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Synthesis and bioevaluation of 22-hydroxyacuminatine analogs
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Abstract—A series of 22-hydroxyacuminatine analogs was prepared by using different Friedländer condensations. Several of the new
compounds were tested for antiproliferative activity on cancer cell lines and for topoisomerase I inhibitory activity.
� 2008 Elsevier Ltd. All rights reserved.
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Figure 1. Structures of camptothecin, its analogs, and 22-

hydroxyacuminatine.
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Camptothecin-family alkaloids and their derivatives
have attracted enormous attention from both academic
and pharmaceutical research groups due to their potent
antiproliferative activities.1 The archetype of this family,
camptothecin (1),2 acts as a selective poison of DNA
topoisomerase I (Fig. 1).3 Several AB-ring substituted
analogs of this molecule are among the most potent
drugs used in cancer chemotherapy: Topotecan (2)4

and Irinotecan (3)5 have been approved as antineoplas-
tic agents and a number of other analogs of 1 are cur-
rently in clinical trials.6

22-Hydroxyacuminatine (4)7 is structurally similar to
camptothecin, albeit lacking the lactone motif in the E
ring. This alkaloid was isolated in extremely low yield
(0.000006%) from Camptotheca acuminata and was
shown to have significant in vitro cytotoxic activity
against the murine leukemia P-388 and KB (ED50 1.32
and 0.61 lg/mL, respectively).

So far, only a few total syntheses of this alkaloid have
been described and most of them are not easily adapted
for producing analogs.8

We have recently developed an efficient and flexible ap-
proach to 22-hydroxyacuminatine starting from hydro-
xy pyridone 5.8c As summarized in Scheme 1, the
synthesis of the natural product 4 was achieved by
reduction of ester 8, which could be produced by a
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Scheme 1. Reagents and conditions: see Ref. 8c.
Friedländer condensation of the key tricyclic compound
6 with an o-aminobenzaldehyde surrogate 7.
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In this paper, we report the synthesis of a series of ana-
logs of 4, taking advantage of the flexibility inherent in
our previous work. For several derivatives, in vitro anti-
proliferative activities on human cancer cell lines and
topoisomerase I inhibitory activity have been measured.

The synthesis of the keto pyridone 6 was conducted by
using our previously described route, but with a modifi-
cation of the oxidation at the benzylic-like position. The
transformation of 9 into 6, initially achieved in two
steps, is now effected in a single step under aerobic con-
ditions in the presence of N-hydroxyphthalimide
(NHPI) and CuCl.9 This new procedure avoids the use
of toxic selenium dioxide and improves the reproducibil-
ity of the transformation (Scheme 2).

Next, a series of masked substituted o-aminobenzalde-
hydes 12a–d was prepared by condensation of p-tolui-
dine with o-nitrobenzaldehydes, followed by sodium
sulfide reduction.10 The resulting arylimines were then
treated with keto pyridone 6 under Friedländer condi-
tions to afford the corresponding pentacyclic esters
13a–d11 in serviceable yields (Scheme 3).

It had been hoped that these esters could be converted
into the corresponding hydroxymethylated derivatives
Scheme 3. Reagents and conditions: (a) p-toluidine, EtOH, reflux, 2 h

(63–99%); (b) Na2SÆ9H2O, EtOH, reflux, 2 min (60–69%); (c) 6, PhMe,

p-TsOH, reflux Dean–Stark (30–53%); (d) Dibal-H, CH2Cl2, �78 �C

(56%).
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Scheme 2. Reagents and conditions: (a) SeO2, dioxane, reflux; Dess–

Martin periodinane, CH2Cl2 (75%, 2 steps); (b) O2, CuCl, NHPI,

CH3CN, 35 �C (75%).
by using Dibal-H in dichloromethane at low tempera-
ture, as for the preparation of natural product 4. How-
ever, due to their very poor solubility, the reduction of
these esters proved to be inefficient. Only compound
13b could be transformed into 14b in reasonable yield.12

In order to synthesize also a series of analogs bearing
substituents on both the A and B rings, a number of
o-aminoketones 16a–g were prepared. The synthesis of
these substrates was effected by direct acylation of
substituted anilines,13 as outlined in Scheme 4. The
Friedländer condensations were then performed as in
the previous series, but the corresponding pentacyclic es-
ters 17a–g were obtained in higher yields.14 Esters 17b,
17e, and 17g were next reduced by exposure to Dibal-
H to afford the corresponding alcohols.15

Some of the pentacyclic compounds herein obtained
were selected for biological evaluation (see Table 1).
The antiproliferative activities against three human can-
cer cell lines (DU145, Mia PaCa, and HT29) were com-
pared with those of 22-hydroxyacuminatine (4) and SN-
38.

As can be seen, no effect on cellular proliferation could
be detected against the colorectal cancer cell line HT29.
Only compounds 18b and 18g showed slight activity
against prostate cancer cell line DU145. However, most
of the tested compounds were active against pancreatic
carcinoma Mia PaCa, with IC50 values ranging from
0.81 to 1.99 lM.16

In the ester series, the introduction of substituents on
the quinoline ring system does not seem to be beneficial
Scheme 4. Reagents and conditions: (a) BCl3, R3CN, GaCl3, CH2Cl2,

reflux, 24 h (45–81%); (b) 6, p-TsOH, PhMe, reflux Dean–Stark, 5 h

(64–93%); (c) Dibal-H, CH2Cl2, �78 �C, 5 h (26–60%).



Table 1. In vitro cytostatic activity against various cell lines

Compound DU145

IC50
a (lM)

Mia PaCa

IC50
a (lM)

HT29

IC50
a (lM)

8 nab 1.01 na

14b na 1.70 na

17a na 1.99 na

17b na na na

17c na 1.40 na

17e na 1.81 na

17f na 1.35 na

17g na 1.50 na

4 na 1.01 na

18b 1.81 0.81 na

18e na 1.14 na

18g 1.69 0.81 na

SN-38 0.004 0.006 0.012

a Concentration necessary for 50% of cell growth inhibition after 96 h

of incubation.
b Not active at concentrations up to 2 lM.
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for biological activity, while in the hydroxymethyl series,
the presence of these substituents showed negligible
influence.

In addition, topoisomerase I inhibitory activity assays
with the same derivatives17 were carried out using the
supercoiled DNA unwinding method.18 Only com-
pounds 8, 17g, and 18g revealed some inhibitory activ-
ity, but much lower than that of camptothecin (used
as the positive reference).

It should be pointed out that all of the tested com-
pounds have low solubility in DMSO. As the maximum
tested concentrations used in both biological studies
were limited by the final DMSO concentrations in the
assay mixtures (4% or 5%), in some cases the activity
could not be quantified.

In summary we have used the flexibility of our synthetic
approach to prepare a variety of 22-hydroxyacumina-
tine analogs. We have also performed the first struc-
ture–activity relationship study of this cytotoxic
alkaloid. None of the tested compounds proved signifi-
cantly more active than the natural product 4.
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