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A SELECTIVE ONE-STEP INTRODUCTICN OF HYDROXYLIC FUNCTIONS
AT THE C-5 AND C-7 POSITIONS OF 20(S)-CAMPTOTHECIN,
AN ALKALOID HAVING ANTITUMOR ACTIVITY 1

I
15
]
7]
ey
(e
=
E.
[
L]
i
i
*
b
w
o
i
(i[=3
2]
iz
K
=9
g
&
=%
o
1D
[[=]
I
[e]
I
-
IH
|ie]
b=}
G
e
o
+
It

School of Pharmaceutical Sciences, Showa University,® Hatanodai,
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ological Research,b Yaho 1796, Kunitachi-shi, Tokye 186, Japan

Abstract — 20(8)-Camptothecin was selectively hydroxymethylated
at the C-7 position by a simple process using hydrogen peroxide-
methanel in the presence of ferrous ion as the radical source.
Formation of diastereomers of 5-hydroxycamptothecin was observed
by using ammonium persulfate-bromoacetic acid in the presence of
ferrous or silver ion. The hydroxylic compounds prepared by the
procegses were converted further into acyloxyl, alkoxyl, and car-

boxylic acid derivatives.

20(S)-Camptothecin (1), an alkaleid isolated first from Camptotheca acuminata
(NYSSACEAE) by Wall and c¢O0-workers in 1966,2) has attracted much attention because
of its significant inhibitory activity toward leukemia L1210 in mice and Walker

256 tumor in rats;3) however, its high toxicity has restricted its clinical treat-

ments.4> Although many reports on totsl syntheses including chemical modifications

5)

of the original structure of 1 have appeared to date, no particular progress
seems tc have been made to improve the therapeutical behavior. Recently Pei-chuang
and co-workers successfully introduced hydroxyl, methoxyl, and chloro sudbstituents
at C-12 position by nitration and successive reduction and diazotization.s) We
wish to communicate here on a selective introduction of a hydroxymethyl group at
the C-7 position ané a hydroxyl group at the C-5 position of the naturally occcur-

ring 20(8)~-camptothecin by 2 simple homolytic process,

—1713—



Difficulties experienced in our earier attempts to alkylate 1 were mainly
due to its poor reactivity to electrophilic substitution and also due to its in-
solubility in ordinary organic solvents, As pointed out by Minisci and Porta,7)
homolytic alkylation of hetercaromatic bases like guinoline can be performed in
agueous acidic media, where an alkyl radical adds at the electron deficient J-and
&- positions of the protonated bases. Thus, ‘on treatment with hydrogen peroxide
and ferrous sulfate in a methanol-sulfuric acid sclution, 1 furnished 7-hydroxy-
methyleamptothecin (2} {m/e 378.1283 [Mﬂ for 021H18N205 = 378.1209} in an excel-
lent yield, The formation of 2 was also observed either by heating with hydroxyl-
amine-0-sulfonic acid in methanol-watera) or by heating with ammonium persulfate
in methanol-50% sulfuric acid.g}

In typical procedure to prepare 2, 30% H202(9 ml, 88.3 mmol) was added drop-
wise during 1 hr at ¢°C into a stirred solution of 1 {1.00 g, 8.61 mmol) in metha-
nol-agueous sulfuric acid (MeOH : 50% stO4 = 30 ml : 50 ml), After stirring at
room temperature for 8 hr, dilution of the reaction mixture (1 1) yielded a pre-
cipitate, which was purified by recrystallization from dimethylformamide- dioxane
to furnish 890 mg (82% yield) of pale yellow crystals,

Acetylation of 2 with equimolar amounts of acetic anhydride at rcom temper-
ature afforded 7-acetoxymethylcamptethecin (3) { pale yellow needles from CHCIB-
n-Cgly 4, W/e 420,1396 [M*] for G, H,N,00 = 420.1314, [], +165.8° (¢ = 2 x 1072
in EtOH)} . T-Acetoxy-20-C-acetylecamptothecin (4) and monohemisuccinate (5) were
also prepared with acetic and succinic anhydride, respectively., Chromic acid oxi~-
dation of 2 furnished camptothecin-7-carboxylic acid (§).

Another tactic of hydroxymethylation by glycolic acid in the presence of

9)

ammonium persulfate and silver ion”‘resulted in the formation of 5-hydroxycamp-

tothecin (1){m/e 364.1041 [M*] for Cp ol N, 05 = 364.1053} (10% yield) in addition

10) (trace amount). The nuclear magnetic

to 2 (19% yield) and camptothecin 1-oxide
resonance (NMR) spectra of T [;ppm in DMSO-d; : 5.25 (1H. ¢, J = 17 Hz; C-17 H),
5.52 (1H, 4, J = 17 Hz; C-17 H'), 6.66 {0.5H, s; C-5 H), 6.72 (0.5H, 33 C-5 H'},
7.37 (1H, br s; ¢-14 H), 8,52 (1H, br s; C-7 Hﬂ suggested the presence of approx-
imately 1 ¢ 1 mixture of anomers with respect to the hemiacetal configuration at
the C-5 in solution. Attempted methylation and bromomethylation at C-7 in the

9)

bresence of ammonium persulfate and silver or ferrous ion resulted in oxigenation

at C-5 to give 7 as the major product, neither 7-methyl- or 7-bromomethylcampto-
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thecin being isolated.
In a typical procedure to prepare 7 consistently in 50-60% yield, a solution
of ammonium persulfate (3.80 g, 3.69 mmol} in water was added dropwise during 3-4

hr at 100-11C C into a stirred solution of 1 {(1.00 g, 2.87 mmol), PFeSO -7H20 (c.B0

4
g, 2.87 mmol), and bromoacetic acid (13.9 g, 100 mmol) in 50% H,80, (40 ml). The
aforementioned work-up followed by recrystailization from CHClB-g-06H14 afforded
661 mg (58.5% yield) of pale yellow crystals.

In the absence of bromoacetic acid in the above procedure,11) the yield of 7
wap extremely low, indicating that the bromomethyl radical plays ar important role
in abstraction of the hydrogen at the C-5 position.

By heating in methanol and in n-butancl in the presence of boron trifluoride

etherate, 7 was converted quantitatively into 5-methoxy- and S~n-butoxycampto-

Rl R2 r3

1 H H H

2 H CH,OH H

_:_’r_ H CH 2'OCOCH:S H

4 H CH,0COCH COCH,

5 H CH 20(27 H

(CH,) ,COOH

6 H COCH H

7 OH H H

8 OCH, H H

9 0C,Hg-n H H
10 OCOCH, H H
11 OCOCH, H COCH,
1z 0COC H, H H
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thecins (8 and 8), respectively. Acetylation of 7 with equimolecular amounts of

acetic anhydride at room temperature gave S-acetoxycamptothecin (10), Diacetate
(ll) and S5-benzoylcamptothecin (lg) were prepared in the usual manner. The NMR
gpectra of these alkoxy- and acyloxycamptothecin (8--12) indicated presence of
approximately 1 : 1 mixture of a pair of epimers with respect to the anomeric
center at the C-5 position.

The separation of the monoacetate (19) into two anomers was effected by means
of high performance liquid chromatography (HPLC):12) the first iscmer to elute 10a
{paie yellow needles, m/e 406.1134 [M] for CpH,gN,0¢ = 4061158, [y =123 (o =
3.3 X 10'3 in EtOH)} » and the second isomer to elute 10b {pale yellow needles,

n/e 406.1176 [M7], []p +117° (e = 5.2 x 1073 1n BtoM)}, each showing a singlet
methine signal at 7.97 and 7.96 ppm, respectively in the NMR spectra.

The present method provides & Eimple and facile process of medifiecation of
1 to obtain completely novel derivatives without effecting any change on the func-
ticnal groups on the D and E rings of the molecule. Detail discussions on the reac=-
tion mechanisms and other similar functionalizations together with the special fea-
ture of the activity and lower toxicity of these derivatives will be published

elswhere.
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