NOVEL CARBAMATES AND UREAS AS MODI FI ERS OF MULTI - DRUG RESI S o pi7lN CAL
FI ELD OF TR oN The present invention relates to novel

conpounds which can naintain, increase, or restore sensitivity of cells to
t herapeutic or prophylactic agents. This invention also relates to

phar maceutical conpositions conprising thesge_conpounds. The conpounds and

phar maceuti cal conpositions of this invention are 10 particul arly

wel |l -suited for treatment of multi-drug resistant cells, for prevention of
t he devel opnent of nulti-dru S f u | | ti-drug

resi stant cancer therapy. . | A
maj or problem affecting th Is the

evol ution of cells which, upon exposure to a chenot herapeutic drug, becone
resistant to a multitude of structurally unrelated drugs and therapeutic
agents. The appearance of such 20 mul ti-drug resistance often occurs in
the presence of overexpression of the 170-kDA nenbrane P-glycoprotein

TECENICAL FIELD OF THE INVENTION

The present invention relates to novel

5 compounds which can maintain, increase, or restore
sensitivity of cells to therapeutic or prophylactic
agents. This invention also relates to pharmaceutical
compositions comprising these compounds. The compounds
and pharmaceutical compositions of this invention are

10 particularly well-suited for treatment of multi-drug
resistant cells, for prevention of the development of
multi-drug resistance and for use in multi-drug
resistant cancer therapy.

BACKGROUND OF THE INVENTION

15 ‘A major problem affecting the efficacy of
chemotherapy regimens is the evolution of cells which,
upon exposure to a chemotherapeutic drug, become
resistant to a multitude of structurally unrelated
drugs and therapeutic agents. The appearance of such

20 multi-drug resistance often occurs in the presence of
overexpression of the 170-kDA membrane P-glycoprotein
(gp-170). The gp-170 protein is present in the plasma
membranes of some healthy tissues, in addition to
cancer cell lines, and is homologous to bacterial

25 transport ‘proteins (Hait et al., Capcer Communications,
Vol. 1(1); 35 (1989); West, TIBS, Vol. 15, 42 (1990)).
The protein acts as an export pump, conferring drug
resistance through active extrusion of toxic chemicals.
Although the mechanism for the pump is unknown, it is



(gp-170). The gp-170 protein is present in the plasma nenbranes of sone
heal t hy twe9s/2337in addition to cancer cell lines, and is PCHBISOIUS to
bacterial 25 transport proteins (Hait et al., Cancer Communi cati ons,
Vol . 1(1), 35 (1989); West, TIBS, Vol. 15, 42 (1990)). The protein acts as
an export ‘punp, conferring drug -resistance through active extrusion of
toxic chem cals. Al though the nechani sm-f& -he punp is unknown, it is

-2- specul ated that the gp-170 protein functions by expelling substances

t hat share certain chem cal or ﬁh ysical characteristics, such as

hydrophobicitySPQ¢RJ$#%§ehb@tot eagbody0 protiein SUnCHAORS HWence of a 5
gl ut at hi one cogpert §€b¥€§ﬁéesR€E&EthharénQbEthﬁfQh@hﬁchﬂSBQnS'b|e for

dent T’H‘%dr?ﬁ'é%%%ﬁé araRtRERSELC: ) SRR, As TVCRORRBLCREYl Che
P—glyCODrOtelnpféhence of.carbonyl groups, or the existence of a
5 glutathione conjugate (see West).

Recently, another protein responsible for
multidrug resistance, MRP (multidrug resistance
associated protein), was identified in H69AR cells, an
MDR cell line that lacks detectable P-glycoprotein [S.

10 P. C. Cole et al., Science, 258, pp. 1650-54 (1992)].
MRP has also been detected in other noan-glycoprtoein (
MDR cell lines, such as HL60/ADR and MCF-7 brast
carcinoma cells [(E. Schneider et al., Cancer Res., 54,
pp. 152-58 (1994); and N. Krishnamachary et al., Cancer
15 Res., 53, pp. 3658-61 (1993)].

'  The MRP gene encodes a 190 kD membrane-
associated protein that is another member of the ATP
binding cassette superfamily. MRP appears to function
in the same manner as P-glycoprotein, acting as a pump

20 for removing natural product drugs from the cell. A
possible physiological function for MRP maybe ATP-
dependent transport of glutathione S-conjugates [G.
Jedlitschky et al. . Cancer Res., 54, pp. 4833-36
(1994); I. Leier et al., gﬁ_niglﬁ_Chgm* 269, pp.

25 27807-10 (1994); and Muller et al., Proc, Natl. Acad.
Sci. USA, 91, pp. 13033-37 (1994)].

~ The role of MRP in clinical drug resistance
remains to be clearly defined, but it appears likely
that MRP may be another protein responsible for a broad

30 resistance to anti-cancer drugs. o -

Various chemical agents'have been adminis-
tered to'repress.muiti-drug resistance and restore drug
sensitivity. While some drugs have improved the
responsiveness of multi-drug resistant ("MDR") cells to

35 chemothérapeutic agents, they have often been
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resi stance to an ancer
)), the concentratlons needed to achleve that

effect produce significant immunosuppression in
patients whose immune systems are already compromised
by chemotherapy (see Hait et al.). In addition, CsA

10 usage is often accompanied by adverse side effects
including nephrotoxicity, hepatotoxicity and central
nervous system disorders. Similarly, calcium transport
blockers and calmodulin inhibitors both sensitize MDR
cells, but each produces undesirable physiological

15 effects (see Hait et al.; Twentyman et al., Br. J.
Cancex, Vol. 56, 55 (1987)).

Recent developments have led to agents said
to be of potentially greater clinical value in the
sensitization of MDR cells. These agents include

20 analogs of CsA which do not exert an immunosuppressive
effect, such as ll-methyl-leucine cyclosporin (ll-met-
leu CsA) (see Hait et al.; Twentyman et al.), or agents
that may be effective at low doses, such as the
immunosuppressant FK-506 (Epand and Epand, Anti-Cancer

25 Drug Design 6, 189 (1991)). Despite these
developments, the need remains for effective agents
which may be used to resensitize MDR cells to
therapeutic or prophylactic agents or.to prevent the
development of multi-drug resistance. |

30 SUMMARY OF THE INVENTION
The present invention provides novel
compounds that are useful to maintain, increase or

restore drug sensitivity in multi-drug resistant
("MDR") cells, compositions containing those compounds



Various chem cal agents have been admnis- tered to repress multi-drug

resi st ancqugpéhesPst ore drug sensitivity. Wile some drugs rocrausespdiéed t he
responsi veness of nulti-drug resistant ("MDR') cells to 35 .
chenot herapeuti c agents, they have often been -3- acconpani ed by
undesirable clinical side effects (see Hait et al.). For exanple, although
cyclosporin A ("CsA"), a wi dely accepted @nwunosuppressant, can sensitize
certain carcinoma cells to chenot herapeutic 5 agents (Slater et al., Br. J.
Cancer, Vol. 54, 235 (1986)), the concentrations needed to achi eve that

ef fect produce &'ldgméthmis ﬁarnnmg)ptlwm onThe pampeundsmbﬁsehmsrrune
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di sorders. Simirtidease W€ irdBtidre SEleé ttherapeutic or prophylactic
5 - effects of drugs in cells, especially MDR cells, or to
- prevent the development of MDR cells. Accd:ding to one
embodiment of this invention, tliese novel compounds,
compositions and methods are advantageously used to aid
or enhance chemotherapy regimens for the treatment or
10 prophylaxis of cancer and other diseases.
The present invention also provides methods {
for preparing the compounds of this invention and
intermediates useful in those methods.

15 This invention rélates'to a novel class of
compounds represented by formula (I):

Y”gi ()

Ai

wherein A is CH,, oxygen, NH or N-(C1-C4 alkyl);
wherein B and D are indepehdently:
20 Ar, (Cl-C6)-straight or branched alkyl,
(C2-C6) -straight or branched alkenyl or alkynyl,
(C5-C7) -cycloalkyl subst zuted (C1-C6)-straight or
branched alkyl, (CB-CS)—Etraightfor:branched alkenyl or
alkynyl, (C5-C7)-cycloalkenyl substituted |
25 (C1-C6) -straight or branched alkyl, (C3-C6)-straight or
branched alkenyl or alkynyl, Ar-substituted



bl ockers and cal nodulin inhibitors both sensitize MDR cells, but each
produces Wo®skexbl e physi ol ogi cal 15 effects (see Hai t PEF/U§IS/03716
Jwentyman et al., Br. J. Cancer, Vol. 56, 55 (1987)). Recent devel opnents
have led to agents said to be of potentially greater clinical value in the
sensitization of MDR cells. These agents include 20 anal ogs of CsA

whi ch do not exert an i munosuppressive e#fBct, such as 11-nethyl-I| eucine
cyclosporin (11-nmet- leu CsA) (see Hait et al.; Twentynman et al.), or
agents that may be effective at |ow doses, such as the i munosuppressant

FK-506 (Epand an@leSéidstamightame brmched mlisybesAynsubstoutadol) ).

Despite these dqml—@mmat% tgfmr&e%fmé@ dDke ie@flaﬁwnts whi ch nmay
be used to resensitize S

to therapeutic or._pr Iact nts or
to prevent the developnenWQﬂIQﬁHtﬁn¥HQEFr%§ Qé? ps of sai
SUMVARY OF THE alSWRT IcHs itise xmewmpmmalm ﬁé‘plla@b@ hslpvielhmwmkﬁ

that are yoel Ul ok dunidat Yabm '€ PSS c55SE g S8 527 Y1 ol
and NR, wherein R is selected from the group consisting
of hydrogen, (Cl1-C4)-straight or branched alkyl, (C3-
C4)-straight or branched alkenyl or alkynyl, and (Cl-
C4) bridging alkyl wherein a bridge is formed between

10 the nitrogen.and a carbon atom of said heteroatom-
containing ¢hain to form a ring; and wherein said ring
is optionally fused to an Ar group;

-J+is selected from the group consisting of
hydrogen, {Cl1-C6)-straight or branched alkyl, (C3-C6)-

15 straight or branched alkenyl and -CH,Ar;

K is selected from the group consisting of
(C1-C4})-straight or branched alkyl, -CHAr and
cyclohexylmethyl;

or J and K may be taken together to form a

20 5-7 membered heterocyclic ring which may contain a
heteroatam.gglected from the group consisting of O, S,
SO and SOp;
| Z is O or s;

Y is Q0 or N, wherein

25 -+ - When ¥ is O, then R, is a lone pair (as
used herein, the term "lone pair" refers to a lone pair
of electromg, such as the lone pair of electrons
present on,divalent oxygen) and R, is selected from the
group comsisting of Ar, (C1-C6)-straight or branched

30 alkyl, and=(¢§—06)~straight or branched alkenyl or

' alkynyl; and. . 5 .
when Y is N, then R; and R, are
lndependently selected from the group consisting of Ar,
(C1-C6) -straight or branched alkyl, and (C3-C6)-
35 straight or pggngheghalkenyl or alkynyl; or R; and R,



("MDR') cells, conpositions containing those conpounds -4- and net hods

for using nggmjghe conpounds of this invention may be usedpél/oses/0atie N
conbi nation wth other therapeutic or prophylactic agents to maintain,

i ncrease or restore the therapeutic or prophylactic 5 ef fects of drugs
in cells, especially MDR cells, or to prevent the devel opnent of MDR cells.
According to one enbodi nent of this inventgon, these novel conpounds,
conpositions and net hods are advantageously used to aid or enhance .

chenot herapy regi mens for the treatment or 10 prophyl axi s of cancer and
ot her di seases.arkhagkers eidge thenttenfsm ca evetesyokibobs6f membeepdr i ng

Lhe COmpounds. Sl e tdEpl | Algrild EGOLhSEaba) he! BybbOREaERR1O0>
relates to a nmmldazmksimeccpmzmﬂsldhpeespipeﬁidynéoran&a (1):
pPiperazine;

5 . wherein Ar is a carbocyclic aromatic group
selected'from'the group consisting of phenyl,
l-naphthyl, 2-naphthyl, indenyl, azulenyl, fluorenyl,
and anthracenyl;

or a heterocyclic aromatic group selected from the

10 group consisting of 2-furyl, 3-furyl, 2-thienyl, 3-
thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, pyrrolyl,
oxazolyl, thiazolyl, imidazolyl, pyraxolyl, 2-
pyrazolinyl, pyrazolidinyl, isoxazolyl, isotriazolyl,
1,2,3-oxadiazolyl, 1,2,3-triazolyl, 1,3,4-thiadiazolyl,

15 pyridazinyl, pyrimidinyl, pyrazinyl, 1,3,5-triazinyl,
1,3,5-trithianyl, indolizinyl, indolyl, isoindolyl, 3H-
indolyl, indolinyl, benzo(b]furanyl, benzo[blthio-
phenyl, 1H-indazolyl, benzimidazolyl, benzthiazolyl,
purinyl, 4H-quinolizinyl, quinolinyl, 1,2,3,4-

20 tetrahydro-quinolinyl, isoquinolinyl, 1,2,3,4-
.tetrahydro-isoquinolinyl, cinnolinyl, phthalazinyl,
quinazolinyl, quinoxalinyl, 1,8-naphthyridinyl,
pteridinyl, carbazolyl, acridinyl, phenazinyl,
phenothiazinyl, and phenoxazinyl;

25 wherein Ar may contain one or more substituents
which are independently selected from the group
consisting of hydrogen, halogen, hydroxyl, nitro, -SO.H,
trifluoromethyl, trifluoromethoxy, (Cl-C6)-straight or
branched alkyl, (CZ-CS)-straight or branched alkenyl,

30 0-[(C1-C6)-straight or branched alkyll,

| 0-[(C3-C4)-straiglit or branched alkenyll, O-benzyl,
O-phenyl, 1,2-methylenedioxy, -NR,R,, carboxyl, N-{(Cl-
C5-straight or branched alkyl or C3-C5-straight or
branched alkenyl) carboxamides, N,N-di-(Cl-CS5-straight

35 or branched alkyl or C3-C5-straight or branched



[err] wherg] .S, [err] oxygen, NH or N-(Cl-C4 al kyl); wher D are
| ndependent €:9%§7 Ar, [err] or branched al kylféﬂuﬁsﬁgf%
¢C2-C6)-strai ght or branched al kenyl or al kynyl, (C5-C7)-cycl oal kyl
substituted (Cl-C6)-straight or branched al kyl, (C3-C6)-straight or
branched al kenyl or al kynyl, (C5-C7)-cyc|ga5kgnyl substituted 25
(C1-C6)-straight or branched al kyl, (C3-C6)-straight or branched al kenyl or

al kynyl, Ar-substituted -5- (Cl1-C6)-straight or branched al kyl,
Ar-substituted (a@ac&@ Slda ﬂ%ﬂa@ga Sfﬂhéﬁﬁﬂ' Ei akkamyl mbexel n any
one of the [errkg? S of sald a chai’ ns. may b |ona rep aced by
a heteroatom 5 fg~&m ‘e‘cﬁ'hcy)mxcor@}bt q’f&"@f en rr] and

NR, wherein Ris sel aﬂtaﬂgi‘z{ ®Y ahd gt‘oaﬁecﬁmaepbna@nuﬂ.yhﬁéﬂ.e@tl&d from
(C1-C4)-stra|QM£ﬁ£ éyéﬁgﬁggkégé%gng(§¥'(Cl-CG)-straight or branched
5 alkyl, (C3-C6)-straight or branched alkenyl, hydrogen
and benzyl; or wherein Ry and R; can Be taken together
to. form a 5-6 membered heterocyclic ring such as, for
example, piperidinyl, morpholinyl or pyrrolidinyl, X is
selected from the group consisting of 4-methoxyphenyl,

10 2-pyridyl, 3-pyridyl, 4-pyridyl, pyrazyl, quinolyl,
3,5-dimethylisoxazoyl, isoxazoyl, 2-methylthiazoyl,
thiazoyl, 2-thienyl, 3-thienyl, and pyrimidyl; q is
0-2; and

n is 0 or 1.

15 As used herein for Ry and Ry, the term
"*heterocyclic" refers to a stable 5-6 membered
monocycle or 8-11 membered bicyclic heterocycle which
is either saturated or unsaturated, and which may be
optionally benzofused if monocyclic. Each heterocycle

20 consists of carbon atoms and from one to four
heteroatoms selected from the group consisting of
nitrogen, oxygen and sulfur. As used herein, the terms
*nitrogen and sulfur heterocatoms® include any oxidized
form of nitrogen and sulfur, and the quaternized form

25 of any basic nitrogen. The heterocyclic ring may be
attached by any heteroatom of the cycle which results
in the creation of a stable structure. Typical
examples of such heterocycles include piperdinyl,
morpholinyl or pyrrolidinyl.

30 Preferably, at least one of B or D is

' independently a straight chain terminated by an aryl
group, i.e., a group represented by the formula -
(CHy) .- (X) - (CH, ) g-Ar, wherein
r is 1-4;
35 s is 0-1;



C4)-straight or branched al kenyl or al kynyl, and (C - C4) bridging al kyl

wherei n ayhoésigst s forned between 10 the nitrogen and pcresdsma7gt om of
said heteroatom containing chain to forma ring, and wherein said ring is
optionally fused to an Ar group; J is selected fromthe group consisting of
hydr ogen, (Cl-C6)-straight or branched al kyl, (C3-C6)- 15 straight or
branched al kenyl and [err]; Kis selected fgro.mthe group consi sting of
(Cl-C4)-straight or branched al kyl, -CH2Ar and cycl ohexyl nethyl; or J and K
may be taken together to forma 20 . 5-7 nmenbered heterocycllc ring which

may contain a heteroatomzel stgd aéﬁiméaeab{w&p andsi sting of O, S SO and
[err]; Zis Oor S Ylschg%l V\/ner Y is O,
S

2
t hen [err] is a |l one pai re?.% %ﬁ ?'i% ﬁnaﬁﬂ‘tE'Xr ﬁ]elﬁgﬁgdpgrlpm ers to a
| one pair of elgmaupsconsistingtodf CBype Pai 8, 080e! SegnoandeBsewheUmn

di val ent oxygerg ?é‘dséfééiedsff&neﬁﬁédgrbﬁﬁ‘ tBRsisting of hydrogen.,

S (C1-C4)-straight or branched alkyl, (C3-C4)4straight or
branched alkenyl or alkynyl, and (C1-C4) bridging alkyl
wherein a bridge is formed between the nitrogen atom
and the Ar group..

The preferred Ar groups of this 1nventlon

10 include phenyl 2-pyridyl, 3-pyridyl, 4-pyrldy1
1ndolyl, isoindolyl, quinolinyl, isoquinolinyl, ) {
1,2,3,4-tetrahydroisoquinolinyl, and 1,2,3,4-
tetrahydroquinolinyl, wherein the Ar grohps may contain
one or more substituents which are independently

15 selected from the group consisting'of hydrogen,
hydroxyl, nitro, trifluoromethyl, (C1-C6)-straight or
branched alkyl, Oe[(CIFCS)-straight or branched alkyll,
halogen, SO;H, and NR3R,, wherein R; and R, are
independently selected from the group consisting of

20 (C1-C6) -straight or branched alkyl, (C3-C6)-straight or
branched alkenyl, hydrogen and benzyl; or wherein R3
and R; can be taken together to form a 5-6 membered
heterocyclic rihg such as, for example, piperidinyl,
morpholinyl or pyrrolidinyl.

25 Examples of some preferred compounds of
formula (I), wherein J and K are taken together to form
a 5-7 membered heterocyclic ring, have the formula (II)
or (III), wherein Y, R, and R, are as defined above for
formula (I), Ar is defined as above for preferred Ar

30 groups and w is 1 or 2. '



group consisting of Ar, (Cl-C6)-straight or branched 30
( C3- CB) - st WR9§RA6333 branched al kenyl or al kynyl: and, when W’Eﬁﬁf’oﬁ

[err] and [err] are independently sel ected fronrthe group consi sting of Ar,
(C1-C6)-stright or branched al kyl, and (C3-C6) - strai ght or branched
al kenyl or alkynyl; or [err] and [err] - 6- are taken together to forma
het erocyclic 5-6 nenbered ring selected fTofh The gr oup consi sting of
pyrrolidine, imdazolidine, pyrazolidine, piperidine, and piperazine;, 5
wherein Ar is a carbocyclic aromatic group selected fromthe group

consi sting of phenyl  1-naphthyl, 2 -naphthyl, jndenyl, azulenyl,

fluorenyl, and antnyl or a heterocyclic yati c group selected from
t he 10 roup g b1 1 ng, of 2-fur I 3-fur 21t hi enyl, 3-
g p | 3 y D ithieny A~
A ' A
Y“'Rl N\ —~R1 OAM

de .- | L 0

-ﬂExamples of some preferred compounds of
formula ({I); wherein J is independently hydrogen, (Cl-
C6) straight or branched alkyl or (C3-C6) straight or
5 branched alkenyl, have the formula {II') or (III'),
wherein Y;«R; and R, are as defined above for formula
{I) and Ar is as defined above for preferred Ar groups
and w is 1l .or 2.

Ar Ar

an an

10 As used herein, the compounds of this
invention,”including the compounds of formula (I), are
defined to include pharmaceutically acceptable
derlvatlves thereof. A "pharmaceutically acceptable
derivative" genotes any pharmaceutically acceptable

15 salt, es;e:% or salt of such ester, of a compound of
this invention or any other compound which, upon
administration to a patient, is capable of providing
(directly or indirectly) a compound of this invention,
or a metabolite or residue thereof, characterized by

20 the abllxty to maintain, increase or restore
sensitivity of MDR cells to therapeutic or prophylactlc

o
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thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, pyrrolyl, oxazolyl, thiazolyl,

I m dazol ylwolkssesp! yl, 2- pyrazolinyl, pyrazolidinyl, isoxapcrgs9se3rié

i sotriazolyl, 1,2,3-oxadiazolyl, 1,2,3-triazolyl, 1,3,4-thiadiazolyl, 15
pyridazinyl, pyrimdinyl, pyrazinyl, 1,3,5-triazinyl, 1,3,5-trithianyl,

i ndol i zinyl, indolyl, isoindolyl, 3H indolyl, indolinyl, benzo[Db]furanyl,
benzo[ b] t hi o- phenyl, 1Hindazolyl, benzi-migazol yl, benzthi azolyl, purinyl,
4H qui nol i zinyl, quinolinyl, 1,2,3,4- 20 t et rahydr o- qui nol i nyl ,

i soqui nolinyl, 1,2,3,4- tetrahydro-isoquinolinyl, cinnolinyl, phthalazinyl,
qui nazol i nyl, gagenkal bmykp préevemrhidevelspment mimultidrugr bazol yl
acridi nyl, phengég?¥£anegenothiazinyI, and phenoxazi nyl; 25

wherein Ar nmay contarn oné or nore substituents which are independently

sel ected fromthe group cEropounds of ithirdawentiayenineiuding | thoser o,
[err], trifluoreaprBKented byl FRRINEOE) e'c%ct}fﬁxi&l wEily aapped

B el S ) o e it e s
are chemically synthesized from readily available
starting materials, such as alpha-amino acids. Modular
and convergent methods for the synthesis of these
compounds are also preferred. In a convergent

10 2 approach, for example, large sections of the final
product are brought together in the last stages of the
synthesis, rather than by incremental addition of small
pieces 'to a growing molecular chain.

Scheme 1 illustrates a representative examplé

15 of a convergent process for the synthesis of compounds
of formula (I'), a preferred subset of compounds of
formula (I), wherein A and Z are oxygens. The process
comprises esterification of a protected alpha-amino
acid of formula (X), wherein P is a protecting group,

20 - with an alcohol of formula (XI). Protected alpha-amino
acids are well known in the art and many are
commercially available. For example, common protecting
.groups and convenient methods for the protection of
amino acids are described in T. W. Greene, P. G. M.

25 Wuts, Protective Groups in Orgapic Chemistrv, 2nd Ed.,
John Wiley and Sons, New York (1991). Alkoxycarbonyl
groups are preferred for protection of the nitrogen
atom in compounds of formula (X), with t-butoxycarbonyl
~ (Boc), benzyloxycarbonyl (Cbz), allyloxycarbonyl

30 - {Alloc), and trimethylsilylethoxycarbonyl (Teoc) being

: more preferred. ' ' |
| After esterification, compounds of formula
(XII) are deprotected under suitable deprotection
.conditions (see Greene, supra), and the free amino
35 group of (XIII) is then acylated using a preformed acyl



O phenyl, 1 nethylenedloxy, [err], carboxyl, N (Cl- C5- stf@hgggmgﬁg
branched éyﬁﬁf 26387 C3- C5- strai ght or branched alkenyl) car boxam des,

N, N-di - (Cl- C5-strai ght 35 or branched al kyl or C3-C5-straight or
branched -7- al kenyl) carboxam des, norpholinyl, piperidinyl, OX [err]
and CH=CH X; wherein [err] and [err] are inﬂfpendently selected fromthe
group consisting of (Cl-C6)-straight or bramthed 5 al kyl,
(C3-C6)-straight or branched al kenyl, hydrogen and benzyl; or wherein R3

and o can be L aleil 88t N L gl 0Ty Oy TPBSLoH, NERBLARACLE® shfiauch
fromthe group cbh%lstiﬁ@edha gen hchiphengtroupOin (XIVpymagybe 3- pyri dyl,
2 Pt hyl ¢ h aﬁéif’y .azoﬁ*}""*’% Jppef, TEAGLLE QEaEAY o '%SF?%Q#PQ gEuPs .
and own in the art such as other ha ogens, imi azolyl or
| 5. pentafluorophenoxy groups.
~Alcohols of formula (XI) wherein m is 0 (XI')
can also be conveniently prepared, for example, as
illustrated in Schemes 2 and 3. Reaction of an
organometallic reagent of formula (XV) and an aldehyde
10 of formula (XVI) provides alcohols of formula (XI')
(Scheme 2)7.

Alternatively (Scheme 3), 1,6-heptadiyn-4-ol
can be coupled via a metal-catalyzed reaction to
aromatic halides of formula (XVII) to give an alcohol

15 of formula (XVIII). Subsequent hydrogenation provides
an alcohol of formula (XI''), a preferred subset of
alcohols of formula (XI).

Has Been Reﬁaced
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nis 0 or 1. 15 As used herein for R3 and R4, the term

"het er ocywhieg/ed3¢f €rs to a stable 5-6 nenbered nonocycl e oPCBUSISEHper ed
bi cyclic heterocycle which is either saturated or unsaturated, and which
may be optionally benzofused if nonocyclic. Each heterocycle 20

consi sts of carbon atons and fromone to four heteroatons selected fromthe
group consisting of nitrogen, oxygen and sy fur. As used herein, the terns
"ni trogen and sul fur heteroatons” include any oxidi zed form of nitrogen and
sul fur, and the quaternized form 25 of any basic nitrogen. The
heterocycllc riSthel® e attached by any heteroatom of the cycle which
results in the creation of a stable structure. Typical exanples of such

het erocycl es i ncl ude pi perdi nyl, norpholigqyl or pyrroljdinyl. 30
Preferably, at least one of B or Dis independently a $traight chain

term nated by an aryl group,Bi-Matala* gro represemted| by the formula -
[err] r is 1-4; :

V) ooV em
Scheme 3
. 'ﬁg-—nuogm Metal _ :
' /\)-‘\/\ * | “my'.ﬁ n‘\/\LV‘"
Ar; —Halogen : ‘
o) '

Ar, and Ar; are independently Ar
groups as defined in the text.

Hz/catalyst : : _
ee— n’ 2

o)
5 Thus, this invention also provides a method
for preparing compounds of formula (I') comprising the

steps of:

(a) esterifying a protected amino acid of

formula (X) with an alcohol of formula (XI) to give an
10 intermediate of formula (XII);

(b) deprotecting the am;no protecting group
in the intermediate of formula (XII) to glve an amino
ester of formula (XIII); and

- (¢) acylating the free amino group in the
15 compound of Jormula (XIII) with an acyl halide of
formula (XI° . or other activated derivatives thereof.

It should be appreciated by those of ordinary .
skill in the art that a large variety of compounds of
formula (I) may be readily prepared, according to the

20 processes illustrated in synthetic Schemes 1 and 2.



35

(Cl-C4)-straight or branched al kyl,
and (Cl1-C4) bridging alkyl

al kynyl ,

s is 0-1; 8 Ar is as defined above; and eaé?’é&#f
i ndependenWi0®s633&ct ed fromthe group consisting of [err], gCT ,s ) 6[err] ,
and NR, wherein Ris selected fromthe group consisting of hydrogen, 5

(C3-CA)-straight or branched al kenyl
wherein a bridge is fornmed between the

or

nitrogen atomand the Ar group. The preféTﬂéH'Ar groups of this invention
10 i ncl ude phenyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, indolyl,
i soi ndol yl, qui

1, 2,3, 4-

or

tetrah

10

15

20

25

30

35

linyl, i inolinyl., 1,2 3 4-tetrahydroi i nol Lnyl ,
i ey SRS A e 1 dised o SR BIREAR She o
mor e subst i t uentranyhidilf faxerim depkimicodugtd5 by akeéringdthe ovariablesup
consi sting of hggyq&@pséggyfﬁaﬂmagggié&s}rifIuoronethyl, (C1-C6) -straight

Optically active compoundé=of formula (I) may

also be prepared using optically active starting
materials, thus obviating the need for resolution of
enantiomers or separation of diastereomers at a late
stage in the synthesis,

It will also be appreciated by those of
ordinary skill in the art that the above synthetic
schemes are not intended to comprise a comprehensive
list of all means by which the compounds or the
intermediates of this invention may be synthesized.
Further methods or modifications of the above general
schemes will be evident to those of ordinary skill in
the art.

The compounds of this invention may be
modified by appending appropriate functionalities to
enhance seiective biological properties. Such
modifications are known in the art and include those
which increase biological penetration into.a given
biological system (e.g., blood, lymphatic system,
central nervous system), increase oral availability,
increase solubility to allow administration by
injection, alter metabolism and alter rate of
excretion,

- The compounds of this invention are
characterized by the ability to increase, restore or
maintain the sensitivity of MDR cells to cytotoxic
compounds, such as, for example, thgse typically used
in chemotherapy. Based on that ability, the compounds
of this invention are advantageously used as
chemosensitizing agents, to increase the effectiveness
of chemotherapy in individuals who are afflicted with
drug-resistant cancers, tumors, metastases or disease.

and



branched al kyl, O[(Cl-C6)-straight or branched al kyl], halogen, [err] and

[err], V\mbeg%mﬁgrr] and [err] are independently sel ected PCBMSINI7Lr oup
consi sting of 20 (C1-C6)-straight or branched al kyl, (C3-C6)-straight
or branched al kenyl, hydrogen and benzyl; or wherein R3 and R4 can be taken
together to forma 5-6 nmenbered heterocyclic ring such as, for exanple,

pi peridi nyl, norpholinyl or pyrrolidinyl 125 - Exanpl es of sone
preferred conpounds of formula (1), wherein J and K are taken together to
forma 5-7 menbered heterocyclic ring, have the formula (I11) or (l11),

wherein Y, [erZh addifdon], &he sompefunds] chdihis cinventien ¥¢, Ar is
defined as abO\égpggrl g %%ﬁrnlg% oﬁﬂ%%‘?l Wehérdpéite or [err]

Exanpl es of some™preferre onpounds” « K ) ), %Emﬂnﬂls
i ndependent | y Byopbydactiq agentsstiminpn-rasbitiehcaehiryl TReYesors)
straight or the compounds of this invention are useful in treating
5 or preventing multi-drug resistance in a patient.
More specifically, these compounds are useful
intreating of preventing P-glycoprotein-meidated MDR
and MRP-mediated MDR.
As used throughout this application, the term

10 "patient" refers to mammals, including humans. And the
term "cell" refers to mammalian cells, including human (
cells. ' '

As used herein, the terms "semnsitizing
agent", "sensitizer", "chemosensitizing agent”, "chemo-

15 sensitizer® and "MDR modifier" denote a compound having
the ability to increase or restore the sensitivity of
an MDR cell, or to maintain the‘sensitivity of a non-
resistant cell, to one or more therapeutic or
prophylactic agents. The term "MDR sensitization" and

20 “sensitization" and "resensitization" refer to the
action of such a compound in maintaining, increasing,
or restoring drug sensitivity.

According to one embodiment of this
invention, compounds that are useful in increasing,

25 restoring or maintaining drug sensitivity are also
capable of binding to the protein FKBP-12 or other
related FK-506 binding proteins such as FKBP-13, FKBP-
26 and FKBP-52. In vitro tests (data not shown) of
these compounds demonstrate that the agents bind to

30 FKBP-12. Thus, this invention also comprises a class
of chemosensitizing agents other than FK-506,
characterized by the ability to bind to the FK binding
protein-12 or related FK binding proteins,
pharmaceutieal compositions including such agents and a

35 physiologically acceptable adjuvant, carrier or



.5 branched al kenyl, have the forrmula (I1") or (I11"), wher

In Y [e
and [err] WOP5R63Xefi ned above for fornmula (1) and Ar is asl’&EﬁﬁSﬁ%"’h{o
for preferred Ar groups and wis 1 or 2. [err] 10 As used

herein, the conpounds of this invention, including the conpounds of for
(I'), are defined to include pharmaceutically acceptable derivatives
thereof. A "pharmaceutically acceptable dedidvati ve" denotes any
pharmaceutically acceptable 15 salt, ester, or salt of such ester,
conpound of this _itnventiaon or th conpoynd whi ch, upon, adm pi stration
to a patient, i eb&ﬁ fiv o 254 ﬂﬁ%@%&f‘%&% HSHEE | Qﬁei‘iﬁﬁm%%q'ﬁn% Prpound

of this inventi areating et phrevienting mesl tirad i reedi stdmceacirera zed by 20

the ability to
t her apeutic or

5

10

15

20

25

30

E&%ﬁkn, increase or restore sensitivity of MDR cells t
g?b ylactic - 10 - . _ ]
The compounds of the present invention may be

used in the form of pharmaceutically acceptable salts
derived ffﬁm inorganic or organic acids and bases.
Included among such acid salts are the following:
acetate, adipate, alginate, aspartate, benzoate,
benzenesulfonate, bisulfate, butyrate, citrate,
camphorate, camphorsulfonate, cyclopentanepropionate,
digluconate, dodecylsulfate, ethanesulfonate, fumarate,
glucoheptaggate, glycerophosphate, hemisulfate,
heptanoateﬁ¥§exanoate, hydrochloride, hydrobromide,
hydroiodidé;;zehydxoxyethanesulfonate, lactate,
maleate, mgﬁhﬁnesulfonate, 2-naphthalenesulfonate,
nicotinate, gxalate. pamoate, pectinate, persulfate,
3-phenyl-prpopionate, picrate, pivalate, propionate,
succinate, tartrate, thiocyanate, tosylate and
undecanoate, = Base salts include ammonium salts, alkali
metal s;lt%%_such as sodium and potassium salts,
alkaline earth metal salts, such as calcium and
magnesium saitg, salts with organic bases, such as
dicyc;ohexg;qmine salts, N-methyl-D-glucamine, and
salts withhaéipo acids such as arginine, lysine, and so
forth. 'Algégughe basic nitrogen-containing groups can
be quage:aiéé%?@;hﬁsuch agents as lower alkyl halides,
such as mg&&yjﬁggtbyl, propyl, and butyl chloride,
bromides aggnégggggg; dialkyl sulfates, such as
dimethyl,_q%éthyl,:dibutYl and diamyl sulfates, long
chain hali ;ﬁaéqgh.as decyl, lauryl, myristyl and
stearyl chlorides, bromides and iodides, aralkyl
halides, sugh_as'benzyl and phenethyl bromides and
others. Wgﬁégqqr.gil-soluble or dispersible products
are thereby cbtained.

rr]
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agents or to prevent development of nulti-drug resistance. Conpounds of

this i nv&ag’s&&”i ncl udi ng those represented by fornul a (| pcTMsYsMdIZIEObt ai ned
usi ng any conventional technique. Preferably, these conpounds are

chenically synthesized fromreadily available starting materials, such as
al pha-am no acids. Mdul ar and convergent nethods for the synthe5|s of

t hese conpounds are also preferred. Inajgnvergent 10 approach, for
exanpl e, large sections of the final product are brought together in the

| ast stages of the synthesis, rather than by increnmental addition of smal
pi eces to a growi ng nol ahe ompminds Shethe préserst rmventiopmmagcbeat i ve

Formila (1), hindstare SR S Srd Lo ) BRI S SR BB 1T

Z are oxygenstophcaédubegsqﬁaﬁiyéunasaikyafbusgalﬁyorvagpmalbzt@n -

\?\A!Pﬂaaﬁmalngoﬁol of forrml a éﬁ()reélél‘ﬁ{)t éct edlééné?]ﬁ ?n?ﬁ&oﬁggtggﬂgfé \?\gl I

known i R the SORtAiRiAgFoR nt10na1 non-toxic Sharmaceutlcalf
acceptable carriers, adjnvants and vehicles. The term
*parenteral" as used herein inslﬁdes subcutaneous,
intravenous, intramuscular, intra#a:ticular, intra-_
synovial, intrasternal, intrathecal, intrahepatic,

10 intralesional and intracranial in: ect;on or_infusion
techniques. - (

- The pharmaceut1ca1 compositions of this —
invention comprise any of the compounds of the present
invention, or pharmaceutically acceptable salts

15 . thereof, with any pharmaceutically acceptable carrier,

' adjuvant or vehicle. Pharmsceutically acceptable
carriers, adjuvants and vehicles that may be used in
the pharmaceutical compositions of this invention_
include, but are not limited to,”ion'exchangers,

20 alumina, aluminum stearate, lecithin, serum proteins,
such as human serum albumin, buffer substances such as
phosphates, glycine, sorbxc aczd, potassium sorbate;
partial glyceride mixtures of saturated vegetable fatty
acids, water, salts or electrolytes, such as protamine

25 sulfate, disodium hydrogen phosphate, potassium -- ,
hydrogen phosphate, sodium chloride, zinc salts, -
colloidal silica, magnesium trisilicate,-polyvinyl
pyrrolidone, cellulose-based substances, polyethylene
glycol, sodium carbokymethylcellulose,'polyacrylatesk_

30 waxes, polyethylene-po1yoxypropylene-hlock polymers,

o polyethylene glycol and wool fat. -

According to this invention, the .
pharmaceutical compositions may be in the form of a -
sterile injectable preparation, for example a sterile

35 injectable agueous or oleaginous suspension. -This




'connercially avai |l abl e. For exanple, conmon protecting gro!@ﬁr@éﬁﬁﬂ76
conveni ent W6 for the protection of anmino acids are de T w

.Geene, P. G M 25 Wits, Protective Goups in Oganic Chemstry, 2nd
Ed., John WIley and Sons, New York (1991). Al koxycarbonyl groups are
preferred for protection of the nitrogen atomin conpounds of formula (X),
wi th t-butoxycarbonyl (Boc), benzyloxycarde@l‘(Cbz), al | yl oxycar bonyl 30
(Al'loc), and trinethylsiIerthoxycarbonyI (Teoc) bei ng nore preferred.

After esterificatjon. compounds of_for are_deprotected under
sui t abl e depr ot 2%4%0%?%’0 i%%% ‘g]%%ﬁ %B?Q}ngaﬁa {:ﬁﬁhf‘?‘ggeﬁm' no 35
group of (X 11) kmwzhematd;eaaﬂd us:.mgg m.btalbberréiispeybmg obl wetdéngf

L oy ey b RS Zari MRIKh Bind USLLES (| e THED2I AOER;EREARTL01 OUP

in (XIV) nmay be replace g groups or ac %
known in the ar tP%QR#F%lQn Ay @1%«#& ausrteazbeymaectable solution

5 or suspenszon in a non-toxic parenterally-acceptable
diluent or solvent for example as a solution in 1,3-
butanediol. Among the acceptable vehicles and solvents
that may be employed are water, Ringer's solution and
isotonic sodium chloride solution. In addition,

10 sterile, fzxed oils are conventionally employed as a
solvent or suspending medium. For this purpose, any
bland fixed”oil may be emploved including synthetic
mono- or di—glycerides. Fatty acids, such as oleic
acid and i@étglyceride derivatives are useful in the

15 preparation of injectables, as do natural
pharmaceutidal1y—acceptable oils, such as olive o0il or
castor oii; especially in their polyoxyethylated
versions. These oil solutions or suspensions may also
contain a 1ong-chaln alcohol diluent or dispersant,

20 such as Eh; Helv or similar alcohol.

The pharmaceutical compositions of this
invention may be orally administered in any orally
acceptable dosage form including, but not limited to,
capsules, tablets, agueous suspensions or solutions.

25 In the case of tablets for oral use, carriers which are
commonly used lnclude lactose and corn starch.
Lubricating agents, such as magnesium stearate, are
also typlcally added For oral administration in a
capsule form, useful diluents 1nclude lactose and dried

30 corn starch When aqueous suspensions are required for
oral use, the active 1ngred1ent is combined with
emulsifying and suspendlng agents. If desired, certain
sweetening{iﬁlavoring or coloring agents may also be
added.

..
-



5 pent af | uor ophenoxy groups. Al cohols of formula (XI) wherein mis O
(X1") can@%% conveniently prepared, for exanple, as i lpcraisosoadei n
Schenes 27a Reaction of an organonetallic reagent of fornula (XV) and
an al dehyde 10 of formula (XVI) provides al cohols of formula (Xl ") :
(Schene 2). Alternatively (Schene 3), 1,6-heptadiyn-4-ol can be coupled via
a netal -catalyzed reaction to aromatic hall es of formula (XVIl) to give an

al cohol 15 of formula (XVII11). Subsequent hydr ogenati on provi des an
al cohol of fornmula (XI''), a preferred subset of alcohols of formula (XI).
Scherme 1 [err] - 12 - oheRatkivéely) the pharmaceutical

compositions of this invention may be administered in
the form of suppositories for rectal administration.
These can be prepared by mixing the agent with a
5 suitable non-irritating excipient which is solid at
room temperature but liquid at the rectal temperature
and therefore will melt in the rectum to release the
drug. Such materials include cocoa butter, beeswax and
polyethylene glycols. |
10 The pharmaceutical compositions of this
invention may also be administered topically, (
especially when the target of treatment includes areas |
or organs readily accessible by'topical application,
including diseases of the eye, the skin, or the lower
15 intestinal tract. Suitable topical formulations are
readily prepared for each of these areas or organs.
Topical application for the lower intestinal
tract can be effected in a rectal suppository
formulation (see above) or in a suitable enema
20 formulation. Topically—transdermai patches may also be
used. |
For topicallapplications, the pharmaceutical
compositions may be formulated in a suitable ointment
containing the active component suspended or dissolved
25 in one or more carriers. Carriers for topical
administration of the compounds of this invention
include, but are not limited to, mineral oil, ligquid
petrolatum, white petrolatum, propylene glycol,
polyoxyethyléne, polyoxypropylene compound, emulsifying
30 wax and water. Alternatively, the pharmaceutical
' compositions can be formulated in a suitable lotion or
cream containing the active components suspended or
dissolved in one or more pharmaceutically acceptable
carriers. Suitable carriers include, but are not
35 limited to, mineral oil, sorbitan monostearate,



Schene 3 [err Thus, this invention al so pr Q) t hod
for prepar WYy ;%ﬂ:ﬁounds of formul a (I ") conprising the stepsw(‘g?&s;f'ﬁﬂFIT33
esterifying a protected amno acid of formula (X) with an al cohol of
formula (XI) to give an 10 intermediate of formula (Xi1); (b)
deprotecting the am no protecting group in h?e I nternmedi ate of formula
(XI'l) to give an amino ester of fornula (XI and (c) acylating the free
am no group in the 15 conmpound of fornula (XIT1) with an acyl hal i de of

appreciat od by”t RELUSEFBELEYRYF) cHEVL Uuress WK “Rercaniliutdoda,
conmpounds of foranpatylﬁodagane » ebenzylpedcohed, anscwadiary to the 20
processes illustrated in Sﬁakh8bhﬁh§§H§EB%s¥ aRghe? pharmaceutical
compos1t10ns may be formulated as micronized
5 - suspensions in isotonic, pH adjusted sterile saline,
or, preferably, as solutions in isotonic, pH adjusted
sterile sa;ine, either with our without a preservative
such as_bgnzylalkonium chloride. Alternatively, for
ophthalmic uses, the pharmaceutical compositions may be

10 formulated in an ointment such as petrolatum.

_ The pharmaceutical compositions of this
invention may also be administered by nasal aerosol or
inhalation. Such compositions are prepared according
to techniques well-known in the art of pharmaceutical

15 formulation and may be prepared as solutions in saline,
employing benzyl alcohol or other suitable
preservatives, absorption promoters to enhance
biocavailability, fluorocarbons, and/or other
conventional solubilizing or dispersing agents.

20 The amount of active ingredient that may be
combined with the carrier materials to produce a single
dosage form will vary depending upon the host treated,
and the patticular mode of administration. It should
be understood however, that a specific dosage and

25 treatment reglmen for any particular patient will
depend upon a variety of factors, including the
activity of the specific compound employed, the age,
body weight, general health, sex, diet, time of
admlnlstratzon, rate of excretion, drug combination,

30 and the Judgment of the treating physician and the
severity of the particular disease being treated. The
amount of active ingredient may also depend upon the
therapeutic or prophylactic agent, if any, with which
the ingredient is co-administered. The term

35 *pharmaceutically effective amount" refers to an amount



- 13 - The sane processes may be used for the synthesis of many different
end- prodyghospidgral tering the variables in the starting nePEFUaS43716
Optically active conmpounds of formula (1) may 5 al so be prepared using
optically active starting materials, thus obviating the need for resol ution
of enantioners or separation of diastereoners at a |late stage in the
synthesis. It will also be appreciated by20hese of 10 ordinary skill in
the art that the above synthetic schenes are not intended to conprise a
conprehensive list of all neans by which the conpounds or the internedi ates
of this inventeffieahjveetoypreventetulti~dmg mesiskange axinginiadhs of

the above geneiglrlase orSelg¥BYe iirud et laity QAR NeTrdl nary skill

appr opr Lt o  UBESRERALEVERS 0F betaRen Alial 0 @b ARt bR e "
Such 20 NOHLEYCHight pee @Ay prefidrably hdtvedr absut ®ss and
5 about 50 mg/kg body weight per day of the active
ingredient compound are useful. A typical preparation
will contain between about 5% and about 95% active
compound (w/w). Preferably, such preparations contain
between about 20% and about 80% active compound.

10 When the compounds of this invention are
administered in combination therapies with other (
agents, they may be administered sequentially or
concurrently to the patient. Alternatively,
pharmaceutical or prophylactic compositions according

15 to this invention may comprise a combination of a |
compound of this invention and another therapeutic or
prophylactic agent.

For example, the compounds may be adminis-
tered either alone or in combination with one or more

20 therapeutic agents, such as cheﬁptherapeutic agents,
(e.g., actinomycin D, doxorubicin, vincristine,
vinblastine, etoposide, amsacrine, mitoxantrone,
tenipaside, taxol and colchicine) and/or a
chemosensitizing agent (e.g., cyclosporin A and

25 analogs, phenothiazines and thioxantheres), in order to
increase the susceptibility of the MDR cells within the
patient to the agent or agents.

In order that this invention may be more _
fully understood, the following examples are set forth.

30 These exam—les are for the purpbse of illustration only
and are nc- to be construed as limiting the scope of
the inven: :n in any way. '



“whi ch increase biological penetration into a given biol ogical_s stenuge.g.,
bl ood, | ynWe#5(2633ystem central nervous system), increase BLL{USIS371
availability, increase solubility to allow adm nistration by 25

injection, alter nmetabolismand alter rate of excretion. The conpounds of
this invention are characterized by the ability to increase, restore or

mai ntain the sensitivity of MDR cells to Cy?%toxic 30 conpounds, such
as, for exanple, those typically used in chenotherapy. Based on that

ability, the conpounds of this invention_are zdvantageously used as
chenosensi tizing agents, to increase th veness of chenotherapy in

I ndi vi dual s who W th 35 drug-resi stant cancers, tunors,

net ast ases or di . - - In addition, the conpounds of this

invention are capable of nBpgEghnh0g18§RShhbMktY ot 2ebBRAARE(LE M)
spectra were recorded at 500 MHz on a Bruker AMX 500.

5  Chemical shifts are reported in parts per million (8)
relative to Me,Si (8 0.0). Analytical high performance
liquid chromatography was performed on either a Waters
600E or a Hewlett Packard 1050 liquid chromatograph.

10 A mixture
of 1,6-heptadiyn-4-ol (25 g, 0.231 mol), palladium(II)
acetate (2.6 g, 11.0 mmol), copper(I)iodide (3.3 g,
11.0 mmol) and triphenylphosphine (9.1 g, 35.0 mmol) in
degassed triethylamine (300 mL) was treated with 3-

15 bromopyridine {77 g, 0.49 mol). After stirring for 24
h at room temperature, the reaction was filtered
through a plug of Celite and the Celite washed with
ethyl acetate (EtOAc). The filtrate was concentrated
to afford a’'dark brown oil. This material was

20 dissolved in 2 N hydrochloric acid (HCl) and washed
with EtOAc (2x). The pH of the aqueous layer was
adjusted to pH>8 by addition of 3 N sodium hydroxide
{NaOH) and then extracted with EtOAc (2x). The
extracts were combined, washed with half-saturated

25 aqueocus sodium ehlbride,'brine, dried over magnesium
sulfate (MgS804), filtered and concentrated. The
residue was passed through a plug of silica gel (SiO,,
elution ﬁiéh EtOAc) to provide 33.1 g of compound 1 as
a solid upon drying. :

30

A suspension of
platinum oxide (280 mg) in absolute ethanol (1 mL) was
diluted with absolute methanol (10 mL) followed by the



prophylactic agents in non-resistant cells. Therefore, the conpounds of
this inventi gy € useful in treating 5 or preventi ng rars$9ses1lg
resistané@o?ﬁﬁg patient. Mre specifically, these conpounds are useful
intreating of preventing P-glycoprotein-neidated MDR and MRP-nedi at ed MDR.
As used throughout this application, the term 10 "patient" refers to
mammal s, including humans. And the termgagell” refers to mammualian cells,

i ncl udi ng hunan cells. As used herein, the ternms "sensitizing agent",
"sensitizer", "chenpbsensitizing agent”, "cheno- 15 sensitizer” and "MDR

nodi fier” denQ§&aft£@ﬂD@ﬂnéoﬁ§&uﬁa 1h¢zabulggy10o7enumease OiThreest ore t he
sensitivity of an

resi stant ceIIsu?EFBﬁeoﬁrwﬁﬁrglFﬁsaa 4bh6690%§;%§§£%é éﬁfﬁonThe term

"MDR sensitizaafoet hpdréfen cohsumptu.onat:easedand;ha émdmgenzataa)n refer

éf’ughieﬁé'f Vi PeotaEda iR RLRE L TRRR %%*%L Hadeldrd Wald !B Werdp! o7 1 N0
- and concentrated to prov;de .87 g of compound 2 as a _
" wviscous oil.

10 ester (3): To a solution of compound 2 (9.5 g, {
35.18 mmol) and (S)-piperidine-1,2 dicarboxylic acid 1-
tert-butyl ester (12.1 g, 52.78 mmol), and N,N-
dimethy1-4-aminobyridine (427 mg, 3.5 mmol) in
methylene chloride (CH,Cl,, 50 mL) at 0 °C was added 1-

15 (3- d1methy1am1nopropy1) 3-ethy1carbod11m1de
hydrochloride (10.1 g, 52.78 mmol). The reaction was
warmed to room temperature'and allowed to stir for
16 h. The reaction was diluted with EtOAc, washed with
water, 5% aqueous sodium bicarbonate (NaHCO;), brine,

20  dried over anhydrous magnesium sulfate (MgSO,;) and
concentrated to provide 16.67 g of compound 3 as a
viscous oil. |

25 ; -4-pyridin-3-vl)- : To a solution
of compound 3 (16.67 g, 34.66 mmol) in CH,Cl; (40 mL)
at 0°C was added trifluorocacetic acid (40 mL). After
the addition was complete, the reaction was warmed to
room temperature and stirred for 4 h. The reaction was

30 concentrated and the residue taken up into water and
made basic with solid K,CO;. The product was extracted
with CH,Cl, (2x). The extracts were combined dried



i nventi on,

- vehi cl e,

compounds that are useful in increasing, 25 r
mai nt ai ni NYOAS(263¥ensitivity are al so capabl e of binding togﬁh%é She’

roteln

and @s8tRodg eff wmxﬁi@ae ROWesiSdANS iy . treating or
preventing nulti-drug resistance in a patient.

I nvention may be 5 used in the forq&of gf gaceutlcally accept abl e

salts

10

15

20

25

30

_ 1-p To a mixture of
N-methyl-3;4,5-trimethoxyaniline (130 mg, 0.66 mmol)
and diisbp?ﬁyléthylamine (i-PryNEt, 215 uL, 1.2 mmol)
in methqune chloride (CH5Cl,, 1 mL) was added 1.2 M
phosgene 1n toluene (1.65 mL). After stirring for 2 h,
the reactzon was concentrated and placed under wvacuum
to remove r251dual phosgene. To a solution of compound
4 (225 mg, 0{59 mmol} in CH,Cl, (1.5 mL) containing i-
Pr,EtN (215 plL, 1.2 mmol) was added the above preformed
acyl chlbr;de in CH,Cl, (1.5 mL). After stirring for

1 h, the reaction was diluted with ethyl acetate
(EtOAc), washed with 5% aqg. NaHCO;, brine, dried over
MgSO4, filtered and concentrated in vacuo to provide a
viscous oil. Chromatography of the residue on SiO,
(elutlon wzth 30 to 60% acetone:hexanes) provided

238 mg (67%) of compound 5 as a viscous oil. IH NMR
{500 MHz, C§C13) 8 8.44-8.40 (m, 4H), 7.35 (m. 2H),
7.22-7.18 (m, ZH), 6.43 (br s, 2H), 4.98 (m, 1H), 4.74

{m, 11:),_3 84 (s, 9H), 3.42 (br s, 1H), 3.18 (s, 3H),
2.92 (m, 1}?1 2.65-2.56 (m, S5H), 2.06-1.98 (m, 1H),
1.70-153 (m, 153)

Compound € was
prepared accordzng to the protocol of Example 5, except
that N>methy1 -3,4,5- tr;methoxyanzlzne was replaced with
N-methyl-3- trzfiuoromethylanxlzne 1y NMR (500 MHz,

FKBP- 12 or other related FK-506 binding proteins such as FKBP-13, FKBP- 26
and FKBP-52. nvitro tests (data not shown) of these conpounds
denonstrate that the agents bind to 30 FKBP-12. Thus, this invention
al so conprises a class of chenosensitizimg23gents other than FK-506,
characterized by the ability to bind to the FK binding protein-12 or

rel ated FK bi ndi ng protelns .Rphar maceut ] cal conp05|t|ons |nclud|ng such
agents and a 359Ver ¥E90Ouel S4ilEeref andesonaentratefhiMmo REAVIAR o - 15

The conpounds of the present



derived frominorganic or® organi c acids and bases. Included anong such acid
salts are the follow ng: acetate, adipate, alginate, asparpeigsospsnsoate,
benzenes WP 838" bisulfate, butyrate, citrate, 10 canphor at e,
canphor sul fonat e, cycl opent anepr opi onat e, di gluconate, dodecylsulfate,

et hanesul fonate, fumarate, glucoheptanate, glycerophosphate, hem sul f ate,
hept anoat e, hexanoate, hydrochloride, hydrpbrom de, hydroiodide,

2- hydr oxyet hanesul fonate, lactate, 15 | eat e, net hanesul f onat e,

2- napht hal enesul fonat e, nicotinate, oxal ate, panpate, pectinate,

persul fate, 3- - i PR pi.cra b vah akeq e PiAPI e, 4s99ci nat e,
tartrate, thi o%’eg '?88'5?34 gs%n Un%@:agzé?g, .g'égséﬁga?togt) | ngl gge
anmoni um sal ts, (Tl KEHY, 20.64 (met3K) saBi89 $mehlHd,sddROm(Bnd 3HdragsPdm

salts, alkalineqgarigy mejag7s2l635, (AYCAHRS 22bSLUTOENmMIBIAYSI ATE9A ts,
salts with organic, bases,_such as dicycloﬁexylanine salts,
N-nethyI-D-gIu&mﬁ?ua“%n&pghrts_mﬁth am no aci ds-such as arginine, |ysine,
and so 25 forth. Also, the basic nitrogen-containing groups can be
guanterniged with such agents as | ower Examglehdl i des,

in-3-v1-propvl) - ster : Compound 7 was
prepared accdrding to the prdtocol of Example 5, except |
10 that N-methy1-3,4.S-trimethoxYaniline was replaced with (
N-methyl-4-tert-butylaniline. lH NMR (500 MHz, CDCl3)
5 8.40 (m, 4H), 7.49-7.42 (m, 2H), 7.30 (4, 2H), 7.17
(m. 2H), 7.05 (d, 2H), 4.99 (m, 1H), 4.64 (m, 1H), 3.35
(m, 1H), 3.14 (s, 3H), 2.84 (dt,'iﬁ),_2.64-2.52 m, 4H),
15 2.00-1.95 (m, 1H), 1.70-1.48 (m, 11H), 1.27 (s, 9H),
1.20-1.02 (m, 2H).

20 idig-3-vl- = : Compound 8 was
prepared according to the protocol of Example 5, except
that N#methy1—3,4,5-trimethpxyagiline was replaced with
N-methyl-4-iso-ptopyléniline._ 1y NMR (500 MHz, CDCl,)
3 8.42-8.39 (m, 4H), 7.49-7.43 (m, 2H), 7.18 (m, 2H),

25 7.14 (d. 2H), 7.06 (4, 2H), 4.99 (m, 1H), 4.64 (m, 1H),
3.35 (br 4, 1H), 3.15 (s, 3H), 2.85 (m, 2H), 2.59 (m,
4H), 1.97 (m, 1H), 1.70-1.49 (m, 11H), 1.21 (4, 6H),
1.20-1.02 (m, 2H).

30

ester (9): Compound 9 was'ﬁféﬁared according to the



'such as methyl, ethyl, propyl, and butyl chloride, bronides and iodine;

di al kyl suioesses3s7’such as di methyl, diethyl, dibutyl and di ZGFOSEIFE es,
Il ong 30 chain halides such as decyl, lauryl, nyristyl and stearyl
chlorides, brom des and iodides, aral kyl halides, such as benzyl and
phenet hyl brom des and others. Water or oil-soluble or dispersible
products are thereby obtained. - 16 - -TH5 cenpounds of the present

i nvention may be administered orally, parenterally, by inhalation spray, -

topically, rectally, nasally, buccally, vaginally or via an inplanted
reservoir in dofrptgeaimehitBwmple S5, exeenk nthat cAnveshydndl 4ndn-t oxic

phar”?ceufica||kzimeﬁﬁ3¥¥3ﬁ¥1fhéﬁﬁééE%fpléﬁ@&Vﬁﬁtﬁ ?nﬁipéﬂi&iﬁéa The term
parenteral " as ei_n inc ut.aneous, ,intravengu
I ntramuscul ar, Wa@(}i ar 15J':rcfﬁs)r :1&] éy#%ﬁéaa#? ‘Iﬁt,réél er asf,}'?nﬁ affecal ,

5 3.32-3.0% (m, 8H), 2.64-2.52 (m, 6H), 2.01-1.96 (m,
1H), 1.80-1.30 (m, 15H)}.

10 idin-1-vl- - : Compound 10 was
prepared according to the protocols of Examples 1-5,
except that 3-bromopyridine was replaced with 1-
bromopyridine. lH NMR (500 MHz, CDCl,;) & 8.50 (t, 2H),
7.56 {(dq, 2H), 7.18-7.08 {m, 4H), 6.43 (s, 2H), 4.97

15 (g, 1H), 4.78 (m, 1H), 3.83 (s, SH), 3.44 (br 4, 1H),
3.19 (s, 3H), 2.89 (dt, 1H), 2.82-2.73 (m, 4H), 2.07
(br 4, 1H), 1.81-1.52 (m, 12H).

20

-vi- - : Compound 11 was

prepared according to the protocol of Example 5, except
that N-methyl-3,4,5-trimethoxyaniline was replaced with
3,4,5-trimethoxyphenol. Compound as a mixture of

25 rotomers: IH NMR (500 MHz, CDClz) 3 8.42-8.35 (m),
7.50-7.32 (m)}, 7.28-7.18 (m), 6.34 (s), 6.27 (s), 5.34-
4.90 (m), 4.19-4.01(m), 3.78 (s), 3.75 (s}, 3.22 (br
dt), 3.14 (quintet), 3.05-2.90 (m), 2.65-2.53 (m),
2,27-2.21 (m), 2.02 (s}, 1.80-1.45 (m) .



10 intral esional and intracranial injection or infusion The

phar maceu‘;vbcgg)? :ﬁgrrpom tions of this -- invention conprise paywsSésdshRs
conmpounds’ of Fle present invention, or pharmaceutically acceptable salts 15 .
thereof, with any pharmaceutically acceptable carrier, adjuvant or vehicle.
Phar maceut ically acceptable carriers, adjuvants and vehi cles that may be
used in the pharmaceutical conmpositions of,this invention include, but are
not limted to, ion exchangers, 20 al um na, alum num stearate,"

| ecithin, serum proteins, such as human serum al bum n, buffer substances

such as phosphates, glycine, sorbic aWi-um sorbate, partial
glyceride m xtures of saturated vegetable tatty acids, water, salts or

el ectrol ytes, wmﬂ@ﬂ&%mﬂaﬂﬁﬁm_ﬂ%%mﬂmw
phosphat e, pot m_hydr o phos sodLum c Zl nc
col | oi dal sili Ma [42) 10| GOTRGHR %y?‘ o?f?aongeparea

(')

cel | ul ose- base@qnn;simdsp t;imymdsmmhsgd::ﬁcmampbdsum4 except that

car boxymef hyl c A %Eﬁﬂgﬁ S
pol yet-hyl ene- p(;q JRK Xe)ézp t:ene- € %I‘g%%rs ? tﬁyf’ene gI ycol and wool
an-3-ol

fat.

10 phenvl-propv] ester (13): Compound 13 was prepared ‘
according to the protocol of Example 5, except that
compound 4 was replaced with compound 12. 1H NMR (500
MHz, CDCl3) & 7.27 (m, 4H), 7.20-7.14 (m, 6H), 6.47 (s,
2H), 5.01 (m, 1H), 4.87 (m, 1H), 3.84 (s, 6H), 3.83 (s,

15 3H), 3.48 (br 4, 1H), 3. 23 (s, 3H), 2.94 (dt, 1H),
2.72-2.44 (m, 4H), 2.17-2.10 (m, 1H), 2.00-1.85 (m,
4H), 1.67-1.60 (m, 2H). 1.45-1.40 (m, 1H), 1.30-1.18
(m, 2H).

20 = ={2-(1-ph =3 7] -~ -

{14): Compound 14 was prepared according to the
protocol of Example 13, except that N-methyl-3,4,5-
" trimethoxyaniline was replaced with N-methyl-4-
25 aminophenyl sulfonic acid.

benzvloxvethvl ester (15): Compound 15 was prepared
according to the protocols of Examples 3-4, except that

30 compound 2 in Example 3 was replaced with 1,3-
dibenzyloxypropan-2-ol. -



‘According to this invention, the pharmaceutical conpositiong nag%gg i n the
form of a WOOBRE387i nj ect abl e preparation, for exanple a st eFEPE 716
.injectabl e aqueous or ol eagi nous suspension -This - 17 - suspension nmay
be fornul ated according to techniques known in the art using suitable
di spersing or wetting agents and suspendin% agents. The sterile injectable
preparation may al so ‘be a sterile injectab d solution 5 or suspensi on
in a non-toxic parenterally-acceptable diluent or solvent, for exanple as a
solution in 1, 3- butanediol. Anmong the acceﬂtaaﬁe vehlcles and sol vents
that may be enployed are water, Ringer and isotonic sodlum
Sterilse

chlorldg sol utiQay _qL vagsl i-— 7_“b%’!.“7,_ 118 “.._ S 1) -
conventional |y BMp OV“o 5 or/e D rSperd 0

pur pose, any bl & '41‘!-( -caxbopa ldien lanid 2-bengyloxvairn (benavioxyr or
di -glycerides. i S lg8i.C Compound 16 was prepared
5 according to the protocol of Example 5, except that
compound 4 was replaced with compound 15 and N-methyl-
3,4,5-trimethoxyaniline with N-methyl-4-
morpholinpaniline. !H NMR (500 MHz, CDClj) & 7.34-7.11
(m, 10H), 7.09 (4, 2H), 6.84 (d, 2H), 5.29 {quintet,
10 1H), 4.81 {(br t, IH), 4.54 (4, 2H), 4.49 (ad&, 2H), 3.84

(t, 2H), 3.67 (t, 2H), 3.40 (br 4, 1H), 3.15 (s, 3H),
3.09 (t, 4H), 2.86 (dt, 1H), 2.08-2.05 (m, 1H), 1.60-
1.44 (m, 2H), 1.27-1.08 (m, 3H).

15

methvl)-ethvl ester (17): Compound 17 was prepared
according to the protocol of Example 16, except that N-
methyl-3,4,5-trimethoxyaniline was replaced with N-

20 methyl-4-piperdinoaniline. H NMR (500 MHz, CDClj)
3 7.36-7.25 (m, 10H), 7.06 (d, 2H), 6.86 (d, 2H), 5.29
(quintet, 1H), 4.79 (m, 1H), 4.55-4.48 (m, 4H), 3.66
(m, 4H), 3.41 (br 4, 1H), 3.14 (s, 3H), 3.10 (m, 4H),
2.87 (dt, 1H), 2.05 (br 4, 1H), 1.73-1.67 {(m, 4H),

25 1.61-1.45 (m, 4H), 1.25-1.08 (m, 3H).

{18): Compound 18 was prepared according to the
30 protocol of Example 16, except that N-methyl-3,4,5-
| trimethoxyaniline was replaced with 5-hydroxyquinoline.
Compound 18 was a mixture of rotomers: 1y NMR
(500 MHz, CDCl3) & 8.89 (dd), 8.86 (dd), 8.90 (d), 8.24



acid and its glyceride derivatives are useful in the 15 preparation of

i njectabl es, as do natural pharnaceutically-acceptabl e oil gcramednsass ol i ve
oi |l or ca%’PdF’sz?V especially in their polyoxyethylated versions. These

oi | solutions or suspensions may al so contain a | ong-chain al cohol diluent .
or dispersant, 20 such as Ph, Hely or simlar alcohol. The

phar maceuti cal conpositions of th|s |nven§hon may be orally admnistered in
any orally acceptable dosage formincluding, but not limted to, capsules,
tabl ets, aqueous suspensions or solutions. 25 In the case of tablets

for oral I_u;e g@y rigrggwWaggh qr g-;cQ@yDnby Ggsqd:)l nel w7 ag oge Arsl 4prn
ubric

st arch. | hg agents, [ such neS|un1s ar al ypically
added. For or fguigke ?stﬁa?ﬁol‘qphn& psdl-@% o(rd(rl ?%‘edfz.x (ﬂ u@% i ncl ude
| act osedapd dripega3Qm), ﬁcgqn (gg-aaqb 4. ‘ggher(b&q@QU$ SI2HESB8 ofw) Ar®e.39
require or or us I, i.ent Wi yi ng
and suspendi ng ag)ents obf ?g‘ggl’l’ 38 g altﬁ 'S\Rxa‘ad:ﬁll‘ndf &?’a’v ?l@&lﬂb?g

col ori ngSagent ¢mjray al so be added

{19): Compound 19 was prepared according to the
10 protocol of Example 16, except that N-methyl-3,4,5- '

trimethoxyaniline was replaced with 3-hydroxypyridine.
Compound 19 was a mixture of rotomers: 1y MR
(500 MHz, CDCl;) & 8.46-8.41 (m), 7.48 (dt), 7.43 (dt),
7.34-7.24 (m), 7.18 (dd), 5.40-5.33 (m), 5.03 (dd),

15 4.57-4.47 (m), 4.17 (br d), 3.69-3.66 (m), 3.27 (dt),
3.05 (dt), 2.33 (br 4), 1.81-1.71(m), 1.69-1.64 (m),
1.56-1.43 (m), 1.35-1.27(m).

20 -
propyl)-butvl ester(20): Compound 20 is prepared
according to the protocols of Examples 3-5, by
replacing (S)-piperidine-1,2-dicarboxylic acid l-tert-
butyl ester with N-(tert-butoxycarbdnyl)-L-

25 phenylalanine.

vi-ethvl)-propvl ester (21): Compound 21 is prepared
30 according to the protocols of Examples 3-5, by
' replacing (S)-piperidine-1,2-dicarboxylic acid 1-tert-
butyl ester with N-(tert-butoxycarbonyl)-L-



L.on may

- 18 - Alternatively, the pharmaceutical conpositions of thiﬁp@@%@@f‘
n

be adm ni We9®a6h t he form of suppositories for rectal adnt
.These can be prepared by m xing the agent with a 5 sui tabl e
non-irritating excipient which is solid at roomtenperature but |iquid at
the rectal tenperature and therefore will nelt in the rectumto rel ease the
drug. Such materials include cocoa butter=~ B8eswax and pol yet hyl ene
glycols. 10 The pharnmaceutical conpositions of this invention

may al so be adm nj stered topically speci al, | en_.the target Qf treatnent
i ncl udes areas oghﬁ?§gﬁ€aPé§ i??da362§ 'BV€1g§n?35W3§ eRSan- éP'oH?t%

i ncl udi ng di seasks5edippeidyn-3tid-pkneancBd-blle | ower 15 i ntestinal
tract. Suitable topical fornulations are readily prepared for each of

t hese areas or organs. Topi.cal applicatkgg IEE EEe | ower intestinal

=3=vl- + Compound 22 is
prepared ?ccording to the protocol of Example 20, by
replacing N-methyl-3,4,5-trimethoxyaniline with 3,4,5-
trimethoxyphenol.
10 Example 23
in- i; et : Compound 23 is
prepared’éq¢§rding to the protocol of Example 21, by
15 replacing N-methyl-3,4,5-trimethoxyaniline with 3,4,5-

trimethoxyphenol.

Example 24 -- MDR SPNSTTIZATION ASSAYS

To assay the ability of the compounds

according to this invention to increase the

20 antiproliférative activity of a drug, cell lines which
are known to be resistant to a particular drug may be
used. These cell lines include, but are not limited
to, the L1210, P388D, CHO and MCF7 cell lines.
Alternati@ély, resistant cell lines may be developed.

25 The cell line is exposed to the drug to which it is
resistant;?br Eo_the test compound; cell viability is
then measuréd and compared to the viability of cells
which are exposed to the drug in the presence of the
test compoﬁnd.

30 We have carried out assays using L1210 mouse
leukemia cells transformed with the pHaMDR1/A
retrovirus carrying a MDR1 cDNA, as described by Pastan



tract can be effected in a rectal suppository formulation (see above) or in
a suitable enema 20 formul ation. Topically- transderna#cﬂ@@gmg@umay
al so be ¥@3§52¢337 topi cal applications, the pharnaceutical conpositions nmay *
be fornmulated in a suitable ointnent containing the active conponent
suspended or dissolved 25 In one or nore carriers. Carriers for

topi cal adm nistration of the conpounds of, this invention include, but are
not linmted to, nmineral oil, liquid petrm%ﬁlun white petrol atum propyl ene
gl ycol, pol yoxyet hyl ene, polyoxypropylene conpound, enul sifying 30 wax

Formitated i n 5t o anEadoy MR AGHE it f‘ﬁ#‘?"s?%;"g?s??"é‘%‘*%@mnem :
suspended or dﬂé@@ﬁded|ﬂhﬁﬂﬂ§aﬂsﬂﬁnﬁakﬂnﬁwnkihﬁl¥gﬁl913%Q¥¥PE§F@ carriers.
Sui tabl e carri g% iobtaddfed Fon Tk M. 3. Gottéshakdof Othdi NEE26nAL! .
sor bi tan nonostearat e \ -
Cancer Institute. These drug-resistant transfectants
5 had been selected by culturing cells in 0.06 mg/ml
colchicine. .
_ Multi-drug resistance assays were conducted
by plating cells (2 x 103, 1 x 104, or 5 x 1¢~
cells/well) in 96 well microtiter plates and :-posing
10 them to a concentration range of doxorubicin {50 nM-10 _
uM) in the presence or absence of multi-drug resistance '
modifier compounds ("MDR inhibitors") of this invention
(1, 2.5 or 10 uM) as described in Ford et al., Cancer
Res., Vol. 50, 1748-1756. (1990). After culture for 3
15 days, the viability of cells was quantitated using MTT
(Mossman) or XTT dyes to assess mltochondrlal function.
All determinations were made in repllcates of 4 or 8.

Also see, Mossman T., J*_Immnngli_ug;hgds Vol. 65, 55-
63 (1983).

20 Results were determined by comparison of the
ICso for doxorubicin alone to the ICgq for doxorubicin +
MDR inhibitor. An MDR ratio was calculated (ICgy Dox/
IC50 Dox + Inhibitor) and the integer value used for
comparison of compound potencles

25 In all assays, compounds according to this
invention were tested for intrinsic antiproliferative
or cytotoxic activity. The results are summarized in
Table 1 below. As demonstrated in Table 1, the
compounds generally caused <10%IcytotOXicity at _

30 concentrations of 10 BM or greater. In Table 1, "NT"
indicates that the compound was not tested at the
respective concentration.



-

-phar naceuti cal

- 19 - pol
2- octyldo

sorbate 60, cetyl esters wax, cetearyl alcoho
85337 benzyl al cohol and water. For ophthal m c PEHUS§sHaTis

conpositions may be fornulated as micronized 5

suspensions in isotonic, pH adjusted sterile saline, or, preferably, as

solutions in isotonic, pH adjusted sterile line, either with our with
a preservative such as benzyl al koni um chl'oritle. Alternatively, for

opht hal m ¢ uses, the pharnaceutlcal conp05|t|ons may be 10 f or rmul at

in an oi ntment SUSlRAS
i nvention may al SO be adlr

conposi tions are preparemapcqesmqaéf t eouy&i wel Inbﬁom i n thgpart

phar maceut i calcolpound f @gwl ati on @nd nmay prepared Rat$8! Uti ONSRaPio

sal ine, enploying benzylaldreed olpMremd her2 ssi bt .pre§eov%m ®p8. (2.5uM)
0

out

ed
hi s

of

The

absorptiors preooters to_enhance bioavailability, fluorocarbons, and/or
ot her conventional solubilizing or dispersing agents. 20
anount of acti \Ee i ngr edi éﬁQO t hat ms@S(be 90 2.8 7.8
65 NT 14.6
7 1000 250 65 4.0 15.4
8 2250 - 1200 625 1.9 3.6
10 9 - 2750 1800 325 1.3 6.9
10 . 850 - 400 85 2.1 7.8
11 2250 1900 1000 1.2 2.3
13 1800 600 160 3.0 11.5
14 2250 1200 625 1.9 3.6
15 16 800 NT 75 NT 10.7
17 950 NT 70 NT 10.7
i8 350 NT 70 NT 13.6
CsA 800 60 NT 13.3 NT
20 EXAMPLE 25
Inhibiti £ MRP-Medi 1 MDR

25

30

35

In order to demonstrate that the compounds of
this 1nventlon are effective in reversing MPR-medlated
MDR, in addition to P-glycoprotein-mediated MDR, we
assayed 1nh;b;tlon in a non-P-glycoprotein expressing
cell line.

We plated HL60/ADR cells in 96 well
microtiter plates (4 x 10* cells/well). The cells were
then exposed to various'concentratiops of doxorubicin
(50 nM to 10 uM) in the presence or absence of various
compounds of this invention at various concentrations
(0.5 - 10 uM)}. After culturing the cells for 3 days,
their viability was quantitated using the XTT dye
method to assess mitochondrial function. Results were
expressed as a ratio of the IC,, for doxorubicin alone
to the the IC;, for doxorubicin plus MDR inhibitor. ICs,
values are expressed in nM. In all assays the
intrinsic antiproliferative or cytotoxicity activity of



conmbined with the carrier materials to produce a single dosage formw ||
vary deperglh pghddpPn the host treated, and the particul ar noREI/GI95/03716

adm nistration. 1t should be understood, however, that a specific dosage
and 25 treatment reginmen for any particular patient will depend upon a
variety of factors, including the activity of the specific conpound

enpl oyed, the age,  body weight, general hed2h; sex, diet, tine of

adm nistration, rate of excretion, drug conbi nation, 30 and the
judgrment of the treating physician and the severity of the particular

di sease bei ng t t&& MPR %wénimms Hasi@ise dekpEnined }»ﬁ@ g‘-’@é/ﬁgﬁend upon

the therapeuticce1Rf.0PHAHdduiREL W E &ﬂi@ra/ssa*térméb gbechngnedi ent is
co- admi ni st er ed. e term_35 "pharnmaceutically effective anmount”

refers to an ang@Rt® 2 Pel®W: ot fective to prevent :nmulti-drug resistance or
mai ntain, increase or restore drug sensitivity in MDR cells.

| Tablé 2: Reversal Of MRP-meidated MDR in HL60/ADR
5 - Cells '

While we have described a number of

10 embodiments of this invention, it is apparent that our
‘basic constructions may be altered to provide other
embodiments which utilize the products, processes and
methods of this invention. Therefore, it will be
appreciated that the scope of this invention is to be

15 defined by the appended claims, rather than by the
-specific embodiments which have been presented by way
of example.



‘Dosage | evel s of between about 0.01 and about 100 ngy/ kg body mel%ﬁ@ er
day, prefevadbyrdd®t ween about 0.5 and 5 about 50 ngy/ kg BSEHL ﬁﬁ per
day of the active ingredient conpound are useful. A typical preparation

wi |l contain between about 5% and about 95% active conpound-—{w w).

Preferably, such preparations contain between about nd about 80%)
active conpound. 10 When t he Barrpoundsnw m n are
adm ni stered in conbination therapies with other age s wt

adm ni stered sequentially or concurrently to_the patient. %rn%llwely,
pharmaceutical or prophylactic conpositi rding 15 to this

I nventi on may coEp ise a conbi nation of a conpound of this invention and
anot her therapeuti E+8t™ prophylactlc agent For exanpl e, the conpounds may

be adm nis- tered either aione r.in na{n ticon mnth e or nore 20

t herapeutic agents, such a 'che REPQBE % 5% .'d., actinonycin D
doxorubi cin, vincristine, vinblastine, etoposide, ansacrine, m t oxantrone,
t eni pasi de, taxol and colchicine) and/ g a D

z)\ R i o

b 4

R2

wherein A is CH,, oxygen, NH or N-{(Cl-C4 alkyl);
wherein B and D are independently:
Ar, (Cl-Ch)-straight or branched alkyl,
(C2-C6) -straight or branched alkenyl or alkynyl,
{C5-C7) -cycloalkyl substituted (Cl1-C6)-straight or
branched alkyl, (C3-C6)-straight or branched alkenyl or
alkynyl, (C5-C7)-cycloalkenyl substituted
(C1-C6) -straight or branched alkyl, (C3-C6)-straight or
branched alkenyl or alkynyl, Ar-substituted
{C1-C6) -straight or branched alkyl, Ar-substituted
(C3-C6) -straight or branched alkenyl or alkynyl,
wherein any one of the CH, groups of said

alkyl chains may be optionally replaced by a heteroatom
selected from the group consisting of 0, S, SO, SO,,
and NR, wherein R is selected from the group consisting
of hydrogen, (Cl1-C4)-straight or branched alkyl,
{C3-C4) -straight or branched alkenyl or alkynyl, and
(C1-C4) bridging alkyl wherein a bridge is formed
between the nitrogen and a carbon atom of said
hetercatom-containing chain to form a ring, and wherein
said ring is optionally fused to an Ar group;

! This She_e::t Has Been Replaced
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chenpsensi tizing agent (e.g., cyclosporin A and 25 anal ogs, '
phenot hi azi nes and thi oxant heres) in order to increase thgmymeapasbility

of the M¥® ent to the agent or agents. |n order that ;
this invention my be nore ful understood, the followi ng exanples are set
forth. 30 mmﬁﬂﬂ‘mmm for the purpose of illustration only and
are no to be co ngthes_;: of the invent n in any way.

- 21 - Exanples Genér at I\%t hods Proton nuc ear magneti c resonance .([err]
NVR) spectra were recorded at 500 MHz on a Bruker AMX 500. 5 Chem cal

shifts are reported in pytis Reglettad Ofrdib) thé! gEowp tonskd€ing 86£0) .
Wt els G00E of NSRRI RAIeh S TR G o1 RrrirhedBLkKD: TTEatgeftt Mer
straight or branched alkenyl and -CH,Ar;

K is selected from the group consisting of
(C1-C4)-straight or branched alkyl, -CH,Ar, and
‘cyclohexylmethyl; | :

or . J and K may be taken together to form a
5-7 membered heterocyclic ring which may contain a
hetercatom selected from the group consisting of O, S,
SO and S05; '

Z is 0 or S; (

Y is O or N, wherein |

| when Y is O, then R, is a lone pair and
R, is selected from the group consisting of Ar, (C1-C6)-
straight or branched alkyl, and (C3-C6)-straight or
branched alkenyl or alkynyl; and
when Y is N, then R; and R, are

independently selected from the group consisting of Ar,
(C1-C6) -straight or branched alkyl, and (C3-C6)-
straight or branched alkenyl or alkynyl; or R, and R,
are taken together to form a heterocyclic 5-6 membered
ring selected from the group consisting of pyrrolidine,
imidazolidine, pyrazolidine, piperidine, and
piperazine;

wherein Ar is a carbocyclic aromatic group
selected from the group consisting of phenyl,
1-naphthyl, 2-naphthyl, indenyl, azulenyl, fluorenyl,
and anthracenyl;

or a heterocyclic aromatic group selected from the
group consisting of 2-furyl, 3-furyl, 2-thienyl, 3-
thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, pyrrolyl,
oxazolyl, thiazolyl, imidazolyl, pyraxolyl, 2-
pyrazolinyl, pyrazolidinyl, isoxazolyl, isotriazolyl,
1,2,3-oxadiazolyl, 1,2,3-triazolyl, 1,3,4-thiadiazolyl,
pyridazinyl, pyrimidinyl, pyrazinyl, 1,3,5-triazinyl,
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eExarrple 1 10 1.7-Di pyridin-3-yl-hept-1,6-diyne-4-ol (1):_ A mxture of
1, 6- hept adiWe9%2@87 (25 g, 0.231 nol), palladiun(ll) acetate ’(‘2'?’8595{"%%1]‘30
mol ), copper(l)iodide (3.3 g, 11.0 nmol) and triphenyl phosphine (9.1 g,
35.0 mol) in degassed triethylamne (300 nL) was treated wth 3- 15

Cenperatur e, the raaction vas fiiterod throdnza of d AN MBI SHLI Mk e
Celite washed with ethyl acetate (EtQAc). The filtrate Wastcohcentrated to
Pydr ochior ¢ act & CHaEEA kAR ed VAda1 E ol ( Aadohrb, piFoinenty g dus
2 1, 5L g, ket s A
hal T - oat urat ed 2Eaeny Lo deTaasaie s ipl ool Pl ROSESIVEL 0,
sulfate [err], fipurdmyd ,ad@-cpricwitizingd , einakinyik, was2 phiséed t hrough a
150 2 sl o upon g R AL S Rnd LYl £72)5,4-9 0 compound
tetrahydroisoguinolinyl, cinnolinyl, phthalazinyl,
quinazolinyl, quinoxalinyl, 1,8-naphthyridinyl,
pteridinyl, carbazolyl, acridinyl, phenazinyl,
phenothiazinyl, and phenoxazinyl;

wherein Ar may contain one or more substituents
which are independently selected from the group
consisting of hydrogen, halogen, hydroxyl, nitro,
-SO4H, trifluoromethyl, trifluoromethoxy,
(C1-C6) -straight or branched alkyl, (C2-C6)-straight or
branched alkenyl, O-[(C1-C6)-straight or branched
alkyl], O-[(C3-C4)-straight or branched alkenyl],
O-benzyl, O-phenyl, 1,2-methylenedioxy, -NR;R,,
carboxyl, N-(Cl-C5-straight or branched alkyl or C3-C5-
straight or branched alkenyl) carboxamides,
N,N-di-(C1-C5-straight or branched alkyl or C3-C5-
straight or branched alkenyl) carboxamides, _
morpholinyl, piperidinyl, 0-X, CHy- (CHy) g-X, 0-(CHj) 4-X,
(CH,) g~0-X, and CH=CH-X;

wherein R, and R, are independently selected from
the group consisting of (C1-C6)-straight or branched
alkyl, {C3-C6)-straight or branched alkenyl, hydrogen
and benzyl, or wherein R; and R; can be taken together
to form a 5-6 membered heterocyclic ring; X is selected
from the group consisting of 4-methoxyphenyl,
2-pyridyl, 3-pyridyl, 4-pyridyl, pyrazyl, quinolyl,
3,5-dimethylisoxazoyl, iSoxaioy_l, 2-methylthiazoyl,
thiazoyl, 2-thienyl, 3-thienyl, and pyrimidyl; q is
0~-2; and -

nis 0 or 1.
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30 Example 2 1. 7-Di pyridin-3-yl - hept an- 4- ol
(21: A saigﬁ?5|on of platinum oxide (280 ng) in absol ute epdppsyspsficnl) was

di I ut ed gﬁgggg_gg%bgngL_L;g_nL) followed by the - 22 - addition
of conpound 1 ( 73 mol ). The suspension was placed under 40 ps
of hydrogen gas. nsunpti on ceased, the hydrogen was
replaced with ni tm “IWM“ENM i on fil tered 5 and concentrat ed
to provide 2.87 g compound 2 ds a V|sgg§s “oil. Exanple 3
(S)-Piperidine-1.2-dicarboxylic acid 1-tert-butyl ester 2- (1 (3-

R b e A N

sol ution of conﬁound 2 - pi peri |ne- ‘2
di carboxyl i c aWherein; eul ﬁgmulést(éﬂ (J2andy K wrerdakan \togatdien to
di met hyl - 4-am pgpradsoe mémberBd #ingml) in .

3. The compound according to claim 1 or 2,
wherein, in formula (I), at least one of B or D is
independently represented by the formula -(CHjy),-(X)-
(CH,) g-Ar, wherein:

r is 1-4;

s is 0-1;

Ar is as defined in claim 1; and |

each X is independently selected from the
group consisting'of'CHz, O,'S, S0, SO,, and NR, wherein
R is selected from the group consisting of hydrogen, |
(C1-C4) -straight or branched alkyl, (C3-C4)-straight or
branched alkenyl or alkynyl, and (C1-C4) bridging alkyl
wherein a bridge is formed between the nitrogen atom
and the Ar group.

4. The compound according to claim 1 or 2,
wherein, in formula (I), Ar is selected from the group
consisting of phenyl, 2-pyridyl, 3-pyridyl, 4-pyridyl,
1ndolyl, 1501ndolyl, quinolinyl, lsoquznollnyl
1,2,3,4- tetrahydro;soquznolznyl. and 1,2,3,4-
tetrahydroqulnollnyl. wherein said Ar may contain one
or more substituents which are independently selected
from the group consisting of hydrogen, hyd:ox?l, nitro,
trifluoromethyl, (Cl-C6)-straight or branched alkyl, O-
[(C1-C6)-straight or branched alkyl], halogen, SO;H, and
NR3Ry4, wherein R; and R, are independentiy selected from
the group consisting of (C1-C6)-s:raight or branched
alkyl, (C3-C6)-straight or branched alkenyl, hydrogen
and benzyl; or wherein R; and Ry can be taken together
to form a 5-6 membered heterocyclic ring.
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ﬁethylene chloride [err] 50 nmL) at O[err] was added 1- 15

( 3- di met hy | W@i98REA3Dpy| ) - 3- et hyl car bodi i m de hydrochl oride ( 1BCTU§IS/HOIPI673
nmol ). The reaction was warnmed to roon1tenperaturew?ﬁgdarrﬁmed\%LLigjr for
16 h. The reaction was diluted with Et OAc, washed h'ﬁ? F % aqueous
sodi um bi carbonate [err], brine, 20 drled over ‘afm :’: MUm
sulfate [err] and concentrated to provide-1876# g of cénpeunn 1 A
viscous oil. (S) -Piperidine-2-carboxylic acid 2-(1-(3-pyridin- 3 yl- 25
propyl)-4-pyridin-3-yl)- butyl ester (4): To a solution of conpound 3
(16.67 g, 34.66 mml) in [8rr] A(mmoy-lmi dferfiqrmda added an i (1TM0roaceti c
acid (40 nL). After the addition was conplete, the reaction was warned to
roomtenperature an irred for 4 h. The reaction was 30 concentrat ed
and the residue taken up into water and nade basi®&ith solid [err]. The
product was extrac The extracts re conblned dried

no W . an

wherein Y, R; and R, are as defined in claim 1, Ar is
as defined in claim 4 and w is 1 or 2.

6. A compound of formula (II') or (III'}:

Ax Arx

J\N:l\l?g " Sar g Sar
R”\I’L\o , R”\i:l\o 0 ar
S m am

wherein Y, Ry and R, are as defined in claim 1, Ar is
as defined in claim 4, J is hydrogen, (C1-C6)-straight
or branched alkyl or (C3-C6)-straight or branched
alkenyl, and w is 1 or 2.

7. A compound selected from the group
consisting of:

(8)-1-((3,4, 5-Trimethoxyphenyl)-methyl-carbamoyl) -
piperidine-2-carbbxylic acid 4-pyridin-3-yl-1-(3-
pyridin-3-yl-prepyl)-butyl ester; '

(S)-1-((3-Trifluoromethylphenyl)-methyl-
carbamoyl) -piperidine-2-carboxylic acid 4-pyridin-3-yl-
1-(3-pyridin—34y1~propy1)-butyl_ester;

This Sheet
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- 23 - over [err], filtered and concentrated to provide 13,20 g of conpound'
A as a vi Exanpl e 5 PCT/US95/03716
(S)-1-((éﬁﬁgga?%LEELDQKMQ_,nlLL;ﬂBLhyI-carbanDyI)- 5

pi peri di ne-2-carboxylic acid 4-pyridin-3-yl-1-(3-

pyridi n-3-yl -prop lnll HS To a m xture of

N- net hyl - 3, 4, 5- trn“l“ml lﬂmﬁm ?30 , .66 mmmol ) and

dii soproyl ethyl am e €i-fert],® 215 [err .2 mol) in methyl ene chloride
[err] 1 nmL) was added 1.2 M 10 phosgene in toluene (1.65 nL). After

stirring for 2 h, t LeagtigQ S drdth difsiery vacuum t o
renmove residual phogg) : ?Qh Tef@ P&?Pqﬁﬁhﬁgggnpounggh (225 nﬁk;0 59 mol)
in CH2Cl2 (1.5Pipera h{l&rﬁrﬁgrboxwﬁ‘-zrzt Redsh % -pyridine - s added the

ibﬁvetﬁrefor t ﬁdln-3a? Lpgbbggangtgl[@gqgé]_SEPL) /ﬁter Ztlr{Lngqfor
aqg. ,[ers]regflhgn m?%é 34?'F§hpf %Waﬁbﬁﬁgﬁ-a eéﬁy eﬁ##gﬂqu N ngcuo t%
provi de a V|scpmpenndlneeﬁPcaubogyaphya@hdIﬂ}pyrmdﬁnriﬁyI}IQCQO

(elution with 591:38190?3/0 %eb%MQ&%%@l %rs%\/éxd,ed

(S)-1-(Piperidine-l-carbonyl)-piperidine-2-
carboxylic acid 4-pyridin-3-yl-1-(3-pyridin-3-yl-
propyl) -butyl ester;

(S)-l-((3,4,5-Trimethoxypheny1)-methy14carbamoyl)-
piperidine-2-carboxylic acid 4-pyridin-l-y1-1-(3- (
pyridin-1-yl-propyl)-butyl ester; :

(S) -Piperidine-1,2-dicarboxylic acid 1-(3,4,5-
trimethoxyphenyl) ester 2-(4-pyridin-3-yl-1-(3-pyridin-
3-yl-propyl) -butyl) ester;

(S) -Piperidine-2-carboxylic acid 2 {(1-(2-phenyl-
ethyl) -3-phenyl-propyl ester;

{S)-1-((3,4,5-Trimethoxyphenyl) -methyl-carbamoyl) -
piperidine-z-carboxylic acid 1-(2-phenyl-ethyl)-3-
phenyl-propyl ester;

4- (Methyl-(2-(1-phenethyl-3-phenyl-
propoxycarbonyl) -piperidine-l1-carbonyl)-amino) -

. benzenesulfonic acid;

(S) -Piperidine-2-carboxylic acid l1l-benzyloxy-
methyl-2-benzyloxyethyl ester;

(S) -1- (Methyl-(4-morpholin-1-yl-phenyl)-
carbamoyl) -piperidine-2-carboxylic acid 2-benzyloxy-1-
(benzyloxy-methyl) -ethyl ester;

(S)-1-(Methyl-(4-piperidin-1-yl-phenyl) -
carbamoyl) -piperidine-2-carboxylic acid 2-benzyloxy-1-
(benzyloxy-methyl) -ethyl ester;

(S)-Piperidine-l,2-dicarboiylic acid 2-(2-
benzyloxy-1-(benzyloxymethyl)-ethyl)ester 1l-quinolin-5-
yl ester; |
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238 ng (679 of conpound 5 as a viscous oil. [err] NWR (SOO Mi& -~ 3;J
8.44-8.40 (MPO¥RE3377. 35 (m 2H), 7.22-7.18 (m 2H), 6.43 (brP&T §‘{=‘1§% % 08

(m 1H), 4.74 (m 1H) 3.84 (s, 9H), 342(brs 1H) 3—}8(3 3H) 25 -
2.92 (m 1H), 2.65-2.56 (m 5H), 2.06-1.98

Exanple 6 (S)-1-((3- Tr|fluoronethylphenyl) nethyl carb ﬂni i)

pi peri di ne-2-carboxylic acid 4-pyridin-3-yt-38(3- 30 aﬂmm I I""II "I"I
pyridin-3-yl-propyl) -butvl ester (6): Cbnpound 6 Wwas preparedhaccord:ng
to the protocol of ex 3,4,5 oxyan| i ne
was replaced with I\I—ngl{giy'lepléj%‘fllrg‘?c;n'g&a %él C13F {'Tg

PCTI US95/ 03716 mbeWEymﬁky%l-CbbnzjknxﬂmeﬁhﬁﬂrEbﬁﬁylh@sééﬁ l?pﬁﬁl&lﬂéﬁénl
10H), 4.99 (m 1§h’é%€%%:(@hmékb’ 3.29 (m 1H), 3.20 (s, 3H), 2.93

pharmaceut}cally acceptable derivatives thereof.

?.' A compound selected from the group
consisting'of-

2-11, 3—D1methy1 -3(3,4,5-trimethoxyphenyl)ureido)-3
phenyl-propan01c acid 4-pyridin-3 -yl-1-(3-pyridin-3-yl-
propyl) -butyl ester;

2-(1,3-Dimethyl-3-(3,4,5-trimethoxyphenyl)ureido) -
3-(phenyl) -propanoic acid 3-pyridin-3-yl-1-(2-pyridin-
3-y1-ethy1)-propyl ester; |

N-Methyl 2-phenylethylamine-1,2-dicarboxylic acid
1-(3,4,5- trlmethoxyphenyl) ester 2-{4-pyridin-3-yl-1-
(3-pyrzd1n-3-yl-propyl)butyl) ester; and

‘N-Methyl-2-phenylethylamine-1,2-dicarboxylic acid
1-(3,4,5-trimethoxyphenyl) ester 2-(3-pyridin-3-yl-1-
(2-pyridin-3-yl-ethyl)propyl) ester; and
pharmaceuticaliy acceptable derivatives thereof.

9. A pharmaceutical composition for
treatment of prevention of multi-drug resistance
comprising a pharmaceutically effective amount of a
compound'acgording to any one of claims 1 to 8 and a
pharmaceutically acceptable carrier, adjuvant or
vehicle.

10. The bharmaceutical composition according
to claim 9, further comprising a chemotherapeutic
agent. ' '

11. The pharmaceutical composition according
to claim 9 or 10, further comprising a chemosensitizer,




(m 1H), 2.67-2.53 (m 4FD 2.03-1. 99 (m 1H), 1.69- 1.53 (m 13H). 5
Exanpl e - et hyl - car bamyl ) -peTrusesn3rié
piperidlﬁgéﬁggé?%oxyllc aC| = |n 3-yl-1-(3- i
pyri di n- 3-yl - pr opy[This Egi Conmpound—7 was prepared according to

the protocol of Exa e L

N-nethyl -3, 4,5-trine . _ s regling\M
N—nethyl-4-tert-buty|aniIine 1H NWR [ ekr term ,
7.49-7.42 (m 2H), 7.30 (d, 2H), 7.17 (m 2H), 7.05 (d, 2H), 4.99 (n1 1H),
4.64 (m 1H), ( (aysplzge%z 52 m 4H),
15 2.00-1 éEﬁ%r Et?ﬁi:H)‘ e 8%"&3‘“@1@??%&%?( Cg? 20-1.02 (m
2H) . Exanpl e gc layms. ¢ opropylphenyl) - et hyl - car banoyl )-

pi peri di ne- 2- carboxyllc aC|d 4-pyridin-3-vl-1-(3- 20
pyridin-3-y|-propy|)-but er Cbnpoun 8 mas pr ared, according to
t he protocol of Exanple ée qa%ﬂ 4&5?1 niline was
repl aced with muletihdrug mmt@mﬁarﬂd lmepat:[etrtr ]cdilﬁt:(ﬁl@l\&he $tep])

of administering to said patient a pharmaceutical
composition comprising a pharmaceutically effective
amount of a compound according to any one of claims 1,
2, 5, 6, 7 or 8, and a pharmaceutically acceptable
carrier, adjuvant or vehicle.

13. A method for treating or preventing
multi-drug resistance in a patient comprising the step
of administering to said patient a pharmaceutical
composition éomprising a pharmaceutically effective
amount of a compound according to claim 3.

14. A method'for_treating or preventing
multi-drug resistance in a patieﬁt comprising the step
of administering to said patient a pharmaceutical
composition comprising a pharmaceutically effective
amount of a compound according'to claim 4.

15. The method according to claim 12,
wherein said composition is administered orally.

16. The method according to claim 13 or 14,
wherein said composition is administered orally.

'17. The method according to claim 12,
wherein s 'd multi-drug resistance is P-glycoprotein-
meidatgd.

| 18. The method according to claim 12,
wherein said multi-drug resistance is MRP-meidated.



‘lerr] 8.42-8.39 (m 4H), 7.49-7.43 (m 2H), 7.18 (m 2H),
2H), 7.06 (Wwpose§3374.99 (m 1H), 4.64 (m 1H), 3.35 (br d FETIU§95£§‘"65
3H, 2.85 (m 2H), 2.59 (m 4H), 1.97 (m 1H), 1.70-1.49 (m 11H), 1.21 (d,
6H), 1.20-1.02 (m 2H). 30

(S)-1-(Piperidine-1 carbonyl) pi peri di ne-2-carboxylic a

4- p;/ri-di n- 3-yl - 1-E3: pyri di n-3-vl - propyl ) - buddl -est er (9“’@‘”’“’%’“

14 (d.

prepared according to the - 25 - protocol of Exanple 5, exdepﬁ that*
N-nmet hyl - 3,4,5- trinethoxyaniline was replaced with N-piperjdine. [err] NWR
(500 Mz, [err] 8.42-8.39 &8 4MMhe method grqaxding to claim 13 qF ),
4.98 (n1

(S)-1- ((3 4.5-T

1 4. Gheteinlghidd 3
2.01-1,96 (m 1 L8150 T 1o “elamie 100 o BARSpidte ).
r

acid 4-pyridin-1-yl-1-(3-

20. The method according to claim 13

henyl) -nethyl-carbanoyl)- piperidine-2-

carboxylic

or 14,

wherein said multi-drug resistance is MRP-meidated.

21. A process for the synthesis of a

compound of formula (I), as defined in any one of

claims 1 to 4, comprising the steps of:

(a) esterifying a protected amino acid of

formula (X) with an alcohol of formula (XI):

B
S > ”°\m.)\o

® &)

to give an intermediate of formula (XII):

K B
J.

NN N

:

ean

-
4

(b) deprotecting the amino protecting group

in the intermediate of formula (XII) to give an
ester of formula (XIII):

i

amino



10 pyridin-1-yl-propyl)-butyl ester (10): Conpound 10 was prepar ed

accordin prot ocol s of Exanples 1-5, except
replacequbgﬁ&gs

7.56 (dg, 2H), 7.18-7.08 (m 4H), 6.43 (s, 2H), 4.

bronmopyridine. [err] NVR (500 MHz,

that 3- pEPSeRwayl ne was
[err] 8.50 (t, 2H),
97 15 (q, 1H),

(m 1H), 3.83 (s, 9H), 3.44 (br d, 1H), 3.19 (s, 3H), 2.89

2.82-2.73 (m 4H), 2.07 (br d, 1H), 1.81-1,52 (m

(S)-Piperidine-1, 2-dicarboxylic acid 1-(3,2%5- 20
ester 2-(4-pyridin-3-yl-1-(3-pyridin- 3-yl- propyl)
Compound 11 was prepared according to the protocol
that N-nethyl-3,4,5-trinethoxyaniline
3,4,5-tri met hoxyphenol . Conpound as a
NVR (500 MHz, [err] 8.42-8.35 (Mg _7.50-7.3
6.27 (s), 5.34- 4.90 (m), 4.19-4.0

(M

TN g mﬂf:yl )

Put ¥l ) testers
of Exanple 5, except

S replacgd wth
i xture of§25 rotoners: [err]

7.28-7.18 (), 6.34 (s),
» 75 (s), 3.22 (br dt),

3.14 (quintet), 3.05-2.90 (n), 2.6582.530(n), 2.27-2.21 (n), 2.02 (s),

1.80-1.45 (m.
ean)

and

(c) acylating the free amino group in the

compound of formula (XIII) with an acyl halide of

formula (XIV):

Rh\y’35c1

L. o

or an activated derivative thereof}

wherein P is a protecting group and A, B, D,
J, K, Y and Z are as defined in claim 1.

22. The process according to claim 21,

wherein A and Z are oxygen.

heet Has Been: Re‘laced

\\l\\\\\ L



{
- 26 - Exanple 12 (S)-Piperidine-2-carboxylic acid 2-(1-(2-phenyl-ethyl)-

-phenyl propyl ester (12): Conpound 12 was prepared according to the
sprotocol s of Exanples 3-4, except that 5 conmpound 2 in Exanple 3 was
replaced ..with 1,5- diphenyl pentan-3-o0l. Exanple 13 (S) -1- ((3.4.
5-Trinethoxyphenyl)-nethyl-carbanDyI)- pi peri di ne- 2-carboxylic acid

1- (2-phenyl -ethyl)-3- 10 phenyl - prd ®ester (13): Conpound 13 was
prepared according to the protocol of Exanple 5, except that conpound 4 was

LT e o v 0 e sl
3.83 (s, 15 g)H? °=°39§%“F( dn 3%“"2“‘911 Pat

2.72-2.44 (m mlagegwizm@*(mr 1ipi 20 0fF 85 - gw~4H)-;:~-ﬁ7.-_Lm (m 2H),
1.45-1.40 (m ¥HbwnligOcde ¥t BuckHis other halogens, imidazolyl or

S pentafluorophenoxy groups.
Alcohols of formula (XI) wherein m is 0 (XI'*)
-can alsc be conveniently prepared, for example, as
illustrated in Schemes 2 and 3. Reaction of an
organcmetallic reagent of formula (XV) and an aldehyde
10 of formula (XVI) provides alcohols of formula (XI')
(Scheme 2).

Alternatively (Scheme 3), 1,6-heptadiyn-4-ol
can be coupled via a metal-catalyzed reaction to
aromatic halides of formula (XVII) to give an alcoheol

15 of formula (XVIII). Subsequent hydrogenation provides
an alcohol of formula (XI''), a preferred subset of
alcohols of formula (XI).

Scheme 1

J\I)Ta S “J;J\ﬂ)‘g\”
L o) o0
— \»{Luhﬁ 3 \%Ln

This Sheet 1.
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Exanpl e 14 20
piperidi ne- 1-carbonyl) -am no) -benzenesul fonic acid (14): Conpound 14 was
prepared according to the protocol of Exanple 13, except that - )
N- et hyl - 3, 4, 5-

am nophenyl

4- (Met hyl - (2- (1- phenet hyl - 3- phenyl - pr opoxycar bonyl ) -

sul fonic acid. Exanple 15 (S)-Piperidine-
1- benzyl oxymet hyl - 2- benzvl oxvet hvl ester3815): Conp

tri met hoxyaniline was replaced with ﬂﬁ'ﬂ Nkm“muu

Mﬁ$ prsepar ed

according to the protocols of Exanples 3- 4; except that 30 conmpound 2

in Exanple 3 was replaced with 1,3- dib

Examl e 16 (S)
pi peri di ne-2-carboxylic acid 2-benzyl oxy -1- (benzyloxy nmet hyl "- et hyl
Conpound 16 was prépared comps:2d ¢ formulz 3

(16):

This Shee

LT G

wherein:
A is CH,;, oxygen, NH or N-(C1-C4 alkyl):
B and D are independently:
Ar, (C1-C6)-straight or branched alkyl,
(C2-C6) -straight or branched alkenyl or alkynyl,
{(C5-C7) -cycloalkyl substituted (C1-C6)-straight or
branched alkyl, (C3-C6)-straight or branched alkenyl or
alkynyl, (C5-C7)-cycloalkenyl substituted
{C1-C6) -straight or branched alkyl, (C3-C6)-straight or
branched alkenyl or alkynyl, Ar-substituted
(C1-C6) -straight or branched alkyl, Ar-substituted
{C3-C6) -straight or branched alkenyl or alkynyl,
.wherein any one of the CH, groups of said
alkyl chains may be optionally replaced by a
hetercatom selected from the group consisting of
0, S, S0, S05, and NR; '
wherein R 13 selected from the group
consisting of hydrogen, (Cl1-C4)-straight or
branched alkyl, {(C3-C4)-straight or branched
alkenyl or alkynyl, and {C1-C4) bridging alkyl
wherein a bridge is formed between the nitrogen -

~-~___‘~“N\N\*\~N§nd a carbon atom of said heteroatom-containing -

100CT 199

AMENDED SHEET

Xypropan-2-ol . - 27 -
-1- (Methyl- (4-norpholin-1-yl-phenyl) -carbanDyI)-

ester



]
5 .according to the protocol of Exanple 5, except—t-hat eonpound-4 -was

repl aced with conpound 15 and N-nethyl- 3,4,5-trinmethoxyanilld '
N net hyl - 4- norpholinoaniline. [err] NWVR (500 MHz, “"lmm m l ﬂm
10H), 7.09 (d, 2H), 6.84 (d, 2H), 5.29 (quintet, 10'73%%% et rt,

1H), 4.54 (d, 2H), 4.49 (dd, 2H), 3.84 (t, 2H), 3,67 (t, 2H), 3.40 (br d,
1H), 3.15 (s, 3H), 3.09 (t, 4H), 2.86 (dt341H), 2.08-2.05 (m 1H), 1.60-
1.44 (m 2H), 1.27-1.08 (m 3H). Exanple 17 15

(S) - 1- (Met hyl - (4- pi pechaiim-tb- fbrphemgide,.c andawhgteimisadnd diing- 2scar boxyl i c

acid 2-benzyl oxy- 1- (bgnzyloxy:. BBLEOY!)s eyl & Eﬁ:(17): Compound 17 was
prepared according to the pro{bco% of Exanp#e'% , except that N
met hyl - 3, 4, 5- t ri met hoxyshidGLEEt ARSI 7| e gTRFP HoPRsimying of
rlrgtH?yl . 4bgi ?gr dizﬁ9aﬁd'é¢é8rgfe- <dcz[-§sr }sﬂi\ﬁd}ﬁ-o@jzl\litslz?nél@éi:]a)lic&% r ](ci-?ﬁr 4.25 (m
4.55. 4. 48 (m’4H?H,%f§1.%%‘(°§ﬁ blfﬁf‘%%‘;kﬁzﬂg‘(%‘g%?n%kﬁ?ég;’i4 (s, ém) g?io (m
4H), 2.87 (dt, 1H), X (05 (ssiedied Hjyonl the §roédp (consfidtingsof 1.61-1.45
(m 4H), 1.25-1.081(#M) 3Adraight or branched alkyl, -CHAr, and
cyclcherylimetivly
or J and K m&y be taken together to form z 5-7
membered heterocyclic ring which may contain a
hetercatom selected from the group consisting of O, S,
50 and S0O5;
Z is O or S;
Y is O or N, wherein
when Y is O, then R, is a lone pair and R, is
selected from the group consisting of Ar,
{C1-C6) -straight or branched alkyl, and {C3-
C6)-straight or branched alkenyl or alkynyl:
and
when Y is N, then R; and R; are
independently selected from the group
consisting of Ar, (Cl1-C6)-straight or
branched alkyl, and (CB-CS)-straight or
branched alkenyl or alkynyl; or R, and R; are
taken together to form a heterocyclic 5-6
membered ring selected from the group
congisting of pyrrolidine, imidazolidine,
pyrazolidine, piperidine, and piperazine;
. Ar is a carbocyclic aromatic group selected
from the group consisting of phenyl, l-naphthyl,
24naphthy1,_indenyl,'azulenyl, fluorenyl, and
anthracenyl;
or a heterocyclic aromatic group selected

from the group consisting of 2-furyl, 3-furyl, 2-
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Exanpl e 18 (S)-Pi peridine-1.2-dicarboxylic acid 2-(2- benzyloxy“Il‘
(benzyl oxynet hyl ) -et hyl ) ester

. - 1- qui nol i n-5-yl ester
prepared according to the 30 prot ocol of Exanpl HﬂL
-3,4,5- trinmethoxyaniline was replaced mﬁth

N- et hyl

8 was

yQU|noIrne

Compound 18 was a mi xture of rotoners; [err] NWR (500 MHz, [err] 8.89 (dd),
8.24 - 28 - (d); 7389 (t), 7.67 (t) 7.63 (t),

8.86 (dd),
7.36-7.18 (M),

4.44 (ny,
2.38 (br

8.90 (d),
4.34 (br d)

5. 44 tet). 5. 36 tet), 520 (d), 5.02 (d), 4.
i 3 1058y %&x ( ) 25y )4- 3 ( ég (dt),

Br tRyenyd 72 3Y5

t), 1.90-1. @ﬁay,l,lp;dreralﬂa Dxazol{l) . ‘.hlazolyl

(S)-Pineridine-1.2-dicarhoxylic acid. 2-(2-benzyl oxy-1-

(benzvl oxymet hyl ) - et hyl)est'ér " 1- pyri di'n-3-vl “ester (19): Conpound 19
prepared accordi ng t ®¥teeclddinyl pri;iaxeePlpl . Baeatzliazebyl exlcahi3 -t hat
-3,4,5-

N- et hyl

oxadiazolyl, 1,2,3-triazolyl, 1,3,4-thiadiazolyl,
pyridazinyl, pyrimidinyl, pyrazinyl, 1,3,5-
triazinyl, 1,3,5-trithianyl, indolizinyl, indolvl,
isoindolyl, 3E-indolyl., indolinyl,
benzo [b] furanyl, benzo[b]thiophenyl, 1X-indazolyl,
benzimidazolyl, benzthiazolyl, purinyl, 4H-
quinolizinyl, quinolinyl, 1,2,3,4-
tetrahydroquinelinyl, isogquinolinyl, 1,2,3,4-
tetrahydroisoquinolinyl, cinnolinyl, phthalazinyl,
quinazolinyl, quinoxalinyl, 1,8-naphthyridinyl,
pteridinyl, carbazolyl, acridinyl, phenazinyl,
phenothiazinyl, and phenoxazinyl;

wherein Ar may contain one or more
substituents which are independently selected from
the group consisting of hydrogen, halogen,
hydroxyl, nitro, -SO3H, trifluoromethyl,
trifluoromethoxy, (Cl-C6)-straight or branched
alkyi, (C2-C6) -straight or branched alkenyl,
O- [{C1-C6} -straight or branched alkyl],
0~ [(C3-C4) -straight or branched alkenyll],
O-benzyl, O-phenyl, 1,2-methylenedioxy, <NR;R,
carboxyl, N-(Cl-C5-straight or branched alkyl or
C3-C5-straight or branched alkenyl) carboxamides,
N,N-di- (C1-C5-straight or branched alkyl or C3-C5-
straight or branched alkenyl) carboxamides,
morpholinyl, piperidinyl, 0-X, CHz-{CHp) o X
0- (CHp) o-X, (CHZ)q-O-X, and CH=CH-X;

wherein R; and R, are independently selected
from the group consisting of {Cl-C6)-straight or
branched alkyl, (C3-C6)-straight or branched

56-

was
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100067 996

pronnen QHEFT




trimet.hoxyaniline was replaced with 3-hydroxypyridine— Eanound 19-was a

m xture of rotomers: [err] NVR (500 MHz, [er .48 (dt),
7.43 (dt), 7.34-7.24 (n), 7.18 (dd), 5.40-5.33 (r‘r) mﬂm uﬁﬁ ,m
4.57-4.47 (m), 4.17 (br d), 3.69-3.66 (n), 327(dt ,s 3 (br

d, 1. 81- 1. 71(m, 1.69-1.64 (n), 1.56-1.43 1.35-1.27(m . Exanple 20

2- (1, 3-Di met hyl - 3(3. 4. 5- trlnethoxyphenyl)uﬁ “do) 3 20 phenyl - pr opanoi c
acid 4-pyridin-3-vl 3 V| -but ester(20) Conmpound 20
i s prepared accordlngag)’gc 8%% §P’ 5@8Psag% 'e§ 3w Berein Repleadi Ry

(S)-piperidine-1, 2-di carbbrytile=raciogetbteris floutyk EBst erevdd-dng

N-(tert- butoxycarbonyl) L-.25.-.. phenyl al anine. Exanple 21

2- (1. 3-Di net hyl - 3- (3. 4. 5- trlnethoxyphenyl)ureldo) 3- (phenyl) - propanoic
acid 3-pyridin-3-vl - 1- ( 2- pyReRRiR ¥ 5| setesned prepythesqmuz( 21): Conpound

21 is prepared 30 caﬁggwlixfggotfouiag;mm ?}@ﬂﬂ}les 3-5, by

replacing (S)- p|per|d5ne é&f? CQ%?%%Xyi(:5§¥ngl,t§&1noly1

3,5-dimethylisoxazoyl, isoxazoyl,

2-methylthiazoyl, thiazoyl, 2-thienyl, 3-thienyl,

and pyrimidyl; g is 0-2; and

n is 0 or 1;
provided that when J and K form a six membered ring; 2
and A are oxygen; Y is oxygen, R, is a lone pair, R, is
tert-butyl; n'is 0, then: _

when D and B are Ar, then Ar is not phenyl, 2-

pyridyl, 3-pyridyl, 3-indolyl and 7-purinyl;
provided that when J and K form a 5 membered ring; Z
and A are oxygen; Y is O, R, is a lone pair and R, is
tert-butyl; and n is 0, then: |

when B and D are not both methyl;

'provided that when J is hydrogen, K is iso-butyl; Z and
A are oxygen; Y is oxygen, R, is a lone pair and R, is
tert-butyl; and nn is 0, then:

when B and D are both not methyl;
provided that when J is hydrogen, K is 3-benzyloxy
benzyl; Z and A are oxygen; Y is O, R; is a lone pair
and R, is benzyl; and n is 0, then:

when B and D are both not methyl.

2. The compound according to c¢laim 1,
wherein, in formula (I), at least one of B or D is
independently represented by the formula -(CHz)r-(X)-
(CHy) g-Ar, wherein:

r is 1-4;

s is 0-1;
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butyl ester with N-(tert-butoxycarbonyl)-L- - 29 - phenylalanine and
1,7- drpyrrdrn 3-yl-heptan-4-ol with 1,5-dipyrid

22 N-Met hyl - 2- pheyl et hyl ani ne- 1. 2- di car boxyl i ¢ ac' d ylmml "HNIINH"!

(3,4,5-trinmethoxyphenyl) ester 2-(4-pyridin-3-yl-

pyr|d|n 3-yl-propyl)butyl) ester (22): Conpound 22 |s prepared accordrng to
t he protocol of Exanple 20, by replacing nethyl-3,4,5-trinmethoxyaniline
with 3,4,5- trinethoxyphenol. 10 Exanpl e 23

N- Met hyl - 2- phenyl et hyl ani fe= £5228; €afiRpd) 1inc cdeim L

(3.4.5-trimethoxyphenyl) estigf iddégenddddiynsdi¥beda (Ffom the group
pyridin-3-yl-ethyl)pr 531) ester .(23): Conpound 23 IS prepared according to

the protocol of Exanpf "‘b 15 - 2’r“éplacrng er
N-net hyl - 3,4, 5-tri net hoxyamelneme Ri 19 B1echedt fromtdex gpbepol .

consisting of hydrogen, (Cl-C4)-straight or
branched alkyl, (C3-C4)-straight or branched
alkenyl or alkynyl, and (C1-C4) bridging alkyl
wherein a bridge is formed between the nitrogen
atom and the Ar group.

3. The compound according to c¢laim 1 or 2,
wherein, in formula (I}, Ar is selected from the group
consisting of phenyl, 2-pyridyl, 3-pyridyl, 4-pyridyl,
indolyl, isoindolyl, quinolinyl, isoquinolinyl,
1,2,3,4-tetrabydroisoquinolinyl, and 1,2,3,4-
tetrahydroquinolinyl;

wherein said Ar may contain one or more

substituents which are independently selected from
the group ccneistinq of hydrogen, hydroxyl, nitro,
trifluoromethyl, {(Cl-C6)-straight or branched
alkyl, O-{{Cl1l-C8)-straight or branched alkyll],
halogen, SO;H, and NR3Ry,

wherein Ry and R4 are independently selected

| from the group consisting of (C1-C6)-straight or
branched alkyl, (C3-C6)-straight or branched
alkenyl, hydrogen and benzyl; or wherein R3; and Ry
can be taken together to form a 5-6 membered
heterocyclic ring.

4. A compound of formula (II) or.(III):

This Sheet Has Been Re;

.

RRAENDED SHEF




Exampl e 24 --

MDR SENSI TI ZATI ON ASSAYS To assay the ability of the

cqnpounds according to this invention to increase t

antiproliferati vé activi t.y o;‘ a dr.ug, cel I l i nes V\hﬂm‘m’"mmmbe

resistant to a particular drug nmay be used. These cefl %irtes " nel ude,
limted to, the L1210, P388D, C?E%?nd MCF7 cell 1ines.
y

are not
Al ternatively,

resistant cell |ines ma

devel oped. 25 The cel

but

i ne

is exposed to the drug to which it is resistant, or to the test conpound,

cel |

viability is then

whi ch are exposed to t

30 -

asured and conpared Lo the viability of cells

ug in the presenfe off the test conpound. 30
We have carried out assays using L1210 npuse |eukem-a cel]
with the pHaMDRL/ A retrOV|rus carryin
et al., Proc. N%t

Iy - i
2 Ar . R;

(I1) (IIT)

wherein:
Y is O or N; wherein

when ¥ is O, then R, is a lome pair and
R, is selected f£rom the group coneisting of
Ar, (Cl-C6)-straight or branched alkyl, and
(C3-C6) -straight or branched alkenyl or
alkynyl;

when Y is N, then R, and R; are
independently selected from the group
consisting of Ar, (Cl-C6)-straight or
branched alkyl and (C3-C6)-straight or
branched alkenyl or alkynyl; or R; and R, are
taken together to form a heterocyclic 5-6
membered ring selected from the group
consisting of pyrrolidine, imidazolidine,

- pyrazolidine, piperidine and pilperazine;

.Ar is selected from the group consisting of
phenyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, indolyl,
isoindolyl, quinolinyl, isoquinolinyl, 1,2,3,4-
tetrahydroisoquinolinyl, and 1,2,3,4-
tetrahydroquinolinyl;

wherein said Ar may contain one or more

substituents which are independently selected froﬁ
the group consisting of hydrogen, hydroxyl, nitro,
trifluoromethyl, (C1-C6)-straight or branched

i

Iaced .

s transformed
-a MDRL, cDNA, a$- deswri bed by Pastan

UK Agad. $£Ij . Vol . o,at\rgﬁ?,sa 4'@3 o~
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(1988). The resistant line, |abelled L1210VMDRC. 06, was obtai ned-from Dr.

M- M GCottesman of the National Cancer Institute. Th - ' t
transfectants 5 had been sel ected by cul turing iﬁzlilsl [mmﬂﬁﬁlﬁtﬂﬁ
colchicine. Multi-drug resistance assays were conduct.eQ¢by, ells (2

x [err], 1 x [err], or 5 x 10 cells/well) jin 96 well mcrotiter plates and
exposi ng 10 themto a concentration 'ré"r?gé of doxorubicin 150 nM 10

[err] in the presence bsel Q ulil-drug resistan difier
conmpounds (" MDR i nhi b??%’(g) T ésﬁ%}t‘e*n?%# 8’1’,2?‘2';%&09?38?32?’@%] as
described in Ford et Bprlog€and®sHRaand MRaRg¢; 50, 1748-1756. (1990). After

culture for 3 15 days,wHdi@ivi & iaﬂmofa:seiﬁéeg@ﬁe%@?té&fé@&wsi ng MIT
(Mossman) or XTT dyes_to assess mi ochondf_r,i al function. Al determ nations
were made in replicat E5OBf-F GFOBP FPRYIIRI Rps Srhifor - stFaighimpmnl |
Met hods, Vol . 65, 55-bfindHedBafky2p (C3-C6) -straighfRestiidranshee det er mi ned
by conparison of the or I £l Jto the JTerrl for
doxorubicin + MR i nh%‘%%a;rl.' R%QW?aﬁd;b%gpgal %{ulwg‘teéjélf’l %ﬁ%(ﬁ%fﬂ

can be taken together to form a 5-6 membered

heterocyclic ring; and

w is 1 or 2.

5. A compound of formula (II') or (III’):

(x1’) (IIT’)

wherein:

Y is 0 or N, wherein _

when Y is O, then R; is a lone pair and R, is
selected’ from the gfoup consisting of Ar, (C1-C6) -
straight or branched alkyl, and (C3-C6)-straight
or branched alkenyl or alkynyl;

when Y is N, then R; and Ré are independentlsf
selected from the group consisting of Ar, (Cl-C§6)-
straight or branched alkyl and (C3-C6)-straight or

 branched alkenyl or alkynyl; or R, and R; are taken

toqethér to form a heterocyclic 5-6 membered ring

i "——==4 from the group cons'isting of pyrrolidine,
This Sheet Has B
|
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[err] .Dox + Inhibitor) and the integer val ue used for conparison of
conpound potencies. 25 In all assays, conpounds according to
this invention were tested for intrinsic antiproliferative or CytOtOXIC

activity. The results are sunmarized in Table 1 b m“ﬂm meﬁm ated in
Tabl e 1, the conpounds generally caused <1096cytot

concentrations of 10 [err] or greater. .lggTable 1, "NT" i ndi cat€s that the
conmpound was not tested at the respective concentratlon. - 31 - TABLE 1;
Eval uati on of Conpounds for Reversal of MDR [err] 5 5 700 250
90 2.8 imigiagolidine, r95@zolidine Npiperidine Gdnd NT

14.6 7 1000 ipera29ne; 65 4.0 15.4 8 2250
1200 625 pipes 3,

Yl 4s selected Zrom the group consisting of
phenyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, indolyl,
isoindolyl, quinolinyl, isoquinolinyl, 1,2,3,4-
tetrahydroisoquinolinyl, and 1,2,3,4-
tetrahydroquinolinyl;

wherein said Ar may contain one or more
substituents which are independently selected from
the group consisting of hydrogen, hydroxyl, nitro,
trifluoromethyl, (Cl-C6)-straight or branched
alkyl, 0-((Cl1-Cé6)-straight or branched alkyll].,
halogen, SO;H, and NR3Ry,

wherelin R; and R4 are independently selected
from the group consisting of (C1-C6)-straight or
branched alkyl, (C3-c6)-straight or branched
alkenyl, hydrogen and benzyl: or wherein R3 and Ry
can be taken together to form a 5-6 membered
heterocyclic ring; and
w is 1 or 2.

6. The compdund of formula (II) or (III)
according to claim 4, wherein: '

Y is O; wherein .

when ¥ is O, then R, is a lone pair and R; is
selected from the group consisting of Ar;

when Y is N, then R; and R; are selected from
the group consisting of (Cl-C6)-straight or
branched alkyl and Ar; or R; and R, are taken
together to form a heterocyclie 5-6 membered ring
‘selected from the group consisting of pyrrolidine,
imidazolidine, pyrazolidine, piperidine and

ENJLU D"‘:H . T
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10 .9 2250 1800 325 1.3 6.9.10- "7

850 400 85 2.1 7.8 11 - 2250 0
gz msas e o i
800 NT 75 NT }0 7 17 : x ¢ 930 NT
70 NT 10.7 18 950 70 NT

13.6 CsA 800 260; ,20
EXAVPLE 25 | nhi bi i on_of MRP-Mediated SR, B tﬂ% SPORB SRARMELAR: 8t nat t he
conpounds of t hi PREEnt P%ZQ@‘Yef ﬁeéﬁ?%onﬂ rpébﬂwéb ng- MR- -iomdtyat ed MDR, in

addition to P-gl mwteﬂntMIﬁﬁdm%lﬁ&z&ﬁ 4a§sayed inhibition in a
non- P- gl ycopr ot e| n.. exgﬁesm n el | pl at ed HL60/ ADR cells in 96
well microtiter %@’ ‘“85? 8%6&94 )Plpﬁrhélw 14 Ri@esidhBll exposed

to various concewheaw.@nz mrxﬁmorabpyrmﬂ) 4- pyﬁsaynj\/l to 10 [err]) in the
resence or abse jgrﬂgi,co i nyention at various
Eoncentratlons aquafm% i gpﬂyapgxﬁumo 1, 45 isopropy.
aniline, 4-text-butylaniline, 4-trifluoroc aniline, 4-
morpholino aniline and 4-aminophenyl sulfonic acid; and
w is 1 or 2.

7. The compound of formula (II’) or (III’)
according to claim 5, wherein:

Y is O0; wherein

when Y is O, then R, is a lone pair and R, is

selected from the group consisting of Ar;

when Y is N, then R, and R, are selected from

the group consisting of (C1-C6}-straight or
branched alkyl and Ar; or R; and R, are taken
together to form a heterocyclic 5-6 membered ring
selected from the group consisting of pyrrolidine,
imidazolidine, pyrazolidine, piperidine and
piperazine:;

Ar is selected from the group consisting of
phenyl, benzyloxy, 4-isopropyl phenyl, 4-tert-butyl
phenyl, 4-trifluoro methylphenyl, 3,4;5-
trimethoxyphenyl, morpholino, piperidine, 4-piperidinyl
phenyl, 2-pyridyl, 3-pyridyl, 4-pyridyl,
3-hydroxypyridyl, 5-hydroxyquinolyl, 4-isopropyl
aniline, 4-tert-butylaniline, 4-trifluorc aniline, 4-
morpholino aniline and 4-aminophény1 sulfonic acid; and

. : wis 1 or 2.

8. The compound according to claim 4

selected from the group consisting of: W—

—_—
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(0.5 < 10 [err]). After culturing the cells for 3 days, .their viability was
quantitated using the XTT dye nethod to assess mitochondrial function.

Results were 35 expressed as a ratio of the [er n al one
to the the [err] for doxorubicin plus MDR inhibitor. '“llm"mmﬁ Ht"ﬂll
expressed in [err]. In all assays the intrinsic antiprofiferdtive dr
cytotoxicity activity of - 32 - the MDR2i Rhi bitors was al so determ ned
for HL60/ ADR cells. The.results of this assay are set forth in Table 2

bel ow. Table 2: Reversal O MRP-neidated MDR in HL60/ ADR 5 Cells [err]
Wi le we have descri bé® z hiidedr 5oFrimethoxypbenyernestofl - chrbamowknt i on, it

i s apparent that prérbasms-m&bbnﬂi@rhscﬂmx Bﬁrﬁair?faegvﬂ-ﬁl Rgovi de ot her
enmbodi nent s whi ch Utld;l,_xlz };lhep gs.lct sﬁylp %gffes and

(s)-l-((3-Trzfluoromethylphenyl)-methyl-
carbamoyl) -piperidine-2-carboxylic acid 4-pyridin-3-yl-
1-(3-pyridin-3-yl-propyl) -butyl ester;

(S)-1-((4-Tert-butylphenyl) -methyl-carbamoyl) -
piperidine-2-carboxylic acid 4-pyridin-3-yl-1-(3-
pyridin-3-yl-propyl) -butyl ester:;

(S)-1-((4-Isopropylphenyl) -methyl-carbamoyl) -
piperidine-2-carboxylic acid 4-pyridin-3-yl-1-(3-
pyridin-3-yl-propyl} -butyl ester;

(S} -1- (Piperidine-1-carbonyl) -piperidine-2-
carboxylic acid 4-pyridin-3-yl-1-(3- pyrldln -3-yl-
propyl) -butyl ester

(S)-1-((3,4,5~Trimethoxypheny1)-methyl-carbamoyl)-
piperidine-2-carboxylic acid 4-pyridin-1-yl-1-(3-

| pyridin-i-yl-propyl) -butyl ester; '

(S} -Piperidine-1,2-dicarboxylic acid 1-(3,4,5-
trimethoxyphenyl} ester 2-(4-pyridin-3-yl-1-(3-pyridin-
3-yl-propyl) -butyl) ester;

(S) -Piperidine-2-carboxylic acid 2-1-(2-phenyl-
ethyl) -3-phenyl -propyl ester;

(§)~1-({3,4,5- Tnmethoxyphenyl) -methyl -carbamoyl) -
piperidine-2-carboxylic acid 1-(2-phenyl-ethyl)-3-
phenyl-propyl ester;

4- (Methyl {2-(1- phenethyl -3-phenyl-
propoxycarbonyl) -piperidine-1-carbonyl) - amino)-
benzenesulfonic aC1d,_

(8) -Piperidine-2-carboxylic acid l-benzyloxy-
methyl-z-benzyloxyethyi ester; f
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met hods of this invention. Therefore, it will be appreciated _that the scope
of .this invention is to be 15 defined by the appgﬂﬁed cl ai ns, rather

than by the specific enbodi ments which have been pr Lmymk’l'

exanpl e. 33 1. A compound of fornmula (1): B[
[err], oxygen, NH or N (Cl-C4 alkyl); B and D are |ndepeddeﬂtly

(C1-C6) -straight or branched al kyl, (C2'CB¥ strai ght or branched alkenyl
or alkynyl, (C5- C7) -cycloal kyl substituted (Cl-C6) -straight or branched

?'cé.y'c’?)(f?cf:gé Eé%i‘l ghu%’st‘rt@'?ég"?cigl PR 22 glrﬁ%‘e&a’&hcr\ed al kyl
(C3-C6) -strai ght emrrbamoyl)-piperidine-2- carboxyllc acld 2-benzyloxy-1-
(benzyloxy-methyl) -ethyl ester;

(8) -1- (Methyl- (4-piperidin-1-yl- phenyl)-
carbamoyl) -piperidine-2-carboxylic acid 2-benzyloxy-1-
{benzyloxy-methyl) -ethyl ester;

(S} -Piperidine-1,2-dicarboxylic acid 2-(2-
benzyloxy-1- (benzyloxymethyl) -ethyl)ester 1-quinolin-5-
vyl ester;

(S) -Piperidine-1,2-dicarboxylic acid 2-(2-
benzyloxy-1- (benzyloxymethyl) -ethyl)ester 1-pyridin-3-
Yyl ester; and
pharmaceutically acceptable derivatives thereof.

9. The compound according to claim 5
selected from the group congisting of:
2-{1,3-Dimethyl-3(3,4,5-trimethoxyphenyl)ureido) - 3
phenyl-propanoic acid 4-pyridin-3-yl-1-(3-pyridin-3-yl-
propyl) -butyl ester;
2-(1,3-Dimethyl-3-(3,4,5-trimethoxyphenyl)ureido) -
3- (phenyl) -propanoic acid 3-pyridin-3-yl-1-{(2-pyridin-
3-y1-ethyi)-propyl ester;
N-Methyl-2-phenylethylamine-1,2-dicarboxylic acid
1-(3,4,5-trimethoxyphenyl) ester 2-(4-pyridin-3-yl-1-
(3-pyridin-3-yl-propyl)butyl) ester; and
N-Methyl-2-phenylethylamine-1,2-dicarboxylic acid
1-(3,4,5-trimethoxyphenyl) ester 2-{3-pyridin-3-yl-1-
(2-pyridin-3-yl-ethyl)propyl) ester; and
pharmaceutically acceptable derivatives thereof.

10. A pharmaceutical composition for
treatment or prevention of multi-drug resistance
comprising a pharmaceutically effective amount of a
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1

branched al kenyl or al kynyl, Ar-substituted (Cl-C6) - straight or branched

al kyl, Ar-substituted (C3-C6)- straight or branched al kenyl---or- al kynyl;

wher ei n any
repl aced by

one of the [err] groups of said al kyl chai be optlonally
a heteroatom sel ected fromthe group consﬂﬂﬂﬁ

[err] and NR, wherein Ris selected fromtjie _group con ‘?
(Cl-C4)-straight or branched al kyl, (C3-C4)-straight or branched kenyl or
al kynyl, and (Cl1-C4) bridging al kyl wherein a bridge is fornmed between the

ni trogen
forma ring,

sel ected fromth& FERbHSR 5

- 34- caﬂ@oanaaab@&@ﬂ@mt@f afifi shddreoat R £ @& RiHAg,chain to
and erein sai r|%% tﬁg%éonally fused to an Ar group: J is

FPEFreEc12epIvan ©Fi ght or

branched al kyl, @E@Bicle.

This Sheet Has Been R
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11. The pharmaceutical composition according
to claim 10, further comprising a chemotherapeutic
agent.,

12, The pharmaceutical composition accordlng
to claims 10 or 11, further comprising a
chemosensitizer, other than the compound according to
any one of claims 1 to 9.

13, A use of a compound of formula {I):

wherein:

A is CH,;, oxygen, NH or N-(Cl-C4 alkyl);

B and D are independently:

Ar, {Cl-C6)-straight or branched alkyl,

{C2-C6) -straight or branched alkenyl or alkynyl,
(€5-C7} -cycloalkyl substituted (c1-c6)-straight or
branched alkyl, (C3-C6)-straight or branched alkenyl or
alkynyl, (C5-C7)-cyclecalkenyl substituted
{(c1-C6) -straight or branched alkyl, {(C3-C6)-straight or
branched alkenyl or alkynyl, Ar-substituted '
(C1-C6) -straight or branched alkyl, Ar-substituted
(C3-C6) -straight or branched alkenyl or alkynyl,
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C6) -strai ght or branched alkenyl and [err]; Kis selected fromthe group
cansisting of (Cl-C4)-straight or branched al kyl, [err] and

cycl ohexyl methyl ; or J and K may be taken toget hjj"mmwm nmber ed
het erocyclic ring which nmay contain a heteroatom '3 l rgroup
consisting of 0, S, SO and [err]; Zis C)o§ 5, Y i s O%r "N "wherein: when Y

;is 0, then [err] is alone pai r and [efr}’is selected fromthe group
iconsi sting of Ar, (Cl-C6)-straight or branched al kyl, and (C3-C6-straight

lor branched al kenyl or alkmﬁgéeiéuyﬁnggg 3%|ghéﬁcﬂéh§g?&§g(§f andlerr] are

i ndependent |y selected fromthe grodp_consistin -stralght or
branched al kyl, and (@3X&3)cR3%in§ PRy BF BPh] YaFEEh?‘Fe%rD‘alakynyl or

[err] and [err] are taieerbeges hamldceetorfom Rt GroAYCkiNsisting of

0, 8, 80, SO;, and NR; '

wherein R is selected from the group
consisting of hydrogen, (C1-C4)-straight or
branched alkyl, (C3-C4)-straight or branched
alkenyl or alkynyl, and (Cl-C4) bridging alkyl
wherein a bridge is formed between the nitrogen
and a carbon atom of said heteroatom-containing
chain to form a ring, and wherein said zring is
optionally fused to an Ar group;

J is selected from the group consisting of
hydrogen, (C1-C6)-straight or branched alkyl, (C3-C6)-
straight or branched alkenyl and -CH,Ar:

K is selected from the group consisting of
(C1-C4) -straight or branched alkyl, -CH,Ar, and
cyclohexylmethyl;

or J and K may be taken together to form a 5-7
membered heterocyclic ring which may contain a
hetercatom selected from the group consisting of 0, S,
SO and S05;

Z is 0 or S;

Y is O or N, wherein

when Y is O, then R. is a lone pair and R; is
selected from the group comsisting of Ar,
(C1-C6) -straight or branched alkyl, and (C3-
C6) -straight or branched alkenyl or alkynyl;
and

when Y is N, then R, and R, are
independently selected from the group
consisting of Ar, (Cl1-C6)-straight or
branched alkyl, and (C3-C6) -straight or

o REPLACW SHEET
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' .5-6 menbered ring selected fromthe group consisting
. .i.d.,dazol i dine, pyrazolidine, piperidine, and pi perammllmﬂm&m"mﬁ@ms a
g a{bocycllc aromatic group selected fromthe group consisting ©of sphe
.-85 - 1-naphthyl, 2-naphthyl, indenyl, azulenyl, fluorenyl and
q@,ﬁuacenyl or a heterocycllc aromati c group s4lected fromthe group
& Ssting of 2-furyl, 3-furyl, 2-thienyl, 3-thiényl, 2-pyridyl, 3-pyridyl,
“fﬁﬁﬁbyrldyl pyrrolyl, oxazo!yl, thiazolyl, imdazolyl, pyrazolyl,

Jazollnyl pyrazolidinyl iqgﬁﬁé Lyl I OX o]
gy_ 3-triazol yl, 1,3, 4-thi adi azo y? =4 ;‘H: zj% %Fan§n%% CFIS gﬁi&%z%’%ﬂ
.,f3 5-triazinyl, 1,3, 5-trithiaryl-;- FAdol4ziryl i hdolyl7 isO|ndGIyi

3H-indolyl, MEMOETSE LADg SElLecTeld LrTuL Lae SIoup

consisting of pyrvolidine, izidazoiidine,

‘pyrazolidine, piperidine, and piperazine;

Ar is a carbocyclic aromatic group selected
from the group consisting of phenyl, l-naphthyl,
2-naphthyl, indenyl, azulenyl, fluorenyl, and
anthracenyl;

or a heterocyclic aromatic group selected
from the group consisting of 2-furyl, 3-furyl, 2-
thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-
pyridyl, pyrrolyl, oxazolyl, thiazolyl,
imidazolyl, pyraxclyl, 2-pyrazolinyl,
pyrazolidinyl, isoxazolyl, isotriazolyl, 1,2,3-

_ . oxadiazolyl, 1,2,3-triazolyl, 1.3,4-thiadiazolyl,
pyridazinyl, pyrimidinyl, pyrazinyl, 1,3,5-
triazinyl, 1,3,5-trithianyl, indolizinyl, indolyl,
isocindolyl, 3H-indolyl, indelinyl,

benzo[b] furanyl, benzo{b]thiophenyl, 1H-indazolyl,
benzimidazolyl, benzthiazolyl, purinyl, 4H-
quinolizinyl, quinolinyl, 1,2,3,4-
tetrahydroquinoelinyl, isoquinolinyl, 1,2,3,4-
tetrahydroisoquinolinyl, cinnolinyl, phthalazinyl,
quinazolinyl, quinoxalinyl, 1,8-naphthyridinyl,
pteridinyl, carbazolyl, acridinyl, phenazinyl,
phenothiazinyl, and phenoxazinyl;

whberein Ar may contain one or more
substituents which are independently selected from
the group consisting of hydrogen, halogen,
hydroxyl, nitro, -SO3H, trifluoromethyl,
trifluoromethoxy, (C1-C6)-stralght or branched
alkyl, (C2-C6)-straight or branched alkenyl,

T
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i ndol i nyl, benzo [b] furanyl, benzo [b] thiophenyl, 1Hindazolyl,
benzi m dazol yl , benzthi azolyl, purinyl, 4FLquinoIiZ|nyI qU|noI|nyI“'1 2,3,

4t et rahydroqui nol i nyl, isoquinolinyl, 1,2,3,4- tetraqﬂﬂ
ci nnolinyl, phthal azinyl, quinazolinyl, quinoxalinyl mumamﬁmg"m%yl
pteridinyl, carbazolyl, acridinyl, phena2|.y' phenot Hi aZi nyl

phenoxazi nyl; wherein Ar nmay contain one nDre substituents which are

i ndependent|ly selected fromthe group consisting of hydrogen, hal ogen,

hydroxyl, nitro, [err h (C1-C6)-straight
or branched al kyl, C% éé?i €§%l %htb%%ﬁi %%53?E%£§?% ‘0-

(Cl1-C4)-strai ght or bParicfﬁédC-al ‘I~€3y-lr @Rt G hagpchstr alkgnyidr. branched

al kenyl, O-benzyl, O phgeykyil.c2pRehby] enerliveyyibgEslo6Ar ogyx,,

N-[(CL- C5) stralght Orarboxyl N- {C1-C5-straight or oranched alkyl orx
C3-C5-straight or branched alkenyl} carboxamides,
N,N-di- (Cl-C5-straight or branched alkyl or C3-C5-
straight or branched alkenyl) carboxamides,
'morpholinyl, piperidinyl, 0-X, CHy- (CHz) - X,

0- (CHp) g*X, (CHy) 4-O-X, and CH=CH-X;

wherein R, and R, are independently selected
from the group consisting of (C1-C6)-straight or
branched alkyl, (C3-C6}-straight or branched
alkenyl, hydrogen and benzyl, or wherein R3 and Ry
can be taken together to form a 5-6 membered
heterocyclic ring;

wherein X is selected from the group
consisting of 4-methoxyphenyl, 2-pyridyl,
3-pyridyl, 4-pyxridyl, pyrazyl, quinolyl,
3,5-dimethylisoxazoyl, isoxazoyl,
2-methylthiazoyl, thiazoyl, 2-thienyl, 3-thienyl,
and pyrimidyl; g is 0-2; and
n is 0 or 1;

for the manufacture of a medicament for treating or

preventing multi-drug resistance in a patient.

14, A use of a compound for the manufacture
of a medicament for treating or preventing multi-drug
resistance in a patient comprising the step of
administering to said patient a pharmaceutical
composition comprising a pharmaceutically effective
amount of a compound according to claim 4 or 6.

—— — 1G.NCT 1996
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- 36 - branched al kyl or (C3-C5)-straight or branch
car-boxam des], N, N-di-[(Cl-C5)-straight or branch ﬂmﬁuuﬂ“ "ll””"l
., (C3-CB) - stralght or branched al kenyl] carboxam des, *norphbl ihyls,
"plperldlnyl O X, [err] and CH=CH X; wherein [err] and [err] are
'3@ependently selected fromthe group consistin £HCﬁ [ C1-C6) - strai ght or
yFanched al kyl, (C3- C6)- straight or branched & kenyl, hydrogen and
’EEszI or wherein [err] and [err] can be taken together to forma 5-6

siber ed heterocyclic ring; wher®in aXuse %€l gcé dﬂﬁaﬁkkhe~ﬁﬂcﬁgh-- ReLSEI NG

g ety woxanay, R pbp e £t eclaig O o RVLREN, ql *

rsszstaﬁce in a patient comprising the step of

administering to said patient a pharmaéeutical

composition comprising a pharmaceutically effective
- amount of a compound according to claim 5 or 7.

16. The use of a compound for the
manufacture of a medicament according to claims 13, 14
or 15, wherein said medicament to be is administered
orally.

17. The use of a compound for the
manufacture of a medicament according to claims 13, 14
or 15, wherein said multi-drug resistance is PB-

glycoprotein-mediated.

18. A process for the synthesis of a
compound according to claim 1, comprising the steps of:

(a) esterifying a protected amino acid of
formula (X) with an alcohol of formula (XI):

K B
J : OH Ho\(v‘)\
W . - -
) 4
(X}

(x1)

to give an intermediate of formula (XII):

—————

- This Sheet Has Been R,

LT fill




L

2- nethylthiazoyl t hi azoyl, 2-thienyl, 3- thlenyl and pyrinidylm_wherein q
1.s°0-2; and nis 0 or 1, prOV|ded t hat when

J and X together forma six menbered piperi d| ne rllﬁtlluui"rlul”lll u}u tyI and
B is 3-phenyl propyl, then Dis not 2-(3- pyridyl) i dyl)
-propyl, 3- (3-pyridy|) - propyl, or 3-chl4arepropyl; prOV|ded t hat when n
is Oor 1; A 2, and Y are oxygen; J and K together forma six nenbered

piperidine ring; [err] is t-butyl and B is benzyl, then Dis not 2-
phenyl ethyl or 3- (3-indol W) poptecting -th37am1m(pma1:ed:th.h§tq!\b@§l J and K

forma 5-menber ednf kAg; :.Ztéﬂféﬂaﬁéeo?xﬁ’dl?dﬁla (kS p; éi‘% 254988 e”] Is a

| one pair; [err] |% ter% X and n Is 0, then are not
nmet hyl ; € 1)
X B
I
e o\wq//g\\
1 = P
H O '
and (XIH)

(e} acylating the free amino group in the
compound of formula (XIII) with an acyl halide of
formula (XIV):

0
Ry /u\
\‘f c
R;
(XIVv)
or an activated derivative thereof,

19. The process according to claim 18,
wherein A and Z are oxygen.
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provi ded that when J I's hydrogen, K is iso-butyl;
oxygen;*[err] is a Iohe pair [err] is tert-butyl;

are _both not oprek ~eed that when J is hydrwo
(3- benzyloxy 4-h droxy)benzyl and A are oxygen; [
| one pair; y7d n is O, then B and D fbqg
2. The conppupd ' claim1, wherein,

one of B or :
is 1-4; s is l- At itned in claim®; -X is |ndependently sel ect ed

fromthe gro dﬂﬁwr] wherein Ris selected fromthe group
consi sting of dr og -straight or branched al kyl, (C3-
C4) -straight or branched al kenyl or al kynyl, and (Cl- C4) bridging al kyl

wherein a bridge i d between the nitrogep-atqm and the Ar group.
“Sar
PR
o \¥/R1 ) 1y/R1
Ar
PO () Rz (i

Examples of some preferred compounds of
formula (I), wherein J is independently hydrogen, (Cl-
C6) straight or branched alkyl or (C3-C6) straight or
5 branched alkenyl, have the formula (II') or (III'),
wherein Y, R, and R, are as defined above for formula
{I) and Ar is as defined above for preferred Ar groups
and w is 1 or 2.

Ar AT
J o} A
\N:]\lf/ o J. A Nar
Rl\y/‘\o ) v R‘\Y/J\o © “Sar
2 X i:
(Y amn
10 As used herein, the compounds of this

invention, including the compounds of formula (I), are
defined to include pharmaceutically acceptable
derivatives :ﬁé@@reof. A ‘"pharmaceutically acceptable
derivative" denotes any pharmaceutically acceptable

15 salt, ester, or salt of such ester, of a compound of
this invention or any other compound which, upon
administration to a patient, is capable of providing
{directly or indirectly) a compound of this invention,

o or a metabolite or residue thereof, characterized by

20 the ability to maintain, increase or restore

sensitivity of MDR cells to therapeutic or prophylactic

B



3. The conmpound %ccording toclaim1l1 or 2, wherein, in formula (1), Ar

sel ect-ed fromthe group consisting of phenyl, 2-pyridyl, 3-pyridyl,

4-pyridyl, indol
t et r ahydr oi soqui
wherein said Ar

yl, isoindolyl, quinolinyl, isoquinolinyl, 1,2,3,4-
nolinyl, and 1,2,3, 4-tetrahydroquinolinyl; - 38 -
may contain one or nore substituents which are

I ndependently selected fromthe group consisting of hydrogen, hydroxyl,
nitro, trifluoronmethyl, (Cl-C6) - straight o ranched al kyl, O [Cl-C6)

-strai ght or branched al kyll, hal ogen, [erT] Iher ei n [err] and [err] are

I ndependent |y sel ected fron1the group consi.sting of (Cl-C6)-straight or

CHTatibe: P Apnta R Vb obe et PRoe sPRPRRE I Rallns

heterocyclic ringX'). The halogen chloro group in (XIV) may be

branched al kyl
or wherein [err]

10

15

replaced with other leaving groups or activating groups

known in the art such as other halogens, imidazolyl or
pentafluorophenoxy groups.

Alcohols of formula (XI) wherein m is 0 (XI')

can also be conveniently prepared, for example, as
illustrated in Schemes 2 and 3. Reaction of an
organometallic reagent of formula (XV) and an aldehyde
of formula {XVI) provides alcohols of formula (XI')
{Scheme 2).

Alternatively (Scheme 3), 1,6-heptadiyn-4-ol
can be coupled via a metal-catalyzed reaction to
aromatic halides of formula (XVII) to give an alcohol
of formula (XVIII). Subsequent hydrogenation provides
an alcohol of formula ({XI''), a preferred subset of
alcohols of formula (XI).

Scheme 1

\”)\lf .mw{l\n _-*\.,JT«J\,A\.,
T "/‘Ta 7 T"-"’QRI\)\JT*)\

&\’/E :
L Cn/l\tl
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4. A conpou
wherein whenf Y}l s
the group colsg§sts

or (Il'l); [err] wherein: Yis Oor N
, then e'Eh is alone pair and [err] is selected from

, -C6) -straight or bpn , d
(C3-C6)- str i ght o%b(g'tg?%hej bl kenyl or al kynyl;mnﬁmmlmltmm [err]
and [err] ar Sef ected fromthe group*consitst *ngsof * Ar,
(Cl1-C6)-strafght or branched aj kyl and3gC3-C6)-straight or branched al kenyl
or al kynyl ; -39 - or [err] and [err] are taken together to forma
heterocyclic 5-6a0Ryher ed (S ooy -aAleigHtod:! erationea coneysf i ng of
pyrrolidine, imdazolidine, pyrazolidine,- piperidine and piperazine; Ar is
sel ect ed fron1thbaépéeﬁlcéﬁhﬁstﬁﬁé BRaRy;

wherein R3; and Ry are independently selected

from the group consisting oﬁ_(01-cs)-straight or
branched alkyl, (C3-C6)-straight or branched
alkenyl, hydrogen and benzyl; or wherein R3 and Ry
can be taken together to form a 5-6¢ membered
heterocyclic ring; and

w is 1 or 2.

5. A compound of formula (II') oxr (III’}:

(I1') (T1I1’)

- wherein:

Y is O or N, wherein

when Y is O, then R, is a lone pair and R, is
selected from the group consisting of Ar, (C1-Cé6)-
straight or branched alkyl, -and (C3-C6)-straight
or branched alkenyl or alkynyl; '

when Y is N, then R; and R, are independently
selected from the group consisting of Ar, {(Cl1-C6)-
straight or branched alkyl and (C3-C6)}-straight or
branched alkenyl or alkynyl; or R, and R, are taken
together to form a heterocyclic 5-6 membered ring

selected from the group consisting of pyrrolidine,
— _
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a U
phenyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, indolyl, isoindolyl, quinolinyl,
I soqui noli‘nyl, ‘1,2, 3,4- tetrahydroisoquinolinyl, and
1,2, 3,4-tetrahydroqui nolinyl; wherein said Ar nay contain one or nore
substituents which are independently selected fromthe group consisting of
hydrogen, hydroxyl, nitro, trifluoronmethyl, (Cl-C6)-straight or branched
al kyl, O.[(Cl1-C6)-straight or branched al kyl], hal egen, [err] and [err];
wher ei n [err] and [err] are independently §§Lecte ““L
consisting of (Cl-C6)-straight or branched al kyl, @“@m
branched al kenyl, hydrogen and benzyl ; qcmmnﬁiern nd [érr] can be
taken together to forma 5-6 nenbered heterocyclic ring; and wis 1 or 2;

provided that in formula Il, when Y is oxygen, one w and Ar together forma
3- phenyl propyl group, and ihe oghq&m¥bagg &¥ f&gﬁﬁjgﬂ fyjarm a
3-(3-pyridyl)propyl, 3-(2-pyridyl)propyl or 2-(3- pyrrdyl)ethyl group,

then [err] is not t-butyl.

J, 2
\N i \(.;n)\D
z/l\ Y—R;

2

{T)

wherein:
A is CHy, oxygen, NH or N-{Cl-C4 alkyl):;
B and D are independently:

Ar, {Ci~C6)-straight or branched alkyl,
(CZ—Cﬁj-stralght or branched alkenyl or alkynyl, (C5~
C7)~cycloalkyl substituted {Ci~C6})}~straight or
branched alkyl, (C3-Cé€)-strxaight or branched alkenyl
cr alkynyl, {C5-C7)-cycloalkenyl substituted (Cl-C§)-
straight or branched alkyl, (C3-Cé)-straight or
branched alkenyl or alkynyl, Ar-substituted {C1-CB)-
straight or branched alkyl, Ar~substituted (C3-C&)-
straight or branched alkenyl or alkynyl;

wherein any one of the CH, groups of said
alkyl chains may be optionally replaced by a
heteroatom selected from the group consisting of
o, S, 50, S0z, and NR;

wherein R is selected fxom the group
consisting of hydrogen, (Cl-C4)-straight or
branched alkyl, (C3-C4)~straight or branched
alkenyl or alkynmyl,:and (Cl-C4} bridging alkyl
wherein a bridge is formed between the nitrogen

[REPLACEMFNT SHEET
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5. A’ conpound

of formula (I11") or (1I1"): - 40 - Ar

Ar [err].wherein: Y is Oor N wherein when Y is 0, then [err] is a |one
s selected fromthe group consisting, of Ar [err] stralght

pair and [err] i

or branched al kyl, and (C3-C6)-strai ght or branched aI
when Y is N, then [err] and [err] are independently s I gyf/
consisting of Ar, (Cl-C6)- straight or branched al kyl and (CB 06

roup
ght

or branched al kenyl or alkynyl; or [err]yand [err] are taken together to
forma heterocycllc 5-6 menber ed ring se ected fromthe group consisting of

pyrrolidine, im

dazol i di ne, pyrazolidine, piperidine and piperazine;

and a carbon atom of said hetercatom~containing

chain to foxm & ring, and wherein said ring is

optionally fused to an Ar group;

J is selected from the group consisting of
hydrogen, (Cl-Cé6)-straight or branched alkyl, (C3-~
C6)-straight or branched alkenyl and —CH,Ar;

K is selected from the group consisting of
{C1~-C4)~straight or branchéd alkyl, -CH,Ar, and
cyclohexylmethyl;

or J and K may be taken together to form a 5-7
membered heterocyclic ring which may contain a
hetercatom selected from the group consisting of 0O,
S, SO and S0;,;

Z is O or 5;

Y is O or N; wherein:

when ¥ is O, then R, is a lone pair
and R, is selected from the group
consisting of Ar, {C1-C6)-straight or
branched alkyl, and {C3-Cé)-straight or
branched alkenyl or alkynyl; and

when Y is N, then R, and R; are
independently selected from the group
consisting of Ar, {(C1-C6)-straight ox
branched alkyl, and (C3-C6}—straight or
branched alkenyl or alkynyl: or R, and K,
are taken together to form a heterocyclic
5-6 membered ring selected from the group
consisting of pyrrolidine, imidazolidinae,
pyrazolidine, piperidine, and piperazine;
wherein Ar is a carbocyclic aramatic group

salected from the group consisting of phenyl,
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Ar is selected fromthe group consisting of phenyl, 2-pyridyl, 3-pyridyl,

4-pyridyl, indolyl,
tetrahydrorsoquinol
Ar may contain one

(C1-C6) -strai ght or

I soi ndol yl, quinolinyl, |soqurn9LFnyI 1'2 3, 4-

inyl, and 1, 2 3, 4- tetrahydroqur “M“L
or nore substituents which are i %H‘

fromthe group consisting of hydrogen, hydroxyl, nrt i

branched al kyl - 41 - O [(Cl-CB)-straight or

sai d
ted

Bor dbrret hyl ,

branched al kyl], halogen, [err] and [err]; wherein [err] and [err] are
i ndependently selected fromthe group é¥nsisting of (Cl-C6)-straight or

branched al kyl, (C3-C6)- straight or branched al kenyl,

hydrogen and benzyl ;

or wherein [err] ang h y?nor ggﬁyl’qggiher ta f 5-6 nenbered

het er ocyclic ring;

enyl, azu any 4
fluorenyl and anthracenyl.
or a heterocyclic aromatic group selected
from the group consisting of Z-furyl, 3-furyl,
2-thienyl, 3-thienyl, 2~pyridyl, 3-pyridyl,
4-pyridyl, pyrrolyl, oxazolyl, thiazolyl,
imidazolyl, pyrazolyl, 2-pyrazolinyl,
pyrazolidinyl, isoxazolyl, isotiazolyl,
1,2,3-oxadiazolyl, 1,2,3~triazolyl,
1,3,4~thiadiazolyl, pyridazinyl, pyrimidinyl,
pyrazinyl, 1,3,5-triazinyl, 1,3,5-trithianyil,
indolizinyl, indolyl, isocindolyl, 3H-indolyl,
indolinyl, benzo[b)furanyl, benzo(blthiophenyl,
1H-indazolyl, benzimidazolyl, benzthiazolyl,
purinyl, 4B-quirolizinyl, guinolinyl,
1,2,3, 4~tetrahydroquinolinyl, isoquinelinyl,
1,2,3,4-tetrahydroisoquinclinyl, cinnolinyl,
phthalazinyl, cuinazolinyl, quinoxalinyl,
1, 8-naphthyridinyl, pteridinyl, carbazolyl,
acridinyl, phenazinyl, phenothiazinyl, and
phenoxazinyl;
wherein Ar may contain one or more
substituents which are independently
selected Erom the group consisting of
hydrogen, halogen, hydrexyl, nitro, SO.H,
trifluoromethyl, triflucromethoxy,
(Cl-Cé)~straight oxr branched alkyl,
{C2-C6) ~straight or branched alkenyl, O-—
(Cl-c4)-stralght or branched alkyl, O-{C3-~
C4)— straight or branched alkenyl,
O-benzyl, O-phenyl, 1,2-methylenedioxy,
~NR;R.; carboxyl, W-[(Cl-C5)-straight or
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6. ;The conpound of forrmul'a (I1) or (I111) according to claim4, wherein; Y
'is O wherein when Y is 0, then [err] is a lone pair and [err] is setected

fromtHhHe gréup consisting of Ar; when Y is N, then
sel ected fromthe group consi sti ng of (Cl-C6)-strai Hmm)’ﬁ ﬂmﬁh!@ kyl
and Ar; or [err] and [err] are taken together to formes etemoc

nenbered ring selected fromthe group consisting of pyrrolidine,

i m dazol i di ne, pyrazolidine, piperidine3nhd piperazine; Ar is selected from
the group consisting of phenyl, benzyl oxy, 4-isopropyl phenyl, 4-tert-butyl

phenyl ,- 4-trifluoro nethylphen 3.4,5-trinmet hoxyphenyl, norpholino,

pi peri dine, 4-pi peri di nyl ﬁﬁ%ﬁﬂﬁd ?2k§§rPBny3TF§ﬁn9§5ﬂlgh3 B¥ridyl,
3- hydr oxypyri dyl, 5-hydroxyantinad \WlkeAyl 5opsetpystantiddsine,

dLert buylantl e €1 AASBES GALLGPEye N WkLcile B
or (C3-C5)—stralght or branched alkenyl]
carboxamides, morpholinyl, piperidinyl,

0-X, CHp~({CHp)g~X, O~ (CHa)g—X, (CHp) ~0-X
and CH=CH-X;
wherein R3; and Ry are independently
selected from the group consisting of
{C1~C6)-straight or branched alkyl, ({C3-~
C6)- straight or branched al¥enyl, hydrogen
and benzyl: or wherein Ry and Rgq can be
taken together to form 2 5-6 membered
heterocyclic ring; |
wherein X is selected from the group
consisting of 4-methoxyphenyl, 2-pyridyl,
3~pyridyl, 4-pyridyl, pyrazyl, guinolyl,
3,5-dimethylisoxazoyl, isoxazoyl,
2-methylthiazoyl, thiazoyl, 2«thienyl, 3-
thienyl end pyrimidyl;
vherein q is 0-2; and
n is 0 oxr 1;
provided that when n is 0; A, Z, and Y are oxygen; J
and X together form a six membered piperidine ring; R; is
t-butyl and B is 3-phenylpropyl, then P is neot 2-(3-
pyridyl) ~ethyl, 3-{2-pyridyl)-propyl, 3-{(3-pyridyl)-
propyl, or 3-chloroprapyl; .
provided that when n is 0 or 1:; &, 2, and Y are
oxygen; J and K together form a six membered piperidine
ring; R, is t-butyl and B is benzyl, then D is not 2-
phenylethyl or 3~{3-indolyl)-propyl;
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<42 - 7. The conpound of fornula (I1') or (l111") accordlng to claimb5,
wherein.. Yis O wherein when Y is 0, then [err] is aummmlm Mlj ﬂ rr]
is selected fromthe group consisting of Ar; when Y i H ﬁ
[err] are selected fromthe group conS|st|ng of (Cl-C6)-stralight or
branched al kyl and Ar; or [eérr] and [err] are taken together to forma

het erocyclic 5-6 nenbered ring selected fromthe group consisting of
pyrrolidine, imdazolidine, pyrazolidi _pi peridine and pi perazine; Ar is
selected fromthe group consisting of phenyl, benzyl oxy, 4-isopropyl
phenyl, 4-tert-butyl phenyl, 4-trifluoro nethyl phenyl, 3,4,

S-trimet hoxyphenyl, rwabeai 5at RhRar TdhRe K 4fqrmper isdhﬂambeﬂb@rmn z

IR CIRSS TR VA i R N T T
R, is tert-butyl; and n is 0, then B and D are both not
methyl;

provided that when J is hydrogen, K is iso-butyl; 2
and A are oxXygen; Y is oxygens; R, is a lone pair: R, is
tert-pbutyl; and n is 0, then B and D are both not methyl;
and

provided that when J is hydrogen, K is {3-benzyloxy-
4-hydroxylhenzyl: Z and A are cxygen; Y is oxygen; R, is a
lone pair; R, is benzyl; and n 1s 0, then B and D both are
not methyl,

2. The compound according to claim 1, wherein,
in formula (I}, at least one of B or D is indepandently
represanted by the formula -({CH;)—(X)~(CH;)~Ar, wherein:

r is 1-4;

s is 0-1;

Ar is as defined in ¢laim 1;

X is independently selected from the group

consisting of CH,, O, S, $§0, 505, and NR;

wherein R is selected from the group consisting

¢f hydrogen, (Cl-c4)~straight or branched alkyl, (C3-
C4}-straight or branched alkenyl ox alkynyl, and (cCi-
C4) bridging alkyl wherein a bridge ls formed between
the nitrogen atom and the Ar group.

3. The compound according to claim 1 or 2,
wherein, in formula {I), Ar is selected from the group
consisting of phenyl, 2-pyridyl, 3-pyridyl, 4-pyridyl,
indolyl, isoindolyl, quinolinyl, isogquinolinyl, 1,2,3,4-
tetrahydroisoquinolinyl, and 1,2,3,¢-tetrahydrogquinolinyl:




ahi'line and 4-ani nophenyl sulfonic acid; and wis 1 or 2. 8——— The conpound
according to elaim4 selected fromthe group consi st -1- ((3, 4,
5-Tri met hoxyphenyl ) -methyl-carbanoyl) - piperidi n 'ﬁ"j Iﬂ H"f
4-pyridin-3-yl-1- (3-pyridin- 3-yl-propyl)-butyl st ef
(3-Trifluoronet hyl phenyl) -nethyl-carbanoyl) - piperidine- 2 car boxyT ic acid
4-pyridin-3-yl-1- (3-pyridin- 3-yl-propyl) -butyl ester; (S) -1- (
(4-Tert-butyl phenyl) -nethyl-carbanoyl) - piperidine-2-carboxylic acid
4-pyridin-3-yl-1- (3-pyridin- 3-yl-progyl) -butyl ester; - 43 - (S -1-
(4-1sopropyl phenyl) -nmethyl-carbanoyl) - piperidine-2-carboxylic acid
4-pyridin-3-yl-1- (3-pyridin- 3-yl-propyl)-butyl ester; (S -1-
(Pi peri di ne- 1- car bonyl ) wpiepethdiaiRt AxC @aRO¥YhiSin one or more

substituents which are independently selected from

the group consisting of hydrogen, hydroxyl, nitro,

trifluoromethyl, (Cl-C6)-straight or branched alkyl,

O-[(C1-C6)-straight or branched alkyl]l, halogaen,

SO;H, and NR3Ry,

wherein Ry and Ry are indepesndently selected

from the group consisting of (Ci~C6)=-straight or

branched alkyl, {(C3-C6)-straight or branched alkenyl,

hydrogen and benzyl: or wherein Rz and Ry can be

taken together to form a 5-6 membered heterocyclic

ring.

4. A compound of formula (II) or (XIII):

: Ar N~ 1
¢ v . o/\k
v Ar
2 L i,
IX - (11zx
wherein: ( ) ( )

Y is O ox N; wherein

when Y ig O, then R, is a lone pair and R,
is selected from the group consisting of Ar,
(C1-C6) ~straight or branched alkyl, and (C3-C6)-
straight or branched alkenyl or alkynyl:;

when Y is N, then R; and R, are
independently selected from the group consisting
of Ar, (C1-Cé6)-straight or branched alkyl and
{C3-C6) -straight or branched alkenyl or alkynyl;
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acid 4-‘lpyri di n-3-yl-1-(3-pyridin-3-yl-propyl)-butyl —ester; (S) -1- ((3, 4,
5- Tri net hoxyphenyl ) -nmethyl -carbanoyl) - piperidine-2-carboxylic acid-

4-pyridin-1-yl-1-(3-pyridin- 1-yl-propyl) -butyl eqtjﬂuou
(S)-Piperidine-1,2-dicarboxylic acid 1- (3, 4,5- tzim# w*luwmlﬂ#,’ er 2-
(4-pyridin-3-yl-1- (3-pyridin-3- yl-propyl) -butyl) ester; - # s .
(S)-Piperidine-2-carboxylic acid 2-1-(2-phenyl- ethyl)-3-phenyl - propyl
ester; (S)-1- (3,4,4,5-Trinmethoxyphenyl) - net hyl - car banoyl ) -
pi peri di ne-2-carboxylic acid 1-(2-phenylzsethyl | -3-phenyl - propyl ester; 4-
(Methyl - (2- (1-phenethyl-3-phenyl -propoxycarbonyl) -
pi peri di ne-1-carbonyl) -am no) -benzenesul fonic acid;
(S) - Pi peri di ne- 2- car boxyl #€ Tackud1Rparey Fekynnbeusthen Ysedpymoryet hyl
ester; OI_( S) ; 1- (ll\)/ét h?/! - (ﬂggaufzdm@b 18- 8- § | mdataangs) lriﬁar bam?ﬁtéld 'fromhtlhe
pi peri di ne-2-carboxylic aci - benz Xy-1z nz - -.ef.
ester; (S -1- (Methyl- (%¥%$ppeﬁﬁn§f%£§9§lq]fp_&%reﬁﬁ%iigi‘é?bg%ly%#qh%tmz'
pi peri di ne-2-carboxyl i c aeyrzoliding) oriparidiae, gndxpiperazine;
' Ar is selected from the group consisting of
phenyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, indolyl,
isoindolyl, quinolinyl, isoquinolinyl, 1,2,3,4-
tetrahydroisoquinolinyl, and 1,2, 3,4~-tetrahydrogquinolinyl:;
wherein said Ar may contain one or more
substituents which are independently selected from
the group consisting ¢f hydrogen, hydroxyl, nitro,
trifluoromethyl, (Cl1-C&)-straight or branched alkyl,
O-{{(Cl1-C&)~-straight or branched alkyll, halogen,
wherein R3 and R; are independently selected
from the group consisting of (CL-C6)-straight or
branched alkyl, (C3-Cé)-straight or branched alkenyl,
hydrogen and benzyl; or wherein Ry and R4 can be
taken together to form a 5-6 membered heterxocyclic
ring; and
w is 1 ox 2;
provided that in formula IXI, when Y is oxygen, one w
and Ar together form a 3~phenylpropyl group, and the other
w and Ar together form a 3-{3-pyridyl)propyl,
3~ (2-pyridyl)propyl or a 2-(3=pyridyl)ethyl group, then R,
is not t-butyl.

5. A compound of formela {II') or (ITIX'):
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et hyl)-ethyl ester; (s)-Piperidine-1,2-dicarboxylic ' - (- zyl oxy-
1- (benzyl oxynmethyl) -ethyl) ester 1-quinolin-5-yl esﬁBm”ﬁﬁymﬂﬁﬁiﬂmne 1,
2-di carboxylic acid 2- (2-benzyloxy- 1- (benzyl oxynet i S r
1-pyridin-3-yl ester; and pharmaceutically acceptabl e derivatives thereof.
44 - 9. The conpound according to claim5 selected fromthe group
consisting of; 2-(1,3-Di nethyl-3(3,4,5-trimethoxyphenyl)ureido)-3

phenyl - propanoi ¢ acid 4-pyridin-3-yl -1403=pyri di n-3-yl- propyl)-butyl

ester; 2- (1, 3-Dinethyl-3- (3, 4, 5-trinethoxyphenyl) ureido) -3- (phenyl)
-propanoic acid 3-pyridin-3-yl-1- (2-pyridin-3-yl- ethyl) -propyl ester;

N- Met hyl - 2- phenyl etdryl am ne- 1, 2- di car boxyl i e=acid 1-
(3,4,5-trinmethoxyphenyl) ester 2-(4-pyridin-3-yl-1-(3-

pyridin-3-yl -pr opy;I\)Nb I} oes 'wpafnd ]\N . L\(\O/\k
0
v b L

tw

IL\Z r |

(II') (II1’)

wherein:

Y is O or N, wherein

when Y is O, then R; is a lone pair and R, is
selected from the group consisting of Ar, (Cl1-C6)~
straight or branched alkyl, and (C3-C€)~-straight or
branched alkenyl or alkynyl;

when Y is X, then R, and R; are independently
selected frotm the group consisting of aAr, (Cl-Cé)-
straight or braached alkyl and ({C3-Cé6)-straight or
branched alkernyl or alkynyl; or R; and R, are taken
together to form a heterccyclic 5~6 membered ring
selected from the group consisting of pyrrolidine,
imidazolidine, pyrazolidine, piperidine and
piperazine;

Ar is selected from the group coensisting of phenyl,
2-pyridyl, 3-pyridyl, 4-pyridyl, indolyl, isoindolyl,
guinolinyl, isoquinolinyl, 1,2,3,4- |
tetrahydroisoquinolinyl, and 1,2,3, 4-tetr'ahydroquinolinyl:

wherein said Ar may contain one or more
subgtituents which are independently selected from
the group consisting of hydrogen, hydroxyl, nitro,
trifluoromethyl, (Cl-Cé)~straight or hranched alkyl,
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N- Met hyl - 2- phenyl et hyl ani ne- 1, 2- dlcarboxyllc aC|d 1- (3:4,—
5-trinet,hoxyphenyl) ester 2- (3 pyridin-3-yl

pyridin-3-yl-ethyl)propyl) ester; and pharnaceutlcalI“lﬂﬂﬂﬂ&ﬂﬂpuﬁ! “H
derivatives thereof. 10. A pharnaceutlcal conpositio

prevention of nulti-drug resistance conprising a pharnmaceutically effective
anmount of a conpound according to any one of clains 1 to 9 and a
pharmaceutically acceptable carrier, adjuvant or vehicle. 11. The

phar maceut i cal conposition according-t%ic1ain110 further conprising a

chenDtherapeutlc agfnt The pharnmaceuti cal rgkyltlon according to
clains 10 or 'ﬂH@F EBhp??%ﬁ%ﬂ?ta°€hBﬁ5%%ﬁﬁﬁt§ 11.,0t18dP9ERaN t he
conmpound accordlngsxgﬂangndnunykg,clalns 1to 9. 13. A use of a compound of

formula (1): - 45 - LgEkbin R; and Ry are independently selected
from the group consisting of (C1-Cé6)~straight or
branched alkyl, (C3-C6)-straight or branched alkenyl,
hydrogen and benzyl; or wherein Ry and R4 can be
taken together to form a 5-6 membered heterccyclic
rings snd
w is )} or 2.

6. The compaound of formula (II) or (III)
according to claim 4, vherein:
Y is O; wherein
when Y is O, then R, is a lone pailr and R, is
selected from the group consisting of Ar;
when ¥ is N, then R, and R; are selected from
the group consisting of (Cl-C6)-straight or branched
alkyl and Ar; or R, and R, are taken together to form
a heterocyclic 5-~6 membered ring selacted from the
group consisting of pyrrolidine, imidazclidine,
pyrazolidine, piperidine and piperazine;
Ar is selected from the group consisting of
_ phenyl, benzyloxy, 4-isopropyl phenyl, 4-tert-butyl
phenyl, 4-trifluoro methylphenyl, 3,4,5-trimethoxyphenyl,
morpholino, piperidine, 4-piperidinyl phenyl, 2-pyzidyl,
3-pyridyl, 4-pyridyl,
3-hydroxypyridyl, S5-hydroxyjuinolyl, 4-isopropyl aniline,
4-tert~butylaniline, 4-~trifluoro aniline, 4-morpholino
aniline and 4-aminophenyl sulfonic acid; and
w is 1 or 2.
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whereitn; Ais [err] oxygen, NH or N(Cl-C4 alkyl); B and D are
I ndepengdently: Ar, (Cl-C6)-straight or branched al kyl t or
branched al kenyl or al kynyl, (C5-C7)-cycl oal kyl subst““ﬂﬁiﬂmmmmmﬂr
(Cl-C6)-strai ght or branched al kyl, (C3-0C8)-straight or Brahch®d &l Kenyl or
al kynyl, (C5-C7)-cycl oal kenyl substi t ut ed (C1-C6) -straight or branched

al kyl, (C3-C6)-straight or branched al kenyl or al kynyl, Ar-substituted
(C1l-C6)-straight or branched al kyl, Ar-substituted (C3-C6)-straight or

branched al kenyl or al kynyl, wherein-af$ dne of the [err] groups of said
al kyl chains may be optionally repl aced by a heteroaton1se|ected fromthe

group consi'sting of Q | SO err]l. and sel g fromthe
group consi sting of hydrS'ogen foj& unc%ra| Qfﬁfﬁmabr‘gﬁ &f a{ 9

(C3-C4)-strai gﬁFcﬁdeﬁﬂ%n‘%‘hé’da&FﬂkényWh%‘Few *kynyl, and (Cl-C4) br| dgi ng al kyl
wherein a bridge is fornedides;wegar&ixe ni trogen and a carbon atom of said
' when Y is O, then R; is a lone pair and R, is
selected fxom the group consisting of Ar;
when Y is N, then Ry and R, are selected from
the group consisting of (Cl-C6)~straight or branched
alkyl and Ar; or R; and R, are taken together to form
a heterocyclic 5-6 membered ring selected from the

group consisting of pyrrolidine, imidazolidine,
pyrazolidine, piperidine and piperazine;
Ar is selected from the group consisting of
Phenyl, banzyloxy, 4-isopropyl phenyl, 4-tert-butyl
phenyl, 4-trifluorc methylphenyl, 3,4,5-trimethoxyphenyl,
morpholine, piperidine, 4-piperidinyl phenyl, 2-pyridyl,
3-pyridyl, 4=-pyridyl,
3-hydroxypyridyl, 5-hydroxyquineolyl, 4=~isopropyl aniline,
4-tert-butylaniline, 4-trifluorc aniline, 4-morpholino
aniline and 4-aminophenyl sulfonic acid; and
w is 1 oxr 2.

8. The compound according toc claim 4
selected from the group consisting of:

{S)~1-((3,4,5-Trimethoxyphenyl) -methyl—carbamoyl} -
piperidine~2-carboxylic acid 4-pyridin-3-yl-l-(3-pyridin-
3-yl-propyl) -butyl ester;

{S}-1- ({3~Triflucromethylphenyl)-methyl-carbamoyl}-
piparidince=2-carbaxylic acld 4-pyridin-3-yl~1-{3-pyridin-
3-yl-propyl)~butyl ester;

{S)-1-{{4~TPert-butylphenyl)~-methyl~carbamoyl)-
pviperidine-2-carboxylic acid 4-pyridin-3-yl-1-{3-pyridin-
3-yl-propyl)-butyl ester;
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.het ercat om contai ning chain to forma ring, and wherei n said ring is
optionally fused to an Ar group; -46- J is selected fronlthe group

consi sting of hydr ogen, (Cl-C6) -straight or branched aIkyF

(C3-C6)-straight or branched al kenyl and [err]; “ t he
group consisting of (Cl-C4)-straight or branched a m’ﬂmﬂﬂmgﬂl
cycl ohexyl nethyl; or J and K nay be taken together to ¥orm a

het er ocyclic ring whi ch nmay contain a heteroatonrselected fromthe group
consisting of O S, SO and [err]; Zi-=4®er S; Yis Oor N wherein when Y
Is O thcn [err] is a lone pair and [err] is selected fromthe group
consisting of Ar, (Cl-C6)-straight or branched al kyl, and (C3-C6)- straight

or branched al kenyl {®t=%i kifnfsopanaryiphenyl) -methyl-carbamoyl)-
riperidine-2-carboxylic acid 4-pyridin-3-yl-i-(3~pyridin-
3~yl-propyl)~-butyl ester; :

(8} ~1-({Piperidine-1-carbonyl) ~piperidine—2-carboxylic
acid 4-pyridin-3-yl«1-{3-pyridin-3-yl-propyl)-butyl ester;

(8)-1-((3,4,5-Trimethoxyphenyl)-methyl-carbamoyl) -
piperidine-2-carboxylic acid 4-pyridin-1l-yl-1-{3~pyridin-
1-yl-propyl}-butyl estexr;

{S)-Piperidine-1,2-dicarboxylic acid 1-(3,4, 5~
trimathoxyphenyl) ester 2-(4-pyridin-3-yl-l-(3-pyridin-3-
yl-propyl)-butyl) ester;

(S)~Piperidine-2-carboxylie acid 2-1-{2«-phenyl-
ethyl)-3-phenyl-prepyl ester;

{s)-1-{(3,4,5-Trimethoxyphenyl}-methyl-carbamoyl) -
piperidine-2-carboxylic acid 1-(2-phenyl-ethyl)}-3-phenyl-
propyl ester;

4- {(Methyl-(2- (1-phenethyl~3-phenyl-proporycarbonyl)~
piperidine-l-carbonyl)~amino)-benzenasulfonic acid;

{s)~Piperidine-2-carboxylic acid l-benzylexy-methyl-
2-benzyloxyethyl ester; _

{8) -1~ {Methyl~ (4-morpholin-1-yl-phenyl}~carbamoyl}-
piperidine-2-carboxylic acid 2-benzyloxy-1- (benzyloxy-
methyl)~ethyl ester;

{8} =1 (Methyl- (4~piperidin-l-yl-phenyl)—~carbamoyl)} -
piperidine-2-carboxylic acid 2-benzyloxy—-l-{benzyloxy-
methyl)-ethyl ester;

(S)-Piperidine-1, 2~-dicarboxylic acid 2=({2-benzyloxy-
1~ (benzyloxymathyl)~ethyl}ester 1-guinolin-5-yl ester;

{5)~Piperidine-1, 2~dicarboxylic acid Z-(2-benzyloxy-
1-{benzylokymethyl)—ethyl)ester 1-pyridin~3-yl ester; and
pharmaceutically acceptable derivatives thereof.
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when Y is N, then [err] and [err] are independently sel| ected fromthe group

consisting of *Ar, (Cl-C6)-straight or branched aIkyI,/azgﬂiCS-CB)4s%Laight
C.

or branched al kenyl or alkynyl; or [err] and [err] are
forma heterocyclic 5-6 nenbered ring selected fromthe

er to
I
pyrrolidine, imdazolidine, pyrazolidine, piperidine, ” and pipéras ; IS
a carbocyclic aromatic group selected fromthe group consisting of phehyl,
1-napht hyl, 2- naphthyl, indenyl, azul gnyh,_fluorenyl, and anthracenyl; or
a heterocyclic aromatic group selected fromthe group consisting of
2-furyl, 3-furyl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl,
pyrrolyl, oxazolyl, thiazd.yl, The deimdutd apycadiohy|to Zlain azeklayted
pyrazolidinyl, 1g0xazQlyly,di3Ptbh8sOiMlg o = 47 -
2~(1,3-Dimethyl-3(3,4, 5-trimethoxyphenyl)ureido}~3
phenyl-propancic acid 4-pyridin-3-yl-1-(3-pyridin-3-yl-
propyl)-butyl cstex;
2~{1,3-Dimethyl-3-(3,4, 5-trimethaxyphenyl}ureido) -3~
{phenyl)=propanocic acid 3-pyridin-3-yl-l={2-pyridin-3-yl-
ethyl)~propyl ester;
N-Methyl-2-phenylethylanine-1,2~dicarboxylic acid 1-
(3,4, 5~trimethoxyphenyl) ester 2~ (4-pyridin-3-yl-i=(3-
pyridin-3-yl~propyl)butyl) ester:; and
N-Methyl-Z-phenylethylanine-1,2-dicarboxylic acid 1-
{3,4,5=trimethoxyphenyl} ester 2-(3-pyridin-3-yl-l-(2-
pyridin-3~yl-ethyl)propyl} ester; and pharmaceutically
acceptable derivatives thereof.

10, A pharmaceutical composition for trsatment
or'prevention of multi-drug resistance comprising a
pharmaceutically effective amount of s compound according
to any one of claims 1 to 9 and a pharmaceutically
acceptable carrier, adjuvant or vehicle.

11. The pharmaceutical composition accerding to .
claim 10, further comprising a chemotherapeutic agent.

12. The pharmaceutical composition according to
claims 10 or 11, further comprising a chemosensitizer,
other than the compound according to any ome of claims 1
to 9.

13. A use of a compound of formula (I):

REPLACEMENT SHEET
25 SEP 1007




1,2, 3- oxadi azol
pyrimidiryl ;S pyr

yl, 1,2,3-triazolyl, 1,3,4- thiadiazolyl, pyridazinyl,
azinyl, 1, 3,5-triazinyl, 1,3, 5-trithianyt; indolizinyl

i ndolyl, isoindolyl, 3Hindolyl, indolinyl, benzo [b] ﬁu enzo
t hi ophenyl 1H i ndazol yl, benzi m dazol yl, benzthiazolyl, ,iﬂ” mﬂtu !m
qU|noI|2|nyI quinolinyl, 1,2,3,4- tetrahydroquinolinyl,

1,2,3,4- tetrahydroisoquinolinyl ci nnol i nyl, phthalazinyl qU|nazoI|ny

quinoxalinyl, 1,
phenazi nyl, phen
nore substi tuent
consi sting of hy
trifluoromethoxy

branched al kenyl , a
O[(C3-C4)-straight or branch al kgnyl ],
2- et hyl enedi oxy,

C3-

8- naphthyrldlnyl pterlgbnyl carbazolyl, acridinyl,

ot hi azi nyl, and phenoxa2|nyl wherein Ar may contain one or
s which are |nde§ﬁndently selected fromthe group
drogen, hal ogen, ®hydroxyl, nitxo, [err], trifluoronethyl,

, (Cl-C6)-straight or brancheq al kyl, (C2-C6)-straight or
o[(C1- S al kyl ],

fhenyl, 1,
[err] carboxyl, Cl- C5 stralght 6}) branched al kyl or

whereain;
A is CH,, oxygen, NH or N-(Cl-C4 alkyl);
B and D are independently:
Ar, (Cl-Cg)-straight or branched alkyl,
(C2-C6) -straight or branchad alkenyl or alkynyl,
(¢5-C7) -cycloalkyl substiluted (Cl-C&)=straight or
pranched alkyl, (C3-Cé)-straight or branched alkenvl or
alkynyl, {C5-C7)-cycloalkenyl substituted (Ci1-C6)-straight
or branched alkyl, {(C3=C6)-stralght or branched alkenyl ox
alkynyl, Ar~mubstituted (C1-C6)-straight or branched
alkyl, Ar-substituted (C3-Cé)-straight oz branched alkenyl
or alkynyl,
wherein any one of the CH; groups of said alkyl
chains may be optionally replaced by a heteroatonm
selected from the group consisting of O, 8§, 80, 50,
and NR; '
whercin R is selected from the group coasisting
of hydrogen, (Cl-C4)-straight or branched alkyl,
(C3-C4)-straight or branched alkenyl or alkynyl, and
(C1-r4) bridging alkyl wherein a bridge is formed
between the nitrogen and a carbon atom of said
heteroatom-containing chain to form a ring, and
wherein said ring is optionally fused to an Ar group:




Co-striai ght or branched al kenyl) carboxam des, ght or
branched alkyl or C3-C5- straight or branched alk ﬂ”@j’@ﬂ?’ﬁf

nor pholinyl, piperidinyl, OX, [err] [err] and [erx

[err] are independently selected fromthe group consisting of
(C1l-C6)-straight or branched al kyl, (C3-C6)-straight or branched al kenyl,
hydr ogen and benzyl, or wherein [err] and [err] can be taken together to

forma 5-6 nmenbered heterocyclic ring; - 48 - wherein X is selected from
the group consisting of 4-nethoxyphenylae 2-pyridyl, 3-pyridyl, 4-pyridyl
pyrazyl, quinolyl, 3, 5-dinethylisoxazoyl, isoxazoyl, 2-nethylthiazoyl,

thiazoyl, 2-thienyl, 3-thienyl, and pyrimdyl; gis 0-2; and nis 0 or 1;
for the manuf act ur e Jofisasebetivadheironf the tgwal mpngisting of hydrogen,

{C1l-C6)-straight or branched alkyl, (C3-C6)-straight or
branched alkenyl and -CH,Ar;

K is selected from the group consisting of
{(C1-C4)-straight or branched alkyl, -CH,Ar, and
cyclohexylmethyl;

or 7 and K may be taken together to form a 5-7
membered heterocyclic ring which may contain a heterocatom
selected frem the group consisting of O, S, 50 and §0p;

Z is O or §;

Y is O or N, wherein

when Y is O, then R, is a lone pair and R, is
selected from the group consisting of Ar,
{Cl-Cé) -straight or branched alkyl, and (C3-C6)~
straight or branched alkenyl or alkynyl; and
when ¥ is N, then R; and R; are
independently selected from the group consisting
of Ar, {Cl-Cé}-straight or branched alkyl, and
(C3-C6) ~-straight or branched alkenyl or alkynyl;
or Ry and R, are taken together te form a
heterocyclic'5~6 membered ring selected from the
group consisting of pyrrolidine, imidazolidine,
pyrazolidine, piperidine, and piperazine;
Ar is a carbocyclic aromatic group selected from

the group consisting of phenyl, l~naphthyl, 2-

naphthyl, indenyl, azulenyl, fluorenyl, and

anthracenyl;

or a heterocyclic aromatic group selected from
the group consisting of 2-furyl, 3—furyl, 2-thienyl,
3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, pyrrolyl,

oxazolyl, thilazolyl, imidazelyl, pyraxolyl, 2-

- r——e PY¥FAzZOliny), pyrazolidxnyl, isoxazolyl, isotriazolyl,
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preventing multi-drug resistance in a patient. 14. A use of a conpound—for
t he manuf-acture of a nedi canent for treating or prevent

resistance in a patient conprising the step of admi ni st !Hm wgﬁﬂ ’m
patient a pharnmaceutical conposition conprising a phar

effective anount of a conpound according to claim4 or 6. 15. A use of a
conpound for the manufacture of a nmedicanent for treating or preventing
mul ti-drug resistance in a patient conprgsing the step of adm nistering to
said patient a pharmaceutical conposition conprising a pharmaceutically

effective anmount of a conpound according to claim5 or 7. 16. The use of a
conpound for the mandf.-ZeBupsadiazplivddi tatwehttrdecotstingiidy 4l ains 13, 14 or

15, wherein said nediigﬁ_lg@%zgp*,peﬁﬁlagmﬁlstgﬁgmga%i,y p']y}azIﬂ Jiuse of a

conpound for the manuf ure a'medi capent’ Gcording to ¢lai ns- 13, 14 or
15, wherein said nul th¢ d% §4%§’§flan&e3f§ =3 EBﬁFot%ﬁ“i’P%"‘é{Ped

indolyl, isoindolyl, 3H-indolyl, indolinyl,
benzo (b] furanyl, benzo[b]thiophenyl, lﬁ-indazolyl,
benzimidazolyl, benzthiaialyl, puxinyl, 4H~-
quinolizinyl, gquinolinyl, 1,2,3,4-
tetrahydrogquinolinyl, iscquinolinyl, 1,2,3,4-
tetrahydroisoquinolinyl, cinnolinyl, phthalazinyl,
quinazolinyl, quinoxalinyl, 1,8-naphthyridinyl,
pteridinyl, carbazolyl, ac¢ridinyl, phenazinyl,
phenothiazinyl, and phenoxazinyl:;

wherein Ar may contain one or more substituents
which are independently selected from the group
consisting of hydrogen, halogen, hydroxyl, nitro,
~503H, trifluoromethyl, trifluoromethoxy, .
(Cl-c6) ~straight or branched alkyl, (C2-C6€)~-straight
or branched alkenyl, O-[(Cl-C6)-straight or branched
alkyl), O-{(C3-Cd)~straight or branched alkenyl},
O—-benzyl, O-phenyl, 1l,2-methylenedioxy, -NR,R,,
carboxyl, N=-(Cl-CS5-straight or branched alkyl or €3-
C5—-straight ox hbranched alkenyl) carboxamides,
N,N-di~ {C1-C5~straight or branched alkyl or C3-C5~
straight or branched alkenyl) carboxamides,
morpholinyl, piperidinyl, 0-X, CHy~ (CHz)q~X.
O~ {CHp) g%, (CHp) g~0-X, and CH=CH-X;

- wherein R, and R, are independently selected from
the group consisting of (Ci-C6)-straight or branched
alkyl, (C3-Cé)-straight or branched alkehyl, hydrogen
and benzyl, or wherein Ry and Ry can be taken
together to form a 5-6 membered heterocyclic ring;

hhe un,,
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-49 1 18, A process for the synthesis of a conpound according to claim1,

conprising the steps of; (a) esterifying a prot ep'éH mmmmm formul a
(X) with an al cohol of for mul a (XI); [err] to giv Jﬁ ’
formula (XI'1): [err] (b) deprotecting the am no protectlng "grdup*in the
intermediate of formula (XIl) to give an am no ester of formula (XI11):

[err] and (c) acylating the free-amno group in the conpound of formula
(XII'1) with an acyl halide of fornula{X4gV, - 50 -

wherein X is selected from the group consisting
of 4-methoxyphenyl, 2-pyridyl, 3-pyridyl, 4-pyridyl,
pyrazyl, quinolyl, 3,5-dimethylisoxazoyl, isoxazoyl,
Z2-methylthiazoyl, thiazoyl, 2-thienyl, 3-thienyl, and
pyrimidyl; g is 0-2; and
n is 0 or 1:
for the manufacture of & medicament for treating or
preventing multi-drug resistance in a patient.

14. A use of a compound for the manufacture of
a medicament for treating or éreventing multi-drug
resigtance in a patient comprising the step of
administering to said patient a pharmaceutical composition
comprising a pharmaceutically effective amount of a
compound according to claim 4 or 6.

15. A use of a compound for the manufacture of
a medicament for treating or preventing multi-drug
resistance in a patient comprising the step of
administering to said patient a pharmaceutical composition
comprising a pharmacentically effective amount of a
compound according te claim 5 or 7.

16. The use of a compound f£for the manufacture
of a medicament according to claims 13, 14 or 15, wherein
said medicament to be is administered orally.

17. The use of a compound for the manufacture
of a medicament according to claims 13, 14 ox 15, wherein
said multi~drug resistance is P-glycoprotein-mediated,
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or an activated derivative thereof. 19. The process accordihg to claim18,

wherein A and £ are ogen AR AV

_49_

l18. A preocess for the synthesis of a compound
according to claim 1, comprising the steps of:

(2} esterifying a protected amino acid of
formula (X) with an alcohol of formula (XI):

X B
J\R /‘T O HO\Q{kD
2y .

o)

to give an intermediate of formula (XII):

X

B

g

) ‘*h{i\n
i

()

{b} deprotecting the amino protecting group in
the intermediate of formula (XIXI) to ¢give an amino ester
of formula (¥XIIX):

B
J
N 2
R m P
H (]
(XTI )

and

(c) acylating the free amino group in the
compound of formula (X1II) with an acyl halide of formula
{(XIV):
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N AN O )

O

- Ry \Y/u\

l Cl
R,
(XIV)

or an activated derivative thereof.

18. The process according to claim 18, wherein

A and Z are oxygen.
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