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Abstract: A Heck reaction system incorporating Ph4PCl and using
bromoarenes  as  substrates has  enabled  the  syntheses  of   the
conformationally constrained phenylalanine analogues Hic and Nic
to be dramatically shortened thus facilitating  the  production  of
significant quantities of these amino acids.
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Conformationally constrained analogues of amino acids
are useful tools in the design of more selective and/or
more potent peptides as enzyme inhibitors, and agonists
or antagonists at receptors.2 We recently reported the first
syntheses of the conformationally constrained phenylala-
nine analogues 2,3,4,5-tetrahydro-1H-3-benzazepine-2-
carboxylic acid (Sic), 1,2,3,4,5,6-hexahydro-3-benzazo-
cine 2-carboxylic acid (Hic) and 2,3,4,5,6,7-hexahydro-
1H-3-benzazonine-2-carboxylic acid (Nic).3 We have
now started to use the amino acids [which form a series of
analogues with the well-established phenylalanine substi-
tute 1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid
(Tic)] in biological studies, and have demonstrated that
the size of the restricting ring has important consequences

for the biological activity of compounds containing the
amino acid residues.4 

In order to fully exploit the potential of Sic, Hic and Nic
in a biological context, significant quantities of the amino
acids were required. We found that syntheses of multi-
gram quantities of Hic and Nic in particular were ham-
pered, however, by the number of steps in the original
approach, (nine and eleven respectively). We wish to re-
port herein that both Hic and Nic may be readily synthe-
sised in multigram quantities using six-step procedures
which rely on a versatile intermolecular Heck reaction and
a challenging bromoarene-based intramolecular Heck re-
action, successfully executed using a recently reported re-
action system. 

Our original approach to Hic and Nic started with four-
and six-step syntheses of iodoaldehydes 1 and 2. Reduc-
tive amination of 1 and 2 followed by nitrogen protection
and introduction of a carbon-carbon double bond gave io-
doarene substrates for Heck cyclisation. After some ex-
perimentation, conditions were found which gave good
yields of the eight- and nine-membered rings 3 and 4. Fi-
nally, hydrogenation and acid hydrolysis of 3 and 4 pro-
ceeded in essentially quantitative yield to give Hic.HCl
and Nic.HCl.
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In order to shorten the original syntheses, we proposed to
replace their early stages with palladium-catalysed cou-
plings between 1-bromo-2-iodobenzene and the three and
four carbon units allyl alcohol and 3-buten-1-ol, reactions
based on sound literature precedent.5 Although these reac-
tions, if successful, would give rapid access to bromoalde-
hydes 5 and 6, this approach would introduce the non-
trivial challenge of using bromoarene based intramolecu-
lar Heck reactions to make the medium-sized rings.

In practise, the conversions of 1-bromo-2-iodobenzene to
the previously reported bromoaldehyde 56 and the novel
bromoaldehyde 6 proceeded smoothly and were readily
performed using 20 g of the arene.7 (Interestingly, at-
tempts to react 4-penten-1-ol with 1,2-diiodobenzene
gave only returned starting material, an observation tenta-
tively attributed to steric resistance to the initial palladium
insertion step.) The bromoaldehydes 5 and 6 were then
converted into the Heck substrates 7 and 8 using the same
methodology as in the original synthesis and in very sim-
ilar yield.

Heck reactions employing bromoarenes are generally
more difficult to effect than those using the corresponding
iodides.8 It was thus not surprising to find that the condi-
tions used for the formation of 4 (in 86% yield) from its
iodoarene precursor gave a very low yield (4%) of product
when applied to the bromoarene 8 (Table, Entry 1). Rais-
ing the reaction temperature from 110 °C to 150 °C, in an
attempt to force insertion of palladium into the carbon-
bromine bond only led to a lower recovery of starting ma-
terial (Table, Entry 2).

In early 1998, Reetz reported that the use of palladium ac-
etate in the presence of Ph4PCl gives high catalytic activ-
ity with chloro- and bromoarene substrates.8 On applying
this approach to our substrate, we were delighted to find
that bromoarene 8 cyclised to the Nic precursor 4 in 57%
yield on a trial scale (Table, Entry 3) and in 69% yield for
a typical preparative reaction (Table, Entry 4).9 As our use
of 0.3 equiv. of Ph4PCl, the 69% yield of 4, and our failure
to detect phenyl-substituted 8 i.e. an aryl scrambling prod-

uct, were inconsistent with the transfer of aryl groups to
the alkene via Ph4PCl as proposed by Reetz and supported
by strong evidence from experiments with chloroarenes,8

we decided to perform a control experiment without
Ph4PCl (Table, Entry 5). This gave essentially no cyclisa-
tion, indicating that there is a role for Ph4PCl in this reac-
tion albeit somewhat different from its role in the catalysis
of chloroarene-based Heck reactions.

Later in 1998, Reetz reported that Pd(OAc)2 in the pres-
ence of N,N-dimethylglycine (DMG) is an effective cata-
lyst of Heck reactions of bromoarenes.10 Reaction of 8
using a higher loading of Pd(OAc)2 (5 mol% rather than
1.5 mol%) but with otherwise identical conditions to those
reported to give a quantitative conversion of bromoben-
zene and styrene to Heck products, however, gave only re-
covered starting material (Table, Entry 6), thus
underlining the challenge associated with cyclising bro-
moarene 8 to the nine-membered ring 4. Finally, applica-
tion of the Ph4PCl system to bromoarene 7 gave the
desired cyclised product 3 in 58% yield, thus facilitating
the synthesis of Hic.

In summary, the Ph4PCl based Heck system has allowed
us to use bromoarenes in the synthesis of Hic and Nic,
thus shortening the existing syntheses by three and five
steps respectively. The role of Ph4PCl in these systems,
which appears to be different to its role in chloroarene
based reactions, is under investigation.
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