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The present invention relates to the synthesis of silyl camptothecins and
silyl homocamptothecins and, particularly, to synthesis of silyl camptothecins and silyl
10 homocamptothecins via a semisynthetic route from camptothecins and

homocamptothecins.

References set forth herein may facilitate understanding of the present
invention or the background of the present invention. Inclusion of a reference herein,
however, is not intended to and does not constitute an admission that the reference is

15  available as prior art with respect to the present invention.

The structure of camptothecin la and homocamptothecin 10a are
illustrated in Figure 1. The core structure of the camptothecin class of molecules has five
fused rings, A-E. Standard substituents include hydroxyl and ethyl at C20, and other
positions of the camptothecin ring core can also be substituted. Homocamptothecin has

20  the same A-D rings as camptothecin, but the E-ring contains an additional methylene
group (C20a). The A-B ring system ‘of the camptothecin and homocamptothecin is a
quinoline, and this part of the ring system is especially important since substituents in the

quinoline part of the molecule often impart useful properties, as detailed below.



2 In general, canptothecins and honocanpt ot hecins (sonetines referred to
generally herein as canptothecins or the canptothecin famly) are DNA
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i nserti ofROHCEPY HPTERIRFRXRD: spacer between the carbon bearing the 20- OH

functionality and the carboxyl group of the naturally occurring .
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under phygi@lid@h Gaticancer activity. Lavergne, O., Lesueur-Ginot, L., Rodas, F. P., Késprzyk,

P. G., Pommier, J.,, Demarquay, D., Prevost, G., Ulibatri, G., Rolland, A., Schiano- ‘
Liberatore, A.-M., Harnett, J., Pons, D., Camara, J., Bigg, AD., "Homocamptothecins:
15 Synthesis and Antitumor Activity of Novel E-Ring Modified Camptothecin Analogs", J.
Med. Chem., 41, 5410-5419 (i998); and Lavergne, O., Lesueur-Ginot, L., Rodas, F. P.,
and Bigg, D., “An E-Ring Modified Cathptothecin With Potent Antiproliferative and
Topoisomerase I Inhibitory Activities,” Bioorg. Med. Chem. Lett. 7, 2235-2238 (1997).
The modification to the E-ring in the studies of Lavergne et al. involved insertion of a
20  methylene spacer between the carbon bearing the 20-OH functionality and the carboxyl
group of the nafm:ally occurring . six-membered a-hydroxylactone of éamptotheci’n.
Incorporation of the new 7-membered B-hydroxylactone ring into camptothecin has been
found to improve the solution stability of the agent. Despite the structural similarity to
camptothecins, homocamptothecins behave very differently under physiological

25  conditions. In general, standard camptothecin analogs are dynamic drugs because their



25 conditions. In general, standard canptothecin anal ogs are dynam c drugs
because their WO 02/083694 PCT/US02/ 11139 '3 l|lactone rings open rapidly
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Chem 42, 3018 (1999). Many of the most interesting silatecans and homosﬂatecans
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contain one or more additional substituents (for example, hydroxy or amino) in the ’A
ring, and the combination of these substituents can provide significant improvements
15 over eitiler of the cbrresponding the mono-substituted analogs. For example, 7-tert-
butyldimethylsilyl-10-hydroxy camptothecin 2a (DB-67), is currently in late stages of
preclinical development. DB;67 and other silatecans and Homosilatecans show a number
of atiractive features including high activity against a broad spectrﬁm of solid tumors,
low binding to blood proteins, resistance to lactone opening, high lipophilicity, and

20  potential oral availabilify among others.

DB-67 and other silatecans and homosilatecans have been prepared by
total synthesis using the cascade radical annulation routes. See, for example, U.S. Patent
Application Nos. 09/007,872, 09/212,178 and 09/209,019, U.S. Patent No. 6,150,343 and
6,136,978, Curran, D. P,; Ko, S. B.; Josien, H. dngew. Chem., Int. Ed. Eng., 34, 2683

25 (1995) and Josien, H.; Ko, S. B.; Bom, D.; Curran, D. P. Chem. Eur. J., 4, 67 (1998)..

Those total synthetic routes are highly flexible and allow the preparation of é diverse
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canpt ot heci ns and silyl honocanpt ot heci ns from canpt ot heci ns and
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Summary of the Invention

The present invention provides semisynthetic routes to the synthesis of
silyl camptothecins and silyl homocamptothecins from camptothecins and

- homocamptothecins by élddition of silyl radicals thereto.

10 - In one aspect, the present invention provides a method of synthesizing a

compound having the formula

R* SIR'R2R?

(CR{Z)HKO

in racemic form, enantiomerically enriched form or enantiomerically pure form,‘ the

OR10

method including generally the step of reacting a compound having thé formula



@O ORLl in racemc form enantionmerically enriched formor
enantionerically pure form the nethod including generally the, step of
react i ng woamemgssad havi ng the fornmula WO 02/ 083694 PCT/ UBOZ/uB4BA395 R4 R
O R6N NXR7/ 1 R8 (CRO2)n 0O OR10O with a silyl radical precursor under
conditions to generate a silyl radical 55iR R2R3 wherein R, R2 and R3 are,
for exanple, independently the sanme or different a Cl-1Q al kyl group; a
C2-10 al kenyl' group, a Cx*10 al kynyl group, an aryl group, -(CH2)n,R', or
5 Si R12R13R14, wherein mify an integer within the range of | through 10 and
R' is a hydroxy greup, anl al koxy group, an amino group, an al kyl am no
group, a dial kyl am no\_ g1 an group, -SR or a nitro group,
and wherein R22, Rl13 a 3 [ tpe same or different an

al kyl group or an aryl . and R3 are independently
the same or different A
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aryl oxy
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with a silyl radical precursor under conditions to generate a silyl radical SiR'R?R®
wherein R', R? and R® are, for example, independently the same or different a 1.1 alkyl
group; a C2-10 alkenyl group, a C2-10 alkynyl group, an aryl group, -(CH,),R", or

5 SiRPRPRY, whereiﬁ m is an integer within the range of 1 through 10 and RY is a
hydroxy group, an alkoxy group, an amino group, an alkyla:rhino group, a dialkylainino
group, Cl, F, a cyano group, -SR° or a nitro group, and wherein R, R® and R™ are
independently the same or different an alkyl group or an aryl group. Preferably R!, R
and R’ are independently the same or different an alkyl group or an aryl group.

10 R* and R’ are, for example, independently the same or different hydrogen,
-C(O)R’ wherein R’ is an alkyl group, an 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(O)QR“, wherein R? is an alkyl group, -OC(O)NR°R®
wherein R* and R® are independently the same or different, H, —C(O)R,f, an alkyl group or

15 an aryl group, Cl, F, a hydroxy group, a nitro group, a cyano group, an azido group, a
formyl group, a hydrazino grbup, an amino group, -SR°, wherein R is hydrogen, -C(O)R’,
an alkyl group or an aryl group; or R* and R’ together form a chaiﬁ_ of three or four
members selected from the group of CH, CH,, O, S, NH, or NR", wherein R is a C,-Cs



group, an acyl oxy group, -OC(O OR', wherein Rd is an al kyl group,
-OC(ONVRb wherein. Ra and Rb are independently the sanme or different, H,
-C(O) RE, wpoalog3gb4 group or 15 an aryl group, O, F, a hydperyusgroupy a
nitro group, a cyano group, an azido group, a formyl group, a hydrazino
group, an amino group, -SR, wherein R%s hydrogen, -C(ORE, an alkyl group
or an aryl group; or R4 and R5 together forma chain. of three or four
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represents i nteger for exanple, H d, F, a nitro group,
an am no group, a hydroxy group, or a cyano group; or R5 and R6 together

forma chain of thRregs o ERULHIEENDEY S d. f ok r CH,
CH2a 0, S, NH, or NRLS, RS an%} ’%’to’ggiﬁgft%cgﬁuﬁf%éa%)%c}ngfoél?’ ?g&%i)%{ygr oup

of the f ofoup) 8r a Qyld? prdfah; WRT B RF t6RPUBFEME 8 dhBB dMhRI: f&glofne bers? 1S,
for exanple, H, F, an amno group, a Cl-3 al kyl group, a C2- al kenyl

groupy asdleetdl floly thel grguep CHR CHJ, 0,k ¥HI ¥t NRIQURS @hd R“%géh@r' é‘a&?,(?forgr oup.
R is preferably H R8 is, for exanple, a C-10 al kyl group, an al kenyl

group, aexaiy,nfptm h@rarpoafithe fotmalabOCH,), @ whipein RBeprsents eheinadpby 1 ap2et hy!
group, an allyl group, a benzyl group or a propargyl group. Mbst
preferably, R8 is an ethyl group. RO is, for exanple, H F or - CH3, and n

is 0 or 1. RI10 is, Rfds fxanphple, HOFD)aRlaminoHrod,ef €1aphikyl Bidip, @ Ehar -
C(OCH3. Y is either absent or is oxygen. In the case that Y is oxygen, the
N- oxi de atkenylgroum 9s¢23 mdemybemonp, & bialksdsilyhgrowy aial §1-3 clirpygrovei R or i |yl
homocanpt ot heci n_durjng  the reaction. Preferred silyl radical precursors
for use PRITREYpHesnis: ifpR/eRMmN 4 fd+igaalkyl group, an alkenyl group, an alkynyl
10 group, or a benzyl group. R°® is preferably an ethyl group, an allyl group, a benzyl group
or a propargyl group. Most preferably, R® is an ethyl group. R’ is, for example, H, F or —
CH,, and n is 0 or 1. R is, for example, -C(O)R' or H. Preferably, R® is H or —

C(O)CH,.

Y is either absent or is oxygen. In the case that Y is oxygen, the N-oxide

15 is transformed to the corresponding silyl camptothecin or silyl homocamptothecin during

the reaction.

Preferred silyl radical precursors for use in the present invention include
silanes, disilanes, silylgermanes, silylstannanes, silyl boranes, and acyl silanes. Several
preferred silanes, disilanes, silylgermanes, and silylstannanes can be represented by the

20  general formula XSiR'R’R’ wherein X is H, SiRVR"™R", GeR"R™R" or SnRR®RY,

respectively, and wherein R", R", and R" are, for example, independently the same of

~ different an alkyl group or an aryl group. Preferred siiyl boranes and acyl silanes can also

be represented by the formula XSiR'R’R® wherein X = -B(OR?), and X = -C(O)R/,
respectively, wherein R is an alkyl group or an aryl group.



silanes, disilanes, silylgermnes, silylstannanes, silyl boranes, and acyl
silanes. Several preferred silanes, disilanes, silylgernmanes, and

si |yl st armanesssan be represented by the 20 general for mulPETXSORLR2ZR3
wherein X is H SiR'RLI8R19, GeR'R 8R19 or SnR'R18R19, respectively, and
wherein R', R18, and R19 are, for exanple, independently the sane of
different an allcyl group or an aryl group. Preferred silyl boranes and

acyl silanes can aks be repr.esent eg. the fq rirul a XSi R wherein X =
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sensitizers or (photo-)electron er agents, can

pronof e hﬁﬂsféﬂeﬁéeh@dce{tﬁﬁ%éﬁﬂbmb{’oﬁ%ﬂi@&e%ir@c_ire‘ii:t?«%ﬂ.anes’ the reaction can
al so be effected chemcally by the generation of a reactive radical that

will honmolytically cleave (by honolytic substitution at silicon) the

silicon-silicon bornthevagesfdiglages, it ®hétion dad Mo efRERE ShER aﬂ%g‘iﬂeve
radicals for this method are hydroxy, al koxy or acyl oxyl radicals, and

pr ef er r egemreathdef ofeatvegadieslahaingilt heselytiadiycddae abEhbhelypsyBdtiuRhn -
photol ysi s of hydrogen peroxide, alkyl hydroperoxides, dialkyl peroxides,
al kyl act s1b@rx)>thmgccm-siumd;ompem gxietgs theQilybradicakt Preftgred freaatik@iadidapdi cal
generatign such as thernolysis or photolysis of alkyl hyponitrites are

al so sui f@bihés matlod arechydsexys falkanyae scylXglRaBIRB, ad préfprrehmahsss b
'effﬁ§ted 15 . chem cally by the generation of a reactive radical that wll

homot Yt i sparsting dhese ragigals ivserihsymolysisy Bs tihptelysim o6 fhydyagen gemdxidéealkyl
silicon- rogen. bond. to.generate the silyl
W operoxides, glaikyl gperox1 es, a&ky? acyl yperoxides or diacylperoxides. Other
methods of alkoxy radical generation such as thermolysis or photolysis of alkyl

hyponitrites are also suitable.

The reaction of silanes (XSiR'R’R’, X = H) can also be ‘effected

15 chemically by the generation of a reactive radical that will homolytically cleave (by
homolytic substitution of hydrogen) the silicon-hydrogen bond to generate the silyl
radical. Preferred reactive radicals for this method are hydroxy, alkoxy or acyloxy, énd
preferred methods of generating these radicals are thermolysis or photolysis of hydrogen
peroxide;: alkyl hydroperoxides, dialkyl peroxides, alkyl acyl peroxides or

20  diacylperoxides. Other methods of alkoxy radical generation such as thermolysis or

photolysis of alkyl hyponitrites are also suitable.

Other silyl radical precursors and methods of generation of silyl radicals
are known to those skilled in the art. See, for example C. Chatgilialoglu, Chem. Rev.
1995, 95, 1229, the disclosure of which is incorporated herein by reference. Substantially

25  any of these precursors or methods can be used in this invention.



radical. Preferred reactive radicals for this nmethod are hydroxy, al koxy or
acyl oxy, and preferred nethods of generating these radicals are

t her nol yswe oen8hot ol ysi s of hydrogen peroxide,: al kyl hypdraseronsdes,

di al kyl peroxides, al kyl acyl peroxides or 20 diacyl peroxi des. O her

met hods of al koxy radical generation such as thernolysis or photolysis of
al kyl hyponitrites are also suitable. Qther silyl radical precursors and
met hods of generation of silyl radicals are known to those skilled in the
art. See, for exanpt&0ethergsnecsi thieapraspnt invention pRevdes gpaeslly gsmettpdf t he
di scl osure of . which. is incorparated herein by reference. Substantially 25
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unders copdiel generate a silyl radical SiR RZR3. Quinolines have the
5 genera?&%drlm&lg 4 53 8 ~10 NN 2 9 The silyl quinolines of the

present invention have the general 6f ormulg 6 47 ) ~3 SSRRR3 10 8 ~10
2 .

- The silyl quinolines of the present invention have the general formula:

6 4
5
7 3
X SiR'R?R®
10 8 10N
9

In a preferred embodiment of the silyl radical addition to subsituted
quinolines, the present invention provides generally a method of synthesizing 7-silyl
camptothecins and 7-silyl homocamptothecins including the step of mixing a

15 camptothecin or a homocamptothecin having hydrogen at the C7 position with a silyl

radical generator and a silyl radical precursor under conditions to generate a silyl radical

*SiR'R’R®,

The camptothecin precursors in the reactions of the present invention can

be obtained from natural sources, by total synthesis by one of several methods, or by



9 In a preferred enbodi nent of the silyl radical addition to subsituted
qui nol i nes, the present invention provides generally a nethod of

synt hesi zwog@2/88%b4 yl  canpt ot heci ns and 7-silyl honocanpt @chasonsiisncl udi ng
the step of mxing a 15 canptothecin or a honocanptot heci n havi ng hydrogen
at the C7 position with a silyl radic8l generator and a silyl.radical
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canpt ot heci+ ur SOr s, :1.0..th tigns_of the present invention n be
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al ., by tbi@}tomlRyAES, or 8 niaifeadbh b @ik Ifm Edtﬁ&irf‘é%%g@.”pt othecin
anal ogs. 5 Substituents on the canptothecin and honocanpt ot h€ci n precursors
of the present invention (for exanple, R4, R5, R6, R, R8, R9, and R10)
can bé substanti al |Substityients bhiid dautfydéthedt® akd B¥RotdhtetBeddh brecadBRtdfihent s on
canpt ot heci n and honocanpt ot hecin rings preferably, however, do not react
rapi dly wrestnisinvgitiona@orcalamptd, R'NR’, ReBEMR®, iRiy @it RE)ean besboagtially any
reactions of substituents with silyl radicals of the present inventi'on can
| ead to substifitets asbhevibjpthecutt Substiatentsagn bamplistHetiauind Hotozepptahedif r om
target products. Exanples - of suitable substituents include, but are not
limted tiHgs peeferpgly, kgvevrr, dompet rarot rapidly Rith sgplt radicals pfithelpoasent ibxamnjones of
substituents that react rapidly with silyl radicals and are preferably

avoi ded ih&FRFIRM FRgHINsT sHbptitusatseith sl wadieals of thg peaserd invention aan kail bo
groupg angder%gﬁl%)%lyp%(&%{)ssthatcrggy gee difficult to separate from target products. Examples

of suitable substituents include, but are not limited to, R?, R, R, R7, R®, R’, and R set
forth above. Examples of substituents that react rapidly with silyl radicéls and are

preferably avoided include bromine and iodine.

A number of groups, such as amino groups and hydroxy groups, can be

15  protected using protective groups as known in the art before addition of the silyl radical.
Preferred protective groups for hydroxy groups include, but are not limited to, acetate and
trimethylsilyl groups. Preferred prdtective groups for amino groups include, but are not
linﬁted to, tert-butyloxycarbonyl, formyl, acetyl, benzyl, p-methoxybenzyloxycarbonyl,
trityl. Other suitablé protecting groups as known to those skilled in the art are disclosed

20  in Greene, T., Wuts, P.G.M., Protective Groups in Organic Synthesis, Wiley (1991), the
disclosure of which is incorporated herein by reference. Such protective groups can be
reacted to provide the desired substituent (for example, hydroxy group or an amiﬁo
group) after addition of the silyl radical using conditions known in the art. In general,
protecting groups used in the methods of the present invention are preferably chosen such

25  that they can be selectively removed without affecting the other substituents on the



15 protected using protective groups as known in the art before addition of
the silyl radical. Preferred protective groups for hydroxy groups include,
but are WO okiosdebed t o, acetate and trinethylsilyl group®CTRISet/erised
protective groups for am no groups inqbude, but are not Ilimted to,
tert-butyl oxycarbonyl, fornyl, acetyl, “benzyl, p-nmethoxybenzyl oxycarbonyl,
trityl. Other suitable protecting groups as known to those skilled in the

art are difislofem %\%ﬁ n & i%egepa],'r%silyﬂltsﬁbst 1t on %ra%?)gﬁécﬁﬁ ﬁn%ﬁﬁgir gt od
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herein bjomeéahgotecinSidve Beat BGhd 18/8y SHPIS 1RAS DfariehEdoRgitibes. Pr ovi de the
desired substituent (for exanple, hydroxy group or an am no group) after

addition of the silyl radical using conditions known in the art. In
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are preferably chosen such 25 that they.can be selectively renoved w thout
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canptothecin ring. In general, 7-silyl- substituents on canptothecins
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variety of conditions. Solvents for the reaction can be selected fromthe
ful | rangaceen.t (Gderorahens bkgyelproforanand tetraghiprosmstsane Aobiwatsiare aboviesst s (f or
exanpl e, benzene, and toluene) are | ess 5 preferred since addition of the
silyl r aB?eg‘éTe‘fémﬁﬁé’}%@F% Abst@etipny fog dhenpelvpnt be the ddlyl retical j@n. be a
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be excluded from't actron and can even be us
need not be excluded from the reaction and can even be used as a cosolvent.

Preferred reaction conditions for generation of silyl radicals ﬁom silanes

include addition of an organic thiol (R**SH, wherein R is, for example, an alkyl group or

15  atrialkylsilyl group). For example, one set of conditions involved heating a mixture of a
camptothecin or homocamptothecin analog, a silane (R'R’R’SiH), a peroxide (for
example, di-fert-butylperoxide) and a thiol (for example, tert-butane thiol or
triisopropylsilane thiol) in an organic solvent. Relative to the camptothecin analog,
preferred quantities of the silane range from approximately 1-20 equiv, with

20  approximately 2-10 equiv being more preferred. - Preferred quantities of thiol are
approximately 0.2-5 equiv, with approximately 1-3 equiv being more preferred.
Preferred quantities of the peroxide range from approximately 1-20 equiv with
approximately 2—5 equiv being more preferred. Preferred reaction solvents are as
discussed above and preferred reaction temperatures range from approximately 60—

25  130°C. Lower reaction températures can cause reduced conversion to the product While_

higher temperatures can cause increased amounts of another product in which the silyl



Preferred reaction conditions for generation of silyl radicals fromsilanes
i nclude addition of an organic thiol (RL6SH, wherein R16 is, for exanple,
an al kyl womopswme4 15 a trial kylsilyl group). For exanpl ePConsoyet13of
conditions involved heating a m xture of a canptothecin or honocanpt ot hecin
anal og, a silane (RIRZR3Si H), a peroxiHe (for exanple,

di-tert-butyl peroxide) and a thiol (for exanple, teat-butane thiol or
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preferred. - Preferred quantities of thi'ol are approxinate
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t he peroxide range from approximately 1-20 equiv with approximtely 2-5

equi v beidaygs, mitle npre pefored. tilschaig e depct Pefered MR RIcRUE, 9 exg{@gtu)ssed

above and preferred reaction tenperatures range from approxi mately 60 25

130C. SLowdmane ghivls surht anfedeatner éholcami catrbatane ok dnd OBy SilaRcthidlst be
product while. higher tenperatures can cause increased anounts of another
product itAamglsilencthiols sisbgh \® 02iBSBEHHISRETARIGD2/ 11 IDIkyIdilamedifls-adgs t 0
Cl2 of the canptothecin precursor (if R H). A preferred solvent for these
reacti on%%&ilﬁ%mlsiaéemta@iXMQme@H@-preferred tenperature for reactions
inthis solvent is at or near the reflux point of p-dioxane. Preferred
reaction times are 0.5 to 5 days, with nore preferred times being 1-2
days. Preferred thionds prciomesimes gisec inypgdical clpimrdagien ehsibings tuassisain
dodecane thiol and.tert-butane thiol, and trialkylsilanethiols or
triaryl siPERAARAsPLOL O the Shaip reqctpn in g pragessitfiat iniofen caliqdaipelariy reversehi ol s.
or i ar itanathi gl s are nerally. nore preferred. Thjqls are sonetines
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generally mild reaction conditions used with thiols are .advantageous'in the case of
camptothecin and homocamptothecin precursors bearing, for example, acid-sensitive

substituents or protective groups.

15 Silatecans and homosilatecans bearing a 10-hydroxy group have especially
interesting Biological and chemical properties. The methods of the present invention are
-well suited/ for synthesizing such 10-hydroxy silatecans and 10-hydroxy homosilatecéns.
As the hydroxy group may interfere with the silyl radical generation or addition of prior
or subsequent synthetic steps, it may be desirable to use a protecting group as described

20  above or to generate the 10-hydroxy group after addition of the 7-silyl group.

In another aspect, the present invention provides for a compound of the

following formula



10 catal ysis". The silyl additions discovered herein do not appear to be
chain reactions, but nonetheless the inventors have discovered that thiols
can pronowe oelsgseépeacti on. The generally mld reaction comdirtisonsiigsed w th
thiols are advantageous ' in the case of canptothecin and honocanpt ot hecin
precursors bearing, for exanple, acid-®ensitive substituents or protective
groups. 15 Sil atecans and honosi |l at ecans bearing a 10- hydroxy group have
especially interesting biRdl ogi c8iR'®AR® cheni cal properties. The met hods of
t he present |nvent|on are| .well Jsuited for synthesizing such 10-hydroxy
sil atecans and 10- H&oroxy honDS|Iatecans As the hydroxy group nay

. \On or achtlon of prior or
¢ desl able 0 use a protecting group

subsequent synthetic s
as described 20 above )
of the 7-silyl group. ' pa pr.sent I nvention provides for
a conpound of the NP ¥ PCT/US02/11139 12 R4
SIRL RRRB R5 O NR6 N ° i
as defined above.

OR'?

wherein R!-R!° are as defined above.

In another aspect, the present inventionv provides a method for the

conversion of a silatecan or homosilatecan lacking any substituent at RS (that is, R’ is H)

5 to a 10-hydroxysilatecan or 10-hydroxyhomosilatecan analog (that is, R’ is -OH).
Convefting the hydrogen at R’ to -OH includes generally th;e step of oxidation to provide

an N-oxide, followed by the step of photolysis. The 7-silyl groups of silatecans and
homosilatecans have been found to survive the oxidative and acidic reaction conditions
used. In a preferred embodiment of this invention, R?, R® and R’ are also H, and the

10 reéulting product is a 10-hydroxysilatecan or homosilatecan.

In this method, the silatecan or hOmosilatecan is preferably first oxidized
to an N-oxide under conditions known to those skilled in the art for this transformation.
Preferred conditions are treatment of the silatecan or homosilatecan with hydrogen
peroxide in the presence of a carboxylic acid, preferably acetic acid. A mixture of the

15 resulting N-oxide in an organic solvent is then irradiated with light (fdr example, at the
edge of the uliraviolet and visible regions of the spectrum) in the presence of an organic

or inorganic acid. Preferred solvents for this reaction are ethers (for example, p-dioxane).



I n anot her aspect, the present invention provides a nethod for the
conversion of a silatecan or honosil atecan | acking any substituent at R5
(that is,wB92i086p) 5 to a 10-hydroxysilatecan or 10-hydr @xyhusnwsilBat ecan
analog (that is, RS is' -OH. Converting the hydrogen at R5 to -OH includes
generally the step of oxidation to prd% de an N-oxide, followed by the
step of photolysis. The 7-silyl groups of silatecans and honosil atecans

have bee s vive, the oxi dat.i ve _and, aci di c .reactj on canditions
used. 1 niat SHPieh@ut ot tfan? s Rttty 30 he Fase SRaPIIRBITAREY HE0A8 Al so
H and t i r i - hydr ihatecan hpnosi | at ecan.
In this Hrrgltﬂ%ign&t%?pggselk% %Ct'fal%?%x%e ﬁg%&rl&%a %%%?7@5{3% e“gé’ﬁ‘?cy?“f?cf?‘gafgxi di zed
to an N it : il in the art . for this
tranof or ot (o RPLPAR haNS (SIRHE 1 SRAAE e bP A B T 458 or
honosi | a i I Qi I r of .a._gakrbo iCc acid,
preferabPﬁE%l |%ﬂ@£§:§?gﬁ # E‘iox?ﬁragéotggtphége% raglgﬁﬁtte?ﬁgleh{%;f%%ﬁ‘%n%%#eorgani C
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ultraviolet and visible regions of the spectru In € preserice oOf “an

or gani ¢ apgroxineitganiTmatedhiv.Preferred solvents for this reaction are ethers
(for exanple, p-dioxane). WO 02/083694 PCT/US02/ 11139 13 The wavel engt h of

irradiated light is preferably in the range of approxi mtely 250-600 nm

and nore pref er abl Ysiindichted ebmge ald comppuraisi ofahe pieseht Inveaflon Mcllifg eer r ed
acid,for wuse in this nethod is aqueous sulfuric acid in the range of

appr oxi metlsidpoxylact@ig gropp of eilattrdags ap pheofhydtoallactbn® ghupastthdnhessilafeehigr r ed
anmount of the acid relative to the 5 silatecan or honosilatecan is
appr oxi nedegx}st in raagmie formg ehaptiomerienllyreaticheaibioym, aepamicnmaicelly pireZom

equi i ndi cat ed, above, all conpounds of the present invention including
t he Y% m? g%&ﬂ”g%st(% achysospouBgs a5 sebiosibdigtein covan end/ar inglyde rydhautio kemgr oup of

honosi | at ecans

4 The terms “élkyl”, “aryl” and other groups refer generally to both
unsubstituted and substituted groups unless specified to the contrary. Unless otherwise
specified, alkyl groups are hydrocarbon groups and are preferably C1-Cy5 (that is, having
1 to 15 carbon atoms) alkyl groups, and more preferably C1-C1 alkyl groups, and can be
15  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 phenyl or naphthyl. * As used herein, the terms

“halogen” or “halo” refer preferably to fluoro and chioro.

20 ~ The term “alkoxy” refers to -OR’, wherein R? is an alkyl group. The term
“aryloxy” refers to -OR’, wherein R® is an aryl group. The term acyl refers to -C(O)R’,
The term “alkenyl” refers to a straight or branched chain hydrocarbon group with at least
one double bond, preferably with 2-15 carbon atoms, and more pfeférably with 2-10
carbon atoms (for example, -CH=CHR® or -CH,CH=CHR®). The term ‘;alkynyl” refers to

25  a straight or branched chain hydrocarbon group with at least one triple bond, preferably



can exist in racemc form enantionerically enriched form or

enantionerically pure form 10 The fornulas of such corrpounds as set forth
her ei n coverozasgdor include each such form The terns "alPkylusp2/iasyl " and
ot her groups refer generally to both unsubstituted and substituted groups
unl ess specified to the contrary. Unl é4s otherwi se specified, alkyl groups
are hydrocarbon groups and are preferably Cl1-Cl5 (that is, havi ng 1to 15

can be 1970 Sronceoar <fig fan§“§a%§§f§%b ferﬁbé-iﬁ@%%b&r%%ni% b eBRHRs 1on
of an al k_EIECQjQPQC [y (ﬁ{h e'Th(? fnhgh ,apgi{é/n Ian\,\%? %nyg L’,Oéﬂo s a

substituent on ano er gr bt i t uent
of an al Iqﬂmmr&m lali@&néll Algkat e term"aryl" refers to
phenyl or naphthyl. ausg ere]%ﬁm@% Stggér%ﬁg&tw¢ al ogen" or "hal 0" refer
preferably to fluoro and chloro. 20 Theterm al koxy" refers to -OW

wherein Rd is an alThgl gatipdiBet TRE R%E %dél%ﬂmtédems t rein
Re is an aryl group. %:qﬁrmacy refecrms1 to -C(OW hev?(el?%gﬁa kenyl "

refers$ tcubstistents @hiymiiesbedneiedmetiiedin xlasaeRMing 2edaeM FBr kar @@SF t hone

doubl e bond, preferably with 2-15 carbon atons, and nore ‘prefera

2- 10 caralﬂ(yh gadupsemdy preferablypbee subs@id@HREh o groGhi2eHEGIR-incilidmel Bhihot
"al kynyl" refers to 25 a straight or branched chai n” hydrocarbon group with

at | east lonitedttoj pbendybgbuppa pheryaigtonp\¥d SIR6DSBHAB, PRFdroop gtoubldPamib W t h
2-15 carbon atons, and nore preferably with 2-10 carbon atons (for exarrple
- C=CRh oreroup-finatudin) for Txampley fies dmink greups, 4lkylatien yiidkeimanderbapskatay| ene”
refer to blvalent forms _of al kyl, aIkenY and al kynyl groups,

respect i BININPrEEoRRsy Aalicay] goppenaliane] grenp bad subeyloxiugedpwit thezasd de

var i y of. 5 substit A hesi ze honocanpt ot heci n anal ogs retaini ng
act i OfrﬁﬁPn%%éWe(:ﬁﬁa}% kayﬁ ‘ggpg““?'rﬁ?? fepkly dpdanepdandlyshyskegenupedeyl th a
group O Q(())uu 3n Ci g%lu?)? Or an arypgroup Acyl groups may preferably be substituted with

(that is, R' is) an alkyl group, a haloalkyl group (for example, a perfluoroalkyl group), an
aryl 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

15 group or groups including, but not limited to, an alkyl group, an alkoxya]kyl group, an
amino alkyl group and a benzyl group.

The term “acyloxy” as used herein refers to the group ~-OC(O)R’.

The term “alkoxycarbonyloxy” as used herein refers to the group

-OC(O)OR".

- 20 The term “carbamoyloxy” as used herein refers to the group

-OC(O)NRR®.

For purification, administration or other purposes, the E-ring (the lactone
ring) may be opened with 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



limted to, a benzyl group, a phenyl group, an al koxy. group, a hydroxy
group, an amno group (including, for exanple, free am no groups,

al kyl am rwo odiosdeky/| am no groups and aryl am no groups), amcalusenyl13group,
an al kynyl group and an acyl oxy group. In the case 10 of am no groups
(-NRaRb), Ra and Rb are preferably indépendently hydrogen, an acyl group,
an al kyI group, or an aryl group Acyl groups may preferably be substitut ed

E“éi? o + S8 it Fimp§indibe Roga gzboﬁﬁe lmiw?r%h%‘é‘@'é&ﬁgsf Shipined :ﬁrfee%%@rgcxso&&gg 5 and
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i ncl udi ng,e ct%ﬂ*}rntﬁﬂécxﬁ %ﬁghg%senz %Qen?h&&lr &roup, an al koxyal kyl group, an

am no al kyl oup an group He term ' "acyl oxy" as used herein
refers to the group - OC(O)Rd The term "al koxycar bonyl oxy" as used herein
refers to the group OC(O CRrief B yl oxy" as used herein
refers to the group CE(C»NR%% C%EGO pur Pg@{,,igggm adm ni stration or other
purposes, the E-ring (the lactone ring) may be opened with al kali netal

such &s, but not | iFigued 1t 0 ilg@dicdM Ay dr PEie Orstru%ﬁiré"' WP nyol %hgrgl},os%gél

form opened E-ring anal ogs of conpounds of formula (1) as set

PCT/ USO02 hathbnptdthefiarahl) séverdl Tesilyd oamptomtsciad arfdor- gﬂ'ﬂ/l%oﬁ@camﬁb%e'cﬂ{ser medi at es
thus obtained are nore soluble in water and nmay be purified to produce,
after treatment with an acid, a purified formof the canptothecin anal ogs
of the present inv&igurod. illBstiagds degeadralpteaciiom teduetcddf@vbyitites &ff 9@ 1

illustrates the chem cal structure of canptothecin,
camptothecins and 7-silyl homocamptothecins.

Figure 3 illustrates reaction of camptothecin with tert-butyldimethyl
10 silane, di-fert-butylperoxide and rert-butane thiol in dioxane to synthesize ‘7-tert-

butyldimethylsilylcamptothecin and 12-rert‘-butyldhnethylsilylcémptothecin.

Figure 4 illustrates a general method for converting 7-silyl camptothecins

and 7-silyl homocamptothecins to 10-hydroxy-7-silylcamptothecins and 10-hydroxy-

7-silylhomocamptothecins

15 Figure 5 illustrates conversion of 7-fert-butyldimethylsilyl camptothecin
to 7-tert-butyldimethylsilyl-10-hydroxy camptothecin (DB-67).

Detailed Description of the Invention

Substituents are typically added to the camptothecin ring by the
conversion of one existing functional group into another. It is more difficult to introduce

20 new substituents by replacement of existing carbon-hydrogen bonds. Sawada aﬁd -
coworkers used the Mirﬁsci reaction to replace hydrogen by alkyl and substituted alkyl

groups. See Sawada, S.; Okajima, S.; Aiyama, R.; Nokata, K.; Furuta, T.; Yokokura, T.;



honocanpt ot heci n and several 7-silyl canptothecins and 7-silyl

honmocanpt ot hecins. Figure 2 illustrates a general reaction - sequence for
synt hesi swofo2/#8xb4 yl canpt ot heci ns and 7-silyl honbcanpt oPh@aisny1118% gure 3
illustrates reaction of canptothecin wgigh tert-butyldinmethyl 10 silane,

di -tert-butyl peroxi de and tent-butane thiol in dioxane to synthesize
7-tert- butyldinethylsilylcanptothecin and

12- tert - BupinodEnefadnydgathiy K avipiaedagTi Oherk:i RAM-2. Aull) BYS1I448t (€013, SfnRn2l

met hod for converting 7-silyl canptothecins and 7-silyl honocanpt ot hecins
t o 10- hydk;oMgtsiels, By INakapt 6. hNagats, Fu.nHudbe, My,0Y okokura] 155 MiyR&aD Tampent heci ns
15 Figure 5 illustrates conversion of 7-tent-butyldimethylsilyl

canpt ot heierm. Bull7-3%r1188uiPOd); nBawadas iSL;yNeldla hildr Bumnta; afipt Yiskokaian T PB- 67) .
Detai |l ed Description of the Invention Substituents are typically added to

t he canpt\ityaseki.nT s iGhgmoyPharme. Bubhv 89,s25H (F99%heamk iMiniseq F.yriékmanalE.gr oup
into another. It is nore difficult to introduce 20 new substituents by

r epl aéendRBtans, By ilefenoqyriesa28of8h(88Y e n tohtgardSanatiy] alithydans rtigicallyus ed
the Mniscj,.reactjion to replace hydrogen by al kyl and substituted al kyl
groups. SXilized,widh a meroxidy apd ga irdg saltapytherpresence ook samptothecinrderivative T. ;
Yokokura, T.; WO .02/083694.PCT/US02/11139 6 .Sugi no, E.; Yamaguchi, K. ;

M yas aka,un;’-‘j‘r BRBEY ekl sndiigus to wléﬁ%i@]@i W}l%t@h‘&%‘,ﬁhe@n denpativeoka,

S.; Noka K. :.. Nagat.a .. Furut T... Yokokurd, T.;. MJyasaka, . T. Chem
Pharm Bui'F. °agHn %1??“5%@‘1)(’?“%&3@83@ & fel%%lli‘g’taéf} nf{e.c,ha@)ﬁ/mﬁ%né(?k@g, the
Yokokur a,: T Do 2z harm ,Bull. .3 574 -(1991): and

M ni sci , lgg?nﬁ%ké?za?ﬁé@lzgls%ﬁggrgf;e),car.ér_my'l_g? L:Qr g’&%%&fraggiafsﬂfg@ %%TQ%S?’. I'n
tha_t Ibeg%!lﬁl ra?‘l'iha?g z{gﬁlmg&g.:ﬂcme%g?{s typically oxidized with a peroxide and

an .iron sal't 1n the presel a canptothecin derivative - '

The Sawada/Minisci method for additions of alkyl groups to C7 of
camptothecin is not suitable for the addition of silyl radicals, however. - The requisite silyl
radical precursors, for example Me,SiCHO, are difficult to synthesize and often highly |
unstable. For example, many such precursors ignite spoﬁtaneously on exposure to air.

15 Such compounds have little or no preparative utility and could not survive the vigorous

- reaction conditions of the Sawada/Minisci approach.

Nonetheless, the present invention provides a novel semisynthetic routé in
which a silyl radical is added at the C7 position of the -quinoline ring or B-ring of
cgmptothecins and homocamptothecins and/or at the C12 position of the A-ring of

20  camptothecins and homocamptothecins. In that regard, the present inventors have
discovered  that the  important class of  7-silylcamptothecins  and
7-silylhomocamptothecins can be synthesized via reaction of an existing ca:mptothecin or
homocamptothecin compounds with known silyl radical precursors having the formula
XSiR'R’R’ under suitable conditions as described above. A general reaction sequence for

25  synthesis of 7-silyl camptothecin and 7-silyl homocamptothecins is illustrated in

Figure 2. The reaction mixture is worked up by standard methods and the crude reaction



under strongly acidic conditions to provide a 7-al kyl substituted

canpt ot hecin derivative. The reaction is thought to occur through a redox
chai n necwanessacdnvol ving the internediacy of acyl radi cCs/usetiib9
decarbonyl ate to make al kyl radicals. In turn, these 10 al kyl radicals add
to canptothecin. The Sawada/ M ni sci mdf hod for additions of alkyl groups to
C7 of canptothecin is not suitable for the addition of silyl radicals,
however . = 1. S Ji T i) ' sors,.for exanpl e Si. CHO,
e di i PoCIR AR I8, T A SR PBRRY. “Bllauigsllon” 52 S shpia Tany
such pre ' b &AL e osur a 1, Ich, campounds
ave || rr oIt k. PRANLARGRHRCH lnERTE L 8) b HoDdeRHEOUREET ous
react i on(foaitdilitb@Asn &f1)t he Sawada/ M ni sci approach. Nonethel ess, the
present 1nvention provides a novel semi synthetic route in which a silyl
radi cal is added at the C7 position of the quinoline ring or B-ring of
canpt ot heci ns and SenmdagpeSiniaive udadsLinealse TSIl @EARIRRD of siifie
A-ring of 20 canptothecins and honocanptot hecins. In that regard, the
present radivehprecwsdrauee dederftedveremlid disdusting tHeREho@IYT thé BRSer®invention. .
7-silyl canpt ot hecins and 7-silyl honocanpt ot heci ns can be synthesized via
r eact i onlothe aaseethitstilanes arampedashesilyl radical ppsoaesarit ticheethodscaBO YRFEtW t h
known silyl radical precursors. having the formula XSi R RZR3 under suitable
condi t | oiyertiong esyainbdibls {BI’SH) Avererfenad to dmut iDreryeberefichl feffec28s st hesi s
of 7-silyl canptothecin and 7-silyl honpbcanptothecins is illustrated in

Fi gure 2additive. fEhedesudls ofsuetal expearingntkard supmbyizest inrlhled] aet Figds Jarkbrt he
crude reactiqn WO 02/083694 PCT/US02/11139 17 product is purified by, for
exanpl e, e’@ﬁ‘l‘lg?mh‘??ém&p cagptothesin ilaafarshutylsdimethiik silatea (b requivige dirtert-o

?t gﬂ@fhﬁ e@gﬁ%ﬁ% aigﬁﬁ%}mnﬂ%gﬁf ?%né@ri]g)):i_n?clioga%e at refluxed for 36 h

(Table 1, entry 1) followed by chromatographic separation provided (in order of elution)

7-tert-butyldimethylsilylcamptothecin 2b (20%), 12-tert-butyldimethylsilylcamptothecin
3b (10%) and recovered éamptothecin 1a (57%). 7-tert—]§utyldimethylsilylcamptothecin
2b was identical to an authentic sample prepared by total synthesis. 12-zert-

15 Butyldimethylsilylcamptothecin was identified by 'H NMR expeﬁments.



Several representative studies of the use of silanes (HSIR R2R3) as silyl
5 radi cal precursors are described herein in discussing the nethods of the
present iwWOoeab8wm I n the case that silanes are used as &C3iusy¥inadi cal
precursor in the methods of the presen} invention, certain thiols (RL6SH)
were found to have a ' very benefici al &ffect as an additive. The results
of several experinents are summarized i.n Table 1 and Figure 3. For

exanpl e, heati f1.CPRB i : e t('?.%l] ilane (10 equiv),
di-tent 10 but yligleérloxi det?ltl‘;.@ﬁggﬁjdv %ﬁns t%ﬁ%‘@ﬁggr@ : |Bﬁ’lﬂb%ﬂg'qui V) in

di oxane at refluxed for 36 h (Table 1, entry 1) foll owed by

chromat ogr aphi ¢ separation provided (in order of elution)

7-tent-butyl di nethyl silylcanptothecin 2b (20%,

12-tert-butyl di methyl silylcanptothecin 3b (10% and recovered canptothecin
la (57% . 7-tent-Butyl di nethylsilylcanptothecin 2b was identical to an.
aut hentic sanple prepared by total synthesis. 12-tert- 15

But yl di met hyl'si Tyl canpt ot heci 1 was i denti fied by —HNWRexperitments—WO
02/ 083694 RO USO2/ ThiDB9 18 Talpe |. Fieidlb Pronofield 38ddi t irsvekd 1a

t BuSi (Me2)H to Canptothecin. Entry Thiol Tenp yield 2b yield 3b Recovered
1 a 1 tBuSH 105C 22% 10% 57% 2 t C12H25SH 105C 5% 4% 70% 3 Or) 3Si SH 105C
23% 11% 60% 4 (Pr)B8SEH 160C185°C2% 20%8%aTr ace ph08sluct detdesed by TLC
analysis. 5 Two other thiols were also studi ed under conparable conditions
and the results arg shown in Table 1, entries 2-3. Results with
tert-dodécane thiol Guhetyenet®°Cy infior to t&¥t-but andWhiol . Results
with triisopropylsilanethiol were simlar to results using tert-butane

thiol. 4 (P),SiSH  105°C  23% 1%  60%
4 (Pr),SiSH 160°C a 22% 20%
“*Trace product detected by TLC analysis.
5 Two other thiols were also studied under comparable conditions and the

results are shown in Table 1, entries 2-3. Results with tert-dodecane thiol were generally
inferior to zerz-butane thiol. Results with triisopropylsilanethiol were similar to results

using tert-butane thiol.

Solvent choices were generally limited by the solubility of camptothecin.
10 Reactions in DMSO and fert-butanol were inferior to dioxane. Heating the reaction to
160°C provided predominantly the 12-silyl isomer along with a greatly reduced amount

of recovered camptothecin (see, for example, entry 4 in Table 1).



Sol vent choices were generally Iimted by the solubility of canptothecin.
10 Reactions in DMSO and tert-butanol were inferior to di oxane. Heating the
reacti on wo 02088 provi ded, predom nantly the 12-silyl isecgrusat/ong with a
greatly reduced amount . of recovered canptothecin (see, for exanple, entry
4 in Table 1). WO 02/083694 PCT/US02/18139 19 Thiols are known to
facilitate hydrogen abstraction fromsilanes. Wiile the conplete nechani sm
of silyl radical a iotli on to catprrp 1(})ﬂ.hec' n.and honocanptothecin is unclear,
[

it is specul ated tHQ{OLYEEIHAIBL ifpte fpdrogen, abstragiignofipaesitages. hVhile

T U e oG e Bl B SRS i
Cndtoal b Sty 805 AL Ynds SERR0SERY B ot Gerii to B ief R T ur
fhe o 1y P XAHOASR AU O fonirsBGion e, b B8R} it by
The o ol MR A pidflnt e QERELS thd o1 0hny pRBabBAShAP Reliifly (1R,

triisopraRyhisk! @om Dk r | i Lt Rt ent- butyl
thioi in a slegl ed tgbgﬁgﬁaﬁ ](C)Jg?:ﬁ gra%%ﬂé%%§ B%}?g%flta?dﬁq)@%gg%%lbﬂ@ c\% Ph tert-

but yl di mafrhybstidcangh Olatbher @R MBS SllaneAh o Ry R¥EKs ! t fable 2,
entries 1-6), the 7?‘%6 ylisonmer 2 vvasaniesolaate I|S}n ZSSO %C@?A)ﬁgf)?eqﬁc}ﬁ%%%ﬂgsi de

| esser aradiat thwh doberskdmpititiely hsOMand 8'107FlB%ed yRstdatle thsorkatiaNse of the
mat eri al was .-recovered canptothecin, 15 which was reused in subsequent

exper i meiihs gentrralithiof Hieghantion eopditierswifahé Prbére idventon waeshowhr BPheatinplat | € or
no 7-silylisomer 2 was observed and the 12-silyl isomer 3 was isolated in
22- 31y, ypaasieg ofiisilanesrivigh irisaroopyldlene driebaicthapefiihpainnof M6x A2/ @SSHB ferr-
PCT/ US02/ 11139 20
butyl thiol in a sealed tube at 105°C or 160°C. The initial observations with fert-
butyldimethylsilane were quite general. At the lower temperature (Table 2, entries 1-6),
the 7-silylisomer 2 was isolated in 20-30% yield alongside lesser amount of the 12-silyl
isomer 3 (7-19%). Most of the balance of the material was recovered camptothecin,
15 which was reused in subsequent experiments. At the higher temperature (Table 2, entries
7-10), little or no 7-silylisomer 2 was observed and the 12-silyl isomer 3 was isolated in

22-37% yield with only 10-20% recovered camptothecin.



Table 2. Addition of Silyl Radicals to Canptothecin at Lower. (105C) and

H gher (160C) Tenperatures. Silyl Goup on 7-Silyl Isonmer 12-Silyl |somner
Recover edwOBan83696i | ane (R R2R3SiH) (C7=Silyl, (C7=H, 1 TPemwsSCYPubi
Cl2=Silyl) 1 Et3Si 105C 2c 23% 3c 11%57% 2 'PrSi(Me)2 105C 2d 31% 3d 8%
:61% 3 (' Pr)3Si 105C 2e 22% 3e 15% 63% 4 PhSi (Me)2 105C 2f 23% 3f 7% 65%
5 c-C6H11Si (Me) 2 105C Zg 22% 39 19% 50% 6 Et2Si Me 105C. 2h 20% 3h 8% 67%

7 Et3Si c a 7% rSi (Me)2 160C 2d a 3d 30% 19%)
C- o1 A 5 Aoy ﬁs 'badiealsup Gomblosiseipsad bowen 03 ehand lighas
aTrace pgﬁﬁi‘;g}r}det ect by TLC. Wth the conditions for radical silylation

of canpt e&&%? F%? 5 established, the sem synthesis was applied to
t he synt hesis of DB-67 (9,’-)\ Lh_oQne QTLI(‘IV 10- hvdroxy canpt ot hecin_was

first d thecin b t al d . 83694
PCT/ Usb2/ 111395 lisﬁ@‘ao%a%%ginaffzﬂ o S o ARBPRRREY eoved
silylation reagh hﬁlggﬁqgs ons set (&9r§2§(/above W?Eﬁ Ighen applied to the

10- hydro%nnrryanpto crn L8 ctlong e a 1l4% 1d of a ; mxture of
product s ch contai ned the des re(tllggﬂ(?? 2a basqﬂzggﬂg'ﬁc

1 EtSi 105°C 26 23% 3¢ 1% 57%
2 iPrSi(Me), 105°C  2d  31% 3d 8% 61%
3 (Pr),Si 105°C 2 2% 3e 15% 63%
4 PhSi(Me), 105°C  2f  23% 3f % 65%
5 c-CH,,Si(Me), 105°C 2 22% 3g 19% 50%
6 Et,SiMe 105°C.  2h  20% 3h 8% 67%
7 Et,Si 160°C  2c a 3¢ 36% 17%-
8 PrSi(Me), 160°C  2d a 3d 30%  19%
9 c-CgH,,Si(Me), 160°C  2g 2 3g 26%  10%
10 Ei,SiMe 160°C  2h 2 3h 26% | 10%

*Trace product detected by TLC.

With the conditions for radical silylation of camptothecin generally .
5  established, the semisynthesis was applied to the synthesis of DB-67 (2a). In one study,

10-hydroxy camptothecin was first prepared from camptothecin by Pt catalyzed



conparison wth the authentic sanple. However, it was difficult to isolate
the desired 5 product fromthe product m xture. The present invention thus
al so prowoag/08s6bmo- st ep conversion of a 7-silyl canpt ot Regiusonr1139 7-si |l yl
honocanpt ot hecin to a 10- hydroxy-7-silyl canptothecin or a

10- hydr oxy-7-silyl honocanptothecinis2as illustrated in Figure 4. The
silatecan or honosilatecan derivative 6 is first oxidized to an N oxide
under conditions known to 10 those skilled in the art for this

t r ansf or rEdEogeRatipp dplewed) by ShQA®nexidation: 1 Bhg silsrlatiarr regetiani ednditiodss aeien

per oxi de <i&1‘,’rf15t he presence of a |ow boiling carboxylic acid, preferably
acetic Aestyaboxeyyere fhea appligdhie the dOnhydieyy kpwriothecin. | Fheawagiogaave addVvent i s

then irrad d with ht. (for .exanple, at the edge of the ultraviolet

L at | i : he
and vi si B PE Gy B of Hodugs dthichpontaned fee desdrbB-f 2abatsAgemilhCor
i norganic_acid. 15..The 10: hydrox r of DB-67.can, therefore, also be
added af C2PPeTHEn Eily eo?“%“éﬁct %ﬂaﬁ’l‘%f %E@"%ﬁ fhyyvas @%ﬁ@&‘i to isolatesilis depirast ed
canpt gt heg| N readily available in |large quantities. Using
t he agovg’-Fd egtcﬁgg%géﬁgggdﬁlkﬁge'i t can now be readily converted, into
7-tent-butyl dinethylsilyl canptothecinn 2b in about 20%vyield wth

7otort. Butyl di mut i STy T o e bvige ) ERBRERTSEEBES TR i ng

7-tert-Butyldinethyls canptothecin -
h h ' i i . : [ ' f 2b
t he net heginpiotilebiit 6:24 @ds_ﬂ'yf‘h&:ngm othe@ %o 2 ld-@}'cg%g%ﬁgfé%?%}g@%%ﬁt&%n 0

wi th hydrogen peroxide in g acetic acl e

cor r espondiggrodyoxsitie KomodanPlohedigl ds ilRReked Xx?LIﬁ‘%ﬁ}E 4 VTR isﬂa&@%}na&ﬂ on

with a high-pressure nmercury lanp in dioxane wt N aqueous sulfuric
acid at homosilatevarrderivaiiveps dy iftedoBz€d tan iNMoRid¥utide} ondif@Rt fAin 10 @ 25
sanpl e of DB-67 prepared by total synthesis. This sem -synthesis occurs in
about 0 10%k0s0skitled 88 6Be! afe@ot HO Abisfadhtior2 Rowferrad |conditbss fr@rirdatifert orer
steps, not including the recovered canptothecin fromthe first

with hydrogen peroxide in the presence of a low boiling carboxylic acid, preferably acetic

acid. A mixture of the resulting N-oxide 7 in an organic solvent is then irradiated with

light (for exarpple, at the edge of the ultraviolet and visiblé regions of the spectrum) in

the presence of an organic or inorganic acid.

15 The 10-hydroxy group of DB-67 can, therefore, also be added afier the
step of addition of the silyl radical to unsubstituted camptothecin. Camptothecin is
readily available in large quantities. Using the above-described procedures it can now bel
readily converted. into 7-tert-butyldimethylsilyl camptothecin 2b in about 20% yield with
recovery of very substantial amounts (57%) of unreacted camptothecin.

20 7-tert-Butyldimethylsilyl camptothecin can be converted to DB-67 following the method
illustrated in Figures 4 and 5. In that regard, oxidation of 2b with hydrogen peroxide in
glacial acetic acid at 75°C provided the corresponding N-oxide 4 ‘in 81% yield.
Photolysis of 4 via irradiation with a high-pressure mercury lamp in dioxane with 1 N
aqueous sulfuric acid at room temperature provided DB-67 2a in 58% yield, identical to a

25  sample of DB-67 prepared by total synthesis. This semi-synthesis occﬁrs in about 10%



step. In general, the studies of the present invention indicate that the
addition of the silyl radical ' to carnptothecins in the nethods of the
present iwWOeab8wm occurs 5 predominately at C7 or Cl2 depemdisnyy1s
tenperature and can be pronoted by ad?'&ti ons of, for exanple, thiols. The
reaction serves as a key step in short™“sem -syntheses of silatecans (for
exanpl e, DB-67) and honosil at ecans which are both significantly shorter

ol ek of) ¢ : ( _
and hi gheveryil §icld A& the et @Eﬁﬁé, oY ﬂ{chﬁ%ﬂé&@%c&v@fed@é@{ﬁﬁtﬁvnﬁ?c?ﬂ%&%ﬂﬁ

radi cal annul ati on approach. The increased accessi bi

si | at ecasgpand honosil atecans should 10 facilitate their devel opnent as
anti-tunor agents. Exanples: Exanple la. Ceneral Procedure for

Thi ol - Pronoted Synthesis of 7-Silyl Canptothecins 2: To a suspension of

canptot hecin | a (5 penerdl, thé studivs)of itipredear@mnentckSinditbte that NESIGREHESE t he
corresponding silane (0.8 L), triisopropylsilanethiol (50 L, 0.23 mmol)

and di -t éret sitylt sadiqabrtoxceneptothbeihs if.tAe methbds) of The Sprsient Uneertio ddeas
refluxed under argon for 36 h, cool ed and evaporated under reduced

pr essr e prefpminstadyvat €8orr €118 deperslingisptengperitira aGH2E Be promatapby editionsa
silica gel colum._ Flash chromatography (CH2C12 foll owed by 5% acetone in
cH2c12) ~ yhelor egampls, Hhielsor Hes resetian sarvasnas a fkey Btep Inyshor gemissypthesdseati n 2,
the 12-si]yl canptothecin_ 3, and unreacted canptothecin. Exanple |b.

7- t - But y FE#sRDH {05 pXampleaRBr &b 1med ibamosiipfecans mhisht ave bgdnsgrificantlycbddere | a,

15 f titl f heci 50 0.14
ol ) as AR SHIEE KRG DRSE e treBme Psesadieal amilton
o ot ShSteREe 2 SR AGED bl Tiechnid aha TcThosibodms Shouid

10 facilitate their development as anti-tumor agents.

Examples:

Example la. General Procedure for Thiol-Promoted Synthesis of 7-Silyl -
Camptothecins 2:

To a suspension of camptothecin 1a (50 mg, 0.14 mmol) in p-dioxane (iS

15 mL) was added the corresponding silane (0.8 mL), triisopropylsilanethiol (50 uL, 0.23
mmol) and di-fert-butyl peroxide (50 uL, 0.27 mmol)). This mixture was then reﬂuked
under argon for 36 h, cooled and evaporated under reduced pressure. The brown residue

was suspended in CH,Cl, and applied to a silica gel column. Flash chromatography
(CH,Cl, followed by 5% acetone in CH,Cl,) yielded, in the order of elution, the 7-silyl

20 - camptothecin 2, the 12-silyl camptothecin 3, and unreacted camptotheciﬁ.
Example 1b. 7-+-Butyldimethylsilyl Camptothecin (2b):

Using the general procedure 1a, 15 mg of the title compound was prepared from
camptothecin (50 mg, 0.14 mmol) as yellow solid in 23% yield. The reaction also gave

12-t-butyldimethylsilylcamptothecin 3b (7 mg, 11% yield) and recovered camptothecin



(30 my, 60%. [a] 20D = +47.2 (c 2.87, CH2Cl12); IR 3357 (br), 2930, 2857,
1750, 1659, 1595, 1465, 1378, 1265, 1226, 1157, 1047, 832, 728; 'H NMR
(300 MHz,wOD@SH694 8 0. 714 (s, 6H), 1.00 (s, 9H), 1.05 (t, PCEUROSI11BE, 3H),
1.91 (m 2H), 3.76 (s,"| H), 537 (d, J =16.2 Hz, 1 H), 5.33 (s, 2H),
5.77 (d, J = 16.2, 1 H), 7.63 (td, J 239.0, 1.5 Hz, 1 H), 7.68 5 (s, 1 H),
7.79 (td, J = 7.5, 1.5 Hz, 8.23 (d, J =7.5 H, 1 H, 8.24 (d, J =

1H), A
524 560H g Aol STHAT D e %@95@?&@3@?2336517?&§ 29385857, 158) 665993, 0,
146. 4, 1 , 0. 1 4, 3.9 . N204Si

462. 197???58&4}1’%&6%7%%5’ é%%apiﬁfa'é@@ %ie’t’fﬁl &f?{bﬁﬁéﬁmﬁﬁeﬁlozw - 1o
Usi 8.8 i

: ;ﬁf%ﬂ%ﬁ%&%ﬁfﬁ Wﬁ%fi*@e 5»-?5 (kb pi?’ﬁ%?wg} 4 @S{ﬁ%gﬁfﬁf ETAC
recover eg— (P;égznpgit%bt é(?;ling {sﬁﬁ% 5%7', (}5521%2,\1@3, ‘]'53 f@sﬁig(l%’]% %%’?1%42%%2) . 'H
1T (g I MY 535 98 D g2y Byt s (0 g = 5 i Pl %)
0 76b (o T P b LG0T AR AR A 8D T
1H), 8.26294, 1.6, 3028,Hz2.7.HBs.0HRMS), BI6H, 21488, qd0H01 5461 BONZAETS 4

. 1975,
found 462.1985. Exanple Id. 7-1sopropyldinethyfsiiyl Canptdthecin %d): 20
Usi ng t healgéfrarGHpN,804621973, fodidd #e2.0670.he title conpound was prepared
in 31% yield as yellow solid from canptothecin (50 ng, 0.14 mol). The
reaction al so ave 12-isopropyl dinmethylsilyl canptothecin 3d (6 ng, 8%
and r eco¥spmple beTt Brinthylsilyl Ca®ptothegin®29§ . [a]2 D = +42.1 (c 1.01,
CH2C12); 'H NWR (CDCl13, 300 MHz) S 0.65 (s, 6H), 1.00 (d, J = 7.4 Hz, 3H,
1.02 (d, J =7.4 Hz, 3H), 1.05 (t, J = 7.3, Hz, SI}D, 1.49 25 (hep, 7.4 Hz,
1H), 19.91 {m 2H), Using they genpralgpocedure ) 8.8 18g qfsthe2tifle compoud way=16. 2,
prepared from caniptothecin (22 mg, 0.06 mmol) in 30% yield as yellow solid. The
reaction also gave 12-riethylsilylcamptothecin 3c (3.1 mg, 11%) and recovered
camptothecin (12.5 mg, 57%). [a],” = +38.1 (c 0.26, CH,CL,); 'H NMR (CDCl,, 300
| MHz) 8 0.99 (t, J = 7.9 Hz, OH), 1.05 (t, J = 7.3 Hz, 3H), 1.13 (q, J = 7.9 Hz, 6H), 1.93
15 (m, 2H), 3.76 (s, 1H), 5.32 (d, /= 16.2 Hz, 1H), 5.33 (s, 2H), 5.77 (d, J=16.2, 1H), 7.65
(td, J=7.5, 1.2 Hz, 1H), 7.68 (s, 1H), 7.80 (td, J= 7.4, 0.8 Hz, 1H), 8.24 (d, /= 6.6 Hz,
1H), 8.26 (d, J = 7.2 Hz, 1H); HRMS m/z calcd for C26H30N204Si 462.1975, found

462.1985.
Example 1d. 7-Isopropyldimethylsilyl Camptothecin (2d):

20 - Using the general procedure 1a, 22 mg of the title compound was prepared
in 31% yield as yellow solid from camptothecin (50 mg, 0.14 mmol). The reaction also
gave 12-isqpropyldimethylsily1 camptothecin 3d (6 mg, 8%) and recovered camptothecin
(33.2 mg, 5‘7%). [oly” = +42.1 (c 1.01, CH,CL); 'H NMR (CDCl,, 300 MHz) & 0.65 (s,
6H), 1.00 (d, /= 7.4 Hz, 3H), 1.02 (d, /= 7.4 Hz, 3H), 1.05 (t, J = 7:3, Hz, 3H), 1.49

25 (hep, 7.4 Hz, 1H), 1.91 (m, 2H), 5.32 (d, J= 16.2 Hz, 1H), 5.33 (s, 2H), 5.76 (d, J=16.2,



WO 02/ 083694 PCT/US02/11139 24 1H), 7.65 (ddd, J = 8.4, 6.7, 1.1 Hz, 1H),
"7.74 (s, 1H), 7.81 (ddd, J =8.4, 7.1, 1.1 Hz, 1H), 8.23 (d, J = 8.4 Hz,
1H), 8.24wW0d2/083694 8.4 Hz, | H); HRMS mz calcd for C25H2@NIOs82/1448. 1818,
found 448.1815. Exanple le. 7-Tripropylsilyl Canptothecin (2e): 5 Using the
general procedure la, 16.6 ng of the t44t1e conpound was prepared in 22%
yield fromcanptothecin (50 ng, 0.14 mmol) as yellow solid. The reaction

canpt ot natbn b5 B8EY a1 RIBAPEL P4t 160078 Bag 3848 kit  RaGse,
(Cocis. 500N Ero7on b 0, 1B 524 T 54 e 3R s 1 eqlpd 5py

1.15 . 2H), 3.75 (s, 1 H), 5.32 (d, J = 16.3
Hz, 1(3),@%1;2%2%2%?4‘%%?1@9?&(13%'1%@:' 123, 1 H),(?GS |(_2d, J = (8.2, 1.3
Hz, 1H), 7.68 (s, 1H), 7.80 (td, J. = 8.0, 0.9 Hz, 1H), 8.24 (d, J = 6.7 He,
1H), 8. Hkahble i& LTHpropy I CabstoMVR(GBE13, 125 Miz) 8 7.9, 16.7, 17.8,

18.4, 31.7, 52.0, 66.5, 72.9, 97.8, 18.2, 27 4, 128.0, 129.8, 131.2,
132.6, 135.7, 143.4, 146.6, 147.9, 150.2, 15 150.9, 157.6, 174.1;, HRVS m z

cal cdsfor C29H36N204sphe 3R -géAd4l ploestifle 3841340 fng BXand!iRle! éompoung was
7- Phenyl di net hyl silyl Canptothecin (:2f): Usi ng the general procedure la, 16

nmg of t hefrdpatddeinc@2fhoyielll fem @nepehedn (50 nd3%.y4 ekdoll a8 Pellaniotiihethd (50
ng, 0.14 mmol) as yellow solid. The reaction also gave

12- phenyIrelictren halécsighyd 1@ariptopylsdyl vardftothéeit 3y .(17.2) mandsyed codereevered -
canptothecin 20 (65%. [%%ZOD = +44.9 (c 0.74, CH2A 2); "H NMR (300 MHz,
CDC13) 8 campwihiesin G13)6). 1oda" =(439.4(c=0.49,5CHIGL,); IR) 3325. B8, 2936, 2607, 695 (s,
2, 5.27 (d. J =164 He, 14 571 (d, J = 16,4 1H 7.37-7.59 (m 6H),
7.74 (s, W541659, $596,15563 1224, 4157, 4956, 921 428:'H DMR (6D, 500Hy[Hz) $.298 (d, J=
8.4 Hz, - El z cal cd. for C28H26N2O4SI 482. 1662, found 482. 1663.
T =T M G LY B R o, 655 155 G, G 101 o IH),

3.75 (s, 1H), 5.32 (d, J = 163 Hz, 1H), 5.33 (s, 2H), 5.77 (d, J = 163, 1H), 7.65 (td, J =

82, 1.3 Hz, 1H), 7.68 (s, 1H), 7.80 (td, J = 8.0, 0.9 Hz, 1H), 8.24 (d, J = 6.7 Hz, 1H),

8.27 (d, J = 7.4 Hz, 1H); *C NMR (CDCl,, 125 MHz) § 7.9, 16.7, 17.8, 18.4, 31.7, 52.0,

66.5,72.9, 97.8, 18.2, 27.4, 128.0, 129.8, 131.2, 132.6, 135.7, 143.4, 146.6, 147.9, 150.2,

15 150.9, 157.6, 174.1; HRMS m/z caled for C,H,N,0,Si 504.2444, found 504.2467.

Example 1f. 7-Phenyldimethylsilyl Camptothecin (2f):

Using the general procedure 1a, 16 mg of the title compound was prepared
in 23% yield frqm camptothecin (50 mg, 0.14 mmol) as yellow solid. The reaction also
gave 12-phenyldimethylsilyl camptothecin 3f (4.6 mg, 7%) and recovered camptothecin

20 (65%). [a]y,” =+44.9 (c 0.74, CH,CL); 'H NMR (300 MHz, CDCL) § 0.90 (s, 6H), 1.03
(t,JJ= .7.5, Hz, 3H), 1.88 (m, 2H), 4.95 (s, 2H), 5.27 (d, J = 16.4 Hz, 1H), 5.71 (d, J =
16.4, 1H), 7.37-7.59 (m, 6H), 7.74 (s, 1H), 7.77 (t, J = 7.2, 1H), 8.14 (d, J= 8.5 Hz, 1H),
8.29 (d, J = 8.4 Hz, 1H); HRMS m/z caled for C,3H,,N,0,Si 482.1662, found 482.1663.



WD 02/ 083694 PCT/ US02/ 11139 25 Exanple 1g. 7-Cycl ohexyl di net hyl silyl
Canptothecin (2g): Using the general procedure la, 16.3 ng of title
conmpound wax2psmpared in 22%yield from canptot heci n (50Pag/Uuso2/143mmol ) as
yel l ow solid. The reaction also gave 12-cycl ohexyl di met hyl silyl
canptothecin 3g (19.4 ng, 19% and reddvered 5 canptothecin (50% . [a] 20D =
+27.9 (c 0.48, CH2C12); I R 3313 (br), 2919, 2845, 1749, 1658, 1596, 1556,

1446 12 57 H NVR 0 M—Iz CDC13 8 0.64 ,
?‘6"(‘?1155 16714 ﬂfhe lme?ﬁﬁiﬂyzlﬁf nemffhef%él in, 1. 8%3 (m 2H), (s
379(s oH), 5.31 (s, 2H), 5.31 (d, J= 16.3 Hz, 1H), 576(d J— 16. 3,

5.1 (4, 3 5.0 1 U3 gt i 1§ gl g ol [Dzs
1573, 198250558 @mﬁ%%p%‘h%&@? g1 it ’ag@efi% il ac%fgcf}
155 5152 BRSO f0) SnhORCBZI Sl RO |

gener 3l RhAGRMHECE (509). 13 1P ﬂgkqu (fchﬁzm '6111@1 OFIR03§1§ Sz9ﬂ&zgﬁ§gﬁf49d in

20% vyield from carrptothecm (50 ) as yellow soli
react i on 185801598y 555214 t1%6 nm&yiml y<b47cam@tm8heﬂNM§ 508 l\/ﬁ{i@: @1" and

recovered carrpt ot heci n (67% [ cc] 20b=" +50. 0 (c 0.23, 2C 2) ; 319
(br), 29%%.62876H),17e(t, J+658H7,33951.21 86761}, A%66 (i, 1304, 202379 . NVR
(500 Mz, CDC%) LI (s, 3I.—|§,3‘mg 95@?719)15 (m (13155%’ [Hl% i H)9(l§I

(s, 1H), 251)3131@,21{9 1612dHe= 188)Hz, 3H335. (76,(d27r#16201H),7;664 (td, O=7.316.2, 1
H, 7.64 (td, J=8.2, 1.0 Hz, | H), 7.68 (s, 1H), 7.79 (td, J= 8.2, 0.9
Hz, 1H) 231),(7167gs;131)7711&gt 2@721131) RIRR (4,CDEBI) Hz2BIMe3 @, 274 HZ, 5, 73,
7.9, 31. 72.9, 8, 118.3, 127.4, 128.1, 129.8, 131.1,
132, 40 13%1)7 ClNMR) (C@@a\p 425 MHM 1.850.9226.6539. 8 27157 28.8, B14, 32.2HE0S, t o/ Z

cal cd for SN Si _448.1818, found
Z%Z%L}% %g% 127.3, 128.5, 129.8, 131.1, 132.4, 135.6, 143.6, 146.6, 148.0, 150.2,

150.8, 157.6, 174.1; HRMS m/z caled for C,4H,,N,0,Si 488.2131, found 488.2155.
Example 1h. 7-Diethylmethylsilyl Camptothecin (2h):

Using thé general procedure la, 13.1 mg of the title compound was

15  prepared in 20% yield from camptothecin (50 mg, 0.14 mmol) as yellow solid. The

reaction also gave 12-diethylmethylsilyl camptothecin 3h (5.2 mg, 8%) and recovered

camptothecin (67%). [a],” = +50.0 (c 0.23, CH,CL); IR 33.19 (br), 2959, 2876, 1748,

| 1658, 1595, 1557, 1225, 1157, 1047, 727; 'H NMR (500 MHz, CDCl,) 8 0.67 (s, 3H),

0.95-1.19 (m, 13H), 1.90 (m, 2H), 3.77 (s, 1H), 5.31 (d, J=162 Hz, 1H), 5.33 (s, 2H),

20 576 (d, J=16.2, 1H), 7.64 (id, J= 8.2, 1.0 Hz, 1H), 7.68 (s, 1H), 7.79 (td, J= 8.2, 0.9

Hz, 1H), 8.23 (d, /= 8.7 Hz, 2H). *C NMR (CDCl, 125 MHz) § -2.7, 7.5, 7.,7.9,31.7,

52.1, 66.5, 72.9, 97.8; 118.3, 127.4, 128.1, 129.8, 131.1, 132.4, 135.7, 143.0, 146.6,

148.0, 150.2, 150.9, 157.6, 174.1. HRMS m/z calcd for C,H,N,0,Si 448.1818, found
448.1815.



448.1815. WD 02/ 083694 PCT/ US02/11139 26 Exanple li. (+,

7-t-Butyl di net hyl silyl honocanptothecin Using the general procedure la, the
title conwowndsisas prepared in 10%vyield in addition to ®2¥%ush2/raebvered
() hCPT: "H NWR (300 MHz, CDCI3) 8 0.73 (s, 6H), 0.99 (t, 7.5 Hz, 311),
1.03 (s, 9H), 2.05 (m 2H), 3.21 (d, ¥3.6 Hz, 1H), 3.48 (d, 13.6 Hz, 1H), 5
5.23 (d,,.19 1 39 (d, 19 Hz, 1H), 5.71 (d,
15. 3 Hz EXple s %7(%3“‘1. lme‘ihlgslf’y(lﬁhomfmmpfioth@wm 1H), 7.99 (d, 8.6 Hz,
IH, 8.18 (d, 8.0 Hz, 111). Exanmple 1j. Silylation of CPT,-Noxide: Using

t he general prggedur @gq?_lﬁ. ( i el ded
7-t-butyl di rreqtjhyT %%P%%ln%% e%?% %Bﬂ%&g @ﬁiﬁxg%dé@%argd %%mﬂ%

(17 ny, «@aPon td B2Y% dfutodveted gt NCRT mmt(mmpmzw omg)qb@ G vse@Hr)rD 9T9LC and
was isolated as_a mxture-with other products. Exanp . General -

Procedur(® 7f%HZTWi'IbII 0Br P & By @a.ndd) 3. Qéf(d,lléi@HZyIlH) m&ﬁi dBtéeHz A3l), To a

2 o dssur® R Bhuaen enb>a i dEponar iy T Ranbitf 64 W 1S a0t alBa by 20

L of di7,4@$§t 1R)t7v35 @ENeH 185 ( rﬁolﬁ)iszggm ma 18 ‘r%elgzgd?got o then

triisopropy siianethidl (20 L

seal ed and heated to 160 C for 16 h. After evaporatlon of the volatile
conponerfixampladj.r Sidylatien w6€PIHNidxided by fl ash chromat ography (5% acetone
in dichloronethane) on siliica gel colum to give the 12-silyl canptothecin

3 20 and recover tot hec nple 2b. 12-t-Buty]di rret hyl si |
Canpt ot hecin (3b): Berﬁjerli’é‘?cgﬁmﬁr g)%efpmrgotiagcmgﬂ-gx% fige G ?%/I e

compoundn¥@p yielded 7—t—butyldlmethylsﬂylcamptothecm (8 mg, 20% yield) and camptothecin

10 (17 mg, 60%). 12}t—butyldimethylsilylcamptothecin was observed in TLC and was

isolated as a mixture with other byproducts.

Example 2a. General Procedure for Thiol-Promoted Synthesis of 12-Silyl

Camptothecins.

To a suspension of camptothecin la (20 mg, 0.057 mmol) in dio>‘§ane Q

15 ml) in a pressure tube was added the corresponding silane (0.5 mL) followed by 26 uL
of di-tert-butyl peroxide (20 uL, 0.09 mmol) and 20 pL of triisopropylsilanethiol (20 uL,

0.11 mmol). The pressure tube Was then sealed and heated to 160 °C for 16 h. After
evaporation of the volatile components, the residue was puriﬁed by flash chromatography

(5% acetone in dichloromethane) on silica gel column to give the 12-silyl camptothecin 3

20  and recovered camptofhecin.
Example 2b. 12-t-Butyldimethylsilyl Camptothecin (3b):

Using the general procedure 2a, 5.8 mg of the title compound was
prepared from camptothecin (20 mg, 0.057 mmol) in 22% yield as pale yellow solid, in
addition to recovered camptothecin (20%). [o],” = +75.0 (c 0.04 CH,CL,); IR 3380



prepared from canptothecin (20 ng, 0.057 mol) in 22%vyield as pale yell ow
solid, in addition to recovered canptothecin (20%. [U 120D = +75.0 (c

0. 04 CH2GNVD)02/083898380 WO 02/ 083694 PCT/ US02/ 11139 27 (br pCTASAY 1113854,
1747, 1658, 1602, 1557, 1487, 1401, 1247, 1223,.1157, 1046, 840, 769, 732;
"H NMR (500 MHz, CDC13) 80.56 (s, 6H)270.98 (s, 9H), 1.06 (t, J = 7.4 Hz,
3H), 1.94 (m 2H), 3.76 (s, 1H), 5.31 (s, 211), 5.32 (d, J= 16.1 Hz, 1H).

Sttt ity o 1y et s v ol
32 Wt ey b soB o Bl ot g e
I L Bt T T
procedur g1)28,54%s 81 1Y 7%&0&5@9: b4 hg, aepednd ﬁs"“sﬁgaﬁréf@(f@wf’?gm{% .

canptothecin (20 ng, 0.057 mol) in 37%yie a

addi t5i oniH)Q 8r3gc@y EME Bk 1 e Ry, (G196, § L9327 8 1741677 (£ 9. 2C12) ;
| R 2926, )(2)874,0( 174)?1, 1659, (?1603, 1557, )136%?’ 71%’54#’?@7’?5%85, %75 RERERNY =

(500 MHz72.£N71R)1188, 0294, 127.99129.3, B, 138%4)141.1; 987.(m5@31)51 1.1883(t, J =
7.4 Hz, 3H), 1.93 (m 2H), 3.79 (s, 1 5.31 (s, 2H), 5.33 (d, J=’16.2

Hz, 1H).155.8/874.d; HRMS fu/Z2cakid, fod CIH, N, 0581 463.1915)found £62. 1572( dd, J= 7.9, 6.9
Hz, 1H), 7.92 (d, J= 7.9 Hz, 1H), 7.96 (d, J= 6.9 Hz, 1H), 8.37 (s, 1H); °
13C NMR (125 MHz, CDC13) 6 4.4, 7.8, 29.8, 31.6, 50.2, 66.5, 72.8, 97.5,
118. 3, 1xample 2¢012-Frietlydsily]l Cangptothetidi(3¢); 138. 3, 140.2, 147.2, '150.3,.
151.2, 153.3, 157.8, 174.0; HRVB miz calcd for C26H30N204Si 462. 1975,
found 462. 1973. Exanple 2d. 12-1sopropyl dinmethylsilyl Canptothecin (3d): 20
Using the general YbgdBergenemal procedpss’ 88, PRemgi of dhe ditlsooemipovas! wes epar ed

fr OToca”B%teI?&ch? %riogl éamzp(%otﬁgéin (%2(9 ?n7g, n(m)Sl7) min%l)?)ig(y?%x/j) (}arie(ljd Zss pglglygllgv?ilsloﬁc\iv ir? oftdin

addition to recovered camptothecin (19%). [oc]zoD‘= +16.1 (c 0.33, CH,Cl,); IR 2926,
2874, 1744, 1659, 1603, 1557, 1463, 1224, 1157, 908, 733; '"H NMR (500 MHz, CDCl,)
6 0.97 (t, J= 7.5 Hz, 9H), 1.08 (m, 6H), 1.06 (t, J= 7.4 Hz, 3H), 1.93 (m, 2H), 3.79 (s,
1H), 5.31 (s, 2H), 5.33 (d, J= 16.2 Hz, 1H). 5.78 (d, J = 16.2 Hz, 1H), 7.54 (s, 1H), 7.63

15 (dd,J=7.9,6.9 Hz, 1H), 7.92 (d, J= 7.9 Hz, 1H), 7.96 (d, J = 6.9 Hz, 1H), 8.37 (s, 1H);
BC NMR (125 MHz, CDCL,) & 4.4, 7.8, 29.8, 31.6, 50.2, 66.5, 72.8, 97.5, 118.3, 127;5,
127.8, 128.0, 129.1, 131.4, 138.3, 140.2, 147.2, 150.3, 151.2, 153.3, 157.8, 174.0; HRMS
m/z calcd for C,sH;N,0,Si 462.1975, found 462.1973.

Example 2d. 12-Isopropyldimethylsilyl Camptothecin (3d):

20 Using the general procedure 2a, 7.7 mg of the title compound Was
prepared from camptothecin ( 20' mg, 0.057 mmol) in 30% yield as pale yellow sblid in
addition to recovered camptothecin (19%). [a],," = +62.5 (c 0.04, CHZClz);A IR 3346
(br), 2945, 2863, 1747, 1657, 1602, 1558, 1486, 1401, 1245, 1223, 1157, 1046, 1002,
909, 841, 767, 732; 'H NMR (500 MHz, CDCL,) & 0.48 (s, 6H), 0.98 d,J=174Hz, 3H),

25 1.0(d,J=74 Hz, 3H), 1.06 (t, J= 7.4 Hz, 3H), 1.49 (m, 1H), 1.92 (m, 2H), 3.78 (s, 1H),



addition to recovered canptothecin (19% . 140D = +62.5 (c 0.04, CH2Cl2); IR
3346 (br), 2945, 2863, 1747, 1657, 1602, 1558, 1486, 1401, 1245, 1223,
1157, 10480 02083894 909, 841, 767, 732; 'H NWR (500 MHz, CPCI8)S08103%48 (s,
611), 0.98 (d, J= 7.4 Hz, 3H), 25 1.0 gd J= 7.4 Hz, 3H), 1.06 (t, J=7.4
Hz, 3H), 1.49 (m 1H), 1 92 (m 211), 28.78 (s, 1H), V\002/083694

PCT/ US02/ 11139 28 5. 30 (s, , 5.32 (d, J=16.2 Hz, .5.77 (d, J= 16 2

v 10, Bt e -Gl 7 Rl A B el 2

- 3 8, -3=61.97. 9 HA418), 7. éﬁgdt J3Y. 95Hz5ﬁ-1)2 2 9@6(35.]— @ggbz jﬁ)ﬁiﬁ@ 1%@3138527 5,

127.8, 128.0, 129.2, "131 137.°8, ’147.

157. 8, 1RMR; 12531\/{1!%1}@1 Fad gd Ff @r 0 d 1815.
Exanpl e 2e. 1(2 Tri propyl ?I I?jlgca?’frrgioﬁggzﬁm 31185 Wsékﬁ%o%gg%égﬁ?sol at ed

from t he 122ac11708) 108%¢ 1202 310, ERABPL €. 5e147[1a]1§0E> 51154332 (978, fﬁh 2C12)
| R 3348, 2961, 2926, 2873, 1755 1661, 1603, 1491, i462 1403, "

1333, 5 12BRMS 163 caldfoh C, F)6,0, 84S, I8 NWEnd 2001848z, CDC13) 8 0. 95 (t RE
7.1 10 Hz; 3H), 1.05-1.12 (m O9H), 1.38 (m 6H), 1.93 (m 2H), 3.75 (s,
1H), 5.31 (s, 2H), 5.33 (d, J= 16.3 Hz, 1H). 5.78 (d, J= 16.3 Hz, 1H),
7.56 (s, Emppple26 212 Bripropyldlyl cadplothecin 3¢y, 7.91 (dd, J= 8.1, 1.0 Hz,
1H), 7.95 (dd, J= 6.7, 1.3 Hz, 1H), 8.36 (s, 1H: 13C NVR (125 MHz, CDC13)
8 7.8, 16.5, 17,9, 18.8, 31,6, 50,3, 66.5, 72.8, 97.6, 118.3, 127.5

127.8. 128.0, Thscompoynd was isobedfromahe meactionrdescrilicsioin Fxatfle . (53PS,

S04 sabo H ERdke e oHS: B RaffBRhchiascrin  Lamobt fa%‘éaﬁﬁ?%wié’z‘éﬁﬂm
Comound; g 30l p60 4O DSOh£30 0, il Pl el L1200 -
i?géu{ t12133§ Hilﬁéqﬂ%%%m om) P33 B3 06m), T S, 80 W%, (AR & Adi S o
(4, J =163 Hz, 1H). 5.78 (d, J = 16.3 Hz, 1H), 7.56 (5, 1H), 7.62 (dd, J = 8.1, 6.7 Hz,
1H), 7.91 (dd, J=8.1, 1.0 Hz, 1H), 7.95 (dd, J= 6.7, 1.3 Hz, 1H), 8.36 (s, 1H); °C NMR
(125 MHz, CDCL) 8 738, 16.5, 17.9, 18.8, 31.6, 503, 66.5, 72.8, 97.6, 118.3, 127.5,
127.8, 1280, 129.1, 1313, 137.9, 1411, 147.1, 1503, 151.2, 1533, 157.85, 174.2;
15 HRMS m/z caled for C,sHyN,0;Si 504.2444, found 5042450, |

Example 2£. 12-Dimethylphenylsilyl camptothecin (3£):

This compound was isolated from the reaction described in Example 1. [o]y” =

+11.3 (¢ 0.53 CH,CL,); IR 3365, 2973, 2961, 1750, 1666, 1604, 1559, 1492, 1251, 1234,

1155, 1110, 1049, 830; 'H NMR (300 MHz, CDCL) § 0.83 (s, 6H), 1.09 (t, J= 7.4 Hz,

20 3H), 1.94 (m, 2H), 3.80 (s, 1H), 5.24 (s, 2H), 5.32 (d, J = 16.3 Hz, 1H). 5.76 d,J=16.3
Hz, 1H), 7.37 (m, 3H), 7.53 (s, 1H), 7.59 (dd, J= 7.5, 7.4 Hz, 1H), 7.78 (m, 2H); 7.89 (m,

2H), 8.30 (s, 1H); ®C NMR (125 MHz, CDCL) § -1.3, 7.9, 31.6, 33.9, 50.2, 66.5, 72.8,

977, 118.4,127.6, 127.8, 128.1, 129.0, 129.6, 131.3, 134.5, 138.0, 139.1, 141.0, 146.9,

150.3, 151.2, 152.9, 157.8, 174.1; HRMS m/z caled for CogH,N,0,Si 482.1662, found
25  482.1684.



20 3H), 1.94 (m 2H), 3.80 (s, 1H), 5.24 (s, 2H), 5.32 (d, J= 16.3 Hz,
1H).. 5.76 (d, J= 16.3 Hz, IH), 7.37 (m 3H), 7.53 (s, 1H), 7.59 (dd, J=
7.5, 7.4 WD,02083694 7. 78 (m 2H), 7.89 (m 2H), 8.30 (s, |BCTASBZIMBR (125
MHz, CDC13) 8 -1.3, 7.9, 31.6, 33.9, 50.2, 66.5 72.8, 97.7, 118.4, 127.6,
127:8, 128.1, 129.0, 129.6, 131.3, 1342%, 138.0, 139.1, 141.0, 146.9,
150.3, 151.2, 152.9, 157.8, 174.1; HRVS miz calcd for C28H26N204Si

12y erB A P RSB BTRE 1% 2P LE
2a, 7.3 ng of the title conpound was prepared from canpt ot hecin (20 ny,
canpt ot hect n (1094 . L o¥ OnE e s¥GlegEL96 7 ) of 1 S4BT g VSh TS

0 83
768, 732 PR RRATE00 BRG] 4 0 R Tdhmob i 364 R %Eaﬂyeﬁ% 8% 5
1.18 (br, addﬁld)n tolreéaveéézr ar@f%the&n%o{/ql [&13% =535 (léo Oé"Q%HSé} )’*01&%]3_6%)“)

5.32 (d, J =

7.62 6t, & 2@184 2J§45 1174 1657, 8502 @lsssl 1384 140.H21,24§ tﬂ% 17579510@' 7.4 Hz,
111),(58 3(6r)(_s 111): 3%:1) NVR (125 MHz, CDC13 .8, 26.4 90@1%”27 1,

28.1, 28.73, 332,5‘1-1131@/118 5000ViBlz, THA, 9746 s, 807 t27-57 31132 13§.
129.1, 131.3, 137.7, §41 6, 147. 1) 150. § l%gl 1, t153 1, 15 8) 175&2 HRVS

m z cal cd6H);r1 6:726&;3%\1204& (m, 288, 3T761(sf b)) d.3088, ZHRI. 3£@rm4=a6231ﬂz 1H).
12-Di-ethyl met hyl silyl Canptothecin (3h): Using the general procedure 2a, 7
my of theS-¥7{d.e/ Téﬁr@&i;mdiH\)&ek5®fSebHD, 62 (5] FrTohtlgalHy GtHie(d] /i=(720Hapl HY). 057
nmmol) in 26% yield as_pale éel | ow soI din addition to recovered

canpt ot hetPn ( »1‘6%74[1'52} AH)p &36Kg. IHXC GNMR (22N, CDELB 889 4, b8, 262953,
2874, 1746 165? 1? 1555, 1486, 1402, 1223, 1157, 1046, 1004, 908, 838,
787, 1p32 271 28.1, 28.4,31.5,750.3,'66.5, 72.8, 97.6, 118.3, 127.5, 127.8, 128.0, 129.1, 131.3,

137.7, 141.6, 147.1, 150.3, 151.1, 153.1, 157.8, 174.2; HRMS m/z caled for C,H,,N,0,Si
488.2131 found 488.2133.

Example 2h. 12-Diethylmethylsilyl Camptothecin (3h):

Using the general procedure 2a, 7 mg of the title compound was prepared

15  from camptothecin (20 mg, 0.057 mmol) in 26% yield as pale yellow solid in addition to

recovered camptothecin (10%). [a),,” = +50.0 (¢ 0.05, CH,CL); IR 3389 (br), 2953,

2874, 1746, 1659, 1602, 1555, 1486, 1402, 1223, 1157, 1046, 1004, 908, 838, 787, 732;

'H NMR (500 MHz, CDCl,)  0.48 (s, 3H), 0.9-1.1 (m, 13H), 1.96 (m, 2H), 3.79 (s, 1H),

5.31 (s, 2H), 5.33 (d,J=16.2 Hz, 1H). 5.78 (d, J=16.2 Hz, 1H), 7.53 (s, 1H), 7.63 (t, J=

20 7.4 Hz, 1H), 7.92 (d, J= 7.4 Hz, 1H), 7.97 (d, J = 7.4 Hz, 1H), 8.37 (s, 1H); ®C NMR

(125 MHz, CDCL,) & -4.5, 6.5, 7.9, 31.6, 50.2, 66.5, 72.8, 97.4, 11823, 127.5, 127.8,

| 128.0, 129.2, 131.4, 137.8, 141.0, 147.2, 150.4, 151.1, 153.2, 157.8, 174.0; HRMS m/z
caled for C,;H,N,0,Si 448.1818, found 448.1824.



'H NMR (500 MHz, CDC13) 6 0.48 (s,311), 0.9-1.1 (m 13H), 1.96 (m 2H)

3.79 (s, iH), 5.31 (s, 2H), 5.33 (d, J= 16.2 Hz, 1H). 5.78 (d; J= 16.2 Hz,
1H), 7.53W0920d3dy4 7.63 (t, J= 20 7.4 Hz, 1H), 7.92 (d, JPeTMSG/Ha39 1H),
7.97 (d, J = 7.4 Hz, 1H), 8.37 (s, 1H); 13C NMR (125 Mz, CDC13) S -4.5,
6.5 7.9, 31.6, 50.2, 66.5, 72.8, 97.80 118.3, 127.5, 127.8, 128.0, 129.2,
131.4, 137.8, 141.0, 147.2, 150.4, 151.1, 153.2, 157.8, 174.0; HRVB niz

calcd fo 2 Ind 448. 1824, WO 02/ 083694
PCT/ USOZ;EfiT?EF d ?l\)%g’&sjé (81139?11}381{% a esimdroxides®)y|  Canpt ot heci n
N-oxide (4): To the sol ution of 7-t-butyldinethylsil yI canpt ot heci n (50 ny,

mol) . Thi % Sobut, ?8?1%30 bk % o eyt T Fameralineit (h0 e l’flgelq e vas
our 71 ot i EHRE bty 116 B0 8. BAERS o 1 Qo B85 Ty reZ' ] alsgla to
3'r§ﬁg§0p§%ﬁ§?@.{vﬁg3{f% ‘2?’5**?‘ TR R VS BEof B A AR 848 (or)
2933, 5 28&HucetPpréssule/ The oﬁaﬁgé‘resi]d%@ aséu%glﬁs%ﬂ;?%gs}%ﬁb?&ﬁatg%gﬁ%(1]539/24@@1]&82 (t.

1090, 821; '"H NWR (CDC13,

= SmdBofl flrerd- 1 ilyls L 2
‘é 7; (zd h%cgg{%) é)ih %%)ca( B t&Ogl%Mo 3 m%S ML: ﬂbut{ﬂkt??l&h%gyllﬁn%tgthéé g\%‘ H,

1H), 8. 26xidd as dal ddrth,8186 iRl 11
1;|>C A (>ggc 25 s ;gar@Meqzwfwgé@l 1§/ ﬁa@d,sm%wﬂao&eom c 61)811%53?&2 <br§§ >

73.0, 1098331 2834,92857, 170, 065413696, 155301409, 1864, 325813&249 1188510, $38.18,
141.0, 141.4, 150.8, 157.2, 173.8, 207.5; HRMB m'z calcd for C26H3ON205S
478. 1924NMR (B Cz 800 30Hz) &37E>(ar6;ﬂ)ewo (s, 9H), 1.06 (t, J = 7.2, Hz, 3H), 1.88 (m,

10- Hydr ox -7-tert-but | di met hyl silyl Canptothecin (2a) by Phot ol ysis. A
100 pyHe $ (e ﬁégt&ﬁz fliFBs k- 3Ads, Hﬂl)aﬁé’éc(dwfﬁﬂ&& 1185t 7.69 (t, J = 7.7 Hz,

but ylI di Lyl -c ot heci n- N- oxi de 0.075 mmol ) and degassed

ot Oiane"fggﬂ BT S5 [ 7L 8% G % 40 o 120 T ea e T s e >sed”
1H); C NMR (CDCl,, 125 MHz) 5 -0.2, 0.0, 82, 19.8, 27.5, 32.1, 53.4, 66.4, 73.0,
103.1,119.7, 129.0, 130.2, 130.4, 131.3, 134.9, 136.2, 138.3, 141.0, 141.4, 150.8, 157.2,

173.8, 207.5; HRMS m/z caled for C,gH,,N,0,Si 478.1924, found 478.1902.
15 Example 4. 10-Hydroxy-7-fert-butyldimethylsilyl Camptothecin (2a) by Photolysis:

A 100 mL pyrex round bottom flask was charged with 7-fert-
butyldimethylsilyl-camptothecin-N-oxide (36 mg, 0.075 mmpl) and degassed dioxane (30

mL). To this solution was then added 1 N aqueous H,SO, (80 pL, 0.08 mmol). The
resulting solution was photolyzed by high pressure Hg lamp for 80 min. The reaction
20  mixture was then evaporated to dryness, and the residue was purified by flash
chromatography (20% acetone in CH,Cl,) on silica gel to give 9.8 mg of combined
mjxture’ of 7-z‘err—butyldimethylsi1yl-camptothecin. and  unreacted  7-tert-
butyldimethylsilyl-camptothecin-N-oxide, and 20.7 mg of the title compound as yellow
powder in 58% yield. [a],” =+22.8 (¢ 1.89, CHﬁlJMeOH 4:1); 'H NMR (CDCl,, 300
25 MHz) 5 0.68 (s, 6H), 0.96 (s, 9H), 1.03 (t, J = 7.2, Hz, 3H), 1.88 (m; 2H), 3.77 (br, 1H),



m). To this solution was then added 1 N aqueous H2S04 (80 L, 0.08 mmol).

The resulting solution was photolyzed by high pressure Hg |anp for 80 mn.
The reactwon2/@886pd xt ure was then evaporated to dryness, amdTiuse2/ras® due was
purified by flash chromatography (20% acetone in CH2Cl12) on silica gel to
give 9.8 ng of conbined m xture of 7-3lert-butyl dinmethylsilyl-canptothecin
and unreacted 7-tert- butyl dinethylsilyl-canptothecin-Noxide, and 20.7 ng

o 85?6&4?&'%3@?/2%’?%? A Tl T ahg St il §45138 s 5@9{82%'@? 05 (s,
e usnar P156T W 187 ab G kb Al od v e s B, -
(321 Bed ford gy malis Jedbadia acb), 702 (O T E Y e

434. 2026, found 434. 2009. Although the present invention has been
i.s to be

d i bed in detailaj i.0n: ' t . ; it

under stood that . such apa e TreieainyBatb s thn ARHEEHPRRAE plrbebiln 21 1 ons
b I ! i1k . . . it

g?nt hg i nvent?%gxr)l exg(ept l%ats’sﬁ?% !&b&@ﬂggﬁ% m %eg Ef} t ﬁgé %%P]%oﬂv)\}lrﬁlg{ é‘llﬂilosrél.m {/\:D

02/ 08369 4ndP@Hett WEHiALidAs1 30 bc&%adéﬂbﬂtthés% SKAIRIIRAhE Bit Withd %Rgﬁﬂﬁ'g Hom th
synt hesi zi ng a conpound having the fornula R4 Si RIR2R3 O°N

spirit of the invention except as it may be limited by the following claims. ~



R6 ~e R7 R8 (CR92)n O OR10 in racemc form enantionerically enriched
formor enantionerically pure formthe nethod including the steps of.
react i ng woamemngssand having the formrula R4 R 0O N R6 N RPCI/US02/Ra3¢{ CROOn O
OR10 WO 02/083694 PCT/ US02/11139 33 with a silyl radical precursor under,
conditions- to generate a silyl radicdl2 SR RZR3 wherein R, R2 and R3 are
i ndependently a C 1-10 al kyl group, a C2-10 al kenyl group, a C2-10 al kynyl
group, a ou (CH2),,,R11 group or SiR12R13R 4, wherein mis an

i nt eger VW%¥%°1%H% ‘flénge of 1 through 10, R' is a hydroxy group, an al koxy
group, an am no group, an al kyl am no group, a dialkylamno group, F, d, a

cyano group, -SR ory u are
i ndependent |y the sane é &Pgtgf uneﬂﬂng?&?mp@p%wgg]ﬂéﬁfém group;

R* SIR'R?R3

OR10

in racemic form, enantiomerically enriched form or enantiomerically pure form the

method including the steps of:

reacting a compound having the formula




wherein RA and R5 are independently the sane or different and are hydrogen,
-C(ORL wherein Rf is an al kyl group, an al koxy group, an am no group or a
hydr oxy owouwp/ossmm al kyl group, an al kenyl group, an al kymgir/ugwoug39 an
al koxy group, an aryl oxy group, an XI oxy group, -OC(OOR, wherein R is
an al kyl group, -OC(O NRaRb wherein R&and Rb are independently the sane
or different, H -C(OR, an alkyl group or an aryl group, F, d, a hydroxy
group, ayant Z up for

with! 4 Q191 MUteal SrENADP 8! gﬁlcﬁﬁm%% tci Igex% Q[ o @36} g% gxé?%%v an

hydrazi no group; an am'no group
al kyl gr 1 3 e 0 ain of three
or Tour TameiPR' o SR ?*“%mﬁ% e @%‘%ﬁ%%& 5@,—{@‘&%“ Hifushata s,
wherein B Ak i t oup. n am no
group, %qgr oxy g?g(gg%, a&grﬂwal %}E;%g{gﬁgﬂ %‘ou;ggr QRH 3841%"8%’?{1 I%

chai n of ididyee &vithin flQUF r t r ]]QQ?; and
NH, or NRldégre R |11; H, an,g@@Q'tﬁrﬁg%g@gliRg}u% @gydé?%%f&igpﬁﬁgrou gr&ﬁ%fm

al keny!  gminopgroap,Ga-aBcyalrine proupy b didlicylanid g’%bllfp{ IS,Ul,vA cﬂh@'gﬁ)u%r W%r% 3
al koxy group; R8 is a Cl-10 al kyl "‘group, an alkenyl group, al kynyl

group, oniim dremz yind grhergin RRR Viaad R fredidepeiifentlp sk oﬂ@f@@ﬁ%@ﬁﬁﬂ
PCT/US02/ 11139 34 R1Ois -C(OWor H and Y is absent or is O 2.” The

met hod ogro@par an arylgeupi n the silyl radical precursor has the fornula

XSi R R2R3 Wher ein Xis H S RL7RI8R 9, GeR'R 8R19, SnR 7R 18 R19, -B(OW?2
or -C(O grein R7, R18 and R 9 are independently an aryl group or an
al kyl ng@}ﬁreahB apf &’ carp imlependenily the bangg ot diffrendrandragé hydogen, -C(O)RT

wherein R’ is an alkyl group, an 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(O)OR®, wherein RY is an alkyl group, -OC(O)NR*R® wherein R® and
R” are independently the same or different, H, -C(O)R’, an alkyl group or an aryl group,
F,ClLa hydrogy group, a nitro group, a cyano group, an azido group, a formyl group, a
'hydrazino group, an amino 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 NR", wherein R" is an C,-C alkyl group;

RéisH,F, Cl,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 from the group of CH,

CH,, O, S, NH, or NR";

R’ is H, F, an amino group, a C1-3 alkyl group, a 5.3 alkenyl group, a C2_3 alkynyl
group, a trialkylsilyl group or a C1-3 alkoxy group;

R*is a C1-1( alkyl group, an alkenyl group, an alkynyl group, or a benzyl group;
R’isH, F or -CHj;

nisOor1;



3. The method of Caim1l wherein R8 is an ethyl group, an allyl group, a
benzyl group or a propargyl group. 4. The nmethod of Claiml wherein R8 is
an et hyl wooaps3c9b. The nmethod of Claim1l wherein RO is HPC&/USIhel1aet hod of
Claim1l wherein RI0 is Hor C(OCH3. 7. The nethod of Claim2 wherein Xis
H 8. The nmethod of Caim1l1l wherein RB84 R5, R6, and R7 are H 9. The nethod
of Claim2 wherein RL and R2 are nethyl groups, R3is a tert-butyl group

a met d R6 is Hand R7 is H 10. The nethod of Claim?9
whereln &&B'ﬁﬂ R%Ioran@ 11. The nethod of daim2 wherein Xis H and

the silyl radlcal " Is generated by reacting the silyl radical precursor
wth ar rator. 12. The nmethod of Claim 10 wherein the X is H or
Si Rl?RlSéﬁ%%%Ldgsﬁ% 6r adi cal generator is a peroxide. WO 02/ 083694

PCT/ US02/ 11139 35 13. The nethod of Caim12 wherein X is Hand the silyl

di cal i d i qof iol...14. .The h f.
13 whorei n o i T, BB B CRTmT whghiBe suf ?fﬁd%%f?g%?% s S, “rhe
t hod j 1 j Gp1 i &
el udi nc T ReHeRRe iR 16 SRR R AR R SRR ORI
wherei n tO@)H, ed?hé}famCIQ‘mVI@'“ bhd @ °Rre iRlefthdehilf Eﬁgﬁgl‘%@?’s ta?lpaﬂl g%(ﬁpd%;d on to

provi de an Nk oxi de, fol’l owed by the step of
wherein R’ is an alkyl group or an aryl group.

3. The method of Claim 1 wherein R® is an ethyl group, an allyl
- group, a benzyl group or a propargyl group.

4. The method of Claim 1 wherein R is an ethyl group.

5. The method of Claim 1 wherein R® is H.

6. The method of Claim 1 wherein R is H or C(d)CIi.

7. ’fhe method of Claim 2 wherein X is H.

8. The method of Claim 1 wherein R*, R®, RS, and R are H.

9. The method of Claim 2 wherein R' and R? are methyl groups, R? is
a fert-butyl group or a methyl group, R* is H, R® is H and R is H.

10.  The method of Claim 9 wherein R’ is H, NH, or OH.

11.  The method of Claim?2 wherein X is H and the silyl radical ‘is

generated by reacting the silyl radical precursor with a radical generator.

12.  The method of Claim 10 wherein the X is H or SiRR*¥R" and the

radical generator is a peroxide.



18. The nmethod of C aim 17 wherein the step of oxidation includes the
addi tion of hydrogen peroxide in a carboxylic acid. 19. The nethod of Caim
18 wher eiwottbmszsbep of photol ysis occurs in di oxane w thPran/tzo2/di1320. The
met hod of Claim 13 wherein the reaction tenperature is in the range of
approximately 60 to approximately 130@s 21. A nethod of synthesizing
7-silyl canptothecins and 7-silyl honocanptothecins including the step of
m Xi ng a canptothecin or a honocanpt othecin having hydrogen at the C7
position with a silld rabhecmethgéwéCaior 12awdhereisiX yd Hr adi thalsilybrasieat sor

under conditions to generate a silyl radical SIR R2R3 wherein R, R2 and R3
are i nd&seHaEAdn {hepresenapofa tipl group, a C2-10 al kenyl group, a C2_10

al kynyl group, an aryl group, -(CH2)nR11l or Si R12R13R14, wherein mis an
integer within the range_of 1 h gh 10 and R, 1.is. a, hydroxy group, an
ai koxy group, an ani‘no }&fﬁ?th%‘iloél&r@}mf&l i Weerein B> ROdE6 84 Yo anh 30 36
group, a4di.al kylam no group,.F, O, a cyano group, -SWor a nitro group,
and'mherégﬁsﬁlgtfhyfngfgpand Rl4 are independently the same or different an

al kyl group or an aryl group. 22. The nmethod of Caim21 wherein the silyl

radi cal precursor t I Si R3.wherein X is H Si R1I7R18R19,
GeRL7R18R 9, SnRL7RISR gﬁ’e-‘@%%%@%@m?%ﬁ@nd\% rein RL7, R 8 and R19 are
i ndependently an aryl group or an alkyl group and wherein R is an alkyl
group or an aryl grup. I: M4 reinexX 1s H ogs
Si R17R18R19, the gﬁer a%m%@@%&%%l?gg ilgfg,u%eﬁéﬁql@éﬁ%fﬁbg gﬁ?r(k:‘gelm?%)ﬁ
generatedoipH.t he presence of a thiol. 24. . The nethod of C aim 23 wherein
the canptothecin is unsubstituted canptothecin, R and R2 are nethyl
groups, and R3 is a tert-butyl group.

17.  The method of Claim 16 wherein the step of converting R® to OH

includes the step of oxidation to provide an N-oxide, followed by the step of photolysis.

18.  The method of Claim 17 wherein the step of oxidation includes the

addition of hydrogen peroxide in a carboxylic acid.

19.  The method of Claim 18 wherein the step of photolysis occurs in

dioxane with an acid.

20.  The method of Claim 13 wherein the reaction temperature is in the

range of approximately 60 to approximately 130°C.

21. A method of synthesizing 7-silyl camptothecins and 7-silyl

‘ homocamptothecins including the step of mixing a camptothecin or a homocamptothecin
having hydrogen at the C7 position with a silyl radical generator and a silyl radical
precursor under conditions to generate a silyl radical *SiR'R’*R® wherein R', R? and R? are
independently a C1710 alkyl group, a C2-10 alkenyl group, a C2.10 alkynyl group, an
aryl group, -(CH,),R" or SiR”R™RY, wherein m is an integer within the range of 1
through 10 and R" is a hydroxy group, an alkoxy group, an amino groﬁp, an alkylamino



25. The nmethod of Claim24 further including the step of replacing the
hydrogen at the C 10 position of the resultant 7-tert-butyl di methylsilyl
canpt ot hewpro2i8ishs OH. 26. The nmet hod of O ai m 25 wher ei nPChaIS8Y/epa3of
replacing the hydrogen at the ClO position with OH includes the step of
oxidation to provide an N-oxide, fol gowed by the step of photolysis. 27.
The nmethod of Claim 26 wherein the step of oxidation includes the addition
of hydrogen peroxide in a carboxylic acid. 28. The nmethod of C aim 27

wher ei n $198p.5t dplkglangine grupsi.<Lloe exang grenp, FRH Al gtouprandcilereia®”, The

met hod of CIaiq;ZS,vz@erein the reaction tenperature is in the range of

appr oxi nit @ng Reoate éndependsailyihespipe ondifteranban 2lkybgmon oparawbgrorn1139 37 30.
The nethod of Claim22 wherein R, Rz and R3 are independently a C 1-10

10" hydrovy. 7-5i | y1 Sarpt Sb B o5 i AGS A BinaRy S GhaigH Wesmes it B heci ns
i ncl udi h 3 . y 19C, Lol fi 7-silyl
canpt ot nREHER SRR, FRRRCEITR, SICH0REP, G REr o R PRb o Sere™ Y
N oxi de, TEPR SRR ROL B RS o REREPRCH IRl LF R S| A Bime e

step of QxLAgiRQL ., S idi tion of hydrogen peroxide in a
carboxylic agllt%. %%Qﬁ#ﬁ%% %ﬂ%m@f&’gﬁ%l m 32 wherein the carboxylic acid is
acetic acid. 34. The nethod of O aim 33 wherein the step of photolysis
occurs In 23. The method of Claim22 wherein X is H or SiRR™RY, the

generator is a peroxide, and the silyl radical is generated in the presence of a thiol.

24.  The method of Claim 23 wherein the camptothecin is unsubstituted

camptothecin, R' and R” are methyl groups, and R? is a fert-butyl group.

25.  The method of Claim 24 further including the step of replacing the
hydrogen at the C10 position of the resultant 7-terz-butyldimethylsilyl camptothecin with
OH.

26. The method of Claim25 wherein the step of replacing the
hydrogen at the C10 position with OH includes the step of oxidation to provide an

N-oxide, followed by the step of photolysis.

27.  The method of Claim 26 wherein the step of oxidation includes the

addition of hydrogen peroxide in a carboxylic acid.

28.  The meth@d of Claim 27 wherein the step of photolysis occurs in

dioxane with an acid.

29.  The method of Claim 23 wherein the reaction temperature is in the

range of approximately 60 to approximately 130°C.



di oxane with an acid. 35. The nethod of Caim 34 wherein the acid is
sulfuric acid. 36. The nethod of C aim 31 wherein the wavel ength of

i rradi at eaolo2gsac94 duri ng photolysis is in the range of apPCOAISIHIEBY
250-600 nm 37. The nethod of Claim 36 wherein the wavel ength of irradi ated
light during photolysis is in the ragge of approximtely .275-450 nm 38.
The nmethod of Claim 31 wherein the conmpound, converted is 7-silyl

canptot hecin. 39. A nmethod of synthesizing a silyl-substituted quinoline
including the stej.of Hheinatdrod ofjGlaol2Rveherein R’ gRT arall Rieee indepimdeitisha a si |yl
radi cal e‘%enerat or and a silyl radical precursor under conditions to
gener at eCh16plkyl groggior ah agil FARRR3 wherein R, WO 02/ 083694 PCT/ US02/ 11139
38 RZ and R3 are independently a Cl-10 al kyl group, a C2-10 al kenyl group,
a C2-10 al kynyl group, an arél roup,, - (CH2) nR11 or Si R12R13R 4, wherein n
is an integer withth the mahgd ofoynthesigingyfhbydrosyrd-sitylcamptotieginsostya gr oup,
an al kox roup, a i no group, .an, al kyl am no group, .a dial kyl am no
group, Ff,/ -%fd?mgv-wﬁxﬁpwwa}m igs ingluoe e §ieBup convratingRrdragen dithe R13
and R14 i ndependent |y the sape .or differenf an al k group Qr. an aryl
gr oup. 4€{(F'Pﬁ§1%ﬂ£t$?g8 'FH@I STRIGeEih e n ‘tS‘JIiPa é‘?mS)‘Fan?Ei NgEp tﬁréﬁﬂr Br has
the for . XSG wherein. X.is | R R 8R19 /Rl SR19,.

SnW R SV&%{J}&O@( W?gﬂ%eﬁﬁo@e%ﬂe@g@ﬁ %F'?Sl,lyl E‘O?%ﬁ@p%%éﬂ Lo PrYidfeAlient | y
an aryl gr ip and wherein R is an alkyl group or an -
aryl. gr 0‘786). 1%1,8%8%%h%g¥n ng the fornmula: R4 SIRIR2R3

32.  The method of Claim 31 wherein the step of oxidation includes the

addition of hydrogen peroxide in a carboxylic acid. .
- 33, The method of Claim 32 wherein the carboxylic acid is acetic acid.

34.  The method of Claim 33 wherein the step of photolysis occurs in |

dioxane with an acid.
35. The method of Claim 34 wherein the acid is sulfuric acid.

36.  The method of Claim 31 wherein the waveiengﬂl of irradiated light

during photolysis is in the range of approximately 250-600 nm,

37.  The method of Claim 36 wherein the wavelength of irradiated light

during photolysis is in the range of approximately 275-450 nm.

38.  The method of Claim 31 wherein the compound. converted is

7-sityl camptothecin.

39. A method of synthesizing a silyl-substituted quinoline including
the step of mixing a quinoline or a quinoline oxide with a siiyl radical generator and a

silyl radical precursor under conditions to generate a silyl radical *SiR'R’R? wherein R,



R5 O NRE NR7 I R8 (CRO2)n O ORl o wherein R11l, R2 and R3 are

i ndependently a C 1-10 al kyl group, a C2-1 0 al kei nyl group, a C2-10

al kynyl gwouwp/oszapt aryl group, -(CH2)nR11l group or Si RIL2R1EPRIAISOMAMEBEI N M i S
an integer within the range of | through 10, R11 is a hydroxy group, an

al koxy group, an am no group, an al kyd am no group, a dial kyl am no group,

F, d, a cyano group, -SR or a WD 02/083694 PCT/US02/ 11139 39 nitro group,
and vvherel n R12 R13 and R14 are independently the same or different an

al kyl  gRoand R)raramcbpgﬂdegﬂ;omph Whedkydignous) a &@nd) Relkentyd gkaie pENdRlkphyl he sane

or different and are hydrogen, - )W wherein Rf is an al kyl group, an

al koxy ggroup, anzarybgionp, GCHYR' dor SiRd TRO%ywitpreinm isan integkeyWwitlin heprange

al kenyl grou an al kyné{11 group, an al koxy group, an aryl oxy group, an

acyl oxy agr wherhyidroxRdgrioup,aan alkoxy groempan a@ioOptdepRan wher ei n
Ra and Rb are. mdependently the sane or different, H - ORL', an:-

al kyl gr#kyaminogronp.a dighkglagiino BTOUP{'E, Claa Ryanoastgumyr-8Rpor anitiotgroumyandp, a
cyano gro kdo 4oup, a for group, a __ hydrazino group, an am no
group, Eéj %ﬁgrg% %s deﬁ)ﬁméﬁféﬁ@y@mgnéufﬁ govp ghamexyl gr oup;
or R4 and R5 t oget her forma chai n of three or four nenbers selected from
the grouf®Bf CH CH2, 0, S, NH, or NR15, wherein R15 is an Cl-C6 al kyl
group; ,

40.  The method of Claim 39 wherein thé.silyl radical precursor has the
formula XSiR'R’R’ wherein X is H, SiR"R*R", GeR"R™R", SnR"R"*R"”, -B(ORY), or
-C(O)R, wherein R", R" and R" are independently an aryl group or an alkyl group and
wherein R’ is an alkyl group or an aryl groﬁp.

41. A compound having the formula:

R* SIR'R?R?

wherein R', R® and R® are independently a C1-10 alkyl group, a C2-10 alkenyl group, a
C2-10 alkynyl group, an aryl group, -(CH,).R"" group or SiR”R“R“, wherein m is an
integer within the range of 1 through 10, R is a hydroxy group, an alkoxy group, an
amino group, an alkylamino group, a dialkylamino group, F, Cl, a cyano group, -SR® or a



R6 is H F, d, anitro group, an am no group, a hydroxy group, or a cyano
group; or R and R6 together forma chain of three or four nenbers

sel ect ed woponiosdses group of CH, CH2, 0, S, NH, or NR15; RPCiraskp/1H39 an

am no group, a C 1-3 al kyl group, a C2-3 al kenyl group, a C2-3 al kynyl
group, a trialkylsilyl group or a Cl-3%al koxy group; R8 is a C 1-10 al kyl
group, an al kenyl group, an alkynyl group, or a benzyl group; R9 is H F
or -CH3; o gsrogp,%nd Whe?qu RE{, R and Rq gl)e\{\r/ui)erperll_ldenﬂy the same or different an alkyl

group or an aryl group;

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
| alkyl group, an alkenyl grdup, an alkjnyl group, an alkoxy group, an aryloxy group, an
acyloxy group, -OC(O)ORY, wherein R? is an alkyl group, -(SC(O)NR“R" wherein R® and
R’ are independently the same or different, H, -C(Q)R’, an alky! group or an aryl group,
F, Cl, 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 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,-Cj alkyl group;

Réis H, F, Cl, 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 from the group of CH,

CH,, O, S, NH, or NR';

R’ is H, F, an amino group, a C1-3 alkyl group, a C2-3 alkenyl group, a C2-3 alkynyl
group, a trialkylsilyl group or a Cj-3 alkoxy group;

R®is a C1-10 alkyl group, an alkenyl group, an alkynyl group, or a benzyl group;
R’isH, F or —CH;;
nisQor 1; and

RY is -C(O)R or H.



