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| NVENTI ON The present invention relates to nove
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compounds which can maintain, increase, or restore
sensitivity of cells to therapeutic or prophylactic
agents. This invention also relates to pharmaceutical
compositions comprising these compounds. The compounds
and pharmaceuticel compositions of this invention are
particularly well-suited for treatment of mnlti4drug
resistant cells, for prevention of the development of
multi-drug resistance and for use in multi-drug

resistant cancer therapy.

BACKGROUND OF THE INVENTION

A major probiem'affecting the efficacy of
chemotherapy regimens is the evolution of cells which,
upon exposure to a chemotherapeutic drug, become
resistant to a multitude of structurally unrelated
drugs—and therapeutlc agents. The appearance of such
malti-drug resistance often occurs in the presence of
dverexﬁression 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,
Vol. 1(1), 35 (1989); West, TIBS, Vol. 15, 42 (1990)).
The protein acts as an export pump conferring drug
resistance through active: extruszon of toxic chemzcals.
Although the mechanism for the pump is unknown, it is

menbr anes of



25 The protein acts as an export punp, conferring drug resi stance

t hr ough trusion of toxic chemcals. Al t hou mechani sm
for the gﬁggMﬁgﬁ%nknomm it is WO 96/ 15101 . gﬂcag&w"““l

PCT/ US95/ 14841 - 2- specul at ed
that the gp-170 protein functions by expel l'ing substances that share
certain chem cal or physi cal characéerlstlcs such as

hydr ophobi city, the presence of carBonyl groups, or the existence of

gnotSher glr lcj)t 2|t %brg%?p%%s@d;%et e aﬁsﬁn%l?*'%lFﬁbnrgngFéﬁEﬁRgMRPt (mul ti drug
resi stance expeé@saaiamhsqgnnaﬁrﬁhasthanbnceftaﬂnlohéﬁﬂé&lcerls an

A, “Sci ence, SA3iSAL PhEReE et fudl S0k U faroolnicicl, Fhecei oo

in other non- Ppﬁﬁﬁéaﬁﬁt&é ﬁarb°nY1I€!@QR§A oF nthe ‘existencel 06/ ADR and -

MCF- 7 brgst 1ucatﬁﬁ©n@l&rﬁﬁda%é(@e§%&”ﬁrper et al., Cancer Res., 54,
pp. 152-58 (1994); and N Krliﬂpanac et a Cancer 15 Res. 53,
pp. 3658-61 (1993)]. l';Filf‘e‘ tRin EespeRrsihlegfoxp

menbr ane- mul tidrugaresigtante) MRR ammm réshetantet he ATP
bi ndi ng casset QESEHR?EEQ%E%‘GEJM?ZS%% éun&tl orhm ﬁﬁiﬂﬁz Bgalsame

manner as P-gl ern
product drugs MDBnce&é ddne. thAt lacks;dntndﬁabkﬁw@ﬁgﬂygppnbtéﬂnctSOn for

VRP ATP- dgRt tr t es [ G
Jedlr?g%ﬁky etP <. Coﬂ@pﬁﬂ Qﬂ é?I§§¥é ?gk?ilé?@(€%92¥9§?? Leier et
al., J. Biol. T@Bnhaszégsopbe%detec}mbmmqhmgonmmcmrteeml
Proc. Natl. ACMDR cell lifies, Gbh ¥s HUE0 A8t MEF9f ) bras

dorined. but eakBiiapd FRLLE 112, YhiiHane ”W&Eﬁ'y
responsi bl e fgppa b52a583(01994)r'eami mcmmmlqpreﬂrams, Cancer
MRS e - T e e i LR R T
drugs have inproved the The MRP gene encodes a 190 kD membrane-
associated protein that is another member of the ATP
blndlng cassette superfamlly MRP appears to function
in the same manner as P-glycoprotein, actlng as a pump
20 for removing natural product drugs from the cell. A
possible ths1olog1cal function for MRP maybe ATP-
dependent transport of glutathzone S-conjugates [G.
- Jedlitschky et al gangg;_ngs‘ 54, pp. 4833-36
(1994); I. Leier et al. M 269, pp.
25 27807-10 (1994); and Muller et al., Proc. Natl. Acad.
Sci. USA, 91, pp. 13033-37 (1994)],

' The role of MRP in clzn;cal drug reszstance
remains to be clearly deflned. but it appears 11ke1y
that MRP may be another proteln responszble for a broad

30 resistance to anti-cancer drugs.

Varlous chem;cal agents have been admanxs-
tered to repress multl-drug reslstance and restore drug
sensitivity. While some drugs have meroved the
responsiveness of multz-drug resistant ("MDR") cells to

35 chemotherapeutzc agents, they have often been
accompanied by undesirable clinical side effects (see



respon5|veness of multi-drug resistant MDR') cells to 35

chenot herzﬂﬁgﬂf’ 1310 hgents t hey have ofteg been) ' accorrpanl eg9{{14841
undesirabl e clinical side eff@cts (see WO 96/ 15101

PCT/ US95/ 14841 S - 3- Hait et al.).
For exanpl e, although cyclosporln A ("CsA"), a wdely accepted:

i mmunosuppr essant, can sensitize cert3n carcinoma cells to

chenot her apeuti c ents (Slater e Ca cer Vbl 54, 235 5
(1986)), the coﬁééﬁtﬁ’ét? m$+ne Bﬁdméﬁ'e@é%%d’ ri YeAR f oduce
significant i mwﬂesnppreaswﬂaew accepted I:.mﬁmodumessame syar ens are

al ready conprom t'h
CsA usagesF§56F%Eﬁ QE%Gﬁﬁ§H255%B§P Qﬂaéﬁéﬂggﬂséi?éﬁgaélon
i ncl udi ng nephr&géntslKSlahepaeutailclﬁrdmm14ﬂang§n Vol. 5% \23B system

di sorders_. Sim | éygg &l lin
|nh|b|tor§ both(iéhépe gﬁﬁnghcggig EPns B eﬁggﬁh produces undesirabl e
physi ol ogi cal effecefpeodscessegnaﬁﬂcgntaummunaauapﬁsss#OQu1n Br. J. 15

Cancer, Vol. paé§eﬁ&38%§ose 1mmnne systems canprémigede | ed
to agents said

potentiglly gr ter ¢ ini val ue | the
sensitization obYNEhFE@Fh§raPNé§§eﬁg§ﬁ&§| 4iﬂ9 i éﬁiﬁ 'cﬁ
whi ch do not exgshgahikBERenuaRconparded by advdrzd smeheﬁasects

11- hyl - | l,
N G e e moteren rmgvor: eI
such as the nervoﬁsusysupmr disaxdess .50 infdarl yvn ccateium mmsmn'eer

Drua Design 6, %/g% %gl fy| gcﬂnﬁ'd@l'ﬁiatlt ﬂﬁtqh&l:b bot, S)?%&Z@?@#@f@ﬁ to a

novel cl ass of agen sone ura

simlarities tocebds, but eachuprodusessimd Q&kﬁ%@#.. Despi t e
t hese - de N See! r@ue%grlqu,é}&gq,g,p ctyve

agents which éfggeﬁged Fg ?%éen5|t|ze cells to 30 t erapeutic or
prophyl ad®i ¢ ag » Vel pr Senddt HA 87)) devel opment of nmulti-drug

resi st ance. 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

20 effect, such as ll-methyl-leucine cyclosporin (ll-met-
leu CsA) (see Hait et al.; Twentyman et al.), or agents
that may be effective at low doses, such as the
immunosuppressant FK-506 (Epand and Epand, Anti-Cancer
Drug Design 6, 189 (1991)). PCT publication WO

25 94/07858 refers to a 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 resensitize MDR cells to

30 ‘therapeutic or prophylactzc agents or to prevent the
development of mnltl-drug resistance. '

SHMMAB!_QEJ!HE_IN!ENIIQN
The present invention provides novel

compounds that have a surprxs;ngly 1mproved ability, as
35 compared with prev1ously descrzbed MDR mod;flers, to .



SUMVARY COF THE | NVENTI ON | The present invention provi des
novel ounds that have a surprisingly |nproved
conpar eH"‘m’h @rgw ously descri bed MDR nodifiers, %@rb@éﬁél

PCT/ US95/ 14841 : o , -4- mai nt ai n,

I ncrease or restore drug sensitivity in mul ti-drug resistant ("NDR')
cells, conpositions contai ning these conpounds and net hods for using
t hem The conpounds of this mven‘ffon may. be used alone or in 5

nbi ti th oth th t h {I ts t
mmi ntann, 1 ncheiRfai.  LAEERREE, of: Reskonn v SensifiviShthact: ¢
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The present i nvention al so. provi des net
conpounds of 3FERLS LRMAIAtaLR., increasg ernv@store lﬁmm e:ranew@ec

met hods. or prophylactzEEZ£feEEsDE§CEEB§soanEeWﬂ§'
This i nvent| gifs, ora novel cl ass

formia (1) to prevengrtpe dev§@opmenEP%&ﬂ :

and D are | ndtq:mn:th:mdryto one embodiment off thi@ duv]erﬁz.@rf])tkféséll ght or

branchgy aIIqﬁovel compounds, compositlons and.methods are
advantageously used to aid or enhance chemotherapy
reglmens for the treatment or prophylaxzs of cancer and
other dlseases

' The present invention also prov;des methods
15 = for preparlng the compounds of th;s invention and
 intermediates useful in those methods

This 1nventlon relates to a novel class of
compounds represented by formula (I) '

S rrerresent ed by

| .(I)_. )

20. .
whiere;n R,, B and D are J.ndependently--

~ Ar, (C1-C6)-straight or branched alkyl
(C2-C6)-stra1ght or branched alkenyl or alkynyl,
_ (CS-C?)-cycloalkyl-substxtuted (C1-C6) ~-straight or
25 branched alkyl, (CS-C7)-cycloalkyl-substztuted
(C3-C6) -straight or branched alkenyl or alkynyl,
(C5-C7) -cycloalkenyl-substituted (C1-C6) -straight or
branched alkyl, (C5-C7)-cycloalkenyl-substztuted
(C3-C6)-strazght or branched alkenyl or alkynyl, Ar-
30 substituted (Cl-CS)-stralght or branched alkyl, Ar-



(derr]-C 516% rai ght or branched al kenyl or al kynyl, PCT/US95/14841
E)C[err] @H ls@{’cl oal kyl -substituted (CJerr]-Clerr])-straight or 25

ranched al kyl, ((err]-{err])-cycloal kyl -substi tuted
(C[err] -C[err])-st rai ght or branched al kenyl or al kynyl,
(C5-Cr)-cycl oal kenyl -substituted ((err]-Cerr])-straight or
branched al kyl (C[err] Cerr])-cycl oal kenyg substituted

(ot & o M ear N Y Y KON s o SUKY W bebachifla alBHRy bEU! o

PCT/ US95/ 14841 alkynyl - 5-

substituted (Cerr]- C[e”]v)héﬁtéﬁi% oo?grggcgﬁg ek egréu?g ﬂf saidal kynyl

wherein any one of the CHerr rou ains nm
optional Iy repl aﬂdwlbwrsam Mtlmommna%ére&eaaaf:eé he Besgpoa o

tcﬁgslg%hg%cgas?stl n clectdd sﬁ&ﬁ r&he rlc-)%%n Sofls D14y coe O'RSIt SSS¢| so&ed from
straig

branched al kyl , %m 1@5’3 s%/r‘aﬁ gﬂ?lﬁé%gaﬁ%ﬂ@dgéFkéﬁﬂ‘poF ‘FQ%WPQ and

ﬁ, |C£ reg 5 ]enc[aﬁ:‘]I rL) Cd}.r ﬂmmat Oﬁi}é}/(cwmms\tmbﬁ?gexlbranched adkyl,bet ween t he
S, t

forma ring, and&ﬁiec\%)l wera hé %’r'db??‘ﬂﬁhpg %%g?%ﬁg} ﬁg %ésscggggécgﬁaz\r °

ig;oggl; ect - fro (C1-C4) baFidgind ablyyhlwheigemydrbgadge is formed i J

r
branched r%%j[]'gr&f O%Ferr ra| é 4>ctbéh LBrgg‘ﬁ%E] éaihr ?ng ) o.r
Ar - subst i tut ed (@terqatprreon %mwght:hém to forp, énEﬁEH-aPﬂa

Ar-substituted ({4 r&n&‘gfeiélapﬁéﬁayby fased to ahir apchedup);keny! or
al kynyl ; ‘inﬁel ect eg frg {1 roup consisting of 20
(Clerr]-derr])-straight o?%‘r" hRRY oRAFP, PR ¥§E§Fﬁ‘uted |

Eg[[e”% C[e”%g straight ar :Esa@ehedteﬂkftomAtheubrbuput:enslstmg of
err r t_or_branc d
cycl ohexyqi[iet hyl$ (Sé{ aég)h -straigh ggdag{iésgébegiggi gélb Egr)grsotlfa (IJlntSIOStI ng
of 25d y Ar, %mahedamﬂcenﬂ.erht%ebs}:;tuted (Cl-CG) tRPrhas t he
same definition Moo L cgnds ave
t he sane defi ni tﬁ%@}%& 1%9 Réﬁ& A'Bl;:bitleagfg[ ngasgr) %g{rﬂebtﬂ;ken
t oget her to forrbzanchred alkenyl or al
- K is selected from the group consisting of
20 (C1-C6)-straight or branched alkyl, Ar-substituted
(C1-C6) -straight or branched alkyl, Ar-substituted
(C2-C6) -straight or branched alkenyl or alkynyl, and

cyclohexylmethyl; _
X is selected from the group consisting of
25  Ar, -OR,, and -NR;R,;

wherein R, has the same definition as R,; and R,
ané R, independently have the same definitions as B and
D, or R, and R, are taken together to form a 5-7
membered heterocycllc aliphatic or aromatic ring;

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

or Ar is a heterocyclic' aromatic group selected

35 from the group consisting of 2-furyl, 3-furyl, 2-

thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl,



menbered heterocyclic aliphatic or aromatic ring; 30 V\,herel n Ar is

a carboc mati c group sel ected fromthe grou g of
phenyl , Y_vaj&/lS&di napht hyl, 2-naphthyl, indenyl, azulenyl, ?T'ﬁ@ﬁ@

and ant hracenyl ; or Ar is a heterocyclic aromatic gr oup

sel ected 35 fromthe group consisting of 2-furyl, 3-furyl, 2-

t hi enyl, 3-thienyl, 2- pyridyl, 3-pyridyl, 46-Pyri dyl , WO 96/ 15101
PCT/ US95/ 14841 - -6- pyrrol yl,

oo o SR, SRR L, smiod T .
1,2,3-tri azol y|2-py3azo ﬁnuﬂbapvrﬂzplldlnyl,pwso:mawl, pwotrrhquyl 5
P rol yi | oy o413 0kitlagolvl, 172233 a1y flur’f;ﬂ‘)'ﬂﬁ%enzoﬁﬁﬁ' 5
phenyl , | H i ndaEHWazb@ﬁanHﬁ%m9FnYﬂ)enMﬁ§Mf 1,3,5 -tpiaziny

4H qui n0|5 zinyli, 38 oerieNianyl?. §ndolz.z:.nyl tq Oci. d’fﬁqd%)r 3H-

I |, tr U|nol Cl Nno
o il SANE, B ket iy
pteridinyl, I Car;ﬂmw:y] 1n€indazalylphbéﬁtg.g§tagzol l Hﬂiﬂﬂiei&sﬁlsit!?’{ heﬁ?g
Egenoxa\i}”né/h are ¥ en%%vw{ﬁégféiflﬁyf FBPH“P 3‘ zmy’ * consi sting .of
hydrogen, hal og@trﬂwﬁmmnnlmyl. Lsoquznsmuylt,hrm ,[2y@,dvet hyl ,
trifl t hoxy e
(82 Cg;)r gnrsal ghteﬁjﬁahydroi%?@ﬂ%f%ﬁg?.g Elﬁﬁog&a%'- gﬁds%ir al éﬁfil or
branched 20 ~ J4Anazqlinyl (cgum?xehayéht 1o 8-paphthyridinyd |,

O-benzyl, O phespéridi Ir:et&afmedl xy acE‘BHQh hR @hazm car boxyl ,
N (Cl- Co-strai ga or bﬁnch y S’ Bh ht or branched

a
al kenyl) car boRAfRfRhiazl ny l\ﬂ‘éd? ?@?x%lglﬁlal ght or branched al kyl or

C3-C5- 25 strai rgme?mrmm abzeth)%g;;ii )b;xaﬁr@e%ubstituents.
nor phol iyryl, q}_y %r r] - oup
A LT rhwlon s fiaahin R Bk e Ao

-S03H, trzfluoromethyl trlfluoromethoxy.
(C1-C6)-straight or branched alkyl (C2-C6)-stra1ght or
- branched alkenyl, 0-[(C1-C6)-stra1ght or branched
20 alkyl], 0-[(C3-C4)-stralght or branched alkenyl],
O-benzyl O-phenyl 1, 2-methylenedzoxy, -NRsRs,
carboxyl, N- (C1-C5- -straight or branched alkyl or C3-CS-
stralght or branched alkenyl) carboxam;des,
N,N-di- (Cl-CS-stralght or branched alkyl or C3-C5-
25 straight or branched alkenyl) carboxamides,
mnrpholxnyl plperxdlnyl 0-M, CHz (CHZ) -M, O- (CHz) -M,
(CH3) o-0-M, and CH=CH-M;
wherezn R; and R; are 1ndependently selected from
the group cons1st1ng of hydrogen, (CI-CG)-strazght or.
30 °  branched alkyl, (C3-C6) -straight or branched alkenyl or
alkynyl and benzyl M is selected from the group
consisting of 4—methoxypheny1 2-pyrzdy1 3-pyr1dy1 4-
pyridyl, pyrazyl, quinolyl, 3, 5-dimethy11soxazoy1 2-
methylthiazoylt thiazoyl, 2-;hienyl,_3-thienyl and
35 pyrimidyl; and q is 0-2;'and | h
mis 0 or 1.



the group consréﬁlng of hydrogen, (Cl-C6)-straight or 30 @f@%ﬁﬁu M
and benzyl ;

al kyl, (C3- ai ght or branched al kenyl or ... al kyny ;
IS sel ected from the group consi sting of 4-nethoxyphenyl, 2-pyridyl,
3- pyridyl, 4- pyridyl, pyrazyl, quinolyl, 3,5- drnethylrsoxazoyl, 2-
nethylthiazoyl, t hi azoyl, 2-thienyl, 3- threqﬂ and 35 pyrimdyl; and g
s 0-2; and mis O or WO 96/15101

PCT/ US95/ 14841 |
Preferably, at |east one o?r%fﬁa%l}'s at leaStnag‘ﬁeﬁ’éeﬁt r resent ed by
the formula - (CHmdependently ZrepresentedChethp) ﬁerm}:—l&r - (\ng

ris 1-4; 5 IS as deflned above
for conpounds of(CHZ)S Mf %?5 J("‘%) and each Z is

i ndependently sel ected fromisel-4; group consisting of CHerr], 0, S,
SO, SO err%, and NR, wheregn;10g.1, Ris selected fromthe group consisting

of hydrogen, (A -C4)-Strai ght or branched | Kyl rai ght or
branched al kenyl or al kynyARr &gdagcie€ineg, af gco"&ﬁ“{als) qs/érerei.n a
bridge is for rredf@ﬁh,g\fgn(tbe 8h8r ogen atom and the Ar group. 15

The preferred Ar groups of this._invention I ncl.u yri dyl,
3-pyridyl, 4-pyridyl, chn?défo?‘ fiepﬁﬁlgﬁn}lly s?&re%g(ﬁ%?%&hr noﬁol nyl |

I soqui nol i nyl, lgfo@p%bnﬂahxdgoofoqahnoor,nsl., SerdSO,, and NR, where:.n

L2 5 S O ERLaPhea Hheatt) eé*‘-”a@naa“sé‘*ea%ﬁw

e
consi sting of  (Cl- Ch)/dsbgamghnydrobyﬂﬂnchredr al ¥Wr14'f | (Gt % &Bp
strai ght or bra i g r 1-C4 Hy aIkyI]
hal ogen, SO err] R%errgTl e%ﬂcﬁhﬁhﬁ nlag[(p S ) ‘Zdr%
i ndependent | y se#HGde vhereiReagbgigge 1 % the r&%ﬁ %Q?%. ght
or branched- al kyitom and the3aebyrsupai ght- or branched aIkenyI hydr ogen
and 15 : ‘The preferred Ar groups of this ;nvention

include phenyl, 2-pyridyl, 3-pyridyl, 4-pyridyl,
imidazolyl, indolyl, isoindolyl, quinolinyl,
isoquinolinyl, 1,2,3,4-tetrahydroisoquinolinyl, and
1,2,3, 4-tetrahydroquinolinyl, wherein said Ar may

20 contain one or more substituents which are
independently selected from the group consisting of
hydrogen, hydroxyl, nitro, trifluoromethyl, (C1-C6) -
straight or branched alkyl, 0-[(Cl-C6)-straight or
branched alkyl], halogen, SO,H, and NR3R4, wherein R;

25 and R, are independently selected from the group
consisting of (Cl1-C6)-straight or branched alkyl,
(€3-C6) -straight or branched alkenyl, hydrogen and
benzyl; or wherein Ry and R, can be taken together to

. form a 5-6 membered heterocyclic ring. '

30 ' Examples of some preferred compounds of

formula (I) have the formula (II) or (III):



benzyl ;

nenbere§w9
conpounds
96/ 15101

- 8-
(Cl1- CB) -

straight or -branched al kyl;
the preferred aryl groups of this i nventi on,
each wis 1 or'2.
preferred

tri met hoxyphenyl gro Ip,
conpound, B, D,JY,
[err]

TABLE 1.

10

15

20

or wherein R3 and R4 can be taken together to
gpgyclic ring. 30

forma 5-6

Exanpl es of ??5ﬁ¥85§&ﬁ{red o

formula (1) have the formula (I1) or
PCT/ US95/ 14841

mhereln J and K are independently
strai ght “or branched m#; or Ar-substituted (Cl-Co6)-
each Ar is | dependently 5 one of- -
' defi ned above; and
Table I provi des sonme exanpl es of

of fornmula (1), wherein X j 3,4, 5-
)) wherein for each

npou '
nd mis O (formul a (I

R At e, ndi cat ed.
] (o]
° ] L\Ar
k N

wherezn J and K are 1ndependently (C1-C6) -
straight or branched alkyl or Ar-substituted (C1-C6)-
straight or -branched alkyl; each- Ar is 1ndependently
one of the preferred aryl groups of this invention, as
defined above; and each w is 1 or 2.

_ Table I provides some examples of preferred
compounds of formula (I), wherein X is a 3,4,5-
trimethoxyphenyl group, .and m is 0 (formula (I'))
wherein for each compound, B, D, J, K, and Ry are
defined as 1nd1cated

Cpd: gl x

6 O, | oW,

8 CH, PhCH,

9 4PyCH)y | 4PyiCH)- | CH, | 4CHPhCH, PhCh,-

10 H- PHICH,), CH, PhCH, 4-Pyr-CH, ”
12 3-Pyr-{CHy)y- m@ CH, PhCH, PhCh,-

| epmon) | spmow | on | oy oy |



X. » J K err] 15

é?— Pyr - ( m[%%??ﬁl}s[lglr r]- 4-Pyr-(CHerr])[err]- R[_CH[ er] Pcrmslgﬁléﬁflerr]
4-F-PhCh[err] - -7 4-Pyr-(CHerr])[err]-

4-Pyr-(CH err])[err]- CH err] PhCH[ err] PhChl[err] -

8 4-Pyr-(CHerr])[err].- 4-Pyr-(CHerr])derr]- CHerr] PhCH[ err]
4-C -PhChlerr] - _ 9 4-Pyr-(CHerr])[err]-

4-Pyr(CH err]) [ —Ctei-e+-] d—C—FrCHe Prererri=

10 H- 1PH(ICHBemGHIper | | SPEHER)r ] | CH, [ PhaMDHy r] CH, ,l
&Fé{;]CJ-l[err]Phé%’F]_ li"vf(&dgﬁrr( Jél'uz') [.Pral’.-- o DXL { CH errlghh[z_err]u
4- -(CH - .CH ' .|
mpxglg/(lmgirr])[errﬁ &Pﬁxaqgl [ eraplmy gy | c@H[er' [erlr4}FPhélj[§r]
-9- 518 3 PePr(@idrer | | PG B By -|( C [P ]
PhCH err CHferr. . 1P 49 -(PHpgr r ' .
4-Py£-(C%—I[%rr])% ! o 1 N ]).E‘gé"?, P i A

17  4-Pyr-(CH gfri21[err]- B (CH er3miCh)r] CHCH drr ] -PhCH, 4- (- PHROARer r |1
18 4-Pyr-(CH T T1T ”Jia 2-Pyr - rr] [&[l,rj- re| {HHm-CH,

(CH err])[err]

4-Pyr-(CH err])[err]-

4-F-PhCh[err]
PhCH[ err]
Ph(CH err])[err]directliets] compbattseof] formuld NGHE ]

Anot her enbodi nent of this invention is

formula (XXXI'): -

formula (1);

10

15

20

25

4-Pyr-(-C:I-I[efr])[e;r]- CH err] 4-C -PhCH err]
21 H . 3-Im(CH.,err])[er rJ]l CH err]
PhCh[ err] . Another entp ] Bion is

. [err] 10

wherein m B, D, J and K are as defined ovell?fior B conpounds of
n .

Rs
(0]

wherein m, B, D, J and K are as defined above for
compounds of formula (I); '
- R, has the same definition as R, as defined above
for compounds of formula (I); |
W is O or S;
Y is O or N, wherein _
when Y is O, then R; is a lone pair (as used
herein, the term "lone pair® refers to a lone pair of
electrons, such as the lone pair of electrons present
on divalent oxygen) and R, is selected from the group
consisting of Ar, (Cl-C6)-straight or branched alkyl,
and (C3-C6)-straight or branched alkenyl or alkynyl;
when Y is N, then R, and R, are independently
selected from the group consisting of Ar, (C1-C6)-
straight or branched alkyl, and (C3-C6)-straight or '
branched alkenyl or alkynyl; or R, and R, are taken

directed to conpounds -of



R7 has the sane definition as R err] as defined above for conpounds

of for mW@96H§10115 Wis Oor S Y i spCXrus9sivasaaher ei n
when Y is O then Rerr] is a lone pair (as used - herein, the term
"lone pair" refers to a lone pair of el ectrons, such as the |one
pair of electrons present 20 on dival ent oxygen) and R err] is selected
fromthe group . consisting of Ar~10C -C6)-straight or branched

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

and together to foem X hetlrocdyelid 8-+d nwitbéied riimg

d dent | t ti d-Co6
srraront or LéherkadsFEGR' Elel GRAU BRI S Y2 w&ﬁlﬁm(ched a
al kenyl or alkyn@aZObldtﬂe;rpyzadcmpdnnp.a@apaﬂmﬂlne, and WO 96/ 15101
PCT/ US95/ 148 : -10- . together to

forma heter§&§p?|c gn% nenbered ring - sel ected fromthe group
consi st? ng of pyrr@@?ﬁ@hﬁ he termi#Id&ﬁoﬁﬁddﬂglqﬁﬁ%ﬁhﬂvehfﬂr pi peri di ne,

and Pi PSMfipPGun@s of formula (!@ereln the termAr is as defined above
for conmpounds of _fo

I Preferably Win .
conpounds of formula (X638 # aﬁ1§f |§-no£:9§'?ﬁ’“nﬂss<9fprfﬁ@qfléj gpg¥ Fompounds
of formula is oxygetxl) Msoepneﬁerb:eds‘arene dﬁxﬂs Rf Edriegrendently 10

represented Dobbf) fohdRbin 4EM 8hkb) bRE" be( 8 oW 9 Hdiidaddnray

wher ei n:

each Zﬂ:s|ruﬂgﬂ#ﬂﬁﬁntqdébYethedfOrmniahe(CHz)r-(gﬂaupﬁgogshst|ng of
CHerr], O exeipOlerr], and NR wherein . Ris selected fromthe
group conS|st|ng # hydrogen (C1- CA) straight or branched al kyl,
(C3-C4)-straight or r Isplabthed al kenyl or al kynyl, and (Cl-C4)

bri dgi ng al kyl, ghpsepn1p grfHdoge is fornmed between the nitrogen 20,

atom and the Ar group.

defi neq herej t he conpounds of
this d From

each 2 is indepené%ntiy selecte
15 group consisting of CH,, O, S, SO, SO,, and NR, wherein
R is selected from the group consisting of hydrogen,
{C1-C4)-straight or branched alkyl, (C3-C4)-straight or
branched alkenyl or alkynyl, and (C1-C4) bridging
alkyl, wherein a brldge is formed between the nltrogen
20 atom and the Ar group. ‘
As defined herein, the compounds of this
‘invention 1nclude all optical and racemlc isomers.
As defined herein, all compounds of this
invention include pharmaceutically acceptable
25 derivatives thereof. A pharmaceutlcally acceptable
dexivative" denotes any pharmaceutlcally acceptable
salt, ester, or salt of such ester, of a compound of
this invention or any other compound which, upon
- administration to a patiemt, is capable of providing
30 (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 MDR cells to therapeutzc or prophylactlc
agents or to prevent development of multl-drug
35 resistance. '



invention include all optical and racemnic isoners.

defi ned heW@I9W1SWE| conpounds of this ' i nvention incl J&a‘mswuﬁf

phar maceutical |y acceptabl e 25 derivatives theéreof. A
"pharmaceutically acceptable - derivative" denotes any
pharmaceutically acceptabl e ~ salt, ester, or salt of such ester, of a
conpound of “this invention or any othdr conpound which, upon

adm nistration to a patient, is capable of providing 30 (directly or
indirectly) a conpound of Compoundsnefothis invenfion.ieRFrHI: si due

thereof , char act goifedalY (1) apd (22)30islt bel @pERiiried husinfiamee or
restore sensrtrvity of cell's tQo thera iutlc oréro h Iacélc
agents or to precenventienapnsachaiang.: i Prafersdly, these unds - \\p

'92115101 are chggicallg SY?tPﬁSizﬁd froﬁCEéﬂﬁﬂﬂyhﬁbﬁﬁlaﬁ}e

-11- , ounds I'S.invention, _represe

fornul ae (%) andsFFFEFPF?,R‘aﬁEflﬂgsobls&cﬁeG%51?31%?@“%0 aé}bﬁ'\/emol%%]é?r

t echni que. Pref eaalll gontreecgentomethods for the swithesis |of sshesesi zed
fromreadily available starti Al s, » ani no aci ds.
Modul ar anﬁ%‘g'ﬁ%aSeﬁFené?ﬁtgd F%%ﬁsyrﬁlﬁél{i}%@% esg,’

conpounds are al appppath;r §or exampleonlargesections i Jehe £i9al exanpl e,

| arge sections °£rbﬁﬁg§imagb broﬁgh&r e i el dN9 i theges Nof hehé ast

e T o eynebebdycamtyersthan W wiensacet S EEh SE Y
illustrates a repjgees! &bl ¥e growiRie moleculay chairvergent process for the
ol ocess 15 conprises cSGHERR lof L HRRALE FRvksadfeatibe dxamdfe
(1V), wherein P bf a poavergent gragessiifidr thesynthésis of c¢mpqu§é5(v)
Lo, Brovide an o i oy Ulerdit i iy o o UPLoobee phpbeegn 1o
For exanpl§, 20 comprisesncoupling @f @aq@%@@@p@ﬁimﬁo TPgiat he
protection of amRgnacifa i 3¢ PHrdtedeind group, with an amine of
formula (V) to prbvide an amino amide of formula (VI).
Protected alpha-amino acids are well known in the art
and many are commercially available. For example,
20 common protecting groups and convenient methods for the
protection of amino acids are described in T. W.
Greene, P. G. M. Wuts, Protective Groups in Orgapic
Chemistrv, 2nd Ed., John Wiley and Sons, New York
(1991). Alkoxycarbonyl groups are preferred for
25 protection of the nitrogen atom in compounds of formula
(IV), with t-butoxycarbonyl (Boc), benzyloxycarbonyl
" (€bz), allyloxycarbonyl (Alloc), and
trimethylsilylethoxycarbonyl (Teoc) being more
preferred. ' '
30 After the coupiing, compounds of formula (VI)
are deprotected under suitable deprotection conditions
(see Greene, supra), and the free amino group of (VII)
is then acylated using a preformed acyl chloride of
formula (VIII') or any other activated form of a
35 compound of formula (VIII). The halogen chloro group
in (VIII') may be replaced with other leaving groups or



Geene, PP. G M Wits, Protective Goups in Oganic Chem' stry, -2nd
Ed., Jolwoéasieiand Sons, New York (1991). Al koxycagp 18649UPS are
preferred for 25 protection of the nitrogen atomin conpounds o

formul a (I'V), with t-butoxycarbonyl (Boc), benzyl oxycarbonyl

(Cbz), allyloxycarbonyl (Alloc), and - trimethylsilyl ethoxycarbonyl
(Teoc) being nore preferred. 30 _qa- After the coupling,
conmpounds of formula (V) are deprotected under suitable

deprotecti on geRdkidtdy grou s(l&?&rz@ﬁ?”&hesﬂfﬁaﬁ cB"d tﬁﬂlﬂferree am nQ
group of (VII : IS, t%ﬁﬁaated usi ng orrre chl ori de of
fornula (VI %‘érlPP)encﬁ' @7 \ReRER %Fﬂ?@l’hﬁng&' Q‘roé'&ﬁpound of
formula (VII11). The halms:f&@rﬁomm (V) whergal.ﬁvin' ikeorl(eormnlae

replaced with r IeaV| WO 96/ 1 1
pon eass 1asat 5" b Atk B EonPdnient1y prepared, for example,ating

groupfsI Enownhals tild ustirathed ixs ScHemes 2, 3 amdogensReagtdonoby¥l aar

pent af | uor op grein m
is O (fornul a%%oﬂ{e?%?ﬁ:.c] )r)ea(% t-’alc;’sfo %or@gi’%eiﬁﬂ %gag%egg%géx%'

exanpl e, 5 acid joff formulay (FVHchoean eguivalent Reagtuonhef an |
organonet al | i FOPN or {308 )@%@o i d of
formula ( XV )?e('i).;h an teagﬁ{dvégl e#d?’e g., r?eé>(’3<5£)V‘£é‘nre%aa ?? provi des

ket ones of  f ogaheme( XVI 1) . Schene 1. [err]
 x BB . X - m B
Ie . 'L“)\,, — TNy \ﬂ/kn
! | - - ”
™ | . o). -
x ]

10
Scheme 2
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io Schene 2 [err] WD 96/15101

PCT/ US95/ YMaKi15101 - 13- PCTURRSARE 4
Such ketones can be readily..converted to am nes of . formula (Verr])
using any of the well known procedures in 5 the art, for exanple,

t hrough reductive am nation (Scheme 2).

Al ternatively (Scheme 3), 1,6-heptadiyn-4=8B< can be coupled via a
net al -catal yzed reaction to aromatic halides of fornmula (XVIIIl) to
gi ve an al coholSgheme 4of fornmula (XIX). Subsequent hydrogenation provides
an al cohol of formula (XX). Oxidation to a ketone of formul a
(XVII[err]) and subsequent -am nati on woul d then : provi de e desired
amne of forrmula (V[err]). : In yet another e i ment of
the processes of 159 . this ijivention (Sche 4), a ketodieng¢ of formula
(XXI'1), derivedfroﬁglmﬂ—al'de ydey of—fer nsi Azy fog——e- ALy dto
yield a ketone ofafo la (XWII[krr]). Agail® a stancfard 4am nati on
reacti on provides pieg am ¢ o a for (V[err]). 20

Thus, this invention also provides a netho for preparing conpounds

of fornula (I') Tomprrsing tne
Such ketones can be readily converted to amines of

_ formula (V ) using any of the well known procedures in
5 the art, for example, through reductive am1natlon
(Scheme 2).
| Alternatively (Scheme 3), 1,6-heptadiyn-4-ol
can be coupled via a metal-catalyzed reaction to
aromatic halides of formula (XVIII) to give an alcohol
10 of formula (XIX). Subsequent hydrogenation provides an
alcohol of formula (XX). Oxidation to a ketone of
formula (XVII') and'subSequent amination would then
provide the desired amine of formula (V*).
In yet another embodiment of the processes of
15 this invention (Scheme 4), a ketodiene of formula
' (XXII), derived from an aldehyde of formula (XXI), is
reduced to yield a ketone of formula (XVII®). Again, a
standard amination reaction provides the amine of
formula (V*'). |
20 ' Thus, this invention also provides a method
for preparing compounds of formula (I) comprising the
steps of:
- (a) coupling an amino acid of formula (IV)
with an amine of formula (V) to give an amide of
25 formula (VI); _
(b) dsprotecting'the amide of formula (VI)
to give an amino amide of formula (VII); and
(c) acylating the amino amide of formula
(VII) with a compound of formula (VIII):
30 It should be appreciated by those of ordinary
skill in the art that a large variety of compounds of



steps of: (a) coupling an amino acid of formula (IV)

with an gmine of formula (V) to give an am de of 25 formula (VI);

(b) deprgl[qe%‘f the amide of formula (V) to gi ve BRT/ESIMYS4Ii de of
formula (VIl); and - (c) acylating the am no am de of

formul a (M1) with a conmpound of formula (VIII1): 30 It
shoul d be appreci ated by those of ordinary skill in the art that a

| arge variety of compounds of WO 96/ :

PCT/ US95/ 14841, formula (1)

may be readilyZp F@H&Pednam fe Fesiihe preparecgf o%‘é%@%@lpgl &9t FBeed in
synthetic Scheppacésses Ifle.ustratedsa.im? Wﬁ Sehemés Useq, f orhehe

synthesis of na d| fferent end o) b |tering the vari abl es
TaReStS Dl o "SRle, prpcraBes Ty beUbdd For ‘the dyitneniflok Bavy
conpounds of fdifflezrefk) emlfproductsa,l sy kel teeieg echesvagiablesalihy active

starti ngg hgaggsk.gll bﬁ}%ﬂ%\ﬂsatl ng the need for resolution of

enanti onBrs or “Separation oo éreonmers at a.late 10 stage in the
synt hesi s. Optigsaddit agtiiive tompatinds refr foxmulai ﬂ) emaypl e

~of a process lesb“BeD%P&%@%s&hfl‘vdﬁtﬁfﬁfﬁf’ act:l.ve ét@f g@é

conpounds of formula shown in

er ei,n
Schene 5, urea®ahfylg Fbaﬁ&f'@swlﬁlng the Aeged (59§(I1[%$<P]-‘}th¢% ®fepar ed
in a manner anehageiomegs or separatiior &F Wdsterdciersianaciagenpounds

of formba (1vpeash be EBEoRERegTRlETs dary i ne o O S ormu e
(Merr]). Deprotection f8chemed5hiiliudtatates u trrepifesentativei éxaipdei de
o ?Errul a (0% &o&ecaﬁsnf?eoxﬁh%epmpma% G4 hepupeugd of formila
~ subclass of compounds of formula (XXXI) wherein W is an.
| oxygen. As shown in Scheme 5, ureas .and carbamates of
'1'5' formula (XXXI') are prepared in a manner analogous to
the processes for p;_:e_pa_rat_:.on of compound_s_ of formula
(I) depicted in Scheme 1. Thus, a protected amino acid
of formula (IV) can be coupled to a secondary amine of
formula (V"): . D'e_protection' followed' by acylation with
20 an acid chloride of formula (XXX) would then provide
the desired compound of formula (XXX1'). |

Scheme 5
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-15- WO 96/15101 It will also be appreciated by those ®CI/USIS/14841
ordinary skill in the art that the above synthetic - schenmes are not

i ntended to conprise a conprehensive list of all means by which the
conmpounds or the 5 Internedi ates of this invention may be synthesized.
Further nmethods or nodifications of the akqges general schenes wll be
evident to those of ordinary skill in the art. The

conpounds of this inventige wdllbalkd be rapbrdcihtnd dpperttosy abpropriate

a1 et ons aPEUARBT AR Ly £l A, Sk, S ivd " BRRRa € TL00,

bi ol ogi cal peneschemes ameonatgiintended tolnanpgpsnﬂaEqnmnrnhen§nveblood,
| ynphatic syste 5 eqt.r.al Vﬂ#
availability, ﬂSQ: Ofnca}g'ag‘tgaglo 3%; %}f %e | 'ow acg'?n{m :ﬁg%l on by

i nj ection5 al t eintermediasesa o &ﬁ'hﬂﬂﬂ?&ﬁon may be,gynthesized

o case. rest o Arpper BéRbady it *“ﬁe“"":ﬁ@*@ﬁ@w*&“’é aLty 1o
[ S | Vi

cyt ot oxi C seb ﬁﬂ&§n&§llggﬁh eﬁ%ﬂﬁ? Q cﬁﬁg%%&ﬁx *ﬁlt

I n chenot her apy¢hBage# .on t hat ablllty t he conpounds of this

i nvention are advant ageou used as QhenDsenS|I|2| nts,

i ncrease t he effectivenesggy compojn eﬂﬁﬁqﬁﬁii Jﬁ%ﬂ who are

afflictegowith modlfledrbg-appenﬂmng<appnbpxlatenfunctmnualateesoto

di sease. hﬂaﬁg@ rs 'écttlbfet g}{gi & apé”lt&érﬁi%m |§gcﬁr e

capabl e of nalnFa|n|ng SEAST LTV I"c_ or prophylactlc

agents in non-r soddficationss areTﬁ@%rJél the art iand cippbudestpseni s

invention are ugRfigh uﬁc&@%@ Hiologicalpdéthticly iRtd ia dgien esi stance

("MDR') in a Mor e speC|f|caI y,. these conpounds are usef ul
in treating of BF-Q\}E’HP-H?@- YRR &G m B m "Sys ystem.

MRP- medi ased MDBentral nervous system), increase oral availability,
increase solubility to allow administration by
injection, alter metabolism and alter rate of
.excretion.

The compounds of this invention are

20 characterized by the ability to increase, restore or
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

25 chemosensitizing agents, to increase the effectiveness
of- chemotherapy in individuals who are afflicted with
drug-resistant cancers, tumors, metastases or disease.
In.additibn, the compounds of this invention are
capable of maintaining sensitivity to therapeutic or

30 prophylactic agents in non-resistant cells. Therefore,
the compounds 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 prevent;ng P-glycoprotein-meidated MDR

35 and MRP-mediated MDR.
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As used wossasinnut this application, the term "pat i pefrussiagiss O
manmal s, includi ng humans. And t he term"cell" refers to mammali an
cells, including human cells. 5 As used "herein, the
terms "sensitizing agent", "sensitizer", "chenosensitizing agent",
"cheno- sensitizer" and "MDR nodi fLgg. denote a conpound having
the ability to increase or restore the sensitivity of an MDR cel

or to maintain the sensitiyiided! tRr8@5note thisCApBIdRatidld, e Y’
nor e therapeutlc or, jent® re ro h{l actiC gen {S.

sensitization" sanﬂm’ﬂ-h‘ééﬁg hupanson” Ang &he o

t he act itermof*caklr arefers ueed mmmaal 8elds,| A6cAadity human OF
restoring drug seﬁlewty 15 The conpounds of the present
I nvention may used in the formof pharnmateutically acceptable

salts 5 der| ved frors usedirhereinpr ghei teemsdesandikizdng

| ncl uded anong wC1 the Lat g, .adi pate,
al gi nate, aspartate, benz:éog%itél%le é%é%é%‘g?%ﬁépg aggégl fat Ehe’f'ap
butyrate, citr®ensitizer @é)hm amodifipev? sdenotet 8, compound having

cycl opent anepr RMilit y I
ethanesulfonatgmiaﬂa%%; Yy to 1ﬁE£&#§€gﬁ%S¥gﬂgg?£ Lﬁ# %gbglﬁ%glﬁ tOf

hemi sul fate 0% t mer%ensbtmétywérébn@m-de 25
hydr oi odidde, 2riesdsteapnts aaldsultiorgie, o r’stﬁéx'?'é'3‘.;he:r:ape1.u:ﬂEI szt e,

th | f I | t cotipate, oxa
pamoat o, pect | FPREVIREEIS SEIEES. OV comm, R SRbalfizarions; and

pi val ate, propiseasitization®sand rraraensaitizae:.onhlnezeﬁate thesyl ate and

30 undecan met al
salts, such asggtggl Sm%g%‘%g’l asm&%és{gﬁ mméﬁ’ﬁ?f néngﬁﬁ‘?ﬁlﬂgl‘ al
salts, such as°€aF’@isl§-ﬂrd-ﬂ@' drug sensjpfivikysalts, salts with organic

bases, ggch as - @&iﬁd@a@%f%ﬁé pﬁé&&%@yin%ﬂk!sﬁ”haﬁhbé”d 35
A'so. the basi BSRR b dsgﬁ £ Ao Phainrdutiral Y acceptable salts
'der1ved from inorganic or organic acids and bases.

'*Included among such acid salts are the following:
acetate, adipate, alginate, éspértate; benzoate,

20 benzenesulfonate, bisulfate, butyrate, citrate,
camphorate, camphorsulfonate, cyclopentanepropionate,

. digluconate, dodecylsulfate, ethanesulfonate, fumarate,
glucoheptanocate, glycerophosphate, hemisulfate,

| heptanoate, hexanoate, hydrochloride, hydrobromide,
25 hydroiodide, 2-hydroxyethanesulfonate, lactate,

- maleate, methanesulfonate, Z—naphthalenesulfOnate,
nicotinate, oxalate, pamoate, pectinate, persulfate,
3-9henyl*ptopion¢ﬁe, picrate, pivalate, propionate,

. succinate, tartrate, thiocyanate, tosylate and
30 undecanoate. Base'salts;include=ammonium'salts, alkali
' metal salts, such as 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
35 salts with amino acids such as arginine, lysine, and so
forth. Also, the basic nitrogen-containing groups can



WO 96/ 15101 PCT/ US95/ '
-17- WO %S at er ni zed W t h such agents as | ower al kyl lﬁgﬁﬂ%’ég““l

such as nethyl, ethyl, propyl, and butyl chloride, brom des and

i odi des; dlalkyl sulfates such as di met hyl ;="di'ethyl, dibutyl and
di anyl sulfates, | ong -5 chain halides such as decyl Iauryl, nyristyl
and stearyl chlorides, brom des and=Addi des, aralkyl hal i des,
such as benzyl and phenethyl brom des and ot hers. Y;g qh

oi | -sol ubl e or besguaternizedowiths such agents ias dewesht a}ides,

The compounds Ogu&ﬂeagrﬂ@eaw SRBYI1SN SFBbIS and DSyl nétslerRdepral |y,
a

parenterally, bé I nhal at1on”spray, i'cal | rectaII , nasally
buccal Iy, vagi narppides and igdides: G 587 r FYFRIRS ge
formul ations d:.me%ﬁ?la' m&h«mvammw ai@dmﬁ mmx.mgy 15

acceptable carriers, yvants and ve S. renteral
as used hé@rein F EFHd§§h§Gﬁ§u§ gb ecfi %ﬁ#ﬁi St¥&'ranuscu|ar
intra-articul ar stieaya- chlorldesynbmam;dQSHanduxndxdesArﬂralhﬁkal

i ntrahepati c, ha lldelsl"ltl‘ cﬁs'a%n%eﬂsfi % rraceu@ i%f&i&ésoénd”f usion

20 technlqu cal ositigns of this
i nvention conprntheISy oWaKHC'QMn&ilﬂﬁ91ﬂb & O rdLSDe rszb e PYogRGEPon, or
pharnaceutlcall g&&@%bquﬂ ' t hereof, with any pharnaceutically
accept abl e carrler uvant 0, ﬁHPJ§H§ : Pharnaceutlca ly

accept ablL@ carrier ¥h eacﬁ%ﬂ”é% Prasent, inyentlon BRY; ke

the Fharnageutiaahﬂamswéséa(vraxﬂytipareuueralxyu by inhabatide, sprayare
not limted to |on e an al.uni n I nu ,

| ecithin, ser um P ﬁé’ %Gcsﬁané’ubﬁl %3’%@%@1 br%%ggégifjff

subst ances suchvda an 1mphdmrqﬂunes§rgpgmnxnedasagecfaxmwlapDOQSS|um

b - £ |
UTbAE o ooRRRaR G B i ot rkdadedeleblpy Ll 1)
di sodi umlBydr ogacceptaiie s;amm afBerants aad ovebighespnaThe ESHF‘um

Cg: or | del zinc s@abenteral® &‘é"ds&&'%eféiﬁ Cﬁ;cmaégsswa:ﬁtaﬁebueate
POTYYIIY intravenous, intramuscular, intra-articular, intra-
synovial, intrasternal, intrathecal, intrahepatic,
intralesional and intracranial injection or infusion
20 techniques.
| The pharmaceutzcal compositions of this
invention comprise any of the compounds of the present
‘invention, or pharmaceutically acceptable salts
thereof, with any pharmaéeutically'acceptable carrier,
25 adjuvant or vehicle. Pharmaceutically acceptable
carriers, adjuvants and vehicles that may be used in
the pharmaceutical compositions of this invention
include, but are not limited to, ion exchangers,
alumina, alumlnum stearate, lecithin, serum proteins,
30 such as human serum alhum;n. buffer substances such as
phosphates, glycine, sorbic acid, potass;um sorbate,
_partial glyceride mixturés of saturated vegetable fatty
acids, water, salts or electfolytes, such as protamine
sulfate, disodium hydrogen phosphate, potassium
35 hydrogen phosphate,'sodiuq chloride, zinc salts,
colloidal silica, magnesium trisilicate, polyvinyl
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ol i done, cellul ose-based substances, poly o
egcoI vg‘B&f’ﬁﬁ]"%arboxynethylcelIulose, pol yacryl at es, qu%&gﬁig?l

polyethylene pol yoxypr opyl ene- bl ock pol yners, pol yet hyl ene gl yco
and wool fat. 5 ~ According to this invention, the

phar maceuti cal conpositions nay be in the éornlof a . sterile

i njectabl e preparation, for exanple a ste* i'nj ect abl-e aqueous or

ol eagi no ensig Thi be f-orumul accordin
o tachni quos BYETOL3gRgy 1seiHiione BAFRE “iPsERtess, BeAYeRbSAARR {i ng-
agent s and sugﬂgmmlngsmﬁmumscaﬁbmxymethybcehlntoseLepolyacryﬂaapsnat|on

I b I {
non- toxi o par SAERy BoiYekiANf ?Aﬁéﬁ%r?%?n%-b%? oRPLYREFS: ol e as
~a solution lnle#Ethylenanﬂkxnnﬁcand gfake actept abl e vehicles and
sol vent g t hat Ma, fﬁgﬁ 3%3‘Eﬁfs“fﬁ€éntf%ﬁgeth§ sol ution and

i sotonicC sodlun1chlor|de sal utlon n addi t steril fixed oils
are convent i oRRREPASAMtFAL &°‘@°51"—1°n%dﬁlén"é’eoinsﬁbﬁeﬁﬂﬂ‘g° e@ um For

this purpgse, ls%%)tﬂ.% mglactwtzd:]fe %ﬁfaﬂﬁdnbefﬁﬁpeﬁdﬁﬂlenﬁ Bde&gn%/nt hetic
nmono- or di eri aci ds and its :
gl yceride der9§ Fﬁﬁégiﬁ' qﬂﬁﬁQﬁ 9?19£E991n°usp?gﬁgfﬁft8ﬂ ofqPﬁFectables,

as do natur al suspensiloar maye e cEoimulatedtabterdihg, teutbchnzqhies_e oil or
2 se 37SLO) Kibym, SEP UL ot LA duEANPLVELEKLELEHD o petfiBRONS.

These sol UT10ns “or - SUspensi ons FeRGEHai n
al cohol di | ueagestsdiande suspending amihsas The skteyile Qnﬂﬁpﬁﬁb&ecohol

The phar mceub&:‘é@hﬁ%@&ﬁﬁf@lsﬁ B & §Qer11e' ﬂ?g&tﬂﬁlﬁasogﬁt% ally
adm ni stered 1n any ora¥§§ 10,3 accept apl.e osag but not

mincliu
linited to, ©OF SUSHFRS an- (RaKER Qﬁ§£i¥§aSFe?G Bons.
In the case ofilaknt! oxf Wolvretit Usfor caxample a6 ahselation "inceysenly used

|ncludialacto e anddgpép ssgmmm%“éth $%§§$?ftln ggfnts ucgl%%nts_

magnesi-tm st e
adn1n|strat|onham may be employed are water, Rznger s solutzon and

isotonic sodium chlor;de solutzon In addztlon,
'sterlle, fixed oils are conventlcnally employed as a
solvent or ‘suspending medium. For this purpose, any
20 bland fixed oil may be employed including synthetic
mono- or dl-glyCerides Fatty aclds such as olelc
acid and its ‘glyceride derlvatlves are useful in the
preparation of lnjectables,_as do natural
pharmaceut1cally-acceptable oils, such as olzve oil or
25 castor oil, especzally in thelr polyoxyethylated '
vurszons These 011 solutlons or suspens;ons may also
cemtain a long-chaln alcohol diluent or dlspersant.
such as Ehﬁ,nglx or similar alcohol
, The pharmaceut1cal ccmposztxons of thzs
30 invention may be orally admzn;stered in any orally
acceptable dosage form 1nc1ud1ng. hut not limited to,
capsules. tablets, aqueous suspenslons or solutlons.
In the case of tablets for oral use. carrlers which are
commonly used include lactose and corn starch.
35 Lubricating agents, such as magneszum stearate, are
~ also typically added. For oral administration in a
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-19- Q&oggﬁgﬂﬁe form wuseful diluents include |actose an é??ggﬂ4l

corn starch. Wen aqueous suspensions are required for oral use, the
active ingredient is conbined with enuIS|fy|ng and suspendi-ng agents.
If desired, certain 5 sweet eni ng, fIavo# ng or coloring agents may al so
be added. Al ternative % t he pharnaceuti cal

Comnocttortes f Gl S AR PR g R kgt s' f#ﬁ%%éac%ﬁ"&gsg??“????‘%ﬁ

m xi ng the agentcown hstarch. Whemtagucousnsuspenanpng éﬁ@lﬁﬁﬂﬁinﬂq Iis

solid at t ture
and therefore\M#ﬁ§¥2#§gnx%§%e reP?lé ?gf gggeﬁs ESﬁbﬁheB?WP&%@
materi al s i ncl ucemeksbiying tand $esn 1ﬁﬂdaQSnt5 poF?e@ﬁ?P ﬁé'gF§EGF§n

The pharmageuti cgp éﬁéﬁiﬁbt'flﬁvéilﬁélér colorii Evagbn@e may alse be
adm ni stered topl y especially when the target of treatnent
dde

i ncludes areas @ «or organs readily accessible by topical application,
20 i ncludi ng di seases Ritéhgatieelyhethei phanmat:bathcaﬂ.r

Intestinal tract. Suit bJe t OpkC o] S e Ryepar ed

for each of thes%m?aﬁ%%% Jo?n%rg gﬂ;é HWLEH'SH mg& b?o | é‘ln %lcatlog for

the | ower |ntesttheuform of suppositorpesecforcrectad admaﬂu§t1§ﬁpﬁﬁbltory
Forqul atigi.dSegarPoy eﬁr%ai‘ﬁdabg“hﬁ.ﬁﬁhﬁ %ﬁ@”ggent withPrawul ation.

Toplcally ransder mal_ patc

topi cal applicat§weab %en?ma%ﬁﬁbﬁﬁ‘t:i-éﬁl exclpzen&owgém iensaldd @t
formulated in a Mﬁa@éﬁp&aéﬁﬁétbﬁe liquéanaei heg riekealc Hemperatuarent

suspended or disso carrier Carriers f
tochaI | :ﬁf‘ﬁn&?‘?ﬁf?’éﬁ Yﬁ'lf h@eggnﬁﬁuﬁag EPICEWS'S 9%{&4{?%8? the
Jinclude, but areingg. | lsmenoknaoermamsrahcmuae cogoadbutter, beeswax and

white petr | at u 0, g pol yoxyet hyl ene, polyoxypropylene
fﬁ?i’iﬁﬁyfgﬁe #%igéﬁﬁ ‘wat er .

conpound nuls Al ternatively, the
phar maceuti cal The pharmaceutical compositions of this

invention may also be administered toplcally,

especially when the target of treatment includes areas

or organs readily accessible by topical application,
20 including diseases of the eye, the skin, or the lower

intestinal tract. Suitable topical formulations are

readily'prepared for each of these areas or organs.

_ Topical application for the lower intestinal
tract can be effected in a rectal suppository

For

25 formnlatlon (see above) or in a suitable enema
formulation. Top1cally-transdermal patches may also be
used. -

o For topical applications, the pharmaceutical
. camposztzons may be formulated in a suitable ointment
30 contaznzng the active ‘component suspended or dzssolved

in one or more carriers. Carriers for topical
adm;n;stratlon ‘of the compounds of this invention
include, but are not limited to, mineral oxl liquid
petrolatum, white petrolatum; propylene glycol,
35 polpoyéthylene, polyoxypropylene compound, emulsifying
" wax and water. Alternatively, the pharmaceutical
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- 20- wo 96/§519P0si tions can be fornulated in a suitable IW,F
cream containing the active conponents suspended or | SSO ved in one

or nore pharnmaceutically acceptable carriers. Suitable carriers

i nclude, but are not 5 limted to, mneral oil, sorbitan nonostearate, .
pol ysorbate 60, cetyl esters wax, cet earyi al cohol

2-octyl dodecanol , benzyl al cohol and water-. For ophthal mc

use, the phar additdlons can Eé’”P&?IUSQ@%d”Eﬂ Qes{ﬁtgﬂﬁ@t Q‘E’Jti%nmo? oni zed

10 suspensi onNs I n isotonic, ad) | sterile sa
preferably, 2 ST GOR2ITH NG Jiheactive .epmpenents suspended @rsal | ne,

ei ther with odisedlved in mrﬁ:s%ﬁaiorfe %hamacéﬂﬁbcéil?eaétbgltﬁﬁ'ieum
chloride. Alternati veI Y, rmaceuti cal

conposi tions FAyIHETEs ~ Su thalhl[ﬁ aﬁ%f??%n"’?ﬁfw‘t‘ b‘éﬁcﬁrﬁsnﬁ& rol at um
The phaSn’aceuﬂ.umJted)rqmsuunmsabfoihl ssorbitanimonostearaes,al so be

dm ni st d ti h it
o o o0 accoPgiaaERhetd 6! oy smet e, SfeeosVilagibigy. | 010 e
phar maceut i caP-ggtyldodacanak, denayl rﬁ-l,cwbrmmdtar sol utions in
sal i ne, : enpl oyi n@o@'&ﬂtlﬂﬁﬁ'&" qﬁ@rpﬁgﬁggé&t

preservatives, absorption pron%eerfs to enhapce rasvEM abi | | ty,
f1 uor ocar bons °5‘F?&F& iong. may amlaked s micxenizedng or di spersing

agﬁg_t 51825_ hsuﬁpens:.ons Wl&ﬁlﬂ:{ﬁl&f ﬁ?ta(jdﬂﬂxsweétéfiléhé‘alﬂﬁe be f

combi ned wit e_carrier .naterials t.o, produc S - ge form
will vary depg%dl R§ g M9 S"’r‘@%ﬁ%bs in "s°t%€cth@Hpﬁﬁiﬂ1§ a node
of admi ni strasteriliet saﬂcmied either muhlobmstmhombvumresehﬂamv&pem fic

dosage and 30gy, e art
depegd upon a varl etgyi%?ﬁ&tac ors, mcﬁi{lﬁd{he Aféjéﬁrmgﬁ%ﬁt yWSF t he
specific conpeRh§haiBisy uses,hshe;pharma ceuﬂiagfl veompos i gions amayebet h,

(59 oL, serilltated in B8 cloenste S4ak g R LALGRL| o0 00 (01 O
and the judgnent of the ngﬁﬁﬁgﬁﬁﬂﬂﬁ compo51t10ns of this
invention may also be adm;nzstered by nasal aerosol or
inhalation. Such compos;tlons are prepared according
~ to technlques well-known in the art of pharmaceutical

20 formulation and may be prepared as solutlons in saline,
employing benzyl alcohol or other su;table
preservatlves, absorptlon promoters to enhance
biocavailability, fluorocarbons, and/or other
convent;onal solubilizing or dlsperslng agents.

25 The amount of active 1ngred1ent that may be
combined with the carrier materlals to. produce a single
dosage form will vary dependang upon the host treated
and the partlcular mode of adm1n1stratzon It should
be understood however, that a spec;fzc dosage and

30 treatment regimen for any partzcular patlent will

' depend upon a varzety of factors, xncludlng the
activity of the specific compound employed the age,
body weight, general health sex and dlet of the
patient, the tzme of admznzstratzon and rate of

35 excretion of the compound,rthe partzcular drug

: comb1nat1on, and the Judgment of the treating physician
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-21- %96/15(}0% he severity of the particul ar di sease bei %g%s”’““‘
treated. The anount of actiwvg:ingredient may also. depend upon the

t herapeutic or prophylactic agent, if - any, W|th whi ch t he ingredient
I's co-adm nistered. The 5 term "phar rrggggt ically effective anount”
refers to an anount effective to prevent nulti-drug resistance or to

Dosage | evel's. oriis, vhe SePEEi €5 45 °EHY' bathutyyds " Wspage peitld .l i gn
per day, prefer ditgatedvecFhebamount of aotivendngwedient n’g&kgllswdy wei ght
per day 0111 depend b cehBOLRAEEBM ESEPL raphysehilc sbe) 93
conpound (W w). R¥f e‘vhbhywhsthtbeepagasdésgtlgs co-am:qsmeﬂeen Téwout

20% and abput 8Q9/éﬁﬁt‘ﬁﬁamaceutiéﬂwnéffectzve amount® refiedis ithe an
conmpounds of this i nvent er,ed i n conli nation

t herapi es with Jymt fgec‘é@éﬁt5° Pﬁ@YeﬁEymﬂit&H F@Fé&t?é’(‘ﬁferﬂq &9y

or 20 concurmigiritainp ihereasecor. redkbeendirugelsensitivity in MDR

phar maceutical af. ﬁgphyl actic conpositions according to this

I nventi on may co‘?ﬁ) e a conbination of a conpound of this invention
and anot her therapeutic orDosage lpvebliybicb'ec'.weganabon&' 0.01 and aboutror

exampl e, idie COnpys RYboay WELGhE- ger dayl ! Br82eRabllyl HRiAAR atdut

conmbi nation with one ©Or ents
chenot her apeut i 0 ey nd about 50 mgikg he YnUﬁ}S perdSayr @5 &he

vincristine, active nﬁhgﬂﬁéaﬂenteéeﬂ?éuﬂa az@sageifas. Al @ypildaqne, 30
t eni pasi de, taxol and col chicj

(e.g., cyclospoRFERRZALLoN wil 5?8 §1npﬁ§'ﬁ{'f?ﬁpa?£ems§%3|atphz ﬁh‘[%h%)

in prder to actiwve ecompolmds (wiwpl i bPreferablifhesiioh peidparations t he
et oy baibath BO6ME, Hoyr 208, gpd aprbt BN AHIVR ot es are
set forth. compound.

When the compounds of this invention are
administered in combination therapies with other
agents, they may be administered sequentially or

20 concurrently to the patient. Alternatively, '
pharmaceutical or prophylactic compositions according
to this invention may comprise a combination of a _
compound of this invention and another therapeutic or
prophylactic agent.

25 For example, the compounds may be adminis-
tered either alone or in combination with one or more
therapeutxc agents, such as chemotherapeutlc agents,
(e g., actinomycin D, doxorubicin, vincristine,
vinblastine, etoposide, amsacrine, mitoxantrone,

30 tenipaside, taxol and colchicine) and/or a
chemosensitizing agent (e.g., cyclosporin A and
analogs, phenothiazines and thioxantheres), in order to
increase the susceptibility of the MDR cells within the
patient to the agent or agents.

35 In order that this invention may be more
fully understocd, the following examples are set forth.
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-22- wo 96/15ftase exanples are for the purpose of ill ustrpéTososmass

and are not to be construed as limting the scope of t he invention
in any way. 5 General Met hods ' Prot on nucl ear
magneti c resonance ([err]H NWR) spectra were recorded at 500 MHz on
a Bruker AMX 500. Chemi cal shifts_gpe reported in parts per mllion
([err]) relative to Me[err]Si ([err] 0.0). Analytical high

performance 10rhese! aawmglesr agat goraphe paspode el istardtien conyer s
600E or a Hew etg Packar d %OSQEHaw g.chromat- raph. th - £ _
1. 5-Di (pyri di rB2d,a¥e Rt $0,58; € 9§-6H§d(é&ﬁ¥im#¥¥59 -he SCORY L 5ol uti ori

of 1, 3-acet onetlgé chrivenyion i dny2wa®.g, 15 0.144 mmol) in absolute

et hanol (200 nL) was .added - ~dropwi se 4-pyridine carboxal dehyde (30.8
g, 0.288 mmol). Gas evolution w_-t hr oughout the addition.
After stirring at roomtenperature for . e reaction was treated
W th coqgentr r LC 20 acid (100 niL) ‘and heated to 80[err]C
at which tine precipitate slowy fornmed. An additional 500
L of et hanol wasppdess h@cibhenhghetlilc Yetbrdindd'e(1H NMR)

suspension. After 1 hr at 80[err] ¢ the precipitate_wa ' | ect ed
BT o s Y evrdntns el B b e F o
e desired pr . Oosfr geld | s v oride
- salt was ec? stallj.ze .fe'ﬁspofhyl ng'ChLdrid';t" rovd d ur.e
conpound 1. reiat1 e to ﬁe4 i ?8 "5) " gne%xﬁapglziggﬂJ%é}fofﬁéhée
1, 5-Di (Jyri di ntigqyid-chrnomatSgraphyCwapopedfdrmediom either zIHatersf
Conpound 1 (2 Y/ i @i €13 enyd ' dded
triethylam nelﬁﬁ%gloﬁa%%%‘\’ﬁoP?&ﬂra 9333?or]'r:'ﬁ-qémadci g : é‘,‘%’%ﬁ#ﬁ"@_ 145 nol)

and 10% pal | adi um on

.To a solution of 1,3-acetone dicarboxylic acid (21.0 g,
15 0.144 mmol) in absolute ethanol (200 mL) was added
' dropwise 4-pyridine carboxaldehyde (30.8 g, 0.288
mmol) . Gas evolution occurred throughout the addition.
After stirring at room temperature for 2 h, the
reaction was treated with concentrated hydrochloric
20 acid (100 mL) and heated to 80°C at which time a yellow
precipitate slowly formed. An additional 500 mL of
ethanol was added to allow for stirring of the
suspension. After 1 hr at 80°C, the precipitate was
collected by filtration, washed with ethanol and dried
25 under vacuum to provide the desired product as a yellow
- solid. The resulting dihydrochloride salt was
recrystallized form methylene chloride to provide pure
compound 1. |

-Di idin-4-v1)- =3-ope (( d2): To a
slurry of Compound 1 (21.3 g, 67,4'mmol) in.1,4-dioxane
(40 mL) was added triethylamine (48.1 mL, 0.346 mol),
formic acid (6.54 mL, 0.145 mol) and 10% palladium on

30
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-23- %%Vbon (0.7 g) and the resulting mxture heated to

reflux. After stirring at reflux for 1 hr, the . reaction was cooled
to roomtenperature filtered ‘and concentrat ed in vacuo. The

resulting residue was 5 chr omat ogr aph 2 over silica gel (elution with
5% - met hanol / met hyl ene chloride) to p %w de the desired

mat eri al

(4-Fl uor obenzyIQaQ@QpWT'blgl) 4%‘?)1"113 5“{‘@?&5& !'%Xt hy Eated ko

gahyl )S|toroEy![ ) arﬁ-éﬂdfpdnmﬂndrd 3$t1r:(ij’mg atarxefdyxi ﬁp&'dl hr, theh a _
an- St ar rap S: 4 4

4-f1 uor obenzyl d‘fﬁ%@t’(%ndggﬁgggggg tg Jgﬁ Qeﬂpera&ugenzé. 50 )r?Ln) and the

resul ting nixtwenoestrated imavacuoe .r euxesulxtﬂ-@g Fﬁé-"@é‘lq @S on of 930

err]L ofe 15 cHPlRlcodPEpheaCtyel S11ivacqeas (@QQ‘t@.@naWith 5¢

concent rdt ed € resi

: aken et hanol .1L), and
added to a sl urm?tl‘é#n%bﬂpﬁﬁ?ﬁ%%ﬂyﬁhigﬁlae? to proyide t# egd
et hanol (50 nl)parerid®, M xture heated to 80[err] C and stlrred for 1
h. The reaction 20 m xture was cool ed and concentrated. The residue
was taken up into water, acidified to pH 3.0 with 6N

hydrochl ori ¢ acid. The aqueous phase V\thh et hyI acetate
(2X). The aqueops J 4 b A 3G 4

of 10 and the p
or gani cslo.

ggneS' um sul f%fthfé'ﬁéaﬁdseaékcemgm hafseﬁda@dvmound 2 (12 46 g,
romat ogr aphy of the residue qver srlica %?n n ﬂth 51/
met hanol / met hy| 2he9tHBei de) 4pﬂﬁPH€ 5zyl "E&TI‘&JI?& L, S1. y

Ef(;igp! e 43‘ ) l&ﬁ_&e%béﬂelz!(sprﬁhﬂihﬁ) the( Mesulitiing\ntierturteitwds ar bano-
y m no-s-p er%eéteé E£p¥relfgl Xfx:e}': Q:%e( %rll%&fbn of 930 uL of
15 water, the reaction mixture was cooled and '

concentrated. The residue was taken up into ethanol
(50 mL) and added to a slurry of sodium borohydride
(2.96 g, 77.8 mmol) in ethanol (50 mL) and the mixture
heated to 80°C and stirred for 1 h. The reaction

20 mixture was cooled and concentrated. The residue was
taken up into water, acidified to pH 3.0 with 6N
hydrochloric acid. The aqueous phase was washed with
ethyl acetate (2X). The aqueous phase was made basic
with sodium hydroxide to a pH of 10 and the product

25  extracted with methylene chloride (2X). The organics
were- combined, washed with brine, dried over anhydrous
magneszum sulfate, filtered and concentrated in vacuo.
Chromatography of the residue over silica gel (elution
with 5% methanol/methylene chloride) provided

30 compound 3.




yl') -ethyl) pronyl) proni onam de (Conpound 4): To a WO 96/ 15101

PCT/ US9 - 24- tion of
conmpound bmmg, 1.66 mmol) and (L) - BOC- N- et hyl l—’SHBﬂ’ﬁ ni ne
(700 ng, 2.5 mmol) in nmet hyl ene chloride (4.0 nL) containing

di i sopropyl et hyl am ne (300 [err]L, 1.72 nmol ) was added 5

( 3-di net hyl am nopr opyl ) - 3- et hyl - car bodi i hydr ochl ori de (480 ng,
2.5 mol) and the reaction was alT dto stir for 48 h. The

reacti on was d|| thy etate, a e layers were -
separ at ed andsf’ﬂ' ttg'(?ﬂe&fs ﬁﬂﬁ'ﬁé‘“@e& &%@ﬁe’ﬁgw%hggt iioang acetate. The
or gani csdvvte;r e {Z)rBOC=dN- mﬁi}éd-pheﬂylalanlneawoatﬂd. SQdBiJ?ﬁnbﬂ.Oa:cthnat ed :
wat er an ri due o) Lum sul fat'e iltere
and coﬁ%&n rae?1 clhlo acuo. u@%&éﬁ?ﬁ%ﬁfg ;he resi due o
over silica g zsopmml avinet 00| thy72nEma5}) wascaddedde)

provi deg conmpqyug -

(S)-N-(4-Fl uo?obenﬁ@r}hylm%oqrgrﬁy l) 3 %ﬂrﬁ{& f\ff?dlmde

(pyridin-4-yl {y r:m i %n}g:etih Jreb) | 3nd ophenreactionawage

(Conpound 5): a@ﬁ%ﬂn&&s\@:‘r dors e/ a4l Inn?é’ reactTéRYwascasibeeade (10 n)
and treated w

tl’lf| roactlc aci d After stirring. at
room FrgB‘r sthvd age t’(@q'%%t:t |'§Hev\;5§yé5ﬁc@ﬁf:ﬁat ed in -
vacuo. The r sepdrateds andjttlhd mz;uéorus fplweelrﬁéeﬂt(:raoted ﬁﬂthsithw.
car bonaje and t ed t e 2% tracts wer e
conbi ng ﬁéé‘:\%ﬁé R wa e %Mcgjgﬁf% %’%‘%ﬁﬂw‘f’%ﬁ@eﬁa i um sul f at e,
filtered and saturatednoodm éliqa:rm.t cwatemalndCbnpnenddized .

Exanpl e 6 (&hyd% I§I sg%&h? Qé& g_né3 4.5-tri- 30
met hoxyphenyl acet éti_ameg? N (
yl) - 1- (2- pyr FAPREBEFR ﬁ&%@/ﬂ mhy of tl@eoﬁgsmduee) To
a sol ution of opegpstildca @‘éQ.O (Iﬂ.utz.on w:.th 5% methanol/methylene

15 chloride) prov:.ded compound (4).

amide (Compound 5): Compound 4 was dzssolved in

20 methylene chloride (10 mL) and treated with
trifluoroacetic acid (4.0 mL). After stirring at'room
temperature for 1. 5 h, the reaction was concentrated in
vacuo. The reszdue was neutral:.zed with saturated
potassium carbonate and extracted w:.th ethyl acetate

25 N 2’8)' The extracts were combined, washed with water,
duxted over anhydrous magnes:.um sulfate. filtered and
concentrated in vacuo to prov:.de Compound 5..

30

E.and_ﬁ.). To a solut:..on of compound 5 (500 ng,
0.98 mmol) and 3,4,5- tr:l.methoxybenzyolform.c acid
(294 mg, 1.22 mmol) in methylene chlor:.de (4.0 mL)



0.98 rrrml) and 5-tri met hoxybenzyol formc acid (2 |
mol ) i n lg’&é chioride (4.0 i) VO 96/ 15101 Feilosaht
PCT/ US95/ 14841 i 725- cont ai ni ng

N, N- di met hyl - f or mam de (0. 4 rrL) was added
(3-di net hyl am nopr opyl ) - 3-et hyl car bodi i m d?%% hydrochl oride (235 ng,
1.22 mmol ) and the reaction was . all'ewed to stir for 24 h. The

t diluted, i t t at d T.
Gepar ated and t FORRRIa NrakaiRebhyEfodRise (§ £ ar) s BI8ER OTE
organi cs were cqibidierethwdsineithoprdpyl) -3-etdaylearbodsimiden bi car bonat e,

t d bri h I I d

and 10 conclnerpanide (i 0T Tl A Rk, s drioh wake
on silica gel (alliowed wid stiu rigrhR2d4HetThe aneaction wamd;fug;dt )

de t d t t
(500 e, %&fﬁ?ﬁ%" ardiif Ap8 hdter. The Igketlde ?ésé"?"g?r?m
7.28-7.18 (M), Eep@-rﬁ and the aquepus phase (ﬁ?extrseteé)mshoe thyt) |
5.81 (t), 4.97 acetatd.br T}fé o?ﬁld@')wefe Qé’on%ilﬁe&Mwthea with 3.90 (s),

3. 85 3.76 (8). 3,59, (dd 28 (dd)._3.20 15
3. 04- (28296 (rr) (é%ﬁ“ ed(§ iym bicAy ( 952'&%? water aﬁdaér%’a?) d%ié?-z.:a?

(m, 1.92-1.78 (dii)er ankrdrdids (ntégnéﬁh.um sulféed, 4Piltered and

ety nof° %@Fﬁ%ﬂg O IR B 8q1ald des” LhEBRADO¥ARRS

nyridin-4-yl - et lop )sirldma )gelopielutiak erdnrp@%lrmelﬂ)ancblmethzbﬁpeund 7 was

pr epar ed accordl ‘ﬁ} tFH(B &e‘){.he desi 8- 6, 1@%&1@%&%“9
4-f| uor obenzyl am ne w enz am ne. ’[-err as m xt ure of
rotomers (500 Nm-xture of mcmq!fﬁ) QR MHB, /8P¢ 55-5433'(%0‘34 43 (dd),
8.35 (dd) 3@adyd) .7 733L8x£ 7723177192(161;7) 761837( 62, (5)89

.y (i 3 38 %3-6%3(16)23’)65%2&59 s 995at! 8lg1 (e, oa-53,)
3.23-3.19 (n') B, (sid) .4.BD5(d)k,).4.23-4.16 (m), 3.93 (s), 3.90 (s),
3.85 (s), 3.76 (s), 3.59 (dd), 3.28 (dd), 3.20 (s),
3.15 (s), 3.04-2.96 (m), 3.02 (s), 3.01 (s), 2.94 (dad),
2.63 (dt), 2.53-2.37 (m), 1.92-1.78 (m), 1.72-1.62 (m),
20 1.52-1.42 (m).

: idin-4-vl-ethvl) 1) . ide (C 37):
25 Compound 7 was prepared according to the protocols of
Examples 3-6, by replacing 4-fluorobenzylamine with
benzylamine. H NMR as a mixture of rotomers (500 MHz,
CDCl;) 8 8.48 (ad), 8.53 (dd), 8.43 (4d), 8.35 (d4d),
7.38 (d), 7.30-7.18 (m), 7.17-7.02 (m), 6.93 (s), 6.89
30. (d), 6.54 (d), 6.03 (d4d), 5.86 (t), 5.08 (br,d), 4.88
(d), 4.32-4.18 (m), 3.95 (s), 3.89 (s), 3.86 (s), 3.73
(s), 3.63 (&d), 3.23-3.19 (m), 3.09 (dd), 3.05 (s),
3.03 (s), 2.97 (dad), 2.63 (dt), 2.57-2.37 (m), 2.24
(dt), 2.06 (m), 1.95-1.76 (m), 1.74-1.63 (m), 1.54-1.44
35 (m) . o _



3.03 (s), 2.97 (dd), 2.63 (dt), 2.57-2.37 (n), 2.24 (dt), 2.06 (M),

1.95-1. 7ovq 15101 74-1. 63 (m, 1.54-1.44 35 (m. VWO PEt/sdsilussn

PCT/ US95/ 14841 - 26-

Exanpl e 8 (S)-N-(4-Chl orobenzyl)-2-(methyl -(2-o0xo0-2-(3.4.5-tri-
met hoxyphenyl ) acet yl ) am no) - 3- phenyl - N- ( 3- ( pyi di n- 4-
yl)-1-(2-(pyridin-4-yl) -ethyl)propyl)prepgenam de 5 (Conmpound 8):
Conpound 8 was prepared according to the protocol s of Exanples 3-6,
by repl aci ng 4- fI uor obenzyl am Wchl or obenzyl am ne f[err]H
NVR as Ik T . . :

8. 45 A s
7.08-7.03 (m med !'--\1-1*4 s
(t), 4.99 (br ). et £ 222 ‘ . A
(s), 3.87 (s), C ’

3.17 (sp, 3.04 :3anqeyn638ouas pneparedzacsoxﬂdpg zosshedt ) |

15 2.56-2 : ReSe
1.52-1.43 () ptdtdtol 2 o Elniplds 99:¢ %(ﬁpléciﬁp (m,

(S)- N-Benzyl - 47 6449HQhﬁﬂﬁ¥§ﬁW§n%‘Yh%?hﬁrcbéongéEggéamlne 'H NMR as

15(t2r|(met hgxymﬂﬁl)ﬁ)mt tclyf )mm?rﬁ(sat)punzdlunem )8 8049 (dt)3 SC?)S g
ridin 0 0 n ound -

5 s b epar od SnEnd (LR 168 ORAFLET 8827 14, (B i ad 483 by

repl acilg 7. 084'7f IQior((!ﬂe.nz@J%ﬁn he)wGhSl)eﬁz?l.alﬁl\he €085 (d), 6 IO)Z

- BOC- N- net hyl
(L) - BOC[T;I- mgt ﬁ;ﬁm chI orgﬂh {]ﬁm ne. err;EFNl(/ﬂ) 4 22 4.16 r%m}t'ure of
rotoners (5003m35 9rl]) )e-rr:} %9488ldd 8%. 4s), 3.81 (&), 38788 (dd),

7.32-6.87 (n) (59, 5& (63.0 (d'd)94:{ ) gt)a 70%%:”@ p44- 83 (d),

?dczzl§3 (gg) §520?1?) 03; (8 .(35 07%’@50%3(}3)9 gi)gg @3& ( 5 8)1 3.57

(s), 3160 (s)2.5652.@wd)(m)2. &-28 3EEN) , 129@61(30)(::1), 1.75-1.66 (m),
1.52-1.43 (m). |

20 (e c At 4
{Compound 9): Compound 9 was prepared accord:.ng to the
'protocols of Examples 3-6, by replac:mg '
4- -fluorobenzylamine with benzylam:l.ne and -
(L) -BOC-N-methylphenylalanine w:.t:h
25 (E}-BOC-N-methyl-4-chlorophenylalanine. 'H NMR as a
'lliﬁture of rotomers (500 MHz, cDCl,) 8 8.48 (dd), 8.45
(dt), 8.38 (dd), 7.32-6.87 (m), 6.58 (d), 5.94 .(dd),
. 5.78 (t), 5.05 (brd), 4.83 (4), 4.26 (dd), 4.15 (m),
3.97 (s), 3.89 (s), 3.86 (s), 3.75 (s), 3.57 (ad),
30 3.20(s), 3.15 (,s'), 3.15-3.09 (m), 3.05-2.96 (m), 3.01
(s), 3.00 (s), 2.91 (dd), 2.65-2.38 (m), 2.26 (dt),
1.94-1.47 (m). - |



1.94-1.47 (m. WD 96/ 15101

PCT/ US95/ M@24/15101 _27- ~ PCT/USISN484]
Exanple 10 (S)-2-(Methyl - (2-0x0-2-(3,4.5-trinet hoxvphenyl )acetyl | -
anm no) - 3- phenyl - N- (4- phenyl-butyl ) - N-[ (pyri di n- 4-yl ) -

met hyl ] pr opi onam de (Conpound 10): Conpound _10 was 5 pr epar ed accordi ng

to the protocols of Exanples 3-6, by 2re‘pl aci ng 4-fl uorobenzyl am ne
wi th 4-phenyl butyl am ne and conpound wi_t h 4-pyri di necar boxal dehyde.
[err]H NMR as amxture of roto , CDCI[err]) [err] 8. 46
) , . : g 4 28
(d), 3.93 (s), RERY. "*-’“ 'i, 3. 37

(M. 3.20- 3.15- %3 (CompdluR® 1G): XA d 20%wasdd
Ly ok éﬁpﬂ?@ $)

Exanpl e 1§ 3 e?afea Wr%]gf*% Qﬂﬁ;dﬁ??zé%ne ‘?@%"p%ﬁﬁgeiﬁ -6

SO![ lf{)[/: gEeOfchlloZagﬁ E;gyra%?lwoy ﬁ, e(mwy:lmsy Nm:) gl,in
me assiym ragle
180 d 20 }i& ' -
(71 g, To t hoar dattiuriey o tmetmr s 00 ofPCl)a 8 8-46 Wil | Gr2y
sodi um bi car bone&ﬁ (53703@.)7 Joy sl um  18-7. 1t|ymphl'p[11e(§§55 'm,j,o ABYer

the addition was conmp t actio
t;ahrrp:arat dfe and 6290 (dg;;t 617 €D %éﬁe f )’rﬂ%% kﬁ&é V\gSg\g gwgpom
et hy acq@t,e 4228 wal)er 3. 98 (slyerd. aﬂer(s)sepmaledshnduae (s).
canbi ned. ""yerhrﬁ}eﬁﬁ%&d St oy g 3 20-3,18 m) o, 3, 803708 (. ©

i ned, washe n ed'overTan ro
magnesi um sul f aBe,06 i(stler &d GE (A0, 2.92 ofddhi rait €0 Kn)va3u54 (ml)J?
Chr omat-ogr aphy &f stohei sl &ﬁ 1. oygerdﬁj lica gel (elution MW th 5%

C |'Orld3€% o] e

met hanol / net hyl érie r'ovi ded’ conmpound 11.

15 | Example 11 |
7-Di idin-4-vl)- -4-one : To a
solution of 1,7-di(pyridin-4-yl)-heptan-4-ol (4.1 g,
15.2 mmol) in methylene chloride (50 mL) at 0°C, was
added potassium bromide (180 mg) and
20 2,2,6,6-tetramethyl-l1-piperidinyloxy, free radical
(71 mg). To the resulting mixture was added drbpwise a
solution of sodium bicarbonate (510 mg) in sodium
" hypochlorite (65 ml). After the addition was complete,
the reaction mixture was warmed to room temperature and
25 stirred for 30 min. The mixture was diluted with ethyl
atptate'and water. “The layers were separated and the
aqﬁeous layer reextracted with ethyl acetate. The
organics were combined, washed with water and brine,
dried over anhydrous magnesium sulfate, filtered and
30 concentrated in vacuo. Chromatography of the residue
over silica gel (elution with'S% methanol/methylene
chloride) provided compound 11.



WD 96/ 15101 PCT/ US95/ 14841

- 28- o Exanpl e 12 :

(S)- N-Be‘HQ\?F’l?oEmat hyl - ( 2- oxo- 2- (3. 4. 5-t ri met hoxyphen- PCT/USISI4841
yl)acetyl)am no) - 3- phenyl - N- (3- (pyridin-4-yl)-1-(2-
(pyridin-4-yl)-propyl)butyl)propi onam de (Conmpound 12): 5 Canmpound 12

was prepared according to the protocols of Exanpl es 3-6, by .
repl aci ng 4-fluorobenzylam ne with =28®enzyl ani ne and conpound 2 with
conmpound 11. [err]H NMWR as . axture of rotoners (500 MHz,

CDA [err]) [err] 8.43-8.38 (n), kﬂmiﬁ-eli 816(m) 7.53-7.45 (m
7.34 (m, 7. 32 )HN-Heh 1 -2- GhetthvP- (23 oxd~29 -ﬁ,f‘)s‘.,,, i

5.89 (dd), 5. 72 (1)e 4 9 (d), 4. 72

(S) 3 91 (S) .-; b -,1{' L35 . L !7 .-:

il (LG 328
(s) 2. 99 (dd f i opaifiid
I\/Et hyI (@3 (1 p)llﬁ é‘? %&%ﬁﬁuﬁ ?1 alcc,ord:l.%gwo) the protogiog%p)o;fam ne

( Compound 13) Exasmpd rRe mmd-fluorohenzy&am?ﬁ:dwl@h 7 g’)z\?/ag :
aged 820 tré s canfforind) 2 1312116ﬁ E@ﬁ%guhd F? ano%IL

added a 20 sqQlution conpound 2 in ne

(5 nL). The résml'?‘i em FLEORATS r %mt HCBCL,) 8 8.4318i3B M) sodi um

cyanobor oh)édr 848 0( Cﬁﬂ B 1% %)M)ss 7.45 hﬁ) n'ﬁﬁ;@ﬂ@h)(%ﬁhb Sﬁ‘gdhfﬁt regom

tenper PPur o afa2687-22' Weedi- 4T IF" (bt CarE A s 887k 0,

into nﬁt ﬁ?lddtte) .00 da)and 212 s6d)- umhyﬂr()d) fe4.00hed)ayar.93 ver
t rgani

i one, TmolglI5h AL 64200 VR IRE WD RE2tam 3-1RSDSd00 T

provi de Gonpodmd.13.043ds), 2 99 (d&d), 2.93 (s), 2. 84Ekddi)Le2157

S) - N- Met hyl - 2 t ( (,3. t e , .
3(/I gacetyl )gm ng)(“ g#e)ny% (I?I-G()B&()pyrzqdﬁ )ma f 3/.9{2‘1 2 m, 0.94 (m

5 | | L Examls_ll

-(
I

nmzu.ammummnd_m ' To a slurry of methylam:l.ne
hydrochlor:.de (1.7 g, 25.4 mmol) and sodium acetate '
(2.5 g, 30.48 mmol) J.n methanol (20 mL) was added a

20 solution of compound 2 (1. 21 g, 5. 08 mmol) in methanol
(5 mL). The resultlng mixture was treated with a
'solution of sodium cyanoborohydride (370 mg, 6. 09 mmol)
in methanol (5 mL) and heated to 80°C. After 1hat
80°C, the react:.on was cooled to room temperature and

25 concentrated in vacuo. The residue was taken up into .
methylene chloride and 2N sodium hydroxzde. - The layers
were separated and the. organ:.c phase washed with brine,
dned over anhydrous magnesium sulfate, f:.ltered and
concentrated :|.n vacuo to prov:.de Compound 13.

30

Compound 14 was prepared according to the protocols of



(pyridin- g et hyl ) propyl ) propi onam de (Conpound 14): Pcmg‘ﬁgnwrlld 14

was prepar Wding to the protocols of WO 96/ 15101

PCT/ US95/ 14841 - -29- Exanpl es
4-6, by replacing conpound 3 W|th conpound 13. .. [err]HNWR as a

m xture of rotomers (500 MHz, CDCI[err]) [err] ~~ 8.50-8.46 (m, 8.37
(d), 7.32-7.26 (m, 721716( 7280~7.06 (m, 697(dd) 6. 93

d, 5.93 (d 554 (t 4. b, 94 9 ,

(9 253 (D Bt o3, oy ophaddig dortioind T it elihouiaits

g gg 2523 ?n$0 gﬁ)NMﬂ %3 %dﬂlxt8r§6of5§ofam§%s(ﬂBOOZMQQ CDC1;) (&) .

(S)-N-Met hyl - 2- 8 n%@hgﬁr’-‘%z @o- %833 4‘@¢rﬂ§£ﬁ%ﬁh@ﬁ 7.21-7.16(m),

\(/I)acgtyl)arr} )rIO)7 S.OPUEM (R*)(,Bﬂmﬂrl(cﬂd) 4-6/093 1¢dP- 5.93 (d), 5.54 (t)d, 15
ridin-4- utl,) pr un un

ng prepa eé acg‘oﬁgy 6’% t‘hé‘ 9?78?@% ?#”Pé’) %érg.\ ? 3 angpg

repl aci ng conpodn®22 (w)t,h 351 (ddanBodf (dd) [ &3 13N MR al; B niddlre of

2028”'?23(?2;) V8206 (s)., C?@[("sf)r])zlﬂfd &%4427886'384 3 2718) 502089,

(n, 5. 83m)ddR,. 35-242(3)(1!14 .752(1{6-1 5(mhy 1335;921165 3(phy
3.92 (s), 3.90 (s), 3.84 (s), 3.83 (s), 3.44 (dd), 3.32 20 (dd), 3.20
(s), 3.01 (dd), 2.95 (s), 2.91 (s), 2.87 dd), 2.59 (s), 2.58-2.37
(m, 168100(m) | Erample 15 Exanpl e 16
(S) - 4- Mettbyl - : gty i 4.S-trime
phenyl )acetyl )a ) 10i.C aci«d . ke . 25,
4-yl)-1-(2-(nvriarm-2 3 Y 1 “CTonpound
16 was prepar ed : LD : .
repl aci ng &%H
met hyl phenyl al anl n WI t ?é) BC@E r&euc nieﬁénw ﬁ&‘d ﬁfétgéglél'of
and 14, replac:.ng compound 2 with
15 compound 11. *H NMR as a mixture of rotomers (500 MHz,

cDCl,) § 8.44-8.38 (m), 8.37-8.30 (m), 7.50-7.43 (m),
7.38-7.08 (m), 7.04 (s), 7.03-6.98 (m), 6.90-6.86 (m),
5.83 (dd), 5.74 (t) 4.75 (t), 4.65 (m), 3.94-3.93 (m),
3.92 (s), 3.90 (s), 3.84 (s), 3.83 (s), 3.44 (4ad), 3.32

20 (&d), 3.20 (s), 3.01 (4d), 2.95 (s), 2.91 (s), 2.87
(dd), 2.59 (s), 2.58-2.37 (m), 1.68-1.00 (m).

25 ~yl)-1-(2- idin-4-
{Compound 16): Compound 16 was prepared according to
the protocols of Examples 3-6, by replacing
4-fluorcbenzylamine with benzylamine and (L)-BOC-N-
methylphenylalanine with (S)-BOC-N-methylleucine.

30




30 Exampl e 17

(S) - 4- \eiWE P6/I810het hyl - ( 2- ox0- 2-( 3. 4. 5- PCT/US95/14841

tri met hoxvphenyl ) acetyl ) am no) pentanoic acid 4-

fl uor obenzyl (3-pyridin-4-yl-1-(2-pyridin-4-yl- WO 96/ 15101

PCT/ US95/ 14841 _ ' - 30-

et hyl ) propl y) am de (Conpound 17): - Conpowdd-l7 was prepared
according to the protocols of Exanpl es 4-6, by repl aci ng _

(L) - Boc- N- met hgkRMad pilamieae HJompaund N Compeuhd| LZuwase. [err]H

NWR as a m x{ Upg areaiaeebiafig to R0 oé%f% %%a%ﬁ;ék g §8

. #33 8
g ;12 ESL) ! rg placing (&) -3909&5@@1‘-%1 h(ss e{lgmme mith) (S)l—aec(-g)-§p
4.29 (W) ?d?;fméﬁhglieﬁhh&) 3I-I8ﬂ121(13is ﬁixﬁﬁl'e of oto%lle?:‘%?)(?% 2.92
S -
(1 233 1 53 ‘_SLBQ EP#)’ gzg i Z(lm" Bnft5 1%3 712 dmo (d). 0.69

(d). '7.18 (s), 7.12 (s), 7.B8x6nIS2 I@), 6.84 (d), 5.72 (dd),

(o Kﬁi%LenX(pg; L8 2A0HS) br s 8-68 49, 442 (@), 4.36 (@),

chl or obenzyl (3 dm 43y941-(€21p9r |9d-| nsd-y13.87 (8), 3183 ) psppyl ) ani de
(Conmpound 18): 2 §9”TP§}'nd21§2W"\‘?) ,. R%gar ed 53},“2”55 n&nv\i‘[ ﬁh@zpﬁ o&gcol S

Ci ng or'obenZyl‘amne

of Exa es 3-
4-chl opﬁéenzyl ne2 12-1. 7§n(§mék) J-Béé‘ﬂ# r5§t Hﬂ)phdﬁ)ﬂ%ﬂh-rﬁ%e(mthl 23
(S)-Boc-N- 20 (m), netO3! keyci 0€90 [(ar)r] id.)g9R (@ .2 m xture of rotoners

(500 MHz, CDO [err]) [err] 8.50 (m, 8.47 (d), 738(d) 7. 30- 7.26 -
(M, 7.19 (s), 7.13 (s), 7.10 (d), 7.04 (d), - 6.98 (d), 6.84 (d),
5.73. (dd), 5.47 (dd) '5.03 (br d), Examplé @8 (d), 4.42 (d), 4.36 (d), .
4.31 (M), 3.95¢5)a-Mithv]-3-Inekfill- 8 She 3 8¢ 4S). 2.97 (s), 2.94

(s), 2. 70T 23t » L5y~ 48140(r‘r)

.1- 25 (IT), 1. O4AARG LQOXDACH hacetyd)amino)pentanoi

Exanpl e 819 : id4 . "

ethyvllpropvllamide (Compound 18): Compound 18 was
.prepared according to the protocols of Examples 3-6, by
replacing 4-fluorobenzylamine with 4-chlorobenzylamine
and (L)-Boc-N-methylphenylalanine with (S)-Boc-N-
20 methylleucine. 'H NMR as a mixture of rotomers :
(500 MHz, CDCl;) & 8.50 (m), 8.47 (d), 7.38 (d), 7.30-
7.26 (m), 7.19 (s), 7.13 (s), 7.10 (d), 7.04 (4),
6.98 (d), 6.84 (d), 5.73 (dd), 5.47 (dd), 5.03 (br d),
4.69 (d), 4.42 .(d), 4.36 (4), 4.31 (m), 3.95 (s),
25 3.93 (s), 3.88 (s), 3.84 (s), 2.97 (s), 2.94 (s),
2.70 (dt), 2.63-2.43 (mlr.2.12-1.56 (m), 1.48-1.40 (m),
1.25 (m), 1.04 (t), 0.91 (d4), 0.70 (d).

30 r2-(3.4.5-tz] Y e

amide (Compound 19): Compound 19 was prepared
according to the. protocols of Examples 4-6, by
replacing (L) -Boc-N-methyl_phenylalanme with (L)-Boc-N- -



(S)- N (4- quorobenzyI) 3-(4-chl orophenyl)-2-(nmet hyl -(2- 30

0x0- 2- (3, Y9151kt hoxyphenyl ) acet yl ) am no) - N=( 3- PCT/US95/14841
pyridin-4-yl-1-(2-pyridin-4-yl-ethyl)pronyl)propion- am de (Conpound
19): Conmpound 19 was prepared according to the protocols of
Exanpl es 4-6, by replaci ng (L)-Boc-N nethyl phenyl al anine wit h

(L) - Boc- N WO 96/ 15101 -31-

PCT/ US95/ 14841 =:31- .

net hyl - 4- chl or mpmw-a—ghwoquMM% B m&soia mixture,Qfrer s.
(500 Mz, CDA rislpod Mif 8.cHc1M & 3 M-@s)u (m), 77.328- (15)2.0 (m,
7.10-6.90 (m, 5927(%3_06 ) é g& .74 (d),
4.24-4.13 (). 7528=7.204m)g) 49 (1%)865( 4 (af's { ? (84, ", (dd),
?n)23 g %; Eg%) 527384(&:5)),,742.9933 (&0 d7)2. 9. 741) (AP, 68.2444,13 (m), 2.59-2.37
Exanpl e 20 3 J94(4(%h gr%?en I %‘éaéldéii;?zo? 7_L7yf gop ??aﬁn ne’ 10
(Conpound 20): 3.23-3 .44 umi)on 2).f9ﬂ (&arﬂr&ﬁ (s), bé))l?ﬂ-ﬁéz&dﬁ)(Z 1
g, 16.8 mmol), zd'ggs%wyr#mr) dn12f 1137@ (i) 29 §7£r1mn g

4- N, N-di et hyl 2'00 gy, I n nmet hyl ene

chl ori de (15 nmL) at Of[err] C vvas added dropvm se 4 chl or obenzoyl - 15
chloride (2.1 nm, 16.8 mml). The reasidns]avep t hen all owed to warm
to roomtenperature. ' eactlo vas diluted with

met hyl ene chl oridassl RS Brine, dried
over 10 aan unl'GL&f@dih.ltiaﬂxtefeﬁ-e.‘mdmnoent rated 20

ety et her BN RGNS of2nb g: 2678 Hmdl) 'O811sopropysnied i (h
yl - grgp%l%l ;1 ?:h!uh}dkmumn (B.5 Tl a Z;ert@ rxgmel) t amd apoleN-dimethydide (1.58
gl um num hydri %Wﬁ% beé q%b 1. %ﬁlﬁ%nln ﬁéﬁﬁ?ﬁgﬂggggllbg‘%abg?ane
exot hermi c. (15 mie aﬁxﬂiﬁ ap added cAropwise 4 relospbepz@yYisr 1 hr,
cooled 4@ O[Ef(@rﬁ%f%i 3321011% bywdsilﬁuhem of WR&ereaction (@sStheh 15%
Sodi um Ay ox ( dt £ cSadethonge 1 RelE:O6 HRLEL, The
reaction was didkkowed to warm to room temperature. er p
the reaction was diluted with methylene chloride,
washed with 1N sodium hydroxide, brine, dried over
anhydrous magnesium sulfate, filtered and concentrated
20 in vacuo to provide a white solid. This material was
washed with diethyl ether to provide N-(3-imidazol-1-
yl-propyl)-4-chlorcbenzamide. To a slurry of the above
-amide (1.58 g, 6.0 mmol) in tetrahydrofuran (30 mL) was
slowly added lithium aluminum hydride (456 mg,
25 12.0 mmol) upon which the reaction became exothermic.
The mixture was heated to 80°C, stirred for 1 hr,
cooled to 0°C and quench_ed by addition of water
(0.5 mL), 15% sodium hydroxide (0.5 mL) and an
additional 1.5 mL of water. The reaction was diluted
30 with ethyl acetate, dried over anhydrous magnesium
sulfate, filtered and cphcentrated in vacuo to provide
compound 20. |




30 with ethyl acetate, dried over anhydrous magnesi um sul f at e,

filteredygydnseicentrated in vacuo to provide conp eay VO
96/ 15101 T/ Usos) A uSndsar
- 32- (S)- N—(4 chl or obenzyl )-N-(3-imdazol -1-yl - pronyl) - 2-

(et hyl - (2- oxo-2-(3, 4, 5-tri met hoxyphenyl) acetyl)amn no)-
3- phenyl propi onam de (Corrpound 21): Co ind 21 was 5 pr epar ed

according to the protocols of Exanples 4-6, by repl aci ng conpound 3
wi th conmpound 20. [err]H NVMR as a J5iXxt4w e of rotoners (500 MHz,
CDCl [err]) [err] 8.48 (m), Hﬂ“ﬁﬂ%ﬂ 7. 37 (br s), 7.30-7.16 (m,
7.10-7.02 (m - RIS PVLili=-47 (d), 10
4.57 (d), 4. 2Gmeee) i88)(S)
3.48 (dt), 3.72-% . _ )

313297(m) z 2 m%m(* 212“68198
(m, 1.80 (Mg rép&Qed accordin@ﬁﬁbﬁtheibrotocols of les 4-6, by
Exanple 22 1H | m daz me ( ph -3-pheny -
propyl ) am ne fﬁBﬁﬁSﬁ%& EQ}"PO“Fg 5 %‘1% Wurli\é Exm
Di phenyl pent amigture 0%. 20tome2as 1(500IMHz arcDC1,)md 8.48 (@met at e (8.52. ¢,
110.5 nmol ) agd,go0 at ( I t ol (80
m) was adde da 41 Qbyngz H 39 %%F'sgdlakgﬁyg%o orgﬁygvpdioﬁ gg gﬁ?
26.52 nmol ) i -8Bt Kddel 5(@@ rfm))-aﬁd'&%e(bf)eacﬁ-l% tehi ed-77 (), to refl ux.
Concent Tat ed $oqr s abes 428, ‘a@‘{“ 3.9 %8) 1o 333 O8O3 8853079 By A0
nmet hyl ene chl rﬁg (ﬁgd §N4 (dt 's@dﬂ@rﬂmo‘!?)de 3. %@o*ﬁaﬁ?‘b phase was
separated,  3.13 \(B$hed. mthsbrl 36,132 @7 oy, ahesir pbE, NRYBES (MM,

Cesi aue on si F10k 88 +( 88 a0 2- OB oty 9N BRT TeERBREn: © 1

chl ori de) proWLGGd(nn(l- phenet hyl - 3- phenyl - propyl )artine. To a
solution of the : o - ' o
15 o . Example 22

nmxl)_am;nL(_cmmmmd_zz_L To a solution of 1,5-
D:Lphenylpentan-3-one (5 26 g, 22 1 mmol), ammonium
acetate (8.52 g, 110.5 xmnol) and sod:.um acetate

20 (9.06 g, 110.5 mmol) in methanol (80 mL) was added a
solution of sodium cyanoborohydr:l.de ( 1.67 g,
26.52 mmol) in methanol (20 mL) ‘and the reaction heated

to reflux. After stirring at reflux for 30 min, the
reaction was cooled and concentrated to dryness. The

25 residue was partiohed'betWeen methylene chloride and 2N
sodium hydroxide. The organic phase was separated
washed wnth brine, dried over" anhydrous magnesium
sulfate. filtered and concentrated.in vacuo.
Chromatography of the residue on silica gel (elutzon

30 with 2-5% methanol/methylene chlorlde) provided N-(1-
'phenethy1-3-phenyl-propyl)amane 'To a solution of the
above amine (2.1 g, 8.82 mmol) in ethanol (50 mL), was
added 2-imidazole-carboxaldehyde (813 mg, 8.47 mmol)
and the reaction heated to.50°C. After stirring for

35 2 hr, the resulting homogeneous solution was treated
with sodium borohydride (400 mg, 10.58 mmol) and



above ani ne (2. lyﬁ 8.82 mml) in ethanol (50 nmL), was ' added
Wi

2-i m dazol Q¥ dehyde (813 ng, 8.47 mmol) and t hECHESEY 1434
heated to 50[err]C. After stirring for 35 2 hr, the resulting
honbgeneous sol ution was treated wi th sodi um_borohydr| de (400 ny,
10.58 mmol.) and WD 96/ 15101 _ :
PCT/ US95/ 14841 -33- - 33- allowed to
stir overnight. The reaction concentrated to dryness and the
resi due was par éldpwgd to Stllﬁ'etqm%ﬂ;’(thyl FRAFTIRN. 2N sodi um

hydr oxi de. contefteated ¢oddyness AN afesidisd adasiiparbioned 5

dried over anhydrous nmagnesi ymsultate,. filte and concentrated in
vacuo. Chromat o&ﬁ&ﬂﬁ?"o&eﬁw o¥ide %%Iﬁ%‘ﬂ%thQﬁ' B with 5%
met hanol / met hy| ¢he orgamccphasiedsaasorsapammmm&anth Bbine,

E?Zl,Ns(tl lr-ili'.’lrrg't ﬂ?é&aﬁéné"vf? é%%g% Sus _{Wgﬁlﬁﬁ}t? filtered and

phenyl - pr opyl ) 3cpheeptrpted dmavaguq.Co tzzgraphy of mpmaudtzs was
pr epar ed aCCOfdbﬁgsiilkgegglot(%w:j :|.|_1|:h 5% MEMRSL AérhyYenéP! aci ng

conpound 3 with conpqQun NIVR as a mxture of rotomers (500
MHz, CDCl [err])chdpride M@rowded 2% 95-6.87 (m, 5.95 (t), 5.69

(t). 4.66 (d), 4.46 (d), 412 (r‘r) 3.94 (s), 3.92 (s), 3.82 (s),
3.81 , 3.80 3. 47 3.43 (dd),_3.34 (dd 3.22 , 3.15
(s), 50,.52)3 (dd), (g)oo (s) (3)60 (dt)( 25*‘“3@&%-)2 22 (m) 1. 80 (8)78 (m.
Exanpl e 28 -- : {3

2AYA -me pZsago+de ability
of the conpound | Segl | [

Thes. M T @?ngh%@i?"afegﬂtp*n‘?%%%%%n‘ig’&”%‘%&é’fﬁ‘g&m el
4-6, by replacing compound with comp und 2
15 - H NMR as a mixture of rotomers (500 MHz, CDC1,) & 7.40-
7.00 (m), 6.95-6.87 (m), 5.95 (t), 5.69 (t), 4.66 (d),
4.46 (d), 4.12 (m), 3.94 (s), 3.92 (s), 3.82 (s),
3.81 (s), 3.80 (s), 3.47 (s), 3.43 (dd), 3.34 (dd),
3.22 (s), 3.15 (s), 3.03 (4d), 3.00 (s), 2.60 (dt),
20 2.45-2.22 (m), 1.80-1.78 (m).

Example 24 -- MDR SENSITIZATION ASSAYS
To assay the ability of the compounds
according to this invention to increase the
antiproliferative activity of a drug, cell lines which
25 are known to be resistant to a particular drug may be
used. These cell l:.nes include, but are not limited
to, the L1210, P388D, CHO and MCF7 cell lines.
Alternatively, resistant cell lines may be developed.
The cell line is exposed to the drug to which it is
30 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. .



The cell line is exposed to the drug to which it is 30 resistant, or to

the test wipsgp@egnd: cell viability is t hen nmeasured ﬁegngggpﬁgpd to
the viability of cells whi ch are exposed to the drug i-n the presence
of the test conpound. WD 96/ 15101 -

. PCT/ US95/ 14841 : ' -34-
W have carried out assays using L1210 mpyfe | eukem a cells
transfornmed with the pHaNDRl/A retrovirus carrying a MDRL cDNA, as
4456- 4450 & - (1ge) ™ Th & cartiet out assd f“d“si;ﬁi LtoRess

e resistan in

was obt ai ned Leykepia gely Gﬁﬁﬂﬁﬁhﬁw éﬁh&k? i Cancer-

Institute. ThQ&Qr@W&urSG%a&tﬁﬂng ramrert@mm as desbnﬂbedebys pasthand by

| t | 0
Kﬂltrropggcfe§%sﬁince _ e o1 %9 fﬁ? 3488II5 (2 x
10[err]s 1 x 1abesn]., GheBresMHtanﬂ 11ne. lahélkédeLlZlDﬁMDRCmﬁBb
mcrotiter pl gbgs ﬁg%glw%;% rDﬁ'I\/p i tﬁnera.é&é\sxﬁ&chftgﬁ% ﬁgtg_aﬁgﬁ of

doxor ubi cin ( the"presence or absenc
mul ti-drug recaacenrcanmltutemdmhqse msfzm transfeekantst this

roe Vol . 50™ %%ewm&ggowra%er L 0tostnllmd . e

viability of EeLFBigdRequantitated using MIT (Mbssman) or XTT dyes
to ?Sssss m ]Eochondrl al Mumﬁumg &Eésxstﬂd:e@éﬁysnﬁéreneondueteﬁdg in
replicates o 3 Met hods,
Vol . 65, 55- 'la%é.gg x 1o Nh‘ls e%l??‘m det er mi ned by

conpari son ofceﬂés/well)lnﬁeae]weli mtnrntiterrph&bes andt expb&ifngf or

ggifrub|0|n+ E?gprfoNQRddﬂH4$§;§ %ﬁ§%e |n eger va#§g|3§gg Ig%err]

conpari son of HMdnadu e PregEnce or absence of multh'é¥u9a§§§}§ta§6#pounds
aCCOfleQ to hBE&fler conipd{idd o Mﬁﬁfanﬁiﬁffbféﬁk'Bfrtﬂisc1nventlon

antipro |ferat|ve r totox CliJV res re s nnar ed
in P 2. % or 10 M) a cadrived 'in Ford et all r 'z

Bgsi Vol. 50, 1748- 1756 (1990) After culture for 3
days, the v1ab111ty of cells was quantltated using MTT
(Mossman) or XTT dyes to assess ‘mitochondrial function.

20 All determinations were made in replicates of 4 or 8.
Also see, Mossman T., J. Immunol. Methods, Vol. 65, 55-
63 (1983). '

Results were determined by comparison of the
ICsp for doxorubicin alone to the ICsy for doxorubicint
25 MDR inhibitor. An MDR ratio was calculated (ICsq Dox/
' ICgg Dox + Inhibitor) and the integer value used for
comparrson of compound potencles
In all assays, compounds accordlng to this
invention were tested for 1ntr1ns1c antlproliferatlve
30 or cytotoxlc act1v1ty The. results are summarzzed in
Table 2 below.  As demonstrated in Table 2, the
compounds generally caused <10% cytotoxlcrty at .
concentrations of 10 uM or greater In Table 2, "NT*
indicates that the compound was not tested at the
35 respectlve concentration. :



Tabl e 2 bel ow. As derpnstrated in Table 2, the conmpounds generally

caused <10WOM${I8Ixicity at concentrations of 10 [er rBCIGYSHA&dAt or .
I.n Table 2, "NT" i ndi cates that the conpound was not tested at the
- 35 respective concentratlan WO 96/ 15101 .
PCT/ US95/ 14841 _ . -35- : TABLE 2:
Eval uation of Conpounds for Reversal of MBRAS- IC[err] 1C50
. Dox | C err] Dox VDR , VDR Cowpound Dox +
Rati o Rat i A&k : alua ‘ Compeungdsniio VEEEALNREQHUR (0. 5
[err]M 1.0 [err]M_5 6. 350 - 65 , <50
5. 4 >7.0 ICso ICs504P9x  ICsp Hox lﬂ?ﬁ) 4 MDR
. >8.5 g Compoundgpox Ratio 1R@t1o
9 275 <soAlone 5<5'§1 Cpd. 9‘3%3“14 Cpd. J?s SWp 101.0mM
400 5 176—— 65 ——t e 466
Pk Clwm O% M W S
1.0 Z 16 % 350 o2 0 b > 5785
: ' 600 55 0 .0 -10.9
>7.0 15 21 9 : 350 75 27@50 8 0 ], A 4> .5
23 10 5090 12300 <5 70 4. %5 S Cshg.1
500 2 <55460 >%s5lg 3.2 >9.2
EXAVMPLE 25 23 Intgllutlon of38RP- Medi af e31 MDR 2.2
In order to degonstrate Bngt t he c@mqgounds of17s thispinvention2ate
effective in ggversi ng VMBBonedi at ed 65 M0 i n addigjé&n to »>7.0
P- gl ycopibt ei pinedi ated 3BB, we 275 assayed8nhibitibm@in a 4.1
non- P- gl ycopr 2Bei n expreé8i0ng 25 125ell |ink0 4.8 ¥E2 pbat ed
HL60/ ADR cel | €sAn 96 wel 500 m NDtiter ptSHes (4 x ND[err] >9.1
cells/well). _The cells were then exposed t0 various concentrations
of doxorubicin :
EXAMPLE 25
20 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
25 cell line. _ . : .
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 uM) in the presence or absence of various
30 compounds of this invention at various concentrations
(0.5 - 10 uM). After culturing the cells for 3 days,
their viability was quantitated using the XTT dye
method to assess mitochondrial function. Results were
expressed as a ratio of the ICs, for doxorubicin alone
35 to the the IC,, for doxorubicin plus MDR inhibitor. IC,,
values are expressed in nM. In all assays the
intrinsic antzprolzferatzve or cytotoxxczty act;vzty of
the MDR inhibitors was also determined for HL60/ADR



(50 nMto 10 [err]M in the presence or absence of various 30 conpounds

of this n at various concentrations (0.5 - Af ter
cul turi r% tﬁﬁglggl | s for 3 days, their viability was quaﬁvaed
using the XTT dye met hod to assess mitochondrial function. Results
wer e expressed as a ratio of the I(Jerr] for doxorubicin alone 35
to the the I1Jerr] for doxorubicin plus_.4gR inhibitor. [|C[err]

val ues are expressed in nM In all assays the intrinsic

anti proli fer%tédl M& OF 1Hd OEéE%PtéYOﬁCEhi{stisQE are setlEMPR Ii3i bitors was
al so detern1ne for HL60/ Al g

PCT/ US95/ 1485able 3 below: - 36- cells.
The results of thls assay are set forth in ~ Tabl e 3 bel ow

e 2 oFeY atlle 3. | HeiSrsit e N e LhaPed or. iry HEEMARRIR. MOR NOR

Dox Dox+ Doxelld®x + Dox+ Dox+ Ratio Ratio Ratio Ratio Ratio
al one OﬂmHMl[HHMZSMHﬂwﬂmHM NMHUMOQHHM1MHMA

2.5[err]M5 [

7 5 §51.8

8 5 1.1 9 5

1 0.6 02 Wi | e
S

we have descl
apparent 't haf
ot her i,
nmet hods of t i

While we have described a number of
10 embodiments of this invention, it is apparent that our
basic constructions may be altered to provide other
embodiments which utilize the products, processes and
methods of this invention. Therefore, it will be
appreciated that the scope of this invention is to be
15 - defined by the appénded claims, rather than by the
specific embodiments whlch have been presented by way

of example.



appended cVRRKASIN 5t her

appreC|ated t hat the 7ﬂﬁﬂﬁf thls i nvention is to be 15 defined by the

”ﬂﬂlwlﬂm"lm speci fi ¢ enbodi nEEEU{1841haye
WO 96[15101

been presented by way

PCT/ US95/ 14841 -37- | claim

1. A conpound of fornmula (1): [err] wherein
Rlerr], Band D are |ndependently: -37- Ar, (Cl-0C8)-straight or

br anched al kyl ,

(C5-C7) -cycl oal
(C5-C7)-cyc|oa
al kynyl ,

br anched al kyl ,

(C2-C6)-straight or branched al kenyl or al kynyl,
Kyl -substituted (Cl-C6)-straight or branched al kyl ,

Kyl - substi tuted (C3- ai ght or branched al kenyl or
§5E§7 -cycl oal kenyl -substituted (Cl-C6)-straight or _
¥ - cycloalkenyl substituted (C3-C6)-strai ght or

br anched alkenyl or al kyn t (C1 ) - strai ght or
branched al kyl, Ar- gubst?‘[ ﬁPg‘E%%?&% %ﬁ'ﬁ‘? r* branched al kenyl

or al kynyl ;

wherei n any one of the CH2 groups of said

al kyl chains may be optionally rgpl ac®l by Ry hetBroat om sel ected from

t he group consi

sel ected fromthe group coggisti
branched al kyl '

sting of 0, S, S amd NR, wherein Ris
droggkn, (Cl-C4)-straight or

an mza nyl or @Xxynyl, and

(C&3-C4)-

wherein R,, B and D are independently:
Ar, (Cl-Cé6)-straight or branched alkyl,

- (C2-C6) -straight or branched alkenyl or alkynyl,

(C5-C7) ~cycloalkyl-substituted (C1-C6)-straight or
branched alkyl, (C5-C7)-cycloalkyl-substituted
(C3-C6) -straight or branched alkenyl or alkynyl,
(C5-C7) -cycloalkenyl-substituted (C1-C6)-straight or
branched alkyl, (C5-C7)-cycloalkenyl-substituted
(C3-C6) -straight or branched alkenyl or alkynyl, Ar-
substituted (Cl-C6)-straight or branched alkyl, Ar-
substituted (C3-C6)-straight or branched alkenyl or
alkynyl;

wherein any one of the CH, groups of said
alkyl chains may be optionally replaced by a heterocatom
selected from the group consisting of 0, S, SO, S0,,
and NR, wherein R is selected from the group consisting
oi?hydrogen, (CI-C4)-etraight or branched alkyl,
(C3-C4)-straight or branched alkenyl er'alkynyl, and
(C1-C4) bridging alkyl wherein a bridge is formed
between the nitrogen and a carbon atom of said
heterocatom-containing chaln to form a ring, and. wherein
said ring is optionally fused to an Ar group;

B and D may also be hydrogen;

provided that 31 is not hydrogen;

J is selected from the group consisting of ,
(C1-C6) -straight or branched alkyl, (C3-C6)-straight or



(C1-C4) bridging alky ' ridge is fornmed bet ween the nitrogen
and a carggieméiein of mﬁﬁ"muuaﬂg’r‘uﬂom cont ai ning chain tkﬁ/ﬁﬁh&ti' ng,

and wherein sai d y fused to an Ar group;
B and D may al so be hydrogen; provided that R err] is not
hydr ogen; J is selected fromthe group consisting of

(Cl1-C6) -straight or branched al kyl, (C3-Cgg=straight or
-38- branched al kenyl, Ar- substit ut ed (C1-08)-strai ght or branched al kyl,

ﬁnd Ar - lsubtstldu]yi-sﬁc{:hﬁ £8keaiyLa Aht-sebsltrifewgaic @Mmt éx.;]:%@i g VoE e
is selecte rom con - 0 ranche
al kyl, Ar- subs@?ﬂ?@ﬁg(%ﬂ%) 35 %p,s %@g %iééif'l?ﬁted
(C&2- CG) strai gbfamhédaal:heﬂyml benalkenyd;kynyl , and cycl ohexyl net hyl ;

X el ected fromthe o] [r

-Nkfefr]R[err] g$ #% %gﬂﬁgggphgrgéhé&ﬁ% §§$§§ 49Qégg%%99 °fand
Rlerr] and R[e(@]. Chtestrnaightyorabranchedaad kydf,i An-substituredd D, or

Rlerr] and Rief¢d-gep-sekegheOBE"Brahnkll Widyy, Mbresf{hﬁf dedgr ocycl i c

al i phatic or aronm ng, car ocyc |c aronatlc gr oup
sel ected from {Ge-GFbustraighs: Pﬁ'gbé'ﬁnﬁﬁgilla enydpathalkynybo ARG | |
i ndenyl, azul egyélochekplférhy lﬂnd ant hracenyl ; or Ar is a heterocycl i C

Tyl e S-ohenyl - 25 pyKi 491 seSeBrarn from, tha Hhetp Grathening,aby i
t hi azol yI , 1 MXRZO+OR,, mudammaén,, 2- pyrazol inyl, pyrazolidinyl, i soxazol yl,
oyr i daginyl ) pyri m e PLA R, Hag hoife ke BEp1 clpd 45 Wrdaaoln
i ndol i zi nyl, indol yRy ansi) deonyilepement:idblk;ave m:helsame detimitionaranyl
benzo[b]thlo- as B and D; or R, and R, are taken together to form a 5-
7 membered heterocyclic aliphatic or aromatic . .ring;
wherein Ar is a carbocyclzc aromatic group
selected from the group consisting of phenyl,
‘1-naphthyl, 2-naphthyl, indenyl, azulenyl, fluorenyl,
‘and anthracenyl; |
or Ar is a heterocyclic aromatic group selected
from the group comnsisting of 2-furyl, 3-furyl, 2-
thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl,
pyrrolyl, oxazolyl, thiazolyl, imidazolyl, pyraxolyl,
2-pyrazolinyl, pyrazolidinyl, isoxazolyl, isetriazolyl,
1,2,3-oxadiazolyl, 1,2,3-triazolyl, 1,3,4-thiadiazolyl,
pyridazinyl, pyrimidinyl, pyrazinyl, 1,3,5ftriaziny1,'
1,3,5-trithianyl, indolizinyl, indolyl, isoindolyl, 3H-
indolyl, indolinyl, benzo(b]furanyl, benzo(b]thio-
phenyl, 1H-indazolyl, benzimidazolyl, benzthiazolyl,
purinyl, 4H-quinolizinyl, quinolinyl, 1,2,3,4-
tetrahydroquinolinyl, isoquinolinyl, 1,2,3,4-
tetrahydroisoquinolinyl, cinnolinyl, phthalazinyl,
guinazolinyl, quinoxélin&l, 1,8-naphthyridinyl,
pteridinyl, carbazolyl, acridinyl, phenazinyl,
phenothiazinyl, and phenoxazinyl;
wherein Ar may contain one or more substituents
which are independently selected from the group



phenyl 1H i Lyl enzt hi azol yl , purinyl
4H- qui noI |‘¥9H§'ﬁgf8hw n mm ﬂ" Eet r ahydr oqui noI I nyl , |(§5Eﬁ3§'ﬁﬁ4f nyl ,
1,2,3,4- tetrahydr0|s I|nyI pht hal azi nyl, quinazolinyl,
quinoxalinyl, 1,8-naphthyr|d|nyl pterldlnyl carbazolyl acrldlnyl
phenazi nyl, phenot hi azi nyl, and phenoxazin§ mhereln Ar may contain
one or nore substituents which are indepen gntly sel ected fronlthe group
WD 96/ 15101 PCT/ US95/ 1484

consi sting of h§AR8gERINGaP g?ﬁdrﬁ9ﬁpoxyplqﬁqﬂﬂ)hydr°xy¥xlﬁﬁ§ﬁ?4
trifluoronmethyl -S04 Hf|Ub£ﬁMEbbomethy1 ttﬁflﬁﬁkeuemmnmy or branched al kyl,

C2- Co6 t h b C6 hed
ST oo iﬁ? CF) spERRaRty Px branchied AivL, Vo2 G ) krat ol e O
1, 2- net hyl enedi bxanchai] eikpﬁ&ér.rP-[(Cl-CéaHmyiLgm (cmmmhed ght or
b hed al kyl b d
Nral\ll-ngl e(C:;i1 C% s?rléﬁpﬂ or-[lscr:gﬁg% a 1@“ %g@&l&%ra ]t)og?m =
br anched alkeny®7beagﬁbxaﬁr§b§ny . 1, ﬁUNGN&ML%ﬂedHﬂﬁﬁwliﬂﬂqu
CH err]-(CH er rJ:AI:B&khMN cetbstshrh ¥r brancied |1yl &r ]c:&d.\s- and

CH=CH M wherein err nd err] are_i ndependently sel ected
from t he g?EHF-SBFSPEt L ayéll @’@9{1 &t or
branched al kyl N(@dﬁemt—cshehﬁ:aaghhr a&cmnaueawmm or C3ag+yl and

2eg§¥: dy:\/l S sel ct ed gr Qm i’nb‘?h%&,pﬁl"ﬁﬁl@; a%m% of14 met hoxyphenyl ,

3, 5- di et hyI i sanazphbl:.ﬁyl pipewidinyii,a oM, CHy-dOHs) o-Mt Bi-dCHy) g~ M,

3-thienyl and dy =8yL#. 0- 2; and mis O or 1.
2. The conpoun%H%?gf%E%ﬁlép?a§ﬁag§ordlng to claiml mhereln at
| east one of B or D wherein Re®RdrRedns indspendentiviselectednfrem

. (CH[ err])[err]ehé) group cbﬁﬁ&%‘t’ihb[ OF hyrogtte' §id1-C6) -straight or'! is
brancﬁed agkyl (C3-C6) -straight or branched alkenyl or
alkynyl and benzyl; M is selected from the group
consisting of 4-methoxyphenyl, 2-pyridyl, 3-pyr:|.dyl 4-

pyridyl, pyrazyl, quinolyl, 3,5-dimethylisoxazoyl, 2-

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

pyrimidyl; and q is 0-2; and '
mis 0 or 1.

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

r is 1-4;

s is 0-1; .

Ar is as defined in claim 1; and

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



Ar is as defined lemﬂ mm"m each Z is .independently
sel ecte ting of CH2, "0, S, SO nd NR,
bR Rk

wher ei n I's selected rrom group ‘consisting of h
(Cl-C4)-straight or branched al kyl, (C3-C4)-straight or branched
al kenyl or al kynyl, and (Cl-C4) bridging . alkyl, wherein a bridge is
formed between the nitrogen at om anqmt he Ar group.
- 40- : 3. The compound of formula (1) according to claim11 or 2,

wherein Ar is selected firom t pheny d

. 3-pyridyl, 4-pyridyl, é\dazgﬁ%l O%W%fs%%a bfpu%%%ﬁrazflb ¥

i soqui nol i nyl ¢claim, 3, Qrt at,ruhpmeg.rns@q:ulmls elected from the group
1,2,3,4-tetra | LYy re N 9ogyP re
substituents %ﬂ%ggg?'{ela bg Eheg@qt zrlgéﬁlect ed' froi}g H’étoﬁp cons?gtl ng of
hydr ogen, hydmxﬁazoﬂwﬂ-rolnﬂﬂlﬂﬂluorlrﬁﬁét ndalyk -Clq"G?}Q IRY4i ght or branched

al kyl , 0[(C1 15Bhuthb2iagy , on, 2, Qn@%ﬁ*&ﬁ&dr £y rand and
NR{err] R err] ereln - err] .are enden}(# ée ected fromthe
'a

group consi stlné' fv4t G&;‘Y%F ldrmgr -stral ght or
branched al kegghtalisidoageoramdreesubst ituentes ewhu.é![zearé and Rlerr] can be
Laken £ 90et et hep a1y, BeTRINF Ealil Ukt Calstating of ¢ A

hydrogen, hydroxyl nitro, tr:.fluoromethyl (C1-Cé6)-

straight or branched alkyl, 0-[(_C1-C6)-stra1ght or

branched alkyl], halogen, SOH, and NR;R;, wherein R;

and R, are independently selectied from the group

consisting of (Cl-CG)—stra:Lght or branched alkyl,

(C3-C6) -straight or branched alkenyl hydrogen and

benzyl; or wherein R and R, can be taken together to

form a 5-6 membered heterocycl:.c r:Lng.

4. A compound IOf formula (I]_:) or (.III'):

1L - L)

wherein J and K are independen_tly (C1-C6) -straight
or branched alkyl or Ar-substituted (C1-C6)-straight or -
branched alkyl; : :
each Ar is independently as def:.ned in claim 3 and
' each w is lor2

5. A compound of formula (I') selected from
the group wherein B, D, J,. K and R, for each compound
are as defined below:



wherein J and K are i

Ar - subst i W@ 8615101 - Co)

i,ndependent |y as defi

n ndent | - (6)-strai ght or branched aIk
1Ei|‘im’|§[m|ﬁmm5hed A

n each wis 1 or 2. 5.
conpound of formula (lI[err]) selected fromthe group wherein B, D, J,
Rlerr] for each conpound are as defined bel ow

eac

}/I or

WD 96/ 15101

K and

PCT/ US95/ 14841 _ -41- -41-
[err] 6 4-Pyr-(CH err])[err]-

4-Pyr-(CH err])[err]- CHerr] PhCHerr] 4-F-PhCh[err] -

4- Pyr - (CH[err])[err] 4-Pyr-(CH OFHy )[err] - CH err] PhCH err]
PhCh2- 4- Pytiyo rr])[err] 4-Pyr-(CH[err])[err]-
CH err] PhCHerr] 4-d - Ph J 0 Ry
4-Pyr-(CHerr])[err]- 4-Pyr-( CH{ : ] Cl -PhCH err]
PhCh[err] - 10 CHsO ; “1)[ er CH err]
PhCH err] 4-Pyr-CH err]. 0 -(CH[err])[err]-
3-Pyr-(CH err])[err]- CHerr] PhCHerr] PhCh[err] -

4- Pyr - (CH[err])[err] 4- Pyr (CH[err])[err] PhCH[err]

CHerr]
CH err] e
CH err]

—jLerrFHe

AT SeetP T Chbe | Traroe | BT  ohery, 1] Cdbidr |
Sterl ot leopogg g, Ton | men | mor
(CH err])[err] QHCH er f [4-PyrACliy)y- P]dTP)JE"; cﬂt)zj CH, Flhpg-i 4-CHPhCh- |
4- Pyrphgqc'[*([aﬂ]r Dyersl-| degten)SH elpincrhl-l 1 chE idorpncd; d - PéRdngr 1]
|| 10 H-  PH(CH), -| CH, PhCH, _4-Pyr-CH,
12 | 3-Pyr-(CH,),- | 3-Pyr-(CH), | CH, PhCH, PhCh,- J
14 | a-Pyr-(CH),- | 4-Pyr-(CH)- | CH, PhCH, CH,
15 | 3-Pyr-(CH,),- | 3-Pyr-(CH) | CH, PhCH, CH,
| 16 | 4Pyr-(CH)- | 4-Pyr(CHp),- | CH, [ (CH,),CHCH, PhCh,-
17 | 4-Pyr(CH) | 4-Pyr-(CH), | CH, | (CH),CHCH,- | 4-F-PhCh, 1
le 4-Pyr-(CH,),- | 4-Pyr-(CH); | CH, | (CHy),CHCH,- | 4-Cl-PhCh,-
19 4-Pyr-(CH,),- | 4-Pyr-(CH,),» | CH, 4-CI-PhCH, 4-F-PhCh,- “
[ 20 | »w- 3im-(CH,), | CH, | .PnCH, PhCh- |

Ph(CH,),- _1H-Im-CH,

wherein Pyr is a pyridyl radical, Ph is a phenyl group
and Im is an imidazolyl group.

. 6. A compound selected from the group
consisting of:

(S) -N- (4-Fluorcbenzyl) -2- (methyl-(2-oxo-2-(3,4,5-
tri-methoxyphenyl)acetyl)amino) -3-pheny1-N- (3-
(pyridin-4-yl)-1-(2- (pyridin-4-yl)-ethyl)propyl) -
propionamide (compound 6);

(S)-N-(4-Chlorobenzyl) -2~ (methyl- (2-ox0-2-(3,4,5-
tri-methoxyphenyl)acetyl)amino)-3-phenyl-N-(3-(pyridin-
4-yl)-1-(2-(pyridin-4-yl) ;ethyl ) propyl) propionamide |
(compound 8);



21 H 3Im§&{ar”[ar CH err] PhCH[ err]

PhCh[ er r fvo 96715101 I"Ll"mw,lﬂrm \r,v]h)eir;] Pyr |sPth|;£/(ra| gkl ra cal Ph .

PhCH[ err] 1H | m¥

is a phenyl group d "m$% s *an i mdazolyl group.

6. A conpound sel ected fromthe group con5|st|ng of
(S)-N-(4-FIuorobenzyl)-2-(nethy|-(2-oxo-2ﬂé3 4,5-
tri-nethoxyphenyl)acetyl)anino)-3-pheny|- (3- _ _ -
Epy“d' n d463/')- 1- (2t 4 pynipefizg1¥5 - {2LBRLLROBRENY1 ) -2 - (metHY1P{Pam de
conpou

(S) WRI- (4- Chi orBRRIAY(3 - 4. S e ipethoxyphenyllagetyl) amino) -N- (3~

tri-met hoxyphegpyd mm%-)y\m 0D} (3= K’b?ﬂih:.ﬂ- @3yipr-ettiyl) propyl) -

?4¥[) 1-(2- Egytldlﬂ x %Pehh%H%B gyéi ?Rlo?ﬁglﬂ§| (2. (ponpound 8);

oxo- 2- (3, 4, 5- tr|nethﬁkﬁ$hﬁﬂ@1ﬁazebghzgmha9X4Nch10ropheny1) 2 (methyl-

(pyri din- 4- yl)%'l &.(—ﬁpy{] Oben ﬁ%%&%ﬁ%ﬁ%ﬁéﬁﬁ%ﬁ% ((‘30rrpound

9 d
()2 oig 2- (3, 4§R¥Jtltd¥¥b'twlj‘p11‘ef\?+m& s«n)-ényﬂuopthyaaprpmldupropmn—l-

2- di n- 4- i on- an1de (conpound 19). 7.
(2-pyridin- ﬁélyda aa,;g%a PLoP! | |

A conpound of fornu [err]

_n_

7. A compound of formula (XXXI)

- K RR B
) | m
Ay
L
OCK)
wherein m, B, D, J and K are as defzned in’
claim 1;

R, is Ar, (ClFCG)-straight or brénched alkyl,
(CZfCG)-straight.orIbranched alkenyl or alkynyl,
(C5-C7) -cycloalkyl-substituted (C1-C6)-straight or
'branqhed alkyl, (CS-C?)ecycloalkyl-substituted
(C3-C6) -straight or branched alkenyl or alkynyl,

(C5-C7) -cycloalkenyl-substituted (c1-C6)-straight or
branched alkyl, (CS-C7)-cycloalkenyl-substztuted
(C3-C6) -straight or branched alkenyl or alkynyl, Ar-
substituted (C1-C6)-straight or branched alkyl, Ar-
substituted (C3-C6)-strazght or branched alkenyl or
alkynyl; _ _

wherein any one of the CH, gtbups of said
alkyl chains may be optionally_reblaced by a heteroatom
selected from the-Q:buQ_éénsisting;df 0, S, S0, SO,,
and NR, wherein R ié seleéted from the group consisting
of hydrogen, (C1-C4)-straight or branched alkyl,



wherein m. B, D J and K are as defined in claima1, R7 is Ar

(O -08) - st VRKABIY, pra m I“)ml “ CB)-straight or brarthees%gsdly| or
al kynyl, (C5-C7)-cycl oa;”m u HI mll(cr C6) -strai ght or branched al kyl,
(C5-C7) -cycloal kyl -substit Gt el ("C3-SC6)-strai ght or -branched al kenyl or

al kynyl, (C5-C7)-cycl oal kenyl -substituted (Cl-C6)-strai ght or branched

al kyl, (C5-C7)-cycl oal kenyl -substituted ((;':,4%_3) -strai ght or branched

al kenyl or al kynyl, Ar- substituted (Cl- -straight or branched al kyl, Ar-
substituted (C3-(E9CHIrAtFRIGHE &%M@@eﬁiﬁeﬁiaﬁyﬁ;ﬁﬁﬁ' and
Wnelrel ndagy onﬁ (t@fl-tduat Qﬁgi&tg)dmfﬁybanﬁbfémlachnidge@s lﬁemgai gnals |O y
repl aced by a eroatom,sel ected fromthe gr copsi stin , S, ,
SO err], and NRPSHW&SSH :Btﬁ i LQ9en &P‘%r%nﬁ%ﬁggﬁrﬁgﬁmc%hsgﬁ ng of
hydrogen, (Cl- Chetrost@n-contaiminig dchaiy| to form\é@ gtngs1and wherein
PCT/ US95/ 14841 . . . . ) -43; .
(C3-C) - st rai ght3dA FAR% A ORSASRALLY Lyged, Fo aft pr 9TOPR{_ 4y bri dging
al kyl wherein a bridge diss G et bet ween the nitrogen and a carbon
atom of said " het ri?td)%&“ﬁ‘,t 3ipePgighain to forma ring, and wherein
y

said ring is optional used to an Ar group; |, Wis Oor S '
Yis O o? N, V\Eerei n when Y is Q¢ qn:oga 3s hPne 31T (a3 882 pair
(as used hefetidin,! thd afelm | Wene@pdir efefersotd holenpapaief of |
el ectrons, such as the | one i r_of_.el ectrons Eres nt n diyv '?&t
oxygen) and R[e@%eqts%ﬁfe& fq%n’i'l?ﬁgf%?%uBa ro CSFIEFEFPﬁS BFe%F,

(|C&4 06|)-st.ra: Ehbmrdihrﬂﬁﬂmobﬂdeﬁ) and Rarns (gelédedtfromhthergboupched

al kenyl or al ky 2 e _ - s and
Rlerr] are inde ﬂf@?ﬁtllgpda%df %re1 eggjédc?)ro?nt?%gaggohg g’éﬁé‘?g@?ﬁ%&w Ar

( C1- Cb) - stansd o3 6 lorstaight| ¢y | branched3atbenyir argrlkynyl;

and :

when Y is N, then R, and R, are independently

selected from the group consisting of Ar, (Cl1-Cé6)-
straight or branched alkyl, and (C3-C6)-straight or
branched alkenyl or alkynyl; or R, and R, are taken
together to form a heterocyclic 5-6 membered ring
selected from the group consisting of pyrrolidine,
imidazolidine, pyrazolidine, piperidine, and
piperazine; ,

wherein the term Ar is as defined in claim 1.

_ 8. The compound of formula (XXXI) according
to claim 7, wherein W is oxygen.

| ' 9. The compound of formula (XXXI) according
to claim 7 or claim 8, wherein at least one of B or D
" is independently represented by the formula -(CHjy), -
(2) - (CH,) g-Ar, wherein: |
; r is 1-4;
s is 0-1;
. Ar is as defined in claim 1; and
each Z is ihdepexidently selected from the
group consisti.x_zg of CI-IZ, 0, s, SO, S0,, and NR, wherein



br anched aI kenyl or alk or Rerr] and R err] are taken t oget her

Lo crs sty | ﬁﬂﬁllﬂlfﬁnmd;;z?. aine, oyeen et b BEThRE AP .

and pi per azi ne; *whérein the termAr is as deflned inclaim

1. 8. The conpound of fornula (XXXI) according to
claim?7, wherein Wis oxygen. . 9. The conmpound of formula

( XXXI1) accor di ng to claim7 or cl aquﬁ'B wherein at | east one of B or D

I s i ndependenqt |, rr])le _
(2)-(CH err] %[ 381 %ﬁ%?&ﬁ* LHE P50 g°n§g$§P§ %‘L- S‘Yh-“gen' s
is 0-1; (Cl-C4) -stra::ughts o h)zanchaeﬂlmlkyh; m(CES-GMI-stra:.ght or

each Z is-in %@%ﬁgt&d gim);iﬁe and (eioai))cggiaatlhag of CH2, O,

S, SO SJerr -44- R
is selected @ t.hyhgra;;a @omzsigmgloffamedgbgween the- pikzogen or

branched al kigkom( @8rdC4kes Airaigpugpr branched al kenyl or al kynyl, and
(C1-C4) bridging alkyl, wherein a bridge is formed between the nitrogen

atom and the Ar group. 10. A pharmaceutical conposition for
treatnent or preventiornoaf w|§haﬁﬁa&euﬁ¢§laé&®6§ﬂ§ioﬁl figra

Ol e 1 to Srahsments o Blfentich oF BTELTrdS Feetatanta, ant o
vehi cl e. compr:.s:.nc a Thamageutrinallyleffepoivei amoantoodfiag to claim
10, further EBﬁBBhﬁB”Q&o%wwwtoﬁe atgfnéla:.ms 1to9 and a
| pharmaceut:.cally acceptable carr:Ler, adjuvant or
vehicle.

11. The pharmaceutical composition according
to claim 10, further compris;ng a chemotherapeutlc
agent

12. The pharmaceut:.cal composzt:.on according
to claim 10 or 11, further compr:.s:l.ng a -
chemosens:.t::.zer, other than the compound according to
any one of cla:l.ms 1 to 9.

13. A method for treatz.ng or prevent:l.ng
mult:.-drug res:.stance in a patient compr:.s:.ng the step
of adm:l.m.stenng to_ s_axd_ patient a pharmaceutical
composition comprising a 'pharmaceutically effective.
amount of a compound according to ‘any one of claims 1-
'9 and a pharmaceut:.cally accepta.ble carr:.er, adjuvant

. or veh:.cle

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

15. - The method accord:.ng to claim 13 or 14,
where:.n said mult:.-drug resistance is P-—glycoprote:.n-
me:.dated



12 The pharnmaceuti cal corrp05|t|on according to claim10 or 11, further

conpri si ngvvﬂmsenﬂlllmﬂmuﬂﬂm”l an the conpound accor ®CE@SHS/1488y One

of clains 1 to 9 thod for treating or preventing
mul ti-drug resistance i'n S pati'ent® cénprising the step of adninistering to
said patient a pharnmaceutical. conposition conprising a pharmaceutically
effective anount of a conpound accordi ng £45any one of clains 1- 9, and a
pharmaceutical ly acceptable carrier, adjuvant or vehicle. 14.
The net hod according to cl@i mTae mthednaeaoﬂdmngpuel tiladm 33admi didst er ed

oral ly. wherésh s‘@gd r;F&f@fl_afﬁ rgéggs{ag?géﬂg Iltﬁpofneaiat%‘?re' n said

mul ti-drug resistance is ycopr ot el n- .
- 45- 16. The et hod according to claim13 or 14, wherein said

mul ti-drug resistance is WP-@ '%@gss for the synthesfsPbgcgss for the
synthesis of a co un %éé ; accor g to any one of clainms 1 to
3, conprising t%‘i&‘gﬁg (a?cﬁﬁﬁél'-?ﬁgtﬁnaﬁ}h ABeaefdcdaims: mul a
(I1V) with an ani e @&, fcwuip&i?siﬁﬁ the steps of: _
(a) coupling an amino acid of formula (IV)
with an amine of formula (V):

X
- )\r.
:
™
to give an amide of formula (VI):
| X RR B
TY
. .

(b) deprotecting the amide of formula (VI)
to give an amino amide of formula (VII):

(c) acylating the amino ainide of fofmula
(VII) with compound of formula (VIII):

0

Y

.
’

N

v

whgrein B, D, J, K, X and hl are as defined in claim 1.



te give an amide of formula (VI):
(b) deprotecti
formula (VI1):

PCT*

Q'TG?-%?"CZ [err]
ani de Woni&&i%r&ﬂ'¢oﬁﬂn%x&ﬂ«ﬂh&m no an

/4
V‘:l ‘.AVA
‘l\']['
b -J

(c) acyl.
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