A short synthesis of camptothecin via a 2-fluor o-1,4-dihydropyridine
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Addition of the enolate derived from isopropyl
a-(methylsulfanyl)butyrate to N-(quinolylmethyl)-2-fluoro-
pyridinium triflate 7, followed by oxidation-hydrolysis of
the resultant 2-fluoro-1,4-dihydropyridine 8b afforded pyr-
idone 9b, from which 20-deoxycamptothecin (11), a known
precursor of camptothecin, was synthesized by a radical
cyclization—desulfurization, with subsequent elaboration of
the lactone E ring by chemoselective reduction.

Camptothecin and 20-deoxycamptothecin! are pentacyclic
alkaloids with a pyrrolo[3,4-b]quinoline nucleus fused to a
2-pyridone ring. First isolated by Wall et al. in 1966 from
Camptotheca acuminata,2 camptothecin  has recently
re-emerged as one of the most promising agents for cancer
treatment, topoisomerasa | being identified as the intracellular
target for the drug.3 Due to this interesting cytotoxic activity,
camptothecin and its structural derivatives have been the
objective of many tota syntheses using a variety of
approaches.45
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We present here a new, concise synthesis of (+)-20-deoxy-
camptothecin, a known synthetic precursor of camptothecin.
Our approach involves the convergent construction of asuitably
substituted and functionalized tetracyclic ABCD derivative 10
and the closure of the lactone E ring at the final synthetic step.
For this purpose, we planned to take advantage of the synthetic
potential of 1,4-dihydropyridines generated by nucleophilic
addition of enolates to N-alkyl-3-acylpyridinium salts. In our
previous work® these dihydropyridines have been further
elaborated to complex polycyclic indole alkaloids either after
acylation of the unsubstituted enamine moiety or via a
dihydropyridinium cation generated by protonation or inter-
action with an electrophile.

For the synthesis of camptothecin we envisaged that, after the
regioselective addition of a butyric ester enolate (the C15-C>;
fragment) to an appropriate N-(quinolylmethyl)-2-fluoropyr-
idinium salt, the intermediate 2-fluoro-1,4-dihydropyridine
could undergo a different transformation, namely an oxidation
with concomitant hydrolysis of the C—+ bond, leading to a
4-substituted-2-pyridone. Then, the quinoline and pyridone
rings would be connected following the Comins procedure,5d-f
by radical cyclization taking advantage of a bromine atom
present at the 2-position of the quinoline nucleus. A methoxy-
carbonyl substituent at the 3-position of the starting pyridinium
would not only increase the electrophilicity of the pyridinering
in the nucleophilic attack but would also be subsequently
converted to the C-17 oxymethylene group of the alkaloid.
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Totest the viability of our proposal for the construction of the
pyridone moiety we first applied the nucleophilic addition—
oxidation sequence to the model N-benzyl-2-fluoropyridinium
salt 2 (Scheme 1). Knowing the reluctance of 2-halopyridinesto
undergo akylation with alkyl halides and tosylates,” 2-fluoro-
pyridinium salt 2 was prepared by akylation of the correspond-
ing 2-fluoropyridine 18 with benzyl triflate. Without isolation,
pyridinium triflate 2 was alowed to react with the enolate
derived from methyl «-(methylsulfanyl)butyrate, which in
related additions had exhibited better C-4 regioselectivity than
the corresponding unsubstituted butyrate enolate.® Following
our synthetic plan, the resulting 1,4-dihydropyridine adduct 3
was converted into the desired pyridone 410 by oxidation with
DDQ with hydrolysis of the C—F bond. The overall yield of the
three-step sequence from 2-fluoropyridine 1 was 65%.

The application of the above strategy to the synthesis of
camptothecin required starting from the pyridinium salt 7,
which incorporates the 2-bromoquinolyl-3-methyl fragment
needed for the closure of the five-membered C ring. This salt
was obtained by alkylation of 2-fluoropyridine 1 with triflate 6,
prepared from 2-bromo-3-(iodomethyl)quinoline (5).11 Pyr-
idinium triflate 7 was allowed to react as in the above N-benzyl
series with the enolate derived from methyl «-(methylsulfa-
nyl)butyrate and then with DDQ to provide pyridone 9ain 50%
overdl yield from 2-fluoropyridine 1. This pyridone already
incorporates all the carbon atoms of the natural product. As
expected, treatment of 9a with tris(trimethylsilyl)silane-AIBN
brought about both a radical arylation!2 and desulfurization to
give the key tetracycle 10a in 65% yield (Scheme 2).

The construction of the lactone E ring of camptothecin
required the chemoselective reduction of the conjugate ester
rather than the aiphatic one of 10a. This transformation had
aready been reported from the diethyl ester analog 10c by
treatment with DIBAL (no details given).5< However, in our
hands, the sequential treatment of 10a with DIBAL—CHCI,, at
—70°Cor DIBAL-THF at —40 °C and NaBH, gave thediol 12
asthe only isolable product in 80% yield. Neither were we able
toinduce this transformation from diethyl ester 10c, preparedin
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Scheme 1 Model studies. Reagents and conditions: i, BnOTf, Et,0, rt, 10
min; ii, methyl «-(methylsufanyl)butyrate, LDA, THF, —70 °C, then —40
to —10 °C, 1.5 h; iii, DDQ, 3:1 THF-MeOH, rt, 12 h.

Chem. Commun., 2000, 2459-2460 2459

Thisjournal is© The Royal Society of Chemistry 2000



90% vyield by transesterification of 10a (EtOH, KF, reflux, 3
days). Diol 12 was aso formed as the magjor product in 75%
yield.

The above results prompted us to differentiate the two ester
groups asin the pioneering Winterfeldt synthesis of camptothe-
cin from a closely related tetracyclic substrate.l3 Thus, we
focused our attention on tetracycle 10b, which was prepared by
reaction of pyridinium triflate 7 with the enolate derived from
isopropyl «-(methylsulfanyl)butyrate, followed by DDQ oxida-
tion (50% overal yield from 1) and subsequent radical
cyclization (65% yield). Gratifyingly, treatment of 10b with
DIBAL-hexanes in DME at —70 °C and then with NaBH, in
isopropanol afforded a 1:1 mixture of the target lactone 11
(20-deoxycamptothecin)>a and lactol 13 (65% yield), which
were easily separated by column chromatography. The conver-
sion of lactol 13 into 11 (65% vyield) has recently been
reported.5n Taking into account that 20-deoxycamptothecin
(11) has previously been converted by hydroxylation at C-20
either to racemic (Me;NH, CuCl,, O,, DMF)%2 or natural
[(+)-(209)]-camptothecin [LHDMS, THF, (+)-(2R,8aS)-(cam-
phorylsulfonyl)oxaziridine],>™ the above synthesis constitutes a
formal total synthesis of this natural product.

The above results significantly expand the methodology for
the synthesis of nitrogen compounds based on the addition of
carbon nucleophiles to N-alkyl-3-acylpyridinium salts as they
open new synthetic possibilities for the subsequent elaboration
of theinitially formed 1,4-dihydropyridine adducts.
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Scheme 2 Synthesis of (+)-20-deoxycamptothecin. Reagents and condi-
tions: i, AgOTf, CH,Cly, rt, 45 min; ii, CH,Cl,, rt, 1 h; iii, methyl or
isopropyl «-(methylsufanyl)butyrate, LDA, THF, —70 °C, then —40 to
—10°C, 1.5 h; iv, DDQ, 3:1 THF-MeOH, rt, 12 h; v, TTMSS (2 equiv.),
AIBN, CgHe, reflux, 4 h; vi, DIBAL-hexane (3 equiv.), DME, —70 °C, 30
min, then NaBH,, iPrOH, rt, 1 h.
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