Pharmaceutical Iy active diketopi perazines The present invention relates to
compounds useful as nodul ators of nultiple drug resistance (XERD Yt &hEir
_ preparation and to pharmaceutical and veterinary 5 conpositions containing
them The resistance of tunmours to treatnment with certain cytotoxic agents
is an obstacle to the successful chenDthgr?pgutic treat ment of cancer
patigents. A tunour nay acquire resistance To a cytotoxic agent used in a 10
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may acquire res;stance to a cytotoxic agent used in a
10 previous 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
e unrelated by structure or mechanism of action to any agent
used in previous treatments of the tumour. ‘These phenomena
15 are referred to collectively as multiple drug resistance
(MDR) . Disadvantages of drugs which have so far been used
to modulate MDR, termed resistance modifying agents or
RMAs, are that they frequently possess a poor
pharmacokinetic profile and/or are toxic at the
20 concentrations required for MDR modulation.

It has now been found that a series of
diketopiperazine derivatives have activity:as modulators of
multiple drug resistance. The present invention therefore
provides the use of a diketopiperazine of formula (A):

\or 25
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wherein each of R,, and Ry, which may be the same or
different, is independently selected from hydrogen and C,~



[err] 35 wherein each of [err] and [err], which nmay be the sane or
different, is independently, selected from hydrogen and [err] -2- C6
al kyl provided at |east one of,[err] and [err] is [err] alkyl; and each of
[err] to [err] which may be the sane or different, is independently
sel ected from hydrogen, [err] al kyl unsubstituted or substituted by one
nor e hal ogen atonB 5 [err] alkyltﬁi@ “hal ogen, hydroxy, nitro, \
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or [erg] ang, Likbxgnddo%rluﬁrtﬂférlnﬁmhe : %ﬁ{)reﬂr;&&% OfgkRg) With the

carbon ato ¢ hey are attac ene 1éh is

opti onal I?Pgﬁ%ﬁllﬁt sybstituted. phenydyi C&M‘}‘%Ccﬁfzﬂﬁloe CORH, est er
t her eof ; J.méwb rm!méogﬂyr emg@ﬁ?dusoggﬂg .f.gmwgunaq A -SOR""
-so. zN(R"R‘z) _-_-N(R_‘,,‘R"") -0 (CH,) ,,N(R"R‘z). _-O(cxz) co. 11, -
~OCOR!!, ~CH,0COR", ~CH,NHCOR", ~CH,NHCOOR'™, -cnzsn"
10 -CH,SCOR", -CH,S(0),R" wherein m is 1 or 2, -
~CH,NHCO (CH,) CO,R", ~N(R")COR®, --Nacocr,, -NHCO(CHZ) COR", .
~NHCO(CH,) ,0COR'! and -NHCO(CH,),OR" wherein n is 0 or is an u
integer of from 1 to 6, each of R and R? is independently |
H or C,-C, alkyl or, when R'' and R'? are attached to the
15 same :ut.rogen atom, they may alternatively form with the '
nitrogen atom a saturated five or six nembered heterocyclic
ring; and R® is C,~C, alkyl: or any of R, and R,, R, and Ry,
R; and R, and R; and Ry, ora-‘andk,, R,andn,, R,andn,and
R, and R,,, form together with the carbon atoms to which
20 they are attached a ‘benzene ring which is optionally
substituted; or a phamaceutically accepteble salt or ester
thereof; in the manufacture of a nedicament for use as a
modulator of multiple drug resietance. "
" The numerals 1 to 10 denote ring positions on the
25 phenyl groups in formula A. The letters a4 and b refer to
the two phenyl rings themselves.
When any two adjacent groups of R, to R“, form,
together with the carbon atoms to which they are attached,
a benzene ring, that ring ie either unsubstituted or it may
30 be substituted by any of the aptions specified above for R,
to Ry, The benzene ring forms, together with ring a or b
respectively, an optionally substituted naphthalene ring
structure. o
When ring a or b is substituted phenyl, the benzene
35 ring may be substituted at any of the ortho, meta and para
positions by one or more substituents, for example one, two
or three substituents, which may be the sme or different,



nmodul ator of nultiple drug resistance. The nunmerals 1 to 10 denote ring
positions on the 25 phenyl .groups in fornula A The letters A and k refer
to the two phenyl rings thensel ves. Wen any -two adj acent groups of [err]
to [err] form together with the carbon atons to which they are attached, a
benzene ring, that ring is either unsubstifuted or it may 30 be substi t ut ed
f X%// of the options specified above for :{err] to [err]. The benzene ring
or
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substituents, which may same ‘or different dependent tly sel ected

from the groGPRBRIES 8 SYGRANKYDIITMR 1A Fi5Ce] a{lﬂq‘ r9FRYR APdr ogen. An
alkyl group ﬁsenylaﬂrcat ba kgl egroap, "Byrcexanplie a mpthyll, keithyiqup.
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cycl opr opyl nﬁ}*ﬁdloﬂ‘dpynmétm ageoup s, A chakogemlis, for exanple,
fluorine, chlorine, bromine or iodine. A C,~C, alkyl group
substituted by halogen may be substituted by 1, 2 or 3

10 halogen atoms. It may be a perhaloalkyl group, for example
trifluoromethyl. _ :

A c,-c, alkoxy group is typ:.cally a C,~C, alkoxy
group, for example a methoxy, ethoxy, propoxy, i-propoxy,
n-butoxy, sec-butoxy or tert-butoxy group. A C,-C,

15 alkylthio group is typically a C,~-C; alkylthio group, for
example methylthio, ethylthio, propylthio, i-propylthio , N=
butylthio, sec-butylthio or tert-butylthio.

" When R" and R% form a heterocyclic group together
with the nitrogen atom to which they are attached, it is,

20 for example, an N,N-tetramethylene group.

In compounds of formula A free rotation may occur at
room temperature about the single bonds connecting rings a
and b to the double bonds at positions 3 and 6 of the 2,5-
piperazinedione ring. Positions 2 and 6, and positions 3

s 25 and 5, in both rings a and b can therefore be considered as

equivalent. as a consequence the following pairs of

substituents can be viewed as interchangeable: R, and Rs7 R,

and R;; R, and R,;; and R, and R,.

One of R,, and R,; is C,~C; alkyl and the other is
30 hydrogen or C,-C, alkyl. When R;, and R,; are both C,-C,
alkyl they may be the same or different. Preferred C,~C,
alkyl groups for R,, and R, are Me, Et and
cyclopropylmethyl. For example R,, is C,~C, alkyl and Ry is

H or C,~C, alkyl, or Ry is C,~C, alkyl and R, is H or c1‘cs

35 alkyl. In one embodiment R,, is Me, Et or
cycloprepylmethyl and R, is H, Me, Et or
cyclopropylmethyl. In a second embodiment Ry is Me, Et or



fluorine,
hal ogen may be substituted by 1, 2 or 3 10 hal ogen atons.
per hal oal kyl group, for exanple.trifluoromethyl. A [rr] alkoxy group is -
typically a [err] al koxy group, for exanple a nethoxy, ethoxy, propoxy,

chl ori ne, bromi ne- or iodine. A [er] alkyl group substituted by
It may be a

| - propoxy, n-butoxy, sec-butoxy or tert-butoxy group. A [err] 15 al kyI taﬁro
group is typically a [err] al kylthr o=gfoup, for exanple nethylthio,

et hyl t hi o, propylthlo Ith| n- butylthio, sec-butylthio or
t ert - but ARG APTAREH Y#) Hor Mea BE: GF'ocycI i c group toget her
with thedydxdmpﬂmﬁle| ch they are. attached 20 for exanpl e,
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preferably R, or Ry, espeoially Rye When ring a is mono-
substituted, one of R, to R; is other than hydrogen, '
preferably R, or Ry, especially Ry. When one of rings 2 and
b is mono-substitnted the substituent R, ‘to R,, or R6 to Ry
respectively, is preferably selected tron a halogen, for
instance fluorine. an alkoxy group, tor instanoe one, and
an acetamido group ~NHAC in which Ac denotes aoetyl. o
When one of. rings aand'p is unsuhstituted, or is
nono-substitnted as’ desoribed in the above paragraph, the
other ring may bear any desired suhstitution pattern. For
instance, the other- ring may be unsubstituted or ‘may be
mono~-, di~ or tri-substituted at any ot positions 2 to 6.
The said other: ring ‘may, for instanoe, be nono-'

substituted at any of positions 2 to 6. It nay also be '

25

30

2,3-, 2,4, 2,5-, 2,6~, 3,4~ Or 3,5~ disubstituted, or

2,3,4-, 2,3,5-, 2,3,6~0r 3,4,5-trisubstituted. Thus, when

the said other ring is aand is nono-substituted, four of
R, to Ry are hydrogen and one is other ‘than hydrogen. When
the said other ring is ring a and is disubstituted, ‘three
of R, to Ry are hydrogen and two are other than hydrogen.
For example R, and Ry, or R, and Ry, or’ R, and Ru or R, and
R;, or R, and Ry, orRzandR‘are otherthanhydrogen o
vhilst, in each case, the other three of R, to R; are :

y hydrogen .

35

When the said- other ring is ring ; and is
trisubstituted, two of R, to R, are hydrogen and three are
other than hydrogen. For example, R,, Rz and R,, or R,, R,

‘and R,, or R,, R, and R,, or Ry, Ry and’ R‘ are ‘other than

groups .



cycl opropyl mnethyl. For exanple [err] is [err] alkyl and [err] is Hor [err]
alkyl, or [err] is [err] alkyl and [err is Hor [err] 35 alkyl. In one
enbodi ment [err] is Me, Et or cyclopropylnethyl and [err] is H M, Et or
cycl opropyl nethyl. In a second enbodinent [err] is Me, Et or -4-

cycl opropyl methyl and [err] is H M, Et or cyclopropylnethyl. Preferably
one Prirings p and [err] is unsubstltuted5oT I S nono-substituted whil st

t he herrlg is unsubstituted.5 or is substituted attope or re_of
positions 2 thydrodep Vhiabsgh ‘in each case, the; aEher V°c3fn§1 R Rs

substltrfnt HAré Ny &h. positions 2 to 6, for |nstancedposit|on 3 or 4,
o6 of - [err] ot ﬁ&fﬁﬂ% IR G ES o 8 fg Diorlo SulBERLaLRS’ *“ﬁfd
efﬁgfi ?Ihgy ) .of Rfied R,pare ihydrogen sam'itomeltm OmrdthwrhYdFQGFEPr]
s i s i SRR Pt %*%gfrf
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Ryp» Or R, and Ry, Or R, an R,, are other than hydrogen
whilst, in each case, the other three of R, to R,, are
10 hydrogen. When the said other ring is b and is
trisubstituted, two of R, to Rm. are hydrogen and three are
other than hydrogen. For example R,, R, and Ry, or R,, R,
and Ry, or R, R, and Ry, or R,, R, and Ry are other than
hydrogen whilst, in each case, the other two of R, to Ry,
15 are hydrogen. | '

Alternatively, any two adjacent substituents in the
said other ring may, together with the carbon atoms to
which they are attached, complete a second benzene ring
which is optionally substituted, thus forming an optionally

20 substituted naphthyl group with the said other ring. For
instance, in ring a3 R, and R,, or R, and Ry may form
together with carbon atoms 2 and 3, or 3 and 4
respectively, an optionally substituted benzene ring which,
in turn, forms with ring a a naphthyl group which is

w4 25 unsubstituted or substituted by one or more groups

specified above for R, to Ry,. In ring b R, and R;, or R,

and R, may form, together with carbon atoms 2 and 3 or 3

and 4 respectively, an optionally substituted benzene ring

which, in turn, forms with ring b a naphthyl grbup which is
30 unsubstituted or substituted by one or more gtoups

specified above for R, to Ry,. Typically the naphthyl group

in either case is unsubstituted or is monosubstituted at

position 1,2,3 or 4 of the naphthalene ting structure,

especially position 4. For example R., and R, together with
35 ring a, or R and 37'with ring b, form a 4-dimethy1amino-1-

naphthyl group. '

In a preferred series of compbunds of formula A each



When one of rings a and b is unsubstituted, or is nono-substituted as
described in the paragraph, the other ring may bear any desired
substitution pattern. For 20 instance, the other ring may be unsubstituted
or may be nono-, di- or tri-substituted at any of positions 2 to 6. The
said other ring may, for instance, be gopo- substituted at any of posigipns
2to6. It my also be 2,3-, 2,4-, 2,5-, 2,6-, 3,4- or 3,5- disubstitwykd,

or 25 2,8¢%R, to ‘é‘:i.szhfdﬁogeﬁ.3 14, EnB&EEb?EeEeEQ@d series offhus, when
the said othet rind is, a.and j-§ pon err] to [err]

are hydro‘é@FP%Wadﬁne°P§ BfhBs tRdfuon ﬁrﬁ 2’%“3&”6’ t*her ring is
ring ahar‘ctl.koxyli;1 s:::eoni‘ut e-d:ozaﬁr eeNQR"I[!é )r,] -ta]o(@ei);,}x(aﬁn‘hy,dr-es[p;a‘?nd two *
are ot her D! el ety err] or -
and [err]ém%d*v\ﬂl'l g{b?' sgéﬁﬁnggs ﬁ ot'her ééoifz ggr] to [err]
Care hﬁirdg%l'pgﬁhenndhthsab&hethé’purl ng Rs, to r@,oaamdlﬁ.s zakq:m |mAYtituted,’

two of [ Qr[fnét fce. hbﬁaoaf-nosﬁd t _;ﬁ“e Q“E Wn. For
exanpl e, E&rgr : errlﬁ c&@rr] andggerr - Q re ot her than
hydr ogen st sl HeOBt nEPOMGe - oF(Be iﬁ[’éYP jcatly
hydrogen.Nme, or N, N-tetramethylene. coN (R"R%) may be ~CONH,. .

SO,R™ is typically sozne, SOZN(R"R‘Z) is for example

10 =-SO,NMe,. SORY may be SOMe and --n(n")con'z may be - -

NMeCOBu®. Halogen is typzcally ForcCl. . . Preferahly

R, is alkoxy, espeoislly OMe or OBu"° NHCOR", especially - S

NHAC: -cozR", especially -COZH or . . |

-COMe; -CON(R''R') especially -counz. Noz. N(R"R’Z)

15 especially NMe, or N, (N-tetramethylene; -SOR" especially -
SOMe; -SO,N (RVR"?) especially -SONMe, or halogen,
especially F or Cl; and each of R,, R,, Ry and Ry is H.

In the above-mentioned series of preferred compounds
R, to Rg are all hydrogen, or one or two of R, to R; are

20 other than hydrogen whilst the others are. hydrogen. -For
instance one of R,, R, and R, is other than hydrogen.
Alternatively R, and Ry, or R, end Ry, are other than

| hydrogen. ?referred values for. the one or two. of R, to R
which is or are other than hydrogen include alkoxy such as

25 OMe or OBu", halogen such as Cl or F, hydroxy, --N(R"R‘z) | [/
-Co 2R11 -cs,scos" .-ca,sn" -NHCOR" -O(CHz) ,,N(R"R’z) .
-0(CH,) ,CO,R", ~CH,NHCO(CH,) COR",. -uucocu,on“ .

| -mcocs,ocon" '_-ca,uncoon" and CFy. It is also preferred
for R, and R, Rzandx,, R,andk‘ork‘andnsto form,

30 together with the oarbon atoms to which. they are attached,

a benzene ring. o . . S :
Particularly preferred conpounds are those wherein

Rq, R,, Ry, and R, are each H, Ry is selected from H, OMe

=NHAc, -coz!!.r -cozue, -corm,. Noz, -NMe,, N N-tetramethylene,

35 SO,Me, -SOMe and —~50,NMe, and each of R, to Rs is as
specified above. In these preferred oompounds R! to R’ are
preferably each independently s_eleoted from H, halogen,




When the said ring is b and is nono-substituted, four of [err] to [err] are
hydr ogen and one is other than hydrogen. 5 Wen the said other ring is b
and is di-substituted, three of [err] to [err] are hydrogen and two are

ot her than hydrogen. For exanple [err] and [err] or [err] and [err] or
[err\] and [err] or R6 and [err] or [err] a’nd [err] or [err] and [err] are
ot h t han hydr ogen Wmlst in each [err] ‘the other three of e to [err] are
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adj acent substl uents. i
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Perr] and [ cAEPRRF °5m% g@%x Aty ATNARHER, A sipribas duftaftdd o
respectivel ybenzeme irdng. y SSI:liliﬂt mu:uee@ﬂaﬁmﬂy,l Ry ahdcR, areturn, forns
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10 ¢,-c, alkoxy, -NHCO(CH,),OR', -NHCO(CH,)OcOR", -N(R'R%),
-CH,NHCO,R'®, -CH,SR'' or -NHCOR''; R, is H, halogen, C,-C,
| alkoxy, -CH,SCOR', -CH,SR'' or -CO,R''; and R; is H, nitro or
b halogen; or R, and R,, R; and R, or R, and R; form, together
with the carbon atoms to which they are attached, an
15 optionally substituted benzene ring. :
In one embodiment R® is NHAc, each of R,, R;, R, and
Ry is H; R, is H or halogen such as Cl or F; R, is H, Ry is
halogen such as F or Cl, C,-C, alkoxy such as OMe, -N(R'R%)
such as NMe, or -NHCOOR" such as -NHCOOBu®; R : is H and Rg
20 is halogen such as F, Cl, Br, or is CFy. '
In a second embodiment R® is OMe, each of R,, R;,, Ry
and R,y is H; R' is H, nitro or halogen such as Cl: R? is H;
R® is H, hydroxy, -OCOR™ such as OAc, =-NHCO(CH,),O0COR' such
as -NHCOCH,OAc or -NHCOCH,OR'!' such as -NHCOCH,0H: R, is H
25 and R; is H or halogen such as F or Cl; or R, and R, form a
" benzene ring together with the carbon atoms to which they
are attached. _
In a third embodiment each of R,, R, R;, Ry, Ry and
R,, is H; R, is H, -CH,SCOR™ such as ~CH,SAc or -CH,SR' such
30 as . '
-CH,SH; Ry is =CH,SR'' such as -CH,SMe, -CH,SCOR™ such as
-CH,SAc, -NHCO(CH,),CO,R'' such as =-NHCO(CH,),CO,Me,
-0(CH,) ,CO,R'! such as -O(CH,) ,COH, -O(CH,)N(R''R") such as
-0(CH,),NMe,, or -N(R"R') such as -NMe,; and R, and R; are
35 both H or both form, together with the carbon atoms to
which they are attached, a benzene ring.
In one embodiment of the invention the compound of



and 4 respectively, an optionally substituted benzene ring which, in turn,
formse with ring h a naphthyl. group which is 30 unsubstituted or substituted
by one or nore groups specified above for-.[err] to [err] Typically the
napht hyl group in either case is unsulst+tuted or is nonosubstituted at
position 1,2,3 or 4 of the naphthal ene ring structure, especially p05|t|on
4. For exﬁnpmalpemrha&n¢hﬁemq1kqun9uﬁommmha36Aa):ng [err] or [err] anyq&
[err] with ring [err] forma 4-dinethylam no-I-_ naphthyl group. Ina
preferred series of conpounds of

hydr ogen. I n anot her,

I's sel ected from hyo
to [err] are H Al
typica8lly -NHAC. [EerN LM
N, N-tetramethyl ene. CON [err] na; be [err]. [err] is typically [err] is
for exanple 10 [err] nay be SOW and [err] may be - [err] Halogenis
typically F or Q. ' ‘Preferably [err] i's al koxy, espeC|aIIy Ove or .
CBu"; [ewhpreipeeamh pf R, and Ry, which may be the same or . .-

different, is 1ndependent1y H or CH%'prov1ded at least one
10 is CH;. ' _ IR j
Certain dlketoplpera21nes have been dlsclosed as
having utlllty as,bloactlve agents. - YOkOl et al in 3.
Antibiotics vol XLI No. 4, pp 494-501 (1988) describe -—
structure-cytotox1c1ty relatlonshlp studles on a series of i
15 dlketoplpera21nes related to nelhumleln, a compound '

fornul a A each -6- of [err] to [err] is
syunddMeone of [err] to [err]

and the other four of [err]

4 or OBu". [err] '

“fr] - is'typlcally(PéPr]_Or

obtained from the micro-organism Micromonospora neihuensis.
Kamei et al in J. Antibiotics vol XLIII No. 8, 1018-1020
disclose that two diketopiperazines,“designated'
plperaflzlnes A and B, have utlllty as potentlators of the
20 cytotoxicity of v1ncr1st1ne. _
General formula A embraces diketopiperazines which
are novel. Accordingly, the present -invention provides a
diketopiperazine of formula . (3) as'defiﬁedzabOVe,'or a
‘pharmaceutically acceptable salt or ester thereof. with the
25 exception of compounds whereln.
(i) - each of R, to Rw is H;
(ii) R,, and R,; are both Me, Ry is OMe and the rest of R1
to Ry, are H; and

O

(iii) R,, is Me, R,; is H, each of R.'l':to'R9 is hydrogen and Ry,
30 is hydroxy ' T o |
Examples of specific compounds of ﬁhe invention are
as follows. - The compouad numberlng is adhered to in the
rest of the specification: .
(32, 62)—3-benzy11dene-6—(4—methoxybenzy11dene)-1-methy1-
35 2 5-p1pera21ned10ne (compound 1); ' :
(32,62) 6-benzy11dene—3 (4—methoxybenzy11dene)-1—methy1-
2,5-piperazinedione (compound 121); . . '
(32,62)-3, 6-d1benzy11dene-1—methy1-2 S-plpera21nedlone
(compound 122);



[err] especially [err] or [err] especially [err] 15 especially [err] or
[err] especially - SOwe; [err] especially [err] - or halogen, especially F
or C; and each of [err] , and [err] is H 1I'n the above-nentioned series
of preferred conpounds [err] to [err] are all hydrogen, or one or two of
[err] to [err] are 20 other than hydroggngwhilst the others are hydrogen.
For..i nstance one of [err] and [err] is ot%er than hydrogen. Alternatively

Ty LT (P 5] Lt £ 1dentey Shdfhy) s 6008 s gheeied
hydr ogen i nclykidenengthythenzodc acid,|methplcpsterh(gamppund F24)hgdroxy,
o) L) et cLsagem sibnpkisponal somacapsiars setnbptphraptnias] on
atons to whi &iigﬁlh?%@a{éﬁ %‘agl’a‘%%%zéaém’?%éogg%Ffegu}MarI y preefcg:rgg
?anoandSéRée(sfmsaa*WEKI#Nydtbx?metnyﬂbezaybidené)+5rbéa§y}ideneelgéredh
of Tert] 1o dEHftny-2 SBIRFHEERAGLOREC (odiipoad L26TET 3 (L o0k nge”
[err] to [err{3%y&Z)pr3thensylidene-1lrnebthylie6r(4-nitrobenzylidene)r2l, Sgen,
piperazinedione (compound 127): . - :
n,n-tetranethflene-4-((32,62)-3-henzylidene-l-methyl-z,5-
10 dioxopiperazin-6-ylidene)methylbenzamide (compound 128);
(32,62)-6-(4-aminobenzylidene)-3-benzylidene~l1-methyl-2, 5~
. pipérazinedione (compound 129);
S _ ((32,62)-3-Benzylidene-1-methyl-2,5-dioxopiperazin-6-
ylidene)methylbenzamide (compound 130);

15 (32,62)-3-(4-Acetamidobenzylidene)-6~- (4~
methoxybenzylidene) -1-methyl-2,5-piperazinedione (compound
131); _
(3Z,62)-3~-(2,6-Dichlorobenzylidene) -6~ (4~
methoxybenzylidene)-1-methy1-2,S-piperazinedione (compound

20 132); : : ) | SR :
(32,62)~6-(4-Hgthoxybenzy1idene)-1-methy1-3-(2--
hitrobenzylidene)-z,s-piperazinedione (compound 133);
(32,62)-6-(4-nethoxybenzylidene)-1-methy1-3-(4-nr

' methylacetamidobenzylidene)-2,5-piperazinedione (compound

25 134); | | . o
(32,62)-6-(2,6-Dichlorobenzylidene)-3-(4-
methoxybenzyl idene )=1=-methyl-2,5-piperazinedione (compound
135); . |
(32Z,62) -3~ (4-Methoxybenzylidene)-1-methyl=6-(2-

30 nitrpbenzylidene)-z,s-piperazinedione (compound 136);
(3Z,62)-6-(4-Acetanidobenzylidene) -3~ (4~
methoxybenzylidene)-1-methyl-2,5-piperazinedione (compound
137):
(32,62)-3-(4~(3-N,N-Dimethylaminopropoxy)benzylidene) -6~ (4~

35 methoxybehz?lidene)-1-methy1-2,s-piperazinedione,
hydrochloride (compound 138)
(32,62)-6-Benzylidene-1,4~-dimethyl=-3-(4~



-7- hydroxy, [err] alkoxy, nitro, [err] 5 [err] and [err] or [err] and
[err] formwi th the carbon atons to which they are attached an optionally
substituted benzene ring. Still.nore preferably, [err] and R2 are

i ndependently H, nitro or halogen, [err] is- H hydroxy, -8- formula A
has the following formula (Aa): [err] wherein each of [err] and [err] which
may be the sane or different, is |ndEpéﬁdEntIy H or CH3 provided at | es

one 10 is [err Certain dlk opi per azi nes,-have. peen, di sel osed" as haV|ng
utility a§r%f63%FPF€ ‘ﬁ#&ﬂ)eﬁ qﬁ'R#P%Faa%ﬁ$¥#%E?c§°QBP°¥E¢ No. 4,

pp 494- 50139;988) descrlbe st ruct ure- cytotoxicity relationship studies on a
e e, (38 6L AR 3 SRS D L Sy ERUBRYT g7 "
Ant|b|0t|255vpﬁplrazﬁuhdiohe (muhﬂbuhﬂ(i4mnlose that two dlketoplpera2|nes
desi gngt e¢sg, 62)-6-Benzylidene-3-(4-dimethy1aminobenzy1idene)-1 4-
' dimethyl-2, 5-piperazinedione (compound 141).
(32, 62)-G-Bcnzylidene-a-(2-methoxybenzylidene)-1,4-
dimethyl-z S-piperazxnedione (coupound 142). ' .
(32, 62)-3-(4-Aminobenzylidene)-G-benzylidene-l 4-dimethy1-
10 2 5-p1perazinedione (compound 143).__- C
- (32, 62)-6-8enzylidene-3-(2-f1uorobenzylidene)-1 4-d1methy1-
2, s-pxperazinedxone (compound 144) _
(32, 52)-G-Benzylidene-a-(4-f1uorobenzylldene)-1 4-dimethyl-
2, 5-piperazinedione (compound 145) -
15 (32, 62)-6-Benzylidene-3-(2 4-di£1uorobenzylidene)-1 4-
dimethyl-2, s—piperazinedionc (compound 146)
(32, 62)-3-(4-Acetoxymethylbenzylidenc)-s-hcnzylidene-l 4-
dimethyl-2, s-piperazinedione (compound 141) .
(32, 62)-3-(3-Acetoxymothylbonzylidenc)-s-benzylidene-1,4-
20 dimethyl-2, s-piperazinedione (compound 148) '
(32, 62)-G-Benzylidene-s-(4-ethoxybenzylidene)-1 4-dimethy1-
2, 5-piperazinedione (compound 149) "
(32,62)~-3, S-Dibenzylideno-l 4-dimcthy1-2 s-piperazznedxone
- (compound :150) o e : _ R
25 (32, 62)-6—Benzylidene-3-(2 s-dichlorobenzylidene)-l -
dimethyl-z s-piporazinedione (compound 151).
- {32, 62)-6-(4-aminobonzylideno)-3-(4-mothoxybenzylidene)-1-
methyl-2, s-piperazinedione (compound 152). :
(3Z,62) -6~Benzylidene-1, 4~dimethyl-3-(4=N-~
30 methylacetamidobonzylideno)-2 s-piperazinedione (compound
153) | N
N (32, 62)-6-Benzy11dene-3-(3 4-dich1orobenzylidene)-1 4-
- dimethyl-2, 5-piporazinedione (compound 154)
_ (32, 62)-G-Benzylidene-a-(3-chlorobenzylidene)-1 4-dimethy1-
35 2,5-piperazinedione (compound 155) S
(32,62) -6-Benzylidene-1, 4-d1methy1-3-(4-:3
methylsulfxnylhenzylidene)-2 S-pxperazinedione (compound

O



pi perafizines A and B, have utility as potentiators of the 20 cytotoxicity
of vincristine. General fornula A enbraces di ketopi perazines which are
novel. Accordingly, the present invention provides a diketopi perazi ne of
formula (A) as defined above, or a pharnaceutically acceptable salt or
ester thereof; with the 25 exception of fgpounds wherein: (i) each of
[ernl/xo [err] is H (ii) [err] and [erT] are both Me, [err] is Ow and

t he rest of R} [err] are H;, and (iii) [err] is e, R15 is H each of
[err] to [err % hydrogen and [err] 30 is hydroxy Exanples of specific
conmpounds of EhB-Dhms#hNérMa'r(d 3%s 620 r-ﬁoﬁsnzytﬁée@emao miinetherli1?y 5

adhered to ing Y
(32, 62) - 3- benzgvﬁgg§g§r?%4h 3-31 gﬁﬁgﬁg3%F§§%gfpfﬁ%;ﬁ%h£oq?m1de (compound

2, 5- plpera2|n dne (conpound 1);
(32 67) - 6- benuzrdzmes%eﬁzwihemm z)suridmmyi

ot oy g
L BT 2h P BYEBURRY b anbnOr ke 5 GG il b 2

5- plpera2|ned?8
(compound 158)

(32,62)-6-Benzylidene-1, 4~dimethyl-3~(4-phenylbenzylidene)-
2,5-piperazinedione (compound 159)
10 4-((32,62)-6-Benzylidene-1,4~-dimethyl-2, 5-dioxop1perazln-3-
ylidene)methylbenzoic acid, methyl ester (compound 160)
, (32,62)-6-Benzylidene-3~(4-bromobenzylidene)~1,4-dimethyl-
St 2,5-piperazinedione (compound 161)
(32,62)=-3-(2,4~-Difluorobenzylidene) -6~ (4~
15 methoxybenzylidene)-1,4-dinethy1-2,S-piperazinedione
(compound 162)
(3z, 62)-3-(4-Bronobenzylidene)-6-(4-methoxybenzylidene)-
1,4-dimethyl~-2,5-piperazinedione (compound 163)
(32,62) =3~ (4-Fluorocbenzylidene)-6-(4-methoxybenzylidene) -
20 1,4-dimethyl-2,5-piperazinedione (compound 164)
(32,62)-3-(2, 6-Dichlorobenzylidene) -1, 4-dimethyl=-6-(2~
nitrobenzylidene)-2,5-piperazinedioné (compound'165)
(32,62)-6-Benzylidene~l~-cyclopropylmethyl=3=(4~-
methoxybenzylidene)-2,5-piperazinedione (compound 166)
A 25 (32,6Z)-3-Benzylidene-l-cyclopropylmethyl=6-(4-

) methoxybenzylidene)-2,5-piperazinedione. (compound 167)
(32,62) -6-Benzylidene-1-cyclopropylmethyl=3- (4~
methoxybenzylidene)-4-méthy1-2;s-piperazihedione (compound
168)

30 (3z,62)-3,6-Dibenzylidene-1-ethyl-é~-methyl=-2,5~-
piperazinedione (compound 169)
(32,62) -3-Benzylidene-1-cyclopropylmethyl-6~-(4-
methoxybenzylidene)-4-methyl-2,5-piperazinedione (compound
170)

35 _Compounds of formula A, both known and novel, may be
prepared by a process which comprises either (i) condensing
compound of formula (I)



4-((3Z,62) - 3-benzyl i dene- 1- et hyl - 2, 5- di oxopi per azi n- 6-

yl i dene) net hyl benzoi c acid, . nmethyl ester (conpound 124); 4-((3Z,

6Z) - 3-benzyl i dene- 1- nethyl 2, 5- di oxopi perazi n-6- ylidene)nethyl benzoic acid
(conpound -125); 5 :

(3Z, 6Z) - 3- (3- hydr oxynet hyl benzyl i dene)yH-benzyl i dene- 1, 4- T

di net hyl - 2, 5- plpera2|ned|one (conmpound 126); (3Z, - : \u/

67) - 3- be g;bd?aiew procéss %ntenobwpriede neitRe® ()P Sortersling
(compoun %P%thédgnetﬂil - ((32,62) - 3- benzylldene 1- met hyl - 2 5 10
di oxopi p&TERINR ?fbenzanlde (conpound 128); (3z, _

62) - 6- (4- anlnobenzylldene) 3-benzyl i dene-| - methyl -2, 5- " pi perazi nedi one
(conpound 129); ((3Z,62)-3- Benzylldene | -Bept hyl - 2, 5- dloxoplpera2|n 6-
ylidene) met hyl benzam de (conpllund &3 R

(32, 63) - 3- (4- Acetanldobenzakfggﬂf. 19 Rg 1 =

met hoxybenzyl i dene) - | - net hyl - 2, 54pi ; one (conpound 131) (1)

' (3Z,62)-3-(2, 6-Di chl or obehAeN] i degA- 65 p M _
met hoxybenzyl i dene) - | - net hyl -} p|-era2|-ed|one (conpound 20 132) (32,
6Z) - 6- (4- Net hoxybenzyl i dene) - N—nethyl 3-(26 .
ni trobenzyl.i dene) -2, 5- pi per azi nedi one (conpound 133) (3Z
6Z) - 6- (4- thhoxybenzylldene) 1-methyl -3 (4-1-" "7 a

met h)lloaceﬂxeneirbmgzy:lu @ﬂp@n& Ky paper asi deﬂined gbovpoand a’i'e 134)

opt::.onally protected, with a compound of formula (II)

\d
15 .
(1II)
wherein R, to R, ere defined eheve and are optionally
pretected, in the presence of a baee in en organic eolvent,
thereby obtaining a cempeund of fermule A in which Ry is
hydrogen; or (ii) condeneing a cenpeund et formula (I' ) -
25 o R . u
(I)
30 ‘ :

35 wherein R, to R; and R, are as defined above and are



- (3Z,62)-6-(2, 6-Di chl orobenzyl i dene) - 3- (4- met hoxybenzyl i dene)

- 1- et hyl - 2, 5- pi perazi nedi one (conpound 135); :

(3Z,62) - 3- (4- Met hoxybenzyl i dene) - 1- net hyl - 6- (2- 30

ni t robenzyl i dene) - 2, 5- pi per azi nedi one (conpound 136);
(32Z,62)-6-(4- Acet am dobenzyl i dene)-3-(4-« 13 =

met hoxybenzyl i dene) -i - net hyl - 2, 5- pi per azi nedi one (conpound 137);

(3Z, 62) - 3- (4- (cptlichdl Iripnditected, opbtly )dcroppoured £ GEdrmubd (III):

met hoxybenzyl i dene) - 1- net hyl - 2, 5- pi per azi nedi one, hydrochl ori de (conpound
138) (3Z, 6Z)-6-Benzylidene-1, 4-di nethyl - 3-(4- -10 -

trifluoronethyl benzylidene)-2, 5-pi perazi nedi one (conpound 139)
(32,62)-6-Benzylidene-1,4-dinethyl-S-(lTﬁ&phthylnethylene)-

2, 5- pi-perazi nedi one  (conpound 140) 5
(32, 62) - 6- Benzyl i dene- 3- (4- di et hylgayi
di et hyl - 2, 5- pi perazi nedi one (conpou
(2- met haxybenzyl i de-n) -1, 4- di et hyl -

sQAVd dene) - 1, 4-
); (3Z,62)-6-3enzylidene- $1III)
per azi nedi one (conpound 142);
held 4- di net hyl -

10 _
wherein R, to R,, are as defined above and are optionally-
__ protected, in the presence of a base in an organic solvent,
A thereby obtaining a compound of formula A in which R, is
hydrogen; and, in either case (i) or (ii), if desired,
15 converting the resulting compound of formula A in which R,,
or R,;, respectively, is hydrogen into a corresponding
compound of formula A in which R, and Ry, respectively, is
a C,-C, alkyl group, by treatment with an alkylating agent:
and/or if réquired, removing optionally present protecting
20 groups and/or, if desired, converting one compound of
formula A into another compound of formula A, and/or, if
desired, converting a compound of formula A into a
pharmaceutically acceptable salt or ester thereof, and/or,
if desired, converting a salt or ester into a free
25 compound, and/or, if desired, separating a mixture of.
isomers of compounds of formula A into the single isomers.
A compound of formula A produced directly by the
condensation reaction between (I) and (II) or (I’) and
(III) may be modified, if desired, by converting one or
30 more of groups R, to R,, into different groups R, to R,,.
These optional conversions may be carried out by methods
known in themselves. For-éxample, a compound of formula A
in which one or more of R, to R,, is an ester group may be
converted to a compound of formula A wherein the _
35 corresponding substituent is a free -COOH group, by acid or
alkaline hydrolysis at a suitable temperature, for example
from ambient temperature to 100°C.



10 2,5-p
6Z) - 6- Ben
2, 5- pi per
62) 6- Ben
5- pi per
4 di fluo
(SZ 62) -
5- pi peraz
(3- Acetox
di net hyl -
(3Z,62) -6,
2, 5- pi per
4- di mebhy
6Z) - 6- Ben
di et hyl -
6Z) - 6- (4-
met hyl - 2,
4- dlnethy
(conpound
di met bol -
- 6- Benzyl

15

| perazi nedi one (conpound 14:3) ; (32,
zyl i dene- 3-(2-fl uorobenzyli dene)-1, 4-dinethy|-
azi nedi one (conpound 144) (3Z,

zyl i dene- 3- (4-fl uozobenzyl i dene) -1, 4-dinethyl -

azi nedi ond (conpound 145) 15 1QSZ 6Z) - 6- Benzyl i dene-3- (2 T
r obenzyl i dene) - 4 dlnethyl , 5- pi perazi nedi one (conpound 145?/
3- (4- Ageicontu d 122%1 & ﬁuttamﬂl&eaeor fioréi 8B Ryt

| ned_l olna.ee(co o %l &:&ﬁq;éﬁ;%d Antg a compound of
Zo’imulm muneafemeuie: arrespdriding substituent is
5?%%&%?‘%&%%#%@&% £50 dudupfo B Hifafing tne
cazbdxyilier acidwithe ¥ snikable 1IGOC, alkyl alcohol- iz:sth(eaz

%h%?%%r ?Zél ﬁe oneﬁ%%:orrpo W%‘é#é in an inert

BRLNEBENzy | | dene) 3- (4 met hoxybenzyl i dene) - 1-
5- pi pensaboi?ds 21)n which Gehe 605‘3133&‘5' €2nR; lto

3 4 62\{’&) I acet ag?dgo _ I | de‘[c}f#%réﬁ %Fgé’gﬁl négl one

f5£pr|mu1az ianekh Mﬁ:ﬁh:drwwurﬂispol@ﬂ:g tebstituent is a
P 3d5§éﬁ“£*Pbeaﬁ¥Léﬂﬁnﬁﬁ end &% HidVds defined above,
for exanple by treatment with ammonia or an amine in the
presence of 1, 3-dicyclohexylcerbodiimide in en inert
solvent. . . - o - '

A compound of formula A in which one or more ‘of R, to
Ry is a free =COH group may be converted ‘into a compound
of formule A vherein the corresponding substituent is a
~CH,0H group by reduction , for example using borene in a

. suitable solvent such as tetrehydrofuren.

20

A compound of formula A in which one or ‘more of R; to
R,, is a nitro group may be- converted into a compound of
formula A in which the corresponding substituent is an

‘amino group by reduction under standard conditions, for

25

30

example by cetelytic hydrogenation. '_

Protecting ‘groups - for R, to R,, in: any of tne '
compounds of formulae (I), (I’), (II) end (III) are
optionally introduced prior to step (i) or step (ii) when
any of groups R, to R,, are groups vhich are sensitive to _
the condensation reaction conditions or incompetihle with
the condensetion reection. for exemple a -coon, -cuzou or
amino group. - The protecting groups are then removed et the
end of the process. Any conventionel protecting group

 suitable for the group R, to R,; in question may be -

35

employed, and may be introduced end subsequently removed by
well-known standard methods.’ .

The condensetion reaction between compounds (I) and
(II) or (I’) and_ (III) is suitably performed in the

o

)



35 2, 5-piperazi nedi one (conpound 155) (3Z,

6Z) - 6- Benzyl i dne- 1-, 4-di nmet hyl - 3- (4-. '

met hyl sul fi nyl benzyl i dene) - 2, 5- pi per azi nedi one (conpound 156)
N, N- Di net hyl - 4- ((3Z, 6Z) - 6- Benzyl i dene- 1, 4-di net hyl - 2, 5-
dioxopiperazin-3-y|idene)nethylbenzenesyl{gngnide (conpound 157) 5
(32,567) - 6- Benzyl i dene- 1, 4-di net hyl - 3-(2- _~

met hyTtri net ' i - 2 .5-0kReLAZ ' . 8)
(32" 62)- 6. cERSeFREETLE TRake WRIEN. 15 pBIREETAN € bATEXIHRIP Bl kD)
2, 5- pi per azi hydride, (potpssiym caxbopate, sodium carbonate, caesium

4- ((3Z, 67) - 6:8pBaKhteS N 8oaitm atRitate, 2 potadsindPifl@oride dn alumina,
yl'i dene) net hyl benzoi ¢c acid, nmethyl ester (conpound 160 .
(5762 6 Bobis, EFiBkBYSaming: Gt bo AOVANE, SHED. A5, AiBatpyl fornanide, or
23% gizl)o?g Bf izmg?ltpfa?aﬁgregﬁge?nfbiféﬁﬁkasgium t-butoxide in t-butanol or a
Enet ’hoxybenzy*'f'ﬁgﬁgf- P,fi g”&?‘*‘@f'ﬁ I %d gg'éfﬁé;’&ff’ﬁg&?&ﬁee'( C(‘)rrlrlpeofne(?cl "
(3Z, 62) - 3- (4i8r typliealllyi perfprmed( atne: kemperatyrielfrop 0°C to the
%ég,gE??g?{L?éFggggggﬁ§éF?§§F%?ggf ?ﬁgﬁzgf&gg%zylidene§- )
The alkylation of a compound of formula A wherein R,

10 or Ry is H is carried out using an appropriate
conventiohél alkylating agent such as a haloalkane, for
example an iodoalkane, or a dialkylsulphate, in the
presence of a base in an organic solvent. The base may be,
for exahple, sodium hydride, sodium carbonate or potassium

15 carbonate. A suitable solvent is then DMF. Another
suitable base is aqueous sodium hydroxide, in which case a
suitable cosolvent is, for example, dioxan, THF or DMF.

The compounds of formula (I) may be prepared by a
process comprising reacting 1,4-diacetyl-2,5-

20 piperazinedione with a compoﬁnd of formula (III) as defined
above, in the presence of a base in an organic solvent,
thereby obtaining a compound of formula (I) wherein R is
hydrogen; and, if desired, treating the resulting compound
of formula (I) with an alkylating agent to obtain a

\_« 25 compound of formula (I) in which R, is a C,~C, alkyl group.

Similarly, the compounds of formula (I’) may be prepared by
a process which comprises reacting 1,4-diacetyl-2,5-
piperazinedione with a compound of formula (II) as defined
above, in the presence of a base in an organic solvent,

30 thereby obtaining a compound of formula (I’) in which Ry
is hydrogen; and, if desired, treating the resulting
compound of formula (I’) with an alkylating agent to obtain
a compound of formula (I’) in which R, is a C,-C, alkyl
group. _ . :

35 If necessary, the resulting'compound of formula (I)
or (I’) can be separated from other reaction ptoducts by
chromatography.



20 1, 4-dinethyl -2, 5-piperazi nedi one (conpound 164)

(3Z,62)-3-(2,6-D chl orobenzyl i dene) - 1, 4-di met hyl - 6- (2- nitrobenzylidene)-2
, 5- pi perazi nedi one (conmpound 165) _
(3Z,62)-6-Benzyl i dene- 1| -cycl opropyl net hyl - 3- (4- ' ,'
met hoxybenzyl i dene) - 2, 5- pi per azi nedi one (conmpound 166) 25

(3Z,62) - 3-Benzyl i dene-1 - cyclopropylﬂbﬂﬁbP‘G (4- 'nethoxybenzylldene) 2, \r’

(532I g% aéi Egﬂ'z%@dé@ r@&f& %% 173 @Tﬂé%ﬁﬂ:yy% 45-piperazmedione with
net hoxybeuteey | colgppeind - ot formala S¢PIDEr ori QED) ofis. éaemwyd raed

(55) (57 e, R e ona £ ks s -hperfped aBub8 26" Ee e (comPound -
met hoxyb&end embi)om betveen componnds 7 (ipdande (uwpou-ncuno)aﬁas .
_ Corrpognds(ﬁ‘xforrrul a A both known and novel, nmay be prepared by a process *

whi ch conprises either (|) condensi ng conpound of formula (1) - 12-

prepared by a [Fig &K¥}atip '&cﬁ%r#s@%ﬂ@mmﬁ ¥°E%H%Ien§mgiaoﬁpd@hd
formula @, i#'iydrogen, or a compound of formula (I’) in which R,
is hydrogen, is suitably carried. out” using the same
conventional alkylating agents and under the same
10 conditions as described above for the. alkylation of
compounds of formula. (A) in which R is hjrdrogeh{ The -
alkylation step in. the case of a compound () where R15 is W
‘hydrogen typically gives rise to a mixture of the compound
of formula (I) in which R,, is a ¢-c, alkyl group and its |
15 isomer of the following formula (IV) in which R1s is a ¢,~C,
alkyl group:

20
(V)

25 The alkylation step in the case of a oompound (I') where e
Ry, is hydrogen typically givos rise to a nixture of the
compound of formula (I’) vhere R,‘ is a ¢;~¢c, alkyl group
and its isomer of formula (IV') ‘where R“ is a C,=C¢ alkyl
. group: '
30

(v
'35




10 wherein [err] to [err] and [err] are as defined above and are optionally
protected, with a conmpound of formula (I11): [err]:20 wherein [err] to [err]
are defined above and are optionally protected, in t‘he presence of a base
in an organi c solvent, thereby obtaining a conpound of forrmula A in which
[err] is hydrogen; or (ii) condensing a-=caweund of formula (1"): 25 [err]
35 wherein [err] to [err] and [err] are as defined above and are - 13 -
optional | y prEhecbdtunet of acopppunds (1) f andu(IV] | | vhergecRys iR7 otherio
wherein R6 t r dgfi D) optyepal ogectied, in

t he presence%’i&g %gg?ﬁﬁénsﬁrggﬂ?gaggﬁvgt?aéﬁ%rgﬁg gbtg?‘ﬁ?%gk%{' cl'?drrpound
of fornula A9HheR thaRRyQrogeny cancreagily Pa separatedskY(i) or (ii),
if desired, lhreomwesdraphyefoesekanple CoiPeilical gédl musaifablenwhi ch

Lerr] or [2rrdyudSeRoEhtYSad  etRylVSEQ0E e’ B8 BeshE o582 Helfanc1 ana
’ dichloromethane. _ | ,
The substituted benzaldehydes of formulae (II) and
(III) are known compounds or can be prepared from readily
available starting materials by conventional methods. The
10 1,4-diacetyl-2,5-piperazinedione used as a starting
material in the preparation of compounds of formula (I) may
_ be prepared by treating 2,5-piperazinedione (glycine
(O anhydride) with an acetylating agent. The acetylation may
be performed using any conventional acetylating agent, for
15 example acetic anhydride under reflux or, alternatively, -
acetic anhydride at a temperature below reflux in the
presence of 4-dimethylaminopyridine.
Compounds of formula (I) wherein R, is H may also be
prepared by the microwave irradiation of a mixture
20 comprising 1,4-diacety1-2,s-piperazinedione,_a compound of
formula (III) and'potassium fluoride on alumina (as base)
in the absence of solvent. L
Compounds of formula (I) wherein R,y is H may
alternatively be prepared directly from 2,5-piperazinedione
25 (glycine anhydride) by a process which comprises treating
the 2,5-piperazinedione with a mixture comprising a
compound of formula (III), sodium acetate and acetic
anhydride at an elevated temperature, for example under
reflux. o
30 Compounds of formula (I’) wherein R,, is H may be
prepared by analogous processes, replacing compound (III)
in each case by a compound'of formula (II).
Compounds of formula A may also be prepared by a
process comprising the microwave irradiation of (i) a
35 mixture comprising a compound of formula (I) as defined
above wherein R,y is H or c,-C, alkyl, a compound of formula
(II) and potaséium fludtide on alumina, or (ii) a mixture



conpound 6f formula A in which [err] and [err] respectively, is a [err]
al kyl group, by treatment with an al kylating agent; and/or if required,
removing optionally present protecting 20 groups and/or, if desired,

converting one conpound of formula A into another conpound of- fornula A

and/or, if desired, converting a conmpound of fornmula Ainto a

pharnaceutlcally acceptable salt or e5ti? Thereof, and/or, if desired, \*“

l agf 2 d/; f .d d,
et e GAAb R 57LPhRBRE Be' ZBTRRla, I Mhare e e b B oo
i soners. /Cedgpalkyloh tompoundAof (ﬁd:mﬂxil(rmx 3amj/ pdn‘Eassminnsat ion -
el tE&dﬁfihéla aﬁﬂuﬁihk SBr(k%iign? rou é. err |- é# |nto

desired, convertln
di fferent %#m%y}eiperaslperzySTﬁésae@pa mmg,, d%gmuﬂag b:arbam

E

| e

ed

A

out by sretd@fsoln@vesi foi-hanel(nfn BRA potEdsiun? AUBIIYE i formula Ain:

ﬁﬂhﬁ&ﬁﬁeﬁw&% o ThanirEeniakabns s gerzoimel

- COOH gr Otsblvenom drhe ﬁbhautmaghwdmpbmasm which thplamden;geaeeur e,

exanpl e f a'ﬁ"maxtr EEQRGL HlﬁylgtLar Lsing a:xL'x4 appropriate
'alkylating agent, for example as described above.-

10 Compounds of formula A may also be obtained directly
by a process which comprises condensing together 1,4~
diacetyl-z 5-piperazinedione, a compound of formula (II)
and a compound of formula (III) in the presence of a base
in an organic solvent. Suitable bases, solvents and

15 reaction conditions are as described abcve ‘for the: .
condensation reaction between, for example, compounds (1)
and (II). G S _ _ : e

' AN alternative direct process tor the preparation of
- compounds of tormula A comprises condensing together 2,5-

20 piperazinedione, a compound of formula (II) and a compound
‘of tormula (III) in the presence of sodium acetate and

for

I.Q he converted to a
H§P§3ﬁét ahsgngeQf Ay ee

i}

acetic anhydride at elevated temperature, for example under

reflux.
"An alternative process for the preparation of _
25 compounds ‘of formula (I) comprises treating a compound of
| formula (V): - .

30 .
v

35 wherein Rg'to Rm are as defined above, X is a halogen and
R! is a c,-c, alkyl group, with ammonia followed by acetic
anhydride. :

@



A conpound of fornmula A in which one or nore of [err] to [err] is a [err]
group may be converted into a conpound of fornula A wherein the
correspondi ng substituent is esterified by esterification, for exanple by
treating the 5 carboxylic acid with a suitable [err] alkyl alcohol in the
presence of 1,3-dicyclohexyl carbodiimde iyy an inert solvent. A conpound of
forrula A in which one or nore of [err] to [err] I's a free [err] group may

be converted into g af fg;mﬁ & i g@lﬁ@egg aog?egﬂondlng

substituent is a group [err| wherein er err |ned above
for exanpl e AR Q%EH%nPrQFFﬁsathﬁFaCBPpﬁﬁsﬁﬁ1 EeF FﬁeapFB§EﬁB§ oPL

1, 3- dicycloheﬁafﬂmlbogvrpmde in an inert solvent. A conpound of
formula A in which one or nore of [err] to [err] rs a free [err] group may
be converted into a conpound of fornula A wherein the corresponding
substituer8 is a [err] group by reduction, for exanple using borane in a
suitabl e sol vent such as tetrahy&nofuran 20 A conmpound of fornmula A

in which one or nore of [erak t AR 0 A ro group may be converted into
: EspontPRg substituent is an am no
apndi tilons, for.exanple by catalytic
Ple

a conmpound of forrmula Ain
group by reduction under stang

hydr ogenati on. 25 Privi€s e [ gy’$urr] to [err] in any of t he
b 5"?'4 (V")
10
o wherein R, to Ry, X and R' are as defined above, with
ammonia followed by acetic anhydride.
15 X in formula (V) or (V’) is typically iodine. R’ is,

for example, a C,~C, alkyl group such as a methyl, ethyl,
propyl, i-propyl, butyl, sec-butyl or tert-butyl group.
A review of synthetic approaches to unsaturated 3-
monosubstituted and 3,6-disubstituted-2,5-piperazinediones
20 is provided in Heterocvcles, 1983, 20, 1407 (C.Shin).
Compounds of formula (A) may be converted into
pharmaceutically acceptable salts, and salts may be
converted into the free compound, by conventional methods.
Suitable salts include salts with pharmaceutically
e 25 acceptable, inorganic or organic, bases. Examples of -

' inorganic bases include ammonia and carbonates, hydroxides
and hydrogen carbonates of group I and group II metals such
as sodium, potassium, magnesium and calcium. Examples of
organic bases include aliphatic and aromatic amines such as

30 methylamine, triethylamine, benzylamine, dibenzylamine or
a-or B-phenylethylamine, and heterocyclic bases such as
piperidine, l-methylpiperidine and morpholine.

Compounds of formula (A) may also be converted into
pharmaceutically acceptable esters. Suitable esters

35 include branched or unbranched, saturated or unsaturated
C,~-C, alkyl esters, for example methyl, ethyl and vinyl
esters.



conpounds of formulae (1), [err] (I1) and (I11) are optionally introduced
prior to step [err] step (i.i) when any of groups [err] to [err] are groups
whi ch are sensitive to the condensation reaction conditions or inconpatible
with 30 the condensation reaction, for exanple a -COOH, [err] or am no,
group. The protecting groups are then %‘grmved at the end of the process

Any conventi onal protectlng group suit@ble for the group [err] to [errs\]'dln

ti b b db
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car bonat e od| um ggr bonat e, -gaesi um car bonat. e, SOdI um cetate, potassium
f1uori de Yata| fAFEhe Fomppunds are,set, ontsdn, Jab Example
di et /| f D6 ranDilketopiperazihe getivatives mwm tn-*uﬁmmt@ted )

Lot cal | yif crRerhihekR=the 7k0RRA, 43R Re Ve ol By Gyipiat it Lo, o
of the sointatco@poundsybft tomﬂaa&carpod@idteﬂobwlabtﬁrlﬂﬂm[err]
pattern in Tahle 2.

Q)
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10 or [err] is His carried out using an appropriate conventi onal

al kyl ating agent such as a hal oal kane, for exanple-an iodoal kane, or a

di al kyl sul phate, in the presence of a base in -an organic solvent. The base
may be, for exanple, sodium hydride, sodi ufn®arbonat e or pot assi um 15
carbonate. A suitable solvent is then DM. Another suitable base is
aquects’ sodi um hydroxi de, in Whi Clamoated =1 o] =N oTa Yol Q
exanpl e, dioxan, THF or DWMF. The orrpu ds|off fqrmyil al (1) ray be¢ pfepar ¢d
by a process conprising reacting § 1\qjiacetl'-z,S 2 pi_per az| nedi o
with a conmpound of formula (I11) 5de ned hOMe “LIREFhe " hrasehcel O] 2
base in an organic solvent, therepy optgi ning a|cofpopnd] of forjullp (
wherein [err] is hydrogen; and, i e;iz_[ed re%ti gg hel resul t 21? canmpdund
of fornmula (1) with an al kyl ati ngg-ageht 1 51 Ay il D hau il a
(I'y in which [err] is a [err] allkyl gfodp.|Simljarfy,|jth c

formula (1') may be prepared by o progegs phijc@|caippr|ses reé
1, 4-di acetyl -2, 5- pi perazi nedi one ?tn C DrgEjo B OSP | (§ i ¢
defined above, in the presence of bhsH Fh Sndrdaff L vert
obt ai ning a conmpound of fornmula (§J') jnwh [ hlydrogen ,
desired, treating the resulting mpound o h&| )l with ap kwl agi ng
3933; to obtalln a conpound of forI a Q g: Ny W'éhﬂkéhis a Pgr]:= al':hyl
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35 | f necessary, the resulting conpound of formula (I) or (I") can
be separated from ot her reaction products by chronmat ography. -16- The
reaction of 1, 4-diacetyl-2 5-piperazinedione with the conpound of fornula
(1) or (11) is suitably perfornmed urmdgs 4 he sanme conditions as described
above for the condensation between compounds (1) and (I1), or (I’ ) and 5
(111). The alkylatlon of ‘a co -ound of fornula (I) I n mhlch [err] o

hydr ogen, |s
suitably cgraefl d and
under the Jafe = h of
conmpounds d e RTKyTqtipn step =
in the casq q yp| ¢ akly glves rise
to a m xturfe rg] i &|[Bfr al kyl
group and if in ikhjllefr] is a:*
[err] al kyl g _
_ - NH
8] =| 8 =
~ g
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(I'V) 25 The alkylation step in the case of a conmpound (I') where [err] is
hydrogen typically gives rise to a m xture of the conpound of formula (1)
where [err] is a [err] alkyl group and |ts |soner of. formula (I'V') where
[err] is a [err] alkyl group: 30 R 237 [err] - 17 - The m xture
of conpounds (1) and (1v), mhere [err] |s ot her than hydrogen or conpounds
(I"hand (1V), ed by
et hyl

prepared from feadi il hr ¢ | & ¢ hods.
The 10 1, 4-di ' ' ' [ [ jin the

prepar ati on of ¥id
2,,5- pi perazi neqi onqd (¢l ygi
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anhydride) with an acetyl ating agent.
usi ng any conventi onal

under reflux or, al

reflux in the presence of 4-dimethylam nopyridine.
is Hmy also be prepared by the mcrowave irradiation o

wherein [err]
m xture 20

ternatively,

1, 4-di acetyl -

ofisslun1fluor|de on alum. na (as base) :
is Hmay alternatively be

acetyl ati ng agent,

for 15

2, 5- pi per azi nedi one;.

The acetyl ati on may be perfornmed
exanpl e aceti c anhydri de
-aceti c.gydride at a tenperature bel ow
Conpounds of fornula (1)

&

a conpound of
‘in the absence

anhydride) by a

Compounds

of

R

sodi-um acet at e - and acetic anhydride
30
is Hmy be prepared by anal ogous processes,

sol vent. Corfp {oiffornula (1) wherein [err]

prepared di firoth 2, 5-pi.perazi nedi one 25 (gl yci ne

process whi ( rlisqs treating the 2,5-piperazinedione with a mxture
conpri sing dng fof formula (I11),

at- an el evaf ture,  for exanple under: reflux.:

of formula @l') dr eifn [err]

repl aci ng c¢ J(WY ) in each.case by a conpound of formula (11).
Conpounds o Ebr _ may al so.be prepared by a process conprising the

m crowave i of (i) a 35 “mixture conprising a conmpound of formula
(1) as defi! e Wherein [err] is Hor [err] alkyl,

formula (11

tadsi'um fl uori de on alunina,
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‘a compound of
‘a mxture
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- 18 - conprising a conmpound of formula (1') wherein [err]
a conpound of formula (I11);
(iii) a mixture conprising 1,4- diacetyl piperggine-2, 5-dione,

al kyl

is Hor

and potassium fiuoride on alumna, o

a conp

[err]

.
ound

of formula (11), a 5 conpound of formula (I11) and potassium fluoride on
alum:na. The irradiation is perforne =a='=§‘t‘|=ﬁ’l'l'f’-==iﬁ're=
resuﬁb?ng conpound in which [err] and be
al kyl ated using an appropriate al kyl af§i dgscfi ed
above. 10 Compounds of fornul a ectfl yl by a
process whi ch conprises condensing to '] ol el
di acetyl -2, 5- pi perazi nedi one, a conpofr eHpeHRe—o
formula (111).in the presence of a ba i SJi t pblje
bases, solvents and 15 reaction condjt® Dy £pejtdap
condensation reaction between, for ex D) P A\
alternative direct process for the.pr f ojmu] a |A
conpri ses_condensi ng together 2,5- 20 N&F|oF| =] =
formula (I1) and a conpound of formnul sqdi um
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acetic anhydride at el evated tenperature, for exanple under refllux. An
alternative process for the preparation of 25 conpounds of formula (1)
-conprises treating a conpound of formula (V): [err] 35 wherein [err] to
[err] are as defined above, X is a halogetf and [err] is a [err] alkyl

group, with anmoni a fol | owed by acetic anhydri de. - - 19 - Conmpounds Qf/
formula (1') pea i G oh ' i letlidkia S
treating a cg alvVv B 4
ammoni a fol | d hyfri i fhriuld (v {or} (V) is
typically iod ekarpl E a ferir] falkyl] gfodyp $ugh s Ja
met hyl , ethyl,ig y| «tjunlion] seerjbal | @ tbrif-bliyll sgnup. A ¢
revi ew of sy spotunkathic at 1&- gosibdtidutlediand 3,
6- di substi t utled: nzilnefi cnef
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20 is provided in Heterocycles, 1983, 20, 1407 (C. Shin). Conpounds of
formula (A) may be converted into pharnmaceutically acceptable salts, and
salts may be converted into the free conpound, by conventional nethods.
Suitable salts include salts with pharmaceutiazakly 25 acceptabl e, inorganic
or organic, bases. Exanples of inorganic bases include anmonia and
carbbnétes, hydr oxi des _and hydrogen carbonates of group | and group |

metal s such as sofligum Jpofaslsi im| magnesjiuny a a
organi c bases inc|] @de¥dl i phati nd|ar ti mne$ sjuch as $0
met hyl am ne, trie | &1 ng, [be zyIaTi , {dijpepzyl am r fa- ¢r
B-.phenyl et hyl am ne@ aed hetdaraeycl i ¢ ses lsueh las|pijpeti di n¢,
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data for the conpounds are set out in Table 5 in Exanple 5 16.

Di ket opi perazine derivatives which are N-unsubstituted in the piperazine
ring and can be converted by alkylation into conpounds of formula A are
depi cted by substitution pattern in TaBl &2 - 21 - [err] - 22 -
[err] - 23 - [err] [err]  -24- o V\
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- 29 -
referred

[ ERR] -30- Cancer cells which exhibit nultiple drug resi
to as MDR cells, di-splay a reduction in intracellular drug

accurrul ati on conpared with the correspondi ng drug-sensitive cells.
vitro 5 derived MDR cell lines have shown that MDR is often

using in

* associated with increased’ expre55|og

stance,

Studi es

ool a plasna menbr ane gl ycoprotein -

(P-gp) which has drug binding propertles P- gp is thought to functionwds
an efflux punp

using 10

di b f : di
C1 on&aResh SRR AP R BB bERY SERG=BERSERREEY | ho no

. phenotype'etﬁemceid %o see Mmmrcel(bmplcusp&ay RewedB®cbihpmis8 137-171 (1989).

A maj or f

toxins f

romt e enc 0 suggest

fﬁyé} #‘QEEJ%%}Q qéo%ﬁargdeéﬁehtt? tracel lul ar

at .overexpr essi on

of P-gp wernsispending rdoed- $¢J1I%I¢WQ13§ﬁe d$t|\gdite§| yeingein midkmensed
level 5 ofgZi9RdTMR e XV Of Hhds NAWFe boSOH et RSt SADRN18BBY ey M8 of human

cancers - |eukaem as,_ |ynphomas, sarcomas. and:carici nonas. | ndeed, i
cases P—@§399R3§9quﬂk¥h 1ncreased expression of a plasma ‘membrane

n sone

glycoproteln {P-gp}) whlch has drug blndlng propertles. P-

gp is thought to functlon as an efflux pump for many .

‘hydrophobic compounds, and transfectlon studles u51ng

10

15

cloned P-gp have shown that its overexpre551on can confer
the MDR phenotype on cells: see, for example, Ann. Rav.
Biochem 58 137 171 (1989). - o : o

A major functlon of P-gp in normal t1ssues 1s to
export 1ntracellular toxlns from the cell., There 1s
evidence to suggest that overexpres51on of P-gp may play a
clinical: role in multiple drug res;stance.u Increased
levels of P4§p'mRﬁAlor'protein“have‘heen}detected“in many

~ forms of human cancers - leukaemlas, lymphomas, sarcomas’

20

25

30

35

and carc1nomas._ Indeed, in some- cases P-gp levels have
been found to 1ncrease 1n tumour b10ps1es obtalned after
relapse from chemotherapy._

@

Inhibition of P—gp functlon 1n P—gp medlated MDR has

been shown to lead to a net accumulatlon of antl—cancer

agent in the cells._ For' example, Verapamll a known calc1um

channel blocker was shown to sen51tlse MDR cells to vinca

alkaloids in vitro and in v1vo. Cancer Res., 41 1967-1972
(1981). The proposed mechanlsm of actlon 1nvolves
competltlon w1th the" antl-cancer agent for b1nd1ng to the
P-gp. A range of structurally unrelated re51stance-h
modifying agents acting by thls mechanlsm have been ;
described such’ as tamoxlfen (Nolvadex ICI) and related
compounds, and cyclosporln ‘A and derlvatlves.

_ Compounds of formula A, both novel and known, and
their pharmaceut1cally acceptable salts and esters
(herelnafter referred to as “"the present_compounds") have
been found in biological tests to have activity in
modulating multiple drug resistance. The results are set

* Registered Trademark
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~
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20 been found to increase in tunour biopsies obtained after relapse from
chenot herapy. Inhibition of P-gp function in P-gp nedi ated MDR has been
shown to lead to a net accunul ation of anti-cancer agent in the cells. For
exanpl e, Verapam | a known eal cium 25 channel bl ocker was shown to
sensitise MDR cells to vinca alkaloids 8h witro and in vivo: Cancer Res.
41, \1967- 1972 (1981). The proposed nechani smof action involves
conpetition ghthihhEsahpieansewhdghnifoldowsi.ndrhe pueshatchmpouadﬁam@ytﬁ

t t |1 d

mechant sm haGBeFRERTRALE, ARR B8 AuigipTR;urpy CoRIBEaRcE Mol VAR °, |
conmpounds, aagenysboemeplMetmeddresdstanceem°d¢twp09nageaﬁshoF#URMA& bot h
novel and KNy, padilehBeimBBRRC BN GBlL(atescql 8l fedide; ad esters 35

(hereinafter PefBFre esent, conpoun

have been found
bi ol ogi cab te%inlnetﬂamélﬁépiﬂi§¥u9nrﬁ§é§F&PFﬁg nEhe present qqgﬂ@ﬁ@#&e.
The results agg éﬁ&refsw sbeaeadTﬁadawnelmoa of3potentiating Brenpl e 15

whi ch follomg otoxgcisen%tp%gpgggn% which is cytotoxic to a tumour
cell. Such a method comprises, for instance, administering
one of the present compounds to the tumour cell whilst the

10 tumour cell is exposed to the cytotoxic agent in question.
The therapeutic effect of a chemotherapeutic, or

. antineoplastic, agent may thus be enhanced. The multiple
s drug resistance of a tumour cell to a cytotoxic agent
| during chemotherapy may be reduced or eliminated.

15 A human or animal patient harbouring a tumour may be
treated for resistance to a chemotherapeutic agent by a
method comprisihg the administration thereto of one of the
present compounds. The present compound is administered in
an amount effective to potentiate the cytotoxicity of the

20 said chemotherapeutic agent. Examples of chemotherapeutic
or antineoplastic agents which are preferred in the context
of the present invention include vinca alkaloids such as
vincristine and vinblastine; anthracycline antibiotics such
as daunorubicin and doxorubicin; nitoxantrone. actinomycin

(, 25D and plicamycin.
_ The present compounds can be administered in a
Veriety of dosage forms, for example orally such as in the
form of tablets, capsules, sugar- or film-coated tablets,
liquid solutions or suspensions or parenterally; for

30 example intramuscularly, intravenously or subcutaneocusly.
The present compounds may therefore be given by injection
or infusion. =

The dosage depends on a variety of factors including
the age, weight and condition of the patient and the route

35 of administration. Typically, however, the dosage adopted
for each route of administration when a compound of the
invention is administered alone to adult humans is 0.001 to



therefore be used as nultiple drug resistance nodifying agents, also terned
resi stance-nodi fyi ng agents, or RMAs. The present conpounds can nodul at e,
e.g. reduce, or 5 elimnate multiple drug resistance. The present conpounds
can therefore be used in a nethod of potentiating the cytotoxicity of an
agent which is cytotoxic to a tunow ageld . Such a nethod conprises, for

I nstance, adm ni stering one of the present conmpounds to -the tunour celﬁ"

whi | st thg 1399%@P”hd§¥' duinchiiP gﬂhtfghgytgfqglglaggng g/ﬂgestlon

The thera eutic effect of a chenot her apeuti.c’. . or. antlneoplast dgent may
thus be eRRINc¥eighte mﬂ‘ith dRsage JIX (be Given, forexampie, STAR

th ot oxi ci1agens F:liliidtw ﬁtﬁr?) mumﬁntadpcm%@s%ehut%ge; sdveial t ’

uman o i i en r. ey be treated for resistance

to a cherrh?ﬁgfaﬁéﬁo/ag 5& Wif%l&% ’?Sl ng. the administration o

theretd of . one &f dﬁketppdmaimmmﬂ@rﬁth pfle)semt &onpound is :

adntnlste oxjicity of the
cai o BRarERcRR MLy Sccupeatd hatt B dicel thexedsis’

ant i neopl formulaged ;omme A% qormrmmntiemb eoINeserinaryie present

i nvention s Y M Phathed ¢i nbl asti ne;

ant hracyclclbﬂgbggﬁlgd;??g? suchlg'? daunoyubi.ci.n _'andi%flf#dgl cin;

m t oxant r ¥RECTARATAIN, cacoeptoble| GATTieY OF, diinent cs¢ econpounds can be

adm niet ecofipoéitions are typically prepared following oonventionel

methods and are administered in a pharnaoeutically or _
_veterinarily suitable form. An agent for use as 'a i;
modulator of multiple drug resistance oomprisinq any ‘one of
the present ceupounds is therefore provided._* '
15 - For. example, the solid. oral forns may contain,
together with the active oompound diluents suoh as
_ lactose, dextrose, secoharose, oellulose, corn staroh or
~ potato starch; lubricants such as silioe, talc, steeric
- acid, magnesium or calcium steerete and/or polyethylene "
20 glyools. hinding egents such as starches, arabic guns,
- gelatin, nethylcellulose, oerboxymethylcellulose, or
polyvinyl . pyrrolidone. disintegrating egents suoh as
starch, alginic: acid, . -alginates or sodium starch glyoolate."
effervescing mixtures;. dyestuffs, sweeteners. wetting o -~
25 agents such as lecithin, polysorbates, leuryl sulphates. ' v
Such preperetions may be manufactured in ‘Xnown' manners, for :
example by means of nixing, granuleting, tebletting, sugar
coating, or film-coating prooesses.q ‘ :
Liquid dispersions for ‘oral’ adninistretion may be
30 syrups, emulsions and suspensions. The syrups nay oontain
- as carrier, for example, saccharose of seooherose with
glycercol and/or nsnnitol end/or sorbitol._ In perticuler, a
syrup for -diabetic patients can contain as: oarriers only ,
‘products, for exanple sorbitol, which do’ not netebolise to o
35 glucose or which only: metebolise a very small amount to
glucose. The suspensions and the emulsions may contain as
carrier, for exenple, a natural gum, egar, sodium elginate,




vari ety of dosage forns, for exanple orally such as in the formof tablets,
capsul es, sugar- or filmcoated tablets, liquid solutions or suspensions or
parenterally, for 30 exanple intranuscularly,” intravenously or

subcut aneously. The present conpounds nay therefore be given by injection

or infusion. The dosage depends on a war3®ty of factors including the age,

wei ght; and condition of thegpatient and the route 35 of adninistration.

Typically, h%\é‘g‘(ﬁ?‘, WA AT VAR, S EalrBoxiiiet Hyd e 10 cBTIgY St rat i on
n 'the 1.nv

when a conpou ention i s adm ni stered al one to adult hunmans is O
001 to - 3poly¥dnyd @ coRfdi cormonly in the range of 0.01 to 5 ny/kg,
body wei ght. Suchs&sm&aenmbrbsogumnsf foreintramustcular] i dctionss

daily by bol us |nfu |nf v r Jepeated
adni o st rat SRy Fontall,, eolethed WAL R Hetayal Yooy o,
phar maceusi cmmiﬂmﬁdmmmpmmﬁuw agr rﬂ!ﬂaﬂlékﬁ wAteRe as
a phar maceut eO'oiet r cegméos g 1ene glycol
phar maceut i cgﬁ' y or éét%'r rﬁl ?1?3&1? %rcﬁ)er 3’? i“l uent . 9 %’ "
conposi ti onsande dyfpidesined, r@p&“é@ahilq amawntc %:i |
hydrochloride. Some of the present compounds are insoluble
in water. A compound may be encapsulated within J.iposomes.
10 . B
The following Examples illustrate the invention:

15 _ e

20 KN WH : _ AcN

o} 0
| ) (8
X.«' 25
OMe
30
(9 o S (3)
35 - : -2,5- (8)

1,4-Diacetyl-2,5-piperazinedione (8) was prepared by
the published procedure (S.M. Marcuccio and J.A. Elix,



met hods and are adm nistered in a pharmaceutically or veterinarily suitable
form An agent for use as a.nodulator of nultiple drug

resi stance. conpri sing any one of the present conpounds is therefore

provi ded. 15 For exanple, the solid oral forms may contain, together
with the active conpound, diluents sugh as | actose, dextrose, saccharose,
cellul ose, corn starch or potato starch; lubricants such as silica, tal'

stearic aghg?hﬂggﬂﬁghggtorlgggclyﬂtsifgipte and/ or ‘pol yet hyl ene 20 glycols
bi ndi ng agents such as starches', arabic guns, gelatln et hyl.cel 1 ul ose,
.carboxynethylcellulose or ponV|nyI pyrrolldone d|s|ntegrat|ng agents
such as st@zh=1-Rcs . @t 151 g dene)ay | Sthyd Ak
effervesc% ntxtures dyestuffs smeeteners mettlng 25 agents such as

| ecit hin, E%Iysorbates lTauryl sulphates. Such preparations may be

. manuf a& ured in ﬂ&ﬁjwimmk-ﬁm-m}?bmmnej-mirng, granul ating, -

tablettin S d ons
for oral g’(} 11 S| a e %eéé%%f%*“ %@?oﬁﬁbﬁﬁﬂgﬁ‘s&@?&s The
syrups may TOOM -asll'd&fr fang, By ¥Okodi R-¥aclWardnd BrHsaéeBardse with
gl ycerol Mnmiﬁg armli orgggypital . In particular, a syrup for

di abetic patients can contaln as carriers only products, for exanple
- sorbitol, which do not net:abol i ze to- 35 glucose or mhlch only netabolise a

mmm (3) S S S
A mixture of (32)-1-acety1-3-(A-methoxybenzylidene)-
2 5-piperazxnedione (9) (1.09, 3.6 mmol), benzaldehyde (430
Bl, 4.2 mmol) and. trlethylamine (1.14 ml), 8. 2 mmol), in
15 dary bnr (20 ml), was heated at 130° (% for 18h. The reaction
mixture was cooled to room temperature and poured into
ethyl acetate ( _100 ml) A yellow solid precipitated which
vas filtered off and dried.‘ vield 360 mg (31%).
Cyotl1N205
20 'H nmr (400 MHz d‘-DHSO).
é: 3.80 (3H, s, O-Me); 6.77 (13, s, CH‘C).
6.78 (1H, s, CH=C); 6.98 (2H, 4, J-snz, 2xC-H on Ar-
OMe); 7.30-7.56 (7H, m, Ph and 2xC~H on Ar-OMe);
. 10.15 (2H, br.s, N-H).
25 c nmr (100 MHz d,-DMSO) . |
&2 58.68; 117.66; 118.03; 118.77:-1285118 128.92;
129.95; 131.53; 132.11; 132'.59:,‘13&._44: 136.59;
161.39; 161.62; 162.71. - :
ns (desorption chemical ionisation, amonia)
30 m/z (% relative intensity) : 321 (100) MH*.
ir : KBr (diffuse teflectance)s
v max (em™') : 1620, 1700, 3100, 3220.
Elemental analysis:
| Calculated for C,H,N.0;: C 71.24, H 5.03, N 8.74.
35 Found: | € 70.92, H 5.02, N 8.80.
| C 70.89, H 5.06, N 8.79%

&



gl ucose. The suspensions and the enul sions may contain as carrier, for
exanpl e, a natural gum agar, sodiumalginate, . < - 33 - pectin,

met hyl cel | ul ose, carboxynet hyl cel | ul ose or pol yvinyl al cohol. Suspensions
or solutions for intramuscular injections may contain, together with the
active conpound, a 5 pharmaceutically accggtable carrier such as sterile

matel, olive oil, ethyl oleate, glycols such as propylene glycol, and, if
desired, a S Uiglettu st Wikanil 1 | 250 Prdisaratici U1 (I, 650ve-BéngyEi dums ent
conpounds are 1 NS0T UDl & 1N grer. A CQ nouno B, b- SHCADS 1 ed_within

| i posones. 10 The f S -oWAA Bt el Ad = Rl RAAMARRAACRR o ence

Exanpl e 1: Preparation of Lgllgghgng_zl

(32, 62) - 6- Benzyl i dene- 3- (4- net hozybenzyl i dene) -2, 5- 15
pi perazi nedi one (3) (schene 1) 20

[err] O 5 o) 0 30 00 (9) ©
(3) 35 1.4-Diacetyl-2.5-pi pHr azi nedi one (8)

OEt
BN - '
\Tr/“\l
0
10 . S
(16) . - (17)
U
15 ' o]
_ OMe
N NAc
HN |
(o} . °
20 | |
(18) (3

Compound 16 is treated with ammonia and subsequently
. 25 with acetic anhydride to yield 1-acetyl-3-benzylidene-2,5-
piperazinedione (18).
Compound 18 is then condensed, in the presence of
caesium carbonate or triethyl&mine in DMF, with 4-
methoxybenzaldehyde to yield compound 3.
30
Reference Example 3% _ = =3=
benzylidene-2.5-piperazinedione

1,4-Diacetyl-2,5-piperazinedione  (25.0g, 126 mmol),
35 which is compound (8) mentioned in Reference Example 1, was
‘heated at 120-130°C in DMF (200 ml) with triethylamine
(17.6 ml, 126 mmol) and benzaldehyde (13.0 ml, 126 mmol).



1, 4-Di acetyl - 2, 5- pi perazi nedi one (8) was prepared by the published
procedure (S.M Marcuccio and J. A EHix, - 34 - Aust. J. Chem, 1984,

37, 1791). (32)-1-Acetyl-3-(4-rmethoxvbenzylidene)-2, 5-pi perazi nedione (9) 5
" (32)-1-Acetyl - 3-(4- et hoxybenzyl i dene) -2, 5- plpera2|ned|one (9) mas
prepared by the publ i shed procedure (T. Yok0|, L-M Yang, T. Yokoi, Ys’yw,
and K-H Lee, J. Antibiot., 1988, 4T 3#7). 10 (3Z 62)-6- Benzylldene

4- et hoxyh 2 di o '
(32) -1 aRERE y 5" he FESnBRE A RS o ERAbAEBHB s pn: o, .6
ol ) | qua&emmm (RASOAG eczqom 1 )7p| ynd eashed! thiteei bimes, with ), 5. 2

T L) A8 STl SO Sl ko rui b e 0

m xture was cool 0 room red |n acetate (100

m). A yShedidsirate was plx:bs d(ME$e) mm advent mmdean Yi el d
86&9 g%%@uo.[ elfe Cl_%gé[&ié lwag ‘Plctyita Pl ThES) trof’ Ei:OAc :Hefadnke3 o .
) givé 11. 78 g (33%) of the title compound as a yellow solid.
© 'H NMR (CDCly 400 MHz) 6=2.69 (3H, s) 4.54 (2H,
8) 7.20 (1H, 8) 7.40 (3H, n), 7. 48 (ZH, m),
7.93 (1H, br.s)
10 MS(DCI,NH;) : 262 (MNH', 20%), 245 (mr 53%),

220 (52%), 204 (100%), 203 (100%)

.’F.\.
L
Microanalysis
| ' Calc
15 | Found
20 - LT H
1,4-Diacetyl-2,5~piperazinedione (10.0g, 50 mmol),
prepared by the published procedure nsniionsd in Reference
Example 1, was stirred in DMF (40 ml1) with 4-
aoetamidobenzaldehyde (8 24 g, 50 mmol) and triethylanine -C}

25 (7 ml, 50 mmol) and hosted to 120° c. - After 2% h the
mixture was oooled to roon tenpsrature, diluted with EtOAc
(100 ml) and stirred ovsrnight., The solid forned was
collected, washed with EtOAc and dried to give 8.46 g (56%)
of a yellow solid.

30 : L I
'H NMR (CDC1y+CF;COH, 400 MHz) §=2.32 (3H, s) 2.72 (3H, s)
4.68 (2H, s) 7.36 (1H, s8) 7 45 (2H, 4, J'Sﬁz) 7. 50 (2H, 4,
J’SHZ) :

35 uiorossslxsi-r

Calc




6.78 (1H, s, CH=C; 6.98 (2H, d, J=8Hz, 2xC-H on Ar- OwWw); 7.30-7.56 (7H,
m Ph and 2xC—H on Ar-Owe); 10.15 (2H, br.s, NH. 25 [err] nnr (100 MHz
[err]) [err] 58.68; 117.66; 118.03; 118.77; 128.11; 128.92; 129.95;
131.53; 132.11; 132.69; 134.44; 136.59; 161.39; 161.62; 162.71. ns
(desorption chem cal ionisation anmoni a) : fﬂlrﬂz (96re|ative I ntensity)
3213300) MH ir : Kbr (dlffuse reflectance) v max [err] : 1620, 1700,

3100, 3220 Tt Al oulou yors. \.,a.l < | a.L cu | Ul
8.74. 35 Foynd:

5.06, N 8.79% mp ;
, 6Z) - 6- Benyl i dene - 3- (4 nmet hoybenzyl i dene -2 5- pi perazi nedi one (3) (schene
2) [err] 10 (16) (17) L

Refe e ple 53

o 5 1-Acety1-3-benzylidene-2,sépiperazinedidne (one
equivalent), prepared according to Reference Example 3, was
treated with 5-(4-formy1phenoxy)pentanoic_acid, methyl
‘ester in the presence of Cs,CO; (1-1.1 equivalents) in DMF
at 80-100°C for 1-8 hours. The title compound was obtained

10 in 39% yielad.
By the same method, but replacing 5-(4~-

KJ’ formylphenoxy)pentanoic acid, methyl ester (which is
benzaldehyde substituted at position 4 by -0(CH;),CO,Me) by
the appropriately substituted benzaldehyde, the following

15 compounds were p:épared: | ]

vield (%) Compound | vield (%)
66 | 25 37
56 89 | 37
84 43 54
20 | 44 45 91
€9 51 68
72 | 54 | 69
73 . 59 50
| 44 _ 62 63
25 | 15 3 75 49
1 60 85 15
37 90 74
69 | 94 39
26 | | 96 39

30 | 45 |

321!!!!5!.!!!!&1!.!& Preparation of Compound 31
l-Acetyl=-3-benzylidene-2, 5-piperazinedione (one

. equivalent), prepared according to Reference Example 1, was
35 treated with 3-acetoxybenzaldehyde (one equivalent) in the



15 0 0 20 Compound 16 is
treated with amonia and subsequently 25 with acetic anhydride to yield
1- acetyl - 3-benzyl i dene- 2, 5- pi perazi nedi one (18). Conpound 18 is then-
condensed, in the presence of cassium carbonate or triethylamne in DVF,
wi th 4- methoxybenzal dehyde to yield cgnpound 3. 30 Reference Exanple 3
Preparation of 1-acetyl-3- benzyli dehe® § 5- pi'prazinedi one 1, \ﬁi

b e Y RuBal i SN Gli5 ! Pl Von) "tk £ TR, ¥)
triet hyl afiome2¢67héuris. 1Thentdt)encbripourid ddqchb‘l(améd nin 628 nol).

- 36- Afteg é1 the m xture was cooled to roomtenperature and poured i nt o
Et OAc (10 b , and washed three times with brine.” Any solid formed at

this stage was BYIFBFeGGUmeeFRQGhlPFFHF?R&%F&HQ&ir[err] and the sol vent.
renoveg | Qcatoﬁg &ﬁzalﬁ'&hy’iﬁs 'lﬁu W%ﬂﬁgﬂﬁf’lﬂlf csupbgeitEtedc: Hexane to.

AR R L,th < et il Vst 5ibbirea:

" tield (%)

‘ _ | 16

10 | a1 a3

- B
50

¢

15

I-Acetyl-a-(4-methoxybenzylidene)-2 s-piperazinedione
(1 equivalent), ‘which is compound (9 nentioned in
20 Reference Bxample 1, was treated with 2-£1uorobenzaldehyde
(1 equivalent) in the presence of Cngh (1-1.1
' equivalents) in DMF at 80-100°C for 1-6 hours. The title
compound was obtained in 69% yield. = o |
| By the same method, but replacing the 2-
25"f1uorobonzaldehydo by the appropriately oubstituted
'_benzaldohyde with the exception of compound 84 which was
prepared by oondensation with 4-aoatoxy-2- S
chlorobenzaldehyde, the tollowing oompounds were. prepared.

©

30

Tie18 ()] | compousd | zieis (x|
80 | [ e T e ]
70 1] e i 20 - |

. _ o212 1k __,-=?;;ff=;p;w- 10

’ a6 | 16 80 | s




[err} NVR [err] 400 MHz) [err] 4.54 (2H, 7.20 (1H,s) 7.40 (3H, m, 7.48

(2H, m, 7.93 (1H, br.s) 10 : [err] 262 [err] 20%, 245 [err] 53%,
220 (52%, 204 (100%, 203 (100% M croanalysis _ C

N Cal c 63.93 ° 4.95 11.47 15 Found

64.11 5.02 11. 41 64.05 - 11. 44 Reference Exanple

4. \vﬁeparatlon of 1-acety|-3- (4- aceta dobenzylldene)-2,5- 20

1, 4-D acetyl - e Here—(1+6—60, 5ﬂ-ﬁﬁﬁ+%—-pﬁeﬁ&Peﬁ Iy - ;
publ i shed pr of edure ¢Ent|onedir1£éference Exanpl €81, was dtirredsin DNI

(40 M) with ;- acet am dobenfal dehyde (B. 24 g, 50 i -I) an' trlet ylan1fe

25 (7 m, 50faw afd heats Af tlos—i-a he
cool ed to roofn tenpeggture, flilutgg wth EtjOAc (1094n1) and stlrL@w !
over ni ght . T € SOl g rornegywas cortected, W and _arTedfto

give 8.46 g (h6% ofS8 vellol sol7# 30l H [erBB o 1>
(3H, s) 4. gﬁ [2H s) 5. 36 (1l s)gg 45 [2H] d. 5 855) 7.60 [(2H g4 J=8Hp

60 71 100 | 20 |
103 69

Reference Example 8:  Preparation of compound 28
10 1-Acéty1-3-(4-methoxybenzylidene)-2,5-piperazinedione
(1 equivalent), compound (9) in Reference Example 1, was
_ ~ treated with 2-nitrobenzaldehyde (1 equivalent) and
triethylamine (1-2 equivalents) and DMF at 130°C for 2-6
hours. The title compdund was obtained in 45% yield.
15 N |
- Reference Example 9:  Preparation of Compound 77
l-Acetyl-3-(4~-acetamidobenzylidene)~-2,5~
'piperazinedione (1 equivalent), prepared according to
Reference Example 4, was treated with 2,4~
20 difluorobenzaldehyde (1 egquivalent) in the presence of
Cs,CO; (1-1.1 equivalents) in DMF at 80-100°C for 1-6
hours. The title compound was obtained in 60% yield.
By the same method, but replacing 2,4-
U difluorcbenzaldehyde by the appropriately substituted:
25 benzaldehyde, the following compounds were obtained:

vield (%) ' Yield (%)
50 40

: 26 22

30 | 41 36

‘ 11 N 16

68 | 82 16

Reference Example 10: Preparation of compound 22
35 1,4-Diacetyl-2,5-piperazinedione (1 equivalent),
prepared by the published procedure mentioned in Reference

<



35 M croanal ysi s C N Cal c

59. 80 5.02 13. 95 Found 60. 08 5.09 13. 89
- 37- 60.11 5. 07 13. 86 Reference Exanple 5: Preparation of
conmpound 96 5 1- Acetyl - 3-benzyl i dene-2, - pi perazi nedi one (one

equi val ent), prepared according to Reference Exanple 3, was treated with:
5- (4-fornyl phenoxy) pent anoi ¢ aci d, nmet 4@l ~ester in the presence of Cs2

(1-1 1 eqU|vaI§nts in DNF at. lerr! for- 1-8 hours. The title conpound was

obt ai ned B¥amRleqdy,y Wasytrgp ehﬂﬁereﬁﬂ%uﬁqﬁﬁYﬁ%ﬂnts)
foLnyIpheﬂﬁxtheeptaeeneeaomdt ; fvfxeﬂﬁ% fﬂ%d?uﬂ '
subst it ut RAS LI O e a [-OPT | e S|

benzal deh§§ ilE‘f’hg %’H gwﬁ‘ﬁg‘%fs f#?ﬁ &H@w@%‘)nﬁwﬁ'@ﬁ %)U'Fmﬁ in Y| el d
(% ~  89% ybed@eund Yield (% 21"

37 34 g . 56 oo 89 T 37 38 84

43 : 54 20 . 44 Y o . .45

91 Reference Example 1l: of '

1 4-Diaoetyl-2 S-piperazinedione (l equivalent),
prepared by the puhlished procedure nentioned in Reference
Example 1, was ‘treated with 3-nitrobenzaldehyde (1

10 equivalent) in the preeence -of trietnylanine (1 equivalent)
 in DMF at room temperature for 18-20 hrs. The title

e

. compound was obtained in 9% yield toqether with 1-acetyl-3- o/
(3-nitrobenzylidene)-2 5-piperazinedione (66% yield) '

15

1,4-Diacetyl-2 5-piperazinedione, (l equivalent),
prepared as described in Reterence Example 1, was treated
20 with 4-dimethylaminobenzaldehyde (1 equivalent) in the
presence of Et,N in DMF at 130°C for 24 hrs. The title
compound was obtained in 18% yield '

WW
- 25 1-Acetyl—3-(4-dimethylaminobenzylidene)-2 5-

piperazinedione (1 eguivalent) as described in Reference
Example 1la was reacted with 4-acetamidobenzaldehyde (1
equivalent) in the presence of Cs,C0; (1 equivalent) in DMFP
" at 80°C for 2-6 hours. The title compound was obtained in
30 56% yield. | | |

amp] Inte. yraions of Reference
(i) Compound 31, prepared as described in Reference
35 Example 6, was treated with agueous lithium hydroxide in a
mixture of neoa and THF at room temperature for 2-3 hrs to
give compound 33 in 91% yield.

Q]



48 69 51 68 52 72

54 69 55 73 59 50 61
44 62 . 63 25 66 15

75 49 76 60 85 15 89
37 90 74 93 69 94
39 a\/ 26 - 41 - 39 30 102

1- Acetyl - 3-bdiiyl (CRAREW BB %ﬁ@métb@% Hreenge o o
?gﬁgr ceil 39\/3:@‘@1@;&, WeTtirdatedani b dquetusl mmt& dpdroxidezin cehyde
i n DNant 13 qékwiﬁlfnglﬁ%ﬁ*%§“£$#g§?n?ﬁgﬁ%%ﬁﬁhﬁhgﬁ&as o ‘g%&ggﬁ?ﬁk%igfntS)
yield. By thgmuancompdunﬂ Gutin Slayinld. 5 acet oxybenzal dehyde by the
SPELSP;QG‘%&CLY#&S‘“ﬁ t bbip6dnacHER Bfaﬁdﬁedt Bﬁ &ahe@e%aa §ANRefRS@nER €
Example 5, was treated wzth aqueous sodium hydroxide in THF
at room temperature for 4 hours to give compound 97 in 54%
yield.
(iv) Compound 37, prepared as described in Reference
10 Example 7, was treated with aqueous sodium hydroxide in THF
at room temperature for 8 hrs to give compound 36 in 30%
~yielad.
(v) Compound 56, prepared as described in Reference
Example 7, was treated with trifluorocacetic acid in CH,Cl,
15 at room temperature for 12 hrs to give compound 67 in 96%
yield. . '
(vi) Compound 87, prepared as described in Reference
Example 7, was treated with aqueous sodium hydroxide in THF
at room temperature for 4 hours to give compound 88 in 69%
20 yield. '
(vii) Compound 65, prepared as described in Reference
Example 6 was hydrogenated over 10% palladium on carbon as
catalyst in CH,Cl, in the presence of a few drops of
trifluoroacetic acid to give compound 39 in -38% yield.
\_ 25 Under the same conditions of hydrogenation compound 74 was
converted into compound 30 in 95% yield.
(viii) Compound 93, prepared as described in Reference
Example 5, was hydrolysed by treatment with agueous sodium
' hydroxide in a mixture of MeOH and THF at room temperature
30 for 18 hours to give compound 101 in 72% yield.
(ix) Compound 58, prepared as described in Example 9, was
hydrolysed by treatment with aqueous socdium hydroxide in
THF at room temperature for 3 hours to give compound 104 in

90% yield.

35

Reference Example 14: Preparation of Compound 27
1-Acetyl-3-(4-methoxybenzylidene)~-2,5-piperazinedione (1



23 16 10 24

43 32 41 65 27 7-4

77 105 50 15 Reference Exanple 7: Preparati on
of conpound 103 1-Acetyl - 3-(4-nmet hoxybenzylidene)-2, 5-piperazinedione (1

equi val ent), which is conpound (9) nentloned in 20 Reference Exanple 1,

was treated mnth 2- quorobenzaIdehydE éqU|vaIent) I n the presence oF-J

[err] (1-1.1.,e ents) in t [er for 1- ours. _The title
conpound ﬁ&? SH'QP%Q Wﬁ’ﬁlﬁ% ’E!/ 41%3 mf ephr V@88l acing the
2- 25 fl uwmhe&ﬁmmmmmwr(ntmmt) uindthenzal dehyde

& acet oxyPLSSBRER o, SHPRR i L S SR BERT T ﬁ%ﬁ?"%&?é%?@?ﬁh&“?,o‘

Conpound foryilefdhouxs .Cofhsurkitle componnd ﬂnsuqbtaéneé in 84%

63 g Yield?l 29 70 69 . . 20 37

21 70 10 35 ‘ 41 _ . 34

73 38 | : -
Bg:g:gng;_]zgnn;g_;;; o 2:!2!:!!12!.21;!!1&!

Compound 98, the hydrochloride salt ‘of conpound 102,

10 was prepared by treatnent of a solution of compound 102 in-
THF with 2 molar. hydro_chl,oric acid followed by’ sonication
until a clear solution was obtained. The solvent was then. ::;'
removed ip vacuo and the residual ‘solution was freeze-drzed
to give compound 98, o

15 Compound 99 was prepared by bubbling ‘HC1l gas througb a
solution of the corresponding free base in THF, followed by
evaporation to dryness. ' '

O



46 16 80 45 -39- 47 46

81 5 49 60 83 41 50

56 84 , Low 53 77 87

33 5 57 49 - 91 74 60

71 . 100 20 103 69 Reference Exanple s:
Prepq/atlon of conpound 28 10 1- A'ce‘tzyl - 3- (4- met hoxybenzyl i dene) - 2

, 5- pi per azi neg
treated wth BEHf
equi val ents) ae
obtained in 45
77 1-Acetyl - 3- DI PE equi val ent),
prepar ed accoexe® bREEL8RE has treated with 2,4- 20
di,f1 uor obegzal dehyde 1 eqw vaI ent) in the presence of o[err] (1 1.1
equi vaI ents) in [err] for 1-

nBelegence Exanpl e 1, was

10
(12) (13) Ry = H
\J (%) R, = Ac
15
' 0
20 OMe } OMe
NMe
se——
Rlﬂ N
0
s~a-o’ 25 (14) (1) BR; =H
(10) Rx = Ac

Compound 12 is treated with NH; to afford 3-(4-~
methoxybenzylidene-2,5-piperazinedione (13). This is then
30 treated with acetic anhydride to yield (32)-1-acetyl-3-(4-
methoxybenzylidene-2,5-piperazinedione (9). _
Compound 12 is treated with, as methylating agent,
iodomethane in the presence of potassium carbonate in
dimethylformamide to give compound 14. Compound 14 is then
35 treated with NH,; and subsequently with acetic anhydride to
yield l-acetyl-s- (4-methoxybenzylidene)-4-methyl-2, 5~
piperazinedione (10).



hours. The title conmpound was obtained in 60%yield. By the same nethod,
but replacing 2,-4- difluorobenzal dehyde by the appropriately substituted
25 benzal dehyde, the foll ow ng conpounds were obtai ned: Conpound yield

conpound Yield (%9 42 50 40 _ 40 68
26 58 _ 22 30 72 41 - T
71 36 79 11 = 44 - 78 _ 16 92 N
68 n \ = anl & ar ¢ : - . Preparation of
Compound 2 QL eqU|vaIent)
prepared B¥E -40- Exanpl e

1, was tri - de (2 1 eqU|vaIents) in the presence of
triethylamne (2.5 equivalen S) in DWF at perr[ for 8 hours The title
conpound was obtained in 89%yield.- 5 Reference Exanple-11: Preparation of
-conpou®d 35 1 , 4-Diacetyl -2, 5- pi perazi nedi one (1 eqU|vaIent) prepared by

t he published procedure nentlone in Refergnce gye

 AeNg
o
10
9
15
,0Me OMe
20 '
+
(10) o - 1D -,
25 -
30

35



Example 1, was treated with 3-nitrobenzal dehyde (1 10 equivalent) in the
presence of triethylamne (1 equivalent) in DMF at roomtenperature for
18-20 hrs. The title conmpound was obtained in 9% yield together with
1l-acetyl-3- (3-nitrobenzylidene)-2, 5-piperazinedione (66%yield). 15

Ref erence Exanple 1la: Preparation of 1-Jté¥yr 3-(4-

dlneLhyIan1nobenz I|d|ne -2, -|pera2|ned|one (1

equi val ent), . 220 SRS Al Sated 20
.ﬁ;ydeo[laualvalent)
[ nA,_

wi th 4-di met hypju |n the presence of [err] in
DMF at [err] | Ded |- _18% yi el d

1- Acet yl - 3- (4.duhu§:snznanﬁn=azgngdéhk) 2 5 p|pera2|ned|one (1 equi val ent)

as describegl ip £¥§fﬁf@ Exanpl e 11a was reacted with

4- aceta5|dobenzalde yde gﬁ eqU|vaIent |n the resence of E% £
equi val ent) in %%F’%RAQE)!iTQﬂ 4-ne nFylidene) t%n?EE#EP zinediened
in 30 56%yietsh (efog lemiﬂa 1Immen(/@r&sqﬁapf7fiﬁfﬁen (i)

Cormound 51 P Shop st Sl oEeLdr 005 o AL B )
t enper at ure f wa-stirsed under mrmmasbﬁeremﬁlﬁymith:ogen for 3 days.
10 The reaction mixture was then poufed into ethyl acetate
(500 ml) and washed with water (4x100 ml) and brine. The
organic phase was separated, dried (MgsSO,), and the solvent
o removed in vacuo. The residue was purified by flash
chromatography (silica, EtOAc:Hexane, 1:1) to give
15 (32)-1-acetyl-3-(4-methoxybenzylidene)-4-methyl-2,5~
piperazinedione (10) 1.38 g (66%) as a yellow solid and 1-
acetyl-s-methoxy-s-(4-nethoxybenzylidene)-3 6=
dihydropyrazin-2-one (11) 248 mg (11.8%) as a bright yellow
solid.
20 (32)-1-Acety1-3-(4-methoxybenzylidene)-4-methy1-2 5-
piperazinedione (10):
CisH16N20,
'H nmr (400 MHz CDCl,):
é: 2.63 (3H, s, Ac):'2.95'(3ﬂ, 8, N-Me):; 3.87 (3H, s, O-
.. 25  Me); 4.52 (s, 2H, N=~CH,-CO); 6.93 (2H, d, J=8Hz,
s Aromatic): 7.26 (1, s, C=CH); 7.29 (2H, 4, J=8Hz),
Aromatic). |
ms (desorption chemical ionisation, ammonia) :
m/z (% relative intensity): 306 (34%) MNH'; 289 (100%):
30 216 (14%) .
ir : KBr (dQiffuse reflectance) v ., (cw'): 1690, 1700,
3000. ' | '
Elemental analysis:
Calculated for C,H,N,0,: C 62.49, H 5.59, N 9.72
35 'C 62.48, H 5.58, N 9.68.
. € 62.51, H 5.65, N 9.67%
1-Acetyl-5-methoxy-3-(4-methoxybenzylidene)-3,6-



-41-

(i1) Conmpound 61, prepared as described in Reference Exanple 5, was
treated with aqueous lithiumhydroxide in a mxture of MeOH and THF at room
tenperature for 3 hours to give conpound 64 in 57%yvyield. 5 (iii) Conpound
96, prepared as described in Reference Exanple 5, was treated w th aqueous
.sodi um hydroxide in THF at roomterrperature for 4 hours to give corrpouQJ97
I n 54% yi eld. (iv) Conpound 37, preparéﬁ as described in Reference 10

Exanpl e

reated with aqu s sodi um hydroxide in THF at room
[bFdre 52500

t enper at u OPYERAZ dund 36 in 30%yield. (v) Conpound 56,
pr epar ed a§l-lqig§0 i bed in Reference Exanple 7, was treated with
trifluoro g},g iqr-i [6 &i )1_5 at roomterrperature for 12 hrs to give
conmpound 9 ielra. Conpound 87, prepared as described in

Ref er ence‘Exaiﬁﬁ% (73HwaQ. th@hi ed- 86t h38qu§oubrs§t¥#&m Ry @90 xXi38e isn P at
room tgnper atngye; FPI44 [RUT SHE ON: d ecﬁargow.@g 8§znn &190/339!.1¥I ehgy s(Vvii)
e

Conmpound 65, _}ore ared . as desclib ef er ence .. Exanpl e was hydrogenat ed

over

10% pal |7

10

15

20

25

30

35

nf W cBy HOTCHY? 8.03 (2H, d, J=8Hz, Ar). .

ms (desorption chemical ionisation, amonia) 3
m/z (% relative intensity): 289 (100%) MH'; 247 (14%)

ir : KBr (diffuse reflectance):

v -‘ (cm''): 1610, 1690, 1700, 1740, 2950.

Elemental Analysis. S - .

Calculated for c1sH,6N20‘. c 62 49, H 5 59, N 9.72.
C 62. 52, H 5. 59, N 9.64.
€ 62.52, H 5.64, N 9.66%

€)

mmnm; (1)

A mixture of

(32)-1-Aoetyl-3-(4-msthoxybenzylidene)-4-nethyl-2 5=

piperazinedione (10) (200 mg, O. 69 mmol) and sodium hydride

(60% dispersion in oil, 28 mg, 0.69 mmol) in dry DMF (10

ml) was stirred at room temperature for 18 h. - Benzeldehyde

(711, 0.69 mmol) was then added and the reaotion mixture

stirred at room temperature for lSh._ It was then diluted

with ethyl aoetate (100 m1) and washed with brine (4 x 50

nl). The orgenio phase was separated. dried (MgSO,), and

the solvent removed in zagng The residue was purified by

flash ohronatograpny (silioa, diohloromethane containing

1% MeOH) to give 48 mg . (21%) of a yellow solid.

CaoH1aN205 - |

'H nmr (400 MHz cncl,)-

é§: 3.06 (3H, 8, N-Me); 3.87 (3H, s, O-lle). 6. 93 (2H, d,
J=8Hz, 2xC-H on Ar-OMe); 7.06 (1H, s, Ph=CH=C); 7.23
(2H, d, J=8Hz, 2xC-H on Ar-OMe): 7.27 (1H, s, MeOAr-
CH=C): 7.30-7.48 (5H, m, Ph); (1H, br.s, N-H).

B¢ nmr (100 MHz CDCly) T

§: 36.62; 55.34; 113.86; 116.80; 121.30; 126.02; 126.14:

O



catalyst in [err] in the presence of a few dfops of trifluoroacetic acid to
gi ve conpound 39 in 38%yield. 25 Under the sane conditions of
hydr ogenati on conpound 74 was converted into conpound 30 in 95%yi el d.
(viii) Conpound 93, prepared as described in Reference Exanple 5, was
hydr.ol ysed by treatnment with aqueous sodi ugn hydroxide in a m xture of MeCH
and\JHF at room tenperature 30 for 18 hours to.give conpound 101 in 72%
yield. (ix) CorrpamsitBB. 128028 128, 085129545 ; L IXaDP} €133.025 hyeli66ysed
by treatment wt Slllgé)dé%m hydroxi de in THF at roomterrper ature for 3
hours -to give co D@byleld 35 Reference Exanple 14:
Preparati on omstdpsonptibn chemical ionisation, ammonia) : 335 (100%)
| - Acetyl - 3- (4ngthoxybenzyl|dene) 2, 5- pi perazi nedi one (1 -42-
equi val ent conmpound (9), in Reference Exanple 1, was treated wt
2-napht hal Beh§&e* (KBEqd Ffuse aﬁFEﬁeﬁc@ O] &FW] )( 2. é£?°m 3000,
eqU|vaIents) g@gBNFgaboLerr] for 1- 6 hours. The title conpound was obtai ned
in 84%5 yield Ref nc Ex 15: Preparation of salts
Elemental ana ysqg. o .
Calculated for C,H,H,05: 0 71.84, H 5.43, N 8.38.
' C 71.81, H 5.31, N 8.31.

10 _ C 71.80, H 5.25, N 8.31%.

k/
15
o o
OMe OMe
oommmmmnfies
20
(1) R, = Me - - ' (2)
(3) R, =H
25
[

iimm_z..uip.e:nin&dms (2)
A mixture of . |
30 (32,62)-3-Benzylidene-6-(4-methoxybenzylidene)-2,5?
piperazinedione (3) (0.5 g, 1.56 mmol), sodium hydride (60%
dispersion in mineral oil; 125 mg, 3.1 mmol) and methyl
iodide (243 pl, 3.9 mmol) in dry DMF (50 ml) was stirred at
room temperature for 4 days. The solvent was then removed
35 in vacuo and the residue purified by flash chromatography
(silica, eluting with EtOAc:Hexane, 1:3) to give 220 mg
(40%) of compound 2 as a yellow solid.



Compound 98, the hydrochloride salt of conpound 102, 10 was prepared by
treatnent of a solution of conpound 102 in THF with 2 nolar hydrochloric
acid followed by sonication until a clear solution was obtained. The

sol vent was then renoved vacuo and the residual solution was L

freeze-dried to give conpound 98. 15 Conmpound 99 was prepared by ;
bubbl i ng HC1 gas through a sol ution of 4&he corresponding free base in ?F#
foll owed by evaporation to dryness: -43- Reference Exanple 16:

Prepar at i r2188N$%7) - 1- acetyl 3- (4- met hobenzyl i dene) - 2 -5- pi per azi ndene (9)
and 1- acet'yl nor( {400 MpZY |dene) 4-net hyl -2 5- pi perazi nedi one (10)

et hoxyber ie%aéa 13, 55 8B H}S 20 eyss Foke €414 6Bk e W on
acetic anhydrnee.td.yneKdHQBE% aaanzduzxc«nLon Ar-OMe); 7.19 (1H, s,

th I 5 1 t h,
gt h;fﬁfgéyaggﬁ?? 72201 REEAZ N (79)30-‘30@%0% | Spﬁrfﬁ&eﬂx&" as’
H on Ar-OMe).
ms (desorption chenicel ionisation, emnonia) :

n/z (% relative intensity)° 349 (100) MH.

10 Example 3:

~ Compound 54 (1 equivalent), prepared as in reference —
Example 5, was ‘treated with sodium hydride (2 0-3 5 L o/

equivalents) in DMF at 0°C for 10=90 minutes._ The
resulting solution was reacted with methyl iodide (2. 0-5 o
15 equivalents) in DMF at room temperature_for 3=-48 hours.
The solvent was then removed in vacuo and the residue
purified by flash chromatography to qive compound 146 in
49% yield. _
_ By an analogous process other ccmpounds of fcrnula A were
20 prepared by replacing starting ccmpcund 54 by the
appropriate N-unsubstituted 1, 3-dibenzylidene -2,5~-
piperazinedione bearing the desired substituticn pattern in
the aromatic ring of one of the benzylidene groups, for
instance any of the compounds prepared_in_the Reference
25 Examples. The'followinq ccmpcunds were prepared in this
way. _ o

O

Yield ‘*5._ p— Twiiurf '___ p—
31 1 ] H_,,:-L_pue . 50
30 1 | 50 ] o 3 | a
- :41 B e ;-J. if” _ 51
:.94. :i' 149 | B az
.43}__ —— T T 5‘_
26 ;=:.ip.r;.: ' 71 .
35 : -g:42 - .. — 'i. “f;“__“ _.42
157 i 24 o 159




I odonet hane in the presence of potassium carbonate in dinethylformamde to
gi ve conpound 14. Conpound.14 is then 35 treated with [err] and
subsequently with acetic anhydride to yield

1-acetyl - 3- (4- met hoxybenzyl i'dene) - 4- met hyl - 2, 5- pi per azi nedi one (10) -44
- EXAMPLE 1. Preparation of (3Z, 6Z)-3-benz gigene [err] 15 [err] 25 30 35
-45L§QGZ)-1-AcetyI-3-(4-nethoxybenzy|idene¥ -4-met hyl -2 5- pi perazi nedi one
(10) and 1-Acg e Gt benzyi-+eerer—3+6 '

' FerReey—p FE59)
di hvdr oyr azi n2-one:|.(6b1)' 5 ‘ '

By methylating (3z,62)46-(2,G-dichlorobenzYIidene)-3-(2-
nitrobenzylidene)-2,5-piperazinedione under analogous
5 conditions compound 165 was obtained in 23% yield.
Compound 153 was prepared from compound 34.
Characterising data for the prepared compounds are
provided in Example 16. : -

10 Example 4: Preparation of compound 162
Compound 69 (1 equivalent),'prepared as in Reference

Example 7, was treated with sodium hydride (2.0-3.5
equivalents) in DMF at 0°C for 10-90 minutes. The
resulting solution was reacted with methyl iodide (2.0-5.0

15 equivalents) in DMF at room temperature for 3-48 hours.
The solvent was them removed in vacuo and the residue
purified by flash chromatography to give compound 162 in
13% yield. By an analogous prdcess compounds 163 and 164
were prepared. |

20 '

Yield (%)

9

20

25 Characterising data for the compounds are set out in
Example 16. '

Example 5: - Preparation of compound 131
l1-Acetyl-3-(4-methoxybenzylidene)-4-methyl-2,5~
30 piperazinedione (1 equivalent), compound 10 described in
'Example 1, was treated with 4-acetamidobenzaldehyde (1
equivalent), and Cs,CO, (1.0-1.1 equivalents) in _
dimethylformamide at 80°C~100°C for 2-5 hours. Compound
131 was obtained in 48% yield. N
35 By an analogous process other compounds of formula



(32)-1-Acetyl - 3- (4- et hoxybenzyl i dene) - 2, 5- pi per azi nedi one (9) (2.0g, 7.3
mmol ), nmethyl iodide (0.46 m, 7.3 mmol ), and sodi um carbonate (800 ng, 7.5
nmol) in dry DM (50 m) was stirred under an atnosphere of dry nitrogen
for 3 days. 10 The reaction m xture was then poured into ethyl acetate (500
m ) and washed with water (4x100 ml) and brine. The organic phase was j -
separated, dried [err], and the solv€h§QWﬁmNed I n vacuo. The residue:
purified by flash chronatogr siljca, FEtOAe: gi.ve 15
(37) || Syl Mixe: BRABRESAO, FoniACioq. pEeretanidobenzasdenyiaiitine ( 10
1.38 g. (6@Mbiapprqp&iaueryﬂsubstdtﬂted benzaldehyde which will lead :

55y PR st ST AN R o LR o i i

(32) - 1- Ac prpduet( 4 - (Rhen Sgbkowing deonpoundst Here 2preépagegde i tthddi one ( 10)
[err] N, ay(.400 MHz [err]: [err]: 2. 63 (3H S, Ac); 2.95 (3H s, N-Me);
3.87 (3H, 0- 25 Me); 4.52 (s, [err] 6.93 (2H, d, J SFE
Aromatic): 7.26 (1H s,_C—Qw; 7 29 - (2H d J 8Hz) Aronatlc) ns o
(desorptig Lont gat i - o Ntensity): 306

(34% Lerfl’ Sofgbund” 216 (1f% y5e14 (3
| _ . 56
10 | a3z 4 o34

'().:'

characterising data for the compounds are set out in
Example 16.
15 :

Example 63
1-Acetyl-3-benzylidene—2 S-piperazinedione (compound
18 prepared in Reference Example 2) was N—methylated by
treatment with methyl iodide (2. 0 equivalents) in the .
20 presence of Na,CO; (1.0 equivalents) in DMF at room
temperature for 24 hours._ The solvent wvas removed and the
residue puritied by flash chromatoqraphy. The product 1-
acetyl—s-benzylidene-G-methyl-z s-piperazinedione, obtained'_
in 45% yield, was treated with 4-methoxybenzaldehyde (l o-
25 1.1 equivalents) in the presence of Cs,COy in DMF at 80°C N\
for 206 hours to give compound 121 in 35% yield. _ .
. By an analogous method, . but using benzaldehyde in
place of 4-methoxybenzaldehyde, compound 122 was ‘obtained
in 68% yield.
30 Compound 121 prepared as described above was treated
with sodium hydride (1.1 equivalents) and
brcmomethylcyclopropane (1.0 equivalents) in. DMF at room'
temperature for 4 days. to. give ccmpound 170 in 9% yield.
Characterising.data are provided in Example 16.
35 _ '
nmle_h MWM
_ a30 - N
4-((32)-1-acetyl-2 5-dioxopiperazin-3-



ir : KBr (diffuse reflectance) [err] : 1690, 1700, 3000. El enental
~analysis: Calculated for [err] C 62.49, H5.59, N9.72 35
C 62.48, H5.58, N 9.68. C62.51, H5.65 N 9.67%

1- Acet yl - 5- net hoxy- 3- ( 4- net hioxybenzyl i dene) -3, 6- - 46-

di hydr opyrazi n- 2- one (11) [err] [err] n_r_rr 400 MHz [err]: [err] 2.68 (3H,

ZQ?Q%{;ZH?, 36 (3H, s, Ar-Ow); 3.99 3HC— Me); 4.44 (a, 2H, [err]
(desorpti on’ cXiﬁEﬁP)ﬁm;P%iwgi?m%ﬁpé) g%? % (rlv’eeqh nsr‘@{); V%Q
(1009 MH; 2aIkylated at ther nitirogenc ateposditione oﬁ)the [RiRerazigue

6132929 1L0g 5%1-4;&9 %§5Qr8'§g:§i£‘i§‘ @ﬂsﬁ@ﬂ?@ﬁ i 'irad gtze‘b fégui[ﬁlrénts) Gn o

the presence of Nazc03 in DMF for 48 hours. '.l‘he solvent
5 was removed and the residue purified by flash
chromatography. The resulting compound (1 equivalent),
obtained in 51% yield, was treated with benzaldehyde (1.0
equivalents) in DMF in the presence of Cs,CO; (1.1 '
equ:.valents) at 90°C for 2-5 hours to give compound 124 in
10 54% yleld. ' '
By hydrolysing compound 124 with aqueous NaOH in
methanol and tetrahydrofuran at room temperature for 5
hours, compound 125 was obtained in 79% yield.
Compound 125 (1 equivalent) was treated with EtOCOCl
15 (1 equivalent) and triethylamine (1 equivalent) in CH,Cl,
‘at 0°C for 30 minutes. Treatment of the resultant solution
with ammonia then gave compound 130 in 82% yield. |
Alternatively, treatment with pyrrolidine (1.0 equivalents)
gave compound 128 in 39% yield.
20 Characterising data for the compounds are provided
in Example 16.
Example 8: Preparation of compounds 127, 129, 137, 1352
o 25 l-acetyl-3- (4-nitrobenzylidene) -2,5-piperazinedione
was N-methylated at position 4 by treatment with methyl
iodide (2 equivalents) in the presence of Na,CO; (1
equivalent) in DMF at room temperature for 30 hours. The
resulting N-methylated compound was obtained in 34% yield.
30 {1) Ppreparation of compounds 127 and 129.
The N-methylated compound was treated with
benzaldehyde (1 egquivalent) in DMF in the presence of
Cs,C0; (1 equivalent) at 80°C for 4 hours to give compound
127 in 67% yield. Compound 127 was reduced by
35 hydrogenation at atmospheric pressure over 10% palladium on
carbon as catalyst in CH,.Cl, in the presence of a few drops
of trifluoroacetic acid at room temperature for 16 hours to



15 (3Z,62Z)-3-Benzyl i dene-6- 4-net hoxybenzyl i dene- 1-net hyl -

2, 5-pi perazinedione (1) A mxture of (32)-1-Acetyl-3-(4-nmethoxybenzyli dene)
-4-nmethyl -2 ,5- 20 piperazinedione (10) (200 ng, 0.69 mol) and sodi um
hydri de (60% dispersion in oil, 28 [err] 0.69 mml) in dry dVF (10 m) was
stirred at roomtenperature for 18 h Emnzaldehyde (71 [err], 0.69 anLy
was then added and the reaction nlxtur% stirred at roomtenperature for

18h. t t 2 h | acetate (100 m) and washed wi t'h
bri ne (4 éggﬁ %ﬁ?pgh# eig?ggﬁlgb%hgqgaées separated drled [err], and the
sol vent renoved L&kl o 3-F o) PIpoy a3 “wr-r‘-Aronatography

(silica, dlchlor i | f o % of a ,
yel | ow sol.id 30 ewjr) ﬁé& E?m%o/ﬁ%%gr ?rﬂh e??]%’ilﬁio(gl(lSH s, N-Me) B

3.87 (3H,neE exmb?nzslgs QH (& esuénzlea&z e7P{EFf§FF S,
Ph- CH=) ; of - ea (db(j meoﬁ«cQ@A Tha’ﬁréltb givéeOAr - 35
CH=C): 7.30-

[err] 36.527P 3%“@4?;'}1?185&%1%4;3 ému%é-,gzr éﬁpgqépcedw [err]

hydrogenet;on at atmospheric pressure over 10% palladium on
carbon as catalyst in CH, Cl, in the presence of a few
- drops of trifiuoroaoetic acid at room temperature for 16
10 hours to give compound 152 in 95% yield. ‘Compound 152 was
aoetylated by treatment with aoetzc anhydride in the
presence of triethylamine and DMAP to give compound 137 in
low yield. R :

O

15 Example 93 &3P 36
1-Aoety1-3-(2-nitrobenzylidene)-2 5-p1perazinedione
was N-methylated at position 4 in 31% yield by treatment
. with sodium hydride (1.1 equivalents) in THF at 0°C for 60
'minutes and then with methyl iodide (5.0 equivalents) at
'20 room temperature. for 18 hours.. Subsequent treatment with
'4-methoxybenza1dehyde (1 equivalent) in DMF in the presence
of Cs,C0; at 90°C for 2 hours gave oompound 136 in 32%
yield. o L e S S
3y an analogous prooess startinq trom 1-aoety1-3-
25 (2, s-dichlorohenzylidene)-z s-piperazinedione compound 135
was obtained. The yields were 26% for the initial N-
methyletion and 47% tor the eubsequent oondeneation with
aldehyde. : : -

0

30 Example 10t
1-Aoety1-3-(4-nethoxybenzy11dene)-z 5=
piperazinedione was- treated with brononethylcyolopropane (1
equivalent) in DMF in the presenoe of Na,CO;y (1 equivalent)
at 50°C for 48 hours. .The product ohtained in 11% yielq,
35 was condensed with benzaldehyde (1. oeequivalente) in DMF in
the presence otgcsgxh_(1.1.equiya1ent3)_at'90?c for 2-5
hours to give compound 167 in 30% yield.



- 47 - 128.47; 128.78; 129.06; 129.45; 131.11; 133.07; 159.66; 159. 68;

159. 95. ns (desorption chenical ionisation, amonia) : 335 (100% [err] 5
ir : KBr (diffuse reflectance) : [err] : 1690, 3000, 3180, 3400.

El emental anal ysis: Cal cul ated for [err] 71.84, H5.43, N 8.38. C
71.81, H5.31, N 8.31. 10 C 71.80, H 5.25, N

8. 31¢6 EXAMPLE 2: Preparation of (3Z. 62)5§ benzyl i dene-

G- (4 et hozy benz ! | gy oy O\ A P58k FSELGN A Dok LETE 5} 15
(32 62) - 3 Be ntréatlimg b-§cetyl fdxyénzy)yidenee?, S-piperazinedione with

di et hvl -

(3Z,62) - 3 Benzy é@%%ﬁgf%ggﬁeéﬁ%§£ggkgi ?geﬁéyﬁgagentsbe%gzPﬁgdlone 63)
(0.5 g, 1. 56.PWE#?BCSOGfuNQﬁyﬁrKael(GG“&UF§E§F§DoﬂtlBonﬁﬁepaﬁqﬁ 5, 125 ny,
3.1 mol) finthé@ESY! The product was obtained in 12% yield. It was then

condensed with 4-methoxybenzaldehyde (1.2 equivalents) in
DMF in the presence of Cs,CO; (1.1 equivalents) at 80fc for
2 hours to give compound 166 in 29% yield.

10 Example 11:  Preparation of compound 148
_ (32,62)~3~-(4-acetoxymethylbenzylidene) -6~
. benzylidene-z,5-pipérazinedione-was treated with sodium
e hydride (2.0-3.5 equivalents) in DMF at 0°C for 10-90
minutes followed by methyl iodide (2.0-5.0 equivalents) in
15 DMF at room temperature for 3-48 hours. Removal of solvent
_in vacuo and flash chromatography of the residue gave
compound'148 in 32% yield and the corresponding compound
wherein R,,=R,,=Me, R,=CH,OH R,~R; and R,~R,,=H in 30% yield.

20 Example 12: Preparation of compounds 140 and 158
(32,62)-3-Benzylidene-6-(1-naphthylmethylene-2, 5~
piperazinedione, which may be prepared by treating 1-
acetyl-3-benzylidene-2,5-piperazinedione with
l-naphthaldehyde (1 equivalent) in DMF in the presence of
., 25 Cs,C05 (1.0-1.1 equivalents) at 80-100°C for 1 to 6 hours,
was methylated by treatment with NaH (2.0-3.5 equivalents)
in DMF at 0°C for 10-90 minutes followed by methyl iodide
in DMF at room temperature for 3-48 hours. Removal of
solvent in vacuyo and flash chromatography of the residue
30 gave compound 140 in 51% yield. |
| By an analogous method, compound 158 was prepared by
methylation of (3Z,6Z)-3-benzylidene-6-(2-N- '
methyltrimethylacetamidobenzylidene)-2, S-piperazinedione in
49% yield. -
35

Example 313% In_sIEQ!!!IIIQB!_QI_EQEEQHBQ!_A
(1) Compound (1) prepared as described in Example 1 was



lodide (243 [err], 3.9 mol) in dry DMF (50 mMl) was stirred at room
tenperature for 4 days. The solvent was then renpved 35 in vacuo and the
residue purified by flash chromat ography (silica, eluting with -

Et OAc: Hexane, 1:3) to give 220 ng (40% of conpound 2 as a yellow solid..
-48- [err] [err] nnr (400 MHz [err] [err] 2.95 (3H, a, N-Me); 3.04 (3h, 3,
N-Me); 3.85 (3H, s, ‘Me); 6.90 (2H~ 84 3-8Hz, 2xCG-H on Ar-Owe); 7.19“1H
s, 5 CH=C) ; 21 (1H s, CH=C) 7.30-7.56 (7H m . Ph and 2xC- H on

Ar - OVe) . ﬁfé‘eeﬁeéof”éﬁboﬁ%eﬂeap Panagaipaﬁs)amﬁﬁaslmazt @R at i ve

i ntensi t Yiempé®atit@ £dy 2-F) hdutie: give Iciiciind m 24 ﬁ@mpswnd 146
Conpound giF equivalent), prepared as in reference Exanple 5, was treated

wi t h sodi dride (2.0-3.5 eqU|vaIents) in DMF at [err] for 10 90 .
mnutes. (Ikhy reeoinpougdsmizat was meateacwi&hwsbldﬂmt Mdniﬁe,detl'(&xo 5.0 15

teﬂgln\/?éﬁgé |n \nglj‘%t a‘:]g%ei re?"}te pur &ﬁ" ?1"%%‘6 é&%ogp;p\ﬁesto
gi ve conpevewnigbti.n The solvent was renoved gggng and the
residue purified by flesh chrometogrephy to give compound
169 in 40% yield. ' TR :
(iii) cCompound (1) was treeted vitn
10 bromomethylcyclopropene (1.5 equivalents) in nur in the
presence of Na,CO; (1.0 equivalents) at 85°c for 4 hours to
give compound 168 in 11% yield. h

O

15 Example 14 : {-) )

Tablets, each weighing 0.15 g end containing 25 mg
of a. oonpound of the: invention can be nanufactured es
fOllOWS' 0 : ' tabletg
compound of the invention (250 q)

20 lactose (800 g) '
corn stereh (415 g)
talc powder (30 q).
magnesium stearate (5 g)
: ' The compound of the invention, 1aotose and half of
25 the corn sterch are mixed.. -The mixture is then forced
| through a sieve 0.5 mm mesh size. ‘Corn starch (10 g) is
‘suspended in warm water (90 ml). The resulting peste is
used to granulate the powder. The grenulete is. dried and
broken up into small fragments ona sieve of 1 .4 mm nesh _
30 size. The remaining quantity of sterch, talc and maqnesium
- stearate is added, oarefully mixed end prooessed into
tablets. s :

-
-/

35 Materials and Methods o B |
The EMT6 mouse Rammary ci:oihéﬁifétll_line_end the
MDR resistant subline AR 1.0 were cultured in RPMI 1640



49% yi el d. By an anal ogou process ot her conpounds of formula A were 20
prepared by replacing starting conpound 54 by the appropriate

M unsubstituted 1, 3-di banzyl idene -2,5- piperazi nedione bearing the
desired substitution pattern in the aromatic ring of one of the benzylidene
groups, for instance any of the conpounds.prepared in the Reference 25
Exartp)/e . The follow ng conpounds were prggar ed in this way. Conpound

vield (%9 ﬂm%ag@ 108 Sdbiad é%.% serum anéglz% t{lutamzne 141

50 30

41 at 37’4 in 5% CO, . 5Cells were passaged between 1 im 290
‘11&%)41 50 and 142.11 2000 in the casle of the par¥nhtdl’ cell 1iné and .
157 bg&ween 1 in 20 arﬁg‘l. in 200 j:fbo‘:he case of the% 1612

13 By net Isy| degigtaht éﬂ')]:fné,Z etér trypsianiadt ime(o 25% 2!-:ryps:.n,
ni trobenzyl i %er}egl .2, Ebﬁﬂaram nedi one under anal ogous

d.  Drug accupulation assay
AR 1.0 cells were seeded into 96 well opaque culture
10  plates (Canberra Packard). The assay medium contained a
mixture of tritiated Daunorubicin (DNR), a cytotoxic agent,
_ and unlabelled DNR (O.zs.u Ci/ml; 2uM). Compounds of
b formula A were serially diluted in assay medium over a
' 'range of concentrations from 100 nM to 100 uM. The cells
15 were incubated at 37°C for 1 hr before washing and counting
of cell associated radioactivity. Each assay included a
“titration of the knownlreéistance modifying agent Verapamil
as positive control. Results were expressed as % maximum
accumulation where 100% accumulation is that observed in
20 the presence of 100uu Verapamil.
The results are set out in the following Table 3.



5 conditions conpound 165 was obtained in 23%yield. Conmpound 153 was
prepared from conpound 34. Characterising data for the prepared conpounds
are provided in Exanple 16. 10 Exanple 4: - Preparation of conpound
162 Conmpound 69 (1 equivalent), prepared as in Reference Exanple 7, was
treated with sodium hydride (2.0-3.5 equivalents) in DM at OC for 10-90 j
m nutes. The resulting solution was™r ed with nmethyl iodide (2.0-5.0%l5
equi valents) in DnF at roomtenperature for 3-48. hours.- The sol vent was

t hem renoved in vacuo and the reS|d@Qﬂ¥§m§f|ed by flash chromat ography to
gi ve conpound 162.i-n 13%yiel-d. By. an anal ogous process conpounds 163 and

164 Wer € gt e , -  —
0 bt i} Someound | cign _ TCha] cebgpbaina) [Ca! Acbimilf ion |
N6Gt oul 1 b 56- ai<qdnpl ¢ fks. r—zg&gh No' & max |
o 'de ot ot e Exoroie 1. was |
pi per ZI} o 0¥ B DO UN( descr[bgd= n Exanple 1. vas |
teaﬁ;a'\[lgfje . iiiceta dobenzgad q&pyde (1 equ Ya.l eﬁ;.‘) ard [err_LOE,luﬁ-l. 1 ;
: _124 . 32% max ;:;'M;51;6_~- o 45%§max |
| 131 |  soww | | 3132 | = s uM
5 _ 133 | soymax. | | 134_-‘-i '=5pt-max' j
10 | . 3135 __ s M IL”_f*q;zs; i f;s% | ‘
{ 237 | 44y max | | 138 100 uM
l 239 | 3o | | 240 | 10 um
| 140 woue | ] caax | 25 u
1 142 | 40pm & | 143 | 45% max
1s | 14e | 25 pm | | aes | - 35 um
246 |  3ssum | | 147 | - a0 um
48 | esum | | 3as | = 30 um
150 soud . | |- asx | 20 um
J 153 | . 8o uM ] 1sa | - 30 uM
20 | 1ss 20 pM 156 |  30% max
| 157 30 uM 158 20 uM
159 15% max = 160 ,. : 35-MM
161 20 uM ] ae2 )] 15 uM
| 163 20 uM I 164 20 uM
25 | 165 7 uM | 166 10 uM
167 10 uM - 168 12 M
169 25 uM 170 10 uM
30 Compounds of formula A were examined for their

ability to potentiate the toxicity of doxorubicin in AR 1.0

cells. In initial proliferation assays conpounds were .

titrated against a fixed concentration of doxorubicin (0.5~

1uM) which alone is ‘non-toxic to AR 1. [ cells. Incubations
35 with doxorubicin were over a four day period before



di rethyl formam de at [err] C for 2-5 hours. Conpound 131 was obtained in
48% vyiel d. 35 By an anal ogous process other conpounds of formula
-50- (A) were prepared by replaci ng 4-acetam dobenzal dehyde by the
appropriately substituted b&nzal dehyde which will 1ead to the desired
substitution pattern in ring a of the final product. The follow ng
compunds were prepared in this 5 way. Cbﬁﬂbﬁhd ' Yield (%
132 _ 56,10 133 : . . 34 134-
67 Char act er (S43RFitAtion of (Rroaliferation using the FleXimsrEie. 15
Prepar ati on culphgrhodeniné B2fssayl (SKkehan et al; J. Natl. Cancer
1-Acetyl-3-b i 22, | i ' (compound 18 prepared in

Ref er ence Exasl!rrpli iée' ?%é ﬁ%ﬁ%ﬁ%t Q?%@Pl reatment with nethyl iodide (2.0
equi val ents) in t he Compaunss,sdiigh wexe shown & ks ahie )t Bengitiseoom
tenperaturg a8 P heeifs €60 SELYEN uMedokSF@NEEiRNWithéut high innate

toxicity were selected for further study. Cells were
cultured for four days with concentrations of doxorubicin
over the range of 0.5 nM-50 uM in the presence of
Verapramil at its maximum subtoxic level determined from
10 previous experiments. Proliferation was quantified as
described by Skehan et al, loc cit. The ICg
(concentration required to reduce proliferation to 50% of

the untreated controls) for doxorubicin alone and with the
Verapamil were derived and used to calculate the
15 potentiation index (PI):
IC,, for Doxorubicin alone
IC,, for Doxorubicin plus RMA
20 - - | |
IABLE 4
Potentiation Index
| 7.5 (at 3uM)
v | (at_3uM)
25 | - N 10 (at 3 pM)

10 (at 5 uM)
6 (at 3 uM).
20 (at 3 uM)

30 Example 16: Characteriszation of compounds of formula )
The compounds prepared in Examples 1 to 13 were
characterised by conventional mass spectroscopic,
microanalytical, proton nmr and i.r. techniques. The
results are set out in Table 5.



residue purified by flash chromat ography. The product 1- _
acetyl - 3-benzyl i dene- 4- net hyl -2, 5-pi perazi nedi one, obtained in 45%yield,
was treated w th 4-nmethoxybenzal dehygde (1 0- 25 1.1 equivalents) in the
presence of [err] in DM at [err] Tor 206 hours to give conpound 121 in
35% yield. By an anal ogous net hod, but using benzal dehyde in pl ace of -
4- met hoxybenzal dejmmeiensssemyrererme e Gy ——————— SR V-PR 80 \.}*\
Conpound 121 prepprdd as (eggrdbed above hydri de

(1. equivalents)} ®ind br ¢r@y@eXhyl cycl oprdpane (1 0 in DVF at
roomtenperature | 4 daysmrotgi ve conpoynd -170 in . :
Characterising da Qrided in Exanplle 16. '35 Hxanple 7:
Preparati on of gjunds 1@a <25 128 ang 4-((32)-|facetyl-2, :
5- di oxopi perazi n-J . --51-mwWedene) net hyljbenzoi c. acl d, nmethyl dster (1
equi val ent) was RYratedjat tne nmtrogenjat posttrop_ 2z or tne [ perazine °
ring by treatnentfwlth nef -He'_i;odi de (2 0 {equi val_alentsg_.d«h__t,he. priesence of
[err] in DW for B8ihgursy- ',ﬁe‘;'sol vent 5 vas ‘r emoved gn:éo he redi due
purified by flashl 41 § -. i B IR ot
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chfonatography. The resulting conmpound (1 equivalent), obtained in 51% "
yield, was treated wth benzal dehyde (1.0 equivalents) in DVF in the

presence of [err

]

(1. 1 equivalents) at
conpound 124 in 10 54%vyiel d. By hydrol

err] for 2-5 hours to give
i ng conpound 124 with aqueous NaOH

i n_met hanol and tetrahydrofuran at roomtenperature for 5 hours, conpound
125~0gs 0obt ai Ne etk Si@ins = SeShighimigiBrim e e seimmnglemy\i { N
Et 15 (1 qquivalent) and tfiethylamne (1 equivalent) in [err] at
[err] for 30 mrutes. Treatnent pf the resultant golution th amonia }hen
gave compound 130 in 82%yield. JAlternatively, trg¢atnment wWth pyrrolidipe
(1.0 equival entd) gave conpound 128 in 39%yield. |20 | Characterisfng
data for the corjpounds are provijded in Exanple 16] Exanpl g| 8:
Preparation of qonmpounds 127, 1209, 137, 152 and 171 25
1- acet yl - 3- (4- niftroterzytrderme—L—5-prperaz et yTe WS NTETIyrared a
position 4 by tre@tsent with methla&odi de (2 equilval ents) niohe presefce
of [err] (1 equilvg/®EBt) in DVF ak efoBm tenperaturg for 30 haufist- The
resul ting N-nmet {yP#®®d compound W8 Bbtained in 34%yvield | 0¥~ (i
Preparation of dogpounds 127 andl &29. The N-nethyllated conpeune was trefted
with oo nod ca%
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benzal dehyde (1 equivalent) in DVF in the presence of [err] (1 equivalent)

at [err] for 4 hours to give conpound 127 in 67%yield. Conpound 127 was
reduced by 35 hydrogenation at atnp ipherlc pressure over

carbon as catalyst in [err] in the esence of a f

trifluoroacetic acid at roon1tenperature for 16 hours to -52 g

conmpound 129
The N- et hyl
(1equi val ent) . ! 5 of [err] 5
for 4 hours tjo give conpound 171 in| 38% yield. Co
hydr ogenati o at at nospheric pressufe over 10% pal
catalyst in [lerr] in the presence pf a few drops
at roon1tenperature for 16 10 hour. to glve conpﬁ

ew drops of -

y
1 equival ent) at

adi um on car bon
of trifl uoroacet
und 152 in 95%yy

ive |
nd 1.

[err]
as -

el d.
t he

Compound 152 . T ASar ko b ooy
presence of trlethylanlne and DNAP 0 give conpourq3$§§ I n Iom/yle d. 15
Exanpl e 9: Preparati on of conppund 135 and 136eo -
A . . . .. . [
1- Acetyl -3-(4-ni-trobenzylidene)-2, B-piperazinedi qneee=. .
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10% pal-l adi um on

ic acid
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pound 171 was rejduced by
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was N-nethylated at position 4 in 31%yield by treatnent with sodi um
hydride (1.1 equivalents) in THF at [err] for 60 mnutes and then with
met hyl iodide (5.0 equivalents) at 20 roomtenperature for 18 hours.
Subsequent treatnent with 4%-net hoxybenzal deh‘yﬁl “(1 equivalent) in DVF in
the presence of [err] at [err] for 2 hours gave conpound 136 in 32%yield.

By aagyanal ogous SO Sunring . . . .
6- di chl or obenzyl}i dene) - 2, 5- pi perfazi nedi one cdnmpound 135 was obt ai jed. The
yields were 26%]for the initial [N nethylatign and 47% for the suljsequ nt
condensati on w tlh al dehyde. 30 [Exanple 10: Preparation of
conpounds 166 |and 167 1- Acetyl}- 3- (4- net hoxyfpenzyl i dene) -2, 5-
pi perazi nedi one [was treated witH bronet hyl cyc opropane (1 equival gnt) in
DMF in the presgnce of [err] (1 |equivalent) [err] for 48 hours. The
product obtai neq—mttotryretd 35 W onaenged W tn penzal denyaq (1.0
equi valents) in|DNF in the pres nge-caf‘g[err] (1.1 equivalents) at| [err]
for 2-5 hours td give conmpound 16& 7 B &0% yi ¢ d. - 53- Simlarlly,
conpound 166 wad_prepared in 29% $9i®rd by
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treating 1-acetyl -3-benzylidene-2, 5-pi perazi nedione with

br onmonet hyl cycl opropane (1.04 equivalents) in DMF in the presence of [err]
(1.1 equivalents) at 80-85 C for 5 5 hours. The product was obtained in 12%
~yield. It was then condensed with 4- m;tg}oggybenzal dehyde (1.2 equival ents)

in DNF in the presence of [err] (1.1 equivalents) at 80 C for 2 hours fﬁ%
gi ve conpoundg Gy s Rl @O

148 (3Z,62)-3-(4- acet"oxyrr'et- hyll benzyl i dene) - 6- :
benzyl i dene- 3, 5- pi per azi nedi dne was treated wi tth sodi um hydri-de (2. 6-3. 5
equi valents) Jin DV at [err] ffor 10-90 mi nutes{followed by nethyl iqdide
(2.0-5.0 equifvalents) in 15 O at roomtenperdture for 3-48 hours. |Renoval :
of solvent i vacuo and flash chromat ography off the resi due gave corpound -
148 in 32%vyi spondi ng conmpound wherein [err] andi{[err]
~in 30%vyield| paratToTof—t oot s—+40—ad—4+58—— ?
(3Z,62) - 3-Be pBtaiul et hyl ene- 2 |30 wper azi nedi one, \hich
may be prepafjed by treating adv Bt yl - 3- benzyl ifdgMeg 2, 5- pi per azi nedijone
wi th 1-napht hal dehyde ivaI?Mt) in DVE inftP& Bresence of 25 [flerr]
(1.0-1.1 equifval ents) at [err]|C for 1 to 6 hoyryg, &as nethyl ated by
treatment wifh NaH (2 0-3 5 qRi%&l ents) i:n DMf @®@terr] for 10-90 1fi nutes
foll owed by fethyl iodide in =@t roomtenpeddd@® for 3-48 hours.
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sol vent

140 in 51%yi el d. By an anal ogous net hod,
nmet hyl ati on of (3Z, 6Z)-3-benzylidene-6- (
met hyl t ri met hyl acet am dobenzyl i dene) - 2 é;plpera2|ned|one in 49%vyield. 35

Exa Ie 13:
deschzbed i n Exaoms
[err] at room t
(ii) Conpound
equivalent) in O
I n vacu
169 in 40%yield (iii)
br omonet hyl cycl opr opane (1
(2.0 equivalents

at

qmmaunefm 2-5 h
2 was treated with
room t enper at
and the residue purified b
Cowpound (

equi va

Interconver5|ons of conpounds A (i)

ents)

bur s to glve conpound 123 in
sodi um hydri de,
ir e over ni ght.

y flash chromat ography to gi
) was treated with 10 _
in DMF in the presencs

~Ss—togrvecompoTd—1e 814 % yi el d.

then 5 ethy
The sol vent

[

0.28 (s,1H),
10.00 (s,1H),
7.61 (d,2H),
7.55 (d,2H),
7.28 (d,2H),
7.00. - 7.03

d,~DMS0
1d

(s,3H), 2.05
(s,3H).

(3,1“), 3.78
cbcl,

(m,3H), 6.76
(s,3H), 2.88

2.46 (2H,m),
2.88 (6R,d,

J=3Hz), 3.05
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I n vacuo and flash chromat ography of the residue 30 gave conpound
conpound 158 was prepared by

Cbnpound (1) prepared as
gal ent.)in
45% vyi el d.

iodide (1

ds renoved
e conpound

of [err]



15 Exanple 14 Phar amaceuti cal conposition Tablets, each weighing 0.15 g
and containing 25 ng of a conpound of the invention can be manufactured as
foll ows: Conposition for 10.000 tablets conpound of the invention (250 g).
20 lactose (800 g) corn starch (415 g)- 64lc powder (30 g) nmgnesium
stearate (5 g) The corrpound of the |nvent|on Iact ose and half of 25 h;\;
corn starch ar g 9 o g 5 nef

mesh size. Cor dtarch] (10 g) S sudpended in vvarmvvater-(90 rﬂ). The
~resulting pastpds useyl to granulatg the powder. Fhe granulate is|dried
and broken up ®|jo sma I fragnents ¢qn a sieve of 114 nm nesh 30 sijze. The
remai ni ng quarg isjy of Ltarch, talc 4nd magnési um s{earate i s added, :
carefully m xgdwgnd pr gcessed into flabl ets. Exanpl ¢ 15: Testing df
conpounds A as brs of MDR 35 |Materials and WMet hods The: EMI6 Jmouse
manmary car ci rrg-cet i-‘i‘llt:-dnd--tilt: VERTESTSTant - fuptT e AR I 0 vr e
cultured in 11640 | v en ' S : _
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-55- nmedi um containing 10% foetal calf serumand 2mM glutamine at 37 Cin

5% [err]
of the parental

cel |

the MDR 5 resistant sublinej after trypsinis& icon (0.25%trypsin, [err]

EDTA).. 1.
opaqueg culture 1
m xture of trit
DNR (0.25 [err]

I n assay nedi um
The cells 15 wer
of cell associ at
known resi stance
were expressed a
observed in 20
the foll owi ng Ta
Accumul ati on

A

Cells were passaged between 1 in 200 and 1 in 2000 in the case
line and between 1 in 20 and 1 in 200 in the case of

Drug accunul ation assay AR 1.0 cells were seeded into 96 well

ed

T um contal ne
ted Daunorubicinp (DNR), a cytotdxic agenf, and unl abel lled
C/m; [err]. npounds of formyjla A werp serially di
pver a range of ¢oncentrations fqom 100 nMto 100 [err] .|’
¢ incubated at [¢rr] for 1 hr beflore wash{ ng and counti
¢d radi oactivity| Each assay inclluded a tjtration of the
nodi fyi ng agent |Verapanm | as poditive cophtrol. Resulis
$ % maxi num accurul ati on where 1Q0% accunpl ation is that
fhe presence of [jerr] Verapam | . |The resujts are set out
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1

or % nax 5

[err]

122

No.
45% max 131

% max
80 [err]

or

[err]

No.

20 121
32% max
132

100 [err] 124

126

50 [err]

50%
36% 137
-y

134

39% maké -
o136

133

8 [err]

135

25 [err]
144

20

35

7

10

141

45% max 15

35| err]-

149

20 [err] 153
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30

Compounds .of fornula A were examned for their ability to

potentiate the toxicity of doxorubicinin AR 1.0 cells. Ininitial

proliferation assays conpounds were titrated against a fixed concentration
of doxorubicin (0.5- 1[err] which alone i3 $4oh-toxic to AR 1.0 cells.

| ncupati ons 35 -57-
quantitation of |proliferdtion using tHe calorinmetric qul phorhodamne B
assay (Skehan etf al; J. tl. Cancer linst. 82 pp 110741112 (1990)
Compounds whi ch re sho to be able|to sensitise 5 AR 1.0 cellsjto
0.8-1.7 [err] ddxorubicing without high innate toxicity were selec{ed for
further study. I1s werg¢ cultured for] four days w thjconcentrati ns of
doxorubi cin over] the range of 0.5 nM 30 [err] in the gresence of Verapramil
at its maxi num i termaged from 1&1rlrn\/im|anr\nri nts.
Proliferation s quantiflied as descrilbed by Skehan et] #ale |oc cit. The
: : : : ~ s
[err] (concentrgtion req | peorto reduge proliferation tg.g%of t he
untreated contrdl s) for qion(e-rrubici n aljone and with thgq &erapam | yere
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- 74 [err] - 75 - CLAIMS 1. A di ket opi perazine of forrmula (A): [err]
10 wherein each of [err] and [err], which may be.. the sane or different,
i s -independently selected from hydrogen and [err] [err] alkyl provided at
| east one of [err] and [err] is [er'r]za'l kyl; and each of [err] to.[err]

whi ch may be the sane or different. is independently selected from \.J

hydrogen, [err]fallkyl 1p unsubstituted or sufstituted by one or nore -
hal ogen at ons, gr] al koxy, [err] al kylthio, [hal ogen, hydroxy, nitro,.
optionally sub iguted Whenyl ,- cyano, [err] [4grr] [err] [err] wherein mis
1 or 2, [err] | rg’] andj[err] wherein nis O dr is an integer of from1l to
6, each of [err :‘end [efr] is independently 23 H or [err] alkyl or, when
[err] and R12 o a&jattached to the same nitroggn atom they may
alternatively f hwithlthe . : _
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ni trogen atom a
Is [err] alkyl;
[err]and [err]

carbon atons to

saturated five or six-nenbered heterocyclic ring;
or any of [err] and [err] and [err] R3 and R4 and R4 and
err] formtogether with the
ene ring which is optionally

and [err]

and [err] and 30 [err] and

which they are attached a be

substituted; or a pharmaceutically acceptable salt or ester thereof; with

the ®&xception of
(1) [err] an
[err] are H, and
hydrogen and [er1
wher ei n one of

the other is hydi
according to cl ai
hydr oxy, hal ogen
[err] to [err] a
is selected from

is Ov and the r
is H each of [e
pound according t
Me, Et or cycl opr
yl met hyl .
to [err] -is
[err] and 1ne
ording to claim3

] are both M, bst of [err]jto
fr] to [err]}i
b claim1 :
bpy| met hyl
conmpound
sel ected fr
bt her "Tour

wherein [e

hydr oxy. 2.
[err] and [err]
Me, Et or cycloprof

A conpound acg

hydr oxy, hal ogen,

*(an, m),
0.37 (2H, m),
1.00 (1H, m),
3.05 (3H, s),
3.35 (3H, 8),
6.42 (2H, d),
7.16 (2H, d),

4217.29

7.87 (1H,br.s)
(10H,m), 7.19

CDC1

0.09
7.27-7.40 (7H,

m)
(34,8), 0.99

(2H,q), 2.98
(3H,t).

0.10 (2H,m),
(2H,4), 3.62

0.39 (2H,m),
1.05 (1H,m),
3-58 (2“,(’,

J=6Hz),

3.86 (3H,s),
6.90 (2H,d,

J=7Hz),

7.05 (1H,s),
7.20 (1H,s),
'7.28 (2H,d,

7.35 (1H,m),
7.43 (4H,m),

CDCl,
J=THz),
el

7.

375, MH*, 100%
DCI/NH,

389, 100%
DCI/NH,

333, M'H, 100%
DCI/NH,

Castl,,N,04
cu“u”fﬁ
CyHxN;0,

167
168
169




[err] and - 10 [err] and [err] and [err] are H 5. A conpound
according to any one of the preceding clains wherein [err] is H hal ogen or
[err] is H [err] is H Jerr] al koxy or gplogen [err] is Hand [err] is
H or hal ogen. 15 6. A compound according to any one of clainms 1 to
3 wherein any two adjacent groups of [err] to [err] form together with the
car bon at onsfr - - - - onal'ly substituted bensefie
ring. 7. conpound accordlng to claimi selected from 20

(32,62)-3-benzyl i dene- 6- (4- net hpxybenzyl i dene)§ 1- met hyl - 2

, 5- pi per azi nedi one; (3Z,6Z)-6-benzylidene- 3- ( - met hoxybenzy

| i dene) - 1- hyl - 2, 5- pi per azi ngdi one; '

(32,62) -3, 6- ibenzylidene-L-netEyI 2, 5-piperaginedi one; 25

(32,62)-3-b nzylidene-6-(4-hydr)xyben;ylldenel 1-nethyl- 2,

5- pi perazi nddpone; 4-((3Z, 6Z) - 3fbenzyl i dene-1-frethyl -2 , 5- di oxopi parazi n-6-7
yl i dene) net yRi®®zoi c acid, nethyl ester,; : :

4-((32,62) - ep&y! i dene- 1-net hyl - 2, 5-di oxopi perazi n-6- 30
yl i dene) et Aa¥ Ya¥ s o e ' Aelohin
nzyl i dene) - | i dene-1, 4- i nmethyl -2, 5-piperazi nedi one;
(3Z,62) - 3-bgn j%rdene 1- nethyl 5- (4- ni t robenzyg i dene) - 2, 5-

~© M~
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pi perazi nedi one; 35 N, _-tetranethyl ene-4- ((3Z, 62)

-3-benzyl i dene- 1- net hyl - 2, 5- di oxopi perazi n-6-yl i dene) ethyl benzam de; (3Z,
6Z) - 6- (4- am nobenzyl i dene) - 3- benzyl i dene-1| - et hyl - 2, 5- -77-

pi perazi nedi one; 4-((3Z, 6Z)-3-Benzylidene-1-nethyl-2,5-di oxop| per azi n- 6-

yl i dene) net hyl benzam de; (3Z, 6Z) - 3- (3- et am dobenzyl | dene)-6-(4- 5 '

met hoxybenzyl i dene) -1 - net hyl - 2, 5-pi per azi nedi one

(32, 62) - 3- (2, 6- Di chl or obenzyl i dene) -£ S

met hoxybenzyl i dene) - 1Prreiiiyétcipi'pqrmﬁ|d‘f_echmla( 34, :

6Z) - 6- (4- Met hoxybenzyl i dene) - 1- net hyl - 3 (2- -
ni i robenzyl i”ene) - 2, 5- pi perpgzi ned| one;
(3Z,62)-6-(4- Met hoxybqnz X '
met hyl acet am dobenzyl i e
(3Z,62)-6-(2,6-Di chl orob
nmet hoxybenzyl i dene) - | Z'get
(4- Met hoxybenzyl i dene) - | - mB A
ni trobenzyl i dene) - 2, 5- pi per azi nedi one

(3Z 62) - 6- 44 Aa&imﬂ@beaéul bEeRE) atel &, TRHIGH BRI He. 4918 )salud Ry | -
5-pi per azi nedi (Hl fferent, is independently selected from hydrogen and C,~
C¢ alkyl provided at least one of R, and R, is C,-C, alkyl;
and each of R, to Ry, Which may be the same or different,
is independently selected from hydrogen, C,-C, alkyl
15 unsubstituted or substituted by one or more halogen atoms,
C,—Cs alkoxy, C,-C, alkylthio, halogen, hydroxy, nitro,
optionally substituted phenyl, cyano, -CH,0H, -CH,COOH,
-co,R", ~NHCOR', -NHSO,R™, -SO,R™, -CON(R'R'), -SOR®,
-SO,N(R''R%), -N(R"'R%), -0(CH,) N(R'R%), -0(CH,) COR™,
20 -0corR", -CH,0COR!, -CH,NHCOR'', -CH,NHCOOR'™, -CH,SR',
-CH,SCOR', -CH,$(0) R" wherein m is 1 or 2,
~CH,NHCO (CH,) ,cO,R", -N(R")COR'?, -NHCOCF;, -NHCO(CH,) ,CO,R",
-NHCO (CH,) ,0COR'! and ~NHCO(CH,),OR'! wherein n is 0 or is an
integer of from 1 to 6, each of R'' and R is independently
25 H or C,~C, alkyl or, when R'' and R" are attached to the
, same nitrogen atom, they may alternatively form with the
N nitrogen atom a saturated five or six-membéred heterocyclic
ring; and R™® is C,-C, alkyl: or any of R, and R,, R, and R,,
R; and R, and R, 'and R;, or R; and R,, R, and Ry, Ry and Ry and
30 R, and Ry, form together with the carbon atoms to which
they are attached a benzene ring which is optionally
subst:.tuted, or a pharmaceutlcally acceptable salt or ester
thereof; with the exception of compounds whereln.
(1) each of R; to R1|J is H:
35 (ii) R, and R, are both Me, R, is OMe and the rest
of R, to R,, are H; and _
- (iii) Ry, is Me, R, is H, each of R, to R, is
hydrogen and Ry, is hydroxy. |

(&)

2. A compound ac cordlng to claim 1 wherein one of

TR O D




(3Z, 62)-3-(4-(3-N, N-Di net hyl am nopr opoxy) benzyl i dene) - 6-" (4-

nmet hoxybenzyl i dene) - | - nmet hyl -2, 5-pi perazi nedi one, 20 hydrochl ori de;
(3Z,62) - 6-Benzyl i dene- 1, 4-di net hyl - 3- (4- '

trifluoronethyl benzylidene)- 2, 5-pi perazi nedi one; (3Z, -
6Z) - 6- Benzyl i dene- 1, 4- dinethyl-3-(1-ng%hthylnethylene)- - ot
2,5-piperazinedione 25

(32,62)- ¢ B Hal ‘5 %g%i%%mwc&,%“@na jtne other is

di net hyl - - pl p Pa2|ne f one;
6Z7) - 6- Beﬂmlnm :Me{.z mtmmmwln«)tnyn. di net hyl -

5- pi per azi nedi gne; a ding t
6Z) - 3- (4- Aui nobenz ene _ougenzaccogengg 2 (ﬁ:lai ﬁlll °:':'oz wherezn
2, 5- pi pePRA & &o R,y is selected from hydroxy, halogen, alkoxy,

(3Z, 68) - &mm" | <eom'S; (<86 RMyr clrowR'REg) ~fog; digpRIRY)
(32, 67) - B ATIGHL(R™) SORT, 3k, She, RAR £OBT, Of fe R Rio ae K.
2, 5- plpera2|nedhone AScompound according to claim 3 wherein RP is
G5, Ik %gfro | OSSR kP mbor'”, -co”
62) - 3- (4-ﬁ@QR xyrrM( gyhtmg) -@Q;&(By‘m‘%oene-sga”. and7s- d| met hyl -
5-Pi ger 2y (WWGHR) and R,, R,, R, and Ry, are H.
_ 5. - A compound according to any one of the _
preceding claims wherein R, is H, halogen or NO,; R, is H; <
Ry is H, -NHCOR", N(R''corR?), c,-c, alkoxy ‘or halogen. R, is
'H and R; is H or halogen. T S
15 6. A compound according to any one of claims 1 to
3 wherein any two adjacent. groupa of R, . to Ry fom,
together with the carbon atoms to which they are attached,
an optionally substituted benzene ring.-:
7. A compound according to claim 1 selected from.
20 (32 62)-3-benzylidene-6-(4-nethoxybenzylidene)-1—methyl-
5-piperazinedione. : : : :
(3z 62)-G-benzylidene-a-(4-nethoxybenzylidene)-1-methyl-
S-piperazlnedione,-, : : _
(32,62)-3, 6-dibenzylidene-l-nethyl-z s-piperazinedione. —
25 (32, 62)-3-benzylidene-6-(4-hydroxybenzylidene)-1-nethyl- o
2 s-piperazinedione: o
'4-((32 62)-3-benzylidene-l-methyl-z s-dioxopiperazin-é-
ylidene)nethylbonzoic acid, methyl ester;
4-((32, 62)-3-benzylidene-l-netnyl-z 5-dioxopiperazin-6-
30 ylidene)methylbenzoic acid._
- (32, 62)-3-(3-hydroxymethylbenzylidene)-s-henzylidene-l,c-
dimethyl~-2, s-piperazinedione.
- (32, 52)-3-benzylidene-l-methyl-s-(4-nitrobenzylidene)-2 S=
piperazinedione;
35 N,N-tetramethylene-4-((32, 62)-3-benzylidene-l—methyl-z 5=~
dioxopiperazin-s-ylidene)nethylbenzamide.'g
(32, 62)-6-(4-aminobenzylidene)-3-benzy1idene-l-methyl-z 5~

F ¢ L MoS *




6Z) - 3- ( 3- Acet oxynet hyl benzyl i dene) -6-benzylidene-1, 4- dinethyl -

3Z,
pi perazi nedi one; (3Z, 6Z)-6-Benzylidene-3-(4-ethoxybenzylidene)-
d
d

i methyl- 5 2, 5-piperazi nedi one; (3Z, 6Z)-3,6-Di benzylidene-1,
-di et hyl - 2, 5- plpera2|ned|one (3z, 62) 6- Benzyl i dene- 3- (2
,6-d+ch|orobenzylldene) 1, 4- dinethyl - 57piperazinedione;
(32,62) - 6- (4- an1nobenzylldene) -3- (4- nethoxybenzylldene) - 10 nethyl

5- pi perazi ned -6-Benzyl i dene-1, 4-di#ret hyl - 3- (4 N-
nethylacetaln?ggggﬁggﬁeggﬁeé -2,_5-pi perazi nedi_one;

(32, 62) - 6- Ben£y|(|(a&nézz-@sﬂsnawénﬂensnénmwéﬁa)-51'449*%4&%%212"6'
S5- pi per azi nedy?i@enéy meth lbenzamide;

é,‘”éﬁ?i)e?a?ﬁeﬂiékoﬁiﬁ secg%miﬁegﬁaxﬂiﬁf% Joesdemi 5 (o
??ggygiylgsgghbtnoxyﬁénzyliganéapnpne&hyaeauanuph:ﬂz&q;:ﬁ$g;¢ﬁIde
ethylbenzenesgé¥b§g§1geiz(gzbggﬁaé&géﬁgy?agéne ﬁxﬁngpﬁéth | - -y(2 N[])m
nethyltrlnetHyethoxxbanawéiﬂyhedeiePStBY152pﬁp@ﬂ&ﬁﬁ!&ﬁﬂﬁé&°ﬂ§ﬂi62)

-6-B l'id [ ;
L0 ey 3'2 g;?aé sé%dsmih OietAoxybah2g1daene)1-aetay1 -3~123 per azi nedi one;

yI|dene)nethyFSEﬁEBPszé#EeR;é%RyP'EggﬁgyiinedfgdgfoplperaZIn >
10 (3Z,62)-6-(4-Methoxybenzylidene)-1l-methyl=3-(4-N-
methylacetamidobenzylidene)~-2,5-piperazinedione;
; (32,62)-6-(2,6-Dichlorobenzylidene)~3~(4-
h methoxybenzylidene)-1-methyl-2,5-piperazinedione;
(32,62)-3-(4-Methoxybenzylidene) ~1-methyl=6-(2-
15 nitrobenzylidene)-2, 5-piperazinedione;
(32, 62)-6-(4-Acetamidobenzylidene)-3-(4-
methoxybenzylidene)-1-methyl-2,S5-piperazinedione;
(32,62)-3-(4-(3-N,N-Dimethylaminopropoxy)benzylidene)-6- (4~
methoxybenzylidene)-1-methyl-2, 5-piperazinedione, '
20 hydrochloride:;
(3z, 62)-6-Benzylidene-1 4-d1methy1-3-(4-
trifluoromethylbenzy;idene)-2,5-piperazinedione:
(3z,GZ)-S-Benzylidene—l,4-dinethy1-3-(1-naphthy1methy1ene)-
2,5-piperazinedione;
s 25 (32, 62)-G-Benzylidene-a-(4-dimethylaminobenzyl1dene)-1 4-
dimethyl-2,5-piperazinedione;
(32, 62)-G-Benzylidene-3~(z-nethoxybenzylidene)-1,4-
dimethyl-2,5-piperazinedione;
(32,62)-3-(4-Aninobenzylidene)-6-benzylidene-1,4-dimethy1-
30 2,5-piperazinedione; : '
(32'62)-6-Benzylidene-3-(2-fluorobenzylidene)-1,4-dimethy1-
2,5-piperazinedione;
(32, 62)-6-Benzylidene-3-(4-£1uorobenzylidene)-1 4-dimethy1-
2,5-piperazinedione:; o : :
35 (3z, 62)-6—Benzylidene-3-(2 4-di£1uorohenzylidene)-1 4~
dimethyl-2,5-piperazinedione; :
(32,62) -3~ (4-Acetoxymethylbenzylidene)-6-benzylidene-1, 4~

A

(
5-
4-
4




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

5- pi per azi nedions; (3Z, 6Z) -3- (2, 4-Difluorobenzylidene) -6-(4- 30

nmet hoxybenzyl i dene) -1, 4-di nethyl -2, 5-piperazi nedi one;
(3Z,62)-3-(4-Bronobenzyl i dene) - 6- ( 4- nethoxybenzylldene)

1, 4-di met hyl - 2, 5- pi per azi nedi one; . \_;
(3Z 62) - 3- (4- Fluorobenzylldene) 6- (4- ngphoxybenxylldene)

1, 4-di et | (SZ 62) 3-(2, . 6-Dr chlorobenzylldene
-1 4- dlnégheﬁggﬁpfp iﬁ%éﬁ%?é%ﬁacéﬁ?s |pera2|ned|one : .
(3Z, 62) - 6(38m§$0H@ﬂﬂiﬂbﬂﬁﬁﬂtﬂﬂﬁﬁ@ﬁlﬁgngul Qne)-é-benaylidene-l 4-

nmet hoxybe -
(3Z,62) - SB%Enz ?&eh-%

ot hoxybok 3§k 643 ﬁgﬁ%%‘)ﬁ é@oxyhenzymene)-l 4-dimethv1-
(SZh6Z$b6zBsn bg&mzideiﬁ?ﬂgﬁwopylnethyl 3-(4- 5.

e
R e e AT v o aﬁm&f’e{?ﬁ-ﬁﬁﬁ-ﬂ %E?ﬁ?ﬁﬁ@ﬁﬁ&ﬁ&m"e'

(32,62) - 3(3!0530Hﬂananbymﬂﬂenaﬁxnm2n£+§dehi¢tbbenzy1idene)-1 4~
nethoxybeﬁixgkﬂ $i§aéa£§né&£3 ra2|ned|one 10 - 8. A
ar

phar maceufi ca 0S| o
(32, 62)-6-(4-aminobenzylidene)-3-(4—methoxybenzy11dene)-1-

10 methyl-2, S-piperazinedione.f:
(32, 62)-6-Benzylidene-1 4-dinethy1-3-(4-u- ' s |
methylacetamidobenzylidene)-2 s-piparazinedione.'“ - Q) _
(32, 62)-6-Benzylidene-3-(3 4-dxchlorobenzylidene)-1 4-
dimethyl=-2, s-piperazznedione.- A : ST
15 (32, 62)-6-Benzylidene-3-(3-chlorobenzylidene)-1 4-dimethy1-
2 s-piperazinediene. - B
(32, 62)-G-Benzylidene-l,4-dimsthy1-3-(4- S
_methylsulfinylbenzylidene)-2 s-piperazinedione. -
' H,H-Dinethy1-4-((3z 62)-6-Benzylidane-1 4-dinethy1-2 5=
20 dioxopiperazin-s-ylidene)nethylbenzenesulfonanide3_
(32,62)-6-Benzylidene-l, 4-dimethy1-3-(2-nr o
methyltrimethylacetanidobenzylidene)-2 s-piperazinedione.
(32,62)-6-Benzylidene-1, 4-dimethyl-3-(4-phcny1benzylidene)-"'
2, 5-piperazinedione.'_ : -
25 4-((33,62)-6-Benzylidene-1, 4-dimsthyl-2 5-dioxopiperazin—3- A
ylidene)methylbenzoic acid, methyl ester; : '
(32, 62)-s-nenzylidene-a-(4-hronobenzy1£dene)-1 4-dinethy1-
2 s-piperazinedione. : X :
(32, 62)-3-(2 4-Di£1uorobenzylidene)-6-(4-*f
30 nethoxybenzylidene)-l 4-dimethyl=-2, s-piperazinedione.
(32, 62)-3-(4-Bronobenzylidene)-6-(4-nethoxybenzylidene)—
1,4-dimethyl-2, S-piperazinedione; ' :
(32, 62)-3-(4-r1uorobenzylidene)-6-(4-nethoxybenzylidene)-
1,4-dimethyl~-2, s-piperazinedione: e
35 (3%,6Z2)-3=(2, 6-Dichlorobenzylidene)-1 4-dimethy1-6-(2-
nitrobenzylidene)-2, s-piperazinadione. " '
(32, 62)-G-Benzylidene-l-cyclopropylnethyl-s-(4-




conprising a pharmaceutically or veterinarily acceptable carrier or diluent
and, as an active principle, a conpound as clained in any one of the
precedi ng clains. 9. A process for preparing a conpound as defined 15 in-
claim1l1, the process conprising: (a) condensi ng a conpound of formula

(1)y: [err] O 6 25 wherein te [fr~ and [err] are as defined in
clai\m1 and are optionally protected, with a conpound of fornula (I1): 30
[err] 35 whermethdxybiénzylidenép+2, bspipérazinediohetm 1 and are - 80 -

ORL L She! b o P Cer L fahAi BERECS Ectladotbppuaep batiLe Solvent
(b)  condenshethoxybepzyhidene) o2 isrpiperszinediones 10
(r) (32,62)-6-Benzylidene-l~-cyclopropylmethyl=3-(4-
5 methoxybenzylidene)~4-methyl-2,5~-piperazinedione;
(32,62)-3,6-Dibenzylidene-l-ethyl~-4-methyl-2,5~
piperazinedione; :
(32, 62) -3-Benzylidene-1~cyclopropylmethyl-6- (4=
methoxybenzylidene)-4-methyl-2,5-piperazinedione
10 8. ‘A pharmaceutical or veterinary composition
"'comprising a pharmaceutically'or.veterinarily acceptable
carrier or diluent and, as an active principle, a compound

N\ as claimed in any one of the preceding claims.
9. A process for preparing a compound as defined
15 in claim 1, the process comprising:
(a) condensing a compound of formula (I):-

20 (1)
L 25 _ _ : :
wherein R, to R,, and R;; are as defined in claim 1 and are
optionally protected, with a compound of formula (II):
30
(I1)
35

wherein R; to R; are as defined in claim 1 and are

’ * [ L M H *



15 wherein [err] to [err] and [err] are as defined in claim1 and are
optionally protected with a conpound of formula (I111): [err] 20 25 -wherein
[err] to [err] are as defined in claim1l and are optionally protected; in

the presence of a base in an organic solvent; and (c) i f desired,
converting the resulting compound of _fggnula A in which [err] or [err]
respectively, is hydrogen 30 into a correspondi ng conpound of formula™ in

which [erghe 1Qﬁaif r%fbteétbﬁ”]:.nalthﬂ pregidhcd bt raeqsi%‘timm an

al kyl ati ' ui red,, “renovi.ng OptIO y_present
protect|d%“@%@gﬁss°&ﬁﬁpsr therepy; pbta. n@&ﬁbérﬁQﬂ? IR Aornul a A
I nt o anot {HigrwsHERO, di%hydr@iﬂulorA into- anot her corrpound of formula A,:
and/or, if desi e)d con co%‘g&‘f $ |$r,3) a

phar maceut i cal I{Pacce q r Het eb? a6 -81- if
desiredl, converting a salt or. ester into a free conpound ‘and/or, if
desired, separating a m xture of isoners into.the.single isoners.

e,

20 (1)
W)

15 . : L . . _

wherein R, to R; and R,, are as defined in claim 1 and are

optionally protected with a compound of forl_nula ( III) s
20

(III)

25 wherein R, to R,y are as defined in claim 1 and are N

 optionally protected, in the presence of a baee in an
organic solvent; and _ o '
{c) it desired, convert:lng the reeulting compound
of formula A in which R, or Rys, respectively, ‘is hydrogen
30 into a corresponding compound of tormula A in which R, or
R,s, respectively, is a C,;~C; elkyl group, by treatment with
an alkylating agent. end/or, ir required, removing
optionally present protecting groups, and/or, if desireaq,
converting one compound of torum_la ‘A into enother compound
35 of formula A, into another compound of formula A, and/or,
if desired, converting a compound of formula A into a
pharmaceutically acceptable salt or ester thereof, and/or,

Tk < L L] S *




10. A compound as defined in any one of clains 1 5 to 8 for use as a

nodul ator of nmultiple drug resistance. 11. Use of a di ketopi perazine of
formul a{(A): 10 [err] (A) 15 wherein each of [err] and [err],

whi ch may be the sanme or different, is independently selected from hydrogen
and [err] [err] alkyl provided at Ieast -08% of [err] and [err] is [err]

al kny_,, each of- [err] to [err] which may be the same or different, is 20

i ndependent | éy}hw I I S ta t

subsfi tut ed é’y Sne t(g"rae‘arﬁ)re al o; g%eat ()Jﬁ‘g'é]ola%%ﬁ%io&xy, derfr*t- k Ith| 0,

hal ogen, hydcompound,r @ndy/ax,ord qessmﬁi.. aeRarafing, EFe[ [err]

ﬁﬁ [?rrgo[e&rs]on{e%'d]znto \dlﬁft ¥ihgl e?sbﬁrét. %err] Ler][][ and [err] ]
erein nis 0_gr an jnteger ro 0 each O rr] is

i ndependent |y H or 3Perr] PRI V\hﬁng]?é??daﬁﬁ fyr?nﬁék h’ggﬁsd‘ito t he

sane nitrggeroagortor e rw 2 Iciulaitiorelof multiple) drug tesisgance om a

saturated Tive or gy menfglege hg! 81 RG¥chiferhBine B8 Forih1n® (F3] al kvl

or any

10
(A)

15 |
wherein each of R,, and Ry, vhich may be the same or
different, is independently selected from hydrogen and C,-
C, alkyl provided at least one of R, and R, is C,~C, alkyl;
each of R, to R,,, which may be the same or different, is

20 independently selected from hydrogen, C,-C, alkyl
unsubstituted or substituted by one or more halogen atoms,
c,-C, alkoxy, C,-C, alkylthio, halogen, hydroxy, nitro,
optionally substituted phenyl, cyano, -CH,0OH, -CH,COOH,
-co,R"!, -NHCOR'!, -NHSO,R'™, -SO,R™, -CON(R'R'), -SOR®,

(, 25 -50 N(R'RZ), -N(R"R™), -O(CH,) N(R''R%), -0(CH,),CO ",
-0COR", -CH,0COR', -CH,NHCOR'!, <-CH,NHCOORY, -CH,SR',
-CH,SCOR'!, -CH,S(0) ,R” wherein m is 1 or 2,

'=CH,NHCO (CH,) ,CO,R"!, -N(R")COR', -NHCOCF;,
-NHCO (CH,) ,CO,R"!, -NHCO(CH,),0COR' and -NHCO(CH,)OR" wherein

30 n is O or an integer of from 1 to 6, each of R'' and R" is
independently H or C,-C, alkyl or, when R'' and R¥ are
attached to the same nitrogen atom, they may alternatively
form with the nitrogen atom a saturated five or six
membered heterocyclic ring; and R”® is ¢,-C, alkyl: or any

35 of R, and R,, R, and Ry, Ry and R, and R, and R;, or R; and R,,
R, and Ry, R, and R, and R, and R,,, form together with the

carbon atoms to which they are attached a benzene ring
. R

AU



35 of [err] and [err] and [err] and [err] and [err] and [err] , or [erf]
and [err], [err] and [err] and [err] and [err] and [err] formtogether wth

the carbon atons to which they are attached a benzene ring -82- which is.

optionally substituted; or a pharmaceutically acceptable salt or ester
thereof; in the manufacture of a nedjgament for use as a nodul ator of . |
mul tiple drug resistance. .12. Use according to claim 11, wherein the E-)

conpoyRgchsia 69&&@14&1198 s@%fs'tﬂ.%%de'a 2r of P @!}t\'@céuﬁ&gllyl3 A
dlketog eraé#ne speci fical 4_ elnbefore ntlone process for
AEP &* £

pr epad RePBplFperasfh %ﬁﬂ?%ﬂ?
her ei mbéioanetesforbade asany Ml@ftdi(mﬁolmﬂﬂlple Zld}:ud.&'esﬂstance .

di ket opi peg 32i N pr gRALEH ;BY e ALIGEST Ighiditd Tl a&ampo&id fs a

compound as deflned in any of claims 1 to 7.

~

13. A diketopiperazine specifically hereinbefore
mentioned. _ | : |

14. A process for preparingpa diketopiperazine, the
process being substantially as'hereinbefore_described in any
one of Examples 1 to 13. _ . : :

15. A d1ketop1peraz1ne prepared by the process defined
in claim 9 or 14. ' :

* c L n S *
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