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R ROR
(57) Abstract

A compound has formula (1) in racemic form, enantiomerically enriched form or enantiomerically pure form. RS is preferably
-Si(RERR!0) or ~(R7)SHRIRIR'®), wherein R7 is an alkylene group, an alkenylene group, or an alkynylene group; and R8, RS and R0 are
independently a Cy_tp alky} group, a C2-10 alkenyl group, a C2-10 alkynyl group, an aryl group or a <{CHz)nR!! group, wherein N is an
intsger within the range of 1 through 10 and R}! is a hydroxy group, alkoxy group, an amino group, an alkylamino group, a dialkylamino
group, & halogen atom, a cyano group, —SR® or a nitro group. RI-R4 can be broadly substituted. RS is preferably a Cj_jg alkyl group, an
alkenyl proup, an alkynyl group, or a benzyl group. R is preferably H, F or ~CH3. R!8 is ~C{O)Rf or H. The E-ring (the laclone ring)
may be opened. A method of synthesis of compound (1) and intermediates in the synthesis thereof are provided,
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Field of the Invention The
invention relates to novel conpounds and nethods 8Mapyay2P8ti on

t hereof and, particularly, to E- ring expanded canptothecin derivatives or
10 .

anal ogs and to

met hods of preparation of such canptothecin anal ogs.
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inhibitors now being used as anticancer drugs. Topotecan (tpt) and CPT-11
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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.

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
{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,
g-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

n a marked | oss 9 January

epi thelial ovarian cancer, topotecan again in 1998

i ne



of anticancer activity. It is the key a-hydroxyl actone pharnacophore
within clinically relevant canptothecins that hydrolyzes at physiol ogical
pHto yield a biologically- inactive and potentially toxic2Haayay¢004
carboxylate form 5 Fassberg, J. and Stella, V.J., " A Kinetic and

Mechani stic¢c Study of the Hydrolysis of Canptothecin and Sone Anal ogues”,
J. Pharm &R 676-684 (1992): Hertzberg, R P., CaFSHPY} 3.  “and
Hecht, S.M, "On the Mechani sm of Topgi sonerase | Inhibition by

Canpt ot heci n: Evidence for Binding to an 10 Enzyne- DNA Conpl ex",

Bi ochem stry 28: 4629-4638 (1989); Hsiang, Y-H , and Liu, L.F,,

"1 dentificaPf oAPbfcavRATRAFEYIENA Topoi soneraskey @syabotylacaesd | ul ar
Target of tphravakhb ehritPIMoG i.n", .Cance es.. 48; 1722-1726
(1988) ; an§ J xei , C., Kohn, %%%Lﬁ\;&%%lgw ,‘?B\VQE?F SHES, "8 Pommi er,
15 Y., "StrifEmreRit fhi BRYeteiRsisnl Cafipttst hetsld Der bratégieslnn Mammal i an
Topoi soner aseadtivEyisenqecbotia 19padfii-C o] i d el ation to
Anti t unog A%‘LQQEE-'%"’ Caalqge%te@gs. 9; §07}§-%§_0 2 %i@%ﬁé‘;ﬁa%@ef é%’éﬁces set
forth herein - incPud ng ot hoed2sel For { P adovetiqrpdt abechanaseic

under st andi fgadf ofhehe@lygrekeris bhvenpiothediRChitsiRimeOhndt JsBEST €NCE herein

is not intgndegd 4,0 #41 dges Bo.consti e gn adm ssion that the reference
is prior art With respect to t%g&rplrte(%;en)’iﬁ SRCFEH. RTher SBF@Rtar es of

canpt ot heci ¥-*hnd 288nE=B1C i EM- i i§5r thetMemhahigs cfr Fosbinumebateovy 9 January
2004 WO 00/ Mtsofpcwumbegﬁ%lgt 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:



Etw OH 0 canptothedn (cpt) topotecan (tpt) SN38,R=H CPT-1t. R =
pi peridi ny! piperidine carhamate 9-am rw canptothedn (9-AC), R = NH2
9-nitro canptothecin. R = NO2 Gl-147211G DX8951f Recent r e 9laPuaY P4 t
have shown that agents such as 9-am nocanptothecin and canptothecin (cpt)
di splay ver oor stabilities in human bl ood due -to high affinity 5
bi ndi ng i n‘F%g“é“g{“Pons bet ween their carboxyl ate forns aBRE8V/URGA ser um
al bumin (HSA). Burke, T.G M, Z., Jigng, Y., and Munshi, C B. "The
| nportant Role of Albumin in Determning the Relative Human Bl ood
Stabilities of the Canptothecin Anticancer Drugs", Journal of
Q_Sci gnces, :34: 519 (1995);, , T.G and M, Z. "The
bf »-Zanpt ot he PSer um Al bumi n:

' ! 37: 40-46

: % ential interacti0f sOof Canpt ot heci n

Lactone and 15 Car boWICate Forms with eddean Bl ood Conpof®
Bi ochenistry, Saonedid5- 10336 (R84 and M, Z., Malak, H, "and Bur ke,
T.G "Reduced Al bum n Binding Pronotes the St W*Iﬁwwuﬂenmrw@tamawl ty of
Topotecan in Human Bl ood", Biochem stry, 34: 13722-13728 (1995), the
di scl osures ofy which are incorporated 9 January 2004

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



W) 00/61146 PCT/ USOQ 09401 4 herein by reference. Frequency-domain lifetine
fluorometry experinents revealed that human serum al bum n (HSA:)f
preferentially binds canptothecin carboxylate with over a 2288U4%128%i 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 btYRi®H&446A Fr equency- Domai n Fl uor escence Spect FS%"E%BY“&“M St udy",

Bi ochem stry, 33: 12540-12545 (1994), ,the disclosure of which is

i ncorporated herein by reference. This 10 differential binding of

carboxyl ate over |actone results in canptothecin and 9- AC openi ng nore
rapi dly and €6t dvelspiprencehe Fresemee - ddmaHSA 1t Baninen A1israksence of the.

protein. | nexpeidanpl aspBvedibly 7. ¢pand canptothecjn and 9- AC both open
rapidly and es$enti ally coc,errpl etely to %Yr%glst S%rgﬂ"i gl‘ag%"ﬂ“’fS 088244 | act one

| evel s” at e§OFTTHFF LT Wi ingst Fa Brtdente chrbisSAape ombtiesobact one ring

openi ng for leanptidt hegher antkidi AL, comggell @0 o g%tggthgggnl jpid bilayers in
general prefgerenti aglltl% oRipnd the el ectroneutral 1actone forms of

canpt ot heci ns’ over eit Tespatti ve'Etet | vetsceRateed Venididrys at e | act one
20 forns. ' BERQENINY G theSt dubusictons , ol stumbtofhdein aRdeidblak,, H .

"Li posomal Righiiiszatign < cin's Lactone Ring", J. Am Chem

Soc. 114: 8318- 8319.(1392%3%%59%%%?11 T.%“?reﬁ\ﬂeé‘ﬁ?a,SPR.cRF?S%h?, M, and
Vall, M, "CFpid BRleshemista.t 38k bR TG -aRSH St @bk | yehef aCarmalsatdeci n

Drugs"”, 25 Btochemhstiy, (RorbeRd=a368edeiQ93), 'M}[%Ig;lgé:l osuges_of which
care | nc%porahed hgreli '},-b}é- reference. Drug interactions with
[ differentia inding 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, Scc. 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.



erythrocytes thereby pronote active |actone levels in blood. 9 January 2004
WO 00/ 61146 PCTI USOQ' 09401 5 Lact one/ Carboxyl ate Equilibrium H2O | act one
canptot hecin series, n = 0 carboxylate honocanpt othecin sdpauary g0
Recently, Lavergne et aI have shown that expansion of the E-ring of
canptothecin to produce a "honocanptothecin” enhances the sol ution
stability WPOEIHENpt ot hecin whil e nalntalnlng ant i canc 8FTHB0{0%40% v
Lavergne, 0., Lesueur-Gnot, L.., Ro F. P., Kasprzyk, P. G, Ponmmer
J., Demarquay, D., Prevost, G, UIibarri, G, .Rolland, A,
Schi ano- Li beratore, A -M, Harnett, J., Pons, D., Camara, J., Bigg, D.
"Honocanpt ot heci ns; Synt hesi s larchelBrbugkie EymbsiumAct | vity of Novel E-Ring
Modi fied Canptothecin Anal ogs”, J. Med. Chem, 41, 5410-5419 (1998); and
Lavergne, 0., Lesueur-Gnot, L., Rodas, F. P.,and Bigg, D.,"An E-Ring
Modi fi ed Canptothe0|n Wth Potent Antlprollferatlve and Top0|sonerase I
inhibitory Acti o :org Med. g%henl 15 Q@35-2238 (1997). The
' u

nodi fication t in the dies o et OHl . i nvol ved
insertion of a net ylw acer between the Topality and the

car boxyl group of the pa
canpt ot heci n. I ncorporati

into canptothecin was found to

lactone camplothecin series, n=0 carboxylate
homocamptothecin series, n =1

al |y occurring six-nenber ydr oxyl act one of
' i oxyl actone ring

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.



i nprove the solution and plasnma 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 system used to describe 2588¥2¥%8R¥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 heCYOH4¢ | y of drugs, it remains very desirabP@¥8%¥del op

i mproved conpounds in this famly of drugs and to devel op inproved
synthetic routes for 10 producing stich dr ugs. Sunmary of.the Invention The
present invention provides generally for a conpound having the follow ng
formula (1): (1) 15The r @Ccewturor HFf enanki OMnceakpibr@rEi€hedsf or m or
enanti omeri e_for 9..Janua 2004 00/ 61146 PCT/ USOO 09401 7
wherein R L%ﬁ%#%pgéeali 'ndgél;r:f)dent_E}-l]eentrfuylcbf\éﬁ:'ém%asr?i'svs\'(ggF‘1 &Sf’%el’:gngs‘é are

hydr ogen, -9GCH) Rvpaprdseipne Rhows balaml:kyl group, an al koxy group, an amino
group or a hydroxy group, an al kyl

= O
N
N/ \
7 o)
Et 0
OH
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;



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 al kyl group,

-OC(O NRRb wherein R and e are |ndependently the same or 8iAReEnERDO4 H,
-C(OR2, an alkyl group or an aryl group, a hal ogen, a hydroxy group, a
nitro group, a cyano group, an azido group, a formyl group, a 10 hydrazi no
group, anwamsn4group, -SRC, wherein Rc is hydrogen, pansos¥ssoian al kyl
group or an aryl group; or RL and R2 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 a rau anz h o] cy OUQe ¢ and R3

t oget her fgrrg'ﬁ]gglarg lﬁa%ﬁdo l?Jeei%dre%%oHrQnﬁnbe g %’[regﬂffrg e group of
CH, CH2, 0,anB, akh, hm:h:oums ~QHBRE] WheRasE N & abs @l_n C%'Uﬂllkwlrougroi{p 20 R4 is
H F, an amhpg,gr ,2aflani ko Qa's':paa Ryhlosy %dﬁ%nylangra , a C..3

al kynyl group, a trialkylsilyl group g‘ 3 al group; wherein at

| east one GFORP, F® alRBMYhHETREP; Salh(ﬁllq;qnyéngmqew angg oBT3®ral ogen at om

55 R5I | % add ariloat k#buﬂr mmpac@rb:@} kb, gxcmxmonfn ahkyeid Rgroup, or a
enzyl grou LR7 RB grein R7 is an
al kyl ene 3% grR((;illfﬁ ﬁm 1?(enyl ene 8?‘(?11 l‘% (n yangn\gﬁgro p 9 January
2004 WD 00/i68enendeCTLiSEbE 06401 or different, H, *C(O) R®, 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 members 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;



S and Re, R9 and R1D are independently a G _10 alkyl group, a C2_10

al kenyl group, a C2_10 al kynyl group, an aryl group or a - (CH2) "R11
group, wherein Nis an integer within the range of 1 thro8gRNYaYZRB4R11 is
a hydroxy group, an al koxy group, 5 an am no group, an al kylam no group, a
di al kyl am nog{group, a halogen atom a cyano group, -SR or a nitro group;
R13 is H WOHIMEH3: HI6 is -C (O R or H and phar maPel¥$o08¥ly acceptabl e
salts thereof. 10 R and R2 together may, for exanple, forma group of the
formula -Q(CH2) aO- wherein n represeﬁts the integer 1 or 2. Likew se, R2
and R3 together may, for exanple, forma group of the fornmula -Q(CH,)AO
wherei n n raapr eSemt satder™ i aveedadedem@en?ly i § &5 1ipS apkef esahipy an et hyl
group, an allyl roug1 a benzyl group or_a propargyl group. Most

pref er abl y,“2R Oi%kea TIRP o FBp 10 PFHEFBY AbTAPUPR 27 21 FFPBh&T enbodi nent ,
R and R are (mehpt Scoupswndtn iiSid LPNhrebalt WhithiQUPhOIraglet hyl group,
R is Hand F\Yg is 20 H, Inr@ghgls,enbodi ment , mag/ for exanple, be H, NH2
or OH 9 FAndaFyr26841 0GHof611%6* PEFFREOETEYR017® RESXY 358 er abl y H.
R16 is prefaar abino droop aran alkyllangho roubhsi dqimekerahiny, gRRGp,ia Hor -C (O

RL, wherei ) Bled %c3R, 8 ofand" MR, Mk B &f G100 %8 15 R
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.



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 aflJapyayZ86¢trile
having the fornmula 9 January 2004 WO 00/ 61146 PCTI USO0/ 04401 10 NC wherein
X is a radical precursor. Preferably, Xis d, Br or I. Mst preferably, X
is Br or wowelanuary 2004 WO 00/ 61146 11 PCTI US00/ 094’§Im,§§°"19f?3| cat ed
above, all compounds of the present invention including the

P- hydr oxyl act one group can exist in®5 racenmic form enantionerically
enriched form or 9 January 2004 12 enantionerically pure form The
formul as of such cggpqgn%&ef@§a§@g ﬁortﬁmhggebﬂeﬁgﬁﬁﬂyamnhﬁdannclude each
such form The term "radical recursoé&g) as use% E?%ﬁ n and as wel
known to t#Heye §ke¥R-ed MoFtt RESLEHROLMES Yererd | ose Tuncti onal

groups thag ¢keavaikel gpdepat elosadposiesably, R is H.

The present invention also provides a method of

5 synthesizing a compound having the formula

R' RE

or the precursor

10

is reacted with an arylisonitrile having the formula



under standard conditions of chain or non-chain radical .reactions. Conmon
radi cal precursors are the hal ogens (except fluorine), carboxylic acids
and derivatives thereof (such as thiohydroxanates), sel endgaruayy 20fbups,
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&O4M 4 sure of which is incorporated herei RCHPS¥P48% ence. The
terms "al kyl", "aryl" and ot her grougﬁ 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 Cl1-Cl15 (that is, having 1gto 15 carbon atons) al kyl groups, and
nore preferably Cl-Cl0 al kyl grouss, land 20 can be branched or unbranched,
acyclic or cyclic. The above definmii-n of an al kyl group and ot her
definitions apply also when the ggroygNng a substituent on anot her group
(for exanple, an al kyl group as a sghstituent of an al kylam no 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 io0do. ThRrkenn "al kOxudiéel §hrectifss;OR MRRELIMI Ayl $5aR1, alkyl group.
The term "aryl oxy" refers to -OR wherein Re 9 January 2004 1G 3 is an aryl
group. The Terfm d&At PE?%’?%{[B' X6 BF.°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 atoms, and nore prefer adlgnuary B0t 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 kynyPOPP8URS, respectively. The groups set forth HI5H&8 L e
substituted with a wide variety of sidbstituents 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
limted to, a benzyl group, a phenyl group, an al koxy group, a hydroxy
group, an amino groap {ndiehtéd NghovkeQ! a8XaBRRunkd €5r AN QL LLOUPS.

al kyl am no, ,di al kyl am no groups and aryl am no groups), an 20 al kenyl group,
an al kynyl ¢P8tR* 13ﬁ1‘-§8§?90£1§e drdugronRaceene gxowvr ofameixast g UpS

(- NRaRoys, Racantt Ro i, pr efrehebbyericadependent Ly.4ydrogean, acyl group,
an al kyl group, or an aryl group. Acyl groups may preferably be
substituted with (that is, Rf is) an alkyl group, a hal oal kyl group (for
25 exanpl e, a perfluoroal kyl group), an al koxy group, an am no group and a
hydr oxy group. Al kynyl groups and al kenyl groups may preferably be
substituted with (that is, RO and Rb are preferably) a group or groups
including, but not limted to, an al kyl group, an al koxyal kyl group, an
amno 30 al kyl group and a benzyl group. 9 January 2004 14 The term

"acyl oxy" as used herein refers to the



group -OC (O Rd. The term "al koxycarbonyl 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 i ncl 8denpargt28ti ve
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 oxycar bonyl, trityl. O her {sui table protecting groups as
known to those skilled in the:art are di3&osed in Geene, T., Wits,
P.GM, Protective Goups in Oganic Synthesis, Wley (1991), the
di scl osure of which is incorporated herein by reference. 1S In general,
Rl, Rz, m?nﬁﬁaioﬁizrﬁml 18 pare fcﬂ:EneL eTl@@'%rﬂxfila@W%}?EMeéc?fngﬁUhdﬁé/ t]9 mai ntain
activity of the _resultant canptot in. analog. Prefera , therefore, Ri-,
R 1. RanE R GRS HERRB T O iy Aol g, BRch SCRataiit 1'e6s ¢ han
approximately 250. Mre preferably R, R2, R3, 20 R6, R7 and Re
i ndependent|y have a mol ecu] ar_ weight |ess than approxi mately 200. Sone of
the canptotheci n anTFod§T8f "1 °pt STt PBHLIN Y1 884red for
phar maceut kgavellS &kndsnSab t hosal sRil Nl ganithe agitireFdeh generduiynot limted
to, 25 hydrochl oride, hydrobrom de,,sulfate hosphat a 9. January 2004
15 nit rgt eFoTﬁ—éoséaa%p 9 %Oéj‘g?ngﬁ%u soé:ga%acnlaeﬁvgog%eg eéﬁg? e’ff{hggal%al ts with
organi ¢ ackddesueharizrd mendabiond ndf edheédy or non-chain radical

reactions. Common radical precursoxrs are the halogens

{except fluorine), carboxylic acids 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®



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 Bdesy 2P8denti 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 B-zing anal ogs of conpounds of
formula (1) as set forth in the conpotuhds of forrmula (2). The

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

to produce;sabhen )b éfd%@t”Eﬁ%e“%EPmanfﬁﬂf%fé%sp%B'beQ)ﬁ“”'“THE the
canptotheci n anal ogs of the present invention. The E-ring may also be

nodi fi ed t 6eFRod@eESBHal offFGFF npoutideight f sFnuPEReRRAw 718 f f er ent
sol ubi l'i ty npaedddz@sn droupatveth oit Qelgt S \Rible W&)o@&ef&a&qw eve this

goal 20 |ncI ut_gre not Ilnl ed to en| hydr oxi de

or a water-"§ gﬁd%ﬂ% anlﬁ%laF%ﬁ% 6t unéi?ﬁﬁg %hg ﬁ?d%ﬁ%% group at

positi o 2@tohst HEoE- exagpim.t h- ca&m%r erselCHbII%CgR%)up Sfbh asra

pol yethyl eng,ghygol rgfa%ptsra%rgg%ﬁ S BHBoiC B BLP RS aRRE | Nt roduced
e e

either on th onpbcanpt ot heci n rivative or at an Ier stage in the
synt hesi s. 9FREP afHitogs tlﬁaét pPepareidlacond. ppyrivragsy YL &-REr words,

t hese anal QgsnéLoenaAt %nhheno@@rrgggfvasabqy wi @R M3l 80 ( EhrikoM tdrdmbe cl osed

E-ring structure) when admnistered to living organism_Sqg, G eenwal d,
RB. et 9 J‘éﬁﬁaﬁ?ﬁamm IQ—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.



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 may not
hydrol yze until the alkyl group is enzymatically cleaved. 85amurrygPedent
invention also provides a use of a pharnaceutically effective anbunt 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

| eukemi a. The conpounds of the present {d4vention may also act as antivira
(for exanple, anti-H V) agents and antiparasitic agents. The
pharmaceutically effective anount or dosage is preferably between 0.01 to

60 mg of the conpoypds,ofy, f\%%bgi s nfsredkgle%ilbogxg%/)%gég cpore 15

preferably, the pharnaceuti cal fective anmount or Is preferably
bet ween 0. BreBP 4G BF the conpounds of fornula (1) per kg of body
weight. In general, a pharmaceutically effective anount or dosage contains
an anount of the conpounds of fornmula (1) effective to display 20

antileukem c, afld (ARl ~L BRIYCRPES 10Xt LY hida aRdLoh r@fllPRLI Sitic
behavi or. Pharmaceutical cgnpositions containing as an active ingredient
of the confdGndEW CFEPMH a (1) or a pharmaceutically 9 January 2004 WO
00/ 61146 17 PCT1USOQ 09401 acceptable salt thereof in association with a
pharmaceutically acceptable carrier or diluent are al so

5 The term “carbamoyloxy” as used herein refers to
(, the group -OC{O)NR*R®.

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., Protectifre 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 maintaiz_z 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



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

bet ween the carboxylate form of a canptothecin anal og and ﬁSﬂDwﬂ%?P&4 at
the sane tinme pronoting |actone interactions with erythrocytes. An

addi tional consideration in the design of plasma and bl ood-stabl e
canpt ot heci ns concerns the structure 10 of the E-ring. The A B, E- or

B, E-ring nodified canptothecins 5 of the present invention: 1) display
enhanced stability in the presence of} HSA through elinination or

m nimzation of the highly preferential binding by RSA of carboxyl ate over

lactone forfierar). dirRl a¥mbtiddRebayelsiehs! ERORNIAS Gkt yrufH .y aRr oot €
reversi bl e associ ations of the | actone forns of the drugs with red bl ood

cell's, therBbyS sMOMR nGTaFRET eRF1d%ct P9 BRe BREerPtoflidREEINYErol ysis; and
3) display dcapatyed sdmbhbely | fuageeys Sahutciagte W foithee, di scovered
‘that the nqv bl ood-st.able 20 silyl-substituted _ homgcanpt gt heci n
(referred tm(‘)a%haerrleeslugg%%atge’\]5’553?‘31/9 éilfc-’rha dr of?%a(‘?’f: 8%%%3611 at%@gﬁs or

honosi | & ecands (¢E8TPe user pyainteswediaticleiprudse prepanagibnort ¢hn be prepared

by signifigapt,pndifigati eaeof a Lolal Syi%ﬁéi& appigpches,set forth in
U S. Patent Application No. 09/212,178, entitled 5 CAMPTOTHECI N ANALOGS AND
METHODS OF BOREPZGATHEN PHERERIE 818 S344%d Decenber 15, 1998 and U.S. Patent
Application No. 09/007,872, entitled NOVEL | NTERVEDI ATES | N THE SYNTHESI S
OF CAMPTOTHECI N AND RELATED COVPOUNDS AND SYNTHESI S THERECF and . fil ed
danuary 15, 1998 thé&cdi sahgdfiieatgionnhi chdmimdstration 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



10 incorporated herein by reference. Novel internedi ates were synthesized
to carry out the cascade radical annulation of the present i nven

tion.

R C

Several nodel conpounds of the present invention, SC“%g‘gQ‘tn t he
formul a bel ow, were studi ed extensively. R6 R2 nane 15 NH2 DB- 90
ld SiMe3 NH2 DB-38 |If Si Me2tBu OH 1 19 Si Me2tu HDB-81 1h Si Me3 H
DB- 33 The novel honpcanpt ot heci ns of e present invention contain A B- or

B-ring nodi ti i ch referential carbox Iate over
| act one bi A ri% ﬁ%dﬁ %gﬁmal i ﬁggghg?&mdip‘rlﬂ t SRS AEERESRB- ri ngs
al so mar kefitom eabpnoe o0 dt pophi | 61 t yxand pr ontie taailenemsiaa at i ons

ith |ipid,. bil t | ood |
Sxpanded PRIV aEBre o g L s B CRGTS ahlar 58

W, conmp n

tain
4 19

an

overal | stabdip tiy ehzyheriagdnyscweddeaut | oss of potency. In cytotoxicity

assays gusi
i - hydr oxyl
t he range
of which
structural

ng MDA- MB-435 breast cancer cells, the E-ring expanded

actone silatecans of the present invention display |ICbovalues in
of 2 to 1lfe Mr@'mtcdnmumlenoélsmepmxeiserst a meentdfora (sever al

ﬁiﬁé’rbs%%%“d@&f'ls;} %ﬁf@%tﬁ% ”an&r?tﬁo"ﬁ)a %uESSHE ﬁQI:multag

titution ave superi or unman Sma an unman

stabilitiesé$lthen &hehagenesitdestty badceptable salt thereof for the

10

15

20

manufacture of a medicament for treating a patient for
cancer or leukemia. The compounds of the present invention
may also act as antiviral (for example, 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
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
antileukemic, antitumor (anticancer), antiviral and/or
antiparisitic behavior. Pharmaceutical compositions
containing as an active ingredient of the compounds of

formula (1) or a pharmaceutically

eir
| ood

novel



- 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 |ed to the
identification of the nost bl ood-stable canptothecins di s%ﬂqwaﬁgm% rinsic
potency yet to be identified. An additional benefit of these new agents is
15 that the o not display any significant interspeci pations in .
bl ood stalgﬁlqugf’é% such as those of 9-AC and canptot helg(i‘srrﬁusl/gg@éﬁi bed in M,
Z. and Burke, T.G "Marked Interspecies Variations Concerning the
interactions of Catnptothecin w t# Serum Al bumins: A Frequency-Domai n 20
Fl uorescence Spectroscopic Study”, Biochem stry, '3: 12540- 12545 (1994).
This very atteppabilge featwre Skeabfl griat| yasdcachtidmt e wiltd dr g

devel opnment . process. and_the trans] ati . of expey.i.ment al_obseryati ons and
oot g scheatIBe e RE S aedto e B S thEE < 8D YmIBRY e S3E85 | of

Descri pti omivfint ftbeDrermiengd Wiegpresdnt [ihyentigtres synt hesis of precursors
for the cascade radical reactions. 9 January 2004 20 Figure 2a and 2b.

illustrate Synj[ hesi %hgf Q%ctﬁﬁa_ ri %d@g&:;ﬂl%gs of _th present .
honocanpt ot heci n/ honosi | at ecan derivatives. Figure 3 i1l uStrates a typi cal

f | uor escend@verigsr ueke foEnN® FosBFOenSpRtaly 2iftpity htndisHl BetesR (1 RM 5

7-trimet hylegbl ¥ér}:lo§9?(1§t£€ Fehandc anRhabhatelid RBni8y) ardd nEe wiRiesence and
absence of -lipid bilayer penbranes.. Fi gﬁre 4 illustrates a cqnpari son of
the equil i®ri GHE bi??&féngtb‘Fe f FIP"ROVE HBRYHY atBESTRS T BPBUVE "

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



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 fl8dre4rRRER4

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-

honbcanpt ot hecin (DE-91) in sol uti ond.8of phosphate-buffered saline (PBS)
at pH 7.4 and in PBS at pH 7.4 containing 20 album n-free red bl ood cells
at a concentration of (10 1) x 106 cell/l,. Figure 7 illustrates the

fluorescengr ol $8h18BtomPeCE ParQlcaRE 1 Orart hcgcf?cfﬁlqgegcans (hST))

7-ethyl -1 0-hydroxycanptothecin (SN-38) in s i ons of phosphat e-buffered

sal i ne (PBSIeTaVagivegn pdr cREORFEFERpHIFVERESE | IR0PBS aPrgared4 byont ai ni ng
al bum n-f r eg gned; cdaeopshiiralhsiat o2 sonaant & d&@igfaﬁ(p&%acﬁés %et06 cel I /}L
Figure 8 illlsqus rates the_pH dependence of the tability of 1 p. M
7-trinet hyl rIt§7| 2PoYa%i n Eﬁtﬁ%cﬁﬁﬁ BiateePn 8- ( 2ild850oPRtiORE of
phosphat®- btrMPEoeRECS | AMELOGRBEND aMETHEDS vorr rErakabrdly; TEEHEOB.dad and 9.0 as
det erm ned i.ng HP ho FLgur il Lustrates. the.pH endence of
the st abi |#?e@ofﬂif*§§?ﬁ€§?: bg%’yﬁ e ﬁy?'si |Pa}g%%trm§8%’t°oat%ﬁ§%i %e"?o (DBB1) in
sol uti ons o19/SR3sPtPat enbirliedr BeVE e [NFRRMEPBETES TN FHE \GMNGEESES 06. 0, 7. 4,
8.0, and 9. GuiTodicainAfS Redatiy ddRb&NDS AND SYNTHESIS THEREOF and

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 described in the formula below, were studied extensively.

Re Rr2 name

1b  SiMeBu NH, DB-90
id  SiMes NH, DB-38
1  SiMeBu  OH  DB-9%
19 SMe;Bu  H DB-81
1th  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



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
phosphate-buffered saline (PBS) at pH values of 5.0, 7.4,9gaguaryg0d. 0 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 phosphate-buffered saline (PBS) at pH
values of 5.0, 7.4, 8.0, and 9.0 as term ned using HPLC net hods. Figure
12 illustrates the inproved stabiliti of four novel honosil atecans of
the current invention in PBS 25 solution as determ ned using HPLC net hods.
9 January 2080A132sFauney 1k depi sdentlshGid A0y SsL SiraBbtiddes of four novel:
honosi | at ecans of the current invention in PBS/ HSA as determ ned by HPLC

met hods. FFYTRE* 41 dep?tiYst e RaniP PBidha Sradty i $3erofcelssf our novel

horosi | at eeads mkihde Lghhddy bnwm:?ma&%nedeéﬁaﬁeegﬂ_s usdgekPLC et hods.
Figure 15 depicts the stabilities of tTour novel honosilatecans of the

current i nPERTSN IPRHCPHS s (4RI offsr YRdHESI HF Nt pEPs| 85i 2aFPy-r el evant
concent sat noRsM.( 5Thd ) conbBundd AF ekl pidsedk ahdinvianf (e6/dx@d bf ood cells.

Figure 16 iLthstrat%s Ehebim{ro d Quma bl.ood ., stabilities, of_.four novel
. ROV E rs‘i ’
‘honosi | at e€ans” of° t € current  inventt on a‘asag LWer My WERG BPLC et hods.
their novel structural substitutions, have superior human
plasma and human blood stabilities than the agents described

by Lavergne et al.

io0 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.



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(omery 2004
canptot hecin (CPT), topotecan (TPT) and SN-38. Detail ed Description of the
I nvention 20 Met hod of Preparation The conpounds of formula 1 in the
present invention can be prepared accor :ng to the synthetic schenes
outlined in Figures 1 and 2. Figure 1 s the synthesis 9 January 2004 23
of a key iodopyridone 9, which can be used to nmake the conpounds of
formula 1. The synthesis of 9 starts fromenol ether 3, an internediate in

the synthesis of cagphRLhes n @nqbanﬂ QIS ratfe sLhSeRat e l'ication No.
09/ 007,872, 5- the dlsclosurea% %s f%corﬁ%&af%d herein by reference.

Di hydr oxyI AR5 BeRtRisd B?/‘“%@F“B‘é?‘m?éléﬂé%%o&@éab??ﬂﬂ desitatdvereto formate
5, which is then extended by a Refornatsky reaction to give 6.
Conveniently,. the fornyl grou cleaved in this reaction, and acid
pronot ed cl eavage ofigwe 16 tlgh gshragseer adi Feeiday) réé‘,uqncas;-zqence

3- hyd | h id 9
ydroxyl aetone Ln.d gals&%%pgé%ggﬁytfw Col%/n%r &;gté%ene Opy“ one

by a sequence of 1) iodinativ I"'ati on, yl'ati on_ Figure
2a show8 t Aeteignrey $¥31W10#07%S@@99@Fmt9th%nto(%ﬁéﬁbl ¥rpdehe AB nodi fi ed

honocanpt obbesddtedgrs \cse8s .o\ Pp aP A q% et inRAneins under optim zed
conditions provides radical precursors 10a,b. The cascade radi cal

annul ati ons
o Figure 4 illustrates a comparison of the
) equilibfiunl binding of four novel homosilatecans to 8UVs

composed of electroneutral dimyristoylphosphatidylcheoline
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



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
provi de the target drug candidates Ib,d,f in the indicat ed Jauary PP04/j el ds.
Compounds ig and Ih do not require deprot ection. 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 honosil at ezgn derivatives, but both have serious
limtations. The first involves the conversion of a standard canptothecin
derivative to a honocanptothecin derivative by a series of steps involving
di sassembl ky0h khend 1ANw3sYa20Q4 44 nabHBdiiae! ANB.ANG Seasseqd! v Of (he
honol ogated | actone. This route is limted beCause It requires an existing
canpt ot hecPhoed cslaptat purprrantoreiomefy (EXitsl) ng 1Q€aepltldietheci n derivati ves
bear substituents that woul d not be 5 expected to survive the harsh
conditions of the refashioning of the |lactone. This process requires
reduci ng, oxidi zi ngFigisiar ohgidbiatranes sheomyf bipensesps. ofhehsecond route
i nvol ves a nt.hesi SI n al.Ladi um cat zed c | i zation to form
ring C. Thi® %Q}?glu E ‘Ii t By bygvjaq'laﬁﬁf‘? c@f"p% 59" pr ecur sor s
and by 6he (&b38) tip etblaﬂwnssmmwpemﬂesbtfﬁmdnsabnmjr(\wssne dtheHmany
subsequent v.g% é),;s rgu{] 5tghe.,s ntgle§| sanngrBhgé ”Ré@emﬁggdsé(ﬁ%e%ipi does not
appear too the possibility to infroducing many B rl substituents,

i ncl udi ng t“ﬁ‘éh%ciﬁ)stl tuents described herein. 15

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 pM of 7-t-butyldimethylsilyl-10-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.



In contrast, the radical cascade synthetic schemes of the present
invention are nuch nore tolerant and flexible and can be used to nake
homocanpt ot hecin derivatives with many A-, B-, or A/ B sub2tPRudy P04
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 reactggg can be a sun lanp or an ultraviolet
| anp. The tenperature is preferably %ét between approximately 25 and 25
150C. More preferably, the tenperature is set at approximately 70C. There
are general ly no | iriighséi Onslegpeds thBeinhrivea sfarsokvedd ofsesnot her than

i nertness Itloovetlhgo ra ia alcargsa%%agﬁé br erfe%(:red esr%l.\éents %(}Eggeasbenzene,

tol uene, bénzotrifiuoride, acetonitiiie, THE and“tet? Ut attol . Al so,
there i s vésterpioed HyaiPtQdethnds he choice 9 January 2004 25 of
substituents on the al kyne (R6) and the isonitrile (R1-R4) in the

synt hetic schenes of the present invention because of the mldness of the
reacti on conditi onsFighme atlidepdntsithe hamen colkamanwkesleilduiéabdfe propar gyl
derivative e S il ared, I jvag] an_ be

substi t%t egoﬁsflgg%l art?éﬁ?%ela)ségr%ﬁ)i r?gl E)l?éodﬁ:%fgeelgr eil%{é%/nﬁcéafﬁ an?%ei t in

| ower vyi el detepmansdiysing JEHC BAEERF-(R5) can al so be widely varied since
it derives fromreadily available allyl 10 al cohols. Substituted esters can

al so be used in the Reformatsky reaction to provide conmpounds wth
subsitutents 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



on C20a (R13) . WWile the conmpounds of this invention mght be used in
racem c formfor chenotherapy, it is nore preferable to use sanples that
are exclusively or 15 predom nately the biol ogically activ®JemaRy 2fifer 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 canptothecin generally has the sane relative configuration as the
C20 R enantiomer of the 20 correspongd' ng honocanpt ot heci n. Racem c or
enantionerically enriched sanpl es of®onocanpt ot heci n derivatives can be
separated into their individual conponents by standard nethods of |iquid
chr omat ogr agghya wsdyngldmﬁmd.‘drﬁl ly, whiahl adahe Hehiusald ool umaxe. thee Lavergne,

0.; et al., 25" m) hecin nthe5|s Aptitu rAct|V|ty of
Novel E-Ri fg"RBHiF E‘ot%ecusfﬁ RAFSSEL" %ﬂ%lvégarﬁmr%’f“ L, 5410- 5419
(1998). HurseB| @odaISt almelrlmdesta)flrc thet ewkhesindot heanBastkedor  t he
Rational Degls Qf,, ?&éﬁjd Sé@eb't? é‘brﬁ%%'eh@tﬁ SaYELR &b, hr,g/%g—,PQ,tzency 9

January 2004 26 Recently the intrinsic uorescent em ssions from the
| act one End-heafbipdpsare qfof“ﬁéc%flscaﬁﬁ‘?ﬁt%ééﬁﬁ harginr ey #8€8T 8% -0gs have

been st udi Qﬁiﬂyﬂr&fﬂ%&;\.b@ sliuckeaty, dhaktivarkediigdiddntass un&t eractions

wi th human bl ood onponent s., Burke, "Eth substl tution
at 10 Bi ocH&H stff’f“‘ 953351%36’49(5%3)‘3"1:&%%?8 ll\D/IYTaca ksz

"Pref erent i sdacBiowli ng gﬁ.‘ﬂb h& . Car bonwgndbet Bar ntlef  formyl group is
cleaved in this reaction, and acid promoted cleavage of the

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



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 [Cj% mp q‘gheci n
Interactions with Human Serum Al bum n: | npact on Drug St ab? ?'{%?" é 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 /ij]%l cancer Drugs," (1995) J. Pharna.

Sci. 84, 518-519; M, Z. and Burke "Differential Interactions of
Canpt ot heci n Lactone and Car boxyl at e Forms wi th Human Bl ood Conponents,”

(1994a) Bi gehsiii Sltarc}é@n@:gandloé%@séﬁﬁf’ﬁ, oM the. horGgBrék elackofe. " Marked

I nt erspeci es, Vari ations %nce 25 the Interactions of Ca tot hecin with
Serum Al buffh%: TR ddu ﬁaﬁ%oﬁésd%?r‘?@érgﬁe@ﬁ oS TSI St udy,
(1994b) Blcéﬂﬂitﬁmhﬁt':tly 3 125a4r£l.12545};‘uﬂmérhib;:ez mift akexidtingnd Bur ke,

T.G, "Red b i nding P t bilj Lvit f
Topot ecaﬁ Pﬁ"&u%ng 2&32?9%1%%5%8% SE?’% }{;ﬁ‘e i Lﬂlé%ﬁmu?@gﬁc%g\#%y '?he

di scl ostr esxpéctaldi th aEive rder parsh agnietiins bﬁ ?ﬂaﬁ eeéagiodnganuary 2004
2 1n phosphat enbulteced SahiBes{dB3) abapied: 4eauéirgque9§alzq9 in

fluorescence lifetine spectroscopy reveal s that hurman serum al bum n (HSA)
pr ef er ent | &EFPDi Akt hard cEF IRy BA%E f BFSRDF  c st ot9FeBAn TR a 200-fol d
hi gher 5 afihi-8ides tharothe Isgfitiond sf ousingThesalnhenact cansyzeaul t

cyclization to form ring C. This route is limited 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 bétw:aen 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



in canptothecin opening nore rapidly and conpletely in the presence of HSA
than in the absence of the protein. In human plasm, pH 7 and

canpt ot hecin | actone opens rapidly and conpletely to the 8§?BW?§§:% form
with atl,z 10 value of 11 min and an al nost negligi bl e percentage of

| actone at equilibriumvalue of 0.2% In whole blood versus plasma,

canpt ot heci n di spl ayed enhanced stability (tZ/ 2 value of 22 mn and a
percentage of |actone at equilibrium vé:f%e of 5.3 % . The enhanced
stability of canptothecin lactone 15 in human bl ood was found to be a

result of drIGuBSSIAGEALL QRS tni dikyhbe s pigh Rirkayers of 1L edublgod cell's.
Canptothecin ! binds erythrocyte nenbranes, the drug localizes within the
acyl chain Jrneﬁf‘%rﬁynéﬁat%‘"ccgtﬂ‘a‘i“‘ﬁ’glogf FRETFRECRY GOEEPREPT PERRUIR @fol ySis. 20
The human iheochisfimddd idfi eheofrebdticnevondl tica@Npt ahheahi: @l Qds of
clinical in]_;a%esctasggtvQm%lrgosbe‘(:aE(Clri conpar ed. Ag was qgbserved in the case of
canpt ot heciir29-25h1 nSCSAPt SPABTINT (FoRET Ths I6HS@N¥85t 6°Rydi°bl yze al nost
conpl et él y ¥ea@9194 prepeBSL,sobhliylondenitagiimesng ddSA. b\l tdubeghttedno att enpt
was made {0;;3PRELT HRFORL Ukl GURN Id%ahDE, LAl A€ DI Allng gffinities of
the | actone and carboxylate forns gf the 9-Am no congener (bécause of the
si gni fi cant}yrerrEfi€ed fl uorescence quantum yiel ds of 9-AC | actone and
carboxyl ate species relative to canptothecin), HPLC data 30 were consi stent
with HSA preferentially binding the 9 January 2004 28 carboxyl ate form of
this agent over its Thactsyhetiteent P CBPadhB | tamaslssbser eddlefipat >99. 5% of

the 9-am noy498h00:Qice it derives from readily available allyl
: 10 alcohols. Substituted esters can also be used in the
Reformatsky 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 assigmnment 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.



canptot hecin converted to carboxylate, a finding which again closely
parallels stability data obtained using 5 canptothecin. In \j\,hol e g{)(ﬁ‘gd <
0.5%and 5.3%are the fractions of 9-ani nocanptothecin ant e HEY cin,
respectively, which remained in the |lactone format equilibrium The
approximately 10-fold hi gher |evel % .. lactone remaining at equilibriumfor
canptothecin relative 10 to 9-am no tothecin may, in part, be accounted
for by the enhanced |ipophilicity and greater ability of canptothecin to
transition fromthe aqueous environment and into erythrocyte nenbranes
present in whol e bl qotentty, GOt hasts e d he.Londarels: of: Jackage remining
15 at equilibriumin whol e human bl ood for canptothecin an
_ ani nocanpt ot fecilACtA: 5296 arf@ 508y bater eSpeea | 9€| ygamptrbprriscannd 11. 9 W,
CPT-11 (21. Qefdled and18b 3Batd Ip&er?) s@lldieqdisd! dademipved, hhoad
stabiliti es.hV\hl |l e | actone_|] evel s at, egw | i briumfor topotecan_are 20-fold
greater thah"¥dr B296UN nGEATHEBE hdd AT FHE Sor YEho iUPHY Paol s of
| act one Bor cofgidhebis ancuShe 38 .a6e appmaxi opt eEyhdD-fubkdigirEahese t han in
the case of .9:am hocapt pheci he significant .gains in. the relative
stabilities Of topot %ér%n, %—’T% F;[%%Sd S%ir}ffB cglr?&fbj(?allécﬂ:"aorréJ ated’to their
f avor abl e i AY&raychrwpirtieehn HOALhe tprEBenge nd] hoyan sehan sthuménut al
substi tuent g, alred Nerném. ansls 925895k £d-0NG oak Ndeg,,a_d pr eyentysthe, preferenti al
bi nding of the carboxylate drug fornms by HSA. The technique of tine-
resol ved fl ftor &scent@ani Yot ropy®Ras Haddentfy Been Udeddt Pi1lgedonst r at e
that, under pexpiricnens al anandistabiibisher ef 30 Gappbtiidieai n cagbpxyl at e
associ ates wiih, Hep.and symles Lo D Jagypr %u%gg,d' 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.



29 solution closely associated with the protein, the carboxylate forms of
t opot ecan and CPT-11 do not associate wth HSA 1In the cagg @?
direct spectroscopic evidence has been obtai ned which i ndF&dprEeY ?ﬂ HSA 5
preferentially binds the |actone formof this agent, thereby shifting the
| act one-car boxyl ate equilibriumto the |actone. These observations indicate
that HSA plays an inportant role in determ ning the relative human bl ood
stabilities of the canptothecins. gjge cases of 10 . canptothecin and

9- am nocanpt ot hecin, the protein act sink for the carboxylate drug

form binding the %e%sﬁhgge %Qgﬂ%lﬁe% a%#&]@er yShif tipg,tpe

| act one-car boxylate equilibriat wever, in the ‘cases of
t opot ecan, FCEPeRgy - daawalsl\ﬁlsavmﬁsemw-:éﬁéme FRECAECBFPRY T§vestof the

car boxy! at englr Ugud=0r r@é&me%mﬁlﬁbsﬁsxﬁdprmasn} Obihes Stkdiation with
canptothecin and_its ? am no anal o referentiall LyEjl bi nds t he

| act one f of PTRSTYSRES ST cfh Fﬁ‘@?‘é‘%}‘eﬁﬁwﬂ’ﬁé Ri ghet fer e BraRery | evel s of
this bsol egfnﬁltyytnmt i the apetmms fc2fh. ThEhéﬁplﬁt@mdcei@ﬁn&ieﬁelﬂ oss of

active dru | i nic an t hec i ndi cat es
that it V\gﬁl ﬁﬁ ﬁté]n °§A8 r#arﬁgoegug o | de s Fgmﬁ%g)et %t I}ngc!:krl\e: W th
i nproved hﬂmﬁﬂgpoeﬂ §$Jab¢11ﬁnt ii@s then abpengsy etsfemhesmd'r-e@we ndrli fi ed

canpt ot hec yfpd D pl?aémshepﬁ\ and %&'Mé %arbpédaﬁeeiﬁ etdiciQhe Lhesgduci ng

protein bindin enhanci n i po icity;_and 3) prodUC|n both a
conconi t anFaP’égﬁctaPSncPﬂP]@&Fng{}PaEEe bf YL ?"da htRh wi L

10 wvalue of 11 min and an almost negligible percentage of
lactone at equilibrium value of 0.2%. In whole blecod 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



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 onpou Qur
studi es have led to the design of novel A B,E-ring nodi fi%ga'g%%ggqs%eci 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 canptothecin anal ogs contai f?fg a conventional a- hydroxyl actone
functionality. The novel canptothecin analogs of the presnet invention

di splay uni-glg.Rhaper the J0 BHENagenSUREL! 9t NUABILAY GRdmstabhl i ties in
conbi nati of W 1 T gh anticancer activities. Fluorescence Anisotropy
Titrati on Déasmstitarves ehssrvehdhaNoy8? - FHowdsFiat T@EEiECcotnadv8 PF esent

I nvention RLSpl@neRin BipRdrRange edriayihidr umAssecatépngeenst ants for
Lipid 15 Vesicles and that. E--Ri ng Expansi on Enhapnces the Lipophilicity of
Si | at ecans C1RPYUF es PRTAEHT R s ﬁ’f@gfjr res¢iii@e eMPERTY spﬂ?&g?a of 1 ttM
DB- 38 i B phasptadtechuf f erted wolien®1688BS) <andssi andli pi.dsbiakayéhs. The data

i ndi cate that upon i ntrodugtion 20,0 bipid biLayer s Bt idgasampl e there
is an increase Tn the fludrescence emssion o he clgﬁ*poun i ndicative of
an i nter ackespectigelgen wiishdr ugmaimgdt hén netty adectopon famangFng t he

sol vent to gf bangls,f.he f-h&lé”g@&‘?ﬁ%a@éﬁp_ 16h2AEehighBreagherase With

menbranes there 1§ a mar ked increase in fluorescence intensity as the
drug parti tia6hgne | FRMRLFRHRE | 3ti VBRI (FOgr GEMRFIGAERt T23T¥Ech case

there 1p to s-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

15 at equilibrium in whole human blood for camptothecin and 9-
'aminocamptothecin (¢<c0.5 % and 5.2 %, 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-

20 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

25 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

30 camptothecin carboxylate associates with HSA and tumbles in



Is also a prom nent blue-shifting or shift in the em ssion spectra to
| ower wavel ength upon drug interaction with nenbrane (see_Tabl e % .. The
spectral data presented in 30 Figure 3 indicate that honos?P&t4RaA0% e
fluorescent and that the spectral paraneters of the drugs change upon 9
January 2004 31 addition of |lipid bilayer nenbranes to the sanples. Table 1
found bel ow conpares the maxi mum excitation and em ssion wavel engths of

t he new honosi |l at ecan anal ogs. W al so? &xani ned the nenbrane interactions
of the ring-opened forns 5 of DB-90 and DB-91, and our results indicate the

simlar spgeldal, Shifdeng fQosbdchNg-ARENEA 1RPECL AR RRDI @nd-

Fl uorescence Spectral Paraneters for Honosil atecans (DB-38, DB-81, DB-90,
DE-91) in S8rpendatanteBsurd teromdee and BRPGSIdovaot CaRFRAIAAES) Exci t ation
Em ssi on (Rakh( meh. PBSEBSEYPCIMBS 8- 365053 15kR%17 JRc8isfnDd443442

DB- 90402535513512 - 913 94554441426, 10_The intrinsic fluore nt nature of
the | act on& artfcalBdxyPate FOFAE'SE RBAESE; :Jalf%:'f ﬁlgsal ‘f%\‘ﬁs ?Igg t he e

sensi tive metheckrofiatleddpdstittee Ikbtpreesoence ahisoigeppy thedebmtion to be -
enpl oyed t(§h9§£fH§ﬂEH§ fgy%oﬁéféay%kgyfgté:Qﬁuilibrium to the lactone.

These observations ihdicate that HSA plays an

important role in determining the relative human blood

[ stabilitiez of the camptothecins. In the cases of
E 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
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




15 binding interactions of the various analogs with lipid bilayers. 9
January 2004 2w A steady-state fluorescence anisotropy (a), .measu nt is
related to the rotational rate of the fluorescent nol ecul%‘j"[’wgﬁd?he
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 tinme of the
fl uorophore. The above equation $&f{@tes that changes in either the r or 0

val ues of a fluorescent conpound can 10 nodulate its steady-state
ani sotropy., T

e.excited-stat | fetinme values of ca t heci I n PBS,
gl ycerol , and H%?%ia%rbleﬁfleegxgﬁlﬁlgd At C.dsefﬁgn pﬂ)%g iﬁt%e%atues wer e
det er m ned doopbends.7 n@ur 358idies amde 3ed Rs, thesgegisin/@fsy.n@iqii larly, the
lifetime val wepof; 1> g&éi@iéﬁ hembibeiiein 8Sachaked wWid f?noQ\\./EG:LéHd-ayef S was

measured at 37C, and the average val ue for nenbrane-bound drug was found
to be 3.7 ni¥abipuand HECFipEiGateY nefsiite FRMRICTHESER | Bed oG °ndi cate t hat

the exci4 etbessti@eftlffeali GRL0MIGRAPEOIYIAGED pSradRebes ahitoinyetdimensitive to
alterations_in mcroenvironnent for exanpl e, a _chan in_solvent or

f 1 uor ophor e 5| RITRE; GAT FBRPH 4 Sﬁg‘p‘fﬁr%egﬁnt Ssawﬁggsﬁhgﬁﬂgd nenbr ane) .
For a fluofRkoce Lamtdghécish \Gaallegs hednta@ABhdISa I €ddehv ednal @onst ant
during a transition which stro.ngll .l npacts_on its 25 rotatigggn not i on

(SUCh as a %ﬁﬁg]‘?%%‘%l VEHIECR}P o 1.}3{.y or The nove camptot

analogs of the presnet invention display unigue properties
10 such 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

15 Vesicles 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

20 of lipid bilayers 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

25 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

30 PFigure 3 indicate that homosilatecans are fluorescent and

that the spectral parameters of the drugs change upon



fl uorophore 'binding to | arge macronol ecul ar assenblies such 9 January 2004
as liposomal particles), the Perrin equation indicates a gl rect

rel ati onship between a and ~ values will exist (that is, g2 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

hi ghly sensitive to solvent i sc@sity and to associations with small
unilanellar lipid vesicles. For exanple, topotecan has an a value of 0.008
in 10 'PBS, hut its val.u ncreases 9-fold and 40-fold in _the viscous
sol vents o ht(')’rorhﬁaajgﬁ/"geEbjrayelreg'ﬁ@l&ﬁ”\?él'f/o Eezia“‘?lcﬁsd ehtdrffcément in the
a val ue of fmanpt beheci conpmrebseheethaxion diaidaniomof antd ugmis}amasi cles -
conposed of_ gl gQr?rthQ'VPQ Ofhe DYEG hgrﬁgéfi%%eQJntQSa ?&S' ti W a of the
canpt ot hecin to nmenbrane associ atr ons, t hod I uor escence
ani sot r opy eiamiped Ghev\a@n@m%memcm@éyﬂ W@Eeqummqmepaﬂ] fcmmﬁdl ng of

canpt ot hecidy aRabegandM HlL dai, Pihabidudy §esu1 ttheind@XREE | PRA sidialwdes
determning the a val ues for a set of sanpl es where the drug concentration

in each wassﬂi’EFHalZGh&BWﬁgaﬁPr(‘E%F&Bﬁﬁpefe@rsl’?c@ﬁ/? while the lipid
concentration anong the nenbers of a set was varied fromO to 0.29 M As a

consequence of the brilliant fluorescence em ssi ons from the newly
synt hesi zed*#%dfo%i | 5’%‘5%2;5325%%?& agpmeieErsg tlatwee®? s can be
found in Table 1), (Pﬁé Sthtibfoty '&%Fﬁg =Ftaf? zed in
Figure 4 were rel att ®any background signal .
Compound (S) Bxcitation Emission (nm)
{nm)
PBS PBS pMPC DMPG
DB-238 410 531 515 517
DB-81 380 452 443 442
DB-90 : 402 - 535 513 512
DB-S1 394 554 441 426
( ‘ 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.



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?d3t4ap908Al 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 potential «pf; the |lactone ring of the

honosi | at ecans and canpt ot heci ns to*hydrolyze in PBS, anisotropy val ues at
each lipid concentration re deter n'%ged i mredi at el.% t(r%gﬁr oxra)l mn.) _
foll owi ng the additfon Bf*¥FKeSTF® act oifeSForiTor 88¢R°agent tG the i posone
suspensi on mmstiPenmdtitni iF zerednyedossi bk t yobdcgomler siten PO tire car boxyl ate
form Using.diug. cONCRl Lahikops:fonlciiOMadn| AR.RBSS  Tilters to fsolate
emtted Iig]’[ f¥om bac ground signal (that 1s, scattered exciting light
and extraneous 15 fluorescence signal resulting fromthe possible presence
of inpurities), signal levels fromdru Sr@’i solved in PBS buffer were
typically 99.97%in the absenﬁe%fﬂ?er?b?é nd greater than 98 %in the
presence of nmenbrane. Adsorption isotherns were used to determ ne overall
associ ation 20 constants for the honosil atecan, silatecan, and canptothecin
drugs. Overdtdreassodisatthen HoHELaht S1UPESFERFRedRASOtIRPW (TR ™HE [ AF] [ LI
where [A) Lenresents {Lh8 £096601 £6ddQRne] boundidE Ugxc{rhaPbadeepr esent s
the concentration of free drug, and IL] 25 represents the total |ipid
concent r at i bifdtime heands cise the rotational correlation time 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



suspension. This equation is valid when the concentration of free lipidis
approxi mately equal to the concentration of total lipid (that is, the
concentration of free lipidis in significant excess over?¢aaary 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/ lipidyconcentration, with a y 5 intercept
value of 1 (for a system di spl ayi ng%i nding site honobgeneity). Such

doubl e-reci procal _plots r. the, assocpati.ons of the new honpsil atecans
anal ogs (boaf lﬁ@?%ﬁ%‘ %“jln%lgg?%)o'xy at eb I(.)rrlrlrls)e%afho “and DVBG smal |

uni | anel | ardireesi cdlaciShbhippbepasat aoasd Weralukaeatl Wekhsgobchator rel ati on
10 coefficients. The linearity of these plots, as wel| as the
correspondiify gfotlef §r Vahify ‘%ss%‘@i At POTSSRHPE h SO VRESS3SE nenbr ane
prepar at i Ongheni 86li toat 8sed hat Etewrvopbare abiissingpy akliddese |ipid
concentrations is adequately described by the above equation. 15 The
studies summarized in Table 2 exami ne the structural basis of

honosi | af ecan associrat i ais f Gfednl Pi shdh! ayaae. T t ypesaptstmrbr anes were

i ncluded in_these studies which re conduct ed under near physi ol ogi cal
condi ti ons RCERPSFTIFe, EFUET HORY o VAL HEA & MRIPAALES e FIRLTD FUI d- phase

and el ectr anewlr ahothesg-ldbayansst eykphbsgiiat | dghsitickol itne €BMR@EE; and

‘; lDl|\J/:DGGI) Ph%:/g%%gg E«%g/géél%vgc{%hﬁgéé&%qohé a1 e Mh 3t Q¥ phasphati dylol yeerol

(;' 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



I dentical chain length but the charges on their head groups differ. 9

January 2004 6 5 Table 2. Overall association constants fo hom)s%(#aatecans

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
Conmpound' 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 p,.e studi es of Table 2, binding

I sotherns were constructed using t 4ret hod of fl uorescence ani sot r opy

titration as discussed above, and K val ues cher e determ fromthe

sl opes of tRBIUTERI &Fr TG FERCPHFLONFhETK L VR 4 aﬁB j8Ct to 10%

uncertai nt yi37€)e of rHeh@anTBst ropyt riakuag Beabgmes obBtdue aiaianlacemt ai ned in

Table 2 is the strong nodul atip |chc chi_ey LQu th
creation JREREIETHg Woai F?%b& anpFot he@f"ﬁso fora’“'"gggithe{‘1 R gg

honosi | at ea:aapstdﬁmvmlmcmr%thmtgl@ newel DEmQE!I;)la@ﬁCEquc_hPVﬁgmlthanuary 2004
5 stronger interactions with these membranes than camptothecin
and topotecan. Because of the potential of the lactone ring
of the homosilatecans and camptothecins to hydrolyze in PBS,
anisotropy values at each lipid concentration were determined
immediately (approx. 1 min.) following the addition of the
( 10 lactone form of each 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) .



2 nodi fied canptothecins (for exanple, the honosil atecan known as DB-81).
Honosi | at ecans containing either a sole substitution at tgs 7 pogﬁ@%on or
dual substitution at the 7 and 10 positions have been creat@Wh und to
di splay very 5 high lipophilicities. Included in Table 2 are canptothecin
conpounds (topotecan and canptothecin). For DB-81, the |ipophilicity for
DMPC nenbranes relative to corresponding value for topotecan increases
over 1,400-fold. Data for these agentis were included to show the highly

| i pophilic 10 nature of the new homotanptot hecins rel ative to conpounds

such as topgteca d canmptot hecin. Fraom Table 2, it i clear.that the
conpounds g¥°@& g ggﬁ%eﬁgg?g$%%tf%nsg?gg%ﬁ%h fﬁ%?% ??p%%ﬁ?r?%e?han ei t her
canpt ot hecfrcortheopovesen ofOCchersiapeepést i dopkdred rantsepeetle@1 6t ndi ngs are

15 appar ent, upet, i NSRRGEL Ofe Ofprbhg1 dpidt ,CANERLAED NeTaRLE cBrafConpari son of
the K4,, @ values tor two honosilatecan wwth their correspondi ng sil atecan

anal ogs (WHEY® BoMBAELY imdgtted stfend/ at WPIE3 coRSRIFGRY E ot dHéEPvarBus

ﬁ- hydrox)%/I aﬁﬁﬁ&ptgg&gi_é esls 1re5@£tcé iéﬂ%}t}é&l %{%ﬂl&?%ﬁgtﬁlzﬁ{dihbesiTe e K

onocanpt of heci ns, i splay greater.lipophilici or exanpl e, the

val ues of 51f"f]\‘éqeé‘lef‘té\]t')e‘can co%‘h%ﬁr%&?%’%e'd%cg%‘f%@%( C\éﬁg’%z,foﬁaﬁhﬁ’: 820 M1)

and DB-91 @BEB:GAtifemori=tRe 5% Middsidneeappr axalmisel(po2rh Hagkdndé 0 3-fol d

| ess than f S i\Ng,- i c , r and DB-91
ofe SgeRPLAAS RN EATRREC ALACHRS JRIT pffandnlal

t he expanded | ng is a favora _ _ on prane bi ndi ng
whi ch, in vepiclepr 8WOt EFeBRAATF IORALY4YS YyitgRThifhEn dsicdoderyiGEhe®? surpri sing

tL eng Was. ehsefiadntor trhe 1hQupsklatecarse Wrktst hgsCasboxyl ake forns of
the drugs %ggﬁgsponding plots for drug asscciations 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.



studied. A 3-fold decrease in the affinity for
t he opening of the lactone ring of canptothecin has
observed. Burke, T. G, Mshra, A K
bil ayer partitioning and
32: 5352 5 5364 (1993).

| evel s of

|n|

i&f&s

Wani ,

fpoep.l. ek kGhd

M C and W
stability of canptothecin drugs,"”
For the DB-90 and DR-91 honpcanpt ot heci ns,
observe a 10-fold decrease in DVPC bindi ng upon ring
honosi | at ecans not only display narke8lty enhanced.
differenti al

LU N
w20

previ

openi ng. Hence,

DMPC upon 9 January 2004 8

,SJ‘%’!PE&& " Li pi d

Bi ochem stry.

we
t he

| i pophilicity but the

bi ndi ng between the | actone and carboxylate |0

forms appeafifo be $iLgnif Caas% Yo %atc%r \(_éLnOtsf Oéoq.— gL U Je

to canpt ot heci ns conf,
consi derations descghpggmgggye

fold) relative

“he two

gh§5 differenti al

bi ndi ng of |actone neyefiveaybexytale ohoENsa PEL LONGH 10Ut iRg gact ors to the
15 optim zed bl ood s&abllltles whi ch the honosi |l at ecans di spl ay

canpt ot heci n and honocanpt ot heci n.

Direct Fluorescence- Spectral

over
Assessment

of the Extensive Menbrane Interations of the DB-91 Honpsilatecan with Red
Bl ood Cellg. 20 Fi gWigmpeuwhd | Ustrateg the fluegescencexgm;ﬁs on }spectra of
1 M7-t-butfyl di met hyl silyl-10-hydroxy- honDcanptotheC| DB-91) in
sol uti ons ¢f—phosphate=buffered—satirne(PBS—at—ptH—+4—ethancf, and
admi xtures |thereof. PP13&pectra were recdted usijng ex&Ping |jght of 394
nmat 25 37C. _The emi ssion maxinma for DS-91 in PBS is 554 nm_ but this
val ue shiftis significggtdyy to a ] off apprgxi,gately 18500
DB-90 8600 9300
DB-91 8000 4300
DB-50 carboxylate form 770 80
DB-%1 carboxylate form 700 100
Topotecan 10 50
Camptothecin 100 100

10

In the studies of Table 2,

binding

isotherms were

constructed using the method of fluorescence anisotropy
]

titration as discussed above,
from the slopes of the double-reciprocal plots.

values are subject to 10% uncertainty.

and K values were determined

The K

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
the

of A,B,E-ring modified camptothecins

DBE-90,

{(for example,

15 homosilatecans known as DB-38, and DB-91) or B,E-ring



410 nmin anhydrous ethanol. Because DB-91 contains a 10- hydroxy
functionality, the possibility exists that fluorescence can occur _fromtwo
di stinct species. In an 30 aprotic solvent or non-aqueous AVEREEENGPFDnment
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 Fxmted state 5 conplex while the X of
approxi mately 410 nmcorrel ates w'th the protonated excited-state conpl ex.

The fOI’ITB.tIO% t he de roton?%\%]g ex0|ted state corrpl ex is greatly
facilitatel® f/fo]teﬁec?ﬁpé% T 5t &2 RN CBE EoRASiaRetATt ¥ water such
as it- a peak les-aap)pareantaa:rsdmmtbcﬁﬁe nﬁbmd:um:hna;o el atesswid h t he

wat er - faci Ljfat.e th%)r{/ k%g_g%og%ﬁ ndgﬁ;(?uacinﬁ%gdtet |ted sttgte%corrpl ex. The

spectral  Sensitivi ers of “the canpt ot heci n
famly conﬁa@rﬁ%goﬁi‘i@l% harcr oren fapeetedrrd fpundrtoviddeslay vemef ul approach

for studyi agqgh heieantifdeakny alcidied £4 oMl an -2gueg deRuLf,pnment into a
hydr ophobi ¢ envi ronnent such at_the surface of a red blood cell. Figure 6

‘shows the FPHRFEEEeCEPRTHS cﬁ"i‘dsp?@ﬁtath%ﬁmi M For DB-81, the

7--t-butyl duﬁqmyhsntwlf&omydraaw@aecaammﬂaec&bn cok EEbhdify sol utions of
phosphat e- bu;fergd sal |0t__ec PBS) at 20 BH 7.4 and g PBS_at plg 7.4
cont ai ni ng "&r Buni 7= 1 Y&& red. brIsa el P51y cor§8 ftralPbh BF (10 1) x

106 cel |/ Lthege pyangsdemxdi necluded| denciiosf thke dyhbnsiimephilisr acti ons of a
horosi Lt ecapui tdy rafl HleQ0dofbldnbrotREGiHA MRLE:1FLCOS dehpounds
- 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



in front-face cuvettes (to optim ze fluorescence versus 25 scatter | evel s)
at 37 Cusing a DB-91 concentration of 10 1.tM and excitl %£%% @ 370
nm The em ssion maxima for DB-91 in PBS is 554 nm In th % 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

provi de a hydrophobic nlcroenV|ronnent where the protonated excited- state
conpl exes can formand fl uoresce fronrd 5C0npar|son of 5 the em ssion spectra

of DB-91 in_.the Br esence_of_hu %{rg%t hrocytes with that of clinically
rel evant 7-8thy PP H"%hy 8F ox§tsa EEPS’{' ATEN-38) CaBREGYNEGERr H38d i n Fi gure
7, indi caterevhengly sogwmr ecleeteadi ve Bprikd onat ed. exm&leﬁ- stmat ex.,conpl ex

formation H%mtlheM e 0 @5-191 m I‘.gﬁltdopg?g o ggwqileo%lof Figure 6, t he
e tvet

spectra of ag}ure ‘were recor es-a C using an
SN- 38 concethaPatish Ofofcaﬂ}t?ﬂmcaﬁddex%ru rﬂ}or-'bgh!tsteﬁf 3702nnF3Fese findi ngs

cor r oborait esygadel ogmNbr 2pe sldIHEeSo | AMH BALENIndReafBEdiiARS s Pidi ng of
SN-38 is signifi cantl | ess. than the extensive 15 interactions noted for

DB- 91 ( SN- 3BT EDI af‘ys 8- 1l geCTR2Se3 0t MDfPGhé?’@é%nﬁ)B wppndi §¥i%ays a K, , ¢
val ue of 8, 4Aibk'). Henos) OLUheSpﬁﬁﬁldSﬁJlaﬁédﬂhseS nve CHMIG ueleslsih@;- novel

than t he. FORAERIBved STl o0 RBROL T Sec it b1 GFl ay THRIPOVET St abi 11 ti es
i n Aqueous digdeyenpiriRdtiatinge t beGegmt dihleedJanSm@onarai niaripoxylate
ST 10 forms appear to be significantly greater (10-fold versus 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



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) ftanyan ¢8P4ies 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
extensive hydrol ysis being noted at he higher pH values. 9 January 2004 4i
Al t hough hydrolysis is observed at “p¥H values of 7.4, 8.0, and 9.0, our
data indicate that the lactone ring of honpsilatecans is |less |abile (that

i's, signifi%RRl FesBESeOi ntifhdéP gy HG*Hy df B1GFLPRIL YR at FREFES bot h
si | at ecans greasdhirm@spl OWhETE NSnCrbaial BGLV&E COoBVENt bONAhter a

a- hydroxyl agtone ring moi.ety. Figqure 12 contrasts. the ijpr stabilities
o our naeroraser SastehrY Rt 8RR Ree o L G ¢
correspondinegksi imat coarelatedctwitd coim aidepngranased( exdiyddoxiatact one
functionality. Al _the experinments of Fiaqure 1 re c in PBS at
37C. Pa%l sccép% ’?o‘ﬁ%ﬁeDet eac C(()D%lt ETRRS 1{;{% ?Yy%%)krs\gfllgl écggfg%l?gt%gnovel

honosi | at ecdth (lopemotenatedséxcit@ddr ssamorpeslandi Bge sidragbtem ofsol i d

circles) cqnlai njag Jhg.canvepklonal_ <2z hydr uylact one 4 i ng,.Jda.1goi ety found
in canptothecin and other clinically relevant “canptothecin anal ogs such as
t opot ecan, BGidtateBTby 1thth@resenemiofotakptoteRi At FBRld PMREEEs, the
agents contsd RaBegrtienexspandesl peak is apparent around 550 nm 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



E-ring or honosil atecan structures displayed markedly 20 enhanced
stability. The stability paraneters for the honosilatecans are summari zed
in Table 3. The data indicate that the |actone ring of hoPrddiuagy ¢eGths is
|l ess labile (that 1is, significantly slower in undergoi ng hydrolysis)
relative to the a-hydroxylactone ring noiety contained in both 25

sil atecans and canpt ot hecins. For silatecans and canptothecins such as

t opot ecan and canptothecin, approxinately 12% of |actone renai ns at
equilibriumafter 3 hours, whereas d& ater than 80% | actone remains for
each of the honosil atecans_ under identical incubation conditions. 9
January 200%te 298Pt CAPARYS 6F BITHid OBtk AnsP Shaked Pierd gell _
Honosi | at ecasfibranast heTiy esabeenf dﬂutme Sed Whodkibualhs gdcgiae 43 depicts

t he inproveg § Bthles of four nov Qongﬁllatqgan f th gurrent

i nvention foFfo 5 Thcaba ﬁﬁ%%m?ﬁt |%|ng 7§ﬁ1 Rman serum

al bum n at s83& d©m9é¢$ﬁaAcahrtnnm1aﬁdeékﬂpnasnEaixpﬂstabbmpaqnq@nobfles for a
novel hO@Ds'thét %ﬁ%md ddeSc £QT EESRRNGL nan'éh@t g;%@ensg%el g t he

conventi onal a- hydroxyl act one rlgginnlet foun n canpt ot heci n and ot her
clinically rea'é%m’t&s ovEEhptethed rrldnafably striievastt ap%%tlaho SN- 38,

CPT-11 and %ydr@fpcaagmteemeqbﬁ 34)N ahd GaseStratBa agentspEenyai ning the
expanded E—r| stru tures dIS ayed markedl y enha ced Stabilities in the
presence of ‘FSA the FSbﬁFlFV %ﬁﬁﬁ%&?g PFéFoﬁﬁﬁﬁ hSFGFFaTEeERs are

summari zed icomgbdd ef@mafor] 5in Ithesta:a&teed:ﬁ roE~iogur e didnilthetchombsi | at ecans
Pf the cuyrreQha:dMVENt:igR-aleS0 L splaned SYPRLLQL. StABLL! Fd&Fakbd human

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.



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 asng,

foll owed by DB-90 and DB-91, with 20 DE--38 (the |east |ip9danuary2e@4 t 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 %t values of 25 7.5 0.1. In all cases,
t he agents contai ning the expanded it r ng or honosil atecan structures

di spl ayed markedly enhanced stabilities relative to the parent drug.

canpt ot heci n cont ai BHGUBRhePEHRIFRLF ohal CBsHYEHoRy 2t JRdUes i df nmoiety. The

stability paianeter snfos.d heur3Qatwmsiibat£Cans *he SABMe zef5in Table 3.
9 January 2Q04 -43 Qur studjes_deno t_rlate hat both |ipophilic as well as
mor e wat er *5oPEBPERERERTT atBcitE d %’61 Sy TpFovEd SIERBTISPFES over

honocanpt osheedn inhatderontay Nydrolysishstelattivenss ibbthheietardnd ri ngs. See
Lavergne e . 5" ot hegj_ns:. t hesi_g_and Antit ctivity of
Novel E°R %ﬁal\/bdi F?’E’%%‘?r%%t hec SRR oo T Nbd?oaeentr%qgkﬁjﬁ: 5410- 5419
(1998). Thuashyddmxypaesent rimyewtieon. | ndi cates that substitution of the A
and B ring of honocanptothecin is a favorable factor with respect to bl ood
stabilities. The 10 likely explanation is that the unsubstituted

honocanpt ot heci n carpfye alze,cdntkestanioot igtoRed asbapipliaies obi nds HSA

preferentially in the carhgxylate fo nd effectively.shifts the
Pt one- cafBBky PRYEL oHRTERFFRCES (e the préset sdfentsdll Uit

f: their corresponding silatecan structure containing the
10" 'a-hydroxylactone functionality. All the experiments of

* Figure 12 were conducted in PBS at 37°C. Panels A through D
each contain stability profiles for a novel homosilatecan
{open circles) and its corresponding silatecan (sclid
circles) containing the conventional o-hydroxylactone ring

15 .moiety found in camptothecin and other clinically 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

(v 20 enhanced stability. The stability parameters for the
o 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

25 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.



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?danuam2®04ati 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 et hyl am nonmet hyl and 10- hydroxy fiunctionalities disfavor carboxylate
binding to HSA; and 3) conbi ned substTtution in both the A and the B ring
25 that includes, for exanE e, asilyl or silylalkyl substituent at

posi ti on 7DpeeinpBlYp ofnfReFPeriosedtaiiddting ofz Hompallakecpps and Bur ke,
T.G, "ReddBetbeaPBERTIFBPAJTMG PP ORofEE™ M e Stability and Activity of
Topotecan in Human Bl ood," Biochem stry, 34, 13722-13728 (1995). The

conpounds 30 of theg|attel; XAPLE FieSRhYoalagb: dd:AOROLL I £ tfggfaand 9

January 2004 reduced specific interactions between the carbox te drug
form and HSAYShoPAMPHIREFSoNPT i FHEI MYTEENt m3rBRieio aSHeowdtability.

Mar kedl ¥ Enhansedodt abidsist t@faehitdiacNayah HopRs| da@cansundif a® Human
Bl ood. Figure 15 depicts the stabilities of four novel honosilatecans of
the current?iTivertaGAsi A BPROWHS foRSCEn ot ditdbadity profiles

physi ol ogi Gakl ¥- hel-eV admcEeDeesdanatin@ns t6 ( Borddspokdi&d &€ldrkbin of
album n-free red blood cells. Stability 10 characteristics were determ ned
at 37C usi F§HBIETHet BEdsSonVERT Ml s dydreRel agient s ©daat JORERY t he

§Xpanded E-fobA@ Ofn camptothecin and 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.



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-hydr®xXguaEy 804 ring
noi ety (such as the clinically relevant agents SN 38, 9-

am nocanpt ot hecin, 9-nitrocanptothecin, G-147211C, topotecan, etc. The
stability paraneters for the honosilatecans are summarized in Table 3. 20
Figure 16 and' Figure 17 depict the i_r@tg)ved human bl ood stabilities of
four novel honosilatecans of the present invention. Al experinments were
conducted at pH 7.4 and 37C. In Figure 16, panels A through D each contain
stability profiles P&f Buidpel IRpMRIINRAE Sl (BREh timrpbédic28%and its

cor respondi,ag; Shk ah&eARaE sl il ubt & CheRI=18aPt A R spile GRPrvwesdi onal

a- hydroxyl actone ring noiety found in _canptothecin and other clinically
rel evant = arfebahifi6fhe @VF* arfMGGR™RWERGE t ofBtecaforERE™8, BPT-11 and 9 9
January 20Q4bibitaliaes anpt ieheciandarmd wxper | neat abaegeneseasalel | . I n all

cases, Hhe SORILALSONALALNO L6, IPndd DLLRGr JOIDR) aLgcan

markedl y“erihanced "hunan ood stabiTrties relative to
canpt ot heciNevahak qjoasiiedi fasd SCarppsot becin Andl®Ne®8. JFi ¥ef-e CBEmi | | ustr at es

the inproved. BumR.bboAd.g] abiﬂhhgi,%@F;&é&tneﬁeénagﬂo§ﬁdﬁta%e§ns of the
present invention conpared to current clinically-relevant agents including

9- ani nocanptBt hedstiFoner ot 8t Al ith *ipTef) boPRRRIPECEHUTPT and SN- 38
(SN38) . Thes Haabihiley rhorpandarht eespaft koguies Hiannlitdiksar e TRemmari zed in
lIable :%0 likely explanation is that the unsgubstituted
N 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
fhuman 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 position 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
Blood,” Biochemistry, 34, 13722-13728 (1995). The compounds

30 of the latter example display high 1lipophilicities and



The humen 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 canptothecin anal og.
The greater than 80% | actone values following 3 hrs. of rgéwgq’p‘bonpare
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 3 4Sunmary of Human Blood Stability
Paranmeters for Honosilatecans Incubatio DRUG NAVE and n Tine % Lactone
FLU D (Hours) DB-38 Wl e Bl 0ood356.40.6 HSA381.4f0.3 2434.1-1-2.2

PBS382. 8i ' Orepugad 651 L3¢ PLAHRRTAOORD HetRBeRginy. FaTPoFYDaEy P32

form and HSA, both factors contributing to improved plasma
stability.

Markedly Enhanced Stabilities of the Novel Homosilatecans in
5 Human Blood.

Figure 15 depicts the stabilities of four mnovel
homosilatecans of the current invention in PBS suspensions
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

published 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 novel 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-



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 asnma385. 04. 3 REC392. 00. 0 2455.81.7 9 January 2004 DB-90 Wol e
Bl 00d385. 20. 7 2424. 61. 3 HSA386. 80. 2 2442.02. 7 PBS383. 70. 5 $42%1ay 2¢P4

Pl asma371. 13.5 RBC385.50.4 2438.51.4 DB ' 91 Whol e Bl 00d384. 90. 3 2437.11.8
HSA382. 90. 3 2433.23.0 PBS383.10.3 2432.21.0 Pl asnma361.53.9

495
aminocamptothecin and experimental agents as well. In all
cases, the agents containing the expanded 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

'1eve1§ in whole human blood for 9-aminocamptothecin

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



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 $danuary 2804al |y
Rel evant Canptot hecins Such as 9- 5 Ami nocanptothecin, 9-Nitrocanptothecin
and Canpt ot hecin. Canptothecin and 9-ani nocanptothecin, anticancer agents
renown for their novel nmechani smof action and outstandl ng nmurine in vivo
activity, have to date displayed onl y‘&jodest therapeutic utility against
hunan cancers. The 10 drugs contain the |actone ring noiety which, at pH
7.4, hydrolyzes to yield biologically-inactive carboxylate forns.

Corrparl sonTebleug Swapryi pfedumar Blegd n¥fediplty hBerametrE§edPS that ring
openi ng occurred toEemafieAtefe®&t er extent in human bl ood than nouse bl ood
(see Table 4). Canptot heC| n 15 has been shovvn pr evi ously to behave in a

simlar ngaRer—Btres MaRsh B——ivi— ard—3i ang, Y., "The
| npor t ant iiRghyf; Of pAkRUIM ﬂ‘d 1’3‘% #ﬂ'?\l ng tﬁel%ci%a‘?ﬁ/e Himan Bl ood
Stabilitigs of the Canptothecif »Nhd capcer Drugs,” J. Rharma. Sci. 84,
518-519 (1P and M, Z. land Burke, .G, 20 "Marked Ijnterspecies
Vari ati ong Concerning the IntdHaawisdns! of Canptothecinw th Serum
Al bum ns: [A-_Fregquency-Dorad F-der-esepnee—Speet+oseoptq Study, "
Bi ochem str%? §§ 12540 12545 (1994). W have used the tjechni que of
mul tifregyency wydteseismdul pti on3spect foscopkcs anal.gses |of the intrinsic
- HSA 3 81.4 + 0.3
. 24 3.1 % 2.2
PBS 3 g82.8 + 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 -
Whole RBlood 3 B6&.6 + 0.5
24 27.0 £ 2.3
HSA 3 88.1 + 0.2
24 42.5 = 1.6
PBS 3 84.9 £ 0.3
24 , 30.9 % 2.0
Plasma 3 85.0 x 4.3
RBC 3 92.0 %+ 0.0
24 55.8 £ 1.7




25 fluorescence em ssions of canptothecin | actone and

provi de a
al bum n

M 1).

(HSA).
t he carboxylate (K =

physi cal expl anati

1.2 x

Serum al bum ns from ot her
carboxyl ate not nearly as tightly 9
uni que capacity of human al bunmin to bind

ion for the

106 Mi)
Speci
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es were

carboxylate to

extensi ve ring opening observed for
canpt ot hecin and 9- ani nocanptothecin in the presence of h¥idenase?Qid

HSA exhi bits a marked 200-fol d binding preference for 30
relative to the lactone (K x 5.5 x 103
found to bind canptothecin
ahuary 2004 A.9 as HSA. Due to the
canpt ot heci n carboxyl ate and

9- am nocan late —resulting . in extensive conversion of the
drug to it B‘B?ologically ilnactive form it appears that the success of 5
these agentiS Trmenadeseall Nq Cancer I n @ni ng; gogel s, nay |[be inherently nore
difficult [to duplicate in Humans, The data for i he novel honosi | at ecans of
the currgnt invention show essétftiallly onlag.gifaar.3vari dtions between
| act one | gvets—n—ouse—bigod VeLsts htHrar—broed—3106—Fhg not ed changes in
nouse verdus animal blood dre very snpll 8- 4tTVE% o0 tHe 100-fold
differencqd i n Tactone Tevells observed for 9ag RoLapt otfheci n. I n nouse
bl ood exfderiments for DS-81 and DS-91f the | actone levdls actually
observed ijn hun&fi bl ood aré nndeétly underé@tﬁnﬁﬂb@ by 15 val ues of 6% and
20% resp ctivet y—However ot aftfocat l.Ul. IUL,II royse bl ood
overesti ngtes by 100-fol d tlhe | actone Ievé$s atfhé1ly dbserved in human
bl ood. Thgse r®sseiats indiclate that there arefungdanentdl physi ol ogi ca
reasons t think that the sluccess. of olir _novel :
{ 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




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 Table 4. Conparison of the Marked | nterspédaiussy 8804 at i 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 ConpoundMWbuse Bl ood Human Bl & Level after 3 Hours after 3 Hours
Mouse/ Human of | ncubati onof | ncubatioff 9- Am nocanpt ot heci n38- 0.4100

Canpt ot heci B0 4 PP 28d2334e 828" 81808 OB 998880% % overcome

the Marked Interspecies Variations With Respect to Blood

Stabilities that Have Been Observed In the Past for

Clinically Relevant Camptothecina Such as 9-
5 Aminccamptothecin, 9-Witrocamptothecin and Camptothecin.

Camptothecin and 9-aminocamptothecin, anticancer
agents renown for their novel mechanism of action and
outstanding murine in vivo activity, have to date displayed
only modest therapeutic utility against human cancers. The

10 drugs contain the lactone ring moiety which, at pH 7.4,

oy

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 ﬁhe lactone (K

o~

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

found to bind camptothecin carboxylate not nearly as tightly



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 experiment. 9 Jahdanprp@®¥ Highly
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
summari zed in Table S. The cytotoxi ¢ty values are for 72 hr. exposure
times. Overall, we found DE-38 to bé the nost potent of t he four novel

honosi | ate whi;G while the
| CsO 10 vaﬁgglisp? or etvég(‘itt ;{ﬁhgﬁosx\%%{aé ngsfcr%g"ﬁélg rom é% %%\k‘% 115 nM
Qur resul t§a@9f@f§hf—‘91ﬂ rrdirbarel athafnd hT-eughosrmpsbthergmp shtkiredare devel opnment

the stabil itya@finhheifdeRtsndile hedRRra0h aBimatrdl @od, can, be.gar kedly
i nproved and _equilized without conpromising the high intrinsic potency 15

and cyt ot o%’?ﬂ“t%}cé}lbt MTeCERor oy ¢k agBPSATSatPE ahid rsusrEgset 20 Tabl e 5.
| CS5 Valsueshede Hepmask | ﬁﬁeéhéﬁaﬁcafﬁmgcaﬁﬁt:@& hacidhinADahegq sAgay nsé  MDA- MB- 435 -

Tunor ogeni ¢ ta atl S Hunan ast, Cells in the Absence and
Presence ofmji}-fEE %5 Sl lcm?teteo c&fe"&s SRFR%% oHSA) Canpt ot heci n12t

4 DB-38203

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 9-
'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.

T




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§JSwusgsy P84 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 hdﬁﬁbilatecans is described el sewhere in
10 this application. Al other agents were reagent grade and were used

wi t hout fur ur N pr, dhy aMIli-Q

OV PLUS pur Fiear) ofeevaea iﬁggeﬁi’%ﬁ%ﬁ 2 fi% ng Tg_experi nents.
Drug Stock Sol uti onaBsghamatbeecint 06Kk-SQ %?m MOS Wwere

prepared in di met hybpsekdaxcds (AbS?elS;adSpeﬁrr Op Ok&mtrl & ofgga. Al drich,

M1 waukee, W) at arnigesHiadtl addmpRofhedinX adlrslydVkand stor Ed In"the dark at
4C. L-a-Dinyri stoyl phosphati dyl choline (DVWC) and L-ac-

~di nmyri stoyl phosphati dyl gl ycerol (DVPC) were obtained from 20 Avanti Pol ar

Li pids, Al abaster, AL, and were used without further purification. A

ot her chem fals were reagent jgrade and wefe used w thouit
further, pur|ficat Fomouwsi cl e |Pr epercert on. | SmaPéraent | angl | Ratiescl ¢ (SWV)
suspensi ons|were prepared the |dayPBPari ex )erH‘Péﬁ‘Eetw a Lactone
ousae Blood lood Level
after 3 Hours aftar 3 Hours Mousa/Human
of Incubation of Incubation
9 —Ajﬁinocamptothecin 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-951 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.



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 canpto®hacuary@004s,"” 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 prepared by Vortex mxing for 5-10 mn
above the TMof the lipid. The |ipididispersions were then sonicated using
a bath-type sonicator (Laboratory Supplies Co., Hi cksville, NY) for 3-4 h
unti | theyipgﬁﬁne tically clear. A decrease in pHfrom7.4 to 6.8 was
observed faf he %%%"B?’@@ﬁ/a ?’fﬁ%’tfﬁg’(ﬁs DRPEP athe HeFR r &otEfRRS9M of t hese
SWV suspensions was - ad] usted To 7 4 T M s P Bt i ties of 2.5 M NaOH
in PBS, “followed by additional sonication. Each type of vesicle

suspensi on was anneahed totodkitibisd 34E£ arRdrihian USSEhtbPredmgEXperi nent.
15 FIuor;sq;nge {n%é$$%g%%ﬁgj gn. Stead%-state fluorescence, neasurenments
were obtai ned oR-a BEOF 19854 G  BYIATSRERE PRt hPZeasker nost at ed
cuvette conpexcenentlls Hhessymstriaednin vieblenser f atiesl ayitohogicitBM PS/ 2 nodel
55 SX conpieks Eé&ifé%ifH‘ﬁij%ﬁ&éﬁl@ntﬁggﬁtrqhﬁﬁfﬁ recorded .20 with an
excitation resolution of 8 nmand an emni sston reso u%ion of “H%m In al
cases spect¥Br3flete ReoFhectosd porenthat Kroodadr fiayel eBomrmddanehnscat t er from

unl abel ed liiclsworstubiiam SQAkKHEM StAY vaukl rAChooRm Ofilihe SREGK um of a

bl ank. _ St eac1¥l-st%te fluorescence intensity neasurenments were hade
. 10 values for the other homosilatecans ranged from 20 nM to

U

_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 Abgsence 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 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 09 Jpalay Re&t 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 obtained. Alternatively, polarizer
orientation was checked using a dilut e"isé)l ution of glycogen in water. The
ani sotropy was calculated froma = (Iv'~- GI"$) / (lv,, + GI"H), where G
= 1~/1gH 5 and the subscripts refer to vertical and horizontal

orient ati omsaffiekhe excitation and em ssion polarizers, respectively.

Ani sotropy neasurenents for honosil atecans and canptothecins were
conducted using exciting light of 370 to 10 400 nm and |ong pass filters on
each em ssESRECARSRAR HYFRKEoIfaFe thRe WrlFaFiveuaPds QuARBL WAtdMaAl from
backgroundD?E%ﬁéFi%}d/ GF reIs’rlggal Pilimyeas ceRretitArpingr ssileof- filters

wer e obtai @8} 1 gf%ﬂ ela"’@(:)trée}oI‘ MY QFRg %Ti*ﬁy ebntiRatioBRt of exciting
light ard EFREIBACFIIT 8F 3T IVRET L5 XHR e separation of fluorescence
from background signal. The contribution of background fl uorescence,

t oget her WichbmidsQatl t er edaipiihec@s dnPi €dddetch@SSydRan; 1%kt he total
intensity. e lactone rings of camptothecin and related congeners

ipce t
under go hy&?égﬂ/”scioggf%ﬁﬁ%usa%d'f’?ﬁﬁ WPt h PEhaPYEi5% ed> ¥ appPoxi matel y 20
mn., all ressuriewdnby HEECeassonp wdtbdfWdresterndie dehectrsi. passi ble tinme

_(Ca' 0.5 t(%rgparation of the homosilatecans is described elsewhere in
| 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,”




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 prov® denuany 880t 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 mnimze s tered light. 9 January 2004 F5
Det erm nati on of Equilibrium Bi ndi ng Const ant S. The nmet hod of fI uor escence
anisotropy titration as_reported by Burke, Mshra, A K, Vani, M
C. and Wl | BiqgRemtstay) n3%F SBrPaiAeR haF3)vi Bhwblsgﬁasglf%wmﬂyc&f
canpt ot heci dredRugsSrporat BE Gedreth Sby Vrefd32end352-6x3641¢, 1993k 1ipaadi scl osure
of which is_incor orateq: herein b ref erence V\g |.0 ed determ ne
3 Frigt | 1299

IS ns

the concent PAFFBRESF FTEE ANE boy "ﬁl SPELREs O
suspensi onslipdAt arniegsla irotmdosdray oddeeed redliioe dPBY, XPH].U?--@}M and

varying &ipjde 10, HQRC 8P FAHQNS: 3 glég%(pgr%dwg@gs%‘g@fee %gnq,u%tfed in tubes.

The overal |l assoclation ctonstants ar i ne I TA] [L] where
[ A] represefits 1R coféent teid daseersiongouere dihey, spridrtedpreident s t he

concentrati gnoph-£§:8€ fdnllfator (Laboratory Supplies Co., Hicksville,
NY) for 3-4 h until they became optically clear. A decrease

in pH from 7.4 to 6.8 was cbserved for the SUV preparations

10 of DMPG; therefore, the pH of these S8UV 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




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 deter@ilamchry 2e04 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
Lactone R ng Openi ng of annsiIatecansgqiSilatecans, and Canpt ot heci ns. The
hydrol ysis kinetics of canptothecins in the presence of different blood
conponent s Wfre det er m ned Qy a quantjitative Cl8 reversed-phase high 25
per f or mance®fF quiFERTCIEL ograptse (HAC) 29589 noe¥e ed Far@aRedret hodol ogi es
descri bed pakudrassivelyn thedakiter abtiiedratiqd wabovBecidH®e yiegarati on of
whol e bl ood fr | onat | ood sanpl es was_carri.ed out as descri bed
afffte AT 0 P B A R ey SPE B Y. chern cal

previ ously. yst
30 (St. LouFslcuigfedufyomnsad: HBA-sCBek/ 6o ut iGGad, warexrepGepalpti,9 January
2004 56 in BRS %fefeéuﬂ\ééﬂp@sflf@erpg%gf Jeft ca9- 02ng MR sG00EGNT rat i ons

wer e determ ned bX_UV absorbance at 278 nm using an extinction coefficient
of 39,800 MTHRRCIPET t &F , thegexritationot et aubsrieonwepelaréagemt grade and
were used Sresgereidefwirther purification. Hgh purity water provided by a
MI1i-Q UV PLUS purification system (Bedford, MA) was utilized in al
experinments. HPLC solvents were from Fisher Scientific. Human plasma and

red blood cells werexabbaid8d nbiamebentd alsokentdickyr Blaad Ceper. Wol e

bl ood was -10 obtaLned froma | e donor. in heparinized tubes, stored at
camptothecins were conducted using exciting light of 370 to

10 400 nm and long pass filters on each emission channel té:
‘isolate 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.



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 perfornmed either on a Waters Alliance 2690aniRir2834t 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 fluorBggence detector. The HPLC assay
procedures used for the honosil atecans are sunmmari zed bel ow. Sol vent A
consi sted of acetonjtrile andlgolvent B was 2% triethylanmmoni um acet at e,

pH 5.5, wi PRESFEPBW FarE BT L0810 /BirinE FoR982885 an TheofEEi9% el ution was
used: 33% Sf)lf/mdreséencﬁﬂ%r:sgbwmﬁy B;ti@t%aﬁﬁkaﬁdrt‘edem:iaﬁrm For D13-81

an isocraficgel L&E[‘A? aVag ulge 33*8% ol went {?wdﬁ% I\éent“L id and ?,,..;

375 nm and a. e A: nm ~ For an’i socra el ut’'i on was tsed: 41%
Sol vent A; bs%eSolP@émt@nmﬂl@Chmi@@lénw XE Ozeshp8chpeciBodrDBs 91 an

i socrat5C gkt s0fy 42%. SPdxenks A fBYe Sgﬂlé/q{ltscgos@zl%; fe¥nsd¢ nm and

Xe7:562 nm 51 To determine the stabilities of hono tecans in PBS, an
al i quot of *BactPOFPPHRFHonBET T8t eBUNSTIHEIVED wies afftRigYed8 pHosphat e
buf f ered saktdreniEPBShe %hc]anérhtfhcﬁlsHBECfréélt es@npheld \Wpakié@i s ai ned at 37C

in a water bath to § result |n felngal drug concentratio nagf fJ%:}kr.l. The
drug- cont 8t H ng i AFPUREESquP TS St PR s FRPFRTRS t Re B br

mai nt ai nedcatcedit€abieh al iguot st amaerdMat gad | ousatyimg poipids. Al the
det er mpgat bQHéeﬂ&%%l&%ﬂe 'ﬂli ré)%éﬁﬁ:&ﬁts were conducted in glass

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



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 ratio. 9Danasi@004 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 witho®the range before an individual
~assay was started. Aliquots of blood (2 m each) were renoved and pl aced

in three disposable 20 glass test tubes and the tubes were incubated at
37C. An alifuBRs oPuistg YHFDMBO fidelt éh aflddd4®o #t he-M-0od B8 result in

a final drugneencentons i ereofdcte)ymifdd |MEURAtIRBrBince3 e Wa% GRNt i nued and
150 | aliquots were remoyved at gtff.er ent_ti oi nt,s and_added to 600 gl

r ne ts .
“of cold methafiol aﬂSei‘%ﬂf@loflncﬁﬁ Prstdory t%b@BQTﬂéc‘PubéPV\ﬁt?rt'hen vort exed
for 10 sec 1%d) cendll felhed Rpentd aldmre trepgeitCracesnt ahllugeratuse8000 rpm for

45 sec. gThe,;SUREE NALARL RS ed ang. pl in_an auto a{?I er vial and
the vi aI5 quilcEj a fﬂreg rtgﬁl‘t ﬁgfé%\&t%gs'qrrp 92? g&nlgllq:ﬁ’t A Red BV % e sanpl e was
anal yzed 9 ¥aftidiyQ20H4 PLYP b Purihiciitdonl ysyshen héBedfo@ds etMA)p. wathe

dat a- anal ysirS198&d as ates&bebafedtQr B dHOvddt PRS-OH YnSAIENLS. To study
t he stabil i%sig.es oéi hompsi | at ecans in PBS _contai ni ng human serum al bum n
(HSA), the T3AGAS Ui sEWMTed 85Th B TrefHPR geiinerszsnebitingdi on of 30
mg/ M and fmoubcdredadt KhHCucHhe Rldowascarasur edwaste adjlusd ediako 7. 4

10 obtained from a male donor in heparinized 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.




+/- 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
pl aced in an autosanpler vial and 10 mai ntai ned at 37C f or9 J@uarnn2004n
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 mai ntai ned at 37C and aliquots were injected and anal yzed by
HPLC at different tine points. The ¥ /data anal ysis was as described above
for the-drug in PBS only sanples. To characterize the stabilities of the
novel silatecans of terest in human, asia, frozen plasma was i ncubated
at 37Cin order to tTﬁaaF “HHEE §A% %&g gh d’fzbc’??ﬁ%ﬁc?rl‘%‘ﬁl asma to
adj ust the gsd, claasel:tcpxoi 5f Abktluoet stheofhopbasiEcdangl inwemso iwagubat ed at
37C in dis d_dr Stogk. sol ns added to
result in |na J%%gh%%%iéu#g%?o%qofg qﬁ?%:vsﬁwe sgrrp?es%v\%'%e t hen

al lowed to QWQEWJ@IT (HiEhe rmagnt3d Apt qa(ﬂ% {156 |wabser éDaZE renoved at
differe t ts. ol d et -20C3 in an
eppendorgf tfu%%lp Ee?l\?\flge?ea\gg tgérgcf%l‘%agi %gcha ‘cen r| fuggd in a

tabl et op mieandeémind fige wes SOBGlyphrimfetSedeto flire mupesmplteant was

renoved andnfihagSska i 4t agreautaganhhgiony %naar}qea heevial; Yas Gulckly added
to the 9 Januar% 2004 _9 autosanpl er "mai ntai néd_at 4C. The_sanple was

anal yzed byP**HPEC as'u%o&ﬁeaéieb%@%‘lnﬁf:éc’nsrh‘ée%t%%ef‘llyst'rréP\Ma%a%s descri bed
for drug i mrHeBIaeal yasarqlliestes desehbbpteahriag wBtaad Miasenam
Qont| nuﬂlj3| yofl%lﬁlrgg—l; .ed 'Ithre‘[-r gggcmitogeogl factone was calculated us:Lng the.

peak area of lactone and carboxylate 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




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 experinents were pdafiuand4 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 sanples was neasured and adjusted.to 7.4 +/- 0.5 using either 0.1 M
KOH or 0.1 M HCL. RBCs were 15 incubated®at 37C for 30 nin and the pH

remeasured . to gﬁgie t hat iS{Pwas wi thin the same range as before the
assays weré™ 4. “A % L5t SEECP (2 THe S2ER) 2Het & ife¥8¥ed%and pl aced
in three didspositleldefol ads dosf ihubms oand sheliesbes were incubated at 37C.
Al'iquots of drug in DVSO were 20 added to RSC suspensions in PBS to result
in final drug concentration of 1 }f.M Incubation at 37C was conti nued and

150 | aliquots werets esmndgdeing shabfierenis bitnBopedintscang @ddad to 600 i1l

of cold nethapol .(-20C) present__.in an endorf_tube. The tubes were
RS nab "Rl L ERE iR o 50 1A e LT HtaRRT i uge at

vortexed for
8000 rprn fom PEBB.sep Thé stiperhmat amtcamsatréomved aid phAaerdaha an

autosampl erysyialecande L 9pcvi anes Gl Cllak.addefd o dyg . aW.05agp! er

mai nt ai ned at 4C. The sanple was anal yze S soon as possible. The
data anal ysi’s el ugdr30° de¥cKPHeF Poi ¥ HECldr ugnivbRBSnoabytisuasl es

described aheve.ps staBubiz¢d 20060 c ik UAREEeREEgSPeah! alikhanges Upon
Honosi | at eqan .

L /HSA was removed and placed in an autosampler wvial and

L 10 maintained at 37°C- for 10 min. An aligquot 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 PMSQ stock solutions added to result in
a final drug concentration of 1 uM. The samples were then

allowed to incubate further at 37°C. Aliguots (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



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 for8tuheuarg2004ent 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 4X0“nmat 37C. The em ssion nmaxim for
DB-38 in PBS is 531 nm,and.thjs value shifts to | ower values in the

presence ofURSMIPAFRSL GRS AT tHE FPEBERCERDIABVBESY Y ¢l es and X, .
of 517 nm HPLA5akhesgpnesanceoodiHWPG vakkCclash. dhayspectwasl shifts of

DB- 38 whi chh_occur .i h rese of. menbranes indicate that the agent is
capabl o of SRS Bot hoaPe iy BHE T A e U6 Y5 APBER nembr anes.
Spectral r8terdli ogs wase confiinbausly ahdblelmdp| biverhabhothd y pahsea t he

addi tiog ofatdes20:! @ctene. 4 Qym ofy the agent to solution or suspension,
thereby assuring that the detected signal originates predom nantly from
the |l actone.formof the agent (and not the ring-opened forn). Fluorescence

em ssi on spectra ofT% M%ﬁ&? 28 faut yg&lﬂﬁg?%gi |y honpkgearrp(gj,‘gggfci n (DB-81)
were al so exam ned. Lipid concentrations of 10 were used. All spectra
wer e recor detegidiafgeaikcidn tdel PgReensie 40 pheiqloadzallyTeleNRssi on maxi ma

for DB-81l i-gnEBRAvié& b5 482 Nhocand-difks Macye Sief t&mewiayer values in
the presence of 30 nenbranes_ (?t.,,,, of 443 nmin the presence of DWPC
fvesi cl es SXperiments were perfo. ed.’ 'Packed Red blood cells obtained
p 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 30 min and the pH remeasured to ensure
‘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.




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 el ectroneutral ®@&nthnuary 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 PBS:ig 535 nmand this value shifts to

| ower values in the presence of 10 - ranes' (X. of 513 nmin the
presence of DMPC vesicles and X. of 512 nmin the presence of DWG

vesi cl es) THEOF¢IRSEES cenfBeetiads| onClasgesr a diPor E. tHgmpsilatecan

butyl di met hylesiddtliohd- BYEE 0XYrH® MBE SRt IGE-EréB- O Bl uWaSscadks0 St udi ed.

Li pid concentrations _of 10 mM were used, All 15 spectra were recorded using
exciting |igHESHI® %@ 2R TSPt e T PRI AT HESATE ™ SPHE8T in PBS is
554 nm and oft phesptalteebsificktd saliravaPesnl alepH 7. 8hangr eseg@1of  nmenbr anes
(? of 4 Ln e pres . Of vesicles and X, ,of 434 nmin the

pr esenc?o%&&%esﬁag?eggﬁgm%ﬁeP%/?uctol%eeélggng % <5 AT J|5ees"c ra of 1 pM of
the carbox3fl guerdnsimmefot7 smabltupilaheidanyvesicles| (SUVsN rommmsedanpt ot heci n
(DB90 car boyy| ali@heias e SRl Hd.  gindyRl 0 SARREBLKALIGNSn A0 15 MM ner e
used. The concentration of lipid used in these experinents was greater 25
than in the'™®ptri nent $2conducfBd usi ng®Fhe cor PESPHOTELHGCHERIEENne f or m of

DB- 90; the dimghestdviiphéemiRnecaenididice0ss wepreeusednbegmsse ofigihe reduced

nenbr anfo asczso%%lezxal‘tgxl'a q%ngf o% hg mM were used. For DB-38 all spectra

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 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 enission maxima for DB-90 carboxyl ateeJannafyBBoids 529
nm and this value shifts to 5 | ower values in the presence of nenbranes (-,
of 512 nmin the presence of DWMPC vesicles and ),,. of 512 nmin the
presence of DWMPG vesicles The fl uorescence em ssion spectra of 1 ..Mof the
ri ng-opened or carboxylate formof @§}-butyldinethylsilyl 10

_10- hydr oxyhonocanpt ot hecin (DB-91 carboxylate) were also acquired. Lipid
concentrations.of 0.15 M were used (the higher concentration of lipid
required i nitthéwe %&;@érzi fent?® “P% Bresbre %EFWPI?Q ‘Wﬁéci%%essi'rthﬁt ed by the
reduced nendpemneal aslsidtsatafornB-6fi thiéclopesad: rimgther prafeniche ocigent
relative 1 cl =L |.a n rmof the ent.. The em ssion
maxi ma for gi%ﬁp%ar b%?(igtgg‘tgéen%\a%%ggi gg%‘ﬁ% Hm a‘%\?atb}%lgso%af’ﬁ%ﬁnghi fts to

| ower val ueketiixebfctaspeinalnandh aegpbivalye chirgpVmeniesiesl. es and 71b of 446
nmin the presence of DMPG vesicles). 20 Normalized fl uorescence em ssion
spectra of 1 gM of the |lactone versus carboxylate forns of 7-t-

but yl di net hyl si | yl - T™he- #r:eoheeneanpidddiea nspePBPr0ocand [ R@-car boxyl ate,
respectivel i.n. P t.34C.were studied. Fluare nce em ssion spectral
dat a i ndi ca%/etxtlﬁérf‘eliﬁ gﬁﬂ:’{lﬁé}s\g 36%%7‘%5‘“?58?%3?? 38%5{0 ht"28HfFi ng of the
spectra to ¢imninghorldr speaialeengtd reggrded orsisbi Exeigingf 1idke ofectra nore
towards the,ff yg LEYPE. Ofnd lBidron G LM 2ROELT & WEl 825 s 535

(ﬂ nm and this value shifts to lower wvalues 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 uséd 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




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
forns of 7-t- butyldinethylsilyl-10-hydroxyl honocanpt ot hecionyahldey 2bosand
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 toward& the blue region of light). The two
spectra were recorded at 394 nm 10 Direct Observation of Fluorescence
Spectral Changes Upon _ Honosilatecan Partitioning in Red Blood Cells.
Spectral PBEDY Fﬁg‘g VETR Phi that S hPICEABE efRd LBAOFLPSEHFERS t he

addi ti on oftathend Fotonet fubeminig t he AdayestedeeaSabal ix@Rordddaisehy assuring
that the detected rs%:gplal ri?q(i]'nat es 15°$redom' nantly fromthe lactone form
of the ageftt=¥ EtRe tThgbgened Torthe eMEst s&eH2ndR¥ na for DB- 91
in PBS s 0B540 nmarbokyldtes ivabre ishbho susiaghi EhiaRiziet Shixts 06

appr oxi gjﬂt %-lpé 410 nmin ar}{lydrous et hanol . Because DE-91 contains a '
10- hydr oxy “PURTtTOMERI 5, Pt &P 0P| BSPReRPet s(ee Phatl% PioiRscence can -

occur fromehlo pateséhdiCt oS PEMBESregiBled®Na@Pr Rt | oS0k ¥LNEy, OF 4, NRRs aquUeouUs

m croenvironnent a _protonated (Wth respect to the |0-hydroxy

funct i onal FE§FeRSHEE PG TedbMiSTat es, while in protic sol vents such as -
wat er a deprotonated excited-state conplex predoninates. The 554 25 nm
peak is correlated with the deprotonated excited-state conplex while the
X. of approxi mat el y The Ofhmresremdeatemd ssinn Fpeherprat onatedifexbet ed- st at e

{?onplex. -rQQnBoéﬁgﬂédo%roEarboxylate 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.




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-nodi fied canpot ot heci ns (DB- E;lf’-and SN-38) with each contai ni ng
t he 10- hydroxy functionality. Spectra "‘?ecor dings were initiated and
conpleted shortly after_the addition of the |actone formof the agent to
sol ution, thereby as¥iFPhEFhdtlvpResRRCeC EBESSiqgn APetorarefyi hates

predom nant by f EReN t hectdrd ONgedQisM fazbBRyagent rdard ngt th_ﬁc_ri'ng-openedf

form. The gm ssi.on maxi for DR- -91 in PBSis 554 nm In the presence o

red bl ood cg‘lmryé, 13‘9':}%’33%{%11?? ’BY%TWS]F’?‘E%?E‘PPF%P 71PB-91 E 3ng ye s

observed ipelgat cagpdyakeé he rgetcive1ghpabl e @s partiidoeni fgd nto 15 the

red bl oog cel | _negb\rﬁa]?es. The nmenbranes of the red blood cells provide a
]

hydr ophoBi c2fFEr SARBRT T STESTI e FPERT Y GRbRat i ke etk st at e
conpl exes caperf oring acgkrfihgotiesee ikr anal iGhAPaKiRARgObE iR epksston spectra

of DB-91 ip,theg.pre g.of rythr.ocytes with that of 20 clinically
rel evant 7- et hyﬁe-l 0-hy r(r)xywcaglr%p[f%gq%ec?e OFi gUite Shf)}}t’llﬁai (?%t ethere is nore
ext ensi ve pFRRBFat darexePasdsstthee bleonpéabonf ofndtigbn) i n The oase of DB-91.

These findi pesciraoR&DeEatL3d0del sqephr ane studi es indicating the nmenbrane
bi nding of SN-38 is significantly |ess than the extensive

' 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-91 in PBS
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

i" 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



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 |ipophilic, erythrocyte-interlaabary@oagent
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 al %ofdi spl ays fl uorescence spectral
characteristics which are sensitive té% he presence of water. In the

presence of red. bl ood cell a peak wwth a significantly | ower A",, value
(appr oxi rratceqlﬁre}ﬁﬁfsnn’flt?’é %%bs"%ﬁ%d%%ﬂ%ﬁl’f% ifdPRSt I hg°fhatte he agent is
capabl e of dqpaptetdtedi Agcitsdostaes retpbenod nelRigwesbr anasd Haaever, the
peak at theséu%g?giﬂe?lsé%@areQHC%JF%ga.%\é 38 Jskablye o Lhe i tuation

observed for _ ure 6)- These results indi caté& thefe is nore
ext ensi ve pkormaRteediek dittedhin Bazametevnps ex fokariveomeasutehefcase for

DB-91, corrohepRiindeyt hat the nawah shomsidatsean:Re- % le‘qkaadaore

| i-pophilic, _erythrocyte-interactive agent relative to t'ﬁe nown conpound
7-ethyl - | o-%&szV&%p?%ﬁ*he%?‘}?aegﬁp%swe AR HYSREEY  BeRGhHOPREEYOf

Honosi | at ecgiestasl Detesriiings Byrén inlbiaddeldr aaridel donfpakt ed € sExpaRi ment s.

Cytotoxicit asure . wer e. conduct ed usi VDA- MB- 435 tungrigeni ¢ human
br east canéclfetggczcllﬂ’les%%%él%nel?g \%é? eE%‘f(tp%‘s?e oﬁg. éo'%ra e B Q
concent r at i sHgtion, 72tHerebXposssurinar i ¢lst anthe hedeteicabi| | tygnalas assessed

usi ng a;ul phor LHEAAT B8R HanfB) ASRAYne G2l SRR IRASYULES IHe total
protein levels in the living cells. Protelns from dead cel?% are |ysed and
‘removed in {ﬁﬂg not the ring-opened form). fThe emission maxima 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 membranes 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
o ‘ corroborate model membrane studies indicating the membrane
binding of 8N-38 is significantly less than the extensive
25 interactions noted for DB-91 (SN~3§ displays a Khﬂévalue 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



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 resulbtjantde 20p4i 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 close correl ations Qale been 30 found with standard
tetrazolium (MT) assay and cl onogenic 9 January 2004 assays . The SRB
assay is now a well regarded assay and was recently approved by NCI as a
st andard assayPSEAVERfS cailtél dlag séFrBvahgflugsiosgendre SRRtastay, the

cytotoxi Ci tanaryaddiagcicy Gelds exposedsiwiw@urepovel hamesitatggans for 5
72 hrs. were _determ ned. (C%t ot oxi cities of honosilatecans and canptothecin
agai nst MDARFBF 1351 uﬁiﬁ PHERTE A aset Podtlifiet 16r easPe@artdEhcadl s in the

absence andipresaneelpl 1buyeBn x,gﬁrme@I bupAwehe Lt efdy nggh and are
summari zed in Tabl e 35 Each I C5,, value represents the average of
three 10 SBFEFAE oFi Va3 tirnicacidusbatet e vaaenst dai ewpabde ofiplicate.
(+/-) 4- Et hppre8eetihgxinte thé nidhpl sod agyl - Benbrdhby dnewktbr, the

peak at the lower A, value is reduced for SN-38 relative to

the situation observed for DB-91 (see Figure 6&). These

results indicate there is more extensive protonated excited-
10 state complex formation in the case for DB-91, corroborating

that the novel homosilatecan DB-91 is a more lipephilic,

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

C” 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




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 tegByRkr(2od4 nML)

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
organi c |layer was dried (MgSO4) andat-he crude residue was chronmat ographed
(hexanes: EtOAc 3:1) to yield lactaP™4) 0.55 g (98% as a white solid: IR
(CHC13, cm1) 3602, 3569, 3398, 3022, 2950, 1579, 1456, 1351; 1H NWR (300
25 MHz, CDGEZRYS 0.722 EBB agspy, iQm@¥ {twell xeFatrited Rskhy dndfad. 79 (m J =
7 Hz, 2 H recén rdvedd by RePQs(s, C apeieancé: 1 H, 4.53
(d, J = 16 He, ?llyH)(a%?, 4 70 ;;d, Js §1%§aﬁz@arf éﬁ’g’% 5‘5.(%63{“&1,“3“’95 e, 1 H |
7.25 (s, 1 HP9: SE3ESRinganuaP§iaD0oBNVRRE 75 SRRy, ChEl3ytetodicity7. 8, 31.5,

53.1, 58. 8,valfled, foP3cisl Expdsed 1489. dur 1458, HoaBsP1atlfand: tHRVS (E1) mz

calcd f 4 S 473.0519, found 473.0507 LRVS, (Ei)' mz 473
(M), 458, Césg,ggggag‘?ms&’g@ﬁf%f’dm, tOX1EITISs. of ihpmosilatecans

2- met hoxy- 4ngr spmpedhegin r agrsimiy| ¥DA MB35 pynnch iyediy| meeddngdeiester (5) To

a round botyganf b ed.j;act.al ) 00 0.34 mmol ) foll owed by
AcOH (9 nlL). and Igiééstm%?reggcg?lalt%e 1?‘0.':%% &bggF%%Ga%ﬁo?])‘?seﬁfz?eP%S hour s at

50C 10 the W‘?Pu?%r%salﬁaﬂf%dwqrﬁt @EFe@m’e@!dd andt arfabi@@Bazindd éxtracted with
et her_ (3x75raplp. 5 Thepggany,C JaAUET r¥fesddnt8dthe 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) a_nd 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 (hexax;zes :EtCAc 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¢



(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 l)janudryZbost, J =
7 H, 3 H , 2.75-2.95(m J =7Hz, 2 H, 402 (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; HRVS (El) mz
calcd for CL4H2INOAASI 20 (M+) 295.1%49, found 295.1239 LRMS (ElI) mz 295
(M+), '280, 267, 250, 234, 222, 206; 176, 162, x.03, 89, 79, 73, 57. (+/-)
3- Hydr oxy--3- (,3-hydr ox t byl - 2- net hoxy- 6-

trinethyl si%n&ﬁp ?rdi%@iﬁ& %’-pén%fan%i c adi-a-tePttbutdB d8tér (6) 25 To a
flame driedstbaskives, added kel 5or mBeeo, eskels ( SipMd- Fuf)y 1,69 mol)

foll owed by dioxane (20 nm.). a-Brono-tert-butylacetate (0.9 ni, 6.08 nmmol)
was added Falahubey 20042BNP4Fi0l (MIhed7By0HS | ated Zm (030391L8¥S 9.1 mmol ).
The Zn was %gii ated b +She Cava_ nhethod as set forth in the J_ Ocranic.
Chem, 47, ‘B’ 5% f‘-i'b8% Pothd dP 8% 680r % WAP ¢ 3rs57i ncor por at ed herein
by reference- Next 12 (0.16 g, 0.63 5 nmol) was added and the mi xture was
sonicated for 3.2 hours. After sonication the mxture was diluted with H20
(100 nLyY &RE 'ihergfieo nL ¥ e FReXY B BFPPIRPYenht STigethess¥iapvered  t hr ough

a pad of cEFFLERPRE: JIREERS %€ &¥parated and the aqueous |ayer was
extracted with ether (2x100 nmL). The 10 conbi ned ether extracts were dried

. (MgS™4) and chromatggraphata( hexanes ELOAC 88: Laked 0 1%kebd hgf a- hydr oxy

e
f
L1

(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



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 J93adudm¢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 NMR (75
MHz, C6D6) 8 -1.9, 8.1, 7 Hz, | , 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; HRMS (El) rn/z cal cd
for CL9H31NO4SI (M H20) 365.2022, fogwil 365.2028 LRVS (ElI) mz 383 (M),
365, 336, 309, 280, 262, 250, 208, 89, 73, 57. 25 (+/-)

5- Et hyl - 4, SEdilayed d=vs Wé?@?@ﬁri%?hytsﬁlylmgﬂ)net r‘imey@x:epfaao

[3,4-c] pyrléiﬂtﬂv%%by% Cé¥ra Thethod 005 e f koSl WaSaddedothe sheta hydroxy
ester (6) 5 %E. 1.9 mml) -followed by trifluoroacéirc R (150 M).

After 24 h Bt UTE ekt 330 e FIENtH-SEAPSUTNAPEORREBH 85 and

extract ed V\iﬂcbrﬁcb:i‘lﬂ:léd( Iheié)ih Nty . reffe@efcd anunext 2004(pngary,c pegse was dried
(MgS™) .and cliilomato Dg hexanes Et OAc 2:1) to_ give beta-hydroxy-

| act one X 7)™ g% & 8 WBI%&%SOIFWE@G&* 3et9urse20, 2978,
2873, 1742&ft1356&on11b&48¢n 1384 mJ.ichBe viafhl&;:.lﬁ&&i w348, nddd N8 QnBQO 5 VHz,
CDC13) S 0.2 ned Mo 083 ( 3 H), 1.81- 1.88 (m | = 7 Hz, 2
H , 1.37 ( et g7 ) 100 LG ”(”*be E'Fsulihng FERUlEipE was 3%13(‘%?“?} =14 Hz, 1
H, 3.91 (schr3ubh aEh&BBp@dpellte the phases were separated and the :

agqueous layer was extracted with ether {2x100 mL). The
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



J =15 Hz, 1 H, 542 (d, J =15 Hz, 1 H, 7.26 (s, 1 H; 13C NWR (75 M1z,
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) mz calcd for C1L5H23NASI ( Btandarg@804.396,
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 mml) fO||O\A.B by dry CH2Cl12 (25 nL). 1C (3.2 g,
19.7 mol ), was added to a flane dried flask at -78C. The flask was taken
out of the bath, warnmed slightly, excess noisture was wi ped fromthe
out si de 20 SFRRTLEC WaBAFi crasy wEiighed (Mafé)@r) nidndogehroddtograpldaghi ng it

was returne@hgﬁngg%tcﬁgczb%t h:oa gvgl sé{it é’?YCIII%‘e: coI d‘gﬁﬁ’g 16 nL) to

give a 1.2 Msolution of ere ansferred
to an ice ba'f%)and alwfmmdscbhd eqarl I(d:HCHI3e ta- QC3oéop0:l.f§1sqn2@f3 the ICl1

solution (10.1 25 was transferred to the m xture dropwi se in the dark.
After 16 h?ﬂﬁzg 6t helth8r k138 he 198 u%blf%/vaé?oﬁouﬁw i Mo N¥R 113006 sol uti on

(100 ni)sof md2p I&@a 5230254 grh e f tract Wi Et (3x100 m.) .
The organic Iayer \%af dried ((S ? 9 ?gnggr y52034H?0 %nq{d Format ogr aphed
(hexanes: Et &8 3m1) Jto Bilee Be?cl)a, Hlydﬂoxlyr $act ane §79o Qd43Jg= (46% and

i odol act onepf 8)1 &y 419, 4237 J Ral( 1), 2974 951, .1747, 1573,
1554, 1380 357 191 (Sbeh %Ogyl "% %)’0‘9 3 I%:’Dc%?,)l&s(do 84 (t, J =

75 Hz, 3 H,= 1157821 858 m5-32=($ g = A5Hz,2108) ( bF. 26, (3, =L 10 ;
ro 3¢ NMR (75 MHz, CDCl3) & -1.9, 8.4, 33.9, 42.9, 53.8,

i

i0 62.2, 73.8, 114.7, 121.2, 151.6, 159.8, 165.9, 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.

(+/-) 5-Ethyl-4,5-dihydro-5-hydroxy-7-iodo- 9-
methoxyoxepznc[B 4-clpyridin-3 (1#) -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 mL)
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)




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 NWR (75 MHz, CDC13) 8
8.4, 37.4, 42.7, 55.0, 61.8, 73.4, 114.0, 114.9, 127.3, 18%9a8uar¥2903,
171.9; HRVB (EI) mz 10 calcd for C12H141 NO4 (M) 362. 9967, found 362. 9955
LRVS (EI) mz 363 (Mm+), 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] pyri di ne- 3, 9-di one 9) 15 To a flane dried flask was
added i odol actone (8) (0.33 g, 0.907 |) followed by dry acetonitrile (12
m.). Sodium.i odide (0.22 44 mmol ) was added fol | owed by

chl orotri né‘Pﬁy‘F%liol"‘éﬁ‘ég]("’(thg frexanea gl §: 1)THe eterlbeaghydvioxyur e was

stirred at 122€oder (735 orapugessgd) WHEh e Atr 2 HRP 67afy | (444 . 0. 42 mol)
was added and the mxture was heated at 60C. After 5 hours at 60C the

m xture wasPpdGRe® i §Fo™) a2I*41 38Fut | B 7ef 1598 NAZEEE/ BBime 1278, m.) and then
qui ckly ct Et x75 The _organic | ayer was dried
( MyS04) an(y}tzg'%? ofr%t%g%g%he(??a&gcﬁo 395833} 8 9i 8% d't25 9 5ddpyri done (9)
as a V\hlste}&oladmO 197g- iasﬂs%(m LH mw}(ﬁog vasz 9@D@,§/ @ ,$ 0.62 (t, J=
7 Hz, 3 4§P1F§436n1 = 1 FP Hz, 1 H , 2.97
(d, J = 14“\312 Y37(a, 14 HJ" 11% HE - 9? f-ﬁ 35”@65(]& (Fr= 15 Hz, 1
H , 9 January15084, 6. 68 .(§,34 kg, 7 £3C5 NAR (175;)|sz; sCDGEL3) §)7.5, 35.6,
41.9, 61. 6Q3%ﬁT§}ﬁ%g é%ﬁl%ﬁ §3 1, 156.5, 162.6, 172.7; HRVM6 (ElI) nmlz
cal cd for n CB4s3)g 11 4% G0nd- g oBIF L RRES( B13-4m z 349 (M)
(,-,331, 320,11308, 288€.9,2787.3, 155.3, 159.8, 171.9; HRMS (BI) m/z
10 caled for  Ci12H14INO4 (M*t) 362.9967, found 362.9955 IRMS -
(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 iodide (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},



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-trinethylsilyl-2-propynyl)-oxepino(3, 4-c]pyridine-3,9- diJneafy®ay 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 nmol) was added and the m xture"M@s raised to 22 C. After 25 ninutes
at 22C, the trinmethylsilylpropargyl bromde (0.130 ni, 0.92 mml) was

added and tdigsmix} ur envwasibeahed @t ap4. Acugl §67h0uns.e, tdeom xture was
poured into brine (50 nL) and extracted with 20 Et OAc (8x30 ni). The Et OAc
| ayer was dofli-éd [REGSOP?-dndllthr.ordlodr aphed  ( GH42CE2: Ef’%)&b 8B¥M80) to give

t he desired | at yrd_ done 4 (6 foam 1H
NVR (300 Nr&ﬂ)c%g%) é'%g?gosé"?s, 9‘%%}%%8@0 i ELELE ”h)ﬁ 1.60-1. 74
gmGOJ(; 7 Hng 38, 4LR§I§9?§fﬂ:]m/~L I?lé ki) | 1%&;52%013(35)12 5589 i72*7|z_3é-4 TzH)l ?)09
r_.s = , = , , .
(d, J —%LSWH%SO 1525”2';6’(9122094'1%" . 7.01 (s, 1 H:; 13C NMR (75
MHz, CDCL3/ CD3CD) 8 -0. 44, 7. 9 35.7. 42 2 45 2, 62.3, 9 January 2004 72

72.6, 90.7, 98.1, 99. 2,f 119. 122. 3, 155.1, 160.6, 172.6; HRVS (EI) mz
cal cd' for CERRESFNOESP (WWE@"%GS“RY&}HG“B

A (+/-)} 5-Bthyl-1l,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,



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-

but yl di net hyl si |yl -2-propynyl ) -oxepi no[ 3, 4-c] pyri di ne- 3, 9- gdiagn@-g(zb@b)
Fol |l owi ng the procedure outlined above 10 iodopyridone (7) (0.1

mml ) 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 n1 2 H, 332i (d, 15 J=14 Hz, 1 H), 3.33 (d, J
= 14 Hz, 1 H), 3.48 (br s, 1 , 5.07 , 5.12 (d, J =15 Hz, 1 H),
5.47 (d, J7=. ¢5 szf msl—i)., 9b.. iaO (s9.d, Hp2; 313@§\|I\1R 1éb.4Hz, 72, s CDC13) 8
-4.7, 8.3, 26.3, 36.0, 42.6, 45.3, 62.8, 73.5, 89.4, 98.6, 99.5,
119.5, 122 H@MS sﬁhnlmfiaoza&cdﬁ?ro Cmﬁwsﬂm%l ) AR%E36Dr FPONE20H28] NOAS]

(M+) 501. 0§ 0 ( 444 402, 335, 318,
169, 121, 9%‘2’ %%&u?ﬂ?’é ?758 %ﬁ RIX@R E‘l‘l e’réﬁé %P% Hydr 0§ 12-

tri met hyl si83yl Z8H5I5H oxepi no[ 3,4 :6,7]indolizino[l,

b] qui nol i ne- 3, 15-dione (I h) 25 (7-tri met hyl si |yl hormcarrpt ot hecin) To an
oven dried pressure tube under Ar was added the iodopyridone (10a) (15 ny,
0. 033 mwl ){+/e} | owed-Ehylbbnz.énexr{Bydw-5lhydrtyt 7 Blddd-60(H-tersl) . Next

phenyl i sonigtuﬁVI@iﬂ(er)BYEﬂig}-&Pk@pm))—oe:nsliﬂr:ebaanee]"wuﬂdthél—EQ93anuary 2004 13
ione (10b

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 s, 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 calcd for
20 Cz0H28INO4Si (M*) 501.0832, found 501.0843 LRMS (EI) m/z

S 501 (M%), 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



(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 chromatographed (CH2Cl2: acrihoag 2004) to
yield 5 honocanptothecin (1h) 5.2 ng (36% as a tan solid: 1H NWMR (300
MHz, CDCl13/CD30D) S 0.64 (s, 9 H, 0.96 (t, J =7 H, 3 H, 1.96-2.05 (m
J=7Hz, 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.18 (d;: 8Hz 1H , S 27 (d, J =28
Hz, 1 H: HRVS (ElI) miz calcd for c24H26ﬁ\|2045| (M) 434.1662, found

434. 1679 LRS- -CErg, nf Z04P34mmORM) werk] RAdBB8 an@77he 38Be w47 le@fsed 320, 303,
289, 275 Zﬁﬂbh 347, sddlea 244, pi—géjed 149 £rod3: ofOa £7JW )GE sunlamp.

5- Et hyl - 13- tetrahydro 5- hydr oxy- 10- (tert- but yl oxy

car bonyl am% F122 RSt RY| STT3H2BIm5 IRhe oRBBRHS] 323 490 EPFFRERS! i zi no

[ 1, 2- b] qui natd necBrdimtdgomshed | c Kkt @Bétdudt yl exycar henyl apdizo- 7-
trintethylsilyl honocanpt ot hecin) 20 Foll owi ng the procedure descri bed
above, $odopspcaupirtbetdn) (180 5ng, md. (BB ) neel 3 as godddt ed 1R NMR -

75, 0.1 moly Rk ene (o od B 21 S AP T: O anBtogaphy

(CH2C12: Acetione .364). 0gave, 25 <caonpeund ®)l, a} . 18. @, ny £ 582uzasz ag)hr own sol i d:

| R (CHC13, 3022 7, 3 655, 1394 2 1155 62; 1H NMR
(500 Mz, CE)é{E?, & “8 843‘99 f&f 65’82"‘ g‘* E?':S%ﬂlﬁfi'sr}‘ 5]’971 61 (s, 9
iH) , 1.85-21 Iﬂ} (SmGB\](&, Hz 152H|z|) 1 3)317.(6@;7\.]71 (m, 2 H), 7.78- ‘

" 10 7.84 (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) 8 0.70 (s, 9 H), 0.9 (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,



13 Hz, 1 H), 3.41 (d, J =1
H, 5.34-5.41 (m 2 H), 5.6

~N -l

11 (
d 5Hz, 1 H, 6.96 (s, 1 H ,

.19-7.40 (m 1 H , 7.62 (s, 1 H) 7 (s, 1 H ; 13C SiN&yarp300Hz,
CDC13) 6 1.43, 8.3, 28.4, 35.8, 42. 6 5 .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; HRVB (EI) nmlz calcd for C29H35N306S
(M) 549.2295, found 549.2274 LRMS %g .mz 549 (M+), 493, 475, 449,
433, 415, 404, 389, 378, 350, 304, 2604 195 182, 73. (+/-)
5-Ethyl-1,4,5, 13-t etrahydro-5-hydroxy- 10-acet oxy-12- 10

trimet hyI si Hyl -BH215H0Xepi hot)3' 5461 Gd7] ondals &kznol )2 6.96 (=,
b] qui nol i ne §315 di one (éo acef.oxy-7- trlnethyIS|Iy1honDcanpt t heci n)

Fol | owi ng th procedirt’ dBsctitBed dﬁ6J§ |%Hoﬁy?7d8he1(¥ba) 80 my, 0.065
mol ) was nerct(egds Waid) J;'bcp@raaape;t_a,ox;gpgenyélésoryg Bl | gz(élZ é9,4,0. 26 ol )
and hexanethylditin ng, 0.1 mmol) in benzene (0.5 nm) and t-BuCH (1
m) . ChronasczoéraW( Kl?oﬁe%tdﬂé 8: 132Hve 12Bel. pr3dddct 1B .6.my (21% as

a tan sdl i dial R (@613, ©48 k) 302356, 2992;, 29%8,21753; 6165]?56 ]5600 1504,
1193; 111-1 NMR (300 MHz, 20 CDC13) 8 0.67 (s, 9 H) =7 Hz, 3
1. 9 9598, T8 HRMD (BL), nﬁmzc(aécdsch; czar%neqssu ttd+14 H, 1 H) ,

|_|)
538 (d J‘]Sf%%“#'fwﬁﬂesz%%&%&ﬁ o'l "t b a1

, 1
H), 7.38 (ddio,J43% 916z 4032 382 Bzs, 1354), 372 A®625 (S5, hidp,,7%.88 (d, J = 9
Hz, 1 H , 7.92 (d, J =2Hz, | H ; 13C NWR (125 M1z, CDC13) 8 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, 135.06/-) 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,

d, J =19 Hz, 9 January 2004



144.1, 144.8, 145.0, 148.9, 150.0, 156.0, 159.7, 169.1, 9 January 2004
171.5; HRVMB (H') nlz calcd for C26H28N206Si (M+) 492.1717, found 492.1707
LRVS (ElI') mlz 492 (M), 477, 459, 450, 432, 421, 403, 3939 Ja3Weyy2@8B 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 | owi ng the procedure descri bed above, iodopyridone (lob) (25 nmg, 0.05
mmol) was reacted with 10 phenyllsonlnﬁlle (15.5 ng, 0.15 mmol ) and
hexanethyl ditin (25 ng, 0.075 nmol) if©Jdbenzene (0.75 nl). Chr omat ogr aphy
(CH2Cl12: Acetyans; #rly geve mpenpaied £49) c 1425,&% ok31 Nm:3S 48, 1AR, solid: IR
(CHC13, cm1) 3027, 2958, 2932, 2859, 17 g, 655, 1600, 1269, '1065; 1H NMWR
(300 MHz, @D@&@)é@ 0709 kRS 1BI) 3n/d) 49D. #0)(Se7B, Hso, @582 40, J = 7 Hz, 3
H , 1. 00 ( 2 ( = 7 2 H, 3.23 (d, J =13 Hz, 1
H, 3.39 (d° %9%&%2’fk€°25 T T & %' ,511(d,J:19‘Hz,1
FD 5 31 (d J = 15 Hz, , 5. 40 (d J = 19 Ft , 5.60 (d, J =15

Hz, 7,35 (s, 1 ’m;% 7 70Y%5‘ J=8H, 1H
273, (g’55 g,i“zﬁ %ﬁé a2 § e"’ﬂ? §1 CE?C%? ’é”bi’zeq > 12033 194

132.7, 136, ;.ﬁ?l 456. 1, 159. 9, TFEE" HRVE (EI)
mz calcd for gt bt 2131 "found 476.2118 25 LRVS (El) m z
476 (M+), 458, 430, 419, 405 389 377, 361, 345, 319, 304, 275, 149, 117,
91, 73, 56. Following the procedure described above,

i

iodopyridone (10b) (25 mg, 0.05 mmol} was reacted with
10 _phenylisonitrile {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-



(+/-) 5-Ethyl-1,4,5, 13-tetrahydro-5-hydroxy.-lo-(tert- butyloxycarbouyl
am no)-12-tert-butyldi nethylsilyl-3H 15H 9 January 2004 7b

oxepi no[ 30, 4' : 6, 7)i ndol i zino [1,2-bl qui nol i ne-3, 15-di one 9 Hafuary 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 w th para-bocarni nophenylisonitrile (58 ng, 0.27
mol ) and hexanethylditin (45 ng, 0.13 nmol) in benzene (1.3 nli).

Chr omat ogr aphy (CH2C 2: Acet one 10: 1f7@nve conpound (l1a) 7.8 ng (15% as a
tan solid: IR (CHC13, cm 1) 3435, 3022, 2931, 10 2859, 1738, 1654, 1563,
1528, 1156;°=eRippR SOOSMﬂzndmp -8 M., ZéblMindlH)e-301E/d{dme 3 H) 0. 96
(t, J =7 Hfla)3 H, 1.10 (s, SHrert: my@sxy@aﬂ)»pyhﬁhozveae;(tm J =7 Hz,
2 H), 3. 34bytyldimethylsilylhempgampgoshedid) J = 14 Hz, 1 H), 4.42 (br s, 1
H, 5.0 (d, J =19 Hz, 1 H), 5.38 (d, J = 15 Ft | H, 15 5.47 (d, J = 19
Hz, 1 H, 5.62 (d, br 7.21-7.25 (m 2 H)
L 7.45 (d, J =9 Hszn%@nldz &9@ gr?lced(l ° éis‘iﬁ)lgz“‘dlscﬁli\ﬁ\‘lﬁ (125 MHz,
CDC13) & - oraslopypidpne gl1gb) 1d45, mz7 £.028. mmoB)S Bas 42eaqte53 vﬁ,th62 2, 73.8,
81.1, 100. }.Qaralﬁﬁcﬁmnaagﬂelﬁfllégél&ll;?’o {§8 1\?|’| 3, 01%‘/6 20 144 4,
145. 2 148. é 152, 156 160.0, 171.5; H El ﬁ?% cal for
C32H4 1N3 06 PR 56t 57 6845 £ BEind 058 . Dmah) mwBez(l@ae nfiz353%) (M 57), 516,
488, 477, ABSomdBSyrabhy, (RO ,3HEsrchdlyo 9, BIe é%hpdéﬁd (Hy )7.8

S- Et hyl - 1 4,5, 13- tetrahydro 5- hydr oxy- 10- acet oxy-12-

itert but yl dPhetAy 9 § tBHseBHA: IR (CHCL3, cm-1) 3435, 3022 2931,

10 2859, 1738, 1654, 1563, 1528, 1156; 1lH 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), 518, 488, 477, 459, 435, 417,
393, 375, 111, 97, 83, 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



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 | owi ng t he
procedure described above, iodopyridone (|l Qb) (45 ng, 0.03danuany 3004as
reacted with 9 January 2004 par a-acet oxyphenylisonitrile (43 ng, 0.27 nmol)
and hexanmethylditin (45 ng, 0.13 nmml) 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) 8,57.0.73. (s, 3 H , 0.74 (s, 3 H

0.97 (t, J =7 H, 3 H , 1.07 (s, A) 1.94-2.08 (m J =7 H, 2 H),

242 (s, 3 H, 3.29 (d, J =14 H., 1 H , 3.44 (d, J =14 Hz, 1 H , 4.05
(br s, 1 Hyara5adeoguphenyd isgnitrile H)(,435 3.(d,0 27 1ncls, L), 5.48 (d
J = 19 Hz, d, 15 , 0] JZ = 2
D ﬂeﬂé&ethﬁid@@ié (4§ mg, ?F%s__&%#ﬂaz 1 §é§£ég% ggﬁ(ﬂ- 9 .

H); 13C NNFé—‘fFf%tWPhth@)zcéz Aqs’—t?ne 3951} 8. grvel 9egrpaunds| (J@? 2 35 8,
42.7, 52.9, 9, 10Q.4, 1 8 124 7, 131.1, 133.0, 136.5,
143.0, 145. %6625‘.’%5 %1‘7%%14?2? g q‘fﬁ‘g 83 ‘3156 2;31%9 3005 4T, E?F’iél. 5. HRVE (El)

Eﬂz)cal cs61 f@ggCZQHSﬁMZOSSW;( :I\%(Hs) 534, 21;827 (3J o¢n3353,4%§%,,8§%|§%3( E|)2g12 534
My) . 516, 488, , 435 417, 75. 335 1. 275 234
164, 137, 198 ° éiqlég g @ f’l ?’ ) 2723 (3,73 HY, 3.29

5-Et hyl - 1, 4{®%, ¥3=t% Hahyt - SShWr(@nylﬂ-llquzowiﬂZ-42&(B (br s, 1
tart-butyl diyrethyk sid yl-3Hel
oxepi no[ 3", i‘ 7]|$d0fl2|no?? f'ngU|noI|ne % lgde%he Piffsga

(10- hydr oxy/{d. t-Tertl%lthyl Yrithyl- €5 | Nomo&ariR-otthBti - 3Gorkgdud (1 e) (11.9

g, 0. 022 vas, di d H20,{ 0.3 d I Next
gm3(7 SWITWE){V\% di gs@} vadyy | iy B2O(4 0.4354L); and yeQH (Q. 3, L) . X

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



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 nL). After stirring at 22C for 16h sat. NaHCO3 was9dam#yiPP84 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
yel l ow solid: 3-H NWR (300 5 MHz, CDGI@/ CD30D) S 0.65 (s, 6 H), 0.90-0.99
(m 12 H, 1.89-2.05(m 2 H , 3. 14 (d, J =14 H, 1 H , 3. 34 (d, J =
14 Hz, 1 HEEOE: 23xle mi2 Hpd thadbr{anic) laydb Wik dtidd ,(NRo860,) @da J = 15 Hz,
1H , 7.4 d. Jl =9 72 =2.H, 1 H 7.58 (d, J =2 Hz, 1 H,
7:70 (s, 1%ﬁ1§“?e‘§.ri‘%e‘ilu, ?ZT:heg FEST9ue 0 35 FREORNRIFREREIVHAYIEDC1 3/ CD30D) 8
-1.1, 8.1, (16CHRClL26MEOH A8, 24:HQ)1, (25R2HBC) HAcktont3. 5,1)1Qb. Givd1l. 5, 122.7,
123.6, 127.5, 129.0 135.0, 136.6, 139.8, 143.1, 145 5, 156.7, 156.9,

159. 6, 172?8‘,"1’%&%5‘%9)81#1 TS dieW a5 acrriBoropsdad: (W )Mm0232080, found

492. 208% LRWB, (Ebd1 72492 § Miles 474, d5ufd6y 435, o82%, 393, 4375, 346, 335,
315, 291, 273, 259,%3%,19}2183,'61555_? zosl(lif'_)‘léﬂét%ﬁg? Y, 393 wP750

-1, 4, 5, 13- £et? @ P8r évb-hyilr.0Ry 14 0khnidhe- 12-HE ertt Hyut yl 3k net, hyl si |yl - 3H, 15H

oxepi no[ 31141ub, 4] imdokizd n@l,1,2gp] lisolhnes 3, L %’Eanf )I b)5 57
(10-am no-7-tert-hut ﬁl di et hyl si | yhonocanpt ot heci'n) ~Tri fT'doréacetic acid
(0.1 m) wd® aldded™ §%a 1 d8iutli 6% Eht dintny EH2E22= (.82 .n1l) Band conpound

{,('I.a) (8.1 7.58 (d, y =2Hz, 1L H), 7.70 (s, 1 HY, 8.16 (d, J = 9 Hz, 1
’ 10 H); 13¢ MR (125 MHz, CDCl3/CD30D) & -1.1, 8.1, 19.2, 26.9,
36.1, 42.1, 52.8, 62.1, 73.5, 101.8, 111.5, 122.7, 123.§,
127.5, 129.0, 135.0, 136.6, 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 LRMS (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 (10-amino-?-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 =



ng, 0.014 mmol) and the contents were stirred at 22C. After 5h the m xture

was poured into sat. NaHCO3 (2 nmlL) and 25 extracted with EtQAc (6x2 nL).
The Et OAc was dried (Na2SO4), concentrated and chromat ogr@pdrecry 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 Hz 1 H) , 5.46 (d, J =15 Hz, 1 H |,
7.20 (s, 1 H , 7.26 (dd, JI =9 Hz,: 3?2 2 Hz, 1 H; 13C NWR (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 12% 2{;,180{)5 5184-53,1113@, 82 H#HA41. 58,24144, 2y 146 ke, 10657, 159.7,

172.8; HR T) calccd fo 7 N3Q4Si . (M+) 491. 240 found 491.2242
LRVS (ET)NrSR(‘llg 91 (“ﬁm)al %ﬁ 5 ’g? Hﬁ% 3191 Blpg 7-262 (803N 78 167, 149,
136, 121, 107, ;9L 2 44, Py ;1013d fw) .

5- Et hyl - 1 4,5, 1 -t etrahydro- 5- hydroxy(lf*}zo5 %z,O(EDCl3/CD3OD) 6 -t.0,

tri xaet hyl 8- I0yI 131,186 DxEpi-ho[ B2 - 14155, 7] ieadd] i78.A0[ 19@-7, 122.0,
b) qui nold ners3, 35- dhgne (1@ 410- p49 @o 41t i meLAYL ST Lylhpnogampt ot heci n)

Trifluoroacetic acid (0.1 m) was added to'a” 15 :sol uf1'on contai ni ng
CH2C12 (0. 5L58.Y, aheR donpB¥ad (El)c)m/(6. Galgd GoBl2cpymiNzandit heicont ent's

were stirred at 22C.. After 5h the m xture was poured into sat. NaHCO3 (2
n) and extFadtty PRI B BAC2E8XERMPL ) ELT e 22t BB WAY) [dr¥B8d 3{2Ma2SMY) ,

concent r at eseandishromat egs Apiwd (1€H2Cils?1 Ma@ed, 20:85: &1 ,t 6ogj v ,(1d) 2.5 ng
((450/() as an,.prapge- red solid: 1H

.

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 mg (45%) as an orange-red solid: 1H
NMR (300 MHz, CDC13/CD3OD) & 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, 1
H), 5.61 (4, 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)
5 -0.12, 7.1, 35.7, 4l1.5, 51.6, 61.3, '72.8, 99.3, 1.07.0,

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



NVR (300 MHz, CDC13/CD30D) 8 0.60 ( =
1.92-2.05 (m 2 H), 3.16 (d, J = 14 FE 1 H, 3.46 (d, J =14 Hz, 1 H)
5.24 (s, 2 H , 540 (d, J =15 Hz, 1 H) , 5.61 (d, J = 18Jepuard 2¢p4
7.25-7.32 (m 2 H), 7.52 (s, 1 25 FD 7.89 (d, J =9 Hz, 1 H; 13C NWR (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 ggkﬁd for 9 January 2004 80
C24H27N304S1 (M) 449.1771, found 44 91 LRMS (ElI) mz 449 (M), 434,
402, 389, 374, 350, 335, 304, 178, 73. (+/-).

5-Ethyl -1, 43.9ub 54 EO-(+NYdE X [ t tiBeSi

2- pentynyl)é%e%?ﬁ%ﬁg 4(0 Eyrldlﬁgaé gggﬁgngé?igg?pS ollgﬁ)ng the procedur e
outlined abmee (Mtiodepyridanesgd) 3¢Q, 106 ,0339, Wamory, was hal)kyl ated with
the 2-trinmethylsilylethyl propargyl bromde (0.43 g, 1.84 mmol ). Fl ash
chromat ography (CH2C12: Et OAc 10:1) gave iodopyridone (10c) 68 ng (46% as
a light yeld-@anfoama, $HAByEMR (-300rdz.7-Co8dD- (8- Bs:RQA%v45119-H) . 0.72 (t,
J = 8 Hz, 22-pld)¢y£;18$xé§inol3;4-7c]|;i;rriairké-,3,L&'ﬂmln. 8Bodyn 2 H), 2.10-2.20
(tn, 2 H , 2. 6 (d, J = 14 Hz, 1 H , 3. 15 (br s, 1 H , 3.27 (d, J
14 Hz, 1 H), 4. 90 5. 00 (m 2H, 507 (d, J =15 H, .1 H , 541 (d, J
15 Hz, 1°H , 7.02 Fellgwimg .- 1de NNFP{%GESEWOHEBG@) 8 amovs 8.2, 13.
15.7, 35.9, 1cﬂﬁp§rld’%m3 (9P 2((. 10673 5p.938. ﬁnol88was 8% 1ky1488a 2with22. 8, 153.

160. 4, 171. d_for CIQH2BINOAS (M) 487, 0676, found
487.0676 L (ig'lt)rlm t%‘ﬁﬁglﬁ\?ﬁyfﬁﬁor% gm 1%%123‘69%3) it

L mmol} . Flash chromatography (CH2Clo:EtOAc 10:1) gave

9 H, 0.94. (t, J =7 Hz, 3 H),

@_mu 1

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-blquinoline-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



73. 20. (+/-) 5-Ethyl-1,4,5, 13-terahydro-5-hydroxy-|2-(2-
trlmethylsHyI ethyl) - 3H 15H—
oxepi no[ 3', 4" : 6, 7] i ndol i zi no[ 1, 2- bl qui nol i ne- 3, 1. 5- di one (4¥gnuary 2004
(7-(2-tri rret hyI si |yl et hyl ) honocanpt ot hecin) 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, sealed and ﬁﬁced in front of a 275W CE sunl anp.
After 12 hours of irradiation, the mxture was concentrated and
chr omat ogr afghbd YaeHAuBhed etigihe 24; 15edled wndl dladwel desifired: hefroganpt ot heci n
(li) 3.6 ny2624%E d8nfam.t Ak NAR 0,184 (s, 9
H, 0.85- 105(m 5I—|)“E)198thh°1rﬁlés 1&9%43%0@%1@1;{ 3.18 (d,
J= 14 Hz, 2VBf ConseRErytgd and Cfgom%ripm ,(CB2G12 (agetgne 4: 19 1Hz 1 H,
5.24 (d, J %idf3 Hzhe b red Réhokd d =15 Hz, 1
H, 7.53 (s’ 1H. 7 57-7.63 (m mpt]ome@nkguf % %Dmg (ZJ"T{FB 7.94 (d. 2
8 Hz, $ Hfan glig:(dlH MR 344 MHE, H\;Dc;lamRﬁ/S)(llalé) (Ed z9 cal,cd. 80

C26H3ON204Si 65 197 462.197 iz 462 (M), 447,
415, 402, 3}9%%%"77% %;5,391 33850133[1“;‘ 59‘5'23300'535 %4 480 . (3418
5-Ethyl -1, 4,(8, 13t Hahy%lrlﬂ-,Siihy&Irbichle {1 at4,- 118), s. 14 (4, J =

but yl oxycar anyi anl gp) -sL2a(ggt 1 msﬁnﬁzsﬁ et gy %5 @—1
oxepino[3',4": dl ndoli zi no(1, 2- bl qui hol i né- one
Elo tert- but’*}?o& cdarl® on{/I‘aHrﬂf‘ﬂl(f@r 7.53 (s, 1 H), 7.57-7. 63 (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



trimethyl silylethyl)honocanpt ot hecin) Foll owi ng the procedure descri bed
above, 20 iodopyridone (10c) (16 ng, 0.033 nmol) was reacted with

par a- - Bocani nophenylisonitrile (21.6 ng, 0.1 mmol) and heRdaruanyPeR4 in
(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), 2.90-3.05 (m 2 H), 3.24 (d, J= 14 Hz,
| H , 3.44 (d, J =14 Hz, 1 H , 3.748¢br s, 1 H , 503 (d, J = 19 Hz, 1
H, 5.20 (d, J = 19 Hz, lH) 5,33 (d, J =15 Hz, 1 H , 567 (d, J =15
Hz, | H) , #6; 8frRMss, (Ei)H)n/z 3Ballod3 Fot- 44:3§ﬁ},91~23dg|)51, (M+B55{Hdoeda= 9 Hz, 1 H)
, 8 .11 (br s,” 1 9 January 2004 H); HRMS (El) niz calcd for C31H39H306Si
(M+) 577. 260834 57Gudl 5 TRMZGEL)LRVE (H17) (Miz, 5524, ( W)y, 4621, 4347, 462, 434,
417, 378, 304, 280,3d47826d08,787310d,7h3)

5- Et hyl -1, 4, 5 13-1 et r ahydr 0- 5- hydr oxy- fO acetoxy-12-- 5
(2-trimethylsilylethyl)-3H, 15H

3 (4P, 7 |
?)igp:mr:]g[gox 75:(1;“3%' 1@,&&3&?@&%&%@%% ?’F\Yem Onei‘—éﬂ%w hg the
procedure eesiddige %velmaongmaudgnﬁ]cg&@.si;ﬁé@ f{gkdgzng?:fiiugﬁgl) was

reacted W tho J&d@a&@-m&tefmhﬁgyﬂmehﬁﬂ)h%meé
hexanmethyl ditin (16.7 ng, 0.051 mol) in benzene (0.5 rrL) Chr omat ogr aphy

(CH2C12: Acetone 5:1) gave conpound (1k) 7.1 ng (41% as a tan solid: 1H
NMR (300 Mz, CDClSFOJQ‘Wn_EQ (sthe 9 Hroced @z (. 8@s¢nibed H) abdve9 (t, J = 7
He, 3 H), 108502i@6nd5 ({8a) 2(H)  md 48. 433 mndT): was9%eacPB8a (e H), 3.23
(d’ J =1014_para—acetoxyphenylisonitrile (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, -



Hz, 1 H, 3.46 (d, J = 14 Hz, 1 H), 3.59 (br s, 1 H, 508 (d, J =19 Hz
1H , 524 (d, J =19 H, 1 H , 5.35(d, J = 15 Hz, 1 H , 5.68 (d, J
15 Hz, 1 H , 7.41-7.49 (m 2 H , 7.60 (d, J =2 Hz, 1 HJanuaee20@ J = 9
Hz, 1 H ; HRV5S (EI) 20 miz calcd for C28H32N206Si (M+) 520.2030, found
520.2017 LRVB (EI) mz 520 (M), 491, 478, 463, 449, 431, 421, 406, 393,
379, 333, 305, 261, 178, 109, 73. (+/-)

5-Ethyl-1,4,5, 13-tetrahydro-5- hydrox;g:to- hydr oxy- | 2-
(2-trimethylsilylethyl)-3H 15H 25 2

oxepino[3',4':6,7]indolizino[1, 2-b]quinoline-3,15-dione (11)

(10- hydr oxy2-P2g2-wmdlpet byl oi | YeOEd0 herbeeimt.ot fleei mMesEdhd owialag t he

procedure o i Qu 1 : 0 014 nmmp s -reacted
with K203 th@&%ﬂ?%%%ah l%ﬁﬁ%%& é8£mm?) N aoﬁgfﬂ?ﬁ %)11 ol ution. The
resi due wasz.echignetogy apheda( GRAGHS. - Agglone 7pl) i@ gisye Geypound (11)
2.6 ng (395) as a yellow solid: 1H NVMR. (300 MHz, CDC13/CD30D) 8 0.042 (s,
9 H), O. 68 Céz/?fu’ﬁo% §)0-042g6%.1 98 p G+68-2-99 , (w2, BH) 958¢T4.93 H), 3.07
(d, J =4 21gH) . ( 4 H , 5.05,(Ss, H) .29 (d, J =
15 He, ? H) H,H)2§32§953 2 B }H?ZQ %dzz‘?(dlgfé_ ﬁ% T3 7 2-
7.34 (m 1 H): J“71'?4 2451 H) 1. °57(-‘3892(I@ 5.290(dz 7 4 H)HZ HRNB (El) mz
calcd for RGIBEP205SE (5Migk, 478u1 924, 22f @ENd710- 47819455 RMp AEl ) mz 478
(M+), 463, 4 418, 364, 305, 261, 153, 117 105 91 73, 59.
(+/-) 5-Eth 1%]‘1 R slf’g'tét"f"ah‘;?drb B hydPox{A-10- anP ite13- b
trimethyl si (ﬂlM' Qﬁxhrw ) v8tkdl SEbr  CpgH3oN305S1 (M¥) 478.1924, found
xepino[3',4':6,7]indolizino[1,2-b]qul noli ane- 3, 15-di one (1M

10 478 1915 LRMS (EI) m/z 478 (M%), 463, 431, 418, 393, 379,

“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 Heg, 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).



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) (210.7 ng, 0.018 mmol) and the contents were stirred @ataRBnC2004fter 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, 2 4 3.08 (d, J =14 H, 25 1 H , 3.
29 (d, J =14 Hz, 1 H , 5.00. (s, 2H , 529 (d, J = 15 Hz, 1 H, S.52
(d, J = 15 Hz, 1 H) Alth@gh( dhe Jpres2ntizindentbbn, has Mkepddesddibedd Hz, J2 = 2
Hz, 1 H , .7 s 7.83.(d,..J) = Hz, .1 . 9. Japuary_2004 8

Al t hough th%1 gg%é%n%&i%ngﬁﬁ:%%n E%(s:gbteheenaagg%rﬁxﬁgam?’n l&e%%ﬁao |¥’ﬁ connecti on
with the aboderstaadpkbat such detaibels podelst boxd thagt rvuedeedendi| is solely
for that pu;rhaes%amsﬂqioheatcaﬁabbatnheasbgaew@e nede 1Y LiRosgeSkidl ed in the
art 5 without departing fromthe spirit of the invention except as it may
be i nmi ted "ByPPRe dBRF OIS §TET 4iltPs SPIFifaRfiathe JoUsnyyrn «feeRl &Fmis: 1. A
conpound haiti agytthe 1iarrad ay(dje fobléwicgntLai@y.m enantionerically enriched
formor enantionerically pure form S wherein RL and R2 are i ndependently
the sane or different




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 grou y an
al kynyl group, an al koxy group, an aryloxy group, an acyl9xauan -QOC
(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 group, a hal ogen, a hydroxy group, a nitro group, a cyano group, an
azi do group, a fornmyl group, a hydrazino group, an am no group, -SR,
wherein R is 15 hydrogen, -C(OR, @naal kyl group or an aryl group; or Rl
and R2 together forma chain of three or four nenbers selected fromthe
group of Cha€hz c0airS.isNH, or NR15, wherein R15 is an C -C6 al kyl group;
R3 is H a halogen atom a nitro group, an am no group, a 20 hydroxy
group, or a cyano group; or R2 and R3 together form 9 January 2004 WO

00/ 61146 86 PCTI U50010940dcipcihdi RaPing BhEEFRmuiQur nmenmbers sel ected from
the group of CH, CH21 O 5, NH, or NR15; R' is H F, an am no group, a
Cl-3 al kyl group, a C2-3 al kenyl group, a C2-3 al kynyl group, a

trial kylsilyl group 5 or a Cl-g alkoxy group; wherein at |east one of RI,
R2, R3 and R4 is not H, an abkyl group or a hal ogen atom R is a Cl1-10
al kyI group, an al kenyl group, @ﬁi group, .or a bapzyl group; 10 -R6
is -Si (RBROR10O) or - (R) &8 ARIR wherein R is an

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



15 al kyl ene group, an al kenyl ene group, or an al kynyl ene group; and Re, R9
and R10 are independently a Cl-10 al kyl group, a C2_10 al kenyl group, a
C2-10 al kynyl group, an aryl group or a - (CH )NR'' group?Jahenc2004N 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 a yano group, -SR or a nitro group; R13.j or -CHS3;
R16 is -C( 6?13(? H, and 20 pharmaceutical |y accept abl gctlg?%g4§%ereof. 2.
The conpound of Claim1 wherein Rl6gks 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 the int eger 1 or 2. 4. The conmpound of Claim?2

wher ei n R52j 3 o8t FiACSyPEup O MetPeys HeThedalFRMAE F3M6r a

propar gyl cgraip, o, 5, Hine gorpdund of Claim2 wherein R13 is H 6. The
compound of Caim5 wherein RS is an ethyl group. 10 7. The conpound of
Claim6 wherein R is H 8. The conpound of- Cdaim7 wherein Re and R are

nmet hyl growpsis RE0 ks ant QEindUb¥budll OUPCPl 3 AalBNYdr HpQUR cR3 1s Hand R
is H 9. The conpound of Caima38 wherein R2 isnﬁ I\i%’—Q %5 or &3.3
alkenyl group, a Cz-3 alkynyl group, a trialkylsilyl group

5 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;

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.



10. A method of synthesizing a conpound haV| ng the formula 9 January 2004
818 via a cascade radical 4 + | annul ation wherein the precursor R 5 is
reacted with an.arylisonitrile having the formula NC wher e® dantarg2@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 aryloxy group, an acyl oxy group,

-OC(O) ORd, wherein Rd is an alkyl gr8up, -OC (0) NRaRR wherein Ra and Rb
are independently the sane or different, H -C(ORf, an alkyl 15 group or

an aryl group, a hakogeny.a B? ol._j_pamgznl Q.9 Jiauar& %904 group, a
cyano group, an azido group, ormyl group "h drazi o group, an am no'

group, - SR FOgRERST faRM jas drpHP ogénthe CF@}fmla a@(éZHNqu gvisapzisr nan aryl

group; or RepragshctB2choOdekbesr fobm a4 chain of three or four nenbers 5
selected fromthe group of CH Cl4,, 0, S, NH, or NR--5 wherein R5 is an

Cl-C6 al kyl group; R3 is H, a halogen atom a nitro group, an am no group,

a hydroxy group. 0.3 oyAno-fpgufa F RA.3Rd;Renkogstner form, a chain of
t hree or four nmenbers selected fromthe group o
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 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 kehyanugno2@f4 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 C1_10 al kgld group, a C2-10 al kenyl group, a
C2_10 al kynyl group, an aryl group or £t (CH,) ,,R-" group, wherein Nis
an integer within the range of 1 through 10 and R' is a hydroxy group,
an al koxy oFfieUR, caitaddi R@igadup,+ aNandlileyhafl MR8k AUihe 3rdb@tdoy! am no
group, a halogen atom a 25 cyano group, -SR or a nitro group. 9 January
2004 WO 00/ 61146 PCTIUSOO' 09401 90 11. The nethod. of Caim 10 wherein R2
and R3 together forma group of the gormula -Q(CH2)"O wherein n

represents the integer 1 or 2. 12T od of Caim110 wherein R5 is an -
ethyl 5 group, an allyl gro%%? nzyl g p or a propargyl group. group.
13. The method of C aim 10 wherei XS : 1 14. The method of Caim

13 wherein Ru is H 15. The nethod of Ri*14 wherein R5 is an et hyl

or the precursor

5 is reacted with an arylisonitrile having the formula

r!
RZ

R3 NG

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 16. The nethod of Claim 15 wherein R is H 17. The nethod of Caim 16
wherein R8 and RO are nethyl groups, RO is a text-butyl group or a nethyl

gr oup,

amount of a
treating a patient for cancer or

R

i s Hand R3 is H 18. The method of C aim 17 Vhéansiary 2g0
NH 115 or OH 9 January 2004 91 19. The use of a pharnaceutically effective
conpound of claim1l for the manufacture of a nedicanent for

| eukem a. 5 20. The use of claim19,

wherein the patient is treated for brfin cancer, breast cancer
| eukem a. 21. The use of a pharnmaceutitcdl |y effective amount of a 10
conpound of claim 18 or a pharmaceutically acceptable salt thereof for the

manuf act ur egrebpp HediveadBgtodr adl rLAtbNgreuPat & €Bbriar
22. The us

cancer or
a phar nacewdirogén y atioept,alEne adkiyl ghereafr, #roraryhe grompufactrire of a

medi cament for for gaf]) | eqt A r
of claim 23,n vvhﬁerel ne'? Eéﬁpgtg%dén? iJsh%tl?eg)tge T%gr

cancer oOr

2

-
10
15
20
25

or

er gor

4 s H,

| eukem a.

f claim?2l, wherein the gatient iS.treated 15 far brain

I"EIREATE. F3°"Fhe TUse®BF™a

our _me
| ieered from the group of CH, CH,, O,
wherein R is an C,-C; alkyl group;

, NH, or NR'S,

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
a chain of three or four members selected from the group of

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

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
Ci-10 alkyl group, a Cz-1¢ alkenyl group, a Cz-1p 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

cyano group, -SR° or a nitro group.

BHRundSor alettid of cl&ims 1-9, or

or keuken‘i% 24. The -use
iy ers
raln cancer, breast

S



9 January 2004

‘WO 00/61146 PCTUS00/09401

90

11. The method. of Claim 10 wherein R2 and R3

together form a group of the formula -0(CH,),0- wherein n

represents the integer 1 or 2.

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 C¢laim 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.
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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.




