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COVPOUNDS W TH MDR ACTI VI TY TECHNI CAL FI ELD OF THE | NVENTI ON The present

i nvention relates to novel 5 conmpounds whi ch can nmai ntain, increase, or
restore sensitivity of cells to therapeutic or prophylactic agents. This

i nvention al soWOM6E668 t 0 phar naceuti cal conpositions and net FSFYSAPI0M4; | ng
t hese conpounds. The nethods of this invention dare directed to the
treatment 10 of multi-drug resistant cells, preventing the devel opnment
of multi-drug resistance and use in nulti-drug resistant cancer therapy.
BACKGROUND OF THE | NVENTI ON A maj or problem affecting the efficacy of 15
chenot herapy reginens is the evolution of cells which, upon exposure to a
chenot herapeutic drug, becone resistant to a nultitude of structurally
unrel ated drugs and therapeutic agents. The appearance of such nulti- drug
resi stance often occurs in the presence of over- 20 expression of a
170- kDA nmenbrane P-gl ycoprotein (gp-170). The gp-170 protein is present in
t he pl asna nenbranes of sone healthy tissues, in addition to cancer cel
liness and is honol ogous to bacterial transport proteins (Hait et al.,
Cancer Conmuni cations, 1(1), p. 35 (1989); West, 25 TIBS, 15, p. 42
(1990)). The protein acts as JBRTRALINr COMPOUNDS WOTH UDR AGTIVITVig resi st ance

t hrough active extrusion of toxic chem cals. Al though the mechanismfor the
punp WD 96/ 36630 : PCT/ US96/ 07094
-2- is unknown, it is speculated that the gp-170 protein functions by
expel I ing substances that share certain

ITECHNTCAL 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 and methods utilizing these compounds. The
methods of this invention are directed to the treatment

10 of multi~drug resistant cells, preventing the development
of multi-drug resistance and use in multi-drug resistant
cancer therapy.

BACKGROUND OF THE INVENTION
A major problem affecting the efficacy of
.15 chemotherapy regimens is the evolution of cells which,

upon exposure to a chemotherapeutic drug, become
resistant to a multitude of structurally unrelated drués
and therapeutic agents. The appearance of such multi-
drug resistance often occurs in the presence of over~

20 expression of a 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 transport proteins (Hait
et al., Cancer Communications, 1(1), p. 35 (1989); West,

25 TIBS, 15, p. 42 (1990)). The protein acts as an export
punp, conferring drug resistance through active extrusion
of toxic chemicals. Although the mechanism for the pump



chem cal or physical characteristics, such as hydrophobicity, the presence
qof carbonyl groups, or the 5 exi stence of a glutathione conjugate (see
West). Recently, another protein responsible for nmulti-drug resistance, MP.
(rul ti-drug resistance associated protein), was identified in H69AR cells,

an MDR cel | |i weovémassd acks detectabl e P-glycoprotein [S. P. REIOSI6RTON) o
et al., Science, 258, pp. 1650-54 (1992)]. MRP,bas al so been detected in
ot'her non-PJegcoprotein MDR cell lines, such as HL60/ ADR and MCF-7 breast

Cagchnoga_cﬁ||s (E 1§0ﬁﬁﬁﬁd“ﬂ’ ek ak. spé@@P&%ed¥£hat Yhe @ﬁrliggpg?té%gggg]
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menber of the ATP behehiwel assehyeisabechamadterivRcesppeucB 89 function in

the same manner as f@}m&&%yn tﬁ‘&tﬂ:ﬂgsé}?c@ J%J'H&rfo‘éh?lzogroupé enpyi fige
nat ural product drugs fromthe Cel 0ssi b ical function for

MRP maybe AT@depeﬂ&ﬁth%n?EoPtg%‘Ftﬁ %ﬁq“qg{gug nj'8gst ¥estla
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J. Biol. Chem, 269 fﬁ;f 27807-10 994 %g er,et al., Proc
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likely that MRP may, he a er.p responsi hl.e.fo br oad 30.
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("MDR') cells to 35 enot her apeut| c_agents, the
acconpani ed cell lines, such as HL60/ADR and MCF-7 breast carc1noma

cells [(E. Schneider et al., Cancer Res., 54, pp. 152-58
(1994); and N. Krishnamachary et al., Cancer Res., 53,
15 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 for

20 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 (19%94); I. Leier
et al., J. Biol., Chem.,, 269, pp. 27807-10 (1994); and

25 Muller et al., .Broc, Natl. Acad. Sci,., USA, 81, pp. 13033-
37 (19%94)].

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.

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

35 chemotherapeutic agents, they have often been accompanied



WD 96/ 36630 PCT/ US96/ 07094 - 3- by
undesirable clinical side effects (see Hait et al.). For exanple, although
cyclosporin A ("CsA"), a widely accepted i munosuppressant, can sensitize
certain carcinoma cells to chenotherapeutic agents (Slater 5 et al.

Br. J. Cancer, Wax96/36630235 (1986)), the concentrations needed tEFERSIFRIM
that effect produce significant innunosuppre5§£pn I n patients whose i mmune
systens are already conprom sed by chenot herapy (see Hait et al.). In

addi tion, CsA usaggy sin@kbeRaBEeOfPAM &5h idl0 errechdVRias gifle &f foChHS
I ncl udi ng nephrotoxicity, hepatotoxicity and central nervous system

3 | 1] n 3

di sorders. Sinilar BPr XPEPHRY t RFRYWR YAsPerigng {aFadalt i % iR tors
bot h sensitize MNDRagelepbsedbiimenssumsoskeast,urdasseableipdysentopn cal
effects (see Hait et al.; 15 Twent.yman.et al.. .Br. J._Capcer. 56, p. 55
(1987)) . Recent  dedGrSRRERECRLYE e TORHErAPouELE POTRES ol Tt al |y
greater clinikal va&tuelin A1.q i of- RBR ¢&P86)) Thdse agents
i ncl ude anal ogs of l.ch r Is n p | , 20
SUch as 11 metnyl - (CSAEPASEELLFEs heddd o HeniBVANERUPPREES BRRAL, |
Iﬁen;ynan et aI.),Ségnggigzzzt%mmunﬁﬁﬁiifaﬁﬁlg@tzngatlﬁﬁﬁﬁcziﬂiﬁIgggﬂmaasﬁ

e i Mmunosuppr essarkt F0adul Nbi,- SRAEREFH Jfai
p. 189 (1991)). PCTQEU Iicatiogﬂ%&)éﬁ/O? 58 rgfers?to a 25 éﬁ%unmﬂ cfgss
of MDR modi fyi ng a§&ns- W t IR QR G5t USPAR| 4F; PTESD (3Fqampanied by
| mrunosuppr agsant s adike286 side r epens NndiingenepRsetoemeitopments, there
s still a need fof, Qos, sl ept Ve SUGS MGl ORY DO tSehI &
sensitize MDR cel | %P8 ?Eerape icoor eproﬁ‘hy SELre aﬁ%n S :fb" Fto
prevent the devel opdmalaviymtalcidm g raasmirdnbéockers and calmodulin

inhibitors both sensitize MDR cells, but each produces

undesirable physiological effects (see Hait et al.;
15 Twentyman et al., Br, J, Cancer, 56, p. 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 analogs
of CsA which do not exert an immunosuppressive effect,

20 such as ll-methyl-leucine cyclosporin {ll-met-léu 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 Drug Design, 6, p.
189 (1991)). PCT publication WO 94/07858 refers to a

25 novel class of MDR modifying agents with some structural
similarities to the immunosuppressants FK-506 and
rapamycin. Despite these developments, there is still a
need for more effective agents which may be used to re-
sensitize MDR cells to therapeutic or prophyiactic agents

30 or to prevent the development of multi-drug resistance.

SUMMARY OF THE INVENTION

The present invention solves the problem
referred to above by providing compounds that are more
potent than previously described MDR modifiers in

\



SUMVARY OF THE | NVENTI ON The present invention solves the problemreferred
to above by providing conpounds that are nore potent than previously
descri bed MDR nodifiers in WO 96/ 36630

PCT/ US96/ 07094 -4- preventing and reversing nulti-drug reS|stan g%%ﬁ).
The conpounds ®Wo %#86630i nventi on may be fornulated into pharma

conposi tions useful to maintain the therapeutig or prophylactic effects of
drugs in cells, or 5 to restore those effects in MDR cells. Such
conposi tions nay Oﬁiﬂeﬂr@ﬁhkﬁgcmatéwﬁkﬁﬂg andkitbengpeasistait prMoRracti c

agents. According ﬁggﬁﬁgr O€i€§¥§ 1&U@%t&8¥ @Lgoﬂepféy%&¥§%éﬁﬂﬂﬂ%@5 of

utilizing the abov Mposi reating or
preventing both P—g@apmapentetﬁl Gpmp0ﬁ¥14ﬂ@§|§§eﬁukmtp mREHE AR s are
especi al |y useful tq.enRanee-tHe ﬁ?éﬁ ‘Eéﬂyé E??E@EgeéfparﬁééﬁfH”E%I@%P'QYed
in the treatnment of cancer or otHer di'sease present

i nvention al o proed&eshereobikesereffagid |lﬁgMPﬁeC%%§our§Bdbfc‘¥‘lﬂ°§1tl°ns

I nvention. DETAI LER-RESERE 54 DN, q;oxﬂﬁd Wh%fhtﬁetwﬁﬁl@lbrpr ovi des a

novel class of conpounds regresented by formula (I'): [err] 20 and
phar maceutical |y aéE@BPXBP% G139 ey eof , wherein: A B and C are

i ndependent |y selected f r om Ryl edfiary ﬂuﬂampther(éﬁhmdjméﬁtyrﬂneﬁmnvamghbnor
branched alkyl, O CHoShnlehetidds of id1ei0G BR8nED6Ve Yritimaceutical

(CH[err])[err] Ar

compositions for treating or preventing both P-
glycoprotein- and MRP-mediated MDR. Such methods are
especially useful to enhance the efficacy of chemotherapy
regimens employed in the treatment of cancer or other
diseases.

15 The present invention also provides methods for
preparing the compounds of this invention. .

This invention provides a novel class of
compounds represented by formula (I):

X

20 Formula (1)

and pharmaceutically acceptable salts thereof, wherein:
A, B and C are independently selected from hydrogen,
halogen, (Cl1-C6)-straight or branched alkyl, O-(Cl-Cé6)-
straight or branched alkyl, (CH,),-Ar or Y(CHgn-Ar;
25 wherein
Y is O, S or NR,; wherein
R, is (Cl1-C6)-straight or branched alkyl
and hydrogen:;



25 wherein Y is O S or NRerr]; wherein Rerr] is
(err]-Cerr])-straight or branched alkyl and hydrogen; PCT/ US96/ 07094
WO 96/ 36630 -5- nis an integer fromO to 4; and Ar is a carbocyclic

aromatic group sel ected fromthe group consisting of phenyl, 1- ,
napht hyl , i ndemegbeésesaul enyl , fluorenyl and 5 anthracgﬁyﬁga%g&%

heterocyclic aromatic group selected fromthesgroup consisting of 2-furyl,
3: furyl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, pyrrolyl,
iéazolyl, th!azolyli :nidathyis fnuxﬁudgén f2opy0atol 4nyandpyrazol i di nyl,
| soxazoly | sotflazo a P! Yyl
1, 3, 4-thiadiazolyl, pyridazi p rqﬁﬁb q¥q19é g%§§$%¥% g% %p5?ei|a2|nyr
1,3,5- trithianyl, |ndoframnyme qnnnp3ﬂ0nal§¢ﬂnéopﬁlPheﬁwlndEWQ#Phﬁhﬁﬁﬂ|3ﬁyl
benzo[ b] furanyl, 15 %ﬁ ? L”Ir]ﬁJy ogggﬂghyllkglﬁggggyyland

benzi m dazol yl , benzt hi 8% ‘4K qui nol |Z|ng qg | nol |‘&
1,2, 3, 4- tetréhydr0|soquﬁhbh¥#§@ny;fuﬁinﬁmﬁqtﬁfpcyﬁlic3 romatic group

4-tetrahydroi soqui nol i ngglegtémoffdwltheog aébﬁyistmgn@zoi+f\.y&y1, 3-
in
&

qui nexal |, 1,8-
acri di(ny: nyphena2| nyl , BREYbt A ’rﬁﬂ ﬁngm yP¥| 'Bﬁﬁf‘\me_r %ﬁd YA may

contain one or nore subgtpyrbdys, ipyiamaydgnokpzedibet thlidzobylhe group
consisting of: imidazolyl, pyrazolyl, 2-pyrazolinyl, pyrazolidinyl,

10 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, isoindolyl,
3H-indolyl, indolinyl, benzo[b]furanyl,

15 benzo[b)thiophenyl, 1H-indazolyl, benzimidazolyl,
benzthiazolyl, purinyl, 4H~-quinolizinyl, quinolinyil,
1,2,3,4-tetrahydroisoquinolinyl,.isoqﬁinolinyl,
1,2,3,4-tetrahydroisoquinolinyl, cinnolinyl,
phthalazinyl, gquinazolinyl, quinoxalinyl, 1,8-

20 naphthyridinyl, peridinyl, carbazolyl, acridinyl,
phenazinyl, phenothiazinyl and phenoxazinyl; and

wherein:
Ar may contain one or more substituents
independently selected from the group consisting of:

25 hydrogen, hydroxyl, halogen, nitro, SO;H, .
trifluoromethyl, trifluoromethoxy, (Cl—cs)fstraight
or branched alkyl, O-(Ci-C6)-straight or branched
alkyl, O-benzyl, O-phenyl, 1,2-methylenedioxy,
carboxyl, morpholinyl, piperidinyl and NR;R, and NR;R;

30 carboxamides; wherein

R, and R; are independently selected from
hydrogen, (C1-C5)-straight or branched alkyl
and benzyl;

D is selected from the group consisting of hydrogen

35 or (CH,),~E; wherein



25 hydr ogen, hydroxyl, halogen, nitro, SJerr]H trifluoronethyl,
trifluoronmethoxy, (Cferr]- C[err]) strai ght or branched al kyl,
O (derr]-derr])-straight or branched al kyl, O benzyl, O phenyl,

1, 2- et hyl enedi oxy, carboxyl, norpholinyl, piperidinyl and NR err I Rq[qerr]

and NR[ err] R esyd 9636630 car boxam des wherein R err] an 10%; o
i ndependently sel ected from hydrogen, (Cl- C5,1 straight or branched al kyl
and benzyl; Dis selected fromthe group con3| sting of hydrogen 35 or -
(CH}err];[err] E; wherein g \_{_\925/356@935, whereln

PCT/ US96/ 07094 -6- E is Ar or

i ndependently sel ected from hydr ’géﬂ’%l 1E%) d%?‘q'lg g%g%i% Ir§/I

and (CH2) Ar or can be takenhydgegéms f@l‘ffb‘-’r)mséiralsht or branched &

menbered heterocyclic ring; and B2y BaRIBE £4K6R ltd ﬁkerxt'osfgrﬁra 5
NR[err]; wherein R6 is sel ectﬁgd ?i{cgmt royp consisti ng% hydr ogen,

(Cl- C8) - strabght or brancheQraﬁkl}‘?mlaﬁﬁeclGleterOCYCll(lcﬂfﬁgr]a}‘f%rr] Ar: J and
K are independently (Cl-C6)-strajobh 95 el ¢ rahky| £Or3Ar - subst i t ut ed
with (Cl-C6)-straight or branched alk erein J and K are taken
together to forma fiv& 8 8 S?rn%befé’(?rﬁlﬁg or a five or six 15

menber ed benzo-fused ring; R iss (delleGieds firamgtiie ofrdum rovinesd salikigl ofr Ar;

and the stereocheni stry ai carbopcl B AR ok ShAHERERCENLY 6l ect ed

fromR or S.
10 (CHZ)m-Arl'

J and XK are independently (C1-C6)-straight or
branched alkyl or Ar-substituted with (C1-Cé)-straight or
branched alkyl or wherein J and K are taken together to
form a five or six membered ring or a five or six

15 membered benzo-fused ring;

M is (Cl-Cé6)=-straight or branched alkyl or Ar; and

the sterecchemistry at carbon 1 and carbon 2 is
indépendently selected from R or S.

More preferred compounds of this invention are

20 represented by formula (II):
A oo
lj;(a
(]
Q%oo D" 2
Formula (i) H
25 formula (III):
i c
° D 2
oM
Formulia (I} :

and formula (IV):



More preferred conpounds of this invention are 20 represented by
formula (Il1): [err] 25 formula (I11): [err] and fornmula (1V): WO

96/ 36630 : 'PCT/ US96/ 07094 -7- [err]
wherein, in formula (I1V), J is nethyl or hydrogen and Kis _

(CH err])[err weéwemesa Cl- C6) - strai ght or branched al kyl . Mor ePETESMURM, K
IS substituted or unsubstituted benzyl. 5 _-Most preferably, Kis benzyl
or 4-hal o-benzyl. Preferred choices for other indicated substituents of
formulae |1-1V are as follows: A is preferably QCH2-4-pyridine, O propyl or
hydr ogen; 10 B is preferably OCH2-4-pyrigdine, nethyl or hydrogen
Cis preferably OCH2-4-pyridine, O pr&pyl or ¢ fogen; Dis preferably

CH2- 3-pyridi ne or hydrogen; X is pre XL , NH err] or N benzyl;
and 15 Mis preferably 3,4, %-trk nej

phenyl . The nost preferred

y
conmpqunds of this invention are iy cased able 1, below. TABLE 1 Cpd
Formula A B C D n J K X 20 6 I
OCH err]-4-Pyr H H H 7 Il pordiddverr];4-Pyr H H H
09 .11 H H CCH err] -4- H - 0 11A 1]

OCH err]-4-Pyr H wherein, inqformula (IV), J is mpthyl or hydrogen and K
is (CH,).~-Ar or (Cl-C6)-straight or branched alkyl. More
preferably, K is substituted or unsubstituted benzyl.

5 Most preferably, K is benzyl or 4-halo-benzyl.
Preferred choices for other indicated
substituents of formulae I-IV are as follows:
A is preferably OCH,-4-pyridine, O-propyl or
hydrogen;
10 B is preferably OCH1-4¥pyridine, methyl or hydrogen:;
C is preferably OCH,-4-pyridine, O-propyl or
hydrogen;
D is preferably CH,-3-pyridine or hydrogen;
X is preferably oxygen, NH, or N-benzyl; and
15 M is preferably 3,4, 5-trimethoxyphenyl.
The most preferred compounds of this invention
are indicated in Table 1, below.

TABLE 1
Cpd Formula A 8 [H D J K X
20 8 il OCH4-Pyr |H H H 0
7 1l DCH-4-Pyr [H H H 1]
g [ H H DCH,-4Pyr | H 0
1A (Il OCH-4-Pyr | H H H NH
1B |1 OCH-4Pyr | H H H NH
25 15 i OCH.4-Pyr |H H G N-benzyl
16 1l OCH4Pyr | H H H N-benzy!
17 L] OCH4-Pyr | H H H 1]
. 18 L] OCH.4Pyr | H H H g
. 18 i DCH-4-Pyr 1 H H H H benzyl 1]
30 20 W 0CH4Pyr 1 H H H CH, benzyl 0
’ 21 v O0CH,4Pyr | H H H CH, henzyl 0
204 |1 O-propyl methyl | O-propyl {CH.)-3-Pyr 0
298 {1l B-propy! methyl | O-propyl {CH,)-3-Pyr 0




118 || OCH[ err] - 4- Pyr H H H NH 25 15 ||

OCH err]-4-Pyr H H N-benzyl 16 |1

OCH err]-4-Pyr H H H | . N-benzyl 17 11

QCH[ err] - 4- Pyr H H H 0 18 111 OCH[ err 4Py
H H W0 96736630 . 0 19 |V OCH[ err] - 4- Pyr PEF/USI

H H benzyl 0 30 20 %err] 4 Pyr H H H
CHerr] benzyl 021 1V OCH[err] 4- Pyr- H CH err]
benzyl 0 29A H Q- propyl yH—r—Ehe+=3—fyr—5629B
|1 O pr opyl hgpth /|| Formulan)} &)y Dpym o M&G@—
PCT/ US96/ 07094 - 8}30koi ul a p0-propyl methy" { O-propyl DI (CH)-3-Pyr ] K 403001 |
O propyl ethyl {38 pnopy! | owmpyCH dmeby) - oprmpt  |wBp-3pps 111 10- prdyl

met hyl O-propyl (CHerr])-3-Pyr 0 As defined herein, the conmpounds

of this invention include all optical and,racem c isoner

In addition to the conpound®s s Refdnecedereinr nt ?h@W?R}Qf% (5# &S i ncl udes
pharmaceutical |y 3pgertsbnh eui’@mdélfdl\ie%pﬁfichhoﬁed cedEming S sofiers .

"pharmaceuti cal ly acceptable de vat [ v not es any h ut|
acceptabl e salt, ester, or E’él?é gg@rcmﬂﬁ’ %\"1% &scrg’ ol %%L‘o? this

i nvention or any thef_neawmmchm dJm,cluplel phlarmactuticadiiv ecaeptabdeat, is

capabl e of brovi diyug (ULLSEL | de YndddBEbLiRs 2 R Aeuts Ical'tugvention,

or a rretabollte o here characteri ze
mai ntain, i ncr easecoeptakbl erdeniaratiive)| ggngtessany wqu@% tlﬁerapeut ic

or prophylactic a%%%gt%lé Osﬂeveégteqevehsoeaﬁatof)fsdeﬂ tdst@dryg orfeal stance.
Conpounds of this invention_ rep resent ed b forrrulaé 2 may be obt ﬁd o
usi ng any dhvent cepppund of thls 1nvent10 or any oth pound W 1c

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 the'_
ability to maintain, increase or restore sensitivity of

15 MDR cells to therapeutic or prophylactic agents or to
prevent development of multi-drug resistance.

Compounds of this invention represented by
formula (I) may be obtained using any conventional
technique. Preferably, these compounds are chemically

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

Scheme 1 illustrates a representative example
of a convergent process for the synthesis of compounds of
formula {(I). The process comprises coupling of a

30 protected amino acid of formula (VI), wherein P is a
protecting group, with an amine or alcohol of formula
(V), wherein X is O or NRg to pfovide an ester (when X =
0) or an amide (when X = NR;) of formula (VII). Protected



techni que. Preferably, these conpounds are chenically 20 synt hesi zed
fromreadily available starting materials, such as al pha-am no aci ds.
Modul ar and convergent nethods for the synthesis of .these conpounds are
also preferred. |In a convergent approach, for exanple, |arge sections of
the final prodweieessesebrought together in the 25 | ast stadiI/eFo6p19e4
synthesis, rather than by increnental addition of small pieces to a grow ng
nol ecul ar chain. Schenme 1 illustrates a representative exanple of a

convergent processahgha L aYnLoest el SATPRUBAA oh ERLTAA ddd nalllf are
process conprises coupling of a 30 protected amno acid of Tormil a
(VI), wherein P iscampeseeellvigavgbiablen t FoznesaRpEe or COMBRIN BT Affedtdngul a
, Wherein Xis SRied rdorve i SESF £Mb < f kde
E\\/\/)hen X = NR err])@g?ﬁ?orpirrul &@ﬁéﬁ%ﬁiﬁt@&?\%ﬁ?@ S\Dée%‘%%%c?orp o andio
PCT/ YS96/ 07094 al pRE*4fi FeE o0 8 i -k HonfTesREhel arG- d iRy are
commerci al | y savai | 8bretecivexGmglms ico@rganproCeeni sgrygs ddmd Ehd', Joh
conveni ent net hods Egé zgﬁargéﬁéxn§e fg}kaqgggl?ciq%}€£§ ge %ﬁbagdg E ;..VV
Geene, PP. G M V\H s,y r'ot eg{]i Ve G'oups’in gan’(ca%m stgrf/:’,p nd
Ed.", John W/ ey aatdeSprefenesd Yiok qro¥etrionl kbxyherbbiyogeny afpm dne
preferred for prot b ' 0
(VI 1), wi th t- but ok aa s &8 el I A O e e kbR,
al | yl oxycar bonyl (RPRB¥IOX¥FRIEDGRYL (CGhZ) pepfy Y iPXYFREPRAYA cEHEIGB)IF @Réoc)
bei ng nore pref err edimd€h@rsing SHuNy-RArbeaFROYTESc Pbd ignmared VI 1) are

deprot ect ed under suifable,deprotection conditions (see Geene, supra), and
the free anmino gr oBpebF=Y8A11) 15 is then acyl ated using an activat ed

formof formula (IX) ~ nfter the coupling, compounds of formula (VII)
are deprotected under suitable deprotection conditions
(see Greene, supra), and the free amino grodp of (VIII)
15 is then acylated using an activated form of formula (IX)
to provide compounds of formula (I).
Alcohols and amines of formula (V) can
conveniently be prepared as illustrated in Schemes 2, 3
and 4. Alkylation of hydroxy-tetralone (XI),containing
20 substituents, A, B and C (where A in this example is
hydroxy) with appropriate alkylating agents provides
ethers of formula (XII), Scheme 2. Reduction of the
carbonyl with DIBAL-H or other reducing agents used in.
the art provides the desired alcohol of formula (XIII).
25 Amines of formula (XV) have been prepared by reductive-
amination of ketone (XIV) as illustrated in Scheme 3.
Preparation of alcohols of formula (V) wherein D is not
hydrogen are illustrated in Scheme 4. Treatment of
ketone (XVI) with a Schiff base under acidic conditions
30 such as trifluoroacetic acid or Ar-aldehydes under basic
conditions provides enones of formula (XVII). Catalytic
hydrogenation provides the ketone (XVIII) which upon
reduction with various hydride reducing agents provides a
mixture of syn (XIXb) and anti ({XIXa) alcohols.



to provide conpounds of formula (l1). Al'cohols and am nes of fornula (V) can
conveniently be prepared as illustrated in Schenes 2, 3 and 4. Al kyl ation
of hydroxy-tetral one (XI), containing 20 ~substituents, A B and C (where
A-in this exanple is hydroxy) with appropriate al kyl ating agents provides
ethers of fornwodsBess), Schene 2. Reduction of the carbonyl RETHSIOEIMN.- H
or other reducing agents used in the art proy ifes t he desired al cohol of
formula (XI11). 25 Am nes of formula (XV)" have been prepared by
reductive- am nation of ketone (XIV) as illustrated in Schene 3.

Preparation of alcohols of formula (V) wherein D is not hydrogen are
illustrated in Schene 4. Treatnent of ketone (XVI) with a Schiff base under

acidic conditions 30 such as trifluoroacetic acid or Ar-al dehydes under
basi ¢ conditions provi gnones of formula (XVil). Catalytic hydrogenation
provi des the ketone ( 3 whi ch upon reduction with variougs hydride
reduci ng agents provides agm xture of L Syn (XI' Xb) and anti al cohol s.
WD 96/ 36630 B ¥ PCT/ 6/ 07094 -10-
Schenme | [err] Schene AScheHQfE[[err Chene 2 { [rr hitts, this

invention al so provides ggthod forﬂBreparlng conpounds PoT™"f qgul a (1)

conpri si ng t he st eps
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. X ) o k
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VI Formula (1)
Scheme 2
c .
B B B
ot . R OR
oM o oam
Scheme 3
c c
B B
R OR
) - xIv)
E-‘=Cl-lz

c .
R/C&B i
- 1 o T oR
OH
(XVIla) (XVIIb)
Thus, this invention also provides a method for
preparing compounds of formula (I) comprising the steps
of:

{a) coupling an amino acid of formula (VI)
5 with an alcohol or amine of formula (V), wherein X is O



of: (a) coupling an am no acid of formula (VI) 5 with an al cohol or am ne
of formula (V), wherein Xis O WO 96/ 36630

PCT/ US96/ 07094 -11- or NR[err] to give the correspondi ng ester or am de of
foermula (VMI1); (b) deprotecting the am de of fornula (VII) to give an am ne

of formula (VI WQ9ssseat 5 (c) acylating the amPE/E960W4ul a
(M) with a conpound of fornula (1X). It shoyld be appreciated by those
of ordinary skill in the. art that a |arge variety of conmpounds of fornula

(1) may be readily g amared, gbes ot ngbirespbadify estpf 06LSarEdd |dflfHdraiaG
I n synthetic Schene§g_;l]B The sane processes . nmay be used for the synthesis
of many different e roducts, by altering the variables in the starting
materials. Optically active dbhpodﬁﬁSODéCtinqnnhﬁ @mideapflSormulal §6IDe to

pr epared using optlﬁieyel %ndGhi %8 SEakbipg; e Naﬂlal .S .anldhUs obvi ating the need

for resolution of ehantionmers or sep aratlon i‘astereonmers at a |l ate
stage in the 3ynthesis. Scher€!s ?FY%%F%%ﬁrﬁﬁﬁnﬁﬂkéﬁaﬁﬁl§°6Wuiﬁe(§bll) with

preparation of enanfi@mpousadl bY porgudhcengls of formula (11'a). Treatnent
of al eohol (Il'g) W th varlogg I%ggi S h@;lgégé%gg%bﬁ ggure gf ,
(S)-al cohol (I1'b) and (R)-acétd |bg)ap YahOf§ dP bl SRR ENaRY
(I'l"c) provides thekianr eapehdi agt (fatl 2 oledge 2arIeltgnefScompounds of
formula (I) may be readily prepared, according to the
10 processes illustrated in synthetic Schemes 1-4. The same
processes may be used for the synthesis of many different
end-products, by altering the variables in the starting
materials.
Optically active compounds of formula (I) may
15 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.
Scheme 5 illustrates one example of the
20 preparation of enantiomerically pure alcohols of formula
(II'a). Treatment of alcohol (II'a) with various lipases
has provided a mixture of (S)—-alcohol (II'b) and
(R)-acetate (II'c). éeparation and hydrolysis of (Ii‘c)
provides the corresponding (R)-alcohol.

25
Scheme 5
Qingy == G |
O i ’W:) L. °"O.
(Ir's) (') (Ir'c)

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

30 of all means by which the compounds or the intermediates



[err] It will also be appreciated by those of ordinary skill in the art
that the above synthetic schenes are not intended to conprise a
conprehensive list 30 of all means by which the conpounds or the

i nt er medi at es WD 96/ 36630

PCT/ US96/ 07094 wé dsrseedo t hi s invention may be synthesized. FurtPEHWUSREOMIS
or nodifications of the above general schenes II be evident to those of
ordinary skill in the art. The conpounds of tﬂis i nvention may be nodified

5 by appendi ng @PPEIHH':ﬁ‘%v%nﬂ:%ﬁthﬂj?aﬂ:étéﬁ&ﬂ&l@@ﬁa”@ﬁréﬁbﬁcﬁéﬂﬁods or
bi ol ogi cal properties,, Such nodifications are knomn in_ the artbfn%?include
Cc

those which i ncr eas®dGICRHFIORS PENEES APV i FRAFER LG FFQﬁmﬁFoVB system
(e.g., blood, Iynphatildtarﬂ:ys:ioelthosenbfad:rmﬂramssla)w én) théOart. increase

or al availability, I ncrease Lubi|i W nistratj Cfs
I njection, alter netabolisnigﬁﬁ g?T égﬁé€éﬁéﬂﬁlxcr F8§3°$h%ggoﬁ%dﬁ %%f%ﬁd
this inventioh are shappensingedpbyophia i funaticpalitieast emsance or 15

meintain the sensi tigidstgfe MRRISELLSL LOrEIALUL.C SARRONOASE; SHEILAS a Ol

exanpl e, those typicC y use on t ity,

enotherap
conpounds of this ikﬂﬂﬂﬂikﬂ1t&Pea§Hv§H¥aﬁkﬁﬁR§%/QEﬂﬁﬁ Hbléheh%§§%%$?i2ing

agents, to IncreaS%ltél%ge.fcfaqcbéﬁeﬂeaﬁlai #o a GRerDLNEIaYcAD $yshan dual s
who are afflicted with cancers, tunors, . netastases or

res t
i sease. In addi ti off -1 ALORBouhIURAL 16 S Sbshn CEORE AT ChELPONT o> BTtem .
mai nt ai ni ng B@nSitiindnedsa olral ageailabiXitpr,ofndreakecsoavibity to allow

non-resistant cells, INGTGTAEontDF SYRAUMS alter metabolism and alter
rate of excretion.

The compounds of this invention are
characterized by the ability to increase, restore or

15 maintain the sensitivity of MDR cells to cytotoxic
compounds, such as,  for .example, those typically used in
chemotherapy. Based on that ability, the compounds of
this invention are advantageously used as
chemosensitizing agents, to increase the effectiveness of

20 chemotherapy in individuals who are afflicted with drug-
resistant cancers, tumors, metastases or disease. In
addition, the compounds of this invention are capable of
maintaining sensitivity to therapeutic or prophylactic
agents in non-resistant cells. Therefore, the compounds

25 of this invention are useful in treating or preventing-
multi-drug resistance ("MDR") in a patient. More
specifically, these compounds are useful in treating of
preventing P-glycoprotein-mediated MDR and MRP-mediated
MDR.

30 As used throughout this application, the term
"patient" refers to mammals, including humans. And the
term "cell" refers to mammalian cells, including human
cells.

As used herein, the terms "sensitizing agent”,

35 "sensitizer", "chemosensitizing agent", "chemo-



25 of this invention are useful in treating or preventing- nulti-drug
rresi stance ("MDR') in a patient. Mre specifically, these conpounds are
useful in-treating of preventing P-glycoprotein-nmediated MDR and

VRP- medi ated MDR. 30 As used throughout this application the
term "patient " WOISB6630t 0 nammual s, i ncludi ng humans. And the t §/p1004
refers to mammalian cells, including human cgkls. As used herein, the terns
"sensitizing agent", 35 "sensitizer", "chenpsensitizing agent", "cheno-
WO 96/ 36630 g sens:.tizer" and "MDR modifier" denoE’@TéUSﬁﬁlb&E&iQ‘hmﬂﬁrg
sensitizer" and " er. denote a co the. a

i ncrease or restof8® t%g géhglF?V+?§F?ﬁs g%ﬁ ggFF ¥§? Fﬁnﬁ%ﬁ+ﬁ¥ﬁ¥1Q¢u?n

sensitivity of a MDR- cekiLSOantooméintamn the eenmbtéviberafeaitnan-or 5
prophyl actic agent.gsist. ?tt§%f1" ﬁﬁﬂg‘thégL'EHeraggu pensitization” and
refer I on 0

"resensitization" e ac suc I'n mal ntalning,
i ncreasi ng, or reproph¥iyadrig agents. vithe. tenm éUﬁ%o&ﬁG%lE¢ZQ¢ﬂ9qﬂrégﬁht

invention may be Qensitisfelidi 1R feRenbi PNBETRERY! 16RL Y RAGIRPERR]®n
sal ts-derived fron1|no%gan|c or organi c acids and bases. |ncluded anong

such acid salts aPf FRER{| FRRIHY d%bﬁﬁﬁﬁtaéﬂiﬁﬁtelnﬁﬁﬁﬁ$kHQ! Xspartate,
benzoat e, benzeneggbtontnme, dfm§Lgéﬁ§xtlvbuyyrate citrate, 15

canphor at e, canphorsulfonat opent anep i gpat e uconat e
dodecyl sul fate, ethanesulfo Rﬁ%ﬂ%& % Bﬁgcgﬁﬁﬁ?gﬁoﬁ entibh Hay be

gl ycer ophosighat e, ubedi sul tiz¢ efommﬂrphamacbutauahlg ad:getummle)rséde,s

hydr obromi de, derived from inorganic or organic acids and bases.

Included among such acid salts are the following:

acetate, adipate, alginate, aspartate, benzoate,

benzenesulfonate, bisulfate, butyrate, citrate,

15 camphorate, camphorsulfonate, cyclopentanepropionate,
digluconate, dodecylsulfate, ethanesulfonate, fumarate,
glucoheptanoate, glycerophosphate, hemisulfate,
heptanoate, hexanoate, -hydrochloride, hydrobromide,
hydroiodide, 2-hydroxyethanesulfonate, lactate, maleate,

20 methanesulfonate, 2-naphthalenesulfonate, nicotinate,
oxalate, pamoate, pectinate, persulfate, 3-phenyl-
propionate, picrate, pivalate, propionate, succinate,
tartrate, thiocyanate, tosylate and undecanoate. Base
salts include ammonium salts, alkali metal salts, such as

25 sodium and potassium salts, alkaline earth metal salts, -
such as calcium and magnesium salts, salts with organic
bases, .such as dicyclohexylamine salts, N-methyl-D-
glucamine, and salts with amino acids such as arginine,
lysine, and so forth, Also, the basic nitrogen-

30 containing groups can be quaternized with such agents as
lower alkyl halides, such as methyl, ethyl, propyl, and
butyl chloride, bromides and iodides; dialkyl sulfates,
such as dimethyl, diethyl, dibutyl and diamyl sulfates,
long chain halides such as decyl, lauryl, myristyl and

35 stearyl chlorides, bromides and iodides, aralkyl halides,



hydr oi odi de, 2-hydroxyet hanesul fonate, |actate, nal eate, 20

Jqret hanesul f onat e, 2-napht hal enesul fonate, nicotinate, oxal ate, panvate,
pecti nate, persulfate, 3-phenyl- propionate, picrate, pival ate, propionate,
succinate, tartrate, thiocyanate, tosylate and undecanoate. Base salts

i ncl ude anmoni wmesradess, al kali netal salts, such as 25 s o BFT/HSA(HI094

- potassiumsalts, alkaline earth netal salts - ?uch'as cal ci um and magnesi um
salts, salts with organic bases, such as dlcyc ohexyl am ne salts,

N- (rjret hy:c Dt hgl ;l\lcarrsateﬂ @ﬁdb&@éils atid fpheﬁbeayacwlémw afd %ﬁﬁ'e@bne wags.rne
and so for SO e. bas cont ai nin s, can be

quaterni zed with sﬂEh°ébeﬁ?if§é; QﬁéélsgﬁﬁﬁfbﬁﬁlPﬁ% ucgﬁué% %ﬁgﬁﬁyl et hyl ,
propyl, and butyl ocbtaime, bronides and iodides; dialkyl sulfates, such as

dinethyl, di ethyl, dibutyl eiﬁ%(g&mgghnaglggz %ré%ég? %MHE Ebg Q as

decyl, lauryl, nyristyl and steary rom des an des
aral kyl hal i des, admmmumwrally. parenterally, by inhalation 5pray.

PCT/ US96/ 07094 - 14%| pics sﬂﬁl dngggfltf%er e%é)éé)btyde% gﬁﬂagﬁ_peéf vyater

or oil-soluble or ts are ai ne e” conpounds
of the present |nvéﬁt4QP#¢RSPQM¥Q§EIV°1£dh¥n¢%¥%§%xFQﬁ%HH§F1°B§rEﬂPE?bF+99 by

i nhal altlo? Zpray é@zw&@ii%halr e@tnahbmlc:nﬁﬁahhyceﬂmt JJy)‘-adééﬁt&tBiéy or via
on- Toxi ¢ phar mccHETELFTS- AR SBar TEBrCLot e T ABOEFREFERL " The
term "parenti@ral " 4€ usedicherssch hacéudesnsﬁbmhﬁanadnsutamamayenousravenous
ntranuscul ar, i ntfae LUy, 1Hba-a¥epiple, |HEASIGHAYA1 | Nt rat hecal,

i ntrahepatic, intral €siona
intrasternal, intrathecal, intrahepatic, intralesional

and intracranial injection or infusion techniques.
The pharmaceutical cohpositions of this

15 invention comprise any of the compounds of the present
invention, or pharmaceutically acceptable salts thereof,
with any pharmaceutically acceptable carrier, adjuvant or
vehicle. Pharmaceutically acceptable carriers, adjuvants
and vehicles that may be used in the pharmaceutical

20 compositions of this invention include, but are not
limited to, ion exchangers, alumina, aluminum stearate,
lecithin, serum proteins, such as human serum albumin,
buffer substances such as phosphates, glycine, sorbic
acid, potassium sorbate, partial glyceride mixtures of

25 saturated vegetable fatty acids, water, salts or
electrolytes, such as protamine sulfate, disodium
hydrogen phosphate, potassium hydrogen phosphate, sodium
chloride, zinc salts, colloidal silica, magnesium
trisilicate, polyvinyl pyrrolidone, cellulose-based

30 substances, polyethylene glycol, sodium '
carboxymethylcellulose, polyacrylates, waxes,
polyethylene-polyoxypropylene-block polymers,
polyethylene glycol and wool fat.

According to this invention, the pharmaceutical
35 compositions may be in the form of a sterile injectable



and intracranial injection or infusion techniques. The pharnmaceuti cal
conpositions of this 15 I nvention conprise any of the conmpounds of the
present invention, or pharmaceutically acceptable salts thereof, wth any
pharmaceutical ly acceptable carrier, adjuvant or vehicle. Pharnaceutlcally
accept abl e carwioss@se3adj uvants and vehicl es that may be used EFFYi9607094
phar maceutical 20 conposi tions of this inygntion include, but are not
li'mted to, ion exchangers, alum na, alum num stearate, lecithin, serum

proteins, such as pyeparseios) afdiExampliel faest&ubiéaﬂﬁﬁc&xsih aéqueous or
phosphat es, egC|ne sorbic acid pota55|& sor atefl artlaléﬁigg q_ d
m xtures of 25 ggtag?'ﬁ?‘éﬁ SHARSRE3C8 f a R’/ aCPgRenHRIR M2Y% Ymulate
el ectrol ytes, suchassopdbbaniondehinfigiies &nswdlmn1b&dra@knuqﬂmqsphEMEable
pot assi um hydrogen 4 I n

silica, magnesiumt I’Elggélgl ca e let%%#]F%8§g§oﬁﬁgo%%§ﬁéﬁﬁntﬁcos eq’Lase

subst ances, §o|yetﬁ??éhéeg%@&ﬁﬂtab§GdPﬁ#Pé&ﬁbéQpn%@hy#%ﬁQIhﬂ(ﬁﬁ?terlle

polyacrylates Wﬁx@ﬁje@@éﬂf%fﬁﬂﬁﬂﬁﬁbﬁob!oéﬁ9b89¥kéﬂeiﬁﬂé“HbdﬂﬂcMﬂﬁE5
pol yet hyl ene gl ycol and mool fat. Accord i S invention, the

phar maceut i cal 35 PareREefally aacepkapl SedgﬁuFﬁE PHrIR IRt s (5QY |g¥ample
i nj ectabl e WO 9853&68flution in 1, 3-butanediol. Among the acceptable

PCT/ US96/ 07094 - 15 t | £ct abl
T L Y ey

t echni ques kfown |dexheos@tsqknhugnsandahbetdnspessdxupcnhhunndeu;qiyhunn.and
suspendi ng agent s. 1Ngad1 cion st Sel NekbaAPLELET £PE! AR LTBAAISS PC B

sterile |njectable sol ution or susp endionin anon-to
employed as a solvent or suspending medlum. For this

purpose, any bland fixed oil may be employed including
synthetic mono- or di-glycerides. Fatty acids, such as

15 cleic acid and its glyceride derivatives are useful in
the preparation of injectables, as do natural
pharmaceutically-acceptable oils, such as olive oil or
castor o0il, especially in their polyoxyethylated
versions. These o0il solutions or suspensions may also

20 contain a long-chain alcohol diluent or dispersant, such
as Ph., 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,

25 capsules, tablets, aqueous suspensions or solutions. In
the case of tablets for oral use, carriers which are
commonly used include lactose and corn starch.
Lubricating agents, such as magnesium stearate, are also
typically added. For oral administration in a capsule

30 form, useful diluents include lactose and dried corn
starch. When aqueous suspensions are required for oral
use, the active ingredient is combined with emulsiinng
and suspending agents. If desired, certain sweefening,
flavoring or coloring agents may also be added.

35 Alternatively, the pharmaceutical compositions



parenteral | y-acceptabl e diluent or solvent, for exanple as a solution in

1, 3-but anedi ol . Anong the acceptable vehicles and solvents that nmay be

enpl oyed are water, 5% 10 dextrose sol ution and isotonic sodi um
chloride solution. In addition, sterile, fixed oils are conventi onal

enpl oyed as a ww@bssseio OF suspendl ng medi um For this purpose,PEHYS 9HP%Q
fixed oil may be enployed including synthetig gmono- or di-glycerides. Fatty
aei ds, such as 15 oleic acid and its glyceride derivatives are useful

in the preparati ongpfe ﬁi%;%ﬁéﬂﬂﬁ%%h aaydBe NAdidlstered ln the form of
pharmaceutical | y-acceptable oils sucﬁ

especially in the|Fuﬁﬁﬂik£8R&QﬂM€%FeJe€§Pz|%%éﬁa¥é££ﬁ§ hﬁﬁfléﬁg B¢

Zuspen5|ons nayhal ﬁeﬁﬁkedlbyxmﬂxﬂmg ahboagentmwrthﬂaxﬂuﬂtabﬂbuaqn-or
| spersant, such as P vV Qr_.si.mla o] C
o sy s Bp LR 1S e it o 2gRRC Ehberarure

conposi tions of this} n-an
accept abl e desage but miquildiditngheburechal temnqnﬁtunﬁ apgl thergfpse| wil

tabl ets, aqueous Slﬁéﬂ_erﬁ,l P e&%utéb:)g%fe%& te @@Ry.of shiah! ﬁgﬁe{-pglg)r al

use, carriers MhIC' ar e connon §@§1 | act ose and corn starch
Lubri cati ng agent singlude £pqasyResiteny sPeaswak ang Poves W‘SPEaﬁl}C%\bﬂed

For oral admnistration in ayea |r§ha§@ut1cai QfdRpd#aafivnsdoltuenis i ncl ude
| act ose and dried corn starch g ﬁés SL%4¥I1 i,ons are required f.or
S ﬁﬁﬁ' %

oral use, the acti{®¢ PG BPETRIEGI ng
agents. |f desiredwh&erdrms rtaasmﬂi of ngeathenbrinulwlesc @reaisngragegass nay

Cheoontttone” oy reer B EIERYE A RRERE YL tabing
diseases of the eye, the skin, or the lower intestinal
tract. Suitable topical formulations are readily
prepared for each of these areas or organs.

15 Topical application for the lower intestinal
tract can be effected in a rectal suppository formulation
(see above) or in a suitable enema formulation.
Topically-transdermal patches may also be used.

For topical applications, the pharmaceutical

20 compositions may be formulated in a suitable ointment
containing the active component suspended or dissolved in
one or more carriers. Carriers for topical
administration of the compounds of this invention
include, but are not limited to, mineral oil, liquid

25 petrolatum, white petrolatum, bropylene glycol,
polyoxyethylene, polyoxypropylene compound,. emulsifying
wax and water. Alternatively, the pharmaceutical
compositions can be formulated in a suitable lotion or
cream containing the active components suspended or

30 dissolved in one or more pharmaceutically acceptable
carriers. Suitable carriers include, but are not limited
to, mineral oil, sorbitan monostearate, polysorbate 60,
cetyl esters wax, cetearyl alcohol, 2-octyldodecanocl,
benzyl alcohol and water.

35 For ophthalmic use, the pharmaceutical



-16- of this invention may be adm nistered in the formof suppositories for
rectal adm nistration. These can be prepared by m xing the agent with a
suitable non- irritating excipient which is solid at roomtenperature 5

but liquid at the rectal tenperature and therefore will nelt in the rectum
to rel ease thewbesgss®Buch materials include cocoa butter, beesHENUSIE7094
pol yet hyl ene glycols. The pharnmaceutical conppgitions of this invention may
al'so be adninistered topically, especially 10 when the target of

treatment includescamessi ©iorl AR5 e Fairniil a€68S84 bhcyn 144 Glspensions

application, including diseases_of the eﬁe, thelsklri.or t he | owe

intestinal tract. iSOt tupPEarISSHGHacFBhE1EZR %ﬂﬁﬂl%fﬁnﬁﬁﬁﬁéﬁfhng

each of these areassosolutytorss ib5isotonic, pH adjogterdhlstappllie ataldmef,or t he

| ower intestinal t . he eff kN | hory. formul ation
éf‘&{e{g&& our %ﬁﬁzﬁ@uh gﬁ?%ﬁgé%%ﬁ%o%%éh a5

(see above) or in a sui e enema fornul I'y-transder nal

pat ches may 8l so Peengykelimniumoghdaridppl i 2hteomatively pammerdkhiadmic20

conposi tions may besdHr MHAAML rindcButYch3PEEmSS £ FRHs GRIY Heifedriiataal i ve
conponent suspended or dissolved in one or nore carriers. Carriers for

topi cal adnini strath AP AinRentoSPSHnES BPLFRIRY M Rvention incl ude, but are
not limted to, mneral oil,THe gphemdbeuticPE copdsiBions of pdfikol at um

e and water . n PRrSEIGR Ay Beob ey RESERERIETIE A0 Tl ons R ogE
formul ated 10 a suinrEdlatiast. oSuch compesibivns Mry prepaxed accordpogetibs
suspended or 30 codlimiplatethdin -RRBWA" 1HPERS PLAL L Gl il denedagpt abl e
carriers. Suitable carriers include, but are not |1mted to, mneral oil,
sor bi t an nonost ear faxmulEtiioroEpdt magobecpropared s seutiomscdnyisadioehol |
2-octyl dodecanol , empioying benzyl alcohol or other suitable preservatives,

absorption promoters to enhance bioavailability,

15 flucrocarbons, and/or other conventional solubilizing or

dispersing agents.

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,

20 and the particular mode of administration. It should be
understood, however, that a specific dosage and treatment
regimen for any particular patient will depend upon a
vériety of factors, including the activity of the
specific compound employed, the age, body weight, general

25 health, sex and diet of the patient, the time of
administration and rate of excretion of the compound, the
particular drug combination, and the judgment of the
treating physician and the severity of the particular
disease being treated. The amount of active ingredient

30 may also depend upon the therapeutic or prophylactic
agent, if any, with which the ingredient is co-
administered. The term "pharmaceutically effective
amount" refers to an amount effective to prevent multi-
drug resistance or to maintain, increase or restore drug

35 sensitivity in MDR cells. |



benzyl al cohol and water. 35 For ophthal m c use, the

phar maceuti cal WO 96/ 36630

PCT/ US96/ 07094 -17- conpositions may be fornul ated as m cronized
suspensions in isotonic, pH adjusted sterile saline, or, preferably,
solutions in i swossmeen pH adj usted sterile saline, ei t her mntHKﬁﬂﬁmﬂF@Wbut
a preservative such as 5 benzyl al koniumcpdoride. Alternatively, for
opht-hal m ¢ uses, the pharnaceutical conpositions nay be forrmulated in an

oi ntnent such as petrol at umynkie uﬂéaemﬁeuﬁagaéfcmsiﬁdmmf athi s
I nvention may al so .nasa nhal at

e, adn1n| er ed 0S0
Such conpositions & %ﬁjﬁﬂuﬁg ﬁa %8nt§%?ﬁﬁ9ﬁﬁﬁsﬂﬂ§ﬁ °§H8ﬁnagﬁn#
art of pharnaceutlthéyfmayﬂﬂeﬂadm1nas&ena¢ beqperipialddy @ sohncurgestiy to
sal i ne, enpl oyi ng hol @Ql%ég&&qﬁ t ges
absorption pronnte?ggf% tﬁ%gﬁce |o§§%? %iy %%or%carbons
and/ or other50onventcmh¥ﬁaQﬁﬂQﬂﬂQﬂR@BhglehSd$©@ﬁ#¢%ﬂﬁ;Qﬂyﬁﬂ%§ igNensABmanf

active ingredient Liabridy ab%o&mheﬁen%fhatmn d ¥ TRLEr iakent fon
produce a single dosage form w | var;é;L en I n pon t he host treated, 20

and the particul ar 2R@dPrh %&dﬁPﬁF§PPH T pxo F e a§RBEr st ood,

however, that a SpeCIflc dos&@ee&aﬁpnéeatnemom;ﬁmﬂwﬂa@r bangdRant seeLed
patient will depend, ﬁg varlet of f cto S5 udln t he act|V|ty of
the specific conpo o) {;“ Sgﬁgra

heal t h, sex1l@&nd d|éhe:ﬁp¢dhacpa@eems, shehtasmchﬁmqﬂhanupgmmacl geabd.rate of

I on of the ceuppundicdsAomRh! By Bbxdfiilh SHIPVIRCAResARY the
vinblastine, etoposide, amsacrine, mitoxantrone,
tenipaside, taxol and colchicine) and/or a
chemosensitizing agent (e.g., cyclosporin A and analogs,

is phenothiazines and thioxantheres), in order to increase
the susceptibility of the MDR cells within the patient to
the agent or agents. '
According to another embodiment, the invention
provides methods for treating or preventing multi-drug
20 resistance in a patient by administering a composition
- comprising an effective amount of a compound of this
invention. Effective dosage levels for treating or
preventing MDR range from between about 0.0l and about
100 mg/kg body weight per day, preferably between about
25 0.5 and about 50 mg/kg body weight per day of a compound
of this invention. A typical composition for use in
treating MDR will contain between about 5% and about 95%
of active compouhd(s) (w/w), whether it be solely one of
the compounds of this invention or a combination of a
30 compound of this invention and another chemotherapeutic
or chemosensitizing agent. Preferably, such
preparations contain between about 20% and about 80%
active compound(s).
In order that this invention may be more fully
35 understood, the following examples are set forth. These



treating physician and the severity of the particul ar di sease being
treated. The anpunt of active ingredient 30 may al so depend upon the

t herapeutic or prophylactic agent, if any, with which the ingredient is co-
adm ni stered. The term "pharmaceutically effective anount” refers to an
amount ef f ecti WO 9%B6§0event nulti- drug resistance or to mai ntBEHPS¥MOPLase
or restore drug 35 sensitivity in MDR celhs- WO 96/ 36630

PCT/ US96/ 07094 - 18- \Wen the conpounds of this invention are adm nistered
in conbi nation theeapmplesi 46 ofdrertisgquirposehey thjiuiserarivmicailer ehd are

seauentially or cORGUrLenblYcloe the P s chbCLA! LUSLY. o phATCOUL | ca

or 5 prophylac I'C COnpositions accor I'S Thvention nmay conprise
a conbi nati on of alaﬁﬁpbyﬂﬂ bo:} Qnﬂswayvventlon and anot her therapeutic or
prophyl actic agent. For exanple, the conpounds nay be adm ni stered either

al one. or in conbination with one or nore 10 t her apeuti c agents, such as
chenot her apeutic agents, (e.g., actin&h#BR4eB doxorubicin, vincristine,

vi nbl asti ne, 5etopo§§§§ﬁagggggggﬁ§, nitoxantrone teni pasi de, taxol and
col chi ci ne) and/ or a chenos [

anal ogs, 15 phenothiamrééétlzqﬁ% é?ﬁg}b F%Clo (gL@Hfﬁgggase the'

susceptibility of bhectER wetd Sremdritied hltespatnaltonoatnml@emrsoagent S.
Accordi ng to anot her epbodi n , the inven rovi des neth

treating or prevenF£ﬁ5 163t 5 %#Rﬁ;?ﬁ? repo %§gsf nB%rF?IQFﬁxﬁﬁﬁiHPnbﬁa)
f‘ﬂlmsn' stering a copppstiyOn:& WML SiH% a8 &f MeEhies cATPHIEn Ohe AeSHTIUNT Of

10 liquid chromatography was performed on either a Waters
600E or a Hewlett Packard 1050 liquid chromatograph. |

Example 1
7-(Pyridin-4-ylmethoxy)-1,2, 3, 4-tetrahydronaphthalen-1-
one (Compound 1):

15 To a solution of 7-hydroxy-l-tetralone (15.0 g, 92.59
~mmol) in dimethylsulfoxide (150 mL) was added in portions
powdered potassium carbonate (30.66g, 0.11 mol) followed
by the addition of 4-picoyl chloride hydrochloride
(18.22g, 0.22 mol). The resulting mixture was heated at

20 50°C for 30 min. The resulting dark brown mixture was
diluted with water {200 mL) and extracted with ethyl
acetate (500 mL). The aqueous phase was re-extracted ~
with ethyl acetate (300 mL) and the extracts combined,
dried over anhydrous magnesium sulfate, filtered and

25 concentrated in vacuo. Chromatography of the residue on
silica gel (elution with 40-60% ethyl acetate: hexanes)
provided 20.82 g of Compound 1 as an oil which

. crystallized upon standing.



invention. Effective dosage |levels for treating or preventing MDR range
from between about 0.01 and about 100 ngy/ kg body wei ght per day, preferably
bet ween about 25 0.5 and about 50 ng/kg body weight per day of a
conmpound of this invention. A typical conposition for use in treating MR
wi || contain bgigeaeesabout 5% and about 95% of active conpoun®CTJUSHP7RYS,
whet her it be solely one of the conpounds ofé%{ls I nvention or a

conbi nation of a 30 conmpound of this inv I on and anot her

chenot herapeuti c or chenbsensitizing agent. Preferably, such preparations
contai'n between about 20% and.about 80% active conpound(s). In order that
this invention may be nore fully 35 EXampkR+&tood, the fol | owi ng exanpl es
are set forth. The$eu=yrmn%/—§r§ﬁaenoxy)-1,z,3,4-tetrahydronaphtha1en-1-ol
PCT/ US96/ 07094 -19- exaqggfﬁ are for the purpose of illustration only and
are not to be const¥ |n1ting t he scope of the invention in any way.

Exanples 5 General Methods Proton nuclear nagnetic resonance ([err]H
NVR) spectra were f‘?cé)r&%ﬁ?’f‘g’gg d“ ﬁrﬁlgeﬁlwgb( §QO {1j ¢ shifts
are reported in par at Ive to err 0.0).

Anal ytical h®gh pet&tﬂﬁiﬁ#ﬁ:—'@fman { 15|1th Bt &Tﬂ@égﬁéﬁﬁ? Gﬁepwq!oﬁngﬂ on

either a Vaters 60465 @idh 'd?""d@i&ogﬁﬁfféihﬂ-ﬁﬁﬁt |h'y@l¥h€ecﬂﬁ0ﬂ@i@éﬂé1ph97 3
B@mﬂej.7(Pw|mrl4yHmtox

tetrah thal ep-.1-
(Conpound 1): 15 =L} ToAftes ati%n S‘Pe7r%%ﬁe1r9r£€“ys{ 3{12 ﬁ% ‘(’&%"oa%‘r‘]eew 59

potassium sodium tartrate and diluted with ethyl acetate
followed by warming to room temperature. After stirring

10 for an additional hour, the layers were separated and the
aqueous phase was re-extracted with ethyl acetate (2x).
The extracts were combined, washed with brine, dried over
anhydrous magnesium sulfate, filtered and concentrated in

) vacuo. Chromatography of the residue on silica gel

15 {elution with ethyl acetate) provided 12.96 g of Compound

2 as an oil which crystallized upon standing. -

~ Example 3
7-{Pyridin-4-ylmethoxy)-1,2, 3, 4-tetrahydronaphthalen-
1(S)-o0l (Compound 2 (S)) and 1(R)~-Accedas-7-(Pyridin-4-

20 ylmethoxy)-1,2, 3, 4-tetrahydronaphthalene {(Compound 3(R)):

A solution of Compound 2 (12.96, 50.82 mmol) in
tetrahydrofuran (20 mL) was diluted with tert-butylmethyl

"ether (260 nlL) followed by the addition of vinyl acetate
{}8.1 mL, 0.21 mol) and Amano PS-30 Lipase (13.0 g).

25 After stirring for 8 hrs, the reaction was filtered and
concentrated in vacuo to provide an oil. Chromatography
on silica gel (elution with 20% acetone:hexanes) provided
7.41 g of acetate 3(R) as a white crystalline material.
Further elution with 60% acetone:hexanes provided 6.1 g

30 of Compound 2(S) as a white ciystalline material. The
enantiomeric purity of compound 2(S} was established by



mmol ) in di methyl sul foxide (150 nl) was added in portions powdered

pot assi um carbonate (30.66g, 0.11 nol) followed by the addition of 4-picoyl
chloride hydrochloride (18.22g, 0.22 nol). The resulting mxture was heated
at 20 50[err]C for 30 min. The resulting dark brown m xture was
diluted with waD®63¢@00 nl) and extracted with ethyl acetate @PSEFSAEH70M e
aqueous phase was re-extracted with ethyl acebate (300 nL) and the extracts
conbi ned, dried over anhydrous magnesium sul fate, filtered and 25

concentrated in vagpec uShhgnitoeiaipalofon ke1uas duepen>9slssaede!
(elution with 40-60% et hyl acetate: hexanes) provided 20.82 g of Conpound 1

as an oil which crystallized upon standing. = WD 96/ 36630
PCT/ US96/ 07094 -20- Exanple 2 7- (PyriZkampdeyldnet hoxy) -1, 2,3,

(16°41°g 64 0 mof) (Ppridint 67 BZ?“?‘“‘%Q’A‘% &?gﬁg(?‘é%ﬁﬂif&%ﬁ%‘f@ﬁ% hdded
dropwi se a 1M sol ut’.-l(Bh ol ﬁ¢¢m41|2al(@m)num hydride in toluene (97.3 ni).

After 1 hr, the reaction was quenched wi t h aqueous potaSS|un1sod|um

tartrate and diluted with et %n acetate fol Lowed by warm ng to room
t enper at ur e. 9Af t er TQt fr FPHELAGR of GagpoyndaddRii dhal Bousl-T MERAldydis were

separated and the pgtRaHS1 pkwsemmas:arseaanbaapbeder\eahp@tiyélﬁceia&%x{a&@
The extracts were ggnpéned @@%hed rine,  dried ogerlgﬁgydro
magnesi um sul f at e, ‘fr P eFed? e'nt t&8 PHITEINS. *hr iﬁ’rﬁ/
the residue on silreacyibnlbas corjedniriatedwithvathyl aTké¢ ategidueowaded
12.96 g of Cbnpoungage§§ugniﬁ%$ ﬂguﬂyieﬁgyéﬁibkiégda 80§0§tﬁyﬁyeng'The
10 layers were separated and the agqueous phase re-extracted
with methylene chloride. The organics were combined,
washed with brine, dried over anhydrous magnesium
sulfate, filtered and concentrated in vacuo to provide
4.7 g of Compound 2(R) as a white crystalline material.
15 The enantiomeric purity of compound 2(S) was established
by HPLC using a Chiralpak OD column to be >99.4% ee.

Example 5
(S)~-Piperidine~l,2-dicarboxylic acid 1-allyl ester 2-((7-
pyridin-4-ylmethoxy)-1,2,3,4-tetrahydronaphthalen-1-yl)

20 ester (Compound 4):

To a solution of Compound 2 (663 mg, 2.6 mmol), Alloc-.
{(S)-pipecolic acid (610 mg, 2.86 mmol) and '
dimethylaminopyridine (32 mg, 0.26 mmol), in methylene
chloride {( 5 mL) was added (3-dimethylaminopropyl)-3-

25 ethyl-carbodiimide hydrochloride (548 mg, 2.86 mmol).
After stirring for 24 hr, the reaction was diluted with
ethyl acetate and water. The layers were separated and

" the aqueous phase was re-extracted with ethyl acetate.

The extracts were combined, washed with sat. sodium

30 | bicarbonate, water, brine, dried over anhydrous magnesium
sulfate, filtered and concentrated in vacuo.



Exanple 3 7-(Pyridin-4-yl nmethoxy)-1, 2, 3, 4-tetrahydronapht hal en- 1(S) - ol
(Compound 2 (S)) and 1(R)-Accedas-7-(Pyridin-4- 20

yl met hoxy) -1, 2, 3, 4-t et rahydr onapht hal ene (Conpound 3(R)): A solution of
Compound 2 (12.96, 50.82 mml) in tetrahydrofuran (20 nmL.) was diluted with
tert-butyl net hyvosdeeso (260 nL) followed by the addition of viRGIUSAEEI0M
(19.1 nm., 0.21 nol) and Amano PS-30 Li pase (1% 09g). 25 After stirring
for 8 hrs, the reaction was filtered and conc Atrated in vacuo to provi de

an oil. Chronatogr LLi I | W d 308 WML D o nges : :
provided 7.41 g of @%épggg&g%gggaggatﬁiftbéteé??rﬁfstoa Isggg%?ragéeirjl a lhpelé'??lte%rth
el ution with 60% addRoREehergnBeXpmes) I PVEdedy 248 mg off CempRitithd ASSP as
a white crystallingikgueel alf. didfcepssmddsaneric purity of conpound 2(S) was
est abl i shed by WD 96/ 36630 :

PCT/ US96/ 07094 -21- HPLC using a Chiral pak OD colum to be >99.8% ee.
Exanpl e 4 7-(Pyridin-4-yl met hoxy) -1, 2 Ekafpllet ®ahydr onapht hal en- 1(R)- ol

(Conpound 2 (R)): 54,_p:X0. a,50l usion.of npoun R) o O 20.9 mmol)
et hanol (35 ) S RS S AT G R AP AT AR 1y, 20.9
mol ). After stirrivigpetboxgb-in 2, 3itéretetzadydonnapbtbahernt rylledsitervacuo.
The residue was ta%%gmggghgtg)nethylene chloride and 50% bri ne. The 10

e n

| ayers were separat fhe aqueous phase re-extracted with methyl ene
chloride. The organics were conbined, washed with brine, dried over

anhydrous nagnesi umesHl £818tibh ! éLreshpbthacangendr agpdz [ 00 agdag e provi de
4.7 g of Compound 2(R) RSaZoitif Y6 H) Waa®adRS hétpholine (1.1 mL,
10 12.6 mmol) and tetrakistriphenylphosphine pallidium (0)
{241 mg, 0.21 mmol). After 1 hr,.the heterogenous
mixture was diluted with ethyl acetate, washed with 50%
brine, 5% sodium bicarbonate, brine, dried over anhydrous
magnesium sulfate, filtered and concentrated in vacuo.
15 Chromatography of the residue on silica gel -(elution with
50-100% acetone:hexanes) providéd 510 mg of Compound 5.

Example 7
1—(2-0xo-2—(3,4,5-trimethoxyphenyi)-acetyl)—piperidine-
2(S)-carboxylic acid 2-((7-pyridin-4-ylmethoxy)-1,2, 3,4~

20 tetrahydronaphthalen-1(S)-yl) ester {(Compound 6) and 1-
(2-0%0-2 (3,4, 5-trimethoxyphenyl)-acetyl)-piperidine-2(S) -
carboxylic acid 2-{(7-pyridin-4-yl methoxy)-1,2,3,4- -
tetrahydronaphthalen-1(R)-yl) ester (Compound 7):

To a solution of Compound 5 (510 mg, 1.4 mmol) and 3,4,5-
25 trimethoxybenzyolformic acid (505 mg, 2.1 mmol) in
methylene chloride (6 mlL) was added (3-dimethylamino--
propyl)-3-ethyl-carbodiimide hydrochloride (400 mg, 2.1
mmol) . After stirring for 24 hr, the reaction was diluted
with ethyl acetate and water. The layers were separated
30 and the aqueous phase was re-extracted with ethyl
acetate. The extracts were combined, washed with sat.



15 The enantioneric purity of conpound 2(S) was established by HPLC
using a Chiral pak OD.colum to be >99. 4% ee. Exanple 5
(S)-Piperidine-1,2-dicarboxylic acid 1-allyl ester 2-((7-

pyri di n-4-yl met hoxy) -1, 2, 3, 4-t et rahydr onapht hal en- 1-yl') 20 est er
(Conpound 4): T™WOa86/3s6%0ti on of Conpound 2 (663 ng, 2.6 nmol), RFTYEWN07094
(S)-pipecolic acid (610 ng, 2.86 nmol) and dingfhyl am nopyridine (32 nyg,
0.26 mmol ), in nmethylene chloride ( 5 nL) was added

(3-di met hyl am nopr afyd shm3bidarbonabNyha€éF paskirdd deitiedy @%&oahﬁgdféég rrg,

2.86 mol After stirring for .24 hr e reaction was di d wth ethy

acetate aZ]d wat er . TAERY $ F‘E%eﬁhﬁé?’é?ﬁ tﬂﬂf? t%%é&&?gpﬁasgaﬁﬁg

r e- ext rgct ed with ectHndmaam@zaphy Ehethdbtr@s:tcaae/\mre sidrildange)l Weibedom &bth
t. i 30 i ne., ' '

Sl iate filtored duF covbane: hERhEs) hkdfradd ' P A EREHNELS S ERg el O

- 22- Chr onat ogr aphynisfturiee ofedidateveomers ca Restexss lllhia@ﬁ MPLﬁ poovided

i aster comere. Ex pr@“‘*"&%‘*f%‘gﬂ?é?iﬁ%m%@ R

2-((7-pyridin-4- ylmethoxy)-1, 2,3, 4-tetrahydronapht hal en-1- yI) ester
(Conpound 5): To a;ﬁ&'éﬁa@&v@ﬁ.g@ﬂ@ﬁyé‘é’eﬁer{@%} mmp%u(ﬁa ml&h' Besolved

t etrahydrofuran (5 S ed npr e 1 mol ) and
tetraklystrl phenyl(pr"ﬁ?éfm 82ISI’| gR Ui ’B‘? ?szﬂqlnfn‘gtb?f ARBFS. eﬁ?‘l‘%rel )

hr, the heterogenouprovided Compound 6 directly, whereas Compound 2(R)
10 provided Compound 7.

Compound 6: !H NMR as a mixture of rotomers (500 MHz,
CDCl,) & 8.53 (d), 8.55(d), 7.38 (s), 7.34-7.28 (m), 7.17
(s}, 7.05 (4), 7.01 (d), 6.88-6.7% (m), 6.64 (d) 6.00
(t), 5.93 (t), 5.39 (br d), 5.05-5.00 (m), 4.58 {(br d),

15 4.34 (br d), 3.93-3.88 (m), 3.79 (s), 3.49 (br d), 3.28
(dt), 3.02 (dt), 2.80 (dt), 2.73-2.60 (m), 2.36-2.28 (m),
2.08-1.49 (m), 1.37-1.27 (m).

Compound 7: H NMR as a mixture of rotomers (500 MHz,
CDCl;) & 8.56-8.54 (m), 7.35 (s), 7.29-7.28 (m), 7.16 (s),

20 7.05 (d), 7.00 (d), 6.86-6.81 (m), 6.73 (d), 6.00 (t),
5.87 (t)}, 5.35 (br d), 5.07-4.93 (m), 4.58 (br d), 4.34
(m), 3.94-3.89 (m), 3.84 (s), 3.45 (br d), 3.22 (dt),
3.09 (dt), 2.79 (dt), 2.72-2.60 (m), 2.25 (m), 2.10 (nﬁ,
2.03-1.47 (m), 1.40-1.30 (m), 1.27~-1.17 (m}.

25 Example 8
1-{2-0Oxo0-2-(3, 4, 5-trimethoxyphenyl)-acetyl)-piperidine-
" 2(S)-carboxylic acid 2-((6-pyridin-4-ylmethoxy)-1,2,3,4-
- tetrahydronaphthalen~1l-yl) ester (Compound 8):

Compound 8 was prepared as described in Examples 1-2 and
30 5-7 utilizing 6-~hydroxy-l-tetralone in place of 7-
hydroxy~l-tetralone to provide Compound 8 as a mixture of



m xture was diluted with ethyl acetate, washed with 50% brine, 5% sodi um
hi carbonate, brine, dried over anhydrous magnesiumsul fate, filtered and
concentrated in vacuo. 15 Chr omat ogr aphy of the residue on silica gel
(elution with 50-100% acet one: hexanes) provided 510 ng of Conpound 5.
Exanpl e 7 1- (2w 96386303, 4, 5-tri nmet hoxyphenyl ) - acetyl) - pi peri di HE/US6/07094
2(S)-carboxylic acid 2-((7-pyridin-4-yl nmet hox¥é- 1,2,3,4- 20

t ét r ahydr onapht hal en- 1(S) -yl ) "ester (Conmpound“8) and 1-

2- Ox0-2(3,4,5-tri - |) 5 Ri i fine: . Cal ' i d
(2- ((7- pyﬁi di n- 4-yl ﬁnépﬁ%%ﬁ%%) S?Z?h%ie% ?ghggﬁ%’gdmd% ?r?gs)gr’fa%?ﬁ?gé%f%sﬁ‘?
(Conpound 7): To arstbmersn(%90 CipodRL1y) (&80 59y,(d).,47a@8] Xsand? 34, &) ,25
tri met hoxybenzyol f grgi,c i 5 - pn I hl Qrid
) was added {3-d?r‘rg1t;h3(/$g'md%'f§£ p$d£}?xy|’)2-.1§- 3@§¥-Za?ﬂﬁwm-e%§7ﬁy%ﬁach o7 Bge
(400 nmg, 2.1 mmol) .(mAft @64t (m)i g Gdor(md4 B 32t Kk) r e2c88 ot Masd .F9 umdd with
et hyl acetate and ryesinece | @oye S r aj eglg 3 aguggQus

% ‘é’%g {s) =] %l(sﬁ,"‘%ﬁ% ?gﬂ, 56 3y, 4 Y (‘g@, 4U69

phase was re-extracte th et acet at e. e extracts were c i ned,
washed with sat.” (sWD 3693660 3.92 (s), 3.87 (s), 3.86 (s), 3.47 (br 4d),

PCT/ US96/ 07094 - 233 _s59di4dy bi sardopal)s, vateldthy ines7igd @ysr 2anly gppus
magnesi um sul fate, fil tered and co%:me traggd |£ vacuo. Chronatography of
197 1288, 4Bkt

the residue on silPéa 6&5(9?{|t4)dn one: hexanes) provi ded 558
ng of product as a 5 m xture of diastereoners. Reverse phase MPLC

provi ded di astereonerically pure Conp%d Compound 7. Alternatively,
repl acement of Conpound 2 with resolv nd 2(S) in Exanples 5-6 and

the above exXdnpl e pro%+eka- Lot t& igietboxyphennbr e tGdp@piperidihe-
2 (S)-carboxylic acid 2-({5-pyridin-4-ylmethoxy)-1,2,3,4-
tetrahydronaphthalen-1-yl) ester (Compound 9):-

Compound S was prepared as described in Examples 1-2 and
5-7 utilizing 5~-hydroxy-l-tetralone in place of 7-

15 hydroxy-1-tetralone to provide Compound 8 as a mixture of
diasteréomers. 'H NMR as a mixture of diastereomers and

rotomers (500 MHz, CDCl;) & 8.64 (m), 7.39 (m), 7.27 (s),
7.20 {(d), 7.17 (g}, 6.98 (d), 6.92 (d), 6.80 (t), 6.73
{dd), 6.40 (d), 6.10 (g), 5.99 (t), 5.95 (t), 5.40 (m),
20 5.12 {(m), 5.12 (s), 5.08 (d), 4.60 {m), 4.35 (m), 3.86
{s), 3.85 (s), 3.%4 (s), 3.90 (s), 3.89 (s), 3.50 (br d),
3.30 (dq), 3.19-3.08 (m), 3.0-2.86 (m), 2.74-2.58 (m),
2.38 (m}, 2.30 (m), 2.10-1.50 {m), 1.45-1.25 (m). )

Example 10
25 1-Amino-7- (pyridin-4-ylmethoxy) -1, 2, 3, 4-tetrahydro-
naphthalene {Compound 10):

To a solution of Compound 1 (1.71 g, 6.75 mmol) .and
methoxyamine hydrochloride (845 mg, 10.12 mmol) in abs.
ethanol (20 mL) was added powdered potassium carbonate
30 (2.25 g, 16.88 mmol) and the reaction heated to reflux.
After 2 hr, the reaction was cooled and concentrated in



0 provi ded Conpound 7.. Conpound 6: [err]H NMR as a m xture of
rotonmers (500 MHz, CDCl[err]) [err] 8.53 (d), 8.55(d), 7.38 (s), 7.34-7.28
, 7.17 (s), 7.05 (d), 7.01 (d), 6.88-6.79 (m; 6.64 (d) 6.00 (t), 5.93

, 5.39 (br d), 5.05-5.00 (m, 4.58 (br d), 15 4.34 (br d), 3.93-3.88
, 3.79 (s),wbo%B6g3pr d), 3.28 (dt), 3.02 (dt), 2.80 (dt), RCEAISIEWH n),
6-2.28 (m, 2.08-1.49 (m, 1.37-1.27 (m npound 7: [err]H NMR as a
ture of rotomers (500 MHz, CDCl[err]) [err%g8 56-8.54 (m, 7.35 (s),
9-7.28 7.1 2 6 6 d
0 (1), (5”237 (1)) %ﬁé (glrzz Pas{&le v]asog.iél@)ted wggh ggﬂy§ ”acegageg (d),
4-3.89 (m), 3.84¥aphpd wigh %%rS%qmns bz-zaerafpylatsioya(:aﬂ bying J)e
rr)2 2,60 (M), 2.25ves) anfiydfossinaghd¥ivh 41¢ake, 1740t4ro0 4d, 1.27-1.17

: anpl e - :

b - (3, 4, 5- t ri FRPRSRYFAERDI 12 A - GPEPREPREZPBY T Eh SRR dRe oy
((6-pyridi 5 4- yl selhoaygel, PeBytiion etitahgdRorabirl hatehate sHoxastsar
Conmpound 8): r described in Exanples 1-2 and 30
5-7 wilizing 6- hy§?§g§§ &?£t$ fgﬁgqg%ﬁ%lace of 7- hydroxy-1-tetralone to
provi de Conpound 8 as a m xture of WO 96/ 36630

PCT/ US96/ 07094 - 24r5dj agé pheto® $f R abbv @Ngxﬁﬁealﬁ1Két%éhiﬁrd%&%ﬂheﬁgoners
and rotoners (500 MHz, CIKJéd err] 8.59 (d),. 7.38 (s), 37 (s),. 7.33
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saturated methanolic hydrochloric acid (20 mL) and the
reaction reheated to reflux and stirred an additional 30
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(

min. The reaction was cooled and concentrated to

dryness. The residue was taken up into water (10 mL) and
15 washed with diethyl ether (3x 20 mL). . The aqueous phase

was adjusted to pH 8.0 with sat. sodium bicarbonate and

extracted with ethyl acetate (3x 50 mL). The extracts

| were combined, washed with brine, dried over anhydrous

magnesium sulfate, filtered and concentrated in vacuo to

20 provide 245 mg of Compound 10.

Example 11
1~(2-on—2;(3,4,5—trimethoxyphenyl)—acetyl)-piperidine-
2(s)-carboxylic acid 2~ ({7-pyridin-4-ylmethoxy)-1i,2,3,4-
tetrahydronaphthalen-1(R})~yl) amide and 1-(2-Oxo-2-

25 (3,4,S-trimethoxyphenyl)-acetyl)—piperidine-Z(S)-
carboxylic acid 2-({7-pyridin-4-ylmethoxy)-1,2,3,4-
tetrahydronaphthalen-l(S);yl) amide (Compound 11 A and
11B):

Compounds 11lA and 11B were prepared as described in

30 Example 5-7 by replacing Compound 2 with Compound 10 to
provide a mixture of diastereromers. Chromatography of
the residue on silica gel (elution with 20%



d, 2.26 (br d), 2.18-1.18 (m. Exanple 9 10
1-(2-Ox0-2-(3,4,5-trinmethoxyphenyl)-acetyl)-piperidine- 2(S)-carboxylic
acid 2-((5-pyridin-4-yl met hoxy)-1, 2, 3,4- tetrahydronaphthal en-1-yl) ester
(Conpound 9): Conpound 9 was prepared as ‘described in Exanples 1-2 and 5-7
utilizing 5-hydwowgséess etral one in place of 7- 15 hydr oxy- RCHEBS647¢e
to provide Conpound 9 as a m xture of di ast er epyers. [err]H NWMR as a
m'xture of diastereoners and rotoners (500 MHz, "CDCl[err]) [err] 8.64 (m,
Zag? (g)ho7t§; (2)iSZe@QnéEH%ﬁfkﬁgi'b&bv%@?§? é%ﬁ%gﬁ%ﬁgiﬁ%é1F@r@%e%éh%;?igﬁ
5.12 (s), 5.08 (d),pﬁ.gg%df%qml?%%’_d(iﬁ%'& 96 (s), 3.85 (s), 3.94 (s), 3.90
(s), 3.89 (s), 3.50 (br d), 3.30 (dg), 3.19-3.08 (m, 3.0-2.86 :

(

2.74-2.58 (m, 2.38 (.M 0-1, 50 (. . 45- .
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ﬁozj: Tﬁl a sgl u'Ei on obcLpnBosns? 1%)],. 7713b;(d6.,7ﬁ.ml($) arm.:imtﬁmxyanilge (s),

ydrochl ori de_(845 10.12 Ln ano 20 a
powder ed pot asSsi um ap%oﬁ%\)t'e %‘go, (d5(282§29?‘§‘1’6{ %mp%angeﬁﬁe?ggacﬁ%
heated to reflux. Atdps 2.2W,(n)he5.28e6L08 \wmp, chHA2edsand4cé6cebtrdl ed4insg
WO 96/ 36630 PCL/ 60709444525
vacuo. The residue \9\%%’ d?'lguzt & i Phagt igfll ! a%:’e%lat 535) 'vvgs'gédlcjvg\n%t éPS%QS(B) ium
bi carbonate, water, (8t]ne3.&k-iZeddomi » aBh§0r Cors dagReibuimul EalkT2§0Lt ered

and concentrated inypcup, g gERYAYE aphy1 Of  fNepesi due on 5 silica gel
(elution with 40% et hy1 acet at e: hexanes) provided 1.9 g of oxine.

10 Compound 11B: *H NMR as a mixture of rotomers (500 MHz,
CDCl;) &6 8.58 (m), 8.48 (m), 7.34 (s}, 7.33 (m), 7.29 (m),
7.21 (d), 7.17 (s), 7.02 (t), 6.86 (d), 6.86-6.76 (m),
6.01 (d), 5.19-5.10 (m), 5.02 (m}), 4.99 (q), 4.58 (br d),
4.18 (d), 3.93 (s), 3.89 (s), 3.86 (s), 3.48 (br d), 3.41

15 (dt), 2.80-2.62 (m), 2.41 (br d), 2.21 (br d), 2.12-2.00
(m), 1.88-1.40 (m}.

Example 12
N~Benzyl-l-amino~7-(pyridin-4-ylmethoxy)-1,2, 3, 4~
tetrahydronaphthalene (Compound 12}:

20 A solution of Compound 1 (820 mg, 3.24 mmol) and benzyl
amine (354 pL, 3.24 mmol) in.benzene (10 mL) was heated
to reflux under azeotropic conditions. After the
calculated amount of water was collected, the reaction
was cooled and concentrated in vacuo. The residue was

25 taken-up into ethanol (5 mL) and added to a slurry of
sodium boroydride (246 mg, 6.48 mmol) in ethanol (15 mL).
The reaction was heated to 80°C, stirred for 30 min,
cooled and concentrated in vacuo. The residue was’
diluted with ethyl acetate followed by the slow addition

30 of 1 N hydrochloric acid. The layers were separated.
The aqueous phase was adjusted to pH 7 with 2 N sodium



To a solution of the above oxine in tetrahydrofuran (5 nL) was added a 1 M
.,solution of borane in tetrahydrofuran (20.25 nL) and the reaction heated to
reflux and stirred 10 for 18 hr. The reaction was cool ed and quenched
w th saturated nethanolic hydrochloric acid (20 nL) and the reaction
reheated to refboesesssd stirred an additional 30 min. The reacPFHES(NI094
cool ed and concentrated to dryness. The resityug was taken up into water (10
m.) and 15 washed with diethyl ether (3x 20 nL). The aqueous phase was

adj usted to pH 8. ChydddkitR! 4ns0dkirabtear onR e B e cRabed gel thxet hyl
acetate (3x 50 nL)_, The extracts were conblnedlﬂﬁgiheq?gk}h brlae_ grled
over anhydrous nmaghiiARFeRdceatErer FPERIRG AL MR S PEdnen $5468 P850
provi de 945 ng of Lgehrous AagneEsaopl sulfate, filtered and concentrated in
1-(2-Ox0-2-(3,4,5-gyineth - tyl ) sdperidisne- L Cat bxylkic
acid, 2-((7-pyridi n&%{!dﬁ@?ﬁ%&%?@%bgagﬁgé'{i e?ﬂa%rgggnlae‘ﬁtlﬁ%?éﬁ- ?E’E& %%)

am de and 1-%2- Oxgretharngl:methylene chloride) provided 1.09 g of Compound
(3,4, 5-trimet hoxyphend hnaeghy! ) - pi peridine-2(S)- carboxylic acid
2-((7-pyridin-4-ylnmethoxy)-1, 2, 3,4- tetrahydronaphthal en-1(S)-yl) am de
(Conpound 11 A and 11B): Conpounds 11A and 11B were prepared as descri bed
in 30 Exanpl e 5-7 by repl aci ng Conpound 2 with Conpound 10 to provide &
m xture of diastereroners. Chronatogrggh% ﬂf tfe resi due on silica gel

(elution with 20% WD 96/ 36630
PCT/ US96/ 07094 - 26tS )a®dperddineahesydpcavbaieal i cCagiduid tétA-buyl t éster

el ution pr ovi ded. IR,V 1B 7 BIPRMI- A ind Bl MYz, 3342 M xture O

10 tetrahydronaphthalen-1(R)-yl) amide and (S)-Piperidine-
1,2-dicarboxylic acid l-tert-butyl ester 2- (N-benzyl- (7~
pyridin-4-ylmethoxy)-1,2, 3, 4-tetrahydronaphthalen-1(S) -
yl) amide (Compound 13A and 13B):

To a solution of Compound 12 (1.09 g, 3.16 mmol) and Boc-

15 (S)-pipecolic acid (868 mg, 3.79 mmol) in methylene
chloride ( 10 mL) was added (3-dimethylaminopropyl)-3-
ethyl-carbodiimide hydrochloride (725 mg, 3.79 mmol).
After stirring for 72 hr, the reaction was diluted with
ethyl acetate and water. The layers were separated and

20 the aqueous phase was re-extracted with ethyl acetate.
The extracts were combined, washed with sat. sodium
bicarbonate, water, brine, dried over anhydrous magnesium
sulfate, filtered and concentrated in vacuo.
Chromatography of the residue on silica gel (elution with

25 40% acetone:hexanes) provided 601 mg of Compound 13A and
further elution provide 181 m g of Compound 13B as white
solids.

Example 14
(S)-Piperidine~2-dicarboxylic acid 2-(N-benzyl-{7-
30 pyridin-4~-ylmethoxy) -1,2,3,4-tetrahydronaphthalen-1l-yl)
amide {(Compound 14}:



cDCTerr]) [err] 8.
7.02 (t), 6.97 (d),

5.18-5.08 (n), 5.0
(s), 3.60 (br d),

57 (m), 7.36(d), 7.34 (s), 7.30 (d), 7.13 (s), 5

6.82 (dd), 6.79 (dd), 6.73 (d), 6.11 (d), 5.21 (M,
2 (s), 4.66 (br d), 4.18 (d), 3.92 (s), 3.87 (s), 3.81
3.32 (dt), 2.81-2.64 (m, 2.40 (br d), 2.26 (M,

2.11-2.01 (M, vo9ésesa65 (m, 1.51-1.42 (m. 10 Conpound 1!@0?25407%
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&cééa°ﬁ?t%'h%ﬁ?ﬁﬁ?ﬁﬁ%%ﬁﬁ“SFVHEe?%éb acetyl)-piperidine-

2(S)-carboxylic acid 2~ (N-benzyl (7-pyridin-4-ylmethoxy)-
1,2,3,4~-tetrahydronaphthalen-1-yl} amide (Compound 15):

Compound 15 was prepared according to Example 7, but
replacing Compound 5 with 14. 'H NMR as a mixture of
rotomers (500 MHz, CDCl,)d 8.52 (d), 8.39 (dd), 7.51 (m),
7.44 (s), 7.37 (s), 7.37 (t), 7.30-7.15 (m), 7.09 (d),
7.05 (d), 6.99 (d), 6.89 (dd), 6.74 (m), 6.39 (m), 5.69
(d), 5.41 (m), 5.21 (m), 5.15 (q}, 4.90 {(q), 4.72 (d),
4.64 (d), 3.95-3.86 (m), 3.70-3.67 (m), 3.57 (br d), 3.54
(d), 3.48 (m), 2.74-2.64 (m), 2.20-1.58 (m).

Example 16
1-(2-0x0-2-(3,4,5-trimethoxyphenyl) —acetyl)-piperidine-
2({S)-carboxylic acid (2-N-benzyl (7-pyridin-4-ylmethoxy)-
1,2,3,4-tetrahydronaphthalen-1-yl) amide (Compound 16):

Compound 16 was prepared according to Example 14-15, but
replacing Compound 13A with 13B. *H NMR as a mixture of
rotomers (500 MHz, CDCl,) & 8.63 (d}, 7.37-7.33 (m), 7.30-
7.22 (m), 7.13-7.10 (m), 7.03 (dd), 6.87 (br s), 6.79
(dt), 5.83 (m), 5.06 (q), 4.96 (q), 4.90 (d), 4.83 (q),
4.38 (d), 4.13 (d), 3.94 (s), 3.90 (s), 3.87 (s), 3.85
(s), 2.70-2.62 (m}, 2.14 {(m), 1.91 (m), 1.88-1.68 (m),



The organi cs were conbi ned, washed wth brine, dried over anhydrous
Jmagnesium sul fate, filtered and concentrated i n vacuo. Chromatography on
silica gel (elution with 5%5 met hanol : net hyl ene chl ori de) provided
1.09 g of Conpound 12 as an oil. Exanple 13 (S)-Piperidine-1, 2-dicarboxylic
acid 1l-tert-bujwesBedser 2- (N-benzyl - (7-pyridin-4-yl net hoxy) - PCI/UBIEN7090

t et rahydr onapht hal en-1(R)-yl) am de and (S)-Egggridine- 1, 2-di carboxylic
acid 1l-tert-butyl ester 2-(N-benzyl-(7-

pyri di n-4-yl met hox -2, 88 dehet naledropap alen-1(S)- yl) am de (Conpound
13A and 13B): To ay%g u%?%% @P'c&ﬁ%%h%da%zw%g.og g, 3.16 mmol) and Boc- 15
(S)-pipecolic acid (868 ng, 3.79 mmol) in nmethylene chloride ( 10 nL) was
added (3-di net hyl am nopropyl)-3- ethygxamplediim de hydrochl oride (725 ng,
3.79 Mol ). After stifrin or, 72 _hr, .the reaction was dilyted w.th ethyl
acetate and water. 51’#1%‘#’%\‘8’3’5‘ 3nér 3’§§&§P§P8ﬁm§hﬁl -ac q-t%'j 'gqlfé(}ug'phase
was re-extracted wétraiyddoisogminel iibhe3¢l) reatioxydrie @ikl 2ed,(7washed

with sat. sogdi um bj bri pe [ si um
sulfate, filTered %ﬁ ‘%@gg% Eﬁggég&y% éégbgfEd%ro§§¥§g¥g%ﬂ%ﬂégﬂ%ﬁgﬁgg i due
on silica gel (el ulbrestiarh (TempoundQddheet one: hexanes) provided 601 ng of
Compound 13A and further elution provide 181 m g of Conpound 13B as white
solids. Exanple 14 (S)-Piperidine-2-dicarboxylic acid 2-(N—benz§l-(7- 30

pyri di n-4-yl met hox§9mpeound 3 71 was: PERPAFBHpREPEL e Lo Brepplgs ScdmpBuhd
14): WD 96/ 3663feplacing (S)-Alloc-pipecolic acid with (S)-BEi1oES86/ 07094
carboxyl-1,2,3,4~-tetrahydroisoquinoline and utilizing
10 Compound 2(R). H NMR as a mixture of rotomers (500 MHz,

- CDC1l,) & 8.62 (d}, 8.54 (d), 7.44 (s}, 7.33 (d), 7.27 (d),
- 7.26-7.08 (m), 7.05 (d), 7.01 (d), 6.98 (d), 6.88-6.78
{m), 6.43 (d), 5.93 (t), 5.77 (t), 5.32 (t), 5.08 (d),
5.02 (q), 4.90 (s), 4.83 (qg), 4.67 (d), 4.57 (q), 3.96-
15 3.82 (m), 3.34-3.20 (m), 2.80 (dt), 2.77-2.57 (m), 1.88-
1.82 (m), 1.79-1.64 (m).

Example 18
2-(2~-0x0-2-(3,4, 5~trimethoxyphenyl) -acetyl)-1,2, 3, 4-
tetrahydroisoquinoline-3(S)~carboxylic acid 2-((7~-
20 pyridin-4-ylmethoxy)-1,2, 3,4-tetrahydronaphthalen-1 (S}~
yl) ester {(Compound 18):

Compound 18 was prepared according to Examples 5-7, but
replacing (S)-Alloc~-pipecolic acid with (S)-Alloc-3-
carboxyl-1,2, 3, 4~-tetrahydroisoquinoline and utilizing
25 Compound 2(S). 'H NMR as a mixture of rotomers (500 MHz,

cpcl3) & 8.61 (m), 7.41 (s), 7.40 (s), 7.31-6.96 (m),

- 6.88-6.80 (m), 6.47 (m), 5.88 (m}, 5.74 (m), 5.39 (m),
5.07 (d), 4.87-4.74 (m)}, 4.60 (q}, 3.98-3.82 (m), 3.28-
3.18 (m), 2.02-1.62 (m), 1.53~1.45 (m}.

30 Example 19



-28- To a solution of Conpound 13A (601 ng, 1.08 mmol) in nethyl ene
chloride (10 nmL) was added trifluoroacetic acid (1 nmL). After stirring for
1.5 hr,the reaction was concentrated i'n vacuo. The residue was neutalized
with 5 sat. potassium carbonate and extracted with ethyl acetate (2x).
The extracts weygobsyghy ned washed with brine, dried over anhydPCI/EsS96/07094
magnesi um sul fate, filtered and concentrated |% vacuo, to provide 450 ng of
Compound 14. Exanple 15 10

1- (2- Oxo- 2- ( 3, 4, I 1yl I
aC|(d O ?Nbg nzyI p rl){‘}a&m@w (b= 8&8)2’ 13,0, Rerd dbRenogiohakdl poxyl i c

1,2, 3, 4-tet rahydrorﬂﬁﬁﬁlﬂ*ldlaéﬁnPJ?F?Pﬁﬁ?H% AFshpolT@yrSpinchnpbamthorsy Mas

prepared accordi ng 1,®2,B;a" et rdhybvbnapiptiagldig- 1GRPUNdebtet t hcdnpodrai r] H
NVR as a m xture oflgl) rotomers (500 WMHz, CDCl[err])[err] 8.52 (d),
8.39 (dd), 7.51 (m*?'7.44 (s), 7.37 (s), 7.37 (t), 7.30-7.15 (m), 7.09 (d),
7.05 (d), 6.99 (d), 6.89 (dd), 6.74 (m, 6.39 (nm, 5.69 (d), 5.41 (m, 5.21

§'7 Cor ay 3, 5 gbounit 8 4y pfepdrefpechriing 58 ERbgpted 5 ThdeD
Exanpl e 16 1-(2- o«:epl(a@mg&(sarhummqulp aGéFin)-tbl p&h@nh&-

2(S)-carboxylic aci I X LB
1,2,3,4- tetrahydroﬁgbh?1535§@§¥yaﬁaaﬁ?iﬁf%%%ﬁé%ﬁﬁﬁhhe ?k%% ; N%%npgﬁna 16

was prepared accor mnxgu:cs Eﬁanptequls 1§0Cblmlzwe§p§éhh Todpolded ,13A6Ki(ish ,

(0 5T By P gﬁ? 290 & s TSI &4 o3
6.79 (dt), 51@3 (n)ﬁ 856 G§)éqf 09 68 - 034 @0, (6)884(s3'(31)94 3E), 3.8838

(d), 4.13 (d), 3. 94(s()5)3 §o9Qd(;$) 27187(dB), 236852(83. (&) /O DAL .G (g 14
(m, 1.91 (), 1.88-168 (m

Example 20
3-Benzyl-2 (5} - (methyl- (2-ox0-2- (3,4, 5-trimethoxyphenyl) -
acetyl) amino)propanoic acid {(7-pyridin-4-ylmethoxy) -~
15 1,2,3,4-tetrahydronaphthalen~1(R)-yl) ester (Compound
20):

Compound 20 was prepared according to Examples 5-7, but
replacing (S}-Alloc-pipecolic acid with (S)-Alloc-N-
methyl-phenylalanine and utilizing Compound 2(R). *H NMR

20 as a mixture of rotomers (500 MHz, CDCl,) & 8.55 (d), 8.52
(d}y, 7.34 (s), 7.31-7.19 (m), 7.12 (m), 7.06-6.9%9 (m),
6.94-6.82 (m), 6.06 (t), 5.94 (t), 5.05 (q), 4.99 (q),
4.56 (q), 3.90 (s), 3.91 (s), 3.82 (s), 3.75 (s), 3.37
(dd), 3.28 (dd), 3.16 (dd), 3.08 (s}, 2.99 (dd), 2.82-

25 2.62 (m), 2.76 (s), 2.05-1.74 (m).

Example 21 |
3-Benzyl-2(S) - (methyl~- (2-oxo0-2-(3, 4, 5-trimethoxyphenyl) -
acetyl)amino)propanoic acid ((7-pyridin-4-ylmethoxy)~

1,2,3,4~tetrahydronaphthalen-1(S)~yl) ester (Compound
30 21):



WD 96/ 36630 PCT/ US96/ 07094 - 29-
1.54-1.44 (m, 1.35-1.22 (m. Exanple 17
2-(2-Ox0-2-(3, 4,5-trinmet hoxyphenyl )-acetyl)-1, 2,3, 4-

t-et r ahydr oi soqui nol i ne-3(S)-carboxylic acid 2-((7- 5

pyri di n- 4-yl newbosggesd , 2, 3, 4-t et rahydr onapht hal en-1- (R) - yl) EET&ISI6CH7094
(Compound 17): Conpound 17 was prepared accor?#ng to Exanples 5-7, but
replacing (S)-Alloc-pipecolic acid with (S)-Arfoc- 3-

boxyl -1, 2, 3, 4-t R).
For rTH VR he o rEoRBOUADIE AL BRebRRR elblLSy 'Ky Khanol OBATBA T
8.54 (d), 7.44 (s)replaging)(SirAiiocapipscodic. eel*én‘ylthr FdtocrNo1 (d),
6.98 (d), 6.88-6. 7&e€ﬁ§l-ﬁ1éﬁ§(l(ad)anlﬁe93nﬁt htlilzfnétdompfmﬁla (zt()s> 5 *A8NiH)
5.02(q), 490(s) 4.83(q), g , 4576%396 15
3.34-3.20 (m, 8@5(%Itf)‘lx‘21rﬁ7-°2f sptomprs] (BB MHB QRGL, )16783 28 6@4}1')

Exanpl e 18 25(2- Op: 83 (fadh 51, r3'6m%h hoxypBenyl doagss Y19 1k 4s3,47.13-7. 08
tetrahydr0|squ|noI|ne Ic acld Z-é(

pyri di n- 4-yl met hox{§ta, 'Q 4Ld()et r5a ydi8fhphPn8B e84 Sl ry16- 0dst(@y »( SodSound

(13 Alclorrpound 18I m@)prspﬁs ea;)acqosél Rg)} 04 EBaMgES b (RYL, 13¢BBaGINY

- oc- pi pecol i

carboxyl -1, 2, 3, 4-t tﬁhgﬂ)r’m éa (ﬁ§|h e4§ §ogt 4 I?z%%g(dﬁ' 3. 1éor{ﬁ‘ﬂﬁnd328§)
[err]H NMR as a nixiurz. 38 (dationers2¢2062 M), COAB)()er 2. 08-6187M(m) 7. 41
s), 7.40 9 6. 88-6. 80 6. 47 , 5.88 , 5.74

(s) (§é7(d)}§3€-£1§?7%, (m, (m (m (m

5.39 (M, 4.60 (q), 3.98-3.82 (m), 3.28- 3.18 (m,
2.02-1.62 (n), 1.53-1.45 (m. 30 Exanpl e 19
' Example 22

4- (6-Methyl-5, 7-dimethoxyphenyl) butyric acid (Compound
22): '

To a solution of 2,4-dimethoxybenzaldehdye (5.1 g, 28.3

15 mmol) and propancic triphenylphosphonium bromide (14.4 g,
34.9 mmol) in methylene chloride (40 mL) at 0°C was added
1.0 M potassium t-butoxide in tetrahydrofuran (70 mmol).
The reaction was allowed to warm to room temperature and
stirred for 2 hr. The reaction was quenched by the

20 addition of 2 N hydrochloric acid and extracted with
ethyl acetate (2 x). The extracts were combined, washed
with brine, dried over anhydrous magnesium sulfate,
filtered and concentrated in vacuo. The residue was
chromatographed on silica gel {(elution with 5%

25 methanol:methylene chloride) t6 provide 5.81 grams of a
yellow oil. This material was dissolved in ethyl acetate
(20 mL), treated with 10% palladium on carbon (581 mg)
and hydrogenated at 40 psi. After 12 hr, the hydrogen

- was replaced with nitrogen, the reaction was filtered and
30 concentrated in vacuo to provide 5.73 g of Compound 22.

Example 23
6-Methyl-5, 7-dimethoxy-1, 2, 3, 4-tetrahydronaphthalen~1-one



WD 96/ 36630 PCT/ US96/ 07094 - 30-
3-Benzyl -2(S)-((2-o0x0-2-(3,4, 5-trinmethoxyphenyl)- acetyl)am no)propanoic
acid ((7-pyridin-4-yl nethoxy)- 1,2,3,4-tetrahydronaphthalen-1(R)-yl) ester
(CGonpound 19): 5 Compound 19 was prepared according to Exanples 5-7,
but repl aci ng (wWa)og¥sksC- Pi pecolic acid with (S)-Alloc- phenyl SRCSIE07894
utilizing Compound 2 (R). [err]H NMR as a mggége of rotonmers (500 Hz,
CDCl [err]) [err] 8.57 (dd), 7.66(s), 7.52 (d)777.32-7.23 (m, 7.19 (d),
7.05 (d), 6.87 (m c&%aound‘% 6 (s), 6.00 (t), 5.03 (qg), 4.88 (qg), 3.94
(s), 3.88 (s), 3.26 (dg), 2.78 (dt), 2.69-2.63 (m, 1.97-1.73 (m. Exanple
20 3-Benzyl -2(S)-(met hyl - (2-o0xo0-2-(3,4,5-trinmet hoxyphenyl)- . :
acetyl ) am no) propar®i£ sudiutildn’ offy Cofipoudd y2arethad/ ), 24.07 mmol) and 85%

125, 3ot ey cppholal e LD 8 ool (PR 00 SRR, 200
with (S)-Alloc-N- migt e qu’;éty:am adazgggnﬁmdﬁ%??c;g:;dnﬂzeg F%l 5 [mey,r | H
NVR 20 a§ a mxd E}z[ugalﬁ_/ ; BERE P, g 4 Yol 86% @L Ei’g.éé%d

8 06 () Loa ()with sihed ,aci@gbe(?éw éa%j@q witroabers) 108 sadiin . 5 B2

(5). 3.75 (). 3. 3iddfiBonatelBpkdh, drifd (¥ a3aQBrbsd. mdgR¥s{@s) . 2. 82-
25 2.62 (M, 2.76

s), 2.05-1.74 . ,
3-Benzyl - 2(9) - ( net?%ﬂlf-#?z'of&-lfgfgﬂ?Béﬂ?’Pﬁ%Wﬁ’e&ﬁ yacuo.
acet yl ) am no) pr opatitdmaavigtaphy- pY¥r tHe nrdsidueidiodiliica gel (elution with

1’2’3’4-tet&6hydrqgfgﬂ%ga!%%'%g§£3ﬁgla§§§fﬁpég%i é%ygqsﬁog of ggﬁﬁound 23.

Example 24
6-Methyl-5, 7-dipropoxy-1, 2, 3, 4-tetrahydronaphthalen-l1-one
{Compound 24):

To a solution of Compound 23 (3.54 g, 16.1 mmol) in

15 toulene (50 mL was added aluminum chloride (10.7 g, 80.5
mmol) in portions. Once the addition was complete, the
mixture was heated to reflux, stirred for 30 min and
cooled to 0°C. The reaction was quenched by the addition
of 1 N hydrochloric acid and the product extract with

20 ethyl acetate (2x). The extracts were combined, washed
with water, brine, dried over anhydrous magnesium
sulfate, filtered and concentrated in vacuo. The residue
was passed through a plug of silica gel ( elution with
20% ethyl acetate:hexanes) to provide 2.78 g of diol.

25  This material was dissolved in 2-butanone (25 mL},
treated with l-bromopropane ( 6.6 mL, 72.6 mmol) and
powdered potassium carbonate (9.68 g, 72.6 mmol) and
heated to reflux. After 12 hr the reaction was cooled,
diluted with water and extracted with ethyl acetate (2x).

30 The extracts were combined, washed with water, brine,
dried over anhydrous magnesium sulfate, filtered and
concentrated in vacuo. Chromatography of the residue on



WO 96/ 36630 PCT/ US96/ 07094 - 31-
Compound 21 was prepared according to Exanples 5-7, but replacing
(S)-Alloc-pipecolic acid with (S)-Alloc-N nethyl-phenyl al ani ne and
utilizing Compound 2(S). [err]H NVR as a m xture of rotoners (500 MHz,

CDCl [err]) [ervwboegmésde (dd), 5 8. 53 (dd) 7.36 (d), 7.31-7>PRUNOSH§N70H 14
(s), 7.13-7.08 (m, 7.04 (d), 6.97 (dd), 3684(rr) 6.04 (nm), 5.18 (t),
513 (q), 4.98 (q), 4.53 (qg), 3.89 (s), 3. 88 3.78 (s), 3.67 (s), 3.44

2.01-1.87 (m, 10

(6- Met hyl - 5, 7- di nEaeBiAsse sy ¥ BuP r?%@@&#%ﬁ(?ﬂynpound 22): To a solution of
2, 4- di met hoxybenzal dehdye (5.1 g, 28.3 15 nmol ) and propanoi c
triphenylphosphoniun1bronide (14.4 g, 34.9 mml) in nethylene chloride (40
m.) at OC was added 1.0 M potassiumt-butoxide in tetrahydrofuran (70
nmol ). The reaction mas allomed to wellxamwle @GSN t enperature and stirred for
2 hr. The reactio che dint | ydrochloric
acid.and extracte % 9 € %‘%‘g@}( ?Byr g’ gx rac?élélrel%legc'gnbl ned,
washed with Jri ne,dmma-aﬂenaahmdeﬁmndf g8be;: filtered and
concentrated in vacuo. The residue was chromat ographed on silica gel
(elution with 5% 25 met hanol ;. net hyl ene chl oride) to provide 5.81 grans

of a yellow oi|. 9% & SRLBELAR QRComRAMd &E i3 é?h?k déef ot hoand )3
treated with 10% pajrdiddnebnebBoraddiovad SEI. 5W)g,and By f#heUpNeh esbal &th4isdl

i tered and 30 (CXB0oNER o R0R POGRR i AYBORTEeS (750 5Ra1 CoApiRK) 22.

and the reaction allowed to stir for 15 min. The

(dd), 3.22 (dd), ﬂi%efad%i 3;2& %g w@tﬁ&[é@@mﬁ §¢etate: hilkanésy8 ().

10 reaction was concentrated and the residue dissolved in
ethyl acetate washed with water, brine, dried over
anhydrous magnesium sulfate, filtered and concentrated in
vacuo. Chromatography of the residue on silica gel
(elution with 50% ethyl acetate:hexanes) provided 4.26 g

15 of Compound 235 as an off white solid.

Example 26
6-Methyl-5, 7-dipropoxy-2- (pyridin-3-ylmethyl) -1, 2, 3, 4~
tetrahydronaphthalen-l-one (Compound 26):

A mixture of Compound 25 (3.96 g, 10.8 mmol) and 10%

20 palladium on carbon (600 mg) in abs. methanol (100 mL) -
was hydrogenated at 1 atm for 12 hr. The hydrogen was
replaced with nitrogen, the réaction was filtered and
concentrated in vacuoc. Chromatography of the residue on
silica gel (elution with 20% ethyl acetate:hexanes)

25 provided 2.72 g of Compound 26.

Example 27
Syn-6~Methyl-5, 7-dipropoxy~2- (pyridin-3~ylmethyl) -
1,2,3,4-tetrahydronaphthalen-1-0l Compound (27) and
Anti-6-Methyl-5, 7~dipropoxy-2- (pyridin-3-ylmethyl) -



Exanpl e 23 6- Met hyl -5, 7- di met hoxy- 1, 2, 3, 4-t et r ahydr onapht hal en- 1- one WO
96/ 36630 PCT/ US96/ 07094 - 32-
(Conpound 23): To a solution of Conpound 22 (5.73 g, 24.07 muvol) and 85%
phosphoric acid (2.36 g, 24.07 mmol) in acetonitirle (50 nL) at 50C was
added trifl uorgeubsgoanhydride (3.5 nL, 5 25 mmol ). Aft ePCTAISH94; e
reacti on was cooled, diluted with ethyl acetggg_and washed with water, 10%
sadi um_bi carbonate, brine, dried over anhydrous nmagnesiumsulfate, filtered

and concentrated inQ,%aeyuq-+EhEAPd R =Nha0knt-Ne ol e$CosowY Did)i:ca gel
(elution with 10 5% et hyl acet at e: hexanes) provided 3.54 g of Conpound
23. Exanple 24 6-Methyl -5, 7-di propoxy-1, 2, 3, 4-t etrahydr onapht hal en-1| - one
(Conmpound 24): To &osel sblobtiad o Compednd3263.(5410, g.162 9830l }ieinl Bbs.

toul ene (50 nL was_added al um lor 1 , . |43 PR 1-01S.
Once the addition 66&3?’%88% gﬂé hg&rﬁ ftl(é%é&mggaﬁgafg%%é%cfhyg}l% r(rzg
for 30 min and coolgd Re98[®me})C. Rfsercstirsingaforyubthedhsy neRetd@®i ti on

(20 The oxtract &g PR B e e o B s

(2x). The extracts wer 0 brine, dried over

anhydrous magnesi uetSYLf acetate |ans ¥@tekd cShEchBYEFedVene SaRAF2tedk 2nd
resi due \rA]/as paS)sed thiar Qk‘ggnﬁc K&hé)ﬁ?a%ijhhlgﬁeeehiﬁheﬂaﬁiﬂ@.n drdilda la&%met hyl
acet at e: hexanes) to provide 2.78 0 i 25, Thi s terial .wa .
di ssol ved in 2-but ZRGNE*PYE mﬁj‘}eﬁgﬂ’@aﬁé‘c}%\ﬁ% j’:%F%ﬁ%‘Er%{)@ﬁé’“Fe&téa%EF‘ 2.6
mmol ) and powder ed vaetessChronstdyraphy ©0¥. €Begregfdbée nowlgildod gel
10 {elution with 10% ethyl acetate:hexanes) provided 502 mg
of Compound 27. Further elution provided 475 mg of
Compound 28.

Example 28

1-(2-0x0-2-(3,4,5-trimethoxyphenyl)acetyl)piperidine-

15 2 (S)-carboxylic acid {6-methyl-5,7-dipropoxy-2(R)-
(pyridin-3~-ylmethyl)-1,2,3, 4-tetrahydronaphthalen-1(S) -
yl) ester and 1-(2-Oxo-2-(3,4,5-trimethoxyphenyl)-~
acetyl)piperidine-2 (S)-carboxylic acid (6é-methyl-5,7-
dipropoxy-2(S)-(pyridin-3-ylmethyl)-1,2,3,4~-

20 tetrahydronaphthalen~1(R)-yl) ester {Compound 29A and
29B) :

Compounds 29A and 29B were prepared as described in
Examples 5-7, but replacing Compound 2 with Compound 27
to provide a diastereomeric mixture. Chromatography of

25 the mixture on silica gel (elution 10% acetone:hexanes)
provided Compound 29A. Further elution provided Compound
29B.
Compound 29A: !H NMR as a mixture of rotomers (500 MHZ,

CDCl,) & 8.54-8.43 (m), 7.60 (d), 7.41 (s), 7.31 (s),
30 7.30-7.28 (m), 6.61 (s), 6.57 (s), 5.97 (d), 5.93 (d),

5.40 (d), 4.63 (br d), 4.43 (d), 3.98 (s), 3.97 -3.68

(m), 3.93 (s}, 3.89 (s), 3.50 (br d), 3.32 (dt), 3.22



heated to reflux. After 12 hr the reacti on was cool ed, diluted with water

.and extracted with ethyl acetate (2x). 30 The extracts were conbi ned,
washed with water, brine, dried over anhydrous magnesium sul fate, filtered
and concentrated in vacuo. Chromatography of the residue on WO 96/ 36630

PCT/ US96/ 07094y03&36636 | i ca gel (elution with 10% et hyl acet at BCHVER26/789%
provi ded 3.42 g of Conpound 24. Exanple 2
6= met hyl - 5, 7- di propoxy- 2- pyri di n- 3-yl net hl eness 4- 5

di hydr o- 2H napht ha 1- ( odng; 2 T. St i 9n sef 24
(3.42 g, 12.4 mol &é;)n %Qﬁ (rglgg})ngcg%bg%(lade% 1glee ?hﬂ 258 AGQEHEHW

abs. ethanol (25 )44/\/a§“)ad@e83p3thgsm?n h% o} Oxf e (1359(5’ &9716(’2)mrﬂal fgand
the reaction all ovedid oirgt,i n. fLor(thS 1103 The, 1:0.00 (gyeaction was

concentrated and the resi ed in eth acet ate washed er,
brine, dried over ‘la]qli‘rﬁf’d’f"&ﬂ??’ ﬁ'g%n & Pafe; tPFFtB e?%?f&e’i:%n c?l}ﬁ?%d in
vacuo. Chrongt ogrecnimswfstzhew e(%l)due Qn abl)l ca g@I uﬁﬁJ ut lm w)t hﬁ@%—e}t 2yl
acet at e: hexanes) prow ded 4 of und 25 as
solid. Exanmple 26 @nMethﬁZ SS?:dﬁﬁ%p&%ynzﬁ(%rﬁ%h:n 2339 r?éi hyﬁ)5§ ébs 41'
tlgt gahydlr?napgt 28!)49@81 @ Gclswp@smﬂ 2695 Psmm(t)yae (@h , Carpouig) 2?:;(6396 g,

mmol ) an iu n
(100 nL) was hydrogjé:??at &¢ 53t ?ggtnﬂgé] g :9 #ﬁ &ﬂ%wgn?g/aédggpl gc@é
with nitrogen, thewreait,i ane\wasda)itzr'ezl-anw ctmicerzt.nat ¢bri d) yazub8 (m),
Cnr omat ogr apy of 7 e, reyi,dye;9n(3f | i Paogied 4! 1,00 WAkl 202 85Nk ,
acet at e: hexanes)

1.35 (m), 1.20 (t), 1.04 (t), 0.97 (t).

Example 29
1-({2-0x0-2-(3,4,5-trimethoxyphenyl)acetyl) piperidine-
2({S)-carboxylic acid (6-methyl-5,7-dipropoxy-2(R)-

15 (pyridin-3-ylmethyl) -1, 2, 3, 4-tetrahydronaphthalen-1 (R) -
yl) ester and 1-(2-Oxo0-2-(3,4,5~-trimethoxyphenyl}-
acetyl)piperidine-2 (S)~carboxylic acid (6-methyl-5,7-
dipropoxy-2(S)-(pyridin-3-ylmethyl)-1,2,3,4~
tetrahydronaphthalen-1(S)-yl) ester (Compound 30A and

20 30B):

Compounds 30A and 30B we:e'prepared as described in
Examples 5-7, but replacing Compound 2 with Compound 28
to provide a diastereomeric mixture. Chromatography of’
the mixture on silica gel (elution 10% acetone:hexanes)
25 provided Compound 30A. Further elution provided Compound
30B.
Compound 30A: H NMR as a mixture of rotomers (500 MHZ,
cbcl,) 8 8.48 (m), 7.57 (m), 7.37 (s), 7.33-7.27 (m), 7.20
- (s), 6.51 (s), 6.49 (s), 5.85 (d}), 5.38 (d), 4.60 (br dj,
30 . 4.39 (d), 3.97 (s), 3.95-3.28 (m}), 3.94 (s), 3.87 (s),
3.73 (t), 3.50 {(dd), 3.30 (dt), 2.98 (dt}, 2.84-2.65 (m},
2.51 (dd), 2.42 (br d}, 2.32 (m), 2.17 (t), 1.98 (m),
1.87-1.73 (m), 1.68-1.50 (m), 1.47 (m), 1.09 (t)}, 1.07



25 provided 2.72 g of Conpound 26. Exanple 27

Syn-6- Met hyl -5, 7-di propoxy-2- (pyridi n-3-yl met hyl ) -

1, 2, 3, 4-tetrahydronapht hal en- 1- ol Conpound (27) and

Anti - 6- Met hyl -5, 7-di propoxy-2-(pyridin-3-yl nethyl) - WD 96/ 36630

PCT/ US96/ 07094 weésmebsn?, 3, 4-t et r ahydr onapht hal en- 1- ol - ( ConpourRCTAZIS6/7084
sol ution of Conpound 26 (1.10 g, 2.98 mmol) ig abs. nethanol (10 nL) was
sl:ow y added .sodi um borohydride (226 ngy, 2.98 ﬁﬁnl). After stirring for 1

hr, the reaction 5 C entr and the residue partitioned between
et hyl acetate and ﬁé?ér&gﬁﬁe?ﬁgygééﬁagﬁg'separated~and t he organic _phase

was washed with briCespoupfedoBy el BMRydR&UR PEHES fh fotrress PP &M% and

concentrated in vagkp. TRig0 hy . e ey oRn. 8%l (wp, 98l340(s),

(elution with 10% y%&?%ﬁ%egﬁgga%es fo@ovisg?c%qggé Qmj(ggof klEC';J)(’:)‘rrpou:?ld (257).

Further el ution prduiRdedsir57 n30ul-2oripdund -28. (3}, (8- Ekotsd+ 0348, (s),

5- trimet hoxyphenyl k.%%%lé”q%?@i' dnes. by (@),267cedpPowldec @9i,da.66

(6-nmet hyl -5, 7-di propoxy-2(R) -

(pyri di n-3-yl net hy|(§>r1512,r3{44‘-11ef#’ah?d?@ﬁépﬁt”hé%n-i(%%-‘RH Rasetdaddr

(1;3 (2- ?r(]ol- 2;_)( g 46_5- i, met bgg@ﬁﬁﬂﬁ)ﬂs a(a@)y: Bpgﬁeraelil nes gi%)g—aaboxxel.iae—aci d
-met hyl -5, 7- di pr,opaxy- -{pyridin-3.y = , 3,.4-

t et r ahydr onapht hal n-%( &Tgyl %é:gt Q‘f) ’( %oﬁrﬁodﬁ ' ZéAignflsZ%Igj’:lngﬁﬁOUﬁdngQA

and 29B were prepar(edl,as.8estr7deth)i,nl.68-Ex&Aples, 51 /Q9 bitt) ,r aplodditing

Compound 2 w4 h Co n 7 hOog®r @i de a di astereoneric m xture.
Chronatograﬁ%% of 2265 Qtfhe6h$§tﬁ$é on silica gel (elution 10%

acet one: hexanes)

Example 30

To assay the ability of the compounds according
to this invention to increase the antiproliferative
15 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. Alternétively, resistant cell
lines may be developed. The cell line is exposed to the
20 drug to which it is resistant, or to the test compound:
cell viability is then measured and compared to the
viability of cells which are exposed to the drug in the
presence of the test compound.
We have carried out assays using L1210 mouse’
25 leukemia cells transformed with the pHaMDR1/A retrovirus
carrying a MDR1 cDNA, as deécribed by Pastan et al.,
Proc. Natl. Acad. Sci, USA, 85, pp. 4486-4490 (1988).
The resistant line, labeled L1210VMDRC.06, was obtained
from Dr. M. M. Gottesman of the National Cancer
30 Institute. These drug-resistant transfectants 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 10% or 5 x 10! cells/well) in
96 well microtiter plates and exposing them to a



rovi ded Conpound 29A. Further elution provided Conpound 29B. Conpound 29A:
rrJH NVR as a m xture of rotonmers (500 MHZ, CDCl[err]) [err] 8.54-8.43
7.60 (d), 7.41 (s), 7.31 (s), 30 7.30-7.28 (m, 6.61 (s), 6.57
5.97 (d), 5.93 (d), 5.40 (d), 4.63 (br d), 4.43 (d), 3.98 (s), 3.97

8 (m, 3.9W0(%pBe638.89 (s), 3.50 (br d), 3.32 (dt), 3.22 PONUNIEHIBIE30
US96/ 07094 -35- (dt), 3.01 (dt), 2.91 (m .,2 78 (dq), 2.56 (quintet),
2.23-2.10 (m, 2.17 (s), 1.85-1.71 1.69- 1.49 (m, 1.1 (t),

1 oo (t)comm&@& b]fHdUNBraﬁlélﬁﬂ xéoineafo éﬁf)orﬁr 200

6 6%l%§%er%]°3’?, a?’ssfg‘c)& 6% )“(jsdl?,‘ég (5951”52#333:9( B}OQ})fleA: 38
) 3. 9Sorisgynds 9F'MDR) inRiBAtEsE") 3oB3H K )J.ml%rﬁagé'ﬂt()r%.ﬁzéi 50
r d) %61? H@b g% g)gsggigg):l % Pcircglledel aég,( M&, $049
m, n? 0 mp(t1)748r1(7456( t(}990) 97 Affer Exakipize Forl3 @aySsotle (3, 4,
étrlnet 0Xypheny|01éﬁ¥¥ﬂﬂ@ d¥ E@ilg'ﬂﬁs %ﬁéﬂtlf&f )qglﬂﬁ ﬁ%&d(¥b§s§an) or

-1
- (

~ HAA/—\

mét hyl -5, 7- di propox nmeth
etrahydronaphttﬁ\p rali?(sR) ©. aﬁﬁfsﬁs‘PEW drial funCtlon- All

2- Oxo- 2- (3, OI5 déudmﬂmmbhenwéie ﬁ:&j&éﬂﬂ Q!lréiﬂ!ﬂdﬁﬁé% %(fghssgr Boxxhkg acid
6- met hyl -5, 7- di pr.opo yridin-3-y
Eet Ehyér onapht halge eol?é) sﬁ(a)'Q Est 5§ PP-38pBr63

Conmpounds 3DA and Q¥B3jsre prepared as described in Exanples 5-7, but
replacing Conpound 2 with Caapaypd ©8 o determined by comparison of the
IC50 for doxorubicin alone to the IC50 for doxorubicin+
MDR inhibitor. An MDR ratio was calculated (IC50 Dox/
IC50 Dox + Inhibitor) and the integer value used for
15 comparison of compound potencies.
In all assays, compounds according to this
invention were tested for intrinsic antiproliferative or
cytotoxic activity. The results are summarized in Table

2 below.
20 TABLE 2: Evaluation of Compounds for Reversal of MDR in L1210vDOX
Cpd IC, Dox ICpDbox + | ICyDox+ |1CqDox + | ICgDox+ | ICy Dox + IC., Dox +
Alone 0.5uMCpd | 1.0uMCpd | 253MCpd | 0.5uMCpd | 1.0uMEpd | 2.5uMCpd
8 475 100 75 50 48 8.3 85
7 475 226 100 50 21 48 95
] 4800 750 350 175 64 13.7 228
25 1A 700 650 350 175 1.1 20 40
118 700 400 325 70 18 22 100
15 425 70 <50 | <50 81 >85 >85
16 425 180 60 <50 22 71 >8.5
17 2000 360 230 180 58 8.7 1n
30 18 2000 800 300 200 33 67 10.0
19 475 300 200 76 18 24 8.3




Vo

to provide a diastereoneric mxture.

silica gel

. -(elution 10% acet one: hexanes) 25
Further elution provided Conpound 30B. Conpound 30A:

Chr omat ogr aphy of the m xture on

provi ded Conpound 30A.
[err]H NMR as a

m-xture of rotonmers (500 MHZ, CDCl[err]) 8 8.48 (m, 7.57 (m, 7.37 (s),
7.33-7.27 (n),wz,,ggm), 6.51 (s), 6.49 (s), 5.85 (d), 5.38 (EFT/UK96609br
d), 30 4.39 (d), 3.97 (s), 3.95-3.28 (m_..3.94 (s), 3.87 (s), 3.73 (1),
3.50 (dd), 3.30 (dt), 2 98 (dt), 2.84-2.65 (A~ 2.51 (dd), 2.42 (br d),

(2t )3,2 g-r?)% 2 1\7/\0(1’.9)6 %?656 %zs’ J_(1)7l5 L. Y 7}”’, L<l;6) L. LJU'TIT’, 7.Lu‘q;77( 1{0:5 J_ \.19
PCT/ US96/ 07094 -36{4(t), | 45004 %)\,Am 0.99gf 1) . PanpountsB0B. [eyr]1HNWR as |a
m xture of rotoner g~586v cHer~P—fer 849 .?, B S—{e1+8-32() ,
7.57 (m), 7.36 (s) 280 35 B 7129-7. 26'%m < (shP'* 6.63 %), 6,28 Ls),
5 6.35 (s), . p;,,(d) w9 8/ (@ 5 [% (0) | 2x38 (g 4. 6 br d) 5y 44
(d), 3.98-3.67 () —S—52tbt—eht—S—td—t-r—et—t-5—3 3B —S—i4
(dt); 3.01 (Br d),|38s- |M049 (hf® 2 3p"BP1) Dy (D5 18 %) A% (),
2.01 (n), 1.87-1.7Psfm, |%a68- 1|58 (M| 1. 09 [&in L1.PAL), [B  [#2 (1],
0.98 (t). Exanple 30NDR SemSitIZarionm assays 10 assdy Uhme apr ity of —The

conpounds according to this invention to increase the antiproliferative 15
| i nes which are known to be resistant to a

activity of a drug,
particular drug nmay be used. These cell
the L1210, P388D, CHO and MCF7 cel

to,
cel |

10

cel |

lines include, but are not limte
lines. Alternatively, resistant
EXBMPLE 32

Inhibiti f MRP-Mediated MDR

In order to demonstrate that the compounds of

this invention are effective in reversing MPR-mediated

MDR, in addition to P-glycoprotein-mediated MDR, we

assayed inhibition in a non-P-glycoprotein expressing

cell line.

15

We plated HL60/ADR cells in 96 well microtiter

plates (4 x 10* cells/well).

The cells were then exposed

to various concentrations of doxorubicin (50 nM to 10 pM)
in the presence or absence of various compounds of this

invention at wvarious concentrations (0.5 - 10 uM).

culturing the cells for 3 days, their viability was

20

mitochondrial function.
ratio of the .IC;; for doxorubicin alone to the IC, for
doxorubicin plus MDR inhibitor.
in nM.
cytotoxicity activity of the MDR inhibitors was also
determined for HL60/ADR cells.
are set forth in Table 3 below:

25

quantitated using the XTT dye method to assess

After

Results were expressed as a

IC;, values are expressed

In all assays the intrinsic antiproliferative or

The results of this assay

d



i nes may be devel oped. The cell line is exposed to the 20 drug to
Wwhich it is resistant, or to the test conpound; cell viability is then
measured and conpared to the viability of cells which are exposed to the
drug in the presence of the test conpound. W have carried out assays using
L1210 nouse 2Wwoo9s3skaukeni a cells transformed with the pHaVDRAGTRU ®éirus
carrying a MDRL cDNA, as described by Pastan_g4_al., Proc. Natl. Acad. Sci.
USA, 85, pp. 4486-4490 (1988) The resistant Tine, .| abeled L1210VNVDRC. 06,
was obt ai ned from Pr—rv=EoresTET gt the TELTUnal CanceT
Institute. These f¥g- r ddtaf®ne| GePts f dReotPafiit J Gedef g dfe DRey L"PQH *by| 1O Dox +
culturing cells inj0.06 opel cilzﬁhtni N &BuMApd t{110.84MUQ | 1289 Cpd R 5.00M Gpd J aAP.BuM\er] e
conducted by platimpg cellls (2 10[erd], 1 X :bg[err]H, or 5{x 10[eﬁr ,, '

Ce”S/V\Bll) in 96 —tef-ot-t-at p:ut\o atrel AIJUQIII\. t—hrem-o
96/ 36630 6 3500 400 550 80 pCT/ U886/ 07 94 37_39

concentration rangg,of ddggpubl g lgdo (50| g 10 [lesgs ] M b thef gy eseng
absence of multi - dig—egi-starcd—RBe-H - -+
this+invention (0.§7 1.0 %8 2 4 werr] [#%as dés®ri bed2tn Fol #het all 117
Cancer Res., 550, 5[y  PH.g08 /48{1ehp6 (]989) - |4t er ¢ysture]gpr 3 qlg,ys, tI]ue
viability of cell s*™was=guamtTtated Uﬁng‘Wﬁ*j\VUSbHﬁH) oT—X Tfuyea to
assess mt-ochondrial functi Al'l determ natigns ver e de i.n_r Ilcat

of 4 or 8. Also see, I\/bssmal(r%{]hl“l d#‘?ﬁ’ﬁﬁn%? %& erpt Sg‘ggg Tﬁn
(1983). Results werg tieisarmwwdl:lb;t, cbtipis | appaEnt rtéuaItC&ﬁrf basi#loxor ubi cin

2!’;2& ;?ezjh((al |C5Cgo D%S}is :.lbl?iscingy BER 1 PBEOS 1 -pr b iRt RE L OeMBSdiment s

which utilize the products, processes and methods of this

10 invention. Therefore, it will be appreciated that the
scope of this invention is to be defined by the appended
claims, rather than by the specific embodiments which
have been presented by way of example.



| C50 Dox + Inhibitor) and the integer value used for 15 conpari son of
conpound potencies. In all ds according to this invention
were tested for intri nsuclﬂﬂlﬂml“ﬂmme or cytotoxic activity. The
results are summarized in TabFfe 2 b%l dw. "20 TABLE 2: Eval uation of
Conpounds for Reyessab of MDR in L1210vDOX Cpd 1 ([ err] Dow | +
ICerr] Dox + ICferr] ICerr] Dox + I1C[err]_pox + I1Cerr] Dox + |([err]
Dox + Al one 0.5[err]MOpd 1.0[err] M Cpd 2 [err] M Cpd 0.5[err] M Cpd

1.0[err] M Cpd 2.5[err] M Cpd-:6 475 ams? 75 50 4.8

6.3 9.5 7 475 225 100 50 1 4.8 9.5 9 :
4800 750 350 1 chaip: 6 4 13.7 22.8 25 11A 700 650
350 175 1.1 2.0 4.0 11B 700 400 325 70 1.8

2.2 10.0 15 425 0 6

425 190 60 <50 1y oA 2oppguid repgdiehro BY, Sopmuldygpt? .
180 5.6 8.7 11.1 30 18 2000 600 300 200 3.3
6.7 10.0 19 475 300 200 75 1.8 2.4 6.3 VO
96/ 36630 PCT/ Ug96/ 07094 -38- 20 525
175 75 <50 3.0 7.0 105 21 650 120 95 75

5.4 6.8 8.7 29A 350 250 1 B4 1.8 >7.0
29B 350 200 95 <50 1.8_ .05 30A 350
250 150 <50 1.4 2.3 >7. - @250 175 <50
1.4 20 >7.0 EXAMPLE 32 Inhibgti lated MDR In order to
denonstrate that the conmpounds of 10 S invention are effective in

reversi ng MPR-nedi at ed M
. Formula (I)

and phafmaceutically acceptable salts thereof, wherein:
A, B and C are independently selected from hydrogen,
halogen, (Cl-Cé6)-straight or branched alkyl, 0-(Cl-C6)-
straight or branched alkyl, (CH,},~Ar or Y(CH,),-Ar:
wherein
Y is O, S or NR,; wherein
" R, is (C1-C6)-straight or branched alkyl
and hydrogen;
n is an integer from 0 to 4; and
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, pyrazolyl, 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, isoindolyl,
3H-indolyl, indolinyl, benzo[b]furanyl,



MDR, in addition to P-glycoprotein-mediated MDR, -we assayed inhibition in a
non- P- gl ycoprotei n express m pl ated HL60/ ADR cells in 96
well mcrotiter 15 pl at GJml“ﬁlm I““mml l1s/well). The cells were then
exposed to various concentrati dnstof *dokorubicin (50 nMto 10 qgugg%'lp

the presence owodégéssee of various conpounds of this inventio
concentrations (0.5 - 10 [err]M. After cuItuE%ng the cells for 3 days,

tHeir viability was 20 guantitated using the XTT dye nethod to assess
m tochondrial function.p&esyits wﬁlmr eggegnagz@lg,g; |pe,pglﬁi@ago(§[ﬁr r]
f or doxorubi cin al one to the I err] for doxorubicin |nh|b|tor
| Jerr] values are expreRzdf Wl'l r?uillpyéssﬁ’g"sq‘ﬁﬁégﬂﬁ*’?%l @uinolinyl,

antiproliferative or 251,2, LWﬁebﬁ&iMﬁebqunhqlmylhe;.&&ﬁin&ﬂ:hiyuors was
al so determ ned for HL6 | | I S_ass e set forth
in Tabl e 3 bel ow. Tabl e ‘fA %e@&est}ar@%ﬁﬁgg#%ﬁ%fe@%fmn%{%& ADR Cells
WD 96/ 36630 phthalazinyl, quinazolinyl, quinoxaf3JmwISod/,87094 - 39-
Cpd | C err] Dox IC[ g Do rr]
oy 1ded B, 5&%&&@ g@&deegl cA ﬂdyl ld
10.0[err]M 2.5[err] MI@{WE’EJG{@' pme@sah}ezemé# r?’hﬂ‘ @;@pnoxazlnyl, and

Cpd 6 3500 400 wihin: 90 6. 4 39 16
3500 1500 90 <5Q _ >6 3500 1500
300 300 2.3 ngy Fontaip ong or moreSubstitygiis

100 150 35 indepehdéntly szaewheaefmrwe gy idomistingber : of

may be ol tered to proviglasHen. ayskaRRaC: BANR GBI G produots,
processes and net hods dfrififivoromethyl, trifluoromethoxy, (Cl-C6)-straight
or branched alkyl, 0-(Cl-C6)-straight or branched
alkyl, O-benzyl, O-phenyl, 1,2-methylenedioxy,
carboxyl, morpholinyl, piperidinyl and NR,R; and NR,R,
carboxamides:; wherein
R, and R; are independently selected from
hydrogen, (Cl1-C5)-~straight or branched alkyl
and benzyl:;

D is selected from the group consisting of hydrogen
or (CH,),~E; wherein '

E is Ar or NR,R;; wherein

R, and R; are independently selected from
hydrogen, (Cl-CS)-straight or branched alkyl
and (CH;)Ar or can be taken together to form-a 5
or 6 membered heterocyclic ring; and

m is an int;eger from 1 to 3;

X is O or NR;; wherein

' R¢ is selected from the group consisting of

hydrogen, (C1-Cé)-straight or branched alkyl and

{CH,) ,~Ar; ’

J and K are independently (Cl~-C6)-straight or
branched alkyl or Ar-substituted with (Cl-C6)-straight or
branched alkyl or wherein J and K are taken together to
form a five or six membered ring or a five or six



10 invention. Therefore, it wll be appreciated that the scope of
this invention is to be dﬁfll&ﬂlmﬂmnﬂuiﬂmnded claims, rather than by the
speci fic enbodi nents which'l¥ IRERY 318y ted by way of exanple. WO
96/ 36630 PCT/ US96/ 07094 - 40- |
claim 1. AWOAEMGN represented by fornula (1): [err] and PCI/US6/07094
pharmaceutical |y acceptable salts thereof, whecein: A B and C are

i hdependently sel ected from hydrogen, hal ogen, (Cl-C6)-straight or branched
al kyl, O (Cl-C6) - memimirght benzbrmsdeddrinideyl , (CHerr])[err]-Ar or’

Y(CH err err]-Ar; wh i.n LsQ rel.. ej e IS
((Cl- [06) - ]s% Eai g]ht or br g{lgheé&éi é?/‘o sanoé){ﬁ/%%e%}:aﬁ%gaa%ﬁfﬁ eég]l':e]rm#'r o%do to -
4: and Ar is a carbocy&brcshrbrecheniftoup afelcezben 1randt prrkpnd is

consi sting of phenydeptnBaRblPyieleet BHHMY R okNgenyl, azul enyl, fluorenyl
and ant hracenyl; or a heterocyclic aromatic group selected fromthe group

consisting of 2-furyl, 3- furyl, 2-thienyl, 3-thienyl, 2-pyridyl,

g- pyri dy: : 4|— pyridyl, | pé_rroltyl : Th@ZdﬂlmtJlounhhhaé_dehl'xg:%Mﬁl 5 é:vln, g_yrazFI Iyl :
-pyrazolinyl, pyrazolidi L J.Spxaz --hsotriazolyl, 1,2, 3-oxadiazolyl,
1,2,3- triazolyl, rf?gfﬁ-ef‘ﬁ%%d}?%z%mu?"%y(ﬁ%azi nyl, pyrimdinyl, pyrazinyl,
1,3,5-triazinyl, 1,3,5- trithianyl, indolizinyl, indolyl, isoindolyl,

3Hindolyl, indolinyl, benzo[b]furanyl, '

3. The compound according to claim 1
represented by formula (III):

rormula (IXX)

4, The compound according to claim 1
represented by formula (IV):

' A
) B
AN %x L
c
°\T/I\b ® 7
M

Fozmula (IV) ;



WD 96/ 36630 PCT/ US96/ 07094 -41-

benzo[ b] t hi ophenyl , 1H-i nda ﬂlll "u“ & I yl, benzthiazolyl, purinyl,
4H qui nol i zi nyl, qui nolinyl, r oi soqui nol i nyl

i soqui nol i nyl, 1 2,3, 4- tetrahydr0|squ|noI|nyI ci nnol i nyl, phthal azi nyl,
qui nazol i nyl, qU|noxaI|nyI 1, 8- naphthyrldlnyl peridi nyl, carbazolyl,
acridi nyl, phewegsasgio, phenot hi azi nyl and phenoxazi nyl ; and Whesesdgiordds By
contain one or nore substituents independently selected fromthe group
consi sting of: hydrogen, hydroxyl, halogen, mt43-0, SO err]H,
trifluoromethyl, trifluoronmethoxy, (Cl-C6)-straight or branched alkyl,

O (Cl- 06) - strai ght @heEraRChets ﬁel%?Fte@} £Eom yrethylypgnhydrogen and X is

1, 2- met hyl enedi oxy, seaeboag| frawr(ghets nyttraigrer icH bykneled NRla/r Jo err]
and NRerr]R err] cq&{;o}xa gides; wherein Rlerr] and Rlerr] are independently
sel eeted from hydrogen ™ C1- C5) straight or branched al kyl and benzyl; -Dis
sel ected fromthe group consisting of hydrogen or (CHerr])[err]-E wherein
Eis Ar or NRlerr]R err]; whérei nNTR econpandl Rogorfing eto niedendenthygrein
sel ected from hydrogefs k&nzyaR) - Strai ght or branched al kyl and (CH2) Ar or
can be taken together to forma 5 or 6 menbered heterocyclic ring; and mis

an integer froml to 3; Xis Oor NRerr]; wherein Rerr] is selected from
the group Consi Stl ng Of 6. The compound accordlng to any one of

claims 1 to 5, wherein:

A and C are independently selected from O-CH,—4-
pyridine, O-propyl or hydrogen;

B is selected from O-CH,~-4-pyridine, methyl or
hydrogen; and '

D is selected from CH,-3-pyridine or hydrogen.

7. The compound according to any one of
claims 1 to 5, wherein M is 3,4,5-trimethoxyphenyl.

8. The compound according to any one of
claims 1 to 5, wherein X is selected from oxygen, NH, and

N-benzyl

9. The compound according to claim 2,
selected from compounds 6, 7, 9, 11lA, 11B, 15, 16,
29A, 29B, 30A or 30B.

10. The compound according to claim 3,
selected from compounds 17 or 18.

11. The compound according to claim 5,
selected from compounds 19, 20 or 21.

12. A pharmaceutical composition for treatment

and prevention of multi-drug resistance comprising:
a. an amount of a compound according to



hydr ogen, (Cl-C6)-straight and (CHerr])[err]-Ar; J and K

:are i ndependently (Cl-C6)- Eﬂ" | hed al kyl or Ar-substituted with
(C1-C6)-strai ght or branch in J and K are taken together to
forma five or six nenbered ring or a five or six WO 96/ 36630

PCT/ US96/ 07094vo desssdgenber ed benzo-fused ring; Mis (Ci-CB)-sunakghwmsr_
branched al kyl or Ar; and the stereochen1str¥ at carbon 1 and carbon 2 is
i ndependently selected fromR or S. 2. Thé onpound accordlng to claim1l

represented by .for OpRo 'd rdln tq & aim 1
regresent ed bz forér?uyl %n% {D% c£fﬂ‘; 3 £° ?,er 9cggrrpg%n %’F‘Ge% FUEm 1
represented by foFW&F&‘?F%? r?%#$§anceﬂNgﬂ@6/36630 .
PCT/ US96/ 07094 - 43- vvherel n J ispsel ectddshib0By BV, Scdptdpgen and Kis
selected from (Cl- gSh t_or branchedlalkyl or CH[err])[err] Ar. 5.
The conpound accoPdPHY2? $%§ ETIR i s benzyl

13. The pharmaceutical composition according
to claim 12, further comprising a chemotherapeutic agent.

14. The pharmaceutical composition according
to claim 12 further comprising a chemosensitizer.

15. A method for treating or preventing multi-
drug resistance, comprising the step of administering to
said patient a composition according to any one of claims
12 to 14. '

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

17. The method according to claim 16, wherein
said multi-drug resistance is P-glycoprotein-mediated.

18. The method according to claim 17, wherein
sald multi-drug resistance is MRP-mediated.

19. A process for preparing a compound of
formula (I), comprising the steps of:
a. coupling an alcohol or amine of formula
(V) with an amino acid of formula (VI) to give the
corresponding ester or amide of formula (VII),




6. The conpound accord'rng to any one of clains 1 to 5 wherein: A and C

. are independently sel ect : : 4- pyridine, O propyl or
hydrogen; B is selected f B{m}ﬂﬁnﬂ‘lmuyrl dine, nethyl or hydrogen; and
Dis selected from CH2-3-pyridine or Rydtogen. 7. The conpound accordi ng
to any one of wolosBes0 1 to 5, wherein Mis 3,4,5-trimethoxyphd@FUS?@7094rhe
conpound according to any one of clains 1 tQ §- wherein X is selected from
oxygen, NH2 and N-benzyl 9. The conpound accordlng to claim?2, selected
from conmpounds 6, 7, 9, 11A 1lB 15, 16, 29A, 29B, 30A or 308 10. The
conpound accordin to c select d fromco oun 17, or 11. The
conpound accordingh?ﬁe%? n+% asﬁﬁ?ﬁﬁéiinprgﬁPBB 6uﬂ ined %ﬂ) 21. 12. A

pharmaceuti cal cospesificatfan; treatnent and prevention of multi-drug

resi stance conpri sing: el ol o)

96/ 36630 () deptb g YonBofiRER 8%&%@8%1 o1°£9,9 38y
one of clainms 1 t&hg apime1ef 1forlect(idIt o arduce nul ti-drug resistance;
and b. A physiologically acceptabl e adjuvant, carrier or vehicle. 13. The
pharmaceut i cal conposition according to claim 12, further conprising a
chenot herapeutic agent. 14. The phamnmaceuti cal conposition ccor di ng

B
K
b H

VI (4411)]

(c) acylating the amine of formula (VIII) with a
compound of formula (IX):

u o . 4
X ¢ )| :l' ¢
D D
vED Formuls (T)

wherein A, B, C, D, J, K, M and X are defined as in
claim 1.



g

to claisn 12 further conprising a chenosensitizer.
orv:preventing nmulti-
to said patient a conposition accordin

drug resi stance,

HEE

15. A nethod for treating
gqthe step of adm nistering
one of claims 12 to 14. 16.

The met hod according to claim15, wherein §ﬁﬂﬁﬁd¢ﬁv33|t|on I s adngmst er ed

)
Ms

orally.

17. The method according to cIa|n116 wherein said nulti @t

resi stance is P-gl REOF ot ei n- newiired e

17, wherein'said nulti-dru

preparing

reS|stance f‘ W'

a
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(54) Title: TETRALIN COMPOUNDS WITH MDR ACTIVITY

(57) Abstract

The present invention relates to compounds
that can maintain, increase, or restore sensitivity of
cells to therapeutic or prophylactic agents. This
invention also rejates to pharmaceutical compositions
comprising these compounds. The compounds and
pharmaceutical compositions of this invention are
particulacly well suited for treatment of multi-drg
resistant cells, for prevention of the development of
multi-drug resistance, and for the use in multi-drug

resistant cancer. These compounds are represented by general formula (I), in which the different substitutes are defined into the description.
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(54) Title: TETRALIN COMPOUNDS WITH MDR ACTIVIPY

(57) Abstract

The present invention relates to compounds
that 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
particularly well suited for treatment of multi-drug
resistant cells, for prevention of the development of
multi-drug resistance, and for the use in multi-drug
resistant cancer. These compounds are represented by general formula

A
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“ A o
(-]
qﬁio 4 o
M

(D), in which the different substitutes are defined into the description.




