0 7 FEB 2007 WD 99/ 32509 PCT/ CA98101184 HEM ASTERLI N ANALOGS Fi @l cFEBf007

I nvention 5 Thi-s invention relates to biologically active conpounds and
conposi tions, their use and derivation. Background 10 As described in
Talpir, R ewoaks2408994) Tetrahedron Lett. 35:4453-6 and in ipdee 0ol
patent application PCT/ GB96/ 00942 published Cctober 24, 1996 under nunber

W96/ 33211, the conpound hem aster | HBMIRRgTER1. IR0 AIAIRSEd r om nari ne sponges
or synthesized. As set forth 15 in PCI/ GB9 942, hemasterlin and the

synthetic anal ogs described therein are cytotoxic and anti-mtotic.
Conpounds that differrisedan Benragkatkion in the region of the indole noiety
of hemasterlin are novel. It has now 20 been found that anal ogs of
hem asterlin wherein the indole noviety of hem asterlin has been del eted or

repl aced dcsrmnstratermgentlrw&ncmxtot re lat@ Lyt @boXivi8tbhhy 1y SU&HEELX/e
of Invention 25 This |ngent| 8FOVIng a _conpound or pharnaceutlcal

accept abl e sal t THEHLGRSS 1 ANF ng°TRESEGHATIFa SGRT RIS 3Rd F&?F&VﬁFicy N RO
| NR6 OR2Zi R1 35

Background

10 As described in Talpir, R. et _al. (1994) Terrahedron

Lett. 35:4453-6 and in international patent application

e PCT/GB96/00942 published October 24, = 1996 under

b numbexr WO96/33211, the compound hemiasterlin may be

obtained from marine sponges or synthesized. As set forth

15 in PCT/GB96/00942, hemiasterlin and the synthetic analogs
described therein are cytotoxic and anti-mitotic.

Compounds that differ from hemiasterlin in the region

of the indole moiety of hemiasterlin are novel. It has now

20 been found that analogs of hemiasterlin wherein the indole
moiety of hemiasterlin has been deleted or replaced

demonstrate potent anti-mitotic and cytotoxic activity.

Summarv of TInvention
25 '

-This invention provides a compound or pharmaceutiéally
acceptable salt thereof, having the formula
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wherein, ~ 0 7 FEB 2007 WD 99132509 PCT/ CA98/01184 2 Rl and R are.
i ndependently selected fromthe group consisting of: H R and ArHfJ FEmo?
where at least one of Rl and R is R and neither are ArR-, R and R2
_together may optionally be a three to seven nenbered ring; 5 R3 and R are
independentl ?gégﬁged fromthe group consisting of: H R ArReT/icasgioMBer e
at | east one 0 and R is Rand neither are ArR- or Ar, R3 and R
together may optionally be a three to seven nmenbered ring; 10 R- is
selected fromthe group consisting of: HH RR ArR-, and Ar; R is selected
fromthe group consisting of: H R and 15 A’\R - ; R and R are
| ndependent |y sel ectq@ v% an Rheag-reOUPnQEBQﬁBEP‘t'lgl Ofe1blctBa bV Fhe
20 R is: Z-t-Y-; erei h defined as a saturated or unsaturated
noi ety 25 haV|ngm§1$¢$%@ OBFané’fhed2 AN yRFRc /sl WRCERNREI ALAST OFe tof
ten carbon atong, FJ'aORtOlst'Rr aMd OOermal Od%e 28D, 10 QI FOXYURR tRIEnay
and zero to four" fur ‘afops, and the carbon atons are optlonally
substi t ut ed mntﬁP=¥Pna%ﬂY bE a. pRYSe T2 EEen - BRMbeIRE) TINFICRI0, - NH2,
-NHR10, -N gRt0) 2, 30 -N HCOR10, -NRIOCOR10, -1, Br, -d, -F, -CN -CO2H,
-CO R10, CHO CCRlD, - CONE2, CONHRlO gR1Q) COSH, .- COSR10 NC2,
R, and R, are indepéndently’ se;ecceq from the group
consisting of: H, R, ArR-, and where at least one of R, and
R, is R and neither are ArR- or Ar, R, and R, together may

optionally be a three to seven membered ring;

10
R,- is selected from the group consisting of: H, R,
AYR-, and Ar;
R¢ is selected from the group consisting of: H, R, and
15 AYR-;
R, and R, are'independently selected from the group
consisting of: H, R, and ArR-; and
20 Ry is: Z-(EP-Y-;E

and wherein,

R is defined as a saturated or unsaturated moiety
25 having a linear, branched, or cyclic skeleton containing
one to ten carbon atoms, zero to four nitrogen atoms, zero
to four oxygen atoms, and zero to four sulfur atoms, and
the carbon atoms are optlona iy substltuted with: =0, =8,
OH, -OR,,, -O,CRyo, -SH, -SR,;, -SOCR,,, -NH,, -NHR,,, -N(R,,),,
30  -NHCOR,,, -NR,,COR,,, -I, Br, -Cl, -F, -CN, -CO,H, -CO,R,,, .-
CHO, -COR,,, -CONH,, -CONHR,,, -CON(R,,),, -COSH, -COSR,,, -NO,,
-S0O,H, -S8SOR,,, -SO,R,,, wherein R,;, is a linear, branched or
cyclic, one to ten carbon saturated or unsaturated alkyl
group;
35
X 1is defined as a moiety selected from the group
consisting of: -OH, -ORrR, =0, =8, -0,CR, -SH, -8R, -SOCR,



- S8H, -SOR10, -SO02R10, wherein R10 is a linear, branched or cycl |ug Hgnm]
to ten carbon saturated or unsaturated al kyl group; 35 X is define
noi ety selected fromthe group consisting of: -OH, -OR =0, =S,

“SH -SR -SOCR O 7 EEB 2007 PCT/ CA98/01184 WO 99/ 32509 3 Acrfq:e”@“s“
-N??C0R, - NRGAROIBASYY -Br, -O, -F, -CN, -NH2 1 -N(ic) - CO2H, - O®RR, -

CHO, - COR, - CONH2 , - CONHR, - CON(R%4 - COSH, -COSR -NOZ, -SCBH,
-SCR and -SO2R; 5 Ar is defined as an aromatic ring selected fromthe

group consisting of: phenyl naphthyl anthracyl, phenanthryl, uryl,
pyrrol yl, thiophenyl, ofur

beﬂﬁ@blgl oplmmoa o notFt, r§équrﬁ@| ylGN,
i m dazolyl, ~ t hitizol yF\ xa2ol 3)I2 and pyri

t | yiut
with Ror X Y i s g, nedt @R, a -1EBIG%t y- ecfEéNF;Op {Zﬁgﬁﬁ Y SRSt LUt edodd,

om gfoup ~ consi'sti ng
of: a linear, satur at ed Ql\g uns%tdlgat edorON@nido - sg,R; carbon al kyl group,
optionally substl‘tQR %R ArR-, or X; and, Zis defined as a
noi ety selectedfromthe group conS|st|ng of : -OH -OR -SH -SR -NH2;
-NHR, -N(R), - NHCH ( )rs %@gﬁm—ﬁ{‘%s LARCHroRlalt)i CCOCHg waereraer] firem, the
noi ety 20 havﬁ ng the fo3r’m'j - (CH2) nNRlZle; V\/Hgﬁﬁ{._ﬂylj_l =1-Aihcyl,
R12 and R13 are |@ﬁl@@pndemd°>lss—élf&:te%l‘-from t%rby
2qpul pyrrolyl, thlophenyl benzofuryl,
phenanthryl, =8& - ! 1 idazolyl
benzothiophenyl, quinolyl, ;soqulnély ' lmb it teé
thiazolyl, oxazolyl, and pyridyl, optionally substth

10 with R or X;

¥ is defined as a molety selected from the group
consisting of: & linear, saturated or unsaturated, one to
six - carbon alkyl group, optionally substituted with R,

15 ArR-, or X; and,

7 is defined as a molety selected from the group

consisting ©of: -OE, -OR; -SH; -SR; -NH,; -NHR; -N(?)ﬁ
-NHCH (R,,) COOH; and -NRCH (R,,) COOH, wherein R,, 1§ 2 moiety
20 having the formula: R, OT - (CH,) ,NR,,R;;, whereln n=1-4 and

R and R,; are ‘independently selected from the group
12 -
consisting of: H; Rj and -C(NH) (NH;) .

This invention also provide methods of preparing the
25 aforementioned compound of forwula I, and precursors
thereof, as descr:_:ibed_ herein.
This 1rvent¥on also provides the use. of the
aforementioned compound of formula I, or a pharmaceutically
30 acceptable szalt thereof, for:

(a) manufacture of a medicament;

(b) in 2 method whereby cells, including tumor cells

)
ut

which are succeptlble to the cytotoxic effects o
ths compound are treated with the compound or

ph=rmaceutically acceptable salt thereof; and



consisting of: H R and -C (NH) (NH2) This invention al so provide nethods
of preparing the 25 aforenentioned conpound of forrmula I, and precaﬁ$gﬂ§m7
t hereof, as described herein. This invention also provides the use of the
.af orementi oned conpound of fornula I, or a pharmaceutically 30 acceptable
salt ther e% 9% ;'09(a) manuf acture of a medi canent; (b) in a pet/lads/ehes eby
cells, inclu8i é‘%unnr cells 33 which are susceptible to the cytotoxic
effects o: the conpound are treated w thythe conpound or pharmaceutically
acceptabl e salt thereof; and O 7 FEB 2007 WO 99/ 32509 PCT/ CA98/ 01184 4

(c) in a nethod whereby cells are treated with the conpound or a '
pharmaceutical |y accepfablg salfer HOErgREreb RidiNGs aROH! tHRldL W E18St hien
the cells, or the production. of abnormal nitotic 5 spindles in the

cel |'s. Description of Fi gapeROFRGuIRY 12| PhaIdwareilticashywaryeP % fédt
scheme for 10 synthesis pfege68NMPANdLel nfhighda erfiititidi avies? i athe
schematic. showing a ..preferred schene for synthesis *of the amno. acid
used in the coupling reacEReAs. sH¥n Ghe FPEGRYcEioy gigypEngrmaly mitotic

schematic show ng steps iBptihRels¥ntheshe <@filas conpound of this invention
as described in the exarrpFes her ei n.

Decscription of Figures

Figure 1 is a schématic showing a preferred scheme for

10 synthesis of a compound of this invention.
Figure 2 is a schematic showing a .preferred scheme for
synthesis of the amino acid used in the coupling reaction

shown in Figure 1.

15
Figure 3 is a schematic showing steps in the synthesis
of a compound of this invention as described in the
examplés herein.
20 Figure 4 is a schematic showing steps in the synthesis

of the dipeptide shown in Figure 3, as described in the
examples herein. )
Figure 5A and SBfare graphs comparing the cytoxicity
25 of hemiasterlin to SPA-110, as described in the examples
herein.

Figure 6 is a graph comparing the anti-mitotic
activity of SPA-110 (®) to hemiasterlin (0O), as described

30 in the examples herein.



.20 Figure 4 is a schematic show ng steps in the synthesis of the g'r]qggt '&p}e
shown in Figure 3, as described in the exanples herein. Figure 5A an g

are graphs conparing the cytoxicity 25 of hem asterlin to SPAs $84
“descri bed iﬁ"‘i’ﬂ%méﬂgrrpl es herein. Figure 6 is a graph conparﬁl]é&?%gﬁ

anti-mtotic activity of SPA-110 (+) to hemasterlin (), as described 30
in the exanples herein. 0 7 FEB 2007 WD 99?7 32509 PCT/ CA98/ 01184 - 5
Det ai | ed Description of the Invention Except where otherw se stated, the

recitation of a conpoun al | fpo sihle salts of the conpound,
5 and denotes all pos% 2 R Rict ural formul a

gi ven for such conpound; {nclading geonetrical and optical isonmers. Unless
otherwi se stated, materials described herein conprisi a conmno o]

which isomers exist,EXFEPfo F%g%?gﬁﬁwégeco{;&?%%' i Eglevilﬁﬁj% all{gldcfrgso{rargr s
and, mxtures of cbspBEAE hetkudi ngveasenild posstibles saltd e chepcompaind,

formula | set out ove, bonds_,dr | vY: dd r r L OB 1
whi ch nmay be® 1528 ti\éﬁ?oggﬁt e?%f g%]e?éé% y,léﬁ{ﬁe@?%l ﬁ%év'vlé%gbggso lr};[}glr? . ©
configurations peegagknakd: ZO6rRB1R4 ®Iven<NoRS such compound, including

geometrical and optical isomers. Unless otherwise stated,

materials described herein comprising a compound for which
isomers exist, are to be regarded as covering individual
10 isomers, and, mixtures of isomers including racemic

mixtures.

In the compound of formula I set out above, bonds
drawn in wavy line are from carbon atoms which may be:
15 optical centers. Preferably, the following absolute

configurations predominate:

20
R
Ry, R4 i )’\}
RSX')\ N
25 N Re
: R,” "Ry
30

Except where otherwise stated, any moiety referred to
herein which is' described as "alkyl" will preferably be
straight chain or, branched when possible, and will
preferably have up to eight, more preferably up to six and

35 = even more preferably up to four carbon atoms. Except where
| otherwise stated optionally substituted alkyl groups are



25 NR6 R2 Rl 30 Except where otherw se stated, any noiety referred to
herein which is described as "alkyl"™ will preferably be straight Zrﬁbr} Qr,
branched when possible, and will preferably have up to eight, m)p 007
preferably up to six and 35 even nore preferably up to four carbon atons.
Except V\:he% ggzgg%vw se stated optionally substituted al kyl growgosnnsd 7
FEB 1007 v 09 PCT/ CA98/ 01184 6 preferably unsubstituted. Methyl is
the nost preferred alkyl group. In this gpecification, reference is nmade
to alkyl 5 noieties being saturated or unsaturated, thereby including
within the definition of the noiety, alkene and al kyne groups (whet her
internal, term t ..of I 4 N a woeRpeund of -fer | preherred
fol |l ow ng subsP??l%ee%{asﬁ)f};louas(])%esr:elg&?)%%ébonﬁi nation, sgr eﬁgrg‘&eﬁ eg: . (a) R1
and. R2_ i ndeped#psnt IgroupH, nethyl, ethyl, propyl, n-butyl, acetyl ; or,
where R1 and. R2 are joined: cyclopropyl, cyclobutyl, cyclopentyl or 15
cycl ohexyl; nore preferably Rl and R2 are independently: H or CH3; np
eort&® o?iké(l

preferably RL is H HndtRiS sSPRFLIIARtIN®S eFSBISF S S0rE HAR

and R is &, ﬁgi@fieeﬁfﬁéﬁﬁgbéxtu%t@ad%Laﬁﬂﬁwla&mlpem@ebyrmhbyhding
ethyl, n-propy of n-butyl, ;9L where RB: and Ri_are joined: R-cyei opiQpyk:

~ v
4

Q. CyCl obut yl , watonin the CeIllnitTillli O
groups (whether internal, terminal or part of a ring).

In a compound of férm_ula I, the following substituents

10 alone, or in combination, are preferred:
(2) R, .and. R, independently: . H, methyl, ethyl,
" propyl, n-butyl, acetyl; or, where R, and R, are
joined: éyclopropyl, cyclobutyl, cyclopentyl or
15 cyclohexyl; more preferably R, and R, are
independently: H or C=;; most preferably R, is H

and R, is CH,;

(b) preferably no more than one of R; and R, is H;
20 - more preferably, R; and R, are independently:
methyl, ethyl, n-propyl or n-butyl, or, where R,
and R, are joined: B-cyclopropyl, B-cyclobutyl,
6-cyclopehtyl or B-cyclohexyl; most preferably R,
and R, are ea.ch methyl;

25
(c) Rg: Ar in the definition of Ry is preferably
phenyl, naphthyl, anthracyl or pyrrolyl;
preferably R; is phenyl, methyl or H; most
preferably R® is phenyl or methyl;
30

(d) R, and R, incependently: H or methyl, more

preferably R, is H and R, is methyl;

{e) R,: a three to six carbcn, branched alkyl group;

35 more preferablyv R, is -C(CH,);; and



(3-cyclopentyl or (3-cyclohexyl; nost preferably R3 and R4 are e ?WEB 2001
methyl; 25 (c¢) R5: Ar in the definition of R is preferably phen@

napht hyl , anthracyl or pyrrolyl; preferably R is phenyl, nethyl or

most  pref er abl Y, i's phenyl or methyl; 30 (d) R6 and R |nd@ﬁ§§’ﬁd&4’i‘illl§“ H
or nethyl, WRPY? B eferably R6 is Hand R8 is nethyl; (e) R: a three to

Si X ca:bon, branched al kyl group; 35 nbré preferably R is -C (CH3) ;; and
0 7 FEB 2001 PCT/ CA98/01l 84 WD 99/32509 7 (f ) in RO, Zis preferably
OH, -OR14 (wherein Rl4 is a linear or branched Si X Vs &
group, -NHCH (R 1Ji)f)COC3Hl cRg, NCHECIPYatenga *EIBO-B g’ "%?% ﬁI}zaﬁ‘cf’) ES
(CH2) nNHC (NH) (NH2) ; 8{ r@f&:&@béa &ea&slgmsrﬁonomlwérgrﬁUM5
is nethyl, ethyl, R15 1 pro i SO or
."sec-butyl and R16 is H, rrelﬂh@ﬁ( hl%)ﬂ O"grcdjp? NC{J?@% g*lépyl uty Rail 38
i so-butyl or sec-butyl ptqt;pr)abmc(&q{)s(m)andoﬁgRas;Sa ;vmf%ra ly
-CGCC (CH) C O 15 CHW?CH%§ 2 \ihér'e has a chiral center in noiety Y,

- the foIIoang o
_C-C=C(R,¢) C-OH wherein R;; is methyl, ethyl,
Ris

10 n-propyl, isopropyl, tert-butyl, iso-butyl, or
sec-butyl and R, is H, methyl, ethyl, propyl,
iso-propyl, n-butyl, iso-butyl or sec-butyl; more
preferably Z is OH and R, as a whole is:

Q
15 -C-C=C (CH,) COH

CH (CH,) ,
Where R, has a chiral center in moiety Y, the following
absolute configuration 1is preferred, with reference to an
20 example where the chiral center has a methyl substituent:
i
,\/N\Z)‘
25 :

formula I may be prepared by coupling

Compounds of
represented below using standard

30 moieties A, B and C as | .
procedures, including procedures for coupling amino acids

through a peptide bond.

A B C

35




absol ute configuration is preferred, with reference to an 20 exanple where
the chiral center has a nmethyl substituent: P4 ~/Nv 25 Conpounds] PEB 2007
formula | nay be prepared by coupling 30 noieties A, B and C as
represented bel ow using standard procedures, including procedures for

coupling 3%99&,%595 t hrough a peptide bond. A B C 35 R3 RPCD/ENISICIRE N
N" RO | : ~ R R5 00 7 FEB 2007 WD 99/ 32509 PCT/ CA98/01184 8 A
coupling agent, for exanple PyBroP, is sugtably used in the reaction. The
reaction suitably conprises connecting amno acid noieties in the presence
of the 5 coupling agent, a base such as 4-di net hyl am nopyridine and a n
organi ¢ solvent such as ,;.ethylene chloride . standard reaction quenching
and purification procedures known in the art produce the coupl ed c rrpoung.

10 Preparation of né eurd imaRgettas IR @XRE AR PRy 1HSehrdh vl Bt

usi ng procedur gg a’%}hét arbhipg iRt eri al gheknawadtidme sutirablfy exsonbeibys
follow ng the iethods = described in the aforementioned PCT/ GBI6/ 00942. The
met hods as set comne&gting @RERS e3Cher MALFEYShe thplBifegPresence ©

S coupling agent, a base such as 4-dimethylaminopyridine and
an organic solvent such as. methylene chloride. Standard
reaction quenching and purification procedures known in the

art produce the coupled compound.

10 Preparation of moietiés B and C as described above may
be carried out ﬁsing procedures and starting materials
known in the art, for example by fellowing the methods
described in the aforementioned PCT/GB96/00942.  The
methoas as set out in the examples herein may be employed,

15 with suitablé modiﬁication to materials and reagents,
according to particuiar substituents of moieties A, B and
C.

One aspect of this invention is a method for preparing
20 a compound of formuld I in which a compound of the formula:

25

30

35



15 with suitable nodification to materials and reagents, according7qqazm7
particul ar substituents of noieties A, B and C One aspect of this

invention is a nethod for preparing 20 a conpound of fornula ' ' a
conpound of VRSB a: R3, Ra O R7 25 OH -ky RS NH R2 N ﬁ?“&%%“‘%*& i's

coupled with a conpound of the fornmula: HNIIlI 35 RO 07 FEB 2007 WO
99/ 32509 PCT/ CA98/01184 9 A conpound of" Pormul a 111 may be prepared by
known nethods (such as described in PCT/GB96/00942) and by the 5 nethod

described in the exanples herein. A further aspect of this inventionis a
met hod for preparing a conpound of the formula Il described above in

whi ch a conmpound of the formula: 10 R R4 OR7 15 OR RS NN ~N~R R6 0 2
R2'*" 20

A compound of formula III may be prepared by known
- methods (such as described in PCT/GB96/00942) and by the
5 method described in the examples herein.

A further aspect of this invention is a method for
preparing a compound of the formula II described above in
which a compound of the formula:

10
R, Re @ R
. OR
N 0
Ry” "R s
20

is treated with a base such as dilute sodium hydroxide in
a solvent such as methanol for enough time to allow removal
of OR; followed by acidification to about pH 3. Preferably
R in formula IV is a simple alkyl chain, such as CH,;, and a
25 protecting agent such as tert-butoxycarbonyl (Boc) may be
used to protect the amine group; i.e. R, or R, is replaced
by Boc. The Boc group is suitably removed by a reaction
such as TFA/CH,Cl, for about 1 hour at ambient temperatures.
An appropriate isolation protocol produces the TFA salt.
30 Subsequently another group (eg. R, or R,) could be
introduced on the nitrogen by standard techniques known to

any person in the art, which produces compound of formula
Iv.

35 A further aspect of this invention is a method for

preparing a compound of formula IV described above in which
a compound of the formula:



is treated with a base such as dilute sodiumhydroxide in a soIvEf% ﬁ?ch
as net hanol for enough tinme to allow renoval of OR foll owed by EB 2007
acidification to about pH 3. Preferably R in formula IV is a sinple alkyl

chain, such as CH3, and a 25 protecting agent such as tert-butoxycarbonyl
(Boc) may be wused to protect the am ne group; i.e

. ( . €. Rl or RZ p&reapiamasd
by Boc. ThevdBm:26%up is . suitably renoved by a reaction such as TFA/ CH2C12
for about 1 hour at anbient tenperatures.igAn appropriate isolation

prot ocol produces the TFA salt. 30 Subsequently another group (eg. Rl or
R2) could be introduced on the nitrogen by standard techni ques known to
any person in the art, which produces conpound of fornmula [V. 35 A further
aspect of this invention is a nethod for preparing a conpound of fornula

|V described above in which a conpougd of R{hedformula: 0 7 FEB 2007
PCT/ CA98/ 01184 WD 99/32509 10 - R3 R4 S v RiN-R is coupled with a
conpound of the formula: 10 7 HEN -g- dg Fd Preparation of
conpound V can be acconplished by man§'5 progedur €5 known Mo person skilled
in the art.5 One such /N\
Ry R
is coupled with a compound of the formula:
10
| _
15 Rg o
Preparation of compound V can be accomplished by many
procedures known to person skilled in the art. One such
20 example 1is described below in Figure 2. Compounds of
formula VI may be ﬁrepared by methods known to persons of
skill in the art.
A preferred method according to this invention for
25 preparing & compound of formula I, is to prepare a

dipeptide comprising moieties B and C and couple the
dipeptide to moiety A. In this method, a compound of the
following £ormuls, wherein ©O and T together are a
combination of any two of the substituents: R,, R, and 2

30 protecting group:

R, Rs ©

RSX(U\OH VI

N
Q7 °T

(V8]
[9,]

is coupled with a ccmpound of the formula:



20 exanpl e is described belowin Figure 2. Conpounds of formula Vi T8y, ﬂm7

prepared by nmethods known to persons of skill in the art. A preferred'3

met hod according to this invention for 25 preparing a conpound of fornula

|, is to prepare a dipeptide conprising noieties B and C and"E%Gﬁﬁ%Pﬂ?ﬁa

di pepti de ?Gﬁﬁﬂpé ¥y A In this nethod, a. conpound of the follow ng

fornmula, wherein Q and T together are a- éénbi nation of any two of the
substituents: RlL, RZ and a 30 protecting group: RB R4 ORS OHVII 75

" Q-NN. T is coupled with a conpound of the fornmula: 0 7 FEB 2007

PCT/ CA98/ 01184 WD 99/32509 R7 R8 H11 NN~, RO VIII 15 R6 0"'" 1.
co,plink "T , VIl I ' be prepare 6.1 ~Ry.~ | "/1~~01111d of may
Lorll11.114 a conpound of formula IIl as fescribed above, with a conpound
of the fornula: 10 R7 Boc~N ---1y ®H 5 AN _
Tf Ry VI
5 Re O

a compound of formula 111 as described above, with a

compound of the fo;mula:

10
R4 )
: Bo&; /i\jr/OH
N X
15 |
R¢ O
20 , -
Compounds of ! formula IX may be prepared by methods
known to persons of skill in the art.
A further aspect of this invention is a method to
25 prepare 2 comnound of formula VII as described above in
which a compound of the formula:
X
30 Rs OH

w
wnm



R6 O 20 conpounds of Iformula I X may be prepared by nethods known to

persons of skill in the art. A further aspect of this invention i Eﬂfzﬁ?od
to 25 prepare a conpound of formula VII as descri bed above in [

conmpound of the formula: RRA OX 30 RS OH 35 0 7 FEB 2007 WD 99/ 325 2
PCT/ CA98/ 01W&299/3252 s treated with a base fol l owed by an Z5de*C8M8und.

The azide derivative so produced is reduced to forman amne which is
then treated with groups selected from -Rt2 R1L and Boc in the presénce of
a base such as sodiumhydride. 5 Figure 1 sets out a preferred schene for

preparation of .a conpound of fornula I_involvj the coupling of am no
acid noi ety A wilth HRERHMHR & Ei%i%?glrlﬁﬂeé&gea@m ' CoipayRd . | The
eLrbodi rrfle'n:1 ShOV\ﬂéaziieré F@e:ﬁi@antﬁvet be wbsmbtgdemm ﬁédd@ecﬁhEOdif@Qﬁ{ izde antne
t hose o emasterlin., T Bo rotecte i peptide.portrayed in the_figure
oy be obt gl mad WL dha e i Bene o nt t SrREBE, S REERarErR: " e S
noi ety, Boc mapdeplcehRpratdrate tdiina Pasn: doth &8 acditld hpgrhde.

present on the A noiety prior to coupling. 15 Figure 2 sets out a preferred
schene for preparation

Figure 1 sets out a preferred scheme for preparation
of a compound of formula I involving the coupling of amino
acid moiety A with a dipeptide coniprising moieties B and C.
In the embodiment shown in the figure, the substituents of

10 the dipeptide are those of hemiasterlin. The Boc protected
dipeptide portrayed in the figure may be obtained by the
methods set out in the examples herein. On the A moiety,
Boc may replace R, rather than R, or both R, and R, may be
present on the A moiety prior to coupling.

15
Figure 2 sets out a preferred scheme for preparation
of moiety A as used in the scheme shown in Figure 1. R, may
be added in place of Boc and Boc may replace R,.
20 Compounds of formula I are bioclogically active. The

invention includes the use of a compound of formula I.

Compounds of formula I may have pesticidal, for example

insecticidal activity. Preferably, however, the use is in

the pharmaceutical field for medical or veterinarial
25 applications.

The compounds described herein have utility as
cytotoxic agents, particularly against tumor cells and may
have utility as anti-bacterial or anti-viral agents.

30 Therefore, this invention includes a pharmaceutical
composition comprising an effective amount of a compound of

formula I, in association with a carrier.

This invention further provides the use of a compound
35 of formula I for the manufacture of a medicament for use in

the treatment of cancer or a tumor in a mammal.
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rectal and-inhalatory application. The compositions may be
provided in discrete dose units. The carriers may be
particulate, with the compositions being, £for example,

tablets or powders, OF liquid, with the compositions being,
Q. - -

- for example, oral syrups or injectable liquids, or aexrosol,

for inhalatory application.

For oral administration an excipient and/or binder may
be present. Examples are sucrose, kaolin, glycerin, starch
dextrins, sodium alginate, carbosymethylcellulose and ethyl
cellulose. Colouring and/or flavouring agents may be
present. A.coating shell may be employed. For rectal
administration oléaginous bases may be empl?yéd, for
example lanolin pf cocoa butter. For an _1n3ectable
formulation buffer%; stabilizers and isotonic agents m§¥ be

included.

The dosage of a compound of formula I may depend upon
the weight and phxsical condition of the patient; on the
severity and longevity of the illness; and on the
particular form of the active ingredient, the manner of
administration and the composition employed. A daily dose
of about 0.0001 to about 100 mg/kg of body weight taken
singly or in separate doses of up to 6 times a day, or by
a continuous infusion, embraces the effective amounts most
typically reguired. A preferred range is about 0.00lito
about 50 mg/kg of body weight, per day, most preferably

sbout 0.01 to about 30 mg/kg of body weight, per day.
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procedures that require blocking cells in mitosis, such as

10 the preparation of mitotic spreads for karyotype analysis.
The compounds of this invention can also be used to probe

microtubule function in mitotic cells,

Examples

15
The following examples provide a detailed description

of preferred methods of synthesis of a preferred compound
" of this invention, SPA-110. Also described are precursor
compourds and characterization of various compounds of this
20 invention. Figures 3 and 4 schematically portray the
synthesis of the a SPA-110 salt according to the examples.
Reference numerals in the examples correspond to labelling
of compounds in Figures 3 and 4 and labelling of compounds
depicted in.thé examples.
25
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"spreads for karyotype analysis. The conmpounds of this invention can al so
be used to probe mcrotubule function in mtotic cells, Exanples 15 The
foll ow ng exanpl es provide a detailed description of preferred nethods of
synthesis of a prefier ol by of this invention, SPA-110. Also
“descri bed =t ; onpounds and characterization of various
compounds of this 20 invention. Figures 3 and 4 schematically portray the
synthesis of the a SPA-110 salt accordindsto thDexaanes Ref erence
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5 .

3-Methyl-2-butenoic acid (1, 5.10 g, 50.9 mmol) and AICI3 (20.4 g, 153 mmol) were :
placed in a one-neck round-bottomed flask. Benzene (50 mL) was added, which produced
vigorous bubbling. Upon compled{)n of the bubbling, a capped condenser (i.e. closed system)
was anached, the reaction rhixture was stirred and placed in an oil bath at 650C. The pressure in
the system was occasionally releuéd. The progress of the reaction was followed by following the
loss of starting material by GC. If the reation was not complete within 1 h, a small quantity of
AICI3 was added and stirring was continued. To the solution was added diethyl ether and the
mixture was cooled to 0°C. Slowly conc. HCI and some water were added until all the solid
dissolved and the pH was less than 2. The agueous layer was extracled with diethyl ether three
times. The organic layer was concentrated to 150 mL and then was extracted with a saturated
sodium hydrogen carbonate solution six times. The combined agueous layer were acidified with
conc. HC until the pH was less than 2. The acidic aqueous layer was extracted with diethyl ether
three times and the accumulated organic layer was dried with magnesium sulfate. The solution w:
filtered and the diethyl ether was rémoved in vacuo producing a white solid (8.51 g, 47.7 mmol)
in 94% vield, which did not need further purification. mp 55 - 56°C. 1H-NMR (400 MHz,
CDC13§ 10.45 (bs, 1H, CO21D), 7338 d,2H,J=7.2Hz, H-11and H-7), 7.32 (L 2H, 7 = 7.2
Hz, H-10 and H-8), 7.21 (1, 2HJ =17.2 Hz, H-9), 2.65 (s, 2H, H-2), 1.47 (s, 6H, H-5 and H-
4); Mass spectrum (EI) 178 (23, M- +), 119 (100, [CoH11]*). For pioneering work to form 2
see: F.J. Eijkman (1908) Chem. Kent.r 1, p- 110; or A. Hoffman (1929) J. Am. Chem. Soc.
51:2542.
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Benzene (50 nL) was added, which produced vigorous bubbling. Upon
conpl eti on of the bubbling, a capped condenser (i.e. closed systen% m?f
- attached, the reaction m xture was stirred and placed in an oPFT/EAPHOE
650C. The w@swBs@9in the system was occasionally rel eased. The progress
~of the reaction was followed by fotfowing the loss of starting material by
GC. If the reation was not conplete wirthin |l h, a small quantity of AlICl3
was added and stirring was continued. To the solution was added di et hyl
ether and the mxture was cooled to OC. Slowy conc. HC and sone water
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filtered and the diethyl et he? renmoved i nfvaduo producing a white solid

(8.51 g, 47.7 mml) in 94%yi el d'® which dimt need further purification.
mp 55 - 56C. 1H NMR (400 MHz, (CDC13)310. 4% (605,7 1H, . C2131), 7:38 (d, 2H,
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° of (4.5')-(-)—4-isopr6pyl-2-oxazolidinonc (1.45 g, 11.2 mmol) at -780C in THF (60 mL) ?roducmg
a white precipitate. The resulting suspension of the lithiated oxazolidinone was ad.ded vx.a cannula
1o the reaction flask. Stirring was continued for 2 h, water was added and the reaction mixture was

warmed to room temperature, whereupon it was extracted three times with diethyl ether. The

aqueo i h di et hy
| ayer was concentrated to 150 ni, aqg t
sodi um hydrogen carbonate sol ution X
were acidified with conc. HO, upiy
aqueous | ayer was extracted wt

combined organic extracts were dried over magnesium sulfate, and con.ccntratcd in vacuo. The
product was purified by radial chromatography (4 mm plate, 3 : 7 diethyl elhclr - pet. ether)
affording compound 3 as a clear, colourless oil in 84% yield (1.37 g, 4.74 mmol). H-NMR (400
MHz, CDCI3)7.38 (d, 2H,J=17.3 H_i, H-19 and H-15) 7.28 (1, 2H, J =17.3 Hz, H-18 and H-
16), 7.16 (1, 1H, J = 7.3 Hz, H-17), %1.22 . 4.18 (m, 1H, H-4), 4.05 (dd, 1H, J =9.0 and 2.8
Hz, 1H-5), 4.00 (t, 1H, J = 9.0 Hz, 1H-5), 3.38 - 3.30 (m, 2H, H-10), 2.16 - 2.12 (m, 1H, H-
6), 1.48 (s, 3H, H-13 or H-12), 1.47 (s, 3H, H-13 or H-12), 0.79 (4, 3H, J = 7.1 Hz, H-8 or H-
7), 0.71 (4, 3H, J = 69 Hz, H-8 or H-7); Mass spectrum (ED) 289 (8, M-t), 119 (100,
{C9H1111). Optical rotation obtained was [ct]i;s +69.5 (c 1.16, CHCI3). Compound 3 was

prepared according to D.A. Evans ;_x_aJ;.(1988) Tetrahedron 44:5525.

Preparation of the 4-i<opropvl-2-oxazolidinone 4
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and cooled to -78C. Triethylamne (1'.17 M., 8.42 mmol) and trinet %;etyl
_ chloride (0 76 ggr 6.17 mmol) were added to the reaction fIHICHERILE ng
a white soM%FR resulting mxturel?was warmed to OC for 1 h and then
cool ed back down to -780C. In a second flask butyllithium (6.84 n., 1.6 M
in hexanes, 10.9 mmol) was added dropwi se with vigorous stirring to a
solution of (4S)-(-)-4-isopropyl-2-oxazolidinone (1.45 g, 11.2 nmol) at

-78C in THE (60 nL) producing a white precipi The re ing
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7.2 Hz, H-19 and H-15),7.31 (1, 2H, J = 7.2 Hz, H- 18 and H-16), 723(t lH 7.2 Hz, H-
17), 5.64 (s, 1H, H-10), 3.95 (dd, 1H, J = 8.7 and 2.2 Hz, 1H-5), 3.89 - 3.85 (m, 1H, H-4),
3.56 (1, 1H, J = 8.7 Hz, 1H-5), 2.31 - 2.26 (m, 1H, H-6), 1.54, 1.52 (s, 3H, H-13 and H-12),
0.83 (d, 3H, 7 = 7.0 Hz, H-8 or H-7), 0.79 (d, 3H, J = 6.9 Hz, H-8 or H-7); Mass spectrum
(DCI1, NH3) 349 (45, [M+NHs]"), 348 (100, [M+NH41%), 331 (12, [M+H}*), 303 (57, [M-
N>J*), 119 (94, [CoH11]*). Optical rotation obtained was [@]5 +121. 5 (c 1.1, CHCI3).
Compound 4 was prepared according to the methodology developed by D.A. Evans gt al. (1990)
J. Am. Chem. Soc. 112: 4011. 2,4,6- Triisopropylbenzenesulfonyl azide was prepared by the

method of O.C. Dermer et al, (1955) J. Am. Chem. Soc. 77: 70.

Preparation of the 4-isopropyl-2-oxazolidinone $

23
Azide 4 (418 mg, 1.26 mmol), 10% palladium on charcoal (280 mg), and di-tert-butyl
dicarbonate (608 mg, 2.78 mmol) were placed in a 100 mL flask. Ethyl acetate (37 mL) was

added and the resulting black suspension was stirred at room temperature. The mixture was
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99/ 32509 17 Oxazolidinone 3 (472 ny, 1.63 mml), dried under hi gh (VacEaugn]
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titrated potassiumbis(trinethylsilyl)amde (15.6 nL, 0.115 '#/EAI%’IB‘&' 79
mol ) was added and the resulting sol hi on was stirred at -78 or 1 h. A
sol ution 0W029,91?',289 riisopropyl benzene;d | fonyl azide (625 ng, 2.04 mmol) in
.THF (5 nL) at -78C was added via cannula and after 2 mn.. the orange
coloured reaction mxture was treated wth glacial acetic acid (0.429 ni,
7.50 mmol ), warnmed to 40C in a water bath and stirred for a further hour.
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Oxazolidinone 5 (245 mg, 0.605 mmol) was dissolved in a mixwre of 7.1 mL THF and
1.8 mL water. This solution was cooled t"p 09C and hydrogen peroxide (0.618 mL, 30% aqueo.us,
5.45 mmol) and lithium hydroxide (1.85 mL, 1.0 M, 1.82 mmol) were added. The resulung
mixture was stirred at room temperature overnight (~15 h). The excess peroxide was ql.lenched by
addition of sodium hydrogen sulfite (7.1 mL, 1.5 M, 10.7 mmol) and stirring was continued for 1
h. The aqueous phase was acidified with 1.0 M citric acid and the mixture was exuz.med three
times with ethyl acetate. The combined ethyl acetate extracts were dried over magne.smm sulfate
and concentrated in vacuo. To the remaining crude material was added a solution of dxaz?memane
in diethyl ether until the solution stayed yellow. After bubbling argon through the solution for 15
min., the remaining volatile components were removed in vacuo 1o afford crude co.mpound 6.
Purification of ester 6 was accomplished by radial chromatography (2 mm pla.tc, 3:7 diethyl emc?r
- pet. ether, sample was loaded with CHCI3), producing a clear colourless oil (171 mg, 0.555) 1n
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was stirred under a hydrogen ball oon overnight (-14 h). The reaction’

m xture was filtered through silica gel and the collected material was
washed with- ethyl acetate. The conmbined filtrate was concentrated i n vacuo
and tbz%c?eme hHXNMR (466 NiHe CDé.“d3) By83f1 22 (ooldmbdlés dirdd odridp by 128 7:20
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(2.)-N-rert-butoxvcarbonvl-N-methyl-3-methyl-3-phenylbutanoic acid (7)

To a vigorously stirred solution of ester 6 (43.4 mg, 0.141 mmol) in 2 mL dry DMF were
-added sodium hydride (10.2 xﬁg, 4.24 mmol) followed by methyl! iodide (0.088 mL, 1.41 mmol)
and the resulting grey suspension was stirred overnight (~20 h) at room ternperature. The excess
sodium hydride was quenched by cautious addition of water and the mixture was acidified by
dropwise addition of 1.0 M citric acid. The acidic mixture was extracted three imes with ethyl
acetate, the combined organic layer extracted three imes with brine, dnied over magnesium sulfate
and concentrated in vacuo. The resulting light orange oil was dissolved in 4 mL methanol in a 25
mL flask. To the solution was added 1.0 mL of water, followed by 1.13 mL of 1,0 M lithium
hydroxide. The reaction mixture was heated at 60°C overnight (~14 h), producing a white
precipitate. To the resultant mixture was addéd saturated sodium hydrogen carbonate solution and
water; the mixture was then extracted with ethyl acetate. The aqueous layer was acidified with 1.0
M citric acid until the pH was ~ 4. The mixture was extracted three imes with ethyl acetate. The
combined organic layers were dried with magnesium sulfate and concentrated in vacuo.
Compound 7 was also found in the first ethyl acetate extraction so it was also added to the crude
product. Purification of acid 7 was performed by silica gel column chromatography (1 : 2 diethyl
ether - pet. ether with 1% acetic acid) resulting in a 49% yield (21.2 mg, 0.0670 mmol) of a clear
colourless oil . 1H-NMR (400 MHz, CDCI3) 7.41 (4, 1.3H, J=7.6 Hz, H -17 and H -13), 7.37

(d, 1.3H,J=76Hz,H-17and H-13),7.28 (1, 2H, J = 7.6 Hz, H-16 and H-14), 7.18 (1, 1H, J



(100, [C9H14N2051+) Optical rotation obtained was [a]21 p +118.4 (c 0.935

CHC13) . Conpound 5 was prepared according to the nethodol ogy deyel p@eﬁnfoy _
D.A Evans et et al, (1990) [supra]. Methyl (2S) 2 (tern
but vl oxycar bonyl)arranO 3-net hyl 3-vhenyl butanoate (6) 5 d 0 16 17 151 ~1

.31 0w 14 12 NH 13: 06 6 O 10"7 9 Oxazolidinone 5 (245 npcTicA8H11840] )
was di ssol veeh dors2809m xture of 7.1 nmL ZBE and 1.8 nmL water. This sol ution
~was cooled to 0C and hydrogen peroxide (0.618 nL, 30% aqueous, 5.45 mol)
and lithiumhydroxide (1.82 nm., 1.0 M 1.82 mol) were. added. The resulting
m xture was stirred at roomtenperature overnight (-15 h). The excess

- peroxi de was quenched by addition of sodiumhydrogen sulfite (7.1 nL, 1.5

10. 7 f H-2)T1e7 ¢ do0fsH pHee 2625 (s,
g/lc, d,f,-eﬂ%li{ rﬁ”l‘?aa,, f{nl"ﬂ b@go%ﬁ €00, Imebs or33H, H-2)T o pHabe 2@s

r aci d and tur ext he
with etlpsH,dé6)al.65 (ThéHcéhﬁlOﬁ:ﬂ:f 4dth § CﬁBi‘ . ngg.f;aaét{ga&mégﬂﬂm Q 10 ms
rragne5| s&igsg%)%cw%d(gmgmwurmeyj 2r3n (Ba[cMeDt Ba]thd 18P niGRH bﬂu (—:57 (78

materi a
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solution for
mn., the remaining volatile conponents were renoved in vacuo to afford

crude conpound 6. Purification of ester 6 was acconplished by radi al
chromat ography (2 mmplate, 3 : 7 diethyl ether - pet. ether, sanple was

Ioaded#ﬁ%W| ng a clear colourless oil (171 ny, ’ 0.555) in 0 7
FEB 20 98/ 01184 WD 99/32509 19 92% vyield. 1 H NVR (400 MHz,
CDC13) 7.33 - 7.27 (m 4H, H 16, H 15, k|-13 H12), 7.20 (t, 1H J = 6.7

Hz, H-14), 4.99 (bd, 1H, J2—282§Hz1 41150(bd 1H J=88H, NIi),
7 1
':' 30/\

30 ’ 9
o 9

33 32 |
The N-Boc-amino ester 8 (71.6 mg, 0.174 mmol) was dissolved in 1 mL CH2Cl7 and !}

mL of TFA was added. The reaction mixture was stirred at room temperature for 0.5 h. Removal
of the solvent in vacuo, followed by repeated rinsing of the remaining material with CH2Cl2 3x 5

mL) and evaporation of the residual solvent afforded the TFA salt of the amino acid ester 8. Ina
separate flask, to a solution (or suspension) of the N-Boc protected amino acid 7 (51.5 mg, 0.167
mmol) in 0.5 mL CH2Clp, was added DIEA (0.0875 ruL, 0503 mmol), DMAP (0.031 mg, 0.10
mmol) and PyBroP (0.0781 mg, 0.167 mmol). The solution was stirred for a few minutes and
then a solution of the TFA salt of 8 was added in 1 mL of CH2Cl2 via cannula addition. The
reaction mixture was stirred at room temperature for 18 h. To the mixture was added water,

CH)Cl> and ten drops of 10% aqueous HCl. The resulting biphasic solution was extracted with
CH7Cl7 (three times with 20 mL). The organic layer was extracted with satirated aqueous sodium
hydrogen carbonate (10 mL), dried with magnesium sulfate and the solvent was removed in vacuo.
The product was purified by flash chromatography (silica gel, 1 : 1 diethyl ether - pet. ether)
affording the protected tripeptide 9 as a clear colourless oil in 27% yield (0.0272 g, 0.0454 mmol).

T'H-NMR (400 MHz, CDCI3) 7.84 (bd, 1H, J = 9.5 Hz, N-H), 7.4- -7.30 (m, SH, H-28, H-27,

B-25, H-24), 7.21 (bt, 1H, J = 7.2 Hz, H-26), 6.63 (bd, 1H, J = 9.6 Hz, H-6), 5.08 (t, 1H, J =
9.6 Hz, H-7), 4.83 (d, 1H, J = 9.5 Hz, H-13), 4.17 (g, 2H, J = 7.1 Hz, H-2), 3.02 (s, 3H, H-
11), 2.15 (s, 0.66H, H-29), 2.02 (s, 2.37H, H-29), 1.94 - 1.81 (m, 1H, H-8), 1.88 (s, 3H, H-
5), 1.39 - 1.38 (m, 9H, H-34, H-33 and H-32), 1.28 (1, 3H, J = 7.1 Hz, H-1), 0.98 (s, 98, H-



-3.48 (s, 3H, H17), 1.41, 1.38 (s, 3H, H5 and H4), 1.37 (s, 9HU7|—F$820M'9
and H 8); I\/ass spectrum (El') 307 (0.1, M+), 234 (2, [MO-Bu]+)

(100, [C9H11 %’[ICGJ rotation obtained was [a]D +35.2 (cp éT/%%%/G'@B)-
‘Conmpound 5 dred accor di ng to thej nmet hodol ogy devel ope D. A
Evans Pt al. (1990) [supra], (25)-N-rerr-butoxvcarbonvl-N-nethyl - 3-m

et hyl - 3- phenyl butanoic acid (7) 54 017 16 12 3 2 1 OH 75 . 13 N~ 6 14
OM 7 11 O7 9 10 To a vigorously stirred solution of ester 6 (43.4 ny,
0.141 mmol) in 2 nm. dry DMF were -added sodi um hydride (10.2 ng, 4.24

mol ) fol | pryedt 18yanaei-ysh, 0.831i 6127 (8. NBY £6.6 Hz,43- 10rad) H-HNAPyBeol Rsdéséritied in E.
grey susp |on fggé \[X/’ré 2ﬂﬁgver ( 20 h) at roomtenperature. The
excess Qﬁ% 3 y cautious addition of water and the

m xture was acidified by dropwi se addition of 1.0 Mcitric acid. The

acidic mxture was extracted three tines with ethyl acetate, the conbined
organic | a er extracted three tinmes with brine, dried over nagnesi um

sul fate (e poasdialon . The resulting light orange oil was

di ssolved in 4 mL rrethanol in a 25 mL flask. To the solution was added 1.0
m. of water, followed by 1.13 nL of 1.0 MI{thium hydroxide. The reaction
m xture was heated at 60C overm,.ht 14 14 rdducing a white

precipitate. To the resultant,g uge Has dedMeat ur at e sodi um hydr ogen

car bonate sol ution and way, e s then extrdkted with et hyl
acetate. The aqueous | ayer @ : S i

] cid until the
pH was - 4. The m xture was g -n+thr¢e t nes | thiethyl acetate. The

conbi ned organic |ayers wef® § |*’é§'R M X h nﬁgneg u,m’s\u.lfaate and concentrat ed
i n vacuo. Conpound 7 was al so cumglMet he fi rsg et hyl” acetate extraction
so it was also added to the crude 10

To a solution of the ethyl ester 9 (23.0 mg, 0.0382 mmol) in 1.1 mL MeOH was added
0.30 mL water and 0.31 mL of a'1.0 M aqueous solution .of lithium hydroxide (0.31 mmol). The
reaction mixture was stirred at room temperature overnight (~20 h) whereupon it was acidified by
dropwise addition of 1.0 M citric acid and then extracted three times with ethyl acetate. The
combined organic extracts were dried with magnesium sulfate and concentrated in vacuo. Under
an argon atmosphere, the crude oil was dissolved in 1 mL CH2C17 and the solution was treated
with TFA (1 mL) and then was stirred at room temperature for 0.5 h. Removal of the excess
solvents in vacuo, followed by rinsing of the remaining material three times with CH2Cl2 (S5 mL)
and evaporation of the residual solvent, produced the TFA salt. HPLC 'pun"ﬁcatibn of the crude
~product using a Magnum reverse phase C-18 column (H20(45) : MeOH(55) with 0.05% TFA)
afforded the tripeptide 10 as a white powder. 1H-NMR (400 MHz, CD30D) 7.53 (4, 2H, J =
7.6, H-25 and H-21), 7.44 (t, 2H, J = 7.6 Hz, H-24 and H-22), 7.34 (1, 1H, J = 7.6 Hz, H-23),
6.76 (d, 1H, J = 9.1 Hz, H-4), 5.04 (1, 1H, J = 10.1 Hz, H-5), 491, 4.34 (s, 1H, H-17 and B-
11), 3.13 (s, 3H, H-9), 2.49 (H-26), 2.08 - 1.99 (m, 1H, H-6), 1.90 (s, 3H, H-3), 1.46, 1.37
(s, 3H, H-19 and H-18), 1.05 (s, 9H, H-15, H-14 and H-13), 0.89 (d, 3H, J = 6.1 Hz, H-8 or
H-7), 0.88 (d, 3H, J = 6.5 Hz, H-8 or H-7); Mass spectrum (EI) 474 (0.1, [M-CF3CO2"]%), 458
(0.1, [M-16-CF3CO2°1H), 382 (2), 162 (62), 69 (74), 45(100).



product. Purification of acid 7 was perfornmed by silica gel colum
chromat ography (1 : 2 diethyl ether - pet. ether with 1% acetic am[p;) EB 2007
resulting in a 49%yield (21.2 ng, 0.0670 nmol) of a clear colourless 0|{

.1H—NI\/R(40 CDC13) 7.41 (d, 1.3H, J = 7.6 Hz, H -17 a
7.37 %819%_%’997 6 Hz, H-17 and H223), 7.28 (t, 2H, J P&}Eés’?]—’«z@'?'sh 16

and H-14) 7.18 (t, I H J 0 7 FEB 2007 PCT/ CA98/01184 WD 99/32509 2 0 =
7.2 Hz, H15), 5.17 (bs, 0.66H, H2), 4.93 (bs, 0.33H H2), 2.75 (s,
1.05H, H6), 2.62 (s, 1.95H H6), 1.55 (s, 3H HSor H4), 1.49 - 1.39
(m 12H, H5 or H4 and H 11, H10 and H9); Mass spectrum (ElI') 307 (0.1,
M +), 234 NOBOMVND riisthy|valibd N-@Boxp POy nidb@ 24 78, [ CAHO] +); Exact
mass talc d for C 17H25NO4: 307.1783. Found (El): 307.1793. Preparation of
Conpound 9 17 16 16 11 22 21 O Me 28 1O 271 19 1 N7 4 2 20 18 N 13 3
O 26 NO25 24 Hg 30 M 10 9 0 29 3431 033 32 The N-Boc-anino ester 8
(71.6 nmg, 0.174 mmol ) was di ssol ved |n CH;(Meand | nL of TFA was
added. The reaction nixture was stBoc&d ay rob enperature for 0.5 h.
Renoval of the solvent in vacua, followed by %\ gt ed rinsing of the
remaining material with CH202 (3 x 5 ration of the residual
sol vent afforded the TFA salt of the am no acﬂl ester 8. In a separate

L3Sk (05 S ud oy SERIBha) ot ng'aazwmf@o&gg 040 364 .0

i ) , uvﬂpngmybwgrwlamu]g)hydrochlonde (2 8 g, 28 mmol), and PyBOP® (11.2 g, 22 mmol) in
CH2Cl2 (22 mL) was added DIEA (8.4 mL, 75 mmol). After 1 min., the reaction mixture was
wammed to room temperature and stirring was continued for 1 h. If the pH value of the mix tur.
was less than 7, the mixture could be treated with a few drops DIEA to allow the reaction to goto
completion. The mixture was poured into 200 mL of diethyl ether and the resultant mixture was
washed successively with 3 N hydrochloric acid (3 x 30 mL), saturated aqueous sodium hydrogen
carbonate solution (3 x 30 mL), and saturated agueous sodium chloride (3 x 30 mL). The organic
layer was dried with magnesium sulfate and the solvent was evaporated, followed by
chromatography of the crude product (silica gel, 1 : 3 diethyl ether - pet. ether), afforded 12 (4.46
g, 75% yield) as a colourless oil. 1H-NMR (200 MHz, CDCI3): 0.84 (d, J = 6.6 Hz, 4H,
(CH3)2), 0.85 (d, J = 6.6 Hz, 2H, (CH3)2), 1.41 (s, 6H, Boc-(CH3)3), 1.44 (s, 3H, Boc-
(CH3)3), 2.15 - 2.30 (m, 1H, CH), 2.75 (s, 1H, NCH3), 2.78 (s, 2H, NCH3), 3.10 (bs, 3H,
NCH3), 3.64 (s, 1H, OCH3), 3.68 (s, 2H, OCH3), 4.66 (d, J = 10 Hz; 0.4H, CH), 4.95 d, J =
10 Hz, 0.6H, CH); Exact mass calc'd for C13H27N204 (M+H)*: 275.19708. Found (DCD):
275.19710. Optical rotation obtained was [a]f,S +128.3 (c 2.9, CHCI3).

N-Bog-N- I-]-vali

13
Lithium aluminum hydride (875 mg, 23 mmol) was added to a solution of N ®-Boc-N &@-
methyl-L-valine N-methoxy-N-methylamide (12) (2.0 g, 7.7 mmol) in dry THF (8 mL) and the
reaction mixture was stirred for 20 min. The mixture was poured into a stirring solution. of
potassium hydrogen sulfate (3.14 g, 23 mmol) in water (100 mL). Diethyl ether (75 mL) was



nmol ) and PyBroP (0.0781 ng, 0.167 mml). The solution was stirred)fef il
few minutes and then a solution of the TFA salt of 8 was added in 1 nq_ W
CH202 via cannula addition. The reaction mxture was sti rregpcglh rgé)/ml

t enper at ur ewbo9/32®%h. To the m xture wag3zadded water, CH2CL GACEN é"rops
of 10% aqueous HCl. The resulting biphasic solution was extracted with
CH2Cl 2 (three tines with 20 nL). The organic |l ayer was extracted with

sat urated aqueous sodi um hydrogen carbonate (10 nlL), dried wi th nagnesium
sul fate and the solvent was renoved in vacuo. The product was purified by
flash chr | L ; b fa

af for di ngCeeh U5 BP sbflceletndthe advsous ISE RN PR dic B ernf (00 59&3’%' s
(0. 0272 grg@mﬁwsmt)cpmmmww wagedseguengaidy suth73 Nshydsechlore agid3x 3 mi.).
N-H, 7. 4507 - 5y dleaRikate sodiuth i
51, 7 St S ogth fpont €5 St ) bkl g
4.83 (d, (1m30ymk).oTke egzaniqlaysy wag dppd with ragnegium salfpiq gnd the splvent was guaporaisd
H 11), 2o 18e16She @rfethidkhyd) 13 21.82 f(s;z%ZyﬁYdi Kidyde 1.39das ubedWvithBut Fikther
H8), 1.88 _(t_s, .3H, 5 1.39 - 1.38 (em OH, H 34, "H 33 and H32), 1.28
(t, 3H, puBhpagony Note:1)l3 eangse yigredginder argon fiefg S(ppkayYoWhemeigred in organic
PCT/ CA98/61ME8¢ at 2dor &m férdtfireannddrgdes)slov0d@®mpdsitibn( d H-BIVIR 1260 Mibz, EDCH) 003
and H9); Br ' spkiRed ok n4Ey _ t21@l mig=h 991 ¢yT 2 )
a7 250, Gy 185 43, SR EEE N o = FOSiE a9 ehip), L3 BT BGAHER 2,02,
24 \20..2.Y5 fm, 3H4QH)18.6% @s. 2H, NCH2), @72 @31k NGHR}.44 (d.F3eP Ha .91,7CH),
10 To a3sgd i, ijan 9qfz [d1erety] 0 8ster 1) diaB. Bxhd mis QaR% 1Bt ) 1 5o 10k (Mi+H)*:
:\/thﬁl n\?ns gr Pgeg(f)’l‘}“n%i E':'r)ﬁgglﬁg9g;l C%'lic%j rgtatjibr(i) olgl{ggg Was [Sc(z)jbz%-ll82.2(on{c 5.5,

CHCI3). -

_ 14
To a solution of aldehyde 13 (1.75 g, 8.7 mmol) in dry CH2Cl2 (9.0 mL) under an argon

atmosphere at room temperature was added (carbethoxyethylidene)triphenylphosphorane (4.19 g,

11.3 mmol) and stirring was cominué_ad for a4 h. The reaction mixture was diluted with water
(100 mL) and extracted with diethyl.ether (3 x 100 mL). The combined organic extracts were
washed with saturated agueous sodium chloride (100 mL), dried with magnesium sulfate and
concentrated in vacuo. The crude oil was purified by flash chromatography (silica gel, 2 : 23
diethyl ether - pet ether) to afford the required E-2-alkenoate 14 as a colourless oil (2.13 g, 82%
yield). 1H-NMR (200 MHz, CDCl3) 0.74 (d, J = 6 Hz, 3H, CH3), 0.79 (d, J = 6 Hz, 3H,
CH3), 1.17 (t, J = 7 Hz, 3H, CH3), 1.34 (s, 9H, Boc-(CH3)3), 1.72 (m, .IH, CH), 1.78 (s, 3H,
CH3), 2.60 (bs, 3H, NCH3), 4.08 (q, / = 7 Hz, 2H, CH2), 4.15 - 4.20 (m, 0.5H, CH), 4.21 -
4.32 (m, 0.5H, CH), 6.54 (d, J = 8 Hz, 1H, CH); Exact mass calc'd for C1gH30NO4 (M+H)*:
300.21750; Found (DCI): 300.21754. Optical rotation obtained was [a]? +61.1 (¢ 9.1,
CHCl3).



reaction mxture was stirred at room tenperature overnight (-20 h)07 FER
whereupon it was acidified by dropw se addition of 1.0 Mcitric acroEazqg]
then extracted three tinmes with ethyl acetate. The conbi ned. organic
extracts werg 9/ﬁgovvl th magnesi um sul fate and concentrat ed | npcMa€EALR/011idader
an argon atno ere,” the crude oil was digsolved in 1 'nL CH2C12 and the
sol ution was treated with TFA (1 nL) and then was stirred at room
tenperature for 0.5 h. Renoval of the excess solvents in vacuo, followed
by rinsing of the remaining material three tinmes with CH2C12 (5 nl-) and
evaporatlon- of the resr dual sol vent produced the TFA salt HPLC

"puri fi catlens v aoeticcacid mediated clkavage

col um (H20(45) : I\/EC]-I(SS) W|th 0 05%TFA) afforded the tr| peptlde 10 as a
white powder. | H NWR (400 Mz, CD30D) 7.53

H-21), 7.44 (t,NJppc-aminopacy epter er(’z@ﬂ%hbwlﬂw%‘ed W“bfr"“(ft /C@BQZJ((H mr@lhi mL) at

ZF Si) N 34r36m(t@mplara|'{ire~}’or09 hl Rénovdl 81 the 30Ménilih vaéuonoH]owedIQy ilep'ékted Hn@t of the

17 a
o8 2rehfog teri 56 oo s iy iy evapgfuity ot %remeliegafr%ewm vent
1.05 (s, 9d:ﬂf0rl:tdeﬁr.c 'PFA%aHlMtHé-al&)\o adid&ef Gn qdrititalive yield. M2 A khlls Wére ukkd/Without
0.88 (d, , H8 or H7); Mass spectrum (El) 474 (0.1,
[ M CF3C0R- ‘ﬁ‘)“‘” ‘CaPB“ 1, [M 16- CF3CCR-]1+), 382 (2), 162 (62), 69 (74),
45(100). 0 7 FEB 2007 WD 99/32509 22 PCT/ CA98/01184 1V a-Boc-N a
met hyl -1-valine NNnmetho ,v-N-nme ylamde (12) Me O,N M2 Boc - N\ O 12
To a cold OOC) soI utron of N-Boc N-meth Ivalrne (11) (5 0 g, 21.6 mol),

(11.2 g, 22 mml) h CrR02 (22 i ") was added DIEA (8.4 i, 75 mmol).

After 1 mn. r m Xt yre was roomte erature and

stirring was co f’r rﬁ?g‘ﬁ(‘fﬁ 15‘WGHISP1"("|‘?B OﬁPF@gEdeeth")t‘Hed% £ 1 mLymmol) gader an

t han 7, thagnmmrubq;rewlms haddéd ealmcttwl équiv) t:ey\trdﬁapglaak@l\cmnab (DY élgiiy.). The

reaction t etion re was pour in

i ot hyl et frsfitb i masoepke (HHg e bt Ben Rt iR L Bk Prpayivg was

hydr ochl or #ddedoiaicg@ula Bahetdactiom{laskafiodwed, be&m@omnumz legmindg efithe TFA salt of the
amino acid ester (1.0 equiv., prepared by general procedure 1) in dry THF (0.5 mL/mmol) at
-78 C. Stirring was continued for 1 h and water (40 mL) was added. The mixture was allowed to
warm to room temperature, and extracted with diethyl ether (3 x 50 mL). The combined organic
extracts were washed with saturated aqueous sodium chloride (50 mL), dried over magnesium
sulfate, and concentrated in vacuo. The crude oil was purified by flash ch_rc_)m_atography (silica gel,
diethyl ether - pet. ether) to-afford the desired dipeptide as a colourless oil.

Dipeptide 8
g
H 0 A~
8

Following general procedure 2, dipeptide 8 was prepared with the following quantities of
reagents and solvents: N-Boc-terr-leucine (15), 156 mg (0.52 mmol); trimethylacety! chloride, 64
~mL (0.52 mmol); DIEA, 99 mL (0.57 mmol); N-Boc-MHVV-OEt (14), 110 mg (0.47 mmol);
DIEA, 198 mL (1.14 mmol); THF, 7 mL. Purification of the crude product by flash
chromatography (silica gel, 1 : 5 diethy) ether - pet. ether) afforded 121 mg of 8 (62% yield). 1H-
NMR (200 MHz, CDCl3) 0.76 (d, J = 6 Hz, 3H, CH3), 0.80 (d, J = 6 Hz, 3H, CH3), 0.88 (s,



carbonate solution (3 x 30 nL), and saturated aqueous sodi um chl §7ifkg @ x
30 nmL). The organic |layer was dried with magnesi um sul fate and t he sol vent
was evaporated, followed by chronmatography of the crude product (silica
gel, 1 : 3 diethyl ether - pet. ether), afforded 12 (4.46 g PCTEGASBOIEY) as
a col our| 8¥899835091 H NVR (200 MHz, CD@E3): 0.84 (d, J = 6.6 Hz, 4H,
(CH3)2), 0.85 (d, J =6.6 Hz, 2H, (CH3)2), 1.41 (s, 6H, Boc-(CH3)3), 1.44

. (s, 3H, Boc- (CH3)3), 2.15 - 2.30 (m 1H, CH), 2.75 (s, IH NCH3), 2.78 (s,
2H, NCH3), 3.10 (bs, 3H, NCH3), 3.64 (s, IH OCH3), 3.68 (s, 2H, OCH3),
4.66 (d, J = 10 Hz,. O0.4H, , 4.95 (d, J = 10 Hz, 0.6H, Cg%' Exa@% naiﬁ
calc'd %ﬁr 6%&%?\@%(,w@-r:ﬁzz,mq,l?mg&.1.Bau(rsd9(rDcB9c—(Cizlza3)_L, 790 185 {mc1H.
rotati on’'o I was [a] 25 +128. .9, 3y .= ) H7), 4.35(d, J = 10
N- Boc- NCHBt RyB3- (s, i G 35’ @fé)(stg%O ﬁ%éég’N‘igzﬁa %3 i I'?ﬁl u}r%eg uzrzi num(hydé iéie
(875 ny Zil-ﬁn%i) 485 (fdrded; ¢ 6122 13RI CH), 1 of(d Na=Bbe Ha-1 Hhell )| 6.57 gl ¥ e Bz,
l\l—metho'i}_;l1 et hylam éé

(1 N i 1901 3HEF G dDCland 13.8€119.
* react i onHalOR)urkXagh sass F?F?cfogézgkgl%zndsl{mg ?'x'?'&?'emvl\gs pourcgd(?i nto a

stirri n@pieﬂubhﬁﬁnﬁbmmtmﬁaﬁi%ﬁcﬁ(fgéﬁ%gmﬁb (3.14 g, 23 mmol) in water
(100 m.). Diethyl ether (75 mL) was 0 7 FEB 1007 WO 99/ 32509 23

PCT/ CA98/ 01184 added, the | ayers separated and the aqueous | ayer extracted
with diethyl ether (3 x 50 nL). The organic |layers. were conbi ned, and
washed sequentially with 3 N hydrochloric acid (3 x 30 nL), saturated
aqueous sodi um hydrogen carbonate (3 x 30 nL), and saturated agueous sodi um
chloride (3 x 30 nL). The organic |layer was dried with nmagnesium sul fate
and the solvent was evaporated to.yield the crude aldehyde 13 (1.52 g, 92%
yield). Al dehyde 13 was used without further purification. Note: 13 can be
stored under argon for - 2 weeks, but when stored in organic solvents at
room tenperature, undergoes slow deconposition. IH NVR (200 MHz, CDC13)
0.73 (d, J =6.9 Hz, 3H CH3), 0.91 (d, J =6.9 Hz, 3H, CH3), 1.27 (s, 9H
Boc-(CH3)3), 2.02 - 2.15 (m 1H, CH), 2.63 (s, 2H, NCH3), 2.72 (s, |H,
NCH3), 3.44 (d, J = 9.5 Hz, 0.5H CH), 3.86 (d, J =9 Hz, 0.5H, CH), 9.45
(s, IH CH),; Exact mass calc'd for. G 1H22NG3 (MrH) +: 216. 15997; Found
(DCl): 216.15996; Optical rotation obtained was [a} -104.2 (c 5.5, '



CHC13). Ethyl (2E, 4S)-N Boc-N-nethvl -4-am no- 2. 5-di net hyl hex-2-enoate (14)
M 1 Boc,NOEt 14 To a solution of aldehyde 13 (1.75 g, 8.7 ng9g§ i@ dry
CH2Cl 2 (9.0 nlL) under an argon atnosphere at roomtenperature wa Qé !
(car bet hoxyet hyl i dene)tri phenyl phosphorane (4.19 g, 11.3 nmol) and
stirring was continued for a 4 h. The reaction mxture was dptyicads/odish

wat er (100OrBl9BR280d extracted with diethyl ether (3 x 100 nlL). The conbi ned
organic extracts were washed with satqégted aqueous sodi um chl oride (100
m.), dried with magnesi um sul fate and oncentrated in vacuo. The crude oi
was purified by flash chromatography (silica gel, 2 : 23 diethyl ether
pet ether) to afford the_req E-% %! enoat e 14 as a colourless oi
(2.13 g, 8296 y|eIﬁ¥——4}#ﬁhﬁg%§§%£ﬁﬁt——€£il3) 0.74 (d, J = 6 Hz, 3H CH3),
0.79 (d, J 6 Hz, 3H CH3), 1.17 (t, J =7 Hz, 3H, CH3), 1.34 (s, 9H,

Boc-(CH3)3), 1.72 8
4.088(((:,,)3: (L bhkotEiasiey uf PshRsadph cdiflred. 60 thsni e OHR) as

5H, 4. 21 -
0.5H, CH), aiﬁlsth538 &nd DEB- cmrlémetOﬁa@smeq%rﬁa‘%rc@%%o’iﬁégl 7

(MrH) +: 300 21750; Fau 17 Qd Sahined addedrabhei nedthas
[cr]D +6151 (%eﬁ %H %§§3D%J“‘?13%% %oo?ﬂa WO 99/ 32500 PC”‘CA,\%%}%“M
CGener al proceﬁathuﬁa Basfduideetit dci dPHEEPat edSHER group

N- Boc- am no er Uiph.quies 9 eahad 58 tfhcﬂ?Ath@HZCEEA{DlQ k0|
/ 1 ) at a%%%muﬁ% sicher? 84

mmmaunefm 5 h. Renpval of t ol
fol | owed. by repeeat e@YIQsSHIE ofilt hSOB%si MBF2NET2r i & °§ %ﬁ%ﬂ&%&%?%
) and evapopati,g3iQfg thendsird ni ng traces of sol vent afforded t he TFA
salt of the amno acid ester in quantitative yield. TFA salts were used
wi thout YPurther purification. General procedure 2: Trime ylacelyl chloride
nedi at ed peptide C9gﬁitﬂ9ZiﬁLEQEZHﬂiJ&:ﬂ3;EEL$ELLEed solution of acid (1.1
equiv.) in dry THE (1 nL /ol ) under an

Antimitotic activity is detected by enzyme-linked

immunosorbent assay using a mitosis-specific antibody, TG-3

1S from Albert Einstein College of Yecshiva University, Bronx,

N.Y.; and see: PCT application published July 4, 1996
under W096/20218) .

MCF-7 mp53° cells (expressing a dominant-negative p53

20 mutation as described in S. Fan, gt al. (1955) Cancer
Research 55:1649-1654) were cultured as monolayers in DMEM
supplemented with 10% fetal bovine serum, 2 mM L-glutamine,

50 units /ml penicillin, 50 pg/ml streptomycin, 1 mM sodium
pyruvate, MEM non-essential amino acids, 1 ug/ml bovine

25 insulin, 1 pg/ml hydrocortisone, 1 ng/ml human epidermal
growth factor, and 1 ng/ml B-estradiol at 37°C in humidified

5% CO,. The cells were seeded at 10,000 cells per well of
96-well polystyrene tissue culture plates (Falcon) in a
volume of 200 pl cell culture medium. The cells were

30 zllowed to grow for 24 hours and compounds were added at
zbout 1 pg/ml or 10 pg/ml (from 1000-fold stocks in
dimethylsulfoxide) and the cells were incubated for 20
hours. Nocodazole (Sigma) served as 2 positive control.
rfter treatment with the agent <tTO be. tested, the cell

35 culture medium was removed completely and the 96-well
sigsue culture plates were frozen at -70°C for up to 2

nours. The frozen cells were thawed by addition of 100 ul



argon at nosphere was added DIEA (1.5 equiv.) and trinethylacetyl_ chloride
(1.2 equiv.). The resulting mxture was warmed to OC for 1 h ard Eleifr
re-cooled to -78 C. DVA (2.2 equiv.) was added via cannula to the reaction
flask foll owed by the addition via cannula of the TFA salt OfCT/Ra%8/&A$ho
aci d est eWQ P35 éhwv., prepared by general procedure 1) in dry THE (0.5
m/nmml) at -78 C. Stirring was continpuwed for | h and water (40 nL) was

- added. The mixture was allowed to warmto roomtenperature, and extracted
with diethyl ether (3 x 50 nmL). The conbined organic extracts were washed

wi th saturat ed aquef%s =sodi ym ghl or u%es(ﬁg m.) b drfi €k aver nagnedi um mM
sul fate, and®concentrated in vacuo.

e cru oi | S pu i ed hashe
~chr omat ograpbyue(wsyﬂmc%ltbéfll suditamyp ‘ﬁ@Fléa V\?her)&!{]{) afe?%rg the
: gle? rle:dI ldl pe% de a% p@lgy%ﬁgéghpn.l edhatczegtmdﬁ B, Ne- OethSQQ;\ZZ\ItiC’{E H
ol | owi AgY§eneral procedur e i de ar eTh
_fol l owi ng quaht itides) o2ndr éXgeft ?YarPd'cg‘oqiD g %ﬁéoggtggr 3 eelljmm ne N

. 156 52 t tylancl edia t64 9 6rwe 0L 5Ro/S [ff(‘@ Agg
nmy (9. lc)fg'ﬂ'\le}éEéw% Ryd ¢ et ya neiflears g OFP

nm. (0.57 " mo 7 98 ¥la
(1. (14 mol ) ; Phatesy fﬂun@hr FP% &rl&? oc?q? e cru)g bg]mgégtln@ygﬁranih c
chr omat ogr aphy s 14 -y:e@ ge_LthIa ‘h&idi @ hgr PPRALionss Yerd 8FordBavVE21

mg of 8 (62% ieI N 1 76ebd, b]l 16 by 3xACHB) |
0.80 (d, J = %‘FFS ?5508%831 %%%F%%tgﬁme & gAf:g /%11y4 oy
99/ 32509 25 %o( CH3)®r, wel2 Of, Yo -my ExisspHCer®HE 1 ?‘

Boc- ( CH3) 3 79 ieh 8% fBHnEHS(,CaZchﬁLt o) 3T
NOHB). )ol)uq,lfN%M%?(fﬁ%% CELACRERT eorse

=10 _Hr (1,
J =10 Hz, 1H @ir Stizoen, tgmaefétﬁf~| &h I§yas = ‘éédhgnﬁ?ﬁagéc‘
CH); _Exact £ 60 6,1 ¢ RUIARD S ¢ Mt o @mzamsng Fodnd -LBCKE/ mL
I ca

fe Soor RS TakBll S ANHNBALAELP Bk o MHor SMEABL D T

perox1dase labelled goat anti-mouse IgM (1021-05, Southern
15 Biotechnology Associates) at a dilution of 1/500. After
overnight incubation at 4°C, the antibody solution was
removed and the wells were rinsed 2 times with 200 ul rinse
buffer (10 mM Tris HCl pE 7.4, 0.02% Tween 20). 100 ul of
120 mM Na,HPO,, 100 mM citric acid, PH 4.0 containing
20 0.5 mg/ml 2,2'-azinofbis(3—ethylbenzthiazoline—G-sulfonic
acid) and 0.01% hydrégen peroxide was added for 1 hour at
room temperature and the plates were read at 405 nm using

a BioTek plate reader.

25 | Results comparing antimitotic activity of hemiasterlin
to SPA-110 are shown in Figure 6. SPA-110 exhibited
considerably grezater antimitotic activity than the

naturally occurring compound.

30 In Vivo Activitv of SPA-1310

The compound SPA-110 was evaluated in wvivo using
standard pharmacological test procedures which measure 1its
ability to inhibit the growth of human tumor xenografts.

35 The human colon carcinoma LOVO (american Type Culture
Collection, Rockville, Maryland £CCL-229) was grown in

rissue culture in RPMI supplemented with 10% FBS. Athymic



PCT/ CA98/ 01184 WO 99/ 32509 - 26 - Assay for Cytotoxicity Cytotoxicity of
SPA- 110 conpared to hem asterlin as

agai nst p53+ and p53- varia R f
human breast cancer MCF-7 5 cells and A549 tunor p?rfﬂﬁ@(}ﬂm

cells was dete
according to the nethods described in j. | munol. Methods 65:55-63 (1983)
Results shown in Figures 5A and 5B show that SPA-110 is nore myft/0AZG1¢84 n

sone inSta'\ﬁSﬁ;ghQ?d’b the naturally occurring conmpound. 10. Ass-av for Anti
mtotic ActlVitTy Antimtotic activity is detected by enzyne-1linked

i munosor bent assay using a nitosis-speciefic antibody, TG 3 15 (from
Al bert Einstein College of Yeshiva University, Bronx, and see: PCT

N Y. ;
application published July 4, 1996 under W96/ 20218).. e dpo3masel here
(expressing a gephaantenapat iviec @53 CHAY k&% ati oiT a's ﬁls?:{%: ed in S Fan, o8t
al . (1955) Cancer Resear Gh_'?‘?é&,@égugs@%)iﬁl\eﬁee cfil ankedreR vHoOP ayef s*i
DVEM suppl enehB28ShiSh Tt Tefal bovi ne serum 2 M 91 4 3 #igeen 580 uands
/m penicillin,o§6 g@/lis st rvﬁpﬂ@n?‘éﬁnﬁzrslahﬁf‘ggﬁ um pyruvate, I\/EMoups (day
non- essential am no aC|tq1s]e, ik ¥ HeROWNRRIGHE 263 RO gr@agERpnt grour

i 12 ' A
gycei;?(r:g(rj}[ L)_Eogte:zagﬁﬁf?i/n mhmgg‘;fgisggbggé@m«é%?;%% \gtigqe %&%?ggggelqbgdég/ﬁ%d?égan
cells per well .of 93[6-V\§| | .08l yspyeenetticssige G AP a¥i (gafnééng/, n 5
vol ume of 200 8Iaycse,l * cul tu;e ne@%ie;é{n i;l;hez cel | $omere B0 ial | sakineo aft oWifsr
 hours e Ciiziiiggiféiie§§ihicle control. Some an#mals were treaFed
intraperitonealy once a day on days 1, 5-and 9 post staglni
i0 with ; mg/kg/dose Vincristine as & positive co§proi. Tuzo
E mass was determineé every 7 days [{(length x w1dth)/2](M oi
28 days post stagihg. RTGC or relative Fuéor growti :Zn
tumor mass on days 7, 14, 21 and 28 dlYlded by the m i
tumor mass on day gero) was determined for each treaim:zc
18 group. % T/C wasicalculated as RTC (treéteé group) ; o
(vehicle control group) X 100. Statistical ana z -
(Student-t-test) of log relative tumor‘growth was u%;ent
compare treated verses ccntrol gr?gp in each ex?eizcail§
A p-value (p = 0.05), which indicates a statis

.
(@] <
"
.
. .

following table.
25

47
16 18 30
SEA-110

1 mg/kg

| 44 47 ‘
30 vincristine 34 \ 37 A_J
|




about 1 g/m or 10 gg/m (from 1000-fold stocks in dinethyl sulfm;@ﬁ) ﬂe}nd
the cells were incubated for 20 hours. Nocodazole (Sigma) serve am
positive control. ?.f ter treatnment with the agent to be tested, the cell
35 culture nmedi um was renoved conpletely and the 96-wel | ti REKCAIII4L
pl ates wer @ PY3%A% at -70C for up to 2 :hours. The frozen cells were

t hawed by addition of 100 Jul 0 7 FEB- 2887- PCT/ CA98/ 01184 WO 99/ 32509 -
27 of ice-cold lysis buffer (0.5 nmm phenyl nethylsul fonyl fluoride, 1 nm
et hyl ene gl ycol - bi s((3 am noet hyl et her ' 'gh pH
7.4,) and |ysed byRpilpetive S ¥loR) MPPHEs= P e

transferred to 96-wel |l Pol ySorp ELI SA pl at es (Nunc) and dr| ed corrpl etely

by blowing warmair at about 37C with a hair_drier 03|t|on et
“above the plates. VRmimin amabrag it SFTANE %‘(’:‘%e 6y 3da ﬂ"e@?%éod aﬁ&

well of 10 mM Tri 4,150 mibhRd , cyfofokiaM PAEE, C-}amt(u\fm;tdﬂ@d
non-fat mlk (:&r |on])p;%g fo]IS ey

hour at roomte rature. wa ed
~and repl aged a.\MtIJJV:th.L of tTiéesahisg}éoI@l?FBﬁecg%&al TG e(}algyO&iS B#ﬁ?@%
TG 3 mtosis- %ﬁﬁc' %Céﬂg&%&ﬂthﬁ@@k1&1j’ld:im<sﬂtydﬂ.n|dlcates thau. the

per oxi dase- 1| a nti-nmouse |1 gM (1021 QSL,_SQuth gtegﬁgogggy
Associ at es) atC}accuthmq:DhYonlFS’@O CORYP(%’&’ DVRr nFyht ﬁ’fgju lzi'tJi%on at _4C, .the

anti body sol utg(}i% ‘;ﬁfmﬁé@ﬂ@é’w andi t-h@tWﬁl:LlcS wertdvitsed 3 TheesipilRYDE |

Lhse hurter | s HCl pH 2(V 0 bcepe 139 fMis
Na2HPO4, 100 reMixdEFRESECIAFS p*P?tZ@ éo ;%e‘%tg% ceb
ly descending order of

10 invention depicted in approx:.mate

cytotoxic/anti -mitotic activity.

Compound
e Compound structure (TFA salt)

N
ame Me = CH,

a Ee o
SPA 110 N \/ﬁ/u\”
~ IL /\
Me” H (MM =5877g /mol)
Me Me o \*/ hic 2
. B A

Me” TH (MM =525.6g /mol)

SPA123




20 0.5 ng/m 2, 2'-azi no-bi s(3-ethyl benzt hi azoli ne-6-sulfonic acid) and
0. 01% hydr ogen peroxi de was added for 1 hour at room tenperaturdJaftd Qbfe
pl ates were read at 405 nmusing a BioTek plate reader. 25 Results
conparing antimtotic activity of hemasterlin to SPA-110 are shown in
Figure 6. SPA-110 exhibited considerably greater antinitoti cPGEEAYINE4 han
t he natura‘quq}é%rri ng. conpound. 30 I§ Vivo Activity of SPA-110 - The
- conpound SPA-110 was evaluated in vivo g ng standard pharmacol ogi cal test
procedures which neasure its ability to inhibit the growth of human tunor
xenografts. 35 The human col on carcinoma LOVO (Anerican Type Cul ture
Col I ection, Rockville, Mryland CCL-229) was grown in tissue culture in
RPM suppl emented with 10% FBS. Athymic O 7 FEB 1007 PCT/ CA98/01184 WO
99/ 32509 - 28 Y Wlmngton, MA) were nu/nu female nmice (Charles Rive, 106
i njected sub-cutEucuusi y1n ynhe tlank area with 7.080 and LOVO cellls. Wen
A

tunors attained mass of belween 80 and 12 the mce wepe randgm zed
into treatment gyoups (day zermy ;‘Aﬁi ireated infjravenoysly

once a day on days SPATl6 angd 9 pos C ' omry/ kq/ dose
of SPA-110 prepafed in 2.5% ¢t hanot in jsalige orlwithi saline as the

vehicle control .| Some aninal § were eal S ntraperftoneal y once a day on
days 1, 5 and 9 post staging i bl PMM=511-6g ol

o)
10 SPA121 NOH
: (MM=573.7g /mol)
o}
SPA122 Me)ﬁ\'l/”\N T o
A g
Me H (MM =5116g /mol)

20 | (e} T\ife (o]
SPA114 N N\:/YI\OH
|

/ ~
Me” H (MM =559.6 g /mol)

25

As will be apparent to those skilled in the art in the

30 light of the foregoing disclosure, many alterations a?d
modifications are possible in the practice of this
invention without departing from the spirit or scope
thereof. Accordingly, the scope of the invention is to be
construed in accordance with the substance defined by the

35 claims herein, which substance includes obvious chemical

equivalents of the compounds and methods set out in the

claims.



10 with 1 ng/kg/dose Vincrist_ne as a positive control. Tunor mass was

det ermi ned every 7 days [(length x width') /2] for 28 days post st gin

RTC or relative tunor growth (Mean tunor nass on days 7, 14, 21”2&3 iﬁﬁ

di vided by the nmean tunor nmass on day zero) was determ ned for each
treatment 15 group. T/C was calculated as RTC (treated group) % (vehicle
control group) x 100. Statistical analysis (Student-t-test) of log relative
tunmor growmh was used to conpare treated verses control group in each
experinment. A p-value (p s 0.05), whichjindicates a statistically relative
tumor growm h, was 20 significant reduction obtained in each case. 5 of 5
ani mal s trg@%@%l day 28 wth SPA-110 survived. 9 of 10 animals treated
at day 28 Vincristine survived. The results are shown in the
following table. 25 Treatnment % T/C day 7 % T/C day 14 % T/C day 21 % T/C
day 28 30 Vincristine 34 37 44 97 | 30 47 SPA-110 16 18 1 ng/k5 35 0 7
FEB 2007 PCT/ cChagrba ¢gmpound ggphaomzasgutsaally peseptablesalicthesgpt, }1anflg tsnfernas of
this Invention Various anal ogs of SPA-110 have been synthesized and

VA T
N
5 .
HI])J\N}\’( ™~
N Rg 0
R2/ \Rl

for preparation of an antimitotic agent, wherein:

R; and R; are independently selected from the group consisting of: H, R, and ArR-,
or R, and R; are joined to form Ring;

Rj and R4 are independently selected from the group consisting of: H, R, and ArR-,
or Rj and Ry are joined to form Ring;

Rs is selected from the group consisting of: H, R, ArR-, and Ar;

R is selected from the group consisting of: H, R, and ArR-;

R and Ry are independently selected from the group consisting of: H, R, and ArR-;
and

Ry is:

[@—e)

Z

Y-
in which;

R is defined as a saturated or unsaturated moiety having a linear, branched, or non-
aromatic cyclic skeleton containing one to ten carbon atoms, zero to four nitrogen atoms,
zero to four oxygen atoms, and zero to four sulfur atoms, and the carbon atoms are
optionally substituted with: =0, =S, -OH, -OR o, -O2CR}o, -SH, -SR 0, -SOCR ¢, -NH,,
-NHR 0, -N(R1g)2, -NHCOR o, -NRoCORyy, -L, Br, -C1, -F, -CN, -CO,H, -CO;R o, -CHO,
-COR o, -CONH;, -CONHR ¢, -CON(R¢),, -COSH, -COSRq, -NO, -SO3H, -SOR,,



characterized

for their cytotoxic and anti-mtotic 5 activities. @i?fgzm

degree of correlation between cytotoxicity and anti-mtotic cap

I ndicates that the cytotoxicity of the conpounds of this invention is due
to the conpounds' anti-mtotic activity. The follow ng structures are
anal ogs falling within the scope of this 10 invention depicted in

approxi matel y

descendi ng order of cytotoxic/anti-mtotic activity

Conmpound Conpound structure (TFA salt) Nanme Me=CH3 o Me ID, :~T SPA 110 r

off MH (MW587.7g /mof ) M OM O M SPAT 15 Me OH M, -, ~H
(MVE525.6g /nol) O Me O SPA[T122336-,...... " \NOH NH~ H (MES587. 7g
010 7 FE820 e B, AT Bar ) S50 00 ey SPAIL N

N OH

unsaturated alkyl group;

Ring formed by joining R; and R; or by joining R3 and R4 is a three to seven

member non-aromatic cyclic skeleton within the definition of R,

X is defined as a moiety selected from the group consisting of: -OH, -OR, =0, =S,

-O.CR, -SH, -SR, -SOCR, -NH;, -NHR, -N(R),, -NHCOR, -NRCOR, -1, -Br, -Cl,
-F, -CN, -COzH, -CO2R, -CHO, -COR, -CONH;, -CONHR, -CON(R),, -COSH,
-COSR, -NOg,, -SO3H, -SOR, and -SO:R,;

Ar is defined as an aromatic ring selected from the group consisting of: phenyl,

naphthyl, anthracyl, phenanthryl, furyl, pyrrolyl, thiophenyl, benzofuryl, benzothiophenyl,

quinolinyl, isoquinolyl, imidazolyl, thiazolyl, oxazolyl, and pyridinyl, optionally substituted

with

Ror X;

Y is defined as a moiety selected from the group consisting of: a linear, saturated or

unsaturated, one to six carbon alkyl group, optionally substituted with R, ArR-, or X; and,

Z is defined as a moiety selected from the group consisting of: -OH, -OR; -SH; -SR; .

-NH3; -NHR,; -N(R),; -NHCH(R;)COOH; and -NRCH(R;;)COOH, wherein R;; is a moiety
having the formula: R, or -(CH;),NR 2R3, wherein n=1-4 and R;; and R; are independently
selected from the group consisting of: H; R; and -C(NH) (NH,).

The use of claim 1, wherein Ar is phenyl, naphthyl, anthracyl, or pyrrolyl.

The use of claim 1 or 2, where Rs is naphthyl, anthracyl, or pyrrolyl.

The use of claim 1 or 2, wherein Rs is H.

The use of claim 1 or 2, wherein Rs is methyl.

The use of claim 1 or 2, wherein Rs is phenyl.



Hi4d X1 v ~Mw'H(MW511.68 /nol) OHO 10 SPA121 NN OH N, H O M/
H(MM=573.7 g /nol) Me OHO 15 Me SPA122 _ OH M Tj ~ M"' +H gMM
1511.6g9 /mol) 20 OMe O SPAT 14 off cJ/*. r_1LI:'111f N N H 0 U&wEBR07
(MVES59.6 g /nmol) 25 As will be apparent to those skilled in the art in the
30 light of the foregoing disclosure, many alterations and nodifications
are possible in the practice of this invention wthout departing fromthe
spirit or scope thereof. Accordingly, the scope of the invention is to be
construed in accordance with the substange defined by the 35 clains herein,
whi ch substance includes obvious chem cal equivalents of the conpounds and

et hods sef, out TihQ ugeho an%rlo"%iieQ;rf\"clapms7 1-%?&hg'r%9n7one-o%]i{3 and R4 is H and the other of R3

and R4 is ArR-.
8. The use of any one of claims 1-6, wherein R3 and R4 are each R.
9. The use of claim 8, wherein R3 and R, are independently selected from the group

consisting of: methyl, ethyl, n-propyl and n-butyl.

10. The use of claim 8, wherein R3 and R4 are each -CHs.

11.  The use of any one of claims 1-6, wherein R3 and R4 are joined and form a moiety
selected from the group consisting of: B-cyclopropyl, p-cyclobutyl, B-cyclopentyl and -

cyclohexyl.

12.  The use of any one of claims 1-11, wherein R, and R; are independently selected

from the group consisting of: H, methyl, ethyl, propyl, n-butyl, and, acetyl.

13.  The use of any one of claims 1-11, wherein R, and R; are joined and form a moiety

selected from the group consisting of cyclopropyl, cyclobutyl, cyclopentyl, and cyclohexyl.

14.  The use of any one of claims 1-11, wherein R; and R; are independently: H, CH; or

acetyl.

15.  The use of any one of claims 1-11, wherein R, and R; are independently: H or CHj.

16. The use of claim 15, wherein R; is H, and R; is -CHj.

17. The use of any one of claims 1-16, wherein R¢ is H or CHj.

18. The use of any one of claims 1-17, wherein Rg is H or CHs.



VWE CLAIM 1. Use of a conpound or pharmaceutically acceptable salt thereof,

having the formula RR4 O RT RB s N NRO | 1Y ~-NR6 O Rz Rl for
preparation of an antimtotic agent, wherein: R and R2 are indepggqgfllat hm
selected fromthe group consisting of H R and ArR-, or R and J

joined to formR ng; R3 and R4 are independently selected fromthe group
consisting of HH R and ArR-, or R3 and R4 are joined to formRng; RS is
selected fromthe group consisting of H R ArR-, and Ar; R6 is selected
fromthe group consisting of H R and_AyR-; R7 and R8 are independently
selected fromthe group consisting of H R and ArR-; and RO is: 0 11

ZC Y in gl chyy Ryloo sl Rede ik £3LULAkEH 1 MBRLUEiqH i ety having a

| i near, brariche non? °ar oma on co I fil'lhg one to ten
carbon atons, zero to four nitrogen atons, zero to four oxygen atons, and
zero to four sul fur atons, and the carbon atons are og}lonally substltuted

with: =0 2& - Bhe useyf agy ongobelaims L-dpy whespindls is stimea tp six Kppon, brapghed
-N(RIO)Z NR, oCOR, 0, -I, Br, -d, -F, -CN, -CQ2H, -CO2R o, -CHO
W%HRlO - CON( R, 0) 2, -COSH, -COSR, 0, -NO2, -S@H, -SCR, o,
O 7 FEB 2007 -32
21.  The use of any one of claims 1-19, wherein R7 is -C(CH3)s.

22.  The use of any one of claims 1-16, wherein Rg is H, R7 is: -C(CH3)3, and Rg is -CHj.

23.  The use of any one of claims 1-22, wherein Z is: -NHCH(R;)COOH or
-NCH;CH(Ry)COOH, wherein Ry;is R; or, - (CHz),NHC(NH) (NH).

24, The use of any one of claims 1-22, wherein Z is -OR4 in which Ry, is a linear or

branched one to six carbon alkyl group.
25. The use of any one of claims 1-22, wherein Z is OH.

26.  The use of any one of claims 1-22, wherein Z is -OCH;.

27.  The use of any one of claims 1-22, wherein Ry has the formula:
0
H I
C C T C OH
Rys Ry

wherein R;;s is selected from the group consisting of: methyl, ethyl, n-propyl,
isopropyl, tert-butyl, iso-butyl, and sec-butyl; and Ry is selected from the group consisting
of: H, methyl, ethyl, propyl, iso-propyl, n-butyl, iso-butyl and sec-butyl.

28.  The use of claim 27, wherein Rys is isopropyl and R;¢ is methyl.



- S02R10, wherein R10 is a linear, branched or cyclic, one to ten carbon
saturated or unsaturated al kyl group; R ng fornmed by joining Rl and R2 or
by joining R3 and R4 is a three to seven nenber non-aromatic cy, 1ig
skel eton within the definition of It, X is defined as a noiety s é 53@7
fromthe group consisting of -OH, -OR, =0, =S, -02CR -SH, -SR, -SOCK,
-NH2, -NHR, -N(R)2, -NHCOR, -NRCOR, -1, -Br, -d, -F, -CN, -CQ2H, -CX2R,
-CHO, -COR, -CONH2, -CONHR, -CON(R)2, -COSH, -COSR, -NO2, -S@3H, -SOR, and
-S2R; Ar is defined as an aromatic ringssel ected fromthe group consisting
of phenyl, naphthyl, anthracyl, phenanthryl, furyl, pyrrolyl, thiophenyl,
benzof uryl ,,ben i O yl ' i~gy. i ' i.m.da | o
hi g0l y1 » Zwar b o BAETSue osPHRE 28 gl Liuine B R oy . v
is defined as a noiety selected fromthe group consisting of a |inear,
saturated or unsaturated, one to siR%carbon al kyl group, optionally
substituted with R ArR-, or Xedgnd, is defined as a noiety selected from
the group consisting of -OH -OR>&H: -NH2; -NHR; -N(R) 2;
-NHCH(RI | ) COOH; and - NRCH( R11) 000H 1is anoiety having the
formula: R or -(CH2)"NR12R13, wherein n¥l-4 and R12 and R13 are
i ndependently selected fromthe group consisting of H R and - C(NH)
(NH2). 2. The use of claiml1l, wherein ArN_S phenyl, naphthyl, anthracyl, or
pyrrolyl. 3. The use of claim1 orF%(/%he R5 is naphthyl, anthracyl, or
pyrrolyl. 4. The use of claim1 or 2, whereid R5 is H 5. The use of claim
1 or 2, wherein R5 is nethyl. 6. The use of claiml or 2, wherein R5 is
phenyl. 0 7 FEB 2007 -33 7. The use of any one of clains 1-6, wherein one
of R3 and R4 is and t he ot her, of apnd R4 is ArR-. 8. The use qf any

g% i ﬁﬁzgrgg i

one of clapfs 176 UjhelaayPnget slam eatihgcompoundehas dhe entigprafigng,
wherein R3 and R4 are independently selected fromthe group consisting of
met hyl , ethyl, n-propyl and n-butyl. R,
TJ\‘
Re
31. The use of any one of claims 1-30, wherein Y comprises a chiral centre having an s-
configuration.

32.  The use of claim 1, wherein the compound has the structure:

33.  The use of any one of claims 1-32, wherein the antimitotic agent is a medicament for

the treatment of cancer.



10. The use of claim8, wherein R3 and R4 are each -CH3. 11. The use of any
one of clains 1-6, wherein R3 and R4 are joined and forma noiety selected
fromthe group consisting of P-cyclopropyl, P-cyclobutyl, P—cyclo&gﬁggl and
13- cycl ohexyl. 12. The use of any one of clainms 1-11, wherein R 21
are independently selected fromthe group consisting of H, nethyl, ethyl,
propyl, n-butyl, and, acetyl. 13. The use of any one of clains 1-11,
wherein R and R2 are joined and forma noiety selected fromthe group
consi sting of cyclopropyl, cyclobutyl, _cyclopentyl, and cycl ohexyl. 14.
The use of any one of clains 1-11, wherein R and R2 are independently: H,

CH3 or ace}yl I

are i ndepeg{‘jent ﬁ%eﬂgg%fy%@a%%%%?ﬁ@ﬁg% dg%(ﬁbfqg"}d%’? %S‘F’g?‘ﬂg ﬁllle sq'gskgj?-‘Rzand

R2 is -CH3. 17. cailqﬂmgsmaﬂfm@lgﬁd(hlﬂng’thecﬂoanm 1-16, wherein R6 is H or :

18. The use of any one of clains 1-17, wherein Rg is Hor CH3. 0 7 FEB 2007

-34 19. The use of any one of clains 1 16, wherein R6 is Hand R8 is CH3.

19, _Whereln R7 is a three to six carbon,
: “of clains 1-19, wherein R7 is
wherein R6 is H R7 is:

e of clainms 1-22, wherein Z

R11 is R or, -

clainms 1-22, wherein Z is

branched al kyl group. 21. The
-C(CH3)3. 22. The use of any o
-C(CH3)3, and R8 is -CH3. 23.
is: -NHCH(Rii)COOH or -NCH3CH
(CH2) NNHC(NH) (NH2). 24. The u :
-OR14 in which R14 is a linear g e to six carbon al kyl group.
25. The use of any one of cl ai : herein Z is OR 26. The use of any
one of clainms 1-22, vvherein Zis -0OCH3. 27. The use of any one of clains
1-22, wherein R9 h 1ch f{? zrlrrgéls%éﬁne% in'élaim 1 and Q and T are selected from the group
consisting of: R; and R; as defined in claim 1, and a protecting group;

with a dipeptide having the formula:

in which R¢ - Ry are as defined in claim 1;
and, where Q or T is a protecting group, the additional step of replacing the

protecting group with R; or R; to form compound 1.

35. A compound or pharmaceutically acceptable salt thereof, having the formula:
R3>/R4 O R R
N
5
T
N Rg O



-C-C==C%-0H | I Rl15 R16 wherein R15 is selected fromthe group
consisting of nethyl, ethyl, n-propyl, isopropyl, tert-butyl, iso-butyl,
and sec-butyl; and R16 is selected fromthe group consisting gﬁ q%lnm$hyl,
ethyl, propyl, iso-propyl, n-butyl, iso-butyl and sec-butyl. 28. e use of
claim27, wherein R15 is isopropyl and R16 is nethyl. 0O 7 FEB 2007 -35 29.
The use of any one of clains 1-28, wherein the conpound has the
configurationi: R4 R3 5 RZ/ Rl 30. The use of any one of clainms 1-29,
wherein the conpound has the configuratipn. R7 N R6 31. The use of any
one of clains 1-30, wherein Y conprises a chiral centre having an s-
configurathlg.hgz. The use of claim1l, wherein the conpound has the
structure: M0 NOH Mew N'**~ H O 33. The use of any one of clains

1- 32, wherein tIRg aadR,mré didependgrthy sdlected fren thagesip doasisting) ef: tH, eRat amdArRof
cancer. 0 7 FEB 1007 -36 34. A nethod of preparing a conpound as descri bed
in cl ai m 1°8Bapnd Bp Atg ipmed & fopmdiingcoupl i ng an ani no aci d having the

formula: R; and R4 are independently selected from the group consisting of: H, R, and ArR-,
or R3 and R, are joined to form Ring;
Rs is selected from the group consisting of: H, R, ArR-, and Ar;
R is selected from the group consisting of: H, R, and ArR-;
R~ and Rg are independently selected from the group consisting of: H, R, and ArR-;
and
Ry is:

O—=0O

in which:

R is defined as a saturated or unsaturated moiety having a linear, branched, or non-
aromatic cyclic skeleton containing one to ten carbon atoms, zero to four nitrogen atoms,
zero to four oxygen atoms, and zero to four sulfur atoms, and the carbon atoms are
optionally substituted with: =0, =S, -OH, -OR, -O2CR o, -SH, -SR 9, -SOCR}0, -NH>,
-NHR g, -N(Ri0)2, -NHCOR g, -NR;(CORy, -1, Br, -C1, -F, -CN, -CO,H, -CO;R ¢, -CHO,
-COR o, -CONH_,, -CONHR 4, -CON(R19)2, -COSH, -COSRq, -NO,, -SO3H, -SOR o,
-SO;R 9, wherein Rjo is a linear, branched or cyclic, one to ten carbon saturated or
unsaturated alkyl group;

Ring formed by joining R; and R, or by joining R3 and R4 is a three to seven
member non-aromatic cyclic skeleton within the definition of R,

X is defined as a moiety selected from the group consisting of: -OH, -OR, =0, =S,
-O.CR, -SH, -SR, -SOCR, -NH,, -NHR, -N(R),, -NHCOR, -NRCOR, -I, -Br, -Cl,

-F, -CN, -CO;H, -CO;R, -CHO, -COR, -CONH;, -CONHR, -CON(R),, -COSH,



RBRt RKOH & NTin which R3 - R5 are as defined inclaiml1l and Qand T
are selected fromthe group consisting of R and R2 as definedﬂin claim1l,
and a protecting group; with a dipeptide having the fornul a: FEB 2007

........................................ . Rs in which R6 - RO are as
defined in claim1;, and, where Qor T is a protecting group, the additional
step of replacing the protecting group4ith R or R2 to form conpound I.
35. A conpound or pharmaceutically acceptable salt thereof, having the

formul a: NRb OR2 RL 0 7 FEB 2007 -37
wher ei n: I@?Ogﬁd' 2’a§§’% g@&eﬁﬂ‘?ﬁﬁ? 'sel ected fromthe group consi sting of
H R and ArR, Argd déﬂnearasiaﬁaroﬁa@cjrmgrseﬁctea oM thefgirop cd%&saﬂgio%ham
| ndependent |y sel ected fromthe group consisting of H R and ArR- or R3

and R4 ar engmithidcantiragydr phemprifryl I:fsr)fl,sp)s*éqlﬁlct@@ﬁeﬂﬂnbtfﬂéﬁg}’bbgnz@@n@p@ylng of
e o B TR AT b 5B RSP Ol Rt
R, and Ar Rwith RofX;
Y is defined as a moiety selected from the group consisting of: a linear, saturated or
unsaturated, one to six carbon alkyl group, optionally substituted with R, ArR-, or X; and,
Z is defined as a moiety selected from the group consisting of: -OH, -OR; -SH; -SR;
-NH,; -NHR; -N(R); -NHCH(R;)COOH; and -NRCH(R;))COOH, wherein R;; is a moiety
having the formula: R, or -(CH2),NR 2R3, wherein n=1-4 and R;; and R;3 are independently
selected from the group consisting of: H; R; and -C(NH) (NHy);
and wherein:
if Rg is H and Y is an optionally substituted one carbon alkyl group, R; and R; are
not joined to form imidazolidine,
if Rg is H, Y may only be substituted with R' or Ar'R'-, in which:
R' is a saturated linear, branched, or cyclic skeleton containing one to ten carbon
atoms, and
Ar' is an aromatic ring selected from the group consisting of phenyl, napthyl,
anthracyl and phenanthryl, optionally substituted with R', and

if R3, R4, R and Rg are H, Rs is phenyl, R7 is methyl and Ry is
Rll

Co,Et - COoEt

or

wherein R" is methyl or t-butyl, then neither R; nor R; may be butyloxycarbonyl.

36.  The compound of claim 35, wherein Ar is phenyl, naphthyl, anthracyl, or pyrrolyl.

37.  The compound of claim 35 or 36, where Rs is naphthyl, anthracyl, or pyrrolyl.



ROis: 0O I ZCY inwich: Ris defined as a saturated or unsaturated
noi ety having a linear, branched, or non- aromatic cyclic skel etp 0
containing one to ten carbon atons, zero to four nitrogen atons, fgpgﬂgo
four oxygen atons, and zero to four sulfur atonms, and the carbon atons are
optionally substituted with: =0, =S, -OH, -ORIOQ, -Q2CR10, -SH, -SRI O
-SOCRI O, -NH2, -NHRI O, -N(R10)2, -NHCOR10, -NR1OCOR10O, -1, Br, -Cl, -F,
-CN, -C2H, -C02RIo, -CHO -COR10, -CONH2, -CONHRI O -CON(R10)2, -COSH,
-COSRIO, -N®2, -SBH, -SORIO, -S02RIO_qsherein RIOis a linear, branched
or cyclic, one to ten carbon saturated or unsaturated al kyl group; R ng

orrmd by gt oo SO B bl MR ) 5 5, e v seven

defined as a rml ety selected fromthe group consisting of -OH, -OR =0 =S,
-02CR, - SH, -SOCR, -NH2, -NHR, -N(R)2, -NHCOR, -NRCOR, -1, -Br, -d,
F, -CN, 'ézsz S hecpmpound-q claim3R or.36owkerein ROwARethYlCON( R) 2, - COSH, 0 7 FEB
2007 -38 -COSR, -NO2, -SMBH, -SOR, and -S2R; Ar is defined as an aromatic
ring selected fromthe group consisting of phenyl, naphthyl, anthracyl,

phenant hr yhQ. f uThé compyoura ofl claimf8 SoptBsnwherelreRz 3fpheyyl, benzot hi ophenyl ,
qui nol i nyl, isoquinolyl, imdazolyl, thiazolyl, oxazolyl, and pyridinyl,
optionally substituted with Ror X; Yis defined as a noiety selected from

the group ﬁ nsi §he BQm burfd Af‘ g%e of aibiMed 240 %%r%ﬂ%ﬂ& EPRS &tk RPRSH gﬁ’d glie;‘s

car bon al ky group, t1onal substituted or X, an

defi ned asoﬂlerroﬂé:tgmh&{ BA®d fromthe group consisting of -OH, -OR, -SH,
-SR;,  -NH2; -NHR, -N(R)2; -NHCH(Rii)COOH, and -NRCH(Rii)COOH, wherein Rl1l
is anoiety having the fornula: R or -(CH2)nNR12R13, wherein n=1-4 and
R12 and R13ar e ThedeReHERINtlany one of claims 35-40, wherein Rs and R4 are each R.

43. The compound of claim 42, wherein R3 and R4 are independently selected from the

group consisting of: methyl, ethyl, n-propyl and n-butyl.
44. The compound of claim 42, wherein R3 and R4 are each -CHj.

45. The compound of any one of claims 35-40, wherein R3 and R4 are joined and form a
moiety selected from the group consisting of: p-cyclopropyl, B-cyclobutyl, B-cyclopentyl
and B-cyclohexyl.

46.  The compound of any one of claims 35-45, wherein R; and R; are independently

selected from the group consisting of: H, methyl, ethyl, propyl, n-butyl and acetyl.

47.  The compound of any one of claims 35-45, wherein R; and R; are joined and form a
moiety selected from the group consisting of cyclopropyl, cyclobutyl, cyclopentyl and
cyclohexyl.

48.  The compound of any one of claims 35-45, wherein R; and R; are independently: H,

CHj3 or acetyl.



selected fromthe group consisting of HH R and -C(NH) (NH2); and wherein:
if RBis Hand Y is an optionally substituted one carbon al kyl group, R
and R2 are not joined to formimdazolidine, if RBis H Y miy[ﬂ”h?ﬁfﬂﬁ’]
substituted wwth R or A\vR -, in which: R is a saturated linear,
branched, or cyclic skeleton containing one to ten carbon atons, and Ar'
is an aromatic ring selected fromthe group consisting of phenyl, napthyl,
ant hracyl and phenanthryl, optionally substituted with R, and if R3, R4,
R6 and R8 are H R5 is phenyl, R7 is nethyl and R9 is R' Co2Et Co2Et or
wherein R' is nethyl or t-butyl, then neither RL nor R2 may be

but yl oxycar,hony 36. The, ¢ ound.of .claim3 whey ei r is ,phenyl.
napht by 4 i g ompputs g e of Spinis Fis T isstia gnd doars e8Py H
where RS igrpogphthyl, anthracyl, or pyrrolyl. 0 7 FEB 2007 -39 38. The

conpound of claim35 or 36, wherein R5 is H 39. The conpound of claim 35
or 36, wherein R5 is nethyl. 40. The conpound of claim 35 or 36, wherein

R5 is pheny}. 41, The co nd_of, any _oneg of .. cl ai 35:40, wherein one of
R3 and R4 ?gé H garrh'aC?Wgou%r&)%écrlalglflwr}éﬁednghlg’l}s" aﬂ@l‘gﬁs& .?>The conpound of any

one of clains 35-40, wherein R3 and R4 are each R 43. The conpound of
claim42, wherein R3 and R4 are independently selected fromthe group
consi sti ng3&f mdegpmpaund of any one ef glainanip-p0.bvlerein Reds HorConpound of
claim42, wherein R3 and R4 are each -CH3. 45. The conmpound of any one of
clainms 35-40, wherein R3 and R4 are joined and forma noiety selected from
t he group éensi ghergmpbundbicanglonpod piaims F5-6Y,olvicdein R, is BF @yCHopentyl  and
(3-cycl ohexyl .

53.  The compound of any one of claims 35-50, wherein R¢ is H and Rg is CHj.

54.  The compound of any one of claims 35-53, wherein Ry is a three to six carbon,

branched alkyl group.
55. The compound of any one of claims 35-53, wherein R7 is -C(CH3);.

56.  The compound of any one of claims 35-50, wherein R is H, R7 is: -C(CHj3)s, and Rg
is -CH3.

57.  The compound of any one of claims 35-56, wherein Z is: -NHCH(R;;)COOH or
-NCH;;CH(RH)COOH, wherein R11 is R; or, -(CHz)nNHC(NH)(NHz).

58.  The compound of any one of claims 35-56, wherein Z is -OR ;4 in which R)4 is a

linear or branched one to six carbon alkyl group.
59.  The compound of any one of claims 35-56, wherein Z is OH.

60.  The compound of any one of claims 35-56, wherein Z is -OCHj.



46. The conpound of any one of clainms 35-45, wherein R and R2 are

i hdependently selected fromthe group consisting of H nethyl, ethyl
propyl, n-butyl and acetyl. 47. The conpound of any one of clal @B;
mhereln Rl and R2 are joined and forma nviety selected fron1the gro

consi sting of cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl. 48. The
conpound of any one of clains 35-45, mherein R and R2 are independently:

H, CH3 or acetyl. 0 7 FEB 2007 -40 49. The conpound of any one of clains
35-45, wherein Rl and R2 are independentiy: H or CH3. 50. The conpound of
claim49, wherein RLis H and R2 is - . 51. The compound of any one of

cl ai s 35- re| Se H or he, co| nd , of one of

cl ai nrs 35- g? Fézlompﬁém% %f oneeﬁglaug§§5 ?ér n@ﬁ’#& I? %ﬁ? ne of clains
35-50, wherein R6 is Hand R8 is CH3. 54. The conpound of any one of clains
35-53, wherein R7 is a three to six carbon, branched al kyl group. 55. The
conpound of any one of clains 35-53, whereintR7 is -C(CH3)3. 56. The
conpound of any one of clains 3%-50, wherei n| is H R7is: -C(CH3)3, and
R8 is -CH3. 57. The conpound—of —=an{ -oneCof—¢l-arMH35- 56, wherein Z is:

- NHCH( R11) COOH or - NCH3CH(R11) OOH, wherlein R is R or,

-(CH2) "NHC(NH) (NH2) . 58. The corpound of Rgj)y one of clains 35-56, wherein Z
is -OR14 in which R14 is a linear or branched one to six carbon al kyl

group. 59. The caqnmpound of any agne of clains 35-56, wherein Zis OR 60. The
conpound of any Vﬂﬁée”é)&tlséf’lﬁ%teéﬁ-o%t e gFamsansistingsof oethyl, ehyt, EpRPYBO7 - 41

61. The compouadyOlerPivtyPNo-QltyIChR {BE-biny12fhd HAGE &1kt EPebthd foup by O
of: H, methyl, ethyl, propyl, iso-propyl, n-butyl, iso-butyl and sec-butyl.

62.  The compound of claim 61, wherein R;s is isopropyl and Ry¢ is methyl.

63. The compound of any one of claims 35-62, having the configuration:

Ry
Ry

N
R2/ \R1

64.  The compound of any one of claims 35-63, having the configuration:
Ry
Rg

65.  The compound of any one of claims 35-64, wherein Y comprises a chiral centre

having an s-configuration.



HIl C-CCCOH I I R15 R16 wherein R15 is selected fromthe group
consi-sting of nethyl, ethyl, n-propyl, isopropyl, tert-butyl, iso-butyl,
and sec-butyl; and R16 is selected fromthe group consisting of H FEeupy! .
et hyl, propyl, iso-propyl, n-butyl, iso-butyl and sec-butyl. 62. The
conmpound of claim61, wherein R15 is isopropyl and R16 is nethyl. 63. The
conpound of any one of clains 35-62, having the configuration. R4 R3 5 RZ
|--, RL 64. The conpound of any one of clains 35-63, having the
configuration: R7 N R6 65. The conpaupd of any one of clains 35-64,
wherein Y conprises a chiral centre having an s-configuration. 0 7 FEB
2007 -42 66. The conpound of claim35, wherein the conpound has the
structure: OM O 1-01 OH NNO MwH

66.  The compound of claim 35, wherein the compound has the structure:




