Title: CAMPTOTHECI N ANALOGS AND METHODS OF PREPARATI ON THEREOF [err]
Abstract A conmpound has formula (1) in racemc form enantionerical lX
enriched formor enantionerically pure form Rlerr] is prePepawry 200
-Si(Rerr]Rerr]Rerr]) or -(Rerr])Si(Rerr]Rerr]Rerr]), wherein Rerr]
is an al kyl ene group, an al kenyl ene group, or an al kynyl ene group; and Rs,
RO and Rl Q@145 Ndependently.-a Cferr] al kyl group, a fgdraisedoeadikenyl group,
a Cerr] alkynyl group, an aryl group or a -(CH err])NR[err] group, wherein
Nis an integer within the range ®f*¥Ethrough 10 and Rlerr] is a hydroxy
group, al koxy group, an am no group, an al kyl am no group, a dial kyl am no
group, a halogen atom a cyano group, -SRerr] or a nitro group.
Rierr]-Rierr] can be broaghypsebsidinhRsodd Sl IS preferably a Jerr]
al kyl group, an al kenykp@ic®dPor aphalthYon FeesRorpOl a benzyl group, Rerr]
is preferably H F or -CHerr]. Rerr] is -C(ORerr] or H The E-ring (the
| actone ring) nay be opened. A nethod of synthesis of conpound (1) and
internediates in the synthesis thereof are provided. 9 January 2004

Related Applications

5 Field of the Invention

The present invention relates to novel compounds
and methods of preparation thereof and, particularly, to E-
ring expanded camptothecin derivatives or analogs and to

methods of preparation of such camptothecin analogs.

10 . - Background of the Invention

Camptothecins are DNA topoisomerase I inhibitors
now being used as anticancer drugs. Topotecan (tpt) and
CPT-11 are the first two members in the camptothecin family
to gain Food and Drug Administration full approval status

15 (topotecan in 1996 as second-line thérapy for advanced
epithelial ovarian cancer, topotecan again in 19%8 for the
treatment of small cell lung cancer,‘ CPT-11 in 1998 as first-
line thexapy for colon cancer). Several other analogs of
the camptothecin £family such as GI-147211C, DXB8951fF,

20 9-aminocamptothecin (9-AC} and 9-nitrocamptothecin are in
various stages of pre-clinical and clinical evaluation. Each
of the campothecins in clinical use undergoes relatively

rapid hydrolysis in the blocdsteam resulting in a marked loss
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i nhibitors now being used as anticanger drugs. Topotecan (tpt) and . CPT-11
are the first two nenbers in the canptothecin famly to gain Food and Drug
Adm nistration full approval status 15 (topotecan in 1996 as second-line

t herapy for ®Ad#aRc@dceepretglital ovati afs cancerey topguesan agaid i n 1998

for the trgrismebpiresiBLhicellids CPT--11.n.1998 as first |line
t her apy forhg%%g %arfcer)_ 1S,everlz:llllggt e?%gﬁg otgs‘?agP‘l'oY}F%lBﬁrTﬁ]P?ﬁ heci n

family such 289,73t 1 BhYBR@Firal 20HO- i nbelainpt oblietegickdAC) and
9- ni tr ocanptoddrdeen aane gotenyR11QUSEsxiadas,a@bxPr gé{:ﬂg;&'ﬂ? gpd clinical

eval uati gn. ;Fag of .the.c thegins in clinical use undergoes relatively
rapi d hydrol ysi %r?h Thé™s) %or%g?ea\?n‘%‘esul%i g rhia avdr k¥erhapd st January

2004 WO 00/ §9udys oPCTH ISOAF O4GE 8f Camptothecin and Some Analogues”, .
J. Pharm. Sci. 81: 676-684 (1992); Hertzberg, R.P., Caranfa,

M.J., and Hecht, S.M., "On the Mechanism of Topoiscmerase I

Inhibition by Camptothec:?.n: Evidence for Binding to an

10 Enzyme-DNA Complex", Biochemistry 28: 4629-4638 (1989);
Hsiang, Y-H., and Liu, L.F., "Identification of Mémnélian DNA
Topoisomerase I as an Intracellular Target of the Anticancer

Drug Camptothecin", Cancer Res. 48: 1722-1726 (1988); and

Jaxel, C,, Kohn, K.W., Wani, M.C., Wall, M.E., and Pommier,

15 Y., "Structure-Activity Study of Camptothecin Derivatives on
Mammalian Topoisomerase I: Evidence for a Specific Receptor
Site and a Relation to Antitumor Activity", Cancer Res. 49:
5077-5082 (158%) . References set forth herein, including
those set forth above, may facilitate understanding of the

20 present invention. Inclugsion of a reference herein is not

intended to an does no constitute an admission that the

reference is prior art with respect to the present invention.

The structures of camptqthecin and some of its

important analogs are shown below:



of anticancer activity. It is the key a-hydroxyl actone pharnacophore
within clinically relevant canptothecins that hydrolyzes at phyS|oIog|caI
pHto yield a biologically- inactive and potential |y toxi cSngauay 004
carboxylate form 5 Fassberg, J. and Stella, V.J., " A Kinetic and

Mechani stic Study of the Hydrol ysis of Canptothe0|n and Sone Analogues"
J. Pharm Y&2PU6ips: 676-684 (1992); Hertzberg, R P., CaPSRFPEMMH 3  and
Hecht, S.M, "On the Mechani sm of Topgi sonerase | Inhibition by
Canptothecin Evi dence for Binding to an 10 Enzyne- DNA Conpl ex",

Bi ochem stry 28: 4629-4638 (198 ) Hsiang, Y-H., and Liu, L.F,
"ldentificati f_Mapgmal i any M?opmsomeraseol asfan Intracell ul ar
Target of th cer Drud 5t Wt4feci n”, Cane RES A48 1722-1726
(1988) ; and Jakel n, Kohn AR, MC., \ and Pommi er,
15 Y., "Structure-Agtyyity Study of pt'ot heci n Derlvatl'eﬂ on Mammal i an
Topoi sonerase |: Evid¥rite for a SpeC|fmcoReceptor Site™hdba Relation to

Antitunor Acti Viabegihesaiigncer Res. o@Quney>077-5082 (1989),.._Ref erences set
forth herein, including those set forth abov@”"ﬂaymﬁﬁwm¢m$emmwe
understandlng of the 20 present inve on. Inclusion of a reference herein
is not intended to an does no constitute an adm ssionythat the reference
is prior art Mt espect t oot he -resent |nvent|on he structures of

canpt ot heci n [ R owasbel ow. 9 January
2004 WD 00/ 611486" 3

9-amine camptothecin {8-AC), R=NH, Gl-1472 ' ‘
i ‘R ENGs 2 11C DX8951f

Recent research efforts have shown that agents
such as 9-aminccamptothecin and camptothecin (cpt) display
very poor stabilities in human blood due to high affinity.

5 'binding interactions between their carboxylate forms and
human serum albumin (HSA). Burke, T.G, Mi, Z., Jiang, Y.,
and Munshi, C.B. "The Important Role of Albumin in
Betermining the Relative Human Blood Stabilities of the
Camptothecin Anticancer Drugs", Journal of Pharmaceutical

10 Scienceg, 84: 518-519 (1995); Burke, T.G. and Mi, Z. "The
Structural Basis of Camptothecin Interactions with Human
Serum Albumin: Impact on Drug Stability®, Journal of
Medicinal Chemistry, 37: 40-46 (1594); Mi, Z. and Burke,
T.G., “Differential interactions of Camptothecin Lactone and

15 Carboxylate Forms with Human Blood Components”, Biochemistry,
33: 10325-10336 (199%4); and Mi, Z., Malak, H., and Burke,
T.G. "Reduced Albumin Binding Promotes the Stability and
Activity of Topotecan in Human Blood", Biochemistry, 34:

13722-13728 (1995), the disclosures of which are incorporated



Etw OH 0 canptothedn (cpt) topotecan (tpt) SN38,R=H CPT-1t. R =

pi peridi ny! piperidine carhamate 9-am rw canpt ot hedn (9-AC é R = NH2

9-nitro canptothecin. R = NO2 Gl-147211G DX8951f Recent JARLHY PP 1
have shown that agents such as 9-am nocanptothecin and carrpt ot hecin (cpt)
di splay very poor stabilities in human bl ood due -to high aff|n|ty 5

bi ndi ng i nt"@Y¥#%ns bet ween their car boxyl ate forns aR@*ViMPEN: serum
albumn (HSA). Burke, T.G M, Z , Jiang, Y., and Muinshi, CB. "The

| nportant Role of Albumin in Determning the Relative Human Bl ood
Stabilities_of the Canptothecin Anticancer Drugs", Journal of

Phar maceut i €&FS$0 B3cirefieeaicegs: FEaguaaity - 4A0a5) ;1iBot#e, fluGomigyM, Z. "The

St ruct ur al Balsélsm@tltgangg@ahggl Nyt er ons._with H Ser um Al buni n:
| npact on Dru St abi | |1‘¥y Jour nal” of l‘?‘F\i}‘ﬁéﬁﬁC|E'r‘1:3arlum %ﬂ F6A) 40- 46
e,

(1994); M %ﬁ?& B nfis GeampEy Fheginchabotyiate asttionsvef £anpt ot heci n

Lact one and 1@5 fedxib onghet eaﬂhhmsymt&nlﬂ;alfleaa@oBEQ%ﬁ‘:&%EP&Eeﬂé& ohgr 4 Bur ke,

Bi ochem gtry 25- 10336, (1994) ; and
T.G " Reduceél AlﬁumglgéBlén g Promo é@rlfeﬁ’e StaRTPreiemnYaridtibusty of

Topot ecan i ROPRATEANG| 0BW" IELQI@hemrﬁi r'vf 3damptb3kdiml 3426 (129q), the
di scl osur es a0huiiisch ane FM@HQ}F-%%Q:H? ndal ce%gg 4 Spectroscopic
Study", Biochemistry, 33: 12540-12545 (1994), the disclosure
of which is incorporated herein by reference. This
i(. 10 differential binding of carboxylate over lactone results in
camptothecin and 9-AC opening more rapidly and completely in
the presence of HSA than in the absence of the protein. In
human plasma, pH 7.4 and 37°C, camptothecin and 9-AC both
open rapidly and essentially completely to almost negligible
15 0.2 % lactone levels at equilibrium. While the presence of
HSA promotes lactone ring opening for camptothecin and-Q—AC,
red blood cells and lipid bilayvers in general preferentially
bind the electroneutral lactone forms of camptothecins over
their respective negatively-charged carboxylate lactone
20 forms. Burke, T.G., Staubus, A.E., Mishra, A.K., and Malak,
H., "Liposomal Stabilization of Camptothecin's Lactone Ring",
J. Am., Chem. Soc. 114: 8318-8319 (1992); and Burke, T.G.,
Mishra, A.K., Wani, M., and Wall, M., *"Lipid Bilayer
Partitioning and Stability of Camptothecin  Drugs",
25 Biochemistry, 32: 5352-5364 (1993), 'the disclosures of which
are incorporated herein by reference. Drug interactions with

erythrocytes thereby promote active lactone levels in bloeod.
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fluoronmetry experinents revealed that hunman serum al bum n_( HSA)
preferentially binds canptothecin carboxylate with over a 2¢80d%RA04 gher
affinity conpared to canptothecin |actone. 5 M, Z. and Burke, T.G "Marked
I nterspecies Variations Concerning the Interactions of Canptothecin with
Serum Al b¥RPHEI6A Frequency- Domai n Fl uor escence Spect PEEESMO St ydy"
Bi ochem stry, 33: 12540-12545 (1994) gt he di sclosure of which is
i ncorporated herein by reference. This 10 differential binding of
carboxyl ate over lactone results in canptothecin and 9- AC openi ng nore
rapidly and conpletely in theapregenogiaeEqlistnt han i n the absence of the
protein. In human plasma, pH 7.4 and 37C, canptothecin and 9- AC both open
rapidly and essentially conpletely to alnbost negligible 15 0.2 % | act one
| evel s at equilibrium Wile the presence of HSA pronotes |actone ring
opening for ca } nd 9- AC, H ed bl oog=s pid bilayers in
general prefer F@
canpt ot heci ns over  t hé&i pective negatively ) arboxyl ate | act one
20 forms. 'Burke, T.G g us, A.E., Mshra, A K,
"Li posonmal Stabilization npt ot hecin's Lactone R ] .
Soc. 114: 8318-8319 (1992); and Burke, T.G, Mshra, A'K, Wani, M, and
Vall, M, "Lipid BetPegyer Par tinvatheéimepriand=8t abi lcisbokyi@é Canpt ot heci n
Drugs", 25 Biochemistry, 32: S5¥E5¥Bpikcinsedsa)=1 ' t he discl osures of which
are incorporated herein by reference. Drug interactions with

Recently, Lavergne et al. have shown that

expansion of the E-ring of camptothecin to produce a
“homocamptothecin’ enhances the solution stability of

5 camptothecin while maintaining anticancer activity.
'Lavergne, 0., Lesueur-Ginot, L., Rodas, F. P., Kasprzyk, P.

G., Pommier, J., Demarquay, D., Prevost, G., Ulibarri, G.,
Rolland, A., Schiano-Liberatore, A.-M., Harnett, J., Pong,

D., Camara, J., Bigg, D., "Homocamptothecins: Synthesis and

10 Antitumor Activity of Novel E-Ring Modified Camptothecin
Analogs", J. Med. Chem., 41, 5410-5419 (1998) ; and Lavergne,

0., Lesueur-Ginot, L., Rodas, F. P.,and Bigg, D.,"An E-Ring
Modified Camptothecin With Potent Antiproliferative and
Topoisomerase I inhibitory Activities. Bioorg. Med. Chem.

15 Lett. 7, 2235-2238 {1997). Tﬁe modification to the E-ring in
the studies of Lavergne et al. #nvolved insertion of a
methylene spacer between the 20-0OH functiconality and the
carboxyl group of the naturally occurring six-membered o-

hydroxylactone of camptothecin. Incorporation of the new 7-

20 membered B-hydroxylactone ring into camptothecin was found to

improve the solution and plasma stability of the agent.
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Recently, Lavergne et al. have shown that expansion of the E-ring of
canptothecin to produce a "honocanptothecin” enhances the sol ution

stabi | ity Y8186t ot heci n whil e mai nt ai ni ng ant i cancRFI/EEMP%t v

Lavergne, 0., Lesueur-Gnot, L.., Ro F. P., Kasprzyk, P. G, Ponmer,
J., Demarquay, D., Prevost, G, Uib rri , G, .Rolland, A,

Schi ano- Li beratore, A -M, Harnett, J., Pons, D., Camara, J., Bigg, D.,

" Honocanpt ot heci ns; &y nt tsesix@:w.mad 16F Antthéunuﬁonéehiny&dty&eain Nowgl E-Ring
Modi fi ed n_, An Che 41, 5410- 5419 1998); and
Laver gne, Cé}"%pgp sg{-éufa%e%léc?géte nuﬁbglrmg F‘T’yge,maﬁl&egl §8, 9B°°"R% E-Ri ng

Modi fi ed Ceﬁ?silcﬂqmemﬂ/\ﬁ?h Showa e lAm: proliferative and Topoi sonerase |
inhibitory Activities. Bioorg. Med. Chem 15 Lett. 7, 2235-2238 (1997). The
nodi fication to the E-ring in the studies of Lavergne et al. involved
insertion of a 3 ene spacer betweengtH fynctionality and the
car boxyl group of ug/al |y occurrlng ed a- hydroxyl act one of
canptothecin. In of the new - hydr oxyl act one ring
into canptothecin was fo o

OH HO 20a

5 homocampiothecin ring and substituent numbering

Although substantial strides have been made in the
development of the camptothecin family of drugs, it remains
very desirable to develop improved compounds in this family

of drugs and to develop improved synthetic routes for
10 preoducing such drugs.

Summary of the Invention

The present invention provides generally for a

compound having the following formula (1):

(L)

15 in racemic form, enantiomerically enriched form or

enantiomerically pure form;



i mprove the solution and plasma stability of the agent. 9 January 2004 WO
00/ 61146 6 PCTI USO0I 09401 The structure of the honobcanpt ot hecin of

Lavergne et al. and the numbering systemused to describe 9daewprgdf@bunds
are shown below. OH 5 honocanptothecin ring and substituent numnbering
Al t hough substantial strides have been made in the devel opnent of the
canpt ot hewiornosags | y of drugs, it remmins very desir abkernosooshastel op
i mproved conpounds in this famly of drugs and to devel op inproved
synthetic routes for 10 producing such drugs. Summary of.the Invention The
present invention provides generally for a conpound having the follow ng
formula (1); . i_0.racem.c 'y ri | y..end:i-gh orm or
enant i orreri)wggi{'%%/n é%r eapl okim 5%8 J%%é?re?ﬁggjg% Ooslggilflfé: %‘#Dﬁ% 09401 7
wherei n R aaddaRe hydrogmdepettRdfif | yherpins Rreliorani Fikele sroumndrar e
hydrogen, -GLQAR el el Bhits &b ¥ 20m9uPoxP hradpkOXy gigpp, an ani no
group or aahydroxy group,_ an al kyl

group, an alkenyl group, "an alkynyl group, an alkoxy group,

5 an aryloxy group, amn acyloxy group, -0C(0O)OR®, wherein R? is
an alkyl group, -OC{O)NR"R® wherein R* and R®° are
independently the same or different, H, -C{O)Rf, an alkyl

group or an aryl group, a halogen, a hydroxy group, a nitro
group, a cyano group, an azido group, a formyl group, =2

10 hydrazino group, an amine group, -~-SR°, wherein R® is
hydrogen, -C{O)R®, an alkyl group or an aryl group; or R!
and R® together form a chain of three or four members
selected from the group of CH, CH,, O, S, NH, or NRY,
wherein R is an C,-C; alkyl group;

15 R’ is H, a halogen atom, a nitro group, an amino group, a
hydroxy group, or a cyano group; or R’ and R’ together form
a chain of three or four wmembers selected f£rom the group of

CH, CH,, 0, 5, NH, or NR'™, wherein R is an C,-C, alkyl
group;

20 R* is H, F, an amino group, a Ci-3 alkyl group, a Cz2-3
alkenyl group, a C-3 alkynyl group, a trialkylsilyl group
or a Ci-3 alkoxy group;

wherein at least one of R', R?’ R® and R' is not H, an alkyl

group or a halogen atom;

25
R® is a Ci-10 2lkyl group, an alkenyl group, an alkynyl group,
or a benzyl group;
R® is -Si(R'R°R!) or —(R7)Si (R®R®R'®), wherein R’ is an alkylene
30

group, an alkenylene group, or an alkynylene group;



group, an al kenyl group, an al kynyl group, an al koxy group, 5 an aryl oxy.
group, an acyloxy group, -OC (O ORd, wherein Rd is an alkyl grou

-OC(O NRRb wherein R and e are independently the same or 8iJﬁP'é?réRB¢4H,
-C(OR2, an alkyl group or an aryl group, a hal ogen, a hydroxy group, a
nitro grou&,} a cyano group, an azido group, a fornyl group, a 10 hydrazino
group, an 4MP¥BM§roup, - SRC, wherein Rc is hydrogen, PEY¥SPpH905n al kyl
group or an aryl group; or RL and together forma chain of three or
four menbers selected fromthe group of CH CH2, 0, S, NH, or NR1$,
wherein Ris is an A-C6 alkyl group; 15 R3is H, a halogen atom a nitro
group, an amdnk’,grdupnd &R hare AxflegHirdepr1Yra aCCUANALEFDUpow, B2 and R3
together form a ci:hai{l of three or faour nmenbers selected fromthe group of

CH, CH2, 0,52510NH*eGYL NBESP: ihdreilh RISTYL FPue:- 86 2Ry P O 8Gp; 20 R4 i s

H F, an am nqcg)) P, grvup} - vheddek il nOfOUD idcCdas witlhi8NYhe BFMR, a C2..3
al kynyl group ahtrl %I kgl%léé[l ?roup or a Cl-3 al koxy group; wherein at
| east one & Chigyohpdl 1 P8 hHoWIEP*|FrakRy | an BY 7*%Phal ogen atom
25 RS i & a a0 amifb afrkyb, gmoapkylamiab kamyb, g4 aliplkelaminoygyduggr @Up, or a

benzyl grouyp; i.s - Si (ERg - _dR7).. S _(RBRORL wherein R7 is an
al kyl ene g%lagﬁsﬁpa,%ogh Al gniE/zllgerr?glpgrosl(JRg, g%ra 3%558? l%;:r?)yl})éne group; 9 January
2004 WO 00/ 61146 PCT/ US00/ 09401

RV is H, F or -CH,;
R is -C(O)R® or H; and
pharmaceutically acceptable salts thereof.

10 : R' and R® together may, for example, form a group
of the formula -0(CH,) O- wherein n represents the integer 1
‘or 2. Likewise, R® and R’ together may, for example, form a
group of the formula -0{(CH,),0~ wherein n represents the

integer 1 or 2.

15 R® is preferably an ethyl group, an allyl group, a
7 benzyl group or a propargyl group. Most preferably, R* is
. an ethyl group. Preferably, R' is H.

3

In one embodiment, R® and R* are methyl groups, RY

is a tert-butyl group or a methyl group, R is H and R® is

200 H. In this embodiment, R’ may, for example, be H, NH, or
OR.



S and Re, RO and R1D are independently a C _10 al kyl group, a C2_10

al kenyl group, a C2_10 al kynyl group, an aryl group or a - (CH2) "Rl11
group, wherein Nis an integer within the range of 1 throfgRnuaYZRB4R11 is
a hydroxy group, an al koxy group, 5 an am no group, an al kylam no group, a
di al kyl am no group, a halogen atom a cyano group, -SR or a nitro group;
R13 is H Woos1146CH3; HI16 is -C (O Rf or H and phar nd&E3P¥3f%y acceptabl e
salts thereof. 10 R and R2 together may, for exanple, forma group of the
fornula -Q(CH2)aO wherein n represénts the integer 1 or 2. Likew se, R2
and R3 together may, for exanple, forma group of the fornmula -Q(CH,)AO
wherein n rfalprfasentRs-.» tshe Pﬂﬁ@@gglgry Izor 2 ks BeefsSrdmief er ald yaman et hyl
group, an a group, a benz roup ,or. a propar group. Mbst

pr ef er abl y?lkRé pEoumrn  SoRY| Pﬁ?%ifﬁgllf’r e?gr’a?blfg,oﬁ%'cgég S I‘"ﬁgxdenlen embodi nent ,
R and R g es @t RykyDrgavps, Rbet pseferbbhy - ®OUtiyl Hgroup or a nethyl group,
R is Hand R3is 20 H In this enbodinent, R2 may, for exanple, be H, NH2
or OH 9 January 2004 WD 00/61146 PCT/USOQO' 09401 9 R13 is preferably H

R16 is preferably Hyr a8sedd kidve@haop. aMastppiatiesabl ywetRib o6 H or -C (O
R1, wherein Rf is, an al k:%ou%ﬁoﬁ%ingbgﬁe Ry, ef eigbl y, R6 is H

5 synthesizing a co ormi

R' RE

or the precursor

10

is reacted with an arylisonitrile having the formula



The present invention also provides a nmethod of 5 synthesizing a conpound
having the fornmula via a cascade radical 4 + 1 annul ati on wherein the
precursor or the precursor 0 Ft6CH=CH 10 is reacted with aBJanuary2M trile
having the fornmula 9 January 2004 WO 00/ 61146 PCTI USO0/ 04401 10 NC wherein
Xis a radlcal recursor. Preferably, Xis O, Br or |. Mst preferably, X
is Br or g‘ﬁuary 2004- WO 00/ 61146 11 PCTI US00/ 094G’£T’J!I§°°{°Ff§}cat ed
above, aII conpounds of the present nvention including the

P- hydr oxyl act one group can exist in 1@ racem c form enantionerically
enriched form or 9 January 2004 12 enantionerically pure form The
formul as of such conpounds as set fa@rth herein cover and/or include each
such form The term "radical preqirsgr(s)" as used herein and as well

known to those skilled in the art r} s generally 5 to those functional
groups that cleave to generate ragh

wherein X is a radical preéursor. Preferably, X is Cl, Br

or I. Most preferably, X is Br or I.



under standard conditions of chain or non-chain radical reactions. Common
radi cal precursors are the hal ogens (except fluorine), carboxylic acids
and derivatives thereof (such as thiohydroxanates), sel endp®ERy 28bups,

di azonium 10 salts, and the like. Ste, for exanple, Gese, B. Radicals in
Organi ¢ Synthesis;: Formation of Carbon-Carbon Bonds; Perganon, Oxford
(1986), th&¥OPMVfsure of which is incorporated herei PSP ence. The
terms "al kyl", "aryl" and ot her groupls]- refer 15 generally to both
unsubstituted and substituted groups unless specified to the contrary.

Unl ess otherw se specified, alkyl groups are hydrocarbon groups and are
preferably C1-Cl15 (that is, having 1 to 15 carbon atons) al kyl groups, and

more preferably Cl-CAf nidiybred Citisre, aRE1 20bngRRNRE OF AEhgHeQLnUNbr anched,
acyclic or cécl ic. The f\bove definition of an al kyl group and ot her

defi ni ti ons *APEPY-Orar86itHER the Ryhsapondagtenshgrotmernn exianotther group
(for exanplecewir al kephmgr olghadsiemsikaliy uend Qv an al am n%] group or a
di al kyl am no group). The term"aryl" refers to 25 phenyl or naphthyl. As
used herein, the terns "hal ogen” or "halo" refer to fluoro; chloro, brono
and iodo. The term "al koxy" refers to -OR wherein Ra is an al kyl group.
The term "aryl oxy" refers to -OR, wherein Re 9 January 2004 iG 3 is an aryl
group. The termacyl refers to -C(ORf. The term"alkenyl" refers to a
straight or branched chain hydrocarbon group with at | east one double
bond, preferably wth 2-15 carbon atons', and nore preferably with 2-10
car bon



5 atons (for exanple, -CH=CHR9 or -CH, CH=CHR9). The term "al kenyl" refers
to a straight or branched chain hydrocarbon group with at |east one triple
bond, preferably with 2-15 carbon atons, and nore preferaBldgnuary?094 10
carbon atons (for exanple, -C=CR ' or -CHz-C-CRb) The terns "al kyl ene,"
10 "al kenyl ene" and ' al kynyl ene" refer to bivalent forns of alkyl, alkenyl
and al kynyl groups, respectively. The groups set forth above, can be
substituted with a wide variety of subsﬂ_i?fuents to synt hesi ze

honocanpt ot heci n anal ogs retaining activity. For exanple, 15 al kyl groups
may preferably be substituted with a group or groups including, but not
linmted toen@dl@aéyicagrlwpufeadgd&h.enythegrﬂaaipmll@é\ c;fl lsQxl &n@dRnas hydr oxy
group, an an nqQ rqu i ncl udi ng, r ex e, free ani no groups,

al kyl ani no?® di<H ngéhgﬁ%eb‘?o‘i?ﬁ?raﬁ‘&‘l%ﬁﬂ% GROUpSFD HF™0 al kenyl group,
an al kynyl group and an acyl oxy group. In the case of am no groups
(-NRaRb) , Ra and Rp are preferably independently hydrogen, an acyl group,
an al kyl group, or T &Y "HUGRT BEFETETOIRS ARySSHePRER §ube

substit ut edswivdIt wnbhAt téd Sghddfe sk}l dnkyhe il efarbadarairsyly group (for
25 exa

l e, a_perfl.uoroal kyl graou n_.al koxy grou an i n group and a
hydroxgE gr88p‘.jg)%ekfﬁwtlgorngépgg%urﬁfp )épﬁgnf/ eavﬁrg%p%er'r?%§t%r%afadgr‘:ﬁg?y be
substi t ut egndga hstanderd ssonROtaens b ghelpref emabtghaia gragidpabr groups
i ncl uding, bRk, |1 @hiyRch { Qaafthid! k¥ GLoHD, 220 ahkoxyaldouls group, an
amino 30 al kyl group and a benzyl group. 9 January 2004 14°The term
acyl oxy" d8*¢RRNd HHEPEIHR)refBFRORd ifhacids and derivatives thereof

(such as thiohydroxamates), selenophenyl groups, diazonium

10 salts, and the like. See, for example, Giese, B. Radicals

in Organic Synthesgis: Formation of Carbon-Carbon Bonds;
Pergamon, Oxford (1%86), the disclosure of which is

incorporated herein by reference.

The terms “alkyl”, “aryl” and other groups refer

15 -generally to both unsubstituted and substituted groups
unless sgpecified to the contrary. Unless otherwise
specified, alkyl groups are hydrocarbon groups and are
preferably Cp-Cis (that is, having 1 to 15 carbon atoms)
alkyl groups, and more preferably C3-Cjp alkyl groups, and

20 can be branched or unbranched, acyclic or cyclic. The above
definition of an alkyl group' and other definitions apply
also when the group is a substituent on another group (for
example, an alkyl group as a substituent of an alkylamino
group or a dialkylamino group). The term “aryl” refers to

25 phenyl or naphthyl. As used herein, the terms “halocgen” or

*halo” refer to fluorc, chloro, brome and iodo.

The term “alkoxy” refers to -OR?, wherein R? is an

alkyl group. The term “aryloxy’ refers to -OR®, wherein R®



group -OC (O Rd. The term "al koxycar bonyl oxy" as used herein refers to
the group -OC (O ORd. 5 The term "car banoyl oxy" as used herein refers to
the group -OC (O NRaRb. Amino and hydroxy groups may incl 8danynpededive
groups as known in the art. Preferred protective groups for am no groups
i nclude tert-butyl oxycarbonyl, fornyl, acetyl, 10 benzyl,

p- met hoxybenzyl oxycarbonyl, trityl. Qher suitable protecting groups as
known to those skilled in the art are1ddsclosed in Geene, T., Wits,
P.GM, Protective Goups in Oganic Synthesis, Wley (1991), the

di scl osure of whi ch is incorporated herein by reference. 1S In general,

Rl, R2, R3,;.Ran Réy JB8 . ar @nePLefRT 2B}y NOte 8X¢eSSicY8) ¢ buliky to maintain
activity of the resu tant canptothecin anal og. Preferably, therefore, Ri -,

R2, R3, R6[eRY ardkewyy” nd’é?féﬁaen‘iq yahatrdadohbl e¥ul Bran@eghtchatass t han
appr oxi mat eiwreéa&bowbgﬁ:u@r eﬁemaebi )least &e d3tbidObdial, BfepsrhpRe

i ndependent av | ar vvel ess_ t xipately 200. Sone of
t he canpt ot’l ﬁgléhzn ana‘fﬂg%s 8t °THe *p esehet Pr?%’?/rea%%i"onp'@h% ga?)r dred for

phar macéut iataks udéoms esahpliss, waHFCHERDOr gani-CHatH=d8RYuch &be Ietrmnot |im ted
to, 25 hydr“ ﬂfrdﬁefé%gwba( UG Eorny 1S W BI»?na}RJ&OEHQﬂ& de%@'ax%oﬂa”“ary 2004

15 nitrate. cin analoscana ed as salts with
organi c acﬂ@?ulsu‘e#fasﬂ,t, Ysgfet nepe IﬁlfﬁptlédbPBd PrE‘ferab y with 2-315

carbon atoms, and more preferably with 2-10 carbon atoms
(for example, -C=CR" or -CH,-C=CR". The terms “alkylene,”
10 “alkenylene” and *“alkynylene” refer to bivalent forms of

alkyl, alkenyl and alkynyl groups, respectively.

The groups set forth above, can be substituted
with a wide ~wvariety of =substituents to synthesize
homocamptothecin analogs retaining activity. 7 For example,

15 alkyl groups may preferably be substituted with a group or
.groups including, but not limited to, a benzyl group, a
phenyl group, an alkoxy group, a hydroxy group, an amino
group {including, for example, free amino groups,
alkylamino, dialkylamino groups and arylamino groups), an

20 alkenyl group, an alkymyl group and an acyloxy group. In
the case of amino groups (-NR°R°), R* and R® are preferably
independently hydrogen, an acyl group, an alkyl group, or an
aryl group. Acyl groups may preferably be substituted with
(that is, R® is) an alkyl group, a haloalkyl group (for

25 example, a perfluorcalkyl group), an alkoxy group, an amino
group and a hydroxy group.  Alkynyl groups and alkenyl
groups may preferably be substituted with (that is, R? and
R® are preferably) a group or groups including, but not
limited to, an alkyl group, an alkoxyalkyl group, an amino

30 alkyl group and a benzyl group.



acetate, tartrate, fumarate, succinate, citrate, nethanesulfonate,

p-tol uenesul fonate, and stearate. Other 5 acids can be used as
internediates in the preparation of the conpounds of the Preseaty 2084enti on
and their pharmaceutically acceptable salts. For purification,

adm nistration or other purposes, the E-ring (the lactone ring) may be
opened with 10 al kali netal such as, but not limted to, sodi um hydroxide
or cal cium hydroxide, to form opened E-Y¥§ng anal ogs of conpounds of
formula (1) as set forth in the conpounds of formula (2). The

i nternedi ates thus obtained are nore soluble in water and may be purified

to produce, after 15.ireatyent wWib an agid, h%rQir'zﬁ]iegg&sf et the

canptothecin anal ogs of the present invention. ring may al so be

modi fi ed t GTPEBAREEOhal ogs of conpounds of formula (1) with different
solubility profiles in water or other solvents. Methods to achieve this
goal 20 include, but are not limted to, opening the S-ring with hydroxide

or a water-sol Uble RFNO2 DERYRaLhorf &Y} ORAl iddd Gherlehf DYALAXY%Or OUP at
position 20 of,the E-ri n%Rgvlth a water- soluble group such as a

pol yet hyl ed@egfF -§r BUpRor an acyl group. Such groups can be introduced
either on the 25 honocanptothecin derivative or at an earlier stage in the
synt hesis. The anal ogs thus prepared act as pro-drugs. In other words,

these anal ogs regenenatrmhecaaimeyngsyohs faddukac{d)rdrticthed he cl osed
E-ring structure) when g%gﬁbm stered to a living organism Sqg, G eenwal d,
RB et 9 TSRO 00% QRR.

Aminc and hydroxy groups may include protective
groups as known in the art. Preferred protective groups for
amino groups include tert-butyloxycarbonyl, formyl, acetyl,

10 benzyl, p-methoxybenzyloxycarbonyl, trityl. Other suitable
protecting groups as known to those skilled in the art are
disclosed in Greene, T., Wuts, P.G.M., Protectiﬁe Groups in
Organic Synthesis, Wiley (1991), the disclosure of which is

incorporated herein by reference.

15 In general, R, R2, R3, R6, R7 and RB are
preferably not excessively bulky to maintaip activity of the
resultant camptothecin analog. Preferably, therefore, Rl,
R2, R3, RS, R7 and Rr8 independently have a molecular weight
less than approximately 250. More preferably R, R2, R3,

20 R®, R7 and RB independently have a molecular weight less
than approximately 200.

Some of the camptothecin analogs of the present
invention can be prepared for pharmaceutical use as salts
with inorganic acids such as, but not limited to,

25 hydrochloride, hydrobromide, sulfate, phosphate, and



al. J. Med. Chem, 39, 1938 (1996) . Al kyl esters resulting from acylation
at C20, for exanple, will result in nore |lipophilic pro-drugs that my not
hydrol yze until the alkyl group is enzymatically cleaved. 29anyasy gP@&ent

i nvention al so provides a use of a pharmaceutically effective anount of a
conmpound of forrmula (1) or a pharnmaceutically acceptable salt thereof for
the nmanufacture of a nmedicanent for treating a patient for 10 cancer or

| eukem a. The conpounds of the present invention nmay also act as antiviral
(for exanple, anti-H V) agents and anlfparasitic agents. The
pharmaceutically effective anount or dosage is preferably between 0.01 to

60 ng of thgcrePounds afpdRhat @ okl B8l ckd Hfscbady prehghia ¥ore 15
preferably, the pharnmaceutically effective anount or dosage is preferably

bet ween 0. FatbS 403HYy GFFVHE csuniiclof 25 f oPHEI £9F1)14FE£Rg 6% body

wei ght. | nagenetsl , acafpratapceuti@atdty, ef f eildeyfatdount cotrat@sage contains
an anount m%ghgrrl]esutiggga uends -g];}l\;é)ﬂ’enu!l.gor( efa];a Ctsg:vera;[t% di S(B:'h%\r{' 20

antil eukem'c, antitunor Caﬁ1|cancer ARt PAP 8RGOt ‘antiparisitic
behavi ors. PRitadseczeube cadedc eapodiermedisateso it aihe pgepsraaionced \éei ngr edi ent

of the conpaupdsndf f milde(1) poLsahharsmeguiieal |y, P January 2004 WO
00/ 61146 17 PCT1USOQ 09401 accepFab?e salt thereof in association with a
phar maceut RRaFP3CaiEd ept abRrecerialer spYtsdi | uent are al so

For purification, administration or other

purposes, the E-ring (the lactone ring) may be cpened with

10 alkali metal such as, but not limited to, sodium hydroxide
or calcium hydroxide, to form opened E-ring analogs of
compounds of formula (1) as set forth in the compounds of
formala (2). The intermediates thus obtained are more
soluble in water and may be purified to produce, after

15 treatment with an acid, a purified form of the camptothecin

analogs of the present invention.

The E-ring may also be modified to produce analogs of
compounds of formula {1} with different sclubility profiles
in water or other solvents. Methods to achieve this goal

20 include, but are not limited to, opening the E-ring with
hydroxide or a water-soluble amino group or functionalizing
the hydroxy group at position 20 of,the E-ring with a water-
soluble group such as a polyethylene glycol group or an acyl
group. Such -groups can be introduced -either on the

25 Thomocamptothecin derivative or at ah earlier stage in the
synthesis. The analogs thus prepared act as pro-drugs. In
other words, these analogs regenerate the compounds of
formula (1) {(with the c¢losed E-ring structure} when

administered to a living organism. See, CGreenwald, R.B. et



within the scope of the present invention. The structural nodifications of
the present 5 invention were found to prevent high affinity binding

bet ween the carboxylate form of a canptothecin anal og gnd HS &@ile at
the sane time promoting |actone interactions with ery? HFAY 824 an

addi tional consideration in the desigfof plasma and bl ood-stabl e
canpt ot heci ns concerns the structure of the E-ring. The A B, E- or

B,E-ring nodified c ot hecj ns f e present invention: . di spl ay
enhanced s?gbi“}r'i g@?qég%?%y p}geségég (()igsi—@A tﬁﬁgﬁbh"'%ﬁqrﬁi ﬁﬁ??%gnlriﬁ

m ni m zat i oromwf acyhe ikinghdty @@ ef ef@nt erdmdliandiwig 1byrHSAtofircatidaxyl at e over
| actone forns; .2) .display high. |levels of lipophilicity whjch ronot e
reversibleilégggﬁé iBE%_d?mPhghF c?%%é“FbPWgrgry?%éH“%}uﬁ ewf%%&%ed bl ood
cells, thegehy slsovnagmancaiegt cieddary the extent of drug hydrolysis; and
3) dispay inproved stability in aqueous solution. W further discovered
that the novel blood-stable 20 silyl-substituted honocanptothecin
(referred to herein @se 9pdegrrdr VinZ@04iohydioxypartiolkes si [weeaens or

honosi | at e rivati ese i nt.i.o be prepared
by signif canf&%gg%%?% i%%é%#gggtg%%éygj%{Hié?%ﬁﬁg%goéghgggﬁﬁga forth in
U. S. Pat entl)Appt i @abhamaieut@9ARlY, 47&ptamtlet Isedt 5 tBAMITOTHEC tNheANALOGS AND

Aopl 1 cat [ OR N 07 007 a2 BACPITSa ROVEL I AT ERNED LS T THE SYNTHES! S
OF CAVPTORMEGIIN oANDe REEINEED GHIRPORDRDSAND oS Y NIFRESH S HHERECRn Bl fil ed
January 15ma}9g§séh§cgi§§|QﬁﬂisﬁfglVW%6¥]é%éﬁple, anti-HIV) agents
and antiparasitic agents. The pharmaceutically effective
amount or dosage is preferably between 0.01 to 60 mg of the
compounds of formula (1} per kg of body weight. More
15 preferably, the pharmaceutically effective amount or dosage
is preferably between 0.1 to 40 mg of the compounds of
formula (1) per kg of body weight. In general, a
pharmaceutically effective amount or dosage contains an
amount of the compounds of formula (1) effective to display
20 antileukemic, antitumor (anticancer), antiviral and/or
antiparisitic behavior. Pharmaceutical compositions
containing as an active ingredient of the compounds of

formula (1) or a pharmaceutically



10 incorporated herein by reference. Novel internediates were synthesized
to carry out the cascade radical annulation of the present invention.
Several model conpounds of the present invention, as desc}{He@N L4he
formul a- bel ow, were studied extensively. R6 R2 nane 15 | b Si Me2tu NH2 DB-90
ld Si M3 NH2 DB-38 |If SiMe2tBu OH DB-91 19 Si Me2tu h SiMe3 H -
DB- 33 The%@@f”%omcarrpt ot hecins of the present invel_‘f(:‘;}(?%ﬁé%gﬁ ain A B or
B-ring nodifications which decrease the-preferential carboxylate over

| act one bi ndi ng by human al bumi n. Ifhese nodifications in the A B-rings

al so markedly enhance 20 lipophilicity and pronote | actone associ ations

W th |ipidackigraypees psebsent dherbbdHod. iﬁl’he mc&eﬂmundsqriahso gontain an

expanded P-hydr ox act.gne . ¢ roved January 2004 19
overal | EBX]fmat yy%’}caflh a%zecr#ggbfm orssogf %@ 3?1%y %’J asicyt otoxicity
assays u5| wHtMDALRB- d3Behpd adte eaﬁeefrt eemae‘emnt he E-ring expanded

i - hydroxyl actone sil atecans of the present invention display |Covalues in

the range of 2 to %%g M ARELEQP $1 g presepf,.i n%;@égehgn (several
[

of which are descr in the ormula a ove as a resul their novel
st ruct ur@al FUeRticRuYeEEhSouRR\Fe E%ﬁtom%ﬁﬁﬁlmmyabwlﬁﬁdbﬁm&ﬁ bl ood

stabi | iti egnbhadrddRe1 20 HosmS&S & ich@tothecin analog and HSA, while
-at the same time promoting lactone interactions with
erythrocytes. An additional consideration in the design of
plasma and blood-stable camptothecins concerms the structure

10 of the E-ring. The A,B,E- or B,E-ring modified camptothecins
of the present invention: 1) display enhanced stability in
the presence of HSA through elimination or minimization of
the highly preferential binding by HSA of carboxylate over
lactone forms; 2) display high levels of lipophilicity which

i5 prbrﬁote revergible associations of the lactone forms of the
drugs with red bloed cells, thereby slowing and restricting
the extent of drug hydrolysis; and 3) display improved

stability in aqueous sclution.

We further discovered that the novel blood-stable

20 silyl-substituted homocamptothecin (referred to herein as



by Lavergne et al. 10 Synthesis of the novel A B,E-ring nodified and
13,E-ring nodified canptothecins of the present invention has l|led to the

i dentification of the nost bl ood-stable canptothecins di sPragsay2PPtrinsic
potency yet to be identified. An additional benefit of these new agents is
15 that they do not display any significant interspecies variations in

bl ood stabilities such as those of 9-AC and canptothecin described in M,
Z. and Burke, T.G "Marked Interspeq_gs Vari ati ons Concerning the
interactions of Catnptothecin with Serum Al bum ns: A Frequency- Domai n 20
Fl uorescence Spectroscopic Study”, Biochem stry, '3: 12540- 12545 (1994).
This very g tfardhMaci&al urg: siQubds oreat | ypofaahbilake thensnyg

devel opnent’_process and the translation of experinental observatl ons and
dosi ng schetfFiEstdevel Bpede iRFregarfalirrertdon tean ke ch¥epared2yRyr | ef

Descri pti Or\s:.@fmthﬁm@r AMirgsaFiguce 4 ddt'aliséfxﬂh%&&%ﬁoﬂ}%ébﬁe@fseﬁr ecursors
for the ca e .radi cal _reaction Januar ure .2a and 2b.

illustrate ﬁ hé8i §-f %aeRﬁntAﬁpPifhﬁ‘tﬁﬁﬁl 1“Ped°9 212,178, entitled
honocanpa otd¢rprotHENTIES ARALCSSa AND eNETHaDS Vess . PREPGRAPIG ITHERSOr ainds a t ypical

fl uorescenc e i on, spegtr r.a,horosi lategan (1 RM5
7-trimet hyléﬂ]&c1 q%ﬁggg%lnggho?r%%;n%?ot EG%I n%(_’l]tiﬁ-‘%S P cattﬁon %fesence and
absence  of wa/ﬁpa $12, agerithedoiifds INFERNEDEATES | TNy BHE a‘-’d@@HESbS)@Earl son of

the equili&hipeariiditi Mb FErhokl RABEOINDORRS | 4AirBEaNs THeRSVSing

o filed January 15, 1998 the disclosure of which are
‘ 10 incorporated herein by reference. Novel intermediates were
synthesized to carry out the cascade radical annulation of

the present inventiom.

Several model compounds of the present invention,

as descrlbed in the formula below, were studied extensively.

Re Rr2 name

1b  SiMeBu NH, DB-90

id  SiMez NH, DB-38
1  SiMeBu  OH  DB-9%
19 SiMeyBu H DB-81
\ 1h  SiMe; H DB-33

15
The novel homocamptothecins of the éresent invention contain’
A,B-~ or B-ring modifications which decrease the preferential
carboxylate over lactone binding by human albumin. These
modifications in the A,B-rings also markedly enhance

20 lipophilicity and promote lactone associations with Lipid

bilayers present in blood. The new compounds also contain

an expanded B-hydroxylactone E-ring which improved the



conposed of el ectroneutral dinyristoyl phosphatidyl choline 10 (DMPC) in PBS

with data acquired for canptothecin (CPT) and topotecan (TPT) as well.
Figure 5 illustrates the marked dependence of the -the fl f8dpRdrreed

em ssion spectra of 1 M7-t- butyldinethylsilyl-I|O0-hydroxyhonocanpt ot heci n
(DB-91) on the 15 presence of water. Figure 6 illustrates the fluorescence
em ssion spectra of 1 M7-t-butyldinethylsilyl-10-hydroxy-
honocanpt ot hecin (DE-91) in solutionﬁhﬂof phosphat e- buf fered saline (PBS)
at pH 7.4 and in PBS at pH 7.4 cont at ?ng 20 al bumin-free red blood cells
at a concentration of (10 1) x 106 cell/l,. Figure 7 illustrates the

f | uor esceng@e RIS 5N 118PESE teOhgdttisOhi @idutC OIRO W porency .

: :
7-ethyl -10- hé/droxycanpt ot heci Ei@ésgig% in_solutions of phos h%t e-buffered
4

sal i ne (PBSY“&tP*4C53huTSPYZ00: 43R d PrRePBTHICEH CL4S cont ai ni ng

al bum n-freger edrihh 0QEpERIdE BlhRpnRPeeMdmal | o Lfechdd o ¥nd06 cell/}L
Figure 8 illustrates the pH de%ggdence of the stability of 1

. € p. M
7-tri met hy PERTSAL- FOYERG46h SRt SehaditHes TOES® 5a8980Pht ok of
phosphate- huws fier.ed Thal ¢oupoBS)ofat hpHoresinie snedntiof, (fevhral. & and 9.0 as
determ ned_ usi.ng HPLC t hods. .Figure il.Lustrates the dependence of
the stabi f”lH%cf/h 0 rellaﬁﬁf%%%bl}fl yltcfﬁe mg?ﬂw%sai PPEE o St orteﬁg’?f’ n°€o (DBB1) in
sol utions thephosptedt estbuftwradd sdsthen(iRPBS) dbveHsupesdives hofas. 0, 7. 4,
8.0, and 9p9a§§1 qgh%ﬂaﬂeg].é&i RYabfliGies than the agents described

¢

by Lavergne et al.

10 Synthesis of the novel A,B,E-ring modified and
B,E-ring modified camptothecins of the present invention has
led to the identification of the most blood-stable
camptothecing displaying intrinsic potency vet to be
identified. An additional benefit of these new agents is

is Fhat they do not display any significant interspecies
variations in blood stabilities such as theose of 9-AC and
camptothecin described in Mi, Z. and Burke, T.G. "Marked
Interspecies Variations Concerning the Interactions of
Camptothecin with Serum Albuming: A Frequency-Domain

20 Fluorescence Spectroscopic Study", Biochemistry, 33: 12540-

(ti 12545 (1994). This very attractive feature should greatly
facilitate the drug development process and the translation

of experimental observations and dgsing schedules developed

in animal models to the clinic.

25 Brief Description of the Drawings

Figure 1 illustrates synthesis of precursors for

the cascade radical reactions.



met hods. Figure 10 illustrates the pH dependence of the stability of 1 VE

7-t-butyl di net hyl silyl-10-am nohono 15 canptothecin (DB90) in solutions of
phosphat e-buffered saline (PBS) at pH values of 5.0, 7.4, 9daguar4agd0$ o as
determ ned using HPLC nethods. Figure 11 illustrates the pH dependence of
the stability of 1 Mof 7-t-butyldinethylsilyl-IO0-hydroxyhono 20
canptothecin (DB91) in solutions of phogphate-buffered saline (PBS) at pH
values of 5.0, 7.4, 8.0, and 9.0 as de m ned usi ng HPLC net hods. Figure
12 illustrates the inproved stabilities of four novel honosil atecans of

the current invention in PBS 25 solution as determ ned using HPLC net hods.

9 January 2004 22 Fegiie 13, dgpkclg tmusgpgtpé/e%gﬁ{:}?éyllsl ties,9f four novel

honosi | at ecans  of the current invention in PBS determ ned by HPLC
met hods. FREUFES1BOESEt BoTaremRtpEhPiPARoResdt abeean FesiWitivast our novel
honosi | at ecans of the current invention as determ ned using HPLC net hods.
Figure 15 depicts the stabilities of four novel honosilatecans of the
current invention | ieBS sdspéhdiyrntegontai ripiFaghy Stebrrsicearty-r el evant

concentrat bf?unérés(:éncél') em}Q51)8nlosQJ %@kgl Ifl::rOfa a%&%@lm%é%&% r OOd Cel ! S.

Figure 16 illustrates the i nprove uman bl ood stabiTities of four novel,
honosi | &t edafsinstthyhellytr i eraminphorenamphotiecdat efPR36d) usimgtMPLC net hods.

presence and absence of lipid bilayer membranes.

Figure 4 illustrates a comparison of the
equilibfium binding of four novel homosilatecans to 8UVs
composed of electroneutral dimyristoylphosphatidylcholine

10 (DMPC) in PBS with data acéuired for camptothecin (CPT) and
topotecan (TPT) as well.

Figure 5 illustrates the marked dependence of the
+the  fluorescence emission spectra of 1 uM  7-t-

butyldimethylsilyl-10-hydroxyhomocamptothecin (DB-21) on the

15 presence of water.

Figure 6 illustrates the fluorescence emission
spectra of 1 pM  7-t-butyldimethylsilyl-1i0-hydroxy-
homocamptothecin (DB-91) in solutions of phosphate-buffered
gsaline (PBS) at pH 7.4 and in PBS at pH 7.4 containing

20 albumin-free red blood cells at a concentration of (10 % 1)

x 10° cell/uL.

Figure 7 illustrates the fluorescence emission
spectra of prior art compound 7-ethyl-i0-hydroxycamptothecin
(SN-38} in solutions of phosphate-buffered saline (PBS) at



Figure 17 illustrates the inproved human blood 15 stabilities of four

novel honosil atecans of this invention relative to clinically-relevant
agents of the prior art which include 9-ani nocanpt ot heci n9 dangyy 2004
canptot hecin (CPT), topotecan (TPT) and SN-38. Detail ed Description of the
I nvention 20 Met hod of Preparation The conpounds of fornula 1 in the
present invention can be prepared according to the synthetic schenes
outlined in Figures 1 and 2. Figure I{,‘)ihovvs the synthesis 9 January 2004 23
of a key iodopyridone 9, which can be"Used to make the conpounds of
formula 1. The synthesis of 9 starts fromenol ether 3, an internediate in
the syntheghs ;0L cagpPtat BESi e ?ﬁd’if'.ili'ak,gﬂéaj.é%ﬁ W BumbALEat %9@' I cation No.
09/ 007,872, 5- the disclosure of which is incofporated herein by reference.
Di hydr oxy| &¢erh dedlf @ Bynepatdatiore of| € ayad) provi®deslit/hs- keto formate
5, which is then extended by a Reformatsky reaction to give 6.
Conveniently,. the fornyl group is <cleaved in this reaction, and acid
pronot ed cl eavage ofiddre 19 tiludtrhrest ehedipHecddpendestd t S£i mhe

3- hydroxyl actone . 7. This ..cC ound is .then converited to the iodopyridone 9
by a seques%kéﬂo Yy Ei !cl)dl’u'rl\a?{g\irém gyﬁsﬁﬁgffjo%,a"&ﬁah%“aﬁ@ﬁ%ﬁ [tion_ Figure
2a show$ t HeBznder stbut iohsi| ofl ppypepicdore b fhed eadieer(@BsnadepbHAB nodi fi ed
homocanpt ot fegln sierd watLves. o Iy Pragasgy! ali 80 QiR ndern Rl i Zed

condi tions provides ~radical précursors 10a, b. e cascade radr cal

annul at i ongethods.

Figure 9 illustrates the pH dependence of the
stability of 1 pM 7-t-butyldimethylsilylhomocamptothecin
10 (DBB81} in solutions of phosphate-buffered saline (PBS) at pH

values of 5.0, 7.4, 8.0, and 9.0 as determined using HPLC
methods.

Figure 10 illustrates the pH dependence of the
stability of 1 pM 7-t-butyldimethylsilyl-10-aminohomo-
15 camptothecin (DB%0) in solutions o©of phosphate-buffered

saline (PBS} at pH values of 5.0, 7.4, 8.0, and 9.0 as
determined using HPLC methods.

Figure 11 illustrates the pH dependence of the

stability of 1 uM of '7—t-butyldimet,:hylsilyl—lo-hydroxyhomo—

20 camptothecin (DB91} in solutions of phosphate-buffered
saline (PBS) at pHE values of 5.0, 7.4, 8.0, and 2.0 as

determined using HPLC methods.

Figure 12 illustrates the improved stabilities of
four novel homosilatecans of the current invention in PBS

25 solution as determined using HPLC methods.



of these precursors with the indicated isonitriles give products
la,c,e,g,h. Products la,c,e were then deprotected 20 by standard neans to
provide the target drug candidates Ib,d,f in the indicatedJaRHaUPP04i el ds.
Compounds ig and Ih do not require deprotection. The synthesis of
addi ti onal novel conmpounds of the present invention are described in the
Exanpl es section of the present application. 25 Lavergne and coworkers

di scl ose two ways to nake honosilatg%%n derivatives, but both have serious
limtations. The first involves the version of a standard canptothecin
derivative to a honocanptothecin derivative by a series of steps involving
di sassenbly of the Hgiaausr Yeg084 2iendngrdveliastoiieianss ogassenbly of the
honol ogated | actone... This route . is |limted because,it jres an existing
canpt ot heclilonvet(ioEﬁ‘%"f“i";ls‘rjtl.a tﬁﬁaﬂ%eo%m%)lrl%,cur%érr??tceij‘(?‘ﬁnl%ﬁﬁn %ré%ﬂiszg%}écﬁsn derivatives
bear subst #eturamtised frat Higtilmgthods be 5 expected to survive the harsh
conditions of the refashioning of the |lactone. This process requires
reduci ng, oxidizing, strong acid, and strong base steps. The second route
invol'ves a total symiighesi 4 udipigia el |mdbtnpledal pzadilicyesigfation to form
(109 C o TS 06t S sbhfl i eind NG 0cavallablld t YnflnAckl g precursors
and by the ability of the substituents thereon to Survive the many
subsequent detaspdned usihe BRIG mesteds.Furt hernore, the synthesis does not
appear to offer the possibility to introducing many B ring substituents,
including the substituents described herein. 15

- Figure 15 depicts the stabilities of four novel

homosilatecans of the current invention in PBS suspensions
containing physiologically-relevant concentrations [(5 + 1)

10 x 10° cell/pL] of albumin-free red blood cells.

Figure 16 illustrates the improved human blood
stabilities of £four novel. homosilatecans of the current

-invention as determined using HPLC methods.

Figure 17 illustrates the improved human blood

15 stabilities of four novel homosilatecans of this invention

relative to clinically-relevant agents of the prior art

which include 9-aminocamptothecin (SAC), camptothecin (CPT),
topotecan (TPT) and SN-38.

Detailed Description of the Invention

20 Method of Preparation

The compounds of formula 1 in the present
invention can be prepared according to the synthetic schemes

outlined in Figures 1 and 2. Figure 1 shows the synthesis



In contrast, the radical cascade synthetic schemes of the present
invention are nmuch nore tolerant and flexible and can be used to nake
honmocanpt ot heci n derivatives with many A-, B-, or A/ B sub8d¢aruary 8¢P4
patterns, as shown, for exanple, in Figure 2b. Generally, various reagents
can be 20 used in the radical cascade including, but not.limted to,
hexamet hyl ditin, hexanethyl disilane, or tetrakis(trinmethylsilyl)silane.
The source of energy for this reactipn can be a sun |lanp or an ultraviolet
| anp. The tenperature is preferably#<sét between approximtely 25 and 25
150C. More preferably, the tenperature is set at approximately 70C. There
are gener aldfy f10kdy NMddableFonspar)  wHikhC ainC &eOfust@ wentmdkeedhet her t han

inertness to the . radical cascad Preferred solvepnts, include henzene,
tol uene, beRIBEPIFT ﬁgrlgo e,ui%chét oﬁf?lfarﬂnet, eﬁrE%ér)lc? Fg?ft% BUt Aol . Al so,

there is vestpebr dadah atrtemiediate e chiei combhdsirmuary F0@4oRBen
substi tuent dondntah:'cgg%@.![ Eyé‘é‘e (RS, ,%thbeabﬁﬂb@att&bkenéu]ﬁ%d?ﬂ:bv,é_r}b the

synthetic schemnes e present invention because o e mldness of the
reacti orf coli EiTHLSUFR %‘8&1’?‘%?%&5 LRcorRprated ereiRebe ZeErre®i% propar gyl
derivati vespiah8r&et1a®ibeagillywid eparad dalde/ Icidarbiyatirsdeane
substituted instead and_t he sane. fi nal produgta gre f\%%ed QI beit in

| ower yi el dS*PheZlB%E i UKt Bh 20°1Es) =495t s 6Ybé SFPP i ed since
it derives feaemiceadd| gyiawaisl abl eoratdnykbntily al dehofstmySubstauputied esters can
al so be used J.g b, JRIEOLIRLIKY, FEAF IR SPoncYi GfLRTROYRS M th

subsitutents
L 10 t-butyl ester directly results in p-hydroxylactone 7. This

compound is then converted to the iodopyridone 9 by a
sequence of 1} iodinative desilylation, and 2)

demethylation.

Figure 2a shows the conversion of iodopyridone 9

15 to several model AB modified homocamptothecin derivatives.
.N—Propargylation of 9 under optimized conditions provides
radical precursors 1l0a,b. The cascade radical annulations

of these precursors with the indicated iscnitriles give
products la,e,e,g,h. Products la,c,e were then deprotected

20 by standard means to provide the target drug candidates
ﬁ:,d,f in the indicated overall yields. Compounds lg and 1b

do not require deprotection. The synthesis of additiocnal
novel compounds of the present im{ention are described in

the Examples section of the pregent application.

25 Lavergne and coworkers disclose two ways to make
homosilatecan derivatives, but both have  serious
limitations. The first involves the conversion of a

standard camptothecin dexrivative to a homocamptothecin

derivative by a series of steps involving disassembly of the



on C20a (R13) . Wiile the conmpounds of this invention mght be used in

racem c formfor chenotherapy, it is nore preferable to u t hat
are exclusively or 15 predom nately the biologically acti vgggﬁ%ﬁ%mr at

C20. Because of a change in priorities in the Cahn-1ngol d-Prel ogs Rul es
for assignnent of absolute configuration, the C20 S enantioner of a
standard canpt ot hecin generally hasr? e sane relative configuration as the
C20 R enantiomer of the 20 corresportdi*ng honmocanpt ot heci n. Racem ¢ or
enantionmerically enriched sanpl es of honocanptothecin derivatives can be

separ at ed hBkghit hQickohddind dalsseAPPONENt SndYnSitardarsh Idideads of |iquid
chr onmat ograg% using co rgia lé avail abl e chiral columms.  See Lavergne,
0.; et al.FT TRRDc Afpt HMHERT nEF YTt hébi o ARt iffunBt*SAétFvity of

Novel E- R egmpfrdhbtiad Ganpt stdwci n Anmhagsrinode, MedamChesistidd, 5410- 5419

(1998). Human Bl ood. Stabi] it C | a h ' r the
Rational DS&IPGH ﬁgjb%c?j% gk J‘é%'%lg% %o%aérl %3 %Egﬁise tﬁgﬁ wﬁuﬁgé—h%ogency. 9
Januar y 520@4pg8-cRete rvryivhehenbat #is iconflf ymss eénthe riefaslipnifigom t he

| actone andecagboytate fanies ofoLanptobbackn a8eeidLl aleshAngl ogs have
been studied in order to elucidate their markedly different interactions

Wi th human SFeRftl B°¥bnp@ifenBEromsur RESe TSt4RS -and ™, $CondEip#Fesubstitution
at 10 Bi ochewbSidsy. a 32oc8852vhE6kis1993)ng Burdeeladivm aathiMzedZ. :
"Preferential,Binding of & he Garbaxyl gL FOLMOL . 1imited by the
10 availability of A-ring precursors and by the ability of the
substituents thereon to survive the many subsequent steps of
the synthesis. Furthérmore, the synthesis does not appear
to offer the possibility to introducing many B ring

substituents, including the substituents described herein.

15 In contrast, the radical cascade synthetic schemes
of the present invention are much more tolerant and flexible
and can be used to make homocamptothecin derivatives with
many A-, B-, or A/B substitution patterns, as shown, for
example, in Figure 2b. Generally, various reagents can be

20 used in the radical cascade including, but not  limited to,
hexamethylditin, hexamethyldisilane, or
tetrakis(trimethylsilyl)silane. The source of energy for
this reaction can be a sun lamp or an ultraviolet lamp. The
temperature is preferably set bétwéen approximately 25 and

25 150°C. More preferably, the temperature is set at
approximately 70°C. There are generally no limitations upon
the choice of solvent used other than inertness to the
radical cascade. Preferred solvents include benzene,
toluene, benzotrifluoride, acetonitrile, THF and tert-

30 butancl. Also, there is very broad latitude in the choice



Canpt ot heci n by Human Serum Al bum n," (1993a) Anal. Bi ochem 212,
285-287; Burke, T.G and M, Z., "The 15 Structural Basis ij CarrB q{gheci n
Interactions with Human Serum Al bum n: | npact on Drug St ab?l P’t"'ﬂi?ry {D 94) J.
Med. ' Chem 37, 40-46; Burke, T.G Mnshi, CB., M, Z, and Jiang, Y.,
"The I nportant Role of Albumin in Determning the Relative Human Bl ood
Stabilities of the Canptothecin 20 Anticancer Drugs,"” (1995) J. Pharnma.
Sci. 84, 518-519; M, Z. and Burke, T«33, "Differential Interactions of
Canmpt ot heci n Lactone and Carboxyl ate Forns with Human Bl ood Conponents,”

(1994a) Bi Q%‘\@Hbf@.‘ttirt_&en%:onlgﬁg%l%gmliﬁw and the 00 BYLKE (é;gi") “Marked

| nt erspeci es Vari ations_ Concer ni n% 25 the Interactions o? npt othecin with
Serum Al bumit&he SYaEpehifefehe Nt RERESRe fEWeEpER besewtt €ISt udy, "
(1994b) Biwehenidtess IF tha540ad2oA5 cofttt Mns. Z. 1nMakaksidd,, iand Burke,
T.G, " Redulg:a%d Aélal%tém QqhBirndi ng Prlormt es the Séabj | i t% and Activity of

Topot ecan iR Funan Bl ¢3§°F CrobH 3P BPEEREN SEF{Vatides 13992795728, the

di scl osur esregflibhi ciyeppeed,i nedlyor deetlatéres n day ried ersebeeitedanuary 2004
211 PhosPhalecly! L1 etheoalide RSk Tyt ediheguepgydoni n

fluorescence lifetine spectroscopy reveals t flmah Serum afbuni n (HSA)

pref erenti d9%TbYiRie-t he carboxyl ate form of canptothecin with a 200-fol d
higher 5 affinity than the lactone form These interactions result

The substituent on C20 (R®) can also be widely

varied since it derives from readily available allyl

10 alcohols. Substituted esters can also be used in the
Refomatsky reaction to provide compounds with subsitutents

on C20a (R™). While the compounds of this invention might

be used in racemic form for chemotherapy, it is more

preferable to use samples that are exclusively or

15 predominately the bioclogically active enantiomer at C20.
Because of a change in priorities in the Cahn-Ingold-Prelogs

Rules for assignment of absolute configuration, the €20

S enantiomer of a standard camptothecin generally has the

same relative configuration as the €20 R enantiomer of the

20 corresponding homocamptothecin. Racemic¢ or enantiomerically
enriched samples of homocamptothecin derivatives can be

separated into their individual components by standard

methods of liquid chromatography using commercially

available chiral columns. See 'Lavergne, O.; et al.,

25 I"Homocamptothecins: Synthesis and Antitumor Activity of

Novel E-Ring Modified Camptothecin Analogs,® J. Med. Chem.,
41, 5410-5419 (1998).

Human Blood Stabilities of Camptothecins and the Basis For

the Rational Desion of Blood-Stable Homosilatecans With High
30 Potency.



in canptot hecin opening nore rapidly and conpletely in the presence of HSA
than in the absence of the protein. In human plasm, pH 7 i and %éﬁg
canpt ot hecin | actone opens rapidly and conpletely to the LAY form
with atl,z 10 value of 11 min and an al nost negligible percentage of

| actone at equilibriumvalue of 0.2% .In whole blood versus plasma,
canpt ot heci n di spl ayed enhanced staﬁ%ﬁlty (tz/2 value of 22 min and a
percentage of |actone at equilibriumvalue of 5.3 % . The enhanced
stability of canptothecin lactone 15 in human bl ood was found to be a

result of drug associalhons o thebhiesdd nhdobliayer suelosed blged cell's

Canpt ot hecin ' binds erythrocyte nenbranes rug ocal T zes within the
Cacyl chain FByidActentd 28R ordrRgryatennEramsr 6f eceasptoEeRithyard| ysis. 20

The human bkend <ot abiah b efawf b S@Mﬁﬁ%'d 1Q1armttdétrhe&! NeRakogs of
clinical interest have als een conpared was observed in the case of

canpt ot heci S0 BRFHSEE i HtREerh (@tﬁﬁ‘cwsobg’et}kveau‘l‘?}l hydPt yze al nost
conpl et eby Eo@ibrihtsn PBSksOlUt GoremDbmMiai ni NGEHBAL sMbkbotighiod5atho att enpt

was nmade to, ﬁgect;os% FEﬁJ}Ay Céli@l’l;ulify ti_[]ne I‘%ail%li/% bi nd| i-Ng %fl nities of
b

t he | actone and car ate forms o - aft no cong enéf (because of the
si gni fi cant hydrqweae@wtﬁeam é@céh%@m&ncﬂmﬁ/ﬁlem e@rm@ #A®umast'one and

car boxyl at e sjSpged ecHeg! at 3y As8oCREPL 0alREG) N) puddBL Crdaga 3P peLe consistent
Wi th HSA preferenti aI ly binding the 9 January 2004 28 car boxyl ate form of

this agent BverXits¥ict ole for nf™fn "adlasth i € was'BBer Védareat >99. 5% of
the 9-amonopaneitdgnohy and stability of camptothecin  drugs,”

Biochemistry. 32: 5352-5364 (1993); Burke, T.G. and Mi, Z.:
“Preferential Binding of the Carboxylate Form of
Camptothecin by Human Serum Albumin,” (1993a) Anal.
Biochem. 212, 285-287; Burke, T.G. and Mi, Z., “The
15 Structural Basis of Camptothecin Interactions with Human
Serum Albumin: Impact on Drug Stability,” (1994) J. Med.
"Chem. 37, 40-46; Burke, T.G. Munshi, C.B., Mi, Z., and
Jiang, Y., “The Important Role of Albumin in Determining the
Relative Human Blood Stabilities of the Camptothecin
20 Anticancer Drugs,” (19%5) J. Pharma. Sci. 84, 518-519; Mi,
Z. and Burke, T.G., “Differential Interactions of
Camptothecin Lactone and Carboxylate Forms with Human Blood
Components,” (1994a) EBiochemistry, 33, 10325-10336; Mi, Z.
and Burke, T.G., “Marked Interspecies Variations Concerning
25 the Interactions of Camptothecin with Serum Albumins: A
Frequency-Domain Fluorescence Spectroscopic Study,” (19%4b)
Biochemistry 33, 12540-12545; and Mi, Z., Malak, H., and
Burke, T.G., “Reduced Albumin Binding Promotes the Stability
and Activity of Topotecan in Human Blood,” {1995)
30 Biochemistry, 34, 13722-13728, the disclosures of which are

incorporated herein by reference.



canptot hecin converted to carboxylate, a finding which agai n closely

parallels stability data obtai ned using 5 canptothecin. \‘/yhol e gbﬁg <
0.5% and 5.3% are the fractions of 9-am nocanptothecin ana ga cin,

respectively, which renmained in . the lactone format equilibri um The
approximately 10-fold higher level of |actone remaining at equilibriumfor
canptothecin relative 10 to 9-am nocanptothecin may, in part, be accounted

for by the enhanced |ipophilicity ﬁ?)‘:ﬂ‘greater ability of canptothecin to
transition fromthe aqueous environnmg ( and into erythrocyte nmenbranes

present in whole blﬂloe\%hdsghgpgt gggf egi tggqmgw E%‘éﬁesato‘cpﬁ agtgne remai ni ng

15 at equilibriumin human canpt ot heci n ‘and

am nocanpt STHBEnAY (derain of HFescgncy lrlefgﬁem|wcwoscwpme@ea¥ﬁ(11 9 W,
CPT-11 (21t9at94mumaeqndsémm3&16:&au5 %{sﬁi I prgféd@n@yalmr eY£ds blgod
stabilities. elatone evels a riumfor_topotecan are 20-fold

gr eat er thﬁ?lrlTOG‘P’ @tezo I nBamptot f']n Wﬁégcﬁrr?e%opgﬁafln&lﬁa‘?/‘él s of
| act onesf onffiERtylihandHsNid8taie fappr OX[I‘HE&E@lMtéQaf:ﬁidhsgrxeaﬁH than in

the case of_9- e fi n relative
stabiliti e%no?ﬁ% g]?ecangbéﬁﬁéi mo-g% é%g 8 ag%n Oﬁéi Cor F’ella to their
f avorabl e pn@m@t PENESA thpnHSA tlhte 2bserrdhalf] dined Prrhbeint r ucIImr al

substi tuentgmat fibend; 8@d7 9% miﬁo@nsc Ideneand pravent Jpbgs preferential
bi ndi ng of the._ carboxylate drug forms A. The techni que of time-
resol ved fFﬁ%’rdé‘gcé‘Héecaﬂﬁ’%e&Ff%pg hﬁger%%‘”é%‘PF‘V}atEf‘ee‘?P%éﬂtf‘ demonstrat e

t-hat, undekabBxpest nent akinCendi tanOnsimslaer elegﬁ)l@mmt obdeehnbagar bbxyl at e
!aSSOCI ates l\émcéo%eH§€‘ eaqnuq.lg.llﬁlp:lpllme%aiue of‘] @nyaryl Ohole blood versus
plasma, camptothecin displayed enhanced stability (t;,, value
of 22 min and a percentage of lactone at equilibrium wvalue
of 5.3 %). The enhanced stability of camptothecin lactone
15 in bhuman blood was found to be a result of drug asscciations
with the lipid bilayers of red blood cells. Camptothecin
binds erythrocyte membranes, the drug localizes within the
acyl chain region, and accordingly remains protected from

hydrolysis.

20 The human blood stabilities of the several
camptothecin analogs of clinical interest have also been
compared. As was observed in the case of camptothecin, 39-
aminocamptothecin (9-AC) was observed to hydrolyze almost
completely (»92 %) in PBS solution :::ontaining HSA. Although

25 no attempt was made to spectroscopically quantify the
relative binding affinities of the lactone and carboxylate
forms of the S-amino congener (because of the significantly
reduced fluorescence guantum vyields of 9$-AC lactone and
carboxylate species relative to campteothecin), HPLC data

30 were consistent with HSA preferentially binding the



29 solution closely associated with the protein, the carboxylate forns of
t opot ecan and CPT-11 do not associate wth HSA 1In the c of
di rect spectroscopic evidence has been obtai ned which in

preferentially binds the |actone formof this agent, thereby shifting the

| act one- carboxyl ate equilibriumto the | actone.

Hﬂ§€ HSA 5

These observations indicate

that HSA plays an inportant role in determning the relative human bl ood
stabilities of the canptothecins. In{2Re cases of 10 . canptothecin and
9-anm nocanpt ot hecin, the protein acts as a sink for the carboxylate drug

form b|nd|

Qeegﬂn rafnthépsg o@%@ fltasrgmmﬁ@ feloiRg the

| act one- car%oxy equi ltbrira tot right. However, in the cases of
t opot ecan, P@Fﬂmqtgt #pel Q§ﬂ5389drﬁ?@§ueﬂ9ﬁ¥%F€réh%|%ﬂamépﬁd??ﬁ}°£5°5f t he

car boxyl at g4

this

active dru

t hat

canpt ot hec
protein binding;

A5 HERE AN RAvESAd $0085ak9Uat OPROSiA®Ind @nife aglination with

entially binds the

canptothecin and its 9-amno anal refe
I a(r:r}t)one f OFAPEBFLYSN- FETRAT TP tt‘?@?‘gg%/ltﬁ'r orrdfaég‘ hi 6??5?“3:? cul'ftBfy I evel s of

bmolngﬁahh&caﬁtlvanspamnesblaadThe map%daaddsex%easevehéoss of

that occur.s felev gl;ps indicates
GRESEEShi gRfy a vémtage t % i dentTTy ca % ecins with
i nproved hweapedivedyst addidcht i esmallmdt hénpr@%ntlwt:am esfctm1 mBHi fi ed

it

conconi tantlalcé%%t?Wlphn%a?"oo%@“lléf-lér’ﬁﬁ“hcﬁoﬁg CEPPIRIgRn Telative
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to 9-aminocamptothecin may, in part, be accounted for by the
enhanced lipophilicity and greater ability of camptothecin
to transition from the agueocus environment and into

erythrocyte membranes present in whole blood.

In contrast to the low levels of lactone remaining

at equilibrium in whole human blood for camptothecin and 9-

‘aminocamptothecin (<0.5 % and 5.3 %, respectively),

topotecan (11.9 %), CPT-11 (21.0 %), and SN-38 (19.5 %) all
display improved blood stabilities. While lactone levels at
equilibrium for topotecan are 20-fold greatexr than for 9-
aminocamptothecin, the corresponding levels of lactone for
CPT-11 and SN-38 are approximately 40-fold greater than in
the case of 9-aminocamptothecin. The significant gains in
the relative stabilities of topotecan, (PT-11, and SN-38 can
be correlated to their favorable iﬂteractions with HSA. It
is believed that structural substituents at the 7- and 9-
positions hinder and prevent the preferential binding of the
carboxylate drug forms by HSA. The technique of time-
resolved fluorescence anisotropy has recently been used to
demonstrate that, under experimental conditions where

camptothecin carboxylate associates with HSA and tumbles in

' the NGB Ldi RS tfoifeaetfiesbr Ofievdl keduci ng
&ﬂﬂn%% enhaﬁ%?ngp le eﬁ%lty and B%prodﬁgln both a



al bumin while al so enhancing lipophilicity. W also 9 January 2004 30

i ncl uded an expanded E--ring in the design of the present _conpounds. Qur
studi es have led to the design of novel A B,E-ring modi f i 842 tHheci ns
whi ch are the nost bl ood- stable and intrinsically potent canptothecin
anal ogs yet to 5 be identified, with blood stability paraneters
outconpeting the prior art conpound honocanptothecin as well A B-ring
nmodi fi ed canpt ot heci n anal ogs contai ni A§§a conventional a- hydroxyl act one
functionality. The novel canptothecin analogs of the presnet invention

di splay unigue. PI-0Pelildsesy 10 23H6H ASaSURRREOT dheman,RliQed, stagilities in
conbination with high anticancer activities. Fluorescence Anisotropy
Titrati on Berprstieht eSoFHarctt KEPONGHPE! 2PBnBRT 1dt PaRStofSEMHE 2P esent

Invegti on laiispl A¥AQ dBr@athamgeeofoqum-laisbriﬂrﬁeesso;‘;ieat't@gtﬂasth alnts for f
Lipid 15 Vesicles and that E--Rin pansion Enhances the Lipophilicity o
Si | at ecans.evﬁﬁﬁ?ﬁﬁes%gsdg%?e&soﬁ'@%ﬁ of”g‘éﬁléncjenc;e]"rﬁa&?ont astpeggga of 1 ttM

DB- 38 i 5 phosphaireibliy drieds sele dectdBSfoandf ithikiqyettbi tigrebg. The data -
| ndi cate AL HRQN h0QAUAL L keelyPled EBLELAIAMCLS dl! LaldiBezanpl e Lhere
IS an increase | the 11 Uor escence em ssi6A of the conmpound, indicative of
an interaction between the drug and the nenbrane. Upon changing the

solvent to ethanol fhfig.d| Ugresaense, alse, . Ghanges. Lo, eqallcage with
menbranes there is a narke incCreasSe 1n t1uodrescence |n¥en5|ty as the

drug parti timpastantnt vokeheini glegebrirdper thecr velntivennwmen |ogdch case
}here stabilities of the camptothecins. In the cases of

10 . camptothecin and 9-aminocamptothecin, the protein acts as a
. gink for the carboxylate drug form, binding the opened ring
species and thereby shifting the lactone-carboxylate
equilibria to the right. However, in the cases of
topotecan, CPT-11, and 8N-38, no such preferential binding

15 of the carboxylate drug form by HSA is observed. Opposite
‘to the situation with camptothecin and its 9-amino analogue,

HSA preferentially binds the lactone £form of SN-38 which
thereby promotes Thigher «circulatory 1levels of this

biclogically active species.

20 The rapid and extensive loss of active drug that
(m occurs with clinically relevant camptothecins indicates that
it would be highly advantageocus to identify camptothecins

with improved human blood stabilities.

In the present studies we modified camptothecin in

25 the A and B rings with the effect of: 1) reducing protein
binding; 2) enhancing lipophilicity; and 3) producing both a
concomitant reduction in carboxylate binding to human

albumin while alsco enhancing lipophilicity. We also




Is also a prom nent blue-shifting or shift in the em ssion spectra to
| oner wavel ength upon drug interaction with nenbrane (see Eable @yhThe

spectr al

data presented in 30 Figure 3 indicate that honos?

fluorescent and that the spectral paraneters of the drugs change upon 9

January 2004 31 addition of lipid bilayer nenbranes to the sanples.
found bel ow conpares the maxi num excitation and em ssion

Table 1

wavel engt hs of

t he new honosi |l at ecan anal ogs. W&{@l so exani ned the menbrane interactions
of the ring-opened fornms 5 of DB-90 and DB-91, and our results indicate the

simlar

Fl uor escencé®
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he prior art compoundgthomoca;[nptothec_tn as well A,B-ring
modified camptothecin analogs containing a conventional a-
hydroxylactone functionality. The novel camptothecin
analogs of the presnet invention display unigque properties

stich as superior human blood stabilities in combination with

high anticancer activities.

Fluocrescence Anisotropy Titration Demonstrates that the
Novel Homosilatecans of the Present Invention Display a
Broad Range of Equilibrium Association Comstants for Lipid
Vegicles and that E-Ring Expansion Enhances the

* kipophilieity of Silatecans.

Figures 3 depicts the  E£luorescence emission
spectra of 1 uM DB-38 in phosphate buffered saline (PBS} and
in lipid bilayers. The data indicate that upon introduction
of lipid bilavers into the sample there is an increase in
the fluorescence emission of the compound, indicative of an
interaction between the drug and i:hé membrane. Upon
changing the solvent %o ethanol the £fluorescence also
changes. In each case with membranes there is a wmarked
increase in fluorescence intensity as the drug partitions
into the lipid bilayer microenvironment. In each case there
is alsc a prominent blue-shifting or shift in the emission
spectra to lower wavelength upon drug interaction with
membrane (see Table 1). The spectral data presented in
Figure 3 indicate that homosilatecans are fluorescent and

that the spectral parameters of the drugs change upon



15 binding interactions of the various analogs with lipid bilayers.
January 2004 2w A steady-state fl uorescence anisotropy (a),. ,nmeasu i's
related to the rotational rate of the fluorescent nol ecul%J"["HJra&ué)ﬁ&{E
Perrin Equation: a/a =1+ (r S where a, is the limting fluorescence

ani sotropy in the absence of depolarizing rotations, r is the
excited-state lifetine, and O is the rotational correlation tine of the
fl uorophore. The above equation sthies t hat changes in either ther or O
val ues of a fluorescent conpound can 10 nodulate its steady-state

ani sotropy. The excited-state |ifetine values of canptothe i n-PBS,

gl ycerol, ThEth&hott g A REPPZARSS 760 PR SRSt | Tr‘éﬂ\?aflues wer e
det er m ned fonnde bald neompdr8s n&heamﬁxlﬁms mltaemecand/eénylssﬁlom larly, ‘the
lifetime val C t hegin X 'a C ayers was
measur ed g%a%gﬁ%tgt%l%d Otafgg&geverg%‘éeh ﬁ?%lé%?%?& ra - bo% dﬁu% was found
to be 3.7 rexamipeds thae NembseherEintenackiamsnes tessitdhmpeatd ormBndi cat e t hat

the excid edseStrat ol bt bE®10T HRAMMARL REciTEd sm%ﬁcaﬁeé athyekymiagensitive to
alterations in mcroenvironnent (for exanple, change in sol vent or

f 1 uor ophor EReEFHRASPYRE 179 Sﬁ?aweaﬁﬁﬁ%tf?eﬁiaﬁlséﬁcﬂﬁsa phosphol i pi d nerbr ane) .
For a fluorophore having a z value that remains relatively constant
during a transition which strongly inpacts on its 25 rotational notion

(such as a ®Raage |ﬁ1§‘b’F%Fé’ﬁPc%| BRRIRa) Jarameters for Homosilatecans
g8, DB-81, DB-90, DB-91) in Soclution and Bound to

DMPC and DMPG SUVs.

Compound ($) Bxcitation Emission (nm)
(nm)
PBS PBS DMPC DMPGE
DB-38 410 531 515 517
DB-81 80 452 443 442
DB-90 : 402 - 535 513 512
DB-~-91 394 554 441 426

Q ‘ 10
'

The intrinsic fluorescent nature of the lactone
and carboxylate forms of homosilatecans allows for the
sengitive method of steady-state fluorescence anisotropy
titration to be employed to determine the strength of the

15 binding " interactions of the wvarious analogs with lipid

bilayers.



as |liposomal particles), the Perrin equation indicates a direct

rel ati onship between a and ~ values will exist (that is, %danyasy 2004 ye of
the fluorescent conpound increases, then so too does its steady-state

ani sotropy value). 5 It has been shown that the steady-state fluorescence
ani sotropy val ues of canptothecin anal ogs and novel honosil atecans are
highly sensitive to solvent viscosigy and to associations with snall
unilanellar lipid vesicles. For exanple, topotecan has an a val ue of 0.008
in 10 'PBS, but its_a valég [ ncreaseg 9-fol d and 40-.fotlgl> in t@\z Vi scous
sol vents octanol and gl SEE St %Es pettIFECTERIE 2122481 T “Bhhancément in the
a val ue of marRpteatdeci hsi sedbset veéd tipon rbitadiarglof rabraugofo vhesi cl es
conposed Offl%l tQgren%&@éule%r%ugﬁegﬁg%rgg.ntlﬂ:ﬁl&%@@ﬁ! tivity of a of the
canpt ot hecin 5 dcrugs to menbrane "associ ations,” the nethod of fluorescence
ani sotropy titration was enployed to study the equilibrium binding of

canpt ot hecin analogs with lipid,kbilayers. ;[Th experiment includes
deternining the a values for % £8t=df * 25%& gs where the drug concentration
in each was held 20 constant (typically 1 or 2 gM, while the lipid
concentration anong the nmenbers of a_set was varied fromQO to 0.29 M As a
consequehcewhsret [fo s | HSantiviind e SERPRIBCCBAT s SPORTTPEM PheHTew v

synt hesi zed sl L2t 9cARFi3idp SHWHMBLY:Of 1t g SRECLLMrpaked®i ers can be
found in Table 1), the lipid bilayer adsorption isotherns sumarized in
Figure 4 weltifatehat i wed v f¥eeher ontariorsaclegroeintiongfape of the

\. fluorcophore. The above egquation states that changes in

either the t or ¢ wvalues of a fluorescent compound can

10 modulate its steady-state anisotropy.

The excited-state lifetime values of camptothecin
in PBS, glycerol, and methanol were examined at 37°C. The
1ifetime values were determined to be 4.7 ns, 3.8 ns, and
3.5 ns, respectively. Similarly, the lifetime value of

15 camptothecin when associated with DMPC bilayers was measured
at 37°C, and the average value for membrane-bound drug was

found to be 3.7 ns.

Thus the lifetime measurements described above

N

indicaté that the excited-state lithime of camptothecin is
20 relatively insensitive to alterations in microenvironment
(for example, a change in solvent or fluorophore relocation
from an aqueous milieu to a phospholipid membrane). For a
fluorophore having a 1t +value that remains relatively
constant during a transition which stromgly impacts on its
25 rotational motion (such as a change in solvent viscosity or

fluorophore binding to large macromolecular assemblies such



The nethod of fluorescence anisotropy titration was used to construct the
adsorption isotherns. The experinents were 9 January 2004 3 4 conducted at
drug concentrations of. 1 iMin PBS buffer (37C) . The an?$8t4app308A| ues
of DB-~"38, DA-90 and DB-91 titrated nuch nore rapidly than those of
canptot hecin or topotecan, indicating that the novel honosil atecans have
much 5 stronger interactions with these nenbranes than canptothecin and

t opot ecan. Because of the potentigl.of the |actone ring of the

honosi | at ecans and canpt ot heci ns tt@éhydr olyze in PBS, anisotropy val ues at
each |ipid concentration re determned .immediately. rox. 1 mn.)

fol |l ow ng taﬁser&alé’gfs?'f‘%ln %?%ﬁgei)d I %%Gf oﬁ%rﬁlélr mor. gé%%hnz(i%%%ttetg 0%t he Ii posone
suspensi on d&iset® rdliagiohgepabytpossiabiahdty efluesnvErisieenst o(tHae car boxyl at e
form Using drug concentrations of 1 ECM and |long pass  filters to isolate
enitted |ight BPoiPBa k&?Jdifnd’fsitg"ﬁalﬂ“?’fﬁf%ﬁeni:sFog%‘%l‘l”tderlé‘&r%ietﬁst'i ng |ight
and extranegen 45 ddouabes aerBCcer sddqynatat«e sl kool 0aLdd)e possi bl e presence
of inpurities), signal levels fromdrugs dissolved in PBS buffer were
typically 99.97%in the absence of nenbrane and greater than 98 %in the
presences of menbranac AdsRr pthdm | SRR Ndhater & HésetsdRages @i ne overal |
associ ation_20 constants_ for the honosilatecan, sil.at ec%é]c,[) and .canpt ot heci n

drugs. Over AUCTSESTECarFORC CORYt IATLE Y FEPRRFSER RPN [AF] [ LI
where [A ) neplesbotssifihteconcentreat hbghlegf |levaitidreug to[ AsBlventepr esent s

the concentyallon of.[4 &8 %%HQcia%qgan L3 8P dnBRY CEENM Snch e 1Ll |1 PI d

concentration 1'n the vesicle
‘ vegicles. For example, topotecan has an a value of 0.008 in

i0 "PBS, but its a wvalue increases 9-fold and 40-fold in the
viscous solwvents octanol and glycerol, respectively. A 21-
fold enhancement in the a value of camptothecin is observed
upon binding of drug toivesicles composed of either DMPC or
DMPG. Because of the sensitivity of a of the camptothecin
15 drugs to membrane associations, the method of fluorescence
anigotropy titration was employed to study the equilibrium
binding of camptothecin analogs with lipid bilayers. The
experiment includes determining the a wvaluess for a set of

samples where the drug concentration in each was held

20 constant (typically 1 or 2 uM), while the lipid
(( concentration among the members of a set was varied from 0
to 0.29 M.

As a congequence of the brilliant f£luorescence

emisgsions from the newly synthesized homosilatecans (a

25 summary of the spectral parameters can be found in
Table 1), the lipid bilayer adsorpticn isotherms summarized

in Figure 4 were relatively free from any background signal.

The methed of fluorescence anisotropy titration was used to

construct the adsorptidn, isotherms. The experiments were



SN

suspension. This equation is valid when the concentration of free lipidis
approxi mately equal to the concentration of total lipid (éhat is, the
concentration of free lipidis in significant excess over {apuary 2004
concentration of bound drug). 9 January 2004 5 Provided this condition is
satisfied, K my be determined fromthe inverse of the slope of a double
reci procal plot. In such a double reciprocal plot, 1/fraction of the total
drug bound is plotted vs. I/ lipid %g?centration, with ay 5 intercept
value of 1 (for a system di splaying 4nding site honpgeneity). Such

doubl e-reci procal plots _for the assqciatiqgns of the n ompsi | at ecans
anal ogs (bSPRYMHCEoRE Y c‘ﬁ%‘“ﬁSﬁW%@n’FoPﬁs)l wth lﬂvﬁ%\ga% G snal |

uni | amel | argz748si clthe( S sobr@paraiuess oiene-18 neas-ani tanggamdscorrel ati on
10 coefficients. The linearity pf these plots, as wel s the

cor r espondiTGTPIet S8 m&?ﬁg%@%%)l& aqllaélné}:}"l\f'?lls‘ta h O%t ﬁ?@k?%gggnofrrrenbr ane
pr epar at'i onspotehng atesicahitg thapraehoeelbbanesid atatanshdgee [qughd

concent rat i 908, 4. adeaAkelys ASE LAnk Minbifesabaxe SfigRbLARIN15 The

st udi es 'sunmari exam ne the structural_ basis of

honosi | at ecad beperari of§crwte IOfpFige Matapetal ofubhe IFEECBT TEfbr anes were
i ncl uded i nygt h@senorpkutiReadi Gl wake:caasue ed updeslyaeain Hmgsi ol ogi cal
conditions of pH and tenperat urg; I hese marrbrap.es i ncl ng% 20. fl.ui d- phase
and el ect r GRESPFERRPYL YA UREPYT i B8y TG PRATFETTE O HETT 6 “EEMPSS: and -

f 1 ui d- phaseimmedineqat itagpyoxchar aéd. )L - folldiving i tsteo\dddhbsphati dkegl ycer ol
6’DNPG)1(PMD ]%c%gge %Prl% ggvgach agent to the liposome suspension as to

minimize any possibility of conversion to the carboxylate
form. Using drug concentrations of 1 pM and long pass
filters to isolate emitted light from background signal
{that is, scattered exciting 1light and extraneous
15 fluorescence signal resulting from the possible presence of
impurities), signal levels from drugs dissolved in PBS
buffer were typically 99.97% in the absence of membrane and
greater than %8 % in the presence of membrane. Adsorption
igotherms were used to determine overall association
20 constants for the homosilatecan, silatecan, and camptothecin

drugs. Overall association constants are defined as:

K = [A / [&] [L]
)
where [A,] represents the concentration of bound drug, (2.1
represents the concentration of free drug, and [L]
25 represents the total 1lipid concentration in the vesicle
suspension. This equation is valid when the concentration
of free lipid is approximately equal to the concentration of
total lipid (that is, the concentration of free lipid is in

gignificant excegs over the concentration of bound drug) .



I dentical chain length but the charges on their head groups differ. 9
January 2004 6 5 Table 2. Overall association constants fo honnsg#&lecans
and canptothecin anal ogs interacting with unilanell,ar ve

el ectroneutral DVMPC and negatively charged DVPG in PBS at pH 7.4 and 37 C
. Compound' Mac (W)K (1K 1) DB-381400800 DB-811440018500 DB-9086009300

DB- 9180004300 DB-90 carboxyl ate' forn77080 DB-91 carboxyl ate forni700100
Topot ecan1050 Canpt ot heci n100100 In QQﬁEstudies of Table 2, binding

i sotherns were constructed using thgethod of fluorescence anisotropy

titration as |s u ed abay and_ K val e deter ed 10 fromthe
sl opes of ? e ong'e T et glr g%?ﬂ J""CI’ ote \IQEIEva? es géreg-. sufij eé:t to 10%
uncertaintﬁrOMJn@eoﬁnY¢n§en9§tthst$1dqengffea@thi§ okcipreoagdt @lcont ai ned in

Tabl e 2 is:fhg,q sty Qi&b&@dyé&tﬁr‘aeaﬁhbf& Cal'}f?&@ﬁl?ﬂ ‘feCEhEhE:BHQP the
creation of A, B, E-ring nodif tothecins (for exanple, the 15

honosi | at e8&#S JeHBniaPIPREes. VSDBlé inifd CORCDIFabiom, Fithng ¥ January 2004

5 intercept value of 1 (for a system displaying binding site
homogeneity) . Such double-reciprocal plots for the
associations of the new homosilatecans analogs (both lactone
and carboxylate forms) with DMPC and DMPG small unilamellar
vesicle (SUV) preparations were linear with good correlation

10 - coefficients. The linearity of these plots, as well as the
corresponding plots for drug asscociations with other types
of membrane preparations, indicates that fluorophore binding
at thege lipid concentrations is adequately described by the

above equation.

15 The studies summarized in Table 2 examine the
‘structural basis of homosilatecan associations for 1lipid
bilayers. Two types of membranes were included in these
studies which were conducted under near physiclogical
conditions of pH and temperature; these membranes include

20 fluid-phase and electroneutral L-a-dimyristoylphosphatidyl-
choline (DMPC); and fluid-phase and negatively-charged L-a-
dimyristoylphosphatidylglycerol (DMPG). DMPC and DMPG have

identical chain length but the charges on their head groups
differ.



2 nodi fied canptothecins (for exanple, the honosil atecan known as DB-81).
Honosi | at ecans containing either a sole substitution at tgs 7E§§§b¢'on or
dual substitution at the 7 and 10 positions have been creat®} und to
di splay very 5 high lipophilicities. Included in Table 2 are canptothecin
conmpounds (topotecan and canptothecin). For DB-81, the |Ilipophilicity for
DVMPC nenbranes rel ative to corresponding value for topotecan increases
over 1,400-fold. Data for these agent8tywere included to show the highly

| i pophilic 10 nature of the new honocanptothecins relative to conpounds

such as ! opgLgcay, aBdagﬁiptaostshsﬂﬁon”c%mslabcse f’-dr m;oz +ec%n that the
conpounds of -the prggent, gﬁgﬁécqg argna[% CQ%‘%)%@ |w$_ han either
canpt ot heci n or topgLetais easmte%r%%tlmc%@ éu@a@e hgdi ngs are

15 apparent upon i ngpgstivlyObnifalddeCont phded idh TRl ngd. 3§:orrpar| son of
the K4, 9@ values fe¢, two honosilatecan wwth their correspondi ng sil atecan

anal ogs (where the E-ring systens are (3--hydroxyl actene versus
a-hydroxylactone mmieties, respectively) indicate that the

honocanpt otheci ns 2Q4ish@y greaten |i hkhbcity. Q%mgﬁayple the K

val ues of |{the sil atecan counterparts of -38 (CHI-79 Kan1 ={820 M1)
and DB-91 ((BB-67—ant—=2500—M%1)tare—approxtratfety—2=—Fotd—+t¢ 3-fold

| ess than flor the corP®sifondi ng homusil at &&hs. THus, f&C0DB-38jand DB-91
the expanded E- 25 ring is _a_favorahl e consideratijon for menbr ape bi ndi ng
which, in turn, pronmoggsgqdrug stabiljity iy ,.Bygman bl ood., ;Aggt her | surpri sing
trend was qbserved for the honosilgtecans when the caﬁboxylate forns of
the drugs wete

| DB-20 8600 9300

DB-91 800G 4300

DB-50 carboxylate form 770 80
DB-%1 carboxylate form 700 100
Toéotecan 10 50
Camptothecin 100 100

In the studies of Table 2, binding isotherms were
constructed using the wmethod of 'fluorescence anisotropy
titration as discussed above, and K values were determined

10 from the slopes of the double-reciprocal plots. The K
values are subject to 10% uncertainty. One of the most
striking features of the data contained in Table 2 is the
strong modulation which can be achieved through the c¢reation
of A,B,E-ring modified camptothecins (for example, the

15 homosilateéans known as DB-38, DB-90, and DBE-91) or B,E-ring



S,

studied. A 3-fold decrease in the affinity for DMPC upon 9 January 2004 8
t he opening of the lactone ring of canptothecin has previously been
observed. Burke, T. G, Mshra, A K, Wni, M C and waPdanigygood ; sig
bil ayer partitioning and stability of canptothecin drugs,” Biochem stry.
32: 5352 5 5364 (1993). For the DB-90 and DR-91 honocanpt ot heci ns, we
observe a 10-fol d decrease in DMPC bi nding upon ring opening. Hence, the
honosi | at ecans not only displ ay rm,lr;kedl y enhanced. lipophilicity but the
levels of differential binding befween the lactone and carboxylate 10
forms appear .10 he significant Iﬁ%//%great er (10-fold versus 3- fold) relative

to canpt ot F8EHEHHE PR - SEPTRET 0@ FPPRPISHEEEs Ko two

consi der at eensoEla3CL | bedialreidatddagh bomopliingci eycmard ki gbere di fferenti al
bi ndi ng of . . over rboxyl.ate for are_cqntributing factors to the
15 opti mi zé J%gglos a%i Fl?%lp};g’o%'ﬁ:oﬁ‘ £ ﬁeém%rmsg%%%é%éﬂ% i Eg? a? over

canpt ot hecnd akfd PheHuicasprachdeem . cxBrred tand dored dendésHpacvert Assessnent

of the Ext ﬁ@é}k\éﬁiﬁo%mfﬁ@_@eéﬂt £l ALLeAS 1 Af TG BBl Hogpsidhatgean with Red
|

Bl ood Cells. 2 gure 5 illustrates the fluorescence em ssion spectra of
1 M 7- t - buF§FREFREE hy ESPPYA SR - 30Pd r SREPE O RapRia mpt of ABCiPR-$DB- B89 i n
sol uti ons afipghaspbate-tutf Dewedmetidange ¢PRN)ivat tpHcbrAespRibanpl , and

adm xtures_t ere g;r. éAIcJtegé)Ilecgrgcaegere recorged0 U%Igfg exci 1t:i ng |light of 394
nmat 25 378 TheTenf & axXiHe 2 fof BE01H1 WP s 553" Antbut this
val ue shi f thess gagdntsaneky tinchudedofroamiowxitimt dlighly lipophilic

10 nature of the new homccamptothecins relative to compounds
such as topotecan and camptothecin. From Table 2, it is
clear that the compounds of -the present invention are much

more lipophilic than either camptothecin or topotecan.

Other interesting and unexpected findings are

15 apparent upeon inspection of the data contained in Table 2.
'Comparison of the Kyg. values for two homosilatecan with
their corresponding silatecan analogs (where the E-ring
systems are B~hydroxylactoene versus a-hydroxylactone
moieties, respectively) indicate that the homocamptothecins

20 display greater lipophilicity. For example, the Kgp values
of the silatecan counterparts of DB-38 (CHJ-792, Kpype = 820

M) and DB-91 (DB-67, Kyp. = 2,500 M) are approximately 2-
fold to 3-fold less than gor the corresponding
homosilatecans. Thus, for DB-38 and DB-91 the expanded B-

25 ring is a favorable consideration feor membrane binding

which, in turn, promotes drug stability in human blood.

Another surprising trend was cobserved for the
homosilatecans when the carboxylate forms of the drugs were

studied. A 3-fold decrease in the affinity for DMPC upon



410 nmin anhydrous ethanol. Because DB-91 contains a 10- hydroxy
functionality, the possibility exists that fluorescence cgp OCCUé ¢%0n1tmo
di stinct species. In an 30 aprotic sol vent or non-aqueous AterEEHE?Honnent
a protonated 9 January 2004 19 (with respect to the 10-hydroxy
functionality) species predom nates, while in protic solvents such as

wat er a deprotonated excited-state conplex predom nates. The 554 nm peak
is correlated with the deprotonated excited-state 5 conplex while the X of
approximately 410 nm correl ates wi t R Bhe prot onat ed excited-state conpl ex.

The formatign of the deprotonated excited-state conplex is greatly
facilitated sy PREPFes8hce B \5;@?"9?1}9 evehd at s nEPTPERRRGAER q&i‘ts wat er such
as it- a paalevisugippdreemt <hseunmed 550 Bpakavhi Th &0, cmisedaat s wi.t,h t he

wat er -faci l}1ate r i 10f yt deprot onated excited-state conplex. The
spectral sealnnsi'_t]?i/icﬁyg%? DB-lgll:d'_ralt"‘?fd o?ﬁ%‘g %éil eerrs%gg:’f%léméﬁﬁpafngt heci n
fam |y contiaRihagty e Ry erisainf daess Sndicehemintavi ded2a S38%eful approach

for studyi ngseshe1paut.i t irgRi g @a-9b Ughd DAL L AR AMYEIIS SRYI rRNMENt into a
hydr ophobi ¢ .envi ronnent such _at the surface of a red blood cell. Figure 6

shows the fPRTGFEScehce®ehi'ski GRcEset ri2 &MPE Mpinding upon ring
7--t-butyl digemtihyl si | YHend8; hyuheoX HohiedMaa8Pdd haet N od1PBI &) sp1hySOl Ui ons of

Cont ai ni ng APEGATD- { FBRRRSd | ol REREbH Yo B Contntr DR of°K 10 1) x
106 cel | /L d¥fferproialddsindingct bevweten cdreofl athene xdmh starbokplaeact i ons of a
hormS| | a8 GCM Eppéﬁd tlal Qst&ﬁJilf§car§9995£‘@aeI@:r QIbgf&f’&j%grsus 3-
| fold) relative to camptothecins containing o-hydroxylactone
ring systems. The two considerations described above (high
lipophilicity and higher differential binding of lactone
over carboxylate forms) are contributing factors to the
15 optimized blood stabilities which the homosilatecans display

over camptothecin and homocamptothecin.

Direct Fluorescence Spectral Asseasment of the Extensive

Membrane Interations of the DB-3%1 Homosilatecan with Red
Blocd Cells.

20 Figure 5 illustrates the fluorescence emission
spectra of 1 pM 7-t-butyldimethylsilyl-10-hydroxy-
homocamptothecin (DB-91) in solutions of phosphate-buffered
saline (PBS) at pH 7.4, ethanol, rand admixtures thereof.
All spectra were recorded using exciting light of 334 mm at

25 37°C. The emission maxima for DB-91 in PBS is 554 nm, but

this value shifts significantly to a A,, of approximately
410 nm in anhydrous ethanol. Because DRB-%1 contains a 10-
hydroxy functionality, the possibility exigts that
fluorescence can occur from two distinct species. In an

30 aprotic solvent or non-aquecus microenvironment a protonated



in front-face cuvettes (to optim ze fluorescence versus 25 scatter |evels)
at 37 Cusing a DB-91 concentration of 10 1.tM and excitin% | i ght of 370
nm The enmission naxinma for DB-91 in PBS is 554 nm In t h@JBpedEgdeed of red
bl ood cells, a peak with a significantly |ower 1. value is observed
indicating that 9 January 2004 4U the agent is capable of partitioning into
the red blood cell. nenbranes. The nmenbranes of the red blood cells
provide a hydrophobic m croenviromgnt where the protonated excited- state
conpl exes can formand fl uoresce fio Comparison of 5 the em ssion spectra

of DB-91 in the presence of human erythrocytes with that of clinically
rel evant 7-%?ﬁ91-qqﬁpmﬁydFBxfEEhpﬁBf?%ﬁ%Q¥Y(§§¥§§T?n%é9§ﬂ)lu§??9ﬁ?§d in Figure
7, indi catretibrirates, MTeheleXifNgirveipr ebbtaied exdi t ed- stiake aconpl ex

formation in the case of DE-91. Simlar to the 10 studi Figure 6, the
spectra of %Pﬁﬁ?%na%e\g/\e?xemrgg%o? ded ST TTORTS Oé“é@%%%/ét tTgé 5%4 37C using an
SN- 38 concarakatisncopfelb@edi Midhd eixei dengotdamgiiedofe@A0ednstRtese fi ndi ngs
corroborat e nodel rgne studies _indicating t r i_ndi ng of

SN- 38 iéﬁsfﬁﬂP??%aﬁgﬁf ﬁ%?s aﬁ§tﬁ PeX %ﬁgfg ?E”?ﬁ ef%gﬁ?%ﬁggnoted for
DB- 91 ( SN- 38tdi sipt pystenaledatxmitefl-sB80E Meodplhor eghe DBkt pifays a K, ¢

vai ue of 8 G0 Megrocohh QB OUG,SARH 2L St Udfa1 e Canc] ugeedag novel

honmosilatcan DB-91 is a nore |ipophilic, erythrocyte-intéractive agent
t han t he FO&RCAppEREIPBN-BB Pregeremdi MAtETaRyeDi 8| WMALNPFOVES Stabilities
in Aqueous ofSQlablki OfhdRelhat Ly ea tafkanBt SbHAGNDS atO@IssioNgn which

10 correlates with the water-facilitated formation of the
deprotonated excited-state complex. The spectral
sengitivity of DB-9%1, and other members of the éamptothecin
family containing the 10-hydroxy functionality, provides a
useful approach for studying the partitioning of drug from

15 an agueous environment into a hydrophobic environment such

at the surface of a red blood cell.

Figure 6 shows the fluorescence emission spectra
of 1 uM 7-t-butyldimethylsilyl-10-hydroxy-homocamptothecin
(DB91) in solutions of phosphate-buffered saline (PBS) at

20 pH 7.4 and in PBS at pH 7.4 containing albumin-free red
blood cells at a concentration of (10 # 1) x 10° cell/pL and
provides direct evidence of the extensive interactions of a
homosilatecan with red blood cells. Spectra were recorded
in front-face cuvettes {to optimize £luorescence versus

25 scatter levels) at 37 °C using a DB-91 concentration of 10

pM and exciting light of 370 nm.

The emission maxima for DB-91 in PBS is 554 nm,
In the presence of red blood cells, a peak with a

gignificantly lower A,, value is observed indicating that



a- hydr oxyLact one Phar macophores. Figures 8 through 11 illustrate the pH
dependence of the stability of 1 p.Msolutions of DB-38, DE-81, DB-90, 25
and DB-91 in solutions of phosphate-buffered saline (PBS) @#anysFy $804ies of
5.0, 7.4, 8.0, and 9.0. The stability paraneters for each drug were
determ ned using HPLC net hods. Al experinments were conducted at 37C.
Hydrolysis is observed at pH values of 7.4, 8.0, and 9.0 with nore 30
extensi ve hydrolysis being noted at the higher pH values. 9 January 2004 4i
Al t hough hydrolysis is observed at pl‘anI ues of 7.4, 8.0, and 9.0, our
data indicate that the |actone ring of honosilatecans is |ess labile (that
is, signifiCRAASETEHOREPAPIE QAR UOitHERISRIBEYstRS Bed) BE9]rk cBb bot h

si | at ecans hedfithneanpt thd aeimbsaantcd RhagrédeizRayeslidngdovide a

a- hydroxyl actone.ring moiety.. Figure 12 contrasts the inproved.stabilities
o Tour noVET-REREET I EERNS ISP G BREBentoF TRt T P ol
correspondi sgas? |cmmeteress cructane apdnfhiariesget froml.0 gohpatricopl att one

functional i o d ' s f o; Fisgurg 1 opdu in PBS at
370 Pangl s Tt AOTOh D Tage cont o St bt 1TEY Trop T es o of Amovel
honosi | at ec&RYtiEssEReEi YEHeshhagneh & igérakisporrlisNgnsi atesdnifsol i d
circles) comyatdiyR@mpfineenyentioigl, aadydnoxydackaned i pgnk’ fpiety found
i n canpt ot heci.n_and ot her ,clini cal%el r el evant car‘rBt ot hecigl anal ogs such as
topot ecan, SREZBCCATEIT ARd™OB SRYTSCERpPOPHRETRY iSFCAFT¢A8ER, the
agents cont aomphex tfwemexpandied the case of DB-91. Similar to the

e 10 studies of Figure 6, the spectra of Figure 7 were recorded

in fromnt-face cuwvettes at 37°C using an SN-38 concentration

of 10 M and exciting light of 370 nm These findings
corroborate model membrane studies indicating the membrane
binding of SN-38 is significantly less than the extensive
15 interactions noted for DB-91 (SN-38 displays a Kyp. value of
300 M whereas DB-91 displays a Kyp value of 8,000 M),
From our spectral studies we conclude the novel homosilatcan
DB-91 is a more lipophilic, erythrocyte-interactive agent

than the FDA-approved SN-38.

20 Homosilatecans Digplay Improved Stabilities in Adqueous
Solution Relative to Camptothecins Containing
a-hydroxylLactone Pharmacophores.

Figures 8 through 11 illustrate the pH dependence

of the stability of 1 pM solutions of DB-38, DBR-81, DB-90,

25 and DB-91 in solutions of phosphate-buffered saline (PBS) at
pH wvalues of 5.0, 7.4, 8.0, and 9.0. The stability
parameters for each drug were determined using HPLC methods.

All experiments were conducted at 37°C. Hydrolysis is
ocbserved at pH values of 7.4, 8.0, and 9.0 with more

30 extensiwve hydrolysis being noted at the higher pH values.
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honosi | at ecan structures displayed markedly 20 enhanced
The stability paraneters for the honosilatecans are sumari zed

that the lactone ring of ho%danyasy éedhs is

e (that is, significantly slower in undergoing hydrolysis)
to the a-hydroxylactone ring noiety contained in both 25

and canptot hecins. For silatecans and canptothecins such as
and canpt ot heci n, approx[gftely 12% of | actone renmi ns at

mafter 3 hours, whereas

eater than 80% | actone remai ns for

he honosi | at ecans under identical incubation conditions. 9
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Pol PERPFASSPARULYT | OFFT n*PL38 GARRI ffng S3E AP Himan serum
albun1r1 atsléﬁﬁi 1Banﬁdergé1m¢nh@dghlfhuaachexznﬂvalﬂosmdahibilqpepaﬁ&iI es for a
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a- hydroxylactone ring noreée found in canp
ar By dneanyl adt dheC abgpd mtohetyn anal ogs such as topotecan,

ecin and ot her

SN- 38,

9- .am nocanptothecin. In all cases, the agents containing the

stabilities in the

presence of HSA. Theigimbila tapnpassdet s infebvedesbapmsiclies esans are
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Qf t he cur

10

1 on a aye per|or
their corresponding silatecan gtructure containing the

o-hydroxylactone functionality. All the experiments of

* Figure 12 were conducted in PBS at 37°C. Panels A through D

15

20

25

each contain stability profiles for a novel homosilatecan
{open circles) and its corresponding silatecan (sclid
circles) containing the conventional o-hydroxylactone ring
meiety found in camptothecin and other clindically relevant

camptothecin analogs such as topotecan, SN-38, CPT-11 and

9-aminocamptothecin.

In all cases, the agents containing the expanded
E-ring or homosilatecan structures displayed markedly
enhanced stability. The stability parameters for the
homogilatecans are summarized in Table 3. The data indicate
that the lactone ring of homosilatedans is less labile (that
is, significantly slower in undergoing hydrolysis) relative
to the o-hydroxylactone ring wmoiety contained in both
silatecans and camptothecins. For gilatecans and
camptothecins such as topotecan and camptothecin,
approximately 12% of lactone remains at equilibrium after 3
hours, whereas greater than 80% lactone remains for each of

the homosilatecans under identical incubation conditions.

?les i n human




pl asma t han canptot heci ns such as topotecan, SN-38, and CPT- 11. O the
honosi | at ecans, DE-81 displayed the highest stability in human pl asns,

fol | owed by DB-90 and DB-91, with 20 DE--38 (the |east |ip®paiyary29f4 ¢ he
honosi | at ecans studi ed) displaying the lowest'stablility in human plasnma.
Al'l the experinents of Figure 14 were conducted in human plasma at 37C.
Pl asma sanpl es were continuously aerated by a stream of blood gas
resulting in the mai ntenance of pH a_télgal ues of 256 7.5 0.1. In all cases,
t he agents contai ning the expanded =Ting or honosilatecan structures

di spl ayed markedly enhanced stabilities relative to the parent drug

canpt ot hec PATeBHPAF TP &S cCHHIRATAPT oftabidiRyen B& IFeepBiatecpmy noi ety. The
stability parHfefEreeds: of HEmagoSeiHpatPEtdcans are sumarized in Table 3.
9 January 2004 -43 CQur studies denonstrate that both |ipophilic as well as

mor e wat er - sol ubl e honnsi b ateeabss displ AY:dJpr 9&/&9&1&%@93&% hgs over

honocanpt ot heci n_that] containsS no substitutions in the A and B rings. See
Laver gne ef®¥f! BomegidgEarftcot Alcithe: SFmeResiiaverionnt Feldeirdctivity of
Novel EsRi ngedbhdiibhedth Gagptaivaeaing Avahgguesumdn Midm £hemin 4d: 5410- 5419
(1998). Thus, the present jnvention indicates that_substitution of the A
and B ring 33fC-horkRlertst bt FRETYSH & e2cha¢BRERiTe FCAPLOFtX REPILéeect to bl ood
stabi | iti eForThe ndPel | kelosixdanatanan its tBatedddaqins UbsiHcbuied

honocanpt ot heci n car boxyl ate, |ike canptothecin carboxylate, binds HSA

pr ef er ent | &PPFRITHIEh FHCar BBRFF &t 3o r YRFOXBIIE PR v S s HISRLEEY t he

!,..aCt one- carhoxy| aie EfihgrbbliddAnt O ahBe other clinically relevant
L 106 camptothecin analogs such as topotecan, 8N-38, CPT-11 and 9-
.aminccamptothecin. In all cases, the agents containing the
expanded E-ring structures displayed wmarkedly enhanced
stabilities in the presence of HSA. The stability parameters
for the homosilatecans are summarized in Table 3. As
15 illustrated in'Figure 14, the homosilatecans of the current
-invention also displayed superior stabilities in human
plasma than camptothecins such as topotecan, SN-38, and CPT-
11. Of the homosilatecans, DB-81 displayed the highest
stability in human plasma, followed by DB-90 and DB-51, with
20 DB-38 (the least lipophilic of the homosilatecans studied)
displaying the lowest stablility in human plasma. All the
(o experiments of Figure 14 were conducted in human plasma at
“ 37°C. Plasma samples were continuously aerated by a stream
of blood gas resulting in the mainténancé of pH at wvalues of
25 7.5 £ 0.1. 1In all cases, the agents containing the expanded
E-ring or homosilatecan structures displayed markedly

enhanced stabilities relative to the  parent drug

‘camptothecin containing the conventional a-hydroxylactone

ring moiety. The stability parameters for the

30 homosilatecans are summarized in Table 3.



right. 15 Qur results indicate that dramatically inproved human plasm
stability can be realized by conbining the 3-hydroxyl actone pharmcophore
with the following concomtant structural changes: 1) B-r?Aeuani2®i4tati on
such as a silyl or an silylalkyl functionality at position 7 20 (e.g.
DB-81); 2) A-ring nodification such as the structural nodifications
contained in topotecan (water-solublizing changes such as inclusion of

9- di met hyl am nonet hyl and 10- hydroxyAfunctionalities disfavor carboxyl ate
bi nding to HSA; and 3) conbi ned substitution in both the A and the B ri ng
25 that includes, for exanple, a silyl or silylalkyl substituent at °
position 7 (e.g. DBODO afipp deponKgaty| shat Mpotly, lipgpbakic oS and Burke,
T.G, "Redyged AL bysbd BicBdi fi0ublPs ORBAS 16he-Blsaliibblyy angbrdobavity of
Topotecan in Human Blood," Biochem stry, 34, 13722-13728 (1995). The
conpounds F62BFHHES| atTEF exX PP RAYHFSS hi §A2Y i pGPREFIAT ¢8R and 9
January 20@#4bsettitednspaci fhec A ey actdiags. besyeenatdgnearboxyl at e drug

formand H bot h,fact ,cqgi;r' utin 0 ,i I stability.
Mar kedl% En Sﬁ%%ad“péf’ g%?ﬁq%l? ies o h? € N%\I/lgél Aﬂggrr%g‘?{ at ggg%?ﬁyn gg Human
Bl ood. Fi gilozrel 5E-cdpactieditfied s¢aipitbrh¢eisn dhaleanesfiovel Mehoripsinl at ecans of

the currentgi.nyery is@fs i (1 BBP. SUSRENSIRNS &M 3hPéon indicates
physi ol ogi cal | y-rel evant concentrations ((5 1}1 x | cell/L] of
T

al buni n- f r édaf etRAtAEE-1® PS. thst 2pPRd (B v109 QfaPERRAPEPFRE e ® det er ni ned
at 37C usi ng ddRbEamkt Hadsor Withakksgageso bheaganabsloirisai nithg t he

lfe'XpandeflO E-fii]cggyor explanation is that the unsubstituted
" homocamptothecin carboxylate, like camptothecin carboxylate,
binds HSA preferentially in the carboxylate form and
effectively shifts the lactone-carboxylate equilibria to the

right.

15 Our results indicate that dramatically improved

V'human plasma stability can be realized by combining the

B-hydroxylactone pharmacophore with the following
concomitant structural changes: 1) B-ring modification such
as a silyl or an silylalkyl functionality at positipn 7
20 {(e.g. DB-81}; 2) A-ring modification such as the structural
modifications contained in topotecan (water-solublizing
changes such as inclusion of 9-dimethylaminomethyl and 10-
hydroxy functicnalities disfavor ca;boxylate binding to HSA;
and 3) combined substitution in both the A and the B ring
25 that includes, for example, a silyl or silylalkyl
substituent at position 7 {(e.g. DB-90 and DB-91). Seg also
Mi, Z., Malak, H., and Burke, T.G., "“Reduced Albumin Binding
Promotes the Stability and Activity of Topotecan in Human
Blocd,” Biochemistry, 34, 13722-13728 (1995). The compounds
30 of the latter example display high 1lipophilicities and



Tabl e 3.

honosi | at ecan structures displayed nmarkedly enhanced stabilities in the
presence of red blood cells relative to published literature val ues for
canpt ot heci n anal ogs 15 contai ning the conventional a-hydr34§nuaEy 88R4 ri ng
noi ety (such as the clinically relevant agents SN 38, 9-

am nocanpt ot hecin, 9-nitrocanptothecin, G-147211C, topotecan, etc. The
stability paranmeters for the honosilatecans are summarized in Table 3. 20
Figure 16 and' Figure 17 depict the infrioved human bl ood stabilities of
four novel honosil atecans of the present invention. Al experinents were
conducted at pH 7.4 and 37C. In Figure 16, panels A through D each contain
stability presucpésspanifacnsDesTarsAnas | AesR FRPer ¥ty $¥9%nd its
CorreSpondifH}mSEhétﬁﬁﬁU1HﬁiﬁlEgcﬁéféﬂdﬁﬁiriﬁﬁﬂiﬁﬁnf@gimﬂﬂMQE&Oﬁhﬁﬁﬁﬂ onal

a- hydroxyl actone_ ring noiety found in canptothecin and other clinically
rel evant aﬁﬂ“ﬁ%ﬁbF%Thecin anal ogs such as topotecan, SN-38, CPT-11 and 9 9
January 2004 15 ami nocanpt ot hecin and experinental agents as well. In al
cases, the agents containing the expanded E-ring or honosil atecan

struct ur es @iSRkay eshnape ke dvabebhaireeds ttmaRNovdl codosikdyiekats e rel ative to
canpt ot heci mm2mabbgsi.such as 5 topotecan and SN-38. Figure 17 illustrates
the inproved human blood stabiliti.es of the novel honosil atecans of the

" present invention conpared to_current. cl

_ _cor ni, ¢ lly-rele ant agents i ncl udi ng
9- ani nocanpt ot heci n TEFBET, 12 afRStfiethh ST%?&%F‘?%&%té@Eﬁ (7%%3 and SN- 38
(SN38) . Thenstahiiibtédank0 ofiaknaetersenof ikvenmes 16 apgl dispreneisnsmmuari zed in
containing physiologically-relevant concentrations [(5 * 1)
x 10° cell/uL] of albumin-free red blood cells. Stability
10 characteristics were determined at 37°C using HPLC methods.
In all cases, the agents containing the expanded E-ring or
homosilatecan structures displayed markedly  enhanced
stabilities in the presence of red blood cells relative to

publishéd literature values £for camptothecin analogs

15 containing the conventional a-hydroxylactone ring moiety

(such as the «c¢linically relevant agents SN-38, 2-
aminocamptothecin, S-nitrocamptotheecin, GI-1472121C,
topotecan, etc. The stability parameters for the

homosilatecans are summarized in Table 3.

e

20 Figure 16 and Figure 17 depict the improved human
blood stabilities of four nove® homosilatecans of the

present invention. All experiments were conducted at pH 7.4

" and 37°C. In Figure 16, panels A through D each contain

stability profiles for a novel homosilatecan (open circles)
25 and its corresponding silatecan (solid circles) containing
the conventional o-hydroxylactone ring wmoiety found in
camptothecin and other clinically relevant and camptothecin
analogs such as topotecan, SN-38, CPT-11 and 9-




The human bl ood stability values noted for DB-81, DB-90 and DB-91 are the

hi ghest yet to be neasured for a intrinsically potent carrﬁt ot heci n_anal og.
The greater than 80% | actone val ues following 3 hrs. of ifeeMary onpar e

15 very favorably relative to the correspondi ng percent |actone levels in
whol e human bl ood for 9-am nocanptothecin (approx. 0.3%, canptothecin
(approx. 6% topotecan (approx. 15%, CPT-11 (approx. 21.0%, and SN-38
(approx. 30% . 9 January 2004 Table &5 Summary of Human Bl ood Stability
Paraneters for Honosil atecans Incubatio DRUG NAME and n Tine % Lactone
FLU D (Hours) DB-38 Wol e Bl 00d356. 40. 6 HSA381. 4f0. 3 2434.1-1-2.2

PBS382. 8i ' @mInGAE®Letiecd nPRad ngrRrg i8ena RESEeL S gaf - e 5 2439 #4102

cases, the agents containing the gxpanded E-ring or
homosilatecan structures displayed markedly enhanced human
blood stabilities relative to camptothecin analogs such as
5 topdtecan. and SN-38B. Figure 17 illustrates the improved
human blood stabilities of the novel homosilatecans of the
present invention compared to current clinically-relevant
agents including 9-aminocamptothecin (SAC), camptothecin
(CPT), topotecan (TPT) and SN-38 (SN38). The stability

10 parameters of Figures 16 and 17 are summarized in Table 3.

P

The human blood stability values noted for DB-81,

DB-90 and DB-91 are the highest vyet to be measured for a

intrinsically potent camptothecin analog. The greater than

80% lactone wvalues following 3 hrs. of incubation compare

15 very favorably relative to the corresponding percent lactone

levels in whole human blood for 9-aminocamptothecin

(appréx. 0.3%), camptothecin {approx. 6%) topotecan (approx.
15%), CPT-11 (approx. 21.0%), and SN-38 (approx. 30%).



DB~81. Wol e Bl 00d386.6}0.5 2427.02. 3 HSA388. 110. 2 2442.51. 6 PBS384.90. 3
2430.92.0 Pl asma385. 04. 3 REC392. 00. 0 2455.81.7 9 January 2004 DB-90 Wiol e
Bl 00d385. 20. 7 2424. 61. 3 HSA386. 80. 2 2442.02. 7 PBS383. 70.5 242mia1y 2004

Pl asma371. 13. 5 RBC385.50.4 2438.51.4 DB ' 91 Wiol e Bl 00d384. 90.3 2437.11.8
HSA382. 90. 3 2433.23.0 PBS383.10.3 2432.21.0 Pl asna361.53. 9

_Ab
Table 3. Summary of Human Blood Stability Parameters for
Homosilatecans
Incubatio % Lactone
DRUG NAME and
n Time
FLUID
{(Hours)
DB-38
Whole Blood . 3 56.4 + 0.6
HSA 3 81.4 £ 0.3
24 34.1 £ 2.2
FBS 3 82.8 + 0.7
24 26.8 2.3
Plasma 3 40.3 + 2.1
RBC 3 84.8 + 1.5
24 39.4 £ 1.2
‘DB-81 o
- er;ole Bloc;d 3 B6.6 + 0.5
24 27.0 £ 2.3
HSA 3 a8.1 £ 0.2
24 42.5 £ 1.6
PBS 3 84.9 * 0.3
24 , 30.9 £ 2.0
Plasma 3 B5.0 £ 4.3
RBEC 3 92.0 + 0.0
24 55.8 £ 1.7




RBC388.5t 0.2 2442.62.6 9 January 2004 18 The Novel Honosil atecans of the
Current Invention Overcone the Marked Interspecies Variations Wth Respect
to Blood Stabilities that Have Been Observed In the Past $danuagy 2¥fidcal |y
Rel evant Canptot hecins Such as 9- 5 Ami nocanptothecin, 9-Nitrocanptothecin
and Canpt ot heci n. Canpt ot heci n and 9-am nocanpt ot hecin, anticancer agents
renown for their novel nechani sm of ¢tion and outstanding nurine in vivo
activity, have to date displayed nty nodest therapeutic utility against
human cancers. The 10 drugs cont ai n the | actone ring noiety which, at pH

7.4, hydrelyzes-to yield Qiglogically-inactive carboxylate forns.
Conpar i soH Dangirug stabilitlies for 9-a nocanpt ot hecin jreveals that ring
openi ng oqCUrTefhdle Budvdch [greater extent ggn,nprgn brodd than nmouse bl ood
(see Tablg 4). Canptothecind 15 has beep shown previously to behave in a
simlar ngnner. Burke, T.G MJn'#hi , GB., M.ps Z.13.3and Jiang, Y., "The
| nport ant fRete—af—AHbumA—th—DBeter-m-nihg—the Rcdlrm. ve—H4dnman Bl ood
Stabilitigs of ]Flhe Canpt ot Heci n Anti capcer BI5r'l§g*s,0“2J. Rharma. Sci. 84,
518-519 (1995); and M, Z Tand Bwke, |I. G 43Z2@ £ MAlKed Tjnt er speci es
Vari ati ond—Cancerni ng the Unteractions| of Canptofhecin iwith Serum
Al bum ns: A Fr e‘?.’i‘ﬁency Domaijn Fl Bor escknce 88p&ctrscopi d Study, "
Bi ochem st 354~ echni que of
mul ti fregyency phase- rmdul at i on spectroscadpi ¢ an’aloyses of the intrinsic
Plasma 3 71.1 + 3.5
( RBC 3 85.5 0.4
_ 24 38.5 £ 1.4
DB-91 :
Whole Blood 3 84.9 + 0.3
24 37.1 % 1.8
HSA 3 82.9 * 0.3
24 33.2 + 3.0
FBS 3 83.1 + 0.3
24 32.2 £ 1.0
Plasma 3 61.5 + 3.9
RBC 3 88.5 % 0.2
24 42.6 * 2.6




25 fluorescence em ssions of canptothecin | actone and carboxylate to
provi de a physical explanation for the extensive ring opening observed for
canpt ot hecin and 9- ani nocanptothecin in the presence of h@damasezZin

al bumin (HSA). HSA exhibits a marked 200-fold binding preference for 30
the carboxylate (K= 1.2 x 106 Mi) relative to the lactone (K x 5.5 x 103
M 1). Serum al bum ns from ot her species were found to bind canptothecin
carboxylate not nearly as tightly 9 uary 2004 A.9 as HSA. Due to the

uni que capacity of human albumn to - canpt ot heci n carboxyl ate and

9- am nocanpf il‘ﬁ%g g lg,g-ﬂl__ates ogs% %I n exten5| ve conversion of the

drug to itsy,bi ré& GLL V%axf::.at é‘é érg? ﬁt&t °‘E’ﬁ§° ccess of 5
t hese agent§tdﬂg_1§£ c%gupgﬁ:d Terently nore

difficult terduebitate kgﬂumns J & ingr ?ﬁgmﬂpvel Et sg " at ecans of

t he cursenwﬂaueﬂgﬁ&nesImmeﬁ@mdaﬁ{:wtﬂm ¥ -&Hcﬂ%r :'hh%‘chﬂns bet ween
| actone | evel s in nouse bl ood versus hunman bl ood e noted changes in

nmouse versus animal bl ood are very small relatlve to the 100-fold
di fference in | act orfémpestdiesipbsady ettt afidnodarprprioednpt oidtéchmer N nouse

bl ood expeaddiRBt Srdn@lm DFB1 afd DS RLa t:ﬁl@c}:‘aﬂ%&”%ﬁ' ey&lig act il 1y
observed in human_bl ood are nodestly underestinate val ues of 6% and
20% respecPPERYIOIETERS ForiYe ghiNdewnptavenEei ﬁaﬁﬂ)lﬁépbilﬂ(ﬁ@d

over est i mat eslybyod€: fredapdizicl acixing heyslss aﬁh&aldayme%.ermg in human
Do U Wl PSR et Al eyt arlaTentalprys) of oot ca
L. hydrolyzes to yield biologically-inactive carboxylate forms.
Comparison of drug stabilities for S—éminocamptothecin
reveals that ring opening occurred to a much greater extent
in human blood than mouse blood (see Table 4). Camptothecin
15 has been shown previously to behave in a similar manner.
Burke, T.G. Munshi, C.B., Mi, Z., and Jiang, Y., *The
Important Role of Albumin in Determining the Relative Human
Blood Stabilities of the Camptothecin Anticancer Drugs,” J.
Pharma. Sci. 84, 518-519 (1995); and Mi, %Z. and Burke, T.G.,
20 “"Marked Interspecies Variations Concerning the Interactions
of Camptothecin with Serum Albumins: A Frequency-Domain
Fluorescence Spectroscopic Study,” Biochemistry 33, 12540-
12545 (1994). We have used the technique of multifrequency

N

phage-modulation spectroscopic analyses of the intrinsic
25 fluorescence emissions of camptothecin lactone and
carboxylate to provide a physical explanation for the
extensive ring opening observed for camptothecin and 9-
aminocamptothecin in the presence of human serum albumin
(HSA) . HSA exhibits a marked 200-fold binding preference for
30 the carboxylate (K = 1.2 x 10° M) relative to t.he lactone (K

o~

= 5.5 x 10° MY). Serum albumins from other species were

found to bind camptothecin carboxylate not nearly as tightly



20 honosilatecans in aninmal nodels can be nore readily translated into
humans rel ative to agents such as canptothecin and 9-am nocanptothecin. 9
January 2004 5U 5 Tabl e 4. Conparison of the Marked | nterspdanussy R4 ati ons
in Blood Stabilities For Canptothecin and 9- Am nocanptothecin Versus the
Rel atively Mnor Differences Qbserved for Novel, H ghly Lipophilic

Canpt ot heci n Anal ogs. Percent Percent Ratio of Lactone in Lactone in

Lact one ConpoundMouse Bl ood Human Bl-4&4§l Level after 3 Hours after 3 Hours
Mouse/ Human of | ncubati onof | ncubation 9- Am nocanpt ot heci n38- 0.4100

Canpt ot hecl,p20h3 DB; 8802904 - iR BARQR 1Py %P8 ,R00 1830/ to bing
camptothecin carboxylate and 9-aminocamptothecin carboxylare
resulting in extensive conversion of the drug to its
biologically inactive form, it appears that the success of

5 these agents in‘eradicating cancer in animal models may be

inherently more difficult to duplicate in humans.

The data for the novel homesilatecans of the
current invention show essentially only minor wvariations
between lactone levels in mouse blood versus human blood.

10 The noted changes in mouse versus animal blood are very
small relative to the 100-fold difference in lactone levels
observed for S-aminocamptothecin. In mouse bleood
experiments for DB-81 and DB-91, the lactone levels actually
observed in human blood are modestly underestimated by

15 wvalues of 6% and 20%, respectively. However, for B9- .
'aminocamptothecin mouse blcod overestimates by 100-fold the
lactone levels actually observed in human blood. These
results indicate that there are fundamental physioclogical
reasons to think that the success of our novel

20 Thomosilatecans in animal models can be more readily
transiated into humans relative to agents such as

camptothecin and 9%-aminocamptothecin.




DR-9170850. 8 Experinents were conducted at pH 7.4 and 37C and | actone

| evel s 10 determ ned using HPLC net hods. BlooFl sanples were drawn and
kept at 5C prior to the initiation of an experinment. 9 JaBdanyarp@0@ H ghly
Li pophili c Canptothecins Display H gh Anticancer Potency Even in the
Presence Human Serum Al bum n. The cytotoxicities of various canptothecins

5 agai nst NMDA- MB-435 tunorigenic netastatic human breast cancer cells are
sumari zed in Table S. The cyt ot oxi cifg'ﬁ val ues are for 72 hr. exposure
times. Overall, we found DE-38 to be the nost potent of the four novel

honosi | ate e Mi el \e, di,gd I e, .of while the
1000 10 val bt A t%Ee tﬁt’ﬂ f&gﬁﬁm ﬁ%ﬁg&%ﬁ;&rx o, vag S_HE%t 115 nM
Qur results clearly aniehGabectilint g nQwe R %rdevel oprent
the stability of t h®i agonin®es N oBBEBfLaANGANT Mal N H0 canH gar kedl y

i nproveds and  equi | iLZpebnAITE BO W an@@BRESHERS hAg1 ddie = i gh intrinsic potency 15
~and cytotoxicity of this inportant class of anticancer drugs. 20 Table 5.

| CS5 Val ues of Honosil at ecans and Canpt ot heciu Anal ogs Agai nst NMDA- MB- 435
Tunorogeni ¢_Metastatic __Human Breast Cancer Cells in the Absence and

Presence of [ Human Serum Al bumjn. Conpoundl £sO(nM (W oHFA) Canpt ot héci n12t
4 DB- 38203 Conmpound Percent Percent Ratio of
Lactone in Lactone in Lactone
Mouse Blood Human Blood Level
after 3 Hours after 3 Hours Mouse/Human
of Incubation | of Incubation
S—Mﬁinocamptothecin 38 - 0.4 - 100
Camptothecin 20 7 3
DB-38 72 56 1.3
DB-81 80 87 0.9
DB-90 61 85 0.7
DB-51 70 85 0.8

Experiments were conducted at pH 7.4 and 37°C and lactone levels
10 determined using HPLC methods. Bleoofd samples were drawn and kept
at 5°C prior to the initiation of an experiment.



DE-8177+ 13 DB-9073{ 8 DB-91115+ 5 9 January 2004 2 Exanpl es: Experi nental
Met hods for the Qualitative and Quantitative Determ nation of Lipid

Bil ayer Partitioning (i.e. Lipophilicity) and Lactone Ri n§ JShedyl2004 of
the Novel 5 Honosilatecans of the Current Invention. Chem cals..

Canpt ot hecin and topotecan were in their 20(S)-configuration and were of
hi gh purity (>98k) as determ ned by HPLC assays with fluorescence
detection. The preparation of the honosilatecans is described el sewhere in
10 this application. Al other agent st;ﬁre reagent grade and were used

wi t hout further purlflcatlon H gh purity water was provided by a MII1i-Q
W PLUS pur%§ atl ?%% edford MA) was utilized in all experinents.

Drug Stock gﬂﬂ t°§P8‘c':’rPE'so GRS Bfglfhe‘ntisa?ﬁeﬁgs ver e
prepared in ms’t'hyl'asdL oxXi der?%nﬁesﬂm'éaﬁ‘e EFOPHOCERERri ¢ grade, Al drich,

M1 waukee, W) at a concentration of 2 x 10-3 Mand stored in the dark at
4C. L-a-Dinyri stoyrraaospba&&wcﬁb@éé neof DVRGY i Y Lo@frothecins

di myri st yI hos atjdy MPC). were obtained from20 Avanti Pol ar
Li pi ds, 9 g@ Jﬂ% L’%n’%3 ?'gm%félé‘;'&"%&ft hBHU2S AT het 5 | PFEasti on. Al

ot her chem' @aicsrv\mlelsr ezgestmmagriaed fmoraxdeesusedTié tddidkoxicity

fur ther , puriieat kg el rspacald o3l lown ifm?' L 3, gst cle (SV)

suspensi ons were prepared the day of an experlnent
DB-38 to be the most potent of the four novel homos:.latecans

which we studied, with an IC,, value of 20 nM, while the IC,,
10 values for the other homosilatecans ranged from 20 nM to
_115 nM. Our zresults -clearly indicate that through novel
‘homosilatecan developwent the stability of the agents in
human and animal blood can be markedly improved and
equilized without compromising the high intrinsic potency
15 and cytotoxicity of this important class of anticancer

drugs.

Table 5. IC,, Values of Homosilatecans and Camptothecin
Analogs Against MDA-MB-435 ‘TMumorogenic Metastatic
Human Breast Cancer Cells in the Absence and

20 Presence of Human Serum Albumin.

Compound IC,, (nM)
(w/0 HSA)

Camptothecin 12 + 4

PB-38 20 + 3

DB-81 77 + 13

DB-90 73 2+ 8

DB-91 115 + 5




25 net hodol ogy reported previously Burke and Tritton, Biochemstry 24
5972-5980 (1985); and Burke, T. G, Mshra, A K, Wni, M C and Wll,
M E. "Lipid bilayer partitioning and stability of canpt o®laciany dogs, " 9
January 2004 Bi ochemi stry. 32: 5352-5364 (1993), the disclosures of which
are incorporated herein by reference. Briefly, stock lipid suspensions
cont ai ni ng known anount of lipid (200 ng/nL lipid or less) in phosphate
buffered saline (PBS, pH 7.4) 5 were pre red by Vortex mxing for 5-10 mn
above the TMof the lipid. The lipid d’p?p?ersi ons were then sonicated using
a bath-type sonicator (Laboratory Supplies Co., Hicksville, NY) for 3-4 h.
until theyehassee:optically clear. A decrease in pHfrom7.4 to 6.8 was
observed for the SUV preparations 10 of DMPG therefore, the pH of these
SWV suspenS| ons was _adjusted to 7.4 using small quantities of 2.5 M NaCH
in PBS, ° E3PeOiReRtHy ’&%ﬁ:ﬁ@?oﬁ&fﬁ $5ni Quelorrtirachndy praptisativel e

suspensi on %‘é‘iﬁﬁé?‘f‘ﬁd £ Biidh aBikmerand®a¥eitiqsded i n ({af- experi nent.
15 Fl uores¢eh gt Jq'%l ﬁct%’feea s+ SR D r 88 c dfite NoRLsur enent s
were obfai hed-on25® 5eR% FBYEF O ™or onet er with a ther nost at ed
cuvette conpartnent. Th| S |nstrurrent was interfaced with an | BM PS/ 2 nodel

55 SX comesbgicaibXCi tat:la@ptcaﬂﬁc@m SHIONSRAGLER WRIx@ I eeorgled, 20 with an
excitation rzgol uti_on of nd an enission resolution of 4 nm In all

cases spect? )\/\é"@fﬁ%ﬁa@&?’éd WEHT K F oUHEHY | BgTEYceht®®Ynd28catter from
unl abel ed ldepexisined b rHRRCS ebyayrdt wviby Subireacéndan dekettworspeche um of a

blank.  Steady:stabe £} URLCRERNGA J LGNS LY JIEASHIGTENL S a05Le ; yrde

| 10 this application. All other agents were reagent grade and
‘were used without further purification. High purity water
was provided by a Milli-Q UV PLUS purification system

{Bedford, MA) was utilized in all experiments.

Prug Stock Solution Preparation. Stock solutions of the

15 dzugs were prepared in dimethylsul foxide {(A.C.8.
spectrophotometric grade, Aldrich, Milwaukee, WI) at a
concentration of 2 x 10 M and stored in the dark at 4°C.
L—a—Dimyristoylphdsphatidylcholine {DMPC) and L-o-~
dimyristoylphosphatidylglycerol (DMPG) were obtained from

20 Avanti Polar Lipids, Alabaster, AlL, and were used without

{ - further purification. All other chemicals were reagent

grade and were used without further.purificatiomn.

Vesicle Preparation. Small unilamellar wvesicle (SUV)
suspensions were prepared the day of an experiment by a
25 methodology reported previously Burke and  Tritton,
Biochemistry 24 5972-5980 (1985); and Burke, T. G., Mishra,
A. K., Wani, M. C. and Wall, M. E. “Lipid bilayer
partitioning and stability of camptothecin  drugs,”



25 in the absence of polarizers. Steady-state anisotropy (a) neasurenents
were determned with the instrunent in the "T- format" for sinultaneous
measurenent of two polarized intensities. The alignnment o9 Jaulasy RG@% s was
checked routinely using a dilute suspension of 0.25 m pol ystyrene 30

m cr ospheres (Pol ysciences, Inc, Warrington, PA) in water 9 January 2004 54
and ani sotropy val ues of >0.99 were obtz.‘aj-_ned. Al ternatively, polarizer
orientation was checked using a dilut & dol ution of gl ycogen in water. The
ani sotropy was calculated froma = (lv,, - GI"$) / (lv,, + GI"H), where G
= 1~/1gH 5 and the subscripts refer to vertical and horizaontal

ori ent at i on3iGFerhFTExci? atPon 2254 LRI oRPPpAiBT SRS Oof &S i vel y.
Ani sot ropy &RASHESHRIThSed GeXROADS) | Rifeganse andricalPp! Atbori Npider e

conduct ed ing exciting.light of 370 to 10 40 m and, | on s filters on
M osi Stnsit | S fllie et B, O BTl

each eni ssidirchannal o - isolats | from
background ligddt per lessl oin néosdiieie fHuidrest esrleneAl(PBRM ©bi DAifilters

wer e obtai fro € by GRS b St Qr 4D 10 THE ijat i.on of exciting
| i ght and gﬁ&gs%o%%l te?sl aﬂqleowe%gf%r aaze:qualt'oe sepggg{gl)ot%%o?‘“ %fuor escence
f rom backgr8inadiBignalThe Theit GafPeIfioRSNvere FdckgreRivatrEustidgcence,

toget her wi i hoatBCayderRMibh@i , (LUBSTdrbRl C Bl i8S 8ot haf k¥ -0f1d he tot al
intensity. Since t3he actone [ings of canpt o:tlheC| n and _ rel ated congeners
under go hyd¥ 0l y8F * 7% Paliteous "e hearsi 58 hal FLepF ved §PCLifioxi nmatel y 20
mn., all mbasir érents anvepes. conapl ebedvatit hon dHee sshoptepatrapissi bl e time
gca'_0'§0too£ DMFG; therefore, the pH of these SUV suspensions was
' ~adjusted to 7.4 using small quantities of 2.5 M NaOH in PBS,
‘followed by additional sonication. Each type of wvesicle
suspension was amnealed for 30 min at 37°C and then used in

an experiment.

15 Fluorescence Instrumentation. Steady-state fluorescence
measurements were obtained on a  SIM . Model = 9850
spectroflucrometer with a thermostated cuvette coﬁpartment.
This instrument was interfaced with an IBM P5/2 model 55 8X
computer. BExcitation and emission spectra were recorded

20 with an excitation resolution of 8 nm and an emission
resolution of 4 nm. 1In all cases spectra were corrected for
background fluorescence and scatter from unlabeled lipids or
from solvents by subtraction of the spectrum of a blank.
Steady-state fluorescence intensity measurements were made

25 in the absence of polarizers. Steady-state anisotropy (a)
measurements were determined with the instrument in the "T-
format" for simultaneous measurement of two polarized

intensities. The alignment of polarizers was checked

routinely using a dilute suspension of 0.25 um polystyrene

30 microspheres (Polysciences, Inc, Warrington, PA) in water




mn) after mxing the drug stock solution with thermally pre-equilibrated
sol utions such that the experinents were free of hydrolysis product. In

fl uorescence spectroscopic 25 experinments designed to provedenuany 890t i on
concerning the interactions of honosilatecans and canptothecins with red
bl ood cells, drug concentrations of 10 }tMwere used. Experinents with red
bl ood cells were carried out in front- face quartz cuvettes to optim ze
fluorescence signal and 30 mininize sgajtered light. 9 January 2004 F5

Det erm nati on of Equilibrium Binding Constants. The nmethod of fluorescence
ani sot r opy th&Aratlon as reported by Burke, T. G, Mshra, A K, VWni, M
C. and \al 2" E—‘nmfif’bcfpﬁ bi"PAYEF  pattiti®dnPlg atersst alfarRipehf .

canpt ot heci Alukrngsively, Bippd hetzest rg!me’iﬁat;ﬁ&’é2w5é366héc3;&%3)usﬁxbe i scl osure

of which i or d rej.n reference, npl oyed to determ ne
t he concent?ajf#%ns&g @#%eeohf:n I(’:1 $PelPET of ruﬂ"ﬁsﬁ‘t PHosBite

suspensi onscebmlated rfigom &0t anv\dl' UGLutOGent Gatd orwiafrel Gx= lﬂm/ﬁf,,d\/l and
varying ki phgh 2 copss&tibali OASre Al koeX ts in tubes.
The overal | assotm ation CO:L%S'[ ants Ear eltaef P%Feﬂdlrégg ?&Xﬁ %‘ﬁ%?g?g [L] where
[A] represefftsRBIMBhceht FAEI Grcdrationormmd GF‘{@GIOPA BOlraé"pF%%nts t he
concentr at i egsgdeciv€ly.dr ug,

Anisotropy measurements for homosilatecans and
camptothecins were conducted using exciting light of 370 to

10 400 nm and long pass filters on each emission channel té:
‘igsolate the drug’'s fluorescence signal from background
scatter and/or residual fluorescence. All emission filters
were obtained from Oriel Corp (Stamford, CT). The
combination of exciting light and emission filters allowed

15 adequate separation of fluorescence from background signal.
The contribution of background fluorescence, together with
scattered light, was typically less than 1% of the total
intensity. Since the lactone rings of camptothecin and
related congeners undergo hydrolysis in acqueous medium with

20 half-lives of approximately 20 min., all measurements were
completed within the shortest possible time ({(ca. 0.5 to 1
min) after mixing the drug stock solution with thermally
pre-equilibrated solutions such that the experiments were
free of hydrolysis product. In fl'uorescence spectroscopic

25 experiments designed to provide information concerning the
interactions of homosilatecans and camptothecins with red
blood cells, drug concentrations of 10 pM were used.
Experiments with red blood cells were carried out in front-

face quartz cuvettes to optimize fluorescence signal and

30 minimize scattered light.




and [L] represents the total |ipid concentration of the 15 sanple.

Doubl e--reci procal plots of the binding isotherns {1/(bound fraction of
drug) vs. 1/[lipid]} were linear and K 'val ues were deter9ilamcry 2004 t hei r
sl opes by the nethod of |inear |east squares analysis. A conputer program
based on the K=[A3] / [A/1[L] relationship was witten to predict bound
20 drug levels for specified values of K and total drug. Kinetics of

Lact one Ring Opening of Honosilatechrdy, Silatecans, and Canptothecins. The
hydrol ysis kinetics of canptothecins in the presence of different blood

conmponents_ were determ_ned by a, quantitative C18 reversed-phase high 25
per f or mancB {5 GaPA= R Sfraf S‘Q’r‘é‘ﬁ ‘ﬂ’( HBEE A SORF EABHT £ | eldref r‘“SE?Odmat hodol ogi es
descri bed pf ef/hm:telsyemcre tan@ sbttapiyatrit eatcicneds abpyecedlTig puepsar ation of

whol e bl oo d Lonat e d sanpl es arr oyt ; as, descri bed
previ ouslygl a%yst?ﬁ iL:l'zeS' A g#aqﬁi'gﬁ ggrl??/ (>]é7 ‘% g:r L gma Cheni cal .
30 (St. LobimyeyOpamhitipsady #SA stadpdkitol of | cpmpteehrecior eﬁzraged' 9 January
2004 565i nBE&&e@HEE%{/ Wt hsgsfisAgh PHARY , 7¢ A0 3iQc93eudtdSAs GRNGENt rations

were determned b absorbance at 278 nm using an extinction coefficient
of 39,800 " c‘rﬂc)?rE’P’Eﬁ'"te@r hergjgn) by A TeIGERBFC ag@REs HWEIOYEEagent grade and

were used Betddrhaut thur&ds\efenpﬂat:fdxﬁatdforireé-h gﬁdpwdﬂdy spRbess pyovi ded by a
MII|-QUVPLUSl%ur&f|cat|on gsten& Bedf o i g) 1:1'1|I|zed|n al |
experi nent T HPLC sol V&S wWerd s rom Fi §ﬁ8Fa Ehdend f?% alL, A& pl asma and

red bl ood cehdsntwetécmobt adfhed 1 fr d07° Centr al ak@nt uv:eh;zyn.labood l@eit er. Whol e
bl ood wgs L0nahiabpeshd.m Mty MBS ARBALs | RelPPALI-28d 1HDET st OT ed at

tubes. The overall aseociation constants are defined as
K=[A,1/ [ IL] where [A,}] represents the concentration of
bound drug, [A;] represents the concentration of free drug,
and [L] represents the total lipid concentration of the
15 sample. Double-reciprocal plots of the binding isotherms
{1/ (bound fraction of drug) vs. 1/[lipid]} were linear and K
values were determined from their sleopes by the method of
linear least sguares analysis. A computer program based on
the K=[A,l/[A,] [L] relationship was written to predict bound
20 drug levels for specified values of X and total drug.

Kinetics of Lactone Ring Opening of Homosilatecans,
Silatecans, and Camptothecins. The hydrolysis kinetics of
camptothecins in the presence of different blood components
were determined by a quantitative ,ClB reversed-phase high-
25 performance liquid chromatography (EPLC) assay modified from
methodologies described previcusly in the literature cited
above. The preparation of whole blood and fracticnated
blood samples was carried out as described previously.

Crystallized HSA of high purity (> 97 %) from Sigma Chemical

30 (st. Louis, MO) was used. HSA stock solutions were prepared



5-10C and used as soon as possible (typically within 1 week). Blood from
m ce was collected in heparinized tubes and stored at 5-10C until use. 15
HPLC assays were performed either on a Waters Alliance 269QahirZ2094t em
equi pped with a tenperature- controlled autosanpler and Waters 474 scanni ng
fluorescence detector. A second HPLC system was conposed of a Waters HPLC
system conposed of 501 HPLC punps, 717, Plus 20 tenperature-controlled

aut osanpl er and 470 scanning fl uor eS&nce detector. The HPLC assay
_procedures used for the honosilatecans are sumari zed bel ow. Sol vent A
consi sted of acetonitrile and Solvent B was 2% triet hyl anmoni um acet at e,

pH 5.5, wit4f a5 ofPFEfTe GFEM 25 Gipaki PH Fef PB4BS =ani%ocr athis® el uti on was
used: 33% s@wemratépn@?%xsoldeeatmsme&( 5345y NHBs8BBaneL Mo L ghy For D13-81
~an_isocratig eI utlont}_/\@c g 70 S0l vent A 44% ol y ent B, and ?,,..
375 nm and & &8 A M45*R ISBE s Gr &% gooer‘uf"‘i“on (feEtefsed: 41%
Sol vent A; B9% Sol thtot&er’?dﬁénmn '«Bﬁaarr(éagﬁ:’hﬂ dxAdenahd FeexdOB:sRE an

i socrati oS0l vent B and Xe 2 nm and
Xe7: 562 sﬁm%ll%hb‘% %%%: gr mophlggltf%%%toébl I51§]t eg etyhg%?fl rto‘ertlzé%d’:% n PBS, an
al i quot of %eadH18fQt W¥ F&HBsPrELEEeatsonn sBVEN wdBedfdded MBd plassphat e

buf f ered saivinez4PBS) alpléxiseﬂméht% HRG ¢ gl fsaplefe ik f‘?éﬂ%‘i:a' ned at 37C
in a vvatera%)at Eé 5 resul t i nal / drug. concentration of 1. The

drug- cont %l Wé'%a”qt?héﬂ‘? ‘El“?‘f‘ar’r'§f1e]i”r‘t51ﬂ1 a8 i erexrgt BQ%Weér
mai nt ai ned atom37Creurdl al Hegiiotsy arklopdedcedi-eyar i OWsold Mblop@i Rag. Al l the

qet erm fﬁit 'c&ﬁ%ﬁqg& efr%%ng Inglé rcic%olrc %Eeheparlnlzed tubes, stored at

5-10°C and used as soon as possible (typically within 1

‘week). Blood from mice was collected in heparinized tubes

and stored at 5-10°C until use.

15 HPLC assays were performed either on a Waters
Alliance 2690 HPLC system equipped with a temperature-
‘controlled autosampler and Waters 474 scamning fluorescence
detector. A second HPLC system was composed of a Waters
HPLC system composed of 501 HPLC pumps, 717 Plus

20 temperature-controlled autosamplexr and 470 scanning
fluorescence detector. The HPLC assay procedures used for
the homosilatecans are summarized below. Solvent &
consisted of acetonitrile and  Solvent B was 2%
triethylammonium acetate, pH 5.5, with a flow rate of 1

25 mwl/min. For DB-38 an isocratic elution was uged: 33% Solvent
A; 67% Solvent B; A,:345 nm and A,:518 nm. For DB-81 an
isocratic elution was used: 56% Solvent A; 44% Solvent B;
and A,:375 nm and A,:444 nm. For DB-90 an isocratic
elution was used: 41% Solvent A; 59% Solvent B; A,:412 nm

30 and A,:526 nm. For DB-91 an isocratic elution of 42%

Solvent A, 58% Solvent B, and A.:392 nm and A_:562 nm.




The data was col |l ected and anal yzed usi ng Waters M|l enium 10 software. The
fraction of |actone was cal cul ated using the_ peak area of |actone and

car boxyl ate peak and using the |actone/carboxylate rati 0.9 Jaudet 2004 ne
drug stability in whole blood, whole blood was incubated at 37C for 30 mn
and pH determ ned. 15 Blood pH was adjusted to 7.4 +/- 0.5 using either 0.1
MKOH or 0.1 MHCL. Blood sanples were incubated at 37C for 30 mn and pH
remeasured to ensure that it is witfi'g the range before an individual
assay was started. Aliquots of blood (2 m each) were renmoved and pl aced

in three disposable_20.gl ass test tubes. and the tubes were incubated at
37C. An aliquot of Tarﬁgtﬁxﬁr‘lﬁﬁ/s@?/ﬁst ALhEHEF0Ed PE™PHE APERRE 88 result in
a final drupsconcenli@tdtomfokadh)ot Mhd nexbaiistecanhs 34 Comgs waent i nued and

150 | aligq e Lfferent ti pai.nts and a to 600 gl

of cold net Eang\IA@éSPI{O%gg%?i%}fgﬁg%%p%anl 61%f (%%%)é. pf’ﬂ(aﬁt‘luﬁré ?Nad%eit%hen vor t exed
for 10 sec anv@semmiari fugéd maingaiedsl eat op7il ciwcentwateygedagh t8000 rpm for
45 sec. _Jheréﬂﬁf?“} tgg&ay\aaﬁggnggg&n%ggfgnacgg n a,\t.ﬁos | er vial and

in g )
the vial quickly add to t aut osanpler nai ntaifhed at 4C e sanpl e was
anal yzed 9 dataanip0041" yirdp pimkddi sratsfegmed heo HReC adpsapplethe '

dat a- anal ysi5n0ashaf adespti Rl L9hqgtde didyhog PES Qalysaanples. To study
the stabilities of honosilatecans in PBS containing human serum al bum n

(HSA), the BR8Atfas ditdsiRfedeehmpRiongrere) dane H@ cloi®ieatdri on of 30
mg/ M and THC#askedafitcAA1CctddeaniH anasyrmnsidiad RatkadiMist divno 7. 4

10 software. The fraction of lactone was calculated uéing the
peak area of lactone and cafboxylate peak and using the

lactone/carboxylate ratio.

To determine drug stability in whole blood, whole

blood was incubated at 37°C for 30 min and pH determined.

15 Blood pH was adjusted to 7.4 +/- 0.5 using either 0.1 M KOH
‘or 0.1 M HCl. Blood samples were incubated at 37°C for 30
min and pH remeasured to ensure that it is within the range
before an individual assay was started. Aligquots of blood

{2 ml each) were removed and placed in three disposable

20 glass test tubes and the tubes were incubated at 37°C. An
aligquot of drug in DMSO was then added to the blood to
result in a final drug concentration of 1 pM. Incubation at
37°C was continued and 150 pl aliquots were removed at
different time points and added to 600 pl of cold methanol

25 (-20°C) in an eppendorf tube. The tube was then vortexed
for 10 sec and centrifuged in a table top microcentrifuge at
8000 rpm for 45 sec. The Supernatant was removed and placed

in an autosampler vial and the vial quickly added to the

autosampler maintained at 4°C, The sample was analyzed




+/- 0.5 using 0.1 MKOH or 0.1 MHCL. |ncubation continued wuntil pH
stabilized within the target range. An aliquot of PBS/ HSA was renoved and
placed in an autosanpler vial and 10 naintai ned at 37C f or9 Z8nusEm200h
aliquot of the drug in DMSO was added to the sanple resulting in a final
drug concentration of 1 pM The vial was quickly added to the HPLC

aut osanpl er naintained at 37C and aliquots were injected and anal yzed by
HPLC at different time points. The 15 data anal ysis was as described above
for the drug in PBS only sanples. To Ghér acterize the stabilities of the
novel silatec n 9 mtggei% n _human pl asma, frozen plasma was incubated
at 37C i n et 16-Y hdw UCgSEC VR bublls €3t202RRtGUGh WPHe 2Pl asma to
adj ust t he dgbkxilegeidno thebdrud iigUEES ondf fdngala. (5 nM) were incubated at
37C in disposable glass test tubes and drug DMSO stock solutions added to
result in a final drug concentration of 1 NM The sanples were then

al | oned to incubat etd ustuder tind &E&liﬁ&ie&w@EShéﬂ@Lﬂa);ewﬂ@ i4p pgnmoved at

di fferent t| Qi nts and added o 600 of col d et hanol 20C) in an
eppendor f tuggap H e §SVor 8%1;10 EEE HiRy REnft7I0Ed in a

WEr € vortex
t abl et op migr otRit rmlf ufe4 atat 8¢B9 r:pmefmraﬂﬁozse@f The sypel nahant was

removed andolaged of nAe. AURSARDLEL Yl ARGl aLodRs, Ul ckl y_added

to the 9 January 2004 9 aut osanpler mainta e sanp e was
anal yzed by/-HPLTC Ugdrgobit ¥sXKPdsa §1-&. M THE dafacelrrilipni sonkisugd  descri bed

for drug i RneBS @ﬂlsyasmmbeswaaudleaﬁy@a%eabeyﬁge. Blxgodh f@% 88
conti nuousIE;é %&bl ed throu t&e R

s was Tremov and p aced in an autosampler wvial and
tx~ 10 maintained at 37°C - for 10 min. An aliguot of the drug in

DMSO was added to the sample resulting in a final drug

concentration of 1 pM. The vial was quickly added to the
HPLC autosampler maintained at 37°C and aliquots were

injected and analyzed by HPLC at different time points. The

15 data amalysis was as described above for the drug in PBS
only samples.

To characterize the stabilities of the novel
silatecans of interest in human plasma, frozen plasma was
incubated at 37°C in order to thaw. Blood gas was bubbled

20 through the plasma to adjust the pH close to 7.5. Aliquots
of plasma (5 ml) were incubated at 37°C in disposable glass
test tubes and drug DMSO stock solutions added to result in
a final drug concentration of 1 uM. The samples were then
allowed to incubate further at 37°C. Aliquots (150 pl) were

25 removed at different time points and added to 600 pl of cold
methanol (-20°C) in an eppendorf tube. Tubes were vortexed
for 10 sec and centrifuged in a tabletop microcentrifuge at
8000 rpm for 45 sec. The supernatant was removed and placed

in an autosampler vial and the vial was quickly added to the



5 sanples to pHat 7.5 +/- 1.0. To study the stabilities of the novel

honosi | atecans in the presence of physiologically relevant concentrations
of red blood cells (RBC), the follow ng experinments were pdahwaryedo4 Packed
Red bl ood cells obtained 10 fromthe Central Kentucky Red Cross and were
counted using a Coulter Cell Counter. The nunber of cells was adjusted to
5 x 1012 Cells/L using PBS, pH 7.4 and i ncubated at 37C for 30 mn. The pH
of the sanpl es was neasured and adngt ted to 7.4 +/- 0.5 using either 0.1 M
KOH or 0.1 MHCL. RBCs were 15 incubdted at 37C for 30 min and the pH

remeasured to ensure that |t was wthin the sane range_as before the
assays wer U FEPLRY. mAAAERTRET G If%B%B (P*$11°3BRLH) VIR rBAEABY W and  pl aced
in three dusposabl esphasss t psgsitilees amtet hiathubssalysese wascuaat ed at 37C

Aliquots of drug in wer. ed to RSC su ensn n PBS to result
in final dftg concent rat ?ongoggi r\ﬂ SDa |c§)i% a rff%c \&R/as conti nued and
150 | al i qédesd wope ﬂ'@lmv@QPt&FluQu$1f§erénbthadrretlp(ﬂugﬁIs tinel rddemd to 600 i1l

of col dgmethanals t23@8Chepsesent inpan eppendorf tube. The tubes were
vortexed for 10 sec and 25 centrifuged in a table top m crocentrifuge at

8000 rpmfor 45 sec The supernatant was renoved and placed in an

aut osa_rrpl er vial ﬁ%t h%tiﬂ | was qu%ﬂc_:ggl lggléi;d 1;0% t hg,. autasaypl er

mai ntai ned at 4C. sanp was anal yze HPLC as soon as possible. The
dat a anal y$pPsosidatasasy idedde pEesensie afe Pﬂh"ﬁgi’]lqglPB@Ybrﬂ%le§an)l es

descri bed RBavéncArdaiasy 2Q84 QORI UREsCenEe) SPasL! ato1TBanages Upon
Honosi | at ecan
experiments were performed Packed Red blood cells obtained
. 10 from the Central Kentucky Red Cross and were counted using a
‘Coulter Cell Counter. The number of cells was adjusted to 5
x 10* Cells/L using PBS, pH 7.4 and incubated at 37°C for 30
min. The pH of the samples was measured and adjusted to 7.4
+/- 0.5 using either 0.1 M KOH or 0.1 M HC1. RBCs were
15 incubated at 37°C for 320 min and the pH remeasured to ensurel
‘that it was within the same range as before the assays were
started. Aliquot of RBCs (2 ml each) were removed and
placed in three disposable glass test tubes and the tubes
were incubated at 37°C. Aliquots of drug in DMSO were

20 added to RBC suspensions in PBS to result in final drug
concentration of 1 uM. Incubation at 37°C was continued and
150 pl aliquots were removed at different time points and

added to 600 Pl of cold methanol {-20°C) present in an
eppendorf tube. The tubes were vortexed for 10 sec and
25 centrifuged in a table top microcentrifuge at 8000 rpm for
45 sec. The supernatant was removed and placed in an
autosampler vial and the vial was gquickly added to the
autosampler maintained at 4°C. The sample was analyzed on
HFLC as soon as possible, The data analysis was as

30 described for the drug in PBS only samples described above.




Interactions with Lipid Bilayer Menbranes. Fluorescence em ssion data were
recorded for honosilatecans in solutions of phosphate-buffered saline
(PBS) at pH 7.4 and ethanol. 5 Data were al so acquired for S.jaeuageoagent s
in the presence of suspensions of small unilanellar vesicles (SUVS)
conposed of either electroneutral dinyristoylphosphatidylcholine (DWC)
in PBS or negatively-charged dinyristoyl phosphati dyl gl ycerol (DVPG in
PBS. Lipid 10 concentrations of 5 »were used. For DB-38 all spectra were
recorded using exciting light of 410 at 37C. The em ssion maxim for
DB-38 in PBS is 531 nmand this value shifts to | ower values in the
presence offIHenRdiceRes ( &PecH nm Firagre pr éPehce dicmprplztasskcl es and X, .
of 517 nm ifkedBaddi@npr @8ENCRiPIa DMPEaNES MdnBShnedNe F1GELESMenshi f1 s Of
DB- 38 whi ch qccur in chv?eEllpr esence of nenpbranes indicate that, the agent is
h

capabl e of BVAEtMY B e FEFOTAT FoF AAEPSHBHRT R Fe Y- ERMYGEAS menbr anes.
Spectral redoptbmgsteeref feratit aliack ArEsLoapi@t ed4shadt | geipdfdoer t he

addi ti on. of e I o] : the agent tqo salution_or suspension,
t her ebyns asnéhz?i Hépet hagt%t H(gq‘ld%[eg]c?éﬁ @?eg%%f” 8??%sne{‘tneé:hﬁr gdom nant | y from
t he | act onecff gusparsirhe cfgemel) awdlamllahevesindeopédidty) €ompysedFl uor escence

en ssi on spact raefbr 1 Mdadrondar Ruit ¥ ginfRl Byl SichyLhomeompiatigci n (DB-81)
were al so exam ned. Lipid concentrations of I0 nmM were _used. Al spectra
were recor dB¥PGYi ng exéfting | FBRt of 388 nm at PeFFEVetHacRAHIESi on maxi ma
for DB-81 idimyBfstuifibpésgiatdbrldiVicerstl t Nbmpajal uenshiddss t audpawer val ues in
:/2; 2{ Z]EOenCceon%Lngxoatq%HQrg‘Peg Sﬂ:l?t warea ’ué)efd.4435‘orwl“leBrl3Bhgliprsegeecrt]:%g of DWPC
were recorded using exciting light of 410 nm at 37°C. The

emission maxima for DB-38 in PBS is 531 nm and this value
shifts to lower values in the presence of membranes (A, of

515 nm in the presence of DMPC vesicles and A, of 517 am in
15 the presence of DMPG vesicles). The spectral shifts of
DB-38 which occur in the presence of membranes indicate that
the agent is capable of binding both electroneutral and
negatively-charged membranes. Spectral recordings were
initiated and completed shortly after the addition of the
20 lactone form of the agent to solution or suspension, thereby
assuring that the detected signal originates predominantly

from the lactone form of the agent {and not the ring-opened

form) .
Fluorescence emission spectra of 1 uM 7-t-
25 butyldiwethylsilylhomocamptothecin (DB-81} were alsoc
examined. Lipid concentrations of 10 mM were used. All

spectra were recorded using exciting light of 380 nm at
37°C. The emission maxima for DB-81 in PBS buffer is 452 nm
and this wvalue shifts to lower wvalues in the presence of

30 membranes (A,, of 443 nm in the presence of DMPC vesicles



9 January 2004 61 and k. of 442 nmin the presence of DWPG vesicles). The
spectral shifts of DB-Bl which occur in the presence of nenbranes indicate
that the agent is capable of binding both electroneutral @Uhnuary 2004
negati vel y-charged nmenbranes. 5 The fluorescence em ssion spectra of 1 jtN
7-t- butyl di met hyl silyl-10-am nohonocanpt ot heci n (DB-90) was al so

exam ned. All spectra were recorded using exciting light of 430 nmat 37C.
The enission maxima for DE-90 in PBE s 535 nmand this value shifts to

| ower values in the presence of 10 -menbranes’ (X. of 513 nmin the
presence of C vesicles and_X. of 512 nmin the presence of DWG

vesi cl es) ‘I‘ﬁ“ﬁ':lgVP]‘?‘T“‘tﬂocf’ttsas"l‘c'flen(I:“é'l &t té‘ii‘i’ o‘?f?ﬁgﬁ?rg% ofMEf E’elsfvfgestq The

but yl di met hydesi:kyl - $i0-frpdredx \DEROMD @RLHE Obd@ed Nirf DBad 1prawmmcealogo st udi ed.

Li pid concept rations . r S All_15 tra.were. .recorded using
exciting lig .‘ﬂa%#&;gfq{;\ir#g‘t:m%. %Eeg M ssion M xa:?oﬁrfel 5%@1@? in PBS is
554 nm and Pathi slectiraeewiyisft 3nd gepathkrelyakbargsd mebranegsence of  nenbr anes
(? of 441 nmin the presence of DWPC vesicles and X of 434 nmin the
presence of DWPG vesicles 20 The fluorescence em ssion' spectra of 1 pM of
the carboxyl ate formueofflédeteduehys - dnteiiyl Sideytrd Oofani nehonmecanpt ot heci n
(DB90 carb |.at.e o,studied. Lipid conce tions of 0.15 nmM were
used. The g%'ynt gﬁf' r%t;lr\{agﬁﬂd( "Illﬁf)? nﬁg‘gﬁoﬁaﬁ'%%ﬁ'él%eem&gé% nt'8%\#E°greater 25
t han in t heexspgeed Nn@dils spegithac wete usicngdederstopr esponigignidtaciodne f or m of
DB-90; the higher _liQj. Cc rations. wer used beca of e reduced
menbr ane asgiotgingt Ianj(:)n:g)' gf C’I?%e%pmgsgion maxima efor BE-Q(P in BES 13 SL_-LQ

(i nm and this value shifts to lower values in the presence of

-

10 _membranes (A, of 513 nm in the presence of DMPC vesicles

and A,, of 512 nm in the presence of DMPG vesicles).

The fluorescence emission spectra of 1 uM 7-t-
butyldimethylsilyl-10-hydroxy-homocamptothecin ({(DB-91) was
alsc studied. Lipid concentrations of 10 mM were used. All

15 sgpectra were recorded using exciting light of 394 nm at
37°C. The emission maxima for DB-%1 in PBS is 554 nm and

this wvalue shifts to lower wvalues in the presence of
membranes (A, ©f 441 nm in the presence of DMPC vesicles

and A, of 434 nm in the presence of DMPG vesicles

20 The fluorescence emission spectra of 1 uM of the
carboxylate form of 7-t~-butyl-dimethylsilyl-10-
aminohomocamptothecin (DB90 carboxylate) was also studied.
Lipid concentrations of 0.15 mM  were used. The
concentration of lipid use:d in these experiments was greater

25 than in the experiments conducted ﬁsing the corresponding
lactone form of DB-90; the higher lipid concentrations were

used because of the reduced membrane associations of the




9 January 2004 62 opened-ring formof the drug relative to the closed-ring
| actone formof the drug. Al spectra were recorded using exciting |light
of 430 nmat 37C. The em ssion maxima for DB-90 carboxyl abgahitarfBBoss 529
nm and this value shifts to 5 | ower values in the presence of nenbranes (-,
of 512 nmin the presence of DVPC vesicles and ),,. of 512 nmin the
presence of DVPG vesicles The fluorescence en ssion spectra of 1 ..Mof the
ri ng- opened or carboxylate form of &+ -butyldinethylsilyl 10

_10- hydr oxyhormcarrpt ot hecin (DB-91 carboxylate) were also acquired. Lipid
concentrations 15 M we e used (the _ higher concentration of |ipid
requi red i FPFRE é’lgﬁpéPF‘ﬁeﬂ% b oIptD RGBT RdFAg thas chesekEipat ed by t he
reduced nenbraoe fasmoct ateodsudf t helopenedar vag: REBr@dd @nggent
relative 15 to the closed-ring | actone_form of the agent. The em ssion
maxi nma for OB '@’f‘gca{[rlﬁgﬁyf’gt @3qgrmeI§§ i°d "G4 dhem gL PR smarEiEe T8 hi fts to
| ower val ues-$X efrobaPlava iin Pe iar esmmhe aafl thMPGauasi shexxsand 71b of 446

nmin the resenc of DMWP vesi cl es). 20 Nornmalized fl uorescence eni ssion
spectrasof o1V agf’*c"?hénl??tet BRESSSFs RS REPBARGT athent BF nlomm7in

but yl di nmet hpksipghrikbend- 1 HERONRGABPEST Bgsi IE—T”‘( R 99, 2angh, DBy 8- car boxyl at e,

respectively) in PBS at 37C were studied. uorescence em ssion spectral
data indi c&tESEHH “hpBFS VRF 2$S0pening there is a slight shifting of the
spectra to the shorter wavel ength region or shifting of the spectra nore

towards the blue region of light). The two spectra were
The fluorescence emission spectra of 1 pM of the

ring-opened or carboxylate form of 7-t-butyldimethylsilyl-
10 .10-hydroxyhomocamptothecin (DB-91 carboxylate) were also
acquired,. Lipid concentrations of 0.15 M were used (the
higher concentration of lipid required in these experiments
to promote binding was necessitated by the reduced membrane
associations of the opened—riﬁg form of the agent relative
15 to the closed-ring lactone form of the agent. The emission

maxima for DB-91 carboxylate in PBS is 549 rnm and this value
shifts to lower wvalues (A, of 450 mm in the presence of

DMPC vesicles and A, of 446 mm in the presence of DMPG

vesicles) .

20 Normalized fluorescence emission spectra of 1 puM
of the lactone  versus carboxylate forms of 7-t-
butyidimethylsilyl-10-aminchomocamptothecin (DB-%0 and DB-
950 carboxylate, respectively) in PBS at 37°C were studied.
Fluorescence emission spectral data indicate that upon ring

25 opening there is a slight shifting of the spectra to the
shorter wavelength region {or shifting of the spectra more
towards the blue region of light). The two spectra were

recorded using exciting light of 402 nm.




recorded using exciting light of 402 nm 9 January 2004 Normali zed
fluorescence em ssion spectra of 1 p.M of the | actone versus carboxyl ate
forms of 7-t- butyldi nmethylsilyl-10-hydroxyl honbcanpt ot heconatldy 2004nd
DB-91 carboxyl ate, respectively) in PBS at 37C were 5 acquired.

Fl uorescence em ssion spectral data indicate that upon ring opening there
is a slight shifting of the spectra to the shorter wavel ength region (or
shifting of the spectra nore towards E’h{g blue region of light). The two
spectra were recorded at 394 nm 10 D rett OCbservation of Fluorescence
Spectral Changes Upon Honosilatecan Partitioning in Red Bl ood Cells.
Spectral recordi ngFBRELFSF thlkpEesERgeC SMbEBIEd SPREYYE yofafl e t he

addi tion of of hethact aaecdryy m edrdude ageBbxfmateo! Utdaid,  ddher by assuring

that the detfected signal_ arigipates 15 predom nantly fromthe |actone form
of the agen “r(yéﬁdm%%'g'qsﬁ% g ﬁgy eBOTAATPE o Re igni PPot me¥tdha for DB- 91
in PBS is fBbinmchtbodynise valm@psbtfveaysi o figgant Ly torea L,of

appr oxi teI% 410.nm.j n anhydrous et hanol. Because DE-91 contains a

10- hydroxy f FAnal T SERESHETEFHIT Fheesaadt 8259 indicareubiatscence can
occur from tpen diisyi oinispeches ikna lighpr Shifinel ¥ENEheO cpBSrAqUEOUS

) . t i t t t he. J Q- hyd
m croenvi ropgept.a protana qr.e%‘%x%t& r%sﬁn%% : {]Oq-”pr%l?ﬁgélgg%/\?éfﬁ?'é‘esuch as

functionality) species predomn e
wat er a deppPeitdRafiene eketardd- shat bleonpigieonprddddhil es. THhetwsb4 25 nm

peak is corggéat@duivd hebbateproionaked excited-state conplex while the
X. of approximately 410 nmcorrelates wth the protonated excited-state
compl ex. The formation of

10 Direct Obgservation of Fluorescence Spectral Changes Upon
Homosilatecan Partitioping in Red Blood Cells. Spectral
recordings were initiated and completed shortly after the
addition of the lactone form of the agent to solutien,
thereby assuring that the detected signal originates

15 predominantly from the lactone form of the agent (and not
the ring-opened form). The emission maxima for DB-51 in PBES
is 554 nm but this value shifts significantly to a Km; of
approximately 410 nm in anhydrous ethanol. Because DB-91
contains a 10-hydroxy functionality, the possibility exists

20 that fluorescence can occur from two distinct species. In
an aprotic solvent or non-acqueous microenvironment a
protonated (with respect to the 10-hydroxy functionality)
species predominates, while in protic solvents such as water
a deprotonated excited-state complex predominates. The 554

25 nm peak is correlated with the deprotonated excited-state
complex while the A, of approximately 410 nm correlates
with the protonated excited-state complex. The formation of
the deprotonated excited-state complex is greatly
facilitated by the presence of water; even at small amounts

30 of water such as 1% a peak is apparent around 550 nm which



the deprotonated excited-state conplex is greatly facilitated by the
presence of water; even at small anobunts 30 of water such as 1% a peak is
apparent around 550 nm which 9 January 2004 C correl at es wotlantdrg 2004
water-facilitated formation of the deprotonated excited-state conplex. In
Figures 6 and 7 we study the extent of protonated excited-state conpl ex
formation and use this paraneter as a relative neasure of S lipophilicity
for two 7-nodified canpotothecins (Dgs 1 and SN-38) with each contai ning
t he 10- hydr oxy functionality Spectré recordings were initiated and

conpl eted short after Ition of the |actone formaof the agent to
sol uti on, t%é‘?&%%// fssﬂﬁkhg tgﬁatwﬁtﬁé g% Bérauedi graraattor P idtes
predom nantd%prbtmmﬂeﬁeektan:tamneta’im mcﬁrbléhe agerrigu-ands natd tthever i Ng- opened

form. The 23| Ofe a8, f oL D%rot % PB%Cl%EQSAE?fm Ln the presence of

red bl ood ce peak wth a Feant | vaue|5'
obser ved |1?Rﬂ“é‘é%‘i’fhga~“{dha*?et ﬁblagmamefr%a@abaer@?amt n@amm@fl nto 15 the

red bl ood celdopREbiiapesor T MHdaRess AarpBeofiftink! provide a

gf.
hydr ophobi ¢_m_croenvi ronnent from which the protonat eg EXCI te -state
conpl exes c3h PbrWi”é]?tde?cflho‘?‘ﬁ?@énf?%n‘?hecoh%étyid§wofutcfféoéﬁ%%‘@’ -on spectra
of DB-91 |SpeicheaDr esencdngé hupan mliyieh:reacyat:ﬁs d%ntpllet:aﬁt =Bbrd@ clinically

rel evant 7 I oXxyc C|n Fi gur e indicate there is nore
ext ensi ve pr%%né:thgd a@égtt' 3‘;}’ ??p% c%’?rtp o %ﬁnmaot oS PIWE E8se of DB-91.

These fi ndlmtl@@rroﬁmrgbﬁ nb@i-‘e#rlmnbrtaﬂe sthali edetievtiedat sigpailhe nenbr ane
bi ndi ng; ©f SNGIRatss PrEBbHI AR VelRS Snt MALLNE BXLENE VEe agent
[ (and not the ring-opened form). The emission wmaxima for DB-

81 in PBS is 554 nm. In the presence of red blood cells, a

peak with a significantly lower A_,  value is observed
indicating that the agent is capable of partitioning into
15 the red blood cell membranes. The mewmbranes of the red
blood cells provide a hydrophobic microenvironment from
which the protonated excited-state complexes can form and
fluoresce from. Comparison of the emission spectra of DB-91
in the presence of human erythrocytes with that of
20 clinically relevant 7-ethyl-10-hydroxycamptothecin (Figure
7} indicate there is more extensive protonated excited-state
complex formation in the case of DB-91. These findings
corroborate model membrane studies indicating the membrane
binding of 8N-38 is significantly less than the extensive
25 interactions noted for DB-91 (SN-—BB' displays a Km,;value of
300 M* whereas DB-91 displays a Ky value of 8,000 M? ).
The novel homosilatecan DB-%1 is a more lipophilic,
erythrocyte-interactive agent relative to the known compound
7-ethyl-10-hydroxycamptothecin (SN-38). The emission maxima
30 for SN-38 in PBS is approximately 550 nm. The SN-38 agent,

like DB-51, also contains a 10-hydroxy functionality and, as



25 interactions noted for DB-91 (SN-38 displays a K.,,,value of 300 M1
whereas DS-91 displays a Ka,,, value of 8,000 M1 ) . The novel

honosi | atecan DE-91 is a nore lipophilic, erythrocyte-interkaataryeoagent
relative to the known conmpound 7-ethyl -10-hydroxycanptothecin (SN 38).
The em ssion maxima 30 for SN-38 in PBS is approxi mately 550 run. The SN- 38
agent, |like DB-91, also contains a 10-hydroxy functionality and, as 9
January 2004 a consequence, SN- 38 2$P di spl ays fluorescence spectral
characteristics which are sensitive ‘0 the presence of water. In the
presence of red blood cells, a peak wwth a significantly |ower A",, value
(appr oxi matiel §PEEGURHAS /| S5 38hsaE9 e difptayeN- SBrdnsdientd nepedtablt he agent is

capabl e of chpaaédd-ieniag wAlén t Bee rednbloqd ceb! oAENMARES.. Hawever, the
peak at the Iovver valtggls reduced for SN-38 relative to the situation

observed fd**BB: 91! BrGETEert TREsRloebGmits: | adreak ¢ithefe is nore

ext ensi ve pglghgflﬁa@dlgxtheﬂ 10, stahe coumbhexifdiBt i oy | Aut hegcase for
DB- 91, corr%boratdnntg)&t at_the novel honosilatecan™DB-91 is a nore
y

|'i pophi I3 ¢ FR-Tht'SFAERTAE 4§8Rt TRl 39 e 1B 0cBAPIRNBAN conmpound
7-ethyl -10- gaydtmqﬂagpm_tohene rre(dSb&cacaa) celDt ha@draaks AGoweidt eshef

Honosi | at ecan aslﬁ%ﬁrm n%rgg .15 Vitro Cell Culture Experinents.
Cyt ot oxi ci tRF2reds RYE* 2:‘6’?1&?0?86“‘5?5‘1 FGTVEA-IB X8 3ZE H¥gnbPi geni ¢ hunan
breast cancer <iehbsion'hebmalved \eie mMxPOSe(bee0 RiguaBJe)0f 1hedd

concentrati 2 su eri o s _and then viahility .was assessed
using a sull%%orr% T éﬁf%{e %)ég%f?é)s agsay ™ T’ﬁ%mﬁ) PEREPTRES ?’écsltteﬁe t ot al

pr ot ei ntq e\ﬁgt|a§e| ermpex| formagieelinsthe Il’xa@eefmns fe-6m deadtobetdtsnare | ysed and
removed i N ¢3€ the novel homosilatecan DB-91 is a more lipophilic,

erythrocyte-interactive agent relative to the known compound

7-ethyl-1i0-hydroxycamptothecin {(SN-38).

Anticancer Activities of Homosilatecans ag Determined By In

15 Vitro Cell Culture Experiments. Cytotoxicity measurements
‘were conducted using MDA-MB-435 tumorigenic human breast
cancer cells. The cells were exposed to a range of drug
concentrations for 72 hr exposure periods and then viability

was assessed using a sulphorrhodamine B (SRB) assay. The

20 SRB measures the total protein levels in the living cells.
Proteins from dead cells are 1lysed and removed in the

{ washing step before TCA fixation. However, it ig possible
that c¢ells in the early stage of death still have their
membrane integrity and therefore retain the protein contents

25 inside. As a result, the optical density at 490 nm can
sometimes be overestimated and the cytotoxicity
underestimated. To validate the SRB assay, a diverse range

of chemotherapeutic agents have been tested across multiple
panels of tumor céll lines, and clese correlations have been

30 found with standard tetrazolium (MIT) assay and clonogenic



washi ng step before TCA fixation. However, it is possible that cells in
the early stage of, death still have their nenbrane integrity and
therefore retain the protein contents 25 inside. As a resubyantdig20p4i cal
density at 490 nmcan sonetines be overestimated and the cytotoxicity
underestimated. To validate the SRB assay, a diverse range of

chenot her apeuti ¢ agents have been tested across nmultiple panels of tunor
cell lines, and cl ose correl ationseé: ve been 30 found with standard
tetrazolium (MT) assay and cl onog 9 January 2004 assays . The SRB
assay is now a well regarded assay and was recently approved by NCI as a
st andard as*$&¢Yfor TRt PRRIFSERY d¥ugowch cerlilngeghisda alshey SRBL assay, t he

cyt ot oxi Ci taeceMel HeSpioFeL ol S XdR0sed QUr |- ho i |l at ecans for 5
72 hrs. werge deter S?ﬁ,ed.e Q/tbot oxiciti eggjg%a ho?r%%al/fa Ore}cgﬁélcaa{lﬁarcarrpt ot hecin

agai nst MDATME- £S5°ERS-i geHPtthetBRt SRP c anEAan bheaswtebewiart®! s in the

absence andrinesetice eéllzurBposed U abltiMdvalenendet esdddaed agd are
sumari zed 4 Table 5. .Each | val ue represents the average of
three ibg s—}ezrog‘rrat "t 4 gerv&"ﬁnﬁgéac%%tsoé‘g’“glpe%lO%t}lﬂﬂoééll?"r?caf‘?i plicate.
(+/-) 4-Et BAd Sapetdtdepis- agdimst hYPBiNERARE- Bpdexlideydeombthstatic

human breast cancer cells in the absence and presence of
human serum albumin were determined and are summarized in
Table 5. EBach 1IC;, value represents the average of three

10 separate trials with each dosage 1level studied in

triplicate.

(+/-) 4-Ethyl-8-methoxy-6-trimethylsilanyl-23,4-dihydro-1H-
pyrano(3,4-clpyridine-3,4-diocl (4)

To a round bhottom fiask was added N-

15 Methylmorpholine N-oxide (0.89 g, 7.6 mmol) followed by H20
(10 wL) apd t-BuCH (10mL). A 2.5 weight percent solutiocn of

0s04 in t-BuOH (0.5 mL) was added followed by enol ether (3)
(0.5 g, 1.9 mmel). After 12 hours, at 22°C, Naz803 (1.0 g)

was added to the mixture. After 30 minutes the mixture was

20 diluted with H20 (100 mL) and extracted with CH2Clz {2x%100
mL} . The organic layer was dried (MgSO4) and the crude
residue was chromatographed (hexa?es:EtOAc 3:1) to vield
lactol {4) 0.55 g (98%) as a white solid: IR (CHCl3, cm-1)
3602, 3569, 3398, 3022, 2950, 1579, 1456, 1351; 1lu NMR (300

25 MHz, CDCl3) & 0.22 (s, 9 H), 0.83 (t, J = 7 Hz, 3 H), 1.71-

1.7 (m, J =7 Hz, 2 H), 2.91 (s, 1 H), 3.90 (s,3 H), 4.19
(d, 5 =5Hz, 1 H), 4.53 (d, J = 16 Hz, 1 H), 4.70 (4, J =

16 Hz, 1 H}, 5.06 (d, J = 5 Hz, 1 H), 7.25 (s, 1 H);:- 13¢




pyrano[ 3, 4-c] pyridine-3,4-djol (4) To a round bottom flask was added N 15
. Met hyl nor phol i ne N-oxide (0.89 g, 7.6 mmol) followed by H20 (10 nL) and
t-BuOH (1OnL). A 2.5 weight percent solution of 0504 in t-oBaebhi®obgqnl)
was added foll owed by enol ether (3) (0.5 g, 1.9 nmol). After 12 hours, at
22C, Na2S33 (1.0 g) was added to the m xture. After 30 m nutes the m xture
was 20 diluted with H20O (100 nL) and extracted with CH2Cl2 (2x100 M.). The
organic |layer was dried (MgSO4) and he crude residue was chronmat ographed
(hexanes: EtOAc 3:1) to yield Iactoﬁf(ﬁ) 0.55 g (98% as a white solid: IR
(CHC13, cm1) 3602 356%j ?3 8, 3022, 2950, 1579, 1456, 1351; 1H NWR (300
25 Mz, ) (&M (PClg rg “b:83 {18 F1=57 FB.13 ¥-8.17915%1.79 (m J =
7 Hz, 2 H 93.2,91168, 1149.7, 230s(Sa153.6) 164.69 uhh ggﬁ Spfz, 1 H, 4.53
(d, J =16 Hz, 1 H , 4.70 (d, J = 16 Hz, 1 H , 5.06 (d, J =5 Hz, 1 H |,
7.25 (s, 1cd}cd 1T CudhraliP4S200%) NNR3 (5. SVHLcuGDCA3) . G071 LRMS 7. 8, 31. 5,
53.1, 58.8, 7&.9 93,8, ,115 1, '119.7, 145 8, 158.0, 162.8;, HRVE (El) nmz
calcd for CEAIDANO4& (W)« 478 088%, 3FBunif7339502 LRRB (EI)' mz 473
(M+), 458, 386, 360, 346, 139, 73, 57. 5 Formc acid

2- met hoxy-4- propi onyl -6-trinmethyl silanyl- pyridin-3-yl nethyl ester (5) To
a round %o PGH%;FI asi@As ad%i‘é’if%a Ui-Prapiogyd - §otrigetbyBeikaml) fol | owed by
AcOH (9 nLPYAAFTEad TV AaHe4t £°X 0. 18 g, 0.406 mol ). After 3 hours at

50C 10 the mxture was poured into ice cold sat. NaHCO8 and extracted with
-?ther (3x75 ). Thesongardund BREcWaF1dEk €das added lactol (4)

{
L]

(0.100 g, 0.34 mmol) £followed by AcCH (9 mL) and lead
tetraacetate (0.18 g, 0.406 mmol). After 3 hours at 50°C

10 -the mixture was poured intec ice cold sat. NaHCO3 and
extracted with ether (3x75 mL). The organic layer was dried
{MgS04) and chromatographed (hexanes:EtOAc 95:5) to yield
keto-formate ester (5) 91 mg (91%) as. a clear oil: IR
{neat, em-1) 2963, 2902, 1733, 1556, 1455, 1345; 1H NMR

15 (300 MHz, CDCl3) & 0.30 (s, 9 H), 1.21 (¢, J = 7 Hz,3 H),
2.75-2.95 (m, J = 7 Hz, 2 H), 4.02 (s, 3 H), 5.28 (s, 2 H),
7.07 (s, 1 H), 8.05 (s, 1 H); 13¢ NMR (75 MHz, CDCla) &
-1.8, 7.9, 35.9, 54.0, 57.6, 112.9, 11is8.7, 148.5, 160.8,

162.2, 167.6, 205.6; HRMS (EI) m/z calcd for (C14H21NO4aSi

20 (M*) 295.1240, found 295.1239 LRMS (EI} m/z 2985 (Mt), 280,
267, 250, 234, 222, 206, 176, 162, 103, B89, 79, 73, 57.

(+/-) 3-Hydroxy-3- (3-hydroxymethyl-2-methoxy-6-
trimethylsilanyl-pyridin-4-yl)-pentanoic acid tert-butyl

. egter (6}
25 ‘ To a flame dried flask was added keto-formate

ester (5} (0.5 g, 1.69 mmol) followed by dioxane {20 mL).

a-Bromo- tert-butylacetate (0.9 mL, 6.08 mmol) was added



(MgS™) and chromat ographed (hexanes: Et QAc 95:5) to yield keto-formate
ester (5) 91 ng (91% as. a clear oil: IR .(neat, cm1) 2963, 2902, 1733,
1556, 1455, 1345; 1H NMR 15 (300 MHz, CDC13) 8 0.30 (s, 9 blanusky2804t, J =
7 H, 3H , 2.75-2.95(m J =7 Hz, 2 H, 4.02 (s, 3 H, 528 (s, 2 H),
7.07 (s, 1 H, 805 (s, 1 H; 13C NWR (75 M1z, CDC13) 8 -1.8, 7.9, 35.9,
54.0, 57.6, 112.9, 118.7, 148.5, 160.8, 162.2, 167.6, 205.6; HRMS (EI) mz
cal cd for CL4H2INOASI 20 (M+) 295.1240, found 295.1239 LRMS (EI) mz 295
(M+), '280, 267, 250, 234, 222, 2063876, 162, x.03, 89, 79, 73, 57. (+/-)
3- Hydr oxy- - 3- (3-hydroxynet hyl - 2- met hoxy- 6-

t ri met hyl sifodagvep i diciigated -Fenttafdi g, a8t terl)-butThe Zostwes (6) 25 To a
flame drieddchaskeddy anldedvketanbar atee ESHE! 1650nd g'.SO%an]icf.sg mol )

foll owed by_di oxane (20 nl). .a-Brono-tert-butylacetafe [U. 1L, 6.08 mmmol)
was added F¥Bnuaist 2604 FH° 1 b1983hed B§ HisolaswE Zof (Ohtoh gisg. 1 mol) .
The Zn was imerbuaited hyréfre Gaveefethesl asnsed fortdisn 4,he .33 O cranic.
Chem , 47,6“8[{ 1 030 %%88%) t he disclosure of which is _incorporated herein
by ref erend®OINeSRS £99R0.218 bR FHESUES HRS| FOMEST8AdEF And *NESHi xt ure was
soni cat ed fafte3. 2ohicuatson M erixsand oalsi @alhhel Mixhuago wassodimyt ed wi th H20
(100 m.) an%[et er ((%00 ). T,g_(‘a resulting emul sion was filtered through
a pad of cettd &2Fhe (PHAsEY v S Pt LRF o cher WRieblEarsFer was
extract ed wiltdough herpg@x»t00ehite, The AthwemhbpeddiRetedXdddmehe were dri ed-

(MSO4) - and, 0810 MRE QAN ARNE e EX0E S ELOGEY 13kabe Whe! @ hGLa- hydrox

4

S 10 combined ether extracts were dried {MgS04) and '
chromatographed (hexanes:EtOAc 85:15) to yield beta-hydroxy
ester (6) 0.50 g (78%) as a clear oil: IR {(neat, cm-1)
3469, 2580, 1705, 1575, 1545, 1447, 1342, 1248, 1153; 1y
NMR (300 MHz, CgDg) 80.38 (s, 9 H), 0.79 (t, J = 7 Hz, 3

i5 H), 1.15 (s, 9 H), 1.75-1.92 (m, J = 7 Hz, 2 H), 2.52 (4, J
= 16 Hz, 1 H}, 2.79 {d, J = 16 Hz, 1 H), 3.03 (t, J = 7 Hz,
2 HY, 3.74 (s, 3 H), 5.18 (d, =7 Hz, 2 H), 5.19 (s, 1 H),
7.18 {s, 1 H); 13c NMMR (75 MHz, Cgbg) & -1.9, 8.1, 27.8,
35.5, 45.6, 53.0, 57.0,.77.3, 81.5, 120.9, 121.8, 152.3,

20 162.6, 163.3, 172.2; HRMS (EI) m/z caled for C19H31NOsSi
{M-H20) 365.2022, found 365.2028 LRMS (EI) m/z 383 (M%),
365, 336, 309, 280, 262, 250, 208, 89, 73, 57.

L

(+/-) 5-Bthyl-4,5-dihydro-5-hydroxy-7-trimethylsilyl-9-
methoxyoxepinoe [3,4-clpyridin-3 (1H)-one {7) :

25 To a 100 mL flask was added the beta hydroxy ester
(6) (0.75 g, 1.2 mmol) followed by triflucroacetic acid (150
ml) . After 24 hours, the mixture was poured into sat.

NaHCO3 (pH 8) and extracted with ether (3x100 mL). The



ester (6) 0.50 g (78% as a clear oil: IR (neat, cm1) 3469, 2980, 1705,
1575, 1545, 1447, 1342, 1248, 1153; 1H NMR (300 MHz, C6D6) 80.38 (s, 9 H),

0.79 (t, J =7 Hz, 315 H, 1.15 (s, 9 H, 1.75-1.92 (m J93Takuiig.2084H),
2.52 (d, J 16 Hz, 1 H, 2.79 (d, J = 16 Hz, 1 H), 3.03 (t, J 2%) , 3.74
(s, 3H , 518 (d, J =7 Hz, 2 H , 519 (s, 7.18 (s, 1 H:; 13C NWR (75
MHz, CeD6) 8 -1.9, 8.1, 7 Hz, | H , 27.6, 35.5 45.6, 53.0, 57.0,.77.3,
81.5, 120.9, 121.8, 152.3, 20 162.6,,163.3, 172.3; HR\S (El') rn/z calcd
for CL9H31INOASI (M H20) 365.2022, fourd 365.2028 LRVS (ElI) nfz 383 (M),
365, 336, 309, 280, 262, 250, 208, 89, 73, 57. 25 (+/-)

5- Et hyl - 4, 5°%HFGr 0 PB2¥F dripéy - AriednetMg$ed)l ylar@d-  mdtrhoxyogrephad

[ 3, 4-c] pyri ¢hdle=dGd ke 0 _fl.ask s, added .t he beta hydroxy
ester (6) ?Jl()). 75(a<i':l;',ﬁt1qA § ?n(*r?))l) )th 8??’%&2‘?1%?&?‘??’?‘1 gg&?’é%%%t&& et g 150 M)
After 24 holT%:) whearmwikitter eolwas paBr échdint ocmat). 30boHGERs( pkl®), and
extracted with ether (3x100 nL). The 9 January 2004 organi c phase was dried
(MySO4) and* tirotafbgrififed3¢hexddils: B XNc 9251) 842 gilHe NMBt &3dwydr oxy

| act one §7)mfs,48&pl13( 9% 2252 Whizi € $hi ¢ | R ( 13, 1) 3020, 2978,
2873, 1742, 1561, %L)El48, 1584 %ﬁ%’, oi%?o?tgo‘g, %;'1#’%%( 0 5 M,

CDC13) S 0. PB4 <m, 9THy 7 B1z832(¥E), T=37 Ker S H) ;1. 8loo La88s(m1g = 7 Hz, 2

||:|)|) ,31-9§7((ﬁ’£,3& Hi-.gﬁ.laéa ?(g,OJQ Wowd 2 M, o 45 33504 =141 1
) . S , . ) ,
J = 1@ Hz, 1 H), 5.42 (d, J = 15 Hz, 1 H), 7.26 (s, 1 H);

e 3¢ WMR (75 MHz, CDCl3) § -1.9, 8.4, 33.9, 42.9, 53.8,
. i0 62.2, 73.8, 114.7, 121.2, 151.6, 159.8, 165.5, 172.3; HRMS

(BI) m/fz caled for C1sH23N0481 (M*) 309.1396, found

309.1399 LRMS (EI) m/z 309 (M*), 294, 266, 252, 238, 89.

(+7-) 5-Ethyl-4,5-dihydro-5-hydroxy-7-iodo-9-
methoxyoxepine [3,4-clpyridin-3 (1H) ~one (8)

15 To a flame dried flask at 0°C was added beta
hydroxy lactone (7) (0.94 g, 3.0 mmol) followed by dry
CHaCly (25 mL). ICl (3.2 g, 19.7 mmol), was added to a flame
dried flask at -78°C. The flask was taken out of the bath,
warmed slightly, excess moisture was wiped from the outside

oo 20 and it was quickly weighed under nitrogen. After weighing

it was returned to the -78°C bath and diluted with ice cold
CCly (16 mL) to give a 1.2 M solutién of ICl. The resulting
IC1 solution was transferred to an ice bath and allowed to
equilibrate to 0°C. A portion of the ICl solution (10.1 mh)
25 was transferred to the mixture dropwise in the dark. .After
16 hours in the dark, the mixture was poured into a 1:1

solution (100 mL) of 5% Na803 and sat. Brine and extracted

with EtOAc (3x100 mbL). The organic layer was dried (MgSOa)




J =15 Hz, 1 H, 542 (d, J =15 Hz, 1 H), 7.26 (s, 1 H; 13C NMR (75 Mz,
CDC13) 6 -1.9, 8.4, 33.9, 42.9, 53.8, 10 62.2, 73.8, 114.7, 121.2, 151.6,
159.8, 165.9, 172.3; HRMS (ET) mlz calcd for CL5H23NASI ( BHBhiarg®@204396,
found 309.1399 LRVS (EI) mz 309 (14), 294, 266, 252, 238, 89. (+/-)

5- Et hyl - 4, 5-di hydr o- 5- hydr oxy- 7-i odo- 9- net hoxyoxepi no [ 3, 4-cj pyri dxn-3
(]S) -one (8) 15 To a flane dried flask at 0OC was added beta hydroxy

| actone (7) (0.94 g, 3.0 mol) followed by dry CH2Cl2 (25 nL). 1C (3.2 g,
19.7 mml ), was added to a flame drif#d flask at -78C. The flask was taken
out of the bath, warmed slightly, excess noisture was w ped fromthe

out si de 20 FBACHICTRESIFRANCR| {LsrengReREAdsder Lnitler gijen bealt ydrasiyghi ng i t

was returnadcténd her)- 58€3bat Raend Lhd uladi Widdhel G8)Col ghg CGLA) (16 L) to
give a 1.2 Msolution of ICL. The resulting ICl solution was transferred

to an ice D&t HCBR® alFonedRd - @861 1 i B4t e 1683 0G.55A, pdB%9.on208, t he | Cl

sol ution ( 25 s ty erred to the mxture dropwi se in the dark.
After 16 kjllg&%rs%q‘fhg&?@ark,}?ﬁ% 738 U8 waR B uled- $ht Bra71=17 sol uti on

(100 nl)s ofuz5% Na2SGB 7and. sat(m, Byine; and exfiy act @d Mith Ef QAg,(3x100 nil).
The organic | a s.drjed (MgSH) 9 _January 2004 70 and chr omat ogr aphed
(hexanes: E‘?‘é&cg%:bl’\)ﬂ@f %gg‘ﬁe Jﬁ)f‘ét 'S I‘Tgfdr Oxy - I%%Poﬁ%' G 0. 28 %Y (469 and
i odol act one’ E8E50HZ4 1t HB7%F-351 &,(CHE13s v 1) #£3974.5R96, 11847, 1573,

1554, 1359,13-%2!@9 7%2%%, 1054, 87Q; 1H NVR (300 Miz, CDCI3) S 0.84 (t, J =

75 H, 3 HCY 8‘ _ ’(r?P 3 78,_&,-, 3f'ﬂ),422~_7985?b9' d1-8, F314,

= 114.0, 114.9, 127.3, 155.3, 159.8, 171.9; HRMS (EI) m/z

+10 caled for  Ci2H14INOs {(M*) 362.9967, found 362.9955 LRMS -
(EI) m/z 363 (M¥), 334, 326, 317, 302, 292, 262, 234, 162,
137, 120, 57.

{(+/-) 5-Ethyl-1,4,5, 8-tetrahydro-5-hydroxy-7-
iodooxepino [3, 4-clpyridine-3, 9-dione (9)

" 15 To a flame dried flask was added iodolactone (8)
- (0.33 g, 0.90 mmol) followed by dry acetonitrile (12 mL).
Sodium iodj.de (0.22 g, 1.44 mmol) was added followed by
chlorotrimethylsilane (0.18 mL, 1.44 mmol). The resulting
mixture was stirred at 22°C for 15 minutes at which point

20 H20 (7.6 pL, 0.42 mmol) was added and the mixture was heated
at 60°C. After 5 hours at 60°C the mixture was poured into

a 1:1 solution of 5% NapS$03/Brine ’(75 mL) and then quickly
extracted with EtOAc (6x75 mL). The organic layer was dried
(MgSO4) and chromatographed (CHCly:MeOH 95:5) to yield

25 iodopyridone (%) as a white solid 0.19 g (61%): 1H NMR (300
MHz, CDCls/CD30D) & 0.62 {t, J= 7 Hz, 3 H), 1.45-1.54 (m, J

= 7 Hz, 2 H}, 2.80 (d, J = 14 Hz, 1 H), 2.97 {d, J = 14 H=z,
1 H), 4.93 (4, J =15 Hz, 1 H), 5.06 {(d, J = 15 Hz, 1 H},



Hz, 2 H, 3.30 (d, J =14 Hz, 1 H), 3.90 (s, 3 H, 510 (d, J 15 Hz, 1 H
, 535 (d, J =15 Hz, 1 H , 7.51 (s, 1 H ; 13C NWMR (75 M1z, CDC13) 8
8.4, 37.4, 42.7, 55.0, 61.8, 73.4, 114.0, 114.9, 127.3, 1%%aduari/3903,
171.9; HRVMB (EI) mz 10 calcd for C12H141 NO4 (M) 362. 9967, found 362. 9955
LRVS (EI) mz 363 (M), 334, 326, 317, 302, 292, 262, 234, 162, 137, 120,
57. (+/-) 5-Ethyl-1,4,5, 8-tetrahydro-5-hydroxy-7-

i odooxepi no( 3, 4-c] pyridine-3,9-dione (9) 15 To a flanme dried flask was
added i odol actone (8) (0.33 g, 0.90%yol) followed by dry acetonitrile (12
m). Sodiumiodide (0.22 g, 1.44 mvol) was added foll owed by

chlorotri med kyl $&) anen(0. 18c vz 1744wl docihes resyl tsng, 41 st ure was
stirred at 22C for 15 mnutes at which point 20 H20 (7.6 |.tL, 0.42 mol)
was added ofid®t hé2ndxtifr-é - wasst neat’@d -1at 180G, Af%2ef, 51hdutis HMS60C t he

m xture was ur i nt sol Ut | 59 2 [ 8ine m.) and then
qui ckly ex E}r}gct'g ‘%lﬁtaoko;( 6Xx 1%19_%1681‘% @)Jr\}gagg Sngér )‘i(/\?azgddrl ed

s a wh ""“W-’?’ﬁwtf‘%%‘@a‘”?‘é"io""g RIS (300 e O &S] B0ty S b 62 (1, o
as a white soli g =
7 Hz, 3%,2%.'4% % 842 (Mm% @22 9ﬁz °>'H) , 2.80 (d, J =14 H, 1 H , 2.97
(d, J = 14 Hz, IH),493(d. = 15 Hz, 1H),506(dj:15|—|zl
H , 9 January 2004 6. _%% .. 13C NVR (75 MHz, CDC13) S 7.5, 35.6,
41.9, 61.6,PTEPaKation 3f N ?‘g}a‘iezillfd%%dsneaaz 6, 172.7. HRVE (EI) nlz
caI cd for CL1HL2I NO4 (M+) 348.9811, found 348.9815 LRV (EI) mz 349 (M)

( 331 320, (i%li 289, 278, 5 -Bthyl-1,4,5-trihydro-5-hydroxy-7-iodo-8-
" {(3-trimethylsilyl-2- propynyl) ~oxepinol[3,4-clpyridine-3,9-
‘dione {(10a}

10 To a flame dried flask was added iodopyridone (9)
{(0.16 g, 0.46 mmol) followed by dry DME (3.8 ml) and DMF
(0.95 mL). This solution was lowered to 0°C and NaH, 60%
dispersion in oil, (19.3 mg, 0.483 mmol) was added
portionwise. After 15 minutes 2 eq of wvacuum flame dried

15 LiBr (81 mg, 0.92 mmol) wag added and the mixture was raised
to 22¢° C. After 25 minutes at 22°C, the
trimethylsilylpropargyl bromide (0.130 mL, 0.92 mmol) was
added and the mixture was heated at 65°C. After 16 hours,
the mixture was poured into brine (50 mL} and extracted with

20 EtOAc (8x30 mL). The EtOAc layer was dried (MgSO4) and

chromatographed (CHpClz:EtOAc B80:20) to give the desired N

alkylated pyridone (10a) 134 mg (65%) as a white foam: IH
NMR (300 MHz, CDCl3) & ©.005 (s, 9 H), 0.80 (t, J = 7 Hz, 3
H), 1.60-1.74 {m, J = 7 Hz, 2 H), 2.94 (4, J = 14 Hz, 1 H),
25 3.11 (d, J = 14 Hz, 1 H), 3.60 (br s, 1 H), 4.82 {(d, J = 17
Hz, 1 H), 5.01 (d, O = 17 Hz, 1 H), 5.09 (d, J = 15 Hz, 1
H), 5.26 (d, J = 15 Hz, 1 H), 7.01 (s, 1 H); 13c mMrR (75
MHz, CDCl3/CD3OD) & -0.44, 7.%, 35.7, 42.2, 45.2, 62.3,



5 264, 250, 162, 150, 122, 94, 57. Preparation of N Al kylated iodopyridones
(+/-) 5-Ethyl-1,4,5-trihydro-5-hydroxy-7-i odo- 8-
(3-trinmethylsilyl-2-propynyl)-oxepi no(3, 4-c]pyridine-3,9- @h@ﬁ@a@iﬁg; 10 To
a flanme dried flask was added i odopyridone (9) (0.16 g, 0.46 mmol)
followed by dry DVE (3.8 nmL) and DMF (0.95 nL). This solution was | owered
to OC and NaH, 60% di spersion in oil, (19.3 ng, 0.483 mmovl) was added
-portionwi se. After 15 mnutes 2 eq of vacuumflane dried 15 LiBr (81 ng,
0.92 Mol ) was added and the m xture was, raised to 22 C. After 25 m nutes
at 22C, the trinethylsilylpropargyl bTéaide (0.130 nm, 0.92 nmol) was
added and thespi xd.ur, eonas, matediad. 65G22A81 e1s5L6 ,hadbss, iMegm xture was
poured into brlne (50 nmL) .and extracted with 20 Et OAC (8x30 nL) The Et OAc

| ayer was dFMEd‘FNyata) ‘ii’l:’r& EPF orfe78ge Bftesd  (MHhGE2-EBERCc WORR0) to give
the desire e on 1 134 39 s a mhlte foam 1H
NVR (300 55“2%5%@% g‘?lﬁoé/?’s,%grﬁﬁlb g% 3(33 /g%a , 1.60-1.74
(m J =7 B, BHP7-2.94 (d, J =14 Hz, 1 H), 25 3.11 (d J = 14 Hz, 1 H,
3.60 (br s, 1 H), 4.82 (d, J =17 Hz, 1 H, 5.01 (d, J =17 Hz, 1 H, 5.09
(d, J =15 Hz, 1 H), 5.26 (d, J =15 Hz, 1 H), 7.01 (s, 1 H; 13C NWR (75
MHz, CDG1l3/@P30D) 85-Exh#d-1.4.%-t35hydrod B -Rydrbxy?27 - Hidio38- O3-kapyary 2004 72
72.6, 90.7puggldinedByDuilyl R ropPRyB), ~okebidq [3180chKyrid2né:3,9-RVS (El) m z
cal cd' for CippR2{I4S] (M) 459.0363, found

Following the procedure outlined above
10 iodopyridone (7) (0.16 g, 0.46 mmol) was N alkylated with
the TBDMS propargyl bromide (0.21 g, 0.92 mmol). Flash

chromafography (CH2Clz:EtOAc 9:1) gave iodopyridone (8b) 134

mg (58%) as a white foam: 1H NMR (300 MHz, CDCl3) & 0.097
(8, 6 H), 0.92 (br =, 12 H), 1.82-1.89 (br m, 2 H), 3.01 {(d,
15 J= 14 Hz, 1 H), 3.33 (d, J = 14 Hz, 1 H), 3.48 (br g, 1 H),
5.07 {s, 2 H), 5.12 (d, J = 15 Hz, 1 H), 5.47 (d, J = 15 Hz,
1 H), 7.10 (s, 1 H); 13c NMR (75 MHz, CDCli)} § -4.7, 8.3,

16.6, 26.3, 36.0, 42.6, 45.3, 62.8, 73.5, 89.4, 98.6, 99.5,
118.5, 122.9, 154.1, 160.4, 172.0; HRMS (EI) m/z caled for

20 Cp0Hp2gINO4Si (M*) 501.0832, found 501.0843 LRMS (EI) m/z

. 501 (mM*), 444, 402, 335, 318, 169, 121, 96, 57.

(+/-) 5-Ethyl-1,4,5,13 tetrahydro-5-hydroxy-12-
trimethylsilyl-3H,15H-oxepinof3',4':6,7] indolizino[l, 2-
blquinoline-3,15-dione (1h)

25 (7-trimethylsilylhomocamptothecin)

To an oven dried pressure tube under Ar was added
the iodopyridone (10a) (15 mg, 0.033 mmol) followed by
benzene (0.25 mL) and t-BuOH (0.5 - mL). Next
phenyliscnitrile (13.6 mg, 0.13 mmol) and hexamethylditin



459. 0366 LRMs (EI) mz 83, 73, 57. 459 (Mm+), 444, 388, 306, 111, 96, 5
(+/-) 5-Ethyl-1,4,5-trihydro-5-hydroxy-7-iodo-8-(3-tert-

butyl di met hyl si |yl -2-propynyl ) - oxepi no[ 3, 4-c] pyri di ne- 3, 9- odjzpnary(2b0h)

Fol l owi ng the procedure outlined above 10 iodopyridone (7) (0.16 g, O.46
mmol) was N al kylated with -the TBDVS propargyl bromde (0.21 g, 0.92
nmmol ). Flash chromat ography (CH2C12: Et OAc 9: 1) gave i odopyridone (Sbh) 134
ng (58% as a white foam 1H NWMR (300 MHz, CDC13) 8 0.097 (s, 6 H), 0.92
(br s, 12 H, 1.82-1.89 (hr m 2 H), B@L(d 15 J= 14 Hz, 1 H), 3.33 (d, J
= 14 Hz, 1 H), 3.48 (br s, 1 H, 5.07 (s 2 H, 5.12 (d, J = 15 Hz, 1 H),
5.47 (d, J €69 Hg, 01049 m¢lZLOW4%lse ahdel and 3CNMRYE? SvaWHE Lushe@DC13) 8
-4.7, 8.3, W];lt@l @r,2§e§hed3@ng f'gceﬁl 1415 f§0n§20§’a7§7§ d(a%gs%n % 6, 99.5,
119.5, 122.9, 154, 1, 175 (B °mZ calc 20 "C20H281 NO4Si
(M+) 501. os@fzterf 66@%@10681@3@%’5 ‘(’EI )thmlz:LWE( WR§, congentaabed 335 318,

169, 121, O9na 57 chfdvathgbafliddy| - 1cHadi, : ddeddie ahydip- S-day dr pxergl2-
trimethylsilyl-3H 15H oxepino[3',4"':6,7]indolizino[l, 2-
b] qui nol § nebIuorsmpli eiecth hj1M55( 7- 1y i (AShyksi bytdormdddpt otha®®) To an

0. 083 rmol ) "%@f?ﬂ“#??/‘%d‘%?inﬁr B B eoalbn 10 & P et
phenyl i soni 8y, [1296413. 06 g, 0.<13 Hm)lz) mnd3 hexaet byl di4 gz, 92 J@nuary 2004 13
3.46 (d, J = 14 Hz, 1 H), 5.34 (s, 2 H), 5.44 (d, J = 15 Hz,

1 H), 5.63 (d, J = 15 Hz, 1 H), 7.65-7.71 (m, 2 H), 7.78-
. 10 7.8¢ (m, 1 H), 8.18 (d, J = 8 Hz, 1 H), 8.27 (d, J = 8 Hz, 1

H); HRMS (EI) m/z caled for Co4H2gN204Si (M*) 434.1662,

found 434.1679% LRMS (EI) mfz 432 (M%), 419, 388, 374, 363,
347, 335, 320, 303, 289, 275, 261, 247, 231, 215, 174, 149,

73.

15 (+/-) 5-Ethyl-1,4,5,13-tetrahydro-5-hydroxy-10-{tert-
butyloxy carbonylamine)-12-trimethylsilyl-3H, 15H-
oxepino(3',4':6,7]indolizino [1,2-blquinoiine-3,15-dione

(1lc) (10-tert-butyloxycarbonylamino-

7-trimethylsilylhomocamptothecin)

20 Following the procedure described above,
iodopyridone (10a)} (30 mg, 0.065 mmol) was reacf:ed with
para-bocaminophenylisonitrile (57 my, 0.26 mmol) and
hexamethylditin (32.2 mg, 0.1 ﬁmol). in benzene (0.5 mL) and
t-BuOH (1 mL). Chromatography {CH2Cl» :Acetone 7:1) gave

25 compound (le) 18.8 mg (53%) as a brown solid: IR {(CHCls3,
cm~1) 3022, 3007, 1736, 1655, 1594, 1528, 1155, 1062; LH
NMR (500 MHz, CDCl3) & 0.70 (s, S H), 0.96 (t, J = 7 Hz, 3

H), 1.61 (s, 9 H), 1.85-2.10 (m, J = 7 Hz, 2 H), 3.31 {d, J
= 13 Hz, 1 H), 3.41 (d, J = 13 Hz, 1 H), 5.11 (d, J = 19 Hz,



(16.0 ng, 0.049 nmol) were added and the tube was flushed wth Ar, sealed

and placed in front of a 275WCE sunlanp. After 12 hours of irradiation,
the m xture was concentrated and chronat ographed (CH2C12: @dateme2@04l) to
yield 5 honmocanptothecin (1h) 5.2 ng (36% as a tan solid: 1H NVMR (300
MHz, CDCl13/CD30D) S 0.64 (s, 9 H, 0.96 (t, J =7 H, 3 H, 1.96-2.05 (m
J=7H, 2 H, 3.19 (d, J =14 Hz, 2 H, 3.46 (d, J =14 Hz, 1 H), 5.34
(s, 2 H, 544 (d, J =15 Hz, 1 H), 5.63(d J =15 Hz, 1 H, 7.65-7.71
(m 2 H, 7.78 10 7.84 (m 1 H), B 187Gd, J =8 H, 1 H , S 27 (d, J = 8
Hz, 1 H); HRVMS (ElI) mz calcd for C24H26N2048| (Mr) 434. 1662, found

434. 1679 LRVB) ¢ Bl -34rF 24434, (MH), 41&1 @88y 344, HIG3 H)34¢.9835B, 320, 303,
289, 275, §§$3 247 231, 219 }ﬁ74 149 73. 15 ' (+/-) 13

5-Et hyl - 1, 13218 /oty dP'o- 5 Hy d7 03/ - Fo- 18t 8- Butfﬁ-oﬁym' c

car bonyl amm) -(12s twsdTetohyl §) |1+ .3, 18k, oxgpi nofs3%, 41564 7]dndol i zi no
[1, 2-b] qui noline-3,15-dione (lc) (10- tent - butyl oxycar bonyl ani no- 7-
trintethyl sy h?):hfﬁc’eaﬁiat%)t REE#) TG -Fol 1Rni2ng 1eRel priddedur B3éscri bed

above, g odopys| dape.{,10893.630 18, 60. QG5 gMOh)lgWas keacd ed; ad th
par a- bocam nophenylisonitril eéﬁ? ng, 0.26 mol) and hexarret hylditin (32.2
my, 0.1 nmot3P-En zBéném(‘% & )m/&nd cal c@Buidt ( 1CmH3sNERsSIAtYr aphy

CH2C12: A 5 | 18. 539 b lid:
R (orcts, Seneafsa0oa 387258 Lo, 3400045188, oen. T Nk

(500 Mz, @@13;33 @130 403, BH) 3780% (894, 2807 Hzs, 3s2H)73. 1. 61 (s, 9
H , 1.85-2. 10 (m J =7 Hz, 2 H , 3.31 (d, J

{(+/-) 5-Ethyl-1,4,5,13-tetrahydro-5-hydroxy-10-acetoxy-12-
10  trimethylsilyl-3H,15H-oxepinof3',4':6,7}indolizino[l,2-

blgquinoline-3,15-dione (1l0-acetoxy-7-

trimethylsilylhomocamptothecin}

Following the procedure described above,

iodopyridone (10a) (30 my, 0.065 mmol) was reacted with

15 ©para-acetoxyphenylisonitrile {42 mg, 0.26 wmmol) and
hexamethylditin (32.2 mg, 0.1 mmol) in benzene (0.5 mL) and
t-BuOH (1 mbL). Chromatography (CH2Clz:Acetone 5:1) gave the

product 6.6 mg {21%) as a tan solid: IR (CHCla, cm-1l) 3025,
2992, 2953, 1753, 1657, 1600, 1504, 1193; 14 NMR (300 MHz,
20 CDCl3) & 0.67 (s, 9 H), 0.98 (t, J = 7 Hz, 3 H), 1.99-2.07
(m, 2 H), 2.42 (s, 3 H), 3.26 (d, J = 14 Hz, 1 H), 3.45 (4,
J =14 Hz, 1 H), 3.66 (br s, 1 H), 5.18 (d, J = 19 Hz, 1 H),
5.35 {d, J =15 Hz, 1 H), 5.39 (d, J = 19 Hz, 1 H), 5.66 (d,
J =15 Hz, 1 H), 7.38 (dd, 4 = 9 Hz, J3 = 2 Hz, 1 H), 7.40
25 (s, 1H), 7.88 (d, J = 9 Hz, 1 H), 7.92 (d, J = 2 Hz, 1 H);
13c NMR (125 MHz, CDCl3) & 1.6, 8.3, 21.5, 35.9, 42.6, 52.2,

62.2, 74.0, 100.5, 118.9, 122.9, 124.7, 131.3, 132.2, 135.0,
144.1, 144.8, 145.0, 148.9, 150.0, 156.0, 159.7, 169.1,



~N -l

13 Hz, 1 H), 3.41 (d, J = 13 Hz, 1 H), 5.11 (d, J = 19 Hz, 9 January 2004
H, 534-5.41 (m 2 H), 5.61 (d, J = 15 Hz, 1 H), 6.96 (s, 1 H ,
019-7.40 (m 1 H , 7.62 (s, 1 H , 837 (s, 1 H ; 13C SN aipB00Mz,
CDC13) 6 1.43, 8.3, 28.4, 35.8, 42.6, 52.4, 62.3, 73.9, 81.2, 100.3,

115.1, 122.2, 123.0, 130.7, 132.6, 5 134.8, 137.1, 143.4, 143.6, 145.1,
148. 2, 152.6, 156.5, 159.8, 171.8; HRMS (ElI) mz calcd for C29H35N306S
(M)  549.2295. found 549.2274 LRVB (EI) .mz 549 (M¥), 493, 475, 449,
433, 415, 404, 389, 378, 350, 304, 26 195 182, 73. (+/-)

5-Ethyl -1, 4, 5, 13-t et r ahydr o- 5- hydroxy'1@ acet oxy-12- 10

trimet hyl Sil'ihyt M S OX@PENAUad cadEsbd, agkﬁ%ﬁd b%bi‘oiwﬂh) 492.1717,
b]qU|noI|ne 3, 15- di one (10-acetoxy-7- tri yl sil ylhonDcanptotheC|n)

Fol | owi ng tivengr4tedapre WMScriEbedn/abovez (Mtodopyr, dene 436€a)23630. ny, 0. 065

I s rgact geh ar a- a he sonitrile (42 , 0.26 mmol
2H3 )hggane? yIdltlng?g%éfp 285, %§E :$% ?%%%enz;nel(o g nL?gand t- BuCH)(l

m.) . Chronatography (CH2012 Acet one 5: 1) gave the product 6.6 ng (21% as

T e e i i T 16 5
9o Ly Sl ’%%{%{ﬁ"l ‘2’1‘2""(°s‘,( g i&’;‘;‘tgfézl i, 1H
3.45 (d, 1y s . 18 d, J 77

5. 35 Ed J‘L T hf ("%t%tﬁ ié e, (9. %6 (d, J'= 8 He, 1
H),7.38(dd,J1:9Hz J2:2Hz 1H),74025(s 1H) , 7.88 (d, J = 9
Hz, 1 H , 7.92 (d, Foliowindz, khe) ;prok@GuddR (d2Gribed CDOSE,8 1.6, 8.3,

‘]2_%252 3i3gloﬁgp§rlﬂe2 (1087 2(’25741190 QR 5mm0]l:}8 whs Whkctealdfied, 131.3,
phenyllsonltrlle {15.5 mg, 0.15 mwmol) and hexamethylditin

(25 mg, 0.075 mmol) in benzene (0.75 mL). Chromatography
(CH2Cl2:Acetone 7:1) gave compound (lg) 6.4 mg (27%) as a

tan solid: IR {(CHClz, cm~1) 3027, 2958, 2932, 2859, 1745,

1655, 1600, 1269, 1065; 1H NMR (300 MHz, CDCl3) & 0.69 (s,
15 3 H), 0.70 (s, 3 H), 0.92 (t, J = 7 Hz, '3 H), 1.00 (s, 9 H),
1.92-2.02 (m, J =7 Hz, 2 H), 3.23 (4, J = 13 Hz, 1 H)}, 3.39
(d, § = 13 Hz, 1 H), 3.90(br s, 1 H), 5.11 {(d, J = 19 Hz, 1
H), 5.31 (d, J =15 Hz, 1 H), 5.40 (d, J = 19 Hz, 1 H), 5.60
(d, § = 15 Hz, 1 H), 7.35 (s, 1 H), 7.39-7.49 (m, 2 H), 7.70
20 (d, J =8 Hz, 1 H), 8.07 (d, J =8 Hz, 1 H); 13C NMR (75
MHz, CDCl3) & -0.5, -0.3, 8.3, 19.4, 27.3, 35.9, 42.7, 52.9,
62.3, 74.0, 100.3, 122.8, 126.9, 129.4, 130.3, 132.7, 136.0,
143.3, 145.3, 147.6, 150.1, 156.1, 159.9, 171.5; HRMS (EI)
m/z caled for Cp7H32N204Si (M*) 476.2131, found 476.2118
25 LRMS (EI) m/z 476 (M%), 453,'430, 419, 405, 389, 377, 361,
345, 319, 304, 275, 149, 117, 91, 73, S6.

{(+/-) 5-Ethyl-1,4,5,13-tetrahydro-5-hydroxy-10- (tert-
butyloxycarbonyl amineo) -12-tert-butyldimethylsilyl-3H, 15H-



144. 1, 144.8, 145.0, 148.9, 150.0, 156.0, 159.7, 169.1, 9 January 2004
171.5; HRVB (HI) mz calcd for C26H28N206Si (M) 492. 1717 found 492. 1707
LRVS (El') mlz 492 (M), 477, 459, 450, 432, 421, 403, 3939me%@34, 351,
336, 147. (+/-) 5-Ethyl-1,4,5,13-tetrahydro-5-hydroxy-12-tert- 5

but yl di met hyl si | yl - 3H, 15H oxepi no[ 3" ,4': 6, 7]indolizino[1,2

b] qui nol i ne-3, 15-dione (I g) (7-tert- butyldi nmethyl silyl honocanpt ot heci n)
Fol |l owi ng the procedure described abgve, |odopyr|done (lob) (25 nmg, 0.05
mmol) was reacted with 10 phenyllsoﬁ?&rlle (15.5 ng, 0.15 mmol ) and
hexamethylditin (25 nmg, 0.075 mmol) in benzene (0.75 ni). Chronatography
(CH2C12: Acetspdng [3]). 44 a¥c IdoApbimido( i g) B.24-Bpuird¥Ynas,as-damesol i d: IR
(CHC13, cm 3213027, 2958, 2932(1P88Yt-Mit43pxydBaSopy 16@Gho-126&-1065; 1H NVR
(300 Mz, CP¥evifimethygeilwlhongeamprgphecin)70 (s, 3 H) , 0.92 (t, J = 7 Hz, 3
H , 1. 00 (s, 9 H, 1.92-2.02 (m J =7 H, 2 H, 3.23 (d, J =13 Hz, 1

H, 3.39 (d, J =1 11 (d,. J = 19 Hz, 1

H, 5.31 (d, J = 15%ﬁzﬁ°mjnﬁ) 5h3o” 8’@‘{?&5‘?9 t&egcflﬁ?% #Feed. 3 = 15
Hz, 1 H)S, ¥edegypidone Hyloby, 3957m@9 CP82 Finpl)7. #as 2@e4@|-,edu wit8 Hz, 1 H)
8.07 (d, ) prh-Bocarknbbnanyd3CoAMR:025 (b, ngClé 2P 85051) -3 8.3 19.4,
27.3, 35.9, 42 %é' ? : 0, 100. 22.8,7126 12. E 130. 3,

132.7, 136. IEF""’““TE%Y itin g (45 Tﬂ? 8 115(91“31) 156, penzms 9(1.B7 M5 HRVS (El)

m z cal cd fCrro@7tBANRY4Bin () ndoteond 184 1)f QuRd ddipothd8(Zp LRYS (El) mz

476 (M+), 458, 430, 419, 405, 389, 377, 361, 345, 319, 304, 275, 149, 117,
191 73, 56.™ {15%) as a tan solid: IR (CHC13, cm~l) 3435, 3022, 2931,

i

10 2859, 1738, 1654, 1563, 1528, 1156; 1H NMR (300 MHz, CDClz)

b 0.76 (s, 3 H), 0.77 (s, 3 H), 0.96 (t, J = 7 Hz, 3 H),
1.10 (s, 9 H), 1.62 (s, 9 H), 1.91-2.07 (m, J = 7 Hz, 2 H),
3.34 (d, J =14 Hz, 1 H), 3.41 (d, J = 14 Hz, 1 H), 4.42 (br
s, 1 H), 5.09 (&, J =19 Hz, 1 H), 5.38 (d, J = 15 Hz, 1 H),
15 5.47 (4, J =19 Hz, 1 H), 5.62 {d, J = 15 Hz, 1 H), 6.99 (br
s, 1 H), 7.21-7.25 (m, 2 H), 7.45 (d, J = 9 Hz, 1 H), 8.37
(d, 7 =2 Hz, 1 H); 13c NMR (125 MHz, CDCl3) & -0.9, -0.5,
8.3, 19.6, 27.4, 28.4, 35.5, 42.7, 53.0, 62.2, 73.8, 81.1,

100.0, 131s.2, 122.2, 123.0, 130.3, 133.5, 136.3, 136.9,
20 144.4, 145.2, 148.2, 152.6, 156.4, 160.0, 171.5; HRMS (EI)

m/z caled for C33H41N30gSi (M*) 591.2765, found 591.2751

LRMS (EI) m/z 534 (M-57), 516, 488, 477, 459, 435, 417,
393, 375, 111, %7, B3, 69, 57.

+

(+/-) 5-Ethyl-1,4,5,13-tetrahydro-5-hydroxy-10-acetoxy-12-
25 tert-butyldimethylsilyl-3H,15H-

oxepino[3',4':6,7)indolizino[1,2-b] quineline-3,15-dione (le)
(10-acetoxy-7-tert-butyldimethyls ilylhomocamptothecin)

Following the procedure described above,

iodopyri_done {10b) (45 mg, 0.089 mmol) was reacted with



(+/-) 5-Ethyl-1,4,5, 13-tetrahydro-5-hydroxy.-lo-(tert- butyl oxycarbouyl

am no)-12-tert- butyldlnethyIS|IyI 3H, 15H 9 January 2004 7b

oxepi no[ 30, 4' : 6,7)indolizino [1,2-blquinoline-3,15-di one §Vajuary 2004
(10-tert-butyl oxycarbonyl am no-7-tert- butyl di met hyl silyl honocanpt ot heci n)
Fol |l owi ng the procedure descri bed above, 5 iodopyridone (l10b) (45 ng,
0.089 mml) was reacted with para-bocarninophenylisonitrile (58 ny, 0.27
mol ) and hexanethylditin (45 ny, nol ) in benzene (1.3 nl).

Chr omat ogr aphy (CH2C 2: Acet one 10: 1) ve conmpound (1la) 7.8 ng (15% as a
tan solid: IR (CHC13, cm 1) 3435, 3022 2931, 10 2859, 1738, 1654, 1563,
1528, 1156;pard- mm@eﬂmﬁsom&e -@30. g,(s,03H), mh1F7 (8@ 3 H), 0.96

t, J =7 1340 (45 o e 91,2.07 J =7 He,
(2 o 3 BEZe(xggﬁegﬂy_ld Lid (£§ . H)) lg- %,i)s 19 g)apééln I‘-§ mI&rzn (br s, 1
H) , 5 09 (oChrymatfigfaHEY 1(%201% P@@teae Fosl)s gare | cogpound 5(47 (d, J = 19

He| d..L.= 15 6. 99 25 (m 2 H)
7. is (d 4% é ﬁé"]%} H%%? 3?%(d ‘g ?¥°H)}E& 1§cha\/R 125 Mz,
CDC13) & - 00 3. 8, 5 H)8 8,74 9%s6, 325) 4,0 28. A; 3;5 57 42, B m53. 90762 2, 73.8,
81.1, 100. L 122.2 123 354885 130.3, 1369, 20 144. 4.
145.2, 148. g'f' %59’ L %6?‘4"‘3]1T 8 Héws (E?)?sfm%}‘ al?:a” f or
C32HAINBOBSIA.( Wi BOEz2755D) ,f dutdd N BERVEH)EI ). 06 20534, M 57), 516,

488, 477 415,9 5486, (B1% - 393523754y 11d,5-97 83, 7 /-
S- Et hyl - 5, 13- tetrahydro S?hy ﬁ%xy-fﬁ éget%x -%Zﬂé g.%T Q 48

tert- butyl dic}retfhyﬂs?ﬁﬂr-mﬂlm 65 (0.7 = 15 Ba, 1 E), 7.31 (da, 3
-1 =95Hz, J2 =2 Hz, 1 H), 7.36 (s, 1 H), 7.70 (d, J =9 Hz, 1

H), 7.97 (d, J = 2 Hz, 1 H); 13¢ NMR (125 MHz, CDCli) &
-0.7, -0.5, 8.3, 19.3, 21.5, 27.2, 35.8, 42.7, 52.9, 62.2,
73.9, 100.4, 120.1, 122.8, 124.7, 131.1, 133.0, 136.5,
143.0, 145.0, 145.4, 148.9, 149.9, 156.2, 159.9, 169.0,

15  171.5; HRMS (EI) m/z caled for CgoH34N20¢Si (M*) 534.2186,

found 534.2188 LRMS (EI) m/z 534 (M*), 516, 488, 477, 459,

435, 417, 383, 375, 335, 320, 291, 275, 234, 164, 137, 125,
1il1, 97, 83, 69, 57.

{(+/-) 5-Ethyl-1,4,5,13-tetrahydro-5-hydroxy-10-hydroxy-12-
20 tert-butyldimethylsilyl-3H,15H-

oxepino[3',4°:6,7]indolizino[1,2-blquincline-3,15-dione {1f)
(10-hydroxy-7-tert-butyldimethylsilylhomocamptothecin)

Compound (le} (11.9 mg, 0.022 mmol) was dissolved
in Hz0 (0.3 mL) and MeOH (0.3 mL). Next X2C03 (7.5 mg,

- 25 0.054 mmol) was added and the mixture was stirred at 22°C.
After 4h the solvent was evaporated and the residue was
dissolved in CH2Clz (2 mL) and TFA (2 mL). After stirring
at 22°C for 16h sat. NaHCO3 was carefully added until pH 5

was attained. At this point the solution was extracted with



oxepino[3',4':6,7]indolizino[l,2-b]quinoline-3,15--dione (le)

(10- acetoxy 7-tert- butyldlnethyls LI yl honocanpt ot heci n) Fol |l owi ng t he
procedure described above, iodopyridone (|l Qb) (45 ng, 0.08damsasy Y00s
reacted with 9 January 2004 para-acet oxyphenylisonitrile (43 ng, 0.27 nmol)
and hexanmethylditin (45 ng, 0.13 nml) in benzene (1.3 n).

Chr omat ogr aphy (CH2C12: Acetone 10:1) gave conpound (le) 9.6 ng (20% as a
tan solid: 1H NWR (300 MHz, CDC13) 8 5 0.73. (s, 3 H , 0.74 (s, 3 H

0.97 (t, J =7 Hz, 3 H , 1.07 (s, ¥&#), 1.94-2.08 (m J =7 Hz, 2 H),
2.42 (s, 3 H), 3.29 (d, J =14 Hz, 1 H , 3.44 (d, J =14 Hz, 1 H , 4.05
(br s, 1 HPAG, (B810dnL)J andl@ld—mrganid) 1a5e87wa(sddra]e§ (k2,68,) Linkl), 5.48 (d
J = 19 Ft , (d, 31 (dd, J1 10 = 9 Hz, J2 =2
Hz, ?g’%%grttragig 5*‘&70 r(eald‘je "Q'@ Ch{omwgr?lﬁ@%d (Fvige="2 Hz, 1
H); 13C NNFQl(q}%!lMeOICB@QB) 98:5:10. 72:€82& 2 :8c8tord. 53,1)2koSgivd. 2, 35. 8,
42.7, 52.9, 62.2,. 73.9, 100.4, 120.1, 122.8, 124.7, 131.1, 133.0, 136.5,
143.0, 145567PME 41%h 48 @ m3) 4398 a5 relise wplideo. BH MR XF005. HRVE (EI)
m z cal ed fgg, C2OHB4NA § Mb)ep36a 21864, fousd 88.LR\MS (EI) mlz 534
(M+), 516, 488, 477, 4%%@ 435, 6%511?5' %3}{) 372 %35%3% EIWWS 234

164, 137, 1289-2.951(mp72 W3, 36D4 6V, J +/ 1% Hz, 1 H), 3.34 (d, J =

5- Et hyl -1, 44534311Q@rabygjoﬁ5 aygyo&y3%O(QyQEOXﬁ51%z Zpln 5.57

tart- butyIQ|nethyIS|I | -3H 1 )

oxepi no[ 3' ‘4" .6, 7% nﬁ%r i &.‘i‘?o[ -2 bi¥bi Hal £ - 152dF oheig 1) H) ,

(10- hydroxy iet@ytabutymgneihmlshly@ npnngpp%oggeﬁinb.CQyE%un (le) (11.9
‘my, 0.022 nmol ), was dissolved in H2O (0.3 nL) ‘and MeOH ). Next
K2C03 (F. 5Ehy, 13¢ NMR (125 MHz, CDC13/CD3OD) & -1.1, 8.1, 19. 2, 26.9,

36.1, 42.1, 5B2.8, 62.1, 173.5, i01.8, 1l1i.5, 122.7, 123.8,
127.5, 125.0, 135.0, 136.s, 139.8, 143.1, 145.5, 156.7,
156.9, 159.6, 172.8; HRMS (BI) m/z calcd for Cp7H32N20581
(M*) 492.2080, found 492.2087 LERMS (EI) m/z 492 (M%), 474,

15 446, 435, 421, 393, 375, 346, 335, 315, 291, 273, 259, 231,
183, 155.

(+/-) 5-Bthyl-1,4,5,13-tetrahydro-5-hydroxy-10-amino-12-

tert-butyldimethylesilyl-3H, 158-

oxepino[3',4':6,7]indolizino[1,2-blquinoline-3,15-dione {1b)
20 (l0-amino-7-tert- -butyldimethylsilyhomocamptothecin)

Trifluorcacetic acid (0.1 mL) was added to a

solution containing CH3Cls (0.5 mLz and compound {(la) (8.1

mg, 0.014 mmol} and the contents were stirred at 22°C.
After 5h the mixture was poured into sat. NaHCO3 (2 mL) and

25 extracted with EtOAc (6x2 mL). The EtOAc was dried
(Nap804), concentrated and chromatographed (CHC1l3:MeCH

96:4) to give (1b) 6 mg (89%) as a yellow solid: 1H NMR
(300 MHz, CDCl3/CD30D) & 0.28 (s, 6 H), 0.78-0.88 (m, 12 H),

1.78-1.90 (m, 2 H), 3.04 (4, J = 14 Hz, 1 H), 3.2¢4 (4, J =



25 0.054 nmmol) was added and the m xture was stirred at 22C. After 4h the

sol vent was evaporated and the residue was dissolved in CHC12 (2 nL) and
TFA (2 nmL). After stirring at 22C for 16h sat. NaHCO3 was9 dam=fw2004 added
until pH5 was attained. At this point the solution was extracted with 9
January 2004 Et QAc (3x10 nL) and the organic |ayer was dried (Na2SO4) and
concentrated. The residue was chronmat ographed twice (1:CH2Cl12: MeOH: AcOH
94:5:1) (2:CH2C12: Acetone 5:1) to give_ conpound (if) 8.6 ng (79% as a
yellow solid: 3-H NVR (300 5 MHz, CDGlS/ CD30D) S 0.65 (s, 6 H), 0.90-0.99
(m 12 H), 189205(m2H),3 14 (d, J =14 H, 1 H , 3. 34 (d, J =
14 Hz, 1 H)i4 512231 (18),, 2.bd~55.135m(d2 H]), 5154Hz¢a 1y H) ;155857 1(}g J = 15 Hz,

7. ;Do ( 7 425!4)(4%(15&‘1%1 (_dngHﬁk'qu" 144%8 13‘8 'N|\7R2(°'1g%d1vH£l 1:13013/ cg)soo) 8
1,

S
1.1, 8.1, 49 2, 26 8 1.1 ey 0 11.5 122.7,
123. 6, 127 2 “329.0, 2135312 13??“1%%“?4?9’”1@2@3%&’ %56 " 156. 0,

159. 6, 172.8:0,HRAVG .( BF )9 38 - Bal 430 1f 062 (0 71632MN205SkK, (0W-)7,4922 2080, found

492. 2087 L El 4 4, 46,, 43 393,.375, 346, 335,
315, 201 ?‘%’ 6’252913612%1 Qﬁlg%m)]iﬁ% 114?4# ) 154ﬁE§h ﬁaj' 1.39%s6 ]

-1,4,5, 13- tEtr-dhy dto-85- hlyufﬁo@l)lou;/am nel &2 - fbertebm-yjnibam hy+si | yl - 3H, 15H
oxepi no[ 31, 41: 6, 7] i ndol i zi no[ 1, 2- b] gui nol i ne- 3, 15-di ane (I b)

(10- ani no- 7*¥ePetbuttoPaR ritthyRe? | YHENGERR/®A hé€Rn M #Bder ¥eti ¢ aci d
(0.1 nL) wesreadded, tazyoa 26p) wtdxn 109ntf1¢—n,| ngoCH2€4 2 1A, 516%) @and conpound
(a) (8.1 5 gy

.

10 -(+/-) 5-Ethyl-1,4,5,13-tetrahydro-5-hydroxy-10~-amino-12%~-
trimethylsilyl-3H,150-oxepino[3',4':6,7]indolizino[1,2-
blguinoline-3,15-dione (14) 10-amino-7-
trimethylsilylhomocamptothecin)

Trifluoroacetic acid (0.1 mL) was added to a

15 -solution containing CH2Clz (0.5 mL) and compound (1lc) (6.6
mg, 0.012 mmol) and the contents were stirred at 22°C.
Afrer 5Sh the mixture was poured into sat. NaHCO3 {2 ml) and
extracted with BEtORc (6x2 mL}. The EtOAc was dried
(Na2804), concentrated and chromatographed (CH2Clg:MeOH

20 95:5) to give (1d) 2.5 wg (45%) as an orange-red solid: H
NMR (300 MHz, CDCl3/CD30OD) & 0.60 (s, 9 H), 0.94 (t, J = 7

Hz, 3 H), 1.92-2.05 (m, 2 H), 3.16 {d, J = 14 Hz, 1 H), 3.46

(d, J =14 Hz, 1 H), 5.24 (s, 2 H), 5.40 {(d, J = 15 Hz,

H), 5.61 (d, J = 15 Hz, 1 H), 7.25-7.32 (m, 2 H), 7.52 (s, 1

25 H), 7.89 (4, J =9 Hz, 1 H); 13c NMR (125 MHz, CDCl3/CD30D)
§ -0.12, 7.1, 35.7, 41.5, 51.6, 61.3, 72.8, 99.3, 107.0,

120.4, 121.7, 129.9, 133.6, 134.4, 139.5, 141.0, 144.7,
145.2, 146.4, 156.2, 15%.3, 172.6; HRMS (EI) m/z calcd for



ng, 0.014 mmol) and the contents were stirred at 22C. After 5h the m xture
was poured into sat. NaHCO3 (2 nlL) and 25 extracted with EtQAc (6x2 nlL).
The Et OAc was dried (Na2SO4), concentrated and chronat ogr 8damusry 2004
(CH2C12: MeOH 96:4) to give (1b) 6 nmg (89% as a yellow solid: 1H NVR (300
MHz, CDC13/CD30D) 8 0.28 (s, 6 H, 0.78-0.88 (m 12 H, 1.78-1.90 (m 2
H, 3.04 (d, J =14 Hz, 1 H), 3.24 (d, J = 9 January 2004 14 Hz, 1 H ,
5.02-5. 11 (m 2 H 5.24 (d, J =15 W@“ 1H , 546 (d, J =15 Hz, 1 H
7.20 (s, 1 H , 7.26 (dd, JI =9 Hz, 8% =2 Hz, 1 H: 13C NMVR (125 Mz,
CDC13/CD30D) S -1.0, 8.0, 19.1, 26.9, 36.1, 42.1, 52.7, 62.1, 73.4, 100.7,
122.0, 5 123, . (k8. 113648, 8 : . 1,=7456.,7, 159.7,
172. 8 HRNéC%(‘*é?ﬁﬁ%fﬁ?ce{%cﬁ Feolhn)r sHing s 4%41\/%92149%42%24311% Bie Gor 2042
LRVS (ET) a2 489 ,( We), #434,389237437§50,3395, 20, 262, 7323(+A48, 167, 149,
136, 121, 107, 91, 77, 57. 10 -(+/-)

5-Ethyl -1, 4,5, 13-t etrahydro-5- hydr oxy- 30-am no- 12-

trixaet hyl sleghy BH,, 255k t05@piEpe] 3 hyddohy -A]-i b8l § Zis00f theedhiy1silyl-

b) qui nol i ne2-peh byl BReibd) 3 1D-Apydodine -3, b b@idnel SLdy)Lhonpcanpt ot heci n)
Trifluoroacetic acid (0.1 nL) was added to a 15 -solution containing
CH2C12 (0.5 nL) and _conpound (1¢) (6.6 ng, 0.012 mmol) and the contents
were stitred at 22CFOLEPR@E 5h thfe ni REQFCEURs pOUELEP9Sht o 3%aVe NaHCCB (2
n) and exidaapyeitionet HOEt MAa066x2 bliz niea) EbEACNVEASydaied wi{dha2SO4),
Cancent oL e ong SRS serAhegy (BIEGANEQNRLSSd 4 91 YR D) 25
L mmol) . Flash chromatography (CH2Clo:EtOAc 10:1) gave

iodopyridone (10c) 68 mg (46%) as a light yellow foam: IH
10 NMR (300 MHz, CDCl3) 8 -0.069 (s, 9 H), 0.72 (t, J = 8 Hz, 2
H), 0.87 (¢, J =7 Hz, 3 H), 1.70-1.88 (m, 2 H), 2.10-2.20
(m, 2 H}, 2.96 (d, J = 14 Hz, 1 H), 3.15 (br =, 1 H), 3.27
(d, 7 = 14 Hz, 1 H), 4.90-5.00 (m, 2 H), 5.07 (d, J = 15 Hz,
1 H), 5.41 {4, J = 15 Hz, 1 H), 7.02 (s, 1 H); 13c nMrR (75
15 MHz, CDCliz) & -1.6, 8.2, 13.5, 15.7, 35.9, 42.5, 45.3, 62.7,
72.5, 73.4, 88.0, 99.7, 119.2, 122.8, 153.9, 160.4, 171.8;

HRMS (EI} m/z calcd for Cj9HpgINO4Si (M*) 487.0676, found

487.0676 LRMS (EI} m/z 487 (MY), 472, 400, 374, 346, 98,
73.

20. (+/=) 5-Ethyi-1,4,5,13-tetrahydro-5-hydroxy-12-(2-
trimethylsilylethyl) -3H, 15H-
oxepino[3',4':6,7]indolizino[1, 2-b]l quinoline-3,15-dione {1i)
(7~ (2-trimethylsilylethyl) homocamptothecin) '

To an oven dried pressure tube under Ar was added

25 the iodopyridene (10c¢) (16 mg, 0.033 mmol) followed by
Benzene (0.5 mL). Next phenylisonitrile {10.2 mg, 0.1 mmol)

and hexamethylditin (16.7 mg, 0.051 mmol) were added and the



NMR (300 MHz, CDC13/CD3CD) 8 0.60 (s, 9 H), 0.94. (t, J =
1.92-2.05 (m 2 H), 3.16 (d, J = 14 Hz, 1 H), 3.46 (d, J = 14 H, 1 H) ,
5.24 (s, 2 H , 540 (d, J =15 Hz, 1 H , 5.61 (d, J = 18Jppuary2¢f4
7.25-7.32 (m 2 H), 7.52 (s, 125H)), 7.89 (d, J =9 H,, 1 H: 13C NVR (125
MHz, CDC13/CD30D) 5 -0.12, 7.1, 35.7, 41.5, 51.6, 61.3, 72.8, 99.3, 107.0,
120.4, 121.7, 129.9, 133.6, 134. 4, 139 5, 141.0, 144.7, 145.2, 146.4,
156.2, 159.3, 172.6; HRMS (El) zn/z C%ﬁid for 9 January 2004 80
C24H27N304S1 (M) 449.1771, found 449¢1791 LRVS (El) miz 449 (M), 434,
402, 389, 374, 350, 335, 304, 178, 73. (+/-).

5- Et hyl - 1, 48be rvary dilgsBedhywirtdx pr7 - beledsa08- praget hyl irbyt - of a
2-pentynyl ) @x¥6pidiOkdnthnk). PYit i Fo g.,lhe procedure
outlined above iodo yrnlﬁjldone angzsh&rg Qf‘%&%g@téﬂ Hlé) ﬁyl ated with
the 2-tri rret‘“ﬁﬁl%‘?‘icwglfarﬁ? 2 prd ﬁr@wtq&ram%fb ((362(4]32@0&&01821 4rddl §o  Fl ash

chr omat ogr aghyid GHRACksEFQAC Ml ogapyr o (46% as
a light yel PEW foam 1H 10 NWVR (3%%&%@(:115 @lﬁg 3¢ q‘goéégf’) & %—1")3 0.72 (t,
J = 8 Hz5 2tap)solgdgy %H MR 4340 w@iz 3C!N)1,3)167® l’B488s(n$ 19 ,Hp, 82~ 10- 2. 20
(tn

14 ’sz X H L 3598“65g88’ %4%0% i K 2388, 3(3bl|r3|z§ 21% 33’5924711 Eg 3

7 Hz, 3 H,

@_mu 1

15 Hz, 1 H) (@, 77024 gz, 12 H))r 312C (VRJI( #5131 814vHa, Hchna)a 8d; 176, 8.2, 13.
15.7, 35.9, 142}125 148) 3.5.62- {a, 72 By ui3- £.118850s, 2 8, 153.09,
160.4, 171.8. HRVB (EI) m 7 ‘cal cd1or CLOEZ6IRE R ]1%8% f ound
487. 0676 LRﬁ% (BN Az U871t NPy, 144D, "46@),(%74,1”&46’, 596? 53 (m, 1

(, 10 H), 7.70-7.77 (m, 1 H}, 7.94 {(d, J =8 Hz, 1 H), 8.10 (d, J

= 8 Hz, 1 H); HRMS (EI) m/z calcd for CgHagN20458i (M+t)

462.1975, found 462.1976 LRMS (EI) m/z 462 (M*), 447, 415,
402, 3591, 377, 363, 348, 317, 289, 243, 231, 73, 59.

(+/-) 5-Ethyl-1,4,5,13-tetrahydro-5-hydroxy-10- (tert-
15 butyloxycarbonylamino)-12- (2-trimethylsilylethyl) -3H, 15H-

oxepino[3',4':6,7]indolizino[1,2-blquinocline-3,15-dicne (13)

(10-tert-butyloxycarbonylamino-7- {2~

trimethylsilylethyl) homocamptothecin)

Following the procedure deacribed above,

20 iodopyridone (10c) (16 mg, 0.033 mmol) was reacted with

(i para-Bocaminophenylisonitrile (21.6 mg, 0.1 mmol) and
' hexamethylditin (16.7 mg, 0.051 mmol) in benzene (0.5 mL).
Chromatography (CHzClz:Acetone 7:1), gave compound (13) 10.7

mg (56%) as a brown solid: 1H NMR (300 MHz, CDCl3) & 0.20
25 (s, 9 H), 0.83-0.93 (m, 2 H), 0.99 (t, J = 7 Hz, 3 H), 1.60
(8, 9 H), 1.93-2.10 (m, 2 H)}, 2.90-3.05 (m, 2 H), 3.24 (d,
J= 14 Hz, 1 H), 3.44 (d, J = 14 Hz, 1 H), 3.74 (br s, 1 H),
5.03 (4, J =19 Hz, 1 H), 5.20 (4, J = 19 Hz, 1 H}, 5.33 (4,
J = 15 Hz, 1 H), 5.67 {(d, J = 15 Hz, 1 H), 6.85 (s, 1 H),
30 7.35-7.44 {(m, 2 H), 7.85 (d, J = 9 Hz, 1 H), 8.11 (br s, 1



73. 20. (+/-) 5-Ethyl-1,4,5, 13-terahydro-5-hydroxy-|2-(2-
trlnethyIS|IerthyI) 3H 15H—

oxepi no[ 3',4':6,7]indolizino[1,2-bl quinoline-3,1.5-di one (2¥gnuary2004
(7-(2-trinethyIS|Iylethyl)honncanptotheC|n) To an oven dried pressure tube
under Ar was added 25 the iodopyridone (10c) (16 ng, 0.033 nmol) foll owed
by Benzene (0.5 nlL). Next phenylisonitrile (10.2 ng, 0.1 mol) and
hexanethyl ditin (16.7 ng, 0.051 mmol) were added and the 9 January 2004 8a
tube was flushed with Ar, seal ed and pgated in front of a 275W GE sunl anp.
After 12 hours of irradiation, the mxture was concentrated and

chr omat ogr apheskMsCH2E) 2inpg et esR-ad £b) t @31315&&3@63519 (#esi 5-£d 2egrpcanpt ot heci n
(i) 3.6 ng (249 as a 5 tan solid: 1H NWR (300 MHz, CDC13) 8 0.184 (s, 9

H, 0.85- fo@si (577.56H) LRYS OED. B0z (r§772 (M)rz-"rszlo0437,1245(zm a2aH), 3.18 (d,

J= 14 Hz, 214 3,783%&(@603 78131042 731 , 5,14 (d, J = 19 H, 1H),
5.24 (d, J =19 e, 534(d,J—15Hle),5.71(d J =15 He, 1

H, 7.53 (s, 1H),757763(m 110H),770777(m||—|),794(d J

hiighl e, e Bl BB
;4

415, 402, 53 J1is 10 1128 %1 %%5123’4;3 Zéaaf’o%e (('ﬂ:)
S-Ethyl-1, 43 4&5 rvaiudr:ﬁm‘; 85 XM = LR )R b & andpt:
butyloxycarbonylgn?%o) 12-(2- F??nethylsg¥yleth§l)-§ﬁhe%uﬂ

oxepino[3',4':6,7]indolizino(l,2-blquinoline-3,15-dione (1j)
I_,( 10-tert- butyl oxycaF‘bUWlla‘Bn nothF‘-(Z-Procedure described  above,

icdopyridone (10e) (16 mg, 0.033 mmol) was reacted with
10 _para—acetoxyphenyllsonltrlle (16 mg, 0.1 mmol ) and
hexamethylditin (16.7 mg, 0.051 mmol) in benzene (0.5 mlL).
Chromatography (CH2Clz:Acetone 5:1) gave compound (1lk) 7.1

mg (41%) as a tan solid: IH NMR (300 Miz, 'CDC13) 8 0.19 (s,

9 H), 0.82-0.8% (m, 2 H), 0.92 (t, J =7 Hz, 3 H), 1.95-2.06
15 (m, 2 H), 2.42 (s, 3 H), 2.94-2,98 (m, 2 H), 3.23 (d, J = 14
Hz, 1 H), 3.46 (d, J = 14 Hz, 1 H), 2.59 (br s, 1 H), 5.08
(d, J =19 Hz, 1 H), 5.24 (@8, J = 19 Hz, 1 H), 5.35 (4, J =
15 Bz, 1 H), 5.68 (4, J = 15 Hz, 1 H), 7.41-7.49 (m, 2 H),
7.60 (d, J =2 Hz, 1 H}, 7.96 (4, J = 9 Hz, 1 H)}; HRMS (EI)

20 m/z calcd for CpgH3zN206Si (M+*) 520.2030, found 520.2017

LRMS (EI}) m/z 520 (M*}, 491, 478, 463, 445, 431, 421, 406,
393, 399, 333, 305, 261, 178, 109, 73.

{(+/=~) 5-Ethyl-1,4,5,13-tetrahydro-5-hydroxy-10-hydroxy-12-
{(2-trimethylsilylethyl) -3H, 155~

25 oxepino[3',4':6,7]indolizincfl,2-b} quinoline-3,15-dione {11}
(10-hydroxy-7- (2-trimethylsilylethyl)}homocamptothecin)

Following the procedure ocutlined above, compound

(1k) (7.1 mg, 0.014 mmol) was reacted with KpCO3 (2 mg, -



above, 20 iodopyridone (10c) (16 ng, 0.033 nmol) was reacted with

par a- - Bocam nophenylisonitrile (21.6 ng, 0.1 nmol) and heXdamaEnyRei4 i n
(16.7 ng, 0.051 nmmol) in benzene (0.5 nlL). Chromatography (CH2C12: Acet one
7:1),g9ave conmpound (1j) 10.7 ng (56% as a brown solid: 1H NVR (300 MHz,
CDC13) 8 0.20 25 (s, 9 H), 0.83-0.93 (m 2 H, 0.99 (t, J =7 Hz, 3 H,
1.60 (a, 9 H, 1.93-2.10 (m 2 H, %:90-3.05 (m 2 H, 3.24 (d, J= 14 Hz,
| H , 3.44 (d, J =14 H, 1 H , 3.¥?br s, 1H , 503 (d, J =19 Hz, 1
H, 5.20 (d, J =19 Hz, 1 H), 5.33 (d, J =15 Hz, 1 H , 567 (d, J =15
Hz, | H , 088 (wmol} Hin K BOMEOBHHIC 44olngich.H) The 7.:85ifde Was 9 Hz, 1 H)

8 .11 (br S 4 H. HRVE (EI) miz calcd f H39H306Si
( M) 577.(2230 , %%%%@%%Y‘?%ﬁ%‘%%?ﬁ:\?'%%Ezg%fflz"ﬁf/ﬁ‘s)"?@g‘é‘(i“? @'jf 462, 4I34,
417, 378, 3P4 #80,(35%B, ak08a 71164/ -do1rid: 1§ NMR 5(300 MHz,

5-Ethyl-1,4,5, 13-t etrahydro-5- hydroxy-10-acet oxy- 12- -

(2-tri nethy@QﬁlB§¢QQQQQI§-Q3H§§5F?' 9 H}, 0.68-0.92 (m, 5 H), 1.80-1,95

oxepi no[s3', f; 6, #) | ndebizigaolid, 25 hquing! ige- 3, 13,djon k)

(10- acet oxyﬁn'/- ISzﬂt ri met hyl'si I(yl g,?t Eﬂ;al')%g%oégﬁp%ot ﬁéc%én) e'LFg%f 03\/\2239 t he
procedure dEscPrbkt BEaboldl) » Pebopleri dode 6188) (.16 aylS Gz03B Himol ) was
eact oo w 4500 (aracacal agypbemy) real (a8 (60, @ Bt
exaret hyl dj tjn . 7..ny, 0. mpl ) in benzene (0. : r omat ogr aphy
(mzclzzAceJE@ﬁ‘e (éf Ty z{davg'qcoonlﬁC)uﬁdH)(’llz)'s%. @ Wy=(2185 ds®y HH¥Ssol i d: 1H

NVR (300 MHzsr)CORL3) Sated 9265, ekl onfdsd2- 0nB9 (s 203, Bn9Q (t, J = 7
Hz, 3 H), 1.95-2.06 15 (m 2 H), 2.42 (s, 3 I—f) 2.94-2.98 (m 2 H), 3.23
(d1 J =144 478.1915 LRMS (EI) m/z 478 (M*t), 463, 431, 418, 393, 37s,

“364, 305, 261, 153, 117, 105, 91, 73, 58.

(+/-) 5-Bthyl-1,4,5,13-tetrahydro~5-hydroxy-10-amino-12- (2~

trimethylsilylethyl) -3H, 15H-

oxepino[3',4':6,7]indolizino [1,2-blquinoline-3,15-dione (1im)
15 (10-amino-7-(2-trimethylsilylethyl)homocamptothecin)

Trifluorcaceticacid (0.1 mL) was added to a

solution containing CH2Clz (0.5 mb) and compound (ii) (10.7

mg, 0.018 mmol) and the contents were stirred at 22° C.
After 5 h, the mixture was poursd into sat. NaHCOz (2 mh)

20 and extracted with EtOAc (6x2 mL). The EtOAc was dried
(NapS04), concentrated and chromatographed (CH2Cl2:MeOH

96:4) to give (Im) 6.7 mg (78%) as,a yellow solid: I1H NMR
(300 MHz, CDC13/CD30D} & 0.059 (s, 9 H), 0.70-0.92 (m, 5 H),
1.82~1.98 (m, 2 H), 2.80-2.92 (m, 2 H}, 3.08 (d, J = 14 Hz,

25 1 H), 3,29 (4, J = 14 Hz, 1 H), 5.00 (s, 2 H}, 5.29 (4, J =
i5 Hz, 1 H), 5.52 (d, J = 15 Hz, 1 H), 6.95 (d, J = 2 Hz, 1
H), 7.18 (dd, J1 = 9 Hz, J2 = 2 Hz, 1 H), 7.38 (s, 1 H),
7.83 (d, J = 9 Hz, 1 H).



Hz, 1 H, 3.46 (d, J =14 Hz, 1 H, 3.59 (br s, 1 H, 5.08 (d, J=1
1H , 524 (d, J =19 H, 1 H , 5.35(d, J = 15 Hz, 1 H , 5.68 (d,
15 Hz, 1 H , 7.41-7.49 (m 2 H , 7.60 (d, J =2 Hz, 1 HyJanuedp20Qy J = 9
Hz, 1 H ; HRWMS (EI) 20 mlz cal cd for C28H32N206Si (M+) 520.2030, found
520. 2017 LRVB (El') mz 520 (Mm+), 491, 478, 463, 449, 431, 421, 406, 393,
379, 333, 305, 261, 178, 109, 73. (+/-)

5-Ethyl -1, 4,5, 13-t etrahydro-5-hydroxy-| 0- hydroxy | 2-

(2- trlnethyIS|IerthyI) 3H, 15H 25

oxepi no[ 3',4':6, 7]indoli zino[ 1, 2- b] qui nol'i ne- 3, 15-di one (11)
(10-hydroxy-7-(2-trhnmndnghsthylpﬁds¢hyhfmnﬁuiﬁphohiﬁxﬂaéh Betdimetig t he

d N 14 - ted
N th Kooos LatbERto I eneEO IR NAEy SR btYe s paes BE O b B0l i on.  The
resi due wasindehstenedt sgraphett (EFRUL2is Aodednefqr 19hattopgrmﬁet:@n90und (11)
2.6 ngy (395&1365 vari/@A iloRw %th Qe Jn'a'.'dél (%QQSéV"Bkln@&CJr?»! R0+ 8 0.042 (s,

9 Ft
J

9 H), 0.68-0.92 ( H, 1.8 95 5 2 H, 2.83-2.95 (m 2 H), 3.07
(d, J =314 Whmit Rﬁpastlz@ ff?.fﬂ tjie FRiNYS Oi Hye imvestian ezcept ag og (d J =
15 Hz, 1 H)it mhy e (@mitkd b5t folldWing é1ndd, J = 2 Hz, 1 H) , 7.26-

7.34 (n1 1H , 7.40 (s, 1 H , 7.89 (d, J =9 Hz, 1 H ; HRVS (EI) m z
cal cd for C26H3ON205Si (M) 478.1924, found 10 478.1915 LRVS (ElI) mliz 478
(M+), 463, 431, 418, 393, 379, -364, 305, 261, 153, 117, 105, 91, 73, 59.
(+/-) 5-Ethyl-1,4,5, 13-tetrahydro-5-hydroxy-10-am no- 12- (2-
Lrinethylsi.lylethyl) 3H, 15H
(oxepino[S',4':6,7]indo|izino[1,2-b]quinoliane-3,15-dione (Im




15 (10-am no-7-(2-trinmethyl ailylethyl)honocanptothecin) Trifluoroaceticacid
(0.1 nm.) was added to a solution containing CH2C12 (0.5 nL) and conpound
(1i) (10.7 g, 0.018 mmol) and the contents were stirred Qvam@nC2004fter 5
h, the m xture was poured into sat. NaHCO3 (2 nL) 20 and extracted with

Et OAc (6x2 nL). The EtOAc was dried (Na2SO4), concentrated and

chromat ogr aphed (CH2C12: MeOH 96:4) to give (Im 6.7 ng (78% as, a yellow
solid: 1H NWVR (300 MHz, CDC13/CD30D) 8 0.059 (s, 9 H, 0.70-0.92 (m 5 H),
1.82-1.98 (m 2 H , 2.80-2.92 (m, ﬁ{)lsp , 3.08 (d, J =14 Hz, 25 1 H) , 3.
29 (d, J =14 Hz, 1 H , 5.00. (s, 2 , 5.29 (d, J = 15 Hz, 1 H, S.52
(d, J = 15whzt v Haih.i85 (d, J =2 Hz, 1 H , 7.18 (dd, J1 = 9 Hz, J2 = 2
Hz, 1 H , 7.38 (s, 1 H , 7.83(d, J =9 Hz, 1 H. 9 January 2004 8

Al t hough the present invention has been described in detail in connection
with the above exanp| esa bémpcunkiOnbeingubEer&iaadat hat such detail is solely
for that purpose and that variations can be made by those skilled in the
art 5 without departing fromthe spirit of the invention except as it may
be limted by the follow ng clagnmsgs 9 January 2004 What we claimis: 1. A
conpound having the fornmulaggl) l-ih racemic form enantionerically enriched
formor enantionerically puré rein RlL and RZ;are independently
the sane or different

An racemic form, enantiomerically enriched form or

enantiomerically pure form;

5 wherein R' and R® are independently the same or different
and are hydrogen, -C(O)R' wherein R’ is an alkyl group, an
‘alkoxy group, an amino group or a hydroxy group, an aikyl
group, an alkenyl group, an alkynyl group, an alkexy group,
an aryloxy group, an acyloxy group, —OC.(O)OR", wherein R? is

10 an alkyl group, -OC(O}NR°R® wherein R* and R® are
independently the same or different, H, -C{O)Rf, an alkyl
group or an aryl group, a halogen, a hydroxy group, a nitro
group, a cyano group, an azido group, a formyl group, a
hydrazino group, an amino group, -SR°, wherein R° is

15 hydrogen, -C(O}R®, an alkyl group or an aryl group; or R
and R®* together form a chain of three or four members
selected from the group of CH, CH,, O, S, NH, or NR®,

wherein R* is an C,-C; alkyl group;

R® is H, a halogen atom, a nitro group, an amino group, a

20 hydroxy group, or a cyano group; or R* and R® together form



and are hydrogen, -C(OR wherein Rt is an al kyl group, an al koxy group,
an am no group or a hydroxy group, an al kyl group, an al kenyl group, an
al kynyl group, an al koxy group, an aryloxy group, an acyldsgnugno2@i4 - oC
(O ORa, wherein Ris 10 an al kyl group, -OC (O NRBRb wherein Rn and Rb
are independently the sane or different, H -C(OR, an alkyl group or an

aryl 9 OUReq, @ p]?&ogen, a hydroxy group, a nitro groupp-AuS¥ase: 9roup, an
azido group, "a tornyl group, a hydrazino group, an amno group, -SR,

wherein R is 15 hydrogen, -C(OR , ggn al kyl group or an aryl group; or R1
and R2 toget her forma chain of three or four nenbers selected fromthe
group of CH2, Q, S, NH aqr NR15 wherein R15 is an C -C6 al kyl group;
R3 is H, aah%llFadﬁ’eﬁfa'tﬂb'?ﬁe RInEPT TGIBERS sateshrAofERBERe SO %y dr oxy
group, oOr gHLYANP @reupwHOroxrRBRANd R3 toget her form 9 January 2004 WO

00/ 61146 86 PCTI U500109401 a chain of three or four nenbers selected from
the group of CH, CH21 O 5, NH, or NRL5; R' is H F, an am no group, a

Cl- 3 al kyl Rgrgypn arC2z8 aahkeéNYtoW,0uP, cf £2a8K0 Ky, 910U, 42
trial kylsil group 5 or a Cl1-3 al koxy group; erein at |east one of RI,
R2, R3 and2 e‘?Ysl SEPURY, AnCad K PALkYRY o (FF o8P a 2hAFdaE gt oY ROWws a Cl- 10

al kyI giz0URy &Mk Ekgfy,%g B, an al kynyl group, or a benzyl group; 10 -R6
is -Si (RBR9R10) or - ( % (RaR9R1) , wherein R is an

wherein at least one of R', R}, R’ and R’ is not H, an alkyl

group or a halogen atom;

R° is a Ci1-10 alkyl group, an alkenyl group, an alkynyl

group, or a benzyl group;

10 R® is -Si{R*RR¥™) or -(R")Si (ﬁ“R’R“) , wherein R' is an
alkylene group, an alkenylene group, or an alkynylene group;
and R®, R’ and R are independently a Cj-19 alkyl group, a
C2-10 alkenyl group, a Cp-1p alkynyl group, an aryl group or
a -(CH,),R" group, wherein N is an integer within the range
15 of 1 through 10 and R* is a hydroxy group, an alkoxy group,
an amino group, an alkylamino group, a dialkylamino group, a

halogen atom, a cyano group, -SR° or a nitro group;
R" is H, F or -CH,;
R¥ is -C(O)R* or H; and

20 pharmaceutically acceptable salts thereof.

2. The compound of Claim 1 wherein RY is H.



15 al kyl ene group, an al kenyl ene group, or an al kynyl ene group; and Re, R9
and R10 are independently a Cl1-10 al kyl group, a C2_10 al kenyl group, a
C2-10 al kynyl group, an aryl group or a - (CH )NR'' group?9 Jamerel@0N i s an
integer within the range of 1 through 10 and RII is a hydroxy group, an
al koxy group, an am no group, an al kylam no group, a dial kylam no group, a
hal ogen atom a cyano group, -SR or a nitro group; R13 is H F or -CH3;
R16 is -C(OR or H and 20 pharmaceutically acceptable salts thereof. 2.
The conpound of Claim1 wherein R16 i& #H 9 January 2004 3. The conpound of
claim2 wherein R2 and R3 together forma group of the formula -Q(CH2),,0O

wherein n_represents thed Ngslnd OF 2128, TNR.GRIROUR] of Qhaim 2
wherein R5 is an ethyl group, an allyl group, a benzyl group or a
propar gyl ester rfEm Pharesppolinghef f@milm 20(F8ePn Rieis H. 6. The

conpound ofreGlkatdnce Vher@kBgRd 1 $rap, ethyl group. 10 7. The conpound of
Claim6 wherein R is H 8. The conpound of Caim7 wherein Re and R are

met hyl groups, R1O is a tert-butyl group or a nethyl group, R is Hand R
is H 9. The conpougd Ofryl aidR8udese iRdni 5 HneM, 1ps 04Oy
‘5 ethyl group, an allyl group, a benzyl group or a propargyl

group.
5. The compound of Claim 2 wherein R is H.

6. The compound of Claim 5 wherein R°® is an

ethyl group.
10 7. The compound of Claim & wherein R* is H.

8. The compound of Claim 7 wherein R® and R® are
methyl groups, RY is a tert-butyl group or a methyl group,
R' is H and R® is H.

9, The compound of Claim 8 wherein R® is H, NH,
15 or OH.

10. A method of synthesizing a compound having
the formula




10. A method of synthesizing a conpound having the fornula 9 January 2004
818 via a cascade radical 4 + | annul ation wherein the precursor R 5 1is
reacted with an.arylisonitrile having the fornula NC wher e #anuarns2@04 adi cal
precursor; wherein R} and R2 are independently the sane or different and
are hydrogen, -C(ORf wherein Rf is an al kyl group, an 10 al koxy group, an
am no group or a hydroxy group, an al kyl group, an al kenyl group, an

al kynyl group, an al koxy group, an ar?‘/ég%y group, an acyl oxy group,
-OC(O)ORd, wherein Rd is an alkyl group” -0OC (0) NRaRR wherein Ra and Rb
are independently the sane or different, H -C(ORf, an al kyl 15 group or
an aryl gr ok, aacdbhagersdiaadydroxyagiQuRiod WHdre®ndnkapdasyrs2204 group, a
cyano group, an azido group, a fornyl group, a hydrazino group, an am no'
group, -SR, wherein R is hydrogen, -C(ORt, an al kyl group or an aryl
group; or R and R2 together forma ghain of three or four nenbers 5

sel ected fromthe group of CH%\ , NH, or NR--5, wherein R5is an:
oggn dto

Cl-C6 al kyl group; R3 is H, s % nitro group, an am no group,
a hydroxy group, or a cyano Qgroupx R3 together form a chain of
three or four nembers selected fromt & atfp of

or the precursor

5 is reacted with an arylisonitrile having the formula

wherein X is a radical precursor;

wherein R' and R® are independently the same or different
and are hydrogen, -C(O)R® wherein R® is an alkyl group, an
10 alkoxy group, an amino group or a hydroxy group, an alkyl
group, an alkenyl group, an alkynyl group, an alkoxy group,
an aryloxy group, an acyloxy group, -OC{0)}OR?, wherein R? is
an alkyl group, -OC{O)NR’R® wherein R* and R® are
independently the same or different, H, -C(O)RY, an alkyl
15 group or am aryl group, a halogen, a hydroxy group, a nitro




10 CH, CH,, 0, S, NH, or NR3's; R4 is H F, an amno group, a Cl-3 al kyl
group, a C2-3 al kenyl group, a C2-3 al kynyl group, a trialkylsilyl group
or a Cl-3 alkoxy group; R5 is a Cl1_10 al kyl group, an al kéhjanug 4 an

al kynyl 15 group, or a benzyl group; R13 is H F or -CH3; and R6 is H, an
al kyl group, -Si (RBROR26) or -(R 7) Si (RBROR1l) , wherein R is an

al kyl ene group, anti al kenyl ene group, or an al kynyl ene group; and R9, R
and Rl are independently a 20 Cl1_10 alk él group, a C2-10 al kenyl group, a
C2_10 al kynyl group, an aryl group o’ (CH) ,,R-" group, wherein Nis
an integer within the range of 1 through 10 and R' is a hydroxy group,
an al koxy gg"x&up. an c@ﬂh@Ogﬁ@Jp,arﬁrhzj_abk)éanﬁ@ 102 OEQHRy1 agHu@l, Kyl ami no

gr oup, al_é’%%en atom a 25 cyano grou -SR_or anitro g‘rou_p. 9 January
2004 0 00/ B ETA8- BT AERRY 0880151 5 meeRod, YBFEREhi i 10 wher oi n R2
and R3 t ogetdreged.or @) BT.owye efikiyhegformrmdra anQEEH2) 'gBsuphesei ® n
represents Lhe integatndy Oboty 12 cullif WR Nagol () abn 10 yhiorein RS is an
ethyl 5 group, an allyl group, enzy group or”a propar gy group group.
13. The Tret$/36<b#d CEag™n Yo vxﬁéqnm noiX F8, BFHor 4. S14NEThermd®iod of O aim

13 V\,her ei N JRerksn Hi*s 13 adhe-dBhiReh Qhofhai m 14 wherein RS is an ethyl

R’ is H, a halogen atom, a nitro group, an amino group, a

hydroxy group, or a cyanoc group; or R’ and R® together form

T

a chain of three or four members selected from the group of

10 CH, CH,, O, S, NH, or NR*;

R' is H, F, an amino group, a Cj-3 alkyl group, a Cz_3
alkenyl group, a Cz-3 alkynyl group, a trialkylsilyl group
or a Ci-3 alkoxy group; o

R® is a Cp-10 alkyl group, an alkenyl group, an alkynyl
15 group, or a benzyl group;

R" is H, F or -CH,; and

R° is H, an alkyl group, -Si{R®R°R¥) or -~ (R’)Si(R°R°RY),
wherein R’ is an alkylene group, an alkenylene group, or an
alkynylene group; and R?, R’ and RY are independently a
20 Cy-10 alkyl group, a Cz-310 alkenyl group, a Cz-10 alkynyl
group, an aryl group or a -{CH,},R" group, wherein N is an
integer within the range of 1 through 10 and R¥ is a
hydroxy group, an alkoxy group, an amino group, an
alkylamino group, a dialkylamino group, a halogen atom, a

25 cyano group, -SR° or a nitro group.



10 16. The nethod of Claim15 wherein R is H 17. The nethod of C aim 16
wherein R8 and RO are nethyl groups, RO is a text-butyl group or a nethyl
group, R i s Hand R3 is H 18. The nethod of O aim 17 whéariany B804 s H,
NH 115 or OH 9 January 2004 91 19. The use of a pharnaceutically effective
anount of a conpound of claim1l for the manufacture of a nedicanent for
treating gypaisiaat for cancer or leukema. 5 20. The g&fuShasbal Mm 19,
wherein the patient is treated for brain cancer, breast cancer or

| eukemi a. 21. The use of a pharnacenically effective anount of a 10
conpound of claim 18 or a pharmaceutically acceptable salt thereof for the
manuf acture of a nedicanent for treating a patient for _cancer _or |eukem a.
22. The use of cl ai HZl,r%%\?hé?eéihﬁdt'% pE33Eni 0 vhereik e8® B2 ¥ brain
cancer or |wegkesa.fa28. aTkeouseodf theCapparnd of (AOY oONGhefeid @i s 1-9, or
a pharmaceuticall c salt_.thereof, for the manufacture of a

medi canent ‘Tor- f%étgﬁa%g&% %?éhfrf%F 20 cancer or |eukem a. 24. The use
of claim 23, wherein the patient is treated for brain cancer, breast

cancer or | eukem a.
12. The method of Claim 10 wherein R® is an ethyl

5 group, an allyl group, a benzyl group or a propargyl group.
13. The method of Claim 10 wherein X is Br or I.
14. The method of Claim 13 wherein R® is H.

15. The method of Claim 14 wherein R® is an ethyl
group.

10 16. The method of Claim 15 wherein R* is H.

17. The method of Claim 16 wherein R® and R’ are
methyl groups, RY is a tert-butyl group or a methyl group,
R' ig H and R* is H.

18. The method of Claim 17 wherein R® is H, NH,
15 or OH.



10

15

20

19.

20.

21.

22.

23.

24.

9 January 2004
91

The use of a pharmaceutically effective amount of a
compound of «c¢laim 1 for +the manufacture of a
medicament for treating a patient for cancer or

leukemia.

The use of claim 19, wherein the patient 1is treated

for brain cancer, breast cancer or leukemia.

The use of a pharmaceutically effective amount of a
compound of claim 18 or a pharmaceutically acceptable
salt thereof for the manufacture of a medicament for

treating a patient for cancer or leukemia.

The use of claim 21, wherein the patient is treated

for brain cancer or leukemia.

The use of a compound of any one of ¢laims 1-9, or a
pharmaceutically acceptable salt thereof, for the
manufacture of a medicament for treating a patient for

cancer or leukemia.

The use of claim 23, wherein the patient is treated

for brain cancer, breast cancer or leukemia.






