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ABSTRACT

Following an A f ABC strategy, a new synthesis of 6-oxa-allocolchicinoids was developed exploiting a microwave-promoted Co- or Rh-
catalyzed intramolecular [2 + 2 + 2]-cycloaddition (alkyne cyclotrimerization) as a key step. The approach opens a short and efficient access
to a variety of novel compounds, some of which were found to exhibit significant and selective apoptosis-inducing activities against BJAB
tumor cells.

Small molecules influencing the polymerization of tubulin
(microtubule formation) are of great interest as potential
new anticancer drugs.1 One of the oldest known tubulin-
binding agents is colchicine (1),2 which induces micro-
tubule depolymerization and is used as a drug against acute
gout and familial Mediterranean fever.3 While the high
general toxicity of 1 prohibits its use in cancer therapy,
its structure with the unique tricyclic scaffold represents
an interesting lead for the development of new anticancer
drugs targeting tubulin.1

Allocolchicine (2) and related compounds, such as the
colchinol derivative ZD6126 (3),4 also exhibit promising
biological activities5 and are easier to handle due to the lack
of the sensitive tropolone ether moiety. Thus, the develop-
ment of synthetic approaches toward allocolchicine-related
compounds represents a relevant task.6

† University of Cologne.
‡ Humboldt University Berlin.
(1) Jordan, M. A.; Wilson, L. Nature ReV. Cancer 2004, 4, 253–265.
(2) Selected reviews on colchicine chemistry: (a) Capraro, H. G.; Brossi,

A. In The Alkaloids; Brossi, A., Ed.; Academic Press: Orlando, 1984; Vol.
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Figure 1. Colchicine (1), allocolchicine (2), and ZD6126 (3).
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We have recently demonstrated in a total synthesis of 17

that intramolecular cycloaddition strategies (following an A
f ABC scheme) allow for the efficient construction of ring
systems related to colchicine. We here disclose the applica-
tion of a related concept to the synthesis of 6-oxa-allocolchi-
cinoids of type 4, some of which were found to possess
pronounced apoptosis-inducing properties.

Our synthetic concept is outlined in Scheme 1. Exploiting
a metal-catalyzed intramolecular [2 + 2 + 2]-cycloaddition
(Reppe-Vollhardt alkyne cyclotrimerization)8 as a key step,
the target molecules would be derived from triynes of type
5. These in turn could be assembled in a straightforward
fashion (via 6) starting from readily accessible precursors
of type 7. Besides requiring only a few linear steps, such a
scheme would open access to a rather broad diversity of new
allocolchicinoids (especially with respect to the ring C
substitution pattern). Moreover, by means of a substituent
R at ring B a conformational bias could be induced to also
predetermine the biaryl twist.9

The preparation of the required phenylacetylene building
blocks of type 6 started with the Ag(CF3CO2)-promoted
iodination10 of aldehyde 8a and ketone 8b (Scheme 2). The
resulting products (7a and 7b) were then used for the

introduction of the first alkyne moiety through Sonogashira
cross-coupling using PdCl2(PPh3)2 and CuI as catalysts.11 It
is noteworthy that aldehyde 7a reacted smoothly at room
temperature in THF to give 9a in high yield, whereas heating
to 60 °C in DMSO was necessary to obtain full conversion
in the case of 7b. The carbonyl compounds 9a and 9b were
then treated with NaBH4 and KF in methanol (one-pot
procedure) to afford the alcohols 6a and rac-6b, respectively.
In addition, treatment of alcohol 6a with iodine in the
presence of PPh3 and imidazole12 cleanly afforded the iodide
10 as an alternative building block.

The next task was the preparation of cyclization precursors
of type 5 (compare Scheme 1). First experiments in this
direction were performed employing building block rac-6b,
which was efficiently O-alkylated by the propargylic bro-
mides 11 and 13 to afford the products rac-12 (after THP
cleavage) and rac-14, respectively, in good yield (Scheme
3). The nitrogen-containing triynes rac-17 and rac-18 were
then prepared by reaction of rac-12 with the sulfonamides
15 and 16 under Mitsunobu-type conditions.13 Remarkably,
all attempts to directly O-alkylate rac-6b with the tosyl-
protected amine-analog of bromoether 13 only led to a
complex mixture of “polymeric” products, which is why the
synthesis of rac-17 and rac-18 had to be performed under
nonbasic conditions via the three-step sequence described
(Scheme 3).

The synthesis of the cyclization precursors 24-28 (for-
mally derived from the primary benzylic alcohol 6a) was
efficiently achieved by NaH-promoted reaction of the ben-
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Scheme 1. Retrosynthetic Analysis

Scheme 2. Preparation of Phenylacetylene Building Blocks
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zylic iodide 10 with the diynols 19-23 (Scheme 4). As the
sulfonamide 23 proved to be rather base-sensitive, its
alkoxide (NaH, 0 °C) was immediately trapped by addition
of 10 to give 28 in at least 40% yield.

Having established reliable entries to various cyclization
precursors the stage was set to investigate the key [2 + 2 +
2]-cycloadditions (Scheme 1). As promising catalysts we
selected RhCl(PPh3)3 and CpCo(CO)2.

8 Initial trials under
conventional thermal conditions gave only disappointing
results, however, the cyclotrimerization reaction proceeded
well under microwave (µw) conditions.14

The results of various experiments are summarized in
Scheme 5. All reactions were performed in sealed microwave
vessels in degassed solvents under control of temperature
and pressure. As a first substrate, we studied triyne rac-14,
which afforded the product rac-29 in 52% yield upon heating
with of RhCl(PPh3)3 (10 mol %) in toluene (µw, 80 °C, 300
W) for 30 min (conditions A). Using CpCo(CO)2 (20 mol

%) as a catalyst and chlorobenzene as a solvent, rac-29 was
obtained in 65% within 30 min (µw, 150 °C, 300 W), and
the yield could be further improved to 85% by adding PPh3

(40 mol %) in order to stabilize the cobalt species during
the catalytic cycle (conditions B).15 Under the same condi-
tions (B), triynes rac-17, 24, 25, 26, and 28 and the
cyanodiyne 27 were all smoothly cyclized to give the
different allocolchicinoids in typically 70% yield (Scheme
5). Only in the case of the N-nosylated substrate rac-18, the
Rh-catalyzed process (conditions A) gave better yields of
the product rac-35, while the corresponding N-tosyl com-
pound rac-34 was obtained in 70% yield under co-catalysis
(conditions B).

The tetracyclic structures of the 6-oxa-allocolchicinoids
(29-36) were in accordance with the NMR spectrocopic
data, and the assignments were additionally confirmed
through X-ray crystal structure analysis of 30. The structure
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Scheme 3. Preparation of Cyclization Precursors rac-14, rac-17,
and rac-18

Scheme 4. Preparation of Cyclization Precursors 24-28

Scheme 5. Key [2 + 2 + 2] Cycloaddition Experiments

a A: RhCl(PPh3)3 (10 mol %), toluene, µw (300 W), 30 min, 80 °C,
sealed tube. B: CpCo(CO)2 (20 mol %), PPh3 (40 mol %) chlorobenzene,
µw (300 W), 30 min, 150 °C, sealed tube.
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of 30 shows a conformational twist of ca. 44° along the biaryl
axis (Figure 2).

The effect of allocolchicinoids rac-29, 30, 31, 32a,16 and
33 on BJAB tumor cells (Burkitt-like lymphoma cells) was
then studied in vitro. It was found that rac-29, 30, and 31
significantly inhibit proliferation and induce apoptosis at
lower micromolar concentrations, whereas 32a and 33 proved
to be little or not active (Table 1).17 In the range of good
efficacy (AC50) the allocolchicinoids rac-29, 30, and 31
exhibited only low cytotoxicity after 1 h (as determined by
LDH release).

Figure 3 illustrates the induction of apoptosis in BJAB
cells induced by 30, i.e., the most active one of the
compounds investigated. At 10 µM 50% of the cells showed
the DNA damage typical for apoptosis, and nearly all cells
died at a concentration of 20 µM (Figure 4).18

In conclusion, we have elaborated a particularly short (six
linear steps) and efficient synthetic route to a new class of
tetracyclic 6-oxa-allocolchicinoids exploiting a microwave-
induced metal-catalyzed intramolecular [2 + 2 + 2]-cy-
cloaddition. In the key step a remarkable amount of
molecular complexity (three new rings, including the twisted
seven-membered ring) is efficiently generated in one single
step. The methodology paves the way to a rather broad
variety of new allocolchicinoids. Moreover, first biological
data suggest that this new class of allocolchicinoids repre-
sents a promising lead for further investigations. Current
studies focusing on the induction of apoptosis in multiple-
drug-resistant cells, and tumor reduction in vivo will be
communicated separately in due course.
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(16) Compound 32a (R ) H) was obtained in 88% yield from 32 by
treatment with catalytical amounts of p-TsOH in methanol.
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Supporting Information); see also: Wieder, T.; Prokop, A.; Bagci, B.;
Essmann, F.; Bernicke, D.; Schulze-Osthoff, K.; Dörken, B.; Schmalz, H.-
G.; Daniel, P. T.; Henze, G. Leukemia 2001, 15, 1735–1742.

(18) The involvement of the mitochondria as an early sign of apoptosis
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membrane potential ∆Ψm (see Supporting Information).

Figure 2. Structure of 30 in the crystaline state.

Table 1. Apoptosis-Inducing Activity of New Allocolchicinoidsa

entry allocolchicinoid apoptosis induction (AC50)b

1 rac-29 60 µM
2 30 10 µM
3 31 40 µM
4 32a nac

5 33 nac

a Apoptotic cell death was determined after 72 h by a modified cell
cycle analysis, which detects DNA fragmentation on the single cell level
(see Supporting Information). For measurement of DNA fragmentation cells
were seeded at a density of 1 × 105 cells/mL and treated with different
concentrations of the allocolchicinoids ranging from 10 to 100 µM. b AC50:
50% apoptotic cells in culture. c na ) not achieved; 100 µM of 32a induced
31% apoptosis, 100 µM of 33 induced 3% apoptosis.

Figure 3. Morphology of BJAB cells (×500): (left) untreated;
(right) apoptotic cells after treatment with 30 (20 µM) for 48 h.

Figure 4. Apoptosis of lymphoma cells (BJAB) induced by different
concentrations of 30 after 72 h.
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