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HYPRQXAMIC ACID DERIVATIVES 

The present invention is concerned with hydroxamic acid 

derivatives. 

The hydroxamic acid derivatives provided by the present invention 
are compounds of the general formula 

(I) 

wherein 
. Rl represents cyclopropyl, cyclobu tyl, cyclopentyl or cyclohexyl; 

R2 represents a saturated 5- to 8-membered monocyclic or bridged 
N-heterocyclic ring which·is attached via the N atom and which, 
when it is monocyclic, optionally contains NR4, 0, S, SO or S02 as 

a ring member and/or is optionally substituted on one or more C 
atoms by hydroxy, lower alkyl, lower alkoxy, oxo, ketalized oxo, 
amino, mono(lower alkyl)amino, di(lower alkyl) amino, carboxy, 
lower alkoxycarbonyl, hydroxyn1ethyl, lower alkoxymethyl, 
carbamoyl, mono(lower alkyl)-carbamoyl, di(lower 
alkyl)carbamoyl or hydroxyimino; 

R3 represents a 5- or 6-membered N-heterocyclic .ring which (a) is 
attached via the N atom, (b) optionally contains N, 0 and/or S, SO 
or S02 as an additional ring member, (c) is substituted by oxo on 

one or both C atoms adjacent to the linking N atom and (d) is 
optionally benz-fused or optionally substituted on one or more 

other C atoms by lower alkyl or oxo and/or on any additional N 
atom(s) by lower alkyl or aryl; 
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represents hydrogen, lower alkyl, aryl, aralkyl or a protecting 
group; 
m stands for 1 or 2; and 
n stands for 1-4; 

and pharmaceutically acceptable salts thereof. 

The compounds of formula I possess valuable pharmacological 
properties. In particular, they are collagenase inhibitors and can be used 
in the control or prevention of degenerative joint diseases such as 
rheumatoid arthritis and osteoarthritis or in the treatment of invasive 
tumours, atherosclerosis or multiple sclerosis. 

Objects of the present invention are the compounds of formula I and 
their pharmaceutically acceptable salts per se and for use as thera­
peutically active substances; a process for the manufacture of said 
compounds and salts; intermediates useful in said process; medicaments 
containing said compounds and salts and the manufacture of these 
medicaments; and the use of said compounds and salts in the control or 
prevention of illnesses or in the improvement of health, especially in the 
control or prevention of degenerative joint diseases or in the treatment of 
invasive tumours or atherosclerosis, or for the manufacture of a · 
medicament for the control or prevention of degenerative joint diseases or 

· for the treatment of invasive tumours, atherosclerosis or multiple 
sclerosis. 

As used in this Specification, the term "lower alkyl", alone or in 
combination, means a straight-chain or branched-chain alkyl group 
containing a maximum of six carbon atoms, such as methyl, ethyl, n­
propyl, isopropyl, n-butyl, sec.butyl, isobutyl, tert.butyl, n-pentyl, n-hexyl 
and the like. The tern1 "lower alkoxy", alone or in combination, means 
a straight-chain or branched-chain alkoxy group containing a max­
imum of six carbon atoms, such as methoxy, ethoxy, n-propoxy, 
isopropoxy, n-butoxy, tert.butoxy and the like. The term "aryl" means 
phenyl which is optionally substituted by, for example, lower alkyl, 
lower alkoxy and/or halogen, i.e. fluorine, chlorine, bromine or iodine, 
such as p-tolyl, p-methoxyphenyl, p-chlorophenyl and the like. The term 
"aralkyl" means a lower alkyl group as hereinbefore defined in which 
one or more hydrogen atoms is/are replaced by an aryl group as 
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hereinbefore defined, such as benzyl and the like. A ketalized oxo -group 
can be, for example, ethylenedioxy. 

A protecting group denoted by R4 can be any conventional 
protecting group, e.g. as known in peptide chemistry such as benzyloxy­
carbonyl, tert.butoxycarbonyl, acetyl and the like. 

Examples of monocyclic N-heterocyclic rings denoted by R2 are 1-
pyrrolidinyl, piperidino, 1-piperazinyl, 4-aryl-1-piperazinyl, hexahydro-
1-pyridazinyl, morpholino, tetrahydro-1,4-thiazin-4-yl, tetrahydro-1,4-
thiazin-4-yl 1-oxide, tetrahydro-1,4-thiazin-4-yl 1,1-dioxide, thiazolidin-3-
yl, hexahydroazepino and octahydroazocino which can be substituted in 
the mariner given earlier; for example 2-(methylcarbamoyl)-1-
pyrrolidinyl, 2-(hydroxymethyl)-1-pyn·olidinyl, 4-hydroxypiperidino, 2-
(methylcarbamoyl)piperidino, 4-hydroxyiminopiperidino, 4-methoxy­
piperidino, 4-methyl-1-piperazinyl, 4-phenyl-1-piperazinyl, l,4-dioxa-8-
azaspiro[ 4.S]decan-8-yl, hexahydro-3-(methylcarbamoyl)-2-pyridazinyl, 
hexahydro-1-(benzyloxycarbonyl)-2-pyridazinyl, 5,5-dimethyl-4-methyl­
carbamoyl-thiazolidin-3-yl and 5,5-dimethyl-4-propylcarbamoyl­
thiazolidin-3-yl. 

Examples of bridged N-heterocyclic rings denoted by R2 are·· 5-
azabicyclo[2.1.l]hexane, 3-azabicyclo[3.1. l]heptane, 7-azabicyclo[2.2.1]­
heptane, 3-azabicyclo[3.2. l]octane, 2-azabicyclo[3.2.2]nonane and 3-
azabicyclo[3.2.2]nonane. 

Examples of N-heterocyclic rings denoted by R3 are rings of the 
formulae: 

0 0 0 

CN- Rs R7'N_J\ 
N- I N-

A& x~ 
(a) 0 0 

(b) (c) 
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(d) 

0 

o~ 
Rg'-L_ /N-

R10/ --0 
0 

(g) 

in which 

. : ·: ~ · .... 
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(e) (f) 

and 

(h) 

RS and R6 each represent hydrogen or together represent an 

additional bond or the remainder of a fused benzene ring; 

R7 represents hydrogen, lower alkyl or aryl; and 
X represents -CO-, -CH2-, -CH(lower alkyl):.., -C(lower alky1)2-, -NH-, 

-N(lower alkyl)- or -0-; or, when R7 represents lower alkyl and X 

represents -N(lower alkyl)-, the lower alkyl groups can be joined to .. 

form a 5-, 6- or 7-membered ring; 
RB represents hydrogen, lower alkyl or aryl; 

R9 and RlO each represent hydrogen or lower alkyl; 

Y represents -0-, -NH- or -NClower alkyl)-; and 
Z represents S, SO or 802; 

Examples of such rings are 2-oxo-1-pyrrolidinyl, 2,5-dioxo-1-pyrrolidino, 

phthalimido, l,2-dimethyl-3,5-dioxo-l,2,4-triazolidin-4-yl, 3-methyl-2,5-

dioxo-1-imidazolidinyl, 3,4,4-trimethyl-2,5-dioxo-1-imidazolidinyl, 2-

methyl-3,5-dioxo-l,2,4-oxadiazol-4-yl, 3-methyl-2,4,5-trioxo-1-imida­

zolidinyl, 2,5-dioxo-3-phenyl-1-imidazolidinyl, 2,6-dioxopiperidino, 5,5-

dimethyl-2,4-dioxo-3-oxazolidinyl a:pd hexahydro-l ,3-dioxopyrazolo­

[l,2-a][l,2,4]triazol-2-yl. 

One group of preferred compounds of formula I comprises those 

in which R2 represents 1-pyrrolidinyl, piperidino, 4-aryl-1-piperazino, 

morpholino, tetrahydro-1,4-thiazin-4-yl, tetrahydro-1,4-thazin-4-yl l, 1-

·· .... ~ 

-
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dioxide, thiazolidin-3-yl. hexahydroazepino or octahydroazocino 
optionally substituted on one or more C atoms by hydroxy, lower alkyl, 
lower alkoxy, ketalized oxo or monoOower alkyl)-carbamoyl, especially 
piperidino which is optionally substituted by hydroxy, particularly 4-
hydroxypiperidino, or 3-azabicyclo[3.2.2]nonane. Also preferred are 
compounds of formula I in which R3 represents a group of formula (b), 
(c), especially one in which R7 represents lower alkyl and X represents 
-C(lower alky1)2-, particularly 3,4,4-trimethyl-2,5-dioxo-1-imidazolidinyl, 

or (h). Preferably, m and n both stand for 1. 

The most preferred compounds of formula I are: 

1-[3-Cyclopropyl-2(R)-[l(R or 8)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl )ethylJpropionyl]piperidine, 

1-[3-cyclopropyl-2-(R)-[1 CR or 8)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethylJpropionyl]-4-piperidinol, 

3-[3-cyclopropyl-2CR)-[l(R or 8)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2 ,5-dioxo-1-i mid a zoli dinyl )ethy1Jpropionyl]-3-azabicyclo[3.2.2]­
nonane, 

1-[3-cyclobutyl-2(R)-[1 CR or 8)-{hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-l-imidazolidinyl )ethylJpropionylJpiperidine, 

1-[3-cyclobutyl-2(R)-[l{R or 8)-(hydroxycarbamoyl)-2-(3,4,4-. 
trimethyl-2,5-dioxo-1-imidazolidinyl)ethylJpropionyl]-4-piperidinol, 

3-[3-cyclobutyl-2(R)-[l(R or 8)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethylJpropionylJ-3-azabicyclo[3.2.2]­
nonane, 

1-[3-cyclopentyl-2[(R)-[l(R or 8)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl )ethyJJ propionyl]-4-piperidinol, 

3-[3-cyclopentyl-2CR)-[ l(R or 8)-(hydroxycarbamy])-2-[3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethylJpropionyl]-3-azabicyclo­
[3.2.2]nonane and 

1-[3-cyclopentyl-2(R)-[l(R or 8)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2 ,5-di oxo-1-imi dazoli dinyl )ethylJpropi onyl]pi peridine. 

Other preferred compounds of formula I hereinbefore are: 

1-[3-cyclohexyl-2(R)-[HR 02· S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-l-imidazol idi nyl )ethylJpropionyl]piperidine, 

-=-~~~~~~~~ 
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4-[3-cyclopentyl-2(R)-[l(R or S)-(hydroxycarbamoyl)-2-(3,4,4-

trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl]propionyl]tetrahydro-1,4-

thiazine, 

4-[3-cyclopentyl-2(R)-[ l(R or S)-(hydroxycarbamoyl)-2-(3,4,4-

trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl]propionyl]tetrahydro-1,4-

thiazine S,S-dioxide, 
4-[3-cyclobutyl-2(R)-[l(R or S)-(hydroxycarbamoyl)-2-(3,4,4-

trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl]propionyl]tetrahydro-l,4-

thiazine, 
4-[3-cyclohexyl-2(R)-[ l(R or S )-(hydroxycarbamoyl)-2-(3,4,4-

trimethy 1-2,5-dioxo-1-imidazolidinyl)ethyl]propionyl]tetrahydro-l,4-

thiazine, 
• 3-[3-cyclopentyl-2(R)-[l(R or S)-(hydroxycarbamoyl)-2-(3,4,4-

trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl]propionyl]-5,5-dimethyl-N­

propyl-4(R)-thiazolidinecarboxamide, 

4-[3-cyclopentyl-2(R)-[l(R or S)-(hydroxycarbamoyl}-2-(3,4,4-

trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl]propionyl]morpholine, 

3-[3-cyclopentyl-2(R)-[l(R or S)-(hydroxycarbamoyl)-2-(3,4,4-

trimethyl-2,5-dioxo-1-imidazolidinyl )ethyl]propionyl]-N ,5,5-trimethyl-

4(R)-thiazolidinecarboxami de, 
4-[3-cyclobutyl-2(R)-[l(R or S)-(hydroxycarbamoyl)-2-(3,4,4-

trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl]propionyl]-4-phenyl- · 

piperazine, 
4-[3-cyclobutyl-2(R)-[ l(R or S)-(hydroxycarbamoyl)-2-(3,4,4-

trimethyl-2 ,5-dioxo-1-imidazolidinyl )ethyl]propionyl]morpholine, 

1-[3-cyclobutyl-2(R)-[l(R or S)-(hydroxycarbamoyl)-2-(3,4,4-

trimethyl-2 ,5-di oxo-1-imidazol idinyl )ethylJpropionylJpyrrolidine, 

8-[3-cyclobutyl-2(R)-[l(R or S)-(hydroxycarbamoyl)-2-(3,4,4-

trimethyl-2,5-dioxo-1-imidazolidiny 1 )ethylJpropionyl]- l,4-dioxa-8-

. azaspiro[ 4,5]decane, 

1-[3-cyclobutyl-2(R)-[ l(R or S)-(hydroxycarbamoyl)-2-(3,4,4-

trimethyl-2,5-dioxo-1-imidazolidiny I )ethyl]propionyl]-4-

methoxypi peridine, 
1-[3-cyclobutyl-2(R)-[l(R or S)-(hydroxycarbamoyl}-2-(3,4,4-

trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl]propionyl]octahydroazocine, 

1-[3-cyclobutyl-2(R)-[ l(R or S)-(hydroxycarbamoyl)-2-(5,5-dimethyl-

2,4-dioxo-3-oxazolidinyl)ethylJpropionylJpiperidine, 

1-[3-cyclobu tyl-2(R)-[ l(R or S)-(hydroxycarbamoyl}-2-(3,4,4-

trimethyl-2,5-dioxo-1-imi dazoli dinyl )ethyl ]propi onyl]hexahvdroazepine, 
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1-[3-cyclobu tyl-2(R}-[2-(hexahydro- l ,3-dioxopyrazolo[l,2-a][l,2,4]­

triazol-2-yl)- l(R or 8)-(hydroxycarbamoyl)ethyl]propionyl]piperidine and 

1-[3-cyclobutyl-2(R)-[l(R or S)-(hydroxycarbamoyD-2-phthalimido­

ethyl]propionyl]piperidine. 

The compounds of formula I form pharmaceutically acceptable 

salts with bases such as alkali metal hydroxides (e.g. sodium hydroxide 

and potassium hydroxide), aJkaline earth metal hydroxides (e.g. 

calcium hydroxide and magnesium hydroxide), ammonium hydroxide 

and the like. The compounds of formula I which are basic form phar­

maceutically acceptable salts with acids. As such salts there come into 

consideration not only salts with inorganic acids such as hydrohalic 

acids (e.g. hydrochloric acid and hydrobromic acid), sulphuric acid, 

nitric acid, phosphoric .acid etc, but also salts with organic acids such as 

acetic acid, tartaric acid, ~uccinic acid, fumaric acid, maleic acid, malic 

acid, salicylic acid, citric acid, methanesulphonic acid, p-toluenesul­

phonic acid etc. 

The compounds of formula I contain at least two asymmetric 

carbon atoms and can accordingly exist as optically active enantiomers, 

as diastereoisomers or as racemates. The present invention is intended 

to embrace all of these forms. 

According to the process provided by the present invention, the 

compounds of formula I and their pha1·maceutically acceptable salts are 

manufactured by 

(a) reacting an acid of the general formula 

(II) 

wherein Rl, R2, R3, m and n have the significance given earlier, 
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with a compound of the general formula 1iifli~Di 
(III) 

wherein Z represents hydrogen, tri(lower alkyl)silyl or 
diphenyl(lower alkyl)silyl, 

and, where required, cleaving off any diphenyl(lower alkyl)silyl group· 
present in the reaction product, 
or 

(b) catalytically hydrogenating a compound of the general formula 

and, 

(IV) 

wherein Rl, R2, R3, m and n have the significance given earlier and 
Bz represents benzyl, 

if desired, converting a compound of formula I obtained into a 
pharmaceutically acceptable salt. 

The reaction of an _acid of formula II with a compound of formula 
III in accordance with embodiment (a) of the process can be carried out 
in a known manner. For example, an acid of formula II can be reacted 
with a compound of formula III in an inert organic solvent such as 
dichloromethane, dimethylformamide or the like using 1-hydroxybenzo­
triazole in the presence of a condensation agent such as 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide hydrochloride at about ooc to about 
room temperature. Alternatively, an acid of formula II can be converted 
into the corresponding acid chloride (e.g. using oxalyl chloride) and the 
acid chloride can then be reacted with a compound of formula III. 
Preferred compounds of formula III are those in which Z represents 
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eert.butyldimethylsilyl or tert.butyldiphenylsilyl. When a compound of 

formula III in which Z represents triClower alkyl)silyl is used, this 

group is cleaved off during the reaction and working-up, and a 

compound of formula I is obtained directly. On the other hand, when a 

compound of formula III in which Z represents diphenyl(lower 

alkyl)silyl is used, this group remains in the reaction product and must 

_subsequently be cleaved off in a known manner, for example by means of 

fluoride ions. 

The catalytic hydrogenation of a compound of formula IV in 

accordance with embodiment (b) of the process can be carried out in a 

manner known per se; for example in an inert organic solvent using 

hydrogen in the presence of a noble metal catalyst. Suitable inert organic 
.. 

solvents are, for example, lower alkanols such as methanol, ethanol, etc. 

With respect to the catalyst, this can be, for example, a platinum, 

palladium or rhodium catalyst which can be supported on a suitable 

carrier material. Palladium-on-charcoal is the preferred catalyst. The 

temperature· and pressure are not critical, although for convenience the 

catalytic hydrogenation is preferably carried out at room temperature and 

under atmospheric pressure. 

Compounds of formula I can be converted into pharmaceutically 

acceptable salts by treatment with bases and basic compounds of formula 

I can be converted into pharmaceutically acceptable salts by treatment 

with acids. Such treatments can be carried out in a conventional 

manner. 

The acids of formula II which are used as starting materials in 

embodiment (a) of the process are novel and form a further object of the 

present invention. 

The acids of formula II can be prepared, for example, as 

illustrated in the following Reaction Scheme in which Rl, R2, R3, m and 

n have the significan~e given earlier, Bz represents benzyl and tBu 

represents tert-butyl: 

11 i1ii1iiinr 
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(X) 
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Reaction Scheme 
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R1 
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R3 -(CH2)n COOH 
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R3 

(XI) 
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2 

(XIII) 

R1 

I 

tBu -o-M't(CHz)m R2 
c,..... 
II 
0-" (I Hz)n 

R3 

(XIV) 
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Having regard to the foregoing Reaction Scheme, the individual 

steps thereof can be carried out according to methods known per se. 

Thus, in the first step, an amino acid of formula V, which can be 

obtained according to the procedure described by Chenault H.K, Dahmer 

J. and Whitesides G.M., J.Am.Chem.Soc. 1989, 111, 6354-6364, is 

converted by tr.eatment with sodium nitrite in the presence of 

concentrated sulphuric acid into a hydroxy acid of formula VI which is 

subsequently re.acted with benzyl bromide in the presence of an organic 

base, e.g. a trialkylamine such as triethylamine, into a corresponding 

benzyl ester of formula VII. The latter is then activated, e.g. by reaction 

with trifluoromethanesulphonic anhydride, and treated with benzyl tert:._ 

butyl malonate in the presence of a strong base, e.g. an alkali me~l 

hydride such as sodium hydride, to give a compound of formula VIII. 

Treatment of the latter with a strong base, e.g. an alkali metal hydride 

such as sodium hydride, and reaction with a compound of formula IX 

yields a dibenzyl tert-butyl butanetricarboxylate of formula X which is 

then debenzylated by catalytic hydrogenation, e.g. in the presence of a 

palladium catalyst such as palladium-on-charcoal, to give a tert-butyl 

dihydrogen butanetricarboxylate of formula XI. Decarboxylation of this 

compound, e.g. by heating in toluene with triethylamine, which may be 

carried out in situ, yields a tert-butyl hydrogen succinate of formula XII 

which is condensed with a cyclic amine of formula XIII, e.g. according 

to the acid chloride method or using 1-hydroxybentriazole in the 

presence of a condensation agent such as 1-ethyl-3-(3-dimethyl­

aminopropyl)carbodiimide hydrochloride, to give a compound of formula 

XIV which is deprotected (e.g. by treatment with trifluoroacetic acid) to 

give an acid of formula II. 

The compounds of formula IV which are· used as starting 

materials in embodiment (b) of the process are novel and form a further 

object of the present invention. 

The compounds of formula IV can be prepared, for example, by 

reacting an acid of formula II with 0-benzylhydroxylamine. This 

reaction can be carried out in a known manner, for example in an inert 

organic solvent such as dichloromethane or dimethylformamide using 

1-hydroxybenzotriazole in the presence of a condensation agent such as 

1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride. 
--------'---
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The remaining compounds which are used as intermediates or 

reactants in the manufacture of the compounds of formula I are known 

compounds or analogues of known compounds which can be prepared 

in a similar manner to the known compounds. 

As mentioned earlier, the compounds of formula I and their 

pharmaceutically acceptable salts are collagenase inhibitors. The in vitro 

collagenase inhibiting activity of the· present compounds and salts can be 

demonstrated using collagenase obtained from a culture of human 

synovial fibroblasts according to the method of Dayer J-M et al., Proc. 

Natl. Acad. Sci. USA (1976), 1.a 945, following activation of the pro­

collagenase in the conditioned medium by treatment with trypsin. 

Collagenase activity was measured using 14C-acetylated collagen type I 

from rat tail tendons as the substrate and employing the microtitre plate 

assay method of Johnson-Wint, B, Anal. Biochem. (1980), 104, 175. The 

IC so is that concentration of a compound or salt of the present invention in 

the enzyme digestion which reduces substrate cleavage and solubilization 

to 50% of that achieved by the enzyme alone. 

The results obtained in the foregoing test with representative 

compounds and salts of this invention are compiled in Table I hereinafter: 

Table I 

Product of Example No. ICso (nM) 

2 18.0 

4 7.0 
5 2.5 

7 6.5 

9 8.5 

16 4.1 

17 2.35 
23· 34.0 

The compounds of formula I and their pharmaceutically acceptable 

salts can be used as medicaments, for example in the form of pharma­

ceutical preparations. The pharmaceutical preparations can be admin-

·;._ 

-



., 

-
rTHIS -SHEET-HAS BEEN 

REPLACED 1 3 

· istered orally, e.g. in the form of tablets, coated tablets, dragees, hard and 
soft gelatine capsules, solutions, emulsions or suspensions. However, 
they can also be administered rectally, e.g. in the form of suppositories, or 
parenterally, e.g. in the form of injection solutions. 

For the manufacture of pharmaceutical preparations the com­
pounds of formula I and their pharmaceutically acceptable salts can be 
formulated with therapeutically inert, inorganic or organic carriers. 
Lactose, com starch or derivatives thereof, talc, stearic acid or its salts 
can be used, for example, as such carriers for tablets, coated tablets, 
dragees and hard gelatine capsules. Suitable carriers for soft gelatine 
capsules are, for example, vegetable oils, waxes, fats, semi-solid and 
liquid polyols and the like. Depending on the nature of the active ingre­
dient no carriers are, however, generally required in the case of soft 
gelatine capsules. Suitable· carriers for the manufacture of solutions and 
syrups are, for example, water, 

0

polyols, saccharose, invert sugar, glucose 
and the like. Suitable carriers for the manufacture of injection solutions 
are, for example, water, aJcohols, polyo]s, glycerine, vegetable oils and the 
like. Natural and hardened oils, waxes, fats, semi-liquid polyols and the 
like are suitable carriers for the manufacture of suppositories. 

The pharmaceutical preparations can also contain preservatives, 
stabilizers, wetting agents, emulsifiers, sweeteners, colorants, flavorants, 
salts for adjustment of the osmotic pressure buffers coating agents or 
antioxidants. 

Medicaments containing a compound of formula I or a pharma­
ceutically acceptable salt thereof and a therapeutically acceptable carrier 
as well as a process for the manufacture of such medicaments are also 
objects of the present invention. This process comprises mixing a com­
pound of formula I or a pharmaceutically acceptable salt thereof with a 
therapeutically inert carrier material and bringing the mixture into a 
galenical administration form. 

As mentioned earlier, the compounds of formula I and their 
pharmaceutically acceptable salts can be used in the control or prevention 
of illnesses, especially in the control or prevention of degenerative joint 
diseases or in the treatment of invasive tumours, atherosclerosis or 
multiple sclerosis. The dosage can vary within wide limits and will, of 
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course, be adjusted to the individual requirements in each particular 

case. In general, in the case of administration to adults, a daily dosage of 

from about 5 mg to about 30 mg, preferably from about 10 mg to about 

15 mg, should be appropriate, although the upper limit may be exceeded 

when this is found to be expedient. The daily dosage can be administered 

as a single dosage or in divided dosages. 

The following Examples illustrate the present invention in more 

detail. In these Examples all temperatures are given in degrees Celsius. 

Example 1 

A solution of 0.575gof1-[2(R}-[l(R or S)-(benzyloxycarbamoyl)-2-

(3,4,4-trimethyl-2,5-dioxo-1-imidazolidinyl)ethylJ-3-cyclopropyl­

propionyl]piperidine (diastereoisomer 1) in 10 ml of ethanol was 

hydrogenated in the presence of 0.4 g of 5% palladium-on-charcoal 

catalyst for 6 hours. The catalyst was removed by filtration and the 

solution was evaporated. The residue was purified by flash chromatog­

raphy on silica gel using dichloromethane/methanol (96:4) for the 

elution to give 0.37 g of 1-[3-cyclopropyl-2(R)-[l(R or S)-(hydroxy­

carbamoyl)-2-(3,4,4-trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl]­

propionyl]piperidine (diastereoisomer 1) in the form of a white foam. 

nmr (MeOD): 3. 78-3.64 Cm, 3H); 3.62. Cdd, lH, J = 15,8); 3.49-3.41 (m, lH); 

3.39 (dd, lH, J = 15,5); 3.33-3.27 (m, lH); 2.95-2.87 (m, lH); 2.83 (s, 3H); 

1.74-1.46 (m, 7H); 1.33 (s, 3H); 1.31 (s, 3H); 1.20-1.13 (m, lH); 0.61-0.50 (m, 

lH); 0.44-0.33 Cm, 2H); 0.06- -0.05 Cm, 2H); 

MS: 409 (M+H)+. 

The starting material was prepared as follows: 

(i) A solution of 4.9 g of 2(R)-amino-3-cyclopropylpropionic acid 

(prepared in a manner analogous to that described by Chenault H.K., 

Dahmer J. and Whitesides G.M. in J. Am. Chem. Soc. 1989, 111, 6354-

6364) in 50 ml of water containing 4.05 ml of concentrated ~ulphuric acid 

was wanned to 45°. A solution of 10.5 g of sodium nitrite in 20 ml of 

water was added dropwise over 30 minutes. The solution was stirred at 

45° for 4 hours and then cooled to room temperature. The solution was 

extracted with three 50 ml portions of ethyl acetate. The combined 

extracts were washed with water and dried over anhydrous magnesium 



.... ~. ·- ·-~ 

THl-SSHEET HAS BEEN 
REPLACED 15 

~. . . ... . 

sulphate. The solvent was evaporated to leave 3.95 g of a yellow oil 

containing 3-cyclopropyl-2(R)-hydroxypropionic acid which was used in 

the next step without further purification. 

Rf [dichloromethane/methanol (9:1)] = 0.65. 

(ii) A solution of 3.95 g of the product from (i) in 50 ml of ethyl acetate 

_was treated with 5.32 ml of triethylamine and 3.8 ml of benzyl bromide. 

The mixture was stirred and heated under reflux for 3 hours, then 

allowed to cool to room temperature overnight. The suspension was 

washed with 2M hydrochloric acid, water and saturated sodium 

chloride solution. After drying over anhydrous magnesium sulphate 

the solvent was evaporated. The residue was purified by flash 

chromatography on silica gel using hexane/ethyl acetate (2:1) for the 

elution to give 3.36 g ofbenzyl 3-cyclopropyl-2(R)-hydroxypropionate in 

the form of a yellow oil. 
nmr CCDCl3): 7.39-7.28 Cm; 5H); 5.19 Cd, lH, J = 14); 5.15 (d, lH, J= 14); 

4.31-4.24 (m, lH); 2.81 (br. d, IH); 1.69-1.54 (m, 2H); 0.87-0.74 (m, lH); 

0.45-0.34 (m, 2H); 0.08- -0.07 (m, 2H). 

(iii) A solution of 3.36 g of the product from (ii) and 1.49 ml of pyridine 

in 10 ml of dichloromethane was added dropwise to a solution of 3.07 ml 

of trifluoromethanesulphonic anhydride in 15 ml of dichloromethane at 

0° over 30 minutes with stirring. The mixture was stirred at oo for 

2 hours and then washed with water and saturated sodium chloride 

solution. After drying over anhydrous magnesium sulphate the solvent 

was evaporated to give 5.37 g ofbenzyl 3-cyclopropyl-2(R)-trifluoromethyl­

sulphonyloxypropionate in the form of an orange oil which was used in 

the next step without further purification. 

Rf [hexane/ethyl acetate (4:1)J = 0.5. 

(iv) A solution of 3.8 g of benzyl tert-butyl malonate in 50 ml of 1,2-

dimethoxyethane was treated with 0.504 g of an 80% dispersion of 

sodium hydride in mineral oil. The mixture was stirred at room 

temperature for 30 minutes and then cooled to 0°. A solution of 5.37 g of 

the product from (iii) in 20 ml of dichloromethane was added dropwise at 

0°. The mixture was stirred at oo for 2 hours and then left to warm to 

room temperature overnight. The solvent was evaporated and the 

residue was dissolved in ethyl acetate. The solution was washed with 

water and saturated sodium chloride solution. After drying over 
~~~~~~~

~~ 
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anhydrous magnesium sulphate the solvent was evaporated to give 

6.54gof2,3-dibenzyl 3-tert-butyl 1-cyclopropyl-2(R).3(R,S),3-propanetri­

carboxylate as a 1:1 mixture of diastereoisomers in the form of an 

orange oil. 
nmr <CDCl3): 7.46-7.36 (m, 20H); 5.19-5.07 (m, 8.H); 3.89 Cd, lH, J =10); 

3.85 (d, lH, J= 10) 3.37-3.26 (m, 2H); 1.68-1.52 (m, 2H); 1.52-1.38 (m, 2H); 

1.41 (s, 9H); 1.39 (s, 9H); 0.79-0.63 (m, 2H); 0.49-0.38 (m, 4H); 0.12- -0.07 

(m, 4H). 

(v) A solution of6.4 g of the product from (iv) in 30mlof1,2-

dimethoxyethane was treated with 0.446 g of an 80% dispersion of 

sodium hydride in mineral oil. The mixture was stirred at room 

temperature for 30 minutes. A solution of 3.84 g of 1-(bromomethyl)-

3,4,4-trimethyl-2,5-imidazolinedione in 20 ml of 1,2-dimethoxyethane . 

was added dropwise over 15 minutes. The mixture was stirred· at room 

temperature for 36 hours, the solvent was evaporated and the residue 

was dissolved in ethyl acetate and washed with water and saturated 

sodium chloride solution. After drying over anhydrous magnesium 

sulphate the solvent was evaporated. The residue was purified by flash 

chromatography on silica gel using hexane/ethyl acetate (7:3) and 

subsequently hexane/ethyl acetate (6:4) for the elution to give 6.4 g of2,3-

dibenzyl 3-tert-buty11-cyclopropyl-4-(3,4,4-t1imethy1-2, 5-dioxo-1-

imidazolidinyl)-2(R),3(R,S),3-butanetricarboxylate as a 1:1 mixture of 

diastereoisomers in the form of a clear oil. 
nmr (CDCl3): 7.47-7.28 Cm, 20H); 5.31-5.03 (m, SH); 4.32-4.18 (m, 4H); 

3.19-3.15 (m, lH); 3.16-3.12 (m, lH); 2.86 (s, 6H); 2.00-1.90 (m, lH); 1.89-

1.79 (m, lH); 1.64-1.49 (m, lH); 1.48-1.38 (m, lH); 1.37 (s, 12H); 1.36 (s, 

9H); 1.32 (s, 9H); 0.9-0.8 (m, 2H); 0.41-0.3 (m, 4H); 0.15-0.05 (m, 2H); 0.04-

-0.04 (m, 2H). 

(vi) A solution of 3.0 g of the product from (v) in 30 ml of 2-propanol 

was hydrogenated in the presence of 0.3 g of 5% palladium on charcoal 

catalyst for 2 hours. The catalyst was removed by filtration and the 

solution was evapo1·ated. The residue was re-evaporated from 20 ml 

toluene and then dissolved in 50 ml of toluene. The solution was treated 

with 0.693 ml of triethylamine and the mixture was heated under reflux 
for 2 hours. The solution was cooled to room temperature and washed 

with 2M hydrochoric acid, water and saturated sodium chloride 
solution. After drying over anhydrous magnesium suphate the solv_e_n-'t ___ _ 

ilii1iiii1f 
I , 
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was evaporated to give 1.85 g of 4-tert-butyl hydrogen 2(R)-(cyclopropyl­
methyl)-3(R or 8)-((3,4,4-trimethyl-2,5-dioxo-1-imidazolidinyl)methyl]­
succinate as an approximately 6:1 mixture of diastereoisomers in the 
form of a yellow oil. 
MS: 383 CM+H)+; 
Rr [dichloromethane/methanol (9:1)] = 0.41. 

(vii) A solution of 1.0 g of the product from (vi) in 10 ml of dichloro­
methane was cooled· to oo and treated in succession with 0.665 ml ofN­
ethylmorpholine, 0".481 g of 1-hydroxybenzotriazole and 0.602 g of l-ethyl-
3-(3-dimethylaminopropyl)carbodiimide hydrochloride. The mixture 
was stirred at 0° for 30 minutes and then treated with 0.517 ml of 
piperidine. The solution was left to wa~ to room temperature and was 
stirred overnight. The solution was washed with 5% aqueous sodium 
hydrogen carbonate solution, 21\1 hydrochloric acid and saturated 
sodium chloride solution. After drying over anhydrous magnesium 
sulphate the solvent was evaporated to give 1.01 g of of 1-[2(R)-[l(R or 8)­
( tert-butoxycarbonyl )-2-( 3 ,4 ,4-trimethyl-2 ,5-dioxo-1-imidazolidinyl)ethyl]-
3-cyclopropyl propiony lJpi peri dine as an approximately 6:1 mixture of 
diastereoisomers in the form of a yellow gum. 
MS: 450 (M+H)+; 
Rr [dichloromethane/methanol (95:5)J = 0.51. 

(viii) A solution of 1.0 g of the product from (vii) in 2 ml oftrifluoroacetic 

acid was stirred at room temperatur~ for 2.5 hours. The solvent was 
evaporated and the residue was re-evaporated from toluene. The 
residue was dissolved in diethyl ether and the solution was extracted 
with two portions of 5% aqueous sodium hydrogen carbonate solution. 
The combined extracts were acidified to pH 2 with concentrated hydro­
chlonc acid and the product was extracted with two portions of dichloro­
methane. The combined organic extracts were washed with water and 
s.aturated sodium chloride solution and dried over anhydrous magne­
sium sulphate. The solvent was evaporated to give 0.634 g of a white 
foam containing 1-[2(R)-[l(R or 8)-carbo.xy-2-(3,4,4-trimethyl-2,5-dioxo-1-
imidazolidinyl)ethyl]-3-cyclopropylpropionyljpiperidine as a 6:1 mixture 
of diastereoisomers which was used in the next step without further 
purification. 
Rf [dichloromethane/methanol (9:1)J = 0.31. 
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(ix) A solution.of0.634 g of the product from (viii) in 10 ml ofdichloro­

methane wn:-4 cooled at 0°. The solution was treated in succession with 

0.41 ml of N "~thylmorpholine, 0.296gof1-hydroxybenzotriazole and 0.371 

g of 1-ethyl-:J-{3-dimethylaminopropyl)carbodiimide hydrochloride. The 

mixture w:i~ ~tirred at 0° for 30 minutes. A solution of 0.238gof0-

benzylhydruxylamine in 2 ml of dichloromethane was added. The 

mixture wn:4 left to warm to room temperature and was stirred over­

night. The 14olution was washed with two portions of 5% aqueous 

sodium hydt·o1.ten carbonate solution and subsequently with 2M hydro­

chloric acid. water and saturated sodium chloride solution. After 

drying over nnhydrous magnesium sulphate, the solvent was removed 

by evaporul.ion. The residue was purified by flash chromatography on 

silica gel usinJ.t dichloromethane/methanol (98:2) for the elution to give 

0.592 g of 1-1 ~l R>-[ l(R or S)-(benzyloxycarbamoyD-2-(3,4,4-triinethyl-2,5-

dioxo-1-imid:1t<>lidinyl)ethylJ-3_-cycIOpropylpropionylJpiperidine 

(diastereoiso1ner 1) as a white foam. 
nmr CMeODJ: 7.45-7.31 Cm. SH); 4.87 Cd, lH, J = 13); 4.79 Cd, lH, J = 13); 

3.78-3.65 (01. :JH); 3.63 Cdd, lH, J = 15, 8); 3.53-3.45 Cm, lH); 3.44 (dd, lH, J 
= 15,5); 3,34.:1.27 Cm. lH); 2.87 Cs, 3H); 2.84-2.78 (m, lH); 1.78-1.49 (m, 7H); 

1.49-1.40 (m, 1 I-D; 1.36 Cs, 3H); 1.32, Cs, 3H); 1.12-1.04 Cm, IH); 0.61-0.50 

(m, lH}; 0.48·0.37(m. 2H); 0.07- -0.06 (m, 2H). 

MS: 499 (l\1~·11 >+. 

Examp1e 2 

In a 111 :urne1· analogous to that described in the first paragraph of 

Example 1, from 0.391gof1-[2(R)-[1CR or S)-(benzyloxycarbamoyl)-2-

(3,4,4-trimet11yl·2,5-dioxo-1-imidazolidinyl)ethylJ-3-cyclopropyl­

propionyl]-4-pipcridinol (diastereoisomer 1), prepared in a manner 

analagous to 1.hat described in Example 1 (i)-(ix), there was obtained 0.33 

g of 1-(3-cyclnf>l'OPYl-2-(R)-[1 (R or 8)-(hydroxycarbamoyl)-2-(3,4,4-

trimethyl-2.fi·,lioxo-1-imidazolidinyl)ethyljpropionylJ-4-piperidinol 

(diastereoisofl\LH° 1) in the form of a white foam. 
nmr (Me00): .a.22-4.02 (m, 2H); 3.90-3.81 (m, .lH); 3.69-3.56 (m, lH); 3.49-

3.38(m, 2H); a.:17·3.18 (m,-2H); 3.11-3.01 (m, lH); 2.97-2.86 (m, lH); 2.83 

(d, 3H, J = 5>; !.!.O 1-1.78 Cm. 2H); 1.68-1.36 (m, 3H); 1.33 (s, 3H); 1.31 (d, 3H, 

J = 5); 1.24-1. J :I ( m, lH); 0.62-0.50 (m, lH); 0.49-0.33 (m, 2H); 0.09- -0.05 

(m, 2H); 
MS: 425(M+lI1•· 
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Example 3 

In a manner analogous to that described in the first paragraph of 

Example l, from 0.822 g of 3-[2(R)-[l(R or S)-(benzyloxycarbamoyl)-2-(3,4, 

4-trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl]-3-cyclopropyl]-3-azabicyclo­

[3.2.2]nonane (diastereoisomer 1), prepared in a manner analagous to 

that described in Example 1 (i)-(ix), there was obtained 0.496 g of 3-[3-

cyclopropyl-2(R)-[ l(R or S)-(hydroxycarbamoyl)-2-(3 ,4,4-trimethyl-2,5-

dioxo-1-imidazoli dinyl )ethylJpropionylJ-3-azabicyclo[3.2.2]nonane (dia­

stereoisomer 1) in the form of a white foam. 

nmr (MeOD): 4.0-3.l(m, 5H); 3.48-3.31 (m, 2H); 2.96-2.86 (m, lH); 2.82 (s, 

3H); 2.14-2.03 (m,2H); 1.80-1.68 (m, 4H); 1.68-1.53(m, 5H); 1.3~ (s, 3H); 

1.31 (s, 3H); 1.21-1.12 (m, lH), 0.64-0.52(m, lH); 0.45-0.33 Cm, 2H); 0.08-

-0.05 (m, 2H); 

MS: 449 CM+H)+. 

Example 4 

In a manner analogous to that described in the first paragraph of 

Example 1, from 0.6gof1-[2(R)-[l(R or S)-(benzyloxycarbamoyl)-2-(3,4,4-

trimethyl-2,5-dioxo-1-imidazolidinyl)ethylJ-3-cyclobutylpropionyl]­

piperidine (diastereoisomer 1), prepared in a manner analogous to that . 

described in Example 1 (i)-(ix), there was obtained 0.5gof1-[3-cyclobutyl-

2(R)-[1 (R or 8)-(hydroxycarbamoyl)-2-(3,4,4-trimethyl-2, 5-dioxo-1-

imidazolidinyl)ethylJpropionylJpiperidine (diastereoisomer 1) in the 

form of a white foam. 

nmr (MeOD): 3.67 (dd, lH, J = 15, 10); 3.64-3.46 Cm, 4H); 3.34 (dd, lH, J = 

15,8); 3.12 (td, lH, J = 13,3); 2.92-2.84 (ni. .. lH); 2.82 (s, 3H); 2.22-2.09 (m, 

lH); 2.07-1.93 (m, 2H); 1.90-1.42 Cm, 12H); 1.33 (s, 3H); 1.32 (s, 3H); 
~~~~~~~~-

MS: 423 (M+H)+. 

Example 5 

In a manner analogous to that described in the first paragraph of 

Example l, from 0.4gof1-[2(R)-[l(R or S)-(benzyloxycarbamoyl)-2-(3,4,4-

trimethyl-2,5-dioxo-1-imidazolidinyl)ethylJ-3-cyclobutylpropionyl]-4-

piperidinol (diastereoisomer 1), prepared in a manner analogous to that 

described in Example 1 (i)-(ix), there was obtained 0.294gof1-[3-cyclo-
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butyl-2(R)-[l(R or S)-(hydroxycarbamoyl}-2-(3,4,4-trimethyl-2,5-dioxo-1-

imidazolidinyl)ethyl]propionylJ-4-piperidino] in the form of a white 

foam . 
. nmr (MeOD): 4.15-4.05 (m, lH); 4.04-3.90 (m, lH); 3.90-3.80 (m, lH); 3.72-

3.57 (m, lH); 3.45-3.30 (m,2H); 3.18-3.06 (m, 2H); 2.94-2.85 (m,lH); 2.84 (d, 

3H, J = 5); 2.21-1.36 (m, 13H); 1.33 Cd, 3H, J = 3); 1.31(d, 3H, J = 6); 

MS: 439 CM+H)+. 

Example 6 

In a manner analogous to that described in the first paragraph of 

Example 1, from 0.642 g of 3-[2(R)-[l(R or S)-(benzyloxycarbamoyl)-2-

(3,4,4-trimethyl-2,5-dioxa-·1-imidazolidinyl)ethylJ-3-cyclobutyl]-3-aza­

bicyclo[3.2.2]nonane (diastereoisomer 1), prepared in a manner 

analogous to that described in Example 1 (i)-(ix), there was obtained 

0.348 g of 3-[3-cyclobutyl-2(R)-[l(R or S)-(hydroxycarbamoyl)-2-(3,4,4-

trimethyl-2,5-dioxo-1-imidazolidinyl)ethylJpropionyl]-3-azabicyclo[3.2.2]­

nonane (diastereoisomer 1) in the form of a white foam. 

nmr (MeOD): 3.92 3.83 Cm, 2H); 3.76 Cdd, lH, J = 15, 13); 3.67-3.57 Cm, 2H); 

3.34 (dd, lH, J = 15,5); 3.28-3.21 (m, lH); 2.96-2.87 Cm, lH); 2.83 (s, 3H); 

2.23-2.13 (m,lH); 2.12-1.92 (m, 4H); 1.91-1.48 (m,14H); 1.35(s, 3H); 1.34 (s, 

3H). 
MS: 463 CM+H)+. 

Example 7 

In a manner analogous to that described in the first paragraph of 

Example 1, from 0.5 g of 1-[2(R)-[l(R or S)-(benzyloxycarbamoyl)-2-(3,4,4-

. trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl]-3-cyclopentylpropionyl]-4-

piperidinol (diastereoisomer 1), prepared in a manner analogous to that 

described in Example 1 (i)-(ix), there was obtained 0.4gof1-[3-cyclo­

pentyl-2[(R)-[l(R or S)-(hydroxycarbamoyl)-2-(3,4,4-trimethyl-2,5-dioxo-1-

imidazolidinyl)ethylJpropionylJ-4-piperidinol (diastereoisomer 1) in the 

form of a white foam. 

nmr (MeOD): 4.20-4.02 (m, 2H); 3.91-3.83 (m, lH); 3.76-3.64 (m, 1H);3.48-

3.32 (m, 2H); 3.26-3.08 (m, 3H); 2.05-1.42 (m, 12H); 1.38-1.25 (m, 7H); 1.18-

1.01 (m, 3H); 

MS: 453 (M+H)+. 
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In a manner analogous to that described in the first paragraph of 

Example l, from 0.57 g of 3-[2(R)-[l(R or S)-(benzyloxycarbamoyl)-2-(3,4,4-

trimethyl-2,5-dioxo-1-imidazolidiny I )ethyl]-3-cyclopentyl]-3~azabicyclo­

[3.2.2]nonane (diastereoisomer 1), prepared in a manner analogous to 

.that described in Example 1 (i)-(ix), there was obtained 0.48 g of 3-[3-

cyclopentyl-2(R)-[ 1 (R or S)-(hydroxycarbamyl)-2-[3,4,4-trimethyl-2,5-

dioxo-1-imidazolidinyl)ethylJpropionylJ-3-azabicyclo[3.2.2]nonane 

(diastereoisomer 1) in the form of a white foam. 

nmr (MeOD): 3.88-3.67 (m, 5H); 3.39-3.31 (m, 2H); 2.92-2.85 (m, 4H); 2.15-

2.06 (m, 2H); 1.83 - 1.45 (m, 16H); 1.36-1.28 (m, 7H; 1.16-1.02 (m, 2H). 

MS: 477 (M+H)+. 

Example 9 

A solution of 0.421 g of an approximately 6: 1 mixture of diastereo­

isomer 1 and diastereoisomer 2of1-[2(R)-[l(R or S)-carboxy-2-(3,4,4-

trime thyl-2 ,5-dioxo-1-imid azol idi nyl)ethylJ-3-cyclopentyl propionyl]­

piperidine, prepared in a manner analogous to that described in 

Example l(i)-(viii), in 10 ml of dichJoromethane was cooled to 0°. The 

solution was treated with 0.211gof1-hydroxybenzotriazole, 0.24gof1-
... 

ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride and 0.22 ml . 

of N-methylmorpholine. The mixture was stirred at 0° for 15 minutes. . 

A solution of 0.295 g of 0-(tert-butyldimethylsilyl)hydroxylamine and 0.22 .. 

ml of N-methylmorpholine in 5 ml of dichloromethane was added. The 

mixture was left to warm to room temperature and was stirred over­

night. The solution was washed with two portions of 5% aqueous 

sodium hydrogen carbonate solution and subsequently with 2M hydro­

chloric acid and saturated sodium chloride solution. After drying over 

anhydrous magnesium sulphate, the solvent was evaporated. The 

residue was purified by flash chromatography on silica gel using 

dichloromethane/ methanol (96:4) for the elution to give 0.123 g of l-[3-

cyclopentyl-2(R)-[l(R or S)-(hydroxycarbamoyl)-2-(3,4,4-trimethyl-2,5-

dioxo-1-imidazolidinyl)ethylJpropionylJpiperidine Cdiastereoisomer 1) in 

the form of a white foam. 

nmr (MeOD): 3.74-3.66 Cm, 3H); 3.53-3.45 Cm, 2H); 3.34 (dd, J = 14,7,lH); 

3.23 (dt, J = 4, 14, lH); 2.90-2.84 (m, 4H); 1.80-1.45 (m, 14H); 1.38-1.23 (m, 

7H); 1.15-1.01 (m, 2H); 
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MS: 437 CM+H)+. 

Example 10 

In a manner analogous to that described in the first paragraph of 

Example 1, starting from 0.328gof1-[2CR)-[l(R or S)-(benzyloxycar­
bamoy])-2-(3,4,4-trimethyl-2,5-dioxo-1-imidazolidiny))ethyl]-3-cyclo­

hexylpropionyl]piperidine (diastereoisomer 1), prepared in a manner 

analogous to that described in Example 1 (i)-(ix), there was obtained 

0.269 g of 1-[3-cyclohexyl-2(R)-[l(R or S)-(hydroxycarbamoy))-2-(3,4,4-

trimethyl-2,5-dioxo-1-imidazol idinyl )ethy l]propionyl]piperidine 

(diastereoisomer 1) in the form of a white foam. 

nmr(MeOD): 3.87-3.77 Cm, 2H); 3.7 Cdd, J = 14,9,lH); 3.64-3.56 (m, 2H); 
3.38-3.28 (m, 2H); 2.9-2:83 (m, 4H); 1.84-1.45 (m, 12H); l.35(s, 3H); 1.33 (s, 

3H); 1.25-1.05 (m, SH); 0.98-0.78 Cm, 2H). 

MS: 451 CM+H)+. 

Example 11 

In a manner analogous to that described in Example 9, starting 

from 0.8gof1-[2(R)-[l(R or S)-carboxy-2-(3,4,4-tiimethyl-2,5-dioxo-1-

imidazolidinyl)ethylJ-3-cyclopentylpropionylJ-tetrahydro-l,4-thiazine 

(diastereoisomer 1), prepared in a manner analogous to Example 1 (i}­

(viii), there was obtained 0.3 g of 4-[3-cyclopentyl-2(R)-[1-(R or 8)­

(hydroxycarbamoyl )-2-( 3 ,4,4-trin1ethyl-2,5-dioxo-1-imidazolidinyl)ethyl]­

propionyl]-tetrahydro-1,4-thiazine (diastereoisomer 1) in the form of a 

white foam. 

nmr (MeOD): 4.02-3.96 (m, 2H>; 3.92-3.85 Cm, 2H); 3.7 (dd, J = 13,9,lH); 

3.37 (dd. J = 13,6,lH); 3.25-3.18 (m, lH); 2.9-2.84 (m, 4H); 2.82-2.75 (m, 

lH); 2.7-2.55 (m, 3H); 1.78-1.45 Cm. SH); 1.35 (s, 3H); 1.34 (s, 3H); 1.18-1.04 
(m, 2H). 

MS: 455 CM+H)+. 

liii1iimlif Example 12 

In a manner analogous to that descdbed in Example l, starting 

from 0.3 g of 4-[2(R)-[1CR or S)-(benzyloxycarbamoyl)-2-(3,4,4-trimethyl-

2,5-dioxo-1-imidazolidinyl )ethylJ-3-cyclopentyl propionyl]-tetrahydro-1,4-
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thiazine S,S-dioxide (diastereoisomer 1), prepared in a manner 

analogous to that described in Example 1 (i)-(ix), there was obtained 0.2 g 

of 4-[3-cyclopentyl-2(R)-[1-(R or S)-(hydroxycarbamoyl)-2-(3,4,4-trimethyl-

2,5"-dioxo-1-imidazolidiny 1 )ethyIJpropionylJ-tetrahyd~o-1,4-thiazine S,S 

dioxide (diastereoisomer 1) in the form of a white solid. 

nmr (MeOD): 4.45-4.3 (m, 2H); 4.0-3.93 (m, lH); 3.78-3.65 (m, 2H); 3.55-

3.39 (m, 2H); 3.30-3.21 (m, 2H); 3.14-3.03 (in, 2H); 2.9-2.85 (m, 4H); 1.78.; 

1.45 (m, 9H); 1.36 (s, 3H); 1.34 (s, 3H); 1.18-1.0 (m, 2H). 

MS: 487 (M+H)+. 

Example 13 

In a ~anner analogous to that described in Example 9, starting 

from 0.8gof1-[2(R)-[l(R or S)-carboxy-2-(3,4,4-t1;methyl-2,5-dioxo-1-

imidazolidinyl)ethylJ-3-cyclobutylpropionyl]-tetrahydro-1,4-thiazine 

(diastereoisomer 1), prepared in a manner analogous to Example 1 (i)­

(viii), there was obtained 0.24 g of 4-[3-cyclobutyl-2(R)-[1-(R or S)­

(hydroxycarbamoyl)-2-(3,4,4-trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl]­

pr0pic·!"ly1]-tetrahydro-l,4-thie!z1ne (dLl.s:zreoisomer 1) in the form of a 

white solid. 

nmr (MeOD>: 3.98-3.75 Cm, 4H); 3.64 Cdd, J = 13,8,lH); 3.35 (dd, J = 
15,6,lH); 3.07 (td, J = 10,4,lHJ; 2.9-2.83 (m, lH); 2.82 (s, 3H); 2.78-2.72 (m, 

lH); 2.66-2.52 (m, 3H); 2.18-2.08 (m, lH); 2.05-1.93 (m, 2H); 1.85-1.45 (m, 

6H); 1.13 Cs, 3H); 1.11 Cs, 3H). 

MS: 441 CM+H)+. 

Example 14 

In a manner analog<?us to that desci;bed in Example 9, starting 

from 1.22gof1-[2(R)-[l-(R or S)-carboxy-2-(3,4,4-trimethyl-2,5-dioxo-1-

imidazolidinyl)ethyl]-3-cyclohexylpropionylJ-tetrahydro-l,4-thiazine 

(diastereoisomer 1), prepared in a manner analogous to Example 1 (i)­

(viii), there was obtained 0.45 g of 4-[3-cyclohexyl-2(R)-[l(R or S)­

(hydroxycarl:?~moyl)-2-( 3 ,4,4-ti;methyl-2,5-di oxo-1-imidazolidinyl)ethyl]­

propionyl]-tetrahydro-1,4-thiazi ne( diastereoisomer 1) in the form of a 

white solid. 

nmr (MeOD): 4.12-4.03 (m, 2H); 3.95-3.88 (m, lH); 3.75-3.65 (m, 2H); 3.38 

(dd, J = 14,6,IH); 2.88-2.82 (m, 4HJ; 2.78-2.72 Cm, lH); 2.68-2.55 Cm, 3H); 

1.82-1.53 Cm, 7H); 1.35 Cs, 3H); 1.34 Cs, 3H); 1.26-0.8 (m, SH); 
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Example 15 

In a manner analogous to that described in Example 9, from 
1.164 g of a mixture of diastereoisomers of 3-[2(R)-[l(RS)-carboxy-2-(3,4,4-

. trimethyl-2 ,5-dioxo-1-imidazolidinyl )ethy1J-3-cyclopentylpropionyl]-5,5-
dimethyl· N-propyl-4(R)-thiazolidineca rboxamide, prepared in a manner 
analogous to that described in Example 1 (i)-(viii), there was obtained 
0.329 g of 3-[3-cyclopentyl-2(R)-[ l(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl )ethyl]propionyl]-5,5-dimethyl-N­
propyl-4(R)-thiazolidineca rboxami de (diastereoisomer 1) in the form of a 
white solid. 

nmr (MeOD): 5.09-4.72 Cm, 28); 4.51 and 4.46 (both s, total lH); 3.84 and 
3.64 (both dd, J = 14,8,lH); 3.40-3.05 (m, 4H); 2.90-2.73 (m, 4H); 1.94-1.25 
(m, 23H); 1.23-1.01 (m. 2H); 0.99-0.85 (m, 3H); 
MS: 554 CM+H)+. 

Example 16 

In a manner analogous to that described in the first paragraph of 
Example 1, from 0.223 g of 4-f2(R)-[R or S)-(benzyloxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imi dazolidinyl)ethylJ-3-cyclopentyl propionyl]­
morpholine (diastereoisomer 1 ), prepared in a manner analogous to that 
described in Example 1 (i)-(ix), there was obtained 0.112 g of 4-[3-
cyclopentyl-2(R)-[l(R or S)-(hydroxycarbamoyl)-2-(3,4,4-trimethyl-2,5-

dioxo-1-imidazolidinyl )ethylJpropionylJmorpholine (diastereoisomer 1) 
in the form of a white solid. 

nmr (MeOD): 3.83-3.56 (m, 9H); 3.41(dd,J=14,6, lH); 3.19 (dt, J = 
4,11,lH); 2.91-2.81(m,4HJ; 1.77-1.42 Cm, SH>; 1.38-1.23 Cm, 7H); 1.19-0.99 
(m, 2H); 

MS: 439· (M+H)+. 

Example 17 

In a manner analogous to that described in Example 9, from 
1.289 g of a mixture of diastereoisomers of 3-[2(R)-[l(RS)-carboxy-2-(3,4,4-
trimethyl-2,5-dioxo-1-imi dazolidi nyl )ethylJ-3-cyclopentylpropionylJ-N ,5,5-
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trimethyl-4(R)-thiazo1idinecarboxamide (diastereoisozner-1);·-prepared in 

a manner analogous to that described in Example 1 (i)-(viii), there was. 
obtained 0.629 g of 3-[3-cyclopentyl-2(R)-[l(R or S)-(hydroxycarbamoyl)-2- . 

(3,4,4-trimethyl-2,5-dioxo-l-imidazolidinyl)ethylJpropionyl]-N,5,5-

trimethyl-4(R)-thiazolidinecarboxamide (diastereoisomer 1) in the form 

of a white solid. 
nmr (MeOD): 4.09-4.51 (m, 2H); 4.47 and 4.43 (both s, total lH); 3.82 and 

3.62 (both dd, J = 14,10, total lH); 3.37 and 3.17 (both dd, J = 14,5, total 
lH); 3.13-2.70 (m, SH); 1.96-1.25 Cm, 21H); 1.23-0.99 (m, 2H); 

MS: 526 CM+H)+. 

Example 18 

--
In a manner analogous to that described in the first paragraph of 

Example 1, from 0.289 g of 1-[2CR)-[ HR or S)-(benzyloxycarbamoyl)-2-
(3,4,4-trimethyl-2,.5-dioxo-1-imidazolidinyl)ethylJ-3-cyclobutylpropionyl]-

4-phenylpiperazine (diastereoisomer 1), prepared in a manner 

analogous to that described in Example 1 (i)-(ix), there was obtained 

0.121gof1-[3-cyclobuty1-2(R)-[1CR or S)-[(hydroxycarbamoyl)methyl]-2-
(3,4 ,4-trimethyl-2,5-dioxo-1-i midazolidinyl )ethylJpropionyl]-4-phenyl­

piperazine (diastereoisomer 1) in the form of a white solid. 
nmr (MeOD): 7.25 (m, 2H); 7.00 (m, 2H); 6.85 (m, lH); 3.94-3.73 (m, 4H); 

3.66 (dd, J = 14,7,lH); 3.43 Cdd, J = 14,6, lH); 3.23-3.09 (m, 4H); 2.96-2.84 
(m, lH); 2.84 (s, 3H); 2.27-2.13 Cm, lH); 2.09-1.95 (m, 2H); 1.90-1.48 (m, 

6H); 1.35 (s, 3H); 1.34 (s, 3H); 

MS:499 CM)+. 

ExampJe 19 

In a manner analogous to that described in the first paragraph of 
Example 1, from 0.455 g of 4-[2(R)-[HR or SJ.-benzyloxycarbamoyl}-2-

(3 ,4,4-trimethyl-2 ,5-dioxo-1-imi d azo Ii di nyl )ethy lJ-3-cyclobu tylpropionyl]­

morpholine (diastereoisomer 1 ), prepared in a manner analogous to that 
described in Example 1 (i)-(ix), there was obtained 0.194_g of 4-[3-cyclo­

butyl-2(R)-[l(R or 8)-(hydroxycarbamoyl)-2-(3,4,4-tdmethyl-2,5-dioxo-1-

imidazolidinyl)ethylJpropiony]Jmorpholine (diastereoisomer 1) in the 
form of a white solid. 

11niiii1i11nr 
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nm . . - .51 (m, 9H); 3.42 Cdd, J = 14,6,lH); 3.14-3.06 (dt, J = 
4,11,lH); 3.04-2.86 (m, lH); 2.85 (s, 3H); 2.23-2.11 (m, lH); 2.06-1.95 (m, 

2H); 1.91-1.73 (m, 2H); 1.71-1.46 Cm, 4H); 1.35 (s, 3H); 1.34 (s, 3H); 

MS:425 CM)+. 

Example 20 

In a manner analogous to that desclibed in the first paragraph of 

Example 1, from 0.625gof1-[2(R)-[l(R or S)-benzyloxycarbamoyl)-2-

(3,4,4-trimethyl-2,5-dioxo-1-imidazolidinyl)ethylJ-3-cyclobutylpropionyl]-· 

pyrrolidine (diastereoisomer 1), prepared in a manner analogous to that 

described in Example 1 (i)-(ix), there was obtained 0.384 g of 1-[3-

cyclobutyl-2(R)-[l(R or S)-(hydroxycarbamoyl>-2-(3,4,4-trimethyl-2,5-

dioxo-1-imidazolidinyl )ethylJpropionylJmorpholine (diastereoisomer 1) 

in the form of a white solid. 
nmr (MeOD): 3.77-3.69 (m, lH); 3.61 Cdd, J = 14,6,lH); 3.53-3.44 (m, 2H); 

3.39-3.31 (m, 2H); 2.93-2.85 (m, 2H); 2.84 Cs, 3H); 2.26-2.13 (m, lH); 2.07- · 

1.71 (m, SH); 1.69-1.46 (m, 4H); 1.36 Cs, 3H); 1.33 Cs, 3H);. _. -------~ 
MS:409 (M+H)+. 

Example 21 
:,··. 

In a manner analogous to that described in the first paragraph of 

Example l, from 0.176 g of 8-[2(R)-[1CR or S)-benzyloxycarbamoyl)-2_. : 

(3,4,4-trimethyl-2,5-dioxo-1-imidazolidinyl)ethylJ-3-cyclobutylpropionyl]- · 

l,4-dioxa-8-azaspiro[ 4,5]decane (diastereoisomer 1), prepared in a 

manner analogous to that described in Example 1 (i)-(ix), there was 
obtained 0.084 g of 8-[3-cyclobutyl-2(R)-[l(R or S)-(hydroxycarbamoyl)-2-

(3,4,4-trimethyl-2,5-dioxo-1-imidazolidinyl)ethylJpropionyl]-l,4-dioxa-8-

azaspiro[4,5]decane (diastereoisomer 1) in the form of a white solid. 
nmr (MeOD): 4.02 (s, 4H); 3.81-3.60 Cm, 5H); 3.99 (dd, J = 14,6,lH); 3.20-
3.10 (m, lH); 2.93-2.85 {m, lH); 2.84 {s, 3H); 2.21-2.09 (m, lH); 2.06-1.93 

(m, 2H); 1.80-1.46 (m, lOH); 1.35 Cs, 3H); 1.33 (s, 3H); 
MS:481 (M+H)+. 

Example 22 

In a manner analogous t.o that described in the first paragraph of 

Example 1, from 0.443 g of 1-[2(H.)-[ HR or S)-benzyloxycarbamoyl)-2-

(3,4,4-trimethyl-2,5-dioxo-1-imidazolidinyl)ethylJ-3-cycJobutylpropionyl]-
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~-Dlethoxypiperidine (diastereoisomer 1) there was obtained 0.319gof1-

,· ·[3-cyclobutyl-2(R)-[l(R or S)-(hydroxycarbamoyl)-2-(3,4,4"'.trimethyl-2,5-

. dioxo-l-imidazolidinyl)ethylJpropionylJ-4-methoxypiperidine 

(diastereoisomer 1) in the form of a white solid. 

nmr (MeOD): 3.96-3.80 (m, 2H); 3.69-3.59 (m, lH); 3.54-3.23 (m, 7H); 3.18-

3.09 (m, lH); 2.93-2.80 (m, 4H); 2.21-2.09 (m, lH); 2.07-1.41(m,12H); 1.41-

. 1.38 (m, 6H); 
MS:453 (M+H)+. 

The starting material was prepared as follows 

(i) A solution of 0.925gof1-[2(R)-[l(R or S)-(tert.butoxycarbonyl)-2-

(3,4,4-trimethyl-2,5-dioxo-1-imidazolidinyl)ethylJ-3-cyclopropylpropion­

ylJ-4-hydroxypiperidine in 8 ml of ~imethylformamide was treated with 

1.08 g of methyl iodide and 1.79 g of silver oxide. The mixture was 

stirred at room temperature in the dark for 2 days. Additional portions 

of0.54 g of methyl iodide and 0.895 g of silver oxide were then added and 

the mixture was stirred for a further 3 days. The solvent was evaporated 

and the residue was suspended in ethyl acetate and filtered. The ethyl 

acetate solution was concentrated and the residue was purified by flash 

chromatography on silica gel using ethyl acetate for the elution. There 

was obtained 0.61gof1-[2(R)-[1CR or S)-(tert.butoxycarbonyl)-2-(3,4,4-

trimethyl-2,5-dioxo-1-imidazol i di nyl )ethylJ-3-cyclobutyl propionylJ-4-

methoxypiperidine in the form of a colourless gum. 

(ii) In a manner analogous to that described in Example 1 (viii)-(ix) 

from 0.61gof1-[2(R)-[l(R or S)-{tert.butoxycarbonyD-2-(3,4,4-trimethyl-

2 ,5-dioxo-1-imidazoli diny 1 )ethy lJ-3-cyclobu tyl pro pi onylJ-4-methoxypiperi­

dine there was obtained 0.443gof1-[2(R)-[l(R or S)-(benzyloxycarbam­

oyD-2-(3,4,4-trimethyl-2,5-dioxo-1-imi dazoli dinyl )ethylJ-3-cyclobu tyl­

propionyl]-4-methoxypi peridine (diastereoisomer 1) in the form of a 

colourless gum. 

Example 23 

In a manner analogous to that described in the first paragraph of 

Example 1, from 0.94gof1-[2CR)-[l(RS)-benzyloxycarbonoyl)-2-(3,4,4-

trimethyl-2,5-dioxo-l-imidazolidinyl)cthylJ-3-cyclobutylpropionyl]­

octahydroazocine (diastereoisomer l ), prepared in a manner analogous 



THIS SHEET HAS BEEN 
REPLACED 28 

to that described in Example 1 (i)-(ix), there was obtained 0.663 g of l-[3-

cyclobutyl-2CR)-[ l(R or 8)-(hydroxyca rbamoyl )-2-(3,4,4-trimethyl-2,5-

dioxo- l-imidazolidinyl )ethy lJpropionyl Joctahydroazocine ( diastereo­

isomer 1) in the form of a white solid: 

nmr CMeOD): 3.77 (dd, J = 14,10,lH); 3.66-3.43 Cm, 4H); 3.33 (dd, J = 
_14,5,lH); 3.07 Cdt, J = 10,4,lH); 2.91-2.81 Cm, 4H); 2.29-2.16 Cm, lH); 2.10-

1.95 (m, 2H); 1.90-1.46 (m, 16H); 1.34 (s, 6H); 

M8:451 CM+H)+. 

Example 24 

In a manner analogous to that described in the first paragraph of 

Example 1, from 0.37gof1-[2(R)-[l(R or 8)-benzyloxycarbamoyl)-2-(5,5-

dimethyl-2,4-dioxo-3-oxazolidinyl)ethylJ-3-cyclobutylpropionyl]piperidine 

Cdiastereoisomer 1), prepa1~ed in a manner analogous to that described 

in Example 1 (v)-(ix) using 3-(bromomethyl)-5,5-dimethyloxazolidine-2,4-

dione in place of 1-(bromomethyl)-3,4,4-ti;methyl-2,5-imidazolinedione, 

there was obtained 0.131gof1-[3-cyc1obutyl-2CR)-[l(R or S)-(hydroxycar­

bamoyl)-2-(5,5-dimethyl-2,4-dioxo-3-oxazolidinyl)ethyl]propionyl]­

piperidine (diastereoisomer 1) in the form of a white solid: 

nmr (MeOD): 3.72-3.53 (m, 5H): 3.39 (dd, J = 14,6,lH), 3.14 (dt, J = 
10,4,lH); 2.95-2.86 Cm, lH); 2.23-2.11 Cm, lH); 2.08-1.94 (m, 2H); 1.90-1.44 

(m, 18H); 

MS:410 CM+H)+. 

Example 25 1iiffli1Uied 
In a manner analogous to that described in the first paragraph of 

Example 1, from 0.42gof1-[2CR)-[HR or S)-benzyloxycarbamoyD-2-(3,4,4-

trimethyl-2,5-dioxo-1-imidazolidinyl)ethylJ-3-cyclobutylpropionyl]hexa­

hydroazepine (diastereoisomer 1), prepared in a manner analogous to 

that described in Example 1 (i)-(ix), there was obtained 0.197gof1-[3-

cyclobutyl-2(R)-[l(R or 8)-(hydroxycarbamoyl}-2-(3,4,4-trimethyl-2,5-

dioxo-1-imidazolidinyl)ethyljpropionyljhexahydroazepine (diastereo­

isomer 1) in the form of a white solid: 

nmr (MeOD): 3.77-3.64 (m, 2H); 3.62-3.45 (m, 3H); 3.33 (dd, J = 14,5,lH); 

3.07 (dt, J = 10,4,lH); 2.91-2.81(m,4H); 2.24-2.13 (m, lH); 2.09-1.95 (m, 

2H); 1.90-1.47 Cm, 14H); 1.35 Cs, 3H); 1.34 (s, 3H); 

M8:437 (M+H)+. 
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Examp)e 26 

In a manner analogous to that described in the first paragraph of 
Example l, from 0.37gof1-[2(R)-[l(R or S)-benzyloxycarbamoyl)-2-
(hexahydro-l,3-dioxopyrazolo[ 1,2-aJ[ 1,2 ,4 Jtriazol-2-yl )ethyl]-3-cyclo-
butyl propionyl.Jpi peridine Cdiastereoisomer 1), prepare.din a manner· 
analogous to that described in Example 1 (i)-(ix), using 2-(bromomethyl)­

hexahydro-1,3-dioxopyrazolo[ 1,2-aJ l,2,4Jtriazole, there was obtained 
0.118gof1-[3-cyclobutyl-2(R)-[2-(hexahydro-l,3-dioxopyrazolo[l,2-a]-
[ l,2,4]triazol-2-y])- l(R or 8)-(hydroxycarbamoyl)ethyl]propionyl]­
piperidine in the form of a white solid. 
nmr (MeOD): 3.68-3.56 (m,BH >; 3.52-3.39 (m,2H); 3.17-3.09 (m, lH); 2.97-
2.90 (m,lH); 2.35-2.27 (m,2H); 2.21-2.11(m,lH>;2.07-1.95 CM,2H); 1.88-1.44 
(m,12H) 
MS:422 CM+H)+. 

Example 27 

In a manner analogous to that described in the first paragraph of 
Example 1, from 0.222gof1-[2(R or S>-Cbenzyloxycarbarnoyl)-2-phthal­
imidoethyl]-3-cyclobutylpropionylJpiperidine prepared in a manner 
analogous to that desc1;bed in Example l(i)-(ix) using N-(bromomethyl)­
phthalimide, there was obtained 0.013gof1[3-cyclobutyl-(2(R)-[l(R or S)­
(hydroxycarbamoyl)-2-phthalimidoethylJpropionylJpiperidine (diastereo­

isomer 1) in the form of a white solid. 
nmr(MeOD): 7.87-7.75 (m.4H); 3.83 Cdd,J = 14.8,lH); 3.66-3.58 (m,3H); 
3.53-3.45 (m,lH); 3.35-3.25 (m,lH); 3.20-3.12 (m,lH); 3.04-2.97 (m,lH); 
2.23-2.11 (m,lH); 2.08-1.95 {m,2H); 1.89-1.41 (m,12H); 
MS:428 (M+H)+ 

The following Examples illustrate pharmaceutical preparations 

containing the hydroxamic acid derivatives provided by the present 
invention: 

Example A 

Tablets containing the following ingredients may be produced in a 

conventional manner: 
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Hydroxamic acid derivative 
Lactose 
Com starch 
Talc 
Magnesium stearate 

Total weight 

Example B 

Per tablet 

10.0 mg \ 
125.0 mg 
75.0mg 
4.0 mg 
1.0mg 

215.0 mg 

Capsules containing the following ingredients may be produced in 
a conventional manner: 

Ingredient 

Hydroxamic acid derivative 
Lactose 
Corn. starch 
Talc 

Capsule fill weight 

Per capsule . 

10.0 mg 
165.0mg 
20.0 mg 
5.0mg 

200.0 mg 

\ 
\ • 
' \ . 
' 
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(I) 

Rl represents cyclopropyl, cyclobutyl, cyclopentyl or cyclohexyl; 

R2 represents a saturated 5- to 8-membered monocyclic or bridged 

N-heterocyclic ring which is attached via the N .atom and which, 
when it is monocyclic, optionally contains NR4, 0, S, SO or S02 as 

a ring member and/or is optionally substituted on one or more C 

atoms by hydroxy, lower alkyl, lower alkoxy, oxo, ketalized '?XO,· 

amino, mono(lo,,•er alky})amino, di<lower alkyl) amino, carboxy, 

lower alkoxycarbonyl, hydroxymethyl, lower alkoxymethyl, .. 

carbamoyl, monoClower alkyl)-carbamoyl, di(lower 

alkyl)carbamoyl or hydroxyimino; 

R3 represents a 5- or 6-membered N-heterocyclic ring which (a) is 

attached via the N atom, (b) optionally contains N, 0 and/or S, SO 

or S02 as a additional ring member, (c) is substituted by oxo on 

one or both C atoms adjacent to the linking N atom and Cd) is 

optionally benz-fused or optionally substituted on one or more 

other C atoms by lower alkyl or oxo and/or on any additional N 

atom(s) by lower alkyl or aryl; 

R4 represents hydrogen, lower alkyl, aryl, aralkyl or a protecting 

group; 

m stands for 1or2; and 

n stands for 1-4; 

and pharmaceutically acceptable salts thereof. 

2. Compounds according to claim 1, wherein Rl represents 

cyclopropyl, cyclobutyl or cyclopentyl; R2 represents a 5-, 6- or 7-
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membere monocyclic or ridged· N-heterocyclic ring which is attached 
via the N atom and which, when it is monocyclic, optionally contains 
NR4, 0, S, SO or S02 as a 1;ng member and/or is optionally substituted 

on one or more C atoms by hydroxy, lower a1kyl, lower alkoxy, oxo, 
ketalized oxo, amino, monoOower alkyl)amino, di(lower alkyl) amino, 
carboxy, lower alkoxycarbonyl, hydroxymethyl, lower alkoxymethyl, 
carbamoyl, mo~oOower alkyI>-carbamoyl, di(lower alky}}carbamoyl or· 
hydroxyimino; R3 represents a 5- or 6-membered N-heterocyclic ring 
which (a) is attached via the N atom, (b) optionally contains N, 0 and/or 
Sas an additional ring member in a position or positions other than 
adjacent to the linking N atom, (c) is substituted by oxo on one or both C 
atoms adjacent to the linking N atom and (d) is optionally benz-fused or -
optionally substituted on one or more other C atom.!? by ]ower alkyl or oxo 
and/or on any additional N atom(s) by lower alkyl or aryl; and R4 
represents hydrogen, lower alkyl or a protecting group . 

• 
3. Compounds according to claim 1 or claim 2, wherein R2 

represents 1-pyn-olidinyl, piperidino, 4-aryl-1-piperazinyl, morpholino, 
tetrahydro~ l,4-thiazin-4-yl, tetrahydro-1,4-thiazin-4-yl 1, 1-dioxide, ·. 
thiazolidin-3-yl, hexahydroazepino or octahydroazocino optionally 
substituted on one or more C atoms by hydroxy, lower alkyl, lower 
alkoxy, ketalized oxo or mono(lower alkyl>-carbamoyl; or 3-azabicyclo­
[3.2.2Jnonane. 

4. Compounds according to claim 3, wherein R2 represents 
piperidino or hydroxypiperidino. 

5. Compounds according to claim 4, wherein hydroxy-
piperidino is 4-hydroxypiperidino. 

6 Compounds according to any one of claims 1 to 5, wherein 
R3 represents a group of the formula 

11iifliilf 
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0 0 
Rs R1....._N~ 

0 

~ N- I N- or 

Re xi( . N N-
R7/ 'z/ 

0 0 

(b) (c) (h) 

wherein R5 and R6 each i·epresent hydrogen or together represent 

an additional bond or the remainder of a fused benzene ring; R7 

represents hydrogen, lower alkyl or aryl; X represents -CO-, 

-CH2-, -CH(lower alkyl)-, -CClower alkyl}2-. -NH-, -N(lower alkyl)-

or -0-; or, when R7 represents lower alkyl and X represents 

-NOower alkyl)-, the lower alkyl groups can be joined to form a 5-, 

6- or 7-membered ring; and Z ·represents S, SO or 802. 

7. Compounds according to claim 6, wherein R3 represents a 

group of formula c), R7 represents lower alkyl and X represents -C(lower 

alkyl)2-. 

8. Compounds according to claim 7, wherein R3 represents 

3,4,4-trimethyl-2,5-dioxo-1-imidazolidinyl. 

9. Compounds according' to any one of claims 1 to 8, wherein 

m and n stand for 1. 

10. 1-[3-Cyclopropyl-2(R)-[1(R or S)-(hyd1·oxycarbamoyl)-2-(3,4,4- · 

trimethyl-2,5-dioxo-1-imid azol idi nyl )ethyljpropionylJpiperidine. 

11. 1-[3-Cyclopropyl-2-(R)-[1 CR or S)-(hydroxycarbamoyU-2-

(3,4,4-trimethyl-2,5-dioxo-1-imidazolidinyl)ethylJpropionyl]-4-piperidinol. 

12. 1-[3-Cyclobutyl-2CR)-[1 CR or S)-(hydroxyca1·bamoyl)-2-(3,4,4-

trimethyl-2,5-dioxo-1-imidazolidinyl )ethylJpropionylJpiperidine. 

13. 1-[3-Cyclobutyl-2CR)-[l(R or S)-(hydroxycarbamoyl}-2-(3,4,4-

trimethyl-2,5-dioxo-1-imidazolidinyl)ethylJpropionylJ-4-piperidinol. 
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* C L M S * 



THIS SHEET HAS BEEN 
REPLACED 34 

14. t-[3-Cyclopentyl-2[CR)-[ HR or 8)-(hydroxycarbamoyl)-2-

(3,4,4-trimethyl-2,5-dioxo-1-imidazolidinyl)ethylJpropionyl]-4-piperidinol. 

15. 1-( 3-Cyclopen ty l-2(R)-[1 ( R or 8 )-(hydroxycarbamoyl)-2-(3,4,4-

trimethyl-2,5-dioxo-1-imid azolidinyl )ethylJpropionyl]piperidine. 

16. A compound according to claim 2, selected from: 

3-[3-Cyclobutyl-2(R)-[1CR or 8)-(hydroxycarbamoyl}-2-(3,4,4-

trimethyl-2,5-dioxo-1-imidazolidinyl)ethylJpropionyl]-3-azabicyclo[3.2.2]-

nonane, 
3-[3-cyclopropyl-2(R)-[l(R or 8)-(hydroxycarbamoyl)-2-(3,4,4-

trimethyl-2,5-dioxo-1-imidazolidinyl)ethylJpropionyl]-3-azabicyclo[3.2.2]­

nonane --and 

3-[3-cyclopentyl-2CR)-[ 1 CR or 8 )-(hydroxycarbamoyl)-2-[3,4,4-

trimethyl-2 ,5-dioxo-1-imi dazol i dinyl )ethy lJpropionylJ-3-azabicyclo­

[3 .2.2]nonane. 

17. A compound according to claim 1, selected from: 

1-[3-cyclohexyl-2(R)-[l(R or 8)-(hydroxycarbamoyl)-2-(3,4,4-

trimethyl-2,5-dioxo-1-imi dazol idi nyl )ethylJpropionylJpiperidine, 

4-[3-cyclopentyl-2CR)-[1CR or 8)-(hydroxycarbamoyl}-2-(3,4,4-

trimethyl-2,5-dioxo-1-imidazoli di nyl )ethylJpropionylJtetr~hydro-1,4-

thiazine, 
4-[3-cyclopentyl-2{R)-[l(R or 8)-(hydroxycarbamoyl)-2-(3,4,4-

trimethyl-2,5-dioxo-1-imidazolidinyl )et hylJpropionylJtetrahydro-1,4-

thiazine S,S-dioxide, 
4-[3-cyclobutyl-2(R)-[l(R or 8)-(hydroxycarbamoyl)-2-(3,4,4-

trimethyl-2,5-dioxo-1-imidazolidinyl )ethylJpropionylJtetrahydro-1,4-

thiazine, 
4-[3-cyclohexy1-2(R)-[l(R or 8)-(hydroxycarbamoyI>-2-(3,4,4-

trimethyl-2,5-dioxo-1-imidazolidinyl )ethylJpropionylJtetrahydro-1,4-

thiazine, 
3-[3-cyclopentyl-2(R)-[l(R or 8)-(hydroxycarbamoyl}-2-(3,4,4-

trimethyl-2,5-dioxo-1-imidazolidinyl)ethylJpropionyl]-5,5-dimethyl-N­

propyl-4(R)-thiazolidineca rboxamide, 

4-[3-cyclopentyl-2(R)-[ 1 CR or 8)-(hydroxycarbamoyl)-2-(3,4,4-

trimethyl-2,5-dioxo-1-imida zolidinyl )ethylJpropionylJmorpholine, 

_.··.; .. 
-.. ; 
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3-[3-cyclopentyl-2CR)-[ HR or 8)-(hydroxycarbamoyl)-2-(3,4,4-

trimethyl-2,5-dioxo-1-imidazol idi nyl )ethyl JpropionylJ-N ,5,5-trimethyl-

4(R)-thiazolidinecarboxami de, 

4-[3-cyclobutyl-2(R)-[l(R or S)-(hydroxycarbamoyl}-2-(3,4,4-

trimethyl-2 ,5-dioxo-1-imi dazolidinyl )ethy lJpropionyl]-4-phenyl­

piperazine, 

4-[3-cyclobu tyl-2CR)-[ 1 CR or 8)-(hydroxycarbamoyl)-2-(3,4,4-

trimethyl-2,5-dioxo-1-imidazolidinyl )ethylJpropionyl]morpholine, 

1-[3-cyclobutyl-2(R)-[l(R or 8)-(hydroxycarbamoyl)-2-(3,4,4-

trimethyl-2,5-di oxo-1-imidazol i dinyl )ethylJpropionylJpyrrolidine, 

8-[3-cyclobutyl-2(R)-[1CR or 8)-(hydroxycarbamoyl)-2-(3,4,4-

trimethyl-2,5-dioxo-1-imi dazoHdiny I )ethylJpropi onyl]-1,4-dioxa-8-

azaspiro[ 4,5]decane, 

1-[3-cyclobutyl-2(R)-[l(R or 8)-(hydroxycarbamoyl)-2-(3,4,4-

trimethyl-2,5-dioxo-1-imi dazol id1nyl )ethylJpropionylj-4-

methoxypi perid i ne, 

ftEPLACEO .. 

1-[3-cyclobutyl-2(R)-[1CR or S)-(hydroxycarbamoyl)-2-(3,4,4-

trimethyl-2,5-dioxo-1-imidazoli di ny] )ethylJpropi onyljoctahydroazocine, 

1-[3-cyclobutyl-2CR)-[ HR or S)-(hydroxycarbamoyl)-2-(5,5-dimethyl-

2,4-dioxo-3-oxazo lid inyl )ethy 1Jpropi onyljpi peridine, 

1-[3-cyclobutyl-2(R)-[l(R or 8)-(hydroxycarbamoyl)-2-(3,4,4-

trimethy 1-2,5-dioxo-1-i mid a zoli di nyl )ethylJpropi onylJhexahydroazepine, 

1-[3-cycl o bu ty 1-2( R)-[2-(hexahyd ro-1,3-di oxopyrazolo[ l,2-a][l,2~4]­

triazol-2-yl )- l(R or S)-(hydroxycarbamoyl )ethylJpropionyl]piperidine and 

1-[3-cyclobu tyl-2( R)-[ 1 CR or 8 )-( hydroxycabamoyl)-2-phthalimido-

ethyl]propiony 1Jpi peri dine. 

18. Compounds of the general formula 

(II) 
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wherein Rl, R2, R3, m and n have the significance given in claim 

1. 

19. Compounds of the genera] formula 

(IV} 

wherein Rl, R2, R3, m and n.have the significance given in claim 

1. 

20. Compounds according to any one of claims 1-17 for use as 

therapeutically active substances. 

21. Compounds according to any one of claims 1-17 for use in 

the control or prevention of degenerative joint diseases or in the 

treatment of invasive tumours, atherosclerosis or multiple sclerosis. 

22. A process for the manufacture of the compounds claimed in 

any one of claims 1-17, which process comprises 

(a) reacting an acid of the general formula 

(II) 

iiiii1i1i1Mf 
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wherein Rl, R2, R3, m and n have the significance given in claim 

1, 

with a compound of the general formula 

(III) 

wherein Z represents hydrogen, t1i(lower alkyl)silyl or 

diphenyl(lower alkyl)silyl, 

and, where required, cleaving off any diphenyl(lower alkyl)silyl group 

present in the reaction product, 

or 

(b) catalytically hydrogenating a compound of the general formula 

and, 

(IV) 

wherein Rl, R2, R3, m and n have the significance given in claim 1 

and Bz represents benzyl, 

if desired, converting a compound of formula I obtained into a 

pharmaceutically acceptable salt. 

23. A medicament containing a compound according to any 

one of claims 1-17 and a therapeutically inert carrier material. 

24. A medicament for the control or prevention of degenerative 

joint diseases or for the treatment of invasive tumours, atherosclerosis 

or multiple sclerosis, containing a compound according to any one of 

claims 1-17 and a therapeutically inert carrier material. 
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proce§.s_ for the m~nufacture of medicaments, especially 
for use in the control or prevention of degenerative joint diseases or in 
the treatment of invasive tumours, atherosclerosis or multiple sclerosis, 
which process comprises bringing a compound according to any one of 
claims 1-17 with a therapeutically inert carrier material and bringing 
the mixture into a galenical administration form. 

26. The use of a compound acco1·ding to any one of claims 1-17 

in the control or pr~vention of illnesses. 

27. The use of a compound according to any one of claims 1-17 
for the control or prevention of degenerative joint diseases or for the 

_ treati:nent of invasive tumours, atherosclerosis or multiple sclerosis . 

- 28. . The use of a compound according to any one of claims 1-17 

for the manufacture of a medicament for the control or prevention of 
degenerative joint diseases or for the treatment of invasive tumours, 
athero~clerosi~ or multiple sclerosis. 

29. The invention as hereinbefore desc1ibed. 
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