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REPLAQENENT SHEET. Pl PERAZI NE- 2, 5- DI ONE DERI VATI VES AS NUD!%Lﬂ@@@-} HAS BEEN
MJLTH - DRUG, RESI STANCE The present invention relates to confoundsppEggidikpas
madul ators of nultl-drug resistance (MDR), to their prepar&on—and-ta

phar maceut i cal® and vveterinary 5 conposi t4 ans cont ai ni ng them The

resi stance of tunours to treatnment with certaln c tOtOXIC agents is an
obstacle to the successful C henDt FHaER86E 2 el : cancer patients. A

t unour my acqu;re:r istance.tq_ a gtOtOX ent used i n %ViOUS 10

treatnent. A turmur ypﬁtss%‘trra‘ﬁ‘l‘ﬁe& tor nf?liaﬂ" ctPeg?'g?%%%s ugF

Cr 0SS- r esi St anCeoahiRaBofy 1 Of WY1%13980Y Fostiikd (MRS, QS dHeRY Ously been
exposed, that agent ‘heing unrelated by structure or mechani smof action to
any agent used iprepagutof dndajoTphhsmatettiodlummdr ve@érinary Anal ogously,
certain pathogens may acquire resistance to pharmaceutical agents used in
previ ous tr®at macmpositioes dferdadadngr thémor ders to whi ch t hose pat hogens
give rise. Pat hogeneTpl‘ay ‘al so manifest intrinsic resistance, or crQss

resistance of tumours to treatment with certain
cftotoxic agents is .an obstacle to the successful
chemotherapeutic treatment of cancer patlents. A tumour may
acqulre're81stance to a cytotoxlc agent used 1n a .previous
10  treatment. A tumour may also manifest intrinsic reeistance,
or cross-resistance, to a cytotoxic_agent to which it has
- not previously been exposed, that agent being unrelated by
structure or mechanism of action to any agent used in
previous treatments of the tumour.

- 15 " Analogously, certain pathogene may.acquire resistance
te pharnaceutical agents used in previous treatments of the
diseases or disorders-to which those pathogens give rise.
Pathogens may also manifest intrinsic resistance, or cross
resistance, to pharmaceutical agents to which tﬁey have not

20 previously been exposed. Examples of this effect include
.multi-drug resistant forms of malaria, tuberculosis,
1eishmaniasis and amoebic dysentery.

'The above phenomena are referred to collectively as
multi-drug resistance (MDR); As discussed more fully later

25 on, a plasma membrane glycoprotein (P-gp) is implicated in

' the mechanism which underlies MDR. P-gp has drug binding
properties. Certain agents which have the capacity to

modulate MDR may therefore also be useful in facilitating
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resj stance, to pharmaceutical agents to which they have not 20 previ ously
been exposed. Exanples of this effect include nulti-drug resistant forns
of ¥mal ari a, .tubercul osis, |eishnmaniasis and anoebi c dysentery. The above
phenonena are referred to collectively as mutt I -drug resistance (MDR). As

di scussed nore fuhbYgbdd ¥f ﬁss&f’rq: 8,64 5 | -,0pD)
is inplicated i nlet lﬁe rrec‘ﬁ%??sm \‘/i\ﬁlﬂgﬁaﬁ% erli g?%g&%’%pﬁﬁ%gggéggn%ﬁ&?ﬁg
properties. CertaraatgRptZiDdisld Aave-Héate®aompYek0 nodul ate MDR may
therefore also be useful in facilitating -2- the delivery of drugs

across the bl ood- br ai Rigadvandiagesdof ndrugsmtwhighAhBEe asnl falxDBeer| asadl to

conpl ex. Di sadvant ages of drugs which have so far  been used to nodul ate
MDR, termed resi Mﬁéétﬁﬂﬂ?l?'y?‘r‘?@"“‘&&eﬁ?%l‘iﬁamg‘f’%fym%r%gec’ﬁ&t OF ha{As,

frequent|y. Rossess.acROPr Ul ARARKLDSS Solldd hopBBy Sladlbolalesst the
profile and/or are toxic at the concentrations required for
MDR modulation.
It has now been found that a series of piperaziﬁedione
derivatives have activity as modulators of multi-drug |

10 resistance. The present invention therefore provides a

piperazinedione derivative of formula (1) :

Rl
15 1
e (D
o)
whefein R! ig selected from:
- hydrogen;
20 - a group of formula - (NH).-COR® wherein t is 0 or 1 and R’ is
selected from:
) —{NH H N’R4
_6 2 > (A)
V .
25 ' ' . ,

wherein v is 0 when t is 1 and v is 1 when t is 0; and
wherein n is 0 or 1 and-m is 0, 1, 2 or 3, at least one of n

and m being other than 0, and either:



MDR nodzil ation. It has now been found that a series of piperazinedi one
der‘l,vatrves have activity as nmodulators.of nulti-drug 10 resistance.
The” present invention therefore provides a_pépgram nedi one derivative of
formula (I'): [err] wherein Rerr] is selected from - hydrogen; 20 - a
group of fornula - (NHJder#] 160N &F rd,-ehanin AndR0i8rcl@nsiBerr] is
selected from 25 [err] wherein v is 0 ent is land Vvis 1 whent is
0; and wherei n nopti@natlyl sabetritused, by o2 or Bwoephérqutgmngsoftme and m
bei ng other than 0, and either: -3- (a) Rerr] is Hor g % Clerr]

al kyl and R err] PhSDY} JFQUECIOZ BFOHPRylPeH}ﬂ P@ﬁapnvl%mﬁnh ybibrﬂ;nebr
two phenyl groupsr Ewo C,- Cs alkoxy groups; oOr
5 (b) R‘ and R5, together with the nitrogen at:.om to which

they are attached, form a heterocyclic group selected from

(1) to (4):
—N Y
10. o
(2)
one
- N
H .
15
(3) (4)

wherein RS and'R", which are the same or different, are H or °
C,-Cs alkoxy or R® and R’ form together a wethylenedioxy
group; Y is O or -NR® wherein R® is C,-C¢ alkyl or a phenyl
20 group optionally substituted by CF,;
(ii) :
-—NH——(CHz)p—Z (B)
' whereih p is 1 or 2 énd Z is C,-Cg alkenyl or a phenyl group
optionally substitﬁted.b.y C,-C¢ alkoxy; and
25

(iid) —N N—R9 . (C)

wherein R® is C,~-C, alkyl, pyfimidiriyl or a phenyl group



phehyl group or groups being optionally substituted by one or two
Clerf]-gerr] alkoxy groups; or 5 (b) Rerr] and R err], together
witfh the nitrogen atomto which they are attached forma heterocycllc

group selected from (1) to (4): [err] wher e’ n# R[err] and R[err], which are

t he sane or d|ffe‘g ‘[#?nﬁr 'E,’u%tﬂﬂé&?g %{(r)& giﬁﬁﬁerr’fﬂ err| and Rlerr]

form t oget her, ene I OXY @ wherein Rerr] is
Cerr]-Cerr] aI kyl or a phenyl 20 group optionally substituted by CF3;

(ii) -NH(CHerr])[err]-Z wherein pis 1 or 2 and Zis
C2-C err] al kenyl {(bv) a phenyl group pt| ijix ubstltu by Jerr]-Cerr]
al koxy; and 25 [err] wherein R err] err] aI -pyrim'di nyl or
a phenyl group ' _

5 wherein w is 1, 2 or 3 and L is a heterocyclic group of

formula (1) as defined above;
- a group of the formula (D):
, R10 .
/
——O0—CH.CH(OH)—CH—N_ (D)
Rrit
10
wherein each of RY and R, which may bé the same or
different, is C,-C, alkyl; and

- a group of formula (E):

15 | -{of(cnz)—@afcuz L (E)
, | r s r.

wherein s is 0 or 1 and each r, which may be the same or

different, is 1, 2 or 3 and L is a heterocyclic'group of

formula (1) as defined above; '

20 and R? is hydrogen or a group of formula -COR® as defined
above provided that one of R! and R? is hydrogen and the
other is not hydrogen{ or a pharmaceutiéally_acceptable salt
thereof.

An alkyl group may be linear or branched. A C,~C¢ alkyl

25 group is typically a C,-C, aikyl group, for example a methyl,
ethyl, prdpyl, i-propyl, n-butyl, sec-butyl or tert-butyl
group. A C-C; alkoxy group is typically a C,-C, alkoxy |

group, for example a methoxy, ethoxy, propoxy, i-propoxy, n-



-4 optignally substituted by (Jerr]-Cerr] alkoxy; and [err] 5 wherein w
is ¥ 2or.3 and L is a heterocyclic group of formula (1) as defined above,
- a.”group of the formul'a (D): 10 [err] vvhergln -each of Rlerr] and Rlerr],
whiich may be the same or different, is C[err] C’[err] alkyl,; and - a group

of formula (E): 1f, iw’] g@&eggw,é%dd,{ bl &@&#J r, which may be the

sane or different, 1s71, 2 or 1S a heterocyc ic group of fornula

(1) as defined above; wen R*ane Rgrouphydr bgauler -aNg) pWoR3] ¢ aldpbe 0 in
-COR[err] as defined above provided that one of Rlerr] and Rerr] is

hydrogen and the whiel dasendthehgueepdms dhea fpmmmbacei@R’cal The a@@sgeab‘lrem

It th f. A I
salt thereof. An gllfl, 0 Q4P T2, BE |1 "GL 0k M 1ol A P S

A , n

5 - is typically 1 and m ig 0, 1, 2 or 3, or n is 0 and m is 2.
R* and R® may be as defined under (a), in which case R*! is
préferably C,-Cq¢ alkyl, for instance methyl. R° is preferably
C,-C¢ alkyl, for instance methyl or ethyl, either
unsubstituted or substituted on the terminal carbon atom by |

10 one or two phenyl groups. These pheny}, Qroups are inl turn
unsubstituted or substituted by one or "t':.wo methoxy groups.
For instance, R® may be a diphenylmethyl, 2l-2—diphe.=n§l.ethy1
or 3,4-dimethoxyphenethyl group. Alternatively, R* and R®
may be as défined under (b). When R* and RS together férm

15  the heterocyclic ring (1), R® and R’ are typically the same,
and are preferably hydrogen or methoxy, or together form a
methylenedioxy group. When R* and R® togéther form the
heterocyclic ring (2), Y is O or -NR® whe_rein R® is
preferably methyl, phenyl or 3—trif1uoromethylpl;eﬁyl.

20 When R® is a group of formula (B), Z is preferably

. ethenyl, prop-l-enyl or éfop-z—enyl, or a phenyl group

substituted by one or two C,-C, alkoxy groups, preferably
methoxy groups. Preferably the phenyl ring is 3,4-
disubstituted by methoxy groups.

25 When R? is a group of formula._(c) , R’ is preferably .
selected from methyl, ethyl, pyrimidinyl and phenyl, the
phenyl being monosubstituted at position 2, 3 or 4 by C,-Cs-

alkoxy, for instance methoxy, and more preferably being a 4-



25 group is t
ethwl , propyl, i
Clefr]-Cerr] al
exanpl e a net hox
tert-butoxy grou
may be O in whic
in formula (A) i
typically 1 and

may be as define

ypically a CJerr]-C4 al kyl group, for exanple a nethyl,
-propyl, n-butyl, sec-butyl or tert-butyl group. A

koxy group is typically a Q[%r[]-C[err] al koxy group, for
y, ethoxy, propoxy, i-propoxy, n- but oxy, sec-butoxy or
Retwggp¥ﬁ§§yf]gfag a group. of fornula -(NH)[err]-CORlerr],
h case”the “group ﬁés the formula -COR[err]. The integer v
S thewhén Mhde & gredp icE dogmalp () RO nmdar{Apren 5  is
mis O, 1, 2 or 3, or nis 0 and mis 2. Rerr] and R err]
dypagally athe ispnghaofd ave owffenablysbptiefmativyily (Feem |R'CG

Ikyl, for insta thyl . i ferab -, L kyl, f
"nstance met hyl - GF 8 AP ot rhsigtey JETT (otay B OLGRIVHRICHeDR TRE

term nal carpon
groups are in tu
groups. For inst
3, 4- di.met hoxyphe

10

i5

20

25

?ﬁg by .10 .féyﬁ LWEHEH— yl Thasea,phenyt
n gﬁséﬁ%t??%te gggsubst fﬁ?édzﬁiqgﬁéu%? mo%#%thoxy

FupRcithentd wPAunlerR® idl pheNyétEYdbylcl id- 2isl phenykpibyii1er
net hyl group. Alternatively, Rerr] and R err]

the same and are preferably both H or methoxy,  or together
form a methylened;‘.oxy group.

In a first embodiment of formula (I) in which t = 1 and
v = 0, R' is hydrogen and R®> is a group of formula -COR® as
defined above in which R® is a group of' ‘formula A.

o In a 'second embodiment of formula .(I) R? is hydrogen'and
R* is a group of formula -COR® as defined above in which R?® is
a group of formula (A), a group of formula (B) wherein Z is
ethenyl or phényl substituted by two C,-C¢ alkoxy groups, or
a group of formula (C) wherein R? is methyl, pyrimidinyl or
phenyl . Phenyl substituted by two C,-C; alkoxy groups is
preferably 3,4-dimethoxyphenyl.

In formula (A) in the first and second embodiments
described above it is preferred that n is 0 and m is 2, or n
is 1 and m=0, 1 or 2, and either: _

(a) R* is C,-C¢ alkyl and R® is C,-C alkyi.substituted on
the -_terminal C atom by 2 unsubstituted phenyl groups or by
one phenyl group which is disubstituted by C,-C; alkoxy
groups; or |

(b) R* and R® form together with 'the‘nit.rogen atom to
which they are attached a heterocyclic group selected from

groups of formulae (1) wherein R® and R’ are both H or both

t



H
¥

may be gs defined under (b). Wien Rerr] and R err] together form 15 t he
hetegocyclic ring (1), R err] and Rl err] are typically the sanme, and are
preferably hydrogen or nethoxy, or together form a nethyl enedioxy group.
When R err] and R[err] toget her formthe het‘e?o‘cyclic ring (2), Yis O or

NRLerr] wher el n B84 11 GeRr SLCLABRY IRk Kb PIEBILORL: <o

3tr|fluororrethylp’heﬁ roupmfaforrmla(B),

Zis preferably ehbemylenddiRylg8byh; 0f2)PWBBré1 €W is @ o2 PRRNYhe@e@HPR®
substituted by one or two C[err? err] al koxy groups, preferably methoxy

groups. Preferabl ystdm:mﬂenphenyhgor s:ﬁ,leuodomelusylphdwd by3hetdeky(4gr.oups.
25 Wen R err] is a of formula (O, Rerr] is preferabl
sel ected from nethyl, ®efigra Vr il AeEhyhrph®iyis digheswdmer b%l‘?&j -

ey e 2 PRyt B4 G W iR g e

instead heterocyclic ring (1) in which R® and R’ are both H
or both OMe, or together form a meéhylenedibxy group.

Examples of preferred compounds of formula (I) are as
follows: o _

10 1- (4- ((3Z, 62) -6-Benzylidene-1-methyl-2,5-dioxo-3-

piperazinylidene)methylbénzo&l)—4-(2—p§timidyl)piperazine
(9022) '

1—(4-((3Z,GZ)-6-Benzylidgne—l—methyl—z,5-dioxo-3f
15 piperazinylidene)methylbenzoyl) -4 -methylpiperazine,

hydrochloride (9052)

1- (4~ ((3%Z,6%) -6-Benzylidene-1-methyl-2,5-dioxo-3-

piperazinylidene)methylbenzoyl) ~4- (4~

20 methoxyphenyl)piperazine, hydrochloride (9071)

H—Ally1-4—((BZ,GZ)—6—benzylideneJI—metth-z,5-dioxo—3-

piperazinylidene)methylbenzamide (3070)

25 N- (2-Diphenylmethylmethylaminoethyl) ~4-((3Z,62) -6~
benzylidene-1i-methyl-2,5-dioxo-3~

.piperazinylidene)methylbenzamide, hydrochloride (9076)



met hoxyphenyl group. Wien RL is a group of fornula (D) R err] and R err]
are {ypically the sane and are preferably both nethyl. Wien Rerr] is a
group of formula (E), s may be O in which case the 5 group has the
formula -(CH err])[err]-L. In formula (E) the8substituents R err] and R7

in the heterocyclic ring are typically the sanme and are preferaply both H:
or nmet hoxy, or tog%‘t??e’rgf'&’r'ﬁvé' ?W’é‘?@d?ﬁk?°%‘1"cﬂﬂ}tyll)ﬁtgyﬂ?%‘t(@?ﬂé&i’ﬁént

of formula (I) in ' to=.1.a o Va7 0. Rerr] is hydrogen and
Rlerr] is a group %@%ﬁ% S }C@flé?lr]g'_saglag?iér?led above in which Rerr] is
a group of forml apfbez*a[hi%yﬂ.&@.@ﬂg)xié‘%ﬁi‘b@ﬁﬁ&mﬁef%ﬂi‘o%hﬁbi‘i&@Tﬁll@drogﬁﬂ

and Rlerr] is a group of formula - as defined above in which Rerr] is
a group of formula (A), a group of formula (B) wherein Z is 15 et henyl -

or phenyl substituted by two CJerr -C[err]) al kox roups, or:a_group of
formula (C) wher ei ¥~ (3 ¢t1himeshgxypenetinil nﬁdi‘ﬁ%t%/' )‘ﬁf?ﬁ?lzylﬂﬁﬂﬁﬂl'
substituted by two err].: r.r] al kox roups.Ls preferabl .
3 s i ot hoxy pheny PSLRAL T4ty piPermeLrv L Atsodres B Rt anmisn (oi2d) 20
described above it is preferred that nis 0 and mis 2, or n
N- (4- (4-Phenyl-1-piperazinyl)methylphenyl) -4-{(3%,62) -6-
benzylidene-1-methyl-2,5-dioxo-3-

10 piperazinylidene)methylbehzamide, hydrochloride (9104)

R-(2—(4—Methyl—1;p£pérazinyl)ethyl)-4~((3Z,CZ)—6-
| beﬁzylidene—l-methyl—z,5-dioxo—3- ‘
piperazinylidene)methylbenzamide (9007)
15
ﬂ—(2—Morpholinoethyl)—4-((3Z,6Zi—6-benzylidehe-1—methy1;2,5-
dioxo-3—piperazinylidene)methylbenzamide,-hydréchloride
(9055)
20 .g-(4-Morpholinophenyl)-4—((BZ;GZ);G-benzylidene-l-methyl—
2,é—dioxo—3—piperazinYlidené)methyibenzamide,'hydrOChloride

(9054)
N-(4-(2-(1,2,3,4-Tetrahydro-B-carbolin-2-yl)ethyl)phenyl) -4~
25 ((32,62)-6-benzylidene-1-methyl-2,5-dioxo-3~

piperazinylidene)methylbenzamide (9080)

N-(4-(1,2,3,4-Tetrahydro-f-carbolin-2-yl)methylphenyl) -4-



!

is 1 and. O, 1 or 2, and either: (a) Rerr] is (Jerr]-Cerr] alkyl and
Rlerk] is (err]-Cerr] alkyl substituted on the termnal C atomby 2
unsubstituted phenyl groups or by one phenyl group which is disubstituted
by (Jerr]-Clerr]. al koxy 25 ‘groups; or (b Blerr] and Rlerr] form
together with the nitrogen atomto which they are attached a heterocyclic
group sel ect ed frdrﬁ’&r6gb361ﬁ347€ﬁﬁﬂ?a%‘¥ﬂet\mér8i'ﬁ‘ﬂ@ﬁﬁ*and Rlerr] are

both H or both - /- errd-Clenr | kox Qr jn Rlerr] and Rerr].
together form a né?ﬁﬁFé%%%Y%%ﬁLﬁ?8%53Y§%?¥ﬁﬂ898?28@3¢2 0 or -NR[err]
wherein R err] is nethyl, phenyl or trifluoromnethyl phenyl; (3); and (4).
Preferably Rlerr] is nethyl and R err] is diphenylnethyl or 2- 5

(3, 4- di mret hoxyphemyl(tet{Ryk4-pherilenrpipach A3 ptholpbiatyY)cum(i( 83 6£yd-6 -
heterocyclic ring (1) in which Rerr] and Rlerr]. are both H or both Ow, or
t oget her forn®a nPeRgyéhdenend watdyp -2 Sadisixes3of preferred conmpounds of

fornuya (1) are aSpiperazinylidene)methylbenzamide {9103)

N-(4-(2-(1,2,3,4-Tetrahydro-2-isoquinolyl)etliyl)phenyl) -4~
((32,62) -6~benzylidene-1l-methyl-2,5-dioxo-~3-~ '

10 piperazinylidene)meth?lbenzamide (9065) -

N-(4-(2- (4~ (3-Trifluoromethylphenyl) -1-
pipérazinyl)ethyl)phenyl)—47((3Z,62)—6-benzylidenef1-methyl~
2,S—dioxo—é~piperazinylidené)methylbenzamide (2049)
15
N- (4-(2- (4- (4-Chlorophenyl) -4-
hydroxypipefidino)ethyl)phenyl)—4-((3Z,GZ)—G-benzylidene—l-'
methyl—z,5-dioxo-3—piperazinylidene)methylbenzamide (9079)
20 N- (4~ (2- (6, 7-Dimethoxy-1,2,3,4-tetrahydro-2-
isoquinolyl)ethyl)phenyl)-4-((3Z,GZ)—6Fbenzy1idene—1-methyl-

2,5-dioxo-3-piperazinylidene)methylbenzamide (9006)
ﬂ-(z—(6,7-Dimethoxy-1,2,3,4—tetrahydrof2-isoquinoly1)ethyl)-
25 4-((3Z,6Z) -6-benzylidene-1-methyl-2,5-dioxo-3-~

piperazinylidene)methylbenzamide (9008)

N-(4-(6,7-Dimethoxy-1,2,3,4-tetrahydro-2-



folloms 10 1-(4-((3Z, 62) 6- Benzyl i dene- 1- net hyl - 2, 5- di oxo- 3-
plpera2|nylldene)nethylbenzoyl) 4-(2- pyr|n1dyl)p|pera2|ne (9022)
1-X 4- ((3Z, 62) - 6-Benzyl i dene- 1- et hyl - 2, 5-di oxo-3- 15

plpera2|nylldene)nethylbenzoyl) 4- nethyIpreoazine hydr ochl ori de (9052)
1-(4-((3Z, 62) - 6-Benzyl i dene- 1- met hyl - 2, 5- di oxo- 3-

pi per azi nyl i dendpeanhy Pbﬁh)zegnlyyhhenylzm ( (3% 6Rdx § prengydideperdzrhethyl- -
hydr ochl ori de (90 N—AI 6--ben dene- 1 dj oxo- 3-
plpera2|nyllden@ygebﬁ9¥8 qﬁ?%?gggb% me€ﬁ4lbenzam1de,1ﬁ§&roch§or1de
N- (2- Di phenyl net gt hyl am noet hyl) - 4- ((3Z, 62) - 6- benzyl i dene- 1-net hyl -
5-di oxo- 3- pi perazinyl i dene)net hyl benzam de, hydrochl oride (9076) - 8-
N-(2-(1, 2,3, 4-Tetrahydro-2-isoqui nolyl)ethyl)-4-((3Z, 62)-6-
s (3Z,62Z) -6-Benzylidene-3- (4- (3-dimethylamino-2-
hfdroxypropoxy)benzylidene)—1—methyl—2,5~piperazinedione
(2023)

(32,62) -6-Benzylidene-3-(4-(2-(6, 7-dimethoxy—1 2,3,4-
10 tetrahydro-2- 1soqu1nolyl)ethyl)benzylldene) -1~ methyl -2,5-

plpera21nedlone (9115).

N-(4-(2-(6,7-Dimethoxy-1,2,3,4-tetrahydro-2-
isoquinolyl)ethyl)phényl)-3-((3Z,GZ)—G-benzylidene-l—methyl—

15 2,5-dioxo-3-piperazinylidene)methylbenzamide, hydrochloride
(9051) | '

N-(4-(6,7-Dimethoxy-1,2,3,4-tetrahydro-2-
¢

isoquinolyl)methylphenyl) -3-((3Z,62) ~6-benzylidene-1i-methyl-

20 2,5-dioxo-3-piperazinylidene)methylbenzamide (9128)

N-(2-(6,7-Dimethoxy-1,2,3,4-tetrahydro-2-isoquinolyl)ethyl) -
3-((32,62) -6-benzylidene-1-methyl-2,5-dioxo-3-
piperézinylidene)methylbenzamide (9136)

25
H-(z-(3,4-Diméthdxyphenethy1)methYlamino)ethyl)—3-((3Z,6Z)—
6—5enzylidene-l-methyl-z,5—dioxo—3— '

piperazinylidene)methylbenzamide (9137)



benzyl i dene- | - met hyl - 2, 5-di 0X0- 3- pi per azi nyl i dene) net hyI benzami de,
hygrochl oride (9116) 5

N1 3, 4- Di net hoxyphenet hyl ) -4-((3Z,62) - 6- benzyl i dene- 1-

met hyl - 2, 5- di oxo- 3- pi perazi nyl i dene) met hyl bgnzani de (9117)

N-(4-(4- Phenyl 1- pi per azi nyl ) net hyl phenyl ) -4-((3Z, 62) - 6-

benzyl i dene- | - nBt kgt (25 83 di -®ime8hokPphenguihyd) mzthylamﬁemé)amhilbbmb)made
hydrochl oride (9104) N-(2-(4-Methyl-1-piperazin éethy -4-((3Z,62) - 6-
benzyl i dene- 1- néﬂﬁ?&sé)seth%lf}deﬁﬁp%T‘%?ﬁW I‘?déﬁ 7l benzani de (9007)

15 N-(-2- Mor phol i noet h benz met hyl - 2, 5-

di oxo- 3- pi per azPﬁ?FFﬁ%ﬁ@lﬁ‘{%‘%Fgﬁégﬁb%ﬁ"ﬁdgr ggﬁ?%)l’l de (9053) 20
N- (4- Mor phol i nophenyl) - 4- ((3Z, 62) - 6- benzyl i dene- 1- net hyl -

2, 5- di oxo- 3- pi perazi nyl i dene) net hyl benzam de, hydrochl ori de (9054)

N-(4 (2-(1,2, 3, #~ Tet (2hy4ls Phereyl- —papbﬁézmya)pthglhyhe}rwmmal-)(-(a;z &b) -6- .
((3Z;62) - 6-benzyl i dene- 1- net hyl - 2, 5- di ox0- 3-
pi per azi nyl i denb)ensvhyﬂmzmqrémlges;@)dwxo ~3-

piperazinylidene)methylbenzamide (9083)

gj(4—(3—(6,7—Dimethoxy-1,2,3,4—tetrahydr9—2—
10 isoquinolyl)propyl) phenyl) -3- ({32, 62) -6-benzylidene-1-
methyl—z,5—dioxo-3—piperazinylidene)methylbenzamide,

hydrochloride (9161)

g-(2—(2,2-Dipheny;ethyl)methylaminoethyl)—3-((32,6Z)—65
15 benzylidene—l-methyl-z,5—dioxo—3-

piperazinylidene)methylbenzamide (9163)

(3Z,62) ~6-Benzylidene-3- (4~ (4-(2-(6,7-dimethoxy-1,2,3,4~
tetrahydro—z-isoquinolyl)ethyl)benzyloxy)benzylidene)—1-

20 methyl-2,5-piperazinedione (9176)

(3Z,6Z)f6—Benzylidené-3-(3-(4-(2-(6.7-dimethoxy~1,2,3,4—
tetrahydro-2-isoquinolyl)ethyl)benzyloxy)benzylidene) -1-
methyl-z,S—Qiperazinedione (9177)

25
N-(4-((3%,6Z)-6-Benzylidene-1-methyl-2,5-dioxo-3-
piperazinylidene)methylphenyl)—4—(2—(6,7—dimethoxy—1;2,3,4—

' tetrahydro-2-isoquinolyl)ethyl)benzamide (9190)



N (4- (1 2,3,4-Tetrahydro-[err]- carbolln 2- yI)nethyIphenyI) 4- -9-
((34,62)- 6 benzyl i dene- 1- net hyl - 2, 5- di oxo- 3- :

pi perazi nyl i dene) et hyl benzam de (9096)

N- (4-(2-(4-Phenyl -1 -pi perazinyl)ethyl)phenyl y5,4-((3Z,62)-6- 5
benzyl i dene- 1- net hyl - 2, 5- di oxo- 3- pi perazi nyl 1 dene) net hyl benzam de (9103)
N-(4-(2-(1, 2,3, 4-1‘Fe(t4r-a(h3dron-éW&Hyhéeihudt)mneayB}dﬂexo-s-
((3Z,62)-6- benzylldene 1-net hyl - 2, 5- di oxo-3-_ 10
plpera2|nyI|deneﬁﬁﬁﬁﬁ?ﬂbéﬂ%aﬂ¢ﬁﬁ9%ﬁh@ﬂgkenzoyl) ~4-(6,7- dlmethoxy-l 2,3,4-

e IR YL BISTL N eyl miperidtine. 122001 -

, 5- di oxo- 3- pi perazi nyl i dene) net hyl benzam de (9049) 15
N—(4 (2-(4-(4-Chl orophenyl) - 4-

hydroxypl per 5di no) et hyopbanih ) of -fdrGl8ZX 1 H- m@ﬂddd@aa By a process
nmet hyl - 2, 5- di oxo- 3- p|pera2|nylldene)nethylbenzan1de (9079)
. which comprises treating 1-acetyl-3-benzylidene-4- methyl-

2,5-piperazinedione, which has the formula {1I):

o

10 - A NAc ,
MeN - ()

_ 0O
with an aldehyde of the following formula (III):

15 R1 _
' X cm)
OHC R2

wherein R' and R® are as defined for formula (I), in.an'
organic solVent in the presence of a bése; ana, if desifed,
20 converting the resulting compound inﬁo a pharmaceutically
Iacceptable salt thereof.
Suitable bases include caesium carbonate, sodium
carbonate, potassium carbonate, sodium hydride, potassium t-
‘butoxide and triethylamine. |
25 Suitgble'organic solvents include dimethylformamide
(DMF) , tetrahydrofuran (THF) and in the case of potassium t-
butoxide, t-butahol and mixtures thereof.

When DMF is used as solvent the temperature is



20 N-(4-(2-(6, 7- D nmet hoxy-1, 2, 3, 4-t et rahydr o- 2-

i sogui nol yl )ethyl ) phenyl)-4-((3Z, 6Z) - 6-benzyl i dene- 1- net hyI - 2,

5- di oxo0- 3- pi perazi nyl i dene) nmet hyl benzant de (9006)

N-(2-(6, 7- D net hoxy-1, 2, 3, 4-t etr ahydr o- 2- |sogy|nolyl)ethyl) 25

4- ((3Z, 62) - 6- benzyl i dene 1- net hyl - 2, 5- di oxo0--3-

pi perazi nyl i dene)uyptikal bynketweaksn (09008):1 reflux temperature, for example
N-(4-(6,7-0 methoxy-1, 2, 3, 4-t et rahydro- 2- - 10 -

i soqui nol yl ).met hyi5sHe89FS -t (9(539 ‘e*ze)n @aséww%@?@afsnéﬁhwed as base.

(32, 62)-6- Bonzyl | denoNyep aSo4i IF HdRIRR PRESqRiRRO hftostits) 10 ubed as
benzyl i dene) - 1- mﬂyba%e5tﬁép§é§aﬂ1raﬁﬂm&eu£§02§)t ically warmed from 0°C to
(3Z, 62) - 6- Benzyl i dene-a- (4-(2- (6. 7-di net hoxy- 1. 2.3, 4= 1b

tetrahydro- 25i soqtocwoltgimperayhrd ez o defe,) - 1- met hyl - 2, 5- pi perazi nedi one

(9115). The duration of the reaction may be from 1 to 4 hours,
for example from 2 to 3 hours.

The compound of formula (II) may be prepared as
described in Reference Example 1.which.foilows. Compounds
10 6f formula (III) may be prepared from commercially available

siarting materials by conventional methdds,'the pattiéular
stafting material and ﬁefhod employed depending upon the
identity of the aldehyde. For instdnce,lan aldehyde of
formula (III) wherein one of R' and R? is hydrogen and the

15 other is a group of formula -COR?} as defined above may be

prepared by a process which comprises treating a compound of

- _RH _
[oulNtl
OHC 821

formula (IV):

20
wherein one or RY and R21 is hydrogen and the other is -COOH,
- -COX wherein X is a halogen, or -CO(OCOR') wherein R’ is C,-
Cs alkyl, with an amine of formula
| H-R?
25 wherein R® is as defined above, in an inert organic solvent;

the reaction béing performed in the presence of a coupling
agent when R!' or R?! is -COOH.

Suitable coupling agents for use when R or R'? is -COOH



!

N-(4-(2-(6, 7-Di met hoxy-1, 2, 3, 4-tetr ahydr o- 2-

i sQqui nol yl)et hyl)phenyl) 3 ((32, 62) - 6- benzyl i dene- 1- net hyl - 15

2, 5- di oxo- 3- pi per azi nyl i dene) net hyl benzani de, hydrochl ori de (9051)
N—(4 (6, 7-Di net hoxy-1, 2, 3, 4-tetrahydro-2- - 14 -

I soqui nol yl.) net hyl I 3- enzlldenelrreth
2, S?di oxo¥32pi pe‘}r’/’zfﬁ“ﬁ?y Lén@%é‘ﬁ%%‘é’ﬁ? ™ figg) 1- CYC13/hexyl 3-(2-

g]" E (223(26’65 Di6 ngte EﬁZBﬁb %e ﬁéﬁr%fﬁéaka%a%gggae srﬁ%."ﬂon 8' XEiﬁeﬁé{é\hphonate and

pi perazi nyl i deneé-rmﬂb;%bgnﬁa ﬁp%}(x&aaﬁiuBSmdlde
N-(2- (3, 4- b met hoxyphenet hyl ) met hyl am no) et hyl ) - 3- ((3Z, 62Z) -

6- benzyl i dene- 1- net hyiheR, B*'dpoxB*3is p gaoapi AGOX Me)qmomkbbnamrdeﬁin(eal?ﬂ)
N-(4-(2-(3, 4-Di net hoxyphenet hyl ) met hyl am no).et hyl ) phenyl))-3- ((3Z, 62)
- 6-benzyl i d8ne- Bheseny the Seafien 4 ﬁPEé?%%%WI@&QH’éY%tWI%?&ﬁPGECG

(9138) of a base, for instance a tertiary amine such as Et,N, or

pyridine. The solvent is then suitably dichloromei;hane.

The activated compounds of formula (IV) wherein R™ or

R* ig -COX or -CO(OCOR’') may be prepared from the

10 correspondingly compound of formula (IV). .'wherein- R*? or R%,
respectively, is the carboxy group -COOH by conventlonal
methods whlch are routine in organic synthesis.

For instance, compounds wherein R or R* isg '-COX may be
prepared by treating the carboxy compound with a

15 halogenatlng agent for example a chlorinating agent such as
socl,, PCl,, oxalyl chloride or PCl;.

Compounds wherein R or R# is -CO(OCOR’) may be
prepared by treating Ehe carbdxy compound with a C,~-C; alkyl
haloformate in the presence of a tertlary amlne, for

20 instance EtOCOCl or iBuOCOCl in the presence of Et,N. In
this case it is generally convenient to treat t;he resulting
mixture directiy ‘with the amine H-R3.

When R?® is a group of formula (A) as defined above in
which n is 1 and v is 1, the amine I-I-‘R3 may be prepared by

25 reducing the corresponding nitro compound of formula (V):

| i |
. N02—< >—<CH2-11N\R5 (V)



!

5 N- (4- (2- (4- Phenyl - 1- pi per azi nyl ) et hyl ) phenyl ) -3-((3Z, 6Z) - 6-
benzyl i dene- 1- net hyl - 2, 5- di oxo- 3- pi perazi nylidene) net hyl benzam de (9083)
N {4- (3- (6,7-Di nethoxy-l,2,3,4-tetrahydro-2- 10

I soqui nol.yl ) propyl ) phenyl ). ( (32,62) -6-benzylidene-1- nethyl- 2,

5-di oxo-3 - plpera2|nyI|denﬁ% neth %benzan1de hydrochl ori de_ (9161) N (2-
(2, 2- Di phenyl et hyPEFELRYPanknd®eh )are3as(¢ég@.r@5 abgvejfor formula (a).

benzyl i dene- 1- ne I- J enzam de (9163)
(32 62 -6 Benzy! T EeREHAGE Yl BSEHRG I e BRRER' Sty RN pEaber )
tetrahydro- 2- Isowdnebﬂbéneﬁwéa rﬁﬂ%&hpesﬂcbwl i Hefedharksl 2Qyp1ca11y
met hyl - 2, 5- pi perazi nedi one (9176)
(3Z, 62) - 6- Benzyl ivhclee- %etZBu(cél (Breinatdivaly hache redudtilen may be performed-
t et rahydro- 2-i soqui nol yl ) et'hyl ) benzyl oxy) benzyl i dene) - 1-

Yo {141 talyst.
$E 2y|((§z56§ pgrglglﬁgd 3 §og?11me12@. palladium on carbon catalys

enzyli dene- Y,

pi per azi nyl i dene) met hil PRERTTY {IZJ'T%M? dk‘&et“ﬁ‘é’x?elpfe%a’?d by treatlng a

tetrahydro-2- 'SOQ'}H\':W@ sthyhébmzl%ms £SdmB)a (vI)

_ NOg‘@%CHza—"X (VI) _
10 m L

wherein m is as defined in formula (V) and X is a halogen,
with an amine of formula (VII):

H—N
15 “RS

(Vi)
wherein R* and RS afe as defined above for formula (A), in an
" organic solvent in the presence of base.  The organic
‘solvent is typically DMF or aceton:.tr:.le, and the base is
typically K,CO,. The temperature is typically from room
20 temperature to 100°C, for instance from 60°C to .80°C. The
duration of the reaction is usually from 1 to 30 hours, for
instance 2 to 24 hours, typically from about 8 hou:rs to
about 12 hours.
When R?® is a group of formula (A) as defined above in
25 ~ which n is 0 and v :'gs 1, the amine H-R® may be prepared by

reducing the corresponding nitrile of formula (VIII):

;34 S
NC-w{CHgﬁ1 N\R5 ( VIH )



| .
- 12 - 1-(4-((32,62)-6-Benzyl i dene- 1- net hyl - 2, 5- di oxo- 3-
pi perazi nyl i dene) nmet hyl benzoyl ) - 4- (6, 7-di net hoxy- 1, 2, 3, 4-
t et rahydr oi soqui nol yl ) net hyl pi peri di ne (9200) 5 -Conpounds of
formula (1) are produced by a process whi ch Imonrprises treating :
1-acetyl - 3-benzyl i dene- 4-met hyl - 2, 5- pi per azi nedi one, whi ch has the formul a
(11): [err] wt hW’éﬁF%Elfdéh}Gelc)fzt% 3 AR’ mpd & narey a9 |qe)flnﬁéraqowméce1 n

Rlerr] and Rlerr ar efl dfo or nul a (I% a spl vent
the presence. of ARe pfyarion ey sitradf BrgbErEcTast v
cormpound into a Bi]ﬁ]’brﬂ,a‘iﬁuétﬁé‘iéﬂe i 2k e SRHT ett'i’xéﬁceoét f Eﬁtﬁ ées
I ncl ude caesiumc onat e sodlunlc bonat'e, pot assi ufm carbonate, |um
hydri de, potassi bétweerdWPaxanl@ £0v¢, ttypi&aal@mwaemng from 0°C to room
5 teniperature, for instance from 0°C to ZO%L Other amines H-R3
may be prepared by analogous methods using known starting
materials, or are commercially available pfoducts;
A nitrile of formula (VIII) may be prepared by treating
a compound of formula (VII) as defined above with a compound

10 .of formula (X):

NC-€CH2 " X (X)

wherein X is a halogen and m is as defined for formuia

15 (VIII), in an organic solvent in the presence of a base.
The. solvent is suitably acetonitrile. The base may be, for
example, K,CO,. The reaction is typically carried out at the
reflux temperature of the solvent for a period of from 1
hour to 30 hours, for instance from 1 hour to 26 hourg.

20 An aldehyde of formula (III) wherein R' is a group of

formula (D) may be prepared by treating the cqmpound of

formulé (X1) :

NV

OHC | (XI)

25

with an amine of formula H-N(R}?) (R!') wherein R and R are



R

25 . Sui tabl e organi ¢ sol vents include di met hyl f or mami de ( DVF)
tetrahydrofuran (THF) and in the case of potassiumt- butoxide, t-butanol
and’ m xtures thereof. When DMF is used as solvent the tenperature is -
13 - typically between O[err]C and ref |ux -t amperature, for exanple from
80[err]C to 95[err] C when caesium carbonate is used as base. Wen sodi um
hydri de or pot ass#fuifefipgdokrreformisedDis inea patidabie sebventon Sughure is

durat on of the rEANETN AR5 HES I FBIRONS GHE- ol SVBPUBY ) TR KLY
ey N TR e g T
prepared from cormpiixybeyizataehpdd arivha il sMJss@iwR ihydgoRyde Ofvlaweansi,
met hods, the particular starting material and nethod enpl oyed depending
upon the 5 epichlorohydrin. This reaction is typically performed at
' about 50°C for about 5 hours. |
The eldehyde of formula (III) wherein R' is a group of
formula (E) in which r is 2 (compound 5.1) may be prepared
. as deséribed'in Reference Example S5 which follows. |
10 Corresponding aldehydes in which r in fp;mula (E) is 1 or 3
may be prepa;ed by an analogoue procese; replacing the 4-(2-
Bromoethyl)beﬁzoic acid used as starting material by 4-
bromomethylbenzoic acid or 4—(3—bromopropyl)benzoie acid,
respectively. . |
15 An aldehyde of formula (III) may also be prepared by

treating the corresponding nitrile of formula (XII)

_ 31
(Xl
NC R2

20 with formic_acid and Raney nickel, for instance as described
in Reference Example 7 which follows.

Compounds of formula (I) may be converted into
pharmaceutically acceptable salts, and salts may be
converted into the ffee compound, by conventional wethods.

25 Suitable saits include salts with pharmaceutically-
acceptable inorganic or organic acids. Examples of
inorganic acids include hydrochloric acid, sulphurie acid

and orthophosphoric acid. Examples of organic acids include



identity. of the al dehyde. For instance, an al dehyde of fornmula (1I11)

wher ei n -one of Rlerr] and Rlerr] is hydrogen and the 15 other is a group
of fornula -COR[err] as defined above may be grepared by a process which
conprises treating.a conpound of formula (I [err] wherein one or

R err] and R[err] Q%Lt t ‘ﬁ%’df’ CQ:(1 ' ks a
hal ogen, (EI% @é\%?grgg?rﬁ |Js?ﬁ§ etragf'l?é‘?%s al ie ag&gnli%néécgé
formul a [err] 25 andvgwcehcl?{i@m] is as defined above in an inert organic
sol vent; the reaction being performed in the presence of a coupling agent
when Rlerr] or Rierr] Qae'lcém&lssmnia:ﬁ exbobpt imyltdgerug fesistsmoehen
Rlerr] or Rerr] is_- - 14 - include 1, 3-dicycl ohexyl car bodi i m de,

1-cycl ohexyl - 3-(2re#ﬁﬁrﬁﬁ’oltPnﬁétm)‘i?érli§odflﬂ-ﬁPB%Y fetifGust ?‘B!‘U‘E‘hesul phonat e

and

5 - intracellular drug accumulation compared with the

corresponding drug-sensitive cells. Studies using in vitro

‘derived MDR cell lines have shown that MDR is often
associated with increased expression of a pldsma membrane
glycoprotein (P-gp) which has drug binding properties. P-gp |
10 is thought to function as an efflux pump for many -
hydrophobic compounds, and transfectlon studles using cloned
.P-gp have shown that its overexpre531on can confer the MDR
phenotype on cells: see, for example} Ann. Rev. Biochem 58
137-171 (1989). |
15 A major function of P—gp.in normal tiosues is to export
- intracellular toxins from the cell. There is evidence to
suggest that overexpression of P-gp may play a clinical role
in multi-drug resistanbe. Increased. levels of P-gp mRNA or
protein have been detected in many forms of hum;n.cancers -
20 leukaemias, lymphomas, sarcomas and carcinomas. Indeed, in
some cases P-gp 1eve1s.ha0é been found to be increased in
. tnmour biopsies obtained after relapse from chemotherapy.
Inhibition of P-gp function in P-gp mediated MDR has
been shown to lead to a net accumulation of anti-cancer
25 agent in the cells. For example, Verapémil a known calcium
channel blocker was shown to sensitise MDR cells to Vinca

alkaloids . in vitro and in vivo:_dancer Res., Al,'1967-1972

{(1981). The proposed mechanism of action involves



2-chl oro-1 - et hyl pyridiniumiodide. Wien Rlerr] or Rerr] is a group -COX
or -CO(OCOR ) as defined 5 above, the reaction is optionally conducted

in the presence of a base, for instance a tertiary am ne such as Et3N, or
pyridine. The solvent is then suitably- dichtco¥®met hane. The acti vat ed

conpounds of formul | M), wherein Rlerr]. or err%r%is = COX.or . - O(%(%).

may be prepared P?gn?%'ﬁ%glﬁl w£§pF%s%%%fdicr?‘ e %ﬁn%roﬁglpgﬁ‘ﬁﬁclcgo( B-
wherein Rlerr] orgRl er]-£RaPedt k¥eh¥rutal W UncBIREEY HARanEOITbPYeying
conventional nethods which are routine in organic synthesis. For 1nstance,
conmpounds wher ei nagpats |adtring &y Lhis médPanizm haveregsi eibskyibed agudly ddhe
car boxy conpound with a 15 hal ogenati ng agent, for exanple a

chl ori nati ng agentangxhfers @odvedek} ICHC gns pelabré| gompavingisi dandr

PCl [err]. Conpounds erein Rerr] .or, Rerr] is -COQOCOR ) may be prepared
by treating the c&¥6 9?9%&11‘?6’%?131‘?@" 1-C6 al kyl hal oformate in the

presence of a tertiar ycﬁl@&&dé Qg %Qmulé nst %h@xgﬁﬁ ceh@g%i n the
presence of Et3N. In thi's case it I's generally convenient to treat” the
resul ting m xt.ureadcepeible Bdit & NBctBinefd&RrRFe)red to as "the present
compéunds“) have been found in biological tests to have
activity in modulating mﬁlti—drug resistance. The results
10 ©° are set out in Example 3 which follows.. :The present
'compounds may therefore be used as mplti-drug resistance
modifying agents, also termed resiétance-modifying'agents,
or RMAs. The present compounds can modulate, e.g. reduce,
or eliminate multi-drug resistance.
15 The present compounds can therefore be used in a method
. of potentiating the cytotoxicity of an agent which is
cytotoxic to a tumour cell. Such a method comprises,-for
instance, administering one of the present compounds to thé
tumourncell whilst the tumour cell is éxposed té tﬁg
20 cytotoxic agent in guestion. The therapeutic"gfféct of a
chémotherapeutic, or antineoplastic, agent may thus be
enhanced. fhe multi-drug resistance of a tumour cell to é
cytotoxic agent during chemotherapy may be reduced or . -
eliminated.
25 The present compounds can also be used in a method of
treating a disease in which the pathogen concerned exhibits

multi-drug resistance, for instance multi-drug resistant

forms of malaria (Plasmodium falciparum), tuberculosis,



Wien Rlerr] is a group of fornula (A) as defined above in which nis 1 and
vis 1,-the anine HRerr] may be prepared by 25 reduci ng the
cor’respondi ng nitro conpound of forrmula (V): [err] - 15 - wherein m
Rlerr] and Rlerr] are as defined above for~fotrmula (A). The reduction may

sui tably be perf usin ncentr d_h loric acid
i n met hanol , typ?ca ﬁ"ﬁarﬁ]ha s a?x qu\,\gt/iffcfgd1 FQ'\% ?‘h& é’&%g‘) n may be '

performed 5 us baaphygé@,g%xo\i%taneel |££H1‘:h%9@r§§é bote GH %h¥5§rezﬁent
conmpound of formula (V) may be prepared by treating a conpound of the

fol I owi ng fornul eofipbhndg erith Weeparatedy s sisudedhaeasiyn droseyhentijlignd X
is a halogen, with an amne of formula (VII): [err] wherein R err] and
R[ err] are as defthgedragove whichf sheupathogen cengerned exhibits multi-drug.
5 resistance. The therapeutic effect of the drug may thus be
enhanced.
A human or enimal patient harbouring a tumour may be
treated for resistance to a chemotherapeutic agent_by a
method comprising the administration thereto of one of the
10 present compounds. The present compouqd‘is administered in
an amount effective to potentiate the e§totoxicity of the
said chemotherapeutic agent. Examplee 6flchemotherapeutic
or ahtineoplastic agents which are preferred in the context
of the present invention include Vinca alkaloids such as
1s vincristine and vinblastine; anthraeycline antibiotics such
as daunorubicin and doxorubicin; mitoxantrone; actinomycin
D; taxaﬁes e.g. taxol; epipodophyllotoxins'e.g. etopoposide
and plicamycin.
In addition, a human or animal pe;ient suféering from a
' 20 disease in whieh the responsible pathogen e%hibits multi-
drug resistance may be treated for resistance to a
therapeutic agent by a method comprising the administration
thereto of one of the present compounds.
Examples of such disease include multi-drug resistant
25 forms. . of malaria (Plasmodium falciparum), tuberculosis,
leishmaniasis and amoebic dysentery.
MDR modulators also have utility in the delivery of

drugs across the blood-brain barrier, and in the treatment



1

organi c solvent in the presence of base. The organic solvent is typically
DMF or -acetonitrile, and the base is typically Klerr] C3. The tenperature
isrtypically fromroom 20 tenmperature to 100[err]C, -for instance from
60[err]C to 80[err]C. The duration of the-rzaction is usually from1 to 30
hours, for instance 2 to 24 hours, typically fromabout 8 hours to about 12
hours. Wien R er PE AIDE PO IILS-rrdrhed Lquplexs JERE nR¥ERARY €opROYRds can '

which nis 0 and is:l, the amine HR3 b repared by redugi t he
cor respondi ng ni ,g:?ﬁgr:gfg#ef%? Misg & ?Ir)‘?tq?éé/* rOF acs f’i%agl%é:&'?i ﬁeﬂ?‘fﬂ, 2
or 3 and Rerr] d r def Vv t of.0r ' The
reducti on may su??ag%séei%ﬁ%o?%eedsémb?ﬁ%ﬁ%HFg%?fe%'n %aé%egl ycol

di met hyl ether, a&ireathenpesBtamms bet AERS- L eiveiCoangldR] erx IHamahystcal |y

warmng fromO[err]C to room5 tenperature, for instance fromO[err]Cto
20[err]C. @ her andingdspatidnt in need of such treatment may be treated by a
. method comprising the administration thereto of one of the
'present Eoﬁpounds.
.The present compounds can be administered in a variety
of dosage fbrms, for example orally such as in the form of
10 tablets, capsules, sugar- or film-coatgd'tabléts, liguid
solutions or suspensions or parenterallf, for example
intramuscularly, intravenously or subcutaneously. The
present compounds may therefore be given by injection or
- infusion.
15 . The dosage depends on a variety of factors including
the age, weight and condition of the patient and the route
 of administration. ‘Typically, however, the dosage adopted
for each route of administration when a compound of the
invention is administered alome to adult humans is 0.001 to
.20 50 mg/kg, most commonly in the range of 0.01 to 5 mg/kg,
| body weight. Such a dosage may be'given, for example, from
1 to 5 times daily by bolus infusion, infusion over several
hours and/or repeated .administration.
A piperazinedione dexrivative qf formula (I) or,a
25 .pharmgceutically acceptable salt thereof is formulated for
use as a pharmaceutical or veterinary composition also
cqmprising a pharmaceutically or veterinarily acceptable

carrier or diluent. The compositions are typically prepared



i

may be prepared by anal ogous nethods using known starting materials, or are
comercially avail abl e products. A nitrile of formula (M 11) may be
prepared by treating a conpound of fornula (VIl1) as defined above with a
conmpound 10 of formula (X): wherein X i_.s,a halogen and mis as defined
for formula 15 (M11), in an organic solvent in the presence of a base.
The solvent is didllabtggaceneniticdnad. mdtkodmsmdrayebadninisteaplia, a

K[err] C0O3. The reaction is typically carried out at the reflux tenperature
of the sol vent maralassrli:e@a qummex-enémritlcy wihabils foon. | Aot agentfrom 1
hour to 20 hours deh e o{ nul a 1) wherein Rlerr] is

a group of formﬁog C‘ﬁf ﬁﬁy b'@A%‘P b~ t'r‘e Mg *e éSE FPEE S8 nul a
(X1): Lerr] withgn g ae eﬁefﬁféggnac BohlbRutdd 1 BLEELES- I iB Rl 6T 1] and

Rlerr] are - _
5 For example, the solid oral forms may contain, together

with the active compound, diluents such as lactose,
dextrose, saccharose, cellulose, corn.statch or potato
starch; lubricants such-as silica, tals, stearic acid,
magnesium or calcium stearate and/or polyethylene glycsls;

10 binding agents such as starches, arabic gums, gelatin,
methylcellulose, carboxymethylcellulose; or polyvipyl
pyrrolidone; disintegrating agents such as starch, alginic
acid, alginates or sodium starch glycolate; effervescing
mixtures; dyestuffs, sweeteners; wetting agents such as

15 lecithin, polysorbates, lauryl sulphates. Such
preparations may be manufactured in known manners, for
example by means of mixing, granulating, tabletting, sugar
coating, or film-coating processes.

,
Liquid dispersions. for oral administration may be

20 syrups, emulsions and suspensions. The syrups may contain
as carrier, for example, saccharose ox ssscharose with
glycerol and/or mannitol and/orjsorbitol. In particular, a
syrup for diabetic patients can coniain as carriers'Oﬁly
products, for example sorbitol, which do not metabolise to

25 glucose or which only metabolise a very small amount to
glucose. The suspensions and the emulsions may contain as
carrier, for exampls, a natural gum, agar, sodium alginate,

pectin, methylcellulose, carboxymethylcellulose or polyvinyl



as deflned for formula (D), in a suitable solvent. Such solvents include
aqueous THF. The conpound of fornula (XI') may in turn be prepared by

treat ment of 4- hydroxybenzal dehyde with 1.5M sodi um hydroxide fol | owed by
5 epi chl orohydrin. This reaction is typixgally performed at about
50[err]C for about 5 hours. The al dehyde of fornula (111) wherein Rerr] is
a group of formaAldHgl.in which r is 2 (conpound 5.1) may be prepared as
described in Reference Exanple 5 which follows. 10 Cor respondi ng -

al dehydes in which r SupEssienrg PE)s¢lutioss éow%a“w@ﬁ&aédlw%ons

I I th b d d
tart i ng mat or | % PR SRECEOTD S EPRCRELNS FREBPansbr opyl ) benzol c
aci d, reSpeCtiV:%Irﬁﬁ%§1ut1call cé%é%%ﬂ&@ecQ rié%fguéh.%!'E}ePﬁyéfﬂéﬂéxbe

prepared by tre e correSponding nitrile of formula (XII') [err] 20 ..
wi th form csaci dobive Raillgy othgebledty, iglytaleesdsh d6sS Priobgllend dBfeyignce

Exanpl e 7 which follows. Conpounds of fornula {I) nmay be converted into
and, if desired, a sultable amount of lidocaine
hydrochloride. Some of the present compounds are iﬁsoluble
in water. Such compounds way be encapsulated within
liposomes.

10 ’ The invention will be'further illqstrated in the

Examples which follow.

Reference Example 1: Il-acetyl-3-benzylidene-4-methyl- -
2,5-piperazinedione
15 - '1,4—Diacetyl—2,5-piperazinedioﬁe (des?ribed by
Marcuccio and Elix in Aust. J. Chem, 1984; 37f 1791) (25.0g,
126 mmol) was treated at 130°C in DMF (200ml) with |
triethylamine (17.6ml, 126 mmol) and benzaldehyde (13.0 ml,
126 mmol). After 4 hours the mixture was cooleé to room
20 temperatufe and poured into EtOAc (1000 ml) and washed 3
times with brine. Any solid-férmed at this stage was
filteréd off. The filtrate wasg dried (MgS0O,) and the solvent
removed in vacuo. The residue was recrystallised from
EtOAc:Hexane to give 11.78g (38%) of l-acetyl-3-benzylidene-
- 25 2,5-piperazinedione.
| The latﬁér compound was treated with NaH and MeI in
DMF: THF (1:5) at a.temperaéure.of 0°C and allowed to warm to

room temniperature to give the title compound in 57% yield.



pharmaceutically acceptable salts, and salts may be converted into the free
conpound, by conventional nethods. 25 Suitable salts include salts with
phainaceutlcally accept abl e i norganic or organic acids. Exanples of

i norgani ¢ acids include hydrochloric acid,,,sul phuric acid and

ort hophosphoric acid. Exanples of organlc §C|ds i ncl ude - 18 -
p-t ol uenesul phonig, A TQ;- . ( . ol S inic
acid. Cancer cell ' ' | VDR
cells, display a reductlon inb5 intr éEPé@Ee rﬁEE éﬁélon conpared
with the carrespondi ng drug-sensitive Cc€ adr es u5|n Vitro derived
MDR cell |ines have shown that MDR is often associ at ed mnth i ncreased
expression of a plas nbrane gl ycoprotein (P-gp) which has drug binding
properties. P-gp 10 t to function as an efﬁky?\ﬁunp for many

- - NPh

2a 2b:

___—>.l-i2N\'\[::::L\¢/A\N//\\j

2.1

’

4-Bromoethyl nitrobenzene (2a) was treated with 1-
phenylpiperazine (2b) in ﬁhe presence of K,CO, in DMF at 80°C
for 8 houré. Compound 2c was obﬁained in 58% yield. 2c was
then reduced by treatment with iron powder and concentrated
HCl in MeOH under reflux for 3 hours. The desired amine 2.1
was obtained in 40% yield.

. Following an analdgous syntheti¢ route, but using where
necessary 4-bromomethiylnitrobenzene or 4-(3-
bromopropyl)nitrobenzene in place of 4-(2-

bromoethyl)nitrobenzene (2a), and replacing 4-



hydr ophobi ¢ conpounds, and transfection studies using cloned P-gp have
shown that its overexpression can confer the MDR phenotype on cells: see,
for exanple, Ann. Rev. Biochem 58 137-171 (1989). 15 A maj or
function of P-gp in normal tissues is to expart- intracellular toxins from
the cell. There is evidence to suggest that overexpression of P-gp may play
a clinical role phemiiriipemagineeézh)l dcdhe ppprerwiare @@@P@u6¢ ¢§ or

Pekaen no. 1 yeoRehEL” it Shed AR, R STRBRSRHCRE PioBb e dable P gp
| s h b
evel s have beenrhouidd @ dusel BREP3SE v ShUDHEARl OB s phLLREC G |

rel apse from chenot herapy. Inh ion in

has been shown t@hé@@dfdﬂ:lﬁrnﬁhlﬁéﬁ%ﬂ'e’ifasoﬂegérﬂﬁéd -HRVee ForSamindGaN, ln
the cells. For exanple, Verapam | a known cal ci um channel bl ocker was

shown to semsitiexcePiR xnt lanine Vi Acwharek &hei deduetion mEepnwasncenduzted
Cancer Res., 41, 1967-1972 (1981). The proposed nechani sm of acti on,
i nvol ves using hydrogen at 50 p.s.i. over palladium on carbon, in
ethanol. This reduction was performed for 2.5 hours at room
'temperaturé. In the case of amine 2.4, reduction of the
nitro group was accompanied by hydrogenolysis of the 4-

10 chloroﬁhenyl group to give ‘the amine 2.&.“



-19- conpetition with the anti-cancer agent for binding to the P- gp. A
range of structurally unrel ated resistance-nodi fying agents acting by this
meg¢hani sm have been descri bed such as tanoxifen (Nolvadex:1Cl) and rel at ed
conmpounds, and 5 cyclosporin A and defri®&t+ves. Conpounds of fornula I
and their pharmaceutically acceptable salts (hereinafter referred to as
"the present conpounds") have been found in biological tests to have
activity in nodulating nulti-drug resistance. The results 10 are set out
in Exanple 3 which follows. The present conpounds nmay therefore be used as
mul ti-drug resistance nodi fying agents, also terned resistance-nodifying
agents, or RMAs. The present conmpounds can nodul ate, e.g. reduce, or

elimnate multi-drugresistance 15 y The present conpaunds can
t herefore be used inua met hod jof potentigting the cytotoxicitly of an agen
which is cytotoxic t¢ a tunourf cell. Suclj a nmethod ¢onprises,| for instance,
adm ni stering one of jt he presentgcquounqs to_ the '
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tunmour cell whilst the tunmour cell is exposed to the 20 cyt ot oxi c agent
I n question. The therapeutic effect of a chenotherapeutic, or

aptineopl astic, agent may thus be enhanced. The nulti-drug resistance of a
tumour cell to a cytotoxic agent during ghemotherapy may be reduced or

el imnated. 25 The present conmpounds can al so be used in a nethod

of treating a disease in which the pathogen concerned exhibits nulti-drug

resi stance, for instance nmulti-drug resistant.forns of nalaria (Plasnodi um
fal ci parum, tubercul osis, - 20 - leishmani asis and anoebi c dysentery.

Such a nethod conprises, for instance, adm nistering one of the present

conpounds with (separately

whi ch the pg RS -du.%
t herapeutic s be enhanced.
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S|nultaneously or sequentially) the drug to




A human_or ani mal patient harbouring a tunour may be treated for resistance
to a chenot herapeutic agent by a nethod ‘conprising the adm nistration
theteto of one of the 10 present compounds. The present conmpound is
adm nistered in an amount effective to potentiate the cytotoxicity of the
sai d chenot her apeutic agent. Exanpl es of- &%enot her apeutic or antineopl astic
agents which .are preferred in the_context of the present nvention include

Vi nca al kal oi ds sBefexengs Example RECRATALLAE apineg HhRo Wid | ne
anti biotics such as daunorubi cin and doxoy ubi ci n; nltox trone; actlnonyC|n
D, taxanes e.g. taxol; eplpodophylIotoxﬁﬂé§§i§—58§e§é§53i8e and plicanycin.

In addition, a human or aninmal patient suffering froma- 20 di sease in
whi ch t he respon5|ble pat hogen exhibits nulti- drug resistance may be
treated for resistance #s OM& i c agent by a netheg or L.OMe t he
adm ni stration theret¢ of i the present conpounds..
di sease include myjeiHgrug stant 25 or of R
fal ci parumn, tuberc%-l'l?)s' OMeasi s and..aﬁgze\b-ifé

OMe
3a 3b
'(JMe
T NN “OMe
3.1

6,7—Dimethoxy—1,2,3,4-tetrahydroisoquinoline
hydrochloride (3a) was treated with chloroacetonitrile in
the presence of K,CO, in acetonitrile under reflux for 24
hours. Compound 3b was obtained in 92% yield. 3b was then
treated with LiAlH, in ethylene glycol dimethyl ether at room
temperature overnight. The temperature was then raised to
40°C and. the reactibn continued for 30 minutes. The desired
amine 3.1 was obtained in 98% yield.

Following an analbgous synthetic route, but modifying
.the conditions of the first step where necessary and

replacing compound 3a by the appropriate compound of formula

VII, the further amines H-R® listed in Table 2 were prepared:



|

bl ood-brain barrier,
AlLDS-r el at ed conpl ex.

21 -

VDR anuIatofs al so have utility in the delivery of drugs across the
and in the treatnent
The present conmpounds can therefore be used in a

of Al DS and

met hod of facilitating the delivery of dru@® across the bl ood brain

barrier, and in the treatnent of Al DS orTA‘ -related conplex. A human or
ani mal patient in need of such treatnent treated by a nethod
conpri si ng ther --------------------------------- apo—of “"-p&e&ea£=eea$eaad&==§ne
present conpoupds c@@&madm ni stercaelduelanyadsfe y of miasegg-Rorme) for -
exanpl e oral |l yjsuctormula g forjm ofiﬂé.l: stelpabl ¢t s, capsul es, sugar- or
filmcoated tapTets, Ti1quid solutfip suspens ons or parenterally, ToO
exanple intra !scularuy \|ntraver3%g§ é%h t ineousl y. _The/ prggent
compounds may fher ef e b WMeyi ven tgéf E§9k i nf usiHANY, " \__/
' (32)
H lN’Me Acr,cw X
- , — _Ph
‘CH’Ph CH,CN reflux, HaN"eHZ
\Ph 24h .
(33)
K,CO, '
C1CH,CN, CH,CN ,C@
HN reflux 24h HaNT .
: ' (34)
C1CH,CN,
HCLHN oMo cH, (_:1\2I AN
reflux 24h (35)
OMe K'icoy 9"’
ClCH,CN HaN
MaNH/\ﬁom CH3CI\2I \/\:‘;. ’
reflux 4h-
(36)
Reference Ex : le 4:

{3,4-Dimethox

/\/EZOMe
HoN OMe

4a

henethyil)methylamine

OMe
/v@
MeNH OMe

4.1

o OMe
0 /\/@
——-———»
MeO/U\N OMe

4b

pPreparation of further amines H-R®

5



i . |
15 - The dosage depends on a variety of factors including the age,
wei ght- and condition of the patient and the route of admninistration.
Typi cal Iy, however, the dosage adopted for each route of adm nistration
when a conpound of the invention is adm nistsgred alone to adult humans is
0.001 to 20 50 ng/ kg, nost commonly in the range of 0.01 to 5 no/kg,
body wei ght. Such a doséypa -Diyebhogyplemylf) ethpkamipiee, (4a)owad toedted mESh
daily by bol us infusion, infusion over several hours and/or repeated
adni ni stration. MePFQRY dn b oresenss wii tyiebhyIaning 41 CH:Oh §t25'78 c

pharmaceutically-a salt _thereqf, is for d for _

phar maceuti cal of™ ée?e]gllt’?"ﬁe cgﬁﬁ‘gs??l oh %Y%]gu(,gg#ﬁrl oﬁ'ao‘én%hﬂ? r‘f'r?(?eut ically

or veterinarily asesi)ﬁ@éﬂﬁwg,aeiaor A WSt red\6a GARIPTIBIANSIATRF at a

typically prepared | om ng conventional mnethods and are

adm nistered in aeﬁbefanmwtdfcal"d: Yarl al@beed nes ivans tot 2bbk fenparaduragent
overnight. Compound 4.1, which is the starting amine used

to prepare compound 2.9 in Reference Example 2, was obtained

in 91% yield.

10 2. HN-(CH,),-NMe-CH,CHPh,
' 2,2-Diphenylethylamine was treated with (CF,C0),0 in Et,0

at 0°C for 1 hour. The resulting compound .
(Ph) ,-CH-CH,-NHCOCF,, obtained in quantitative yield, was
treated with KH in THF at 0°C followed by MeI and 18-crown-6

is at room temperature for 24 hours to giwie (Ph) ,-CH-CH,~NMeCOCF,
in 91% yield. The latter compound was treated with 2M ﬁaQOH
in methanol under reflux for 2 hours to give (Ph),-CH-CH,NHMe
in 81% vield, which in turn was treated with
chléroac_:_etonitrile in the presence of K,CO, iﬁ acetonitrile

20 under reflux for 24 hours to give (Ph),-CH-CH,~NMe-CH,CN iﬁ

| 83% yield. Reduction of this compound with LiAlH, in

ethylene glycol dimethyl ether at room temperature f;::\r 2
hoﬁrs gave the t'itl_e amine, which is compound 4.2, in 90%
yield.

25



for use as a nodul ator of nmulti-drug resistance conprising any one of the
present conpounds is therefore provided. 5 For exanple, the solid
oral fornms may contain, together with the active conpound, diluents such as
| act ose, dextrose, saccharose, cellulose, corn starch or potato starch

| ubricants such as silica, talc, stearic3acid, nmagnesi um or cal ci um
stearate and/or pol yethylene glycols; 10 bi ndi ng agents such as
starches, &r.abi dmimerst.3yel atin, methyl cel |l ul ose, carboxynmnethyl cel |l ul ose,
or polyvinyl pyrrolidone; disintegrating agents such as starch, alginic"
acid, alginates or sodiumstarch glycol ate; effervescing m xtures;
dyestuffs, sweeteners; wetting agents such as 15 | eci thin, polysorbates,
| auryl sul phat es. Such preparati ons may be manu
for exanple by near - 2R'g, granul ating, bl
filmcoating procepses.
20 syrups, eBOUCN on
carrier, for exanple,

and suspensi ons
saccharose or saccharo

manni tol and/or sorbitol. In particular, a
4c 4d
O
O)}\ OMe
HN
OMe
4e
_ OMe
— N |

HN : '

: OMe
4.3 | ,

Coﬁpound 4c waé treated with 6,7—dimethoxy-1,2;3,4—
tetrahydroisoquinoline in CH,Cl, at 0°C in the presence of 2-
chloro-1l-methylpyridinium iodide ana triethylamine. The
solution was allowed to warm to room temperature overnight.

_ Compound 4d, which was obtained in '93% yield, was treated
with trifluoroacetic acid in dichloromethane at room
temperature for 30 minutes. Compouhd 4e was obtained in 10%
vield after trituration with acetone.. Compound 4e was -

treated with LiAlH, in THF at 10°C and left overnight to



syrup for diabetic patients can contain as carriers only products, for
exanpl e sorbitol, which do not netabolise to 25 gl ucose or which only
nmet abol i se a very small amount to glucose. The suspensions and the

enmul sions may contain as carrier, for exanple, a natural gum agar, sodium
al gi nate, pectin, methylcellul ose, carbbiﬁhethylcellulose or pol yvinyl -
23 - al cohol. Suspensions or solutions for intranuscul ar_injections may
contain, toUBFWeFOWFPHmtﬁ@mgéFP§€r€onpgﬁﬁﬁou&dpﬁaPnﬂééuPPEéPP?daéEeﬂﬁéble'
carrier such,as _sterile water, 5 olive oil, ethyl oleate, glycols such
as propyl en¥'§ igcol, and, if desired, a suitable anount of tidocaine
hydr ochl ori de. Sone of the present conpounds are insoluble in water. Such
conpounds nmay be encapsul ated within |iposones. 10 The invention,

w1 be further pLEUSEHAELCHaBh®s: preparation of aldehyde 5.

Br
o D/V
HO,C . MeOZC

Sa ' 5b
-OMe
X
OMe
——
MeOEC _
5¢
. AL OMe
(1,
OMe
—_—_—
HOCH
5d

' OMe |
(X
—

OHC

Compound Sa was treated with excess CH,N, in THF at 0°C
for 7 hours. 5b was obtained in 98% yield. Compound 5b was
then treated with 6,7-dimethoxy-1,2,3,4-

tetrahydroisoquinoline hydrochloride in DMF in the presence



Exanmpl es which follow. Reference Exanple 1:

1- acet’yl -3-benzyl i dene- 4- met hyl - 2. 5-pi per azi nedi one 15

1,-4-Di acetyl - 2, 5- pi perazi nedi one (described by Marcuccio and Elix in Aust.
J. Chem 1984, 37, 1791) (25.0g, 126 mmol) s treated at 130[err]C in DV
(200mM ) wth. triethylanine (17.6m, 126 mioPy and benzal dehyde (13.0 m,
126 mmol ). Afterg I Syl Mﬁﬁ'c gnbg ture
and poured into é?gggat%gb%%nﬁlééﬁégaas ed @§£§$”éé?%ﬁﬁ ?anc Any §€|Id
formed at this sgirgel watombblidesk afds redlied vy naleacwesit dwiex I.(JMJS[Q‘lin and
the sol vent renoved in vacuo. The residue was recrystallised from

Et OAc: Hexane to '@i&@qropggte@s%amreifa@et yhowr engjvedde{80% yield),

2, 5- pi perazi nedi The | atter d s treat.ed mnt NaH and Mel in
DMF: THF (1:5) af ’aF*t e‘ﬁ‘pé’P§PuY’@so'F r%‘&grr aq 1B T atSom

tenperaturegto giy&e) Bfidrerb8 GPERAMMAL Qn5g}{2°(:¥.'2 eétd'room temperature for

16 hours. Compound 5.1 was obtained in 25% yield.

Reference Ex le 6: Preparation of aldehydes of

formula (ITIT
10 Method 1
The aldehydes of formula IIIa 1istéd in Table 3 below
were prepared by treating 3-formylbenzoic acid with the
appropriate amine H-R® (a compound prepared in one of
Reference Examples 2 and 3) in CH,Cl, in the .presence of 2-
15 chloro-1l-methylpyridinium iodide at 0°C. The reaction was

allowed to warm to room temperature overnight.



- 24 - Reference Exanple 2: Preparation of am nes HR3 via substituted
nitrobenzene [err] 4-Bronoethyl -nitrobenzene (2a) was treated with 1-
phenyl pi perazine (2b) in the presence of K err]C03 in DVMF at 80[err]C for 8
hours. Conpound 2c was obtained in 58%yield. 2c was then reduced -by
treatment with iron powder and concentrate# HO in MeOH under reflux for 3

hours. The desired amne 2.1 was_obtalned_ in 40% ielf. Fol | owi ng an

anal ogous synthetic routenI%EkEté#+éi§ék¥%g%e%gs§é¥yﬂ—§ Lila

4- br ononet hyl ni t robenzene or 4-(3- bpergpropyl)nitrobenzene in place of
4-(2- bronoet hyl ) nitrobenzene (2a), b epl aci ng 4- - 25 -
phenyl pi perazine (2b) by the approp ompound of IHar)rula (VI1), further
amines HR3 were prepared as sG¥#d i n ©€OR3

Aldehyde No. - R? ’ Corresponding
‘ amine H-R3
}f 6.1 2.2

!! — : g\m il _

~—NH
6.4 Yo oo 2.9
oaas e W
6.5 (\D:QMD 3.5 |
— AN OMe ‘
# L]
6.6 Mo 3.6
_.NH/\/N\/\@EOM"
OMe '
4.2
Me
6.29 l Ph
N .
—NHT \/<Ph
Method 2

The aldehydes of formula IIIb listed in Table 4 below
were prepared by treating 4-formylbenzoyl chloride with the
appropriate amine H-R? in-CHzCl2 in the presence of
triethylémine at 0°C. 1In the casé of aldehyde 6.32, 4-

carboxybenzaldehyde was used in place of 4-formylbenzoyl



The conditions enployed at each stage in the preparation of these further
am nes-were as descri bed above for amne 2.1, 5 except for amine 2.9
where the reduction step was conducted using hydrogen at 50 p.s.i. over

pal | adi um on carbon, in ethanol. This reduction was perforned for 2.5 hours
at roomtenperature. In the case of am-né&52.-4, reduction of the nitro group

was acconpani ed by hydrogenol ysis of the 4- 10, chl or ophenyl grouE to
gi ve the arglpkopide and.2oghlorerijpyridipjum jedifle was additionally

present in the reaction mixture. The reaction was allowed
to warm to room temperature overnight. Each amine was

either a compound prepared in one of Reference Examples.2

and 3, or a commercially available product.

TABLE 4: Aldehydes of formula IITb

COR3
OHC (b )
ﬁ* Aldehyde No. R? Corresponding
. amine H-R3
6.7 ' (Dim 2.2
6.8 3.2 “
N NMe
_.NH/\/ \ /
6.9 . 3.1
. OMe
—NH : OMe
6.10 Commercial :
__ﬁ‘ \_*?:j> product “
N =
6.11 . CFy Commercial
[\ . product f
./
—NH '
6.12 ) — Commercial
—N NMe product
\_/
6.13 - Commercial
N/ \0 product
__NH/\/ \ ),




-28- Reference Exanple 3: Preparation of amnes HRerr] via substituted
nitrile [err] 6,7-D nmethoxy-1, 2,3, 4-tetrahydroi soqui noline hydrochl ori de
(3a) was treated wi.th chloroacetonitrile in the presence of K err]C03 in
acetonitrile under reflux for 24 hours. Conmpound 3b was obtained in 92%
yield. 3b was then treated with Li Al H4 i met-hyl ene gl ycol dinethyl ether at
room tenperature overnight. The tenperature was then raised to 40[err]C and
t he reacti continued tor 3P m nutes. - The desired amne 5 T Was otjral ned
in 98%vyielld. Fol 9whg an ahal ogous syntRet i but GRIER lg? t he
conditions pf the first step € ci ng BERAYGEd 3a y
t he appropr Q i nes HER3 listedlin
Tabl e 2 wer 2.7

6.17 ' ' Commercial
—NH—CH,CH=CH,

o product
6.18 o\ Q ' Commercial
—N . N DMe roduct
| \_{,‘ﬂ‘l'}“' P
h 6.19 ' 3.3
' ——NH—CchHg——til—CHth ' _ o
Me
6.20 <—‘>:°" 2.4
_NH/O/\/”
6.21 2.5

6.23 7\ 2.1
N NPh
_/
—NH .
6.24 I\ 2.6
N NPh
_ \n_/
—NH




2 Compound of Condi ti ons of Ani ne HRerr] (No)

-29 - TABLE
formula VII first step K2C0[err], [err] Cl CH err] CN,
CH err] CN [err] ref lux 20h [err] ’ Cl CH2CN, CH3CN
refl ux, [err] 24h K2CO err] [err] Cl CH2CN, CH3CN
[err] reflux 24h K2CO[err] [err] --37 -CICH err]CN
[err] CH err]CN reflux 24h Klerr]CO[err], [err] _ 'Cl CH2CN
[err] CH3CN : )
6.26 Commercial

N NPh product
g
—NH

‘ 6-27 ‘iﬁo"a 2.10
. . . /©/\/\N - OMe
: —HN

oo

Method 3

By treating the compound of fdrmula (XI) defined above
in THF with aqueoué HNMe, at room temperature for about 2
hours, the following aldehyde of formula (II;) was produced

in 91% yield:

OH

Me
O\\/J\\/;N/
o
OHC™” |
6.28

Method 4

Compound 5d, described in Reference Exampie 5, was
treated with 4-hydroxybenzaldehyde in THF at 0°C in the
presence of triphenylphosphine and diethyl azidocarboxylate
to give the following aldehyde of formula (III) in 40%

vield:



refl ux 4h Reference Exammle 4: Preparation of further am nes H-R[err] 1.
(3.4- E}nethoxyphenethyl)nethylanlne [err] - 30 -

2-£3, 4- Di met hoxyphenyl ) et hyl anmine (4a) was treated with MeOCOCl in the
presence of triethylamne in CH2A 2 at -78[err]C and allowed to warmto
O[err] C overni ght. Conpound 4b was obtain2® in 9%yield 4b was treated with
LIAIH4 in THF at a 5 tenperature of OC and allowed to warmto room
tenperature overni ght. Conpound 4.1, which is the starting anmine used to
prepare conmpound 2.9 in Reference Exanple 2, was ol i nOM® yield. 10
2. Herr]N(CH err])[err]-Nve- CI-l[err]Cl—lPh[err] 2(2- DY M et hyl ami ne was
i i The resulting

conmpound ( Ph) 2- CH CH2- NHCOCF3, obtain

: : O
OHC

The above progess was repeated, but using 3-
hydroxybenzaldehyde in place of 4-hydroxybenzaldehyde. The

following aldehyde of formula (III) was produced in 50%

OHC : O

yield:

OMe
S
_OMe

6.31



treated with KHin THF at O[err]C foll owed by Mel and 18-crown-6 15 at
roon1tenperature for 24 hours to give (Ph)2-CH CH err]-NveCOCF3 in 91%.
yield. - The latter conmpound was treated with 2M NaCH i n met hanol under
reflux for 2 hours to give (Ph)[err]-CH CH2NHWVe in 81@6y|eld which in turn
was treated with chloroacetonitrile in TﬁﬁapTesence of 'K2C33 in
acetonitrile 20 under reflux_for 24 hours to gi,ve
(Ph) 2- CH CH| er r | RefgrepsenExample, J:o| ¢ REGRALP i th
LiAlH4 in ethylene glycol dinethyl .ether at roon1tenperature for 2 hours
gave the title amne, which is conmpound 4.2, in 90%vyield. 25 31 - 3.

Amine 4.3 [err] Conpound.4c t tBrat ed Wit h 6, 7-di b B -
t et r ahydr oi soqui nol i ne 2C I Terr] at Oferr]Cin t Psence of  2-
HO.C ClOC
7a 7b
Br
H
_ N
..—T____*
O
NC ,
7c OMe -
XX
OMe
H
N
—_—
(0]
NC
7d

| OMe
(L,
OMe

o

or
~ OHC |

7.1

7a was treated with an excess of SO_Cl2 and a catalytic amount
of DMF in toluene under reflux for 4 hours. The resulting
compound 7b was treated with 4- amlnobenzonltrlle in CHJH. in
the presence of triethylamine at 0°C. The reaction mixture

was warmed to room temperature overnight. Flash



chl.oro-1-met hyl pyridiniumiodide and triethylam ne. The sol ution was
allowed-to warmto roomtenperature overni ght. Conpound 4d, which was
obt/ained in 93%yield, was treated with trifluoroacetic acid in

di chl oronet hane at room tenperature for 30.nygutes. Conpound 4e was
obtained in 10%yield after trituration with acetone. Conpound 4e was
treated with Li AldiromatdgiFaphy 10]cr he€anadetisfl agetaneyhgat® 7¢ in 39%- warm
to roomtenperature. Conpound 4.3 was obtained in 75%yield. Reference
Exanpl e 5. Prepar¥it§ién Wpighdeds deegtedprith 6,7-dimethoxy-1,2,3,4- Br

[err] Compound 5 s.treated wth.excess CH2N[err] in_THE at,O[err]C for 7
hours. 5b was obtat fﬁgg&flﬁgﬁgﬁuﬁrﬁq&faedjﬂﬂéﬁ%@’{fﬁe\'ﬂ%g f’ﬁe%ictoﬁgleﬂ ed with
6, 7- di met hoxy- 1, Zadebnitetiahysidt SQeaLRokbPe hreeh! OFtdenin DVF in the
presence _
5 chromatography (10% methanol in ethyl acetate) gave 7d in
25% yield. 7d was treated with formic acid and a 50% slurry

in water of Raney nickel under reflux for 2 hours. The"

aldehyde 7.1 was obtained in 71% yield.

10 Example 1: Preparation of compopndé’of formula (I)
By treating l—acety1—3-Benzylidene;44methyi—2,5—2:
piperazinedione, as described in Reference Examéle 1, with
an aldehyde prepared in one of Reference Examples 5, 6 or 7
in DMF in the presencé of Cs,C0,, at a temperature’of between
15 80 and 90°C, the compounds of formula I listed in Table 5

were prepared:



-33 - of Klerr]C03 at roomtenperature for 5 days to give 5¢c in 56%yield.

Conmpound 5¢c was reduced by treatnment with LiAIH4 in THF at room tenperature

for 1 hour to give 5d (80%yield), which in turn was treated with

pyri di ni um chl orochromate 5 (PCC) buffered with NaQAc in CH2CA 2 at room

tenperature for 16 hours. Conpound 5.1 -wa&d cobtained in 25%vyield. Reference

Exanpl e 6: Preparation of al dehydes of .formula (1r1) 10 Met hod 1 The

al dehydes of formula Illa listed in TaBABLR el ow were prepared by treating
a_com

3-fornyl be | [ amine H R err [o30)
prepared irf| one of Refere C8e! anples 2 ahd 3) .in CH28|2 |@’the g of
2- 15 ¢ ____ ______________
allowed tofwarmto roomtgnperature overngght. " 9006
| 6.8 9007
-“ 6.9 _ 9008 “
6.10 - 9022
6.28 ' 9023 .
6.11 9049
6.1 9051
6.12 9052 I
6.13 9053
" 6.14 9054
“ 6.15 9064 &
H 6.16 9065
6.17 9070
6.18 9071
{ 6.19 9076
“ 6.20 9079 h
" 6.21 9080 ‘
“ 6.2 9083
II 6.22 9096 - |
6.23 ) 9103 - l
. 6.24 9104
5.1 ' 9115
“ . 6.25 ' 9116
“. . 6.26 9117
6.3 9128
w 6.5 9136
' 6.6 9137
6.4 - 9138
6.27 ' 9161
6.29 9163
6.30 - ' 9176




3

R g Cbrrespondlng amne HR3 6.1

2.2 6.2 : ‘ 2.1 6.3

2.7 6.4 - : - 42 - 2.96.5

3.5 6.6 ' 3.6 4.2 6.29 Method 2 The
al deh

| dehydes of forjrula I'l'1b T In Table 4 bel ow were pr ed by treatijng
4-f or nyl benzoyl Fﬁ+e++de—ﬂr%§;?ﬁ" app{cpriat: a-re—H-R3 ?ﬁﬂé}ﬂf}{C¥F] 1%
the presence of ffriethylam ne7at Oferr]C.__Ih the case of9¥@ehyde 6.32

“ 6.32 _ 9200

5 _ Cbmpounds 9052, 9071,'9076, 9116, 9104, 9053, 9054,
9064 and 2051 were conﬁerted in.a final step to their
hydrochloride salts, by bubbling gaseous HC1l through a
solution of each compound in THF. (For these compounds the
" hydrochloride salt rather than the free base Qas used in the

10 biological testing described in Example 3).

Example 2: Pharmaceutical Composition

Tablets, each weighing 0.15 g and containing 25 mg of a
compound of the invention-éan be manufactured as ﬁoilows:

15 Composition for 10,000 tablets
'compound of the invention (250 g)
lactose (800 g)
corn starch (415 g)
talc powder (30 g)

20 magﬁesiﬁm stearate (5 g)

The compound of the invention, lactose and half of the
corn starch are mixed. The mixture is then foréed through_a
sieve 0.5 mm mesh size. Corn starch (10 g) is suspended in
warﬁ water (90 ml). The resulting paste is used to

25 granulate the powder. .The.granulate is dried and broken up
into small fragments on a sieve of 1.4 mm mesh size. Thé‘
remaining Quantity of staréh, talc and magnesium stearate is

added, carefully mixed and processed into tablets.



car boxybenzal dehyde was used in place of 4-fornyl benzoyl
and 2-chloro-1-pyridiniumiodi de was additionally present

- 35 - chloride
in the reaction

mxture. The reaction was allowed to warmto roomtenperature overnight.
Each am ne was either a conpound prepared irn,.one of Reference Exanples 2
and 3, or a commercially avail abl e product. ABLE 4: Al dehydes of formul a

I11b [err] Al dehyde Nfcample 3: Testing B% compounds (I) @@ m88RDLEHH0 o1 Ne
HRerr] 6.7 [err] 2.2 6.8

3.2 6.9 ' MDR 3.1 6.10
Commerci al product 6.11
Materials and Methods

Commer ci al

The EMT6 mouse mammary carcinoma cell line and the MDR

'5 resistant subline AR 1.0 were cultured in RPMI 1640 medium

contalnlng 10% foetal calf serum and 2mM glutamine at 37°C in

5% CO,. Cells were passaged between 1 in 200 and 1 in 2000

in the case of the parental cell line and between 1 in 20

and 1 in 200 in the case of the MDR resistant subline, after

10 trypsinisation (0.25% trypsin, 0. 2gl1 EDTA)

1. Drug accumulatlon assay

AR 1.0 cells were seeded into 96 well opaque culture

plates (Canberra Packard). The assay medium contained a

mixture of tritiated Daunorubicin (DNR), a cytotoxic agent,

" 15 and unlabelled DNR (0.3 u Ci/ml; 2pM). Compounds of formula

I were serially diluted in assay medium over a range of

concentrations from 5 nM to 100 guM. The cells were

incubated at 37°C for 1 hr before washing and determination

of cell associated radioactivity. Results were expressed as

20 % maximum accumulation where 100% accumulation is that

observed in the presence of the known RMA verapamil at

100uM. Where possible an IC;, was determined.

The results are set out in the following Table 6.



product .6.12 : Commer ci al product 6.13

Commer ci-al product - - 36- 6.14
Comver ci al product 6.15 2.7 6.16 .
2.3 °6.17 Conmer ci al -NH-CH[ err] CH=CH2
product 6.18 - ) -~ 44 - Commer ci al product 6. 19
3.36.20 . 2.4 6.21
2.5 TABLE 6
' Compound No. ICs, (uM) : Max
Accumulation Accumulation
" 9006

“ 9007

!
{“{ o 4{; o —

9023 .
20% “
0.15 .

9049
| 9051

| 9052 100 Az
o " |

9054 | 323
| soes n

9065 ﬂ 6 i 1
9070 - _ "

9071 II 6 f “

9076 | 44% |
9079 80 |

9080 18% B If

9083 | |
l[ 9096 “ - ' u " 208
1 9103 ' g f 7 20%
9104 | |
9115 B
9116
9117
! " 9128
9136 | 0.9
9137 2
9138 0.8
9161 . 20%
9163 2.0

W |t e ol [




6.21 6.22 ' 2.8 6.23 6.24

2.6 6.-25 - 3.4 - 37 - 6.26
Cenmrer ci al product 6.27 : 2.10 6.32
4.3 Method 3 By treating the conpound of formula (Xl) defined above in THF
W th aqueous HNMe2 at room tenperature for-apput 2 hours, the follow ng
al dehyde of fornmula (111) was produced in 91%yvyield: [err] Method 4

9176 1.000
9177 1.750
9190 0.350
. 9200 | : 1.700
5
2. Potentiation of Doxorubicin toxicity
Compounds . of formula (I) were examined for their
10  ability to potentiate the to#icity of doxorubicin in AR 1.0
cells. In initial préliferation assays compounds were
titrated against a fixed concent?ation;of doxorubicin (0.86
pm) which alone is non-toxic to AR 1.02cells. After a four
day incubation with doxorubicin proliferation was measured
15 using the colorimetric sulphorhodamine B assay (Skehan et
al; J.Natl. Cancer Inst. 82 pp 1107-1112 (1990)). The
“results are shown in Table 7. |
Compounds which were shown to be able to sensitise AR
1.0 cells to 0.86 uM doxorubicin without high innate
20 toxicity were selected for further study. Cells were
cultured for four days with a titration of doxorubicin (0.01
nm - -50 pM) in the presence of a fixed c¢oncentration of each
'compound. Proliferation was quantified'as described by |
. .~ Skehan et al, loc cit. The IC,, (concentration required to
25 reduce proliferation to 50% of the untreated controls) for

doxorubicin alone and with each compound were derived and

used to calculate the potentiation index (PI):



Compound 5d, described in Reference Exanple 5, was treated with

4- hydr oxybenzal dehyde in THF at O[err]C in the presence of

tri phenyl phosphi ne and di et hyl azi docarboxylate to give the foll ow ng

al dehyde of forrmula (I11) in 40%yield: 38 - [err] The above process was
repeated, but using 3- hydroxybenzal dehy€de4é n-pl ace of '

4- hydr oxybenzal dehyde. The foll ow ng al dehyde of formula (111) was produced
in 50%yield: [err] - 39 - Reference Exanple 7: Preparation of

al dehyde 7.1 _ '
IC,, for Doxorubicin alone

PI

IC;, for Doxorubicin plus RMA

The results are shown in Table 8:



[err] 7a was treated with an excess of SOCl[err] and a catal ytic anount of
DVMF in-tol uene under reflux for 4 hours. The resulting conpound 7b was
treated with 4-am nobenzonitrile in CHerr]Cd 2 in the presence of
triethylamne at O[err]C. The reaction m xture was warned to room
tenperature overni ght. Flash - 40 - <€htdrat ography (1:1 hexane: et hyI
acetate) gave 7c in 39%yield, which was treated with

6, 7- di net hoxy-1, 2, 3, 4- tetrahydr0| soquEABLENZ in the presence of Klerr]C03
in acetonitrile under reflux for 18 hours. Flash 5 chr omat ogr aphy (10%

ol d and & 03 SOBR T Mo ar Wﬂ“’?iﬂ A
The al dehydp 7.1 was obt ained i 71% yte cfxo% Cqagent
Pr epar at i onf-of- - fl-a—()~ Byt reati s0_HM)
| -acetyl - 3-penzyl i deyppet- met hyl 42, 5- 2 0.04
W 9008 10 | 2.0
“ 9022 35 0.8 “
9023 10 - 5.0
“ . 9049 2 0.2
|| 9051 2 0.01
“ 9053 40 - 4.0
9054 50 30 "
“ 9064 2 . . 0.01 4|
" 9065 2 0.2
“ 9070 40 4.0
9071 6 ' 0.2
| 9079 | 2 | 1.7 I
" 9083 ‘ 3 0.1 “
| 9104 | 40 _ 0.05 |
“ 9115 - 60 2.0 H
W 9116 8 ' 1 J|
9117 8 | » 3 “
9128 | 10 2 8
9136 13 2 |
| 9137 12 4.5 '“
9138 8 1.0 “
9163 ' 10 0.5 "
9176 10 0.2 “
9177 . 15 0.5 “
9190 15 : 0.05
9200 13 ' - 0.8 “




pi per azi nedi one, as described in Ref er ence Exanple 1, with an al dehyde
prepared in one of Reference Exanples 5, 6 or 7 in DMF in the presence of
Csferr]CO3, at a tenperature of between 15 - 80 and 90[err]C, the

conpounds of forrmula | listed in Table 5 were prepared: - 41 - TABLE 5
Al dehyde N Compound of fornmula I 6.7 48 - 9006 6.8
9007 6.9 . _ 9008 6.10 _
9022 6. 28 O0ZABLE18
9049 6.1 ) : 9051 6.12 : 9052
6.13 ﬂ ' - %ggg;ntiation Indices |
Compound No. Potentiation index
: (RMA at 1 uM)
9006 1000 "
9022 , 5 "
9049 | 15 - ,“
9051 2000 |
9064 750 IR
9065 .15
I 9071 . 4
9079 ' - 3
" - 9104 17
|| 9136 _ 25 1
" W' 9138 333
“ : 9163 ' 6.7
“ | 9176 | 300.0
9177 | 75.0
“ 9190 75.0 (measured at 0.3uM) “
“ ' 10.6 (measured at 0.1uM) “
“ - 3.3 (measured at 0.03uM)
n _ ' 1.4 (measured at 0.01uM) “

Example 4: Characterisation of the present compounds

The compounds and salts prepared in the preceding
Examples were characterised by mass spectroscopic,
-microanalytical and proton nmr techniques. The results are

set out in Tables 9 and 10:
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9176
1 919

9071,

6. 29

9177 7.1

9163 6..30

42
6. 32
9116,

- 76.31

9076,

Conmpounds 9052,

9064 and 9051 were ggnyerted in a final

9200 5

9053, 9054,

9104,
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magnesi um
~The resulting

| act ose and half of the corn

mwater (90 m).

i s suspended in wa5r1
e

starch are m xed. The mixture is then forced through a sieve 0.5 mm nesh
Corn starch (10 g)

| actose (800 g) corn starch (415 g) talc powder (30 g) 20
si ze.

stearate (5 g) The conpound of the invention,
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5 resistant subline AR 1.0 were cultured in RPM 1640 nedi um contai ning
0% foetal calf serumand 2mM gl utam ne at 37[err]Cin 5% CJerr]. Cells
wetr e passaged between 1 in 200 and 1 in 2000 in the case of the parental
cell line and between 1 in 20 and 1 in 200 12 ke case of the MR resistant

subline, after 10 CTYPSTTTSELT O (. 2090 t TVHTM m, 0. 2¢11err], .corAag 1.
Drug accumnul ation asiay AR 1.0]|celd.s B seeddd Bhto 96 wel | dpague
culture plates (CgnbgrrhoPackald?.2Fhg @assay mdiswiFcont dfinéd 4 B ture of
tritiated Daunorulfi ciin [ NRs # /AWt qxi-e2 agent], 2155w gndsum| 4bei&d DNR
(0.3 [err] CG/n; 2[err] Mg Copnpaigdy &is Fagmil 3 1Quer ¢ sey&al|ly i uf ed
i.n assay medium oder |a [ &hg& of *coifeent&at&ess |fud@S n£0..100 BRTIM  The
cel I's were incubatfed|at{ 3{@7] € Por°1 [nr Befdr ¢ RAShiAg |Hh detlesitHatf on
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9176 1. 000 9177 1. 750 9190

0. 350 9200 1.700 5 2. Pot enti ati on of Doxorubicin _
taxicity Conmpounds of formula (1) were exam ned for their 10 ability to
potentiate the toxicity of doxorubicin in-A® L. 0 cells. In initial

proliferation assgy were titrated against a fixed concentration
of doxorubicin (0J}j86 ich alone is non-toxic to AR 1.0 cells.
After a four day ijnc h doxorubicin proliferation was neasured 15
using the col ori ngtri ) odanmi ne B assay (Skehan et al; J.Natl.
Cancer Inst. 82 pd 1107} 11%2.(3990)). The results are shown in Table 7.
Conpounds whi ch re shaﬁﬁgﬂp le able to sensitise AR 1.0 cells to 0.86
[ err] M doxor ubi ci mﬂthbgsvﬁggr i nnate 20 toxicity were selected for
further study. | 1'$ weregeul flured for four days with a titration of
doxorubicin (0.01 [ enr] @B ferr]h@ in the presence of a fixed
concentration of dach |« -©E
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conpound. “Proliferatiomwas quantified as described by Skehan et al, |oc
cit. TheL“ﬂﬂE ration required to 25 reduce proliferation to
50% of t H“ Eﬁ"ﬁﬁﬂ"rols) for doxorubicin alone and with each conmpound

were derived®and wsed te calculate the potggtiation i ndex (Pl): - 46 -
| err] for Doxorubicin alone Pl= 1Cerr] *or Doxorubicin plus RVA The
results are-shown in Table 8: - 47 - 7 Conpound No.
Compound toxicity Toxicity with (I [err] M cytotoxic
agent '
1. A piperazinedione of general formula (I):
| O
R1
N NH
1
MeN_ . R2 (1)
O

wherein R' is selected from:
- hydrogen;
- a group of formula - (NH).-COR?® wherein t is 0 or 1 and R?

is selected from:
_ ‘ /R4 o
NH CH N
(1) —6 2? “R5 (A)
v n

wherein v is 0 when t is 1 and v is_l whgn t is O;Iand
wherein n is 0 or 1 and m is 0, 1, 2 or 3, at’least one of
n and m being other than 0, and either |

(a) R* is H or C,-C, alkyl and R® is C,-Cs alkyl
optionally substituted by one or two phenyl groups; the
phenyl groups or groups being optionally substituted by one
orltwo C,-C¢ alkoxy groups; or

(b) R* and R®, together with the nitrogen atom to

which
they are attached, form a heterocyclic group selected from

(1) to (4):

*



35 REPLAGED

(1Clerti—fers}i) 9006 | > 1{ OTHJS: SBIBETB HAS BEEN.

LT B P
4* o 9054 - =% - g 30
9064 0.01 9065 2
0.2 9070 40 - 4 0 9071 -
8083 . 0.1 9 g4 \! 347
530812%15 | ;o 93¥6
(2)
Oy IO
- N
H
(3) ()

wherein R® and R’, which are the same or different, are H
or C,-C, alkoxy, or R® and R’ together form a methylenedioxy
group; Y is O or -NR® wherein R® is C,-Cs alkyl or a phenyl
group optioﬁally substituted by CF;;

—NH—(CHy)5-Z (B)

(ii)
wherein p is 1 or 2 and Z is C,-C, alkenyi or a phenyl

group optionally substituted by C,-C; alkoxy; and

(iii) ' ___N‘. ~ N—R9 (C)
| __/

wherein R° is C;-C¢ alkyl, pyrimidinyl or a phenyl group

optionally substituted by C,-C¢ alkoxy; and

| ' —ND—{CHZ—)L | | (F)
——— w

————
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9136 2 9137 12
om0 e
9177 : 0.5 9190 15
0.05 9200 - 58 - 0.8 - 48 - TABLE 8

oL o ot 99%0&“ zN%r 3 and Ly g e OB o A &

5 9049 formula (1) as defined a%ﬂe, : 2000

- a group of the formula (D):
' /R10
—O—GHQCH(OH)—CHZ—N\ 11 (D)
- R :

wherein each of R and R, which may be the same or
different, is C,-C4 alkyl; and

- a group of formula (E):

fo{cw}—@){cnz L (E)
r S ro 3

' wheréin S is 0 or 1 and each r, which may be the same or
different, is 1, 2 or 3 and L is a heterocyclic group of
formula (1) as defined above;
and R®> is hydrogen or a group of formula -COR? aé defined
above, provided that one of R' and R? is hydrogen and the
other is not hydrogen; or a pharmaceutically acceptable
salt thereof. ’

2. A compound according to claim 1 wherein R! is
hydrogen and ‘R* is a group of formula -COR® as defined in
claim 1 in which R® is a group of formula A.

t3. A compound according to claim 1, wherein R? is
hydrogen and R is a group of formula -COR? as defined in
claim 1 in which R® is a .group of formula (A), a group of
formula (B) wherein Z is ethenyl or phenyl substituted by
two C,-C; alkoxy groups, or a group of fo_rmula (C) wherein

R? is methyl, pyrimidinyl or phényl.



9064 e T——— . 750 9065 15 9071

;;31@/!! LT T R ' 17 gt

300. 0 9177 75.0
9190 : 75 0 (neasured at O.B[Q%F]hﬁ 10. 0 (measured at
0.1[err]M 3.3 (nmeasured at 0.03[err 1.4 (measured at _0.01[err
Exanple 4: Char acter i s&t FEHPRR héckgggéﬁg anﬁBﬁnﬂgeTﬁg Egﬁp85ﬁ8§d&ﬁ8
salts, P epar ety k! NGuBessec 84 BeagBles (e cachar Lol 8oYDY TRa0n g,
set OUt In Taglgﬁdeand 89 1, 2 or 3, orn is 1 and m is 0, and either

(a) R* is C,-C; alkyl and R® is C,-C, alkyl substituted

on ,
the terminal C atom by 2 unsubstituted phenyl groups or by
‘one phenyl grbup whiéh is disubétituted by C,-C, alkoxy .
groups; or _

(b) R* and R® form together with the nitrogen atom to
which they are attached a heterocyclic éroup selected from
groups.of formulae (1) wherein R® and R’ are both H or both
C,-C¢ alkoxy, or together form a methylenedioxy group; (2)

' wherein Y is O or -NR® wherein R® is methyl, phenyl or
trifluoromethylphenyl; (3); and (4).

5. A compound according to claim 1 wherein R? is
hydrogen and R! is a-group of‘formula (D) or (E) as defined
in claim 1 |

6. A compouna selected from:

1-(4—((3Z,GZ)—6-Benzylidene—l;methyl—z,5—dioxéf3—
piperazinylidene)meﬁhylbenééyl)—4—(2—pyrimidy1)piperazine

(9022)

1-(4-((3Z,6Z)-6—Benzylidehe—l—methyl¥2,5-dioxo—3—
piperazinylidene)methylbenzoyl) -4-methylpiperazine,

hydrochloride (9052)

1-(4-((32,62) -6-Benzylidene-1-methyl-2,5-dioxo-3-

| piperazinylidene)methylbenzoyl) -4- (4~



_,49 ”"mm\'”mr[em - 51 - [err] - 52 - [err]

" methoxyphenyl)piperazine, hydrochloride (9071)

E—Allyl-4—((3Z,6Z)—G-benzylidene—1-methyl?2,5-dioxo-3—

piperazinylidene)methylbenzamide (9070)

~ N- (2-Diphenylmethylmethylaminoethyl) -4- ( (3Z,6Z) -6-
benzylidene-l-methyl-2,5-dioxo-~3-

piperazinylidene)methylbenzamide, hydrochloride (9076)

N- (2- (1,2,3, 4-Tetrahydro-2-isoquinloyl)ethyl) -4- ( (3%, 6Z) -6- -
benzylidene-l1-methyl-2,5-dioxo-3-

piperazinylidene)methylbenzamide, hydrochloride (9116)

ﬂ—(3,4—Dimethoxyphenethyl)54—((3Z,6Z)—6—benzylidene-1-

methyl-2,5-dioxo-3-piperazinylidene) methylbenzamide (9117)

N- (4~ (4-Phenyl-1-piperazinyl)methylphenyl)-4-((33%,6%) -6~
benzylidene—l—methyl-z,S-dioxo—i—

piperazinylidene)methylbenzamide, hydrochloride (9104)

ﬂ—(z-(4—Methyl—1—§iperazinyl)ethyl)—4—((32,62)—6—
benzylidene-l-methyl—z,5—di0xo—3—

piperazinylidene)methylbenzamide (9007)

ﬂ—(2—Morph01inoethy1f—44((3Z,6Z)—6—benzylidene—1—methyl-
2,5-dioxo-3-piperazinylidene)methylbenzamide, hydrochloride

(9053)



\ .
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- 61 - .
' E—(4-Morpholinopheny1)?4-((BZ,GZ)-éébenzylidene-l-methyl-
2,S—Gioxo—B—piperaiinylidene)methylbenzamide, hydrochloride

(9054)

N-(4-(2-(1,2,3,4-Tetrahydro-B-carbolin-2-yl)ethyl)phenyl) -
4-((3Z,6Z)—6—benzylid¢ne-1-methyl—2,5—dioxo-3-

piperazinylidene)méthylbenzamide (e080)

N-(4-(1,2, 3 4-Tetrahydro-g-carbolin-2- yl)methylphenyl) -4-
((32,62) -6- benzylldene 1- methyl -2,5- leXO 3-

plpera21ny11dene)methylbenzamlde (9096)

N-(4-(2- (4-Phenyl-l1-piperazinyl)ethyl)phenyl)-4-((3%,62)-6-
- benzylidene-1l-methyl-2,5-dioxo-3-

piperazinylidene)methylbenzamide (9103)

N- (4-(2-(1,2,3,4-Tetrahydro-2-isoquinolyl)ethyl) phenyl) -4-
((3Z,6Z)—6—beﬁzylidene-14methy1—2,5—dioxp—3-

piperazinylidene)methylbenzamide (9065)

N-{4-(2-(4-(3-Trifluoromethylphenyl) -1-
piperazinyl)ethyl)phenyl)-4-((3Z,62) -6-benzylidene-1-

methyl—z,5—dioxo—3—pipefazinylidene)methylbenzamide (9049)

N- (4- (2- (4- (4-Chlorophenyl) -4-
hydroxypiperidino)ethyl)phenyl)—4—((32,62)—6—benzylidene-1—

methyl-2,5-dioxo-3-piperazinylidene)methylbenzamide (9079)



[err] whe sel ected from - hydrogen; - a group of formula
-(NH) [err] Wﬂﬁ“’bﬂ!’m,’us O or 1 and R3 is selected from [err] wherein
v ¥s 0 whens oL 1 when t'is 0; and wherein nis 0 or 1 and mis
0, 1, 2 or 3, at |l east one of n and m bei n%?ot her than 0, and either (a)

R[err] Is H or C[err] Clerr] alkyl and.Re is CJerr]-Cerr] alkyl

optionally sulﬁst d&/éa ?ﬁnﬁq}%&& P@”&’MQ‘{%&P&H&P&.?“G”Y' gr oups or

groups bei ng O'pt on by’ ‘o€’ or err]-Cerr] al koxy .
roups; or (b gg!?q{ rﬁ?’f’)t [ h to which
tgheypare atga) 11}-1 2’9 {%ter)]cg: 1 C ggoup sgéecfseggéﬂ%%é)?(@

methyl-2,5-dioxo-3-piperazinylidene)methylbenzamide (9006)

N-(2-(6,7-Dimethoxy-1,2,3,4-tetrahydro-2- .
isoquinolyl)ethyl) -4~ ((3Z,6Z) -6-benzylidene-1-methyl-2,5-

dioxo—3-piperazinylidene)methylbenzamide (9008)

N- (4- (6,7-Dimethoxy-1,2,3,4-tetrahydro-2-
isoquinolyl)methylphenyl)-4—((3Z,6Z)—6—benzylidene-1—
methyl-2,5-dioxo-3-piperazinylidene)methylbenzamide,

hydrochloride (9064)

(3Z,67) -6-Benzylidene-3- (4~ (3-dimethylamino-2-
hydroxypropoxy) benzylidene) -1-methyl-2,5-piperazinedione

(9023)

(3Z,6Z) -6-Benzylidene-3- (4- (2- (6, 7-dimethoxy-1,2,3,4-
tetrahydro—z—isoduinolyl)ethyl)benzylidene)—1-methyl-2,5-

piperazinedione (9115)

N- (4-(2-(6,7-Dimethoxy-1,2,3,4-tetrahydro-2-
isoquinolyl)ethyl)phenyl) -3-((3Z,6Z) -6-benzylidene-1-
methyl—z,5-dioxo—3—piperazinylidene)methylbenzamide,

hydrochldride (9051)

N-(4-(6,7-Dimethoxy-1,2,3,4-tetrahydro-2-
[

isoquinolyl)methylphenyl) -3-((32,62) -6-benzylidene-1-



- 57 -"Terrf wherern—Rrer+] and R7, which are the sane or different, are H

or (Jer or Rlerr] and Rlerr] together forma

nethyle”mmuum is Oor -NR8 wherein Rerr] is (Jerr]-Cferr] al kyl
or a phenhyl¢ grioup optie® aIIy substituted by CF3; [err] wherein pis a 1 or
2 and Zis C[err] Cerr] alkenyl or a phéen ‘group optionally substituted

by Cferr]- rr] .alk nd mhereln ngb' %% é%
pyri n di nyl f“e%hﬁﬂe%% éf’tﬁiﬁi'a) ‘&%ﬁ%ﬁ%ﬁ’ ?rf s ekﬁrlﬁ‘ %e? R
al koxy; and [err] -58- wherein wis 1, 2 or 3 and L is a heterocyclic
group of formula (1) as defined above, - a group of the fornula (D):

N-(2-(6,7-Dimethoxy-1,2,3,4~-tetrahydro-2-
isoquinolyl)ethyl) -3-((3Z, 6%) -6-benzylidene-1-methyl-2,5- .

dioxo-3-piperazinylidene)methylbenzamide (9136)

-ﬂ-(2-(3,4—Dimethoxyphenethyl)metHylamino)ethyl)-3-((3Z,6Z)—
6-benzylidene-1-methyl-2,5-dioxo-3-

piperazinylidene)methylbenzamide (9137) -

M_ (4" (2- ( (3:4"‘
Dimethyoxyphenethyl)methylamino)ethyl)phenyl)-3—((3Z,GZ)f6—
benzylidene-1-methyl-2,5-dioxo-3-

piperazinylidene)methylbenzamide (9138)

E-(4-(2-(4—Pheny1—1-piperazinyl)ethyl)phenyl)—3-((32,62)-6—
benzylidene-l—methyl—z,5-dioXo-3¥

piperazinylidene)methylbenzamide (9083)

N-(4-(3-(6,7-Dimethoxy-1,2,3,4-tetrahydro-2-
isoquinolyl)propyl)phenyl)—3—((BZ,SZ)-G—benzyiidene—l—
methyl—z,5—dioXo—3—piperaiinylidene)méthylbenzamide,

hydrochloride (9161)

N-(2-(2,2-Diphenylethyl)methylaminoethyl) -3-((3Z,62) -6~
benzylideﬁe—l-methyl—z,5-dioxo-3—

piperazinylidene)methylbenzamide (9163)



[err] ch of err] and R err], which nmay be the sane or
differeg Mﬁﬂmﬂﬂml and - a group of fornmula (E): [err] wherein Sis
O=20r 1 an may be the sane or different, is 1, 2 or 3 and L

s a heterocycllc gls’ou’p of formula (1) as giflned above; and Rferr] is
hydrogen or a group of forrrul a CCR[err] ‘as'defi ned above, provided that

one of R[err]' e, pther_is. nat, hydr . or a
pharnaceut i cal I y ac ég einz%alt S ere‘#j Q (2> é&’ec'70??%0“&?‘|0"-‘(1h s _ol(r)’%e’r:l‘,’g’ '?b
claim1l wherei

-COR[ err] t%é:ga (Hgéi rldn%c_lr%élg m% %kﬁ%)]e]?érlfz)lﬁs Li?%rgépy J?d%p[gr ity
3. A conpou ARAYL) e Rlerr] is hydrogen and R[err]
is a group of“?%rrnnag{%§§¥?béééﬁﬁgé&gﬁgn$%}15%n 1 in which Rerr] is a
group of. forrmula (A), -a group of forrmula (B) wherein Z is ethenyl or

phenyl substituted by two Cferr]-Cferr] al koxy groups, or a group of
formula (C) wh@wiex) -6-Benzylidene-3- (3-(4- (2- (6, 7-dimethoxy-1,2,3,4-

ltetrahydro-z—isoquinolyl)ethyl)benzyloxy)benzylidene)—1—

methyl-2,5-piperazinedione (9177)

N-(4-((3Z,6Z) -6-Benzylidene-1-methyl-2,5-dioxo-3-
piperazinylidene)methylphenyl)-4—(2-(6,7-dimethoxy—1,2,3,4—

tetrahydro-2-isoquinolyl)ethyl)benzamide (9190)

1-(4-((3%,62) -6-Benzylidene-1-methyl-2,5-dioxo-3~
piperazinylidene)methylbenzoyl)544(6,7-dimethoxy—1,2,3,4-

tetrahydroiéoquinolyl)methylpiperidine (9200)

7. A pharmaceutical or veterinary coﬁposition which
comprises a pharmaceatically or veterinarily acceptable
carrier or diluent and, as an active prinéipai, a compound
as claimed in any one of the preceding claims.

8. A proaess for producing a compound as defined in
claim 1, which process comprises treating l-acetyl-3-

benzylidene—4—methyl—2,S—piperazinedione with an aldehyde

of formula. (IIT):

R1
OHC “R2

wherein R' and R? are as defined in claim 1, in an organic



Rlerr] is neth r|n1d|nyl or phenyl . - 59 - 4.
accor(“nim lﬂ“‘ﬁﬂmﬁ the preceding claim wherein,. in foiEE!' g%ii; %sBEEN
0 »and and mis 0, 1, 2 or 3, or nis 1 an i

ei ther Ya) err] Ts C[err] Cerr] alkyl and Rlerr] is CJerr]-Clerr] alkyl
substituted on the termnal C atomby 2 an®ubst i t ut ed phenyl groups or by

‘QZeaEEega[y'erEi 8%8%‘1:888{ FF ReRerrE E?; PobBRea: B o %ﬁi%&&%ﬁp;e‘” o
Rerr] and R EPPTeRFanoEhe RsF SRS crapr utre LT oo S e epbgkaaY form
a nethylened|gégegEgggFuorhtwgﬁkﬁbﬁfY is O or -NRerr] wherein R[err] i's

met hyl, pheny tri onmet enyl; (3); and (4). 5. A conpound
according to claiml “hﬁr%bﬁpghﬁﬁrhs'aeflned in any one of claims 1 to 6

for use as a modulator of multi-drug resistance.
10. Use of a compound as defined in any one of claims
1 to 6 in the manufacture of a medicament for use as a

modulator of multi-drug resistance.
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hydrogen and Rlerr] is a group of forrrula (D) or (E) as deflnﬁg‘lslé]_‘é‘é-;&\j{&%%EEN
6. . A conpound selected from REPLACED

1‘(4 ((3Z,62) - 6-Benzyl i dene- 1- nethyl 2, 5 dIOXO 3-

pi per azi nyl i dene) met hyl benzoyl ) -4-(2-pyri m dyl) pi perazi ne (9022)

1- (4- ((3Z, 62) - 6- Benzyl i dene-1 - net hyl - 2, 5-dibxo- 3-

pi per azi nyl i-dene) net hyl benzoyl ) -4- net .hyI I perazi ne, hydrochloride (9052)

1- (4- ((3Z, 62) - 6- Benzyl i dene- 1- net hyl - ,égéﬁéﬁglé-

pi per azi nyl i dene) net hyl benzoyl ) - 4- (4- -60- net hoxyphenyl) pi per azi ne,
hydrochl ori de (9071) N-Allyl-4-((3Z, 62)-6-benzylidene-1-nethyl -2, 5-di oxo- 3-
pi per azi nyl i déne) net hyl benzam d

N- (2- Di phenyl net hyl et hyl am noe - - JOHPOUNDS
benzyl i dene- 1- net hyl - 2, 5- di oxo- 3-

A piperazinedione of general formula (I):

0O

=X NH

MeN Ao (1)

R2
S .

wherein R' is selected from:
-~ hydrogen;
- a group of formula -COR’ - (NH) ,-COR? wherein t is 0 or 1

and R® is selected from:

(1) (:::) )E 2 (&)

wherein v is 0 or 1 wheﬁ t is 1 and ﬁ is 1 when t is 0; and
wherein n is 0, 1, 2, or 3 at least one of n and m being
other than 0, and either: .

(a) R* is H or C,-C¢ alkyl and R® is C,-C¢ alkyl
optionally substituted by one or two phenyl groups, the
phenyl group or groups being optionally substituted by one
or two C,-C¢ alkoxy groups; or

(b) R* and R®, together with the nitrogen atom to

which |

. they are attached, form a heteroéyclic group selected from

(1) to (4):

—
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pi per azi nyl i dene) net hyl benzani de, hydrochl oride (9076). ﬂ*S?fEETHASBEEN '
N-(2-(1, 2, 3, 4- Tetrahydr o- 2-i soqui nl oyl ) et hyl ) - 4-((3Z, 62) - gt EPLACED

beﬂzylldene | - met hyl - 2, 5- di oxo- 3- pi perazi nyl i dene) met hyl benzam de,

hydr ochl ori de (9116) N—(3,4-EXnethoxyphenetiyl)-4-((32,62)-6-benzy|idene-l-
nethyl-2,5-dioxo-3-piperazinyIidene)nethy1§ nzam de (9117)

N- (4- (4- Phenyl - 1- pi per azi nyl ) net hyl phenyl ) -4-((3Z,62)-6-

‘benzyl i dene- 1- net hyl - 2, 5- di oxo- 3- pi perazi nyl i dene) net hyl benzani de, .
hydrochl ori de (9104) N—(2- 1RBi perazi nyl) et -4-((32,62) -6-
benzyl i dene- I - net hyl - 2, 5- i perazinyl i dene) Ypenzamde (9007)
N- ( 2- Mor phol i noet hyl ) - 4 (43Z, 6 benzyl i dene- 1-n@khke/

2, 5- di oxo- 3- plpera2|nylyd‘ S Pegzani de, hydroc i de (9053) - 61
- N-(4- Nbrphollnophenyl) 4- ((32 62) 6- benzyl i dene- 1- net hyl -

(1) (2)
/\ oH _
N A

H

3 (@)

wherein R® and R’7, which are the same or different, are H
or C,-C, alkoxy, or R® and R’ together form a methyienedioxy
group; Y is O or -NR® wherein R® is C,-Cs alkyl or a phenyl

group optionally substituted by CF,;

——NH—-(CHg)-E-Z (B)

(ii)

wherein p is 1 or 2 and Z is C,-C; alkenyl or a phenyl

4

group optionally substituted by C,-C; alkoxy; and

(iii) . —N N—R9 (C)
__/

wherein R® is C,-C, alkyl, pyrimidinyl or a phenyl group

optionally substituted.by C,-C; alkoxy; and

Q—NO—{CHZ—)L : (F)
w

wherein w is 1, 2 or 3 and L is a heterocyclic group of
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2, 5-di gxo0- 3- pi perazi nyl i dene) net hyl benzam de, hydrochl ori de (|
N-Q4j(§-(1,2,3,4-Tetrahydro-[err]-carbolin72-yl)ethyl)phenyl
4-((3Z,62Z)-6-benzyl i dene- 1- net hyl - 2, 5- di oxo- 3- .
erazi nyl i dene) net hyl benzam de (9080)

4-(1, 2,3, 4-Tetrahydro-[err]-carbolin-2: )ﬁs) et hyl phenyl ) - 4-

((32,62)-6-bengzyl i dene; 1-met hyl -2, 5- di.oxo- 3-

piperazinylidéﬁ%ﬁﬂ% ﬂyf%bn%%n¥%£1?@69%§°ve'

N-(4-(2-(4-Pheny] - 1-pi perazinyl et h % phenyl ) -4-((3Z, 62) - 6-
benzylidene-1-n€?ﬁ%¥8§$59%i%§%-%9r%¥ %rggrhylidene)nethylbenzanide (9103)
N-(4-(2-(1,2,3,4-Tetrahydro-2-isoquinonI)ethyURﬂﬂenyl)-4-
((32,62)-6-benzy|idene-l;ﬂg§h¥i HOXQap3-
pi perazi nyl i dene) met hyl benzam cﬂz@@@g (bﬁz N\R'”
N-(4-(2-(4-(3-Trifluoronethyl phenyl)-1-

pi perazinyl ) et hyl) phenyl)-4-((3Z,6Z)-6-benzylidene- 1-

met hyl - 2, 5- di oxo- 3- pi perazi nyl i dene) net hyl benzani de (9049)
N-(4-(2-(4-(4-vhepeophesayh)of-R® and R, which may be the same or

hydr oxypi peri di no) et hyl ) phenyl )-4-((3Z, 6Z) - 6- benzyl i dene- 1-
met hyl - 2, 5- di odbEBepepef aks ng)icleagkyt hghienzanm de (9079)

PR SHEET HAS BEEN |
REPLACED

(D)

- a group of formula (E):

{otor Moyt (®
rl S r

wherein s is 0 or 1 and each r, which may be the same or
different, is 1, 2 or 3 and L is a heterocyclic group of
formula (1) as defined above;

and R? is hydrogen or a group of formula -COR?® ag defined
above, provided that one or R* and R® is hydrogen and.the
other is not hydrogen; and the pharmaceutically acceptable
salté thereof have activity as modulators of multi-drug |

resistance.



|soqu1nolyl)ethyl)phenyl) 4-((32, 62) - waagg FTiEWS-BEEN REPLACEMENT SHEET -|
met hyl - 2, 5- di oxo- 3- pi perazi nyl i dene) ngt hyl B (9006
N ( 2- (6 7 D net hoxy-1, 2, 3, 4-t et rahydr o-2-

I soqui nol yl)ethyl)-4- ((32 6Z) - 6- benzyl i de@g- - net hyl - 2, 5-
di oxo- 3- pi perazi nyl i dene) net hyl benzam. de (9008)
N-(4-(6, 7- Di mret hoxy-1, 2, 3, 4-t et rahydr ;cABSTRACT
isoquinonI)nethyIphenyl)-4-((32,62)-6-behzy|idene-l-

- 62 - N-(4-(2-(6;7-Di methoxy-1,2, 3, Fo—= ﬂ

met hyl - 2, 5- di oxo- 3- pi per azi nyl i dene) met hyl benzani de, hydrochl ori de (9064)
(3Z,62) - 6 Benzylldene 3-(4-(3- dlnethylanlno 2-
hydr oxypr opoxy) benzyl i dene) - 1- BEARMACBUEIGAR Pane (9023)

(32, 6Z) - 6- Benzyl i dene- 3- (4- (2- (6, 7-di met hoxy- 1, 2, 3, 4-
t et rahydr o- 2- |squ|nonI)ethyI)benzyI|dene) 1- nethyl 2,5- piperazi nedi one

9115
( ) A piperazinedione of general formula (I):

R1
(I).

R2

wherein R! is selected from:
- hydrogen;
- a group of formula ~COR?® - (NH),-COR? wherein t is 0 or 1 and

R® is selected from:

(1) R4
—NH CHz}——N_ (A)
_ _ RS
° n ) '
wherein either: _
(a) R* is H or C,-C¢ alkyl and R® is C,-C, alkyl
optionally substituted by one or two phenyl groups, or
(b) R*'and R®, together with the nitrogen atom to which

they are attached, form a heterocyclic group selected from

(1) to (4):

This Sheet Has Been Reﬂlaced




N-(4-(2-(6, 7- D net hoxy- 1, 2, 3, 4 tetrahy:rﬁ_-"gSH THAS BEEN RE_PLAGEMENTSHEET
i soqur nol yl) et hyI )phenyl) 3 ((32,62)-6 benzy EﬂE Agg

met hyl - 2, 5- di oxo- 3- pi per azi nyl i dene) netday-benzan: n‘,ﬂ‘u ch cmatele ZQ Jeeraresanens
N—(4(67D|msthoxy1234tetrahydro 2- !

i soqui noI yl') met hyl phenyl ) - 3- ((SZ 6Z) - 6- begzyli dene- 1-

nmet hyl - 2, 5- di oxo- 3- pi perazi nyl i dene) net hyl benzam de (9128)

N-(2- (6 7- Dlrrethoxy 1,2, 3,4-tetrahydro- 2-

i soqui nol yl)ethyl)-3- ((32 6Z) - 6- benz%él dene- 1- net hyl - 2, 5- -
dioxo-3~piperaziny|idene p wbegzdam de (9136)

N-(2- (3, 4-D net hoxypheni ¢ ) | am no) et hyl 3-8t ((32y62) -

6- benzyl i dene- 1- net hyl - - dig 3 ngkperam nyl i deng) ngt hyl benzam de (9137)
N-(4-(2-((3;4- Dineth oxypenet iyl ) hyl am no) et hyl ) phenyl ) - 3- ((3Z, 62) - 6-
benzyl i dene- 1- net hyl - 2, 5-di o>(<o1 ;% pi perazi nyl i dene)(rrst)hyl benzam de (9138)
.OCO
7 N~
_ H
(3)- . (4)
(ii) . . —NH—(CHg)r-)—Z (B)

wherein p is 1 or 2 and Z is C,-C, élkenyl or phenyl; and

(1ii)

: 9
—N N—R? (C)

wherein R® is C,-C, alkyl, pyrimidinyl or phenyl; and

.wherein w is 1, 2 or 3 and L is a heterocyclic group of
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N-(4-(2-(4- Phenyl-l-plpera2|nyl)ethyl)phenyl) 3-((32,62)-6-- REPLAGEMENTSHEET
benZyli Hene- 1- net hyl - 2, 5- di oxo0- 3- p|pera2|nylldene)nethylbenzanlde igpa@h'mgs

N-(4-(3-(6, 7- D nmet hoxy-1, 2, 3, 4-t et.rahydr o- 2- Dat8 fuuamensier it lee BN e
|squ|nonI)propyI)phenyI) '3-((32,62) -6-benzyl i dene- 1-
met hyl - 2, 5- di oxo- 3- pi per azi nyl i dene) et hyldégnzani de, hydrochlorlde (9161)

N-(2-(2,2-D_pheny|ethyL)nEthyIaninoethyl)-3-((3Z,62) 6-
benzylidene-Eoﬂmumyl{Z)SadidmﬁiﬁedpbhewazinyIidene)nethbeenzanide (9163)
- 64 - (3Z,62)-6-Benzylidene-3-(4-(4-(2-(6, 7-di net hoxy-1, 2, 3, 4-

t et r ahydr o- 2- |squ|nonI)ethyI)benzyIoxy)benzyl|dene) 1-

met hyl - 2, 5- pi per azi nedi one (9176)

(3Z,62)-6-Benzyl i dene- 3-(3-(4-(2-(6, 7-di net hoxy-1, 2, 3, 4-

t et rahydr o- 2- |squ|nonI)ethyI)benzyIoxy)benzykﬁ@pne) 1-

met hyl - 2, 5- pi per azi nedi one_(9
e eRp O CHACH(OH)—CHy—N, y (D)
R .

' wherein R¥ and R are C,-C; alkyl; and

{»0{0@—@}(0}12 = (E)
r s T

wherein L is a heterocyclic group of formula (1) as defined
above; | .

and R* is hydrogen or a group of formula -COR® as defined
above; and the pharmaceutically acceptable salts thereof

have activity as modulators of multi-drug resistance.



N (4- (¢3Z, 62) - 6- Benzyl i dene- 1- net hyl - 2, 5- di oxo- 3- REPLACEMENT SHEET
pi per azi nyl i dene) net hyl phenyl ) -4-(2- (6, 7-di net hoxy-1, 2, 3, 4 0 A 0CT 1996
t et rahydr o- 2-i soqui nol yl ) et hyl ) benzam de (9190) Date : .

1-(4-((3Z,62)-6-Benzyl i dene- 1- net hyl - 2, 5- di oxo- 3- '

pi per azi nyl i dene) et hyl benzoyl ) - 4- (6, 7-di,net hoxy-1, 2, 3, 4-
t et rahydroi soqui nol yl ) net hyl pi peri di ne (&200) 7. A pharmaceutical or
veterinary conposition which conprises a pharmaceutically or veterinarily

acceptable carrier or di%& g@ _aglgpggghbyggaibgﬁ&gﬁg,Aﬁoconpound as

clainmed in any one of thepr #&? rOcess r producing a
conpound as defined in CMQQHLfFOWﬁ?@ﬁ'ﬁ“%€g§?R@§h§F§§§§ANF§ating
1-acetyl - 3- benzyli dene-4-nethyl -2, 5- pi perazi nedi one with an al dehyde of
formula (111): [err] wherein Rerr] and R err] are as defined in claim1,

in an organic - 65- The present invention relates to compounds useful as

.modulators of multi-drug resistance (MDR), to their
preparation and to pharmaceutical and veterinary
5 compositions containing them.

The resistance of tumours to treatment with certain
cytotoxic agents is an obstagle to the successful
chemotherapeutic treatment of cancef_patientsu A tumour may
acquire.resistance to a cytotoxic agent used in a previous

10 treatment. A tumour may also manifest intrinsic resistance,
or cross-resistance, to a cytotoxic agent to which it has
not previously been exposed, that agent being unrelated by
structure or mechanism of action to any agent used in
previous treatments of the tumour.

15 Analogously, certain pathogens may acquire resistance
to pharmaceutical agents used in prgvious treatments of the
diseases or disorders to which those pathogens give rise.
Pathogens may also manifest intrinsic resistance, or cross
resistance, to pharmaceutical aéents to which tﬁey have not

20 previously been e#posed. Examples of this effect include
multi-arug resistant forms of malaria, tuberculosis,
.leishmaniasis and amoebic dysentery.

The' above phenomena are referred tb collectively as
multi-drug resistance (MDR). As discussed more fully later

25 on, a plasma membrane glycoprotein (P-gp) is implicated in
the mechanism which underlies MDR. P-gp has drug binding
properties. Certain agents which have the capacity to

modulate MDR may therefore also be useful in facilitating



solvent’in the presence of a base; and, if desired, convert ilnBEPLACEMENT SHEET |
resulting conpound into a pharnaceutically acceptable salt tjhereof.
conmpound as defined in any one of clains 1 to 6 when used ag Batendu

PR I0RE

mul ti-drug resistance. 10. Use of a conmpound as defined in &

claims 1 to 6 in the manufacture of a nedgrament for use as a nodul ator of

mul ti-drug resistance.

R6
—N Y
7 N R7
(1) (2)
OH |
- on®
~ N
H
(3) (4)

wherein R® and R’, which are the same or different, are H
or C,-C¢ alkoxy, or R® and R’ together form a methylenedioxy
group; Y is O or —NRB wherein R® is C,-C¢ alkyl or a phenyl
group optionally substituted by CF,;

-—NH——(CHg)b-—Z (B)

(ii)

wherein p is 1 or 2 and Z is C,-C; alkenyl or a phenyl

group optionally substituted by C,-C¢ alkoxy; and

(iii) —N N—R9 (C)
__/

wherein R’ is C;-C; alkyl, pyrimidinyl or a phenyl group

optionally substituted by C,-C; alkoxy; and

(iv) | ——(C:j>fCHé}L (F)
) w




I

.
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solvent in the presence of a base; and, if desired,

converting the resulting compound into a pharmaceutically
acceptable salt thereof.

9. A compound as defined in any one of claims 1 to 6

when used as a modulator of multi-drug resistance.

10. Use of a compound as defined in any one of claims

1 to 6 in the manufacture of a medicament for use as a

modulator of multi-drug resistance.
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ABSTRACT

PIPERAZINE-2, 5-DIONE DERIVATIVES AS
" MODULATORS OF MULTI-DRUG RESISTANCE

A piperazinedione of general formula (I):

o
~ NH

MeN. I m2 (1)

wherein R* is selected from:

- hydrogen;

- a group of formula -COR?® - (NH).-COR?® wherein t is 0 or 1 and

R?® is selected from:

() NH H .N/R4 |
2 “R5 (A)

wherein either:

(a) R* is H or C,-C¢ alkyl and R’ is C,-Cs alkyl
optionally substituted by one or two phenyl groups, or
(b) R* and R®, together with the nitrogen atom to which

they are attached, form a heterocyclic group selected from
(1) to (4):
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R6
//N R7
(1y (2)
OH -
a IO
- N
- H
(3) (4)
(ii) _ ."'—NH‘_(CHg)E—Z (B)

wherein p is 1 or 2 and Z is C,-C; alkenyl or phenyl; and

(iii)

v \_ro |
—N N—R (C)

wherein R® is C,-C, alkyl, pyrimidinyl or phenyl; and

(iv) -—-—N<:>-€CH2->-L - (F)
w

wherein w is 1, 2 or 3 and L is a heterocyclic group of

Date .0.4.0CT 19%




