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hydroxanlc actd derivatives. The hydr bxam ¢ aci ¢ derlﬁﬁPuAﬁﬁﬁ provifded by

the present invention are conpounds of the generat—formuj ein Rl

represents cycl opropyl, cyclobutyl, cyclopentyl or cycl n .

represents a saturated 5- to 8-nenbered nonocyclic or bridged

N-heterocyclic ring which is attached via the N atom and which, when it is
yclic, optionally contains NR4 O S, SO or SO err] as-a ring nmenber

r is optionally suldXIPBCEN A&CID bR ; by hydroxy, |ower
al kyl, lower al koxy, oxo, ket al i zed 0X0, am no, rmno(l ower al kyl)am no,
di (I ower al kyl) am no, carboxy, |ower al koxycarbonyl, hydroxynethyl, |ower
al koxymet hyl , ca‘ﬁ'loemgseptrmrvepmmm eongelmeé ydl,'oxaxmm

derivatives.

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

O
I _ M
c .

wherein _
- 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, O, S, SO or SO3 as
a ring member and/or is optiohally 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, hydroxymethyl, 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 econtains N, O and/or S, SO
or SOq 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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al KyFFear B rgEENAy oxyi m no; R3 represents a 5- or 6-nenbered ™
Nherﬁ@cgﬁ%\—{égn% whjch (a) is attg&hed via the N atom (b) optional®
cont Qi ns I\‘g“:" Q dlor—S, SO or SO err]. as an additional ring nmenmber, (c)
substi tut eR4by pxsreaBnd BiydroPeh Nower allE/12drds aralkyl éhe dﬂﬁdﬂ&tﬁilﬂg N at om
and (d) |s%%gt|_onally benz-fuSed or optionally substituted on one or nore
ot her C at uBy | ower al kyl or oxo and/or on any additional N aton(s) by
| ower al kym or starids for Po2 2Rand represents hydrogen, |ower alkyl, aryl,

ar al kyl or,a prgia‘?féé{'}?ﬂ&?“p; m stands for 1 or 2; and

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 prévention 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 term "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
, S —
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n stands for H?‘Sa%ﬂEghQF‘ﬁaw cally acceptabl e sal t.s thereof. The
conpounds of fornula | REPEAGER val upbPe phar macol ogi cal properties. in

particulFar, the € GOL.I agenasg I nhi bit.ors d,gan used i,n the control

or prevent iWeH%%‘éﬁeea@ﬁ&Fav éufgiarﬁngﬁ‘?@éa%"é@ %Eﬁ éﬁ‘easgrelﬁ%‘@i%él ROETMR ¢t s
and ost eoarchfr bé, foraxaripld)ethybeediokyof invasive tunours, atherosclerosis

nul tiple sclerosis. (bjects of the present invention are the conmpounds
mula | and their pharmaceutically acceptable salts per se and for use

as thera- peuti calprgteating group seaoted byaRpcandmsahprconientianal act ure of

sai d conpo ; Jlnter I at | | . Lganment s
cont ai ni ng %’2' g?‘?ﬁm{ﬂ‘hﬁs e.g%' & %sgﬁgés&aﬁg p?ﬁ@fd%ac# ué R%w gﬁéﬁ Cﬁé%%%gk

medi cament sarbonlyk, tertisetaxtycasbanylo@getylaanditbie dite.s in the control or
prevention of illnesses or in the inprovenent of health, especially in the

control or prevention_ of degenerative joint djseases or in the_freatnent of
i nvasi ve t unour E£xamplerpbaronecyslic Ndieterrcychie magsdgpoted bytR4 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 manner given earlier; for example 2-(methylcarbamoyl)-1-
pyrrolidinyl, 2-(hydroxymethyl)-1-pyn'olidinyl,m4-hydroxypiperidino, 2-
(methylcarbamoyl)piperidino, 4-hydroxyiminopiperidino, 4-methoxy-
piperidino, 4-methyl-1-piperazinyl, 4-phenyl-1-piperazinyl, 1,4-dioxa-8-
azaspiro[4.5]decan-8-yl, hexahydro-3-(methylcarbamoyl)-2-pyridazinyl,
hexahydro-1-(benzyloxycarbonyl)-z-pyﬁdazinyl, 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[2.1.1]hexane, 3-azabicyclo[3.1.1]heptane, 7-azabicyclo[2.2.1}-
heptane, 3-azabicyclo[3.2.1]Joctane, 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 o) o
RS R”.
|
N— N— | N—
X
Rﬁ
@) -9 = °
(b) )
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F—%he—§tﬁggzgg‘ M prevention of degenerative joint .di seases or
for the tr§at®HES F] tunmour 4, atherdqsclerosis or nultiple .
sclerosis. {As usEﬁPLACH}ns ecification, the term"lower alkyl", alane or
I N combi nat o ans a strai ght-chain or bBanched-chai | kyl oup
containing a [ rpcﬁ spx carbon atons, Zguch as nethyl, v, n-- propyl,
I sopropyl, utyl, isobuty/, rt.butyl, n-pengyl, \a-hexyl and
the like. T Io r alkoxy , al fne orNiR-conbi natio
strai ght - chd °h3g6Chai” al koxy grgup containing a i mum of siX
carbon atons, S XY, ethoxy, OpOXY, | SOpropoxy, but oxy,
tert. but oxy and thellike. The term"aryl" ans phenyl which isQptionally
substituted by, for‘%xanple | ower al kyl, |ower al koxy and/or hal ogen, i.e.
fluorine, chlorine, brom ne or iodine, ych as p-tolyl, p-mghhoxyphenyl,

p- chl orophenyl and @e |ike. The term"afal kyl" neans a Iomer al kyl group
as hereinbefore defined in which one or nore hydrogen atons |s/are repl aced
by an aryl group as o . SheetHasBeenReplaced
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in which

R5 and RS 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-, -CHg-, -CH(lower alkyl)-, -C(lower alkyl)e-, -NH-
-N(ower alkyl)- or -O-; or, when R7 represents lower alkyl and X
represents -N(lower alkyl)-, the lower alkyl groups can be Jomed to-
form a 5-, 6- or 7-membered ring; “

R8  represents hydrogen, lower alkyl or aryl;

R? and R10 each represent hydrogen or lower alkyl;

Y represents -O-, -NH- or -N(lower alkyl)-; and

Z represents S, SO or SOg;

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

phthalimido, 1,2-dimethyl-3,5-dioxo-1,2',4-triazolidin-4-y1, 3-methyl-2,5-

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

methyl-3,5-dioxo-1,2,4-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-3-0xazolidinyl and hexahydro-1,3-dioxopyrazolo-

[1,2-a](1,2,4]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 1,1-



3 herei nbefore defli T8, SHEETHHAS BEENAy| and the Iike. A ketalized 0xo group
can be, for exanplle, et IREPEAGED oxy. {® protecting group denoted by R4 can be
any conventional prortecLin as known i n_peptide chem stry such

as benZzy| osipxidey ﬁ?Phd’cfb%ts%l;(Li'r&%;a}w'&‘g'%mlma%f’%a oagecinPke. Exanpl es
ﬁf rmnocy%pﬁoﬁhlfltyfsﬁbgﬁxﬁtéd:oﬁIdiﬁSmdﬁmbeccl alwnﬁzby?\h dizo Mowwelri dkpy| .

ridin erazin aryl - 1- pi perazin a2|nyl
ol | ngfoweerta Jr ¥ah2%41 0%9i Q- ORIl Wré}m{] %aimﬁmeés%aild
- 0xTde, tpigertdidoovRich idwpHbnally Wubbtitutéd biydeydrokyaparticulardy 4y|
hexahydro%x | no and . ai:t ah déoazag)m n ﬁ@{%%] can_be substituted in the
nmanner gi HYRReT 1@!‘? BIP#%Fo olpreg'?ﬁrre 2 ny!l
2- (hydr oxycmnpyhx)xdsoﬁformlulahlnm whieh\R} oepreseats i group? of formula (b),
(c), especially one in which R7 represents lower alkyl and X represents
-C(lower alkyl)s-, 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)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl]propionyllpiperidine,
1-[3-cyclopropyl-2-(R)-[1 (R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl Jpropionyl]-4-piperidinol,
3-[3-cyclopropyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl |propionyl}-3-azabicyclo[3.2.2]-
nonane, |
1-[3-cyclobutyl-2(R)-[1 (R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethylpropionylpiperidine,
1-[3-cyclobutyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4- .
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl Jpropionyl}-4-piperidinol,
3-[3-cyclobutyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl)propionyl}-3-azabicyclo[3.2.2])- -
nonane,
1-[3-cyclopentyl-2[(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl| propionyll-4-piperidinol,
3-[3-cyclopentyl-2(R)-{1(R or S)-(hydroxycarbamyl)-2-[3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethylpropionyl]-3-azabicyclo-
[3.2.2]nonane and .
1-[3-cyclopentyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl]propionyllpiperidine.

Other preferred compounds of formula I hereinbefore are:

- 1-[3-cyclohexyl-2(R)-[1(R or S)-(thydroxycarbamoyl)-2~(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl|propionyl]piperidine,
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(met hyl car b*ﬂm ?&gg&g@gl RREN t hydr oxyi ni nopi peri di no, 4- rrét""ﬁ-oéxy-

| peraki nyl, B: phenyl - 1- pi perazi nyl, 1, 4-di oxa-8-,
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[ l1- idd : i -1,4-
T S e e et ed by 2

t hi azol i di p;3-yl.
are 5- azé‘gi‘%?éeo[ 2. 1.1] hexane, 3-azabicyclo[3. 1.1]heptane, -
7-azabi cycl o[ 2.£[3-kyclopehéyie2(R-[A(R wrS)k(nidioRydd rbaimon)-2-(3,4,4- '

2-azabi cyglo
N- het er oc

thiazine S,S-dioxide,
4-[3-cyclobutyl-2(R)-[1(R or S)-Chydroxycarbamoyl)-2-(3,4,4-
'trimethyl.-2,5-dioxo-1-imidazolidinyl)ethyl}prbpionyl]tetrahydro-1,4-
thiazine, ,
4-[3-cyclohexyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyllpropionylltetrahydro-1,4-
thiazine, :
3-[3-cyclopentyl-2(R)-{1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyllpropionyl]-5,5-dimethyl-N-
propyl-4(R)-thiazolidinecarboxamide,
4-[3-cyclopentyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl]propionyljmorpholine,
3-[3-cyclopentyl-2(R)-{1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl Jpropionyl]-N,5,5-trimethyl-
4(R)-thiazolidinecarboxamide,
4-[8-cyclobutyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl]lpropionyl]-4-phenyl- -
piperazine, :
4-[3-cyclobutyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethylJpropionylJmorpholine,
1-[3-cyclobutyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl Jpropionyljpyrrolidine,
8-[3-cyclobutyl-2(R}-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyljpropionyl]-1,4-dioxa-8-
-azaspiro[4,5]decane,
1-[8-cyclobutyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-

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

methoxypiperidine, |
1-[3-cyclobutyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl]propionylloctahydroazocine,
1-[3-cyclobutyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(5,5-dimethyl-
2,4-dioxo-3-oxazolidinyl)ethyl JpropionylJpiperidine,
1-[3-cyclobutyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-

trimethyl-2,5-dioxo-1-imidazolidinyl)ethyllpropi onyl]hex%

eitngetpih 8 NG Emigas A ARy R B So R PR AR AR T 1)
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0 RS THlSOSFEféﬂ'rTA'?' BENilch, R5 and R6 each represent hydrdgen or
toget her represe an &fBLAVshal bdnd or the renmminder of a fused benzene
I

ring, Rlerr] r esent s ogen, we, yl. or aryl: d ‘
enPesent s 0o 1 T3upmbubyl- StH Biasa hadegr ) 5. diowgp Gasplof yalf3.2. 4l
- M1 over  airiadol-2-91)-1(R or 8)-(hydesxyiaebaimdyduthytiprepionytlpiperdineandX
resents - N( Ingigr a.‘rq%; ?F oweg %k&l r oups ca e i ned. 40 forma
: - or 7-menberEdc yl- ‘]r(bpﬂ”é eHPE Wéﬁgﬂ?‘q" e “aryl ;
'R e™] ancetRyd]propieefl]pipeiidiaet hydrogen or |ower alkyl; Y represents
-0, -NH or -N(lower alkyl)-; and Z represents S, SO or SOerr];
Exanpl es of such rings are 2-oxo-1-pyrrolidinyl, 2,5-dioxo-1-pyrrolidino,
pht hal i ni do, 1,Phdicenpytnds of dormald I2fofm pharoidctutically ac®nptably| - 2, 5-

salts with bases such as alkali metal hydroxides (e.g. sodium hydroxide
and potassium hydroxide), alkaline 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 ete, but also salts with organic acids such as
acetic acid, tartaric acid, succinic 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 pharmaceutically acceptable salts are

manufactured by

(a) reacting an acid of the general formula

R’
®) (CHz)m
g | R2 (H)
Ho” ﬁ/
{CH,) ° - . This Sheet Has Been Replaced
’ U
R3 '- “ |

wherein R1, R2, R3, m and n have the significance given earlier,



di oxo- 1-i m daﬁﬁSr&i‘iEﬁiﬁHA% QEEH tr rretgyl 2, 5-di oxo- 1-i ni dazof 1" inyl, 2-
met hyl - 3, 5- di oxo- RcELmG&B(a.dl azol - 3-nethyl -2, 4, 5-tri oxo- _'msshedrdiasBeenReplaced
zol i di nyl S=ttUxX0- 3- 1-im d zolidinyl, 2,6-dioxopiperi \
di net hyl - thﬂ e Qf)li @gﬁyﬁr%g’rﬁé‘ﬂ%ydro 1, 3- di oxopyrazo
[1,2-a][1,2,4]triazol-2-yl. One group of preferred conmpounds of

conpri ses those i n which R2 represeﬁ& yrrolidinyl, g ridino,
4-aryl - 1- pi perazi no, norpholino, 0o-1, 4-thi azi n- B;

tetrahydro-1, 4-thazin-4-yl 1, 1- 5 di oxi de, thrazoI|d|n3yI h
hexahydroazepr or .o dr oazogi n op |tu ed on one or nore
C atoms by hydr VelP%éFxﬁ?W ?ci?yéﬁf@g EBQ?“)/%&%%W )fgéf 8%o or mono( | ower
al kyl ) - car banoydipheapKiowert wlkybsilyli no vvhl ch.is optionally substituted by
hydr oXY: %%dt WA {'é(qtf]ired cleaving off any dlphenyl(lower alkyl)silyl group
present in the reaction product
or

(b) catalytically hydrogenating a compound of the general formula

R? -
0 (CHo)pm
il
20 c R? av)
~N N c/
oL
{CH,),

wherein R1, R2, R3, m and n have the significance given earlier and
Bz represents benzyl,
and,

if desired, converting a compound of formula I obtained into a
pharmaceutxcally 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 0°C 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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hydr oxypi per iZdi no THIS §H5§al§1"€ygﬁ:‘d¥* . 2] -nonane. Al'so preferred are
conmpounds o formla | Rh-whi-eh R3 1 presents a group of formula (b), (c),
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or/S) - ( hy calkyy, asmxﬁe (sggmup remains in the reaction product a

I met hyI v ,
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trinmet hyI - 1151'1 OYORLS. 1 I m dazolidinyl )ethyl]propionyl]piperidine,
1-[3-cycl obutyl -2(R)-[ 1(R or S)-(hydroxycarbanoyl)-2-(3, 4, 4-

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 exafnple, lower alkanols such as methanol, ethanol, ete.
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 R}, R2, R3, m and
n have the significance given earlier, Bz represents benzyl and tBu
represents tert-butyl:
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i ne S S— dipgxd régz{i.l?d @aqhel}ui-ygmﬂgme{;dtﬁ& @cheme, the individual
hydroxycarbann

azolﬁtﬁpﬁﬁh?@ ;A%t(a% FS’?BWFI] Qr"lbttngﬁﬂ%g}rbg %o ?{hgﬁﬂdlefﬂ%wn per se.
& rretCKC: 0!‘!%#'11129? {ifrbé Bta éili*a(dili)tﬂf gmicef frrmyla) V2 whkiich, can be

| azi no, Obtpined EReRTARg 1o Jhe PTIRUEP %#%@r%%%% ‘z"%%f’“fr -
i met hyl -R arﬁi Whitesitlesr Mz al . A Chehdoy (11989 3ildn HBP 4E§ iifet hyI
converted by treatment with sodium nitrite in the presence of
concentrated sulphuric acid into a hydroxy acid of formula VI which is
subsequently reacted 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 metal
hydride such as sodium hydride, to give a compound of formula VIIL
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 O-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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LT3 ey chut it Hefoidt Rt Mol dieckih 853 Hgas or
21 f |[ getc Cﬁl ;ﬁit&afﬂ_ts»in-tihe: niatafacturenof e mmmmﬁmg‘/fqmmubhla aye knavsRr azi N
o1 S B B A AR i ol ek -
1-[ 3- cycl b pimidaRmanber tor they Emy«m SRMPOUBESey| ) - 2- (3 | 4, 4-
%r |[ gmg;?lyl()bﬁt 5|— d|2(()>|%) EI |(g g?zgl [ dihnél ) et hyl Lpropi onyl ] pyrrolidine,
trinethyl-2, 5. fomentioned @@z‘li%eri(jtgg/ ng@%@%%ﬁ@éﬁgiﬁﬁmg 8-
azaspi r o] phakfffc@tRically 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), 73 945, 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
ICsg 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. IC50 (nM)
2 ' 18.0
4 70
5 25
7 6.5
9 8.5
16 41
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-
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[3-cycl obutyl 2(R) [2 hexahydro- 1 , 3-di oxopyrazolo[ 1,2-a][1,2,4]-

a ri gzol |2 %l H il driufde ﬁécarbhawia)cghbﬁchl wrepawbﬁmn@rdoﬁwe and
[ cyero gu%ds o(f?%m{'xuﬁa Ioarn tf'x arceggg I} accgp&ﬂﬁe smlgs can be

formulated with therapeutlcally inert, inorganic or organic carriers.
Lactose, corn starch or derivatives thereof, tale, stearic acid or its salts
can be used, for example, as such carriers for tablets, coated tablets,
dragées 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, polyols, saccharose, invert sugar, glucose
and the like. Suitable carriers for the manufacture of injection solutions
are, for example, water, alcohols, polyols, 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 illlnesses, 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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acid etc. e C oun ontai n at Ieast two asymmetric carbon
atons and can accordingly exist as optically active enantioners, as

di ast er eoi SONErPLOFoREwiRE ERraples IRisFAtEerte prositiimvensionirenime
detail. In these Examples all temperatures are given in degrees Celsius.

Example 1

A solution of 0.575 g of 1-[2(R)-[1(R or S)-(benzyloxycarbamoyl)-2- -
(3,4,4-trimethyl-2,5-dioxo- 1-imidazolidinyl)ethyl]-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)-[1(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 (m, 3H); 3.62 (dd, 1H, J = 15,8); 3.49-3.41 (m, 1H);
3.39(dd, 1H, J = 15,5); 3.33-3.27 (m, 1H); 2.95-2.87 (m, 1H); 2.83 (s, 3H);
1.74-1.46 (m, 7H); 1.33 (s, 3H); 1.31 (s, 3H); 1.20-1.13 (m, 1H); 0.61-0.50 (m,
1H); 0.44-0.33 (m, 2H); 0.06- -0.05 (m, 2H);
MS: 409 (M+H)*.

Th1s Sheet Has Been Rep laced

(i) A solution of 4.9 g of 2(R)-amino-3-cyclopropylpropionic acid
(prepared in a manner analogous to that described by Chenault HK,,
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 sulphuric acid
was warmed 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
459 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

The starting material was prepared as follows: ”"II
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) si | $hegrexdi SRR yhdn : enPYEficgtion, nq  where required, cleaving
of f "any di RiedithlsdiRéttine/ethhiibl (9:2)In= 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 of benzyl 3-cyclopropyl-2(R)-hydroxypropionate in
the form of a yellow oil. '

nmr (CDCl3): 7.39-7.28 (m; 5H); 5.19 (d, 1H, J = 14); 5.15 (d, 1H, J= 14);
4.31-4.24 (m, 1H); 2.81 (br. d, TH); 1.69-1.54 (m, 2H); 0.87-0.74 (m, 1H);
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 0° 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 of benzyl 3-cyclopropyl-2(R)-trifluoromethyl-
sulphonyloxypropionate in the form of an orange oil which was used in

the next step without further purification.
R [hexane/ethyl acetate (4:1)) = 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 0° 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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har maceut C .a ||
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process canarbeleatma@dadul mrxturmsmamm@;sorrms inxthepfosm gfianci d of
formula Il gilr eacted with a conpound of formula Il in an inert

o i _
celan s, ﬁ;’#ﬁrx #35 T46- 280 Gy OIS Jos 0 dom e HY TR0 a8 L aTakins such
as | - et hyls 85(d; 1H|, et 10)| 287/3096 oRy RIDa1 [§8d1 57 (B¢, IMH 05211088 ¢a, 2H)about
Jerr]Cto 2?(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 of 6.4 g of the product from (iv) in 30 ml of 1,2-
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
suiphate 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 of 2,3-
dibenzyl 3-tert-buty! 1-cyclopropyl-4-(3,4,4-trimethyl-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 (m, 20H); 5.31-5.03 (m, 8H); 4.32-4.18 (m, 4H);
3.19-3.15 (m, 1H); 3.16-3.12 (m, 1H); 2.86 (s, 6H); 2.00-1.90 (m, 1H); 1.89-
1.79 (m, 1H); 1.64-1.49 (m, 1H); 1.48-1.38 (m, 1H); 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 evaporated. 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 solvent

T is Sheet Has Been Replaced

||II|||| I ]




t he

cth

'ectly
rfpresent
feact i on

chl'oride can then be reacted with a COI{
oundswas evaperated Yo givecl .BAgsel Membew

| di megathi)l (R 6F Lﬂsh%&mﬂm@uwb di¥he-1-imfduyedidiflyDindthgtil a 111 in

enperature. Alternatively, an acid of {@HIBSHEET HASnBERN 6ﬁv;éff"'tf§d

correspondi ng acid chlori de? (e.g. using op(@pmbgghl or| e) and ‘t he
d f 3 Preferred
Y oEs 20RE Cydemtansh

resents tri (I ower oup Js cleaved off
¢Raate 8s am pﬂﬁ?’k‘%@iﬁ 635%"%?“58&3%33%%90?5% B the “opt aj ned
foem bha yéllww diknd, when a conpound of formula I11 |n which Z :
%dﬁg’{e{ﬁl g_b qQuer al kyl)silyl is used, this group remains in the
hust subsequently be cl eaved off in a known manner,

for exanpRe[dighteramsetifarie/methdaol (Xd)] = 0.41.

(vii) A solution of 1.0 g of the product from (vi) in 10 ml of dichloro-
methane was cooled to 0° and treated in succession with 0.665 ml of N-

: ethylmorpholiné, 0.481 g of 1-hydroxybenzotriazole and 0.602 g of 1-ethyl-

3-(3-dimethylaminopropyl)carbodiimide hydrochloride. The mixture
was stirred at 0° for 30 minutes and then treated with 0.517 ml of N
piperidine. The solution was left to warm to room temperature and was
stirred overnight. The solution was washed with 5% aqueous sodium
hydrogen carbonate solution, 2M 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)-[1(R or S)-
(tert-butoxycarbonyl)-2-(3,4,4-trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl]-
3-cyclopropylpropionyljpiperidine as an approximately 6:1 mixture of
diastereoisomers in the form of a yellow gum.

MS: 450 (M+H)+;

R¢ {dichloromethane/methanol (95:5)] = 0.51.

(viii) A solution of 1.0 g of the product from (vii) in 2 ml of trifluoroacetic
acid was stirred at room temperature 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-
chloric acid and the product was extracted with two portions of dichloro-
methane. The combined organic extracts were washed with water and
saturated 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)-[1(R or S)-éarbo,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)} = 0.31.
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chloric acid. water and saturated sodium chloride solution. After
drying over anhydrous magnesium sulphate, the solvent was removed
by evaporation. The residue was purified by flash chromatography on
silica gel using dichloromethane/methanol (98:2) for the elution to give
0.592 g of 1-/ R)-[1(R or S)-(benzylo.xycarbamoyl )>-2-(3,4,4-trimethyl-2,5-
dioxo-l-imidnzolidinyl)ethylJ-3_-cyclopropylpropionyljpiperidine
(diastereoisomer 1) as a white foam.

nmr (MeOD): 7.45-7.31 (m, 5H); 4.87(d, 1H, d = 13); 4.79(d, 1H, J = 13);
3.78-3.65 (m. 4H); 3.63 (dd, 1H, J = 15, 8); 3.53-3.45 (m, 1H); 3.44 (dd, 1H,J
=15,5); 3.34-3.27 (m, 1H); 2.87 (s, 3H); 2.84-2.78 (m, 1H); 1.78-1.49 (m, TH);
1.49-1.40 (m, 1 H); 1.36 (s, 3H); 1.32, (s, 3H); 1.12-1.04 (m, IH); 0.61-0.50

(e, 1H): 0.48-0.37(m, 2H); 0.07- -0.06 (m, 2H).
MS: 499 (M+1D*.

Example 2

In a manner analogous to that described in the first paragraph of
Example 1, from 0.391 g of 1-[2(R)-[1(R or S)-(benzyloxycarbamoyl)-2-
(3,4,4-trimethy! -2,5-dioxo- 1-imidazolidinyl)ethyl)-3-cyclopropyl-
propionyl]-4.|)iperidinol (diastereoisomer 1), prepared in a manner
analagous to that described in Example 1 (i)-(ix), there was obtained 0.33
gof 1_[3_cycl(,',|-opyl-2-( R)-[1 (R or S)-(hydroxycarbamoyl)—2-(3,4,4-l
trimethyl__z‘,r,.(Iioxo-l-imidazolidinyl)ethyljpropionle-4-piperidinol
(diasterecisomur 1) in the form of a white foam.
nmr (MeOD): 4.22-4.02 (m, 2H); 3.90-3.81 (m, 1H); 3.69-3.56 (m, 1H); 3.49-
3.38(m, 2H); 3.37-3.18 (m,2H); 3.11-3.01 (m, 1H); 2.97-2.86 (m, 1H); 2.83
d, 8H,J =5 2.01-1.78 (m, 2H); 1.68-1.36 (m, 3H); 1.33 (s, 3H); 1.31 (d, 3H,
J = 5); 1.24-1.1:3 (m, 1H); 0.62-0.50 (m, 1H); 0.49-0.33 (m, 2H); 0.09- -0.05

(m, 2H);
. [
MS: 425 (M+! This Sheet Has Been Replaced
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Fof fornula Il which are us&d as starting materials in enbodi nent
fie process—are novel and- a further object, of the present

h. The agiTHES G —f ord BEEN {can be prepared, for exanple, as

kted in the fol RpMiAdgDReactijon Schene in which Rerr], Rerr],

fm and n horvc ttre—sSTgnT T1 canCRydi arlier, Bz represents benzyl
: Bu represents tert-butyl: err| [err] HR[err] (XII1I) [err]

In a manner analogous to that described in the first paragraph of
Example 1, from 0.822 g of 3-[2(R)-[1(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)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-trimethyl-2,5-
dioxo-1-imidazolidinyl)ethyl]propionyl |-3-azabicyclo[3.2.2]nonane (dia-
stereoisomer 1) in the form of a white foam.
nmr (MeOD): 4.0-3.1(m, 5H); 3.48-3.31 (m, 2H); 2.96-2.86 (m, 1H); 2.82 (s,
* 8H); 2.14-2.03 (m,2H); 1.80-1.68 (m, 4H); 1.68-1.53(m, 5H); 1.32 (s, 3H);
1.31 (s, 3H); 1.21-1.12 (m, 1H), 0.64-0.52(m, 1H); 0.45-0.33 (m, 2H); 0.08-
-0.05 (m, 2H); |
MS: 449 (M+H)*.

Example 4

In a manner analogous to that described in the first paragraph of .
Example 1, from 0.6 g of 1-[2(R)-[1(R or S)-(benzyloxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl)-3-cyclobutylpropionyl]-
piperidine (diastereoisomer 1), prepared in a manner analogous to that .
described in Example 1 (i)-(ix), there was obtained 0.5 g of 1-[3-cyclobutyl-
2(R)-[1 (R or S)-(hydroxycarbamoyl)-2-(3,4,4-trimethyl-2, 5-dioxo-1-
imidazolidinyl)ethyl]propionylpiperidine (diastereoisomer 1) in the
form of a white foam. . .
nmr (MeOD): 3.67 (dd, 1H, J = 15, 10); 3.64-3.46 (m, 4H); 3.34 (dd, 1H J=
15,8); 3.12(td, 1H, J = 13,3); 2.92-2.84 (m, 1H); 2.82 (s, 3H); 2.22-2.09 (m,
1H); 2.07-1.93 (m, 2H); 1.90-1.42 (m, 12H); 1.33 (s, 3H); 1.32 (s, 3H);

MS: 423 (M+H)*.
Sheet Has Been Replaced

Exampe s HI|||\|lIII\H\lIlIHII\

In a manner analogous to that described in the first paragraph of
Example 1, from 0.4 g of 1-[2(R)-[1(R or S)-(benzyloxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl}-3-cyclobutylpropionyl]-4-
piperidinol (diasterecisomer 1), prepared in a manner analogous to that
described in Example 1 (i)-(ix), there was obtained 0.294 g of 1-[3-cyclo-

- e
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the latter with a strong base, e.g. an alkali netal hydride

Example 6

In a manner analogous to that described in the first paragraph of
Example 1, from 0.642 g of 3-[2(R)-[1(R or S)-(benzyloxycarbamoyl)-2- -
(3,4,4-trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl]-3-cyclobutyl]-3-aza-
bicyclo[3.2.2lnonane (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)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl jpropionyl]-3-azabicyclo[3.2.2]-
nonane (diastereocisomer 1) in the form of a white foam.
nmr (MeOD): 3.92 3.83 (m, 2H); 3.76 (dd, 1H, J = 15, 13); 3.67-3.57 (m, 2H);
3.34 (d4, 1H, J = 15,5); 3.28-3.21 (m, 1H); 2.96-2.87 (m, 1H); 2.83 (s, 3H);
2.23-2.13 (m,1H); 2.12-1.92 (m, 4H); 1.91-1.48 (m,14H); 1.35(s, 3H); 1.34 (s,
3H). '

MS: 463 (M+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)-[1(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 0.4 g of 1-[3-cyclo-
pentyl-2[(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-trimethyl-2,5-dioxo-1-
imidazolidinyl)ethyl)propionyl])-4-piperidinol (diastereoisomer 1) in the
form of a white foam.

nmr (MeOD): 4.20-4.02 (m, 2H); 3.91-3.83 (m, 1H); 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); |

Tr eat nent of

MS: 453 (M+H)*.

This Sheet Has Been Rep

.
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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)*.
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Example 9

A solution of 0.421 g of an approximately 6:1 mixture of diastereo-
isomer 1 and diastereoisomer 2 of 1-[2(R)-[1(R or S)-carboxy-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl-3-cyclopentylpropionyl]-
piperidine, prepared in a manner analogous to that described in
Example 1(i)-(viii), in 10 ml of dichloromethane was cooled to 0°. The
solution was treated with 0.211 g of 1-hydroxybenzotriazole, 0.24 g of 1-
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 O-(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 1-[3-
cyclopentyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-trimethyl-2,5-
dioxo-1¥imidazolidinyl)ethlepropionlepiperidine (diastereoisomer 1) in
the form of a white foam.
nmr (MeOD): 3.74-3.66 (m, 3H); 3.53-3.45 (m, 2H); 3.34 (dd, J = 14,7,1H);
3.23 (dt, J = 4, 14, 1H); 2.90-2.84 (m, 4H); 1.80-1.45 (m, 14H); 1.38-1.23 (m,
7H); 1.15-1.01 (m, 2H); -

eet Has Been Replaced

T
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. bamoyl)-2-(3,4,4-trimethy¥-2,5-dioxo-1-imidazolidinyl)ethyl]—3-cyclo-

‘hexylpropionyllpiperidine (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)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyllpropionyllpiperidine
(diastereoisomer 1) in the form of a white foam.
nmr (MeOD): 3.87-3.77 (m, 2H); 3.7 (dd, J = 14,9,1H); 3.64-3.56 (m, 2H);
3.38-3.28 (m, 2H); 2.9-2.83 (m, 4H); 1.84-1.45 (m, 12H); 1.35(s, 3H); 1.33 (s,
3H); 1.25-1.05 (m, 5H); 0.98-0.78 (m, 2H). -
MS: 451 (M+H)*.

Example 11

In a manner axlalogous to that described in Example 9, starting
from 0.8 g of 1-[2(R)-[1(R or S)-carboxy-2-(3,4,4-trimethyl-2,5-dioxo-1-
imidazolidinyl)et_hle-3-cyclopentylpropionylJ-tetrahydro-1,4-thia'zine
(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 S)- o
(hydroxycarbamoyl)-2-(3,4,4-trimethyl-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 (m, 2H); 3.7 (dd, J = 13,9,1H);
3.37(dd. J = 13,6,1H); 3.25-3.18 (m, 1H); 2.9-2.84 (m, 4H); 2.82-2.75 (m,
1H); 2.7-2.55 (m, 3H); 1.78-1.45 (m, 8H); 1.35 (s, 3H); 1.34 (s, 3H); 1.18-1.04
(m, 2H).

MS: 455 (M+H)*.

This Sheet Has Been Replaced

LA

In a manner analogous to that described in Example 1, starting
from 0.3 g of 4-[2(R)-[1(R or S)-(benzyloxycarbamoyl)-2-(3,4,4-trimethyl-
2,5-dioxo-1-imidazolidinyl)ethyl}-3-cyclopentylpropionyl]-tetrahydro-1,4-

Example 12 | III
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MS: 487 (M+H)*.

Example 1

In a manner analogous to that described in Example 9, starting
from 0.8 g of 1-[2(R)-[1(R or S)-carboxy-2-(3,4,4-trimethyl-2,5-dioxo- 1-
imidazolidinyl)ethyl}-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]-
prepicnyll-tetrahydro-1,4-thiazine (diasiereoisomer 1) in the form of a
white solid.
nmr (MeOD): 3.98-3.75 (m, 4H); 3.64 (dd, J = 13,8,1H); 3.35(dd, J =
15,6,1H); 3.07 (td, J = 10,4,1H); 2.9-2.83 (m, 1H); 2.82 (s, 3H); 2.78-2.72 (m,
1H); 2.66-2.52 (m, 3H); 2.18-2.08 (m, 1H); 2.05-1.93 (m, 2H); 1.85-1.45 (m, -
6H); 1.13 (s, 3H); 1.11 (s, 3H).
MS: 441 (M+H)+. _ This Sheet Has Been Replaced

AR

In a manner analogous to that described in Example 9, starting
from 1.22 g of 1-[2(R)-[1-(R or S)-carboxy-2-(3,4,4-trimethyl-2,5-dioxo-1-
imidazolidinyl)ethyll-3-cyclohexylpropionyl]-tetrahydro-1,4-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)-[1(R or S)-
(hydroxycarbamoyl)-2-(3,4,4-trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl]-
propionyl]-tetrahydro-1,4-thiazine(diastereoisomer 1) in the form of a
white solid.
nmr (MeOD): 4.12-4.03 (m, 2H); 3.95-3.88 (m, 1H); 3.75-3.65 (m, 2H); 3.38
(dd, J = 14,6,1H); 2.88-2.82 (m, 4H); 2.78-2.72 (m, 1H); 2.68-2.55 (m, 3H),
1.82-1.53 (m, 7TH); 1.35 (s, 3H); 1.34 (s, 3H); 1.26-0.8 (m, 8H);

Example 14
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6.5 9
8.5 16 424 17 2. 35"
34.0 The cor ﬁoundgE%lquEQr mula’l and their pharmaceutically acceptabl e sal t

can be’ usMiSasegEMi«FapENt S, for exanple in the formof pharma- ceutical
prepar at.i ons. The pharnmaceuti cal preparations can be adm n- 13 istered
orally, e.g. inthe formof tablets, coated tablets, drag[err]es, hard and
soft gel atine capsul es, sol utions, Bygrmpleoh or suspensi ons. However, theyg
can also be adm nistered rectally, e.g. in the formof suppositories, or
In a manner analogous to that described in Example 9, from
1.164 g of a mixture of diastereoisomers of 3-[2(R)-[1(RS)-carboxy-2-(3,4,4-
.trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl}-3-cyclopentylpropionyl]}-5,5-
dimethyl-N-propyl-4(R)-thiazolidinecarboxamide, 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)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl))ethyl]propionyl]-5,5-dimethyl-N-
propyl-4(R)-thiazolidinecarboxamide (diastereoisomer 1) in the form of a
white solid. -
nmr (MeOD): 5.09-4.72 (m, 2H); 4.51 and 4.46 (both s, total 1H); 3.84 and
3.64 (both dd, J = 14,8,1H); 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 (M+H)+.

Example 16

In a manner analogous to thai; described in the first paragraph of
Example 1, from 0.223 g of 4-[2(R)-[R or S)-(benzyloxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinylethyl]-3-cyclopentylpropionyl]- )
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)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-trimethyl-2,5-
dioxo-1-imidazolidinyl)ethyl Jpropionyl Jmorpholine (diastereoisomer 1)
in the form of a white solid.
nmr (MeOD): 3.83-3.56 (m, 9H); 3.41(dd, J = 14,6, 1H); 3.19 (dt d=
4,11,1H); 2.91-2.81 (m, 4H); 1.77-1.42 (m, 8H); 1.38-1.23 (m, 7H); 1.19-0.99
(m, 2H); :
MS: 439 (M+H)*. | : This Sheet Has Been Replaced

In a manner analogous to that described in Example 9, from
1.289 g of a mixture of diastereoisomers of 3-[2(R)-[1(RS)-carboxy-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl]-3-cyclopentylpropionyl]-N,5,5-

Example 17 , llllll
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Example 18

In a manner analogous to that described in the first paragraph of
Example 1, from 0.289 g of 1-[2(R)-[1(R or S)-(benzyloxycarbamoyl)-2-
(3,4,4-trimethyl-2,.5-dioxo-1-imidazolidinyl)ethyl]-3-cyclobutylpropionyl}-

- 4-phenylpiperazine (diastereoisomer 1), prepared in a manner
analogous to that described in Example 1 (i)-(ix), there was obtained
0.121 g of 1-[3-cyclobutyl-2(R)-[1(R or S)-[(hydroxycarbamoyl)methyl]-2-
(3,4,4-trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl Jpropionyl}-4-phenyl-
piperazine (diasterecisomer 1) in the form of a white solid.
nmr (MeOD): 7.25 (m, 2H); 7.00 (m, 2H); 6.85 (m, 1H); 3.94-3.73 (m, 4H);
3.66 (dd, J = 14,7,1H); 3.43 (dd, J = 14,6, 1H); 3.23-3.09 (mm, 4H); 2.96-2.84
(m, 1H); 2.84 (s, 3H); 2.27-2.13 (m, 1H); 2.09-1.95 (m, 2H); 1.90-1.48 (m, .
6H), 1.35 (s, 3H); 1.34 (s, 3H); '
MS:499 (M)+.

Example 19

In a manner analogous to that described in the first paragraph of
Example 1, from 0.455 g of 4-[2(R)-[1(R or S)-benzyloxycarbamoyl)-2-
(3,4,4-trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl]-3-cyclobutylpropionyl]-
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)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-trimethyl-2,5-dioxo-1-
imidazolidinyl)ethyljpropionyl Jmorpholine (diastereoisomer 1) in the
form of a white solid.

This Sheet Has Been Replaced
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formula | and their pharmceuticallyﬁw@le salts can be used in the
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of degenerative joint diseases or in the treatnent of invasive tunours,
at her oscl er osi s Inf anmlahirRiraarsalogbasits thabeledesibed iwathe first pardgrapli of

l_ \mts and P\f\g:elulnplg f1, from 0.625 g of 1-{2(R)-[1(R or S)-benzyloxycarbamoyl)-2-
(3,4,4-trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl}-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)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-trimethyl-2,5-
dioxo-1-imidazolidinyl)ethyl]propionylJmorpholine (diastereoisomer 1)
in the form of a white solid. B
nmr (MeOD): 3.77-3.69 (m, 1H); 3.61 (dd, J = 14,6,1H); 3.53-3.44 (m, 2H);
3.39-3.31 (m, 2H); 2.93-2.85 (m, 2H); 2.84 (s, 3H); 2.26-2.13 (m, 1H); 2.07- -
1.71 (m, 8H); 1.69-1.46 (m, 4H); 1.36 (s, 3H); 1.33 (s, 3H); -
MS:409 (M+H)*. This Sheet Has Been Replaced:

In a manner analogous to that described in the first paragraph of
Example 1, from 0.176 g of 8-[2(R)-[1(R or S)-benzyloxycarbamoyl)-2- -
(3,4,4-trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl]-3-cyclobutylpropionyl}-
1,4-dioxa-8-azaspiro[4,5]decane (diasterecisomer 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)-[1(R or S)-(hydroxycarbamoyl)-2-
(3,4,4-trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl Jpropionyl]-1,4-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 (m, 5H); 3.99 (dd, J = 14,6,1H); 3.20-
3.10 (m, 1H); 2.93-2.85 (m, 1H); 2.84 (s, 3H); 2.21-2.09 (m, 1H); 2.06-1.93
(m, 2H); 1.80-1.46 (m, 10H); 1.35 (s, 3H); 1.33 (s, 3H);

MS:481 (M+H)+.

The phar maceutd
stabilizers,
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agents or v

Example 22

In a manner analogous to that described in the first paragraph of
Example 1, from 0.443 g of 1-[2(R)-[1(R or S)-benzyloxycarbamoyl)-2-
(3,4,4-trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl }-3-cyclobutylpropionyl]-
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(i) A solution of 0.925 g of 1-[2(R)-[1(R or S)-(tert.butoxycarbonyl)-2-
(3,4,4-trimethyl-2,5-dioxo- 1-imidazolidinyl Jethyl]-3-cyclopropylpropion-
yl]-4-hydroxypiperidine in 8 ml of dimethylformamide 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
of 0.54 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 0.61 g of 1-[2(R)-[1(R or S)-(tert.butoxycarbonyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl}-3-cyclobutylpropionyl}-4-
methoxypiperidine in the form of a colourless gum.

The starting material was prepared as follows ”II

(i) In a manner analogous to that described in Example 1 (viii)-(ix)
from 0.61 g of 1-{2(R)-[1(R or S)-(tert.butoxycarbonyl)-2-(3,4,4-trimethyl-
2,5-dioxo-1-imidazolidinyl)ethyl]-3-cyclobutylpropionyl}-4-methoxypiperi-
dine there was obtained 0.443 g of 1-[2(R)-[1(R or S)-(benzyloxycarbam-
oyl1)-2-(3,4,4-trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl}-3-cyclobutyl-
propionyl}-4-methoxypiperidine (diastereocisomer 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 0.94 g of 1-[2(R)-[1(RS)-benzyloxycarbonoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl|-3-cyclobutylpropionyl]-
octahydroazocine (diastereoisomer 1), prepared in a manner analogous
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Example 24

In a manner analogous to that described in the first paragraph of
Example 1, from 0.37 g of 1-[2(R)-[1(R or S)-benzyloxycarbamoyl)-2-(5,5-
dimethyl-2,4-dioxo-3-0xazolidinyl)ethyl}-3-cyclobutylpropionyllpiperidine
(diastereoisomer 1), prepared 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-trimethyl-2,5-imidazolinedione,
there was obtained 0.131 g of 1-[3-cyclobutyl-2(R)-[1(R or S)-(hydroxycar-
bamoyl)-2-(5,5-dimethyl-2,4-dioxo-3-oxazolidiny1)ethyllpropionyll-
piperidine (diastereoisomer 1) in the form of a white solid:
nmr (MeOD): 3.72-3.53 (m, 5H): 3.39(dd, J = 14,6,1H), 3.14 (dt,J =
10,4,1H); 2.95-2.86 (m, 1H); 2.23-2.11 (m, 1H); 2.08-1.94 (m, 2H); 1.90-1.44
(m, 18H);
MS:410 (M+H)*. 'Sheet Has Been Replaced

[T

In a manner analogous to that described in the first péragraph of
Example 1, from 0.42 g of 1-[2(R)-[1(R or S)-benzyloxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl}-3-cyclobutylpropionyl Jhexa-
hydroazepine (diastereoisomer 1), prepared in a manner analogous to
that described in Example 1 (i)-(ix), there was obtained 0.197 g of 1-[3-
cyclobutyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-trimethyl-2,5-
dioxo-1-imidazolidinyl)ethylJpropionyl Jhexahydroazepine (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 = 14,5,1H);
3.07 (dt, d = 10,4,1H); 2.91-2.81 (m, 4H); 2.24-2.13 (m, 1H); 2.09-1.95 (m,
2H); 1.90-1.47 (m, 14H); 1.35 (s, 3H); 1.34 (s, 3H);

MS:437 (M+H)*.
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t r eat edhekahydra2,3rdiaxopyraeclofl,8rd Jbk 2attriazal- Pyl ethiBrd~gyclor oni de.
butylpropionyl]piperidine (diastereocisomer 1), prepared in a manner -
analogous to that described in Example 1 (i)-(ix), using 2-(bromomethyl)-
hexahydro-1,3-dioxepyrazolo{1,2-a]1,2,4/triazole, there was obtained -
0.118 g of 1-[3-cyclobutyl-2(R)-[2-(hexahydro-1,3-dioxopyrazolo[1,2-a]-
[1,2,4]triazol-2-y1)-1(R or S)-(hydroxycarbamoyl)ethyl]lpropionyl]-
piperidine in the form of a white solid. _
nmr (MeOD): 3.68-3.56 (m,8H); 3.52-3.39 (m,2H); 3.17-3.09 (m,1H), 2.97-
2.90 (m,1H); 2.35-2.27 (m,2H); 2. ‘71 2.11 (m,1H); 2.07-1.95 (M,2H); 1.88-1.44
(m,12H) :

MS:422 (M+H)*.

Example 27

In a manner analogous to that described in the first paragraph of
Example 1, from 0.222 g of 1-[2(R or S)-(benzyloxycarbamoyl)-2-phthal-
imidoethyl]-3-cyclobutylpropionyl]piperidine prepared in a manner
analogous to that described in Example 1(i)-(ix) using N-(bromomethyl)-
phthalimide, there was obtained 0.013 g of 1{3-cyclobutyl-(2(R)-[1(R or S)-
(hydroxycarbamoyl)-2-phth alimidoethyl]propionyllpiperidine (diastereo-
isomer 1) in the form of a white solid.
nmr (MeOD): 7.87-7.75 (m.4H); 3.83 (dd,J = 14.8,1H); 3.66-3.58 (m,3H);
3.53-3.45 (m,1H); 3.35-3.25 (m,1H); 3.20-3.12 (m,1H); 3.04-2.97 (m,1H);
2.23-2.11 (m,1H); 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:

.Examg]g A

Tablets containing the following ingredients may be produced in a
conventional manner:
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Example B

Capsules containing the fo]lowmg mgl edients may be produced in |
a conventlonal manner:

Ingredient Per capsule .
Hydroxamic acid derivative 10.0 mg
Lactose . 165.0 mg
Corn starch ' 20.0 mg
Tale i ' 2.0 mg
Capsule fill weight 200.0 mg
This Sheet Has Been Rep

~
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wherein -

R! 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, O, S, SO or SOg 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, hydroxymethyl, 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, O and/or S, SO
or SO; as a 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;

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

group;
m stands for 1 or 2; and This Sheet Has Been Repl
D el AW
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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which (a) is attached via the N atom, (b) optionally contains N, O and/or

S as an additional ring member in a pos'ition 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 atoms by lower 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-pyrrolidinyl, piperidino, 4-aryl-1-piperazinyl, morpholino,
tetrahydro-1,4-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-
{3.2.2]nonane. '

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

5. Compounds according to claim 4, whe1 ein hydroxy-
piperidino is 4-hydroxypiperidino.

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

————
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, 1.48-1.38 (m 1Hxp) 1.37 (s, 12H¢) 1.36 (s, 9H); 1.32 (9, 9H); 0.9-0.8
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 m of 2-propanol was
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an additional bond or the remainder of a fused benzene ring; R7
represents hydrogen, lower alkyl or aryl; X represents -CO-,
-CHs-, -CH(lower alkyl)-, -C(lower alkyl)s-, -NH-, -N(lower alkyl)-

_or -O-; or, when R7 represents lower alkyl and X represents
-N(lower alkyl)-, the lower alkyl groups can be joined to form a 5-, B
6- or 7-membered ring; and Z represents S, SO or SO2.

7. Compounds according to claim 6, wherein R3 represents a
group of formula ¢), R7 represents lower alkyl and X represents -C(lower
alkyl)e-.

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)-(hydroxycarbamoyl)-2-(3,4,4- '
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl Jpropionyljpiperidine.

11.  1-[3-Cyclopropyl-2-(R)-[1 (R or S)-(hydroxycarbamoyl)-2-
(3,4,4-trimethyl-2,5-dioxo- 1-imidazolidinyl)ethyl jpropionyl]-4-piperidinol.

12.  1-[3-Cyclobutyl-2(R)-[1 (R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethylJpropionyljpiperidine.

13.  1-[3-Cyclobutyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl Jpropionyl]-4-piperidinol.

/'—’m—"““’“_: | This Sheet Has Been Replaced
LR AT



catal yst for m .
sol uti on was esi du s re-evaporated from 20 m tol ueng

and then dissolyed in 50 m of taql - |t i t ith 0.693
T of 1 et hyl abne. Mid-Grdopenbilr ARG S BHORRoRB PRSI, Tonr s, . ¥

THIS SH _ O
2 hos EET HAS %%EtNa yst renmoved by filtration and the

The sol ut i(gn ¥agimeehH2i:dia@T tiatidarelidirey1seth yhasbpibnyll-4-pideridinokhor i ¢
acid, water and saturated sodiumchloride solution. After drying over

anhydr ous magnesi um suphat e the sol vent

g of 4-tert-butif. hyt{B8deycldpehtyl AR)dptRpy!S)-thydryxycaabrmoyl)-2-(3,4,4-

EipeRET Ay i R ARG Bk b tpimertitipl, "0 P, 20 &1

S)-[(3,4,

appr oxi nat‘€¥ipe

V5. 383 (MtH)[err];

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

3-[3-Cyclobutyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl Jpropionyl]-3-azabicyclo[3.2.2]-
nonane,

3-[3-cyclopropyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl|propionyl]-3-azabicyclo[3.2.2]-
nonane and

3-[3-cyclopentyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-[3,4,4-
trimethyl-2,5-dioxo-1-imi dézolidinyl Jethyl Jpropionle-S-azabicyi:lo-
[3.2.2]nonane.

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

1-[3-cyclohexyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl|propionyl}piperidine,

4-[3-cyclopentyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl JpropionylJtetrahydro-1,4-
thiazine,

4-[3-cyclopentyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl))ethyljpropionylltetrahydro-1,4-
thiazine S,S-dioxide,

4-[3-cyclobutyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl )ethyl]propionyljtetrahydro-1,4-
thiazine,

4-[3-cyclohexyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl Jethyl Jpropionyljtetrahydro-1,4-
thiazine,

3-[3-cyclopentyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl Jpropionyl}-5,5-dimethyl-N-
propyl-4(R)-thiazolidinecarboxamide,

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

1 7 was evaporated to give 1.85

@

a yellow oil.

trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl Jpropionyl JImorpholine,

IO - e e

a
|



r’orret hane/ met hanol (9; 1)] = 0.41. (vii) A soluti mmsf SﬂEH’HAb BEEN
Xt from(vi) in 10 m 03 dICh| oro- nethane was coof ed tc“ i{)E

¥ Fin succession with 0. 665" eth L o—4813
#1- hyd P nz ot 343cyclopenty 2@l KRamr né).—@uﬁi)\#oxyca amoﬁ?«% 5{' 2 4-

- 1 Satriineth
| g@;er  ropienaigshe e Radh STty gl opiosiyl )T itritethylas
di ne4 ﬁéngaﬂafhwa%

QXPETlfieto warmto roomtenperature and was

-yied over lm 9M3-c§bl%b$ﬂz112(1@)ll[Ma%ﬂfﬁﬁﬂgdimybaﬁbmoylé&dﬂi 4 ddi um hygr ogen’
Tt on. el diasbel-Snae @S e R rE R SRR ol et “ves
gvapor at epipergeee,1. 01 g of of 1-[2(R-[1(R or 9)-
& oyl opr 83?2?%3%@&1%&%&?%%@(3 Ay 9%%%5%@%?%{ e of C
di ast er eoi tvhmethkyl-8,8- Hmimﬂmﬂaaohéinﬂ%t@mﬁplmwwﬂmqw liaes]; Rlerr]
[di chl oromet hanf/[gec%?dmftyf-%ﬁﬁﬂ(R‘orOS%hyd:oxycarbamoyl)-2 (3,4,4-
| trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl|propionyl]pyrrolidine,
8-[3-cyclobutyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl Jpropionyl]-1,4-dioxa-8- .
azaspiro[4,5]decane,
1-[3-cyclobutyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidiny1)ethy_l]propionylj-4-
methoxypiperidine,
1-[3-cyclobutyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethylpropionyl]octahydroazocine,
1-[3-cyclobutyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(5,5-dimethyl-
2,4-dioxo-3-oxazolidinyl)ethyljpropionyl}piperidine,
1-[3-cyclobutyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl )ethyljproplonyl]hexahydroazepme,
1-[3-cyclobutyl-2(R)-[2-(hexahydro-1,3-dioxopyrazolo[1,2-a][1, 2,4]-
triazol-2-y1)-1(R or S)-(hydroxycarbamoyl)ethyllpropionyl]piperidine and
1-[3-cyclobutyl-2(R)-[1(R or S)-(hydroxycabamoyl)-2-phthalimido-
ethyllpropionyl]piperidine. '

18. Compounds of the general formula

RI
5 (CHa)m
il
c "~ _R? (I
HO” c”
il
o]
(CHy),
R3 This Sheet Has Been Replace
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(vnl'l)HM&ﬂﬂEﬁtH%ﬂng 0 g of the product from(vii) in 2 m of
trlfluoroegEQLA@EDamd s stirred at ﬁoomterrperature for 2.5 hours. The

sol and the residue was re-evaporated fromtoluene. The
residue was di snshemau R, BPeRAym anden hawe the significapge gaveninchaad with .
two portions ofy 5% aqueous sodi um hydrogen carbonate sol ution. The: conbi ned
extracts were acidified to pH 2 with concentrated hydro- chloric acid.and

t he product was extracted with two portions of dichloro- nethane. The 2
conbi ned or ganig, extCafipo d&»ﬁrseoms@gén%éhfmﬁ@ra and saturated sodi um 4
chl oride solution and dried over drous magne- sium sul phate. The

sol vent was evaporated to give 0.634 g of 2 whi te foam cont ai ni ng

1-[2(R -[1(R or S)-carboxy-2-(3,4,4-tri hyI 2, 5- di oxo- 1-

i m dazol i di nyl)ethyl]-3-cycl opropyl propio yI ] piperidine as a 6:1 m xture of

di ast ereoi soners whi ch was used in the ngg gt ep without further
purification. Rf [dichloronethane/ nﬁt hano Dferr] = 0.31.

0 ¢ L av

wherein R1, R2, R3, m and n -have the significance given in claim
1. -

20. Compounds acéording 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

R1
0 (CHz)m
g R? {In
Ho” c”
Il
8]
(CHJ),
R? This Sheet Has Been Replaced

|
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nin 10 m of dichloro- nethane was c ed at O[err]. The sol utfi on WRgPLACED

REPLACEMENT SHEET 18 (ix) A sol ution of 0.634 g of the prodgdt}lls 'SHEET HAS BEEN

treated in succession eth Q.2
1- hydr oxybenzot M SP%%lt Eh% E%lmgafth nl\ha H‘le mégrtl?{cancé givén in‘claim
1- et hyl - 3- (3-di gpt hyl am nopr opyl ) car bodi i m de hydrochl oride. The m xture

was stirred. Olerr] faqgr m_nut e ution of 0.238 g of O

be Ihydr&@?& -cng})Hng %Bt gaﬁ’%‘ﬁﬁofp ci%ane was added. The m xture was

left"to warmto roomtenperature and was stirred over- night. The sol ufion
was washed with two portions of 5% ,ﬂg@ghsodi um hydr og&€lIxar bonat e

sol ution and subsequently with 2M hydfo- chloric acid, water and saturated
sodi um chl oride solution. After drying over anhydrous magnesi um sul phat e,

the sol vent wasyieiyed PipRUERES RlybPged, \Gillowes dtkyBsilgluss f i ed by flash

chromat ogr aphy on .
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

R‘l
0 (CH2)pm
il '
|3zo\N _C c R av)
vl
(CHz)n

wherein R1, R2, R3, m and n have the significance given in claim 1
and Bz represents benzyl,
and,

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.

/.
] This Sheet Has Been Replaced
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silica gel usiin /rre@ﬁanol (98:2) for the elution to give

enzylox ar ba 344tr|meil}yl-2 5-
S mocRgs fors 69 THBRNIAR S GRS AmBRH, SREeIa
E gl aih er eﬁb_ﬁ?g?'in kheatortrotior pr é\g.ﬁflfgorﬂm“ dehbhbdative féint. diéea(séeg cﬁ;{gx 411H87J
15, g): 3the bgea.%meﬁ? ﬁmvagw&lutraau}%rﬁthfm%r%a(‘ o BUIEHIS & rois,
(S 3H) WhHith ﬁ)%eémcoih‘hbnsésﬁ ﬁazfdﬁbmﬁdhndlaé&vrﬂlﬂ tonang tdne df 36 (S

0. 07- 0. slea(lmﬁ 147 Wi ek areis e @M%?nﬂ%s?érg”ou??o

t hat descthbemxﬂmrbhatélar galmcabadnhnwtrEmapfomi. from0.391 g of
- 1-[2(R-[1(R or 9)-(benzyl oxycarbamoyl) - 2-

(3,4,4-trinmethyl -2, 5-di oxo-1-imdazolidinyl)ethyl]-3-cycl opropyl -

pr opi onyl ] - 4- plmrl d'he usé dif s tempoundnaccotdingte payarné of elaimsnkil7

anal agouslﬁQhﬁ%htgas&rbpf\deﬂtﬁo%f‘mhgss]esg' )-(ix), there was obtained 0.33-

fq.u_.

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
. . treatment 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,
atherqéc]__ex'osis or multiple sclerosis.

29. The invention as hereinbefore described.

is Sheet Has Been Replaced
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yl)-2- (S SHEET HAS BEEN
4- pi perijdi nol REPLACED

g met hyl - 2, 5- di oxo- 1- ifm ?or(rﬁ’.

(di ast-ef eoi somer 1) infthe of a white foam nnr (MeQD).:. 4 -ZZ-Z 02 (m -
2H); 3/90-3.81 (m 1H):;| 3.69-3.56 (m 1H): 3.49- 3. 38(mBM$QiQ@5:@.h8 (m
2H); 2.11-3.01 (m 1H);}2.97-2.86 (m 1k 2 G3—teH J =5); 2.01-1.78

H; 1.68-1.36 (m ; 1.33 (s, % 1.31 (d, 3H, N 5); 1.24-1.13
H; 0.62-0.50 (m 1H); 0'.49-0.36-3#& H; 0.09- -0. 05 (m 2H); Ms: 425
[err] 19 Exanple 3 In a manner anal ogous to that described in the

- fﬁeﬁi;?giﬁﬁgrﬁgﬁ%?y 15?1&1‘04)2&0 g'd?-ga%ar%lg fac]d [izg-i@at{veg ofo the general

formula _

(0] ]
I ~ | m

wherein R! 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, O, S, SO or SOz 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,
hydroxy-methyl, 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, O and/or S, SO or SO2 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; R4 represents hydrogen,
lower alkyl, aryl, aralkyl or a protecting group; m standsfor 1 or 2 and n
stands for 1-4, and pharmaceutically acceptable salts thereof, which are
collagenase inhibitors useful 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.
They can be manufactured either by hydroxamidating a corresponding
novel carboxylic acid or by deprotecting a corresponding novel
benzyloxycarbamoyl compound.

This Sheet Has Been Replace
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4-trimet hyl - 2, 5- di
~epropyl ] - 3-azabi cy
manner anal agous t
obtai ned 0.496 g of
S) - (hydr oxycar banoy
1-i m dazolidinyl) et

i

T,

b {hat descri bed

$- (B4 00T o8 O
1]-2-(3, 4, 4-tri

hyTTpropronytT=

DY
U

stereoi sonmer 1) in

3.48-3.31 (m 2H);
1.80-1.68 (m 4H);
(m 1H,

S) - (benzyl o
1-i m dazol i
1),

0.64-0.52(m 1H);

2.96-2.86 (m 1H);
1. 68- I
0. 45- 0. 33

gllg%iy'a)te{g,{z,%yl )-2-(3,4,4- tri

n Example 1 (i)-(ix),

the formof a whii

AHE05
yl)ethyl]-3-cycl
(di astereoi soner 1) prepared in a
t here was
-2(R-[1(R or

hyl -2, 5- di oxo-

hzabi cycl o 3. 2. 2] nonane (dia-

e foam nnr (MeQD):
2.82 :

4.0-3.1(m 5H);
2.14-2.03 (m 2H);

s, 3H); 1.21-1.12
-0.05 (m 2H); Ms: 449
escriped.i,n the first
roxamic acid

met hyl - 2, 5- di oxo-

0. 08-

(m 2H);
(MH)[err]. Exanple 4 In a manner anal ogous to that
par agr aph of Exafffieeptieseintdmvention isfconcerney -yithrh

Yl ]-3-cycl obutyl propionyl]- piperidine (diastereoisoner

prepared in a manner anal ogous to that

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

wherein
Rl
R2

@

represents cyclopropyl, cyclobutyl, cyclopentyl or cyclohexyl;
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 SO2 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, hydroxymethyl, 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, O and/or S, SO
or SO 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; '



huedy

(. b was obtained 0.5 g of
(R

droxycar banoyl ) - 2- (3, 4, 4-tri net hyl -

described in Exanpl ¢ r
h
pt onyl ] pi peri di ne (di astereoi soner 1)
a

1-[3-cyclobutyl - 2(R4[ 1

5-di oxo- 1- inidazolti di g1 )@'ﬁﬁyﬂ}?&r
in the formof a whifte foam nnr ( D). 3.67 (dd, 1H, J = 15, 10);
3.64-3.46 (m 4H); 3.347(dd, IH 1% 8); 3.12 (td, 1H, J = 13,3);
2.92-2.84 (m 1H); 2.82 (s, . 3H: 2.22{2.09 (m 1H); 2.07-1.93 (m 2H);

1.90- 1. 42 (m R32H) fepkedéntischyRoken llodr(alkyBHryl, Mialléglson Mprpfeeting.  Exanpl e
5 In a manner _anal ogous to that described in the first paragraph of Exanple
1, from0.4 g A5 A [2(R -[1(R or S)-(benzyl oxycarbanoyl)-2-(3, 4, 4-

tri met hyl - 2, 5mdi oxstandsifor dazrd®;iasidny| ) et hyl ] - 3- cycl obut yl pr opi onyI ]-

pi peridinol (giast a?ﬁb I4.1), prepared in a manner anal ogous to that

described in Ex . th 594 )
! Srg}larmac gly accept%b?e Wofis Ghediqled 0-294 g of 1-[3-cyclo

&l ‘i
or

—— 1 m

[Hlantyvan =)

The compounds of formula I possess valuable pharmacological
properties. In particular, they are collagenase inhibitors and can be used
in the control or prévention 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. o

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 term "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



rpanmoyl )-2-(3,4,4-trinethyl-2,5- diox-1
-piperidinol in the formof a white
; 14.04-3.90 (m 1H); 3.90-3.80 (m 1H);
] 3.18-3.06 (m 2H); 2.94-2.85 (m 1H);
; 1.33 (d, 3H, J = 3); 1.31(d, 3H J
6); Ms: 439 (MrH)j[err]. Exanple 6 |n“a manner anal ogous to that descri bed
n the first, pat

20 but yl -2(R) - [ (R[omep) ademesifo

< im dazolidinyl)etth
foam nmr (MeQOD): 4.
3.72- 3.57 (m 1H);
2.84 (d, 3H, J = 5);

) (benzyl o g} nedq, sucn as efl'{.z(g’tinaonthﬁlze gkgf &ﬂe%él@éc{ %£0Rg?'6up

3, 4, 4- t r i meddiy be 2fo7- elample] -dthiyhamdioxly.nyl ) et hyl ] - 3- cycl obut yl ] - 3- aza-

i cycl o[ 3. 2. 2] nonane (di astereoi soner 1), prepared in a manner anal ogous to
hat described in Exanple 1 (i)-(ix), there was obtained 0.348 g of

-[ 3- cycl obut yI - 2A Prefétgera)p dendtatk by Bbeample)arsy ¢@rventional
protecting group, e.g. as known in peptide chemistry such as benzyloxy-
carbonyl, tert.butoxycarbonyl, acetyl and the like.

W—ro—wm= 1

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 manner given earlier; for example 2-(methylcarbamoyl)-1-
pyrrolidinyl, 2-thydroxymethyl)-1-pyrrolidinyl, 4-hydroxypiperidino, 2-
(methylcarbamoyl)piperidino, 4-hydroxyiminopiperidino, 4-methoxy-
piperidino, 4-methyl-1-piperazinyl, 4-phenyl-1-piperazinyl, 1,4-dioxa-8-
azaspiro[4.5]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[2.1.1]hexane, 3-azabicyclo[3.1.1]heptane, 7-azabicyclo[2.2.1]-
. heptane, 3-azabicyclo[3.2.1]octane, 2-azabicyclo[3.2.2]nonane and 3-
azabicyclo[3.2.2]lnonane. -

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

formulae:
0 . o) 0
R® R’
_ \N,lL
N—— N ~—— ] N—
X
RG
(a) | o ©

(b) - ©



trimethyl -2, 5- di 0xo
Aonane (di astereoi s
3.83 (m 2H); 3.76

et hyl ] propi onyl ] - 3-azabi cycl o[ 3. 2. 2] -
mof a white foam nnmr (MeQD): 3.92

; 3.67-3.57 (m 2H); 3.34 (dd, 1H, J
= 15,5); 3.28-3.21 (m 1H); 2.83 (s, 3H); 2.23-2.13
(mlH; 2.12-1.92 (m =AH7TT. m 14H) 5 1.35(s, 3H)gs 1.34 @5, 3H).
MS: 463 (MrH)[err]. {Exanple 7 In_a naane apal ogous to ttﬂl ' '

N desdfibed in
h o le 1, from (= of 1-[2(R-[1( 'GI’%
) - E(B _
-

4, 4-
trimethyl -2, 5{di oxg- dazolldlnyl)e yl]- § cycl opentyl pr
pi peridi nol (dre . onMe( 1), prepar a manner anal og
descri bed in Exanpl e (1)-(ix), there was tained 0.4 g of 1-]
pentyl -2[ (R -[1(R or 8)-(hydroxycarbanoyl)-2-(3, 4, 4-trimethyl -2, 5-di oxo-1-
I m dazol i di nyl)ethyl]propionyl]-4- plperldlnol (diastereoison?ﬁ 1) in the
formof a white foamg (©

(h)

in which

R5 and RS each represent hydrogen or together represent an
additional bond or the remainder of a fused benzene ring;

R?  represents hydrogen, lower alkyl or aryl; and

X represents -CO-, -CHa-, -CH(lower alkyl)-, -C(lower alkyl)e-, -NH-,
-N(lower alkyl)- or -O-; 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;

R8  represents hydrogen, lower alkyl or aryl;

R9 and R10 each represent hydrogen or lower alkyl;

Y represents -O-, -NH- or -N(lower alkyl)-; and

y/ represents S, SO or SOg;

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

phthalimido, 1,2-(_:'limethyl-3,5-dioxo-1,2',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-1,2,4-0xadiazol-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 and hexahydro-I,3-dioxopy1jazolo-

[1,2-a][1,2,4]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 1,1-



. REPLACEMENT SHEET 1
nnt (MeQD): 4.20-4.10F(m ZA); 3.93-3.83 (m 1H); 3.76-3.64 (m 1H); 3. 48-

3.32 (m 2H); 3.26-3.082(1379 +,2108-1.42 (m 12H); 1.38-1.25 (m 7H);
1.18- 1.01 (m 3H);| NB: “4 [dri]. REPLACEMENT SHEET 2 1 OCT 1996

21 Exanple 8 In a tq that described in the first paragraph
of Example 1, from}0.57 g of 3-[2(R) -(16R or

S) - (benzyl oxycar bandyI)=2-(3; &4, 4- _tr1 net hyl - 2, 5-di oxo- 1-i m dazol i di nyl
)ethyl ] - 3- cyc|di9éné@y¥lpmzohéabﬁogle hexahgdmazppineapr o¢tgihydreazasintner 1),
prepared in a gpivhallydidsegatsd b8 onddr HESCCi d16ths by Byaredys 1dwéd atkiyl,X) |

there vas obtg ned, 'éley, %ehliZad 3xo or monollower alkyl)-carbamayl, 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 alkyl)s-, 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)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl]propionyllpiperidine,

1-[3-cyclopropyl-2-(R)-[1 (R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyllpropionyl}-4-piperidinol,

3-[3-cyclopropyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl Jpropionyl}-3-azabicyclo[3.2.2]-
nonane,

1-[3-cyclobutyl-2(R)-[1 (R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl]propionyl Jpiperidine,

1-[3-cyclobutyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl Jpropionyl}-4-piperidinol,

3-[3-cyclobutyl-2(R)-{1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl Jethyl]propionyl]-3-azabicyclo[3.2.2]-
nonane, _

1-[3-cyclopentyl-2[(R)-[1(R or S)-(h;yd1'oxycarbamoy1)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl) propionyl]-4-piperidinol,

3-[3-cyclopentyl-2(R)-[1(R or S)-(hydroxycarbamyl)-2-[3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl Jpropionyl]-3-azabicyclo-
[3.2.2]nonane and

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

~ trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl Jpropionyllpiperidine.

Other preferred compounds of formula I hereinbefore are:

1-[3-cyclohexyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethylpropionyl]piperidine,



3 =Dl AREMEN
cycl opent yl - 2(R) - [1(] PLACEMENT SHEET
di oxo-1-im dazolid n/l ) et Qﬁ/ _ﬂogropl nyl ] - 3-azabi cycl o[ 3. 2. 2] nonane
(di astereoi somer 1 2 h&GoMMbof{ af white foam nnr (MeQD): 3.88-3.67 (m
5H); 3.39-3.31 (m}2 ; 2.92-2.85 4H); 2.15- 2.06 (m 2H); 1.83 - 1.45
(m 16H); 1.36-1.2 m 7H 1.16-1.00 (@n 2H). Ms: 477 (MtH)[err]. Exanple
9 A solution of 0.4 mately 6:1 m xture of diastereo-
i somer 1 and di astqr[emyamhtﬂ ZIR){MI?6RB)-[(Hfd?-onczﬁbaWyﬂ)pZéj3,Z«(3 4, 4-

bl peri di ne. | prER B 2 AR b Rt B g G BED BARBOETE L
1(i)-(viii), |th1alzi)ned of dichl oronmet hane was cooled to O[err]. The sol ution

was treated with Og4
ethyl-3-(3-dineth hg[élcygldﬁggy l%gggﬁp?h dr gg?]rag{n?gmzqﬁ A 2 m of
N- met hy| mor thPi“r"é ?ﬁer}?’o %e“l%%‘sz ‘i“fl %fhéfi/]pﬁf’%‘f’f‘?'] Faﬁ%‘gﬁ?\ ]nét es.
sol ution of OtRHzige StS-@xdnhde,t but yl di et hyl si | yl) hydroxyl am ne and O. 22
4-[3-cyclobutyl-2(R)-[1(R or S)- (hydroxycarbamoyl) -2-(3,4,4-
trimethyl-2,5-dioxo- 1-1m1dazol1d1nyl)ethyl]propmnyl]tetrahydro-1 4-
thiazine,
4-[3-cyclohexyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyllpropionyl}tetrahydro-1,4-
thiazine,
3-[3-cyclopentyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyllpropionyl)-5,5-dimethyl-N-
propyl-4(R)-thiazolidinecarboxamide,
4-[3-cyclopentyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4, 4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl]lpropionyllmorpholine,
3-[3-cyclopentyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl )ethyllpropionyl)-N,5,5-trimethyl-
4(R)-thiazolidinecarboxamide,
4-[3-cyclobutyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyllpropionyl]-4-phenyl-
piperazine,
4-[3-cyclobutyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4.4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl]propionyllmorpholine,
1-[3-cyclobutyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethylJpropionyl]pyrrolidine,
8-[3-cyclobutyl-2(R)-{1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyljpropionyl}-1,4-dioxa-8-
azaspiro[4,5]decane,
1-[3-cyclobutyl-2(R)-{1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyllpropionyl]-4-
methoxypiperidine,
1-[3-cyclobutyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyllpropionylloctahydroazocine,
1-[3-cyclobutyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(5,5-dimethyl-
2,4-dioxo-3-oxazolidinyl)ethyl Jpropionyljpiperidine,
1-[3-cyclobutyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyllpropionyllhexahydroazepine,

yicar banyl )-2-[3, 4, 4-trimethyl -2, 5-




m of N-methyl norp
was left to warm't
sol uti on was washe
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[ e
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di chl or omet hane was added. The m xt
and was stirred over- night. The
s of 5% aqueous sodi um hydrogen

ure

carbonate sol ution

-ahd subsequently M th 2M hydro- chloric acid and

saturat ed sodi um chl orTde sol ution. Af¥er drying over anhydrous nagnesi um
sul phate, the sol vént.was. The resi due was purifie f.l ash

chr omat ogr aphy on $ilBicyelojutyl Rig2-dhevahydsadsdrdxopiae 612""\?1‘{)@&4‘)]' for the
o o 0 b W 1 e D i
T darol | gy eRS AR P E Bedony e bamordt Bmbshalimider

di oxo-1-i m dazolid ereol soner
the form of aethyligropbteml]lpiperidMeD): 3.74-3.66 (m 3H); 3.53-3.45 (m
3.34 (dd, J 14,7,1H); 3.23 (dt, J = 4, 14, 1H);

2.90-2.84 (m 4H);
1.80-1.45 14H); 1.38-1.2 7H);. 1.15-1.01 H) ;
(m g The c::’)zxgnpoun?’ds(gfI fortni)uilajl o?‘m garx&a@cegtll_gally acceptable

salts with bases such as alkali metal hydroxides (e.g. sodium hydroxide
and potassium hydroxide), alkaline 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 ete, but also salts with organic acids such as
acetic acid, tartaric acid, succinic acid, fumaric acid, maleic acid, malic
acid, salicylic acid, citric acid, methanesulphonic acid, p-toluenesul-
phonic acid etc.

in

2H) ;

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 pharmaceutically acceptable salts are
manufactured by '

reacting an acid of the general formula

(a)

R‘l

(CHz)m

=0

2
P

(3]

an

o=0

(CH,)

RG

wherein R1, R2, R3, m and n have the significance given earlier,



REPLACENMENT SHEET 4 EMCE%EM g%EEl]—:x nple 10 I n a manner anal ogous to that
gdescribed in the fi g ra&raph of anple 1, starting fromO0.328 g of
1-[2(R -[ 1(R or S)-{(Hen2yl OkY 1996

bamoyl ) -2-(3, 4, 4-tr]i fet hyl - 2, 5-di oyo41-i m dazol i di nyl)ethyl]-3-cycl o-

hexyl propi onyl ] pi pgri di ne (d| astereoifjgner 1), prepared in a nmanner

anal ogous to that ¢ el (i)-(ix), there was obtained 0.269
g of 1-[3- cyatiohexstmpdiid bf ¢he gendal (foymubaycar bamoyl ) - 2- (3, 4, 4-

trinmethyl -2, 5-di oxo- 1-im dazolidinyl)ethyl]propionyl]piperidine

(di astereoi somer 1) in the form of a\/\,h|t8foam nnr (Me 387377(m
2H); 3.7 (dd, J = 14,9,1H); 3.64-3.5 (2 5 338328?@11) 2.9-2.83
(m 4H) 1.84-1.45 (m 12H); 1.35(s, 3H); 133(s 3H) ; 125105(m 5H) ;

0.98-0.78 (m 2H) wherein Z represents hydrogen, triflower alkyl)silyl or
diphenyl(lower alkyl)silyl,
and, where required, cleaving off any diphenyl(lower alkyl)silyl group
present in the reaction product,

——~ =

qt
K
r

or

(b) catalytically hydrogenating a compound of the general formula

R1
o (CHa)m
Il
Hoof i
(CH,),

wherein R1, R2, R3, m and n have the significance given earlier and
Bz represents benzyl,
and,

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
ITI 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 0°C to about
room temperature. Alternatively, an acid of formula II can ble 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



MS: 451 (MeH)[err}. REXEGPMENTISHER  a| manner anal ogous to that described in
Exanple 9, startingfrom0.8 g of {1{[2(R) -[ 1(R or

S) - car boxy- 2- (3, 4, 4-tr'%i._ '( 9 d;oxo | -
I m-dazol i di nyl) et Qyl{] ‘cycC opent yl propi onyl | -t et rahydro-1, 4-t hi azi ne
(di ast ereoi soner 1) ,Lprepared—+r—a ranner anal ogous to Exanple 1 (i)-
(viii), there was jobtained 0.3 g of {4-[3-cyclopentyl-2(R)-[1-(R or S)-
(hydroxycar b,q éﬁ,l fdthy DL Jtéﬁtﬁmbtcﬁ ﬁeﬁymmlwdmbmﬁmmﬂh)&f hyl]-
propi onyl ] - efra ro 1, | azi ne (di asi.ereoi mle N e formof a
whit e f oamformuly G!))WMCIOZZ BGE‘@SGFH-SQ 10%319'%?‘3' )ré?)lyé ﬁlﬁq this7 (dd, J =

%3 83 %H)75 %r@@g(lﬁ“élealzeﬁ a8 cﬁn-ll'r& the. r%écﬁgﬂx&ar(dnwol'&ding-&wamnﬁél (m 4H);
(s, 3H): 1comppumd orgpgla otaﬁ%n?m ci %‘E? er1§§§d Whea )0 1
compound of formula III in which Z 1epresents diphenyl(lowar
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 [V 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 incert organic
solvents are, for example, lower alkanols such as methanol, ethanol, ete.
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 convenijunce the
catalytic hydrogenation is preferably carried out at room temperntyre 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 conventiona|
manner.

The acids of formula II which are used as starting materinls 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 R1, R2, R3, m and
n have the significance given earlier, Bz represents benzyl and LBy
represents tert-butyl:



In a manner anal ogausu, ,”'thha{‘fges
of 4-[2(R)- [1(R ar S)- (benzyl 0Xyq
2, 5-di oxo- 1- |m*dazoI|dLnyI ~Yy-et Hyl

cribed in Exanple 1, starting fromO0.3 g
ar banoyl ) - 2- (3, 4, 4- trlrrethyl
J- 3-cycl opentyl propi onyl ] -tetrahydro-1, 4-

23 thiazine S, dioxide (diastéréoisomer 1),

prepared in a manner anal ogous

to that described TH Exanmpte -1 (|) (ix),
4-[ 3- cycl opent yiL.- 2(R).- (1 -

there was obtained 0.2 g of

(R or S:) thdroxyca rbamoyl )-2-(3,4,4-trimethyl -

2, 5-di oxo- 1-imidazolidinyl Yéthyl ]pr onyl]-tetrahydro-1,4-thiazine S, S
di oxi de (di ast ereoi sonmer 1) |nﬂi@4@—$0§b@-ﬂg¢t white solid. nmmr (MeOD):

4.0-3.93 (m 1H);
3.14-3.03 (m 2H

4.45-4.3 (m 2H);

3.78-3.65 (m 2H);
2.9-2.85 (m 4H);gi.78- 1.45 (m 9H);

3.55- 3.39 (m 2H);

3,30-3.21 (m 2H)
1.36 (s, 3H); 1.B4 (s, 3H); 1.18-1. (m 2H). NMs: 487 (T/H—I)[err].
-NaNO, BzBr .
CHYy — > (CHim — (CHa)m
H,N © COOH Ho” COOH Ho® COOBz
v ) (VD
Alkylation
R1
R1
' AR (0 0 (CHm
CH -(CHy)y- il
Q  (Ham BrCho tBu —0—C
tBu—0—C COOBz - COOB2
R3—(CHp)y”~ ~COOBz COOBz
X) (VIH)
lDebenzylation R!
o) (CHz)m
R? 1l
! tBu—0-C
o (CHL)m COOH
tau_o_lcl; Decarboxylation . (CHa)n
COOH —— |
R3 — (CH3) COOH R3
X (XID)
lHRZ (XI11)
R1
I
_O (CHz)m
. tBu—0-C R2
an Deprotection ﬁ S
(sz)no
R3



REPLACEMENT SHEET
Exarrple 13 In a manner anal ogous to that described| | p—Exarpte—S—starting

from0.8 g of 1-[2(R-[1(R or S)-carboxy-2-(3,4,4- tpsl szfé I jloxjo- 1-
i m dazol i di nyl)ethyl]-3-cycl obutyl propi onyl ]-tetrahypr Q %21 |

(di astereoi somer 1), prepared in a manner anal ogou o Example 1 (i)}
(viii), there was obtai ned 0 24 g of 4-138-cyclobutyl-2(R)- [1 (R or
(hydroxycar banmoyl ) - 2- (3, 4 ' '

- - [ da=zal s M _
propionyl]-tetra ayige antrﬁﬂ %?z{ﬁarteP%'rlﬁgaéiggﬁgaF@ﬁﬁéc'f&%m?nf%@‘ﬁx}‘ dl? t g'yl !
ngd t eJS(}' id. stél;ﬁ@ tﬁé@@pkangaéaajﬁuaclligﬁgnaféd;ﬁdlng t64négldods]knowa, 13er1§e 3. 35
> 75.2. 72 (rﬁq"-isrﬂ)m theghret g‘ﬂ’( AR amno ¢ 34, of it ol v &h&;{)%ﬁé%( (m |2_|)I—|)
1.85-1. 45 (robtaided dcch3dirg tSthe prodedyre, déﬁdﬁbeld&wﬂler(a\wlt-l)l-[(& rPahBeanpl e
14 In a manner, agheoided & MG ASSEhbRESot M IBATIS 635456564, 189

converted by treatment with sodium nitrite in the presence of
concentrated sulphuric acid into a hydroxy acid of formula VI which is
subsequently reacted 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 metal
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
XTIV which is deprotected (e.g. by treatment with trifluoroacetic acid) to.
give an acid of formula I

-

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 O-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.



from1.22 g of 1-[2(R)-[1-(R or §)-carboxy-2-(3,4,

t m dazol i di nyl)ethyl]-3-cycl ohexyl propionyl]-tet rahydTU— T74-thi aziing

(di astereoi somer 1), prepared in a nmanner anal ogous a 19796(' -
(viii), there was obtained 0.45 g of 4-[3-cycl ohexy F %( F@( g -

(hydroxycarbamoyl)-2-(3, 4, 4-trinethyl -225-di oxo-
proplonyl]-tetrahydro 1 4-t hi azi ne(di ast er eoi soner
white solid. nr;f; 412403]%l %

2H); 3.38 (dd, th’—rq_ aémﬂs COmPYYNSISIW k‘Qr]Hah “se§

- tHEPh&@iﬂM”TZS%Egi x0- 1-

W

ef hyl ] -

in the f or m of

g léw,ﬁma%zs 365 (m

2. 6882 55 réﬁ&taﬂﬁ% ,mJt.h%erihrﬁﬁ'aémre?M)thelc&ﬁp@and?,}@f fotmada (Isareskipown 26- 0. 8
(m 8H: commncgngr ana?ogues of BABS BHAL3aRYR &Jﬂlélpﬁﬁnd:?esﬁ{'éﬁ)ﬁ%d' n

Exanpl e 9

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), 73 945, 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
- ICsg 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. IC50 (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-
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1.164 g of a m xture of diastereoisoners of

8-[2(R) -[ 1(RS) - car boxy-2- (3, 4, 4- v
trimethyl-2,5-di oxo-1-im dazolidinyl)ethyl]-3-cycl openly pr%ai%.gll‘?%s,

di met hyl - N- propyl - 4(R) -t hi azol i di necar boxam de, prepar¢diin_a nmanner
anal ogous.to that described in Exarrplé 1 (1)- (VI 1), there was obt ai ned

0. 329 of 3-]3-cycl ogentyl - R or DS

trimet ﬁyl 2, 515Eﬁr6 d’riﬂyrﬁéak‘bﬁ f‘{‘iﬁ(’ P@t‘ﬁ?‘l“%i} %F%ﬁﬁﬁie@ r%é‘??ét ﬁ'ﬂ\d)ﬁlpa

\% opyl -4|( Rzi t dufegelatitienegpgdioxasul ddohd esiudsions smrmrsp?:zuonst Hevwfevem of ?
ite soli o

1H): 3.84 anda‘fyf)"{f’}{?%@ bedaa&%h'ﬁsz"%ﬁég)ei%ﬁy'f %g;’s c5jr &4*@% itgges, %5 (m

4H); 1.94- 1. 2paremterzdly) e.g. inthe form af irpgtiom sobu tD)fEG (m 3H); Ms: 554

(MtH)[err]. Exanple 16 In a manner anal ogous to that described in the first

porearabh of Examle e HOM:223 & St LAk Bharatons the com.
1-i m dazol i di pydndat ¢fyfolmitl a Mcdmp ehéiy | plrayphavenktically acceptable salts can be
formulated with therapeutically inert, inorganic or organic carriers.

. Lactose, corn starch or derivatives thereof, talc, stearic acid or its salts
can be used, for example, as such carriers for tablets, coated tablets,
dragées 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, polyols, saccharose, invert sugar, glucose
and the like. Suitable carriers for the manufacture of injection solutions
are, for example, water, alcohols, polyols, 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.

Ul
1

The phérmaceutical 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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nor phol i ne (di astereoi soner 1), prepared in a manner Angegeds—i-0-.1
described in Exanple 1 (i)-(ix), there was obtained O 112 g of 4-]3-
cyclopentyl -2(R)-[1(R or S)-(hydroxycarbanoyl)-2-(3, 4, 4t i n@’_f:HyF":?%, 3|
di oxo-1-i m dazolidi nyl )ethyl]propionyl]norpholine (diastereoisonmer 1) jin
the formof a white solid. nmr (MeOD):4 3.83-3.56 (m [9H); 3.41 (dd, =
14,6, 1H); 3.19 (dt, J = 4,11,1H); 2.91-2.81 (m 4H),“4+/1.-42 (m 8H);
1.38-1. 23 (nrowidp; be adjugedgo(the ipdjvidnal reBorgmpryy by each pratipiler17 In a
manner anal oggks Ihcgetn@?%l, @g%&& 'cB@é’% Qdﬁﬁﬁ{)ﬁ@lf&ﬁi&m t% hgﬁ}lt%; 45fhil; @bsaerdexture
? ]; i ?T;? ﬁ;?r gogl%gqng&%qtoé mghq éla%% [%m&lﬁgfrera%xly-ﬁ%rg gbout 10 mg to about
) et hyl ] - 3- cyabapgnghoubd bpi apprbprititd, flthough 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 0.575 g of 1-[2(R)-[1(R or S)-(benzyloxycarbamoyl)-2-
(3,4,4-trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl}-3-cyclopropyl-
propionyljpiperidine (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)-[1(R or S)-(hydroxy-
carbamoyl)-2-(3,4,4-trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl]-
propionyllpiperidine (diastereoisomer 1) in the form of a white foam.
nmr (MeOD): 3.78-3.64 (m, 3H); 3.62 (dd, 1H, J = 15,8); 3.49-3.41 (m, 1H);
3.39(dd, 1H, J = 15,5); 3.33-3.27 (m, 1H); 2.95-2.87 (m, 1H); 2.83 (s, 3H);
1.74-1.46 (m, 7H); 1.33 (s, 3H); 1.31 (s, 3H); 1.20-1.13 (m, 1H); 0.61-0.50 (m,
1H); 0.44-0.33 (m, 2H); 0.06- -0.05 (m, 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 sulphuric acid
was warmed to 450, 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 poftions of ethy! acetate. The combined
extracts were washed with water and dried over anhydrous magnesium
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25 trimet hyl - 4(R) -t hi azol i di necar boxam de (di ast ereoi soner l)l pref:)ar ed i ﬁ(“”FT
a manner anal ogous to that described in Exanple 1 (i)-(viii),: tihere-was
obt ai ned 0.629 g of 3-[3-cyclopentyl-2(R)-[1(R or S)- (hydroxyfcar bam)yl) 2,

(3,4,4-trimethyl-2,5-di oxo-1-imdazolidinyl)ethyl]propi onyI]-»N 5, 8- ¥ 96
tr!rret hyl - 4(R) -t hi azol i di necar boxani dey d| ast ereoi soner 1) in the.formof_a |
white solid. nnr (MeQD): 409451(m H,; 4.47 and 4.43 (both s, total

{

1H); 3.82 anda% %éebem Qéive&t Wagt‘év}%gm -4te8 b 1dd¥e; 3.85 §7ofamueova3n( bot-hreeh -t

J =1
2H) ; 3/55 5t28t (Santgindng 3 ’C P&[n?éﬁ yg”ﬁ‘é’r?ﬁ%?“’&hé%‘&o‘dglq}b a% i 2§’c§|mbed

Is ;1 EBe fi Irst Peeasd:Blep fwibeupfurther purificatiaBd g of ]-[2(R-[1(R or
enzyl oxyc
(3 4,4-trimet hﬁﬁg%gﬁ%%gai’e/wt&? | dl121k/T) e(ﬁ]yl | - 3-cycl obut yl propi onyl ] -

phenylplpera2|ne (di astereoi somer 1), prepared in a manner
(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 dryirng 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 of benzyl 3-cyclopropyl-2(R)-hydroxypropionate in
the form of a yellow oil. '

nmr (CDCl3): 7.39-7.28 (m; 5H); 5.19(d, 1H, J = 14); 5.15 (d, 1H, J= 14);
4.31-4.24 (m, 1H); 2.81 (br. d, IH); 1.69-1.54 (m, 2H); 0.87-0.74 (m, 1H);
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 triflucromethanesulphonic anhydride in 15 ml of dichloromethane at
0° over 30 minutes with stirring. The mixture was stirred at 0° 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 of benzyl 3-cyclopropyl-2(R)-trifluoromethyl-
sulphonyloxypropionate in the form of an orange oil which was used in

the next step without further purification.
Rr[hexane/ethyl acetate (4:1)) = 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 0of 5.37 g of
the product from (iii) in 20 ml of dichloromethane was added dropwise at
0°. The mixture was stirred at 0° 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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anal ogous to that described in Exanple 1 (i)-(ix), thF;e vvaz bt
g of 1-[3-cyclobutyl-2(R-[1(R or §)-(hydroxycarbany -2-
(3,4, 4-trinethyl -2, 5-di oxo- 1-imidazolidinyl)ethyl]propionyl]-}-ph8nyBCT 1995
pi per azi ne (dlasteremsorrer 1) in the rmof a white solid. nm{ (MQOD):

7.25 (m 2H); 7.00 (m 2H) 6.85 (m 1HyY; 3.94-3.73 (m 4H); .6'? ('dﬁii_h\] =
m )

14, 7,1 3.43 1H) ;. 3.23-3.0 4H) ; 2. 96- 2. ) ) .

2. 84 (?? 3H) bottrods mag es&‘i—%‘Q”é?gégeﬁ%s‘ﬁﬁéf%H)a,gb%’.a%‘fal‘?é@(%“’e6@ .7 1. 35,
(?] 3|c_i|) 1. g4 6.54 g 3FP; 3f e4tm991 3t ftevutlyl lmmh?pﬂw(ﬁg?&ﬂﬂmpanatmgous to
t hat cribe

4- ?Z(R)es[ 1(R g:r %ﬂ?)%r?zé %xlyggé am)yF‘; 9158%‘%8%0&]&8 ! tﬁﬁ][ﬁ ré%gagx | 0XO0-

1-i ndazol i di n)ﬂrﬁlégﬁﬂ} 3-cycl obut yl propi onyl]- morpholine (diastereoisomer
1), prepared inma (Gﬁﬂig)‘ TodGall 36d(us, 20H ); Bax9-803dhi, [8eH); 18FEXAyH & £10);) - (i x),

el uas ootAged g‘ S D 3l a9 G A 85 h et 132% 38 on, 211
_ 141(59 ); 1.39 (s, 9H)079063(m 2H); 0.49-0.38 (m, 4H); 0.12- -0.07
(m, 4H).

(v) A solution of 6.4 g of the product from (iv) in 30 ml of 1,2-
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 of 2,3-
dibenzyl 3-tert-butyl 1-cyclopropyl-4-(3,4 4-triméthyl 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 (m, 20H), 5.31-5.03 (m, 8H); 4.32-4.18 (m, 4H);
3.19-3.15 (m, 1H); 3.16-3.12 (m, 1H); 2.86 (s, 6H); 2.00-1.90 (m, 1H); 1.89-
1.79 (m, 1H); 1.64-1.49 (m, 1H); 1.48-1.38 (m, 1H); 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 evaporated. The residue was i'e-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 solvent
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I m dazol i di nyl)ethyl]propionyl]norpholine (diastereoisoner 1){ip the form

of a white solid. 26 nnt (MeOD):3.80-3.51 (m9H); 3.42 (df, {Jd2&1Q0T 1225
14,6, 1H); 3.14-3.06 (dt, J = 4,11,1H); 3.04-2.86 (m 1H); 2.8 s, 3H); '
2.23-2.11 (m 1H); 2.06-1.95 (m 2H);71.91-1.73(m 2H); 1. 71; 1746 (m —4H)"
1.35 (s, 38H); 1.34 (s, 3H); Ms: 425 (I%[err]. Exanple 20 In a [mnner

j>

Ul

anal ogous to that desgcrj bed. i e first. 0. 625
g of 1-[2( R)V??Sl@@mﬂ'a%d- gbﬁ‘i’?%&gt,ga‘?ﬂbéi%wp@s@g 'h?:gtﬂ%&&) ?ﬁ% jr{glyglthgﬁgpg} 0X0-
(1;1: 215?2?2'0 : Sné@n%iry)psmbres-[c:y,m,@mmqmym,wogo-1pm1d@|zohdml>methyll- .
: red. . er: ; .
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form of a yellow oil.

MS: 383 (M+H)+; )

" Ry [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 0° and treated in succession with 0.665 ml of N-
ethylmorpholiné, 0.481 g of 1-hydroxybenzotriazole and 0.602 g of 1-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 warm to room temperature and was
stirred overnight. The solution was washed with 5% aqueous sodium
hydrogen carbonate solution, 2M 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)-[1(R or S)-
. (tert-butoxycarbonyl)-2-(3,4,4-trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl)-
3-cyclopropylpropionyl]piperidine as an approximately 6:1 mixture of
diastereoisomers in the form of a yellow gum.
MS: 450 (M+H)*;
Rr [dichloromethane/methanol (95:5)} = 0.51.

(viii) A solution of 1.0 g of the product from (vii) in 2 ml of trifluoroacetic
acid was stirred at room temperature 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-
chloric acid and the product was extracted with two portions of dichloro-
methane. The combined organic extracts were washed with water and
saturated 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)-[1(R or S)-carboxy-2-(3,4,4-trimethyl-2,5-dioxo-1-
imidazolidinyl)ethyll-3-cyclopropylpropionyl]piperidine as a 6:1 mixture
of diastereoisomers which was used in the next step without further
purification. :

Rf [dichloromethane/methanol (9:1)) = 0.31.



cyclobutyl -2(R)-[1(R or S)-(hydroxycarbanoyl)-2-(3,4,4-trinet 1yREP}A§EMENT SHEET
di oxo- 1-im dazolidinyl )ethyl]propionyl] pyrrolidine (diastefepisoner 1)
inthe formof a white solid. nnr (I\/ECD) 3.77-3.69 (m 1H); B.p1AHBGCT 1996
14,6,1H); 3.53-3.44 (m 2H); 3.39-3.31 (m 2H); 2.93-2.85 (m}2H); 2.84 (s,
3H) ; 226213(m 1H); 207- 171(n188H) 1.69-1.46 (m 4H); .36 (35,

3H); 1.33 (s, 3H); Ms:409 Mrgg%mj nple 21 I n.a nann aloqousto
that descri bd#)i n A pelutionsaf Gy ﬁhe@ﬂ()%rﬁp@ (Ym)f‘tfbhqm 6“6}“6?0'

?3[ i( E) t [ 1( Rtrﬁétﬁ)rrebﬁﬂilﬁb&léblca@rd@a@b{é solrtion was treated in slucgessmn with N
rime azo 0 nyl] -
1, 4- di oxa- 8- £¥£H§l %[1\2 Eb"&'ﬁ °€B?a@bgb%9fsloh¥a¥ Jf)y%e5¥%§t5grzgtfy§xﬁé Q%n%er
anal ogous to g bft- edhylem(Beﬁmemhﬁaanpbpl dpyl)cprbodijmide bydracddoridde.aiThed 0. 084
00 o o B o (Red 00Tl srgm%y&%r By bl023s g of Q- -

(3,4,4-trinet opI 0
azaspi r o[ 4, 5]hr@@xﬂyd(rqm§rreneons%nﬁro 1§1Ch remet Q)‘F‘?n“@fs %(Bi/ﬁﬁ# tTheol i d.

‘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, water and saturated sodium chloride solution. After
drying over anhydrous magnesium sulphate, the solvent was removed
by evaporation. The residue was purified by flash chromatography on
silica gel using dichloromethane/methanol (98:2) for the elution to give
0.592 g of 1-[2(R)-[1(R or S)-(benzyloxycarbamoyl)-2-(3,4,4-trimethyl-2,5-
dioxo-1-imidazolidinyl)ethyl]-3-cyclopropylpropionyl piperidine
(diastereoisomer 1) as a white foam.

nmr (MeOD): 7.45-7.31 (m, 5H); 4.87 (d, 1H, J = 13); 4.79(d, 1H, J = 13);
3.78-3.65 (m, 3H); 3.63 (dd, 1H, J = 15, 8); 3.53-3.45 (m, 1H); 3.44 (dd, 1H,J
= 15,5); 3.34-3.27 (m, 1H); 2.87 (s, 3H); 2.84-2.78 (m, 1H); 1.78-1.49 (m, 7H);
1.49-1.40 (m, 1H); 1.36 (s, 3H); 1.32, (s, 3H); 1.12-1.04 (m, IH); 0.61-0.50
(m, 1H); 0.48-0.37(m, 2H); 0.07- -0.06 (m, 2H).
MS: 499 (M+H)*.

oxa- 8-

Example 2

In a manner analogous to that described in the first paragraph of
Example 1, from 0.391 g of 1-[2(R)-[1(R or S)-(benzyloxycarbamoyl)-2-
(3,4,4-trimethyl-2,5-dioxo-1-imidazolidinyl)ethylJ-3-cyclopropyl-
propionyl]-4-piperidinol (diastereocisomer 1), prepared in a manner
analagous to that described in Example 1 (i)-(ix), there was obtained 0.33
g of 1-[3-cyclopropyl-2-(R)-[1 (R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl Jpropionyl}-4-piperidinol
(diastereoisomer 1) in the form of a white foam.
nmr (MeOD): 4.22-4.02 (m, 2H); 3.90-3.81 (m, 1H); 3.69-3.56 (m, 1H); 3.49-
3.38(m, 2H); 3.37-3.18 (m, 2H); 3.11-3.01 (m, 1H); 2.97-2.86 (m, 1H); 2.83.
(d, 3H, J = 5); 2.01-1.78 (m, 2H); 1.68-1.36 (m, 3H); 1.33 (s, 3H); 1.31(d, 3H,
J = 5); 1.24-1.13 (m, 1H); 0.62-0.50 (m, 1H); 0.49-0.33 (m, 2H); 0.09- -0.05

(m, 2H);
MS: 425 (M+H)*+
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3.10 (m 1

(m 2H); 1.
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of Exanpl e
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4.02 (s, 4H); 3.81-3.60 (m 5H); 3.99 (dd, J = 14, ﬁyg%,,,ﬁ;izcﬁPEET
Hy; 2.93-2.85 (m 1H); 2.84 (s, 3H); 2.21-2.09 (m 1"‘; LUO 193
80-1.46 (m 10H); 1.35 (s, 3H); 1.33 (s, 3H); Ms: 48 i‘#}é
In a manner anal ogous to that described in the first pér‘ p
1, fromO0.443 g of 1-[2(1R -I9(R or S)-benzyl oxycdramoyl)-2-
nmet hyl - 2, 5-di oxo- 1-im dazgplidi '

cycl obut yl propi onyl ] - : NT.SHEET 2 1 OCT 19962+
| peridine (dlastere0|soner 1) there was obtained 0.319 g of 1
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Example 1, from 0.822 g of 3-[2(R)-[1(R or S)-(benzyloxycarbamoyl)-2-(3.4,
4-trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl]-3-cyclopropyl]-3-azabicyclo-
[3.2.2Inonane (diastereocisomer 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)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-trimethyl-2,5-
dioxo-1-imidazolidinyl)ethyl]propionyl)-3-azabicyclo[3.2.2lnonane (dia-

~ stereoisomer 1) in the form of a white foam.

nmr (MeOD): 4.0-3.1(m, 5H); 3.48-3.31 (m, 2H); 2.96-2.86 (m, 1H); 2.82 (s,
3H); 2.14-2.03 (m,2H); 1.80-1.68 (m, 4H); 1.68-1.53(m, 5H); 1.32 (s, 3H);
1.31 (s, 3H); 1.21-1.12 (m, 1H), 0.64-0.52(m, 1H); 0.45-0.33 (m, 2H); 0.08-
-0.05 (m, 2H); :
MS: 449 (M+H)*.

Example 4

In a manner analogous to that described in the first paragraph of
Example 1, from 0.6 g of 1-[2(R)-[1(R or S)-(benzyloxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl]-3-cyclobutylpropionyl]-
piperidine (diastereoisomer 1), prepared in a manner analogous to that
described in Example 1 (i)-(ix), there was obtained 0.5 g of 1-[3-cyclobutyl-
2(R)-[1 (R or S)-(hydroxycarbamoyl)-2-(3,4,4-trimethyl-2, 5-dioxo-1-
imidazolidinyl)ethyl|propionyl}piperidine (diastereoisomer 1) in the
form of a white foam.
nmr (MeOD): 3.67 (dd 1H, J =15, 10) 3.64-3.46 (m, 4H); 3.34 (dd, 1H,dJ =
15,8); 3.12 (td, 1H, J = 13,3); 2.92-2.84 (m, 1H); 2.82 (s, 3H); 2.22-2.09 (m,
1H); 2.07-1.93 (m, 2H); 1.90-1.42 (m, 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 1, from 0.4 g of 1-[2(R)-[1(R or S)-(benzyloxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl}-3-cyclobutylpropionyl]-4-
piperidinol (diastereoisomer 1), prepared in a manner analogous to that
described in Example 1 (i)-(ix), there was obtained 0.294 g of 1-[3-cyclo-



di oxo- 1-inmida zolidinyl )ethyl]propionyl]-4-nethoxypi peridirfe REPLACEMENT SHEET
(di astereoisoner 1) in the formof a white solid. nnmr (MeQD): |3.[96-3780 (M
2H); 3.69-3.59 (m 1H); 3.54-3.23 (m 7H); 3.18- 3.09 (m 1H); 9§ﬁﬁg§i 6
(m 4H); 2.21-2.09 (m 1H); 2.07-1.41 (m. 12H); 1.41- 1.38 (m{ gH ; : 599
(MtK) i . The starting material was roepared as follows (i) A sel-ttt-en—of

0.925 g of 1-[2(R.-[1(R or _S)-(tert.butoxycarbonyl)-2- (3,4 _4-trinmethyl-2
, 5- di oxo- 1-bu£ul-?é§21%1q(fi ar .$)1(¥1y€fw0prhawdbo%#§ﬁz%maﬁwl-ls-ﬂmuﬂ-
yl]-4-hydr %ﬁ&@liﬁﬁiﬂ%ﬂh?]ﬁuﬁbi&fy]fihfﬁfp@)‘i_d‘iﬁbﬁ&ﬂkﬁ@_%ﬁ% of 8ayRdewi th 1.08
g of nethyl .iodide and 1.79 g of silver oxide. The m xture was stirred at
roomterrpergoﬁﬁle in the dark for 2 days. Additional portions of 0.54 g of
met hyl i Odgﬂ?ﬁm@&gﬁla-@% i, \mT); 4204i|e.90e(rxﬁ, me;re.so@aasoagd ltl-g)@ Jnxture
was stirre r, a t . te (
resi due \A/ass"égs(ﬂér%}'g%t%%é%@ﬁx%& gte]ees_gr%ée G?t ﬁgﬁe@ﬁ%ggéfrﬁ}ﬁja‘%&gﬁ
sol uti on waS8H¢drc8))2r21-286Am, 13H);re88 dd,s3Had =p8), i3 Hd, B, &l a s

MS: 439 (M+H)*. ' :

[@> M}

Example 6

In a manner analogous to that described in the first paragraph of
Example 1, from 0.642 g of 3-[2(R)-[1(R or S)-(benzyloxycarbamoyl)-2-
(3,4,4-trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl]-3-cyclobutyll-3-aza-
bicyclo[3.2.2]nonane (diastereocisomer 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)-[1(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 (m, 2H); 3.76 (dd, 1H, J = 15, 13); 3.67-3.57 (m, 2H);
3.34 (d4, 1H, J = 15,5); 3.28-3.21 (m, 1H); 2.96-2.87 (m, 1H); 2.83 (s, 3H);
2.23-2.13 (m,1H); 2.12-1.92 (m, 4H); 1.91-1.48 (m,14H); 1.35(s, 3H); 1.34 (s,
‘3H). '

MS: 463 (M+H)*.

Example 7

In 2 manner analogous to that described in the first paragraph of
Example 1, from 0.5 g of 1-[2(R)-[1(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 0.4 g of 1-[3-cyclo-
pentyl-2[(R)-[1(R or S)-thydroxycarbamoyl)-2-(3,4,4-trimethyl-2,5-dioxo-1-
imidazolidinyl)ethyl]propiony]J-4-piperidinol (diastereoisomer 1) in the
form of a white foam.
nmr (MeOD): 4.20-4.02 (m, 2H); 3.91-3.83 (m, 1H); 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)+.



chromat ography on silica gel using ethyl acetate for the el ut| oREPLRGEMENTASHEET

obtained 0.61 g of 1-[2(R)-[1(R or S)-(tert. butoxycarbonyl)-2}(8,4,4-

trinmethyl-2 ,5-dioxo- 1 -imdazolidinyl )ethyl]-3-cycl obutyl p}opi @xldc-ﬁw%

met hoxypi peridine in the formof a C2I1ourl ess gum (ii) In ajnpnner

anal ogous to that described in Exanpfe 1 (viii)-(ix) fromO.6{ f
D

&—o
1-(2(R-[1(R or S)-'(tert.butoxycarbow( hifle @3, 4, 4-trimethyl- 2, 5-dioxo-
1-im dazolidinyl)et hyI]-3-cycIobutyIp‘r‘%‘p‘?‘%ﬁ%]-4-met hoxypi per = di ne tnere

was obtained 0.443 g of 1-[2(R)-[1(R or S)-(benzyl oxycarbam
oyl)-2-(3,4,4-tri I’n&hh‘hhnﬂeﬁaﬂhﬁf@us YoitRhcldesdrisidnid died fydd ?éi'a‘g’z‘&gl@léﬂt yl -

i - L per kdi.ne ' IS r 1),in the Torm,0
Bol bur ess Sﬁ%gﬂﬂ%i’%ﬁf”@%%a ARG ar S s Dratbamtiela 4 e
fir Zt Rg)az ??r Bm;diyl ardibxo-1;infidazolidiaglgtinfl]-3-cyclopentyl]-3-azabicyclo-
i- |[ m( dazol i ﬁzﬁ%gﬁ%%%gﬁﬁi%ﬁiéﬁg%égﬁﬁ EA gg{? gﬁxlng&)agxza géc%@rﬁlg to
(di astereoi s $¢ribest ipEramnla 1 ndxl shergupsgbiained 0.48 g of 3-{3-
cyclopentyl-2(R)-[1(R or S)-(thydroxycarbamyl)-2-[3,4,4-trimethyl-2,5-
dioxo-1-imidazolidinyl)ethyl |propionyl}-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)*.

Exafnp]e 9

A solution of 0.421 g of an approximately 6:1 mixture of diastereo-
isomer 1 and diastereoisomer 2 of 1-[2(R)-[1(R or S)-carboxy-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl]-3-cyclopentylpropionyll-
piperidine, prepared in a manner analogous to that described in
Example 1(i)-(viii), in 10 m] of dichloromethane was cooled to 0°, The
solution was treated with 0.211 g of 1-hydroxybenzotriazole, 0.24 g of 1-
ethyl-3-(3-dimetf1y1aminoprppyl)carbodiimide hydrochloride and 0.22 ml
of N-methylmorp_holine. The mixture was stirred at 0° for 15 minutes.
A solution of 0.295 g of O-(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 1-3-
cyclopentyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-trimethyl-2,5-
dioxo-1-imidazolidinyl)ethyllpropionyl|piperidine (diastereoisomer 1) in
the form of a white foam:
nmr (MeOD): 3.74-3.66 (m, 3H); 3.53-3.45 (m, 2H); 3.34 (dd, J = 14,7,1H);
3.23(dt, J = 4, 14, 1H); 2.90-2.84 (m, 4H); 1.80-1.45 (m, 14H); 1.38-1.23 (m,
7H); 1.15-1.01 (m, 2H);



REPLACEMENT SHEET 28 to that described in Exanple 1 (i)-(ix),

obtai ned 0.663 g of 1-[3- cyclobutyl-2(R)-[1(R or S)-(hyd roxycdroa moyt

)-2-(3,4,4-trimethyl -2, 5-
di oxo-1-i m dazol i di nyl)ethyl]propi onyl]octahydroazoci ne (di ast
1) in the formof a white solid: nm (M20D): 3.77 (dd, J = 14,

{ REPEAGEMENT SHEET

er eo2 1i g(d‘lre‘lp%

10—1H)-

3.66-3.43 (m 4H): 3.33 (dd, J = 14,5,1H); 3.07 (dt, J = 10, 4,

1H)

2.91-2.81 (m 4H); 2.29-2.16 (m 1H); 2.10- 1.95 (m 2H); 1.9
16H); 1.34 (s, 6H); MsS:451 (MtH)[err]. Exanple 24 In a manner

It —tm
anal ogous to

that described in the first paragr appl le-1, fromO0.37 g of
1-[2(R-[I (R or S)-benzyl oxycar banoyl)-2- (5, 5-

In a manner analogous to that described in the first paragraph of
Example 1, starting from 0.328 g of 1-[2(R)-[1(R or S)-(benzyloxycar-
bamoyl)-2-(3,4,4-trimethyl-2,5-didxo-l-imidazolidinyl)ethyl]-3-cyclo-
hexylpropionyllpiperidine (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)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl]lpropionyl]piperidine
(diastereoisomer 1) in the form of a white foam.
nmr (MeOD): 3.87-3.77 (m, 2H); 3.7 (dd, J = 14,9,1H); 3.64-3.56 (m, 2H);
3.38-3.28 (m, 2H); 2.9-2.83 (m, 4H); 1.84-1 45 (m, 12H); 1.35(s, 3H); 1.33 (s,
3H); 1.25-1.05 (m, 5H); 0.98-0.78 (m, 2H).

MS: 451 (M+H)*.

Example 11

In a manner analogous to that described in Example 9, starting
from 0.8 g of 1-[2(R)-[1(R or S)-carboxy-2-(3,4,4-trimethyl-2,5-dioxo-1-
imidazolidinyl)ethyl]-3-cyclopentylpropionyl}-tetrahydro-1,4-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 S)-
(hydroxycarbamoyl)-2-(3,4,4-trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl}-
propionyl]-tetrahydro-1,4- th:azme (diaster e01some1 1) in the form of a
white foam.
nmr (MeOD): 4.02-3.96 (m, 2H); 3.92-3.85 (m, 2H); 3.7 (dd, J = 13,9,1H);
3.37 (dd. J = 13,6,1H); 3.25-3.18 (m, 1H); 2.9-2.84 (m, 4H); 2.82-2.75 (m,
1H); 2.7-2.55 (m, 3H); 1.78-1.45 (m, 8H); 1.35 (s, 3H); 1.34 (s, 3H); 1.18-1.04
(m, 2H).

MS: 455 (M+H)*.

Exam le 12

In a manner analogous to that described in Example 1, starting
from 0.3 g of 4-[2(R)-[1(R or S)-(benzyloxycarbamoyl)-2-(3,4,4-trimethyl-
2,5-dioxo-1-imidazolidinyl)ethyl]-3-cyclopentylpropionyl]-tetrahydro-1,4-
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dinethyl-2,4-dioxo-3-oxazo|idinyI)ethyI]-3-cycIobutyIpropionjl]plperldlne
{di astereoi somer 1), prepared in a manner anal ogous to that e<cQ%qug;qqg6
Exanple 1 (v)-(ix) using 3-(brononethyl)-5,5-di methyl oxazoli gi# di one
in place of 1-(brononethyl)-3,4,4-trinethyl-2,5-imdazolinedijore~+here—was
obtained 0.131 g of 1-[3- cyclobutyl 2@ - (J(I? or S)-(hydroxydgar - :

bamoyl) - 2- (5, 5-di et hyl - 2, 4- di oxo- 3- oxazol i di nyl )etepé' ] pr opi OAYT]
pi peri di ne (d|thsetzerp€e§p%ém1d&)(diaﬁttvﬁelspmem b paepdiedeinsd | mannggy (I\/ECD)

g ;g g gg Em a@%a gots 38 thetl dederibeddirBE 4t l?ljg(ﬁ -G, thdre=wad oBtdibipd 0.2 g
m

18H); MB: 410 %/F% [chfﬂPe“EﬁWélég)q'rg’ Mﬁﬁ&cagﬁ%ﬁ“@%&a@%“t P | e
in the first r?a& dgmzphlmid&ohdmﬁ)athyﬂpmxenﬁﬂ tgtlra‘hyﬂr{)Z(R)h{alerR 6:S
S) - benzyl OXyC%‘i%ﬂHQY&l)asge&gls k1 xhqﬁg%lm?ofﬁa Wh?l‘éé) -imdazol idinyl
)ethyl]-3-cyclo 8rop| ony ’h r gazepi ne ast er_eoi sciqﬁ lg
prepared i n a¥anhraee -a‘*éé'(ﬁj (@1@2H) 40393(m 1H); 3.78-3.65 (m, 2H); 3.5

3.39 (m, 2H); 3.30-3.21 (m, 2H); 3.14-3.03 (m, 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 manner analogous to that described in Example 9, starting
from 0.8 g of 1-[2(R)-[1(R or S)-carboxy-2-(3,4,4-trimethyl-2,5-dioxo-1-
imidazolidinyl)ethyl}-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}-
propionyl)-tetrahydro-1,4-thiazine (diasterecisomer 1) in the form of a
white solid.
nmr (MeOD): 3.98-3.75 (m, 4H); 3.64 (dd, J = 13,8,1H); 3.35(dd, J =
15,6,1H); 3.07 (td, J = 10,4,1H); 2.9-2.83 (m, 1H); 2.82 (s, 3H); 2.78-2.72 (m,
1H); 2.66-2.52 (m, 3H); 2.18-2.08 (m, 1H); 2.05-1.93 (m, 2H); 1.85-1.45 (m,
6H); 1.13 (s, 3H); 1.11 (s, 3H).

MS: 441 (M+H)*.

Example 14

In a manner analogous to that described in Example 9, starting
from 1.22 g of 1-[2(R)-[1-(R or S)-carboxy-2-(3,4,4-trimethyl-2,5-dioxo-1-
imidazolidinyl)ethyl]-3-cyclohexylpropionyl]-tetrahydro-1,4-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)-[1(R or S)-
(hydroxycarbamoyl)-2-(3,4,4-trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl]-
propionyl]-tetrahydro-1,4-thiazine(diastereoisomer 1) in the form of a
white solid.
nmr (MeOD): 4.12-4.03 (m, 2H); 3.95-3.88 (m, 1H); 3.75-3.65 (m, 2H); 3.38
(dd, J = 14,6,1H); 2.88-2.82 (m, 4H}); 2.78-2.72 (m, 1H); 2.68-2.55 (m, 3H);
1.82-1.53 (m, 7H); 1.35 (s, 3H); 1.34 (s, 3H); 1.26-0.8 (m, 8H);



thaf described in Exanple 1 (i)-(ix), there was obtained 0.197

cyclobutyl -2(R)-(lI (R or S)-(hydroxycarbanmoyl )-2-(3,4,4-trinmeth

di oxo- 1-imidazolidinyl)ethyl]propionyl]hexahydroazepi ne (diasfefeq-, s nmer
k. 821 8815109
D

1) in the formof a white solid: nn‘r‘(I\/EOD): 3.77-3.64 (m 2H)
(m 3H); 3.33 (dd, J = 14,5,1H); 3. (dt, J = 10,4,1H; 2.91-
2.24-2.13 (m 1H); 2.09-1.95 (m 2H); 1.90-1.47 (m 14H); 1. 35
1.34 (s, 3H); Ms: 437 (MtH)[err] .- 29 Exanple 26 In a manner
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81 (m_A4H):
(s, 3H);

that described in the first paragraph of Exanple 1, from0.37 g of
1-[2(R) -[1(R or S)-benzyl oxycar bamnﬁk% - ﬁ-li(ﬁexahydro- 1, 3- di oxopyr azol of

1,2-a][1,2,4]triazol-2-yl)ethyl]-3

In a manner analogous to that described in Examplé 9, from

1.164 g of a mixture of diastereoisomers of 3-[2(R)-[1(RS)-carboxy-2-(3,4,4-
.trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl}-3-cyclopentylpropionyl]-5,5-
dimethyl-N-propyl-4(R)-thiazolidinecarboxamide, 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)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl]propionyl]-S,5-dimethy1-N-
propyl-4(R)-thiazolidinecarboxamide (diastereoisomer 1) in the form of a
white solid.

nmr (MeOD): 5.09-4.72 (m, 2H); 4.51 and 4.46 (both s, total 1H); 3.84 and
3.64 (both dd, J = 14,8,1H); 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 (M+H)*,

Example 16

In a manner analogous to that described in the first paragraph of
Example 1, from 0.223 g of 4-[2(R)-[R or S)-(benzyloxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl}-3-cyclopentylpropionyl]-
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-Z(R)-[l(_R or S)-(hydroxycarbamoyl)-2-(3,4,4-trimethyl-2,5-
dioxo-1-imidazolidinyl)ethyl Jpropionyl Jmorpholine (diastereoisomer 1)
in the form of a white solid. .
nmr (MeOD): 3.83-3.56 (m, 9H); 3.41 (dd, J = 14,6, 1H); 3.19 (dt, J =
4,11,1H); 2.91-2.81 (m, 4H); 1.77-1.42 (m, 8H); 1.38-1.23 (m, 7TH); 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)-[1(RS)-carboxy-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl}-3-cyclopentylpropionyl}-N,5,5-



but yl propi onyl ] pi peridin ' ' 1), prepared in a 'WﬁnﬁEFLACEMENT SHEET
anal ogous to that descri had'S pHEKD )-(1Xx), using 2-(brpnpretiyty
hexahydr o- 1, 3- di oxopyr az Io[1 RERIAL) E 4]trdazol e, there was obja n? (b&‘lq

g of 1-[3-cyclobutyl-2(R=fZ=(hexahydro- 1, 3-di oxopyrazolo[1, 2 a - 21 996
[1,2,4]triazol-2-yl)-1(R or §)- (hydrwcarbarmyl)ethyl]prop| onyl L=
plpel’ldl ne in the formof a white solid. nimm (MeOD): 3.68-3.56 (m8H)

> 315 11 (Hiapthyd4ifuigadBibRartpghiice; @%%ﬁ%mp@ E&ZL T
Exanpl e 27 lammnmmmalag@us)g@mbat des¢ribediizs diiaaple b (DHaiif), l'qba\raﬁgraph
of Exanple J t&h@ﬁ‘(g & & RA3-Lyd Iﬁg %?%ii’@é%@%ﬁ?&f ¥bameypha-hal -

i m doet hyl ] - prop| on rranner anal ogous

to that desé®i nm\etrbyé pudi Q{“P)ll(m ze wﬁem N.Spht hal i ni de,
there was 0%%mmﬁcﬁﬁhgamuﬁﬁéc&%&a%w'(aéé’étla}e$lébﬁe9r1)$)n the form

of a white solid.

nmr (MeOD): 4.09-4.51 (m, 2H); 4.47 and 4.43 (both s, total 1H); 3.82 and
3.62 (both dd, J = 14,10, total 1H); 3.37 and 3.17 (both dd, J = 14,5, total
1H); 3.13-2.70 (m, 8H); 1.96-1.25 (m, 21H); 1.23-0.99 (m, 2H);

MS: 526 (M+H)*.

Example 18

In a manner analogous to that described in the first paragraph of
Example 1, from 0.289 g of 1-[2(R)-[1(R or S)-(benzyloxycarbamoyl)-2-
(3,4,4-trimethyl-2,.5-dioxo-1-imidazolidinyl)ethyl}-3-cyclobutylpropionyl]-
4-phenylpiperazine (diastereoisomer 1), prepared in-a manner
analogous to that described in Example 1 (i)-(ix), there was obtained
0.121 g of 1-[3-cyclobutyl-2(R)-[1(R or S)-[(hydroxycarbamoyl)methyl]-2-
(3;4,4-trimethy1-2,5-dioxo~l-imidazolidinyl Jethyl|propionyl]-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, 1H); 3.94-3.73 (m, 4H);
3.66 (dd, J = 14,7,1H); 3.43 (dd, J = 14,6, 1H); 3.23-3.09 (m, 4H); 2.96-2.84
(m, 1H); 2.84 (s, 3H); 2.27-2.13 (m, 1H); 2.09-1.95 (m, 2H); 1.90-1.48 (m,
6H); 1.35 (s, 3H); 1.34 (s, 3H);
MS:499 (M)*+. - ' This Sheet Has Been Replaced

T

In a manner analogous to that described in the first paragraph of
Example 1, from 0.455 g of 4-[2(R)-[1(R or S)-benzyloxycarbamoyl)-2-
(3,4,4-trimethyl-2,5-dioxo- 1-imidazolidinyl)ethyl|-3-cyclobutylpropionyl]-
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)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-trimethyl-2,5-dioxo-1-
imidazolidinyl)ethyl Jpropionyl Jmorpholine (diastereoisomer 1) in the
form of a white solid.

_— [
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Fsomer 1) in the form of |gxﬁr$dhﬂuﬂ&-§r

(MeOD): 7.87-7.75 |(rh 4H) ;

3. 83

(dd,J = 14.8,1H); 3.66-3.55 MpzH ACED 53-3.145 (m 1H); 3.35-3. 45 [(nRIHICT 1996
2H) ;

3.20-3.12 (m 1H); 3.04-2. =7711 (m 1H); 2.08-1.95 |{(m

1.89-1.41 (m 12H) MS: 428 (MH—l)[err] 216 ol I owi ng Exanples il}l ustTate
phar maceuti cal preparations containi n% t he hydroxam c acid derfivatives
provi ded by thmrﬁ k: 3.80,3.4tli (on OHER 2 @dAJ'FaM&H'IbBF&"aSMG \gtithe

fol I owi ng i ngjaqign: 8.0482.85¢nPNPHVS RS (5N3H);20LY-2NtT @R al HI20821.95 (m,30

2H); 1.91-1.73 (m, 2H); 1.71-1.46 (m, 4H); 1.35 (s, 3H); 1.34 (s, 3H);
MS:425 (M)+. :

Example 20

In a manner analogous to that described in the first paragraph of
Example 1, from 0.625 g of 1-[2(R)-[1(R or S)-benzyloxycarbamoyl)-2-
(3,4,4-trimethyl-2,5-dioxo-l-imidazolidinyl)ethylj-3-cyclobutylpropiony1]-
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)-[1(R or S)-thydroxycarbamoyl)-2-(3,4,4-trimethyl-2,5-
dioxo-1 -1m1dazohdmyl)ethy1]p1 opionyljmorpholine (diastereoisomer 1)
in the form of a white solid.
nmr (MeOD): 3.77-3.69 (m, 1H); 3.61 (dd, J = 14,6,1H); 3.53-3.44 (m, 2H);
3.39-3.31 (m, 2H); 2.93-2.85 (m, 2H); 2.84 (s, 3H); 2.26-2.13 (m, 1H); 2.07-
1.71 (m, 8H); 1.69-1.46 (m, 4H); 1.36 (s, 3H); 1.33 (s, 3H);
MS:409 (M+H)*. _ This Sheet Has Been Replaced

AN

In a manner analogous to that described in the first paragraph of
Example 1, from 0.176 g of 8-[2(R)-[1(R or S)-benzyloxycarbamoyl)-2-
(3,4,4-trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl]-3-cyclobutylpropionyl]-
1,4-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)-[1(R or S)-(hydroxycarbamoyl)-2-
(3,4,4-trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl Jpropionyl}-1,4-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 (m, 5H); 3.99 (dd, J = 14,6,1H); 3.20-
3.10 (m, 1H); 2.93-2.85 (m, 1H); 2.84 (s, 3H); 2.21-2.09 (m, 1H); 2.06-1.93
(m, 2H); 1.80-1.46 (m, 10H); 1.35 (s, 3H); 1.33 (s, 3H);

MS:481 (M+H)+

Example 21

Example 22

In a manner analogous to that described in the first paragraph of
Example 1, from 0.443 g of 1-[2(R)-[1(R or S)-benzyloxycarbamoyl)-2-
(3,4,4-trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl)-3-cyclobutylpropionyl}-
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-acid derivative -10.0 ny Lactose

125.0 nmg Corn starch 5.0 2dl 08 c1995
4.0 ng Magnesi um stearate .4 ng Tot al

wei ght 215.0 ng Exarrp?g B Capsul es containing the

di_ent

Por canadl e by amst BT RET 8 ] R EFgasmr 47 INET 10 BbidTROAD 31 BRERALS
Iégcgosmg Tal [3.cyclobuty;-2(_1?);1[1(R orS);jhydroxyc;riamo;:)-21@54,@-?%2%& ch
' . ioxo-1-imidazolidinyl)ethyl Jpropionyl}-4-methoxypiperidine -
Capsule Till \A%;iaés&greoisomer 1) g?éh?foqﬁn of a white solid.
nmr (MeOD): 3.96-3.80 (m, 2H); 3.69-3.59 (m, 1H); 3.54-3.23 (m, 7H); 3.18-
3.09 (m, 1H); 2.93-2.80 (m, 4H); 2.21-2.09 (m, 1H); 2.07-1.41 (m, 12H); 1.41-
-1.38 (m, 6H); J

MS:453 (M+H)*. : ' . This Sheet Has;'Bgexl Replaced
The starting material was prepared as f_ollows - ’ ’"ﬂ" ’l"" m, m ’"l

(i) A solution 0f 0.925 g of 1-[2(R)-[1(R or S)-(tert.butoxycarbonyl)-2-
(3,4,4-trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl}-3-cyclopropylpropion-
yl}-4-hydroxypiperidine in 8 ml of dimethylformamide 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
of 0.54 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 0.61 g of 1-[2(R)-[1(R or S)-(tert.butoxycarbonyl)-2-(3,4,4-
trimethyl-2,5-dioxo- 1-imidazolidinyl)ethyl]-3-cyclobutylpropionyl }-4-
methoxypiperidine in the form of a colourless gum.

(ii) In a manner analogous to thatl described in Example 1 (viii)-(ix)
from 0.61 g of 1-[2(R)-[1(R or S)-(tert.butoxycarbonyl)-2-(3,4,4-trimethyl-
2,5-dioxo-1-imidazolidinyl)ethyl]-3-cyclobutylpropionyl]-4-methoxypiperi-
dine there was obtained 0.443 g of 1-[2(R)-[1(R or S)-(benzyloxycarbam-
oyl)-2-(3,4,4-trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl}-3-cyclobutyl-
propionyl]-4-methoxypiperidine (diastereoisomer 1) in the form of a
colourless gum.

In a manner analogous to that described in the first paragraph of
Example 1, from 0.94 g of 1-[2(R)-[1(RS)-benzyloxycarbonoyl)-2-(3,4,4-
trimethyl-2,5-dioxo- 1-imidazolidinyl)ethyl]-3-cyclobutylpropionyl]-
octahydroazocine (diastereoisomer 1), prepared in a manner analogous
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represents cycl opropyl, cyclobutyl, cyclopentyl or cyclohexyl; err1]
represents a saturated 5- to 8-nmenbered nonocyclic or bridged 2 1 0CT 1996
N-heterocyclic ring which is attached via the N atom and which, en it is
nmonocyclic, optionally contains NR4, O 28§ SOor SJerr] as a ring nmenber

and/or is optlonallkl substltut ed on one or nore C atons by h

al kyl, |ower altRdhat desesibeddnaExampletdi)-(iw Heerenwaspbtained amga g afril+i8,
di (I over al kyl )eyalsbayl- RR)TUR or HURYd A NREVIEANBINYE-(3, DydtomutRyIbY 6. | ower
al koxymet hyl , dioxo-1-imidazolidinyl)ethyl Jpropionyl]octahydroazocine (diastereo-
isomer 1) in the form of a white solid:
nmr (MeOD): 3.77 (dd, J = 14,10,1H); 3.66-3.43 (m, 4H); 3.33 (dd, J =
14,5,1H); 3.07 (dt, J = 10,4,1H); 2.91-2.81 (m, 4H); 2.29-2.16 (m, 1H); 2.10-
1.95 (m, 2H); 1.90-1.46 (m, 16H); 1.34 (s 6H);
MS:451 (M+H)+.

Example 24

In 2 manner analogous to that described in the first paragraph of
Example 1, from 0.37 g of 1-[2(R)-[1(R or S)-benzyloxycarbamoyl)-2-(5,5-
dimethyl-2,4-dioxo-3-oxazolidinyl)ethyl]-3-cyclobutylpropionyllpiperidine

* (diastereoisomer 1), prepared 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-trimethyl-2,5-imidazolinedione,
there was obtained 0.131 g of 1-[3-cyclobutyl-2(R)-[1(R or S)-(hydroxycar-
bamoyl)—2-(5,5-dimet.hy1-2,4-dioxo-3-oxazolidinyl)ethyl]propionyl]-
piperidine (diastereocisomer 1) in the form of a white solid:
nmr (MeOD): 3.72-3.53 (m, 5H): 3.39 (dd, J = 14,6,1H), 3.14 (dt, J =
10,4,1H); 2.95-2.86 (m, 1H); 2.23-2.11 (m, 1H); 2.08-1.94 (m, 2H); 1.90-1.44
(m, 18H);

MS:410 (M+H)+,

-Example 25

In a manner analogous to that described in the first paragraph of
Example 1, from 0.42 g of 1-[2(R)-[1(R or S)-benzyloxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo- 1-imidazolidinyl)ethyl}-3-cyclobutylpropionyl Jhexa-
hydroazebine (diastereoisomer 1), prepared in a manner analogous to
that described in Example 1 (i)-(ix), there was obtained 0.197 g of 1-[3-
cyclobutyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-trimethyl-2,5-
dioxo-1-imidazolidinyl)ethyl]propionyl Jhexahydroazepine (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 = 14,5,1H);
3.07 (dt, J = 10,4,1H); 2.91-2.81 (m, 4H); 2.24-2.13 (m, 1H); 2.09-1.95 (m,
2H); 1.90-1.47 (m, 14H); 1.35 (s, 3H); 1.34 (s, 3H):

MS:437 (M+H)*.
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car banoyl , nono(l ower al kyl)-carbanoyl, di(lower alkyl)carbahoyl..or -
‘hydr oxyi m no; R3 represents a 5- or 6-nmenbered N-heterocycki¢ ring which
(a) is attached via the N atom (b) optionally contains N, O and/dit &T $296
or SOerr] as a additional ring nenber, (c) is substituted by 6xo on one or
both C atons adjacent to the |inking N2®& omand (d) is optiopally

benz-fused or optionally substitut eg‘ Q r nore other C atans _hy. lower
al kyl or oxo and/or on any additiona"ll—%lé'g?#()s) by | ower alkyl or aryl; R4

represents hydrogen, |ower alkyl, aryl, aralkyl or a protecting group; m
saits thereof . 3 Bfhdler andidBBls tothat descMSARPT AR pfensphE6eP! 201 ©
r epr esent s Exponplerbfyom @37 |g)b£|13E2(R>)~[lchmbs)shemylow@mb]am@ﬂ -@sents a 5-,
6- or 7-  (hexahydro-1,3-dioxopyrazolo[1,2-a)[1,2,4]triazol-2-yl)ethyl)-3-cyclo-
butylpropionyl]piperidine (diasterecisomer 1), preparéd in a manner -
analogous to that described in Example 1 (i)-(ix), using 2-(bromomethyl)-
hexahydro-1,3-dioxepyrazolo[1,2-a]1,2,4]triazole, there was obtained -
0.118 g of 1-[3-cycl6butyl-2(R)-[2¥(hexahydro-1,3-dioxopyrazolo[1,2-a]-
[1,2,4]triazol-2-y1)-1(R or S)-(hydroxycarbamoyl)ethyllpropionyl]-
piperidine in the form of a white solid. L
nmr (MeOD): 3.68-3.56 (m,8H); 3.52-3.39 (m,2H); 3.17-3.09 (m,1H); 2.97-
2.90 (m,1H); 2.35-2.27 (m,2H); 2.21-2.11 (m,1H); 2.07-1.95 (M,2H); 1.88-1.44
(m,12H) '
MS:422 (M+H)+.

Example 27

In a manner analogous to that described in the first paragraph of
Example 1, from 0.222 g of 1-[2(R or S)-(benzyloxycarbamoyl)-2-phthal-
imidoethyl]-3-cyclobutylpropionyllpiperidine prepared in a manner
analogous to that described in Example 1(i)-(ix) using N-(bromomethyl)-
phthalimide, there was obtained 0.013 g of 1[{3-cyclobutyl-(2(R)-[1(R or S)-
(hydroxycarbamoyl)-2-phthalimidoethyljpropionyl]piperidine (diastereo-
isomer 1) in the form of a white solid. .
nmr (MeOD): 7.87-7.75 (m.4H); 3.83 (dd,J = 14.8,1H); 3.66-3.58 (m,3H);
3.53-3.45 (m,1H); 3.35-3.25 (m,1H); 3.20-3.12 (m,1H); 3.04-2.97 (m,1H);
2.23-2.11 (m,1H); 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: '



32 nmenbered nonocyclic or bridged N-heterocyclic ring which i$ ' ] T
the N atom and which, when it is nonocyclic, optionally cont ali ngémgﬁgw ﬁ'EET
O S, SOor SOJerr] as a ring nmenber and/or is optionally subgtiftuted on
one or nore C atons by hydroxy, |ower alkyl, |ower alkoxy, ox¢, |kep & O2EdAG96
oxo, am no, nono(lower al kyl)am no,3di (| ower al kyl) am no, canfbgxy, |ower

al koxycar bonyl , hydroxynet hyl, |ower al koxynethyl, carbanoyl, mrottower

al kyl ) - car banoyl, di (I ower al kyl)carbanmoyl or hydroxyimno; R3 represents a
5- or 6-nenbered_N-heferocyclic ring which (a) is attached via_h tom
(b) optionally c&%&%ﬁéi@ﬂ&l, O and/or S as an additional ring rremi@&ﬁza
position or positions other than adjacent to the linking Natom (c) is
substituted by o n_one or. h. C.atons adj acent to the linkin atom
and (d) E&ﬁ?xﬁﬁﬂﬁﬁﬁfggﬁlﬁ’@“ve 9o g

is optio
Lactose 125.0 mg
Corn starch ' | 75.0 mg
Talc 4.0 mg
Magnesium stearate —1.0mg
: Total weight 215.0 mg
Example B

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

Ingredient Per capsule .
Hydroxamic acid derivative 10.0 mg

" Lactose ' 165.0 mg
Corn starch 20.0 mg

Talc _ 5.0 mg
: Capsule fill weight 200.0 mg
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and/ or on any additional N aton(s) by and H#

represents hydrogen, |ower alkyl or a protecting group. 3. onpognfec-f 199
according to claim1 or claim2, wherein R2 represents 1- pyrrcl ildi nyl, = -

pi peridino, . 4-aryl - 1- pi perazi nyl, nmorph3ki no, tetrahydro-1, 4-t|hilaz-a—4—
t et rahydro- 1, ¢latmazi n-4-yl 1, 1-di oxi de, thiazolidin-3-yl, hexahydroazepi no

or octahydroazoci no optionally substituted on one or nore C atoms Dy

hydr oxy, | ower alkg | ower alkoxy, ketallzeﬂ 0x0o or nono( | ower

al kyl )-car banoyl ; & 3- fosppeyedsof [tbegeg]qa,g foramula Conpounds accor di ng
to claim3, wherein R2 represents piperidino or hydroxypi peridino. 5.
Conpounds according to claimd4, wherein hydroxy- piperidino is

4- hydr oxypi peridi no. 6 Conpounds according to any one of clainms 1 to 5,
wherein R3 represents a group of the for I-?
o' Z)m
I ) M
R
HO\N/C o
H il
(CH),y O
L
wherein

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, O, S, SO or SOg 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, hydroxymethyl, 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, O and/or S, SO
or SO2 as a 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; '

R4  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.

2. Compounds according to claim 1, wherein R! represents
cyclopropyl; cyclobutyl or cyclopentyl; R2 represents a 95-, 6-or 7-
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fused benzene ring; Rl err] represents*hydrdgeft, fower al kyl or 6
represents -CO-, -CHerr]-, -CH(lower alkyl)-, -C(lower alkyl)| o 1 CRH996
-N(! ower al kyI)- or -0-; or, when R[e?rd represents | ower al kyl land X
represents -N(Iovver al kyl)-, the | ower Tal kyl groups can be j.oijned to forma

5-, 6- or 7-
| ower al kyl . ma gp%l?ﬁggy(é&(c(??[ﬁi‘f?%r}gIh%["glr({g]ycﬁ/ﬁ%é %R;[ er rl represents
a group of fmmtheaNcMorﬁ?anép\rlnshn droiteis mowpydw optrandlbs entaIng | ower

alkyl)[err]
alkol)err] - N, 0, S8BOURS09GR0 dixifnidnBLakiir fhgnivalfl subdtinspdesent s

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, hydroxymethyl, lower alkoxymethyl,
carbamoyl, mono(lower alkyl)-carbamoyl, di(lower alkyl)carbamoy! or
hydroxyimino; R3 represents a 5- or 6-membered N -heterocyclic ring
which (a) is attached via the N atom, (b) optionally contains N, O and/or
S as 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 atoms by lower 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-pyrrolidinyl, piperidino, 4-aryl-1-piperazinyl, rlnorpholino,
tetrahydro-1,4-thiazin-44yl, 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-
[3.2.2]nonane.

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
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9. Conpounds according 1_"’:31? PFE HAS BHEA s T} to 8, wherein nyapd—rr—stand
for 1. 10. 1-[3-Cycl opropy or “S SheetHaSBeenReplaced
S) - (hydr oxycar banoyl ) - 2- PL'[Ag*ggeh‘y: -2, 21 0CT 1996
|mdazol|d|nyl)ethyl]prop|onyl] plperldlne ropyl=2(R) -[I (R
or S)-(hydroxycarbanmoyl ) -2- (3,4, 4-tr Bt hyl - 2 5 |oxo |

I m dazol i dinyl)ethyl] propionyl]-4-pi per| di nol . . -
-[3-Cycl obutyl -2(R)-[1 ¥R or '

S) - (hydr oxycar baméyl ) - 2 (344t -2, 5-di oxo- 1- 0

I m dazol i di nyl ) et hy |onyI] ne 13 1-[3-Cycl opropyl -2(R) -[1(R
or S)-(hydroxycar banpyl )-hB-—(-S 4,4 2 ,gp- di oxo- 1-

i m dazol i di nyl )etg i onyl ] - 4- er d| noI REPLA NT N\SHEET 34 14.
1-[ 3- Cycl opentyl R2[ (R -]| 1(R or 9S)- %oxycarbamyl}_‘,}/ N7
(3,4,4-trimethyl-2,5-digxo- 1- |mdazol di nyl )ethyl

] propi onyl ] - 4- pi peri di nol .
(b) () (h)

wherein RS and RS each represent 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-,
-CHg-, -CH(lower alkyl)-, -C(lower alkyl)s-, -NH-, -N(lower alkyl)-
or -O-; 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; and Z represents S, SO or SOs.

7. Compounds according to claim 6, wherein R3 represents a
group of formula ¢), R7 represents lower alkyl and X represents -C(lower
alkyl)o-.

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)-(hydroxycarbamoyl)-z-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl Jpropionyl]piperidine.

11. -'1-[3-CycloprOpyl-2-(R)-[1 (R or S)-(hydroxycarbamoyl)-2-
(3,4,4-trimethy]-2,5-dioxo-l-imidazolidinyl)ethlepropionyl]-4-piperidinol.

12.  1-[3-Cyclobutyl-2(R)-[1 (R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyljpropionyl]piperidine.

13.  1-[3-Cyclobutyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl Jpropionyl}-4-piperidinol.

A R A




'

15. 1-[3-Cyclopenty]-2(R)-(1(R or S)-(hydroxycarbanoyl)-2-(3 4R§1ELACEMU\JT SHEET
trimethyl -2, 5-di oxo-1-i mdazolidinyl )ethyl]propionyl]piperidiie} 16. A
conpound according to claim 2, selected from 3-[3-Cyclobutyl{2{R2 (1R 6926
S) - (hydr oxycar banoyl ) -2- (3,4, 4- trinethyl -2, 5-di oxo-

1-i m dazol i dinyl)ethyl]propionyl]-3- az&h cycl o[ 3. 2. 2] - nonane,
3-[3-cycl opropyl -2(R) -[ 1( r S)-(hydroxycarbampyl)-2-(3, 4, 4-

trimethyl -2, 5-di oxold-| ﬁ-&%&clftﬂermly%lﬁ Ry }@@p%ﬁwqmsy@&r@sm%}-at 3.2.2]-
nonane and 3-[@.c.xwﬁrnﬁemwlz.z(qi&o-h(iﬂﬁ%z&dwwnﬁwa%maﬁw@-p?p&&iﬁon-
trinmethyl -2, 5-di oxo- 1-i m dazol i di nyl )ethyl]propionyl]-3-azabicycl o-

[ 3.2. 2] nonane. 17. A conpound according to claim 1, selected from

1-(3- CKCl ogexyl -2( Rb5.|( 1(H%Cyﬁ?op@hmdpﬂﬁmaﬂbarrﬁ)J(hy&rc(:&cérbbmoyl)—Z-(i?A,4-
o 13 cyol opent SRS FHBR6 L bl BE e BB Breriaftel

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

3-{3-Cyclobutyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo- 1-imidazolidinyl)ethyl Jpropionyl]-3-azabicyclo[3.2.2]-
nonane, |

3-[3-cyclopropyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl propionyl]-3-azabicyclo[3.2.2]-
nonane and o

3-[3-cyclopentyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-[3,4,4-
trimethy‘l-2,5-dioxo-1-imidézolidiny1)ethlepropionle-3-azabicyélo—
[3.2.2]nonane. :

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

1-[3-cyclohexyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl jpropionylpiperidine,

4-[3-cyclopentyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl Jethyl jpropionyljtetrahydro-1,4-
thiazine, '

4-[3-cyclopentyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl Jethyl [propionyljtetrahydro-1,4-
thiazine S,S-dioxide,

4-[3-cyclobutyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl Jethyl Jpropionyl jtetrahydro-1,4-
thiazine,

4-[3-cyclohexyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinylethyl jpropionyl jtetrahydro-1,4-
thiazine, - _

3-[3-cyclopentyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4- -
trimethyl-2,5-dioxo-1-imidazolidinyl Jethyl]propionyl}-5,5-dimethyl-N-
propyl-4(R)-thiazolidinecarboxamide,

4-[3-cyclopentyl-2(R)-[ (R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-di0xo-1~imidazolidinyl)ethlepropionyljmorpholine,

AR
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thi azine, 4-[3-cycloper R or $)-(hydroxycarbanoyl)424(3,4, 4-

trimethyl -2, 5-di oxo-1 -}i_ mi da yl _Yetihyl ] propi onyl ] t et rahydr o0-4 10CT 1996
t hi azine S, S-di oxide, 4-(3-cyclobutyl-2(R)-[1(R or
S) - (hydr oxycar banoyl ) -2-(3, 4, 4- trimeilwyl -2, 5-di oxo- 1-im dazqlidinyl

tri fret hyl - 2, 5- di oxo- 1-1i §;2§I§|EJ| BESH $y| ] propi onyl ]t et r ahyqgr
42 7al P

)et hyl j propi onyl Jtetrahydro- 1,4- thiazine, 4-[3-cyclohexyl-2R-|1{(RQr

7

)SL; ﬁ hlyflr ?éyfgﬂb?f’?ﬁ?ﬁ ht%%é&Xﬂgf(R{-Lﬂﬁ @NS)-%ﬁdﬂix@'mil-bameyﬂi)fmﬁhM%i nyl
55+ ( hyuh oxycmmabbyl-p-diexs LimidazaBamyeshst EgbErdIE N .5 Gty ©
)4e'E gylcj (I?Ir 8pieﬁgtyjl-%hi(@,z)&iah(m%@d}bloxumip]regpyI -4(R)-thiazol i di necarboxam d e,
71 met byl <5 5- o oASSISEIY SR BB BF SRy SASSA T AT T 4
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyljpropionyl]-4-phenyl-
piperazine, ' .
4-3-cyclobutyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethylJpropionyllmorpholine,
1-[3-cyclobutyl-2(R)-[1(R or S)-(hydroxycarbamoyl)42-(3,4,4_-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyljpropionyl)pyrrolidine,
8-[3-cyclobutyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl Jpropionyl]-1,4-dioxa-8- _
azaspiro[4,5]decane,
1-[3-cyclobutyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethylipropionyl]-4-
methoxypiperidine,
1-[3-cyclobutyl-2(R}-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethylJpropionyl]octahydroazocine,
1-[3-cyclobutyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(5,5-dimethyl-
2,4-dioxo-3-oxazolidinyl)ethyllpropionyllpiperidine,
1-[3-cyclobutyl-2(R)-{1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl JpropionylJhexahydroazepine,
1-[3-cyclobutyl-2(R)-[2-(hexahydro-1,3-dioxopyrazolo[1,2-a][1,2,4]-
triazol-2-y1)-1(R or S)-(hydroxycarbamoyl)ethyllpropionyllpiperidine and
1-[3-cyclobutyl-2(R)-[1(R or S)-(hydroxycabamoyl)-2-phthalimido-
ethyllpropionyl]piperidine. '

18. Compounds of the general formula
. This Sheet Has Been Replaced

| [T

o (CHa)m
1l '
c R2 an
Ho” c”
Il
)

(CH2)n .
| | N R A
R? +c LW s el
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35 3-[3-cycl opentyl -2(R)-[ 1(R or S)- (hydroxycarbamoyl )-2- (3, 4

trimethyl-2,5-dioxo- 1-imdazolidinyl )ethyl]propionyl]-N,5, 5t
4(R)-thi azolidi necarboxam de, 1-[3-cyclobutyl-2(R)-[1(R or
S) - (hydroxycar banoyl )-2-(3,4,4- trinmethyl-2,5-di oxo- 1-im dazol

propi onyl ] - 4- phenyl - pi perazine, 4-[
S) - (hydr oxycar banoyl )-2-(3,4,4- tri

-cycl obutyl -2(R)-[ 1(R or
§hyl -2, 5-di oxo-

1-[ 3-cycl obutyl -2(

4 REPLACEMENT SHEET
rijmet hyl -

210CT
gl ) ethyl?

e

R -[1(R or

1-im dazolidinyl)ethyl]propionyl]norpholine,
S) - (hydr oxycar bawbyrgmﬁésﬁz, ﬁé m iand Ryhave thesigrificange gaven in;chgim

) ethyl ] propionyl{pyrrolidine, 8-[3-cyclobutyl-2(R)-[1(R or
S) - (hydr oxycar banoyl )-2-(3, 4, 4- trinethyl-2,5-di oxo-
1-i m dazolidinyl)ethyl]propionyl]-1, 4-di oxa- 8-

19. Compounds of the general formula

Iv)

wherein R1, R2, R3, m and n.have the significance given in claim

1.

20.
therapeutically active substances.

21.
the control or prevention of degenerative joint diseases or in the

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

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

treatment of invasive tumours, atherosclerosis or multiple sclerosis.

22.
any one of claims 1-17, which process comprises

(a)  reacting an acid of the general formula

A process for the manufacture of the compounds claimed in

R‘l
fo) (CHz)m
y: R? an
HO” c”
I
o)
(CH,),



azaépi rO[ 4, 5] decane, 1 . REPLA»‘\ }: ‘ ‘,E_

S) - (hydr oxycar banoyl ) - pTHE, SHEET HABnﬁENyI, cllﬂ“ﬂ " azol i{difnyl
) et hyl ] propi onyl ] -4- et hoxyRERVACERI ne, -ccyal o
S) - (hydr oxycar banoyl )-2?(-3—#—4—h-1-11'et—h'y -2 5- di oxo- 1-i m dazol ijditnyl

R-[1(R oz 4007 B9

) et hyl ] propi onyl ] oct ahydr oazoci ne, 1-B% cycl obutyl -2(R)-[ 1(R or
S) - (hydroxycar banoyl ) - 2- (5, 5-di net hyl - 2, 4- di oxo- 3- oxazol i di nyl

) ethyl ] propi onyl ] Wl’ﬁ%itﬁj?ﬂeyﬂﬂﬁ rﬁ%?x'cﬁﬁq{é’\}e' HRkidnifiRafte given in claim

S) - (hydroxycarbann - t'rinet di oxo-1 -im dazoli dinyl
) et hyl | propi onyl ] exahydroazeplne

1-[ 3- cycl obugyih A(EmbduhBeramedssncralfoimxdpyr azol o[ 1,2-a] [ 1, 2, 4] -
triazol-2-yl)-1(R or 3)-(hydraxycarbanoyl)ethyl]propionyl]piperidine and
1-[3-cyclobutyl -2( R)-[ 1(R or S)-( hydroxycabamoyl) - 2- phttz bl m do-
et hyl ] propi onyl ] pi peri di ne. 18. Con’ddgNe@Zof t he general ﬁ rmula [err]

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

R1
o (CHy)pm
Il
BzO c R2 (Iv)
~N N ~ C/ .
H i
(CHy) 0 . ‘This Sheet Has Been Rep
n

] WA

wherein R1, R2, R3, m and n have the significance given in claim 1
and Bz represents benzyl,
and,

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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36 wherein Rerr], Rer rq-——RE—e;-r-t-—m-aﬂd——n have the signifi caﬁc&EPLp\%fr’f";l\iL SHEET
tlaimi1. 19. Conpounds {ofH!§ HHEGENASABEENf nul a [err] wherein R arg ,
Rlerr], Rerr], mand nihave BERLAJEQNi ficance given in claim].]2@ 1 0CT 1996
Compounds accordi ng to dany-ome—of~—tiarms—1-17 for use as thergapeutically

active substances. 21. Conpounds according to any one of cla|lnms I-TI7 Tor
use in the control or prevention of d8generative joint diseasks.or jn the

treatnment of invasive tunours, atherosclerosis or nmultiple sclerosis. 22.
A process for theb.nmandfprsncess for thaenaombactnege of| medinaments, 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 according to any one of claims 1-17
in the control or prevention 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
treatment of invasive tumours, atherosclerosis or multiple sclerosis.

28. Theuseofa 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,

atherosclerosis or multiple sclerosis.

29. The invention as hereinbefore described.

" This Sheet Has Been Replaced




any one of clains 1-17, which process conprises (a) reacting rREREAGENGENT SHEET

the general fornula [err] wherein RL, R2, R3, mand n have th
significance given in claim1, with a conpound of the general fofmlageT 1994
Herr]NQZ (') wherein Z represents hydrogen,|t i('loyver

al kyl')silyl or diphenyl (lower alkyl)silgR, and, where required . -
of f any di phenyl (|1 ower al KyloSd r L e reactipn product,
SR OMAMES AtPr) ﬁéﬁ’&zﬂrﬂ%% genor al i

or (b) catal ytical ly hydrz tormura
' ' Abstract
The invention provides hydroxamic acid derivatives of the general
formula
. R‘I
il ) ' @
HO C R

N7 c”

H . il

(CH,), 6]

k

wherein 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, O, S, SO or SOz 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,
hydroxy-methyl, 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, O and/or S, SO or SOz 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; R4 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, which are
collagenase inhibitors useful 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.
They can be manufactured either by hydroxamidating a corresponding
novel carboxylic acid or by deprotecting a corresponding novel
benzyloxycarbamoyl compound.
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[err] wher.ei.n R[er ]REPBI\GEMIEN' Igﬂ_g__ﬂi-] m and n- have the signifi carﬁcEPLACEMENT SHEEW
in claimf“and Bz frep esent. and, if. desired, converting a corrpound

of formula | obtaijnep ackuti cal | y -accept abl e salt. 23. A .

medi cament cont ai rji np ccord| ng to any one of clains 1-17 and a

t herapeutically inerh er—natdrijl 24, A process for the -

manuf act ure of me'lcaments especi al for use in the control or preventlon

of . degenerat ive t,{];g 1 AT "aWiflEﬁ% nt%‘(glsﬂllé’rr% 'é’,getgg}- %I Ky a

at her oscl er &5me :
conpound ac@ofmdinm@rtanalogowdeo chatdesoribed ih'VEmaMph 1 +(ajie) therd asi nert

carri er mat b 1ne8rbd65§' g d! PB-cyc opé%y?—@?RB-ﬁ(% 8r S)-(hydroxycarbamoyl)-2-
(3,4,4-tnmethyl 2,5-dioxo-1-imidazolidinyl)ethyl)propionyl]-N,5,5-
trimethyl-4(R)-thiazolidinécarboxamide (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 1H); 3.82 and
3.62 (both dd, J = 14,10, total 1H); 3.37 and 3.17 (both dd, J = 14,5, total
1H); 3.13-2.70 (m, 8H); 1.96-1.25 (m, 21H); 1.23-0.99 (m, 2H);
MS: 526 (M+H)*.

Example 18

In a manner analogous to that described in the first paragraph of
Example 1, from 0.289 g of 1-[2(R)-[1(R or S)-(benzyloxycarbamoyl)-2-
(3,4,4-trimethyl-2,.5-dioxo-1-imidazolidinyl)ethyl}-3-cyclobutylpropionyl]-

-4-phenylpiperazine (diastereoisomer 1), prepared in a manner
analogous to that described in Example 1 (i)-(ix), there was obtained
0.121 g of 1-[3-cyclobutyl-2(R)-[1(R or S)~ (hydroxycarbamoyl) .. -2-
(3,4,4-trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl Jpropionyl]-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, 1H); 3.94-3.73 (m, 4H);
3.66 (dd, J = 14,7,1H); 3.43 (dd, J = 14,6, 1H); 3.23-3.09 (m, 4H); 2.96-2.84
(m, 1H); 2.84 (s, 3H); 2.27-2.13 (m, 1H); 2.09-1.95 (m, 2H); 1.90-1.48 (m,
6H); 1.35 (s, 3H); 1.34 (s, 3H); |
MS:499 (M)*.

xample 1

In a manner analogous to that described in the first paragraph of
Example 1, from 0.455 g of 4-[2(R)-[1{R or S)-benzyloxycarbamoyl)-2-
(3,4,4-trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl]-3-cyclobutylpropionyl]-
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)-{1(R or S)-(hydr oxycarbamoyl)-2-(3,4,4*trimethyl-2,5-dioxo-1-
imidazolidinyl)ethyljpr oplonyljmorpho]me (diastereoisomer 1) in the
form of a white solid.

a[@ 0D AGoV—
3e |8 (R
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14 . uffacture of a nedi canent” for the control
edengen noi nt |di seases or for the treatnment of

af] herzregg%’zgreiogglgs of nmultiple sclerosis.

- 26

nmr (MeODT. m, 9H); 3.42 (dd, J 14,6 ,1H); 3.14-3.06 (dt, J =
4,11,1H); 3.04- 2 .86 (m, 1H); 2.85 (s, 3H); 2.23-2.11 (m, 1H); 2.06-1.95 (m,
2H); 1.91-1.73 (m, 2H); 1.71-1.46 (m, 4H); 1.35 (s, 3H); 1.34 (s, 3H);
MS:425 (M)*.

gal eni cal adm ni s
any one of clains
‘or prevention of
I nvasi ve tunours,

Example 20

~ In a manner analogous to that described in the first paragraph of
Example 1, from 0.625 g of 1-{2(R)-[1(R or S)-benzyloxycarbamoyl)-2-
(3,4,4-trimethyl-2,5-dioxo- 1-imidazolidinyl)ethyl)-3-cyclobutylpropionyl]-
pyrrolidine (diastereocisomer 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)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-trimethyl-2,5-
dioxo-1-imidazolidinyl)ethyl Jpropionyl) pyrrohdlne (diastereoisomer 1)
in the form of a white solid. '
nmr (MeOD): 3.77-3.69 (m, 1H); 3.61 (dd dJ = 14,6,1H); 3.53-3.44 (m, 2H);
3.39-3.31 (m, 2H); 2.93-2.85 (m, 2H); 2.84 (s, 3H); 2.26-2.13 (m, 1H); 2.07-
1.71 (m, 8H); 1.69-1.46 (m, 4H); 1.36 (s, 3H); 1.33 (s, 3H);
MS:409 (M+H)*.

- Example 21

. In a manner analogous to that described in the first paragraph of
Example 1, from 0.176 g of 8-[2(R)-[1(R or S)-benzyloxycarbamoyl)-2-
(3,4,4-trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl]-3-cyclobutylpropionyl]-
1,4-dioxa-8-azaspiro[4,5]decane (diasterecisomer 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}-[1(R or S)-(hydroxycarbamoyl)-2-
(3,4,4-trimethyl-2,5-dioxo-1-imidazolidinyl)ethylpropionyl]-1,4-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 (m, 5H); 3.99 (dd, J = 14,6,1H); 3.20-
3.10 (m, 1H); 2.93-2.85 (m, 1H); 2.84 (s, 3H); 2.21-2.09 (m, 1H); 2.06-1.93
(m, 2H); 1.80-1.46 (m, 10H); 1.35 (s, 3H); 1.33 (s, 3H);

MS:481 (M+H)*.

Example 22

In a manner analogous to that described in the first paragraph of
Example 1, from 0.443 g of 1-[2(R)-[1(R or S)-benzyloxycarbamoyl)-2-
(3,4,4-trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl-3-cyclobutylpropionyl]-
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3-[3-cyclopentyl-2(R)-[1(R o;’ S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyllpropionyl}-N ,5,5-trimethyl-
4(R)-thiazolidinecarboxamide,
1-[3-cyclobutyl-2(R)-{1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1- 1m1dazohd1nyl)ethy]]p1 opionyl]-4-phenyl-

2 [\ [r;:'n o0n
i SRFSSEREIN beke s

piperazine,

4-[3-cyclobutyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2- (3 44-

trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl Jpropionyllmorpholine,

1-[3-cyclobutyl-'2(R)-{1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl Jethyl Jpropionyl|pyrrolidine,

8-[3-cyclobutyl-2(R)-{1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo- 1-imidazolidinyl)ethyl]prqpionyll-1,4-dioxa-8-
azaspiro[4,5]decane,

1-[3-cyclobutyl- 2AR)- [1(R or S)- (hydroxycalbamoyl) 2-(3,4,4-
trimethyl-2,5-dioxo- 1-1m1dazohd_1nyl)ethy_lJpropmnle-4-
methoxypiperidine,

1-[3-cyclobutyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethyl]propionyljoctahydroazocine,

1-[3-cyclobutyl-2(R)-[ 1(R or S)-(hydroxycarbamoyl)-2-(5,5-dimethyl-
2,4-dioxo-3-oxazolidinyl ))ethyljpropionyl Jpiperidine, :

1-[3-cyclobutyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-
trimethyl-2,5-dioxo-1-imidazolidinyl)ethylJpropionyl Jhexahydroazepine,

1-[3-cyclobutyl-2(R)-[2-(hexahydro-1,3-dioxopyrazolo[1,2-a){1,2,4]-
triazol-2-y1)-1(R or S)-(hydroxycarbamoyl)ethyllpropionyl]piperidine and

- 1-[3-cyclobutyl-2(R)-[1(R or S)- (hyd1 oxycabamoyl) 2-phthalimido-

ethyl]proplonyljpxpendlne

18. Compounds of the general formula

R1
|

(CHz)m

_ R? (I

- 0O=0

HO

o=0

(CH,),
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wherein R!, R2, R3, m and n have the significance given in claim
1, '
with a compound of the general formula

HzN-OZ ' 1)

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

R‘l

BzO R2 | aIv)
Ny c/

wherein R1, R2, R3, m and n have the significance given in claim 1
and Bz represents benzyl,
and,

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.
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24, A process for the manufacture 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.

25. The use of 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, atherosclerosis or

multiple sclerosis.
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wherein R® and R® each represent hydrogen"or together represent an additional bond or }
'~ the remainder of a fused benzene ring; R’ represents hydrogen, lower alkyl or aryl; X -

~ represents -CO-, -CHZ-, -CH(lower alkyl)-, -C(lower alkyl)z-, -NH-, -N(lower alkyl)- or
-O-; or, when R 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; and R® and R'® each

represent hydrogen or lower alkyl.

Compounds according to claim 6, wherein R’ represents a group of formula c), R’

represents lower alkyl and X represents _-C(l_owerl alkyl),-.

Compounds according to claim 7, wherem R3 represents 3,4 4—tr1methy1—2 S-dioxo-1-

' 1m1dazol1dmyl

Compounds according to any one of claims 1 to 8, wherein m and n stand for 1.

1-[3-Cyclopropyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-Q-G,4,4-'trimethy1_-2,5-dioxo-1-
imidazolidinyl)ethyl]propionyl] piperidine. |

1-[3-Cyclopropyl—2(R)-[I(R or S)-(hydroxycarbamoyl)-2-(3,4,4-trimethyl-2,5-dioxo-1-

' imidazolidinyl)ethyl}propionyl]-4-piperidinol.

1-[3-Cyclobutyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-Z-(3,4,4-trimethyl-2,5-dioio-1-
imidazolidinyIjethyl]propionyl]piperidine.

1-[3-Cyclopropyl-2(R)-[1(R or S)-(hydroxycarbamoyl)-2-(3,4,4-trimethyl-2,5-dioxo-1-
imidazolidinyl)ethy!]propionyl]-4-piperidinol.
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