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ABSTRACT

A formal enantioselective synthesis of allocolchicine and a synthesis of a C-ring analogue have been achieved by employing an intramolecular
direct arylation of an aryl chloride to form the biaryl carbon −carbon bond and the seven-membered ring.

Microtubule depolymerizing agents such as colchicine1 are
promising leads in the search for new antitumor agents.1

Unfortunately, their toxicity has limited their use in the
treatment of human neoplasms and has prompted the search
for derivatives with a greater therapeutic window. The
allocolchicines, which are biphenyl analogues of the naturally
occurring1, show promise in this respect. Unfortunately, the
majority of synthetic approaches to allocolchicines com-
mence with colchicine itself,2 thus severely limiting the type
and position of structural variation and hindering the
development of more potent analogues.

The tricyclic core and seven-membered ring of allocolchi-
cine2 present special challenges. Indeed, the only previous
asymmetric total synthesis of2 first establishes the A- and

B-rings and then introduces the C-ring.3 As part of a program
examining the functionalization of unactivated substrates,4

we chose to examine the suitability of direct arylation in the
synthesis of2. We envisioned that an efficient enantio-
selective synthesis of2 could be achieved by elaboration of
commercially available5 via two halide-selective cross-
coupling reactions, an asymmetric ketone reduction and a
palladium-catalyzed intramolecular direct arylation reaction
(Scheme 1). Ring-C analogue35 could be prepared via an
analogous route.

Such an approach would push catalytic direct arylation6-8

onto challenging ground since it requires the formation of a
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seven-membered ring via direct arylation, which is exceed-
ingly rare.9,10 Additionally, the use of5 as the starting
material necessitates the use of an aryl chloride as a coupling
partner in the direct arylation. In contrast to other reaction
classes,11 aryl chlorides have been scantly examined in these
processes,12 and the majority of applications in synthesis have
relied on aryl iodides13 and triflates.14,15

In this letter we describe the realization of these goals.
As a result of these efforts, we have uncovered an important
link between the amount of dehalogenation, which occurs
as an unwanted side reaction in challenging arylations, and
the ligand-to-palladium ratio. These observations should
prove to be useful in other challenging direct arylation
reactions. Furthermore, the successful application of this
method in synthesis of2 should provide us and others with
confidence to consider these transformations in the synthesis
of other, even more complex molecules.

The synthesis of direct arylation substrate6 is outlined in
Scheme 2. A Sonogashira cross-coupling between alkyne416

and arene5 in the presence of 1 mol % PdCl2(PPh3)2, 3 mol

% copper iodide, and 1.5 equiv of triethylamine in THF at
room temperature occurs with excellent selectivity for the
acyl chloride moiety, giving7 in 92% yield leaving the aryl
chloride and bromide functionalities intact for subsequent
elaboration.17,18 Of the methods for asymmetric ketone
reduction examined, the combination of (S)-pinene and
9-BBN as the chiral reductant19 followed by treatment with
sodium hydroxide and hydrogen peroxide produced the best
results. Using these conditions, we prepared alcohol8 in 80%
yield and 97% ee, and subsequent protection gave the
methoxymethyl (MOM) ether9 in 94% yield. Selective
hydrogenation of the alkyne was performed with diimide
generated in situ by the treatment of9 with 4-toluenesulfon-
hydrazide and sodium acetate in a DME/water mixture to
give 10 in greater than 95% yield.20

A second halide-selective palladium-catalyzed reaction
employing 5 mol % PdCl2(PPh3)2, methanol, and potassium
carbonate under 5 atm of carbon monoxide in DMF at 95
°C21 creates the ester functionality and provides6 in 82%
isolated yield, preserving the aryl chloride functionality for
the key direct arylative carbon-carbon bond-forming step.

A similar pathway, employing arene11, was used to
prepare the direct arylation precursor15 lacking the ester
functionality. As outlined in Scheme 2, a halide-selective
Sonogashira followed by an (S)-pinene/9-BBN reduction,
MOM protection, and diimide alkyne reduction under
conditions similar to those employed in the preparation of6
provided aryl bromide15 in good yield and 97% ee.

With the direct arylation precursors in hand, the key
cyclization step was investigated (Scheme 3). Initial opti-
mization experiments were performed on aryl chloride6.
Under previously reported conditions,4 up to 92% conversion
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Scheme 1. Intramolecular Direct Arylation as a Synthetic Strategy and Retrosynthetic Analysis
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of the starting material could be obtained. Unfortunately, the
desired biaryl16 was generated along with an unacceptable
amount of a hydrodechlorinated byproduct17 (approximately
20%). This prompted a reinvestigation of all the reaction
parameters. The majority of these efforts gave inferior
conversions and/or direct arylation-to-reduction ratios. We
also found that the use of equimolar quantities of (IPr)Pd-
(OAc)2(OH2) and IPr‚HCl (1,3-bis(2,6-diisopropylphenyl)-
imidazolium chloride) failed to induce selective ring clo-
sure.22

After significant experimentation, a promising trend was
uncovered. With ligand18,23 it was noted that the amount

of reduced byproduct17 is dependent on the ratio of
palladium to ligand used. For example, when 4 equiv of
ligand18 is used relative to Pd(OAc)2, the reduced product
17 predominates with a ratio of 0.3:1 (entry 1). Conversely,
when a 1:1 Pd:ligand ratio is employed, the ratio improves
slightly to 5:1 in favor of16 (entry 3). Unfortunately, this
improvement comes at the expense of overall conversion
since only 15% conversion is obtained when a 1:1 ligand
18 to palladium ratio is used.

To improve the low conversion, this trend was investigated
with other ligands. We were gratified to find that with
dicyclohexylphosphino biphenyl ligand19, the ratio of

Scheme 2. Synthesis of Direct Arylation Substrates6 and15a

a Conditions: (a) 1 mol % PdCl2(PPh3)2, 3 mol % CuI, Et3N, THF, rt. (b) (i) (S)-pinene, 9-BBN, THF, reflux; (ii)7 or 12, rt; (iii) NaOH,
H2O2. (c) NaH, CH3OCH2Br, THF, 0°C to room temperature. (d) NH2NHSO2C6H4CH3, AcONa, DME/H2O, reflux. (e) 5 mol % PdCl2(PPh3)2,
K2CO3 (3 equiv), MeOH (15 equiv), DMF, CO (5 atm), 95°C.

Scheme 3. Direct Arylation Optimizationa

a Conditions: 6, Pd(OAc)2 (10 mol %), ligand (10-40 mol %), K2CO3 (2 equiv) dissolved in DMA and heated to the indicated temperature
for 14-16 h.bDetermined by NMR of the crude reaction mixture.
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16:17could be improved from 3:1 (entry 5) to 12:1 (entry
6) by changing from a 2:1 ligand:Pd ratio to a 1:1 ligand:Pd
ratio. Importantly, with ligand19,24 an improved but still
moderate conversion to product was achieved, 64% (entry
6). Fortunately, this could be significantly improved by
increasing the reaction temperature to 145°C. Under these
new conditions, up to 94% conversion can be obtained by
employing a 1:1 ligand19:Pd ratio, and by heating the
mixture at 145°C, a synthetically acceptable ratio of16:17
of 14:1 is obtained, providing16 in 73% isolated yield as a
10:1 mixture of atropisomers (Scheme 4).25 Deprotection of
the MOM ether by treatment with HCl in methanol provides
alcohol21 in 94% yield and 97% ee, which can be converted
to 2 as described by Wulff.3

We were also gratified to find that these new direct
arylation conditions could be applied to the cyclization of
aryl bromide15 to give ring-C variant20. MOM deprotection
to give22and subsequent Mitsunobu inversion of the alcohol
by treatment with Zn(N3)2‚pyridine, diisopropyldiazodicar-
boxylate and triphenylphosphine in toluene at room temper-
ature provides azide23 in 76% yield with perfect preserva-
tion of the enantiomeric excess, 97% ee. Azide reduction
with LiAlH 4 in THF and formation of the acetamide by
treatment with acetic anhydride and catalytic DMAP provides
allocolchicine ring-C analogue35 in 75% yield for the two
steps.

In conclusion, we have achieved an enantioselective formal
synthesis of allocolchicine2 by making use of two halide
selective functionalizations, an asymmetric ketone reduction
and an intramolecular direct arylation of an aryl chloride to
form the seven-membered ring and the biaryl linkage. The
success of this final step required a reinvestigation of the

reaction conditions and uncovered an important link between
the ratio of ligand to palladium employed and the amount
of undesired hydrodehalogenated byproduct that was pro-
duced. This strategy was also employed in an asymmetric
total synthesis of ring-C analogue3.
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Scheme 4. Completion of the Synthesesa

a Conditions: (a) 10 mol % Pd(OAc)2, 10 mol % ligand19,
K2CO3, DMA, 145 °C; (b) MeOH, HCl, relux, 1 h; (c) Zn(N3)2‚
pyridine, DIAD, PPh3, PhMe, rt; (d) LiAlH4, THF, rt; (e) Ac2O,
Et3N, DMAP (cat), DCM. DIAD) diisopropyldiazodicarboxylate.
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