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A new synthetic pathway to the parent and substituted ABCD ring cores of the camptothecin family of alkaloids was developed. The N-alkylation

of 1,6-dihydro-6-oxo-2-pyridinecarbonitrile (2) with 3-bromo-1-phenylpropyne provided 3a using Curran’s protocol. Treatment of 3a with a
catalytic amount of DBU (5 mol %) at 110  °C for 12 h produced indolizino[1,2-  b]quinolin-9(11 H)-one (6a), the parent ABCD ring core of
camptothecin, in essentially quantitative yield.

The potent antitumor activities of the camptothecin family

of alkaloids have stimulated intense interest in developing

synthetic methods for the parent @@amptothecinia) and

related analogué€sDiverse approaches to the assembly of

the pentacyclic ring structure have been repottedihe

efforts have borne fruits with the approval of topotec) (

by the FDA for the treatment of ovarian cancer and small-

cell lung cancérand irinotecanic) for refractory colorectal

cancer Several other camptothecin analogues are also in

various stages of clinical trials. O,
While the lactone E ring of camptothecins is essential in

targeting DNA topoisomerase’lthe ABCD ring core can
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CD ring core® We now report the use of the chemically more
robust nitrile group to replace the chemically labile isonitrile

reported previously This process was employed in generat-
ing a benzannulated enynallene system for subsequent

group in a conjugated system to produce the parent andtransformation to an indeno-fusedi4juinolizin-4-onet®2
substituted ABCD ring cores in a single cascade sequenceHowever, initial attempts to use potassiuert-butoxide

The synthetic sequence involved tNealkylation of 2,
readily prepared from either 2-bromo- or 2-chloro-6-meth-
oxypyridine! with 3-bromo-1-phenylpropyne using Curran’s
protocof to produce 1,6-dihydro-6-oxo-(3-phenyl-2-propy-
nyl)-2-pyridinecarbonitrile §a) in 86% yield (Scheme 1).
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Treatment oBawith a catalytic amount of 1,8-diazabicyclo-
[5.4.0]undec-7-ene (DBU, 5 mol %) in 1,2-dichlorobenzene
at 110°C for 12 h produced indolizino[1,B}quinolin-9-
(11H)-one Ga),’>°the parent ABCD ring core of camptoth-
ecin, in essentially quantitative yield. In the absence of DBU,
no reaction occurred arghwas recovered. With 1 equiv of
DBU, the reaction was complete with2 h at 120°C. Pre-
sumably, the transformation froBato 6ainvolved an initial
1,3-prototropic rearrangement to form the corresponding al-
lenic intermediateta. A subsequent intramolecular hetero
Diels—Alder reaction to fornba followed by a second pro-

totropic rearrangement to regain aromaticity then produced

6a

The use of a base, such as potassient-butoxide or
sodium hydroxide, to promote the acetylersdlene rear-
rangement ofN-substituted propargyl amides has been
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resulted in complete consumption 8k but without the
formation of 6a. Exposure of3a to triethylamine in 1,2-
dichlorobenzene at 12TC for 27 h produced only a small
guantity of6éawhile large portions oBaremained unreacted.
The success of DBU in catalyzing the reaction may be
attributed to its stronger basicity than that of triethylarine
but gentler nature than potassiuart-butoxide.

The involvement of the nitrile group in the apparent
intramolecular hetero-DietsAlder reaction ofda is worth
mentioning. Unactivated nitriles are known to be very
resistant to the DielsAlder reactions? However, electron-
deficient nitriles, such gg-toluenesulfonyl cyanide and ethyl
cyanoformate, are good dienophiles, capable of undergoing
Diels—Alder reactions at ambient temperatdtd.he nitrile
group indais in conjugation with the 2)-pyridone system,
presumably making it more reactive for the Dielslder
reaction. The involvement of an allenic moiety as a part of
the diene component may also enhance the propensity for
the Diels-Alder reaction'3

The use of the intramolecular hetero-Dielslder strategy
as an efficient way to construct the BC rings of camptoth-
ecins has previously been demonstrated in a formal synthesis
of camptothecin involving the cycloaddition reaction between
anN-arylimidate and an unactivated alkyne as a key &tep.
The intramolecular cycloaddition reaction between Nin
arylimine and an unactivated alkyne has also found success
in the synthesis of a camptothecin precur$dn these two
cases, the heteroatom is on the diene component. Our
approach of using a nitrile group for intramolecular cycload-
dition with an arylallenic moiety is unique in that the
heteroatom is on the dienophile.

An alternative mechanism to the concerted Digddder
reaction in producingamay involve a stepwise mechanism
with the formation of biradicara from 4a followed by an
intramolecular radicatradical coupling to giveba (eq 1).
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benzannulated enynallene systed® and aza-analogu¥’s
to form the correqupding benzqfulvene and related biradicalstgpie 1. Synthesis of 1-(3-Aryl-2-propynyl)-1,6-dihydro-6-
under thermal conditions. A similar benzannulated enatiene  4xo.2-pyridinecarbonitriles and Indolizino[1{gquinolin-9-
nitrile case was also reportétialthough other examples  (11H)-ones

failed to generate biradical®The use oB to generate radical
9 for the radical cyclization reactions was found to be 1-(3-aryl-2-propynyl)-1,6-dihydro- indolizino[1,2-b]quinolin-

successful in producinga (Scheme 2J2 A radical reaction ~ 6-0xo-2-pyridinecarbonitriles 9(11H)-ones*
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pathway involving phenyl isonitrile and a 2-pyridonyl radical MeO 7 X | MoO. o
was also reported for the construction of the ABCD ring N W
core?® 3d, 84% g
By using the propargyl bromides having one or two 6d \s
methoxyl groups on the phenyl substituent at the alkynyl (6d : 6d =4 :3)
terminus and again employing Curran’s protocol for the 0
N-alkylation with 2, four different 2(H)-pyridones3b—e OMe N OMe
were obtained (Table 1). Treatment &6 with 1 equiv of MeO ~ x | Meo | X 0
DBU at 120°C gave the only possible produgb within 2 N%C NG N
h in essentially quantitative yield. A single prodéctwas 3e, 76% 6e \_/

also derived fron8c. Apparently, the Diels Alder reaction
or the intramolecular radicalradical coupling step did not
involve the ortho carbon bearing the methoxyl group. gequence also allows easy placement of a variety of substit-
However, in the case dd, a mixture of the regioisomers |,ants on the ABCD ring core.

6d and6d'1* (4:3) was produced. The structure & was

a Quantitative yields.
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In conclusion, a new synthetic pathway to the parent and
substituted ABCD ring cores of the camptothecin family of
alkaloids was developed. The need to use only DBU to
induce the cyclization process producing essentially quantita-
tive yields of the cyclized adducts under mild thermal
conditions is particularly attractive. The convergent synthetic
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