METHODS OF MAKI NG ESTERS OF CAMPTOTHECI NS [ 0001] This application clainms the
benefit under 35 U S.C. 119(e) of prior U S. Provisional Patent Application
No. 60/837,437, filed August 11, 2006, which is incorporated inits
entirety W mef@i@nce herein. FIELD OF THE | NVENTI ON 1BUDRLW&1REsent
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FIELD OF THE INVENTION

[0002] The present invention relates to methods of making esters of camptothecin.

BACKGROUND OF THE INVENTION

{0003] Camptothecin, a cytotoxic alkaloid first isolated from the wood and bark of
Camptotheca Acuminata (Nyssaceae) by Wall and his coworkers (.‘I. Am. Chem. Soc. 88, 3888,
1966), was shown to have antitumor activity against the mouse leukemia L 1210 system. The
structure of camptothecin, an alkatoid which has a commonly occurring indole alkaloid group

(Heckendorfet al., J Org. Chem. 41, 2045, 1976), is shown below as Formuia (X).

[0004]

[0005] This compound ("CPT") has a pentacyclic ring system with only one asymmetrical
center in ring E with a 20(S)-configuration. The pentacyclic ring system includes & pyrrolo [3, 4 -
b} quinoline moiety (rings A, B and C), a conjugated pyridone (ring D), and a six-membered
lactone (ring E) with an @ - hydroxyl group. Camptothecin was of great interest from the time of

its initial isolation due to its noteworthy activity in the mouse leukemia L 1210 system. Earlier



data for the antitunor activity of canptothecin were obtained by enploying
experinental ly transplanted nmalignancies such as |l eukema L 1210 in mce,
or Wal ker 256 tunor in rats (Chem Rev. 23, 385, 1973, Cancer Treat Rep.

60, 1007, wiPaddmw218¥bsequent clinical studies showed thatrédosgeRpound was
not usabl e as an anticancer agent in vivo due to its high toxicity.
Canptothecin itself is insoluble in water. Therefore, canptothecin was
evaluated clinically as a water-sol uble sodi um carboxylate salt in the
early tinmes. This formof carnptothecin produced severe toxicity and seened
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et al., Ann. Rev., Pharmacol Toxicol. 17, 117, 1977). These results
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mice than in humans. In effect, CPT adm nistered intranuscul arly ("i.m"),
subcut aneous).yolbgySs The Alkaloias] Mcﬂlﬁd& 641 QBRE ReddeinieS Veylafl BrIPL TN @969, Gidbaneda Very
pot ent anticancer agent against human tunors in nmice, i.e., when grow ng
as xenot r ars4ll, gaker red. NUB2M9%9¢). (nGiddivian dinpartast pazdmetdgafoc antities actb/ity 30b2
1991). However, when tunors were treated with CPT in hunans, a | ower degree
of anti cancenptetbdiy fatmyly ihaverheeraestablishod (Walh eirgl.cdrm. Reaw, Bhidrrrdriol. ddxi¢adt1i@nlliTn et
al ., I'n Canptothecins: New Anticancer Agents, 1995 CRC Press, pp. 59-65).
[0008] The Sam@. memmowa@aws@wémwmg@tanéﬂ Epdrox eToyR e pesential T 1 ce,
9- nitrocanptothecin ("9NC') has proven to be 2-3 tinmes nore potent than
CPT agai nstanfumai?et\i¥or xenografts cau5| ng the total eradication of all the

h | ted (Pant t Res. 531577, 1993
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admi ni stration to Phasé [inical trial patients denonstrate that, on
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[0010] In perfect agreenent with such findings, the clinical responses in
this group @cdatdse51,53052) (9901 aMedti firliips HlrBRr tdiBisReD bk dnperthnid bhthEMEacar e
still a far cry below the results obtained in mce (32/32 conplete tunor
regr essi ondadtdie Ahg & bidsBaabacBh®? | N humans). Cearly, there was a pressing
need for a nodification which will slow and delay the |actone ring opening
upon its erjeétdhce Ring opehing o ROGHcam@iwcint §"GPT™) @0l ] Rushgnarp @ptertgniignoer
particularly problematic in that canptothecins exist in two distinct

activity in mice than in humans. In effect, CPT administered intramuscularly ("rm."),

subcutaneously ("s.c.”), and intrastomach ("i.s.") has proven to be a very potent anticancer agent

2.



forms at physiological pH, i.e., 7 or above, as shown in the follow ng

equi libriumequation: [0012]The hydrolysis reaction of the biol ogical
active lactone ring of canptothecins with water at hi gher pH gives the

bi ol ogi caldoyebdr@ssisve open form Additionally, the hydeotysbsotmpoeobl em with
CPT and its anal ogs is exacerbated in human bl ood because the predom nant
human serum al bum n (HSA) preferentially binds to the carboxylate form

whi ch shifts the | actone/carboxylate equilibriumtoward the inactive form
(.1 Biochem, 212, 285-287, 1993; Biochem stry, 33, 10325-10336, 1994,
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ring of theé nol ecul e for a sufficlent tihe for the tunor cells to cycle

through the &.phages.is$:385208D08. BHAMvECRGEn ansbrh dsrehRand Wi drat uStuand a
consi der abl e anount of research. [OOiB]A nunber of attenpts have been nade

to provi daoRer desnkiofefridahcet aERitY ih AGhimsh tidh g midepaheexhibied (DRl etat) vi ty
and enhanced stability. Many of these conpounds are the products of

nodi f i cat | CmgptarhecirdeNAy Adicamacligents] 1998, CRC Phss, ppl5866). e, but few of these
nodi ficati ons have enhanced the stability of the |lactone ring under

physi ol ogi 68#8] conThet sares phabmeronappy obeivwed Wity ethoe &I Trdsrivativese de swicell 9- For
i nstance, acylating of 20-OH group provides a useful tool for the

pr ot ect i onnitscamatothsria (FING) Bas maydn totbegd-3 timgs Sorppteny tthawy P agpirst Bargpn
descri bes several acyl ated canptothecin conpounds having water solubility,
al t hough tH®or xeepgAls srusmbe il sedisationiof all tgduarn prigeegiesgieatsd RapaHs €5 ons.
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above). This reactl y gives high yields, but the av
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demonstrate that, on average, only ~ 3% of the drug present is in the closed lactone form.

[6010] In perfect agreement with such findings, the clinical responses in this group of
patients, although higher than those obtained with CPT are still a far cry below the results
obiained in mice (32/32 complete tumor regressi.ons in mice versus 2/32 in humans), Clearly,
there was a pressing need for a modification which will slow and delay the Jactone ring opening
upon its entrance into the biood circulation.

[0011] il{ing opening is particularly problematic in that camptothecins exist in two distinct

forms at physiological pH, i.e., 7 or above, as shown in the following equilibrium equation:
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{6012] The hydrolysis reaction of the biological active lactone ring of camptothecins with

o
oH®

water at higher pH gives the biologically inactive open form. Additionally, the hydrolysis



was therefore, used for acylation reactions of carboxylic acids with
al cohols and thiols. Previously, a nethod was used to prepare aronmatic
carnptothecin esters (as shown below). CPTCPT esters This procedure,

however, giy/ass@Qe@ reaction yields only when the carbpx¢yltmopshels are very
el ectrophilic. When the acids are |less electrophilic, the reaction gives

| ow yield or no expected product at all. For exanple, when using propionic
acid to prepare canptothecin propionate with this procedure, the ester
product was essentially not obtained and the starting canptothecin was

al nrost 100% y.ecover 016 nanoi ¢ chl orj de was al so used as an,

acyl ating Br@élﬁ‘f‘ Vit gg’?e%’ﬁgf‘? % G5t BRI YA Hpgebegause Cﬁ’rﬁa‘?"i”a’ﬂﬁﬂf ng
agent in t hyl ene chl ori The.re ian. (as,sh I occur ith
ouryi el o T S aldi HisanaSekSRab IR Bt SR ePnast b, SRR AAE B oo
for preparj. AR ' §S c r ert gl 4hI -5t Fdpat i ons
as discussgggg%ovegﬁ%ﬁgﬁgﬁgggﬁqéHg?gﬂﬁgmgﬁgﬁ?ggggéggg?%"é%%e 36&§1E%§hative
procedur e( ghehispf §HAd308 1686t BRLEINiRS] &S 1253bIYMENRY 1904).  Accordingly,

[ 0018] Accordingly, it Is an object of the present disclosure to provide

| ess-restr heldvify heVadidin@fSoft e RoRRAE Fores bafisie it rip iRt 186+ Bdls 10 cycle
through the S-phase is a major challenge and has been the focus of a considerable amount of
research.
[0613) A number of attempts have been made to provide derivatives of camptathecin having‘
greater biclogical activity and enhanced stability. Many of these compounds are the products of
modifications on the A, B, and C rings of the molecule, but few of these modifications have
enhanced the stability of the lactone ring under physioclogical conditions. Other approaches have
been more successful. For instance, acylating of 20-OH group provides a useful tool for the
protection of lactone ring E. Wall et al,, U.S. Patent No. 4,943,579, describes several acylated
camptothecin compounds having water solubility, although the lactone may not remain intact
under physiological conditions. U.S. Patent No. 5,968,943 to Cao et al. discloses CPT-
derivatives which are effective antitumor agents.

[6014] A mamber of different reactions are reported in literature for preparing camptothecin

esters.

1% o
N 3 s = =
AR Pyridine N N
| om | OCOR
CPT CPT esters

Direct acylation of camptothecin with organic acid anhydrides with pyridine as catalyst was
employed for preparing alkyl and alkenyl camptothecin esters (as shown above). This reaction
usually gives high yields, but the availability of organic acid anhydrides restricts the scope of the

reaction.



10018a] I n an aspect, there is provided a nmethod of making an aliphatic
ester of canptothecin conprising reacting a starting canptothecin conpound
with at | east one acylating agent and at | east one acid that is
concentrated acid, wherein said at |least one acid is present in a
catal ytic anmount and said at | east one acylating agent is protonated by
said at | east one acid and said starting canptothecin conpound is 20(S)
canpt ot hecin, 9-nitro-canptothecin, or 9-am nocanptothecin, and said

acyl ating agent has the fornmula (RI CO) 20, wherein Rl represents CHS;

C21 - 15 C3Hgpy4p4HI Gibiliahex Bk Idiinte SeeSldichidnyi@Rdopihens (Bval) hagmt 3@{&% by
wei ght of said starting canptothecin conpound is converted to sa

al i phatic @& Here@re, Caa®tfof ROGIAN reddBiBAO bAdakibikydiB adcids biv i tafcorilel andl urikages
of the present disclosure will be set forth in part in the description

whi ch f ol | premiousA&micthodp@nd used fol prdpere appatie cimpiothein deersd@ashowpbdlor), or may be
| earned by practice of the present disclosure. The objects and advant ages

of the present disclosure @il be realized and attai ned by neans of the
el ements and conbi NPT oI cul ar ROPUbi nped Snntiyeappended cl ai ms.
[ 0020] To achieve t ob] ect's@al i npagppdance f pose of the

&
present disclosure, as enmbodli@t and broadly described hdreter the present
di scl osure, in part, r es to nethods for meking esters of canptothecin
conprising reacting a t ot heci n conpound wi t h‘at ¥€&st one acyl ati ng

agent protgnated by at |east one acid. [0021] Additignal .features _and

advant ages T#f PERE Uy gg‘@ﬁ"te”cﬁ“éeé |38‘§ﬁfe§°tw“|3’|'e %’e‘lnéyefwlh?'b 1] xy%ﬁrafigf Aetfie

description that. .fol)lows, and in r e r -

descri pti O{-}?w(??hl%y%gr\“ﬁxgaa?nﬁsege%e??%?c aé’p%“yé tg g % ﬁeggﬁg%gg{ﬁﬂ%l }sj{gﬁ?oosx P2 The

obj ect i ves ad, Al AAUARIAAES Re LRSIALASRND pbSCLARHS Fec drbpibiied il | 260
B 0 & el ener

and attain y neans s and conbinations particularly pointed
out in theydescrhil el drRRRRE 8efiafy N8 obl:RHid 2hd\¥hk sRANG Rirfiptothecin was
applications, and publications nmentioned throughout the application are

i ncor por at gehoktNotdaGdcbvedat i rety by reference herein and foiin a part of the
present application. [0023] It is to be understood that both the foregoing
general dep@ié|pt i NBnaABid chidfidd @hd s0i user sheinaiclleheceemn o pdrifincatpetscanptar y
and explanatory only and are intended to provide a further explanation of

t he presenpyriliireck 0 $101-@ppisg @kwdtiimmpethylene chioride. The reaction (as shown below) occurred

with low yield (6%).

o]
CH3(CH2)7COCI== SN0
e oy
Pyridine/CH,Cl, N w0
|" ©0CO(CH2),CH;
CPT nonanoate

[0017] Although there are many methods for preparing camptothecin esters, each procedure

has certain restrictions as discussed above. Therefore, there is still a need to develop alternative

procedure(s) for preparing camptothecin esters.

SUMMARY

[0018] Accordingly, it is an object of the present disclosure to provide less-restrictive new

methods to prepare esters of camptothecing.

5.



DETAI LED DESCRI PTI ON OF THE PRESENT | NVENTI ON [ 0024] The present invention
relates to nethods of naking esters of canptothecins. Canptothecins
("CPTs") have considerable anti-tunmor and anti-cancer activity, but these
conmpounds are susceptible to degradati on under normal physi ol ogi cal
conditions, and the netabolites produced often exhibit toxic properties.

-(Ij_grer \e/fa? r \e/ é@&%&lgeﬂ pr Sagg%?gct gid erQ isl 008;% é:r g:ﬁllg‘%i (?/ Ofr%é?(n}é}e ra]m a rﬁhat}c esﬁer & cgmﬁgtﬁ rc% CPT

manmal i an bod rticularly nhanC|

anti -t umrwgﬁﬁﬁﬁrﬁiﬂs%ﬁ?cwme%@t‘@e% PHBTE B et toee AT a‘ﬂm
effects. [0023] Accordin gne or nore enbodi nents of the present

i nvent i on, “¥r8¢ Bﬁgsﬁ?@“%Fﬁg?ﬂ%d for making aliphatic esters of canptothecin
t hat |nclude the step.o reactin a starting c t ot heci n co ound with at

| east one acyldtwﬁﬁlgﬂ%ﬁﬂeﬁFB?b @dFﬁﬁy1%€<P@§5F38ﬂgﬂ§e?&ﬁ &t g

sul furic acid. The acylating agent . can contain the ester group to be f or med
on the st af¥iefig esrﬁﬁettﬁ%aét v SE ot st ongepidiapd salft terihFraR e HR FEO90026] | n
one or nore enbodi nents, the starting canptothecin reactant conpound can be
canpt ot heciR0GY comfthecic XMFOEEREEEFFiT T %a%?i@?@éiﬁﬁt’m“ﬁé@ii ACYletiRB akpiar t i ng
carnptothecin can be a non-ester formof CPT or a CPT derivative and/or can
be any CPThasdipgerar RdgafPe of being esterified. 10027] The starting

carnpt ot heci n can have the following fornula: 100281In this fornula, the R
group repr esentdesigt et SHo 2 dnestof Cah £dlisrgdliopr §eCHCH;, and

wherein at least 90% by weight of said starting camptothecin compound is converted to

said aliphatic ester of camptothecin.

-



structure above. In particular, R represents H NO2, Nl1-12, N3, --CH, a

hal ogen (e.g., F, d, Br, 1), carboxyl (COOH), a Cl-16 al kyl group, C3-16
al kertyl group, a C3.8 cycloal kyl group, a Cl4 al koxyl group, an aroxyl
group, CN, S H, a C -g hal ogenated al kyl group, (CH2)n NR27 (where R7 can
be H, or 40033 8 alddjtongwbjbgs and adantaiye ofihe prescagdisclasire flbln s¢t forth ialsestin 8)
hydroxyl, SH, Sle (where R8 can be a Cl.3 al kyl group, an unsubs-tituted
phenyl gr ahgdes@iptian veHidhSblldwif aad inpaemwll bgappup)t from ticatelyoptydn, greype lefreedg. |

COR9, where R9 can be a Cl1.8 al kyl group, an wunsubstituted phenyl group,
or a substuytpcea op e pysengdisdigre. Ehe ShiR3S ardwiiemegRliof tanrebmt dsoRbvre aflkyel

group). The R group can be respectively positioned at the 9, or 10, or 11,
or 12 posirtdianl Of attding bAmebhsCH thead @@nb endcdittnabstsiperitwdiy@inted buQm-{eCH2) y
-0-group (where y can be an integer of from1l1l to 3). R can also be C2-12

al kenyl greppia)da®3(s), CCl3(s), CH2 F(s), CH2 d(s), CHF2(s), CHA 2(s),
OH(s), OR12(s) (where R12 can be a Cl4 al kyl group, or a C2-8 al kenyl
group, Or [Bezopr OMEd dcBie@ B¢ WjcctsNBR in34c8drddnuh ettie tht lBose i the Ipeesddy diedlosCi4  al kyl
group). X represents H, a Cl4 al kyl group, a C2-g al kenyl group, a Cl4

al koxyl grQuRbodad Ad 81Xy @ERIBE heirSiRBhkdengdialgpurt \ih grrerefiet tcoanhddefoa Cl. 4

al kyl group), or CH2 NZY where Z and Y can be, independently, H Cl4 al kyl,
or a Cl4 halwgenaled cahdtheclr Qmprisiiy ef@nablymfman depanh ydh agemst okl ogen
hal ogen cont ai ni ng group, an al kyl group (e.g., Cl1 -Ci s al kyl group), -NO2,
-- OH,  al koxylatiflagent WoRnardd@320kkhencasmount of the starting canptothecin
conpound can be any desirable anobunt as |ong as sufficient acyl ating agent

i's presentpbf] CONY@fifionAlfedn@aShd advlRkdet hefresbMQisclbard Wil Qe ©afoph bifedi n to a
ester of canptothecin as described herein. For exanple, the anmount of the

starting CREBLOIIRSE A BRFRROMAGN faTWwileelspiana Rt the ligschiftioap@ utay b0 Qaged Or
nore. [00301Wth respect to the acylating agent, the acyl ati ng agent

general Iy iy,rQ08 &[he?,@ga%t §hRR e MBR bEject RO Hhabie: atiates bethe feRutRistosle for med
on the starting canptothecin. The acyl ating agent can be an organic acid

derivati VegnSidehiias A ateled b akind 6f QF cl8Gbik A0 Ry hABes Jaficulhmsioaneant t he
acyl ati ng agent can have the fornula RICOXI or (Rl CO 20, wherein Xl is a

hal i de, sugh,ag.ahRLhdSabaamide, and R represents an organic group and
generally the Rl group is the group that forns the organic part of the

ester att a{’bhf@ Nt ARLRedd §psiicdnl, A8 HBIBRIAY MERIRIGRERAYRhe A¥Bliction are
particul arly, "and for exanpl e purposes only, the RL group can be an al kyl

group, such as,&efhtfdiSen@lekWy rHERMR heRinGHE k&ﬁlagﬂt o OBRsenipplitaiidn. @ C3- C8
cycl oal kyl group, an al kenyl "group, such as a C2-C15 al kenyl group or an
0

epoxy grou ch KSR bo@l AU RresSRE GhretaC I Q%I &% B folkdwigg OUpPS
i ncl ude, b 05 7e Bi At mted to GROB: G Fep ek CHZCHZCI—0|ZCHS% cH2C

gz_lgli:z%%&&ﬁ%ﬁis%é%%%%gn@%x%%ﬂsmd%e AT i 2] tgﬂro‘vidgﬁzﬁ;rﬂﬁr CH2

explanation of the present disclosure, as claimed.

DETAILED DESCRIPTION OF THE PRESENT INVENTION

[0024] The present invention relates to methods of making esters of camptothecins.
Camptothecins (“CPTs”) have considerable anfi-tumor and anti-cancer activity, but these
compounds are susceptible to degradation under normal physiological conditions, and the

metabolites produced often exhibit toxic properties. Therefore, the present invention provides



N CH
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CH2; or N CHCHCH3. CH3. CH2 CH3:0,CH2 CH2 CH3: CHCH CH3 (trans);
CH - CH2, CH2 CH2N CHCH2; N CH2 CH2 1/". CH CH2; or CHCHCH3.
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novel methods to prepare CPT derivatives or analogues which preferably remain intact longer
in 2 mammalian body, particularly in the human body, thus enhancing the anti-tumor and anti-
cancer effects without producing undesirabie side effects.

{8025} According to one or more embodiments of the present invention, methods are
provided for making aliphatic esters of camptothecin that include the step of reacting a starting
camptothecin compound with at least one acylating agent protonated by at least one acid, such as,
suffiuric acid. The acylating agent can contain the ester group to be formed on the starting
camptothecin. Further details are provided below.

i69026) In one or more embodiments, the starting camptothecin reactant compound can be
camptothecin or 9-nitrocamptothecin or 9 amino-camptothecin. The starting camptothecin can be
a non-ester form of CPT or a CPT derivative and/or can be any CPT compound capable of being
esterified.

[8627] The starting camptothecin can have the following formula:

(3

> o]

|‘\ OH

foo28] In this formula, the R group represents substituents on one of the rings of the
strﬁcture above. In particular, R represents H, NO», NHz, N3, --OH, a halogen (e.g., F, Ci, Br,
1), carboxyl (COOH), a Ci.is alkyl group, Ca.is alkenyl group, a Ci.5 cycloalkyl group, & Cig
alkoxy! group, an aroxyl group, CN, SOs H, a C,3 halogenated atkyl group, (CHz), NR,’
(where R” can be H, or a C,_ alkyl group, n can be an integer of from 1 to about 8), hydroxyl,
SH, SR® (where R® can be a C\.5 alkyl group, an unsubstituted phenyl group, or 2 substituted

phenyl group), a carbonyl group, (e.g., COR®, where R® can be a Cpg alkyl group, an
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descri bed bel ow and the group identified as R2 in the formula bel ow can be
the RL group in the acylating agent used in the nethod of the present

i nvention. The anount of acylating agent used in the reactions of the
present i gxenbi/@iecan be an anount sufficient so that srresSherigooup is
formed on the starting canptothecin conmpound. Suitable amobunts of the

acyl ating agent include, but are not limted to, fromabout 10 nL to about
1 L, based on acylating 20 g to 30 g of starting canptothecin. The exanpl es
set forth bel ow provi de exenplary anounts of the acyl ating agent that can

be_used | Nyl s RAEHAN erdulp052] WelthufcAPRERS lolph RRiBST dieaade Lh e,

reactions o e present vention, theée aci be used in catalytic

anount s SO, Agkodph arnad Rdriip QR bQi‘es%é&ﬁv&yt‘ ﬁdstdon_&: £, 6f NE6# 1N, 6AIR R ofM t h
the organic acid derivatives, such as the acid halide or acid anhydride.

The aci d capg Rer sa {140 BcG Asubstit@ed 08,heroaHs, SURouRSwhied y caiNGn integeHEI104.
The acid can be concentrated acid such as concentrated sulfuric acid. The

aci d can haye BRY3NR ain ské GaTLR, alkeni gasip{sy, 0OF&Ho0CHG), AHLLFEsy GHoOksy0. 02
M or higher. The anobunt of acid used in the reaction can be a catalytic
anount , SUCHFgs), [HEM(AbOUSIOOR ' (wbera FOlitan] ba @ alkst! pors quracEer akdnyl f r om
about 0.20 mM to about 0.75 m of about 0,5 nl per reaction with 20 g to 30
g of st art gwegp.carpeorite ereup)THR:2 Fabliheredt . a3 bt s § 1+ alkylaraupy 26 repprgents
esterification reaction can be varied depending on the scal es of the,,
reactions Hnedhwady! poup3 Cns elenyhsevent Gnolat GRuPat 88T Po2 e or

nbodi ments, the,vari t b i t qget i
o der ooyt BOE SOl sy b B Crna b o f e Bhk WAY IRGt BB oo By
ti | d, Th i k t
Zbove the. RIS e b PhaCroatvachil SRR ohoBb hteRE o Y WS 0 01
The reaCt'Rﬂoﬁﬁphﬁ&%anQLmﬂ%q#&ﬂiaL%ﬂB?@%BH(@&,égiﬂL§M§F§9mh?ﬂﬂ@&@hwﬁps’
out out 1 [

such as from Cto a 10C or "higher. The reaction can take pl ace
in a short ,Qrdek,..§Hgh as from1l minute to 1 hour or nore. The reaction

ti me depends upon the anount of reactant used, and the desirabl e anmount of
conver si ongybof he T ahbindor GPTakiag CaNRbBEREdntpoRsd Ein. be BRE dEsRalKlE hribunt 891

occur in inert atnospheres or in air. An exanple of an inert atnosphere can

be a nitrogmg At s raeylati}- agent is present to convert at least a portion of the starting
camptothecin to a ester of camptothecin as described herein. For example, the amount of the
starting camptothecin compound can be from about 1g to about 100 g, or more,
[0030] With respect to the acylating agent, the acylating agent generally in one or more
embodiments, contains the ester group to be formed on the starting camptothecin. The
acylating agent can be an organic acid derivative, such as an acid halide or acid anhydride. For
instance, the acylating agent can have the formula R'COX' or (R'CO),0, wherein X'isa
hatide, such as chloride or bromide, and R' represents an organic group and generally the R’
group is the group that forms the organic part of the ester attachment onto the starting
camptothecin compound. More particularly, and for example purposes only, the R' group can
be an alkyl group, such as a C;-Cs alkyl group, a cycloalkyl group, such as a C3-Cg cycloalkyl
group, an alkenyl group, such as a C»-Cys alkeny! group or an epoxy group such as a C3-Cys

epoxy group. Specific examples of R' groups include, but are not limited to, CH,CH,;



or argon atnosPhere. 10034] Representative exanples of the esters of CPT
that can be made by the nethods of the present invention include the CPT
esters characterized by the follow ng formul a:

-0 10035] kb idagBb@rnul @, the R group represents substpéypgios@mogne of the
rings of the structure above. In particular, R represents H NO2, NH2, N3,
--OH, a halogen (e.g., F, d, Br, 1), carboxyl (C0014), a Cil-16 alkyl
group, C2-16 al kenyl group, a C3-8 cycl oal kyl group, a C-s al koxyl group,
an aroxyl group, CN, S H, a Cl_13 hal ogenated al kyl group, (CH2)0 NR22
(where le ) . Spral k . he i er omlto
about 8), ﬁsgtrng%?(:ﬂj g‘le-r’?:g%}{(*%b’r eﬁ%@@%’!@bcelﬂgﬁ%qﬁg aﬁ{ﬂtﬁt@?@ﬁp,egﬁéﬁz
unsubsti tugﬁdm%gytlw group, or a substituted phenyl group), a carbonyl
group, (e.g.? y where RO can be a G _g al kyl group, an unsubstituted
phenyl group, or a substituted phenyl oup), a SiR31 (where R10 can be a
Cl4 al kyl group). The R group can be/F pectively positioned at the 9, or
10, or |1, or 12 position of ring qRC ,al so be a disubstituted 10,
11-0--(CH2)y -0-group (where y can bBe an Tnteger of from!l to 3). ft can

al so be C2.12 al kenyl group(s), CE?&S.).,_.CCIC\?}QES), CH2 F(s), CH2 d(s),
CHF2(s), CHA 2(s), OH(s), OR12(8) (where RI12 n be a G-g alkyl group, or
a C2.8 al kenyl group, or an afppmatic group), NRg3(S) (where IRL3 can be H,
or ClL.4 alkyl group). X represents H a Cl1.8 al kyl group, a C2.8 al kenyl
group, a G .g al koxyl group, an~appgyt—grourHd, 4 Si R311 group (where R' can
be a Cl A al kyl group), or CH2 NZY where Z and Y can be, independently, H,

Cl alkyl, or a G _cy halogenated al kyl group. Preferably R can be a
hydrogen, 0 hal ogen, hal ogen contai ni p@ group, an al kyl group (e.g., C
-C15 al kyl group), --NO2, --OH, al koxf or ~-NH2. R2 can be an al kyl group
(such as CI -Ci15 al kyl), a cycloal |€§l—grofHtetich as a C2-C8 cycl oal kyl),
an al kenyl group (such as C2 -Cl15 al kenyl), or an epoxy group (such as C -
C}5 epoxy group). The preferred CPT esters nmade by the nethods of
the present invention are characteriz (by\t he formul a shown below. In
this fornmula, R can be IT or NQO2. Rg}arepres(gg&&cz- Cl15 al kyl group (such as
a C2-C4 al kyl group or C6-Cl5 al kyl™group), -C8 cycl oal kyl group, a

C2- C15 al kenyl group or a C2-Cl15 epoxy group when Ris H Wen Ris N2, R2
is a C-Gsgalkyl..gr , 3~5_8-~cxgl oal kyl group, a C 2 C 15 al kenyl
group or aéal Cfg:*’ce)%wo&?/ﬁb@gﬂgg P(r:g@%'fﬁﬂ?%v\hen Ris H R2 is CH2CHS3;
CH2CH2CH3; CH2CH2CH2CH3; CH2CH2CH2CH2CH2CH3; CH2CH2CH2CH2CH2CH2CH2CH3; or

CH,
CH — CHz;
CH, CH,
/
CH CHy;
CH; —™— C(H» /
0]
RN
CH e CHj:or
0]
PN
CH CHCH,.

[8631] Also, for purposes of the present invention, various camptothecin esters are

-9-



| CH2 CH- CH2;, CH2 CH2 CHCH2; NCH2 CH2 """ O NCHCH2; or z O N
CHCHCH3. CH3; CH2 CH3; G CH2 CH2 CH3; CHCH CH3 (trans); CH2 NCH - CH2; C

WO 2008/021615 PCT/US2007/017295

described below and the group identified as R? in the formula below can be the R' group in the
acylating agent used in the method of the present invention. The amount of acylating agent
used in the reactions of the present invention can be an amount sufficient so that an ester group
is formed on the starting camptothecin compound. Suitable amounts of the acylating agent
include, but are not limited to, from about 10 mL to about 1 L, based on acylating 20 gto 30 g
of starting camptothecin. The examples set forth below provide exemplary amounts of the
acylating agent that can be used in the reaction.

(6032} With respect to the acid used in the reactions of the present invention, the acid can
be used in catalytic amounts so that the acylation of the starting camptothecin can occur with
the organic acid derivatives, such as the acid halide or acid anhydride. The acid can be sulfuric
acid or other acids such as HCI, HNO,, or HCIO,. The acid can be concentrated acid such as
concentrated sulfuric acid. The acid can have any molar strength, such as from about 0.0001 to
about 0.02 M, or higher. The amount of acid used in the reaction can be a catalytic amount,
such as from about 0.1 ml to about 1.0 ml and more preferably from about 0.20 ml to about
0.75 ml or about 0.5 m! per reaction with 20 g to 30 g of starting camptothecin. The amount of
acid used to catalyze the esterification reaction can be varied depending on the scaies of the
reactions involved.

[6633] In the present invention, according to one or more embodiments, the various
reactants can be combined together in any order, either sequentially, at the same time, or i any
combination. Any reaction vessel can be used. The reaction can take place at any temperature
above the freezing point of the reactants such as from about 20°C or higher. The reaction can
occur at ambient temperatures or elevated temperatures, such as from about 20°C to about
110°C or higher. The reaction can take place in a short order, such as from | minute to 1 hour
or more. The reaction time depends upon the amount of reactant used, and the desirable
amount of conversion of the starting CPT to camptothecin ester. The reaction can occur in

inert atmospheres or in air. An example of an inert atmosphere can be a nitrogen atmosphere

-10-



CH2 H2 CHCH2; \\'' CH2 CH2 ".." 0 NCH CH2; or 0O CHCHCH3. 100361The yield
of the reaction can be at |east 90%or at |least 90%to 99% by wei ght of the
starting canptothecin product is converted to an ester of canptothecin.

Pref er abl o Jofignydiel d of the reaction is a. t |east S&%wfwdiherzes

carnptot hecin product to an ester of canptothecin. Mre preferably, the
yield of the reaction is at |east 99% 100371The purity and/or the
concentration of the starting CPT or reactant is uninportant. Different
purities and different concentrations nmay affect the percent yield of the
esters of L ormed fromthe reaction. Preferably, the purity of

t he startiﬁgg%iﬁﬁﬁggﬁ?%nt Is fromabout 30 to about 100% More preferably,

the purityghssf r omepbemhiRExhApRPSE e LAAYO CPIQR4 teoh BOmAIK B thin@hiRks of

Preferably, the amobunt of CPT or CPT derivative reactants is fromabout to
0.1 about HOYpesdnt inbBiRioh HoRlde ViR CHEesitls dhBRcteAARLR MeSolldMangfaphatker abl y, the
amount is fromabout to 0.5 about 5.0% of the total volunme of the
reactants.

o Rr?
[0035] In this formula, the R group represents substituents on one of the rings of the
structure above. In particular, R represents H, NO,, NHz, N3, --OH, a halogen (e.g., F, Cl, Br,
1), carboxyl (COOH), a Cy.16 alky] group, C;.1s alkenyl group, a Ci.g cycloalkyl group, a Cis
alkoxyl group, an aroxy! group, CN, SOs; H, a C;4 halogenated alkyl group, {(CHa NR2’
(where R’ can be H, or a Cy.s alkyl group, n can be an integer of from 1 to about 8), hydroxyl,
SH, SR® (where R® can be a Cy.5 alkyl group, an unsubstituted pheny! group, or a substituted
phenyl group), a carbonyl group, (e.g., COR®, where R® can be a C,s alkyl group, an
unsubstituted phenyl group, or a substituted phenyl group), a SiR3'? (where R™® can be a Ci4
alky! group). The R group can be respectively positioned at the 9, or 10, or 11, or 12 position of
ring A. R can also be a disubstituted 10, 11--O--(CH,), ~-O-group {where y can be an integer of
from | to 3). R can also be Cy,; alkenyl group(s), CFi(s), CCly(s), CHz F(s), CHx; Cl(s)},
CHF,(s), CHCl(s), OH(s), OR'*(s) (where R'? can be a C.s alkyl group, or a Ca.g aikenyl
group, or an aromatic group), NR,'*(s) (where R'® can be H, or Cy. alkyl group). X represents
H, a C;5 alkyl group, a Ca.3 alkenyl group, a Cyg alkoxyl group, an aroxyl group, a SiRs"!
group (where R'' can be a C,4 alkyl group), or CH; NZY where Z and Y can be,

independently, H, Ci.4 alkyl, or a C;¢ halogenated alkyl group. Preferably R can be a hydrogen,

~fi-



100381The pH, the concentration, and the purity of the acid is not
inportant, so long as the inpurities in the acid do not react with the CPT
or the acylating agent. The acidity of the acid should be strong enough to
be abl e t@pnaenase the acyl ati ng agent enpl oyed for gdwpheaati06. Strong
i norgani c acids, such as H2SO4, HO HNG3, and HC104 have this ability.

O her acids, such as Al Cl3 and BF3 can be used for this type of catalytic
esterification reaction. The pH of the acid can be fromabout 0.5 to about
5. Preferably, the acid is concentrated and is high in purity. For exanple,

th £ . t ~100% {
concont r at Tagpeh PR Bfah B RLABO S AR SRUERAUS I RBL ST EpEDIING G,
from about a:’é&ryze gre.gfgggw 10086 2P %&ﬁp ek L, m-;{]mm,ia%yéwa@m 2RaH (sudPad O

about 100% P y, the anmount” of acid, such as concentrated sulfuric
acid, is fyenmahRWaidnlant kaAPOHsupkERéh a0E; 1d)alkéliyh)| orblepdi® gRfupldien be@ct ant s,
More preferably, the anount Is fromabout 0.5 to about 8.5% of the total
vol ume of thepsHgaedpnts. f00391Preferably, the acid is added to the m xture
of the CPT and the acyl halide while the m xture is being stirred.
Preferably, thehanpuehiredf CATI dtctshatadeahy e addeds taf theepmesext umentio are
sufficient for the acid to act as a catalyst. Preferably, about 4 to about
8 gl ass pi getacgrisgidydiic forreulashandaivvbe added to about 70-100 ml of the acyl
halide (A simlar amount of acid can be used when the acylating agent is
other than the acyl h@lide). However, if necessary, nore or less -14- " acid
can be added to the AT e €P and the acyl halide, preferably
while the mxture i @ } 100401The m xture of CPT, acyl halide
and acid can be placed ima reactor ~<whi®h preferably includes an inert

at nosphere, such as N2, and can be*‘heaed from about 80C to about 120C.
Preferably, the mxture is heated fromjabout 90C to about 110C and nore
preferably, the reactor is heated tog t 100C. (00411Preferably, the
reaction will run until the desired product is formed. The reaction tine

can be as gh@istfomfuls ®V@hae MBHNS,! &% aprds@itgCRE, AN padup days as £PColeaiill v,
the reaction tinme can be about 15 hours under an inert atnosphere, such as

N2. group or Cs-Cis alkyl group), a C3-Cs cycloalkyl group, a C,-C, alkenyl group or a C,-C ¢

epoxy group when R is H. When R is NO, R?isa C,-C,; alkyl group, a C3 - C g cycloalkyl

group, a C ; - C 15 alkeny! group or a C2 - C s epoxy group. Preferably when R is H, R? is
CH2CHs; CH>CH»CHa; CH.CHRCHLCH3; CH,CH,CH;CHCHCHj;

CHzCHzCHzCHzCHzCHzCHzCH_‘g; or

124



100421An exanple of the reaction is depicted in Scheme 1 below. Schene 1
WO 2008/ 021015PCT/ US2007/ 017295 [ 0043] Whil e not wi shing to be bound by any
theory, it is believed that the protonation of the acylating agent (RCOX)
w th an agighoesssehisas sulfuric acid, fornms a reactive pageniegdiabe A
Attaching a cationic carbonyl carbon of internmediate A with canptothecin
forms an internediate B. The subsequent elimnation of a nolecule of XH
fromB gives final ester products. 100441After conpletion of the reaction,
whi ch can be determ ned by a change i'n the color of the solution, the
solution can be cooled to roomtenperature. The solvent can be renoved by
any commonly known separation nethods, such as an evaporation nethod or a
filtration method. The crude product o ﬁgi ned after renoving the reaction
solvents can be purified by refluxing iR al coholic solvents, such as
ethanol. The final product is obtaiggd-irggsystalline form upon
recrystallization and/or reprecipitation fromthe al cohol. 100451The
present invention will be further cgf,ar-++edpy the foll ow ng exanpl es,
which are intended to be purel yexenplary of the present invention.
EXAMPLES Exanple 1 [0046] Carg#t ot heci n- 20- propi orgf e (CZ48) was prepared as
follows. [0047] 20 g canpt ot hew (0.05747 nol e)/and 100 m propionic
anhydride (97% Aldrich CH, — CH;

}
RN

CH —— CHy or

PN

CH CHCH;.

CH, CH, CH, , CH, CH, CH, CH=CH CH, (rans);

CH-
N
CH — CH;;
CH- CH;
/
CH CHo;
\ CH; ™ CH; /
O
PN
CH ——— CHj; or
O
AN
CH CHCHs,

[0036] The yield of the reaction can be at least 90% or at least 90% to $9% by weight of the

starting camptothecin product is converted to an ester of camptothecin. Preferably, the yield of
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Chem cal Co., M| waukee, W) were added to a 200 ml round-bottoned flask
equi pped with a magnetic stirrer and a sand bath. The m xture was heated by
sand bath while stirring. A few drops (8 to 10) of concentrate sulfuric

aci d (95- Q8%4code2601S. reagent, Al drich Chenmical Co.) wer@Eesidedigpop by drop
when the sand bath tenperature reached 80C. The m xture was then stirred at
11010C for overnightl1l4 hr). After cooling down to roomtenperature, the

reaction m xture was poured onto 1000 ml ice water portion by portion while
stirring. After stirring for roughly 45 mn, the mxture was filtrated. The

residue obhai g kUM 5580k B0 ARBoRbLQ PRMuE! b H'aleh Or bloidtfboll - MIRe

dried crude pro was transferred to a round- -16- Dbott

equi pped Wit A 81 hEaliRGs TR Mabon idA4815%6,. t hi s crude product was added 200
m absol ute ethanol " (99.5% 200 proof, Aldrich Chemcal Co.). The m xture

was al | owe@ed I effelburitPindfor e coRbrbRALIANOLSENE CPT QR MRabRANS LifitripbRant. The
pure product was obtained as crystals after crystallization from ethanol.

Purity waspghampirRiechandAff&dnt cosdengatiohgihapaifdcothmpacent lyieiifdheohitesnd 0BG aphy
(HPLC), and the nelting point (np) was determ ned to be 242C. Thin | ayer
chr omat ogr thpthiy forkle@)frophtmeehctitre Petéandbiy; alie RRirity REthe rstartorg TR teaetpntvinfums wit h
t he aut henti c canptot heci n-20-propi onate prepared in the |aboratory

previ ous! yaboTit tp rbeud h0G%E cMererpréfbrgblet the pyrey isrfeantabopNIORY abgus H003h o9 ohe

i dentical spectrumw th the authentic_sanple. Exanple 2 .
99.9% or higher. Preferably, the amount of CPT or CPT derivative reactants is from about to

0.1 about 50%, of the total volume of the reactants. More preferably, the amount is from about
to 0.5 about 5.0%, of the total volume of the reactants,

[0038] The pH, tﬁe concentration, and the purity of the acid is not important, so long as the
impurities in the acid do not react with the CPT or the acylating agent. The acidity of the acid
should be strong enough to be able to protonate the acylating agent employed for the reaction.
Strong inorganic acids, such as Ha804, HCI, HNOs, and HCIO4 have this ability. Other acids,
such as AlICl; and BF; can be used for this type of catalytic esterification reaction. The pH of
the acid can be from about 0.5 to about 5. Preferably, the acid is concentrated and is high in
purity. For example, the concentration can be from about 60 to about 100%. Preferably, the
concentration is from about 95 to about 98%. The purity of the acid can be from about 30 to
about 100%. Preferably, the purity is from about 90 to about 100%. Preferably, the amount of
actd, such as concentrated sulfuric acid, is from about 0.1 to about 10%, of the total volume of
the reactants. More preferably, the amount is from about 0.5 to about 8.5%, of the total volume
of the reactants.

[0039] Preferably, the acid is added to the mixture of the CPT and the acy! halide while the
mixture is being stirred. Preferably, the amount of acid that can be added to the mixture is
sufficient for the acid to act as a catalyst. Preferably, about 4 to about 8 glass pipet drops of the
acid can be added to about 70-100 mi of the acyl halide (A similar amount of acid can be used

when the acylating agent is other than the acyl halide). However, if necessary, more or less
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10049]Wth the same procedure as in Exanple 1, all listed products in Table

1, as shown bel ow, were prepared by using the corresponding organic acid

anhydride or chloride as acylating agents. The yields of the reaction for

t he produgicgseadeigBown in Table 1. 100501Dry nitrogen wmasusoutdimesy used as

t he reaction atnosphere in all reactions for the preparations shown in

Table 1. Al gl asswares were baked at 70 +1- 10C for a mninumof 2 h

bef ore being used. Melting points were obtained with a MEL - TEMP(r)

mel ti ng point apparatus and were uncorrected. Canptothecin was purchased

from The PgOpLE 13 JREAUD te GniRfurd ST tRACRN Shd R ESLy BifatiBel lprdt@aBIgl whilk (€ mixture is

ni trocanpt ot hecins were prepared in the |aboratory by using an established

procedur e %nigg—reﬁprth by Cao et al., Synthesis 1998, 1724, and is

incorporated herein inits entirety. 100511Wth excessive organic acid

derivati vegessiuchTrs magiu@d 6hCeT) deyi (hatidd aaitacld)canrtd pladed ianhydrtod eghiclas

acyl ating agents, and reaction nedia, canptothecin was allowed to react

with them pieferabdymint RAgedmainen etnarspiaire, anchedseN A taad care b beagdduiren wbole 80N to

at nosphere with a few drops of concentrated sulfuric acid as a catal yst.

Af t er subselspuen20°pr efrafesbiyothe mixturpisohdated ifrone shaut S9iCopusboyt WEFe aphmerned i n

hi gh yields. Table 1 shows the conparison of the reaction yields of -17-

13 canpt ot hedrahly, thetreactor fsdesiedte abhet 1A0%- cat al yzed acyl ati on procedure

according to the Br esent invention and the literature Eset%orted pr ocedur es.
€,

As shown i HOfhb| ePreferbliytheoiepdion 728 1t Bl hfadsiedRIPHeRISOed e %hd
hept anoate were all sgibt ai ned }H hi gh r.eacti ong;{i gl dsPr tl OQ‘SZJh;tI'hemcﬁon fime
convent i onEF‘eéﬁ'hg‘ﬂ?si 8 AHSRVER PRI OB HR E SREL 78 JEHERY Y L Ls 1P har i ng
ester conpounds,a ual | by, i act | i el ds when the '
correspondfﬁ’g%efﬁﬂ‘%rs:ﬂg%rgu%?e 'é‘\g/%?ﬁ"g%?%?e’ c\ﬁ;\e‘ﬁ%‘/g%/., organi ¢ anhydrides were
not al ways i | afl Em 090N salhenidRwas an acyl ating agent
was used r!;\@\égfr t gﬁxt eé?:@??%ond?n% anﬁygri de when preparing

car npt ot heci n- 20- nonanoate. In this suksati on, the reaction yield of the
product was only 6% (conventional procedure). [0053]For the preparations of
the Table 1-listed CPT esters using another conventi onal

o 8
H,S0,
R
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procedur e,

Three reactions with this procedure were attenpted. Al

t he DCC/ DVAP procedure, as previously described, did not work.

gi ve the expected CPT esters, and the starting canptothecin naterials
100% r ecowas masodi@@541However, the H2504-cat al yzed acypat/usmendi7295
canptot hecin derivatives with the correspondi ng acid anhydri des or
according to the present invention, gave high yields for every
reaction as shown in Table |I. Wen nonanoyl chloride was enpl oyed as an

chl ori des

acyl ating

agent, the H2SO4-catal yzed reacti on gave

canpt ot h.eCfepasggr gg@gfgof%g,égvhgggg/g{a xei,ﬁ,d%gva@ 4 he tgoaeﬁweagak Yhe' @&9&&@90

in the lit

rrparlsono reatlon yi e

H2SO4- cat ghy ;gﬁtﬁ@g fagénlt f(m@@k? %hqﬁ 2GANRER O S RuRc Whil] hfoma@y RUASh W ihRRdtaed

procedur e

lon yield Prevously reported
A. Attaching a cationic carbonyl carbon of intermediate A with camptothecin forms an

intermediate B. The subsequent elimination of a molecule of XH from B gives final ester
products,

[0044] After completion of the reaction, which can be determined by a change in the color
of the solution, the solution can be cooled to room temperature. The solvent can be removed
by any commonly known separation methods, such as an evaporation method or a filtration
method. The crude product obtained after removing the reaction solvents can be purified by
refluxing in alcoholic solvents, such as ethanol. The final product is obtained in crystalline
form upon reorystallization and/or reprecipitation from the alcohol.

[0045] The present invention will be further clarified by the following examples, which are

intended to be purely exemplary of the present invention.

EXAMPLES

Example |

[0046] Camptothecin-20-propionate (CZ48) was prepared as follows.

[8047] 20 g camptothecin (0.05747 mole) and 100 m! propionic anhydride (97%, Aldrich
Chemical Co., Milwaukee, WI) were added to 2 200 ml round-bottomed flask equipped with a
magnetic stirrer and a sand bath. The mixture was heated by sand bath while stirring.” A few
drops (8 to 10} of concentrate sulfuric acid (95-98%, A.C.S. reagent, Aldrich Chemical Co.)
were added drop by drop when the sand bath temperature reached 80°C. The mixture was then
stirred at 110+10°C for overnight (~ 14 hr). After cooling down to room temperature, the
reaction mixture was poured onto 1000 mi ice water portion by portion while stirring. After
stirring for roughly 45 min, the mixture was filtrated. The residue obtained from filtration was
allowed air-drying for 24 hr. The dried crude product was transferred to a2 500 mi round-
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bottomed flask équipped with a heating mantle,

j0o048] To this crude product was added 200 ml absolute ethanol (99.5%, 200 proof,
Aldrich Chemical Co.). The mixture was allowed to reflux for 2 hr, and then cooled to room
temperature. The pure product was obtained as crystals after crystallization from ethanol.
Purity was shown to be 99.8%, using high performance liquid chromatography (HPLC), and
the melting point (inp) was determined to be 242°C. Thin layer chromatography (TLC) showed
the identical Ry (Retention factor} values with the authentic camptothecin-20-propionate
prep:ired in the laboratory previously. The proton Nuclear Magnetic Resonance (NMR) also

showed the identical spectrum with the authentic sampie.

Example 2

[6049] With the same procedure as in Example 1, all listed products in Table 1, as shown
below, were prepared by using the corresponding organic acid anhydride or chloride as
acylating agents. The yields of the reaction for the products are shown in Table 1.

[0050] Dry nitrogen was routinely used as the reaction atmosphere in all reactions for the
preparations shown in Table 1. All glasswares were baked at 70 +/- 10°C for a minimum of 2 h
before being used. Melting points were obtained with a MEL — TEMP® melting point
apparatus and were uncorrected. Camptothecin was purchased from The People's Republic of
China and used as purchased. Nine nitrocamptothecins were prepared in the laboratory by
using an established procedure as set forth by Cao et al., Symthesis 1998, 1724, and is
incorporated herein in its entirety.

[o051] With excessive organic acid derivatives, such as acid chloride (or bromide) and acid
anhydrides, as acylating agents, and reaction media, camptothecin was aliowed to react with
them at room temperature or at an elevated temperature under N3 atmosphere with a few drops
of concentrated sulfuric acid as a catalyst. Afier subsequent preparation, camptothecin ester

products were obtained in high yields. Table | shows the comparison of the reaction yields of
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I3 camptothecin esters between the H,SOq-catalyzed acylation procedure according to the
present invention and the literature reported procedures. As shown in Table 1, camptothecin-
20-propionate, butyrate, valerate, and heptanoate were all obtained in high reaction yields.
{0052} The conventional anhydrides/pyridine procedure was frequently used in preparing
ester compounds and usually gave high reaction yields when the corresponding anhydrides
were available. However, organic anhydrides were not always available. For example,
nonanoyl chioride as an acylating agent was used rather than the corresponding anhydride when
preparing camptothecin-20-nonanoate. In this situation, the reaction yield of the product was
only 6% (conventional procedure).

[6053] Forl the preparations of the Table 1-listed CPT esters using another conventional
procedure, the DCC/DMAP procedure, as previously described, did not work. Three reactions
with this procedure were attempted. Al of them failed to give the expected CPT esters, and
the starting camptothecin materials were 100% recovered.

[0054] However, the H:50:-catalyzed acylation of camptothecin derivatives with the
corresponding acid anhydrides or chlorides according to the present invention, gave high yields
for every reaction as shown in Table 1. When nonanoy! chloride was employed as an acylating
agent, the H.SOs-catalyzed reaction gave camptothecin-20-nonanoate in 92% yield while the

previously reported method in the literatures only gave 6%.
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Table 1. Comparison of reaction yields of H,SO,-catalyzed esterification
of camptothecin with prevously reported procedure

Reaction yields (%)

Rr? R Prevously reported H,S0O,~<atalyzed
CH; H 58 96
C,Hs H 94 99
C3Hy H 92 98
C4Ho H 90 99
Celly H 08 99
81117
CH=CHCH; H 6 92
CH;, H 31 90
CsH, NO, 73 99
CqHy NO, 56 98
E&Hif NO, 82 97
37 NO, 38 95
NO, 14 92

[0035] Thus, the H,SOg4-catalyzed procedure provided an efficient way for preparing
camptothecin esters. As shown above, the yields of the final products in the synthetic pathways
according to the present invention, typically was above 0% depending on the exact reaction
conditions, the purity of the starting materials, the nature of the acylating agent, the type of acid
or base, and other factors or parameters common in synthetic organic chemistry. The methods
of producing the compounds of the present invention, as set forth above, are not meant to be
exclusive or limiting, but rather are exemplary only, and other means for generating these
compounds, or optimizing the reaction conditions are possible for persons skilled in the art.

[005¢] Applicants specifically incorporate the entire contents of all cited references in this
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NO2 NO2 82 88 97 95 NO2 14 92 10055] Thus, the H2SO4-cat al yzed procedure
provided an efficient way for preparing canptothecin esters. As shown
above, the yields of the final products in the synthetic pathways accordi ng
to the progentsdention, typically was above 90% depandivgooniizbe exact
reaction conditions, the purity of the starting materials, the nature of
the acyl ating agent, the type of acid or base, and other factors or
parameters comon in synthetic organic chem stry. The nmethods of producing
t he conpounds of the present invention, as set forth above, are not neant

to be exclygioBreOEukHeliveAGn dtint, BbAektraBbR GXCNERIvaNY oPRh¥meBNE @idiek Means
for generating these conpounds or optimzing the reaction conditions are

possi bl e fQiheEfaf Q) prefitiel ke, ion a likeofapper pfed) Apmisiafd Rix@r Slafeeibld whlet,y
incorporate the entire contents of all cited references in this
this is to be understood as specifically disclosing all ranges formed from any pair of any upper
range limit or preferred value and any lower range limit or preferred value, regardless of
whether ranges are separately disclosed. Where a range of numerical values is recited herein,
unless otherwise stated, the range is intended to include the endpoints thereof, and all integers
and fractions within the range. It is not intended that the scope of the invention be limited to
the specific values recited when defining a range.
[0057) Other embodiments of the present invention will be apparent to those skilled in the
" art from consideration of the present specification and practice of the present invention
disclosed herein. It is intended that the present specification and examples be considered as

exemplary only with a true scope and spirit of the invention being indicated by the following

claims and equivalents thereof.
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di scl osure. FurCher, when an anpunt, concentration, or other value or
paraneter is given as either a range, preferred range, or a list of upper
preferabl e values and | ower preferable values, this is to be understood as
specifically disclosing all ranges forned fromany pair of any upper range
limt or pr‘ﬁig vahhey 1d any lower range linmit or preferred val ue,
regardl ess o \F/I\‘rhlgal‘er rang%s are separately disclosed. Were a range of
nunerical values is recited herein, unless otherwi se stated, the range is
intended to include the endpoints thereof, and all integers and fractions
within the,range,. It is not.intended that the scope of .the invention be
limted to1't}$1legngl‘cﬁ)ﬂé%d’lt f Pg \}naaﬁqd] s ?neciaﬂ%}ﬁggmeeﬁteldefo' ni AGPE IR g e O MPHET 1O her
enbodi ments_of th resent .invention, will be apparent to th skilled in
the art frBATESASTARBSITRRTST tHpPLY R 1EBLERPTIAPE GELHE BI8CTEe of t he
pr esent invenEhigo.n di scl ?%j;ead. erein. It is intended that the present

speci fi cat FOh AN CHEENFIEL%e consi dered as exenplary only with a true
scope and spirit, of, thg ilnventi on. bei ng i ndi calt ed by the follow ng clains
and equi val ent s*RHiEP &YF 2t IegRiRee 381 e m} acatalytic amqpat HgFaiget aiiony an

al i phati cester, of canptothecin conprising reacting a starting canptothecin
conpound wWAPHHRE agedp PERALd VAt gt K mne g B PUaipheaBRP GG hat | s
concentrated acid, wherein said at |least one acid is _present in a
catal ytic STFBRAEC Srd (Y Lrprigthepipad pirg Rampleect, o6 §- Bt tmpethprin aah sied by
said at least one acid and said starting canptothecin conpound is 20(S)
canpt ot hecf¢¥1atigg ggent BrsdhniorBlaéR GP2@r 9- ani nocanpt ot heci n, and said

acyl ating agent has the formul a (Rl CO) 20, wherein Rl represents CH3;
C2H5 C3H7; CAHOVstn B: repgsaps7CHy ColbHE AR GHeb: (Glbrar fHTCH@Rsand90% by
wei ght of said starting canptothecin conpound is converted to said

al i phatic est erwmeﬂéﬁdﬁﬁﬁfcﬁo%@ wieight pf saichwartigt daogtodicis berpaund iswhevedech sai d at
| east one acid is sulfuric acid. 3. The nethod of claim 1, wherein said
starting crpidedipestic steorpaupdtheen20(5) - canpt ot heci n. 4. The nethod of
claim1l1, wherein said starting canptothecin conpound is 20(3) canptothecin
and said Rl represents C2H5. 5. The nmethod of claim4, wherein said acid

I's sulfm C2.a'(fllledrheﬂ10d of claim 1, wherein said at least one acid is sulfuric acid.

3. The method of claim 1, wherein said starting camptothecin compound is 20(S)-

camptothecin.
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6. The nethod of claim1l1l, wherein said acid is concentrated HCL,
concentrated HNO3, or concentrated HC104. 7. The nethod of claim1,
wherein at | east 95% by wei ght of said starting canptothecin conpound is
convened to said aliphatic ester of canptothecin. 8. The nethod of claim
1, wherein at |east 99% by weight of said starting canptothecin is
converted to said aliphatic ester of canptothecin.

4. The method of claim 1, wherein said starting camptothecin compound is 20(S)

camptothecin and said R represents C>Hs.

%, The method of claim 4, wherein said acid is sulfuric acid.

6. The method of claim 1, wherein said acid is concentrated HCl, concentrated HNQOs, or

concentrated HCIO,.

7. The method of claim 1, wherein at least 95% by weight of said starting camptothecin

compound is converted to said aliphatic ester of camptothecin.

8. The method of claim 1, wherein at least 99% by weight of said starting camptothecin

is converted to said aliphatic ester of camptothecin.
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