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NOVEL~-MJLTI - DRUG RESI STANCE MODI FI ER ' TECHNI CAL* FI ELD
OF THE | NVENTI ON : The present invention relates to nove
conpounds whi ch naintain, increase, or restore 5 sensitivity of cells
to therapeutic or prophylactic agents. This invention also rel ates
to pharnmaceuti cal conpositions conprising these conpounds. The
conpounds and pharnmaceutical conpositions of this

particularly well-suited for treatnent of nulti-drug 10 resi st ant

cells, for prevention of the devel opnent of mul ti-drug resistance
and for use in nulti-drug resi stant cancer therapy.

BACKGROUND OF THE | NVENTI ON A maj or problem affecting the
ef fi cacy of 15 chenot herapy is the evolution of cells which, upon
exposure to a chenot herapeutic drug, becone resistant to a multitude
of structurally unrelated drugs and t herapeutic agents. The

appear ance of such multi-drug resi stance often occurs in the
presence of 20 over expressi on of the 170-kDA nmenbrane P-gl ycoprotein
(gp-170). The gp-170 protein is present in the plasm menbr anes of
sone healthy tissues, in addition to cancer cell lines, and is

honol ogous to bacteri al transport proteins (Hait et al., Cancer

Conmmuni cat i ons, NOVEL MULTI-DRUG RESISTANCE MODIFIER

TECHNICAL FIELD OF THE INVENTION

The present invention relates to novel

compounds which maintain, increase, or restore

5 sensitivity of cells to therapeutic or prophylactic
agents. This invention also relates to pharmaceutical
compositions comprising these compounds. The compounds
and pharmaceutical compositions of this invention are
particularly well-suited for treatment of multi-drug

10 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 problem affecting the efficacy of

is chemotherapy is the evolution of cells which, upon
exposure to a chemotherapeutic drug, become resistant
to a multitude of structurally unrelated drugs and
therapeutic agents. The appearance of such multi-drug
resistance often occurs in the presence of

20 overexpression of the 170-kDA membrane P-glycoprotein
(gp-170) . The gp-170 protein is present in the plasma
membranes of some healthy tissues, in addition to
cancer cell lines, and is homologous to bacterial
transport proteins (Hait et al., Cancer Communications,

25 Vol. 1(1), 35 (1989); West, TIBS, Vol. 15, 42 (1980C}).




25 Vol . 1(1), 35 (1989); West, TIBS, Vol. 15, 42 (1990)).

-2- The protein acts as an export punp, conferring drug

resi stance through active extrusion of toxic chem cals. Al t hough the
mechani sm for the punp is unknown, it is specul ated that the gp-170
protein functions by 5 expel I ing substances that share certain

chem cal or physi cal characteristi<s such as hydrophobicity, the
presence of carbonyl groups, or the existence of a gl ut at hi one
conjugate (see West). Various chem cal agents have been
adm nis- 10 Tﬁ@r@ﬁcﬂslﬁeﬁﬁé§saﬁuﬁﬂiEéP@gtr@§m§taﬁ@§f§ﬁ61P§s§6P€ drug

sensitivity. mnkb%l%@@%c@r%%%oﬂ@%ﬁab&ﬁb@V%Qt&ﬂglon of tbRSROBHEMERasS . Of
MDR cells to che ggt ti c agent,s, often
I

acconpani ed by € mec an&FPnF@&ItQFdE é§t§nF§8¥nHaF£ &8 al .
For exanpl e, 15specu&btbdugha&ythesggp&noAp@beeAh)fuachdabybgccepted

LHgﬁgfﬁgfg;gﬁf?%&geqignﬁegﬁbgké%cggrEﬁ&@ %ﬁ&gb”8€§taln che&?%k@bFQ 54 235

(1986)), the copbysticaili cherassgadstics, sughashi BydropRobatisyt ph@duce

signi ficant i”“BQ@Be%@e of %HQBB%?i'?QothpabkeEhé whegechpBURE gystens are
al ready conprom se chenot her a see Hait et al Simlarly,

caIC|un1transpoﬂ?uﬁﬁ6g&8p§ SRBIRGRABJUPRR West) . |nh|b|tors both sensitize
mul ti-drug resistant ("NDRaklous chemﬁbhs,abuhteahhvprbdaneadmﬂdﬁskrabIe

oyl of ogpeal ZBerea §hf§EbRebs iRl L athorbes JUEALL BRS koL orePhud |

Cancer, déevel
to agents sai d sensitivétie oWhpdeempmel Byugsechave smpnpvaﬂ theue in the

sensitization OEeyBBnﬁgbéﬁesgh%?eMﬁﬁeEEilb”Ebuéﬁ?ﬁgthera§8§£QQSaQQn€§A
whi ch do not exert™an I mmunosu Bre55|ve such

11- met hyl - | euci hBe¥yPEEEPoPRME( PEeRepCCompanied by Cdniepizab{@it et al .
Twentynman et al clinftadgsntie effectstiakenBAyibeeef hBCYiVeFat éRumpDeps,

such as ig DeSIS%tgoggggg§§85§§ssant F "E £€hé§§aggdgﬂg g@ce Ant| Cancer
immunosuppressant, can sensxtize certain carcinoma
cells to chemotherapeutic agents (Slater et al., Bxr. J.
Cancer, Vol. 54, 235 (1986)), the concentrations needed
to achieve that effect produce significant immuno-

20 suppression in patients whose immune systems are
already compromised by chemotherapy (see Hait et al.).
Similarly, calcium transport blockers and calmodulin
inhibitors both sensitize multi-drug resistant ("MDR")
cells, but each produces undesirable physiological

25 effects (see Hait et al.; Twentyman et al., Bxr. J.
Cancer, Vol. 56, 55 (1987)).

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

30 analogs of CsA which do not exert an immunosuppressive
effect, such as ll-methyl-leucine cyclosporin (1i-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

35 Drug Design 6, 189 (199%1)). Despite these




devel opments, the need remains for effective agents whi ch may be

used to resensitize MDR cells to t herapeutic or prophylactic agents
or to prevent the devel opnent of nulti-drug resistance. 5

SUMVARY OF THE | NVENTI ON The present invention provides
novel conmpounds that are useful to maintain, increase or

restore drug sensitivity in nmulti-drug resistant ("MDR') cells,
conposi tions containing those conpounds 10° -  and nethods for usi ng them
The conpounds of this i nvention nay be used al one or in conbination
W th hera ut| phyl C e | '

I ncrease or é ﬁérapguPegg ? nggigE%EEglq% g%%é%?s of drugs

in cells, espe@h&hﬁyﬂW&Rb@eMBgd (ol K@S@BsitlgﬁeM@ﬁtCﬁﬁésdéWelopnent of MDR

cells. Accord'cmﬁa?)e%%c or progmqui@t a@EnttQ' orl R¥eptkoantt Rgse novel
conpounds, nposi ti onS and net hods are advant ageously used to aid

or enhance cheﬁﬁ?ﬁéPQﬂFnFeQFnEW%tPoPrPﬁer?ﬁéﬁ?ﬁﬁﬁ@ or prophyl axi s of
cancer and ot her diseases. 20 The present invention al so
provi dessnet hods for prspMMARY OReTHENDNVENSION this invention and

I ntermedi ates useful in those nethods. DETAI LED

DESCRI PTI ON OF THE | NVENThéNpresent invention Phovideeenvived rel ates to a
novel class Ofc%ﬁgound%o@Bgﬂng§ecUgéﬁﬁﬁeEbzﬁQ1H¥aﬁhe 2REkEhYet BrPrevent

mul ti-drug resistance or to maintain, Incre restore drug
sensitivity i nTRSCEFEdALYIr SERSLEAVitY in mplgprayugeFpSiskgRE

particularly, Yhgper¢oaRQURScamBositions’ eBheaeAtiagd biiokBecbapauhas(!):

10 and methods for using them. The compounds of this
invention may be used alone or in combination with
other therapeutic or prophylactic agents to maintain,
increase or restore the therapeutic or prophylactic
effects of drugs in cells, especially MDR cells, or to

15 prevent the development of MDR cells. According to one
embodiment of this invention, these novel compounds,
compositions and methods are advantac=ously used to aid
or enhance chemotherapy regimens for the treatment or
prophylaxis of cancer and other diseases.

20 The present invention also provides methods
for preparing the compounds of this invention and
intermediates useful in those methods.

DETAILED DESCRIPTION OF THE INVENTION

This invention relates to a novel class of
25 compounds characterized by the ability to prevent
multi-drug resistance or to maintain, increase or
restore drug sensitivity in multi-drug resistant
("MDR") cells. More particularly, these compounds are
represented by the formula (I):



-4- Jerr] wherein Ais CH2, oxygen, NH or N-(Cl-C4

al kyl ) ; wherein B and D are independently: (i)
hydrogen, Ar, (Cl-Cl0)-straight or 5 branched al kyl, (C2-C10)-strai ght
or branched al kenyl or al kynyl, (C5-C7)-cycloal kyl substituted
(C1l-C6)-straight or branched al kyl, (C2-C6)-straight or br anched

al kenyl or al kynyl, (C5-C7)-cycl oal kenyl substituted (Cl-C6)-straight
or branched al kyl, 10 (C2-CB)-straight4oF branched al kenyl or al kynyl,
or Ar substituted (Cl-C6)-straight or branched al kyl,
(C2-C6)-straight or branched al kenyl or al kynyl wherein, in each
case, any one of the CHerr] groups of g sai dgal kyl, al kenyl or al kynyl

chains may be optionally 15 repl aced jby a hetefoatom sel ected fromthe
gr oup consisting of O S, SOS r] ANEaalq NR, wherein Ris
selected fromthe group consisting oﬂgﬁééﬂﬁaen rgélﬂ C4) -straight or
branched al kyl, (C2-C4)-straight or Granched al kenyl or al kynyl, and
(C1-C4) bridging al kyl 20 wher ebrt a dge i s forned{between the
nitrogen and a carbon atom of sai @i heteroatom containing chain to
form aring, and wherein said ring is optionally fused to an Ar
group; or [err]
wherein A is CH,, oxygen, NH or N-{(Cl-C4 alkyl);
wherein B and D are independently:
(i) hydrogen, Ar, (C1-Cl10)-straight or
5 branched alkyl, (C2-C10)-straight or branched alkenyl
or alkynyl, (C5-C7)-cycloalkyl substituted
{(C1-C6)-straight or branched alkyl, (C2-Cé6)-straight or
branched alkenyl or alkynyl, (C5-C7)-cycloalkenyl
substituted (C1-C6)-straight or branched alkyl,
10 (C2-C6) -straight or branched alkenyl or alkynyl, or Ar
substituted (C1-C6)-straight or branched alkyl,
(C2-C6) ~straight or branched alkenyl or alkynyl
wherein, in each case, any one of the CH, groups of
said alkyl, alkenyl or alkynyl chains may be optionally
15 replaced by a heteroatom selected from the group
consisting of O, S, SO, SO,, N, and NR, wherein R is
selected from the group consisting of hydrogen, (Cl-
C4) -straight or branched alkyl, (C2-C4)-straight or
branched alkenyl or alkynyl, and {(C1l-C4) bridging alkyl
20 wherein a bridge is formed between the nitrogen and a
carbon atom of said heterocatom-containing chain to form
a ring, and wherein said ring is optionally fused to an

Ar group; or

(i1) j\
e



wherein Q is hydrogen, (Cl-C8)-straight or branched al kyl or

(-C2-C6) -strai ght or branched al kenyl ' or al kynyl ; wher ei n
Tis Ar or substituted 5-7 nmenbered 5 cycl oal kyl with substituents at
positions 3 and 4 which are independently selected fromthe group
consi sting of oxo, hydrogen, hydroxyl, O (Cl-C4)-alkyl, and
0-(C2-A) - al kenyl ; wherein Ar is a carbocyclic aromatic group
10 sel ected from the group consi sting &f “phenyl, 1- napht hyl ,
2-naphthyl, indenyl, azulenyl, fluorenyl, anthracenyl, and nono and

bi cyclic heterocycI| r|n ens W V|dual I ng sizes being
5 or 6 which gﬂt%l hslwf%*??%%? &JSO{:%FI’?% gdhtf o?‘gl of 1-4 15
het er oat ons i ndemmchadlqllsyel ect e(iCZ + O osayw:nght or bramcmergaﬂ,kemc& sul fur
- - such ring §g§t§f§yﬁ%flude het erocyclic aromati c groups sel ected
fromthe group nsisting of 2-furyl, 3-furyl, 2-thienyl, 3-thienyl,
2-pyridyl, 3-pyridylwhexreiniHyis Mr?%lwbs%k@ﬁﬁ@'ﬁ porembexad azol yl

!m'dazolyé pyr aélk;xpymméwyilcuents aPY @éﬂ’si&hé% arich X 3a0A ol
|sot|azolyl, 1, trlazol

azo
1, 3, 4-t hi adi azdt%%, lndepend%%‘?fia Jn ﬁe%y‘%’%‘?ﬁ‘a“r*h%ﬂr a“z‘?‘}ﬁﬂt%tmg of
1, 3,5-triazi nyloxo, hydrdgén5 hydtduehy| Q- {Cold z4iayiyl j redad yl o,
i soi ndol yl, 25 Cé”ﬁ%) indollnyl benzo[ b] furanyl, benzo[ b]t hio-
phenyl , 1H—|ndazof en2|n1 zoI , benzthlazolyl purinyl,
4H—quinoI|Z|nyI qU|Wh¢I¢W¢ Ais&ﬁnﬁrﬂﬁ#@@@YC1lc aromﬁﬁwﬂngnqnp

pht hal azigqyl , %I’é’@@d Ny+am Q‘:ﬁé‘ Qi 0;5W<':ons:.st1ng loB-pragfpanyri di nyl,

e e, £ cﬁ%fx@mz'”%weeﬂe”%%oé%%uﬁﬁts

phenoxazi nyl ;
whi ch are i ndepanderddenyke] eam&dndxt@razimang:r}mm:m heteramynsliist |mg1<_:pf

Y o0en et o L sl pns SPABT Y oe ¢ wnion
( C2- CB) - st r ai gitaYoreasntaighddn aai@gn or both rings a total of 1-4
15 hetercatoms independently selected from oxygen,
nitrogen, and sulfur -- such ring systems include
heterocyclic aromatic groups selected from the group
consisting of 2-furyl, 3-furyl, 2-thienyl, 3-thienyl,
2-pyridyl, 3-pyridyl, 4-pyridyl, pyrrolyl, oxazolyl,
20 thiazolyl, imidazolyl, pyraxolyl, 2-pyrazolinyl,
pyrazolidinyl, isoxazolyl, isotiazolyl, 1,2,3-
oxadiazolyl, 1,2,3-triazolyl, 1,3,4-thiadiazolyl,
pyridazinyl, pyrimidinyl, pyrazinyl, 1,3,5-triazinyl,
1,3,5-trithianyl, indolizinyl, indolyle, isoindolyl,
25 3H-indolyl, indolinyl, benzo{blfuranyl, benzo[b]thio-
phenyl, 1H-indazolyl, benzimidazolyl, benzthiazolyl,
purinyl, 4H-quinolizinyl, quinolinyl, isoquinolinyl,
cinnolinyl, phthalazinyl, quinazolinyl, guinoxalinyl,
1,8-naphthyridinyl, pteridinyl, carbzaolyl, acridinyl,
30 phenazinyl, phenothiazinyl, and phenoxazinyl;
wherein Ar may contain one to three substituents
which are independently selected from the group
consisting of hydrogen, halogen, hydroxyl, nitro,
trifluoromethyl, trifluoromethoxy, (Cl1-Cé)-straight or
35 branched alkyl, (C2-C6)-straight or branched alkenyl,



- 6- O (Cl-A)-straight or branched al kyl,

O (C2-CA)-straight or branched al kenyl, O benzyl, O phenyl ,
1, 2- et hyl enedi oxy, am no, carboxyl, N (d - Co-strai ght or branched
al kyl or al kenyl) carboxam des, 5 N, N-di - (C1- C5-strai ght or branched
al kyl or C2-C5- straight or branched al kenyl ) carboxam des,
N- nor phol i nocar boxam de, N-benzyl car boxam de,
N-t hi onor phol i nocar boxam de, N pi colinoyl carboxani de, O X,
CI—I[err]-(CH[err])[err] X, O(CHerr])[err] -X, (CHerr])[err]-OX, and
SH=C'+ éi 5 10 Ly )%ﬂl%f%ﬂ'ﬁet%@)iyﬁ@éd %MI dyl, 3- pyrl dyl 5

pyri dy yraz ui no | me | spxazo xazoy
2- et hyl t hi azoy Q%qté ngmﬁ e?ﬁllbra ched %L €ﬁﬂ@]rlrylo DEREY éy’rl m dyI and
qgis 0-2; 0- phenymereaméthyﬂeﬂédlﬂfxﬁycknﬂgﬁﬂ aranoxytli,s N tCier 15

oxygen or CH-U, éjrﬁvfadllﬁdé hc%.l 5xtaAtﬂed fqu{égge% hﬁé}x&}\fg carboﬂﬁnlg_e"su or if

Mis oxygen then L
O (Cl- C4)5 st r aiNyi - dbk- (C1-C5- ﬂﬁm@mamhﬁ (3@21}@4)@1 r@‘gﬂ‘ﬁt or

branched —  g@ o et ra@.l&ﬂHqurca&‘b%lEéﬁﬁ & kyl or 20
(C2-C6)-straight or hranched al kean}/d z%y C7 cI oal kyl or
( C5- C7) - cycl oal k&RAPRGHdqGapkaranide, Nghep éf eght or branched

al kyl or N(@&dﬁ@r@id}@lrﬁﬁaﬁﬁomem@ﬂ&ﬂwnoﬂﬂc@kﬂa&ﬁld& or

c2-c4 | k | ] - Y. I f
((:on5| s% [ ﬁg g][lyd Q{%e(ﬁ%é qic na8ht(ﬁgnﬁr &ﬁﬁﬁ s% %}I E%mgwgngroup
fl uorenyll0 ant mlmmnyi X Ztrqowmnhwcty,p@rmh,r(ﬂ |pyyflldyl 3 - pypydyili, di nyI

1, 3-di oxol ylI, 1, ARl zol3| | e tAIRW ARy 1 ,
4H pyranyl, pi perﬂpdyl 1 rg?ozy |loxa rrg)r phol I nyl, 1, 4- cci:i'yt hi anyl ,
t hi omor phol i ny|isoxazdyl tplzpé‘ieéi}yﬂﬁhlacﬁﬂyﬁuclqh&atﬁﬂy rarkd e deycl i ¢

aromatic 3-@milgsy19s Arf ipyadraldne; and g is 0-2; V\/nere Y may contain
one to three substlttf]nts. i nde end Ire§ edfromthe

group 35 consi st¥ n&ed'fn ﬁydl’sogeg%heﬁal 3§&Fe (ﬁ’rro

15 oxygen or CH-U, provided that if L is hydrogen, then M

is CH-U or if M is oxygen then L is U;

wherein U is hydrogen, O-(C1-C4)-straight or
branched alkyl or 0O-(C2-C4)straight or branched
alkenyl, (Cl1-C6)-straight or branched alkyl or

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

(C5-C7) ~cycloalkyl or (C5-C7)-cycloalkenyl substituted
with (C1-C4)-straight or branched alkyl or

(C2-C4) -straight or branched alkenyl, [(C1-C4)-alkyl or
(C2-C4) -alkenyll -Y or Y;

25 wherein Y is selected from the group consisting of
phenyl, l-naphthyl, 2-naphthyl, indenyl, azulenyl,
fluorenyl, anthracenyl, 2-pyrrolinyl, 3-pyrrolinyl,
pyrolidinyl, 1,3-dioxolyl, 2-imidazolinyl,
imidazolidinyl, 2H-pyranyl, 4H-pyranyl, piperidyl, 1,4-

30 dioxanyl, morpholinyl, 1,4-dithianyl, thiomorpholinyl,
piperazinyl, quinuclidinyl, and heterocyclic aromatic
groups as defined above;

where Y may contain one to three substituents
which are independently selected from the group

35 consisting of hydrogen, halogen, hydroxyl, nitro,



-7- : trifluoronethyl, trifluoronethoxy, (Cl-C6)-straight or

branched al kyl, (Cl-C6)-straight or branched al kenyl, O (Cl-¢4)
-straight or branched al kyl, O (C2-C4)-straight or branched al kenyl,
O benzyl, 5 O phenyl, 1, 2-net hyl enedi oxy, am no, and carboxyl ;

wherein J is hydrogen, (Cl1-C2) alkyl or benzyl; K IS
(Cl-C4)-straight or branched al kyl, benzyl -or cycl ohexyl net hyl , or
wherein J and K may be taken together to forma 5-7 nenbered

het erocyclic ring which 10 may contain a heteroatom sel ected fromthe
group cwﬁiﬁiﬁaﬁo@écﬁyls cﬁgmcﬁémﬂy amﬂl -C6) - stral nahgFein m

s 0-3. eochem str I tions
(fornula I) naf’b%n?%%%p%}fﬁ%%t I fﬁ ) Sty gt & Prant ‘éragfqﬁ%'y at
| east one of B ®@f{Mi®4) -straigmdemeiskamdlyed slkydi ght chain term nated by

a?ﬂi{glrr])[err]&rw cdy (%r‘%‘(ﬁ r&i)tfgr ??% %ﬁjlheé%Mﬁ '

is 0-4; 2 O-p enyl g,zEmQFleenedloxy, amino, and jaarpexddfi ned above:;
and rrg%%&i@ﬂ ﬁ-ﬁt‘fze)CtaﬁldqflerE tgzyl; K group
consi sting of )ré :L S, %)tferh?‘]3a 43]1 gRLe V\,herel n Ris
sel ected fromt [ﬁ it co%”s‘fasjtq nche fgﬁi" benayVIcHr straight or
branched al kyl ,cfdXoKeylmethyl, ain’ attghteinr brantledst kenyaken al kynyl ,

and (CL-8) oo IUD0 AL ShPTELRa B BRI/ AP (R e

ni trogen at om at group
embodi mekft of tmEY SMtain 3 et e L anh s el adrast yigtdne tdlﬁ)rm’tqup groups are

sel ected from té&léglr%gcqﬁslét idng gg dd4 &b, ; .t Bingphene, pyrrole,
pyridi ne, indolizine, i1ndole, |30|n ol e, benzo[ b] furan,
benzo[ b] t hi ophene, M%ﬁﬁ%l’? Zihd -3 qui nol i ne, isoquinoline,

1,2, 3, 4-tetrahydroqui nol iTms s?ifereochmmqi &t Puditions 1 and 2
1’2’3’4_tetrahW¥5§ﬁH¥§“me&ﬂ?be independently R or S.

15 Preferably, at least one of B or D is
independently a straight chain terminated by an aryl
group, i.e., a group represented by the formula - (CH,), -
(X) - (CHy) ¢-Ar, wherein

r is 0-4;
20 8 is 0-1;
Ar is as defined above; and
each X is independently selected from the
group consisting of CH,, O, S, S0, 80,, N, and NR,
wherein R is selected from the group consisting of

25 hydrogen, (Cl-C4)-straight or branched alkyl, (C2-C4)-
straight or branched alkenyl or alkynyl, and (Cl-C4)
bridging alkyl wherein a bridge is formed between the
nitrogen atom and the Ar group.

According to one embcdiment of this

30 invention, the heterocyclic aromatic groups are
selected from the group consisting of furan, thiophene,
pyrrole, pyridine, indolizine, indole, isoindole,
benzo [b] furan, benzo[b]thiophene, 4H-quinolizine,
quinoline, isoquinoline, 1,2,3,4-tetrahydroquinoline,

35 isoxazole, and 1,2,3,4-tetrahydroisoquinoline.



Accordi ng to anot her enbodi nent of this I nvention, at |east one of B
or Dis selected fromthe group consisting of (C2-Cl0)-straight or
branched al kynyl, (C5-C7)-cycl oal kyl substituted (C2-C6)- 5
straight or branched al kynyl, (C5-C7)-cycl oal kenyl substituted
(C2-C6)-straight or branched al kynyl, and Ar substituted

(C2-C6) -strai ght or branched al kynyl Also within the
scope of this invention are conpoun%s of formula (1), wherein at

| east one of B or 10 Dis selected fromthe group consisting of Ar',

Ar substituted (fced:ii} " qmo@{eé)ram&fﬁnéi&%ﬁ ik
Ar' -substltuteq (C2- CB) straight ‘or branched al ken

al k | ;
wherein Ar' is WIVeAt lgﬂrbur?tsdtfs"’csﬁ R Qff thor D lgoﬁ?elet%ecdnrf&é’ the
substituents V\/rajnﬂuparcmnsmcb&pﬁfqi&fﬂ Ioczleclo) ~-ssedapiciad dr Gpdrivhegt oup

consi sting of ral g - he - 2- C5 al kenyl)
car boxam des, I%l(ki} l\{cc?o ?Qt < Clhcf k: r%nc%ﬁ]t %@éé&s‘] %Okcy or C2-C5
al kenyl ) &ar boxaﬁth%rWQhﬂSb@rm& ,de(Cﬂ‘d'-C")"CYClwelrl‘iz%ﬂy@ar boxani de,

N-t hi onmor phol | RRGAN Cj&dgfugt d rygg @YH?l O2ha
CHerr]- (CH[err] [err] 4?? )[err] JQ -0 X,
and CH=CH X, wier éur?s)?%té“tz? r Bra heq (ﬁ;’-lkynéflpyrl dyl ,

4-pyridyl, pyrazyl qui n@l])da Wi, thridi -the scopm&iﬁlyﬁhmﬁaﬁmﬂmdrﬁwoyl

2- nethylthiazo th| ~t.hie n R I
wherein g is 0¥§*“ R%e fornula éQéﬂpW’ oﬁéqﬁ%% thc%%§gk%%ds of
formul alQl ), wheds selemrigd ttaieergxtmgetdmsnatm mf Ar' A5 7
menbered het ef kel e ytdd (ALY d ynkaRhe pranched aququar Qridr t her
illustrated in the exanpl es herei'n I't shoul"d ‘be under st ood
that with resp@&t "sskstd taged (%ﬁiﬁdt’?tﬁam% qrn\}:é'r?tq%’r?dr lkenyd F t he
use of @QKyAY1gs deraidibedrhene an R YRy Sulitd ivuvE hdth

are represont 8By oM AupetiuRlanich are JSBRPendAI ¥oopect o
t he aspast of Bmxacmmﬁemme1tﬁé groupelcansigtiing e ntov(at radghdu was
described her e, J RO ¢1-c5 ta#%%%” ~Hs® arl‘?c%rn‘iﬁgntc%gb%&aﬁn‘ﬂi@%' a(l), as

defi ned above, except can
N, N-di- (stralght or branched C1-C5 alkyl or cz-cs

alkenyl)carboxamides, N-morpholinocarboxamide, N-
benzylcarboxamide, N-thiomorpholinocarboxamide, N-pico-
20 linoylcarboxamide, O-X, CHZ—(CHZ)Q—X, 0—(CH2)q—X, (CH2)q
-0-X, and CH=CH-X; wherein X is 4-methoxyphenyl, 2-pyr-
idyl, 3-pyridyl, 4-pyridyl, pyrazyl, gquinolyl, 3,5-di-
methylisoxazoyl, isoxazoyl, 2-methylthiazoyl, thiazoyl,
2-thienyl, 3-thienyl, and pyrimidyl, wherein g is 0-2.
25 Examples of some preferred compounds of
formula (I), wherein J and K are taken together to form
a 5-7 membered heterocyclic ring, are shown in Table 1
and are further illustrated in the examples herein.*

* It should be understood that with respect to the

30 aspects of this invention relating to the use of
compounds described herein in compositions or methods
for treating or preventing multi-drug resistance, those
compounds are represented by formula (I), as defined
above. With respect to the aspect of this invention

35 relating to the novel compounds described herein, those
compounds are represented by formula (I), as defined
above, except that B and D can not be hydrogen.
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3-(Pyridin-4-yl - 4- Al 'l yl yoxy- 3, 5-

car bonyl ) phenyl di - met hoxyphenyl 96 2 0 3- Phenyl pr opyl
3-(Pyridin-4-yl- 3- Benzyl oxy- 4-

car bonyl ) phenyl met hoxyphenyl 97 2 0 3- Phenyl propyl

3-(Pyridin-4-yl - 3-Allyloxy-4- - 15 -

car bonyl ) phenyl met hoxyphenyl

-14- No. n m B D. 98 %, 0

3- Pheny! propy!l 3- ( PREdFesk. preferred sopRoNpAs gf. this

car bonyl ) phenylinventifompazeenyd)]-14-(2-ox0-2- (3,4, 5- trlmethoxyphenyl)
met hoxyphenyl Phenyl pr l, ( =a
4- Benzyl oxy- 3, gcetyl%plperldi%e E @%rgo%9X1c ac1d 4 B% gony?)%%e%yl
di - nethoxyphenyB PeEidiz-3-¢l) preppiebytylopgter, ang- Gﬁyridﬂa gxQf -

3- Benzyl @xy- 4- 5 4,5-t thoxyphenyl tyl E%&BQH&Liphenyl
met hoxyphenyl 101(3 2 5lme 3°PR&n engréacﬁ y1) plp

| -
3,4,5- carboxylic ac1d 4- pyrldln Y&aﬂbéﬁypyg%€ﬁ9r3 yly
Tri met hoxyphenplrob92 ) buyl @ster3- Bhemypbpeapykally aacéFyabMEn 4- Kl- ) I
3, 4- rhon y Di net hoxypheny
103 2 0 I5TRNBNJIVEPopYFFect and mi gk G ﬁgg ¥hiplgeY 3- Benzyl oxy- 4-
met hoxyphenyl 104 2  8s usg- nhgaynprcpylcompounds oPhthys
4-Benzyh@xy- 3, 3uvention 1nclud1n g comgounds of formula (I), are
di - met hoxyphenyl 105 1 in 1 -Pheﬁg
tert-Butyl defined to lnCIUdﬁrB ?FmQGGUtlQa ly agcepy H?n -3 yl)-

3-(Pyridin-3-ylprivatives tBe#edf. A "pharmaceuticallprap¥éptable

E;ﬁgzloxyphenyperlvaEgeéypg ékes any éharmaceugenz¥£gxgggéggéble

Tri met hoxyphenghliQ8ester, or 8alPyofdsnch3eyter, 8f(Rycotpousdyd]-
3,4, 5- r apy
Tr|nethoxyphenyPlT0§nve§tlog 8% % oéher gomP?Rﬁ8p¥%tyh u%o% yl)

| sopr opy! administration tgrgppﬁtlent is capa%}gpgf Hggwldgpg 0

3- (Py[ldln - 3- Xhirecaiﬁpﬁtlﬁhﬂlﬁeﬁtly) a dOmPEHLA-3fYthis invention,
ro in -

g (Egrldln 3. fo a ngaB¥£1%§ qr res18ue t££¥eog chaﬁg%%?¥lzed by

propyl thet Apliznegi brymaintain, increase or restore

phenyl 5o sensitivity of MDR cells to therapeutic or prophylactic

agents or to prevent development of multi-drug
resistance.
Compounds of this invention represented by
formula (I) may be obtained using any conventional
25 technique. Preferably, these compounds are chemically
synthesized from readily available starting materials,
such as alpha-amino acids. Modular and convergent
methods for the synthesis of these compounds are also
preferred. In a convergent approach, for example,
30 large sections of the final product are brought
together in the final stages of the synthesis, rather
than by incremental addition of small pieces to a
growing molecular chain.
Scheme 1 illustrates a representative example
35 of a convergent process for the synthesis of compounds



112 2 0 3-(Pyridin -3-yl)- 3-(Pyridin-3-yl)- 3, 4-

pr op- 2- ynyl pr op- 2- ynyl Met hyl enedi oxy-

phenyl 113 2 0 3-(Pyridin -3-yl)- 3-(Pyridin-3-yl)- 3,4, 5-
prop- 2-ynyl prop- 2-ynyl Tri met hoxyphenyl 114 2 0
3-(Pyridin -2-yl)- 3-(Pyridin-2-yl)- 3,4, 5-

pr opyl pr opyl Trinqu%ﬁxphenyl 115 2 0

| sopr opyl 3,4,5-Tris- -

(Pyridin-4- Tri met hoxyphenyl

yl ZEtShOXy) phenyds 10 G-nura (98' i ;ﬁ:e‘%e@x@d Subset of cdm¥URY ot
Tr| met hoxyphenyjormula (I}, whereyqrmﬁ Hekyptesand  [Bhe process

FVOD_é_enZ| compri%e%fééﬂéﬁtflcatlon of a.pkdtected alpha-amino
Pyri di n-4- t hox

yl met hoxy) phenﬁmf;lé’r? “}/‘8!‘ ()Q) 3 Wherein P is a protgeging grqup,
3,4,5- 5 with an alddhdldiof Formula (XI). Protected alpha-amino

Tri met hoxyphenyl.;gs are we_r'lhl kﬂgv}}?tﬂp@fl)éjggﬁyland many are c commerc:.—

- 15 - nost preferred conpoun

i nvention are @LY1AVAiGahle. 3Eer q&am?ét%owmwlgrotectmg groups
acetyl ) pi peri diahgr %d?ﬁieb@é)ﬂ'd GretHrsA -t |tdié‘p'i'dzﬂe‘c]trlon of amino

(5 5. U1 e Hskerthe prpd: fnezsene, . ©aMsotyiter

aci d- 4- ggri di ngtotlecti 3} -13} rganic Ch Hand Eekt,edohn
phar maceut i cal s thghe QPQ t
t her eof . %l%g;%%tda@oi‘ss" Newhg?’g)én (qt e%corr%glungjg I’S d%%ps

i nvention, incloae mgaﬂayngﬁnﬁman@§o¢bc¢apmuw@ the ndtgogen atogefimed to

|nclude pharnag@% HEVQQCQ%Qh%QEG(X) ,w1t%3%4ﬁ@ﬂd#§%éﬂﬂﬂﬂyﬁ -(Bdc),
pharnaceutlcall¥&acce t abl e deri vative" denotes an

phar maceut i cal P§ §BF?°“Y1 (Chgj| ¢ aidylomycgroenyd dft %éﬁﬁﬂ'e§¥¥ﬁ of a
conpoundsof 15trimethiydsinydethoxyeardanyd! {Feceonmpednd woreh, upon

adninistrationp%%f%rgg%hent, I s capabl e of providing
After esterification, compounds of formula
(XII) are deprotected under suitable deprotection
conditions (see Greene, supra)}, and the free amino
20 group of (XIII) is then acylated with a compound of
formula (XIV), or an activated derivative thereof, to
yield a compound of formula (I'). Methods for
activation of carboxyl functionalities in carboxylic
acids such as compounds of formula (XIV) are well known
25 and many activating agents are commercially available.
Alcohols of formula (XI) wherein m is 0 (XI?')
can also be conveniently prepared, for example, as
illustrated in Schemes 2 and 3. Reaction of an
organometallic reagent of formula (XV) and an aldehyde
30 of formula (XVI) provides alcohols of formula (XI?')
{Schene 2).



(directly or indirectly) a conpound of this invention, or a

netabolite or residue thereof, characterized by the ability to

mai ntai n, increase or restore 20 sensitivity of MDR cells to

t herapeutic or prophylactic agents or to prevent devel opnent of

mul ti-drug resi stance. Conpounds of this invention
represented by formula (1) nﬁylﬂe"obtained usi ng any conventional 25
technique. Preferably, these conpounds are chemcally synt hesi zed
fromreadily avail able starting material s, such as al pha-am no

aci ds. Mdul ar andSghemeet gent met hods for the synthesis of these
conpounds are al so preferred. In a convergent approach, for exanple,

addition of small f + O igng ol ecul 2w-chyy

Schene 1 iIIustrabﬁs p refiresentative euaamle 35 onvergent
process for the synthesis of conpounds (Xif)
- 16 - of formula (1'"), a preferred subset of conpounds of
formula (1), wherein A is oxygen. The process conpri ses
esterification of a protected al pha-amno © acid of formula (X)),

wherein P is a protecting group, 58 i th an al coholkof fornmuéa (XI).
Protect ed al pha-am no _i ag;ds re we Ktbwn in the art. and} many are

30 | arge sections ok the final prodect are brought X todether in
the final stages of thefsynthesis, rathgr —yet N@N Eﬁ\%g%éene t al
f a

. J J
conmmer ci - ah|y

eNJror~gxanpl eXNgmomers | gups
and conveni ent nethods ftor tge p ection of amno

saci are
described in T. W Geene, P. gy M Wits, 10 Pr tiwe G’?l)lps in
Organic Chem stry, 2nd Ed., John Wl ey and §bns, w York (1991).
Al koxycar bonyl groups are preferred for protectipn of the nitrogen
atomin conpounds of formula (X), with t-butoxycarbonyl (Boc),
benzyl oxycar ; ;
trimethyl silyl ethoxycarbonyl (Teoc) being nore preferred.

After esterification, conpounds of formula
Scheme 2

o] OH
v + N L
D H D 8

(XV) (Xvi) (X1
Scheme 3
OH Ary—-Halogen :'a‘:;al;st Any S OH y Asz
+ e R
% 4 Arz--Halogen \ /
(Xvi (XViiI)

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




(XI'l') are deprotected under suitable deprotection conditions (see

G eene, supra), and the free am no 20 group of (XIl1) is then acylated
wi th a conpound of formula (XIV), or an activated derivative
thereof, to yield a compound of formula (I'"). Methods for

activation of carboxyl functionalities in carboxylic aci ds such as
conpounds of fornmula (XIV) are well knownI%§ and many activating agents
are comercially avail abl e. "Al cohol' s of formula (X)
wherein mis 0 (XI") can also be conveniently prepared, for exanple,

as ilTustrated in Schemms: & GcriRaactd) 0” 10f6—@f33 tadiyn-4-o0l
organonetal | ic reagent of fornuja ( and an aI 6> of formul a

(XV1) provi des GREOICHISH AR & mgtal-cataly

- 17 - [err] aromatic halides of formula (XVII) to glve an alcohol
of formula (XVIII). Subsequent hydrogenation provides
5 an alcoheol of formula (XI''), a preferred subset of
alcohols of formula (XI).

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

10 (a) esterifying a protected amino acid of
formula (X) with an alcohol of formula (XI) to give an
intermediate of formula (XII);

(b} deprotecting the amino protecting group
in the intermediate of formula (XII) to give an amino

15 ester of formula (¥XIII); and

(¢} acylating the free amino group in the
compound of formula (XIII) with a compound of formula
(XIV) or an activated derivative thereof.

It should be appreciated by those of ordinary

20 skill in the art that a large variety of compounds of
formula (I) may be readily prepared, according to the
processes illustrated in synthetic Schemes 1, 2 and 3.
The same processes may be used for the synthesis of
many different end-products, by altering the variables

25 in the starting materials.

For example, compounds of formula (I'') (not
shown) wherein A is NH or N-(C1-C4 alkyl) can be
synthesized by a peptide coupling reaction between a
carboxylic acid of formula (X) and an amine of formula

30 {(XI''') (not shown) to give an amide of formula (XII').
This step is analogous to the first esterification
reaction of Scheme 1. The steps leading from (XII') to
{({I'') are also analogous to those from (XII}) to (I')
shown in Scheme 1.



Schene 0 OH

Net al Ar[err] and Ar[érr] are i ndependently Ar
groups as defined in the text. H Herr] /
cat al yst - 18 -

- 19 -

Optically active compounds of formula (I) may
also be prepared using optically active starting
materials, thus obviating the need for resclution of
enantiomers or separation of diastereomers at a late

5 stage in the synthesis.

It will also be appreciated by those of
ordinary skill in the art that the above synthetic
schemes are not intended to comprise a comprehensive
list of all means by which the compounds or the

10 intermediates of this invention may be synthesized.
Further methods or modifications of the above general
schemes will be evident to those of ordinary skill in
the art.

The compounds of this invention may be

15 modified by appending appropriate functionalities to
enhance selective biological properties. Such
modifications are known in the art and include those
which increase biological penetration into a given
biological system (e.g., blood, lymphatic system,

20 central nervous system), increase oral availability,
increase solubility to allow administration by
injection, alter metabolism and alter rate of
excretion.

The compounds of this invention are

25 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 advantageocusly used as

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

35 prophylactic agents in non-resistant cells. Therefore,



Alternatively (Schenme 3), 1, 6-heptadiyn-4-ol can be coupled via a

net al -catal yzed reaction to aromati c halides of formula (XVIl) to
gi ve an al cohol of formula (XVII11). Subsequent hydrogenation
provides 5 an al cohol of formula (XI''), a preferred subset of

al cohol s of formula (XI). Thus, this invention also

provi des a net hod for preparing corppounds of forrmula (1') conprising
t he steps of: 10 (a) esterifying a protected am no
acid of formula (X) with an al cohol of formula (XI) to give an

i nternedi at e oftHeroempoyndd )of this invention axeustdirlotisrtinggtimg ani no
protecting groyp. p ?v?nﬂfh ¢t ‘%gzqud %seiﬁarfd%f M & (g?élt:ll)er%to it an

am no 15 ester a (X1 acyl ating

the free am no WBUP"RILIRE" as used RAAAE srefieismhca MemalEwith a
conpound of foriadiAuding hurafsd) anARRCiHarat ededarm trifieds ther eof .

It shoul d. be ap recialed by, those aof ardinary 20 skill in the art that
a large arietiggymﬁgﬁﬁﬁdﬁﬁgﬁﬁ lnéiuéiq%) ﬁ?ﬂ%ﬁw'be readily prepared,

according to the preocemsthidddingt tdteed enmss yisehetiitd z8cigeres 1, 2 and
3. The e%es{gsjdwpz)érb.e UL of &etit™  nchemo-MRNY
different end-pro ucts tering the vé%%gﬁh' @bh §%%h t'he stg}tlng

materi al s. sensitizer' a%r"‘@?amdéfl@@ﬁbmeoﬁ fComRPLRd( fravingnot
shO\t/vnz]I wher e: N thd Saﬂ\itdlo:ry L&cﬁ Glrcbatlek o x@a@to&% the senamh][w?yzeﬁl by( ?()
epti de gouplin cti et wee 0X ornul a
gng an &% ng 0 8&% \Aet((’)(lmamﬁta(’ﬁott%?nﬁﬁ#ltt&vé n qafitle of
formula (XI1") res:_stantThJ'les,t 4P icg1eamal agoes t&mrlalgedtmcsbrest erification
reaction of Schemtha oleps jadl 0O (K b i zag o sk ©
se from

al so anal ogous “t
- 19 - "sen31tlzat10n"

action of such a compound in maintaining, increasing,

“resen51tzzatlon" refer to the

15 or restoring drug sensitivity.

According to one embodiment of this
invention, compounds of this invention that are useful
in increasing, restoring or maintaining drug
sensitivity are also capable of binding to the protein

20 FKBP-12 or other related FK-506 binding proteins such
as FKBP-13, FKBP-26 and FKBP-52. In vitro tests (data
not shown) of these compounds demonstrate that the
agents bind to FKBP-12. Thus, this invention also
comprises a class of chemosensitizing agents other than

25 FK-506, characterized by the ability to bind to the FK
binding protein-12 or related FK binding proteins,
pharmaceutical compositions including such agents and a
physiologically acceptable adjuvant, carrier or
vehicle, and methods of using those compositions for

30 treating or preventing multi-drug resistance in a
patient.

Preferred compounds suitable for use in
preventing or modulating multi-drug resistance are
those which are not significantly immunosuppressive at

35 clinically useful or prophylactically or



Optically active conpounds of fornmula (1) may al so be prepared using
optically active starting materials, thus obviating the need for
resol ution of enanti oners or separation of diastereoners at a late

5 stage in the synthesis. It wll also be appreciated
by those of ordinary skill in the art that the above synthetic
schenes are not intended to conprise a cogprehensive list of all
means by which the conmpounds or the 10 i ntermedi ates of this invention
may be synt hesi zed. Further methods or nodifications of the above
gener al thelepestichll lpeactivenlevelshoseiot. or thaaeffektl | ifn

the art. of immuIBEug?nggﬂgﬁ_QBe%P%éti8¥§QE£QH Ry ﬁ&l&é

nodi fi ed by ap%gxaing,approprl uncti ona I es enhance
sel ective bi ol 8§i 8arsprépaELPBsacti¥hty of thapaprpeuhfiohe BR® known in the

art and incl ugpaltméﬁe.l Suc? ﬂﬁnﬁﬁoéﬁﬁglﬁéﬁgib%Obaﬁhﬁﬂiﬁﬁéftd‘:@ﬁizlgé into a

gi ven | ol ogi cal system (e.g.,.bloo nphati ¢ system

central ﬁervou§s§§gF§ﬁf?aiﬁgrghée;grg%559a??§%¥ﬁi??% FortR 1R E5ed

solubility to atavesadatenstapplbnabyon SerialnNesti@ﬁ/5e71%14némamolisny

and alter rate gited spatE¥°patLil 5 192, 773) 07/704 1984 CORPPEEWIS, 95 Lhi s
C "the abifity

i nvention are aracterized I to [ncrease, restore or
mai ntai n the s@Rdi 8V{PBY. 682 MDRhecfigcigseyest ki vhich areconpounds, such

as, for exanpl encbhpseat¥@i Bakbyitsed i n chenot herapy. Based on t hat
ability, .the conpounds | pvention are advantggeously gged as

of this
30 tRenosensi ti zi ng Eﬁﬁn?g?p?ﬁnéﬁc? atRe  RECRFRECIPVRN
chenot her apy iuseddini tbeal Somhoofir phathiceteiical1h acceptahlieigsakss st ant
Cancefs1.tU”Dréerﬂ@é&s£?éﬁsiﬂérgé§fésg orga ic'&cf@g'éﬁ8nbaé$§.CO”DOU”dS
of this invention are capa e.o¥ nﬁ?ﬁ?alnlng sensitivity to
t her apeuti ¢ orIngluded appng| Seehcaai@nsalis a00-Fesi Sobipwiedi s,

Therefore, acetate, adipate, alginate, aspartate, berfbate, the
conpoungg of tgégzégggﬂ £8ﬂagée gfgéf%aég t£§f§}£ e, citrate
; ' ' .
camphorate, camphorsulfonate, cyclopentanepropicnate,
digluconate, dodecylsulfate, ethanesulfonate, fumarate,
glucoheptanoate, glycerophosphate, hemisulfate,
heptanocate, hexancate, hydrochloride, hydrobromide,

20 hydroiodide, 2-hydroxyethanesulfonate, lactate,
maleate, methanesulfonate, 2-naphthalenesulfonate,
nicotinate, oxalate, pamoate, pectinate, persulfate, 3-
phenyl-propionate, picrate, pivalate, propionate,
succinate, tartrate, thiocyanate, tosylate and

25 undecancate. 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

30 salts with amino acids such as arginine, lysine, and so
forth. Also, the basic nitrogen-containing groups can
be quaternized with such agents as lower alkyl halides,
such as methyl, ethyl, propyl, and butyl chlecride,
bromides and iodides; dialkyl sulfates, such as

35 dimethyl, diethyl, dibutyl and diamyl sulfates, long



or preventing nulti-drug resistance in a patient. The term"patient”

as used herein refers to mammal s, I ncl udi ng humans. And the term
"cell" refers to 5 manmal i an cells, including human cel | s.

As used herein, the terns "sensitizing agent", "sensitizer",
"chenosensitizing agent”, "cheno- sensitizer" and "MDR nodifier"
denot e a conpound havi ng the abillitys t.o increase or restore the
sensitivity of 10 an MDR cell, or to maintain the sensitivity of a non-
resistant cell, to one or nore therapeutic or prophyl acti c agents.

The term "MDR sesid iZslides fuh as decylsensiurwiat inoniswyd and
"resensitizati oS "ear eflercﬁjg tihc?es i
i Nereas !

mai nt ai ni ng, e romégéécghéﬁiéﬁﬁéééi %9%&%§ﬂd In

o%’res or1ng drug sensi tivity.
According to ordwleitierli rmuh ¢fs thengyl and pher@tthydn brsoggesn@adof this

i nvention that e Msel Yater or dift ISWRBAY Mb Ji@PH iR OprBRHR Ni Ng
drug sensitivity are _al so capable of binding to the protein 20
FKBP- 12 &f ot hé*s MeRPH e 6 15%di ng protei ns such as FKBP- 13,

FKBP- 26 and FKBP-52. |n vitg cdmgithdgdaifa the preswit dassmtioh magsde

conpounds denonsjrate .that. the agents -hind.to .EKBR-12. T this

I nvention aIsoaémlnls%ﬁﬁﬁﬁi%ﬁ§}%¥%ﬂgﬁf Qﬁéﬁ%séﬁ%i |?ﬁﬁ 1&8@%¥§?8%her

t han 25 FK-t5Q6, cadiiar actesrtiaddy  bynasad lahi buoratld yhi vagticatlly BK

bi ndi ng protei Rz i 1) oty £ 1akhgangaceuti cal
%ﬁéﬁ%dﬂghgﬁﬁﬂmfﬁégéYQ?¥% AP RIBAYe formulal

conposi tions in@l . u agents an ) hysi ol ogi cal |y acceptabl e
adj uvantt® carr iGRtEining conyaptdionals RPN ORdds PhR HSCeytiRgdey -

conposi tions flccEptabld rc%.&tr}i@grsqr a@j@%&tdgnanmlkz@hlidﬂ?@.rem&t aagm in a
patient. i Lreferr conpounds ,sui ta I in
preventing or m&ﬁﬁ%ﬁﬁ%ﬁ?%nﬂ%ﬁ-P&FﬁghFEgﬁ§t&H€é“§F§ u%cu%ap%§§5'mhich are
not signi fi cantintravenwmsypgnésemecala3s intrel-axitdgularuséhtiraor
prOth'aCt'Cé"|e-,'5$,'1{24'viaa.:L,I intrasternal, intrat Fcal, Fptrahepatic,21 -

t herapeutically active levels -- i.e., the effect, I i y, of
i munosdfpr ess i@t TE3ES 1R 1o @nre iigh rRFEaPdRde injection or infusion
techniques.

The pharmaceutical compositions of this
invention comprise any of the compounds of the present
invention, or pharmaceutically acceptable salts

20 thereof, with any pharmaceutically acceptable carrier,
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,

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

30 sulfate, disodium hydrogen phosphate, potassium
hydrogen phosphate, sodium chloride, zinc salts,
colloidal silica, magnesium trisilicate, polyvinyl
pyrrolidone, cellulose-based substances, polyethylene
glycol, sodium carboxymethylcellulose, polyacrylates,



of sensitization activity of the conpound to the patient. Such

| mmunosuppressive capabilities can be 5 ascertained by the in vitro
assays set forth in United States patent application Serial Nos.
07/ 547,814 (now United States patent 5,192,773), 07/704, 734,

07/ 697, 785 and 07/881, 152, the disclosures of which are

I ncorporated herewth. 10 The, conmpounds of the present

i nvention may be used in the form of pharmaceutically acceptabl e
salts derived frominorgani c or organi c acids and bases.

I ncl uded anong ﬁ&lﬁésacpdlﬁél{:hﬁlélﬁé pb@éﬁﬁ@w$mne -block asstywhers adi pat e,
al gi nat e, fonate, bisulfate, butyrate,

aspar{ enzene
citrate, %%%ﬁ€¥g?ﬁe %%ﬁ%ﬂ%r%% f%ﬂ%? £a a%ycl opent anepr opi onat e,
di gl uconat e, dodecylsuIfaAe¢oeﬁhn@eS@Iﬁbnatznvémnmmmuexhe

gl ucohept anoat f
hexanoat e, hydroc #ﬁ% %erﬁydr% :gtglé% Iﬁg}? kﬁe dlf’%l f?ﬁﬁ&c@é%
2-hydr oxy®t haneSte¥bhat nj edealat e, preparatmeaﬁ@r eFATIRI R | St ke

2- napht hal enesuizﬁj)é@é&ble aqu eoﬁ%cﬁ%@é ifned alespliadmat e, me i nate,
persul fate, 3- onate crate |valate r.opi onate,
succi nat e, tart?‘é?%en?ﬁ?%ég‘%%g? ‘?B%%%ﬁegé ‘?’%df cfeecrﬁﬁﬂég’(? Base

salts include admmum uin Sethd sartaltksaing suitabletdssatding sztmhzeastzsrgji um and
pot assi um sal ts, I ,%]ﬁ and
magnesi um sal ts arf? sale/\n@t oéé}gdnergg %}% suzﬁlé Seail a%] cyc (ragxyl am ne
salts, N%et hymmmmmména}armlsm be & HREL M AR ERP IR ISR UG A
arginine, |ysing: silsbéfsion in é%dﬁhtcﬁtﬁ@ éﬂf&é&ﬁlﬁlwédﬂ%m@t ai ni ng

groups can be quate |zed wi th such gents as Iomer al ’kyl_ hal i des,

such as net hyl SEYEAC ¥ GiRAVeind VXA LG iafe @ solutiqn gi ded-and

i odi des; di al kybutsauriddiaels, S!Lmﬁngistr% acceplaiiehwehidileishwnd @idivieritsand
di anyl sulfate

chai n hal i des s%uhcitog%}ﬁecylemqloﬁeq a5 watteﬁ alélger 8 Sosltué:éroﬁ rlﬁjlzorl des,
br om destBand i dfiafesnia regddum Chlorld’faISQieB:msUCh Izs adigiinjilonand phenet hyl

brom des and gsterile, fixed oils are conventionally employed as a
solvent or suspending medium. For this purpose, any
bland fixed cil may be employed including synthetic
mono- or di-glycerides. Fatty acids, such as oleic

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

25 contain a long-chain alcohol diluent or dispersant,
such as Ph. Helv or similar alcohol.

The pharmaceutical compositions of this
invention may be orally administered in any orally
acceptable dosage form including, but not limited to,

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

35 capsule form, useful diluents include lactose and dried



othefs. Water or oil-soluble or dispersible products 5 are thereby

obt ai ned. The conpounds of the present invention may be
adm nistered orally, parenterally, by inhalation spray, t opi cal |y,
rectally, nasally, buccally, vaginally or via an inplanted reservoir
I n dosage formul ations 10 cont ai ni ng conventional non-toxic

phar maceutical | y- acceptabl e carriers, adjuvants and vehicles. The
term "parenteral" as used herein i-n@4udes subcut aneous,

i ntravenous, intranuscular, intra-articular, intra- synovi al ,
|ntrasternal I ntrathecal, intrahepatic, 15 |ntrale5|onal and

|ntracran|al|IUQQﬁQ(ﬁFQﬁCqrﬁlﬂﬂqﬂ1aque°ust%ﬁﬁﬁﬁQﬁhﬂ? re required for ype
phar maceuti cal corgloside onheofadthivee ingrediemtents aomtdmed setany of t he
conpounds of the, r mpGe cal.l |l e
salts 20 thernghf ef{gltr}? and %1&}’&%3’?@3{# ageln&ggcceptaﬁseqjcegy r%%%%{ﬁ1b

adj uvant or vemSﬁﬁ?tﬂmﬂﬂgnuﬁiﬁMQﬁﬂﬂ%/QﬁxﬁﬂkQﬂﬂng agents @y 9dse, b&djuvants

and vehi clses t halggey, be used in t he pharnaceuti cal conpositions of
this invention |ncIH- but aﬁe not limted to ioq exchangers, 25
al umi na, al uni num st ear at & HEFRAHYE L Yge such as hunan

serum al bum n, lufrfpers isiilesisamfes hdwcinyention maghm@phdma&;sgbyedn&n sorbic
“”’pma“““&@%&%ofmq%%ﬁ%%ﬁ@%x&%@é&@ﬁé&ﬁ%HGWd

vegetabl e fatt , salts or ele
protami ne 30  Th&glef gaa b@ §G@E@#ﬁﬁy@Wb@eﬁlpﬁo§ﬁﬁa?§en§oma§§lam

hydr ogen jphosphate ta3Ad %%h@ﬁ&%ﬁh@%ané‘@%c&@h%ﬁt Whlch 1@0559hﬁabt3'|'ca
nagne5|un1tr|5|llcate done, cel |l ul ose-based

subst ances, pol V¢ éﬁg%r%tur% &P§C&Fq“§3dF&nF@§r5@§§ﬁétﬁ?WE@FPGP6§e

polyacrylates, and therefore will melt in the rectum to reledSe- the

vaxes. ol yet hyelig: POGRAY RERRMEHE HLOTKABOLUIRE pue o pBELYEL Kb gN®

egcoI and wool
phar maceuti cal PeAyeshyiens sdycoadsi.-n the forn1of a 5 sterile

injectabheg preparation, feheepREPhBcBusiehl! Bompositions of this
invention may alsc be administered topically,
especially when the target of treatment includes areas
or organs readily accessible by topical application,
including diseases of the eye, the skin, or the lower
20 intestinal tract. Suitable topical formulations are
readily prepared for each of these areas or organs.

Topical application for the lower intestinal
tract can be effected in a rectal suppository
formulation (see above) or in a suitable enema

25 formulation. Topically-transdermal patches may also be
used.

For topical applications, the pharmaceutical
compositions may be formulated in a suitable ointment
containing the active component suspended or dissolved

30 in one or more carriers. Carriers for topical
administration of the compounds of this invention
include, but are not limited to, mineral oil, liquid
petrolatum, white petrolatum, propylene glycol,
polyoxyethylene, polyoxypropylene compound, emulsifying

35 wax and water. Alternatively, the pharmaceutical



i nj ect abl e aqueous or ol eagi nous suspension. This suspensi on may be

formul ated according to techni ques known in the art using suitable
di spersing or wetting agents and suspendi ng agents. The sterile

i nj ectabl e 10 preparation may al so be a sterile injectable solution

or suspension in a non-toxic parenteral | y-acceptable di l uent or
solvent, for exanple as a solution in 1, 3- but anedi ol . Anobng t he
accept abl e vehicl es and sol vents t Ha may be enpl oyed are water,

Ri nger's solution and 15 I sotoni c sodlun1chloride solution. In

addi ti on, cofb8Eit €ondi ¥2d BL! Ecﬁa&&e@aem' 2okl YassTe! fyetbSod

sol vent or suspendl ng nmedi um ose flxed oi

may be enployechﬁ%muEPﬂbaéth%eFm% active ?ﬁWEPn%Wt%|S%ﬁ®@Eﬁ$%e%r Fatty
acids, such as @les61¥€d in @ﬁedoﬁrtdoréstmé@@l@@nyaéw@cmpe usef ul

I n the pr.epar ation ctables,_ as, d t ur.al
pharrraceutlcallfla E%%ﬁ?abl%u%égéf sﬁ%ﬁr%ir%l+% % cFUt are nebstor oi
especi al |y in thhitedl yoxymihgtal evil, sorbiamsinermes st @i | sol uti ons

or suspensi ons Lgr@yygg) a@é_’ %% %ﬁl&&ég%,@h%%@%%ﬂilg&{wm or

di spersant, suc or simlar
The pharnaceut|%3@C%I#ﬁ@%¢@¢%ﬁé penFyk alcohol (R AR nay be orally

adn1n|stered |n any oral lyor ophthgmﬁiﬁnﬁggeagxgxgﬁafﬁgdauﬂmaamlng, but not

limted to, ca gules e;gé qfeou suigﬁn3|ons r sol utions.
In the case of NA 10 A1 h o) u dFﬁY T3 FEf-2e commonl y
used i ncl@de Iasnspmmmhs‘,oxm Setradn e, pH adjuetxrectaauelgxila@era]s,ne;,uch as

nmagnesi um st ear af a?% d%?t?o Fo T a% .
adm ni stration i n ap % rab]f:y Ssocfor m use uent’s I%lc ude ﬁ act ose

and dri ed sterlle sallne, either with our w1thout a preservative .orn
starch. V\hendacsmu%§wnb daonsoriﬁmn rcﬁml&fﬂ!? f orAlternacdlofe@.y uszgar the
active ingredient, s conbined wt enul si and, suspendi n

agents. |f desﬁ%}bth%lé? GQiYpes. the pharmagenricy ]a\ﬁfg‘? ‘3% SDeagents

may al satthe 5 formuddered in an ointment such as petrolatum
The pharmaceutical compositions of this
invention may also be administered by nasal aerosol or
inhalation. Such compositions are prepared according
to techniques well-known in the art of pharmaceutical

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

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

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

35 and the judgment of the treating physician and the



Al-ternatively, the pharnaceuti cal . compositions of this invention may

be administered in the form of suppositories for rectal

adm ni strati on. These can be prepared by m xing the agent with a 10
suitable non-irritating excipient which is solid at roomtenperature
but liquid at the rectal tenperature and therefore will nelt in the
rectumto rel ease the drug. Such | éHJaJS i ncl ude cocoa butter
beeswax and pol yet hyl ene gl ycols. 15 The

phar maceuti cal conpositions of this i nvention may al so be

admi ni stered t ofiegtityy of the mepethaldy dieindd odigairedtdd catTmnt

I ncl udes areas o% or.gans read%éiyr/Ie z%gcessi le b ;3[581%. cal _application,
i ncl udi ng di sed¥ELYt ThfEye’e (HET SR o MPh & Bt UPGh {4 i nal
tract. Suitablshergpastid ompaiplgnsacric agent, ridadidy, priggamddidior each
of these areas A 5 . PP oY o T of-1 | LAt £.0r

| ower intesti nac?{e ¥ tlrear%:t;t lc?anc eadé?lf%lcsétte_ |dr:f a%ggitéa giue%%é'gl)'t (;:trﬂ%e
formul ati%n (sde@EbolRI2BIRAGeN LA haln L agtdie Zaount 't giafgra itéh an

Topi cal | y-transgehimd optedes d®b §rsdrdit multi-disRf resistance or

For
topi cal applications,. the pharnaceutical conposi t.ians nma Sﬁg%
formul ated in &A%HTHE e FHHGRAIR OF reStorg,drid qﬁﬁ?%ﬁ&ﬁﬁbé”ﬁ nent

suspended or dicsldlsed 30 in one or nore carriers. Carriers for

t opi cal adm ni stra{d f1 28 (yé{%q% g | Nnt,i.0n

i ncl ude, but are not Iim'q%de éc))l m né’fgﬁpm : e%ftﬁﬂgh% o tgg;aro gtut}m

whi te pétd ol at R0 Mk vty weight per daypola@jfﬁﬁmym@,tween about

glolt yoxyfroplyl er!{if;:’ﬁ@ﬂﬁﬂ%utﬁ{?_d srllgf/mgﬁ%o%@ weightX pid Q4at &f the
ernatively, e _pharnaceuti ca ,

" 25 Gt SRS G SO ARE 495 s Ut SBPE A3t f on or

cream cont ai ni pgrepeeragcitan eviddnpomatin despertedbout 5% anddabsakvedsi n one
or mor & phar meeulieAldhRARGEP! AAR .  prescdBNLRT SuchUbkaAREEaE3RELET S

i ncl ude, but are not m neral “dil, MONOSt ear at e,

pol ysor B& e 60canéajin bataeen \@bouteddr pindalabernsl 80% active

compound.

When the compounds of this invention are
administered in combination therapies with other
agentsg, 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
therapeutic agents, such as chemotherapeutic 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.



2-octyl dodecanol , benzyl'alcohol and wat er. For ophthal mc

use, the pharnaceuti cal conpositions may be fornulated as m cronized
10 suspensions in isotonic, pH adjusted sterile saline, or,
preferably, as solutions in isotonic, pH adjusted sterile saline,
either with our without a preservative such as benzyl al koni um
chloride. Alternatively, for opht h i c uses, the pharnaceutica
conpositions may be 15 formul ated in an oi ntnent such as petrol atum
The pharmaceutical conpositions of this i nvention nmay al so be

adni ni stered by nasal aerfsbrdir that thi¥Na R oSUHEY, WUBRSId i ons are
pr epared accordj o techni ques wel|-known in the art of

n t | )
phar maceut i cal f?blgly uRdRTEICRYT oF Bfh f WP D I AT F L ST 1975 FREGHy
sal i ne, "THEgE & e Xegnpleny d rea | frah dheorputgtese of tidllhestration only
preservatives, Q i te e e s oavai labildty,
fl uor ocar bons, agﬁ%/%rsé O,f%elrf}{&@e JO%c%tgr\}leérﬁ]%%lmslo giic] Pélhge?nsgdégrae (SJlflsper si ng
agents. % the inventifie ighany wfy.active ingredient that may be
conbined with the carrier materials to produce a single dosage form
wi || vary dependi ng upon the host treated and the particul ar node of
adm nistration. It should be understood, however, that a specific
dosage and 30 treatnment reginmen for any particular patient wll
depend upon a variety of factors, including the activity of the
speci fic conmpound enpl oyed, the age, body wei ght, general health,
sex, diet, tine of adm nistration, rate of excretion, drug
conbi nati on, 35 and the judgnent of the treating physician and the
- 26 - severity of the particular disease being treated. The
anount of active ingredient may al so depend upon the t her apeutic or
prophyl actic agent, if any, with which the ingredient is
co-adm ni stered. As used herein, the 5 term "pharnaceutical ly
effective anmount” refers to an anount effective to prevent
mul ti-drug resistance or mai ntain, increase or restore drug
sensitivity in MDR



cells. Dosage | evel s of between about 0.01 and about 10
100 ny/ kg body wei ght per day, preferably between about 0.5 and
about 50 ng/ kg body wei ght per day of the active ingredi ent conpound
are useful. A typical preparation will contain between about 5% and
about 95% active conpound (wWw. Pr 4elably, such preparations 15
contai n between about 20% and about 80% actTve conpound.

When t he conpounds of this invention are adm ni stered in conbi nation

t herapi es with other agents, th%ﬁ%#@%u%g adm ni stered sequentially
or 20 concurrently to the patient. rnatively,

phar maceuti cal @énProPMbesbas conpositions according to this
i nvention may conprise a conbi nation of a conpound of this invention
and anot her therapeutic OProton nufleahyhaghétiagedéondbce ('H NMR) For

le, th d b dmint s- tered either ne I n
conb nat i on w (TP SRy credoRasd e, sp0 ik 06 o chtiEes AR5 65
chenot her@apeut i Chemgera s, shifts a¥e. geponted nomypant$, peoxwoilbian n(s)

; i stine, : . de. AR 0
vincristine 1at¥¥é 8‘%%4_@1 € PO ! SAWf%EEF niBd gg?@{zf‘ézc?z;}%f‘na%ezm

t eni pasi de, tai%? and col chi ¢#'ne) " and’ or enosen

(e.g., cycl ospokigiid sphpromatography ovas PRefRXPRdZemlither 13 ¥kt her es),
in order to  600E| GETLaEwldEL SPECIKPED Did6 V1 DiuidechiFhaeddSaph hin the
patient to the agent or agents. - 27 -
In order that this invention may be nore fully understood, the foll ow ng

exanpl es are set forth. These exanpl es eohar the purpose of illustration
only and are not to be construed as |i e scope of the invention in

any way.;q Synthesis of (S)-1,7-Diphenyl-4-heptanyl N-{(3,4,5~
trimethoxyphenvlglyoxylipipecolate (3)

4-Phenyl-l-butyraldehyde (119)}. To a
solution of 3.2 mL (20.8 mmol) of 4-phenyl-l-butanol
(Aldrich Chemical Co.) in 20 mL of CHpCl, at 0 °C was

15 added 3.2 g of powdered 3 A molecular sieves and then

5.37 g (24.9 mmol) of pyridinum chlorochromate (PCC).
The resulting suspension was stirred at 0 °C for 1 h at
which time an additional 2.16 g (10.0 mmol) of PCC was
added and the reaction mixture was warmed to room

20 temperature. After stirring at ambient temperature for
0.5 h, the reaction mixture was diluted with ether and
filtered through celite to give 2.5 g of the crude
product. Flash chromatography (elution with 5% ethyl
acetate in hexane) yielded 700 mg of the aldehyde 119.

25 'H NMR was consistent with the structure.

3-Phenvl-l-propvlmagnesium bromide (120). To
a suspensicn of 736 mg (30.3 mmel) of magnesium

turnings in 50 mL of THF at room temperature was added
50 pL of 1,2-dibromoethane followed by the dropwise

30 addition of 5.5 g (25.1 mmol) of l-bromo-3-
phenylpropane (Aldrich Chemical Co.). After stirring
at room temperature for 0.5 h, the supernatant was



- 28 - Exanpl es Gener al Met hods
Prot on nucl ear nagnetic resonance ( H NWR) spectra were recorded at
500 MHz on a Bruker AMX 500. 5 Chem cal shifts are reported in parts
per mllion ([err]) relative to Me[err]Si ([err] 0.0). Analytica

hi gh performance l'iquid chronatograggy was performed on either a
Wat er s 600E or a Hew ett Packard 10 Tiqui d chromat ogr aph.

Exanmple 1 10 Synt hesis of (S)-1,7-Di phenyl -4-heptanyl N-(3,4,5-

tri met hoxypheny | o] )

4- Pheny|-|-buty#g%§9E¥§£H 938) bahfuld) to a 100 BE; Shorpds ¥enEelo878 o)
of 4- phenyl-l-bﬁPHﬁﬁﬁuent Y uERPdPFCﬁ @hénﬂcgﬁFcﬁ°}uFﬁ°QOOﬁLtBF

CH err]d [err] etigheta] Cengent5120. added 3.2 g of powdered 3 A nol ecul ar
sieves and then 5.37 g (24.9 mmol ) of pyridi num chl orochromate
(PCC). The resulting suspension was stirred at O[err]C for 1 h at

which tinme an additional 2,.16Dgphenyd-dnmheptahoPCCiRad. To a sdde8iiend the
reaction gixturge waé?“ﬁgﬂ?ﬂ 9°m%93¥‘39 4-phéﬂg?eiaEHESnalAQ5§§)Sﬁrr5' 9 at

anmbi ent tenperature i on m xt ut é
et her and nLf of{ BHEdathPoli§hvesl pededolfi Qemd. §5¢081OLheOkr dde

product . F|aShdﬁﬁéﬂyﬁlﬂg?ﬁﬁgylﬁsbﬁésQﬁm“bfbm5&éekBYb) and thacetate in
hexane) vyi el ded 700 g? aldehgde 119 -:EerrLH Nthwas

consi stent wi t h* £fg? ?ﬁc?b?%ure was stirred at 0

3- Phenyl - 1- pr opyixtgneswas themni geeid¢Réd. bfothe dropalsaspédstbqnobf736 ny
(30.3 ) of gggﬁg r THR

tenperme was a %{;EH‘ NH"'C%O g éu[ ?é nwg&(’ir%?gnoet hTal?lée éo%%wed by the
dr opwi se 30 werei separated. an FQS Qrgapiy bayerbvafpwashed with

phenyl propane (ﬁéééfcbn@smﬁél afh@: theAf &8iedt bbEinflgso,.  at room
tenperature for 0.5 h, the supernatant was
Concenﬁratlon gave 1.12 g of the alcohol 121 as an oil.

H NMR spectrum was "consistent with the structure.

15 {S)~-Boc-l1-Pipecolyl-1,7-dipenyl—-4-heptanvl
ester (122). To a solution of 164 mg {(0.72 mmol) of
Boc-L-Pipecolic acid in 5.0 mL of CH,Cl, at room

temperature was added 174 mg (0.65 mmol) of alcohol
121, 140 mg (0.72 mmol) of 1-(3-dimethylaminopropyl)-
20 3~ethylcarbodiimide hydrochloride (EDC) and a catalytic
amount of N,N-dimethylaminopyridine (DMAP). The
reaction mixture was stirred at ambient temperature for
0.5 h and then applied directly to a silica gel column.
Elution with 10% ethyl acetate in hexane afforded 76.2

1

25 mg of the ester 122 as an oil. H NMR spectrum was

consistent with the structure.

(S)~1,7~Diphenyl-4~heptanvlpipecolate (123).
To a solution of 47 mg (0.10 mmol) of the ester 122 in

1.0 mL of CH2C12 at ambient temperature was added 1.0
30 nL of trifluorocacetic acid. After stirring at room

temperature for 0.5 h, the resulting solution was

neutralized by the dropwise addition of saturated



- 29 - transfered via cannula to a 100 nL storage vessel and
subsequently used as a 0.5 M THF sol ution of the Gignard reagent
120. 1, 7- D phenyl - 4- hept anol (121). To a solution 5

of 700 mg (4.7 mmol) of 4-phenyl-1-butanal (119) in 5.0 m. of THF at
O[err]C was added 10.0 nL (5.0mml) of 3- 3¢ - phenyl - 1- pr opyl magnesi um
brom de (120) and the resulting mxture was stirred at O[err]C for
0.5 h. The m xture was then quenched by the dropw se addition of 10
sat urat ed NHACOK 04 di [Teedapans atdns sepmatgdsesl the orgsis gdweeat ed

and the organi %éé’%‘é‘ésﬂ@é WeSh&gh bt h drled my@qg d {4 ne and then dried

over MgS err]. Concentration’ ave . 0 tﬁe al cohol 121 as an

oi l . 1H eercenaratem YRy 1ok 53 ang Q\frt‘T‘h% rRnine (k43,38 an il

(S)-Boc- |- Pi pecty yuel Jtli ivte 4 dapistlcture.  ester (122). To a
solution of 164 ng (0.72 mmol) of Boc- L- Pi pecolic acid in 5.0 nL of

CHerr]C[err] at room tenperature was added 174 ng (0.65 nmol) of
al cohol s 121, 140 gy, 4 05 +Pr inet Nosofbelnd Sy if ot vy | sod dhofr opyd ) -T&0
3-et hyl car bodi i m d droc }D%F%ie (Tﬁ’,%)‘4 amngo coaiga:l \ | anount of

N, N- di et hyl am nopy ud’ror?é ? react| on' m xture was stirred
at ambi ent t enperimetloryrcetophengnes (Akdwiiathetheapistd e dat |36 twds a

silica gel col lH‘f.ﬂ -pyridine Gdd Qi td) 31(3;'/0654".\‘}] rehatsE e dngane af forded
76.2 25 %e ester 122 as an oil~ _[err]H NI\/R spectrum was

consi st ent vmtt¢¥9ﬁ¥ rapd the resulting solutlon was heated at reflux
(S)-1, 718 phenydvelrigHtny | THe afsd ¢t dor Jxeﬁature was cdbleddditigyn of 47 ny

{emperat or b wast RS o0 1 1Eongd Fhaoial el and arrencrabed o
stirring at rodm yield & elgk dinown farl Giibidh wawe diesmdlvewy isdiati on was
neutralized by éé}ﬁrprﬁyﬂasl?e af WAhed SR AP HCl and then with

saturated NaHCO,. The basic aqueous layer was diluted

15 with ether and acidified with concentrated HCl. The

layers were separated and the organic phase was washed

with brine and then dried over Na,S0, to give 8.4 g of

the acid 124 as a pale yellow solid. 'H NMR consistent

with structure.

20 (S)~1,7-Diphenyl-4-heptanyl N-(3,4,5-tri-
methoxyphenylglyoxyl)pipecolate (3}). To a solution of
23 mg (0.06 mmol) of the amine 123 in 1.0 mL of CH,Cl,
at roon temperature was added 21.8 mg (0.09 mmol) of
the acid 124 and then 17.9 mg(0.09 mmol) of EDC and the

25 resulting solution was stirred at room temperature for

0.5 h and applied directly to a silica gel column.
Elution with 15% ethyl acetate in hexane gave 8.4 mg of
the amide 3 as a mixture of rotamers. TH NMR (500MHz
CDCly 6 7.35-7.06(m), 5.32 (br s), 5.00 (br s), 4.88

30 {br s), 4.58 (d), 4.31 (br s), 3.95 (s), 3.89 (s), 3.44
(d), 3.21 (t), 3.04 (t), 2.54 (br s), 2.51 (br s), 2.42
(br s), 2.30 (d), 2.15 (d), 1.83-1.21 (m).



- 30 - Klerr]CJerr]. The layers were separated and the organic
phase was washed with water, dried over MgS( err] and

concentrated to yield 23 ng of the amne 123 as an oil. [err]H NMR
consistent with structure. 5 3,4,5-Tri met hoxybenzoyl form c
acid (124). To a solution of 9.2.94¢43.4 nnDI) of 3,4,5-

tri met hoxyacet ophenone (Al drich Chem cal Cb.) in 35 nmL of pyridine
was added 6.3 g (56.7 mml) of sel m di oxi de and the resulting
solution was heated at reflux 10 oyerni ght. The reaction m xture was
cooled to room tenperature, W 2hi te and concentrated
to yield a dark brown oil which was ethyl acetate and
washed with 1.0 N HC and then wit HCO err]. The basic
aqueous | ayer was diluted 15 i sl dified with concentrated
HCl . The | ayers were separ at i ¢ phase was washed
with brine and then dried over Nafer e 8.4 g of t he

acid 124 as a pale yellow solid. consi st ent W th
structure. 20 (S) -1,0% Di phenyl -4-heptanyl N-(3,4,5-tri-
met hoxyphenyl gl yoxyl ) pi pecol ate (3). To a solution of 23 ng (0.06
nmmol) of the amne 123 in 1.0 nL of CHExamGldg err] at room

t enperature was added 21.8 ng (0.09 nmol) of the acid 124 and then
17.9 ng( O 09 hthesh AndRt Bnd28) -1~ (Befhbnony) phenyind-~phenyirired at
roomterrperaturbutﬁl LS)—N-(Q 4. B-tndmeshoxkgphenydaivoxyd)nipecotateel

col um. Efkeion with 15% ethyl acetate in hexane gave 8.4 ng of

the amde_3 as a mxture of _rotaners. [err] H NVR (500MHz CDCl [err]
[err] 7.38-7.06(m, 5.32 éﬁ?—#—s—s&é&%@—é@h oxgbepzajde 33 To ppPolyEignsg (g,
4.31 (br s), 3.95 f{s3, mB. §20(3) mm31¥40f 3-phefidkybdnz2fl(a)lcoBold (t), 2.54
(brs), 2.51 (b{a$drién*lnemical £87)Skn 20°R( 8 ch,dr, (8 rdof3 121 (M-
temperature was added 1.5 g of powdered 4 A molecular
sieves and 2.5 g of activated MnO,. The resulting
10 suspension was stirred at room temperature for 0.5 h,
at which time an additional 2.5 g of MnO, was added.
After stirring at room temperature for 0.5 h the
reaction mixture was filtered through celite to give
1.84 g of the aldehyde 12% as an oil. H NMR
15 consistent with structure.

(R_and S)-1-(3-Phenoxy)phenyl-4-phenyl-1-
butanol (126). The alcohol 126 was prepared from 190
mg (0.96 mmol) of aldehyde 125 and 2.0 mL (1.0 mmol) of
the Grignard reagent 120 in 2.0 mL of THF as described

20 above for the synthesis of the alcohol 121 in Example
1. Flash chromatography (elution with 10% ethyl
acetate in hexane) afforded 108 mg of the racemic
alcohol 126. 1H NMR consistent with structure.

(S)-N-3,4,5~(Trimethoxyphenvliglyoxyl
25 pipecolic acid (127). To a slurry of 953.3 mg (3.4

mmol) of the tartrate salt of (S)-~pipecolic acid



- 31'- [err]

Exanple 2 Synthesis of (R and S)-1-(3-Phenoxy)phenyl -4-phenyl - 1-
butyl (S)-N-(3,4,5-trinmethoxyphenyl gl yoxyl) pi ecol ate (4). 5

3- Phenoxybenzal dehyde (125). To a solution of 1.8 mL (10.3 mmol ) of
3- phenoxybenzyl al cohol (Aldrich Chemcal Co.) in 20 nL of
CHerr]C[err] at room t enperature sas-added 1.5 g of powdered 4 A
nmol ecul ar sieves and 2.5 g of activated M err]. The resulting 10
suspensi on was stirred at roomtenperature for 0.5 h, at which tine

an additional 2{EggestspRrceMwasnddBanishefsky, ABted - sdir Prdg Shelaom

terperature_f0r198§,hskhgﬁl) i? 7ﬁgaﬁF58E gk§§y§fawﬁ§ *é!?@éef?iﬁgf%gb
celite to give .al dehyde s _an oil.

consi st ent mﬁthmgt(aat%?e?mgl? of 8115°Prgpyleg Yiﬁalne ana 274"k

S) - 1- ( 3- Phenoxy] paecaymmdiphefiythlerotrimethylahdbnelafigl. thbheraebodhdhgl26

was prepaged fr 9 : | dgh 2 nd o.n (1.0
mol ) ofag g?%éggf?gﬁgﬁda?ggggﬁtQigggé% 8£OenLeo¥g$Hé'§sﬂdes§PiBed 20
above for the sy@apavake veachdon| Edask 452 kh ERafpmmol) of oxal¥lash

chronmat ogr aphy égieries whahtAPleahybs of DMFageral gaiBahexage) af for ded
108 0,0 1M TS8R on or 52 8G"Th. 4 Baol " CELIVE $8°HRTST ML,
structure. L2
CH,Cl,. After the evolution of gas ceased, the entire
10 contents of the second flask were added to the first
reaction vessel and the resulting mixture was allowed
to stir at room temperature for 1 h. The reaction
mixture was concentrated, dissolved into ether and
washed with 0.5 N HCl and then saturated NaHCO3. The
15 basic aqueous phase was acidified with concentrated HCl
and extracted with ether. The ethereal extracts were
washed with water, brine, dried over Mgso, and
concentrated to give 490 mg of the acid 127. v NMR
consistent with structure.

20 (R _and S)=-1-(3-Phenoxy)phenyl-4-phenyl-1-
butyl (S)-N-(3,4,5-trimethoxyphenvlglyoxvllpipecolate
{4). To a solution of 29.4 mg (0.08 mmol) of acid 127
in 2.0 mL of CH,Cl, at room temperature was added 11 uL
(0.13 mmol) of oxalyl chloride and three drops of DMF

25 and the reaction mixture was allowed to stir at room

temperature for 0.5 h and was then concentrated and
suspended in 1.0 mL of benzene. To this suspension was
added 32.0 mg (0.1 mmol) of alcohol 126 and 13.4 mg
(0.1 mmol) of silver cyanide. The resulting mixture
30 was heated at reflux overnight, cooled to room

temperature and concentrated. Flash chromatography
(elution with 10% ethyl acetate in hexane) gave 8.8 mg
of the ester 4 as a mixture of diastereomers. 'H NMR

(500MHz CDCly) 67.34-7.19 (m), 7.18-7.03 (m) 7.02-6.84



(S)-N-3,4,5-(Tri net hoxyphenyl ) gl yoxyl 25 pi pecolic acid (127). To a

slurry of 953.3 ng (3.4 nmml) of the tartrate salt of (S)-pipecolic
aci d - 32 -

(Egbertson, M and Dani shefsky, S. J. J. Og. Chem 1989, 54, 11)
in 7.0 mL of CHerr]CJ[err] at O [err]C wasgz added 3.9 m. (22. 39
nmol ) of diisopropylethylamne and 2.4 niL (18.9 mmol ) of
chlorotrimethylsilane and the resulting 5 solution was allowed to stir

at O [err]C for(fa)5 B.83F8.32 (m}, Ssepa(qte FeaetboBsSflmbk 588 [ery]L (5.2
ol ) of oxal vl o5 ozl or kg aARal T geogt ogs of DY (AT s adgery o

sol ution of 820
CH err]d[err]. 3A§§eKSihe3eVél&$30n3o$3gé§)ce%s%@ 3tﬁ% &ntird-29 (),

contents of thezgeggn@tflagkguqu)adﬂeggt@dahe iigsti.91 (m)Jencdpon vessel
and the resulting nlxture was al 'owed to stir at roomtenperature
for 1 h. The rehct?of™ m xture was concentrated, dissolved into ether
and washed with 0.5 N HO and then saturated thKIIerr] The 15
basi ¢ aqueous phase was acidified {h conceniaat ed and
extracted with ether. The et hereal washed with water,
brine, dried over MgSO4 and 490 ng of the acid

127. [err]H NWR consi st ent 20 (R
and S) - 1-(3-Phenoxy) phenyl - 4- phen
(S)-N-(3,4,5-trimethoxyphenyl gl yoxyl )jpi pecol 4t e (4). To a solution

of 29.4 ng (0.08 nmol ) of acid 127 of CHerr]dJerr] at
roomtenperature was added 11 [err] i
and three drops of DMF 25 an tion mxture was allowed to stir
at room tenperature for 0.5 h d was then concentrated and
suspended in 1.0 nL of benzene. To this suspension was added 32.0 ny
(0.1 nmol) of alcohol 126 and 13.4 ngy Example(@-l nmol ) of silver cyani de.

The resulting m xture

pl ) of oxalyl chloride

Synthesis of (R and S)-6-Phenyl-1-(3-
ridyl) ~-3-hexyl (S)-N-{3.,4,5-trimetho henvlglvoxyl) -

pipecolate (7).

10 3-(3-Pyridyl}-1-propylaldehyde (12 To a
gsolution of 2.3 g (5.46 mmol) of the Dess-Martin
periodinane {(Dess, D.B.; Martin, J.C. J. Org. Chem.
1983, 48, 4155) in 10 mL of CH,Cl, at O °C was added
470 pL (3.65 mmol) of 3- (3-pyridyl)-l-propanol and the

15 resulting mixture was allowed to warm from 0 °C to
ambient temperature over a 1.5 h pericd. To this
solution was added 6.0 g (38.22 mmol) of Na,S,05 in
saturated NaHCO5 and the reaction mixture was allowed
to stir at room temperature for 15 min. The reaction

20 was extracted with CH,Cl,, dried over Mg80, and
concentrated. Flash chromatography (elution with 3:1
hexane;acetone) yielded the product aldehyde 128 as an
oil. 'H NMR consistent with structure.

R and S)-6-Phenyl-1-(3-pyridyl)-3-hexanol
25 {(128) ., The alcohol 129 was prepared from 125 mg (0.92
mmol} of aldehyde 128 and 2.0 mL (1.0 mmol) of 120 in



30 was heated at reflux overnight, cooled to room tenperature
and concentrated. Flash chromat ography (elution with 10% et hyl
acetate in hexane) gave 8.8 ny of the ester 4 as a m xture of
di astereonmers. 1 H NWR (500MHz CDCl[err]) [err]7.34-7.19 (m,
7.18-7.03 (m) 7.02-6.84 - 33 -
(m, 6.83-6.72 (m, 5.73 (q), 5.69-5.55 @4 -5.38 (t), 4.55 (br d),
4.35 (dd), 3.94 (s), 3.92 (s), 3.89 (s), 3.83 (s), 3.73 (s), 3.63
, 3.48-3.35 , 3.20 (t), 23.10 (t), 2.60 , .2.40 (dd
(1t5295_1. 91 (1), 2&%6@ af 'I(Hl‘) Esﬂ\:;i%qﬁ:jibed abo(vg for thé CQynt:he51s( o
Exanpl e 3 alcohol 121 irBEMdmMsie Dftd Ry i mdlehhel -Rrde I
pyri dyl) - 3- hexyl -N-(3 4, S+ et .nhen . - pi pecol at e
(! Vo Moo gy o Al N AR B erucrare. (01
solution of 2.3 g (5.46 Mol ) of the Dess-Martin peri odi nane (Dess,

D.B.; Martin, J.C. J. Ogg\didB-pPipecol A4 AL3R)pHdhhQ g af

CH[err]C%[err] at 0 erﬁi_ was adde err . NTTD of
3-(3-pyrifdyl) - r (1 | t5hey sRbEUHLS$ @S] | oved to
warmfrom O C tprepared fith Q¥s ) pEY.afUmehadVElof alldoHblpardgnd.a3landg hi s
sol ution was ad(%e.ch.G.m% )( ?68f %Zocmgg}ec%clihéazasc:zio . igr]‘ mg (0.49 mmol) of
EDC and a catalytic amount of DMAP in 1.0 mL of CH,C1,
and 1.0 nL of DMF as described above for the synthesis
10 of 122 in Example 1. Flash chromatography (elution
with 2:1 hexane: ethyl acetate) gave 105 mg of the
diastereomeric ester 130 as an oil. '"H NMR consistent

with structure.

(R _and S)-6-Phenyl-1-(3-pyridyl)-3-hexyl (S}-
15 pipecolate (131). The amine 131 was synthesized by
treating 95 mg (0.20 mmol) of the ester 130 with 1.0 nL
of trifluoroacetic acid in 3.0 mL of CH,Cl, as
described above for the preparation of amine 123 in
Example 1, giving 58 mg of the diastereomeric amine 131
20 as an oil. 'H NMR consistent with structure.

(R_and S)-6~Phenvyl-1-(3-pyridyl)}-3~hexyl (S)-
N-(3,4,5-trimethoxyphenvlglyoxyl)pipecolate (7). The
ester 7 was prepared from 54 mg (0.15 mmol) of the
amines 131, 50 mg (0.22 mmol) of the acid 124 and 42 mg

25 (0.22 mmol) of EDC in 3.0 nL of CH,Cl, as described
above in the synthesis of ester 3 in Example 1. Flash

chromatography (elution with 1:1 ethyl acetate:hexane)

gave 73 mg of the diasteromeric ester 7 as a mixture of
rotamers. 'H NMR (500MHz CDCly) & 8.48-8.42 (m), 7.50-
30 7.41 (m), 7.32 (d), 7.27-7.03 (m), 5.38 (d), 5.31 (4),
5.06-5.01 (m), 4.97-4.93 (m), 4.60 (br d), 3.92 (s),
3.88 (s}, 3.86 (s), 3.84 (s), 3.82 (s), 3.79 (s), 3.46



sat ur at ed NaHCJ err] and the reaction m xture was al'l owed to stir at

roomtenperature for 15 mn. The reaction 20 was extracted with

CH err]C[err], dried over MgSO err] and concentrated. Flash

chr omat ography (elution with 3:1 hexane; acet one) vyi el ded the product
al dehyde 128 as an oil. [err]H NVR.gonsi stent with structure.

(R and S)-6-Phenyl - 1- (3-pyridyl)-3-hexanol™ 25 (129). The al cohol 129
was prepared from 125 ng (0.92 mol ) of al dehyde 128 and 2.0 nL (1.0
mol ) of 120 inpr 4y, 3.27 (br t), 2.73-2.68 (m), 2.38-2.29 e ; _
2.0 nL of THF as descri bed a ove for the synthesis al cohol 121 in
Exanple 1 to giv@&H 1)) OV ¢ ne T Thef® (M), Jaﬁ:%‘h’mf’]izgn)' [Br48H NWR

consi stent w th si0 ugiur e. (S)-Boc-Pi pecolyl - (R and

S) - 6- Phenyl -1-(3- 5 pyridyl)-3-hexyl ester (130). The ester 130 was

al cohol 129, 93 ny (0.41 mmol)

EDC and a catal ytic

prepared from 125 ng (0.49 mmol) of
of Boc-pipecolic acid, 94 ng (0.49

amount of DVAP in 1.0 nL of CH2Cl2 s : Qf DVF as descri bed
above for the synthesis 10 of 132 i . ash chromat ogr aphy
(elution with 2:1 hexane: et 405 ngy of the
di astereoneric ester 130 as an oil. err] H NWR consistent wth
structure. (R ap eyl - 1- ( 3- pyri dyl) - 3- hexyl
(S)- 15 pi pecol ate (131). The ] ws s¥nt hesi zed by
treating 95 ng (0.20 nmol) of thgo S th 1.0 nL of
trifluoroacetic acid in 3.0 nL of CHLﬁwr]CJ[err] as descri bed above
for the preparation of amne 123 in Exanple 1, giving 58 ng of the
di astereoneric am ne 131 20 as an pihmpirdefr]H NVR consistent with
structure.

5 Synthesis of (R and S)-(E)-i-[trans—-(4~Hydro

cyclohexyl) ]-2-methyl~6-phenyl~-3-hex-l1-enyl (S)-N~-
(3,4,.5-trimethoxvphenvlglvoxylipipecolate (8).

cis~and trans-4-(tert-Butyldimethylsilyloxy)~-

cyclohexan-1-0l (132) and (133). To a solution of
10 3.43 g (21.7 mmol) of cis- and trans-methyl 4-hydroxy-

cyclohexane carboxylate (Noyce, D.S.; Denney, D.B. J.
Am. Chem. Soc. Vol. 74, 5912 (1952)) in 45 mL of
methylene chloride at 0 °C was added 3.0 mL (26.0 mmol)
of 2,6-lutidine followed by 5.5 mL (23.0 mmol) of tert-
15 butyldimethylsilyl trifluoromethanesulfonate. The ice

bath was removed and the reaction mixture was allowed
to stir at 25 °C for 2 h, at which time the solution
was poured into saturated sodium bicarbonate. The
layers were partitioned and the organic layer was

20 washed with saturated copper sulfate and water and then
dried over MgsO, to give 5.9 g of the crude methyl
esters. A solution of 5.72 g (21.0 mmol) of this
mixture in 45 mL of anhydrous THF was treated with 400
mg (10.5 mmol) of lithium aluminum hydride. The

25 reaction mixture was stirred at 25 °C for 0.5 h and was
then quenched by the slow addition of a saturated
solution of Rochelle's salt. The mixture was diluted



(R and S)-6-Phenyl -1-(3-pyridyl)-3-hexyl (S)-

N- (3, 4.5-trinmet hoxyphenyl gl yoxyl ) pi pecolate (7). The ester 7 was
prepared from54 ng (0.15 mmol) of the am nes 131, 50 ng (0.22 mmuol)
of the acid 124 and 42 ny 25 (0.22 mol) of EDC in 3.0 nL of

CH err]C[err] as described above_ifﬁtpe synthesis of ester 3 in
Exanple 1. Fl ash chromat ography (elution with 1:1 ethyl

acet at e: hexane) gave 73 ng of the diasteroneric ester 7 as a m xture
of rotanpi®h eth&F| ]thé\lh&)gég%wré?%i@iﬂ%%é&réﬂd gtﬁé-awgom 1

7.50- 30 7.41 (m), 7.32 (d), 7,03 (m,.5.38 (d), 5.31 (0),

5.06-5.01 (M, kﬁéﬁﬂ@% ‘(?ﬁ*,ge%.%‘ol‘(%rwh‘j*} ‘%"%&1 (%ﬁ?tatg- The gy (s), 3.86

(s), 3.84 (s), chi¥ifed  oya¥id sexttadfis were dried over Mgso, and

198176 (m, TrHeeatdtd il e & §if GdPladedBndBd N,

[err] 5 alcohols. Flash chromatography Belnytion with 1:5 Stiyiesi s

of (R and S)- (E)sdk iHEX s yHY, Y, .

cycl(ohexyl )] Zgn%%th%}t[é 6-p a‘e’%}l -%‘ﬁée(xé-slq e“h‘%u"f(#%\t 1.10 g of ‘l‘;% and

(3, 4, 5-tri met hafitheh? |3 B ol the ). Data for 132: 'H &MR and

trans-4- (tert-BuyyIMiARIdBES)) W OX¥W-3.92 (m) ,C¥Cld@§aN1179-1(582) and

(133). To a solution Qf; 1 36(my, 0.86(s), 0.08(s). Data for 133: 'H

10 NMR (300 MHz, CDCly) § 3.47(dddd), 3.38(d), 1.86-
1.67(m), 1.47-1.16(m), 1.05~0.77(m), 0.72(s), 0.02(s).

(E)-Ethyl 3-{trans—-(4-tert-Butyldimethyl-

silyloxycyclohexyl) 1-2-methyvlprop-2-enoate (134). To a

~-78 °C solution of oxalyl chloride (785 uL, 9.0 mmol)
15 in 10 mL of methylene chloride was added

dimethylsulfoxide (1.3 mL, 18.0 mmol). The resulting

solution was stirred for 5 min and then 1.1 g (4.5
mmol) of the alcohol 133 was added in 10 mL of
methylene chloride. The reaction mixture was stirred

20 at ~78 °C for 45 min at which time 3.8 mL (27.0 mmol)
of triethylamine was added and the solution was allowed
to warm to ambient temperature. The reaction was
gquenched with 1.0 N HCl and the agueous layer was
extracted with three portions of methylene chloride.

25 The combined organic extracts were dried over MgsSo, and
evaporated to dryness to give 1.0 g of the intermediate
aldehyde. A solution of this aldehyde (450 mg, 1.86
mmol) was treated directly with 710 mg (1.95 mmol) of
(carbethoxyethylidene) triphenylphosphorane in 5.0 mL of

30 methylene chloride. The resulting reaction mixture was
stirred at ambient temperature overnight and was then
poured into water. The layers were partitioned and the
agqueous layer was extracted twice with methylene
chloride. The combined organic layers were



10 3.43 g (21.7 mmol ) of cis- and trans-nethyl 4-hydroxy-

cycl ohexane carboxyl ate (Noyce, D.S.; Denney, D.B. J. Am Chem Soc.
Vol . 74, 5912 (1952)) in 45 nlL of nmet hyl ene chloride at O[err] C was
added 3.0 nL (26.0 mmol) of 2,6-Iutidine followed by 5.5 nL (23.0
mml ) of tert- 15 but yl di met hyl si |yl fl uor onet hanesul fonate. The

I ce bath was renoved and the reactl m xture was al | owed to
stir at 25 [err]C for 2 h, at which tine the solution was poured

into saturated at r t d and
t he organic | ay%?g%g?g%)f%ggg ed <}’;v]\cll?l?%‘:" %tréaf?ytgé ?o}l)@lec? t.gﬁs{ éa:t& eaoc{aéﬁd wat er
and t hen _ﬂﬁ|@qnéwemlm@5£1@xm?rt@m@&@@ & othe of ¥$@m%¥udefhé@ﬁyl

esters. A sol uté@Rs Pt Ent 2Pk 2 PudpRtad . Of this m xture in 45 nL of
anhydrous THF was treated with 400 nmyg (10.5 mmol) of lithium

al um num hydride. The 25 reaction mxture was stirred at 25 Cfor 0.5

h and was then quengnem-bgraﬂm §§ouetmkmmtgggrmemhxggilxﬂgz&

I f
?O3gtlon 9t RoRedl Sndxot: S 'rmF?he agueous

| ayer was washegolwk tenwhi he&d g bR ed ameolThef enoate chdiired ot galni c
extracts were dg¢ %W&fo&@%?ﬂ%rdrofura&%% raé Sfhd e o TP Of the

di astereoneric al cohol s chromat ography (elution with 1:5

et hyl bRt SOLE R HAGRL S AR SO 4AbitAS3 and

éDéO[g of a[ m )&eﬂéﬁétgin hﬁ?uttm)re vﬁhgéaaIIIEwé?cgazo Séste:txl‘]ﬂ'bzf\lm min. 5711%)06?/::)2
err err

0. 86(s) ,’l% 08(3%9“"[%?’? *iee‘é q‘%’ﬁﬁ sgo“l\ﬁ??wrﬁ/l—é? S@&i‘%teé?

3.47(dddd), 3. m@elne% salt and A6MtYd Wi tAY-atmel AGetans- 0. THE n) ,

0.72(s), O. Oz(sl)ayers were separated aid) e 'B’ciué’bﬁ gr
(4-tert-Butyl di net hyl - I 'yl oxycycl ohexyl )| - 2- nethylpréglz-enoate

(134). To a extracted with G%l&ﬂ#*‘&?féﬁ HAY et (789 err]L, 9.0

nol ) 15 l rbdrﬂomed)fomzw& mﬂ&ﬁlw@rm&mmtn both water

g![ IIT?f’ Qéllf ' gx Iréjxﬁi sﬁﬁl P.Brf%tea}pc% %d Tcp\?exf 'ﬁglﬂé ' "9 Evaporatsz.célnugn%n nas
flash chromatography (elution with 15% ethyl acetate in
hexane) gave 370 mg of the allylic alcohol 135. # R

consistent with structure.

E)-3-{trans- (4-tert-Butyldimethylsilyl
20 cyclohexyl}]l-2-methylprop-2-en-l-al (136). To a -78 °C
solution of oxalyl chloride {105 uL, 1.2 mmol) in 1.0
mL of methylene chloride was added dimethylsulfoxide

(170 uL, 2.4 mmol). The resulting solution was stirred
for 5 min and then 170 mg (0.6 mmol) of the alcohol 135
25 was added in 1.0 mL of methylene chloride. The

reaction mixture was stirred at -78 °C for 45 min at
which time 500 pL (3.6 mmol) of triethylamine was added
and the solution was allowed to warm to ambient
temperature. The reaction was quenched with 1.0 N HCl
30 and the aqueous layer was extracted with three portions
of methylene chloride. The combined organic extracts
were dried over MgSO, and evaporated to dryness to give



mml ) of the al cohol 133 was added in 10 nL of ‘met hyl ene chl ori de.
The reaction m xture was stirred 20 at -78 [err]C for 45 mn at which
time 3.8 nmL (27.0 mmol) of triethylam ne was added and the sol ution
was al | owed to warmto anbi ent tenperature. The reaction was
quenched with 1.0 N HCl and the aqueous |aygr_was extracted with
three portions of nethylene chloride. 25 The conbi ned organic extracts
were dried over MgpSO4 and evaporated to dryness to give 1.0 g of the

intermediate  the piehé%hxdaeh?d@h%i enieh WhAbsuskdehydect4f0iRULhe 86
mmol ) was treated directly withy/710 m I f

ny é1.95 nmo L,o
(car bet hoxyet hyPR¥ENEPRFERRBNY| pHo¥BRoFEREIFReBE oWiER oFtBBCt UL e gt hy| ene
chloride. The resulting reaction m xture was stirred at anbient

temperature overnight and yag bnen. (g ., ROUREd 40ta Wabaky, JigatRYSLS
were partitioned and the 1‘***"*3guéUﬁs*féyer“maé“exgracbegz%mrte~m¥§h
net hyl ene sidploxiverclthexydibir-deneshyinbrphenyibheReiren-3-01

- 37 - (drhed o rjsangdacopeephrakie ¥hel drhBg enoate
134 conta?ning a g?nor gﬁ%uﬁggg%gghggz igorrg?.BB e?rgﬁF%NR, *

consi stent wi t h23¢PH¥HEr 436 and 1.5 ml (0.75 mmpgj_gF 120 in 2.0 mL of

trans- (4-tert - BoHyl dsmakBgkribkil akpve Bor the synthesis oflalcoholf;g;

cycl ohexyl )] - 2- get hyl -2-en-1-0l 5) . o] Q ilon o 60 ny
(26 oty br “enBareRBl8; 88,83 238%hy o0rfe prnge, ARpUEERPOREF IR ot
25 [err] C was addledhdd Af7. FlashlcBrometdgoéphyt elmtabonwhtim RO#ride and
t he resubii ) S d | kN h
reactionlaas que%% gdHE§E?%§ 2? &?géﬁg?igﬁ?g?&égt%?gtég 8E"the E%%ﬁgfae's
salt and dil uted3%i 88 abhghlacet Bt R Tpensistent | wjh sstpnetyepar at ed and

t he aqueous | ayer was extracted with two portions of ethyl acetate.
The conbi ned organic extracts were washed with both water 15 and

brine and then dried over MgSO err]. Evaporati on and flash
chromat ography (elution with 15% et hyl acetate in hexane) gave 370

my of the allylic alcohol 438,ql&{LYE) MB ¢ ans- (§OPSEELERLy 1IN SROYCT UTE:
silvloxycyclohexyl)l-2-methyl-6-phenvl-3-hex~l-enyl
(S)~-N-(3,4,6-trimethoxyphenyvlglyoxyl)pipecolate (138)}.
15 To a solution of 75.7 mg (0.22 mmol) of acid 127 in 2.5
mL of CH,Cl, at room temperature was added 30 uL (0.34

% >
K by

mmol) of oxalyl chloride and three drops of DMF and the
reaction mixture was allowed to stir at room
temperature for 0.5 h and was then concentrated and

20 suspended in 1.0 mL of benzene. To this suspension was
added 43.4 mg (0.11 mmol) of alcohol 137 and 28.8 mg
(0.22 mmol) of silver cyanide. The resulting mixture
was heated at reflux overnight, cooled to room
temperature and concentrated. Flash chromatography

25 (elution with 4% acetone in hexane) gave 17.5 mg of the
ester 138 as a mixture of diastereomers. 1H NMR
consistent with structure.

(R and S)-(F)-1-{trans-{4-Hydroxycyclo-
hexyl) ]1-2-methyl-6-phenyl-3~hex~1-enyl (S)-N-{(3,4,5-
30 trimethoxyphenylglvoxyl)pipecolate (8). To a solution



(E) -3-[trans-(4-tert-Butyldinethylsilyloxy- 20

cycl ohexyl)]-2-met hyl prop-2-en-1-al (136). To a -78[err]C sol ution
of oxalyl chloride (105 [err]L, 1.2 nmol) in 1.0 nmL of met hyl ene
chl ori de was added di net hyl sul f oxi de (170 [err]L, 2.4 mol). The
resulting solution was stirred - for % mn and then 170 ng (0.6 mmol)
of the al cohol 135 25 was added in I.3°n of met hyl ene chloride. The
reaction mxture was stirred at -78 [err]C for 45 mn at which tine

500 [err]L (3. Qe )o Gy {0 SFMMANT 2By 138 1cA] of B, 381 Ut on

was all owed to war enperature. "The reaction was

quenched vmtt1:Fﬁzq¥ H@ rRem temm%%@ﬂ%§aa&@§o&§qe§yép ﬂ&@PéxPFaEtgé with
three portions solutlorpfofmi‘! 10 0 ) %Hdd@;heTh%s@QI&‘ahgedu&tgael wagxtracts

e o Y Clontrad i AR A Gk Cuded FPLEERF R he

next read ion. nfiertnide N amzmnaleiﬂedmwﬂtkstsaIMt@d K,CO5 and (R
and S)-(E)-1-] I

S|Iyloxycyclohéi :;|A€%é(i t4&%§ﬂ enylhex fher iyers were FT??fd The

al cohol 137 wagv%p@rt@r.f r%fquw@vmjé@s% and gogeRp§ratss sAdyieddm.

(0.75 nmol ) of 7120 pig o szrﬂdeofmatemal THE‘l%%hd%‘H‘rrdzrﬁQ@ owg for the
synt hesi s of alcghol 121 Exanple 1 ive 22 ng of tQWFgrude
u

di ast er eomeri ¢ ¢ utlo%ﬂ%ﬁﬂﬁoﬂsz?CQQQQQW¥Ph r 1% GePulBoR f 20%
10 awohy| acHaate ddvnteeiana)l citiodr dedsl 46 mitaliret ke aotamelrs. 'H 137

and ) ( :E)[le;ﬁlaﬁng%g%'t ?@ﬁi;zl)‘é‘”iat t.ﬁ%lr-fi‘froﬂr(%v, 5.35-5.01(m), 4.62- (N
si | yl oxycycl ohdxya3){(m)2- Met2B(It)6- BhES(Is)3- Be8SLsdny3.87(s), 3.86(s),
(S)-N-(3, 4, 6-t i gt dagxyRheAYs9!,y ax¥ls)@i)Reaclal() (138ko (m), 3.10-
2.90(m), 2.60-2.45(m), 2.32(t), 2.10(t), 1.95(d), 1.85-
15 1.40(m), 1.39-1.02({m).

Example 5
Synthesis of (R and S)-5-{(3-indolvl) -1-phenvl-2-pentvyl
S)-N-{3,4.5-tri-metho henvliglvoxvl)pipecolate (11).

N-Methyl-N-Meth -4-(3-indolyl)butyramid

20 {138). To a slurry of 1.75 g (8.61 mmol) of 3-
indolebutyric acid (Aldrich Chemical Ce.) in
acetonitrile at room temperature was added 7.0 mL (40.2
mmol) of N,N-diisopropylethylamine, 3.8 g (21.5 mmol)
of N,N-dimethylhydroxylamine hydrochloride and 4.19 g

25 (9.5 mmol) of benzotriazol-l-yloxy-tris{dimethylamino) -
phosphonium hexafluorophosphate (BOP reagent) and the
resulting mixture was allowed to stir at room



15 To a solution of 75.7 ng (0.22 nmml) of acid 127 in 2.5 mL of

CHerr]C[err] at roomtenperature was added 30 [err]L (0.34 nmol )
of oxalyl chloride and three drops of DWF and the reaction m xture
was allowed to stir at room tenperature for 0.5 h and was then
concentrated and 20 suspended in 1.0 nL of benzene. To this suspension
was added 43.4 ng (0.11 mmol ) of —altdbrol 137 and 28.8 ny

(0.22 muol ) of silver cyanide. The resulting ntxture was heat ed at
reflux overnig § 0,40 t r t ted Flash
chr omat ogr aphy%ﬁ&oéfgf ut?%%&\}ra?tht ﬁp%cvgr?eﬁéﬁﬁ exane ap'gf’?/c{]e {fgjil

t he est elryipsssis g xresidud wasisiissolned ifto r%hN\/Facetate

consi st ent V“trhﬁ3r¢5§&E&’w1th water, 0.5 N HCIR #¢hrated NaHCO; and
S)-(E)- 1[tmmsé4twmo cycl o-
hexyl )] - 2- met =g | *sefh&rae%rmel( 395@q 2 pongentrated.

trimet howphenwmmwﬂﬁmwaa@@(@élutﬂ@ a,:ismtalgm‘adlent of 2-10%

- 39 - 17. 0, 02 t he est 8 nL of

CH err] CN at roeot%ﬁrer?p’er% %1%%%;;%%5‘%@ i) Vl‘g?d ;23'9% sol ution
of CH err] CN 5%nddeni3q? he MeNMR icupgiistiante widsh structwtd.sred at room
tenperature for 0.5 h. The reaction 5 m xture was neutralized with
saturated KlerrJ]CJerr] and extracted |nto ether The et her |ayers
wer e washed wi t h VReRgY 11t Girindel s ) i e A Y t FYiel d
7.2 nmg of crudey BRIt AN &a@dv taftgrxﬁzt&w) of amldeﬁlluig Ofth 4 td1 nihﬁ%

acetone _.in hexane) _gave 4. of th di ast ereqneric Ico as a
m xture X rot &fert t'err-%-tnyc was %?WLCBO as
7.38-7.02(m, soa?:&ﬂxm;(nésum Ghloride (X.GH nn Bt (ta)nd 3-_r9n5(s)

3200, 3. 10 TeactithHiytyre yag SHdlag o M b Pl ) " 175t

1.85- 15 1. Mmger@u;sp prmg(sn:)lr for 3 h. The reactlon was
guenched with 5% KHS0, and extracted into ether. The
15 combined ethereal layers were washed with brine and

dried over MgS0O,. Flash chromatography (elution with
25% ether in hexane) gave 108 mg of the ketone 140.
NMR consistent with structure.

n

R_and S)~-5-(3-indolyl)-1-phenyl-2-pentanol

20 (141). To a slurry of 105 mg (0.38 mmol)} of ketone 140
in 3.0 mL of MeOH at 0 °C was added 30 mg (0.7% mmol)

of solid NaBH, and the resulting suspension was allowed

to stir for 3 h. The reaction mixture was guenched
with 5% KHSO, and extracted into ethyl acetate. The

25 combined organic extracts were washed with brine and
dried over MgSO,. Flash chromatography (elution with
4% ether in methylene chloride) gave 81 mg of the
alcohol 141 as a white solid. 'H NMR consistent with
structure.

30 (S)-Boc~-Pipecolyl~{R and S}~-5-(3-indolyl)-1-~
phenyl-2-pentyl ester (142). The ester 142 was
prepared from 80 mg (0.29 mmol) of alcohol 141, 82 mg



[err] Exanpl e 5 Synthesis of (R
and S)-5-(3-indolyl) -1-phenyl-2-pentyl
(S)-N-(3,4,5-tri-met hoxyphenyl gl yoxyl ) pi pecol ate (11).

N- Met hyl - N- Met hoxy- 4- ( 3-i ndol yl ) butyram de 20 (139). To a slurry of

1.75 g (8.61 nmol) of 3- I ndol ebutyghc-acid (Al drich Chem cal Co.)

I n acetonitrile at roomtenperature was added 7.0 niL (40.2

mol ) of N, N-diisopropylethylamne, 3.8 g (21.5 mmmol) of

N,N—dinethylhydﬂ@xﬁ%anhmﬂ)hpdrdshl@dcd@i@ndoditQagiﬁS 66 mgo.(b.dol ) of

benzotri azol - 1- hyl oseh@ni um
E@P%ég%ggﬁt% %gggaktlc amouBQsé t?ng m xt ure was

hexaf | uor ophospha Fé
all owed to ster§F j@inopyridine in 2.0 mL of CH,Cl, (mixture was. 4Q -

tenperature ovegpnighedard w@aztBaar@gg@@nh&akaamtQemperatuééynass The
resi due s di ssol ved, i th water, 0.5

ac
N HO , safurate ﬁgﬁééﬁgaﬁaove for §%|n§Y§ﬁ&e§ﬁ§n gr?ﬁEeEV M8 err] and
concentrated. ExamplEl ash ¢hestmtbgoapbpgebhyi delutibnawdthdaend:p6 2- 10%

ether in nethylgg e?hlﬁeEg heﬂroﬁhggglae ﬂe&gngpegave 108aﬂgd8f1§8e

[err]H NMR con5|s At W thistructu
Benzyl - 3- ( 3- |nddﬂ?EFEFQQWBrRGt@ﬁéeF14ﬂ¥ asTe white fgamel ulHOWMBI 147 gy

(0.60 mmol ) of @ghggsiggtlQlﬁhosgguégure of THF at -78[err]C was added
1.31 mb (1.31 mol benzylnagne3|un1chlor|de (1.0 Min Et[err]O

and the
10 R and S} -5-{(3-indolvl)-1-phenvl-2-pentyl

(S) -pipecolate hydrochloride salt (143). Anhydrous HCl
was bubbled into a solution of 103 mg (0.21 mmol) of
the ester 142 in 10 mL of EtOAc at -20 °C for 10 min
and then the reaction mixture was purged with N,.

15 Concentration gave 108 mg of the crude amine 143 as the
hydrochloride salt. 'H NMR consistent with structure.

R and -5-(3-indolyl) -1-phenyl-2-pentyl
S)-N-(3.,4,5-trimetho henylglvoxyl)pipocolate (11).
To a slurry of 108 mg of the crude amino hydrochloride
20 143 in CHRCN at room temperature was added S1 uL (0.52
mmol) of N,N-diisopropylethylamine, 76 mg (0.31 mmol)
of acid 124, and 111 mg (0.25 mmol) of the BOP reagent
and the resulting mixture was stirred at room
temperature for two days and then was concentrated to
25 dryness. The residue was reconstituted into 75 mL of
ethyl acetate and then sequentially washed with water,
5% KHSO,, saturated NaHCO; and brine and then dried
over MgSO, and concentrated. Flash chromatography
(elution with 4% ether in methylene chloride) gave 56.7
30 mg of the diastereomeric amide 11 as a rotameric
mixture. 'H NMR (500 MHz, CDClz) & 7.98(d), 7.56(t),
7.38,-6.73{m), 5.38-5.14{(m), 3.90(m), 3.38{(brt), 3.10



reaction m xture was allowed to warmto room tenperature and stir
for 3 h. The reaction was quenched with 5% KHSO err] and extracted
into ether. The 15 conbi ned ethereal |ayers were washed with brine and
dried over MgSd err]. Flash chromatography (elution with 25% et her
in hexane) gave 108 ng of the ketone 140, Jgerr]H NMR consistent with
structure. (R and S)-5-(3-indolyl)-1-phenyl -2-pent anol
20 (141). To a slurry of 105 ng (0.38 nmol) of ketone 140 in
3.0 nmL of MeOH abr®f erz ]y vessadaed B3 1pd 0. 7 omd) ) 1.98-1.1F (mp) i d NaBH4

eaction mxt urh O fudichedt 110 SHFER 49, RESHIARE SRACEIERLel 0d i nto

et hyl acetate. The 25 conbi ned organic extracts were washed with brine
and dried over MgSO err]. Flash chromatography (elution with
4% et her in nmethylene chloride) gaye 81 ng of the al cohol 141 as a
white solid. [err]H NVR consistenf wijth structure. 30

(S) -Boc-Pipecolyl-(R and S)-5-(3\ phenyl - 2- pentyl ester
(142). The ester 142 was pr g (0.29 mmol ) of al coho
141, 82 ny - 41 - (0. 36
nnDI) of (S)-Boc-pipecolic acid, 66 nmol ) of EDC and a
catal yti c anmount of 4- pyrr o 2.0 nmL of
CHerr]d[err] (mxture was over ni ght at room
tenperature) as 5 descri bed 3 e mynthe5|s of ester 122 in
Exanpl e 1. Fl ash chronat ography L jonw th 4%10: 26 et her:

nmet hyl ene chl ori de: hexane) gave 108 ng of the di astereoneric ester
142 as a white foam [err]H NWR consistent with structure. 10

(R and S)-5-(3-indolyl)-1-phenyl -2-pentyl

Example 6
Synthegsis of (R and S)-2-Benzyl-4-phenyl-i-butyl (8)-
5 N-(3.,4.5-trimetho henviglvoxvllipipecolate (16).

R and S)-2-Benzyl-4-phenyl-1-butyric acid

(144). To a solution of 1.06 g (6.43 mmol) of 4-
phenylbutyric acid in 20 mL of THF at 0 °C was added
193 mg (6.43 mmol) of solid NaH (80% in mineral oil).

10 After stirring at 0 °C for 0.5 h, 3.2 mL (6.43 mmol) of
lithium diisopropyl amide-THF complex (2.0 M) was added
and the resulting red solution was stirred at 0 °C for
45 min. To this mixture was added 765 uL (6.43 mmol)
of benzyl bromide and the solution was then allowed to

15 stir overnight at room temperature. The reaction
mixture was quenched by the slow addition of saturated
NaHCO; and then washed with ether. The basic extracts
were acidified with solid KHSO, and partitioned with
ethyl acetate. The combined organic extracts were

20 washed with brine, dried over MgSO, and concentrated to



(S)-nipecolate hydrochl oride salt (143)." Anhydrous Hd was bubbl ed

i'mto a solution of 103 ng (0.21 mmol ) of the ester 142 in 10 nlL of
Et OAc at -20[err]C for 10 mn and then the reaction m xture was
purged with Nierr]. 15 Concentration gave 108 ng of the crude am ne 143
as the hydrochl oride salt. [err]H NVMR consistent with structure.

(R and S)-5-(3-indolyl)-1-phenyl -2-pentyl 43 -
(S)-N-(3,4,5-trinethoxyphenyl gl yoxyl) pi pocol ate (11). To a slurry of
108 ng of the cryde ami.no hydro hl ori,de 20 1.143 in CH.err] CN at_ room

t enper at ur e masgadﬁeégglnPePF]L agid 144. HpNRyponsd 1SELhEEtn

N, N- di i sopr opy! ethryplcamiree, 76 ng (0 31 mmol) of acid 124, and 111 ng
(0.25 mmol ) of the BOP reagent and the resulting m xture was stirred
at room tenperature for two days and t hen was concentrated to 25
dryness. The residue was Re@88 yilo475he 1-butanodt Ki#Shcet at e

and then sequentricakl yorashed wfttts\gatngr (1.84 mo.5t>K6§anB.a] 14§a&w at gd
NaHCJ err]. and br|n and th b concentrated
Fl ash chr dmat ogf&p THr a (gﬁutpoﬁaﬁl?ﬁdﬁﬁ)étﬁérmpn(ﬁe ﬁym@ﬁe chfori de)

gave 56.7 30 limpioi tlemdhast Byaehde ¢1a0i ﬂelialmmaaﬁat eneric

7 36, 6 73(m, 5e305 Hg, RPTob G pe' SLipuga P kargy 26! Hbom

- 42 - tefiperptuzeodnd, SQ@H)QVEraigd;, 2Tme(d¢ac¢1©8-mlxﬁ¢n¢,
0.8(m. Rerr]wlgodubheal B¢ chd BBLAYLAAS:EBhOBEIRYchelle's salt
10 and partitioned with ether. The combined ether

extracts were washed with water and brine and dried
over MgSO, and concentrated. Flash chromatography
(elution with 2% ether in methylene chloride) afforded
264 mg of the alcohol 14S5. 'H NMR consistent with

15 structure.

(8) -Boc-Pipecolyl-{R and S)-2-Benzyl-4-
phenyl-1-butyl ester (146). The ester 146 was
prepared from 264 mg (1.10 mmol) of alcohol 145, 302 mg
(1.32 mmol) of (8)-Boc-L-pipecolic acid, 253 mg (1.32

20 mmol) of EDC and a catalytic amount of 4-
pyrrolidinopyridine in 2.0 mL of CH,Cl, (mixture was
allowed to stir at room temperature for 3 days) as
described above for the synthesis of ester 122 in
Example 1. Flash chromatography (elution with 1:5:14

25 ether: methylene chloride: hexane) gave 375 mg of the
diastereomeric ester 146. '"H NMR consistent with
structure.

{R and S)-2-Benzyl-4-phenyl-1-butyl
{S) -pipecolate hydrochloride salt (147). Anhydrous HCl

30 was bubbled into a solution of 375 mg (0.83 mmol) of
the ester 146 in 10 mL of EtOAc at -20 °C for 10 min
and then the reaction mixture was purged with N,.




[err] Exanpl e 6 Synt hesi s of
(R and S)-2-Benzyl - 4-phenyl - 1-butyl (S)- 5

N- (3,4, 5-trimet hoxyphenyl gl yoxyl ) pi pecol ate (16). (R and
S) - 2- Benzyl - 4- phenyl - 1-butyric acid (144). To a solution of 1.06 g
(6.43 Mol ) of 4- phenyl butyric aC|g in 20 nmL of THF at O[err] C was
added 193 ng (6.43 mmol) of solid ﬁ (80%in mneral oil). 10

After stirring at 0 [err]C for 0.5 h, 3.2 nL (6.43 nmol) of l'ithium
di :jSOperItOW am dSn%'bﬁtEQHEbﬁX éaeoféélb iﬁ@so@déﬁd crude aﬁﬂﬂetbe—; rs§u4t:aéng

red sol ution ir rr | S mxture was
added 765 [err] éﬁoﬁéfﬂﬁﬁé Oshit! o? %%%z??nﬁ+%ﬁ?ﬁﬁ %&Eptﬁﬁfﬁﬁﬁ?ﬁ?bn was

then allowed to 15 stir overnight at roomtenperature. The reaction

m xture was quenched by t?ﬁ §|8m%§d9 EERE Qf SS&QBQief~but 1 @gﬁqgierr]
and t hen washed mnth ethe W th
solid KHSJ er r ] {anf Bk batee(lGhe cBabdned

organi c e%tract§1M@f§ 8P 54 m&ﬁ?beﬁ4“hﬁ81?rbfethgréPQdQVﬁﬁlﬁ@SCIerr] and
concentrated to

give 484 ny of R¥draehyoride Ld7,im AnR BHNST sEHzEN f§ Hroom structure.
(R and 9) - 2- Bengghpdrabaepy! wdsbatiasa! 66 140) (0.35 mmolp &f sw/wtion of 469 ny
(1.84 mml) of 3figoéégp§feéhylamlne, 50 mg (0.21 mmol} of acid 124,

and 73 mg (0.16 mmol) of the BOP reagent and the

10 resulting mixture was stirred for 3 days at room

temperature and was then concentrated to dryness. The
residue was reconstituted into 75 mL of ethyl acetate
and then sequentially washed with water, 5% KHSO,,
saturated NaHCO, and brine and then dried over MgSO,

15 and concentrated. Flash chromatography (elution with
2% ether in methylene chloride) gave 52.7 mg of the
diastereomeric amide 16 as a rotameric mixture. 'H NMR
(500 MHZ, CDCl, & 7.21-7.01 (m), 5,41 (brs), 4.21 (dd),
4.08 (dd), 4.12 (4), 3.88 (d), 3.95 (s), 3.91 (s), 3.49

20 (d), 3.39 (dt), 2.80-2.62 (m), 2.38 (brt), 2.09 (br s),
1.8701.20 (m). Ry 0.9 (1:3:26 Methanol:
ether:methylene chloeride).
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5 - M. of THF at -78[err] 0 was added 2.03 nL (2. 03 mol ) of
lithium alum num hydride (1.0 Min THF) and the resulting solution
was allowed to warmto room tenperature and stir overnight. The
reaction m xture was quenched by the sl ow addition of Rochelle's
salt 10 and partitioned with ether. _The combined ether extracts
were washed with water and brine and drled over MgSdJ err] and
concentrated. Flash chromat ography (elution with 2% ether in

met hyl ene chl ori de) afforded 264inife the al cohol 145, [err]H NWR
consistent with 15 structure. (S)-Boc-Pipecolyl- R

and 5)-2-Benzyl s¢nthesis ofh¢RrYbnd- Bytyl-rRehel-G+46)pyTiiayast-arh S

prepared from 268) AN-( tet@~-bubiyigdizoaiviobdbeddIataO 20y . (1.32 mmol)
of (S)-Boc-L-pipecolic acid, 253 ng (1.32 20 mmol ) of EDC and a

catal yti c anmount of 4- (£ _andyf)oBirdindpDiowane2i-yi?-0-fR-pyridyl) -

CHerr]dgerr] Ebi‘&ﬂéﬁeg_’i%w and %ﬂbho""eﬁlotg %h's{aeﬂ% bROBk! ghgepat ure for
3 days) as escri ove Tor esl's o ester_1227In
Exanpl e 1. F|ashleh?oﬁEPégra§h§2(éﬂu§r€hompan2xyé)f&hzéltrlpéﬁﬁxﬂphos-

met hyl ene chlorpﬁsnlhﬁxaﬁehleaV¢Asaélaﬂ QBehhﬁal Co.) dhasbemgoaermgpester
146. [err]H NNRiﬁo t ent

and S)-2-Benzyl 2 Vaﬁ Bﬂ%?? 6.4 mL %%ﬁ % 8@86 aPt ﬂyaPSXﬁléftBéuEalt
(147). Anhydro(s. EKH Sﬁ hexanes) bah8| tdei nesudtdoburednsofiuBibnnyag0. 83
ol ) ofyq aif&w&étéé 1¢6-1 0¢ 10 Bk gLrEhcﬁﬁfat 60th8L" EG1i@foh0 m N
and then the reaction mxture was purge f

- 44- Coae caddeadi BR0gabe (352 Wgodl 9ﬁe2cPuaédanﬁﬁérknxaééebmée

hydrochl ori de sgiiarieﬁrbﬁbh®65§0ﬁél§tentnén£5a§tﬁaﬁtﬁi9ture was

R an 2- Ben nyl - N-
(R and 3)- © ZYioweg goyst%rbg%yroém temperature for 1 h and was

then poured into water and partitioned with ether. The
15 combined either extracts were dried over MgSO, and
concentrated. Flash chromatography (elution with 3:1
hexane:ethyl acetate) gave 0.43 g of E-3-(1,3-dioxan-
2-yl)~-1-(2-pyridyl)-l1-propene (148) and 1.12 g of Z-3~-
(1,3~dioxan~-2~-yl)-1-(2~-pyridyl)-l-propene (149). Ty
20 NMRs consistent with structures.

1-(1,3-Dioxan-2-yl)=-3~(2-pyridvl)propane

{150). Through a suspension of 800 mg (4.2 mmol) of
olefin 149 and 100 mg of 10% palladium on carbon was
bubbled a steady stream of hydrogen gas for a period of

25 10 min. The reaction mixture was then filtered through
celite and concentrated to give 805 mg of the acetal
150 as a colorless oil. 'H NMR consistent with
structure.

4~-(2-Pyridyl)-i-butvraldehyde (151). A
30 solution of 420 mg (2.2 mmol) of acetal 150 in 4.0 mL

of THF and 3.0 mL of 4N HCl was stirred at room
temperature for 1.5 h and was then neutralized by the
slow addition of solid NaHCOS. The reaction mixture



(3,4, 5- tr|nethoxyphenylglyoxyl)plpecolate (16). To a 5 slurry of 54 ng
(0. 14 nmol ) of the crude am ne hydrochloride 147 in 2.0 nL of CH3CN
at room tenperature was added 60 [err]L (0.35 mmol) of N N

di i sopropyl et hylam ne, 50 ng (0.21 mml) of acid 124, and 73 ny
(0.16 mmol ) of the BOP reagent and the 10 resultlng m xture was stirred
for 3 days at room t enper at ure and $8st hen concentrated to dryness.
The residue was reconstituted into 75 nL of ethyl acetate and

t hen Sequent'al%Xs“@§€Fgcﬁb5hwwﬁheéth§zl§E§{£€ér]dr1ed ove?aﬁgéétegn&hFKIM
g

and brine and then dried over ert and concentrate Fi ash

chr omat ogr aphy Eengenbrakpdnto yie Q@@ h&g PR ERehPlLeeRYLR| $2ide) %ave

52.7 ng of the NMR coflsfgteh€owRthCs@rudeute.as a rotaneric m xture. 1H

NVR (500 MHz, CDCl[err] [err] 7.21-7.01 (nm), 5,41 (brs), 4.21 (dd),

4.08 (dd), 4.12 (d), 3.88 (d), 3.95 (s), 3.91 (s), 3.49 20 (d), 3.39

(dt) 2.80-2.62 (m, 2. 381ﬂmmwﬂubmsiutaﬁﬂﬂﬂ2m§mg_&err]

.9 (1:3: 26 Met y. e

U as g b289): The aBLBRLINEEY bgﬁngg+9£%§ trom 288 £§h££|g3of (R

and S)-1- Pheny| ®potd.afradgehydentplyand 2.3 "L (2.3 mmol) of 120 in

%?)sNigtgrE]bUt?lQ'ﬁDX&f)@gpe§Q|gégcfiﬁéd above for the s4§t&5%ﬂ?dof .
oxans VLI 1-p ene an 0 a

suspensi on of 4 %Moi }2£ g Eﬁaﬁﬂ%?) OFo give £98 mg ég é&e cru

[ 2- (1, 3-di oxan- elzydal)elhutrlhmmmlstent wptionsteradinwame de (Al drich

Chemcal Co.) in 50 nmL of THF at O [err]C was added 6.4 nL (10.2
nmol ) of n-butyl Iithium (1.6 Min hexanes) and the resulting red
sol uti omas S)-Boc~Pipecolyl-{(R and S)-1-Phenyl-=-7-~(2-

pyridyl)-4-heptyl ester (153). The ester 153 was
prepared from 520 mg (1.93 mmol) of alcochol 152, 442 mg
(1.93 mmol) of (S)-Boc~L-pipecolic acid, 370 mg (1.93
mmol) of EDC and a catalytic amount of DMAP in 4.0 nL
15 of CH,Cl, and 4.0 mL of DMF as described above for the
synthesis of 122 in Example 1. Flash chromatography

{elution with 3:1 hexane: ethyl acetate) gave 740 mg of
the diastereomeric ester 153 as an oil. 1H NMR
consistent with structure.

20 (R _and S)-1-Phenyl=-7-(2-pyridyl)-4~heptvl
(S)-~pipecolate (154). The amine 154 was synthesized by
treating 740 mg (1.54 mmol) of the ester 153 with 2.0
nL of trifluorocacetic acid in 5.0 mL of CH,Cl, as
described above for the preparation of 123 in Example 1

25 giving 580 mg of the diastereomeric amine 154 as an
oil. 'H NMR consistent with structure.

R _and_S)-1-Phenyl-7-(2~-pyridyl)-4-heptanol
(S)~N-methyloxalylpipecolate (155). To a solution of
48 mg (0.13 mol) of the amine 154 in 1.0 mL of CH,Cl,
30 at 0 °C was added 33 uL (0.19 mmol) of N,N-
diisopropylethylamine and 14 uL (0.15 mmol) of




10- allowed to stir at O [err]C for 0.5 h. To thfé sol ution was
added 880 [err]L (9.3 mmol) of 2-pyridinecarboxal dehyde (Al drich
Chem cal Co.). The reaction m xture was allowed to stir at room
tenperature for 1 h and was then poured into water and partitioned
with ether. The 15 conbi ned either ext ?cts were dried over MgS( err ]
and concentrated. Flash chronmatogra % y (elution with 3:1

hexane: et hyl acetate) gave 0.43 g of E-3-(1, 3-di oxan-

2-yl)-1-(2- pyr'H¥£ﬁyioﬂé@9?n@hﬁéfgheagﬂdltﬂg 9e9&1g1§g solutlon was
(1, 3-di oxan- grogene g errl NVRs

consi st ent Mﬁth Fmg tggegoom emperature and allowed o stlr

1f (1,3-D o?an 2@Véi‘n3g¥12.py'tr'hdyi:éafzﬁﬁ)ﬁﬁemlxture (zé.éoaulifbé@ughtn ﬁmansi on
of 800 nmg (4.2 a adi um on
car bon was ggg%%ﬁ%reﬁaghg?e y s?ré hﬁgf%ggﬁaé é' %é) E%ﬁ od of

25 105m n. ovar Mg&@gi@mdnthemreomesntrmmedaItE&aﬁht¢hxmmﬁtography
celite and conc Qiugiéﬂ Lol ¥6- 309 QEh?% LBE2LE 2 nexane) A &S
colorless oil. [err NMR consistent W _ structure.

4- (2-Pyridyl) - MBueyrahachidstersaperipcamide 155 25 on BixYWPE Rf (2.2 Mol )
of acetal 150 ifodafedd. H NMRf cdddri areh S Witk S dd . was stirred at
room tenperature for 1.5 h and was then neutralized by the

sl ow addition of solid NaHCE{err] The reactlon nlxture

- 46 - was extr alk

concentrgf ed oy shd 285, 1,641 1ol Pfﬁﬂﬁe&gﬁ’%g%gﬁﬂ Hroa MR

consistent wt
S) - 1- Phenyl - 7- (R} e | 9f st hepimide 185 in 14520 ofHEHR|abhol8 182 was
prepared from 2Gs r@d&éd 9§ert butyrﬁ@ﬂhﬂimaéﬁ@ﬁé’ﬁ@e L9de 80 Ar1de SHBwdE - 3

nmmol ) of 120 in as descri bed above for the synthesis

of the consumptlon of the starting material. The reacdtion
mixture was quenched with saturated NH,Cl and
15 partitioned with ethyl acetate. The combined organic

extracts were washed with brine, dried over MgsSO, and
concentrated. Flash chromatography (elution with 30%
ethyl acetate in hexane) gave the diasteromeric amide
21 as a mixture of rotamers. 'm NvR {500 Mhz, CDC13) 6
.50 (8), 7.57 (5), 7.20-7.05 (m}, 5.23 (d4), 5.18 (4),
.56 (d), 4.44 (br d), 4.13 (d), 3.69 (br 4), 3.37-

.28 (m), 3.13-3.00(m), 2.85-2.70 {m), 2.65-2.54 {(m),
.38-2.15 (m), 1.82-1.65(m), 1.56-1.44(m), 1.55-
.30(m), 1.27(s), 1.21 (s).

20

@0

BN Wb
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al cohol 121 in Exanple 1 to give 520 ng of the crude al cohol 152.

[err]H NMR consistent with structure. 10

(S)-Boc-Pi pecolyl -(R and S) - 1- Phenyl - 7- ( 2- pyridyl)-4-heptyl ester
(153). The ester 153 was prepared from520 ng (1.93 nmol) of al cohol
152, 442 ny (1.93 mmol) of (S)-Boe-kgpkpecolic acid, 370 ng (1.93
nmmol ) of EDC and a catal ytic anount of DVMAP in 4.0 nL 15 of

CH err]C[err] and 4.0 nL of DWF as descri bed above for the

synthesis of 122 in Exanple 1. Flash clExamplsréphy (elution with

3.1 hexane: ethyl acetate) gave 740 ng of _ the dlastereonerlc ester

153 as an oil. §Eﬂ&p§_MER°f (S) = 1ru:.'ﬁy

am ne 154 was sy
ester 153 with 2.0
CH[err]CIFerr] as
Exanple 1 25  i-pir¢pene58Q158)0f Tbeadsaspensdmarbf aneng 122 .4s mawl)
th S R and

il H NVR t
g;-l %ﬁ;;£I §%O3§ 3yv? g@hg % &isgEﬁyl}F§fp&9ﬁ¥}H9P§§aP?ﬁp%pecoIate
(155). To a solbrp@ndsf(Aldrlch48hﬁgleallg0nml)noﬁOtmb afi AHF18% On°C. 0 nL
of CH err]d [erﬁhs3gdded iﬁ 8 QLWQ§Zanﬁﬂo§§ B?rbLEyﬁollghﬂﬁﬁlklog M
dllsoprogglethylanlne and 14 [err]L(0

- 47 - 1ﬁe?ﬁ§?6ﬁ§0yﬁ“éhFBP|HSSHAHlPEerP@sEP%PEQO§0WB?|Bﬁlﬂﬂ§d

warned to roonltenaeﬁ&tateoand @bkomﬁdlho Stbr this solﬁtebﬁlggk aaﬁad
reacti on m xtur S | e . - aC ate sne th.

sat ur at ed NH[eriI%? éag |n8m°E?i8§ ggpyrldéogFaﬁbgﬁf%?wﬁygﬁd(ﬁhgﬁlCh
concentr at ed. Ehashcahrcnnnogndphpe reactiofiemiktonewwals 23180%secthyl
acetate in hexage),r0a¥erddm temperaflraf sbpe1dbaft §HAOWRE Enall gButaa as a

m Xt ure of
15

into water and partitioned with ether. The combined

ether extracts were dried over MgsO, and concentrated.

Flash chromatography (elution with 2:1 hexane:ethyl

acetate) gave 3.3 g of the alkene 156 as a nmixture of

olefin isomers. 'H NMR consistent with structure.

20 1~-(1,3-Dioxan-2-v1l)-3-(3-pvridyl)propane
(157). Through a solution of 3.2 g (16.7 mmol) of
olefin 156 and 300 mg of 10% palladium on carbon was
bubbled a steady stream of hydrogen gas for a period of
10 min. The reaction mixture was then filtered through

25 celite and concentrated to give 2.8 g of the acetal 157

as a colorless oil. 1H NMR consistent with structure.

4-(3~-Pyridyl)~1-butyraldehyde (158). A
solution of 1.5 g (7.8 mmol) of acetal 157 in 10.0 mL

of THF and 10.0 mL of 4N HCl was stirred overnight at
30 room temperature and was then neutralized by the slow

addition of solid NaHCO5. The reaction mixture was

extracted with ethyl acetate, dried over Mgs0, and



rotanmers. [err]H NVR consistent with structure. (R and
S) - 1- Phenyl - 7- (2- pyri dyl ) - 4- hept anol 10
(S)-N-(tert-butyl gl yoxyl)-pi pecolate (21). To a solution of the
amde 155 in 1.2 nL of THF at -78 [err]C was added tert-butyl
|'ithiumdropw se until TLC showed t he consunption of the starting
material. The reaction m xture wad #¥ehched with saturated NHerr] d
and 15 partitioned with ethyl acetate. The conbined organic

extracts were washed e ver N a oncegnt r at ed.
Fl ash chronatog?%Bﬁ?n%%PgFa ﬁom??ﬁ Og/d9 9 °%©§%ﬁy?fg%%¥%?el§§'he ne) gave
t he di ast er oner¥MRaovdsistent w2ihastauatutrere of rotanmers. [err]H NVR (500
Mhz, CDCl[err]) [err] 20 8. 50 (5), 7.57 (5), 7.20-7.05 (m, 5.23 (d),
5.18 (d), 4.56 (d), 4.44 br d 4. 13 (d 3.69 {br d)

3.28 (M, 3.13-3.00(nm, 24i% A6 ol ¥ bl 21 4-hepbangl
1.82-1.65(n), 1(P6ef, 44tH, aicéﬁol 159 waé BPépred. ﬁiélﬁ)l 1. @1(154

- 48 - n 515 of
(S)-10 [ 2-xo0- 2-TH0W) 59F Rhdehydy. 158 and EXEBLO(E. 1 mmor) Y126

phenyl ) acetyl | p3 @e0 i ml.nef 2TREr doxgéscr boed 4Pveadf Sy -the synthesis of
1-(3-pheny|prop 4- vi-Db 1 E§LET £ 9 (E
and 2)-3-(1, 3- 2 lnpﬁﬁ+€ﬁge(é ts ¢£¥+) SACL %p%r%égﬁ% ?ﬁ% élTo a
suspensi on of 91808 ¢ (A2 NMRyedY) 51stent with structure.

[ 2- (1, 3-di oxan- 2- yI)ethyI]tr|phenylphosphonlun1 brom de (Aldrich
Chemcal Co.) in 50 nmL of THF at [erriC was added 14.0 nL (22.4
mol ) of butyl lithium (1{$.xBag-Pi Reand R 3
sol uti omovas alpypwmbdyl) - 4-—h_ﬁﬂv5t igsttér O({eoy ] C'ﬁw éhﬁe;h 1&@ wds s sol ution

was addedco') dél‘? lég%e 18. Y%n%?% &I} gﬂ a?f ne arf)g&&%fle{yéje #ﬁl’a‘{jrl ch

Chem cal % oom
tenperature for(6.%3 mmat) Wk (SHerBeowpipedslic acmio hwa2®rg a(”ﬁj- Partitioned

‘(’:""Otngeﬁt PS{ o ThEn SO feEbe ana a SE4E41 551 E AnhSuer S BnAd Ay e, M+ and
" of CH,Cl, and 8.0 mL of DMF as described above for the
15 synthesis of 122 in Example 1. Flash chromatography

J
D

(elution with 2:1 hexane:ethyl acetate) gave 1.42 g of
the diastereomeric ester 160 as an oil. 'H NMR

consistent with structure.

(R and S)-1-Phenyl=-7-(3-pyridyl)-4-heptyl
20 (S)-pipecolate (161). The amine 161 was synthesized by
treating 1.42 g (2.95 mmol) of the ester 160 with 2.0
mL of trifluorocacetic acid in 8.0 mL of CH,Cl, as

described above for the preparation of 123 in Example 1
giving 1.02 g of the diastereomeric amine 161 as an
25 0il. 'H NMR consistent with structure.

(R and S)=-1-Phenyl=-7-(3-pvridyl)~4-heptvl
{(S)=-N-(3.4,5~trimethoxy-phenvlglyoxyvl)pipecolate (9).
The ester 9 was prepared from 995 mg (2.61 mmol) of the

amine 161, 645 mg (2.87 mmol) of the acid 124 and 551
30 mg (2.87 mmol) of EDC in 6.0 mL of CH,Cl, as described

above in the synthesis of ester 3 in Example 1. Flash



Fl ash chromat ography (elution with 2:1 hexane: et hyl acetate) gave

3.3 g of the alkene 156 as a m xture of olefin isonmers. [err]H NWMR
consistent with structure. 20

1- (1. 3- D oxan-2-yl)-3-(3-pyridyl)propane (157). Through a solution
of 3.2 g (16.7 mmol) of ol efin 156 §€d 300 ng of 10% pal | adi um on

carbon was bubbl ed a steady stream hydr ogen gas for a period of
10 min. The reaction mxture was then filtered through 25 celite and

concentrat ed t ocet¥fRato§r8pRy (Beutt8hakitR73:1 acetdfiedh&fhAk) egaveil .
[err]H NMR conSéiéent wW.th struc

4- (3-Pyridyl)-1 t??a?ﬁeﬁ?ﬁedfiggfroﬁfrlc amidg) & 2§n2 PLXEUTG €7 g ol )
of acetal 157 inot8mérsi NMR o¢off¢ts bent 1With nétohcddN-¢lCl was stirred
overni ght at 30 roomtenperature and was then neutralized by the sl ow
addition of solid NaHCO err]. The gfagti on m xture was extracted
with ethyl acetate, dried over My 3
- 49 - concentrated to yi ewd 1y hyde 158. [err]H
NMR consistent with structure.
S) - 1- Phenyl - 7- (3- pyri dyl) - 4- heptanol F . N

prepared from1.1 g (7.4 5 nmol de 158 and 8.1 nL (8.1 mmol)
of 120 in 30.0 nL of THF as f# ) i jove] for the synthesis of

121 in Exanple 1 to give 1.9 g of thg & v 159. J[err]H NMR
consistent with structure. : (S)-Boc-Pi pecolyl - (R and

S)-1-Phenyl -7-(3- 10 pyridyl)-4-#¥ptyl ester (160). The ester 160 was
prepared from1.65 g (6.12 nmol) of al cohol 159, 1.54 g (6.73 mmol)
of (S)-Boc-pipecolic acid, 1.29 g (6.73
Example 9
5 Synthesis of (R and S)-1-Phenyl-7-{(3-pyridyl)-4-heptyl
(S)-N—-(3.4,5-trimethoxyphenvlglyoxyl)pipecolate N-
oxide (22).

(R_and S)-1-Phenyl-7-{3-pyridyl)-4-heptyl
(S}Y~-N-{3,4,.5-trimethoxyphenvlglyoxyvl)pipecolate N-

10 oxide (22). To a solution of 15 mg (0.02 mmol) of the
amide 9 in 2.0 nL of CH,Cl, at room temperature was
added 9.3 uL (0.03 mmol) of 55% 3-chloroperoxybenzoic
acid and the resulting solution was allowed to stir

overnight at room temperature. Flash chromatography

15 (elution with 100% acetone) gave 12.6 mg of the N-oxide
22 as a mixture of rotamers. v NMR (500MHz CDCly) 6
8.10 (m), 7.46-7.02 {(m), 5.88 (d), 5.80 (d), 5.06-5.00
(m), 4.95-4.89 (m), 4.61 (m), 4.31 (dd), 3.87 (s), 3.84
{s), 3.83 (s), 3.81 (s), 3.78 (s), 3.50 (br 4a), 3.27

20 (ddd), 3.12 (ddd), 3.00 (ddd), 2.67-2.49 (m), 2.32 (br
d), 1.86-1.78 (m), 1.5501.50 (m), 1.39~1.22 (m).

OMe



mmol ) of EDC and a catal ytic anmount of DVAP in 8.0 m of
CHerr]CJ[err] and 8.0 nL of DMF as descri bed above for the 15

synthesis of 122 in Exanple 1. Flash chronatography (elution wth
2: 1 hexane:ethyl acetate) gave 1.42 g of t he di astereoneric ester
160 as an oil. [err]H NMR consi stejt Wi th structure.

(R and S)-1-Phenyl -7-(3-pyridyl)-4-heptyl 20 (S)-pipecolate (161). The
am ne 161 was synt hesi zed by treating 1.42 g (2.95 mml) of the
ester 160 with 2.0 mL of trifluoroacetic acid in 8.0 nL of _
CHerr]Cd[err] as descri bed above for the preparation of 123 in
Exanple 1 giving 1.02 g of the gk%%tﬁge ric amne 161 as an 25
oil. J[err]H NWR consistent with struc . (R and

S) - 1- Phenyl - 7- ( 8yp¥hiedhls) of NePLYs ) -1-phe
(S)-N-(3, 4, 5-t ri(eytRoY- AN eI @ R IIHERYA o er 9
was prepared from 995 ng .61 Mo 0 e T 2. 87
nmmol ) of the acid 124 and45Ch13@obutyie102h§aenals) ) of EQCa}QOQFQ}gg ?L
gx*grer{)lr]edlkelr:[ | B? 9839490, 16 mo1)?89Y5-chab26-3LBLRSRGT Phugsich
chronatog}aphy Ceemired @oth 3nl5acefoné: MExabg)ayage°c was addédny.of the

di asteroneric agi g¢ BoRdedel %! 4’ fo®bcular siEGEE”EBQ-sh?ErbH(NV§a
consistent with structure. . . | _ i [err]
mol) of pyridinium dichromate and the resulting

1~7~

rinvl-4-heptvl
ipec t

suspension was stirred at 0 °C for 45 min. The

10 reaction mixture was diluted with ether, filtered
through celite and concentrated. The residue was
vacuum distilled (bp 45-55 °C) to yield 5.0 g of the
aldehyde 162 as an oil. 'H NMR consistent with
structure.

15 (R and S)-1-Chloro-7-phenyl-4-heptanol
(163) . The alcohol 163 was prepared from 182 mg (1.7
mmol) of aldehyde 162 and 1.9 mL (1.9 mmol) of 120 in
20.0 mL of THF as described above for the synthesis of
121 in Example 1 to give 128 mg of the alcohol 163

20 (flash chromatography in 100% methylene chloride).
NMR consistent with structure.

'y

{S)~=Boc-Pipecolyl-(R and S)-1-Chloro-7-
phenyl-4-heptyl ester (164). The ester 164 was
prepared from 128 mg (0.56 mmol) of alcohol 163, 156 ng

25 (0.68 mmol) of (S)-Boc-pipecolic acid, 1380 mg (0.68
mmol) of EDC and a catalytic amount of 4-
pyrrolidinopyridine in 2.0 mlL of CH,Cl, as described
above for the synthesis of 122 in Example 1. Flash
chromatography (elution with 1:5:14 ether: methylene

30 chloride: hexane) gave 159 mg of the diastereomeric
1

ester 164. H NMR consistent with structure.



Exanpl e 9 5 Synthegis of (R and S)-l-PhenyI-?JKB-pyridyI)-4-heptyI

(S)-N-(3,4,5-trinmethoxyphenyl gl yoxyl ) pi pecolate N oxi de (22).

(R and S)-1-Phenyl -7-(3-pyridyl)-4-heptyl
(S)-N-(3,4,5-trinmet hoxyphenyl gl yoxyl ) pi pecolate N- 10 oxide (22). To a
solution of 15 ng (0.02 mol) of the amde 9 in 2.0 nL of
CHerr]C[err] at roomtenperature was ~ 32 =added 9.3 [err]L (0.03 mmol)
of 55% 3- chl or oper oxybenzoi c acid and the resulting solution was
allowed to stir over ni ght at roon1tenperature Fl ash chr omat ogr aphy
15 (elution with 10096acetone) gave 12.6 ny of t he N-OX|de 22 as

a m xture of rotaners. 8.10

(M), 7.46-7.02 fgdint1 Sp-kehry®. §Qtéf|) 16506 5r90asolut1c§m £ 4 Pnd . 89
(M, 4.61 (m, 3 d&} (s}, 380 (s),
3.78 (s), 3.50 {®r2@)mma >27°§d’urln%db°a)3 -@ b F %tOTCP‘(’Eidd) 2.67-2. 49
Err) | 2.32 (br temper&furd. s lad@ed nd.4 Ind50d. 59 fid1) loBBd1R2 K48 .

err

. . . - D1 - .
Exanpl e 1D (80% 10 BIASTRL 1tk Y e ERHINGART SR TAIR 23t v
(S) -N-(3,4,5- talhmwmwxy@h@hyrgawomq¢®pﬁgmmztaﬁure(ﬁﬁﬂ 10 min. To
4- Chl but Ifﬁ?y I ¢l ) of
4- chl 8{8 F%L? ano d%%%@f% J&&é%h%gn%%d% 32 Sé@n%‘ g1?ﬂ(%-%[err]CI)[err]
at 0 [err]C Wagﬂyadgﬂtqrggag and 10 mg of NacCl and thls mixture was
stirred overnight at room temperature and then

10 concentrated to dryness. The residue was dissolved

into ethyl acetate, washed sequentially with water,
saturated NaHCO53, and brine and then dried over Mgs0,
and concentrated. Flash chromatography (elution with
15% 5:10:85 NH40H:MeOH:CH2012 in CHZCIZ) gave 56 mg of

15 the substituted purine 165 as an oil. 'y ¥R
consistent with structure.

(R and S)-1-Phenvyl-7-purinyl-4-heptyl (S)-
pipecolate hydrochloride salt (166). Anhydrous HCl was
bubbled into a solution of 53.7 mg (0.10 mmol) of the

20 ester 165 in 10 ml of EtOAc at -20 °C for 10 min and

then the reaction mixture was purged with N,.

Concentration gave the crude amine 166 as the
hydrochloride salt. 'H NMR consistent with structure.

R_and S)-1-Phenyl-7-purinyl-4-heptyl (S)}~N-
25 (3.4,5-trimethoxyphenvlglyoxyl)}pipecolate (25). To a
slurry of the crude amine hydrochloride 166 in CH4CN at
room temperature was added 45 plL (0.26 mmol) of N,N-
diisopropylethylamine, 37 mg (0.15 mmol) of acid 124,
and 54 mg (0.12 mmol) of the BOP reagent and the
30 resulting mixture was stirred at room temperature for

two days and then was concentrated to dryness. The
residue was reconstituted into 75 mL of ethyl acetate



—_

g of powdered 4 A nol ecular sieves and 38.7 g (0.18 nol ) of

pyridiniumdi chromate and the resulting suspension was stirred at O
[err]C for 45 min. The 10 reaction mxture was diluted with ether,
filtered through celite and concentrated. The residue was
vacuum di stilled (bp 45-55 [err]C) to yielgs5.0 g of the al dehyde
162 as an oil. [err]H NMR consistent with structure. 15

(R and S)-1-Chl oro-7-phenyl - 4- hept anol (163). The al cohol 163 was

prepared from 183dnghés. Zequentlaﬁﬁ?'%aQﬁe&'dQﬁMdﬁaiﬁﬁ apy kuSopl (1.9
mol ) of 120 in

as_des for t ynt hesi s
of 121 iﬁaE%ﬁ{iFé Ha{‘gkgi%‘é‘-{ Eg’élﬂﬁ 35d, ’ﬁﬁem 3%?2%9384 (f1ash
chr omat ogr aphy hndleﬁﬁbanthytede cﬁlashdeyromatbgraphy mhﬁntmnaleEht with
structure. | e ( 1- Chl oro- 7-
phenyl - 4- hept yl LrAERS Me?}llfiﬁtzo'%%@%?t e‘# ?é/ 5 g é)grepar eg from 128
ng (0.56 ﬁnnl) éiaateﬁﬁgmezsg anigengs28s a rPDaEBrhﬁDm}x Rre.

(S) - Boc- pi pecol tsoacilz, 188810 §09681 (), 188! Inpf E%a@a cataly ytic
op

anount of 4- 8 L1 di ridine |n of CH err err] as
descri bed 7-395 eoFoﬂm?he s%ﬁtﬁ%érs o?alﬁﬁ)rn3E§3 Por13-¥Pash
chr omat ogr aphy (htut)pn3m20h(ﬂ)5 ddset ey, petdylbnedf) 2.17€hlosi ¢e),

hexa_ne) gave 1 f Bt&e eq!haeil (?Lrne?t\rg%:rhiy(iene chlo@.‘%.tdeér) .164' [err]H NNR_

consistent with truc

- (S) Boc- Pi olyl-(R and S)-1-Phenyl -
purinyl -4-heptyl ester (165). To S Iutlon of 34 ny

purine in 3.0 nL of DMF at room b
mml ) of solid NaH 5 (80%in
was allowed to stir at roonf

52

(0.28 mmol ) of
added 8.4 ny (0.28
¢ resulting solution
mn. To

10 Example 11
Synthesis of (S)=-1=~[2-0x0~-2-{3,4,.5~trimethoxyphenyl)-
acet iperidine-2-carbo ic acid (R and S)-4~[4~
{morpholine-4~-carbonyl)phenyll-1-(3-phenylpropyl)butyl
ester {44).

15 4-Fornmvlbenzoic acid methvl ester {(167). To

a suspension of 9.6 g (63.6 mmol) of 4-carboxybenzal-
dehyde (Aldrich Chemical Co.) in 100 mL of CH,Cl, at

0 °C was added excess trimethylsilyldiazomethane and
the resulting mixture was allowed to stir at 0 °C for 1

20 h. The mixture was poured into saturated aqueous

NaHCO, and extracted three times with ethyl acetate.
The combined organic extracts were dried over MgS0,,
filtered and concentrated to give 4.3 g of the ester

1

167 as an oil. H NMR consistent with the product.

25 (E_and 2)-4-[3-[1,3]-Dioxolan-2-yl-~-propenyl)-
benzoic acid methyl ester (168). The olefin was



—

this reaction mxture was added 62 ng (0.14 nmmol) of the ester 164

and 10 ng of NaCl and this m xture was stirred overnight at room
tenperature and then 10 concentrated to dryness. The residue was

di ssol ved into ethyl acetate, washed sequentially with water,
saturated NaHCO err], and brine and then <drggd- over MySJ err | and
concentrated. Flash chromatography (elution with 15% 5: 10: 85

NH err] OH. MeCH:. CH err]C [err] in CHerr]OJ[err]) gave 56 ng of 15 t he

substituted puriprepRdsfronotil g[Re]H M) of theonbishwie 161 h

structure. 13.94 g of [1-({Raithsainds R WnyT Prighes Y (9)-
pi pecol ate hydrochl o,ri%e saﬁt %166 . Anhydr ous HCIJV\f/aEE pH ﬁ%ﬁgébl ed into

a sol ution of 5PPORPR PERIARIING13 1R Bl (32. QIR a¥f BBl ini7 %t OAC
at -20 [err] C f ail. ¥ IFHF aiil describddefort Rthe enmitiads 18 X3 {1185 ¢vais pur ged

ith N . t ' t.h d i ne. 166 t
hydr oohi off de sETHE 11 R b o e, (ki »ith 16
(R and S) - 1- PhergtihyZ mgetatie dirhdpmxang)S)gave 2627 g of the olefin 168.

(3,4, 5-trimet hoXdyphgsy| ' I (p%)d To a slurry of the
crude am ne hydrochl ori éﬁé%?gal)nr? @%\I%g]t% uctr oom tenperature was added
45 Jerr]L (0.26 mmol) of N N di i sopropyl ethylamne, 37 ng (0.15

mmol ) of acid 124, 4,y 0. obed 1EAR D)-af - driddgeNtaard the

30 resultin xi.ure . was stirre t rqom.,tenperature for Wwo
days and t hen m&?%%ﬁ%%ﬁ@@&'dr}ﬁ’@s?&efﬁé‘ 4169 (3.2ds{%ud nds mmol)
reconsti i@t ed | mas Hydriogenadtehy lovecet32Be mg of 10% P4/C in 50 ﬁa:of]

- B3 - Segu &l |y Wi t % KHSJ err
sat ur at ed Nchq:gb(rﬁ] tafageagieb“ nggéin?otrhé:\r%%g’?ﬁg’g &té&\q%g?dagg’r{]e Ig and
concentrated. FIFAdfré@ftioneast syaporaticnoganet .85 g of1:1693@s an

MeOH: Et [err] O Cliar.r] Gl MRl Load¥8t26t5wABhOkhkNBroduct, di astereoneric
am de 25 as a rotameric mxture. [err]H NWR (500 MHz, CDC[err])

[err] 9.11 (s), 8.95 (m, 8.09 (m, 7.36-7.05 (m, 5.31 (m, 4.28
(m, 3.90 (m, 3.46 [4~(3-[1,3]1-Dioxan-2-yl-~propyliphenyli-
15 methanol (170). To a solution of 2.85 g (11.4 mmol) of

ester 169 in 25 mL of THF at 0 °C was added 4.4 nL
(24.7 mmol) of diisobutylaluminum hydride and the
resulting mixture was allowed to stir at 0 °C for 15
min. The reaction was quenched with saturated

20 potassium sodium tartrate and extracted three times
with ethyl acetate. The combined organic extracts were
dried over MgsoO,, filtered and concentrated to yield
2.58 g of the crude alcohol 170 as an oil. 'H MR
consistent with the product.

25 2=[{3=-(4~-tert-Butyldiphenylsilyloxvmethyl-
phenyl)propyl]-f1,31-dioxolane (171). To a solution of
2.58 g (11.6 mmol) of alcohol 170 and 1.19 g (17.5

mmol) of imidazole in 50 mL of CHoCl, was added 3.4 mL
(13.1 mmol) of tert-butylchlorodiphenyl silane and the
30 resulting mixture was allowed to stir at room
temperature for 1 h. The mixture was then diluted with
ethyl acetate and washed with 0.5 N HCl. The organic



(br t), 3.20 (m), 2.58 (n), 2.28 (br d), 2.17-1.18 (m), Rlerr] 0.1

(30% et her in nethylene chloride). [err] 10

Exanpl e 11 Synthesis of (S)-1-[2-xo-2-(3,4,5-trinethoxyphenyl) -
acetyl ] pi peridine-2-carboxylic acid (R and S)-4-[4-

(nor phol i ne- 4- car bonyl ) phenyl ] - 1- ( 3- phenyl ®8opyl ) but yl ester (44).
15 4- For nyl benzoi ¢ aci d net hyl ester (167). To

suspension of 9.6 g (63.6 Mpl) of 4-carboxyhenza gAIdrlch
Chenical Co.) i A2¥6F MESHMArd IQﬂQE|ﬂ§§Q4'aF11tered GnFeFPPE §a§ Bed

eﬁ:essdt [l rre: hy Fialspl dhaaaidyapmndelution #&H ss,ulettwyg Ricetate Wa;st
allowed to stir err : a r nt o
sat ur at ed aqueou%‘-X Q‘e[) “'Jlﬁa%ﬁ%derr]%ogn(?fe Tlect egn}“ﬁﬁ2 Plgqnéga\%%t Eﬂtb

acet at e. thiee prodviated organic extracts were dried over NbSC{err]
filtered and concentrated to give 4.3 g of the ester 167 as an oiI
[err]H NMR consistent with the product . 25

Z)-4-[3-[ B, 3] - Di oxol an- 2- W={drdestnButyldiph r

(168). The O|6fbﬂt&§§1dehvde (172). To a solutlon of 5 5 g (11 9 54 -

prepared from 4, 3 9) og'%ﬂnﬂ§1o§%3a%2P1%| @yq% n&?of THF at room
temperature was added 40 mlL of 4.0N HCl and the
resulting solution was allowed to stir for 1 h. The

10 mixture was neutralized with solid K,C04, extraced with
ethyl acetate and concentrated. The crude mixture was
dissolved into 25 mL of CH,Cl, to which was added 600
ng (8.8 mmol) of imidazole and 1.9 mL (7.3 mmol) of
tert-butylchlorodiphenyl silane. The resulting mixture

15 was allowed to stir overnight at room temperature and
was then poured into 0.5 N HC1l and extracted with ethyl
acetate. The organics were dried over MgsoO,, filtered
and concentrated. Flash chromatography (elution with
8% ethyl acetate in hexane) gave 2.12 g of the aldehyde

20 172 as an oil. 'H NMR consistent with the product.

1~(4-tert-Butyldiphenylsilyloxymethylphenyl) -

Z-phenyl-heptan-4-o0l (173). The alcohol 173 was
prepared from 2.12 g (5.0 mmol) of 172 and 5.0 nL (9
mmol) of 120 in 50 mL of THF as described for the

25 synthesis of 121 in Example 1. Flash chromatography
(elution with 10% ethyl acetate in hexane) gave 3.3 g
of the alcohol 173. 'H NMR consistent with the
product.

(S)~-Piperidine~1,2~dicarboxylic acid (R and
30 S)~2-{4-{4-tert-butvidiphenylsilyloxymethylphenyl) -1~

{3-phenylpropyl)lbutyl] ester l-tert-butyl ester (174).
The ester 174 was prepared from 3.3 g (6.15 mmol) of




—_

13: 94 g of [1-(1,3-dioxan-2-y|)ethyl]triphenylphos- \ phoni um brom de

and 12.6 nL (32.0 mmol) of n-BuLi in 75 m. of THF as descri bed for
the synthesis of 156 in 5 Exanple 8. Flash chronmat ography (el ution
with 10% ethyl acetate in hexane) gave 3.27 g of the olefin 168.
[err]H NVMR consistent with the product. )

4-[3-[1, 3] - D oxol an-2-yl - propyl ) benzoi c hc?% nmet hyl ester (169). The
olefin 169 (3.21 g, 12.9 nmol) 10 was hydrogenated over 328 ng of 10%

Pd/Cin 50 m. 0f3jcono1l 1780H 2§ ge§§r4 oiPrOEOW§PU@GCJ§;pé@o£¥@”D|e 8.

Filtration and evaporatlon ?ave & rriH NVR
consi stent wit hAFhe 'pFOﬂuﬁt 7.3 mmol) of EDC and a catalytlc amo nt

[4-(3-[1,3]-Di omnPZmIssrmpybfpdmg@ig -aledescrmdlemﬁdve( ¥4y .theélo a

sol ution of 2.85 11.4 n_25 of THE at O
[err] C was addeﬁyﬂtéeﬁfs aniiz(ﬁﬁ %X%WB}? %f d%f%%%u??f% I_ilw’r‘fldrlde
and the 5 febutiongwnthtﬂ%eewkmlaa¢QNmmbt:nsm¢xam§)thqwxqéﬁfbr415
mn. The reacti u d th tﬁt@tféjq sodi um
tartrate and ex ra%?gﬁg %%%gt%%%s ¥ ?F?taceta?gﬁp}he conbi ned
organi ¢ extractBro@gyet . dried over NgSC{err] filtered and
concentrated to yield 2.58 g of the crude alcohol 170 as an oil.

[err]H NMR consistept with fhe roduc 25
2-[3-(4-tert- Butyldlphen élcarbo lic acid 1-tert-

phenyl ) propyl ] -B € b oy : (11.6
gjf'earfgf'ef‘r’hohs %ﬂeﬁwp&oé@lﬁmﬁyﬁ e?t.e.r (:_‘H') 0% o I 2zl £, 1,50 nL of
tert-butyl chl orded pm;nyl & o) @ the Sger ._lésmtlmgﬂm%ﬁ (FHE s

allowed to stiraddedOPM mL (1.1 SfRSY télfeaféﬁldcibnch@ taodtdtheyplas then
diluted with ethy% cet te an mashed %1N HC .. The organic
. 55 - ammonium luorl e (1.0 in TH an ‘the resulting
mixture was allowed to stir at room temperature for 15
15 min. The mixture was diluted with ethyl acetate,

washed with 5% KHSO,, dried over MgSO, and
concentrated. Flash chromatography (elution with 20%
ethyl acetate in hexane) gave 308 mg of the alcohol
175. v NMR consigtent with the product.

20 (S)-Piperidine-1,2-dicarboxylic acid 1-tert-
butvl ester (R and S)-2-[4-{(4-carbo henyl)-1-(3-
henvlpropyl) butyl] ester (176}. To a solution of 326

mg (0.64 mmol) of the alcochol 175 in 3.0 mL of acetone
was added 0.5 mL (1.27 mmol) of the Jones reagent and

25 the resulting mixture was allowed to stir at room
temperature for 1 h, and was then filtered through a
pad of celite and concentrated. Flash chromatography
(elution with 2% MeOH in CH,Cl,) gave 155 mg of the
acid 176. 'H NMR consistent with the product.

30 (S) -Piperidine-2-carboxylic acid (R and S)-

4-(4-carbo henvl) -1- {3-phenvlpropyl)butvl ester
Trifluorocacetate salt (177). To a solution of 155 mg




| ayer was dried over MgSO err], filtered and concentrat ed. Fl ash
chromat ography (elution with 5% ethyl acetate in hexane) afforded
5.5 g of 171. H NVMR consistent with t he product. 5
4-(4-tert-Butyl di phenyl silyl oxymet hyphenyl) but yral dehyde (172). To
a solution of 5.5 g (11.9 mmol ) af g-he di oxolane 171 in 40 nL of THF
at room tenperature was added 40 nL of 4. ON HCO and the

resulting solution was allowed to stir for 1 h. The 10 m xture was
neutralized w t{oslhbX] edif]@q Qicfn]d K4 riac eyl ovinith of CH,ClL twb acet ate
and concentr at ed

CHerr]dJ[err] ?dd%-é: @5\,@‘2 Isoacetmrrgaciﬁ% %J'LL% I'm oI e and

1.9 nL (7.3 muo#glwtion was alemwetmtm ciidor i m:tm\ylt%mmurﬁwéqre@| ting
m xture 15 Vo aslrﬂi)c‘!i‘?%ir% Séﬂé VYR Y Alrd %Rd\.%@%?txk&&&nd

was then oured |nto . and extracted wth et yl acetate. The
or gani cs e FHRCHE IMEFE rfas rfusrgnded in 5.0,mb @n@trated. Flash

chr omat ography de&izﬁr’t@mrm' tdhe volat:&%@tﬁe&e atgicater] ity lyebedrke)argave 2. 12 ¢

of the al dehyde 172 n MR consi stent with the
pr oduct . thydrous Sar} ZP‘AIO - B"Iu dlrp-'}r?lenyl si | yl oxynet hyl phenyl ) -
7- phenyl - heptan-4-ol (173). The al cohol 173 was prepared from2.12 g

(5.0 mmol) of 172 and 9.0y g 4_9[2_(3}{0_2_?{194) sthLJi%étﬁi%@';ggz‘%ﬁ_-THF as
descri bed for the 25 . Synt| n NP :
chr onmat ogr aphy <€t IR SR AT AN BBt ¢ ’ Fia ) ave 3 39
A qla:ghol Gla?z?n%l carbox cid ( 1ester r:uryd; <t
o e B L s o 9o onv 122 1
(3- phenyl propyl@.tﬁjtn;n ]ofeSIHyCl% aer O- BG:t yasesatided( 110) #L (0.63 fﬁnelester 174
Was prepar ed fr&nﬁal\?’&l(s%p}x%m&:ﬁ amine and then 40 uL (0.31 mmol)
of chlorotrimethylsilane and the resulting mixture was
15 allowed to stir at 0 °C for 30 min. To this solution
was added 85 mg (0.44 mmol) EDC and 106 mg (0.44 mmol)
of the acid 124 and the reaction mixture was allowed to
stir at room temperature overnight. The mixture was
diluted with ethyl acetate and washed with 0.S5N HCI,
20 water, brine, dried over MgSO, and concentrated. Flash
chromatography (elution with 30% MeOH in CH,Cl,) gave
97 mg of the product 178 as a mixture of rotamers. w
NMR consistent with the product.

(8)-1-[2-0x0-2-{3,4,5-trimethoxyphenyl) -
25 acetyllpiperidine-2-carboxylic acid (R an -4-14-
holine-4-carbonyliphenyll-1- (3-phenylpropyl)butyl
ester (44). To a sclution of 11.2 mg (17 umol) of the
acid 178 in 1.0 mL of CH,Cl, was added 4.1 mg (21.4
pumol) of EDC and 1.8 mg (20.7 umol) of morpholine and
30 the resulting solution was allowed to stir overnight at
room temperature. Flash chromatography {(elution with
20% MeOH in CH,Cl,) gave 7.6 mg of the amide 44 as a
mixture of rotamers. 'H NMR (500MHz CDClgz) & 7.32 (4),



al cohol- 173, 1.7 g (7.4 mol) of (S)-Boc-pipecolic acid, 1.4 g (7.3
nmmol ) of EDC and a catal ytic anpunt of DVAP in 35 nL of

CH err]C[err] as described above for the synthesis of 122 in
exanple 1. Flash chromatography 5 (elution with 5% ethyl acetate in
hexane) provided 2.4 g of the estergd74. [err]H NVR consistent with
t he pr oduct . (S)-Piperidine-1,2-dicarboxylic
acid 1-tert- butyl ester (R and S)-2-[4-(4-hydroxymnethyl phenyl)- 1-
10 (3- phenprBOpy&)buVynb éster7(2Y5¥.08Tomn, sBLBRI ¢ém) pf5.01 {(m) 750 ng

(1.0 nmmol ) of t €g5S n S dged 1.
mol ) of a solu |o% g$5 a% (é? . Q§ Tgthnn 88 ‘??UO$|§Z %’ %}Sé THF)
and t he resultlhg): 3.85 ﬁﬁktu?esmaé 58| ombd 304%thr@i:r%o%?t%n%brature

for 15 15 i’h@sm(m;urg s\@sm;IUﬁedz\maa) ethysiacgf at£,12 (m),
concent r at ed.

washed wi th 5% K err v r]

Fl ash chr natogY%p%é %ut? ﬁg C{ 42° %t%@l(%ketate i n hexane) gave
308 nmg of the al cohol 175. [err]H NMR consistent with the product.
20 (S)-Piperidipe:1.2-dicarboxylic acid 1-tert- but yl
ester (R and S)-2-[4-(4-carboxyphenyl)-1-(3- phenyl propyl) butyl]
ester (176). To a solution o 3 ). of the al cohol 175
in 3.0 nL of acetone ) %f the Jones
reagent and 25 t he resul t e v A ir at room
tenperature for 1 h, and was the d through § pad of celite
and concentrated. Flash chronatg (elutfPon with 2% MeOH in

CH err]C[err]) gave 155 ng of i g 176. [err]H NWVR consi st ent
wi th the product. 30 'perldlne 2-carboxylic acid (R
and S)- 4- (4- car boxypheny} g-l (3 phenyl propyl ) butyl ester
Trifluoroacetate salt (177). To a solution of 155 ny

- 57 -




(0.3 mmol) of the acid 176 in 3.0 nL of . CH err]C[err] was added
500 [err]L of trifluoroacetic acid and the resulting sol ution was
allowed to stir at roomtenperature for 3 h at which tine the
volatiles were renoved in vacuo. 5 The crude residue was suspended in
5.0 nL of dry benzene and the volatiles were renoved to yield an
anhydrous sanple of the salt 177. - 59 - (S) -1- [2-Oxo-2-
(3,4,5-trinmethoxyphenyl) - acetyl ] pi peridine-2-carboxylic acid (R
and S)-4-(4- 10 car boxyphenyl ) - 1- ( 3- phenyl propyl ) butyl ester (178). To

a suspension of 159 ng (0.3 mMvlBxamplichae sal-t NMR/ DATA 2.5 nL of
CHerr]CJ[err] at O [err]C was added 110 [err]L (0.63 muol) of

N, N-di i sopropyl et hyl am néfarthté eprettafast rdihe0 Sinpowids of formfla
chl orotri met hyl g4 R B A4 1 X LA I stir
at 0 [err]C for%)l)a%en. T%&fhéls so%%%%oln@y( éinﬁlv%slastjog&élgcfegé ny :5;%4

mmol ) EDC and 105 SRE (TP dagples 1-llypandshase dasty@tsse Treact i on
mxture vas al lgweshd® 1-3. THd INVRAIsgeQiRdie ReAtiye toefeicdipoulidss

m xture was diluted with ethyl acetate and washed with 0. 5N.HG , 20
water brine, ATREHRRT AR I and RS Aa PRgeRR] Actording
chr omat ogr aphy t{eeltle onumbehi BDS VD¢ iaf Qdbdrer J1ICI [err]) gave 97 ny

of the product 178 as a r&cﬁé&ﬁléﬁz I ottm.(so[cwz] B{pe1.) (Mygtﬁggsi st ent
with the product. . 371

(S) - 1- [ 2- Oxo- 2-91B, Hianteneanensey pHerpne ofs rotomers) & 8.42-8.33(m),
acetyl ] pigperi dines2tapar boxad i aci d@@)andy Sy-@)[,47.29-7.05 (m},
To & S0l Ut on g1 CRIUEHA (B S @] ot b G ¢ e B2 (1 %5924 3198 F-1 0 i of
CHerr]Cd[err] 3l @ded .40 b ((20.,4 3.50-3. 45dm)],m2l. 6562 .EDdmand 1.8 ny
(20.7 [er 1] mol ), ofo rprhglyi N, A 20, () ! he gsas! { ingssghut hogauas al | owed
to stir overnight at room tenperature. ash chromat’ ography (el ution
wi th 20% -G 1GH Terdr 4@ @Bror 1Y) 4§ade 328V ng LoR2t{®e -ani de 44 as a
mxturejgf rotaners. [erddnpdi¥id GO0V niRESbeMEL) chenL], 7(RExtdre
- o8- of diastereomers, mixture of rotomers) & 7.39-6.80(m),
6.75(d}, 5.47(m), 4.55(m), 4.45(m), 3.95-3.78(m), 3.49-
3.40(m), 3.22-3.11{m), 2.49-2.38(m), 1.88-1.67(m),
1.61-1.42(m), 1.37-1.14(m).
20 Compound 6: B NMR (500MHz CDCls), {(mixture
of diastereomers, mixture of rotomers) & 7.36-7.19{(m),
7.18-7.02{(m), 5.77(t), 5.65{(m}, 5.39(m), 4.60-4.52{m),
.35(m), 3.93-3.82(m), 3.71-3.63(m), 3.48-3.42(m),
.41-3.34(m), 3.28-3.19(m), 3.12-3.07{(m), 2.65-2.58(m),
.57-2.48(m), 2.42-2.31{m), 2.02-1.94(m), 1.9%1-1.21(m),
.11-1.02(m) .
Compound 10: 'H NMR (500MHz CDClg), (mixture
of diastereomers, mixture of rotomers) & 7.35-6.98(m),
5.35(d), 5.3-5.14(m), 4.52{(bd), 4.24(bs), 3.97-3.87(m),
30 3.49(t), 3.12(g), 3.00-2.56(m), 2.46(t), 2.32(d),
2.18(4), 2.11(4), 1.93{(d), 1.83-1.56(m), 1.55-1.38(m),
1.32-1.18{m), 0.94-0.72(m).
Compound 12: T NMR (500MHz CDClg), (mixture
of diastereomers, mixture of rotomers) & 7.37(s), 7.31-
35 7.06(m), 6.98(d), 5.39(dd), 5.09-5.00(m), 4.99-4.93(m),

25

N Wb



7.30 (d), 7.26
(s), 3.89 (s),
3.42 (brd), 3.
2.12 (m, 5

- 59 -

(s), 7.21-7.08 (n), 5.33 (m), 5.01 (n, 4.92 (m), 3.92
3.88 (s), 3.87 (s), 3.86 (s), 3.85 (s), 3.81-3.53 (m,
29-3. 21 (m,

Y1.83 (),

3.05 (m), 2.61 (m), 2.42 (dd), 2.31 (d),

1.73-1.42 (m), 1.42-1.20 (M. [err]

Exanmple 12 -- NVR DATA

We have prepared other conpounds of formul a (1) by nethods

substantially simlar to those descri bed”

and those illu
t hese conpound
accordi ng

di ast er eoners,
7.42(d), 7.38(
4.71(m, 4.62(
2.65-2.51%m,

1.68(nm), 1.67-
[err] H NMR(500

strated in

in the above Exanples 1-11
Schemes 1-3. The NMR spectral data for

47 0 HA BTV LR oy STOEIBFS 3100 s 5

Conpound 2: [eBrR2H(RVR(3008k2) COZI T2r2}36 (fihi x2 uPe-1.24 (m) of
m xture of ¢ 1‘17?{:29 OfRES)3 6 8114%1\%2@&6&1{23&3 1 ), @tﬂl(:@ure

s), 7,31(d)

npE él@%t%r%%‘(\ﬂfsr mxé@% %ﬁ(‘ﬁ‘?to%e%% 355'1(#5‘313 g% P45,
7.21 (mP, 59:2039(03 (m?2, 38: 23 22( M 6. 28 0B(M6.d296(T) (m)1, 81-

%ﬁég%?%;zﬁf)l 3&4”% 981{1%)2(52 971L

fbnpound 5:
gaemm ‘m xture of

rotoners) 6 7.39.8783(m3.93-3. 83(m), 3 81-3. 74(m), 3.53-3.47(d,br),

10

i5

20

25

30

3.32-3.22(m),

3.

11-3.04(m), 2.65-2.12{m}), 1.97-1.21(m).

Compound 14: 'H NMR (500MHz CDCly), {(mixture
of diastereomers, mixture of rotomers) 6 8.04(d),

7.97(t), 7.59-

7.21-7.02(m),
.12'5.03 (m) [}
.53-3.48(m),

N Wwow;m

.19(t), 1.98-

7

6.
.93 (m), 4.65-4.60(m), 4.38(m), 3.79{m},
.23(q), 3.11-2.99(m), 2.68-2.29(m),
.31 (m).

4
3
1

.48{m), 7.47-7.41{(m), 7.31-7.22{(m),

98-6.91(m), 6.82-6.76(m), 5.43-5.38(m),

Compound 15: 'H NMR (500MHz CDCly), (mixture
of diastereomers, mixture of rotomers) 6 8.05-7.92(m),
7.78(d), 7.47-7.03(m), €6.42(bs), 5.33(d), 5.01(m),
4.94{(m), 4.59(bd), 4.32-4.14(m), 4.08-4.00(m), 3.87-
3.84(m), 3.77-3.68(m), 3.45(bd), 3.17-3.08(m), 2.97(t),
2.60(t), 2.48(t), 2.35-2.21(m), 2.112(d), 2.05-1.10(m),
0

.91-0.79 (m) .

Compound 17: 'H NMR(500MHz CDCly), (mixture
of diastereomers, mixture of rotomers) & 7.38-6.92(m),

6.82-6.71(m),

5.

38-5.29(m), 5.06-4.85(m), 4.60(d),

4.31(d4), 3.%4-3.81{m), 3.79-3.70(m), 3.51-3.41{(m),
3.23(t,br), 3.06(t), 2.62-2.22(m), 2.15(4), 1.82-

1.29{(m).

Compound 18: n NMR (500MHz CDClg), (mixture
of diastereomers, mixture of rotomers) 6 8.55-8.38(m),

8.08-8.00(m),
7.45-7.41(m),

7.

98(d), 7.e8(t), 7.59(t), 7.50-7.45(m),

7.29-7.25{(m}, 7.25-7.08{(m), 5.40(m),
5.11{m), 4.93{(m), 4.61(brd), 4.38{m), 3.61(m), 3.51-
3.46(m), 3.26-3.15(m), 3.08-2.96{(m), 2.70-2.61(m},



6.75(d), 5.47(m, 4.55(m), 4.45(n), 3.95-3.78(m, 3. 49- 3. 40( ),

3.22-3.11(m, 2.49-2.38(m, 1.88-1.67(m, 1.61-1.42(m,
1.37-1.14(m. 20 Compound 6: 1H NMR(500MHz CDCl[err]),
(m xture of diastereoners, mxture of rotomers) 6 7.36-7.19(nm,
7.18-7.02(m, 5.77(t), 5.65(m, 5.39(nm, 4.60-4.52(nm, 4.35(m,
3.93-3.82(m, 3.71-3.63(m, 3.48-3.42(mM . g9 - 3.41-3.34(m,
3.28-3.19(m, 3.12-3.07(m, 2.65-2.58(m, 2% 2.57-2.48(m,
2.42-2.31(m, 2.02-1.94(m, 1.91-1.21(m, 1.11-1.02(nm).

gbnpound 10: [emrbH—NwﬁegﬁﬁwHa GQdranr,] k.. 16iprayr,e 1. 83-1.7?H§g,d1.78—
t
5 5 5 nacn . 4. SopsdpT e Lad Tty SHAL TP 5 40 % ).

3.00-2.56(n), 2.46(t), 2.%2bgound 19: IHIBMRY502MEZ( €PC1a) 93(u)xture
1.83-1.56(m, o§5dga%N% Sgﬁﬁf' m%%t%% 10%8§ omgrgﬂ Q- %2%5L8 49 (m),

Compound 12: [err] err]), (mxture
di ast ereofers, &i-RAUFAR rof -P&HSner I) SRdEI] 7 ?C§)571m31 73§2(t)'7706@ﬁ)
6.98(d), 5. 39(dd)41§m99 9..08tm. 224m99- 4..93(®), 7.12-7.08(m), 5.41(d)

- 60 - ¢ 1 5 '3a-
3.24(m), 3.09(t) 1%3&3 418%3%)'2405%?bf$§ (q)38%d? (3) 553" 99?%%5 ound
13: [err]H NNR(BOBMHZ €DCm) or Bl p3-Gridst{mie 3.28~3. QB(dDasBeﬂéoﬁeog(mmhxture
f rot 6 7.29 7.20 6

o SE?dfnerséz 6§7§ gik )7 39 72§%£5)5 gé%ﬁngt)04% séégﬁéﬁj 20 4936

4.61(d), 10 24231 aﬁ):319§9318§€&F) 31813317ZP&F) 315§9314#@dm&p)
3.32-3.22(m), 31118310461, .2. 65- 2. 12(n) 1.97-1.21(m).

Compound 14: [err]H NNR(SOONPB CEO m xture 10
di astereoners, mixture of PBPEHE ?Bé 8 %4 (500MH2 09c§3kt)(leture

7.59-7.48(n), Tof7dladtemponérad]- RiR2(ER, of rotomérd)- 3. 0260(d),
o R S gy e R L
2.68-2. 2@§n) 15 38 Zd19(§)09t59821m31(ﬁ}93'4 90(m), 4.62( rdDanpound 15:
[err] H NVR(500M4iz 5 g?ﬁgLegrbh(s§n1§tg§@s)’ 3. glqg)dlgsggqunegsegqbyture of
rotomers) [err]s 49(brddds 3.28(ddd), 3.09(dd), 2.83(t), 2.74(m),
2.63(brd), 2.49(dd), 2.36(brd), 2.19(brd), 1.86-
1.70{(m), 1.70-1.62(m), 1.59-1.52(m), 1.48-1.23(m).
20 Compound 23: 'H NMR(500MHz CDCly), (mixture
of diastereomers, mixture of rotomers) § 8.30(d),
8.28(d), 7.79(d), 7.34(s), 7.31-7.00(m), 6.43(s),
.33(d), 5.06(d), 4.94(m), 4.59(d), 4.42~4.10(m),
.04(s), 3.96(s), 3.94(s), 3.91(s), 3.81(s), 3.77(s),
.48(d), 3.27(dt), 3.05(dt), 2.67-2.47(m), 2.32(d),
.14(d), 2.03-1.22(m), 0.94-0.81(m).
Compound 26: n NMR(500MHz CDCl,), (mixture
of diastereomers, mixture of rotomers) § 7.32(d), 7.27-
6.99(m), 5.34-5.28(m), 5.00(s,br), 4.61(d), 4.30(d),
30 3.92-3.81(m), 3.02(t), 2.54-2.48(m), 2.47-2.39(m),
2.34-2.22(m), 2.14(d), 1.82-1.14(m).
Compound 27: g NMR(S500MHz CDCl3), {mixture
of diastereomers, mixture of rotomers) § 8.46-8.38(m),
7.68-7.50(m), 7.49-7.30(m), 7.29-7.08(m), 5.48(m),
35 5.16~5.02(m), 4.98-4.90(m), 4.60(d), 4.32(d), 3.51-

25
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7.7é(d), 7.47-7.03(m), 6.42(bs), 5.33(d), 5.01(m, 4.94(m,
4.59(bd), 4.32-4.14(m), 4.08-4.00(n), 3.97- 20 3.84(nm), 3.77-3.68(m,
3.45(bd), 3.17-3.08(m, 2.97(t), 2.60(t), 2.48(t), 2.35-2.21(m),
2.11(d), 2.05-1.10(n), 0.91-0.79(n). Conpound 17:
[err]H NVMR(500MHz CDCl[err]), (m xture of diastereoners, m xture of
rotonmers) [err] 7.38-6.92(m, 25 6.82-6.71(m, 5.38-5.29(m,
5.06-4.85(m, 4.60(d), 4.31(d), 3. $£3.81(nm), 3.79-3.70(m,
3.51-3.41(m, 3.23(t,br), 3.06(t), 2.62-2.22(n), 2.15(d), 1.82-
1.29 . 18: r 5 rr]),
(m x'g {R e 30 3 '0%2 m)a'stBe'r%'ggsg,]Hnnzi ’xt3u'£lglr-o%' r%gfe%gl)%% 2%&@’318% m,
.08-8.00(m), 79BRE.bm) 6K 134 (&.1BI(it )} - 885022 B8 (-n) , 7.45-7.41(m),
.29-7.25(m, 7.25-7.08( Mompou Me: ' nMRAshbM: cﬁc@éﬁ M (méxEktRrd),
: ‘;’gf g) 61?rr;51( rgf ci?‘iaS:slt:_ereomers ,3'#i§£trgfe %fz%o?f:'o%t?e(rrg)’ 63'8 .%'séf?%&'?nf) ,
.52-2. 4gi(nm), 27 33 r B3 (rrﬂ.,lQX.thi)1.413(&a-,1.77.&(m)7,.oB.(ﬁg-, g.os[-s.yfa%m,
.56-1.4 , 41- . ou : rr
NMVR( 500M—|§ CDdl 'e%i%g,%dsg{g)ﬂ usr'e09 (s, br) 'oft '3i2a($tc’:%§§drr%r's§%'r%'>§tl fné ' of
rotoners) 6 8.532-¥ 49(:m3.5063.41 &)04@dR4-3..93({d),, B..6F-R).247m31-7.57(m,
7.52(t), 7.46- - 22 4 (G t)a 4313- ,
5. 412 d§ , 2 '5?8122('%75, (4'33(3)32’(%E (%ﬁ.be?srf({bﬁzgm (zzli.'%( dg 1§38§%68§1?nn)) ,
3.67-3.61(n), 3.53-3.48(MemePwsl 2989 nf Ngfkd. 508Mig( RPClz) . (mixtgmeprt),
i- ;g( EF;J)OO( ”)2 Gﬁiﬂ;rdi)ast%ﬁa%dﬁﬁs)u nﬁac%&(ﬂé%r f%:)f, ;‘b@.omersz- 316hud) 8.3788 %:673( ”)a
.73-1. : - , 48~ 1. . oun
20: [err]H N (§%théﬁdgkr[3%?Ff7'%@ﬁ§9uré'gght'brér 53008 Bbhers,
m xture of rot drd3s(s.anir,] 48.680@dB4 (m), 4.32(61(dd).51732821m25( &) 25~

7.21-7.16(n), % , al 5.,3%6hkd 30955 @2 393-4.90(m,
4. 62(brd),(m 'é.l_:_%g- 11( %.:@03(%4 s?)',%s.bglzafsf?‘,)'s?é ?s%@g.(g‘&(s), 3.%33),
3.49(brddd), 3.228¢ddapr!3. GQ@&G&,-ZQ.(B‘SQU . 2.74(m), 2.63(brd),
2.49(ddps 2.36(brd), 2.19Capdundl 386- 'H NMR (§00868) cDé1{0; L(Rtdre

1.59-1.52(m, :%f4%ﬁ%s%%&%%mers, mixture of rotomers) & 7.35(s), 7.29-
7.20(m), 7.19-7.02(m), 6.89(m}), 6.77{(m), 5.34(4),
5.03(m), 4.91(m), 4.61(d), 4.33(d), 3.95-3.88(m),
3.48(d), 3.31-3.21(m), 3.05(t,br), 2.87-2.43(m),

20 2.32(d,br}), 2.18(d,br), 1.87-1.21{(m).

Compound 31: 'H NMR(500MHz CDCl,), (mixture
of diastereomers, mixture of rotomers) & 8.00(s,br),
7.34(s,br), 7.31-7.02(m), 5.34(s,br), 5.31(s,br),
5.03(s,br), 4.952(d,br), 4.61(d,br), 4.33(s,br), 3.96-

25 3.84(m), 3.48(d,br), 3.24(s,br), 2.76-2.42(m),
2.32(d,br}), 2.15(m}, 1.87-1.20(m).

Compound 32: 'H NMR(500MHz CDCls), (mixture
of diastereomers, mixture of rotomers) 6 7.38(d), 7.30-
7.08{(m), 7.07-7.03(d), 5.35-5.31{m), 4.98{(m), 4.88(m),

30 4.59(m), 4.31(m), 3.97-3.86(m}, 3.46(d4,br), 3.29-
3.18(m), 3.04{m), 2.65-2.42(m), 2.35-2.22(m), 1.83-
1.14(m), 1.10(m).

Compound 33: 'H NMR(500MHz CDCl,), (mixture

of diastereomers, mixture of rotomers) § 7.38(d4d), 7.32-
35 7.24(m), 7.24(d4), 7.21{(d), 7.01(s), 7.00(s), 6.02-

PNNPSNO



20 Compound 23: [err]H NVMR(500MHz CDCl[err]), (m xture

of diastereoners, mxture of rotoners) [err] 8.30(d), 8.28(d),
7.79(d), 7.34(s), 7.31-7.00(m, 6.43(s), 5.33(d), 5.06(d), 4.94(m,
4.59(d), 4.42-4.10(m, 4.04(s), 3.96(s), 3.94(s), 3.91(s), 3.81(s),
3.77(s), 25 3.48(d), 3.27(dt), 3.05(dt), 2.67-2.47(m, 2.32(d),
2.14(d), 2.03-1.22(m, 0.94-0.81(m. Conpound 26: [err]H
NVR(500MHz CDCl[err]), (m xture of élastereoners m xt ure of
rotomers) [err] 7.32(d), 7.27- 6.99(m, 5.34-5. 28(n) 5.00(s, br),

2.34-2.22(m,

4.61(d), 4.30( dkizig . i 122#?5) 53387dY), 5238483 4%(3h(3%5§7 2.39(m,

NVR(500MHz CDCl fe

KﬁBGOHI%t@ﬂéA q), 4.32 (BrddvesedtdFrs - ﬁlﬁ?dﬁérof

r ot oners) [efr]388éﬁs$ 3&£ﬁh(s 3.73(s ?8 3..58((Bradd) 493733Q6m) ,

7.29-7.08(Mm,

3. 51-

3. 26-3. 126m)
1.83-1.22(m).

(m xture

7.62-7.53(Mm,

5.44-5.25(m
3.50-3.41(m
2.14(d, br),
CDCl[err}d,
8.44-8.37(m
4.93(s, br),

4%%?%da§5 3.06- 21g7(m92 62% ?8 % %§3”5 3, QQQ%}a)g 2282:

3212170280 0) 2.2863-.2442(0) 1.90~-1.74 (B)320d7Br)L. 4B.(03(d, br),
1.3 (m 2 ound 28: [err]H NMR(500M+z CDCl [err]),
P élastepéoners xtqre of rotonersg 6 8.45-8.32(m, 5
7.52-7. 43(npompoggd7365(n)H gmggsgogg Cly), (mixture
5099ﬁ§agtbre6m%265 Qﬁktu4366f4r5¥6ﬁhrs) § 7.334s33(d),

, 33fodael P osteh 7P 20 g goaa oot R ?hagmﬁéé 5000+

(m steogml) 6. 83Qﬁ)dl&SBEK&@UEBS3IHBXEBKQ)Qf6r0265€9$Xm6,

1. 68 4358 AP TR 53 g hanl 19,5330 0 3,3380 Stha 8050 )

3.00(g), 2.69-23486/F),23385229(A)p84(8), 3.78(8A(d3b7L(81,82-1.20(m. 15

Conmpound 30:

[grakkb%kﬁﬁ?OOHHAo@Qghhegr]h 26?&&&2%93 15(dddg

di astereoners, mxture of roto

7.19-7.02(m,

63 88¢ fftdds, 7?(ﬁf(d§)34€d?°(b§dgl 15963%nf9(ﬂ)91%nf9"4 61(d),

4.33(d),18. 95- 3188¢ k), 1.65-1358%0), 3.31-3.21(m), 3.05(t,br),

2.87-2.43(Mm,

20

25

30

35

20 2- 32685 Bhhina?3 48 VR our {5 8dimt2 2408 5) , (mixture
of diastereomers, mixture of rotomers) § 7.34-7.29(m},
7.28~-7.11(m), 7.10~6.93(m), 5.35~5.28(m), 5.09-4.98(m),
4.90(m), 4.64-4.44(m), 4.30(m), 3.95-3.81(m),
3.46(t,br), 3.31-3.19(m), 3.03(m), 2.66-2.38(m), 2.34~-
2.25(m), 2.16(m), 1.85-1.19(m).

Compound 36: 'H NMR(500MHz CDClj), (mixture
of diastereonmers, mixture of rotomers) § 7.93-7.81(m),
7.78(s), 7.41~7.01(m), 5.32(s,br), 5.02(s,br), 4.90(m),
4.58(d), 4.31(s,br), 3.95-3.80(m), 3.45(d), 3.22(t),
3.05(m), 2.72~2.48(m), 2.47(d), 1.83-1.43(m), 1.42~-
1.18(m).

Compound 37: 1H NMR(500MHz CDClg), (mixture
of diastereomers, mixture of rotomers) § 7.38(s),
.30(s), 7.30-7.02(m), 7.01(s), 5.80-5.83(m), 5.68{(dd),
.62(dd), 5.38(d), 5.36(d), 4.66(s), 4.65(ABq),

.54(s), 4.32(brd), 4.28(brd), 3.90(s), 3.88(s),
.86(s), 3.85(s), 3.84(s), 3.78(s), 3.76(s),

.43 (brddd), 3.39(brddd), 3.24(ddd), 3.12(ddd),
.06(ddd), 2.97(ddd), 2.62(t), 2.57(t), 2.48(brd),

W W W b



Conpound 31: [err]H NVR(500MHz CD [err]), (mixture of

di astereoners, mxture of rotoners) 6 8.00(s, br), 7.34(s, br),
7.31-7.02(m, 5.34(s,br), 5.31(s,br), 5.03(s, br), 4.92(d, br),
4.61(d,br), 4.33(s,br), 3.96- 25 3.84(m, 3.48(d,br), 3.24(sbr),
2.76-2.42(m, 2.32(d, br), 2.15(m, 1.87-1.20(m.

Conmpound 32: [err]H NVR(500MHz CDCl[err]). €4 xture of

di astereoners, mxture of rotoners) 6 7.38(d), 7.30- 7.08(m,
7.07-7.03(d), 5.35-5. 31 4.98(m, 4.88(m, 30 4.59(m, 4.31(m,
3.97-3.86(m, 3. %?@“@r 32291 1.94 (m) 3. 18699 1. 33 Qd( M 1. 722 6P: gsﬁg;m)

2.35-2.22 1.83 1
[err]H NI\/(RE%OOM—IZ %%)CI Se?( i‘? mxt:lLJrlle&%lm 140 23 Bt echet? 1 Ozjllu?)re of
rotoners) [err] 7. 38(d) Rownd 40: 7, L (VYR ( 50 QMHz! )DL 27, ( i 3E( S) ,
7.00(s), 6.02- of diastereomers, mlxture of torsxers 5 7. 346%53'AE?q')29'

2 2ZEZ’Bq)553232<’§?§“m>359€?f%’)7305@8€( 5 (P oy, 5 e
3.48(brddd), 3.3 . 3.95% 3:§Qm(>ddda) 48(&&::2) OH B2 (12 62 toh (4% 58(t),
(m

2.38(brd), 5 b 08-22. 90-1. 74 1 73T
1.38§ 1.r323(rr), 1224621 (2;]9( E30 8%Zl(:’Lm)léao(ﬁﬂound 34(n}err] H NVR( 500MHz

CDC [err]), (mxture Comproudich lar eOIHEM(ﬁlOﬂmlzeCDtl? tormiﬁ);uké”]
7.33 oF Hedterd 1 74t
(s), WaBterbodR®), mixdrl %Q.( ?og élfgr K ’iir(dg 4§ g940(n)

6. 90 83(d d 8
5 21&321) 164 5%(?) 0%3&@( . Ogs‘%ég(é) 3T, %40 -87dm)'5) 4-8148)s) 4.3384(5) ,
3.76(s), 3.71(sp-96-3. 88(3)45(3b|8<5dd)>,, 3. 4@(<awdd)253m¥8(§d9%,( ); rrg(ggd)

3.02(ddd), 2.626d 59 9
1 65(1 Sé(n) 048R (m#, 48\ Reh , ¢ ﬂzﬁﬁz (§)18%g?,]m ﬁ@R&S@@Nﬂ& Cbciferr]),

(m xture oﬁsdpéstereoners m xture of rotoners) [err] 7.34-7.29(m,
7.28-7.11(m, 7.10-6. 93(nt0m 03555438(njﬁ ﬁmgg @Rﬁﬁ%f%DC%ahq §n4 90(n)

4.64-4.446m), 430 81(
3.03(n),f§.66 20 8§g%§t§ 2 ers, glxture of rotomers) & 7.34(d),

2{m}, 7.13(m), 7.0-7.1(m), 5.87(m), 5.32(m),
-22{(dd), 5.12(dd), 5.0(m), 4.89 (bm), 4.57(bd),
-30(bm), 3.80-3.95(m), 3.45(bd), 3.40(m), 3.32(m),
+22(dt), 3.05(bm), 2.60(m), 2.52(bm), 2.44(m),

-30{(m), 2.15(bm), 1.75(m), 1.60{(m), 1.54(m), 1.20-
.45 (bm) .

20

wapmq

Compound 43: 'y NMR (500MHz CDCly), (mixture
of diastereomers, mixture of rotomers) 6 7.36-7.30(m),
7.29-7.20(m), 7.19-7.04(m), 5. 34(m}, 5.01(s,br),

25 4.91(m), 4.59(d), 4. 31(s,br), 3.95-3. 86(m), 3.47(4d, br),
3.25{t,br), 3.14-2. 90 (m), 2.68-2. 52(m), 2.45(t),
2.32(d4), 2.18(d), 1.85-1. 46(m), 1.45-1.18(m).

Compound 45: Iy NMR (500MHz CDCl,), (mixture
of diastereomers, mixture of rotomers) & 7.35(d),

30 7.25(m), 7.15(m), 7.10(d), 7. 05(d), 5.87(m), 5.38(bd),
5.34(m), 5.22(dd), 5.14(dd), 4.95(bm), 4.88(bm),
4.58(bd), 4.32(m), 3.82-3.95(m), 3.45(bd), 3.40(t),
3.25(m), 3.05(bm), 2.60(bm), 2.44(m), 2.34(bqd),
2.18(bd), 1.78{(m), 1.48-1.70(m), 1.20-1.45(m).



2.-25(n'), 2.16(m, 1.85-1.19(m). Cormpound 36: [err]H

i m xture of
500MH#z CDCl[err]), (m xture of di ast ereoners,

S Ml BT s 12 T, SR

br), 4.90 : : , 4. : , 3. : : ;
gg%ﬁf) g g.n)OS(n), 2.72-2.48(m), 2.47(d), 1.83-1.43(m), 1.42
1.18(n). Conpound 37: [ergd H NMR(500Mz CDCl [err]) 0
(ﬁixturé of diastereoners, mxture of rotomers) [err] 7.§8gg)ad)
7.30(s), 7.30-7.02(m, 7.01(s), 5.80-5. 83(n) 5.68(dd), (

5.38(d), 5.36(d), 4.66(s), Camm(rmaq@s 'y NM@%@Z cbca. ()br G?U)%%(brd)
R DU 1 dmsolt 3, 24(d’d ’ﬁg'(‘% %‘5‘251’5 0 @),
g'g%gég?d)z 22( )gg“%?('%)lt?@ms( AP (), 5 85(m , 5. So(dt) 5.38(dd),

64 - ’ 5 2 a), 206 9 ?r?( (k89383 b 8k 05
&6563h38§£’ [err%]all-‘(ﬁl ?5(9&\;151‘? e|3r]9)5(m)('m3x1415r(é’d), 3.25 (mof,

di ggt ereoners, Ri-08UkE)of 2r.68dien s) 26 6B. (3;6(,8)2 58.(29-, 2 §B(t 7318(5”% 84(m) .
7.18-7.06(m, 628%@11%)6 55@%)(bd§ 33(908 aﬁﬁ?@t(ﬁ“)' 135@@ 7&(@ 113@@,-@

?C,Iofrgt()gngr)ﬂfl 57 (n}zl-(imNNR(SOOM-Iz CDCl[err]), (mxture

di ast ereoners, m xture of cepbemrask7ker! (5 Sommd - §351@)3, 8§Y:t>5tur§ 3(3?( d),
;73' 2‘81( gglg ‘;’gg% éigé %éo&egés d?nlxture of 5Q@mmegs)48Qn7 42(@P( d),42-
2:18§d)’ 1. 86- 17406 , 15485-5.30 (m) , 15 1541, 9L(m), 4.03:3 g3 () ConpOUNd
e o oM R | 2 (BLARE] % o3 aaf @ 9SNNS
g‘g;?{ne Og ggt ?r)”e CWQ@@M)ILSS 12{ AR (0¥ , cnftn%@(,bfﬂnxx(@g%( bad),
4.30(bm, 3.80- Sf%iaaateﬁe&%%é@) &%%)of %«%2%{% ) 6271%@, 1. 75(m),
3. Og(bm151252?( 251@ 2(pg c% 3%@,) 7.10(d), 7.05(d), Gagsqung 43:
[le?r](?NNR(5oom423m)[,er5r]34(c(dm,xtsxrle;(dd), 4.96(m), 4.86(m),

4.58(bd), 4. 30(bm), 3.85-3. 95{(m), 3.45(bd), 3. 38({t),

3.32(t), 3.25(m), 3. 05(m), 2.60(m), 2. 32(bd), 2.16(bd),

1.78(m), 1.48-1. 72(m), 1.20-1.45(m).

20 Compound 49: 'y NMR (500MHz CDClz), (mixture

of diastereomers, mixture of rotomers) & 7.28-7.42,

.57-6.61(m), 6.45-6. 51(m), 5.80-5. 87(dd), 5.70-

.77(dd), 5.37-5. 41 (brd), 5.34-5. 37(brd), 4.94-

.07(dd), 4.53-4. 60(bxrd), 4.35-4. 38(m), 3.80-3.95(m),

.74 (s), 3.38-3. 50(brdd), 3.22-3. 31(dad), 3.15-

.22(ddd), 2.96-3. 08(m), 2.32-2. 44 (brdd), 1.73-1. 85 {(m},

-48-1.75(m), 1.54-1. 56(d), 1.15-1.48(m).

Compound 50: 'H NMR(500MHz CDCly), (mixture
of diastereomers, mixture of rotomers) & 7.34(d),

30 7.24(m), 7.15(m), 7. 10(d), 7.04(d), s. 85(m), 5.32(m),
5.22(ad), 5.15(m), 5. 00(m), 4.58(bd), 4. 30(bs), 3.74-
3.95(m), 3.44(m), 3. 25(bt), 3.04(bm), 2. 62(m), 2.45(t),
2.30(bd), 2.18(bd), 1. 88{m), 1.78(m), 1.46-1. 72 (m),
1.22-1.45(m).

25
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of  di astereomers, mixture of rotomers) 6 7.36-7.30(n), 7.29-7.20(m,

7.19-7.04(m, 5.34(m, 5.01(s,br), 25 4.91(m, 4.59(d), 4.31(s,br),

3.95-3.86(m, 3.47(d,br), 3.25(t,br), 3.14-2.90(m, 2.68-2.52(m,
2.45(t), 2.32(d), 2.18(d), 1.85-1.46(n), 1.45-1.18(n).

Compound 45: [err]H NVR(500MHz CDCl[err]), (m xture of

di astereoners, mxture of rotoners) 6 7:35@d), 30 7.25(m, 7.15(m,

7.10(d), 7.05(d), 5.87(m, 5.38(bd), 5.34(m, 5. 22(dd) 5. 14(dd),
4.95(bm, 4.88(bm, 4. 58(bhd 32 3..82- 45( bd

3. 40Et)n? ( ?25(m), CPMPURg ( 5)2 66%%&@0@%&) CDQSgL( pépixcur

2.18(bd), 1.78@D dllas‘k%rja&%@ nﬂ:.x?carrb@‘i(rﬁotomers) & 7.34(s),

in?itﬁre 7.254 duasf%%é@ﬂersqgﬁfﬁrure h?o???égggwgt?fﬁgyé§ﬁr])’

7.25(n), 7.16(mM. 7e7<dro(t)s &, (88 (,np, - 45. 50(6@&):;) ,55386dd), 5.24(m), 5 25(dd),

g ég(g)g nfs(g"}és (%335(4b@28583?%)15(33)85 3 56 (m) (30%%)98%3@@ 65(1).
2.58(t), 2 53( 8)., 04 (m), 2.62(m35( BB (£) 2o@bé)9<d_’1; 7021388(1#‘(?- 1.50-1.70(m,

1. 20- 211432(@:?6), 1.48-1. 82 (m), 1.24-€0@pqwnd 47: [err]H NVR(500MHz

cod , t t i 6
7aa(d) v as” e 1 compapindg 5. o BoRNR T5aBizat8eTny | CIATRESRg 1y
3.82-3.19(m, bf?ﬂiaslﬁﬁmbmeESQImixZQ@e)of rotomers) & 7.40-Tofpdémhd 48:

H 500 t f 4d t f
ot oter 3 oL 3osacqp ks TS ) 4504 §) abOTHF PATSA L HLHLUIC ©
7.05(d), 5. 88(@}99 3 87(m>5 32863, 38, (M(.da)305312(1d§)br11,98(hi 4.86(m,
4.58(bd), 4.306hgk, q3b§5 329%@1)2 S(flﬁcbd)eﬁm%(b)az(d). 2(:#(&?(0

?:igfg?%z?n$5(n)§825 g&?%? 5049bd)21% } ( d)C‘om:)ound 49 [err]H
NMR(500MHz CDC [err]), (@oxpooed 5$3: HfNﬁRasoemnanemsl M xtmiecofe
(LT 3h © T 8% s cqpere?: oy SO, B BBy IETH: 43180, > 7000
5.07(dd), 4.5374360@0rdY -38.(85-473881E) . 358603d95(ﬁ)552@). 6.32 14l s),
3.38-3.50(brddk. 43.(23-,35386d69),. 5378%y), 5.42(d), 5.08(s), 4.64(bd),
4.35(m), 3.88-3.98(m), 3.46(bd), 3.21(dt), 3.05{(d4t),
2.36(bd), 2.18(bd), 1.80(m), 1.74(bd), 1.64(s]},
20 1.56(d), 1.48-1.55(m), 1.40(d), 1.15-1.30(m).
Compound 54: 'H NMR(500MHz CDCly), (mixture

of diastereomers, mixture of rotomers) & 8.52(m), 7.82-

7.71{m), 7.70-7.62{m), 7.55-7.42{m}, 7.38-7.01(m),

5.36-5.2%{m), 5.01{m), 4.90(m), 4.79-4.67(m), 4.59(4),

4.39-4.11(m), 3.96-3.73(m), 3.44(d), 3.22(t), 3.09-

3.00(g,bxr), 2.72-2.41(m}, 2.30(d), 2.14{(d), 1.86-

1.43(m), 1.42-1.02{m), 0.98-0.73{m).

Compound 55: 'H NMR(500MHz CDCl,), (mixture

of diastereomers, mixture of rotomers) § 7.38(d),

30 7.33(d), 7.29-7.02(m), 5.32(m), 5.01(m), 4.90{(m),
4.59(m), 4.30(m), 4.08-3.51(m}), 3.46(d), 329-3.18(m),
3.11-2.98(g,br), 2.81-2.32(m), 2.30(d), 2.14(d), 1.84-
1.19(m).

25

Compound 56: 'H NMR (500MHzZ CDClz}, (single

35 diastereomer, mixture of rotomers) 6 7.39-7.30{(m),



3.22(ddd), 2.96-3.08(nm), 2.32-2.44(brdd), 1.73-1.85(m,

1.48-1.75(n), 1.54-1.56(d), 1.15-1.48(nm). Conmpound 50:
[err]H NMR(500MHz CDCl[err]), (m xture of di astereoners, m xture of
rotomers) 6 7.34(d), 30 7.24(m, 7.15(m, 7.20(d), 7.04(d), 5.85(m,
5.32(m, 5.22(dd), 5.15(nm), 5.00(nm), 4.58(bd), 4.30(bs), 3.74-
3.95(m, 3.44(m, 3.25(bt), 3.04(bm), 2.62¢m., 2.45(t), 2.30(bd),
2.18(bd), 1.88(m, 1.78(m, 1.46-1.72(m, 1.22-1.45(m.

- 66 - Compound 51: [err]H NVMR(500MHz CDCl[err]),

(m xture 7027di7asoebesher$ 20t Xt uk ¢botf) y OT 0%+ B) 0 & (Hr&Y( sy, 81 -

5 6a(m | 5 45 5558 n%“?s s ataEY v g S} e e Ef?‘;(d”
3.85-3. 96( ), 3446 nf;53(p é}r) 5.33 (brsB, 0¥(93 (Sh. @(gg(s)z. 55(89 (brxsug(dt),
é)34( dtzj, 2 | glﬁ(bﬁim) 1.49847%- :$2ﬁ@h]aré) 243 1240{ Mo (brt) , 3.01-
oun . err err

di ggtereo rs, %Té?&}r’ﬁf (I\)/%_%n%CD%E‘E)er r% 5142% %45%)(17)2 43y 2. 35(brd),
g.gg-g.g%g &msszbzlsz(bﬁd)ao(zr)ommmdn 413%1511373(:11) 10722(- b)

. 99- 3. , r

2. 69-2.50(m) . %??5‘}3 5t ?13395‘3‘% d% P lorsy M 91 4?85(%) M1 21(m .

Conpound 53: [e?crl}@-i(lPWBOOM-Iz CcDCl [err]) (mxture 15
di ast ereoners, m xture of ¢ %g sg7 6 Tfh %@QSOOMHZ CDh 5(d)(ml;ct31%d)
52(t

L2500 18 80§12 oteR2 iy ot Scidea of U2 (4l 31
3.21(dt), 3. 05('UIOl(m), 5. 32(6( k)00 Al (dda (ni) B0L 189 (). ;744 kxb) (m)1,. 64(S) ,

égrrpouné gg(d% erhﬂ%%%@s Vﬁ%} 153( ]rﬁg;itej( n_?s (m), 3. 22’f(t)'
di astereoners, I # LItk otdAF]. qleﬁm)] &-5122(61!}), A$R-1.21(m}.7. 71(n),

7.70-7.62(n), 7.55- 7. 42( Womplouifly (M NMR(SOO(P%E) &y ngém&t%% hacd)

g: 3%3 % gg 40975{38%2 féed%ﬁ') mlzct??eg %i(%t%%?rﬁ(® 7 é%ﬂ(ﬁﬂb? Y .+86-
1.43(m, 1.42-1502(m), 08 3B @)73(4)89 (m), 4.59(d), 4.29(m), 3.92-
3.84(m), 3.83-3.64(m), 3.55-3.28(m), 3.22(t), 3.04(m),
2.63-2.22(m), 2.14(d), 1.81-1.21(m).
Compound 59: 'H NMR(500MHz CDCly), (mixture
20 of diastereomers, mixture of rotomers) &6 7.71-7.52(m),
7.42(m), 7.39-7.04(m), 6.72-6.59(m), 5.32(m), 5.22(m),
5.11(m), 5.01(m), 4.99-4.90(m), 4.69-4.52(m), 4.39-

4.26{m), 3.99-3.7%9(m), 3.46(t), 3.22(t), 3.11-2.94{(m),
2.72-2.40(m), 2.29(t), 2.20-2.11{(m), 1.88-1.19(m},
25 0.89(m).

Compound 60: 'y NMR (500MHz CDClg), (mixture
of diastereomers, mixture of rotomers) & 8.53(m),
7.80{m), 7.72-7.53{m), 7.39-7.03(m), 5.36-5.28{(d44),
5.12-4.98{(m), 4.92(m), 4.79-4.52(m), 4.31{m), 3.98-

30 3.81(m), 3.45(m), 3.31-3.19(q,br), 3.11-3.00(m), 2.72-

2.43(m), 2.31(d), 2.20-2.11(m), 1.88-1.22(m).

Compound 61: 'H NMR (500MHz CDClj), (mixture
of diastereomers, mixture of rotomers) & 8.45(s,br),
7.60-7.49{(m), 7.38-7.21(m), 5.38-5.31(m), 5.03-4.98(m),



Coripound 55: [err]H NVR(500MHz CDCl [err]), (mixture of

di astereoners, mxture of rotoners) [err] 7.38(d), 30 7.33(d),
7.29-7.02(m, 5.32(m, 501(m, 4.90(m, 4.59(m, 4.30(m,
4.08-3.51(m, 3.46(d), 329-3.18(m, 3.11-2.98(q, br), 2.81-2.32(m,
2.30(d), 2.14(d), 1.84- 1.19(m. Conpound 56:
[err] H NMR(500MHz CDCl [err]), (single 35. gg diastereoner, mxture of
rotoners) 6 7.39-7.30(m, - 67

7.27-7.20(brs), 7.20-7.15(brt), 7.14-7.06(brd), 5.81-

5-78(brt), 5. 7739.962(Qmi8)(m)5- 3459 (30N J) 3.29280S) 2.65(m), 243806-4.55(brd),
5. 33(brs), 3.9195

. 3.88(s). 3.80(brs), 3.79- 3. 48
3. 47-3.30(brd), 3%ééF§fzé?%PF§;§%&@§§)° 92-0.344Rinrt) . ZFE%-Z.GO(t),
2.59-2.54(t), 2.42-2.35(bcmpound 62:2. 38- BMRYEDOM)Z znoaan,934h;tur25(n)
1.89-1.73(n), 1,221 . . 1.5 A(bESks_%. 39- ,
1.20(brs)§n) of dlaStere°%e%%§g§ﬁﬁ§ug%:£f[§%g%ﬂekﬁg(§ogaﬁ§ ébégfé?(]),
(m xture %0 70B2d7ad40dma o mbr §0~Fi- ROUMe  oF - 74 6B BEP) | ePr F2753204R) (7. 31-
7.01(m, 5.31(mk,85~-8Q68)bré)906MBo-4..89(Ba 4-30&5}5.21(m%,6§583=3-83Uﬁ,

5 02 360, S At 5. a3, i BcE] SRR
CDCl[err]), (m ftURds)ls 3.38eB.dedbrdd¢onsra4-ni. B me,0R.66+2wBBSR)[err]
7.33-7.01(m, _.5 . 54,99 89 4. . 4.29(nm), 3.92-
3.84(n), gﬁ%s-3?62?nf:5§%&§23?2§?n$?lgﬂéﬁ(té?zﬁ.34?%#@3' (2?63-2.220ﬁ,
2.14(d),19.81-1.21(n).  Compound 63: 'HOSMPOBAEMED: CDCRs) | HIMNVREGOD M-z
Cod[err]). | (m geuagadlerconttsdi A3kenPNBESrolL LELD 6f 1 BEQAP! Sh. bec!]
7.71-7.52(m, 55 (ml 42000 5.39-7504én%, 9.7%-6.;4? , ;.1g§n1§ 5.22(m,
5.11(n), 5.01(nf:58(89s4706¢Kfd) 4. 6953(88¢n) 7-3238.24(m), T413¢@ N

3.90-3. Islag nrr)) , fsgﬁ?“’dg?- 826b)-6.831h) ZQEﬁ)QBXd) , 6.79(@) 7262740870, 2.29(1),
Cerr] b R 500Mo TRt 67 () o ¢ BT ) 2.4 Gprah 22048 s it ure of

rotoners}56 8.53¢8P(s), 3.867sBO(A)B4TsY2-7.83(s), F.39(SF)P3%m4(brd),
5.36-5.28(dd), 3,18(aad), 2.92(dad), 2.40(brt), 2.32(brt), 1.89-
1.70(m), 1.62-1.48(m).
Compound 64: u NMR(500MHz CDClg), (mixture
of diastereomers, mixture of rotomers) § 8.59(d),
.58(d), 7.32-7.04(m), 6.99-6.80(m), 5.62(dd),
.61(dd), 5.38(dd), 5.06(s), 5.02(d), 4.99(d), 4.53(m),
.36(m), 3.91(s), 3.90(s), 3.89(s), 3.88(s), 3.84(s),
.69(s), 3.61(s), 3.46(brd), 3.41(brd), 3.24(dd),
.12(dad), 2.62(t), 2.58(t), 2.34(brt), 1.99~1.92(m),
.86-1.42(m).

Compound 66: 'H NMR(500MHz CDCl,), (mixture
of diastereomers, mixture of rotomers) § 8.56-8.51(m),
7.35-7.28(m), 7.27-7.22(m), 7.14(s), 7.07(s), 6.93-
.88(m), 6.87-6.80(m), 6.79-6.71(m), 6.65-6.62(m),
.81(q), 5.71(q), 5.32-5.27(m), 5.20~4.98(m), 4.57-
.47(m), 4.28-4.23(m), 3.92-3.70(m), 3.40(brd),
.20(brd), 3.11(ddd), 3.00-2.89(m), 2.33(d), 2.26(d),
.20(d), 2.07(d), 1.80-1.57(m), 1.56-1.25(m), 1.24~
.17(m), 1.13-1.00(m).

20
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5.12-4.98(n), 4.92(m), 4.79-4.52(n), 4.31(m), 3.98- 30 3.81(m

3.45(m, 3.31-3.19(q,br), 3.11-3.00(m, 2.72- 2.43(m, 2.31(d),
2.20-2.11(m, 1.88-1.22(m. Compound 61: [err]H
NVR(500MHz CDCl[err]), (m xture of di astereoners, m xture of
rotomers) [err] 8.45(s, br), 7.60-7.49(m, 7.38-7.21(m,

5.38-5.31(m, 5.03-4.98(m, - §9 - - 68
- 3.99-3.88(m, 3.50(d,br), 3.29(q), 2.65(nm, 2.38-

2.31(m, 1.88-1.13(m, 0.92-0.74(m. Conpound 62: [err]H

NMVR(500MHz CDOl [err]), (mcompoand 67: 6H duasseonnaecsc1g)xtunEXaﬁre

So7as Th(m | bofydabrRethers] mixclrdl of ttiherdy 4 £.510E) 50 (m
5.13-5.21(m), 58083-8.44(m)5. T0GA)7.411M)4. §100dH. 93(371369a6ﬁﬁ) 3.80(s),

g 23(3)58 . 2537z§ﬁag 3. %%1%3?6(%r§§kd)3 £423.(4§(nk,, 13(@@)2 gﬁgn)63
[err]H N (SOONFtoéﬁéﬁperﬁ]Po(éﬁﬂxtérés(dd)f SoﬁgdﬁéstérééﬁéPs SeRture of

;oggnsrgz(hfrr¥4?9§§h¢) 486614, 50(m), 8. Eagﬂ129?m§4(ddblé%259éddbégza)
6.74(d), ’ 35§§§%6 4(§’G7Ed ?%%? ﬁ? 3 gﬁ? ﬁ Q% g ?é ’

3.90(s). 3.86(s},33-84B8YM)3. 83@9x¢d3)78@sy3(§d44gbadp7(ddd). 3, 18(ddd),
2.92(ddd 2.406b 2 eyt , l 2»1 )
I

di ast er edfer s, QPUﬂesﬁﬂmﬂmténﬁFs} B KWP 8153fg}.08¢m) - 8.58(d),
7.32-7.04(m, 6.99-6. 80(”t0m§0§aeddku H NMR sédﬁﬁg)cnélgfiddalné&éWKS)

3 88(s), 3 4(Syiastareshsronixtuseaora otangsen, f) 8- 81431 br 4 28 63ba( dd).
3.12(dd), 2.62(v)312sHP(7)282734¢khmy), 711994d)92¢uko (@b, 7.04(8PH; 1.42(m.
Compound S04SR SOOI Sy (BLIGHBT 50208,
7.35-7.28%m), 742%81mP2(A)311ml4(8)9211sh7(8)906sh3-3. 89(5) 63 888 (¥ .
6.87-6.80(m, 63782637360y, 636585368£@%),39 51~324814§) . 3540 (A,
5.32-5.27(m, 5, 296439§8”%), 2.63(dd), 2.32(brd), 2.00-1.92(m), 1.88-
1.40(m), 1.08-1,00(m).
Compound 69: v NMR(500MHz CDCl,y), (mixture
20 of diastereomers, mixture of rotomers) & 8.60~8.57(m),
8.56-8.53(m), 7.38~7.35(m), 7.32-7.17{(m}, 6.53(s),
.52(s), 5.83(q), 5.76{(q), 5.38-5.32(m), 5.17-5.05(m),
.67-4.60(m), 4.30~4.28(m), 4.13-4.08(m), 3.96-3.82(m),
.80(s), 3.45(brd), 3.28(ddd), 2.97(ddd), 2.77-2.72(m),
.53-2.43(m), 2.36-2.22(m), 2.15-1.92(m), 1.86-0.79(m).
Compound 70: u NMR(500MHz CDCl,), {(nixture
of diastereomers, mixture of rotomers) 6 8.59-8.43(m),
7.38-6.98(m), 6.65(s), 6.57(s), 6.53{(m), 6.43(m), 5.88~
5.84(m), 5.68-5.64(m), 5.63-5.59(m), 5.58-5.54(m),
.35~5.28(m), 5.15-5.00(m), 4.99(d), 4.92(d), 4.58(d),
.51(d), 4.33(d), 4.26(d), 3.89(s), 3.87(s), 3.83(s),
.79(s), 3.72(s), 3.65(s), 3.45-3.37(m), 3.21(ddd),
.10(ddd), 2.95-2.83(m), 2.62-2.42(m), 2.28(d),
.21{d), 1.92-1.26(m), 1.17-1.12(m), 1.11-1.01(m).

N W o O

25

30

N W Wb W,



PR

4.47(n), 4.28-4.23(m), 3.92-3.70(n), 3.40(brd), 3.20(brd),

3.11(ddd), 3.00-2.89(m, 2.33(d), 2.26(d), 2.20(d), 2.07(d),
1.80-1.57(nm), 1.56-1.25(m, 1.24- 1.17(m, 1.13-1.00(m.

- 69 - Compound 67: [err]H NVR(500MHz CDCl[err]),

(m xture of diastereoners, mxture of rotonmers) 6 8.63-8.54(nm,
8.53-8.44(m), 7.38-7.11(m), 7.10-6.99(n), 5. ¢8(d), 6. 72(dd),
6.63(dd), 6.53(d), 6.44(d), 6.14(dd), 5 6. 08(dd), 6.00(dd), 5.88(dd),
5.39(d), 5.31(d), 5.23- 4.95(m, 4.61-4.50(m, 4.32-4.29(m,
3.91(s), 3.90(s), ruRd’ 40y , '’ ﬁﬁRSBDO&HG4€BC5§(?zﬁzﬁnéﬂeS 38(m,
3.37-3.32 1 0

2. 62-2. 45Em %1%(‘%@%’(“% $Hg e B n%%%%goe*rs) 5 oSt @I hs @),
1.87-1.40(m, 7.38(B)ogEMEO(d), 6.55(d), 6.52d6NpoERESES) , Peﬁﬁﬁm).

[Ngfﬁfog“ﬂg(g)m[ rdq)» 63i4nals |, /5408 sqi agt L gugsgs’ mstiﬂedg; égt 23?;?
7.04(d), 3 @Ségk)d) 3. éﬁz@éad) 3. %%@Edd) 3. Qsééga) 25361PBis), 15
T W T g e A P Ml
2.32(brd), ) o %Jsd%e o hoggy 1258k 396y, 1.08-1.00(m). ’
Conmpound 69 [err]H NNR@B@ONHI& CRCl [ eHr YR (S o0MEzar €DQD3) , 8(s5ﬁngle a(m.

di 8

307 o gttty kg BecBioherglth o g0 o T
5.38-5.39(n), 3-2P(8)es anO(d). 287 4668B4F) 463624t28( ) 85 (q
4.13-4.08(m, 8. 9@-(81)8260)40(&, .18489(sk. o&(&ﬂb&dka(sd)??(ddﬂé (m),

SN DN T & G e M

(m xture 3. @ﬂ(dt&stéré@ﬁbﬂ%, H13ﬂmbé)oflr350mbrs; 64 85P; 8. 43( M),

, 3 5. 88- 5. 84 ,
506 5 gam. £l B bofits @ sgeSEiflastaf? D 200 g "

5.15-5.8B(m), 4.99(d), 4C9Qpa)md47§8(d mwwmmmlam Geture 26(d),
3.89(s), 3.87(8f d3a88kfromers, mixture of rotomers) & 8.55-

8.65(brd), 7.32-7.42(bxrdd), 7.28(s), 7.20(s), 6.50-
.55(m), 5.72-5.87{m), 5.32-5.39(m), 5.05-5.17(m),
.58-4.64(brd), 4.53-4.58(brd), 4.34-4.36(brd), 4.25-
.29 {brd), 3.71-3.96(ms), 3.40-3.48{(m), 3.23-3.30(dd4)},
.13-3.22(ddd), 2.17-2.37(m), 1.10-1.86(m), 1.48-
.52(4). '

20

o O S

Compound 74: TH NMR (500MHZ CDCly), (single
diastereomer, mixture of rotomers) 6 8.62-8.58(d),

25 8.57-8.51(d), 7.38-7.35(d), 7.33-7.28(m), 7.27(s},
7.18(s), 6.61(s), 6.59(s), 5.65-5.60(t), 5.55-5.50(t),
5.40-5.36(d), 5.18-5.05{(m), 4.€7-4.63(brd), 4.33-
4.30(d), 3.96(s), 3.93(s), 3.92(s), 3.87(s), 3.50-
3.43(brd), 3.25-3.16(d4t), 3.05-2.97{(4t), 2.32-

30 2.28(brd), 2.14-2.08(bxrd), 1.95-1.85(m), 1.84-1.64(m),
1.63-1.56(brd}, 1.55-1.42(m), 1.35-1.23(m), 1.22-
1.12(m), 0.92-0.83(t), 0.73-0.68(t).

Compound 75: 'H NMR(500MHz CDCl,), (single
diastereomer, mixture of rotomers) & 8.62-8.58(m),

35 8.57-8.53(d4), 7.41-7.392(d), 7.38-7.35(d), 7.27(s),



3.79(s), 3.72(s), 3.65(s), 3.45-3.37(n), 3.21(ddd), 3.10(ddd),

2.95-2.83(m, 2.62-2.42(m, 2.28(d), 2.21(d), 1.92-1.26(m,
1.17-1.12(m, 1.11-21.01(m. -
70 - Conpound 71: [err]H NVR(500MHz CDCl [err]), (single
di astereomer, mxture of rotomers) [err] 8.64(d), 7.35(d), 7.28(s),
6.60(d), 6.55(d), 6.52(t), 6.49(t), 5 86(q_; 5.78(q), 5.42(d),
5.08(s), 4.64(bd), 4.35(m, 3.88- 598( m, 3.46( bd) , 3.21(dt),

3.05(dt), 2.36(bd), 2. 18(bd) 1.80(m), 1.74(bd), 1.64(s), 1.56(d),
%248 [err]H NNRZggéK%& CZ)CIQ% ?%%ﬁg?fams“s’ ! d1r’ as? reomg.t) ! cn‘:lgx %lrjgdof
rotoners) [err]58562¢d), 5738556!)5 (4D, 5.15¢ 28(sy,;146-501@ym) 6. SOQQHS).

2- gg&éi 644:2%(32%05@5(% 191 ¢s) 5%53&9 45661040'%5(15:&9{0'&:515 O%%d)
3.30(dt), 4.%968) dt$: 49 ﬁe%%&*?rdb 3%)(%‘81 )a %5%{ ) % Q%&ﬁ
ﬁivg?fsgéi\é'?:%édjeﬂ]‘% 13_4§a§n? .41Bord), 3. 3oa3ét22C@ﬂp;r)Lmd957& st{&iﬁ:)]ﬁ
rotoners) 6 8.5 £§”%’3£% %g(b‘?’d%r” 7 %’g érél d§:d§)mf é%ﬂ ’769920(5)

6. 50- 6. 55@2@:51 721 55871 1§ Q (1B) 3215489:(@5 (18), 051526_74 0.90-

4.58- 4. 64(brd d 4.36(brd), 4.25- 20  4.29(brd),
3 35 Sal o) graBPert, M @8 g pd (g T 2Sr D (br d)

’B)O(fjdcfi\%g?2 3.13-3.22(ddd),
2.17-2.37(n), 1.10-1.86( n§omgoq;gd 76: (RPOoMHz CDClgz), (mixture
CprmoundufM E%f]&h%ﬁé&%%s%iﬁifé)of(ﬁéi&h@rs) & 8. %Mtereogegé(d)
7337 20(m . BRI CTElsB s, Tl by, Ghag o S T A gy Y
5.55-5.50(t), 6.76(sh, 40.-B3 36 d)5. & &P 5.D5(MQq) 4. $74M(xﬁ)3.( Br.®a- 4. 33-
3.25:3 t6(d). ¥ B *%%?’% Y gl S pgpem , 3 2&%%?[)?21)
1.95-1.85(m, 21 894 btel( n§-18-3 30<n1>633101256@brc5 4 r&ﬁ-.l
1.35-1. &n) h%’s(bd), . 85 12(90 (m)0, %2- éb@s%(t)m 4% (&80, &8(48)(&,
Conmpound 75 r46—|( NI\/R( OPM—E) CDCI [err]) (single
Compound 77: 'H NMR (500MiHz CDCl,), (mixture

of diastereomers, mixture of rotomers) 6 8.43-8.53{m),
.20-7.56(m), 7.04(s), 7.01(s), 6.75-6.92(m),
.62(brs), 5.78-5.85(m), 5.68-5.77(m), 5.80-5.84(brd),
.02-5.12(m), 3.76-4.00{(m), 3.64-3.76(m), 3.49-3.60(m),
-38-3.49(m), 3.32-3.34(d), 3.21-3.27(m), 3.02-3.18(m),
.73-2.82(m), 2.37-2.53{(m), 2.24-2.32{m), 2.20(s),
.15(s), 1.27-1.72{(m), 1.07-1.22{(m}, 0.92-0.97(dd},
.82-0.86(dd).

Compound 78: 'H NMR(500MHz CDCla), (single
diastereomer, mixture of rotomers) & 8.65-8.56(d4),
8.55-8.51(d), 7.40-7.35(d), 7.34-7.20(m), 7.16(s)},
.70-6.60(m), 6.21-6.18(d), 6.15-6.11(84), 5.97-5.88(m),
.83-5.75(m), 5.45-5.40(d), 5.32(s), 5.28(s), 5.27(s),
.21-5.18(m), 5.13(s), 5.11(s), 4.67-4.61(brd), 4.51-
.49(d), 4.35-4.33(d), 4.05-4.00(m), 3.95(s), 3.94(s},
.90(s}, 3.84-3.82(d), 3.81(s), 3.66-3.60(qg), 3.50-
.45(brd), 3.40(s8), 3.30(s), 3.23-3.17(dt), 3.03-
.97{brt), 3.86-3.80(brt), 2.60-2.55(brt), 2.50-
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di astereonmer, mxture of rotomers) 6 8.62-8.58(n), 35 8.57-8.53(d),
.41-7.39(d), 7.38-7.35(d), 7.27(s),

71 - 7.23(s), 7.13(s), 6.61(s), 6.51(s), 5.60-5.55(t), 5.54-
.50(t), 5.39-5.35(d), 5.15(s), 5.14-5.10(m, 5.09(s), 5.07(s),
.01(s), 5.00(s), 4.60-4.55(brd), 4.51- 4.49(t), 4.40-4.38(brd),
.90(s), 3.85(s), 3.80(s), 5 3.73(s) g48-3.43(brd), 3.30-3.22(dt),
. 95-2.88(dt), 2.38-2.32(brd), 2. 577 22(brd), 1.90-1.70(m, 1.69-
.62(brd), 1.59-1.50(n), 1.46-1.35(m, 1.26(s), 0.90- 0.85(t),

.82-0.78(t - nd,7 n -
CDCI[err]§,)(n1xtuPémlO 2-30 F 5§gste one?g(s%1§5L¥§ ngéggggzgs -g°
8.95(s), 18686mdy, 18685AnP0 (BX0¢ it 5F-3443 M) 7. 3pB8T1-37£8) )
i'ggﬁig’ 2-52(319§?E$5ﬁ§Xm65 77(q), S. 42(2) 5. 20- ? 35(m, 4n$0(n),
. , . - 9. , . S
2.40(bd), 2.32(bd), 15 g°§?§808d??‘1.6%-§&8%%ﬂ? %@?gg) (%%R?é%
1.48(d), 5 diadférmponér]2fpikture of rotomers) SCBnﬁBuadSQYd), [err]H
NVR( 500vHz CDd Le t upe dihastere e
rotgners) 6 8.4 éélé n%qh¥ ALl 7285§826 78328 9 ggg % ureattay,
6.75-6.92(m, 28- 13(56;69(§§§?) 567805585(ﬁ)2055683 7(ﬁ)12558®05d84(brd),
5.02-5.12(m, 3576745096§?) 356&935766mh 35493356@é@h), 5.33-5.20(m),

> 35 5 8a(m a53b6dsls, hy 159554 8- S0KR): 3950888 Bk, 4.55q)

1.27-1. 720m), 140Z91dp2(#) 40649280d97(ddP5-2500 (m) ). szgm-saeﬂdm),

Co d 78: N di ast
oo or % ot oo BN EL AT RORUYE SPONES 113 gh2uTEbEg)  3.500) 25 SLEOTET
.34-7.20(m, 7316%¢prd), 3. 39687@ 8:80¢A)186mp1-8. QSfa)SOGmhs 3.81td),

.97-5.88(m, 39 5(m§ 83; 5915(§E(b§dﬂ5 5. ﬁ@(Q) 9. 384§)75?m?8(§)745 27(s),
.21-5.18(m, 5 13 %g { 6/-4.61 d

.35-4.33(d), 4% eég&mba 9804} 319§§s} Z3<m)' 134§0%s§1(8)84 é 82(d),
.81(s),18. 66- 316974}, 23(59, 1.20-1.884@fbrd), 3.40(s), 3.30(s),

-23-3.17(dt), 3.03- Compound 80: 'H NMR(500MHz CDCl3), (single

diastereomer, mixture of rotomers) § 8.62-8.58(d),
.56-8.52(d), 7.40-7.35(d), 7.30(brs), 7.26(s),
.18(s), 6.62(s), 6.60(s), 5.72-5.68(t), 5.62-5.58(t),
.40-5,36(d), 5.30(s), 5.18(s), 5.17-5.13(d), 5.10(s),
.66-4.61(br d), 4.60~4.58(m), 4.31-4.29(br 4),
.96(s), 3.95(s), 3.92(s), 3.87(s), 3.49-3.43(br 4),
.24-3.16(dt), 3.04-2.96(brt), 2.32-2.28(br d),
.17(s), 2.13-2.06(m), 2.91-2.85(m), 2.81-1.64(m},
.63-1.55(m), 1.54-1.40(m), 1.36-1.00(m), 0.93-0.87(t),
.83-0.77(t).

Compound 81: 'H NMR(500MHz CDCl,), (single
diastereomer, mixture of rotomers) § 8.62-8.58(d),
8.56-8.52(d), 7.41-7.39(d), 7.38-7.35(d), 7.33~7.28(d),

30 7.27(s), 7.23(s), 7.11(s), 6.60(s), 6.50(s), 5.65~
.61(t), 5.60-5.97(t), 5.38-5.35(d), 5.30(s), 5.15(s),
.13-5.10(d), 5.08(s), 5.06(s), 5.01(s), 4.59~
.54(brd), 4.40-4.38(brd), 3.91(s), 3.85(s), 3.80(s),
.74(s), 3.48-3.42(brd), 3.30-3.23(dt), 2.95-2.90(brt),
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35, 2.97(brt), 3.86-3780(brt), 2.60-2.55(brt), 2.50-

=72- 2.40(m), 2.30-2.25(brd), 2.20(s), 2.15-2.10(brd), 1.90-
1.65(m), 1.64-1.60(brd), 1.56-1.43(m, 1.36-1.27(m, 1.26-1.11(m.
Compound 79: [err]H NMR(500MHz CDCl[err]), (single 5 di ast ereoner,

m xture of rotonmers) [err] 8.65-8.59(d), 8.58-8.52(d), 7.40-7.35(d),
7.32-7.28(d), 7.25-7.24(d), 7.13(s), 6.65(s), 6.60(s), 6.20-6.18(d),
6.12-6.10(d), 5.97-5.90(m, 5.89- 57$5(n) 5.43-5.38(d),
5.33-5.20(m, 5.16(s), 5.15(s), 5.10(s), 4.60-4.58(brd), 4.51- 10
4.49(d), 4.40- 5-4. Q0 3- 5 3.82(s
3mg,3%?%%3WWL%@@u%ﬁ%@%wf@%%@c (<),
2.95-2.80(n), Z.81-1.10(m) 2.G3HAN0. 88 @9-2 BEMI0I)E2 (2)20(s), 1.90-1.75(mn),
1. 74- 1. 66(rr) 1. 1 5 1(

L v 122, 1ooonL 180 girbn?poﬁﬂfd')az %M&&%m&% gﬁgi $1 '?Qu %_?e

NVR( 500 Mz CDoqkaﬁqgreqmﬁnuymﬁxture OQMQQQQW%%ﬁE@ 2R dr-é dﬂ-potoners)
[err] 8.62-8.58(ds(s), 7.24506- & .34(@d),, 7.40-(4)356d)s (4)306hBTXs) 7. 26(S),

Cald % E g R SRR
4. 60-4.58(m, dz& FD D9( . 3B (d), 3. 92(3)96(33)88(3)95(35)30(3392@3)1§s(§d8(7j(s)
3. 49-3. 43 t 4 2 28

2 17(s), A GS(HE) 2. g%ﬁﬁﬁﬁé s hf(%?g é4%§QB%§) 1283fnt,’ 1(5%(n;
1.54-1.40(m, & §G-(P<ﬁ0(r¥) 560(893 G SN, 1.46( >0 8336.(mY¢t) .

CprrFounciofl t[err]H NMVR e cp [eﬂ!ﬂ MMrR(80B8HE cpel ) d(é‘ﬁﬁ@:& 3”3[;((1)
m Xxture O rot Qrer err

7.38-7.35(d), ?%&?Q?J §Gxtur€7C%%6§$°m?r§é(é)7 ?5?§§s) % 2@ ls),
6.50(s), 5.65-7.27(m) 5762@Hﬁ) ,5.760-35 397 (,t )7.. 05.(383 5. 8568)s) 5. 3065)Xq) ,

I e L
3.48-3. 42(br d) 3-9538)3. 23(9&()5).239582890(&14)5 (bal, 3.22(at),
15 3.04(dat), 2.33(bd), 2.15(bd), 1.80{(m}, 1.70(dt),
1.55(d), 1.46-1.58(m}, 1.36(d), 1.14(m).
Compound 84: 'H NMR(500MHz CDCls), (single
diastereomer, mixture of rotomers) & 8.53(d), 8.52(d),

.42(d), 7.31(s), 7.27(d), 7.17(s), 6.52{(ABg), 5.81(q),

.74(g), 5.10(d), 5.04(s), 5.03(s), 4.58-4.50(m),

.31(m), 3.91(s), 3.88(s), 3.87(s), 3.85(s), 3.41(bxd)},

.18(ddd), 3.00(add), 2.29(brd), 2.12(brd), 1.78-

.72{m), 1.68(brd), 1.52{d), 1.36{(d), 1.32{(d), 1.31(4),

.11 {mj.

25 Compound 85: ' NMR (500MHZ CDCly), (single
diastereomer, mixture of rotomers) 6 8.51(d), 7.42(4),
7.31(s), 7.28(d), 7.25(s), 7.13(s8), 6.58(s), 5.80(q),
5.76(q), 5.33(d}, 5.10(s}, 5.02(8), 4.56-4.50(m),
4.31(bxd), 3.90(s), 3.88(s), 3.81(s), 3.79(s),

30 3.46(brd), 3.24(ddd), 2.90(ddd), 2.33(brd), 2.21(brd),
1.85-1.74{m), 1.62(m), 1.51(d), 1.47(d), 1.31(4),
1.29(d4).

20
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Compound 86: 'H NMR(500MHz CDCl;), (single
diastereomer, mixture of rotomers) &§ 8.61-8.45(m),
35 7.38-7.28(m), 6.68(s), 6.49(s), 5.79{(qg), 5.61(q), 5.19-



73 - 2.38-2.32(brd), 2.18(s), 1.90-1.75(n), 1.74-1.46(n),

1.44-1.10(n), 0.94-0.88(t), 0.87-0.82(t). Conpound 82:
[err]H NMR(500MHz CDCl[err]), (single di astereoner, m xture of
rotomers) 6 7.28-7.35(m), 5 7.26(s), 7.24(m, 7.14(d), 7.10(d),

6. 65(s), 6.57(s), 5.85(q), 5.78(q), 5.40(d), 5.13(s), 5.07(q),

5. 04(s), 4.60(bd), 4.38(d), 3.92(s)4 3.88(s), 3.80(s), 3.48(hbd),
3.26(dt), 2.95(dt), 2.40(bd), 2.25(bd), 1.82(m, 1.64(bd), 1.56(s),
1.54(d), 1.46(d), 1.38(m. 10 Compound 83: [err]H

NVR(500MHz CDCl % €0 {m), (smg+e 63 (m), 3iastRredlm), 3716(5t1334©tm)fpt0rrers)

7. 36 7.27 d), 711
%%g](s), S(Z%(q :S5HE) 5%‘()2 2”50 3 ) 4 d? B4 fs’ﬁ 5% bd)
4.34(d), 34%(\25 , 18392k s 6 (m) 88Q 9 (m) 46(bd) 3.22(dt), 15

3.04(dt 2.33(bd 2. 15 55
> 46(1)5 TT) ( ) (@&)«poﬂﬂ@%'ﬂ? %Mﬁﬂ(éoom& CDC%{} ((@;m[ elrer]H

NVR( 500 éﬁ%re?’%‘?ﬁgl ixture °%|%%“r<é‘?%%%)er5 §n§<9u§‘ %? Yot omers) 6
8.53(d), 8. 52(d3‘) 38-7.15(m) A 0)4-§.&H(s), 6'7-@7(£"fﬂ|))n §.9246)47 Gmpb2( ABQ) ,

5 81(q). 20 _4.58,4 50{n).
4. 31Eﬂ§, 3. 91( 3 57%@3) 6%8@7) 53%4%*?‘( %ﬁ%r%}éﬁ(’é" 41 18( ddd)
3.00(ddd), 2. 29(4Am) 3 3125(%131)80 27783 - 75(m). 13 76817 - 4 3(18( R B9~ 1. 52( d) ,

1.36(d), 1 32(d).5smlL( dl.50(ad), LI Conpound  85:
[err] H NVR(500MHz [err @ﬁl nagse d| astereqner, m xture of
rotomersh? [err] 8.51(d), d PMR(BO0MEZ SChs) +7 (pcbure

7.13(s), 6.58(9f didifapeomers, mﬁ(ﬂﬁ{é})of FAHBrs 5. A )6 (D ,02(s)

3 ig(ﬁr 3?“0 2B dfthd) '2%% 73259%0@’?){#553 58‘g@)l'(br 03871@) c:eglgy 74(”7’

1.62(m, 1.51(d-80m7(H.,70(B1(B.38(bd), 5.32(kH)., 5.24(s), 5.20(d),
Conmpound 86: [£rdd NI\/R( 55@%5,(0%'48&@.]95(1{7)5' leae;} 3. f;g t er eoner,

m xture of rotoners 38-7 r? s') 6.49(s),
5.79(q) 15. 61( -8 @, et 5. 1orat), .98 (ot 3. 340

2.30(bd), 2.22(bd), 1.10~1.90(m), 1.52(d), 1.45(d).
Compound 89: n NMR(500MHz CDCl,), (single
diastereomer, mixture of rotomers) 6§ 7.36-7.22(m),
5.43(d), 5.36(gquintet), 5.25(quintet), 4.60-4.35(m),
20 3.95(s), 3.91(s), 3.88(s), 3.03(d), 3.67(d), 3.47~
3.40(brd), 3.24(dt), 3.07(dt), 2.38(br d), 2.22(br d),
1.85~1.60(m), 1.58-1.25(m).
Compound 91: B NMR(500MHz CDClj), (single
diastereomer, mixture of rotomers) § 9.01-8.93(n),
.78(m), 8.06(m), 7.75(s), 7.68(t), 7.61(m), 7.57(d),
.51-7.41(m), 7.28-7.19(m), 7.15(t), 7.12-7.05(m),
.03(s), 5.82(g), 5.73(t), 5.33(d), 4.55(d), 4.33(Q),
.93-3.78(m), 3.73(s), 3.43(d,br), 3.21(dt), 3.01(t),
.63({t), 2.58(t), 2.39(d,br), 2.22(d), 2.09-1.94(m),
,92~1.43(m), 1.41-1.14(m).

Compound $2: n NMR(500Miiz CDCl,), (single
diastereomer, mixture of rotomers) 6 8.94(d), 8.81(m),
8.08(m), 7.75(s), 7.69(t), 7.55(d), 7.48(t), 7.42(m),
7.31(s), 7.29-7.07(m), 7.02(d), 5.81(t), 5.71(t),

35 5.40(d), 4.56(d), 4.34(d), 3.92-3.79(m), 3.40(d,br),
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“74- - 5.01(m), 4.72-4.63(n), 3.89-3.67(n), 3.65-3.45(n),

2.85(t), 2.58(t), 2.39-2.23(m, 2.11-1.92(m, 1.72- 1.45(m,
1.39-1.16(m, 0.89(m. Compound 87: [err]H NVR(500MHz
CDCl[err]), (single 5 di astereomer, mxture of rotomers) [err]

8. 60-8.46(mM, 7.38-7.15(m, 6.74-6.63(m, 6.62(s), 6.52-6.47(m,
5.75(q), 5.61(m, 5.32-5.25(n), 5.15-5. Ql@) - 4.72- 4.59(m,
3.93-3.80(m, 3.75(m, 3.62-3.43(m, 2.39- 1.55(m, 1.50(dd),
1.36-1.21(m. 10 Compound 88: [err]H NVR(500MHz CDCl[err]),
(m xture 3 .0f1 @itgst er.cofdr)s, ni6dt (e . S0minerss)2 2-dr.91 ()146(d) ,

8.74(d), 8.70 v 7. 5004 pey7- 27 () 6. : 5.80(m,
5. 70Er’r%, 5. 38%%%)9,0 g‘?‘(??(%md)', 515.(2tzaz1((s's))', 2*;(0%)0‘ 4y ) "4.60(), ,4.( ?Af(dd),
3.88-3.95(m), 3.84(s), 3.Copouna3: H §PoMBIzD £DELY) + 3 (MOEHYE

i- igg 3;) , 2. 34(did)diastereocngex3é),( Mxtﬁé%bibtﬁhe%é-69@(.76)2,—86.-‘3@2{6@),,
. : - lerr err]),

(single 3 14885t e, %%?’P%r'%%@[)r'ot%g@r"gﬁgé (71!\{':;2-7%2'(7 ,0]()m) '
5.43(d), 5.36( qUi28-6t.)20 ()25 (Uo7, ()., 66 H63%(.MP,(13Q 6. 7736950Lm) ,
3.91 , 3.88 PsCH 3. AL- _ . b G Y ,
3 07(at), 2 30CHETE T W S 54375 5e '5.@581."1.42%%“‘5'
Compound 91:  [Mer®414 -8B 00 MHA 9CBG3PLIM) ) 4-08iglos () , 4.-0g33P8{Edner ,
T o ot e o Sl 2 e Aot g S5
7 07 880 D1 cdfIgh Bee (@B o8 (FRED) 25985000 1o BuBT) | 4. 33(d)
3.93-3.78(m ., 2.E3(®), 2.43-q.51)(m)3. 216tHd)3. @10)r2.11(m), 2.68¢t),

2 50, S Bl 4l 8 ey b i o))

(single di ast er eoomponing 9de of Hr YMBGEPSYHEeEPT1g) p4(mixtarel(m,
2977l ProStS e By B B rotohe & o BB S,
3.92-3 ¥8§(nm . 3-A3(d-4O)(m), 7.38-7.02(m), 6.92-6.88(m), 6.87-6.82(m),
.81-6.71(m), 6.68~6.64(m), 5.77-5.72(m), 5.65-

.59(m), 5.40-5.36{(m), 5.11~5.04(m), 5.02(s), 4.97(s),
.58-4.52(m), 4.36-4.33(m), 3.87(s), 3.83(s), 3.77(s),
.70(s), 3.57-3.52(m), 3.48-3.36(m), 3.24(ddd),
.12(ddad), 2.99(ddd), 2.81(ddd), 2.66-2.53(m), 2.41-
.31(m), 2.28-2.22(m), 2.02-1.92(m), 1.88-1.45(m),
.44-1.21(m).

Compound 95: n NMR(500MHz CDCl,), (mixture
of diastereomers, mixture of rotomers) § 8.91-8.75(m),
.38-7.29(m), 7.28-7.02{m), 6.92-6.80(m), 6.79-6.76(m},
.74-6.71(m), 6.69-6.64(m), 6.09-5.98(m), 5.78-5.70(m),
.65-5.60(m), 5.40~-5.34(m), 5.32-5.26(m), 5.19-5.13(m),
.09-5.00(m), 4.63-4.52(m), 4.36-4.32(m), 3.95-3.63(m),
.46 (brd), 3.41(brd), 3.24(ddad), 3.12(ddd), 3.02-
.92(m), 2.67-2.45(m), 2.41-2.30(m), 2.27-2.21(m),
.20-2.12(m), 2.01-1.90(m), 1.89-1.04(m).

Compound 96: 'H NMR(500MHz CDCl,), (mixture
of diastereomers, mixture of rotomers) 6§ 8.59-8.54(m),
7.67-7.57(m), 7.55-7.49(m), 7.47-7.38(m), 7.37-7.05(m),

35 6.95-6.71(m), 5.83(t), 5.78(t), 5.68(t), 5.65(t), 5.42-

o W

20

N W W s W

25

30

NNW OOy



75 - 3.11(dt), 2.96(t), 2.61(t), 2.50(m, 2.22-1.91(m),

1.90-1.35(n), 1.20(s), 1.02(m, 0.83(t). Conmpound 93:
[err]H NMR(500MHz CDCl[err]), (m xture of di astereoners, m xture of
rotomers) 6 8.62-8.55(n), 5 7.66-7.58(nm), 7.57-7.56(m, 7.52-7.46(m,
7.40-7.30(m, 7.29-7.20(m, 7.19-7.04(m, 6.96-6.79(m,
6.77-6.69(m, 5.85-5.77(m, 5.70-5.62(m, 5.43-5.38(m,
5.10-4.98(m, 4.64-4.52(m), 4.39-4.35(m, 4.08-4.06(m,
4.02-3.99(m, 3.98-3.90(m, 3.89-3.84(nm, 3.83-3.68(m,
3.48-3.40(m, 19 37(m§ 1§(gggg 351§§dgd§5 ©) 064 dgslyq . gggﬁigdﬂ)332 68-
2.58(m, 2.57-2.51 n) g i - 2. 11§ 2. 05- 4(m,
1.89-1.41(m), 144 &8(?@9 {sbp-1. %(?r) 8(s), 3.87(s), c%n%und 94:

[err]H NNR(SOONr23£I£3[e3r1$ +3(07 xh)[ e2.98-2.8D{nfj ast €7 eD®B ¢;) ji xt ure of

t 58 1 4
6006 ab(ry | E2ear e pafyl 2 B1-2 Gyl T2 I fE, (o Eb MY my
5.77-5.72n) . 5 663~ 1 92(m) 5. 5089¥1-3100) 5. B62Ay1-62 (M)} 5. 04(n), 5.02(s),

4.97(s), 4. 58 4. 5265 oén§694 331 v ¢ S8l 2 ébéﬁ%f) (ﬁiﬂ@ﬁﬂa
3.70(s). 3.57-3.52(m), 3.48-3.36(m . 3.24(ddd

20
2.99(ddd), 2.819% }aS’QeB%OIQEB%( nTlX’Qua?L of roﬁom%r%h(fns % ’2% 2681 1y,
2.02-1.92(m), 1788417454 (), 7.52-7146¢m}, 24(&p~7.04(m), 6.97-6. 78 Gappound

of rotonrs) 6 o6 7h ¢ 5512-5 SR T sop5ys. 95 ol SoRSkESETE RS XU E
.92-6. 800 M, 65.79665.735@1), 5.33-56244mp, 75(11@ 560B0mpB, 64(P§=4.52(m),

DR AR, b ERHID RO e s

.36-4.32(m, 339‘!51(31“)58(?@18 3. lotm& 4%(%71:1)5”%0@1)(&)@1)673 1 ek |
.12(ddd), 3.02%, 8§-2. 50?mﬁ?(m42-225:71?mﬂﬁ(mzﬂz4iLe(?m)39(2r)04212§3 ZnRl(m,

.20-2.12(m, 2, 90 . 89-1. Conmpound 96:
[err]H NNR(SOONkﬁé%Ii) ép$§) (nlxture of di astereoners, m xture of
rotomers)s [err] 8.59-8. 54¢ompound 98: 7. hy- -NMIB(H 0QMHZ . G3C Y. )4,9((m)z,xture

7.47-7.38(m, 7013 Zaé’ééf@omé”?s, mn@tt?;e og]{'&omérg)o’(g)s §9 7§(E§:} {m)5 68(t),

5.65(t), 5.42-
7.67-7.44(m), 7.39-~7.03(m), 6.94-6.78(m), 6.77-6.66(m),

.46~6.33{(m), 6.03-5.93(m), 5.83(t), 5.78(t), 5.68(t),
.64(t), 5.42-5.37(m), 5.08-4.97(m), 4.92~4.66(m),
.64-4.52(m), 4.40-4.33(m), 3.94(s), 3.92(s), 3.90(s),
.88(s), 3.87-3.84(m), 3.48~3.40(m), 3.20-3.08(m),
.98-2.88(m), 2.64-2.57(m), 2.56-2.50(m), 2.41-2.31(m),
.23-2.17(m), 2.16~2.10(m), 2.03-1.92(m), 1.88-1.08(m).

Compound 99: n NMR(500MHz CDCl,), (mixture
25 of diastereomers, mixture of rotomers) § 8.67-8.58(m),
.54-8.48(m), 7.49-7.03(m), 6.95-6.87(m), 6.86~6.82(m),
.72-6.68(m), 5.78-5.68(m), 5.63-5.57(m), 5.40-5.31(m),
.14-4.93(m), 4.59-4.51(m), 4.35-4.30(m), 3.90-3.78(m),
.73(s), 3.71(s), 3.45(brd), 3.38(brd), 3.22(ddd),
.11(ddd), 2.99-2.91(m), 2.67-2.48(m), 2.42-2.39(m),
.26~2,18(m), 2.17-2.11(m), 2.05-1.92(m), 1.89-1.18(m),
.09-0.98(m) .

Compound 100: s NMR(500MHz CDCl,), (mixture

of diastereomers, mixture of rotomers) § 8.63-8.56(m),

35 7.68~7.59(m), 7.57-7.40(m), 7.39-7.20(m), 7.19~7.04(m),

NWhkhOOIOO
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S 76 - 5.37(n), 5.28(s), 5.23-4.95(n), 4.62-4.52(n), 4.38-

4.32(m, 3.93(s), 3.92(s), 3.88(s), 3.87(s), 3.47- 3.38(m,
3.18-3.07(m, 2.98-2.87(m, 2.67-2.58(m, 2.57-2.50(m,
2.41-2.30(m, 2.22-2.17(m, 2.16-2.11(m, 5 2.03-1.92(m,
1.89-1.21(m, 1.20-1.09(m. Conpound 97: [err]H
NVR(500MHz CDCl [err]), (m xture of c7j’i astereoners, mxture of
rotoners) [err] 8.62-8.52(nm, 7. 647 .54(m), 7.52-7.46(m,
7.42-7.04(m, 6.97-6.78(m, 6.77-6.70(m, 6.12-5.97(m,

.85-5.76 : 5 : . -5. 35 H71330y5.

| 10-5. 01§ 2)) ?%%%ﬁg@’ ¥.97-6 prany %?,gzr?) © 'g].lg(gh()s!) %%%féé), 3.88(s),

. 87(s), 3.48- 5-77(s) 3 %HML) ;35182 td0( H- 4025024 BIQ0Fm27-2.-84-J)57( ),

5

5

3

i.gg-i.iggg, 2;5.@-2;.%12((@),, azs&a.m«mg %.@fz—@}%(srr}e,z (5s), 3.91(s), )
. - 1. . n . err err ,

(m xture J3 i gcﬁ)ast3€r8é70(r?ér'scgq%%x%tsar’e%df8 %(&)dngr'?‘)w[%éggm.’ggsjék%( m,

7.67-7.44(m), B.3B@m)Q3(3100-R .90 (%r)7,8@N)68-G.. BD-B1)66@ME3-2.29 (m),

6.46-6.33(m, - , 5 83(ty), 8(t) 02168tk .45 t)

5 450 37(m 2OE 2P 2R R Ry 3y 2R

4.40-4.33(m, F-94H-023mg2(s), 3.90(s), 3.88(s), 3.87-3.84(m,

3

2

2

. 48-3.40(m, 3.20-3. 08( Mompound 103-:98-'% &ERME0oRHE4cBCRL( M (mixture
.56-2.50(m, 2.41-2.31 2.23-2.17

\ . 2. . 2.16-2.1 ,
.03-1.92(m), P&ifsis :%O.mers- mixture of rg?&i?&&ﬁidégér Q%rr”ﬁlﬁm"
NVR( 500z CDCI7.ew3r-]7). 30((m)xt r.@92%5 . 19 (mof, di.ast-or.6arfen)s, 6nBRt6r. 84dMm) ,
t B 8 , ) 4-8. 7.49- Z. :
6956 ar(ry | E-g2E-BI Y 6.0 6-8?3556_%8?§§?1g?%g65_§8§§$?5'
5.63-5.57(m, §.-170—(5.)31%n')5,2(t). 5.69(t4-+45930mp . 32.(89+45510np - 05 (m)} ,
4.35-4.30(m, Z.9&-3.6%@), 4.35-4.30120S) 3.941%(S) 3.93438(bhrd) g13s38(brd),

2 320 2 eple e sty dei 3l Sk e
1.09-0.98(m . 3.45(brd), 3.38(b@dypodnad2iadad),[eruophiali¥iR, 50006z CDC [err]),
55 1T 6.7, 2o T 2 B Ry Ty 355 S0t RyRIT 20b3- Bagpy 2o o>
2.28-2.11{m), 2.04-1.%4{(m), 1.88-1.20{m), 1.08-0.98(m).
Compound 102: 'H NMR(500MHz CDCly), (mixture
of diastereomers, mixture of rotomers) & 8.63-8.57(m),
.66-7.60(m), 7.58-7.54(m), 7.53-7.47{(m), 7.41-7.31{(m),
.27-7.20{(m}, 7.19-7.03(m), 6.92-6.70(m), 5.80(t),
.77(t), 5.67(t), 5.61(t}), 5.40-5.36(m}, 5.09-5.02(m),
.70-4.52(m), 4.37-4.33(m), 3.92(s), 3.91(s), 3.89(s),
.88(s), 3.87(s), 3.86(s), 3.85(s), 3.82-3.77(m), 3.48-
.40(m), 3.18-3.09{(m), 2.98-2.88{(m), 2.66-2.42(m),
.40-2.10{(m}, 2.04-1.%4(m), 1.89-1.62{(m}, 1.61-1.18(m),
.14-1.13(m).
Compound 103: 'H NMR(500MHz CDCly), (mixture
of diastereomers, mixture of rotomers) & 7.76-7.59(m},
30 7.50-7.40(m), 7.38-7.18(m), 7.17-7.05(m), 6.93-6.87{(m),
6.77-6.73(m), 6.18-6.15(m}, 5.85(t), 5.79(t), 5.20(t),
5.16(t), 5.41-5.38{(m), 5.21-5.08(m), 4.60-4.52(m),
4.37-4.32(m), 3.92(s), 3.91(s), 3.88(s), 3.87(s), 3.47-
3.37(m), 3.17-3.03(m), 2.97-2.91(m), 2.64-2.58(m),

20
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-77- 7.03-6.98(m, 6.97-6.81(m, 6.78-6.71(m, 5.80(s),

5.77(s), 5.67(t), 5.62(t), 5.40-5.34(m, 5.27-4.94(m, 4.62-4.52(m,
4.38-4.32(m, 3.94(s), 3.92(s), 3.91(s), 3.88(s), 3.87(s), 3.82(s),
3.81(s), 3.47-3.37(m, 3.18- 5 3.05(m, 3.00-2.90(m, 2.68-2.50(m,
2.43-2.29(m, 2.22-2.09(m, 2.07-1.95(m, 1.90-1.63(m,
1.62-1.20(m, 1.14-1.02(m. - 78 -~ Compound 101: [err]H
NVR (500MHz CDCl[err]), (m xture of di astereoners, m xture of
rotoners) 6 8.64-8.58(m, 10 7.43-7.30(m, 7.29-7.19(m, 7.18-7.02(m,
6.98-6.94(m, 2.57-2.580R)6. &{(49~2.63BER)G. 88(0@-1 B 5(M)6. 'ﬂ3(9r€3-,1-§.07(x(hl),
5.71(t), 5.62(t 5. 2 1 Oﬁjgn{)m 4.58-4.52(m,
4.35-4.30(m, 3]) 9749(5—16%5()18 f”ﬂ‘ils :%lngm) P14 ) , .3.88(s),, 3. 84(5)

3.83(s), 3.78(s), 3. 76(s)C°na§53und 1?“45 br*H)“rMRSF’:?@Wdf‘)DCé:QZ( Baxture
3.10(ddd), 3.06f diasterhddrd, nﬁiﬁnﬂaiﬁ(fﬁoto&xé&%ﬂ A7~ 72.44213.,29( ),

2.28-2.11(m, 4:1, 9 : - , -0Q.,98 -
Conpoundjs(102 27 rT%H#\@)B’Ogﬁ\ng-é-éjéo%@)r'] )Jgﬂ'q%n(?")?t’ugs?lz(t)' Sl
dwﬁaemms5@MM&&k%ﬁm@%ﬁ%ﬁ&@ﬂmmsﬂﬂﬂ,1&%7mmy

. 58-7. 54 % 47 (4047 % 31 7
19-7. osgg, 6 3’?‘2“"7&‘3 37t 43]1(&“)) WDe7(2)y 2, 8%(%3 67( %)5 61(t),

.40-5.36(n), 508 (§)02(3rr)45(brd)r 343?dh$d32(r?) 244)%534 33@R(ddsign(s)
.91(s), 3.89(9).02-2.94 (., 8% 95-23.581(m9),, 23.586£3)53 (#)§52352-2..82-(F)77(M ,

.48- 2 3..40(m., -3.0 , .2.98-2.8 , 2.66-2.4 ,
. 40-2. %(m fég?rﬁf&}’(‘r%% f.%%’inf-é%(‘rﬁ%,' f%&m f.'f%‘(‘ﬁs,' 050 04 (m),
CD(1:|4[1 1]3§r’r)( _1.t89-1 .30(m), 1. 1(00111)(&11”(0&10)103 [err]H NNR(S?OM%Z |
err m Xture re e 0 rr
7.76-7.59(n), 30 56:“?‘1’?1’6‘(“% L T@z‘#%%‘“% C§E3§§ (RiRtur
6.93-6.87(m, ©of dlaseﬁermezg( rrynnr@ur@ ef1zeHenexsgs5Et -3 (719(.t) 5.20(t),

5.16(t), 5.41-§. %&( 5 %&- 08@”%3(%260742526”b3(m% 5, oé~378% %W)
3.92(s),. 3.91(s), d(s 1(3) 7 (n)2 320 m,
5 97-2 éf(n) 4 é@(ﬁla @nfG(q p 62(m), 3.52-3. 38(m) 68~ 49(

2.31-2.13{m), 2.09-1.75(m), 1.74-1.44(m), 1.29-~1.16(m).
Compound 106: 'H NMR(500MHz CDCly), (single
diastereomer, mixture of rotomers) 6§ 8.43-8.34(m),
7.46(ddt), 7.39(ddt), 7.32(s), 7.19-7.15(m), 5.32(br
20 d), 5.28(s), 5.04-4.98(m), 4.92-4.88(m), 4.85(br d),
3.92(s), 3.90(s), 3.88(s), 3.87(s), 3.45(br 4),
3.23(dt), 3.05(dt), 2.64-2.02(m), 2.29(br d), 2.13(br
d), 1.82-1.48(m).
Compound 107: Ty NMR(500MHz CDCl,y), (single
25 diastereomer, mixture of rotomers) § 7.34-7.23(m),
5.31(quintet), 5.12(quintet), 4.74(dd), 4.69(dd),
4.52(dq), 4.41(dq), 3.93(s), 3.90(s), 3.82(s), 3.70(m),
3.56~3.43(m), 2.34-1.88(m).
Compound 108: 'H NMR(500MHz CDCly), (single
30 diastereomer, mixture of rotomers) § 8.50-8.31(m),
7.62(d), 7.57(4), 7.46(d), 7.44-7.31(m), 7.30(s),
7.19(q), 7.10(g), 5.00(m), 4.80(m), 4.69(m), 4.56(m),
3.97-3.71(m), 3.61-3.43(m), 2.68-2.41(m), 2.34~2.12(m),
2.08-1.84(m), 1.83-1.72(m), 1.71-1.42(m), 1.29~1.13(m).

PNWWO NN



78 - 2.57-2.50(n), 2.42-2.33(n), 2.05-1.95(n), 1.90-1.80(m,

1.79-1.62(m, 1.61-1.31(n), 1.13-1.08(nm. Conpound 104:
[err]H NMR(500MHz CDCl[err]), (m xture of di astereoners, m xture of
rotoners) [err] 7.47-7.41(m, 5 7.37-7.02(m, 5.78-5.72(m, 5.18(t),
5.12(t), b5.40- 5.37(m), 5.10(s), 5.08(s), 5.07(s), 5.05(s), 4.59-
4.51(m), 4.37-4.31(m, 3.87(s), 3.85(S),~ Fo/L(s), 3.73(s),
3.45(brd), 3.37(brd), 3.24(ddd), 3.10(ddd), 3.02-2.94(m,
2.65-2.59(m, 2.58-2.53(m, 2.52-2. 46(n) 10 2.43-2.35(m,

2.27-2.22(m), 2.21-2.15( Qompbuif Lodk( m'H NMR(500MHBO-CDCAQ) ) (single
1.10-1.01 er
CDCl [err]) (,m(m thaStereomer’ ’?lxd:%a}rs%)ere%n#gneré)xté{)]rég of ro%%%‘z S) [err]

8.39(d), 7. 564K, 7.95Am)., 77?4%(7@14(711)2.957 Qe3(4m)B89 (3)02-44.788(M).,
4.60(q), 4.46(q, 493(u€) (@ §-352353(n§8(@ 4 RATAEAI( M., 30(qumt%t31 2. 13(m),
2.09-1.75(m), 1. . 29- ( ound 106:

2 O oBb bt Ao 2 @aﬂgmeu??h 1. 33 O @rort- S 6 of
rotomers) [err] 8.43-8. 34cHpound 110:7. @(@NRX50EMaQ(d@tn3)7 32Gaple

ss(or a), SiEdlgher, gyl o bartntiz b geas® Sy’ 0

3.23(dt), 3. 05(8dt5)0 82 38410, 0 (196, (13,2 (193 -d). 85X m)3( Br- 8as7, 76(@)),
1.82-1.48(m). 69(d), 7.51:7, 4 0q@ROYNG 3167 11(En§ff]7"'d§'\(@()50%'\/|ié(d)

CDCl [err]), (S|n% di'aster édmer, mi xture of rotome
7.34-7.38(m , 0(m)5. $rOG[Mtetd) 254 M 2( uibdrdr- )52(4074(3d§)°(m4 169( dd) ,
4.52(dq), 4.416den(m3.,93(.9p.(t3.,90(.2n.(d%)§2@sp4 (AtFQ(1M)..74-2.44 (m) ,

%N%?SgoﬁgérQIlj éi(#yBB%slﬁéﬂﬁ'Sg 22‘2d33§F@ﬂegﬁgBOHng§&ﬂ$é &¥§b%tgners)
[err] 8.50-8. 31(ap(m) 7.62(d), 7.57(d), 7.46(d), 7.44-7.31(m,
RIERTETEN R s b G s
2.08-1.85(m, §18§$FrP2P#F pixtureqpfpjotemeys) $3 nﬁG*B .36(m),
7.61(dd), 7.52(dd), 7.50~7.40(m), 7.22~-7.15(m),
.87(dd), 6.83(dd), 6.07(s), 6.04(dd), 5.35(d), 5.10-
.06(m), 4.98-4.92(m), 4.6(br 4), 4.34(3), 3.4(br 4},
.15(dt), 2.98(dt), 2.68-2.50(m), 2.24(br d), 1.8~
.46(m), 1.37-1.24(m).

Compound 112: n NMR(500MHz CDCl,), (single
diastereomer, mixture of rotomers) & 8.7(d), 8.6(d),
7.7.-7.6(dd), 7.45(s), 7.3-7.2(m), 6.9(d), 6.1(4d),
5.3(m), 4.6(d), 4.4(d), 3.45(ad), 3.4-3.3(m), 3.1-

25 2.9{m), 2.85~-2.8(m), 2.4(dd), 1.97-1.7(m), 1.6-1.35{(m).
Compound 113: 'H NMR(500MHz CDCl,), (single
diastereomer, mixture of rotomers) 6 8.7(d), 8.6(d),
8.5(m), 7.7-7.6(dd), 7.3(s), 7.2(m), 5.4(d), 5.3(m),
4.6(brd), 4.4(brd), 3.95(s), 3.90(s), 3.85(s),
30 3.45(dd), 3.3~-3.2(dd), 3.1-2.9(m), 2.4(dd), 1.95(s),
1.9-1.7(m), 1.6=1.35(m).
Compound 114: 'H NMR(500MHz CDCly), (single
diastereomer, mixture of rotomers) § 8.49(d), 7.52(q),
7.31(s), 7.18(s), 7.12-6.99(m), 5.31(d), 4.99(m),
35 4.54(d), 3.92-3.79(m), 3.42(d,br), 3.22(dt), 3.02(dt),

oW g,

20



.79 - Compound 109: [err]H NVR(500MHz CDCl [err]),

(single di astereoner, mxture of rotoners) 6 8.48-8.32(nm,

7.53(dd), 7.47(m, 7.25-7.14(m, 5.02-4.89(m, 4.79(m, 4.49(m,
3.73-3.55(m, 3.48(quintet), 3.30(quintet), 5 2.69-2.44(m,
2.32-1.41(m, 1.32-1.04(m, 1.01(m. Conpound 110:

[err]H NMR(500MHz CDCl [err]), (single di astereoner, m xture of
fotomers) 6 8.63-8.51(n, 8.50-8. 380, 8.06(m, 7.93-7.85(m,
7.84-7.76(m, 7.69(d), 7.51-7.40(m, 7.23-7.11(m, 7.09(t), 5.32(d),
10 5.20(1m) .2 08 8o (xh,, 9% o (4 6&@%& ,3.280GM4), 1.82- 3.61(M,
3.39(t), 3. 21(dt) g 94(dt), 2.74- 2.40(d), 2.31(m,
2.22-2.14(m, )Ql(n) 1. 90- 1 13(m.

Conmpound 110: [érr]H NNR«EQ@MHdeIﬂHEHr}QNmmssngMHzlﬂDCl )di astegkener,

i xt f rot 6 6 , dd

7 )5(our7€48(n;O %%f@f‘%?{%r itz (Osr%(ré’&)"megsés(bd% W Bo%”’l‘?f"(’ Q) 04( dd) .
5.35(d), 5.10- 7.43-7.35.(@8(:n)7 . 35.-98 23, (gg(m'? 17 (&0 br 6d)56 ($)346dP2{8)4(br d),

3. 15(dt), 2 98 (5dty)p - 524583, 5. @11-523%4(@?r &).32158292@), 5. éo4§('ib(m)
1.37-1.24(m.

H NR
(singie oSl i B g 30 (B b0y %0 58 gy S p ey L1
7.7.-7.6(dd), B.43(-9).47(b¥d}.,2@ME5-6..20d)kt)6. B(dB.-3.00(dt)5. 3(3)7 4.6(d),

4.4(d), 3. 45(dd) 2pigkal 30350 @5, 1.3 %( D (ud 8§3%08&m)m 4(dd) .

1.97-1.7(m, 1% & /PR  500MHz
CDCl [ er 2P), (sﬂn@ﬁel 59(m),dﬂa§ﬂeﬂeéﬁém).nﬂxﬁéré @ﬁ(méboﬁeﬁg)o[éﬁdﬁ)s.7(d),

8. 6(d) g 746 2 4(d .3
4. GEbrd) 4. 4(br§§( éfcﬂ 03(7<Slrg€ 75 (%()S)f 2%6 ofss @)% (4)( dd) (m
3.3-3.2(dd), 3.1-2. 9(m) 59695(551 (5°0M§29C9C#3}n) (gimgke3s(ny.
Conpound 114: B&lars]tHrMW(e&QOMﬂ&tGB@l bgr t’rb):om(e&lsf)gbes 65 8.5di(ast er eoner,

ooy P Wt ks & s BT b

3.22(dt 15 3. 02(7dRR,(s}), 7. 10(5), 6. 60(5), 6.42(s8), 5.42-5.40{d), 5.39-
5.37(d), 5.34-5.32(d), 5.16{(s), 5.15-5.11{m), 5.10(s),
5.07-4.%94(q), 4.60-4.55(bxrd), 4.41-4.39({(bxd), 3.93(s),

.84(s), 3.80(s), 3.70(s), 3.48-3.43(brd), 3.30-

.22({dt), 2.96-2.90(dt), 2.39-2.35(brd), 2.29-

.25(brd), 2.05-2.00(m), 1.90-1.75{(m), 1.65-1.60(m),

.59-1.48(m}, 1.47-1.33(m), 0.95-0.87(d), 0.86-0.83(4),

.82-0.78(d), 0.73-0.69(d).

Compound 117: n NMR (500MHz CDCl,), (single
diastereomer, mixture of rotomers) & 8.65-8.60(d),

25 8.59-8.52(d), 7.45-7.39(d), 7.38-7.23(m), 7.21(s},
6.67(s), 6.66(s}), 5.83-5.79(t), 5.78-5.75(t), 5.74-
5.63{m), 5.53-5.48{(m), 5.45-5.41(brd), 5.20-5.05(m),
5.04(s), 5.01(s), 4.99(s), 4.72-4.68(bxrd), 4.35-
4.32(brd), 3.98(s), 3.97(s), 3.93(s), 3.90(s), 3.85(s),

30 3.55-3.48(bxd), 3.32-3.24(d4t), 3.10-3.03(dt), 2.70-
2.62{m), 2.61-2.56{(m), 2.55-2.45{m), 2.39-2.32(brd),
2.20-2.15(brd), 1.97-1.70{m), 1.69-1.60{m), 1.59-
1.47{m), 1.40-1.20{(m), 0.93-0.90(m).

Compound 118: YH NMR (500MHZ CDCla}, (single

35 diastereomer, mixture of rotomers) 6 8.66-8.62(d4),

20

Q= N W w



--.80 - 2.81-2.62(m, 2.60(t), 2.30(d,br), 2.13(d), 1.82-

1.19(m. Compound 115: [err]H NVR(500MHz CDCl[err]),
(single di astereomer, m xture of rotomers) [err] 8.63-8.53(m, 5
7.43-7.37(d), 7.35-7.23(m, 7.17(s), 6.56(s), 6.54(s), 5. 48-5. 42(d),
5.41-5.38(d), 5.32-5.29(d), 5.20-5.10(m, 4.68-4.62(brd),
4.32-4.30(d), 4.00-3.90(m, 3.86(s), - 813:53-3.47(brd), 3.25-3.20(dt),
3.05-3.00(dt), 2.37- 2.21(brd), 2.10-2.00(m, 1.92-1.87(m,
1.80-1.70(m, 10 1.69-1.59(m), 1.57-1.43(m), 1.34-1.15(n),
0.97-0.92(d), 8.61-8058%4d,78¢H%; 7044 14D, 7%(4};70486dD, 62(3F-7-33(d},

Conpound 116 {yegnm NVR(5Q0Mz GDCE8YT] 4. s636nsl .57 (s) gn@@rereomer

B L e R TR
. 42-5. 40(d), 54394 4 60 (br8) 374d33-5. 82{6r82( d3, 96(46(s), 96(a5,5 11(m),

.10 : 5,07=4.9 . 69-4.5 41 4 39( 3. :
8a(s). 3.s0(s3 23 (3b(o7 "h1ah: 3%5 iR u® Prah: - ARG Gy )
.96-2.90(dt), 2:30{DrBh(b2dy0-2.20{mpp 2.4222 3¢ bexdd), 2 02 2. OO(rr)
.90-1.75(m, 12659%1:158(”?1 91-1. 783-m$59 1.48(Mes phdr 1. §363731 55 (
.95-0.87(d), O0.86- hﬁéz 2-0.78(d), 0.73-0.

Cowpound 117: [%r? FF bonvHz CDG [err]) (single dlastereoner,
m xture of rotomers) 6 8.65- 8 60(d) 25 8.59-8.52(d), 7.45-7. 39(d)
.38-7.23(m, 7.21(s), & iR GBINS IT 7 RN 2R 5.75(t),

. 74- 5.63(m, 5.53-5. 48(n) 5 45-5.41(brd), 5. 20- 5. 05(n)
.04(s),1%.01(s), 4. 99(s)T04BSQaM 6@¢bau@11my35f the comppunﬂancn 3.98(s),
.97(s), 3. 93(Sécc@r&@&é)to3t§§§Sinvéﬁklon ébfghé&éggé”ﬁae 3.32-3.24(dt),
.10-3.03(dt), 70- n% 56( 2 55 5{%
.39-2.32(brd), antlprDl%f%ﬁa%l!S(% %BV1€Y9?f1? Hbich 59
.47(m, 1. 40- Zlaﬁ@(lﬂiow@ O3-Pe Hédstant to a partlculzﬁorﬁmlmdna];&&e [err]H
[N(I\a/rRﬁ ]SOgMg(ZS 8 6 %5]) Tl'géséggcl:glfsllnes d:'.r(flc ucs Ol an}eXtryorte lorfml oté)rrer s)
to, the L1210, P388D, CHO and MCF7 cell lines.

Alternatively, resistant cell lines may be developed.

OFRrNWOIUON

PNWwWwOolog N

The cell line is exposed to the drug to which it is
resistant, or to the test compound; cell viability is
then measured and compared to the viability of cells

20 which are exposed to the drug in the presence of the
test compound.

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

25 et al., Proc. Natl. Acad. Sci., Vol. 85, 4486-4490.
(1988) . The resistant line, labelled L1210VMDRC.06,
was obtained from Dr. M. M. Gottesman of the National
Cancer Institute. These drug-resistant transfectants
had been selected by culturing cells in 0.06 mg/ml

30 colchicine.

Multi-drug resistance assays were conducted
by plating cells (2 x 103, 1 x 104, or 5 x 104
cells/well) in 96 well microtiter plates and exposing
them to a concentration range of doxorubicin (50 nM-10



.81 - 8.61-8.59(d), 7.46-7.44(d), 7.43-7.40(d), 7.39-7.33(d),
.31(s), 7.28(s), 7.16(s), 6.68(s), 6.57(s), 5.80- 5.75(t),

. 74-5.67(m, 5.43-5.40(d), 5.20-5.05(m, 4.64-4.60(brd),
.43-4.41(brd), 3.96(s), 3.90(s), 5 3.85(s), 3.78(s), 3.53-3.49(brd),
. 35-3.28(dt), 3.02- 2.96(brt), 2.70-2.50(m, 2.42-2.36(brd), 2.32-
.29(brd), 1.91-1.78(m), 1.73-1.68(brd), 1,63-1.55(m, 1.50-1.40(m.
Exanple 13 -- MDR SENSI Tl ZATI ON ASSAYS 1 To assay the
ability of the conpounds according to this invention to increase the

antiproliferatiyg aghiwdYy Pés@néiéttgr &ﬁéénéér@é m&hdmg refist 4 to

be resistant to a_parti cul ar These cell |ines

i ncl ude, but ar@%“ﬁn‘i"?’%‘“ﬁds ”‘%?)R JtrHélrL’itﬂIEﬁ")PS‘BfB[*} EHO RPN cel |
| i nes. Ati;erma$ Idﬂ|:y0 jiesisd afds©@eided Ii‘teSFdSmy e glevelgmntbr

The cell line i resi ant or to
the test corrpmfirroi— VI%%‘i Ihﬁ‘ijg Uj%éeo V\M%en meatse recd‘l:U:hU‘cFEz StI yar ed to
the viabi%ity clayxsl ItshQOVlalemxmﬁar@eléb@m quantidafrady usinchdI esence
of the | SRS SRIPOUM XTT _dyes to assess Wi DRMRANEICE I @apaYS

using L1210 nouse | euk ema cells transformed wth the p

retrovirus car At hfetNoRnaens yerh dFdhdd Ferdstege st & Ctrt 8arl

Proc. Natl. Acalis®ee, \Mssni’él HASGE 449@unol . MedhE8) volhe ase8|5$t—ant
line, |abelled &312(1109V was obtained fromDr. M M Gottesnman

of the Nati onal Cancer Institute. These drug-resistant transfectants
had beeri®&Gel ect ed by cul tResuigatdre idet®OGmag Wy MmparMmIdfcitm

Mul ti-drug resigtan t by (2 x
1oferr], 1 x 10@ f%r"é?’m’i‘““%fq MD?%% ® the, IR Ot MORGEE o (2
mcrotiter plat@R dnhibddes R ratdq tWgsy C@éﬁ‘é’é—@t“@&’t i(FFspaRgE/ of
doxor ubi ci n (Eﬂlcgg-b%x + Inhlbltor) and the integer value used for

comparison of compound potencies.

I\)OO-hU'I\I.'

15 In all assays, compounds according to this
invention were tested for intrinsic antiproliferative
or cytotoxic activity. The results are summarized in
Table 2 below. As demonstrated in Table 2, the
compounds generally caused <10% cytotoxicity at

20 concentrations of 10 uM or greater.

Compounds of formula (I) have also been
assayed for MDR sensitization activity with other MDR
cell lines including several human cell lines (e.g.,
myeloma cells (8226/D0OX6, 8226/D0X40, MDR1OV, MR 20),

25 melanoma cells (VCR 4.5, VBL 3.0, COL-1), GM36€38 T
cells, MCF-7 breast carcinoma, A549 bronchogenic
adenocarcinoma, LOX melanoma, P388/ADR, and P388
VMDRC.04), and different chemotherapeutic drugs {(e.g.,
doxorubicin, vincristine, vinblastine, taxol,

30 colchicine, and etoposide). Results similar to those
shown in Table 2 were obtained in these assays (data
not shown), further demonstrating the effectiveness of
the compounds of this invention in multi-drug
resistance sensitization.



- 82 - [err] M in the presence .or absence of'nulti-drug resi stance

nodi fi er conpounds ("MDR inhibitors”) of this invention (1, 2.5 or
10 [err]M as described in Ford et al., Cancer Res., Vol. 50,
1748-1756. (1990). After culture for 3 5 days, the viability of cells
was quantitated using MIT (Mbssman) or XTT dyes to assess
m tochondrial function. Al deternggations were nmade in replicates
of 4 or 8. Al so see, Mossman T., J. Immunol. Methods, Vol. 65, 55-
63 (1983). 10 Resul ts mere determ ned by conparison of the
| C50 for doxor mhbnd B:advaneationt & cb HOIfdOROetBAL Ioff Multidrug R tance
inhibitor. An MDR ratio was calculated (I ferr] Dox/ | C50 Dox +
I nhibitor) and the integer val ue used for conpari son of conpound
pot encies. 15 In all assays, conpounds according to this
invention were tested for intrirfsge atfisopr®ol iTFegleri VDR MDR or MOR ot oxi C
activity. The reSlﬂmPé ar Eselfffrar ized i *+ Tabl eRQ‘“{ﬁ’eIRGW° AsRatw
denonstrated i n_Tak pge 1 wM p#¥inds 19 : , ,
cytotoxicrty at 20 concentrations of 10 [err]NIor greater
Conpounds of formul & (1) 3P8p¥ al 480 been <60 assayedt Por MDR »15
sensitization actlthy Wi &% ot hef°RDR <€@1 1 |inks includi several
human cell lines (efg., 299 8% oma cells 5@226/de6 8226/
MDRLOV, 20), 25.2 rr?io noma C&f1s éVCR 4180 pL 3t Cél GM3639 T
cells, -7 breasﬁlcarc na Aggg br® ﬁchogegéc %carg]nona LOX
nelanona P388/ ADR, , and VI 04) and dl%Fer
chenot her apeuti c d&ggs (gmg 400 oxorublgb , Vi rlstlne vj,fbl astine,
taxol, 30 CO|CQ&CIn%m@@nd et gposi de) . F@gylts siqn,l ar to t@gsg
shown impgable 2 wese obizmpned iByd hese assaygy (data 5 3 not gshown),
further denobnstratkpg theeef f ect bygness of  sq0 t heg gonmpounds 0f this
invention in multi«4slrug ssoo resi st ggge sensitization. io0.8
44 400 200 <60 2 >6
47 900 800 100 1.1 9
20 48 1400 800 100 1.75 14
49 5000 700 7.1
52 S00 500 <60 1.8 >15
53 1600 700 200 2.3 8
54 €500 510 12.7
25 55 900 400 <60 2.25 >15
56 400 300 <60 1.3 >7
64 1500 700 400 2.1 3.75
€6 1600 1300 400 1.3 4
€9 800 400 <60 2 >13
30 84 6000 350 17.1
98 6000 2000 3
105 9000 2800 500 3.2 18
CsA 1800 80 22.5
FK506 400 400 100 1 4
35

While we have described a number of embodiments
of this invention, it is apparent that our basic
constructions may be altered to provide other
embodiments which utilize the products, processes and

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



1. 83 - Tabl e 2: Eval uation of Conpounds for Reversal of Miltidrug

Resi st ance I C[err] IC[err]Dox IC[err]Dox
MDR  MDR VDR Cnpd | C[ err] Dox +

Ratio Ratio Ratio Al one 1l [err]M 2 5 [err]M
[err]M 1 [err]M 2.5 [err]M10 [err]M 5

400 <60 2, 25 >15 84 - zﬂu@mm(l ﬂﬁﬂmﬁﬂg
<60 2 2.7 6 900

3 >15 8 800 500 100

8 10 10 6500 626LAIMS 10. 4

11 700 W 20§g ‘oL <60 3.5 >12 12
6500 R5g-2+m 18.6 15 800

400 <60 2 > .21 1000 700
90 1.4 1p,%) A gompound B formup (1) : g 200
1.3 6 31 1300 900 500 1.4
2.6 43 6500 K600 B 10. 8

44 400 200 <§0 2 >6 47
900 800 100 Ny A 0 48 1400
800 100 1.75 14 m SR - § 5000

700 7.1 O 52 900 500 <60
1.8 >15 530 700 200 2.3
8 54 6500 10 12.7 25

55 900 400 <60 L 2.25 >15 56
400 300 <60 1.3 >7 64 1500
700 goovwhereinpAqis CH,, oxgges, NH or N-(Clggd alkghpi 1300
400 1.3  wherei# B and D are @Bdependefitiy 400 <60
57_1 >13 Sg {4 600 (Cl ggggoaﬁralght or g?anhed alk§l

105 9000 (C28000) - stralght50@ branchgdlalkenyl or a8kynyl, CsA
1800 80 0] 400
100 1 (C5-C7) - ch%galkyl s@BsPituted (C&hCFZK§g§ﬁ3%§nggcrlbed a
nunber of enboBFABRPEA alkyl, (G2-CRsstrsdabtoRr PrapshafpalEsRyYin@¥ our
basi c alkynyl, (C5-C7)-cycloalkenyl substituted

(C1-C6) -straight or branched alkyl, (C2-C6)-straight or
branched alkenyl or alkynyl, or Ar substituted

(Ci-C6) ~-straight or branched alkyl, {(C2-Cé6)-straight or
branched alkenyl or alkynyl wherein, in each case, any
one of the CH, groups of said alkyl, alkenyl or alkynyl
chains may be optionally replaced by a hetercatom
selected from the group consisting of O, S, SO, SO,, N,
and NR, wherein R is selected from the group consisting
of hydreogen, (C1-C4)-straight or branched alkyl, (C2-
C4) -straight or branched alkenyl or alkynyl, and (Cl-
C4) bridging alkyl wherein a bridge is formed between
the nitrogen and a carbon atom of said heterocatom-
containing chain to form a ring, and wherein said ring
is optionally fused to an Ar group; Or



constructions may be altered to provide other " enbodi nents which
utilize the products, processes and 40 nmet hods of this invention.
Therefore, it will be appreci ated that the scope of this invention
is to be defined by the appended cl ains, rather than by the

speci fic enbodi nents whi ch have been presented by way
CLAIMS W claim 1. A corrpound f forrrul a (n) “mm#"ﬁ"mﬂﬂ'm
wherein Ais CHerr], oxygen, NH or N—(Cl al k ; wher éi nt B |an «ar e
I ndependent |y (i) Ar, (d-C10)-straight or branched al kyl ,
(C2-C10)-straight or branched al kenyl or al kynyl, (C5-C7)-cyc|oalky|
substituted (O -C6)-straight or brancheg al kyl, (C2-C6)-straight or
branched al kenyl or al kynyl, (C5-C7)-cyc | kenyl substituted
(C1-C6)-straight or branghed al kyl, (C2-Cd -strai ght or branched al kenyl or
al kynyl, or Ar substituted (Cl-CB)-straE or branched al kyl,

(C2-C6) -strai ght or branched al kenyl or “al kynyl wherein, in each case, any
one of the CH err] groups of said alkyl, al kenyl or al kynyl chains nay be

optionally replacegdpeid RPUY 934%%gen, (C1-C6) -straight or branched

alkyl or (C2-C6)-straight or branched alkenyl or
alkynyl;

wherein T is Ar or substituted 5-7 membered
cycloalkyl with substituents at positions 3 and 4 which
are independently selected from the group consisting of
oxo, hydrogen, hydroxyl, O-{Cl1-C4)-alkyl or
O-{C2-C4) -alkenyl;

provided that at least one of B or D is
independently selected from the group consisting of
(C2-C10) -straight or branched alkynyl,
(C5-C7) -cycloalkyl substituted {(C2-C6)-straight or
branched alkynyl, (C5-C7)-cycloalkenyl substituted
(C2-C6) -straight or branched alkynyl, and Ar
substituted (C2-C6)-straight or branched alkynyl;

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

heterocyclic aromatic group selected from the group
consisting of 2-furyl, 3-furyl, 2-thienyl, 3-thienyl,
2-pyridyl, 3-pyridyl, 4-pyridyl, pyrrolyl, oxazolyl,
thiazolyl, imidazolyl, pyrazolyl, 2-pyrazolinyl,
pyrazolidinyl, isoxazolyl, isotiazolyl, 1,2,3-
oxadiazolyl, 1,2,3-triazolyl, 1,3,4-thiadiazolyl,
pyridazinyl, pyrimidinyl, pyrazinyl, 1,3,5-triazinyl,
1,3,5-trithianyl, indolizinyl, indolyl, isoindolyl, 3H-
indolyl, indolinyl, benzo([b]furanyl,
benzo{b]thiophenyl, 1H-indazolyl, benzimidazolyl,



selected fromthe group consisting of 0, S, SO SOerr], N, and NR wherein
Ris selected fromthe group consisting of hydrogen, (Cl-C4)-straight or
branched al kyl, (C2- C4)-straight or branched al kenyl or al kynyl, and (C1l-
C4) bridging al kyl wherein a bridge is fornmed between the nitrogen and a
carbon atom of said heteroatom containing chain to forma ring, and
wherein said ring is optionally fused to an_Ar group; or

- 85 - [Jerr] wherein Qis hydrbd@%,'(Cl-CB)-straight or branched
al kyl or (C2-C6)-straight or branched al kenyl or al kynyl; wherein T is
Ar or substltuted S-1. e mnth itions 3
and 4 which are ?ﬂﬁ%ﬁéﬁﬁ§2¥#y E% é%¥ tl ¥$dﬁ¥%%% g%o%%i #&Iéﬁ%ﬁ%ggT 0XO0,
hydr ogen, hydr okgbgquin¢Tingl) - aikyblnmyt}(pﬁmﬁm@aadmwhywqulnaqpknnxkxlthat

at | east one ofgﬁaﬁé gﬁi indﬁpgng?§$£%¥§§%%§§Cg)ggégggfﬁyproup consi sting

of (C2-C10)-str t or cycl oal’kyl substituted
(C2- C6) - strai gh@eavé?ab%x%heﬂcw%ywl RRE0IFADEY ¢ | RREKSHA A %6 4 taR%d
(C2-Co) - stralghﬁh@ﬁoﬁagﬂﬁ ed aIkynyI and Ar substltuted (C2-C6) - strai ght

or branched al kynyl ; n I S_a carboc cI|c aro | sel ected
fromthe group conft&TeHy %? ’B%’énfl?ntﬁ“?\a%? h%/‘%l breq ST ryllct"gq CE(f’gnyl
azul enyl, fluorenyth ane amdépendenytly csebectedefmrrodytd igreummatic group

iy e S, Bty Sfatobn, Sl
trl luorometh tri uorometho Cl cé} - stralght or
branched alkyl, (C2-C6)-straight or branched alkenyl,
0-(C1-C4) -straight or branched alkyl,
0-(C2-C4)-straight or branched alkenyl, O-benzyl,
O-phenyl, 1,2-methylenedioxy, amino, carboxyl, N-(Cl-
C5-straight or branched alkyl or alkenyl) carboxamides,
N,N-di- (Cl-C5-straight or branched alkyl or C2-C5-
straight or branched alkenyl)carboxamides,
N-morpholinocarboxamide, N-benzylcarboxamide,
N-thiomorpholinocarboxamide, N-picolinoylcarboxamide,
O-X, CHy- (CHp) -X, O-(CHp).-X, (CHy),-0-X, and CH=CH-X;
wherein X is 4-methoxyphenyl, 2-pyridyl, 3-pyridyl,
4-pyridyl, pyrazyl, quinolyl, 3,5-dimethylisoxazoyl,
isoxazoyl, 2-methylthiazoyl, thiazoyl, 2-thienyl,
3-thienyl, and pyrimidyl, and q is 0-2;
wherein L is either hydrogen or U; M is either
oxygen or CH-U, provided that if L is hydrogen, then M
is CH-U or if M is oxygen, then L is U;
wherein U is hydrogen, O-(Cl1-C4)-straight or
branched alkyl or O-(C2-C4)straight or branched
alkenyl, (Cl-Cé)-straight or branched alkyl or
{(C2-C6) -straight or branched alkenyl,
{C5-C7) -cycloalkyl or (C5-C7)-cycloalkenyl substituted
with (C1-C4)-straight or branched alkyl or
(C2-C4) -straight or branched alkenyl, [(C1-C4)-alkyl or
(C2-C4) -alkenyl] -Y or Y;

RH 0 R



t.hi azolyl, i mdazolyl, pyrazolyl, 2-pyrazolinyl, pyrazolidinyl, isoxazolyl,
i sotiazolyl, 1,2,3- oxadiazolyl, 1,2,3-triazolyl, 1,3, 4-thiadiazolyl,
pyridazinyl, pyrimdinyl, pyrazinyl, 1,3,5-triazinyl, 1,3,5-trithianyl,

i ndoli zinyl, indolyl, isoindolyl, 3H indolyl, indolinyl, benzo[b]furanyl,
benzo[ b] t hi ophenyl, 1H i ndazolyl, benzi m dazolyl,

- 86 - benzt hi azol yl, purinyl, 4H quinolizinyl, quinolinyl,

i soqui nolinyl, cinnolinyl, phthalazinyl,. @# nazolinyl, quinoxalinyl,

1, 8-napht hyridinyl, pteridinyl, carbazolyl, acridinyl, phenazinyl,
phenot hi azi nyl , and phenoxazi nyl ; wherein Ar may contain one to three
substituents whi chwleeeimdepiendend goertadie dfomeh ihgrpuppedeasiest i ng of

hydr ogen, haloqﬁ% fgﬁg | 40T, vl 1 WddHeegnomet.hoxy,
(C1-C6) -straight or rané%ed %ﬁgﬁSé?%£CHp - st rai ‘ght o#igggﬁched al kenyl ,
O ( Cl- C4) - st r aitRR G Jor ditdsawy lal 13Aulenylc2 %@Q’%ani’é'gﬁtndor br anched

al kenyl , O- ben@mthﬁa dod,a&2- met hyl enedi oxy, am no, carboxyl, N-(Cl-

C5-straight or br ed al kyl al | ). carboxa
o Ot o D e Al e B e SR RN ISRie a0y anched
ﬁ[?ﬁpyl)caLb?xanldmaréinnﬁwmaylmmmzmhoxmm(ﬂe dmmmmzyﬂnanbmxawﬁﬂf,

i onor phol i [ err] -
(CH[err])[err]qﬁﬁﬂ%f?%ﬁferr %%%gﬁﬁﬂi%yn err e Xémgh CH=CH X;
wherein X i s 4-9RRGH31e PEErdy na rQﬁ?’yr“&%Foapyrazyl
qui nol yl, 3, 5- djﬁ&tlmﬁosz@@wl ,tzllm)a@a:@xﬂe,th ot hdit-lveazetlraighicasey!

ydrogen or U HeReHad Rty gt -6 CARER ggzeavreﬁ% eﬁ@w?fyﬁ'régiﬁ,
then Mis CH-UFUHGH=GWhﬂBUqught o&h@mahchedualkylwhereln U is hydrogen
O (CL- 04 st 1 akitc0ed. nchadl o) roRnlCE2oGALEYAT! Pyl anched
phenyl 1,2- methylenedloxy, amino, and carboxyl;
wherein J is hydrogen, {(C1-C2) alkyl or benzyl; K is
(C1-C4) -straight or branched alkyl, benzyl or
cyclohexylmethyl, or wherein J and K may be taken
together to form a 5-7 membered heterocyclic ring which
may contain a heteroatom selected from the group
consisting of O, 8, SO and S0,; and

wherein m is 0-3.

2. A compound of formula (I):

wherein A is CH,, oxygen, NH or N-(Ci1-C4 alkyl);
wherein B and D are independently:
(i) Ar, (C1-C10)-straight or branched alkyl,
alkenyl or alkynyl, (C5-C7)-cycloalkyl substituted
(C1-C6) -straight or branched alkyl, alkenyl or alkynyl,

A



(C2-C6)-strai ght or branched al kenyl, (C5-C7)-cycloal kyl or
(C5-C7)-cycl oal kenyl substituted with (Cl-C4)-straight or branched al kyl or
(C2-CA)-straight or branched al kenyl, [(Cl-C4)-al kyl or (C2-C4)-al kenyl]-Y
or Y; - 87 - wherein Yis a
carbocyclic aromatic group selected fromthe group consisting of phenyl,
1-napht hyl, 2- naphthyl, indenyl, azulenyl, fluorenyl, and anthracenyl; or
a het erocyclic aromatic groups as def.i ggd-above; wherein Y may
contain one to three substituents which are i ndependently selected fromthe
group consi sting of hydrogen, hal ogen, hydroxyl, nitro, trifluoronethyl,
trifl uoromet hox{Gs {CN)--@G)clsdaldegivtl aubatdnched IAyIC6)(-8tr@aphst pai ght or

branched al ken - -.St r_ai or__br. al kyl = 3 -t rai ght
or branched al @erﬁyq%y%@g%y]]’, a?}k%gly%ylo,zbf,ﬁgcs)#gﬁhyloie%négi %)%%9%&%%)&83 and
car boxyl ; whig¥leiGP ) Straiygito geh prearhes) adkmil, elkgaydyl oK is

(Cl- C4) - strai ghixgmyhr,antead il Kiiln Aemz¥haser, awnel enexwtmehlyy,or wherein
J and K nay be taken t%gethe forn1§ 5-3 nenb3 ed etgrocgcl?c glng

whi ch may. cont &5PUPH& e ek PPt e LGN COALEE( FRY BF O, S,
SO and Sq err] ;opanithnal whetegilrord y0adhetercatom s2lechedofipomndhef
formula (1): [%&%hp consisting of 0, §, SO and 80,; or

(i) j:ﬂ\?

wherein Q is hydrogen, (C1-C6)-straight or branched
alkyl or (C2-C6)-straight or branched alkenyl;

wherein T is Ar or substituted 5-7 membered
cycloalkyl with substituents at positions 3 and 4 which
are independently selected from the group consisting of
oxo, hydrogen, hydroxyl, O-(Cl-C4)-alkyl, and
0- (C2-C4) -alkenyl;

provided that at least one of B or D is
independently selected from the group consisting of
(C2-C10) -straight or branched alkynyl,
(C5-C7) -cycloalkyl substituted (C2-C6)-straight or
branched alkynyl, (C5-C7)-cycloalkenyl substituted
(C2-C6) -straight or branched alkynyl, and Ar
substituted (C2-C6)-straight or branched alkynyl;

wherein Ar is selected from the group consisting of
phenyl, 1l-naphthyl, 2-naphthyl, 2-furyl, 3-furyl,
2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl,
and mono and bicyclic heterocyclic ring systems with
individual ring sizes being 5 or 6 which may contain in
either or both rings a total of 1-4 hetercatoms
independently selected from oxygen, nitrogen and
sulfur;

U



whérein Ais CH, oxygen;~NH or N-(C1l-C4 al kyl); wherein B and D are

I ndependent | y: (i) Ar, (Cl-Cl0)-straight or branched al kyl, al kenyl
or al kynyl, (C5-C7)-cycloal kyl substituted (Cl-C6)-straight or branched
al kyl, al kenyl or al kynyl, - 88 -

(C5-C7) -cycl oal kenyl substituted (Cl-C6)-straight or branched al kyl,

al kenyl or al kynyl, or Ar substituted (Cl-C6)-straight or branched al kyl,
al kenyl, or alkynyl; wherein, in each casgg any one of the CHerr] groups
of said al kyl, al kenyl or al kynyl chains may be optionally replaced by a
het er oat om sel ected fromthe group consisting of 0, S, SO and SO err]; or
[err] wheweé e hi Ar hydy ogenta {Clof®) tot tlargdt subss thitaneitesd al kyl or

C2-C6) -strai b h bstituted 5-7
genberédsc;giggyiy?h éfnc %sﬁéﬁgggé%ya?e%%§¢$lonsIgsand égﬂépki grg ©

i ndependent |y s@@@x%mmgo@ftmdmm demboaen ngnydrepol , madityen,

hydroxyl . O (Cle S rabiitheripd, G Priliombinyy; (c1 ROV lahidiil i | east

one of Bor Dis 1nd epen ent y se ected fromthe group conS|st|ng of
(C2- C10) - st r ai gPFaREheq RSy’ %t@a{gﬁ}t S| Rt shed fidtg i ed
(C2-C6) -strai ght- omlbm@ﬁC§wfhf¢$wnyi b &BcKF -Lpmep Al kenyl substi t ut ed
(C2- %) -strai gi'g &52 bé/f)n rs?zda{iglﬁlyngr braaprgched alkenyl, O-benzyl,
O-phenyl, 1,2-methylenedioxy, amino, carboxyl, N-({(Cl-
C5-straight or branched alkyl or alkenyl) carboxamides,
N,N-di- (C1-C5-straight or branched alkyl or
alkenyl)carboxamides, N-morpholinocarboxamide, N-
benzylcarboxamide, N-thiomorpholinocarboxamide,
N-picolinoylcarboxamide, 0-X, CHZ-(CHZ)Q—X, O-(CHZ)Q-X,
(CHy) -0-X, and CH=CH-X; wherein X is 4-methoxyphenyl,
2-pyridyl, 3-pyridyl, 4-pyridyl, pyrazyl, quinolyl,
3,5-dimethylisoxazoyl, isoxazoyl, 2-methylthiazoyl,
thiazoyl, 2-thienyl, 3-thienyl, and pyrimidyl, and q is
0-2;
wherein L is either hydrogen or U and M is either
oxygen or CH-U, provided that if L is hydrogen, then M
is CH-U or if M is oxygen then L is U;
wherein U is hydrogen, O-{C1-C4)-straight or
branched alkyl or O-{Cl1-C4)straight or branched
alkenyl, (Cl1-C6)-straight or branched alkyl or
(C1-C6) -straight or branched alkenyl,
{(C5-C7) -cycloalkyl or (C5-C7)-cycloalkenyl substituted
with (C1-C4)-straight or branched alkyl or
(C2-C4) -straight or branched alkenyl, [(Cl1-C4)-alkyl or
(C2-C4) -alkenyl]-Y or Y;
wherein Y is selected from the group consisting of
phenyl, 1l-naphthyl, 2-naphthyl, 2-furyl, 3-furyl,
2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl,
and mono and bicyclic heterocyclic ring systems with
individual ring sizes being 5 or 6 which may contain in

) B DL



substituted (C2-C6)-straight or branched al kynyl; wherein Ar is selected
fromthe group consisting of phenyl, 1-naphthyl, 2-naphthyl, 2-furyl,
3-furyl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, and nono
and bicyclic heterocyclic ring systenms with individual ring sizes being 5
or 6 which may contain in either or both rings a total of 1-4 heteroatons

i ndependently sel ected from oxygen, nitrogen and sul fur;
- 89 - wherein Ar may contain one togghree substituents which are

i ndependently sel ected fromthe group consisting of hydrogen, hal ogen,
hydroxyl, nitro, trifluoronethyl, trifluoromethoxy, (Cl-C6)-straight or
b nchsd 3117| sieee=ioE sttt shnslest b sasmicny 0

ranched al kyl ,_Q- - =stra r .branched al ken nzyl, phenyl,
1,2-nethy|enedFggﬁgegﬁﬁﬁ%}ycngg§§Fa RE?Elgxfg?Etrg%éﬁ?g%$ %?énched al kyl
or al kenyl) casbdgam;des, N, N-di-(Cl-C5-straight or branched al kyl or
al kenyl ) car boxam dgg.chamer RRO! EBREE ROXAL €6, tﬁ'zeéegamém@@?@@ de,

p 0 CH

N-t hi onor phol i nocar boxam, de, I col 1 noyl car boxam de, O X, err]-
(CH err])[err]¥%ich areHiBEePFPEPRFLIX SEERFERE| FTER 1@ WOWRd CH=CH X;
wherein X is 4conkhexypgesy! hydreyehndyhaldgen| i BydrodyPyratiyto, pyrazyl,

qui nolyl, 3, 5-dinet hylisoxazoyl _isoxazoyl ., 2-nethylthiazoyl, .thiazoyl,
T A emyl . 31 hFERUROFERAERPEY kat FRUGRGHG gl o UL 1R REMba d 288
hydrogen or U hnantthed aikhér o6Rygeh) estCiight peovbdenchéedtalkedyl s
hydr ogen, thenqaM ks ._ U i i q?ﬁ; is U, wherein Uis
hydr ogen, c>(d?-é5§-§?7afgﬁ?%%?éL?gngﬁ%%QQ?iy d*lt>(C1-C4)straight or
branched al kenyr (C£ 34 CoFtseiahgher oprarehedctllseryl - ff-R&BZXEH) - strai ght or
branched al kenglphéfhi C71 ; syeboRy kihe®okEp-dnin€y Chdl deydxpupst i t ut ed
wherein J is hydrogen (C1-C2) alkyl or benzyl; K is
(C1-C4) -straight or branched alkyl, benzyl or
cyclohexylmethyl, or wherein J and K may be taken
together to form a 5-7 membered heterocyclic ring which
may contain an O, S, SO or SO, substituent therein; and
wherein m is 0-3.

3. A compound of formula (I):

J.

\N/'H( A\H)z\o
) " (1)
M

wherein A is CH,, oxygen, NH or N-(C1-C4 alkyl);
wherein B and D are independently
(i) Ar, (C1-C10)-straight or branched alkyl,

(C2-C10) -straight or branched alkenyl or alkynyl,
(C5-C7) -cycloalkyl substituted (C1-C6)-straight or
branched alkyl, (C2-C6)-straight or branched alkenyl or
alkynyl, (C5-C7)-cycloalkenyl substituted
(C1-C6) -straight or branched alkyl, (C2-C6)-straight or

B



with (Cl-C4)-straight or branched al kyl - or (C2-C4)-straight or branched

al kenyl, [(Cl-C4)-al kyl or (C2-C4)-alkenyl]-Y or Y; wherein Y is

sel ected fromthe group consisting of phenyl, 1-naphthyl, 2-naphthyl,
2-furyl, 3-furyl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl,
and nono and bicyclic heterocyclic ring systens with individual ring sizes

being 5 or 6 which may contain in - 90 -
either or both rings a total of 1-4 hetereatons independently selected from
oxygen, nitrogen and sul fur; wherein Y may contain one to three

substituents which are independently selected fromthe group consisting of
hydr ogen, hal ogma,ndnaﬂ @dienyii taw altkyirfylyoraméthpubstditiltedr onet hoxy,

(C1-C6)-straig Qe qﬂggg¥$ , i g Q r | kenyl ,
O (Cl-4) - strapg1t or branc ég!%¥i§?£&%§l a'&?%s pg? EFQO%@%Qﬁgh% §%
al kenyl , O benBAARBOGsh&WISDYL paraee BB YRS &h§§Flnanﬂﬁoea§HdCé&?boﬁ?V
wherein J is hxﬂkpgﬁntﬂﬁi pb QK &aaayhlkyllSaﬁﬁanﬁm)ostaakgh 1or

fogethor to 1oiTrats r%% RS, pere e 8 BB A n an O,
S, SO or SO errs]elsamsid tiremt theeeionp awdsistilgr efnOm Bs 803. 80,, N, 3.
A conpound of IR (Hereid ¥ ik selected from the group consisting

of hydrogen, (Cl1-C4)-straight or branched alkyl, (C2-

C4) -straight or branched alkenyl or alkynyl, and (Ci-

C4) bridging alkyl wherein a bridge is formed between

the nitrogen and a carbon atom of said heterocatom-

containing chain to form a ring, and wherein said ring

is optionally fused to an Ar group; or

(i) ;:]\;

wherein Q is hydrogen, (C1-C6)-straight or branched
alkyl or (C2-C6)-straight or branched alkenyl or
alkynyl;

wherein T is Ar or substituted 5-7 membered
cycloalkyl with substituents at positions 3 and 4 which
are independently selected from the group consisting of
oxo, hydrogen, hydroxyl, O-(Cl-C4)-alkyl and
0-(C2-C4) -alkenyl;

provided that at least one of B or D is
independently selected from the group consisting of
Ar', Ar'-substituted (C1-C€)-straight or branched
alkyl, and Ar'-substituted (C2-C6)-straight or branched
alkenyl or alkynyl;

wherein Ar' is an Ar group substituted with one

to three substituents which are independently selected
from the group consisting of N-(straight or branched

‘TN 00 00 R



wherein Ais CHerr], oxygen, NH or N-(Cl-C4 alkyl); © wherein B and D are
I'ndependent |y (i) Ar, (Cl-Cl0)-straight or branched al kyl,
(C2-Cl10)-strai ght or branched al kenyl or al kynyl, (C5-C7)-cycl oal kyl
substituted (Cl-C6)-straight or branched al kyl, (C2-C6)-straight or
branched al kenyl or al kynyl, (C5-C7)-cycl oal kenyl substituted
(C1-C6)-straight or branched al kyl, (C2-C6)-straight or

- 91 - branched al kenyl or al kynyl, or Ar substituted (Cl-C6)-straight or
branched al kyl, (C2-C6)-straight or brancH8d al kenyl or al kynyl wherein, in
each case, any one of the CH2 groups of said al kyl, al kenyl or al kynyl

chai ns nmay be optional epl aced by het er oat gm sel ected fromthe group
consi sting of oc15 S%i%éh&r(fz'% %ﬂ&ew) VT RGFAR 9SS sel ected from t he

group consi sti g, Wfdhy eogenyht G Mastied ght - 05 dneriched aliod , (C2-
wher oi n o bri g P EFeaibSEiliad¥ MRt Riacerioilidly ol ok o
het er oat om corensy kepehrramide f ¥ nilaienorphelnthagrare pnigdel ring is
hyr ogen, (0 - o e sietidiuae, 0.%) (bl %, O0(SHE g R 1S
br anched alkenyf %H)dﬂq< yppd CH=CH-X; wherein X is 4-methoxyphenyl,
2-pyridyl, 3-pyridyl, 4-pyridyl, pyrazyl, gquinolyl,
3,5-dimethylisoxazoyl, isoxazoyl, 2-methylthiazoyl,
thiazoyl, 2-thienyl, 3-thienyl, and pyrimidyl, wherein
g is 0-2;
wherein Ar is a carbocyclic aromatic group selected
from the group consisting of phenyl, 1l-naphthyl, 2-

naphthyl, indenyl, azulenyl, fluorenyl, and

anthracenyl; or a

heterocyclic aromatic group selected from the group
consisting of 2-furyl, 3-furyl, 2-thienyl, 3-thienyl,
2-pyridyl, 3-pyridyl, 4-pyridyl, pyrrolyl, oxazolyl,
thiazolyl, imidazolyl, pyrazolyl, 2-pyrazolinyl,
pyrazolidinyl, isoxazolyl, isotiazolyl, 1,2,3-
oxadiazolyl, 1,2,3-triazolyl, 1,3,4-thiadiazolyl,
pyridazinyl, pyrimidinyl, pyrazinyl, 1,3,5-triazinyl,
1,3,5-trithianyl, indolizinyl, indolyl, isoindolyl, 3H
indolyl, indolinyl, benzo([b] furanyl,
benzo[blthiophenyl, 1H-indazolyl, benzimidazolyl,
benzthiazolyl, purinyl, 4H-quinolizinyl, quinolinyl,
isoquinolinyl, cinnolinyl, phthalazinyl, quinazolinyl,
quinoxalinyl, 1,8-naphthyridinyl, pteridinyl,
carbazolyl, acridinyl, phenazinyl, phenothiazinyl, and
phenoxazinyl;

wherein Ar may contain one to three substituents
which are independently selected from the group
consisting of hydrogen, halogen, hydroxyl, nitro,
trifluoromethyl, trifluoromethoxy, {(C1-C6)-straight or
branched alkyl, (C2-C6)-straight or branched alkenyl,
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‘wherein Tis Ar or substituted 5-7 membered cycloal kyl with substituents at
positions 3 and 4 which are independently selected fromthe group
consi sting of oxo, hydrogen, hydroxyl, O (Cl-C4)-al kyl and
O (C2-A) -al kenyl ; provi ded that at |east one of B or D is independently
selected fromthe group consisting of Ar', Ar'-substituted (Cl-C6)-straight
or branched al kyl, and Ar'-substituted (C2-C6)-straight or branched al kenyl
or al kynyl ; wherein Ar' is an Ar gfoup substituted with one to
three substituents which are i ndependently selected fromthe group
consisting of N-(straight or branched _ _ _
. 92 o % %oa:(&yrc@y -%r%%gﬁil: t@ﬁyxlb}aﬁaga@xam es, N N-di-(straight or
ranche - a - al kenyl ) car boxanj des,
N—nnrpholinoca?béégﬁFggfSREab%REy?Ea?%%&%ﬁﬁ eéq*ﬁ?¥&tnﬁﬁ?ﬁﬁﬁ¥%bcarboxanide,
N- pi col i noyl ca®bpkanytle, 1 (2 Xpethfrend¢di¢G{ caming eredrboxytd, MCHELT])
[err]-X, (CH egrt] GE , ' L5 4-€E5£ﬁ%%ﬂﬂ§9yl’
2-pyridyl, 3- p&$i %g?é{%ﬁé}%%d%?gn pyr%ﬁ,‘y%ﬂﬁ%%?&%,)&cl met I soxazoyl ,
i soxazoyl, 2- mtNy#ihiGkoyP;strigy|or Dramersd albothi@nyd2-@nd pyrim dyl,
}Nnerelﬂ qis Oseraignwh&eb?aﬁﬁhé&lallfi@zﬁppﬁﬁfb@xaaﬁmae% chglroulo 3el e?:t ed
romthe group_consisting o en -n - na yl, indenyl,
azul enyl , fIuoyéﬂ???h%%ﬂg%ﬁ?ﬁgﬁﬁﬂﬁyﬁ?'cﬁfﬁénzgiﬁﬁég?%%&ﬁ & aromatic group
sel ect ed from¥hehjooopplohsnstarigoxdmidé uryipiSeXingy] chdnamyde,
3-thienyl, 2-pyrydyhy 3 ridyl , ~4- hdyd,, rol ¥ oy 0X34Pl ¢ o Bi.azol yl,
i m dazol yl , psga%blé}:/}i{? &wp%)rca)zgdl ionxfl%gzk)griézow%?)rwjlq xl'soxazo(i)gqué %;
i sotiazolyl, IwkeseimxAdiazdtnethaxyplenyl azdigyridy, 4 tpyedhazol vl ,
pyridazinyl, pyrjpd-gdapy]  ppyd A8 NYduidoBy D, t3 82 N unyl isoxazoyl,
isoxazoyl, 2-methylthiazoyl, thiazoyl, 2-thienyl,
3-thienyl, and pyrimidyl, and q is 0-2;
wherein L is either hydrogen or U and M is either
oxygen or CE-U, provided that if L is hydrogen, then M
is CH-U or if M is oxygen then L is U;
wherein U is hydrogen, 0O-(C1-C4)-straight or
branched alkyl or O-(C2-C4)straight or branched
alkenyl, (Cl1-C6)-straight or branched alkyl or
(C2-C6) -straight or branched alkenyl,
(C5-C7) ~cycloalkyl or (C5-C7)-cycloalkenyl substituted
with (C1-C4)-straight or branched alkyl or
(C2-C4) -straight or branched alkenyl, [(C1-C4)-alkyl or
(C2-C4) ~alkenyll -Y or Y;
wherein Y is selected from the group consisting of
phenyl, l-naphthyl, 2-naphthyl, indenyl, azulenyl,
fluorenyl, anthracenyl, and heterocyclic aromatic
groups as defined above;
where Y may contain one to three substituents which
are independently selected from the group consisting of
hydrogen, halogen, hydroxyl, nitro, trifluoromethyl,
trifluoromethoxy, (C1-C6)-straight or branched alkyl,
(C1-C6) -straight or branched alkenyl,

0-{C1-C4) -straight or branched alkyl,
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1, 3,5-trithianyl, indolizinyl, indolyl, isoindolyl, 3H indolyl, indolinyl,
benzo[ b] furanyl, benzo[ b]thi ophenyl, 1Hindazolyl, benzim dazolyl,
benzt hi azol yl, purinyl, 4H quinolizinyl, quinolinyl, isoquinolinyl,

ci nnolinyl, phthal azinyl, quinazolinyl, quinoxalinyl, 1,8-naphthyridinyl,
pteridinyl, carbazolyl, acridinyl, phenazinyl, phenothiazinyl, and
phenoxazi nyl ; wherein Ar may contain one to three substituents which are
i ndependently sel ected fromthe group consgsting of hydrogen, hal ogen,
hydroxyl, nitro, trifluoronethyl, trifluoromethoxy, (Cl-C6)-straight or
branched al kyl, (C2-C6)-straight or branched al kenyl,

- 93 - O (C1- Mlcstmaj ot r DL g0 adswmﬁbzaélkad ,aXkdr52t CA) -tsdrrpailght or

branched al keny, zyl , . Q. phenyl XY, ,. carboxyl,
N-(Cl- C5-strai tﬁh%’ﬁg‘r a*ﬁ'c%’erﬁg tg}l‘%?ﬂ%%i% ‘en gﬁ{l)r?ca?‘iooa(xadn%%rg’g&

N, N- di - (Cl- C5- st r awlghrem brimciredireddyl oF1 -GRICE k) atythensylor dhcired

al kenyl') car boxa f&*& ;Hgﬁga benzylsardoxam de,

N-t hi onor phol i n{)%gfﬁoxamé% pI cg%( noy caﬁ%kﬁm de, égl &

CH err] - (CH[ er r§Y§&2 ?mm@f(ld—i[ Q% Yeein ¥ ansferiay k& EKeX, and
CH:Cl+|X wher e:tftlag}émeﬂdwtml rhegwt ,meznwédimate?rdwdldw ,ﬁl%r]gowld;lyi
pyrazyl, quino i met i S0Xazo x o) net t hi azoyl ,
thiazoyl, 2-t hi’é&lc‘j%taflrﬁeﬁ‘l w é?ﬁl(ﬁﬁot n%rd 2t§1e0g2.y wherein L
is either hydrogesistihqnuf N?DJ sS eifthemd8Qyan amd CH- U provided that if L
i s hydrogen, then dfa Mis oxygen then L is U, wherein Uis
hydr ogen, O (Cl-C4 %ﬂstralg t or branched al kyl or O (C2-C4)straight or
branched al kenyl, (Cl-C6)-straight or branched al kyl or (C2-C6)-straight or

branched al kenyl, (C5-@&) - cwlmﬁdﬁmdceﬂc:(c@a Chmpsdltdairk ey tHehsiehyt ed

wth (C1-G4)- stralzggletveorgtibgnanép

fgfqérug resistance comprising a
pharmaceutically effective amount of a compound
according to any one of claims 1 to 3 and a
pharmaceutically acceptable carrier, adjuvant or

vehicle.

5. The pharmaceutical composition according
to claim 4, further comprising a chemotherapeutic
agent.

6. The pharmaceutical composition according
to claim 4 or 5, further comprising a chemosensitizer,
other than the compound according to any one of
claims 1 to 3.

7. A method for treating or preventing multi-
drug resistance in a patient comprising the step of
administering to said patient a pharmaceutical
composition comprising a pharmaceutically effective
amount of a compound and a pharmaceutically acceptable
carrier, adjuvant or vehicle, said compound being a
compound of formula (I):

A



(C2-C4)-straight or branéhed al kenyl , [(Cl-CA)-aIkyf\or (C2-C4)-al kenyl]-Y

or Y, wherein Y is selected fromthe group consisting of phenyl,
1- napht hyl , 2-naphthyl, indenyl, azulenyl, fluorenyl, anthracenyl, and
het erocyclic aromati c groups as defined above; where Y may contain one

to three substituents which are independently selected fromthe group
consi sting of hydrogen, hal ogen, hydroxyl, nitro, trifluoronethyl,
trifluoromethoxy, (Cl-C6)-straight or bramgghed al kyl, (Cl-C6)-straight or
branched al kenyl, O (Cl-C4)-straight or branched al kyl,
- 94 - O (C2-CA)-straight or branched al kenyl, O benzyl, O phenyl,
1, 2- net hyl enedi oxy, am no, and carboxyl ; wherein J is hydrogen, (Cl-C2)
al kyl or benzyl; Kis (Cl-C4)-strai ghtt or branched al kyl, benzyl or
cycl ohexyl nethyl, or wherein J and K fgay bg taken together to forma 5-7
menber ed heterocyclic ring which | roatom sel ected fromthe
group consisting of 0, S, SO and S(err]s and’m whergihn mis 0-3.
4. A pharnaceutical conposition trgatment or prevention of multi-drug
resi stance conprising a pharnaceﬁtic y effective anount of a conpound
according to any one of clains 1 to 3Land a pharmaceutically acceptable
carrier, adjuvant or vehicle. 5. The pharnmaceutical conposition
according to claim4, further conprising a chenotherapeutic agent.
wherein A is CH,, oxygen, NH or N-(Cl-C4 alkyl);
wherein B and D are independently:
(i} hydrogen, Ar, {(C1-Ci0)-straight or
branched alkyl, (C2-C10)-straight or branched alkenyl
or alkynyl, (C5-C7)-cycloalkyl substituted
{C1-C6) -straight or branched alkyl, (C2-C6)-straight or
branched alkenyl or alkynyl, (C5-C7)-cycloalkenyl
substituted (C1-C6)-straight or branched alkyl,
(C2-C6) -straight or branched alkenyl or alkynyl, or Ar
substituted (C1-C6)-straight or branched alkyl,

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

wherein, in each case, any one of the CH, groups of
said alkyl, alkenyl or alkynyl chains may be optionally
replaced by a hetercatom selected from the group
consisting of O, 8, SO, 80,, N, and NR, wherein R is
selected from the group consisting of hydrogen, (Cl-
C4) -straight or branched alkyl, (C2-C4)-straight or
branched alkenyl or alkynyl, and (C1-C4) bridging alkyl
wherein a bridge is formed between the nitrogen and a
carbon atom of said heterocatom-containing chain to form
a ring, and wherein said ring is optionally fused to an
Ar group; or

O



6. ° The pharmaceutical conposition according to claim4 or 5, further
conprising a chenosensitizer, other than the conpound according to any one
of claims 1 to 3. 7. A nmethod for treating or preventing nulti-
drug resistance in a patient conprising the step of adm nistering to said
patient a pharnmaceutical conposition conprising a pharmaceutically
effective anount of a conpound and a pharnmaceutically acceptable carrier,
adj uvant or vehicle, said conpound bei ng aganpound of formula (1):
- 95 - Jerr] wherein Ais CHerr], oxygen, NH or N(Cl-C4
al kyl); wherein B and D are independently: (i) hydrogen, Ar,
(C1-C10)-strai ght or branched al kyl, (C2-Cl10)-straight or branched al kenyl
or al kynyl, (C5-C7)-cycloal kyl substitut (C1-C6)-strai ght or branched
al kyl, (C2-C6)-strai ght or branched al kenylj or al kynyl,
(C5-C7) -cycl oal kenyl substlit ut ed (Cl-CB)-er i ght or branched al kyl,
(C2-C6)-straight or branched al kenyl or aetky®yl, or Ar substituted
(C1-C6)-straight or branched al kyl, (C2-C6)-straight or branched al kenyl or
al kynyl wherein, in each case, any one of the CHerr] groups of

wherein Q is hydrogen, (C1-Cé)-straight or branched

alkyl or (C2-Cé)-straight or branched alkenyl or
alkynyl;

wherein T is Ar or substituted 5-7 membered
cycloalkyl with substituents at positions 3 and 4 which
are independently selected from the group consisting of
oxo, hydrogen, hydroxyl, ©O-(Cl-C4)-alkyl, and
0-(C2-C4) -alkenyl;

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

anthracenyl; or

a heterocyclic aromatic group selected from the
group consisting of 2-furyl, 3-furyl, 2-thienyl,
3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, pyrrolyl,
oxazolyl, thiazolyl, imidazolyl, pyrazolyl, 2-
pyrazolinyl, pyrazolidinyl, isoxazolyl, isotiazolyl,
1,2,3-oxadiazolyl, 1,2,3-triazolyl, 1,3,4-thiadiazolyl,
pyridazinyl, pyrimidinyl, pyrazinyl, 1,3,5-triazinyl,
1,3,5-trithianyl, indolizinyl, indolyl, isoindolyl, 3H-
indolyl, indolinyl, benzol[b]furanyl,
benzo[b]l thiophenyl, 1H-indazolyl, benzimidazolyl,
benzthiazolyl, purinyl, 4H-quinolizinyl, quinolinyl,
isoguinolinyl, cinnolinyl, phthalazinyl, quinazolinyl,
gquinoxalinyl, 1,8-naphthyridinyl, pteridinyl,
carbazolyl, acridinyl, phenazinyl, phencthiazinyl, and
phenoxazinyl;

wherein Ar may contain one to three subsgtituents
which are independently selected from the group

IO



said al kyl, al kenyl or al kynyl chains nmay be optionally replaced by a

het eroat om sel ected fromthe group consisting of 0, S, SO SOerr], N, and
NR, wherein Ris selected fromthe group consisting of hydrogen, (Cil-

C4) -straight or branched al kyl, (C2-C4)-straight or branched al kenyl or

al kynyl, and (Cl1-C4) bridging alkyl wherein a bridge is fornmed between the
nitrogen and a carbon atom of said heteroatomcontaining chain to forma
ring, and wherein said ring is optionallygfsused to an Ar group; or

- 96 - [err] wherein Qis hydrogen, (Cl-C6)-straight or branched
al kyl or (C2-C6)-straight or branched al kenyl or al kynyl; wherein T is
Ar or substi tutcmhsa-sl; e@da:y;@le@ﬂl e odfelrd) HtastodA ents talo, positions 3

and 4 which are _i.ndepende ed fro he gr.oup nS|st|n of oxo,
hydr ogen, hydr% '¥14%_ Q%Qé‘ %ﬁﬁ U8 (%§I§%§y§t eP&in Ar
is a carbocyclmmamuhﬁﬂ|aikgﬂoudC§eK§bt- daughulmr dremehedn sil&enyd , of
phenyl, 1- naphkhykn_%m)n%ﬁqgg et b&dﬁﬁﬁhch%éU%ﬂﬂv fluorenyl, and

anthracenyl or terocyclic aromatic grou élected from the group
consi sting of @~f(&2y|04>3sm|ay|ghtzotrhbéﬁﬂchesl ﬁﬂ?@ﬁgﬂl 2-pgpEdyl, 3-pyridyl,
4-pyridyl, yr'00|pﬂe,nyQ>§aAQ|2yhset‘h|9'll@¥1@|dilox)ﬂ Naedze), ylcarﬁ:b&glm ¥-(c2~
pyrazollnyl az%g%dbﬁﬁl gpxaz%g%lal& tB%ZgE&eny%) car éigh?é8£¥'
1,2, 3- trlazolyl 4 R& krarg
N N-di- (C1-C5-straight or branched alkyl or C2-C5-
straight or branched alkenyl)carboxamides,
N-morpholinocarboxamide, N-benzylcarboxamide,
N-thiomorpholinocarboxamide, N-picolinoylcarboxamide,
0-X, CH2—(CH2)Q-X, 0- (CHz)q-X, (CHZ)Q-O—X, and CH=CH-X;
wherein X is 4-methoxyphenyl, 2-pyridyl, 3-pyridyl,
4-pyridyl, pyrazyl, quinolyl, 3,5-dimethylisoxazoyl,
isoxazoyl, 2-methylthiazoyl, thiazoyl, 2-thienyl,
3-thienyl, and pyrimidyl, and q is 0-2;
wherein L is either hydrogen or U; M is either
oxygen or CH-U, provided that if L is hydrogen, then M
is CH-U or if M is oxygen, then L is U; '
wherein U is hydrogen, O-(Cl-C4)-straight or
branched alkyl or 0-(C2-C4)straight or branched
alkenyl, (Cl1-C6)-straight or branched alkyl or
(C2-C6) -straight or branched alkenyl,
(C5-C7) -cycloalkyl or (C5-C7)-cycloalkenyl substituted
with (C1-C4)-straight or branched alkyl or
(C2-C4) -straight or branched alkenyl, [(C1-C4)-alkyl or
{C2-C4) -alkenyl]l -Y or Y;
wherein Y is selected from the group consisting of
phenyl, l-naphthyl, 2-naphthyl, indenyl, azulenyl,
fluorenyl, anthracenyl, 2-pyrrolinyl, 3-pyrrolinyl,
pyrolidinyl, 1,3-dioxolyl, 2-imidazolinyl,
imidazolidinyl, 2H-pyranyl, 4H-pyranyl, piperidyl, 1,4-
dioxanyl, morpholinyl, 1,4-dithianyl, thiomorpholinyl,
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pyfi dazinyl, pyrimdinyl, pyrazinyl, 1,3,5-triazinyl, 1,3,5-trithianyl,

i ndol i zi nyl, indolyl, isoindolyl, 3H indolyl, indolinyl, benzo[b]furanyl,
benzo[ b] t hi ophenyl, 1H i ndazolyl, benzi m dazolyl, benzthiazolyl, purinyl,
4H qui nol i zi nyl, quinolinyl, isoquinolinyl, cinnolinyl, phthalazinyl,

qui nazol i nyl, quinoxalinyl, 1,8-naphthyridinyl, pteridinyl, carbazolyl,
acridi nyl, phenazinyl, phenothiazinyl, and phenoxazi nyl; wherein Ar may
contain one to three substituents which -ar88 i-ndependently selected fromthe
gr oup - 97 - consi sting of hydrogen,
hal ogen, hydroxyl, nitro, trif|luoronethyl, trifluoronmethoxy

(Cl- CB) - st r ai gHRLRRTaF kikehe (w1 1iesy loe)and r%tgﬁﬁoca’rc%m@%q(enyl

O (CL- 4) - str ai ghdued a)gad@mcala{qydve(}(@ C4) -strai ght or branched

al kenyl, O benzyl

t h i di o b C1-
C5-strai ght or br a‘?f&%g%lagyw %anre % enetcéar%&ﬁnnsld’g?tﬁ%ren%g W EH

N, N- di - (Cl- C5- Axai mﬂemndmar&;hablaadqad dirdiR-tCe gtaug glansdrs timgncifed
ﬁll- Fﬁ%%fgﬂgf)f(wg‘f‘ﬁ%xam%ﬁ% G:%Pcli noyl ca?ﬁloxam ?K%&Q%ﬁ rﬂyq]
(CH err] )[err] Wl@qm@‘q&}q?perr ClXCE()C}ﬂ[Te‘FrafJ]Q}Y{TerQI] bl@mh@&]nél@fﬂ@-l-x
quinol vl . 5. 5 o Byl thy azoyl . thi azoyl
QoL %% MR e (SO ! a0yt P azon,
hydr ogen or U M i&fﬂi)hﬁtmo;gj*ar\ cm beldrighent @dikeenylt, h&t-behzlyli,s hydr ogen,
O (CL- O - st r af SR, S It oyt oy AHE B rplob g O CBeT
al kenyl , (Cl- Cs) - #thexsjin %rl%rmnal k(ﬂl-&z)(@i—l%)ﬂsﬁ Pgnght ;oK Bsanched
al kenyl , (C5- C7jcicyad yoaidod it (20 trllnchied @alkkany bhenglat ibkut ed

cyclohexylmethyl, or wherein J and K may be taken

together to form a 5-7 membered heterocyclic ring which

may contain a hetercatom selected from the group

consisting of O, 8, SO and 80,; and

wherein m is 0-3.

8. A method for treating or preventing multi-
drug resistance in a patient comprising the step of
administering to said patient a pharmaceutical
composition comprising a pharmaceutically effective
amount of a compound and a pharmaceutically acceptable
carrier, adjuvant or wvehicle, said compound being a
compound of formula (I):

K B
J A
\N/‘l\( \HJI’\D (1)
o m

o M
L

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

A



wi-t'h (Cl-C4)-straight or branched al kyl -or (C2-C4)-straight or branched

al kenyl, [(Cl-C4)-al kyl or (C2-C4)-alkenyl]-Y or Y; wherein Y is

sel ected fromthe group consisting of phenyl, 1-naphthyl, 2-naphthyl,

i ndenyl , azul enyl, fluorenyl, anthracenyl, 2-pyrrolinyl, 3-pyrrolinyl,
pyrolidinyl, 1,3-dioxolyl, 2-imdazolinyl, imdazolidinyl, 2H pyranyl,

4H pyranyl, piperidyl, 1,4- dioxanyl, norpholinyl, 1,4-dithianyl,

t hi onor phol i nyl , - 99 - - 98 - pi perazi nyl,
qui nuclidinyl, and heterocyclic aromatic groups as defined above; wher e
Y may contain one to three substituents which are independently selected
fromthe group consistig)of Miyd6geR1lChaBbgeashnydr oRyanched alkyl,
trifluoromethyl (chrihbyosewBEBAXY or( SEakbha8l &2kEAY1 0br ba BRGARY, al kyl
(C1l-C6)-strai ght _or branche -strajght or bragghed al kyl ,

hed al kenyl O,t(:}(lZI-C4)
O (C2- C4) - st r ai 4P -67) bFYRLRBAXHI K BRDFT L Epbed 2 {F1-€F prehyR1gNt
1|, i Imet hylbened:nxancaétinalkgmd aakbaxyl or alk\@ﬂ%mn J ils hydrogen, (d -C2)
al kyl or benzyl, | 1- 3 b ght ; g |
cyclohexylnethyﬁ?§6F§&%§?8?§;5§%hgiKQH%%E%gﬁggéeﬁe%ggérh%$p¥g§%%r§#a 5-7
menber ed het er obyahibedi agkwhi calkanpysoaraghkynyibi epHalvnsgeseiiwtedrom t he

group consi sti n@c@“-c@z -SeratyfAfdorhehhthe@nNdlyl WgTRERy T | 8r Qs Beynyl |
8. A nethod for treating or preventlngnnultl- drug resi'stance in_a patient

conprising the YREReHR: adfi RRSPeFRAG: t 3P¥aPRepafi BRE SRpHFHRR AT cal

co(rjrposi Li on conpaiia: lﬁ@kﬁlphalﬁﬁﬁ?mtbﬁad_ilkyﬂfri echairs amm;artt;}g ocsptaiama_nquwnd

and a pharnmaceutig cept e_carrier,.a or sa

conmpound bei ng 598§ﬁﬁ§8ﬂﬁyo€ ﬁgkﬁﬁ?§£?#)$elegﬁgaa9§om eié é§g&b
consisting of 0, 8§, SO, 80,; or

(i) ::]Li

wherein @ is hydrogen, (C1-C6)-straight or branched
alkyl or (Ci-Cé)-straight or branched alkenyl;

wherein T is Ar or substituted 5-7 membered
cycloalkyl with substituents at positions 3 and 4 which

.

are independently selected from the group consisting of
oxo, hydrogen, hydroxyl, O-(Ci1-C4)-alkyl, or
O0-(C1-C4) -alkenyl;

wherein Ar is selected from the group
consisting of phenyl, 1l-naphthyl, 2-naphthyl, 2-furyl,
3-furyl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl,
4-pyridyl, and mono and bicyclic heterocyclic ring
gsystems with individual ring sizes being 5 or 6 which
may contain in either or both rings a total of 1-4
heterocatoms independently selected from oxygen,
nitrogen and sulfur;

wherein Ar may contain one to three
substituents which are independently selected from the
group consisting of hydrogen, halogen, hydroxyl, nitro,

RN L



[err] wherein Ais CHerr], oxygen, NH or N-(Cl-C4 al kyl);
wherein B and D are independently: - 99
- (i) Ar, (Cl1-Cl10)-straight or branched al kyl, (C2-C10)-straight
or branched al kenyl or al kynyl, (C5-C7)-cycloal kyl substituted
(C1-C6)-straight or branched al kyl, al kenyl or al kynyl,

(C5-C7) -cycl oal kenyl substituted (Cl1-C6)-straight or branched al kyl,

al kenyl or al kynyl, or Ar substituted (-ChoG6)-straight or branched al kyl,

al kenyl, or al kynyl wherein, in each case, any one of the CH2 groups of
said al kyl, al kenyl or al kynyl chains may be optionally replaced by a

het er oat om sel ecitdubromethyl gr bupftonsdmethgxpf GCLLEBEEtsO ERE 9T or

[err] E‘P&ﬁ@h@d%lﬁybydrégeﬁs)(Qér%h§t6f"19{‘én9ﬁe@ré‘ﬂ€ pal kyl or
(C1-C6)-straight or branched I wherein Tis Ar or substituted 5-7

menber ed cycl 01 kgt - Gt hsgﬁﬁéﬁhFu%ﬁtgr%¥C¥E€|%1%%% 3 and 4 which are
i ndependent |y sekezted)fﬁﬁﬂ&i@ﬁtg@ﬁumraﬂﬁﬁe@tan@ewilpﬂ@—bﬁﬂﬂypgen

hydroxyl , C>(c8:£§gn ikyi 2 Methylenedioxy, amino, carboxyl, N-(Cl-

C5-straight or branched alkyl or alkenyl) carboxamides,
N,N-di- (C1-C5-straight or branched alkyl or
alkenyl)carboxamides, N-morpholinocarboxamide, N-
benzylcarboxamide, N-thiomorpholinocarboxamide,
N-picolinoylcarboxamide, 0-X, CHz-(CHz)q-X, O-(CHZ)q X
(CHZ)q-O—X, and CH=CH-X; wherein X is 4-methoxyphenyl,
2-pyridyl, 3-pyridyl, 4-pyridyl, pyrazyl, quinolyl,
3,5-dimethylisoxazoyl, isoxazoyl, 2-methylthiazoyl,
thiazoyl, 2-thienyl, 3-thienyl, and pyrimidyl, and g is
0-2;

wherein L is either hydrogen or U and M is
either oxygen or CH-U, provided that if L is hydrogen,
then M is CH-U or if M is oxygen then L is U;

wherein U is hydrogen, O-(Cl-C4)-straight or
branched alkyl or 0-(Ci-C4)straight or branched
alkenyl, (C1-C6)-straight or branched alkyl or
(C1-C6) -straight or branched alkenyl,
{C5-C7) -cycloalkyl or (C5-C7)-cycloalkenyl substituted
with (Cl1-C4)-straight or branched alkyl or
(C2-C4) -straight or branched alkenyl, [(C1-C4)-alkyl or
(C2-C4) ~alkenyl]-Y¥ or Y;

wherein Y is selected from the group consisting
of phenyl, 1l-naphthyl, 2-naphthyl, 2-furyl, 3-furyil,
2-thienyl, 3-thienyl, 2-pyridyl; 3-pyridyl, 4-pyridyl,
and mono and bicyclic heterocyclic ring systems with
individual ring sizes being 5 or 6 which may contain in
either or both rings a total of 1-4 heterocatoms
independently selected from oxygen, nitrogen and
sulfur;

(T



—_—

O: (Cl- €4) - al kenyl ; wherein Ar is selected fromthe group consisting
of phenyl, 1-naphthyl, 2-naphthyl, 2-furyl, 3-furyl, 2-thienyl, 3-thienyl,
2-pyridyl, 3-pyridyl, 4-pyridyl, and nono and bicyclic heterocyclic ring
systens with individual ring sizes being 5 or 6 which may contain in either
or both rings a total of 1-4 heteroatons independently selected from
oxygen, nitrogen and sul fur; wherein Ar may contain one to three
substituents which are independently sel-egped-fromthe group consisting of
hydr ogen, hal ogen, hydroxyl, nitro, -
100 - trifluoromethyl, trlfluoronethoxy, (C1l-C6)-straight or branched

al kyl, (C2-Co6)-strai ghtherbUan'émwaﬁtmmin ¢ Gle CAyres rsukghiwvienrainched

al kyl, O (C2- CAln sth ah gbt 1Q&e§é§@&b@ﬂ{%$ﬂ‘d@ed Qﬁi&ﬁ'zé’ﬂe $>qphenyl

1, 2- nethylenedlox ani no, ﬁpg@ branched al kyl
or al kenyl) car%%&% BeRg RE %ﬁ?n(ﬁh%&?%ﬁ%ht %%%ﬁwﬁﬁﬁfﬁﬂkyl or
aIkenyl)carboxamrﬂ@suofbm@tnﬁblItm&iﬁﬁmm&m&ﬂhb tuﬂusdxxﬁdnv@ynﬂkbr

N oror phl | nocgs Boxtk oy N Bieols noul e SO e R aaveny
CH=CH-X; wher ei®- }ClsC@}ﬂeth@xg@hemy1brén¢hedc%ﬂkyl&-pyr|dyI 4-pyridyl,
pyrazyl, qui no!cyh?é% 54;11@@%@1@@ Z&yéncﬂéf@ﬁé%{yl Zcﬂ%é}wlh' azoyl ,

t hi azoyl, 2-thien hi eny pyr|n1 gis 0-2
wherein L is ei?ﬁéli‘ew r et Wt@%%qgelaﬁ%@o (FaPRI, provi ded

that if L is hydrogen, wheredMis {g+iy cm‘o én Malscmygﬂncﬂhefr bereyd;
O (Ci- Caystrai ghisor (63 a%é%e%ta%@# o et L e B B fhed al ky!
or (Cl-CB) - st r ad¢yfi chexypimeriel, ailkearf;ﬁt:ea(m @HE d§ clagaley Itadken
(C5-C7) - cycl oal ksdwd net st | £448 % 5-7 membered heterocyclic ring which
may contain a heterocatom selected from the group
consisting of O, §, SO and S0,; and
wherein m is 0-3.

9. The method according to claim 7 or
claim 8, wherein, in formula (I), at least one of B or
D is independently selected from the group consisting
of (C2-C10)-straight or branched alkynyl;
(C5-C7) -cycloalkyl substituted (C2-C6)-straight or
branched alkynyl; (C5-C7)-cycloalkenyl substituted
(C2-C86) -straight or branched alkynyl; and Ar
substituted (C2-C6)-straight or branched alkynyl.

10. The method according to claim 7 or
claim 8, wherein, in formula (I), at least one of B or
D is independently selected from the group consisting
of Ar', Ar'-substituted (C1-C6)-straight or branched
alkyl, and Ar'-substituted (C2-C6)-straight or branched
alkenyl or alkynyl;

wherein Ar' is an Ar group substituted with one
to three substituents which are independently selected
from the group consisting of N- (straight or branched

FII



. ~ -
wi-th (€1-C4)-straight or branched al kyl .or (C2-C4)-straight or branched

al kenyl, [(Cl-C4)-al kyl or (C2-C4)-alkenyl]-Y or Y; wherein Y is
sel ected fromthe group consisting of phenyl, 1-naphthyl, 2-naphthyl,
2-furyl, 3-furyl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl,
and nono and bicyclic heterocyclic ring systens with individual ring sizes
being 5 or 6 which may contain in either or both rings a total of 1-4

het er oat ons i ndependent|y sel ected from.oxygen, nitrogen and sul fur;

- 101 - wherein Y may contain one to three substituents which are
I ndependent|ly selected fromthe group consisting of hydrogen, hal ogen,
hydroxyl, nitrogitcefabrybnetrhgb-csralkanydnethosyxale€p)-straight or

branched al kyl , \(£1366) - L.ght _or d~al ken ~{A)= st rai ght or
branched al kyl ,Nd‘;(‘&-%ﬁ?%égﬁggi aﬁtbg‘rf‘ pRogcaLee %ie]ﬁk}? ‘g‘gl%ée:ﬁ%'?/l ,

O phenyl, 1, 2- netkhghphbdavikgxanbies, Nmiorphdbigpcarboxamidehd¥ein J is
hydrogen (CI- Qﬁeﬁ&ﬂ%‘?g@?ﬁéﬂw&: zlfx&ﬁi&@fﬁgﬁ%gﬁéééﬂ@éx&ﬁi@éﬁnched al kyl,

benzyl or cycl ohexy i or_ wherein J_an may_be taken tgﬁgther to

forma 5-7 menbirRYCALiReBEGRTPeXAMEGE WP chr nele cHidigi¥a Ret&Fahgofn

aﬁl ected f _romot h@zigrqmm X, 0ngis tdHfx 0, whareS3Q and sSd-aldthox@pthenyl,
erein mis O-

) X 9. .Th t hod, di t |l ai m.7 | ai m 8,
wherein, in for%iﬁ’%r’(%'];' a%‘%’éb%&’ hgbﬁygﬁlcgffg?gpgﬁgpgﬁg%ﬂ%]@ﬂgefeglt qu
fromthe group Tohsdiheryybis¢C2z@GiD) - Ssoxaziyl or2 tmemioheth i Zaaly ) ;

C5- C7) - cycl oal ti - GB) st L.aLght | :
gCS- C?% - ggl gglié%}zli_zubls% %lﬁf%’g‘%bz@)c%’)?’t‘ést :g'l gz?r111'§?&oé)}L gr an?ﬂe’g vgyﬁkyyénlyrl‘ . and

Ar

11. The method according to any one of
claims 7 to 10, wherein, in formula (I), J and K are
taken together to form a 5-7 membered ring.

12. The method according to any one of
claims 7 to 11, wherein, in formula (I), at least one
of B or D is independently represented by the formula -
(CHy) - (X) - (CHy) g-Ar, wherein:

r is 0-4;

s is 0-1;

Ar is as defined in claim 1; and

each X is independently selected from the group
consisting of CH,, O, 8, SO, SO,, N, and NR, wherein R
is selected from the group consisting of hydrogen, (Cil-
C4) -straight or branched alkyl, (C2-C4)-straight or
branched alkenyl or alkynyl, and (Cl-C4) bridging alkyl
wherein a bridge is formed between the nitrogen atom
and the Ar group.

13. The method according to claim 7, wherein

said compound of formula (I} is selected from the group
consisting of:

) O R



substituted (C2-C6)-straight or branched al kynyl . - 10. The met hod
according to claim?7 or claim8, wherein, in formula (1), at |east one of B
or Dis independently selected fromthe group consisting of Ar',

Ar' -substituted (Cl1-C6)-straight or branched al kyl, and Ar'-substituted
(C2-C6)-straight or branched al kenyl or al kynyl; wherein Ar' is an
Ar group substituted with one to three substituents which are independently
selected fromthe group consisting of N-(straight or branched

- 102 - Cl-C5 al kyl or C2-C5 al kenyl ) -cafBoxam des, NN-di-(straight or
branched C1-C5 al kyl or C2-C5 al kenyl ) car boxam des,

N- nmor phol i nocar boxam de, N benzyl car boxam de, N-thlonnrphollnocarboxanlde
N- pi col i noyl car boxam de!SO %k (£r0%¥Q TR £3 r4)F S FImSChexyRAFBY I ) [err] - X,
(CHerr])[err] a&&(ylﬁpﬂp&t&h%—2%}@¢:ﬂy%¢ Sadidet hoyypdemd -y 2-pyri dyl ,

3-pyridyl, 4-py é *rlgyﬁag é%éég#y%%ffil gbgp}hylisoxazpyl, isoxazpyl,

2- nethylthlazoy Iazoyl and pyrimdyl, wherein g
is 0-2. 11. Th% nket hbcpmcznmmg Eotlaiwemhm}eﬁns 7 to 10,
wherein, in forgada,{ o fd‘l:gn Al &b foqetherat 7.qenber ed
ring. @y#hﬂxp T Egccor di ng o a%/‘é one c@, %Ji ?"lt ol 11,
wherein, in forh%TEV¥4§lna§ Y%%BE B #S4®T5s i ndependent |y

represented by the forr@ﬁ&rma&éﬁﬁiﬁdﬂﬁjE&ddepdéﬁle déHergivderr] - Ar,

wher ei n: thdrdSe O dha mixtures dBefscr.

14. The method according to any one of
claims 7 to 13, wherein the compound is administered
orally.

15. The method according to any one of
claims 7 to 14, wherein the compound is not
substantially immunosuppressive at the dosage level
required to cause chemosensitization.

16. The use of a compound according to any one
of claims 1 to 3 for treating or preventing multi-drug
resistance in a patient.

17. A process for the synthesis of a compound
of formula (I'):

comprising the steps of:
{a) esterifying a protected amino acid of
formula (X) with an alcohol of formula (XI):

A



Ar'is-as defined in claim1l; and - each X is independently sel ected
fromthe group consisting of CHerr], O S, SO SJerr], N, and NR wherein
R is selected fromthe group consisting of hydrogen, (Cl- C4)-straight or
branched al kyl, (C2-C4)-straight or branched al kenyl or al kynyl, and

(C1-4) bridging al kyl wherein a bridge is formed between the nitrogen atom

and the Ar group. 13. The nmethod according to claim7, wherein
sai d compound of fornula (1) is sel ectedifogomthe group consisting of:
- 103 - (S)-1-(2-0x0-2-(3,4,5-trinet hoxyphenyl)

acetyl ) pi peridine-2-carboxylic acid-4-pyridin-3-yl-

(3-pyridin 3-yl ) propyl)butyk ester;

(R) -1-(2-0x0-2-(3,4,5- trlne hoxyphenyl) acet yl ) pi peBi di ne- 2-carboxylic
aci d- 4- pyri di n- 3- zl-l- PH- 3-yl ') propyl )utyl [ester,

pharmaceutically Eepta | e dérivatives thereof, xt&?%& t her eof .
14. The et hod accordlngPto any one of clains 7 t0™13, wherein the conpound

is adm nistered orally. 15. The method according to any one of
clainms 7 to 14, wherein the conpound is not substantially imunosuppressive
at the dosage tevgiveegni intervediate cfheforwndat (¥51) on.

K B
J o,
\T/’\'/ \Q/kb
m
P 0

{(X11);

{b) deprotecting the amino protecting group in
the intermediate of formula (XII) to give an amino
ester of formula (XIII):

K 8

NWD (XIIT);
H m

0

N

and

(c) acylating the free amino group in the
compound of formula (XIII) with a compound of formula
(XIV) :

o]

L
‘H’ﬂ\OH {(XIV)

or an activated derivative thereof;
wherein P is a protecting group and A, B, D, J,
K, L, and M are defined as in claim 1.

RN U



16. ,The use of a compound according to any one of clains 1 to 3 for

treating or preventing nulti-drug resistance in a patient. 17. A
process for the synthesis of a conpound of formula (1'): [err]
conprising the steps of: (a) esterifying a protected am no acid of
formula (X) with an al cohol of fornmula (XI): -
104 - [err] to give an internediate of forrmula (X 1I):
[err]

- 105 -

18. The process according to claim 17, wherein
said protecting group is an alkoxycarbonyl group.

TR 00 O



(b)'deprotecting the am no protecting group in the internediate of formula
(XI'1) to give an amno ester of formula (XII1): [err] and (c)

acylating the free am no group in the conmpound of for| -
coﬁpound of formula (XIV): [err] or an act|vatedTﬁﬁyshﬁvlvéSﬂﬁﬁNeof;

wherein P is a protecting group and A, B, D, J, K L,tiand ManelBefi ned as
in claiml. - 105% I8 The

process according to claim 17, wherein saixbgr-otecting group is an
al koxycar bonyl group.

ABSTRACT

The present invention relates to novel
compounds which maintain, increase, or restore
sensitivity of cells to therapeutic or prophylactic

5 agents. This invention also relates to pharmaceutical
compositions comprising these compounds. The compounds
and pharmaceutical compositions of this invention are
particularly well-suited for treatment of multi-drug
resistant cells, for prevention of the development of

10 multi-drug resistance and for use in multi-drug
resistant cancer therapy.
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ABSTRACT

NOVEL MULTI-DRUG RESISTANCE MODIFIER

The present invention relates to novel
compounds of formula (I) which maintain, increase, or
restore sensitivity of cells to therapeutic or
prophylactic agents. This invention also relates to
pharmaceutical compositions comprising these compounds.
The compounds and pharmaceutical compositions of this
invention are particularly well-suited for treatment of
multi-drug resistant cells, for prevention of the
development of multi-drug resistance and for use in

multi-drug resistant cancer therapy.
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The present invention relates to novel compounds of formula (I)
which maintain, increase, or restore sensitivity of cells to
therapeutic or prophylactic agents. This invention also relates
to pharmaceutical compositions comprising these compounds. The
compounds and pharmaceutical compositions of this invention are
particulariy well-suited for treatment of multi-drug resistanc
ce_.ls, for prevention of the development of multi-drug resistance
and for use in multi-drug resistant cancer <herapy.
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