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Abstract: An easy synthetic route from substituted catechols via their
corresponding aryl bistriflates to substituted phthalonitriles is described.
The displacement of the triflate groups in catechol triflates by cyanide
ions proceeded in high yields using zinc cyanide and palladium-1,1’-
bis(diphenylphosphino)ferrocene as catalyst. The mild reaction
conditions tolerate numerous functional groups and represent a
desirable alternative to the generally low-yielding Rosenmund-von
Braun reaction.

The common pathway for the preparation of phthalonitriles which are
the most important starting materials for the preparation of
phthalocyanines1 is represented by the Rosenmund-von Braun
reaction.2 Starting from 1,2-dibromobenzenes and reacting them with
cuprous cyanide, this reaction often proceeds unsatisfactorily. The harsh
reaction conditions and the oxidative workup prohibit the presence of
many functional groups. The use of cuprous cyanide generally leads to
the formation of the corresponding copper phthalocyanine as an
undesired side product. During our ongoing work on phthalocyanines as
conducting and non-linear optical materials,3 we needed several
functionally substituted phthalonitriles as phthalocyanine precursors.
Therefore we sought for a new and easy method to prepare
phthalonitriles.

Phenolic hydroxyl groups are easily converted into their corresponding
aryl trifluoromethanesulfonates (triflates)4 and the transition metal-
catalysed replacement of an aromatic triflate group by a cyanide ion has
been reported.5,6 Nevertheless we found that these procedures are not
feasible for the substitution of two ortho-positioned triflate groups by
cyanide. In this paper we report the synthesis of several phthalonitriles
starting from catechols via the corresponding aryl bistriflates and their
replacement by cyanide using a palladium catalyst (Scheme 1). This
two-step reaction proceeds under relatively mild conditions and the
yields are generally high.

The transition metal-catalysed substitution reaction can be described by
a series of single reactions:7 due to the ease of insertion of transition

metals into the carbon-oxygen bond of aryl triflates, the initial step is
expected to be the oxidative addition of the aryl triflate to a zero-valent
transition metal species to form an arylmetal triflate. In polar solvents,
such as DMF, a subsequent dissociation of the triflate anion is predicted
to leave a positively charged, coordinatively unsaturated complex.8 To
the free coordination site a cyanide ion is added and, after reductive
elimination of the desired aryl cyanide, the zero-valent metal species is
reformed.

This catalytic reaction faces the principal problem that an increased
cyanide concentration leads to the formation of stable tetracyano-metal
complexes which cannot participate in the catalytic cycle.9 For this
reason the metal, in our case palladium, should be shielded by a strongly
binding chelating ligand. On the other hand, the concentration of free
cyanide ions has to be diminished as much as possible.

Due to its strong donor qualities, 1,1’-bis(diphenylphosphino)ferrocene
(dppf) is a suitable ligand to stabilise the intermediate cationic species
and should also effectively protect the palladium from being complexed
with excess cyanide. The concentration of free cyanide could further be
lowered by a successive addition of zinc cyanide which also has the
advantage of being only slightly soluble in DMF.10

To produce an active catalyst system tris(dibenzylidene
acetone)dipalladium (Pd2(dba)3) as source of zero-valent palladium and
dppf were dissolved in DMF. After complete dissolution, the aryl
bistriflates 2a-g11 were added and, after adjusting the reaction
temperature (Table 1), zinc cyanide was added portionwise (compare
Table 1, entry 8). Simple extractive and chromatographic workup
afforded phthalonitriles12 in good to excellent yields, as indicated in
Table 1.13 Due to steric hindrance, substituents in the 3-position of the
starting bistriflate require higher reaction temperatures compared to
bistriflates containing substituents in the 4-position (Table 1, entries 2
and 4). Reactions on systems carrying electron-withdrawing
substituents proceed more rapidly and lead to higher yields (Table 1,
entry 3). It should also be noted that, according to the literature,14 all
attempts to catalyse this reaction by nickel proceeded unsatisfactorily.

In conclusion, this synthetic route represents a desirable alternative to
the Rosenmund-von Braun reaction2. The relatively mild reaction
conditions in this two-step reaction tolerate numerous functional groups
which makes this route very useful for the preparation of substituted
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phthalonitriles. Contrary to the Rosenmund-von Braun reaction,
formation of phthalocyanines as side products is avoided.
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