
92 HO-@-~H 

t-Bu 
I _@ 
N-(CH2)2 N 
I 

CH3-co 

t-Bu P03Et2 
93 Ho-@JH 93-97 

. I {B) t-Bu ~-(CH2)3 2_ 
c3F7-co 

Plasma 
Cholesterol 
(%Control) 

-18 

Antioxidant 
Activity 
Ic50 (µM) 
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1) Aminophosphonace derivatives alpha-substituted by phenol groups, of formula 
(I) 

x~o 

where: 

~/OR 1 

e
1

, z 
OR 

( B l-C-H 
" I 
Z-N-A 

( I ) 

X 1, x2, identical or different, are H, a straight or branched alkyl or alkoxy 

group having from 1 to 8 carbon atoms, a hydroxy group or a nitro group, ,. 
x3 is H, an alkyl group from 1 to 4 carbon atoms, x3o and one of the two 

other substiruents xl or x2 may form an alkylidene dioxy ring having from 1 
to 4 carbon atoms, 

Rl, R2, identical or different, are H, a straight or branched alkyl group 
having from 1 to 6 carbon atoms, 

Bis CH?, CH?-CH? or CH=CH, - - -
n is zero or 1, 

Z is H, a straight or branched alkyl group having from 1 to 8 carbon atoms, 
an acyl group R3-co where R3 is an alkyl group from 1 to 4 carbon atoms, a 

perr1uoroalkyl group from 1 to 4 carbon atoms. 

A is H, CH2-CH=CH2, a straight, branched or cyclic alkyl group having 
from 1 to 8 carbon atoms, or is selected from the following groups: 
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k is an integer from 2 to 4, mis an integer from 0 to 5, x4, x5, x6, identical 
or different, are H, a straight or branched alkyl or alkoxy group from 1 to 8 

carbon atoms, a hydroxy, t.rifluoromethyl, nitro, amino, dimethylarnino, diethyl 
amino group, a halogen atom (F, Cl, Br, I), x4 and x5 may form an 
alkylidendioxy ring having from 1 to 4 carbon atoms, x7 is H or CH3, R is a 
straight or branched alkyl group having from 1 to 6 carbon atoms, an aryl or 
alkylaryl group from 6 to 9 carbon atoms. 

2) Compounds of formula (I) according to claim 1) where 

X 1 and x2, identical or different, are a linear or branched alkyl group from 1 
to 6 carbon atoms, 

x3 is H or an alkyl group from 1 to 4 carbon atoms, 

Rl and R2 'i'dentical are H or a linear or branched alkyl group from 1 to 4 
carbon atoms, 

n is zero or 1, when n is 1 Bis CH2, 

Z is H, an acyl group R3-co where R3is an alkyl group from 1 to 4 carbon 
atoms and 

A is H or is selected among the following groups 

-CH-(CH}-0 I 2 m ~ h 
CH3 

where m, x4' x5' x6 are as defined in claim 1. -·------------~-·--··-:-~---------·- -·--
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3) Compounds of formule (I) according to claim 1 where: 

X 1 and x2 are each a tert-butyl group, 

x3 is H, 

Rl and R2 are each an ethyl group, 

n is zero, 

Z is Hand 

A is selected among the following groups: 

4 

where x4' x5' x6 and m are defined in claim 1. 

4) Aminophosphonate derivatives according to claim 1, selected among the group 
comprising: 

diethyl CX-(3,5-di-tert-butyl-4-hydroxyphenyl)-N-phenyl-aminomethyl­
phosphonate, 

diethyl cc.-(3,5-di-tert-butyl-4-hydroxyphenyl)-N-(4-hydroxyphenyl)amino­
methylphosphonate, 

diethyl e<.-(3,5-di-tert-butyl-4-hydroxypheny1)-N-( 4-chlorophenyl)amino­
methy lphosphonate, 

diethyl o<.-(3,5-di-tert-butyl-4-hydroxyphenyl)-N-(4-methoxyphenyl) 

aminomethylphosphonate, ---------·---------



·-··----· ·-. -·····-·-·--------~· ------·---- ·-
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diethyl oc. -(3 ,5-di-tert-butyl-4-hydrox ypheny l)-N-(3-methylphenyl)amino­
methylphosphonate, 

diethyl oc -(3 ,5-di-tert-butyl-4-h ydroxyphen y 1)-N-( 4-ethoxyphen yl)-arnino­

methylphosphonate, 

diethyl ot-{3 ,5-di-tert-butyl-4-h ydroxyphenyl)-N-{ 4-pentylphenyl)-amino­
methylphosphonate, 

diethyl «-(3,5-di-tert-butyl-4-hydroxyphenyl)-N-[4-(4-chlorophtalirnido)-3-

methylphenyl] aminomethylphosphonate, 

diethyl CX-(3,5-di-tert-butyl-4-hydroxyphenyl)-N-benzyl-aminomethyl­

phosphonate, 

diethyl oc-(3,5-di-ten-butyl-4-hydroxyphenyl)-N-(2-phenylethyl)aminomethyl­
phosphonate, ,. 

diethyl C'.-(3 ,5-di-tert-butyl-4-hydroxyphenyl)-N-[2-( 4-hydroxyphenyl)ethyl]­
aminometh ylphosphonate, 

dimethyl cx-(3,5-di-tert-bucyl-4-hydroxyphenyl)-N-[2-(4-chlorophenyl)ethyl]­

aminomethylphosphonate, 

diethyl ex -(3 ,5-di-ten-butyl-4-hydroxyphenyl)-N-[2-( 4-chlorophenyl)ethyl]­
aminometh ylphosphonate, 

dipropyl oc-(3,5-di-tert-butyl-4-hydroxyphenyl)-N-[2-(4-chlorophenyl)ethyl}­

aminomethylphosphonate, 

diisopropyl o<-(3 ,5-di-tert-butyl-4-hydroxyphenyl)-N-[2-( 4-chlorophenyl)­
ethyl]-aminomethylphosphonate, 

dimethyl tX-(3,5-di-tert-buty1-4-h ydroxyphen y l)-N-(3-phenylpropy 1)-amino­

meth yl phosphonate, 

diethyl o<-(3 ,5-di-tert-bu ty 1-4-h ydrox yphen y l)-N-(3-phen y lpropyl)-amino-
methylphosphonate, 

--------- . ···-·----·- ··-·--
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diisopropyl ~ -(3,5-di-tert-butyl-4-hydroxyphenyl)-N-(3-phenylpropyl)-amino­

methy lphosphonate, 

diethyl ){-(3,5-di-tert-butyl-4-hydroxyphenyl)-N-(4-phenylbutyl)­

aminomethylphosphonate, 

diethyl ~ -(3,5-di-tert-butyl-4-hydroxyphenyl)-N-(l-phenylethyl)-aminomethyl­

phosphonate, 

diethyl ·:X-{3,5-di-tert-butyl-4-hydroxyphenyl)-N-(2,2,6,6-tetramethyl-4-

piperidyl)-aminomethylphosphonate, · 

diethyl« -(3,5-di-tert-butyl-4-hydroxyphenyl)-N-piperonyl-aminomethyl­

phosphonate, 

diethyl ·:X -(3,5-di-tert-butyl-4-hydroxyphenyl)-N-(3,5-di-tert-butyl-4-hydroxy­

benzyl)-am!Pomethylphosphonate, 
' 

diethyl ,-x· -(3,5-di-tert-butyl-4-hydroxyphenyl)-N-(3-picolyl)-arninomethyl­

phosphonate, 

diethyl :X -(3,5-di-tert-butyl-4-hydroxyphenyl)-N-[2-(2-pyridyl)ethyl]-amino­

methylphosphonate, 

diethyl :::.c -(3,5-di-tert-butyl-4-hydroxyphenyl)-N-(2-benzothiazolyl)-amino­

methylphosphonate, 

diethyl :X -(3,5-di-tert-butyl-4-hydroxyphenyl)-N-(1-phenylcyclopentyl)-amino­

rnethylphosphonate, 

diethyl~ -(3,5-di-tert-butyl-4-hydroxyphenyl)-N-(3-pyridyl)-aminomethyl­

phosphonate, 

diethyl C\ -(3,4-rnethylenedioxyphenyl)-N-(3-phenylpropyl)-aminornethyl-

phosphonate, 
--------·--------~-
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die~hyl oc -{3,5-di-tert-butyl-4-hydroxyphenyl)-N-mechyl-N-(3-picolyl)-amino­
methylphosphonate, 

dimethyl C(-(3 ,5-di-tert-butyl-4-hydroxyphenyl)-N-acetyl-N-(3-phenylpropyl)­
aminomethylphosphonate, 

diethyl ct-(3,5-di-tert-butyl-4-hydroxyphenyl)-N-acetyl-N-(3-phenylpropyl)­
aminomethylphosphonate, 

dipropyl oc-(3,5-di-tert-butyl-4-hydroxyphenyl)-N-acetyl-N-(3-phenylpropyl) 
arninometh ylphosphonate, 

diisopropyl OC-(3,5-di-tert-butyl-4-hydroxyphenyl)-N-acetyl-N­
(3-phenylpropyl)aminomethylphosphonate, 

diethyl CC-(3 ,5-di-tert-butyl-4-methoxyphenyl)-N-(3-phenylpropyl)amino­
methylphosphonate, ,, 
diethyl C(-(3,5-di-tert-butyl-4-hydroxybenzyl)-N-(3-phenylpropyl)­
aminomethylphosphonate, 

diethyl C<-(3 ,5-di-sec-butyl-4-hydroxyphenyl)-N-(2-phenylethyl)-aminomethyl­
phosphonate, 

diethy 1 CC-(3 ,5-di-isopropyl-4-h ydroxypheny l)-N-(2-phenyleth y 1)-aminometh yl­
phosphonate, 

diethy 1 OC-( 4-h ydroxyphenyl)-N-[2-( 4-chlorophenyl)eth y l]-arninomethyl­
phosphonate, 

o<-(3,5-di-tert-butyl-4-hydroxyphenyl)-N-(3-phenylpropyl)-aminomethyl­
phosphonic acid, 

di-tert-butyl ~-(3,5-di-tert-butyl-4-hydroxyphenyl)-N-[2-(4-chlorophenyl) 

ethyl]-arninomethylphosphonate, 

diethyl e<-(3 ,5-di-tert-butyl-4-h ydroxyphen yl)-aminomethylphosphonate, -------------------- ···--------·-------------------
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diethyl ~ -(3,5-di-tl!rt-butyl-4-hydroxyphenyl)-N-allyl-aminomethyl­

phosphonate, 

diethyl ri.. -(3,5-di-tert-butyl-4-hydroxyphenyl)-N-benzyloxycarbonyl-amino­

methylphosphonate, 

diethyl ~ -(3 ,5-di-tert-butyl-4-hydroxyphenyl)-N-( 4-picolyl)-aminornethyl­

phosphonate, 

diethyl Cl( -(4-hydroxyphenyl)-N-(3,5-di-tert-butyl-4-hydroxybenzyl)-amino­

methylphosphonate, 

diethyl c-i. -(3 ,5-di-tert-butyl-4-hydroxyphenyl)-N-(2-phenylpropyl)-amino­

methylphosphonate, 

diethyl o( -(3,5-di-tert-butyl-4-hydroxyphenyl)-N-(2,2-dimethyl-4-phenyl-l,3-

dioxa-5-cyclohexyl)-aminomethylphosphonate, 
,, 

diethyl~ -(3,5-di-tert-butyl-4-hydroxyphenyl)-N-acetyl-N-[2-(2-pyridyl)ethyl]­

aminomethylphosphonate, 

diethyl oc -(3,5-di-tert-butyl-4-hydroxyphenyl)-N-heptafluorobutyryl-N- (3-

phenylpropyl)-aminomethylphosphonate and 

diethyl ~ -(3 ,5-di-te~-butyl-4-hydroxyphenyl)-N-{2-picolyl)-arnino­

methylphosphonate. 

5) Process for preparing aminophosphonate of formule (I) accoi:ding to claim 1, 

which consists in reacting an irnine of formula (IV) with a dialkyl phosphite of 

formula (V) 

( 8 ln-CH=N -A 

(IV l 

-----------
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without solvent or in an aromatic hydrocarbon, and at a temperature between 

20° and 140°, where xl. x2, x3, A, B, Rl, R2 and n ate defined in claim 1. 

6) Process according to claim 5 where the reaction is catalyzed by an amine, for 

example diethylamine, or triethylamine. 

7) Process for preparing a.minomethylphosphonate esters of fonnula {1) according 

to claim 1, which consists in reacting an imine of formula (IV) with a reagent 

trimethylsilyl-dialkylphosphite of formula (VI) 

prepared in situ between chlorotrimethylsilane, dialkylphosphite and 

triethylam.ine in a halogenated solvent and at a temperature between 0° and 

30°C. 

8) Process according to claim 5 where the imine of formula IV is obtained by 

condensing the aldehy~e of formula (II) and the primary amine m, where 

Z=H 

( 8 ),;--CHO H-N-A 
1 z { Ill ) 

in a solvent such as ether, tetrahydrofuran, benzene, toluene, ethanol in 

presence or in the absenee of a molecular sieve, an acid or a base serving as a 
catalyst, and at a temperature between 0°C and the boiling point of the solvent 

employed. 

9) Process for preparing aminophosphonic acids of formula (I) where Rl=R2=H 

according to claim 1 by hydrolysis of aminophosphonate esters of formules (I), 

where R l and R2 are alkyl groups from 1 to 4 carbon atoms with con~ntrated 

hydrochloric acid at reflux or with bromotrimethylsilane followed by aqueous 

hydrolysis. ---------------------- -------------·----~-----
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10) Process for preparing N-acylated aminophosphonates of formula (I) according 

to claim 1 by acylation of the corresponding aminophosphonate (I) where at 

least one of the two groups A or Z is H, with an acylating reagent (VII) in 

presence of a tertiary amine in a solvent such as petroleum ether, benzene, 

toluene, ether, tetrahydrofuran. 

ft/0R1 P,, 2 
OR 

{ B )-C-H 
" I 
Z-N-A 

( I ) where Z and/or A = H 

R3 --CO-Y 

( VII } , Y = Cl or R3-COO · 

11) Process for preparing aminophosphonates of formula (I) according to claim 1 

where A = Z = H by catalytic hydrogenation of the corresponding 
' aminophosp1ionate of formula (I) where Z = H and A is an c( -substituted 

benzyl group such as 1-phenylethyl, 1-phenylcyclopentyl or a benzyl 

oxycarbonyl group, using as catalyst palladium on charcoal or palladium (II) 

hydroxide on charcoal and ethanol or glacial acetic acid as solvent. 

12) Pharmaceutical composition comprising a therapeutically effective amount of 

at least one arninophosphonate of formula (I) according to claim 1, in 
combination with a pharmaceutically acceptable support. · 

13) Pharmaceutical composition according to claim 12 for the treatment of 

arteriosclerosis by decreasing plasma cholesterol and blood peroxides. 
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