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Electrophilic tricarbonyl[(1,2,3,4,5-g)-cyclohexadienyl]iron(1+) salts that incorporate methoxy and
2-ethanoyl ester substituents have been prepared, and the regiochemistry of their reactions with
nucleophiles in arylation reactions has been examined using the model nucleophile diphenylzinc.
The 1-carbomethoxymethyl-2-methoxy salt 1 reacts selectively by the x addition pathway, but
the 2-carbomethoxymethyl-3-methoxy salt 9 gave a 6:1 mixture of x and a addition products. The
1-carbomethoxymethyl-2-methoxy regioisomer 1 was prepared in >95% purity without recourse to chro-
matography and shows the correct regiocontrol for use as a starting material in organoiron-mediated
routes to alkaloids such as lycorine and parkacine.

� 2012 Elsevier Ltd. All rights reserved.
Our work to establish the use of stereodominant organoiron
control groups1 as a general method of asymmetric synthesis
has, over the last decade, focused on a series of alkaloids2 which
are structurally diverse and yet, through related biogenesis, con-
tain the same substructure components. For example, lycorine3

and hippeastrine4 differ from lycoramine5,6 and maritidine6,7 in
the relative positions of the arene and a two-carbon side-chain
(Fig. 1). Conventional synthesis design would analyse the activa-
tion effects of substituents in each of these structures to choose
disconnections based on natural or umpolung polarities,8 or radical
methods. Strategies for stereocontrol are typically based on the
properties of the substitution pattern in intermediates, or external
chiral auxiliaries. When transition metal control groups are used,
substituents on the ‘working ligand’9 remain important, but in a
different way. The chirality is present in the planar chirality of me-
tal complex, and the substituents are crucial for regiocontrol, but
stereocontrol is entirely derived from the metal.10 Understanding
the regiodirecting effects of substituents in new combinations on
the working ligand is a prerequisite for the reliable planning of
ll rights reserved.

x: +44 1 603 259396.
phenson).
new synthetic routes to incorporate efficiently the working ligand
into the target structure.

We describe here a series of studies that explore the properties
of electrophilic tricarbonyl[(1,2,3,4,5-g)-cyclohexadienyl]-iron(1+)
salts that incorporate methoxy and 2-ethanoyl ester substituents
in different relative positions on the cyclohexadienyl ligand. For
example, the isomers 1 and 2 (Fig. 2) are expected to be suitable
for synthetic routes to lycorine3 and parkacine,11 based on the x-
directing property of the OMe group at C-2. The regioisomer 1 is
known from our earlier work12 that studied the ipso directing ef-
fect of a 1-methoxy substituent in the g5 series, but was obtained
by an inconvenient route that required separation of regioisomers
of the intermediate neutral g4 diene complexes.

To launch a major synthetic route to our chosen target mole-
cules, we wanted access to the difunctionalised cyclohexadienyl-
iron complexes that could be performed without chromatography.
Starting from 2-methoxybenzyl cyanide (3), we used a Pinner reac-
tion (Scheme 1) to prepare 1-methoxy-2-(2,2,2-trimethoxyeth-
yl)benzene13 on a 20 g scale. Birch reduction followed by
complexation of 1,4-diene with pentacarbonyliron at reflux in
di-n-butyl ether gave the expected mixture of two 1,3 diene com-
plexes 4 and 5 (box: Scheme 1) in a 2:1 ratio. Hydride abstraction
followed by hydrolysis was performed on the mixture of regioisom-
ers to produce 114,15 (>95% purity16) which was separated from the
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Figure 2. Proposed retrosyntheses for lycorine and parkacine.
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Figure 1. Structural features of target alkaloids for iterative organoiron-mediated synthetic routes (the ring to be introduced as the ‘working ligand’ is highlighted in bold).
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major 1-methoxy regioisomer by the standard hydrolysis method.17

In this way, the required salt can be precipitated and the neutral die-
none (presumably 618) is separated by extraction into ether. The
reaction sequences described here were performed on the racemic
series.19

The well-established regiocontrolled demethoxylation ap-
proach21 offers a more iterative alternative, starting from the 2,4-
dimethoxycyclohexadienyl complex 722 (Scheme 2), reaction with
1-trimethylsilyloxy-1-methoxyethene23 gave 815 which was
demethoxylated using trifluoroacetic acid at 0 �C. The product
915,24 was precipitated as a single regioisomer with ammonium
hexafluorophosphate. Reduction of 9 (NaBH4 in MeCN) gave a 1:1
mixture of the regioisomeric diene complexes 10 and 1115 (box:
Scheme 2). Hydride abstraction gave the alternative regioisomer
225 of the target salts (Fig. 2) as a mixture with 1 and 9.

Both salts 1 and 2 have 2-methoxy substituents, so unlike the 1-
methoxy series used in our syntheses of O-methyl joubertiamine,
mesembrine, lycoramine, and maritidine, which employed arylli-
thium reagents as nucleophiles, organozinc reagents were ex-
pected26 to be more suitable in this study. The simple
diphenylzinc nucleophile was chosen as a benchmark to investi-
gate the regiocontrol effects in the series of dienyl cations 1, 2,
and 9. Reaction of 1 with diphenylzinc gave the expected x addi-
tion product 1227 (mp 62–66 �C; found m/z found 399.0530
[M+H]+; C19H19FeO6 requires 399.0531). The strong x directing ef-
fect of the OMe group, and the weaker (steric) x directing effect of
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CH2CO2Me are mutually supporting in this example. A trace (<4%)
of a second regioisomer was observed in the 1H NMR spectrum of
the product. To identify it, NMR spectra were recorded for products
obtained by diphenylzinc addition to salt 9 and to the mixture of
salts 1, 2, and 9 shown in Scheme 2. From 9, a 6:1 mixture of regioi-
somers28,29 was obtained, with the major product resulting, as ex-
pected, from addition of the phenyl ring by the x addition
pathway. The corresponding reaction with the mixture of 1, 2,
and 9, gave 12 as the major product (Scheme 3). The minor prod-
uct30 (7:2 ratio) from this reaction corresponded to the trace impu-
rity from the reaction of 1. This product is formed by the addition
of the phenyl group x to the 2-methoxy directing group in 2.

The differences in regioselectivity reported here are consistent
with the strong x directing influence of 2-methoxy groups on g5

working ligands, and confirm that salt 1 is suitable as a starting
point for synthetic applications provided that deprotonation of
the methylene group next to the ester in the C-1 substituent can
be adequately controlled, since the directing effects of both substit-
uents are mutually reinforcing. In the case of 9, the methoxy group
is centrally placed and so is not a regiodirecting group, and only the
weak directing influence of the C-2 CH2CO2Me group is present. In
the case of 2, the CH2CO2Me group is centrally placed and only the
strong x directing effect of the C-2 methoxy group influences the
regiocontrol of the reaction.

In conclusion, the x addition pathway for transfer of an aryl
group from diphenylzinc to the cyclohexadienyliron complex 1
has been confirmed, preparing the way for more detailed investiga-
tions with functionalised diarylzinc reagents bearing dimethoxy,
methylenedioxy, benzyl ether, and amine substituents (see Fig. 2)
for synthetic routes to targets such as lycorine and parkacine.
The difunctionalised tricarbonyl[(1,2,3,4,5-g)-cyclohexadie-
nyl]iron(1+) salts 1 and 9 have been prepared in >95% purity by
reaction sequences that avoid the need for chromatography and
so are suitable for scale-up.16 The salt 9 lacked complete regiose-
lectivity when used in combination with diphenylzinc.
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